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RAPPORTS DE SITUATION ET RAPPORTS SUR LES PROJETS COMPORTANT DES
EXIGENCES SPÉCIFIQUES DE REMISE DE RAPPORTS
1.
Le présent document donne suite aux questions soulevées dans les derniers rapports périodiques
et financiers annuels soumis à la 79e réunion1, et concernant des projets et activités pour lesquels des
rapports spécifiques avaient été demandés lors des réunions précédentes.
2.

Ces rapports sont regroupés dans les parties suivantes :
Partie I :

Projets ayant des retards de mise en œuvre et pour lesquels des rapports
spécifiques de situation sont demandés

Partie II :

Rapports relatifs aux plans de gestion de l’élimination des HCFC (PGEH)

Partie III :

Projets de démonstration sur des solutions de remplacement des HCFC à faible
potentiel de réchauffement de la planète (PRP) et études de faisabilité pour le
refroidissement urbain (décision 72/40)

Partie IV :

Élimination de la consommation et la production du CTC en Inde

Partie V :

Projets d’élimination des déchets de SAO

Partie VI :

Projets sur les refroidisseurs en cours

3.
Chaque partie contient une brève description de l’avancement du projet, accompagné des
observations et des recommandations du Secrétariat.
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PARTIE I : PROJETS AYANT DES RETARDS DE MISE EN ŒUVRE ET POUR LESQUELS
DES RAPPORTS SPÉCIFIQUES DE SITUATION SONT DEMANDÉS
Avancement de la mise en œuvre des projets en 2017
4.
Le Secrétariat a eu des entretiens avec les agences bilatérales et d’exécution concernées sur les
projets pour lesquels des rapports de situation ont été demandés lors de la 80e réunion. Suite aux
entretiens, plusieurs questions ont été résolues de manière satisfaisante.
5.
Les projets classés comme ayant des retards de mise en œuvre et pour lesquels un rapport de
situation est exigé sont indiqués à l’annexe I, et les projets ayant des questions en suspens figurent à
l’annexe II du présent document.
Recommandation
6.

Le Comité exécutif pourrait envisager :
(a)

(b)

PARTIE II :

De prendre note :
(i)

Des rapports de situation et des rapports sur les retards dans la mise en œuvre des
agences bilatérales et des agences d’exécution présentés à la 81e réunion et
figurant dans le document UNEP/OzL.Pro/ExCom/81/10 ;

(ii)

Que les agences bilatérales et d’exécution présenteront un rapport à la
82e réunion sur trois projets connaissant des retards de mise en œuvre et sur sept
projets recommandés pour des rapports de situations supplémentaires, figurant
respectivement aux annexes I et II au présent document ; et

D’approuver les recommandations concernant les projets en cours présentant des
questions spécifiques mentionnées dans la dernière colonne de l’annexe II au présent
document.
RAPPORTS RELATIFS AUX PGEH

7.
Les agences bilatérales et d’exécution concernées ont soumis, au nom des gouvernements du
Brésil, de Cuba, de l’Indonésie, de la République islamique d’Iran, du Kenya, du Koweït et du Viet Nam,
des rapports sur la mise en œuvre de projets dans le cadre de la phase I ou II des PGEH soumis à des
exigences particulières de remise de rapport.
8.
Le rapport sur le PGEH du Koweït, soumis par le PNUE en qualité d’agence d’exécution
principale, avait trait à la mise en œuvre de la deuxième tranche et incluait une demande de modification
de la période de mise en œuvre de la phase I du fait de retards imprévisibles dans la reconversion des
entreprises de fabrication de mousse. Par la suite, le PNUE, au nom du gouvernement, a demandé que la
soumission de tranche soit retirée pour permettre de faire avancer la reconversion retardée des entreprises
de mousse et a indiqué que la demande de la troisième tranche serait soumise à la 82e réunion.
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Phase I du PGEH pour le Brésil (utilisation provisoire de formulations de polyol avec des HFC à PRP
élevé (PNUD et le gouvernement de l’Allemagne)
Contexte
9.
Lors de la 80e réunion, le PNUD, en qualité d’agence d’exécution principale, a soumis le rapport
périodique annuel sur la mise en œuvre du programme de travail se rapportant à la cinquième tranche du
plan de gestion de l’élimination des HCFC (PGEH).2 3
10.
Le PNUD a expliqué que deux sociétés de formulation (Shimtek et U-Tech) avaient demandé de
pouvoir utiliser provisoirement des formulations de polyol avec des HFC ayant un potentiel de
réchauffement de la planète (PRP) élevé, étant donné que les HFO n’étaient pas encore disponibles à
l’échelle commerciale dans le pays. Les deux sociétés de formulation avaient signé l’engagement
d’arrêter l’utilisation provisoire des mélanges de HFC lorsque les HFO seraient disponibles dans le
commerce et les formulations avaient été développées et optimisées sans coût supplémentaire pour le
Fonds multilatéral.
11.
À la suite de discussions, le Comité exécutif a demandé au PNUD de continuer à aider Shimtek et
U-Tech à assurer la fourniture des technologies de remplacement choisies, étant entendu qu’aucun surcoût
d’exploitation ne sera payé tant que la technologie de remplacement choisie initialement ou une autre
technologie à faible PRP ait été entièrement introduite. Le PNUD a été également chargé de rendre
compte de la situation de l’utilisation de la technologie provisoire choisie par les sociétés de formulation
lors de chaque réunion jusqu’à ce que la technologie initialement choisie ou une technologie différente
ayant un faible PRP ait été entièrement introduite (décision 80/12 e)).
12.
Conformément à la décision 80/12 e), le PNUD a communiqué que les deux sociétés de
formulation développent actuellement des polyols à base de HFO.
Observations
13.
Le Secrétariat note les efforts déployés par le PNUD pour aider les sociétés de formulation à
assurer l’approvisionnement en agents de gonflage à faible PRP. En réponse à une demande du
Secrétariat, le PNUD a confirmé que l’agent de gonflage spécifique est le HFO-1233zd et malgré sa
meilleure disponibilité au Brésil par rapport aux années précédentes, il reste toujours difficile de se le
procurer en grandes quantités. Le PNUD continuera de faire part de tout progrès supplémentaire du côté
de Shimtek et U-Tech.
Recommandation
14.

Le Comité exécutif pourrait envisager :
(a)

De prendre note, avec satisfaction, du rapport fourni par le PNUD et des efforts déployés
pour faciliter la fourniture de technologies à faible potentiel de réchauffement de la
planète (PRP) aux sociétés de formulation Shimtek U-Tech au Brésil ; et
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(b)

De charger le PNUD de continuer à aider le gouvernement du Brésil à assurer
l’approvisionnement en technologies de remplacement à faible PRP et de présenter un
rapport sur le statut de la reconversion des deux sociétés de formulation, ceci à chaque
réunion, jusqu’à ce que la technologie initialement choisie ou une technologie différente
ayant un faible PRP ait été entièrement introduite.

Utilisation provisoire d’une technologie ayant un PRP élevé par des entreprises qui avaient été
reconverties à l’utilisation d’une technologie à faible PRP à Cuba (PNUD)
Contexte
15.
Lors de la 77e réunion, le gouvernement de Cuba a soumis une demande d’approbation de la
troisième tranche de la phase I de son PGEH4, indiquant que, bien que deux entreprises de mousse
polyuréthane (PU) (à savoir Friarc et IDA) aient bénéficié d’une aide destinée à une reconversion pour
passer à la technologie du gonflage à l’eau (une technologie à faible PRP), elles utilisaient actuellement,
sur une base provisoire, un mélange de HFC-365mfc et de HFC-227ea (une technologie à PRP élevé),
parce que la technologie initialement choisie n’était pas disponible et ne fournissait pas les performances
requises en matière d’isolation. En approuvant la tranche, le Comité exécutif a entre autres demandé au
PNUD de continuer à aider le gouvernement à assurer la fourniture de technologies de remplacement à
faible PRP et de rendre compte à chaque réunion de la situation de l’utilisation de la technologie
provisoire jusqu’à ce que la technologie initialement choisie ou une autre technologie ayant un faible PRP
ait été entièrement introduite et les entreprises reconverties (décision 77/50 b)).
16.
En conformité avec la décision 77/50 b), le PNUD a fait savoir que Friarc a examiné les
dispositions administratives relatives à l’achat d’une machine d’injection de mousse fonctionnant avec
des hydrocarbures (HC), et a contacté une société de formulation régionale au sujet de
l’approvisionnement en formulations de polyuréthane à base de HFO. Le PNUD a également indiqué
qu’IDA et l’Unité nationale de l’ozone ont contacté cette même société de formulation régionale, qui a
envoyé à présent des échantillons de formulations de PU à base de HFO aux deux entreprises pour des
essais.
Observations
17.
Le Secrétariat note les efforts déployés par le PNUD pour aider les deux entreprises à s’assurer de
l’approvisionnement en technologies à faible PRG.
18.
Suite à une demande d’éclaircissement, le PNUD a indiqué que Friarc : a identifié un fournisseur
pour la machine de gonflage de mousse convenant à la manipulation de formulations à base de HC ; a
mené une étude de faisabilité technique et financière pour l’achat de l’équipement ; et a demandé des
fonds pour l’acquisition du nouvel équipement à la direction du groupe industriel. Comme cela pourrait
prendre du temps d’obtenir le financement supplémentaire, en conformité avec l’engagement du
gouvernement d’adopter une solution de remplacement qui ne soit pas une SAO et à faible PRP,
l’entreprise teste actuellement des formulations à base de HFO. Dans le cas d’IDA, l’entreprise n’a
toujours pas pris une décision définitive sur la technologie et envisage d’utiliser des formulations à base
de HFO.
19.
Le PNUD a également indiqué qu’il fera part au Secrétariat du choix définitif concernant la
technologie. Dans le cas où le HFO serait la technologie choisie, les deux entreprises assumeront les coûts
plus élevés des formulations. Étant donné le faible niveau du financement approuvé pour la reconversion
du secteur des mousses, le PNUD prévoit une certaine flexibilité en ce qui concerne le choix de la
technologie à faible PRP et l’utilisation du financement disponible. Ce n’est que lorsque le choix de la
4
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technologie a été décidé et que le PNUD a fait part du coût de son introduction, que le Secrétariat sera en
mesure d’évaluer son surcoût. En dépit du fait que la technologie définitive doit encore être introduite, le
gouvernement a déjà interdit l’utilisation du HCFC-141b conformément à son engagement.
Recommandation
20.

Le Comité exécutif pourrait envisager de :
(a)

Prendre note, avec satisfaction, du rapport fourni par le PNUD et des efforts déployés
pour faciliter la fourniture de technologies à faible potentiel de réchauffement de la
planète (PRP) aux entreprises Friarc et Ida à Cuba ; et

(b)

De demander au PNUD de continuer à aider le gouvernement de Cuba à assurer la
fourniture de technologies de remplacement à faible PRP et de présenter, à la 82e réunion,
un rapport sur le statut de la reconversion des deux entreprises du secteur de mousses, y
compris, dans le cas de l’utilisation d’une technologie autre que celle choisie lors de
l’approbation du projet, une analyse détaillée des surcoûts d’investissement et
d’exploitation.

Indonésie : Plan de gestion de l’élimination finale des HCFC – phase I : mise à jour sur la reconversion de
la technologie dans des entreprises (PNUD, ONUDI, Banque mondiale et le gouvernement de de
l’Australie)
Contexte
21.
Au nom du gouvernement de l’Indonésie, le PNUD, en qualité d’agence d’exécution principale, a
soumis un rapport sur la situation des entreprises fabricant temporairement des équipements de
réfrigération et de climatisation contenant des produits à potentiel élevé de réchauffement de la planète
(PRP) dans des entreprises ayant reçu un financement pour se reconvertir à des solutions de
remplacement à faible PRP en conformité avec la décision 77/35.
22.
La phase I du PGEH incluait la reconversion de 48 entreprises dans le secteur de la fabrication
d’équipements de réfrigération et la climatisation à des technologies à faible PRP. Toutefois, durant la
mise en œuvre, 28 entreprises (16 dans le secteur de la climatisation et 12 dans le secteur de la
réfrigération commerciale) ont décidé de se reconvertir à des technologies ayant un PRP élevé avec leurs
propres ressources et ont restitué 3 134 216 $US, plus coûts d’appui d’agence, au Fonds multilatéral.
23.
Sur les 20 entreprises restantes, seulement une (Panasonic) fabrique actuellement des climatiseurs
en utilisant la technologie à base de HFC-32. Huit grandes et moyennes entreprises ont fabriqué des
prototypes d’équipements à base de HFC-32, tandis que huit petites entreprises, qui sont des assembleurs,
travaillent sur la base de commandes spéciales et jusqu’à présent aucune commande d’équipements à base
de HFC-32 n’a été reçue. Trois entreprises supplémentaires attendaient toujours l’amélioration du marché
des équipements à base de HFC-32 avant d’entreprendre leur reconversion.
24.
Les raisons du retard mentionnées par 19 entreprises dans la reconversion et dans la fabrication
d’équipements de réfrigération et de climatisation sur la base de la technologie convenue sont : la
disponibilité commerciale limitée des compresseurs et des composants à base de HFC-32 à des prix
abordables ; l’insuffisance de la demande sur le marché local d’équipements à base de HFC-32 ; et le coût
plus élevé des équipements à base de HFC-32 en comparaison avec d’autres équipements disponibles
dans le pays (par ex. ceux contenant du frigorigène R-410A).
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25.
Pour permettre à ces entreprises de fabrication de commencer à fabriquer en utilisant la
technologie pour laquelle le financement avait été approuvé, l’Unité nationale de l’ozone (UNO) en
collaboration avec le PNUD, a organisé en octobre 2017 des activités de sensibilisation et un voyage
d’étude en Chine. Le voyage d’étude a permis aux entreprises d’apprendre que les fabricants de
compresseurs en Chine attendaient une norme de sécurité (prévue pour juin 2018) pour lancer la
production en série des compresseurs à usage commercial à base de HFC-32 ; quelques fabricants ont
indiqué qu’alors qu’ils étaient prêts à exporter, il ne serait pas économiquement viable de le faire en
raison de la faible demande sur le marché. Quelques-unes des entreprises indonésiennes ont manifesté
leur intérêt en s’entretenant avec des fabricants chinois de compresseurs au sujet de la conception
détaillée, des essais, de l’analyse des performances et de l’évaluation.
26.
Le PNUD a également indiqué qu’une réunion d’étude avec les entreprises de fabrication
d’équipements de réfrigération et de climatisation sur la base de la technologie choisie à faible PRP aura
lieu en juillet 2018. Après la réunion, le PNUD sera en mesure de fournir une mise à jour de la situation.
Observations
27.
Le Secrétariat a demandé des informations sur les mesures prises pour faciliter la reconversion
des entreprises aux technologies à faible PRP choisies. Le PNUD a indiqué que le gouvernement de
l’Indonésie et le PNUD poursuivaient des activités visant à favoriser l’introduction de la technologie à
base de HFC-32, et a confirmé que les surcoûts d’exploitation ne seront pas payés tant qu’il n’a pas été
vérifié que ces entreprises fabriquent des équipements utilisant la technologie approuvée, conformément à
la décision 77/35.
28.
En ce qui concerne la fourniture restreinte de compresseurs à base de HFC-32 à l’Indonésie, le
PNUD a expliqué que le National Standardization Administration Committee de la Chine a publié des
normes de sécurité pour les systèmes de réfrigération et les pompes à chaleur (GB/T9237-2017), qui
spécifient les limites d’utilisation des frigorigènes inflammables, qui entreront en vigueur le 1er juillet
2018. Ces normes de sécurité n’empêchent certes pas l’exportation des compresseurs à base de HFC-32,
mais la production de masse chez les fabricants chinois de compresseurs ne commencera probablement
qu’une fois les normes en place. Une telle production en série sera probablement nécessaire pour que des
compresseurs à base de HFC-32 soient disponibles à des prix concurrentiels pour l’exportation vers le
marché indonésien. En outre, le PNUD a souligné que la capacité des entreprises en Indonésie à mettre
sur pied une fabrication à grande échelle à base de HFC-32 dépend non seulement de la disponibilité des
compresseurs à base de HFC-32, mais aussi de plus larges facteurs influant sur l’acceptation
commerciale, notamment le fait que les équipements soient perçus comme étant sûrs, écoénergétiques et
fiables.
29.
Le Secrétariat a constaté que les entreprises du Viet Nam croient qu’elles n’auront aucun
problème pour se procurer des compresseurs à base de HFC-32. Tout en notant que les entreprises en
Indonésie ont établi des liens avec leurs fournisseurs actuels de composants, le PNUD a également
indiqué que, en vue de la réunion de juillet 2018 avec les entreprises de fabrication d’équipements de
réfrigération et de climatisation, il va se renseigner sur d’autres fournisseurs potentiels de compresseurs à
base de HFC-32, notamment un fabricant de compresseurs en Thaïlande qui est prêt à fabriquer des
compresseurs d’une capacité semblable à ceux utilisés par les entreprises en Indonésie.
30.
Le Secrétariat a noté que, conformément à la décision 77/35 a)(vi), tous les surcoûts
d’exploitation qui avaient été approuvés pour les entreprises de fabrication ne seront pas être payés tant
qu’il n’a pas été vérifié que ces entreprises fabriquent des équipements utilisant la technologie approuvée,
et que conformément à la décision 76/47 d), le rapport d’achèvement de projet pour la phase I du PGEH
sera soumis à la première réunion de 2019. Par conséquent, et en attendant les résultats de la réunion avec
les entreprises qui se tiendra en juillet 2018, il peut être nécessaire de considérer une prolongation limitée
visant la réalisation des activités du secteur de la réfrigération et de la climatisation de la phase I et de la
6
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soumission du rapport d’achèvement de projet. Il a été convenu d’examiner cette possibilité après la
réunion de juillet 2018 avec les entreprises et pendant l’examen du rapport périodique sur la phase I qui
sera soumis à la 82e réunion.
Recommandation
31.

Le Comité exécutif pourrait envisager :
(a)

De prendre note de la mise à jour sur la reconversion de la technologie dans des
entreprises dans le cadre de la phase I du plan de gestion de l’élimination des HCFC
(PGEH) pour l’Indonésie, soumis par le PNUD ;

(b)

De prendre acte avec satisfaction des efforts déployés par le gouvernement de l’Indonésie
et par le PNUD pour faciliter l’introduction de la technologie à faible potentiel de
réchauffement de la planète sélectionnée par les entreprises de fabrication d’équipements
de réfrigération et de climatisation financées dans le cadre de la phase I du PGEH ; et

(c)

De demander au PNUD de continuer à fournir à chaque réunion un rapport sur le statut de
la reconversion de la technologie s’appliquant aux équipements de réfrigération et de
climatisation jusqu’à ce que les entreprises fabriquent des équipements utilisant la
technologie de remplacement convenue.

Phase I du PGEH pour la République islamique d’Iran (rapport périodique annuel (PNUD)
Contexte
32.
Au nom du gouvernement de la République islamique d’Iran, le PNUD, en qualité d’agence
d’exécution principale, a soumis le rapport périodique annuel sur la mise en œuvre du programme de
travail se rapportant à la quatrième tranche de la phase I du PGEH5 pour le pays, conformément à la
décision 74/43 b).
Consommation de HCFC
33.
En 2017, dans son rapport sur la mise en œuvre du programme de pays, la République islamique
d’Iran a fait part d’une consommation de 3 144,67 tm (229,28 tonnes PAO) de HCFC. Cette
consommation était de 39,7 pour cent inférieure à valeur de référence de la consommation de HCFC et de
33 pour cent inférieure à l’objectif de consommation annuelle pour 2017 (342,45 tonnes PAO) stipulée
dans l’accord conclu entre le gouvernement et le Comité exécutif. Le système de permis et de quotas pour
les importations et exportations de HCFC continue à fonctionner efficacement.

5

La quatrième et dernière tranche de la phase I du PGEH a été approuvée lors de la 74e réunion, pour un montant
total de 885 977 $US, soit 250 430 $US plus coûts d’appui d’agence de 18 872 $US pour le PNUD, 274 827 $US
plus coûts d’appui d’agence de 20 612 $US pour l’ONUDI, et 288 582 $US plus coûts d’appui d’agence de
32 744 $US pour le gouvernement de l’Allemagne.
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Rapport périodique sur la mise en œuvre de la quatrième tranche du PGEH
Activités dans les secteurs de la fabrication
34.

Les activités mises en œuvre incluent :
(a)

La reconversion de huit entreprises de mousse de polyuréthane (PU) dans le secteur des
panneaux en continu (gouvernement de l’Allemagne) (30,7 tonnes PAO) : sept
entreprises ont achevé leur reconversion pour passer à la technologie à base de HC,
éliminant 27,8 tonnes PAO de HCFC-141b. Une entreprise supplémentaire a cessé
d’utiliser, de sa propre initiative, 2,9 tonnes PAO de HCFC-141b, et le financement s’y
rapportant sera restitué au Fonds multilatéral en le déduisant de la deuxième tranche de la
phase II du PGEH, conformément à la décision 80/21 ;

(b)

La reconversion de 11 entreprises de mousses rigides de polyuréthane (ONUDI)
(88,7 tonnes PAO) : dix entreprises ont achevé leur reconversion pour passer à la
technologie à base de HC, entraînant l’élimination de 54,6 tonnes PAO de HCFC-141b.
La reconversion de l’entreprise restante (représentant 34,1 tonnes PAO) sera entièrement
achevée en septembre 2018, mais l’entreprise fabrique déjà de la mousse à base de
cyclopentane ; et

(c)

Des activités dans le secteur de la fabrication des équipements de climatisation (PNUD) :
le projet a été achevé en 2015, éliminant 29,3 tonnes PAO de HCFC-22. La technologie
introduite était le R-410A.

Activités dans le secteur de l’entretien des équipements de réfrigération et de climatisation
(gouvernement de l’Allemagne et PNUE)
35.
Des activités ont été achevées dans le secteur de l’entretien des équipements de réfrigération et de
climatisation, et au cours des dernières années, ont inclus : des ateliers de formation supplémentaire sur
les bonnes pratiques de l’entretien dans diverses provinces ; des ateliers de sensibilisation sur l’efficacité
énergétique et les bonnes pratiques dans la réfrigération et la climatisation ; la distribution des
publications techniques aux parties prenantes ; et le suivi des résultats des modifications du système scellé
des systèmes de réfrigération de deux chaînes de supermarchés.
Niveau de décaissement des fonds
36.
En date de mars 2018, sur les 9 994 338 $US approuvés, 9 205 837 $US avaient été décaissés,
comme l’indique le Tableau 1.
Tableau 1. Rapport financier de la phase I du PGEH pour la République islamique d’Iran
Agence
PNUD
ONUDI
Gouvernement de
l’Allemagne
PNUE
Total

Approuvé ($US)

Décaissé ($US)

4 340 246
2 506 277

4 340 246
2 009 372

2 885 815
262 000
9 994 338

2 885 815
262 000
9 497 433
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Taux de décaissement
(%)
100
80
100
100
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Observations
37.
Le Secretariat constate : qu’un rapport approfondi a été soumis ; que le système de permis et de
quotas a été appliqué et renforcé au moyen d’un système en ligne ; et que les activités supplémentaires de
la phase I ont été achevées. Le dernier projet d’investissement dans le secteur des mousses sera achevé en
septembre 2018 et le solde restant de 496 905 $US sera décaissé avant la fin de 2018. Le PNUD a
confirmé que la date d’achèvement opérationnel de la phase I est le 31 décembre 2018 comme le
prévoyait l’accord. En conséquence, le rapport périodique final et le rapport d’achèvement de projet
seront soumis à la 83e réunion.
Recommandation
38.
Le Comité exécutif pourrait envisager de prendre note du rapport périodique de 2017 sur la mise
en œuvre de la phase I du plan de gestion de l’élimination des HCFC pour la République islamique
d’Iran, soumis par le PNUD.
Phase I du plan de gestion de l’élimination des HCFC pour le Kenya (rapport sur les dépenses concernant
l’Unité de gestion de projet) (gouvernement de la France)
Contexte
39.
Lors de la 80e réunion, le Comité exécutif a approuvé la cinquième et dernière tranche de la
phase I du PGEH pour le Kenya6, et a demandé entre autres au gouvernement de la France de soumettre à
la 81e réunion un rapport faisant le compte rendu détaillé des activités qui ont été entreprises et continuent
d’être réalisée par l’Unité de gestion de projet (Project Management Unit ou PMU) pour la phase I du
PGEH (décision 80/68 (d)).
40.
Le gouvernement de la France a soumis un rapport sur les activités qui ont été entreprises par le
PMU au cours de la mise en œuvre de la phase I du PGEH, jusqu’en mars 2018. Comme l’a expliqué le
gouvernement de la France, le PMU joue un rôle important dans la coordination de projet et le suivi des
activités en relation avec la coordination avec d’autres institutions gouvernementales, notamment
l’Autorité nationale de gestion de l’environnement (NEMA) et l’Autorité des recettes publiques du Kenya
(KRA) sur la surveillance des importations-exportations de SAO ; formation des agents des douane et des
techniciens frigoristes ; activités de sensibilisation des parties prenantes, y compris la participation aux
ateliers et aux consultations sur les questions concernant les PGEH ; processus de coordination sur la
vérification de la consommation, préparant le rapport périodique sur la mise en œuvre du PGEH ; et
soutien de l’UNO sur les procédures d’acquisition et de comptabilité en relation avec le projet.
41.
En date de mars 2018, sur le total du financement modifié de 196 610 $US pour le PMU,
187 610 $US ont été décaissés. Le solde de 9 000 $US sera décaissé d’ici octobre 2018.
Observations
42.
Le Secrétariat a pris note avec satisfaction des efforts déployés par le gouvernement du Kenya
pour réduire les coûts de la PMU, ce qui a inclus la réduction des coûts de loyer, des dispositions de
partage des coûts pour le personnel de la PMU ainsi que la réduction d’autres dépenses de fonctionnement
pour cette Unité. Le gouvernement de la France a indiqué ces efforts de réduction des coûts se rapportant
à la PMU serraient poursuivis, dans la mesure du possible, au cours de la mise en œuvre de la phase I et
de la phase II du PGEH.

6
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43.
Le Secrétariat a également noté que le directeur des accords environnementaux multilatéraux du
gouvernement du Kenya a soumis une lettre officielle au Secrétariat en décembre 2017 confirmant
l’engagement du gouvernement à accélérer l’élimination complète les HCFC d’ici au 1er janvier 2030,
conformément à la décision 80/58 g).
44.
Le gouvernement de la France a également précisé que la phase I du PGEH s’achèvera d’ici
octobre 2018, et qu’un rapport sur les dépenses réelles de la PMU en relation avec la phase I serait soumis
en même temps que la présentation de la demande de financement pour la deuxième tranche de la phase II
du PGEH.
Recommandation
45.

Le Comité exécutif pourrait envisager :
(a)

De prendre note avec satisfaction du rapport sur les activités et les dépenses de l’Unité de
gestion de projet (PMU) lors de la phase I de l’élimination des HCFC pour le Kenya ; et

(b)

De demander au gouvernement de la France de soumettre un rapport sur les dépenses
liées aux activités de la PMU du Kenya pour le PGEH (phase I) lors de la présentation de
la demande de financement pour la deuxième tranche de la phase II du PGEH pour le
Kenya.

Viet Nam : Plan de gestion de l’élimination des HCFC (phase II) – changement dans les technologies
chez Midea Consumer Electric Co., Ltd (Viet Nam) (Banque mondiale et le gouvernement du Japon)
Contexte
46.
Lors de sa 76e réunion, le Comité exécutif a approuvé, en principe, la phase II du plan de gestion
de l’élimination des HCFC (PGEH) pour le Viet Nam7, pour une période allant de 2016 à 2022, afin de
réduire la consommation de HCFC de 35 pour cent par rapport à sa valeur de référence, pour un montant
de 15 683 990 $US (soit 14 411 204 $US plus 1 008 784 $US de coûts d’appui d’agence pour la Banque
mondiale, et 233 630 $US plus 30 372 $US de coûts d’appui d’agence pour le gouvernement du Japon) ;
47.
La phase II du PGEH inclut la reconversion de quatre entreprises de fabrication d’équipements de
climatisation. Trois de ces entreprises (Hoa Phat, Nagakawa et REE) ont décidé de se reconvertir pour
passer au HFC-32, tandis que la quatrième, Midea Consumer Electric Co., Ltd (Viet Nam) (Midea Viet
Nam), a décidé de reconvertir deux lignes de fabrication au R-290 en s’appuyant sur l’expérience de la
reconversion de l’entreprise Midea en Chine, qui a bénéficié d’un financement du Fonds multilatéral pour
se reconvertir à cette même technologie. Le financement alloué à Midea Viet Nam pour la reconversion à
la technologie à base de R-290 s’est élevé à 837 017 $US.
48.
En préparation de la mise en œuvre du projet, Midea Viet Nam a envoyé une demande officielle
au gouvernement du Viet Nam lui demandant de changer la technologie de remplacement pour passer au
HFC-32 du fait : des préoccupations au sujet de l’acceptation sur le marché des climatiseurs individuels à
base de R-290 ; du manque de réglementations ou de normes qui faciliteraient les ventes des équipements
à base de R-290 dans le pays ; des problèmes à dispenser une formation suffisante au secteur de
l’entretien sur la manipulation sans danger du R-290 au-delà de la période de garantie et dans le cadre des
contrats d’entretien, par opposition au HFC-32 pour lequel plusieurs entreprises ont commencé depuis
2014 des formations destinées aux ateliers d’entretien sur la manipulation en toute sécurité ; et une
meilleure parité avec les autres fabricants et importateurs locaux d’équipements de climatisation en
termes de marché et dans la prise en main des préoccupations de sécurité et des problèmes potentiels de
7
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réglementation. Midea Viet Nam a également fait référence à la situation actuelle sur le marché de
l’Asie du Sud-Est où d’autres plus grands fabricants (par ex. Daikin, Hitachi, LG et Panasonic)
commercialisent des appareils de climatisation à base de HFC-32. Pour finir, l’entreprise a noté que le
siège de Midea (en Chine) a une production en cours durable d’équipements à base de HFC-32. Midea
Viet Nam pense qu’elle peut directement tirer bénéfice de cette expérience.
49.
Conformément au paragraphe 7 a) (v), de l’accord conclu entre le gouvernement du Viet Nam et
le Comité exécutif, le gouvernement, par l’intermédiaire de la Banque mondiale a soumis une demande de
changement de technologie pour Midea Viet Nam afin d’abandonner le R-290 et passer au HFC-32.
50.
Les surcoûts d’investissement et d’exploitation ont été révisés, comme l’indique le Tableau 2. Les
coûts liés aux prototypes destinés aux essais et à la certification, les essais officiels pour la classification
et l’étiquetage, ainsi que l’assistance technique n’avaient pas été fournis pour la reconversion au R-290 du
fait que Midea Chine avait précédemment reçu un financement du Fonds multilatéral pour la reconversion
à cette technologie. Un financement est à présent demandé pour la technologie à base de HFC-32. Les
émissions qui ne s’échapperont pas dans l’atmosphère diminuent de 40 801 tm éq. CO2 du fait du
potentiel de réchauffement de la planète plus élevé du HFC-32.
Tableau 2. Révision des surcoûts de la reconversion de Midea Viet Nam à la technologie à base de
HFC-32 ($US)
Éléments de coût
Restructuration du modèle, recherches, développement, essais internes
Prototypes pour les essais et la certification
Essais officiels en vue de la classification et de l’étiquetage
Assistance technique
Formation
Équipement de chargement
Pompes à vide
Détecteurs de fuites
Mesures de sécurité ventilation installations électriques
Stockage de frigorigènes conduites et pompes de transfert
Frais imprévus (10 pour cent)
Installation et entretien
Total des surcoûts d’investissement
Total des surcoûts d’exploitation :
Coût total

R-290
50 000

5 000
104 000
4 000
70 000
50 000
28 300
55 000
366 300
470 717
837 017

HFC-32
66 000
10 800
5 000

Différence
16 000
10 800
5 000

25 000
5 000
120 000
33 600
4 000
50 000
20 000
33 940
55 000
428 340
341 419
769 759

25 000
16 000
33 600
(20 000)
(30 000)
5 640
62 040
(129 298)
(67 258)

Observations

51.
Le Secrétariat a noté que l’accord conclu entre le gouvernement du Viet Nam et la Banque
mondiale n’a pas encore été signé, et qu’en conséquence la demande concernant la deuxième tranche de
la phase II du PGEH ne pouvait être soumise à la 81e réunion. La Banque mondiale a précisé que la
signature de l’accord avait été retardée encore de six mois du fait de nouvelles procédures d’approbation
interne au niveau du gouvernement.
52.
Malgré l’absence d’un accord signé, le Secrétariat a noté que la préparation pour la mise en
œuvre de la phase II avait commencé, et que Midea Viet Nam voudrait bien commencer la reconversion
de ses lignes de fabrication pour passer à la technologie à base de HFC-32 sitôt l’accord entre le
gouvernement du Viet Nam et la Banque mondiale signé. Le Secrétariat estime, qu’à la lumière des
circonstances, et pour éviter encore plus de retard dans la mise en œuvre de la phase II, il serait salutaire
que la demande de changement de la technologie soit examinée lors de la 81e réunion au lieu de la
83e réunion, lors de laquelle il était prévu que la demande de la deuxième tranche soit soumise
11
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53.
Le Secrétariat a rappelé le projet de démonstration pour la reconversion visant le remplacement
du HCFC-22 par le R-290 chez Midea (Chine) approuvé lors de la 61e réunion, et que deux lignes
supplémentaires ont été reconverties au R-290 dans le cadre de phase I du PGEH en Chine. Le Secrétariat
a également noté que les systèmes de climatisation biblocs à base de R-290 fabriqués par Midea ont
récemment obtenu l’écolabel Blue Angel. Le Secrétariat comprend que bien que Midea reste attachée à la
reconversion au R-290 dans le secteur des climatiseurs individuels en Chine, cette entreprise poursuit une
stratégie multi-frigorigènes, selon le modèle, le type et le marché.
54.
Le Secrétariat a rappelé qu’en plus de l’expérience de l’entreprise mère de Midea avec le R-290,
le raisonnement pour choisir le R-290 a été également influencé par la distribution des équipements
fabriqués par l’entreprise. Approximativement 60 pour cent des unités de climatisation fabriquées par
Midea Viet Nam ont une capacité de 0,75 tonne de réfrigération (TR), et qu’approximativement 25 pour
cent ont une capacité de 1 tonne de réfrigération, signifiant qu’environ 85 pour cent des équipements
fabriqués par l’entreprise ont une capacité égale ou inférieure à 1 tonne de réfrigération. De tels petits
systèmes, qui ont également un plus petit volume de remplissage, ont été plus souvent visés pour des
projets de reconversion au R-290 que des équipements d’une plus grande capacité. En revanche, REE
fabriquait uniquement des unités supérieures à 4 tonnes de réfrigération ; tandis que la production de
Hoa Phat et de Nagakawa incluait aussi une proportion significative d’équipements de 1 tonne de
réfrigération ou moins, ils fabriquaient également plus d’équipements d’une capacité égale ou supérieure
à 2 tonnes de réfrigération. En dépit du type d’équipements fabriqué par Midea Viet Nam, l’entreprise
préfère la reconversion au HFC-32.
55.
Le Secrétariat s’est informé sur la disponibilité du HFC-32 au Viet Nam notant que les
entreprises de réfrigération et de climatisation en Indonésie s’étaient reconverti au HFC-32 mais ne
fabriquaient pas encore d’équipements du fait des difficultés à se procurer des compresseurs à base de
HFC-32. La Banque mondiale a indiqué qu’il n’y avait aucun problème d’approvisionnement en
compresseurs à base de HFC-32 au Viet Nam, et que les plans de reconversion pour les trois entreprises
qui avaient à l’origine projeté de se reconvertir au HFC-32 demeurent les mêmes.
56.
Concernant les surcoûts de la reconversion pour passer à la technologie à base de HFC-32 chez
Midea Viet Nam, la Banque mondiale a précisé que la réduction des surcoûts d’exploitation était due aux
coûts plus faibles de compresseurs à base de HFC-32 par rapport aux compresseurs à base de R-290. Il a
été convenu d’ajuster le montant de la formation à 4 000 $US, conformément au financement alloué aux
trois autres entreprises qui passeront au HFC-32. D’autres surcoûts dans la proposition révisée de la
Banque mondiale sont conformes aux coûts convenus lors de la 76e réunion pour les trois autres
entreprises qui avaient décidé de se reconvertir au HFC-32. Sur cette base, il a été convenu d’un coût total
pour la reconversion de 768 659 $US, ayant pour résultat la restitution au Fonds multilatéral par la
Banque mondiale de 68 358 $US, plus des coûts d’appui d’agence de 4 785 $US. L’accord conclu entre le
gouvernement du Viet Nam et le Comité exécutif sera modifié pour indiquer cette restitution lorsque la
deuxième tranche de la phase II du PGEH sera soumise.
57.
Pour finir, le Secrétariat a noté que si le Comité exécutif devait approuver la demande de
changement de technologie, la future admissibilité de l’entreprise dans le cadre de la réduction
progressive des HFC se fera conformément au paragraphe 18 de la décision XXVIII/2, stipulant que
l’approbation aura lieu après l’adoption de l’Amendement de Kigali.
Recommandation
58.

Le Comité exécutif pourrait envisager :
(a)

De prendre note de la demande soumise par la Banque mondiale au nom du
gouvernement du Viet Nam pour un changement de technologie chez Midea Consumer
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Electric Co. Ltd (Viet Nam), pour abandonner le R-290 et passer au HFC-32 dans le
contexte de la phase II du plan de gestion de l’élimination des HCFC (PGEH) ;
(b)

D’approuver le changement de la technologie pour Midea Consumer Electric Co. Ltd
(Viet Nam) pour passer du R-290 au HFC-32, pour un montant de 768 659 $US, plus
coûts d’appui d’agence de 53 806 $US pour la Banque mondiale, entraînant la restitution
au Fonds multilatéral par la Banque mondiale de 68 358 $US, plus des coûts d’appui
d’agence de 4 785 $US au 81e réunion ; et

(c)

De noter que l’accord conclu entre le gouvernement du Viet Nam et le Comité exécutif
pour la phase II du PGEH sera modifié pour mentionner cette restitution de fonds indiqué
au paragraphe b) lors la soumission de la deuxième tranche de la phase II du PGEH.

PARTIE III : PROJETS
DE
DÉMONSTRATION
SUR
DES
SOLUTIONS
DE
REMPLACEMENT DES HCFC À FAIBLE PRP ET ÉTUDES DE FAISABILITÉ
SUR LE REFROIDISSEMENT URBAIN (DÉCISION 72/40)
Contexte
59.
Lors des 74e, 75e et 76e réunions, le Comité exécutif a approuvé trois études de faisabilité sur des
projets de refroidissement urbain (République Dominicaine, Égypte et Koweït) et 17 projets visant la
démonstration de technologies à faible PRP, conformément à la décision XXV/5 et à la décision 72/40
incluant : sept projets dans le sous-secteur de la réfrigération et de la climatisation, et de l’assemblage
(Chine, Colombie, Costa Rica, Koweït, Arabie saoudite (deux), un projet mondial (Argentine et Tunisie)
et un projet régional (Asie de l’Ouest8) ; six projets dans le secteur des mousses (Colombie, Égypte,
Maroc, Arabie saoudite, Afrique du Sud et Thaïlande) ; et trois dans le secteur de l’entretien des
équipements de réfrigération (Maldives, région d’Europe et de l’Asie centrale (ECA)), et un projet
mondial (régions de Afrique de l’Est et des Caraïbes)).
60.
Lors de la 80e réunion, le Comité exécutif a examiné les informations actualisées sur le statut de
la mise en œuvre des projets de démonstration sur des solutions de remplacement à faible PRP qui
n’avaient pas été menées à bonne fin. À l’issue de discussions, le Comité exécutif a accepté de modifier
les dates d’achèvement pour chacun des projets de démonstration en cours et pour trois études de
faisabilité se rapportant au refroidissement urbain et, entre autres, a demandé aux agences d’exécution de
soumettre une mise à jour sur l’avancement de la mise en œuvre de tous les projets de démonstration en
cours et de trois études de faisabilité sur le refroidissement urbain en tant que projets soumis à des
exigences particulières de remise de rapport à la 81e réunion ; et il a rappelé que les agences d’exécution
devaient se conformer aux décisions du Comité exécutif sur les exigences de remise de rapport et
soumettre les rapports demandés par le Secrétariat (décision 80/26).
61.
Conformément à la décision 80/26, les rapports finals sur des projets de démonstration pour la
Colombie (deux projets), le Costa Rica, les Maldives, et l’Afrique du Sud ; et des rapports périodiques
détaillés sur les projets approuvés pour l’Égypte (refroidissement urbain), le Koweït (refroidissement
urbain), le Maroc et le projet régional en Asie de l’Ouest (PRAHA-II), ont été soumis à la 81e réunion. En
outre, les rapports périodiques très succincts sur des projets de démonstration pour la Chine, l’Égypte,
l’Arabie saoudite (trois projets), la Thaïlande et la République dominicaine (refroidissement urbain),
soumis à la 81e réunion figurent au Tableau 3.

8

Le projet de démonstration en Asie de l’Ouest sur la promotion des frigorigènes de remplacement pour les pays à
température ambiante très élevée, intitulé projet PRAHA-II.
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Tableau 3. Rapports sur des études de faisabilité sur le refroidissement urbain et des projets de
démonstration sur des solutions à faible PRP non soumis à la 81e réunion
Pays (agence)

Titre du projet

Chine (PNUD)

Projet de compresseurs à base
d’ammoniac à vis semihermétique avec convertisseur
de fréquence dans l’industrie de
la réfrigération industrielle et
commerciale à Fujian Snowman
Co.
Égypte ( PNUD) Démonstration sur les options
de reconversion à faible coût à
des technologies sans SAO pour
les mousses polyuréthane chez
les très petits utilisateurs

Date
d’achèvem
Progrès communiqués à la 81e réunion
ent
Juin-18 Le projet a bien avancé et une réunion de mise en
service a eu lieu. Conformément à la décision 80/26 a),
un rapport final sera soumis à la 82e réunion.

Déc-18

Arabie saoudite
(ONUDI)

Projet de démonstration sur la
promotion de frigorigènes à
base de HFO à faible potentiel
de réchauffement de la planète
(PRP) pour le secteur de la
climatisation dans des
températures ambiantes élevées

Déc-18

Arabie saoudite
(Banque
mondiale)

Projet de démonstration chez
les fabricants de climatiseurs
sur le développement de
climatiseurs de fenêtre et de
climatiseurs monoblocs utilisant
des frigorigènes à faible PRP
Projet de démonstration pour
l’élimination des HCFC en
utilisant des HFO en tant
qu’agent de gonflage dans les
applications de mousses à
vaporiser dans des températures
ambiantes élevées

Sept-18

Projet de démonstration dans
sociétés de formulation sur la
formulation de polyols
prémélangés utilisés pour la
fabrication de mousse de
polyuréthanne à vaporiser en
utilisant un agent de gonflage à
faible potentiel de
réchauffement de la planète
Assistance technique pour des
études de faisabilité sur le
refroidissement urbain

Sept-18

Arabie saoudite
(ONUDI)

Thaïlande
(Banque
mondiale)

République
dominicaine
(PNUD)

Déc-18

Déc-17

Le projet a été approuvé par le gouvernement ; des
budgets ont été alloués avec des plans spécifiques de
fournitures visant à optimiser les modèles d’équipement
ciblés.
Conformément à la décision 80/26 e), un rapport final
sera soumis au plus tard à la 83e réunion.
Le contrat avec le fournisseur a été signé. Le
développement de prototypes est en cours. Des
composants (par ex. des compresseurs) ont été fournis
pour les essais. La visite des ingénieurs du fournisseur
d’équipement, et la livraison des équipements de
production et la production des premières unités à base
de HC-290 sont encore en attente. Conformément à la
décision 80/26 g), un rapport final sera soumis au plus
tard à la 83e réunion.
Le processus administratif permettant de commencer
mise en œuvre a été achevé en février 2018. La
conception de prototype est prévue en juin 2018 avec sa
production réalisée d’ici août 2018. Le rapport final sera
soumis à la 82e réunion.
Une mission sur place a été organisée en février 2018.
Les essais du nouveau système de mousse à base de
HFO-1233zd ont été effectués ; les essais ont mis en
évidence le rapport coût-efficacité et les propriétés
physiques semblables du nouveau système par rapport
aux systèmes à base de HCFC-141b. Conformément à la
décision 80/26 i), un rapport final sera soumis au plus
tard à la 83e réunion.
Des accords ont été signés avec deux sociétés de
formulation en novembre 2017. Ces deux sociétés ont
commencé l’acquisition des équipements et en attendent
la livraison. Conformément à la décision 80/26 k), un
rapport final sera soumis au plus tard à la 83e réunion.

Le PNUD a fait part de ce projet comme étant achevé à
en date de la 79e réunion. Cependant, le rapport final n’a
pas encore été soumis comme le demande la
décision 80/26 (m).

* Ce montant n’inclut pas le financement de la préparation de projet et les coûts d’appui d’agence.
**Projet devant être achevé d’ici mai 2018, mais le document de projet pour la mise en œuvre n’est pas encore signé ni aucune activité
encore mise en œuvre
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Recommandation
62.

Le Comité exécutif pourrait envisager de :
(a)

Prendre note des rapports sur les progrès réalisés dans la mise en œuvre des projets de
démonstration soumis par agences d’exécution, figurant au Tableau 3 du présent
document ;

(b)

Demander instamment au PNUD de soumettre, à la 82e réunion au plus tard, le rapport
final sur l’assistance technique visant une étude de faisabilité du refroidissement urbain
en République dominicaine; et

(c)

Demander instamment aux agences d’exécution de soumettre une mise à jour des projets
de démonstration pour la Chine, l’Égypte, l’Arabie saoudite et la Thaïlande lors de la
82e réunion, ainsi que les rapports finals conformément à la décision 80/26.

Colombie : Rapport final sur le projet de démonstration sur l’élimination du HCFC-22 dans la fabrication
d’équipements de climatisation à usage commercial chez Industrias Thermotar Ltda. (PNUD)
Contexte
63.
Lors de la 75e réunion, le Comité exécutif a approuvé le projet de démonstration pour l’utilisation
du R- 290 (propane) en tant que frigorigène de remplacement dans la fabrication de climatiseurs à usage
commercial chez Industrias Thermotar Ltda., en Colombie9, pour un montant de 500 000 $US plus coûts
d’appui d’agence de 35 000 $US pour le PNUD (décision 75/40).
64.
Le projet a été approuvé pour faire la démonstration de l’utilisation en toute sécurité du R-290 en
tant que frigorigène à faible potentiel de réchauffement de la planète (PRP) dans le secteur de la
fabrication d’équipements de climatisation à usage commercial se situant entre 3,5 Kw (une tonne de
réfrigération (un TR) et 17,5 Kw (cinq TR) ; faciliter la possibilité de fabrication d’équipements de
climatisation à base d’hydrocarbures (HC) présentant un bon rendement et un surcoût d’exploitation
minimum; et faire la démonstration de la manipulation en toute sécurité et de la gestion appropriée des
risques pour l’introduction de frigorigènes inflammables dans le secteur de la climatisation commerciale
en Colombie, afin d’encourager leur adoption dans d’autres pays de l’Article 5.
65.
Au nom du gouvernement de la Colombie, le PNUD a soumis le rapport final sur le projet de
démonstration (ce rapport est joint en annexe III au présent document). Le projet a été mis en œuvre chez
Industrias Thermotar Ltda., une entreprise fabricant des unités de condensation pour systèmes biblocs et
des équipements monobloc à base de HCFC-22, avec une production moyenne de 4 100 unités par an, et
consommant approximativement 60 pour cent de la consommation de HCFC-22 secteur de la
climatisation à usage commercial. La reconversion à la technologie à base de R-290 a été menée à bien,
ayant pour résultat l’élimination 13,27 tm (0,73 tonne PAO) de HCFC-22.
66.
La Colombie a fait face à deux obstacles pour la fabrication d’équipements de climatisation à
usage commercial à base de R-290 : le manque d’informations sur les aspects techniques de la
conception, de l’ingénierie et de la fabrication d’équipements à base de R-290, et les connaissances
techniques limitées du personnel qui installent et entretiennent ce type d’équipement.
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67.

Les conclusions suivantes peuvent être soulignées :
(a)

Réduction du diamètre du tube de l’échangeur de chaleur (condenseur): deux modèles ont
été définis pour les deux types d’équipements de climatisation, à savoir des échangeurs
de chaleur à micro-canaux en aluminium et des échangeurs de chaleur avec tubes en
cuivre de 8 millimètres. Les conceptions et les essais réalisés ont visé le plus grand
modèle (cinq TR), du fait de sa reproductibilité aux autres modèles ;

(b)

Réduction de la charge du frigorigène R-290 : la charge estimée était de 1,00 kg pour
l’unité de condensation du système biblocs (cinq TR) avec un conduit de 5 mètres ; la
charge du condenseur pour un système monobloc était de 0,95 kg. Dans certains cas, les
réductions de charge étaient de plus de 50 pour cent par rapport aux modèles à base de
HCFC-22 ;

(c)

Modification de la structure en métal (coffret) des groupes de condensation : la structure
en métal des deux types d’équipements a été modifiée, et les boîtiers électriques ont été
individualisés ou isolés ;

(d)

Modification de la structure en métal de l’unité de manipulation : la structure en métal de
l’unité de manipulation (une partie du groupe de condensation du système biblocs) a été
modifiée afin d’isoler le boîtier électrique et toute l’armature, principalement la zone
d’entrée d’air, pour empêcher l’accumulation de R-290 à l’intérieur d’une enceinte en cas
de fuites ;

(e)

Installation du cycle de régulation : le système biblocs et l’unité de type monobloc ont un
cycle de « régulation » qui collecte la plus grande quantité de frigorigène dans le groupe
de condensation (en dehors de de l’équipement). Ceci se produit lorsque des variations de
pression sont détectées par deux pressostats situés dans l’unité de climatisation ;

(f)

Capteur ultrasonique : l’unité de manipulation est munie d’un capteur ultrasonique
destiné à la détection des fuites, en tant que dispositif de sécurité supplémentaire qui
empêche des niveaux élevés de R-290 à l’intérieur d’une enceinte en cas de fuites ; et

(g)

Consommation d’énergie : l’entreprise a effectué des essais comparatifs se rapportant à la
consommation d’énergie entre les équipements à base de R-410A et ceux à base de R-290
(cinq TR). Les équipements à base de R-290 consomment 15 pour cent de moins
d’énergie que les équipements à base de HCFC-22 et 13 pour cent moins que ceux à base
de R-410A.

68.
Les mesures de sécurité exigées pour la nouvelle ligne de fabrication et pour l’ensemble de
l’entreprise ont été définies par le biais de l’évaluation de la sécurité effectuée par une compagnie
d’assurance indépendante, qui a certifié qu’Industrias Thermotar Ltda. avait mis en œuvre toutes les
recommandations prescrites dans l’étude d’analyse des risques pour la nouvelle chaîne de la production à
base de R-290.
69.
Des activités de formation ont été réalisées sous la supervision d’un consultant international, et se
poursuivront au niveau national. Des documents techniques destinés à la mise à jour des normes
nationales (NTC 6828) sur la base de la norme ISO 514910 ont été développés, et un plan de soutien a été

10

L’ISO 5149-1:2014 définit les conditions à remplir pour assurer la sécurité des personnes et des biens, fournit des
conseils pour la protection de l’environnement, et établit des procédures à suivre pour le fonctionnement, l’entretien,
et la réparation des systèmes de réfrigération et la récupération des frigorigènes.
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préparé, axé sur les utilisateurs finaux et le secteur de l’entretien. Les résultats et les conclusions du projet
de démonstration ont été présentés dans le cadre d’événements locaux et internationaux.
Observations
70.
Le Secrétariat a noté que la phase II du plan de gestion de l’élimination des HCFC pour la
Colombie inclut un certain nombre d’activités dans le secteur de l’entretien qui compléterait cette
reconversion en tenant compte de l’utilisation et de l’entretien des équipements à base de R-290, y
compris la création d’un centre de formation sur les frigorigène naturels, le développement et la mise en
place de réglementations et de normes pour les frigorigènes inflammables, et d’un journal de bord en
ligne dans le secteur de l’entretien de la climatisation. En outre, le projet qui visait à stimuler le
changement des habitudes de consommation des utilisateurs finaux des systèmes de réfrigération et des
systèmes de climatisation à usage commercial, notamment avec l’adoption d’une exemption de la taxe sur
la valeur ajoutée pour les utilisateurs de systèmes de refroidissement appliquant l’efficacité énergétique et
les critères de faible impact sur l’environnement, devrait encourager la commercialisation, tout comme
devrait le faire l’inclusion dans des stratégies d’associations commerciales ciblant l’utilisation
d’équipements à faible PRG et écoénergétiques.
71.
L’entreprise offre un plan d’entretien de base gratuit pendant les six premiers mois ainsi qu’un
contrat préventif, qui inclut trois visites au minimum par an. En outre, tous les équipements fabriqués par
l’entreprise ont une garantie d’une année. L’entretien et la maintenance sont effectués par le propre
département de service technique de l’entreprise ou par les techniciens de l’entretien qui sont formés par
Thermotar et le Servicio Nacional de Aprendizaje (SENA). Tout l’équipement sera installé par le propre
service technique de l’entreprise ou par des distributeurs affiliés qui seront formés par elle.
72.
Le Secrétariat a noté que l’entreprise n’est pas encore en mesure de vendre le moindre
équipement à base de R-290. Le PNUD a indiqué qu’il n’y a aucun obstacle commercial, et que
l’entreprise attend le premier stock de compresseurs à base de R-290 et la formation des techniciens de
l’entretien. Concernant la possibilité que l’entreprise compense la ligne de fabrication inutilisée pour les
équipements à base de R-290 par l’augmentation de la fabrication d’équipements à base de substances à
PRP élevé, le PNUD a indiqué que l’entreprise a connu une légère augmentation du niveau de fabrication
des équipements à PRP élevé, mais que cette augmentation était due aux tendances du marché et non pas
à la reconversion de la ligne de fabrication.
Recommandation
73.

Le Comité exécutif pourrait envisager :
(a)

De prendre note avec satisfaction du rapport final sur le projet concernant la
démonstration du R-290 (propane) en tant que frigorigène de remplacement dans la
fabrication de climatiseurs à usage commercial chez Industrias Thermotar Ltda., en
Colombie, soumise par le PNUD ; et

(b)

D’inviter les agences bilatérales et d’exécution, lorsqu’elles aideront les pays visés à
l’article 5 à préparer des projets dans les secteurs de la climatisation, à prendre en compte
le rapport final sur le projet de démonstration mentionné au paragraphe a) ci-dessus.
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Colombie : Rapport final sur le projet de démonstration sur la validation de l’utilisation
d’hydrofluoro-oléfines pour des panneaux en discontinu dans les Parties visées à l’article 5, en ayant
recours à des formules présentant un bon rapport coût-efficacité (PNUD)
Contexte
74.
Lors de 76e réunion, le Comité exécutif a approuvé le projet de démonstration destiné à valider
l’utilisation d’hydrofluoro-oléfines pour des panneaux en discontinu dans des Parties visées à l’Article 5
en ayant recours à des formules présentant un bon rapport coût-efficacité, en Colombie,11 pour une
montant de 248 380 $US, plus coûts d’appui d’agence 22 354 $US pour le PNUD (décision 76/29).
75.
Le projet a été approuvé afin de valider des formulations de polyuréthane (PU) pour des
panneaux en discontinu avec des teneurs en HFO réduites (à savoir HFO-1233zd(E) et
HFO-1336mzz(z)); pour optimiser le rapport coût-performance afin d’obtenir des performances
thermiques similaires à celles offertes par les formules à base de HCFC-141b et à faire une analyse de
coûts des différentes formulations HFO/eau par rapport aux systèmes à base de HCFC-141b. En
particulier, le projet a été conçu pour évaluer deux HFO en tant qu’agent de gonflage en association avec
le CO2 dérivé de la réaction de l’eau avec l’isocyanate : HFO-1336mzz(Z) et HFO-1233zd(E). Le
traitement de la mousse et les propriétés physiques obtenues avec ces substances ainsi que leurs coûts
respectifs de formulation ont été comparés à ceux des systèmes à base de HCFC. Espumlatex, la plus
grande société de formulation de polyuréthane, au capital 100 pour cent colombien, qui est équipée de
18 réservoirs de mélange et d’un laboratoire certifié avec contrôle qualité, a servi de serveur technique
local pour coordonner la démonstration, les applications de mousse et les activités d’essai.
76.
Au nom du gouvernement de la Colombie, le PNUD a soumis le rapport final sur le projet de
démonstration (ce rapport est joint à l’annexe IV au présent document). Les conclusions du projet de
démonstration sont les suivantes :
(a)

Des formulations à base de HFO ont été développées avec des réductions d’agent de
gonflage de 61 à 64 pour cent en poids (équivalent à une réduction de HFO de 60 pour
cent dans les cellules gazeuses). Ces formulations ne présentent aucun problème
environnemental supplémentaire ni de problème d’hygiène industrielle ;

(b)

Comparées aux formulations à base de HCFC-141b, les formulations à teneur réduite en
HFO ont montré un meilleur écoulement de la mousse (c.-à-d. un taux d’écoulement
moins élevé entre la densité en expansion libre et la densité de remplissage minimum) ;
une valeur K12 initiale de la mousse de 7 pour cent plus élevée en laboratoire (injections
de Brett ; également reproduite au niveau de l’usine), et des valeurs K identiques ont été
mesurées un mois après l’injection ; ainsi que des valeurs similaires en laboratoire ou à
l’usine de la force de compression, de la stabilité dimensionnelle et de l’adhérence au
métal ;

(c)

La manipulation et la transformabilité de la formulation à teneur réduite en HFO étaient à
l’usine de production semblables à celles du HCFC-141b ;

(d)

On n’a observé (statistiquement) aucune différence entre les performances des mousses
sur la base des deux types de HFO, (HFO-1233zd(E) et HFO-1336mzz (Z)) ;
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La conductivité thermique, la valeur K, est la mesure de la capacité d’un matériau à transférer la chaleur. Les
matériaux qui transfèrent facilement la chaleur ont des valeurs K élevées ; plus la valeur K est faible, meilleure est
la propriété isolante du matériau.
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(e)

Dans des conditions climatiques à température élevée, les systèmes à base de
HFO-1233zd(E) pourraient exiger un stockage conditionné pour refroidir jusqu’à 20 à
25 degrés Celsius le polyol formulé et le réservoir journalier de cette substance ;

(f)

Pour les panneaux en discontinu et d’autres applications de mousse rigide, les moules
devraient être équipés de contrôles de température pour assurer de bonnes performances ;

(g)

Actuellement, le prix des formulations à teneur réduite en HFO est de 16,4 à 33,2 pour
cent plus élevé ; cependant, ce prix peut baisser dans l’avenir ; et

(h)

Le travail initial a été entrepris pour étudier des formulations de mousse avec une teneur
en HFO réduite de 80 pour cent. Les résultats sont prometteurs, mais il est suggéré
d’effectuer d’autres essais.

Observations du Secrétariat
77.
Le Secrétariat a pris note avec satisfaction du rapport, qui a évalué de manière approfondie les
performances et les coûts des formulations à teneur réduite en HFO, la conception utilisée des expériences
pour fournir des résultats significatifs d’un point de vue statistique, et a fait la démonstration de la
technologie chez un fabricant de mousse (Ingeniería de Refrigeración Industrial Rojas Hermanos S.A).
Les résultats sont conformes aux rapports des ouvrages spécialisés et aux rapports techniques précédents.
78.
Le PNUD a souligné qu’un travail important a été réalisé au niveau de la société de formulation
pour développer les formulations, dont le niveau de la complexité n’a pas été décrit dans le rapport, en
partie en raison des contraintes de confidentialité. Le PNUD a également souligné l’importance des
moules chauffés ; que certaines substances chimiques ont été fournies à un prix intéressant pour le projet
de démonstration ; et que les résultats du rapport devraient être vus comme un point de départ en vue du
développement ultérieur des formulations de HFO dans les pays visés à l’Article 5.
79.
Le rapport fournit les coûts totaux en $US/kg de formulation de PU. Le Secrétariat a converti ces
coûts en surcoûts d’exploitation, comme l’indique le Tableau 4. Les surcoûts d’exploitation pour le
HFO-1233zd(E) varient entre 9,17 $US/kg de HCFC-141b et 3,48 $US/kg de HCFC-141b, tandis qu’ils
varient pour le HFO-1336mzz(Z) entre 21,60 $US/kg de HCFC-141b et 8,14 $US/kg de HCFC-141b.
Tableau 4. Coûts des formulations de PU sur la base du HFO-1233zd(E) et du HFO-1336mzz (Z)
Réduction Réduction Réduction
de 0%
de 20%
de 40%
Coûts des formulations de PU sur la base du HFO-1233zd(E)
Coût total de la formulation ($US/kg de
2,73
3,91
3,59
3,32
la formulation)
Surcoûts d’exploitation ($US/kg de
s.o.
9,17
6,66
4,53
HCFC-141b)
Coûts des formulations de PU sur la base du HFO-1336mzz(E)
Coût total de la formulation ($US/kg de
2,73
5,52
4,75
4,32
la formulation)
Surcoûts d’exploitation ($US/kg de
s.o.
21,60
15,68
12,33
HCFC-141b)
HCFC-141b
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3,18
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80.
Les surcoûts d’exploitation indiqués au Tableau 4 sont basés sur les coûts de HCFC-141b et de
HFO fournis dans le rapport.13 Les tendances récentes suggèrent que le prix du HCFC-141b a augmenté,
et la production réduite de cette substance est susceptible d’avoir comme conséquence des augmentations
supplémentaires. Les données incluses dans des propositions de plans de gestion de l’élimination des
HCFC soumises récemment suggèrent que les coûts plus élevés de HCFC-141b sont courants. De même,
les prix communiqués pour les HFO varient substantiellement, avec des coûts supérieurs à ceux utilisés
dans le rapport ci-dessus assez répandus. Selon certains rapports, la production commerciale des HFO
dans un grands pays producteur visé à l’Article 5 est prévue à la mi-2019, avec une réduction
correspondante prévue au niveau des coûts, bien que calendrier de cette réduction soit incertaine.
81.
Afin de fournir des informations pertinentes sur la pénétration de la technologie sur le marché, le
Secrétariat a évalué la variation des surcoûts d’exploitation en fonction de l’augmentation du prix du
HCFC-141b et des prix réduits des HFO sur la base des formulations fournies. Les Tableaux 5 et 6
montrent les surcoûts d’exploitation pour la formulation avec teneur réduite en fonction du prix du
HCFC-141b et des HFO. A titre de référence, quand le coût des HFO est de 10 $US/kg, les surcoûts
d’exploitation sont de zéro quand le coût du HCFC-141b atteint 5,65 $US/kg dans le cas du
HFO-1233zd(E) et de 7,85 $US/kg dans le cas du HFO-1336mzz (Z). Le PNUD a souligné que les coûts
des produits chimiques dans d’autres pays visés à l’Article 5 peuvent différer de ceux indiqués dans le
présent rapport, ce qui se répercutera sur les surcoûts d’exploitation.
Tableau 5. Surcoûts d’exploitation (en $US/kg) pour la formulation avec teneur réduite à 60 pour
cent en fonction du prix du HCFC-141b et du HFO-1233zd(E)
Prix du HCFC-141b ($US/kg)

14 $US/kg

2,97 $US/kg
3,5 $US/kg
4,5 $US/kg
5 $US/kg

4,18
3,65
2,65
2,15

Prix du HFO-1233zd(E)
12 $US/kg
3,43
2,9
1,90
1,40

10/kg $US
3,08
2,15
1,15
0,65

Tableau 6. Surcoûts d’exploitation (en $US/kg) pour la formulation avec teneur réduite à 60 pour
cent en fonction du prix du HCFC-141b et du HFO-1336mzz(Z)
Prix du HCFC-141b ($US/kg)
2,97 $US/kg
3,5 $US/kg
4,5 $US/kg
5 $US/kg

Prix du HFO-1336mzz(Z) ($US/kg)
20 $US/kg
15 $US/kg
8,14
5,62
7,61
5,09
6,61
4,09
6,11
3,59

10 $US/kg
3,1
2,57
1,57
1,07

Recommandation du Secrétariat
82.

Le Comité exécutif pourrait envisager :
(a)

De prendre note avec satisfaction du rapport final sur le projet de démonstration destiné à
valider l’utilisation d’hydrofluoro-oléfines (HFO) dans des panneaux en discontinu dans
des Parties visées à l’Article 5 en ayant recours au développement de formulations d’un
bon rapport coût-efficacité, mis en œuvre en Colombie et soumis par le PNUD ; et

13

Les coûts unitaires indiqués le rapport sont : HCFC-141b : 2,97 $US/kg, HFO-1233zd(E) : 12,00 $US/kg,
HFO-1336mzz(Z) : 20,00 $US, mélange polyol : 2,16-2,42 $US /kg, additifs (catalyseurs, agent tensio-actif,
additifs) : 1,47-1,61 $US /kg
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(b)

D’inviter les agences bilatérales et d’exécution, lorsqu’elles aideront les pays visés à
l’article 5 à préparer des projets se rapportant au gonflage des mousses à l’aide de HFO, à
prendre en compte le rapport final sur le projet de démonstration mentionné au
paragraphe a) ci-dessus.

Costa Rica : Démonstration de l’application d’un système de réfrigération à base d’ammoniac/dioxyde
carbone en remplacement du HCFC-22 pour le producteur de taille moyenne et magasin de moyenne
surface de Premezclas Industriales S.A. (PNUD)
Contexte
83.
Lors de la 76e réunion, le Comité exécutif a approuvé le projet destiné à faire la démonstration de
l’application d’un système de réfrigération à base d’ammoniac/dioxyde carbone en remplacement du
HCFC-22 pour le producteur de taille moyenne et magasin de moyenne surface Premezclas Industriales
S.A, au Costa Rica14, pour un montant de 524 000 $US, plus coûts d’appui d’agence de 36 680 $US pour
le PNUD (décision 76/23).
84.
Le projet a été approuvé pour faire la démonstration de l’utilisation d’un système de réfrigération
à deux étages15 intégrant l’ammoniac (NH3) et le dioxyde de carbone (CO2) dans des magasins de détail
en tant que remplacement viable d’un système à base de HCFC-22, pour l’entreprise Premezclas
Industriales de Panadería S.A. (Premezclas), faisant fonctionner un système d’entreposage frigorifique
d’une capacité de 50 tonnes de réfrigération (TR). Le système proposé réduira la pression de
fonctionnement et le coût du circuit secondaire ainsi que la quantité de la charge de NH3, réduisant ainsi
les risques en matière de sécurité et de santé.
85.
Au nom du gouvernement du Costa Rica, le PNUD a soumis le rapport final sur le projet de
démonstration (ce rapport est joint à l’annexe V au présent document).
86.
La reconversion au nouveau système de réfrigération en cascade a commencé en juin 2017 et
s’est achevée en janvier 2018. Il s’agit du premier et unique système de réfrigération de ce type adopté
dans l’industrie alimentaire actuellement en fonction dans la région de l’Amérique centrale. Les résultats
du projet de démonstration sont les suivants :
(a)

L’utilisation du NH3/CO2 dans une cascade (avec du CO2 de type saumure remis en
circulation), est une solution innovatrice et viable pouvant être mis en œuvre dans des
entreprises de fabrication de taille moyenne. Ce système peut être adopté par d’autres
entreprises nationales ou régionales, qui doivent trouver une solution définitive pour le
remplacement des frigorigènes à base de HCFC ou de HFC ;

(b)

Le nouveau système de refroidissement de la chambre de produits finis, basée sur la
technologie en cascade, génère des économies d’énergie (au cours des deux mois de
fonctionnement du nouveau système, les coûts d’électricité ont été réduits de 10 pour
cent). Selon les estimations faites, le nouveau système pourrait permettre jusqu’à 20 pour
cent de réduction de coûts d’électricité ;

(c)

Le nouveau système génère des coûts de production inférieurs dus à la réduction de la
consommation d’électricité, d’un moins grand nombre d’interventions d’entretien, de
l’absence d’achat de HCFC-22 pour refaire le plein des systèmes suite aux fuites durant
le fonctionnement, et de l’utilisation de frigorigènes naturels au coût moins élevé ;

14
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Le NH3 se trouve dans le système à haute température élevée et le CO2 dans le circuit à basse température entraîné
par des pompes, où le CO2 est utilisé en tant que fluide caloporteur (saumure).
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(d)

La nouvelle technologie adoptée et mise en œuvre apporte la preuve qu’il est possible de
briser les obstacles afin d’utiliser des gaz naturels ayant un certain niveau de toxicité et
d’inflammabilité et fonctionnant à haute pression. En outre, elle contribuera à
l’engagement des entreprises fixé par le gouvernement du Costa Rica d’atteindre
l’objectif de la neutralité carbone en 2021 ;

(e)

La formation supplémentaire du personnel technique devra être fournie à moyen terme,
en accord avec l’expérience acquise dans le fonctionnement, l’entretien et la maintenance
du nouveau système en cascade ; des procédures d’entretien devraient également être
développées sur la base de l’expérience acquise lors de l’exploitation du nouveau
système ;

(f)

Il conviendra de faire la démonstration de la nouvelle technologie aux techniciens, aux
étudiants et aux ingénieurs dans le domaine de la réfrigération ainsi qu’aux décideurs
commerciaux afin de stimuler le changement au sein d’industries semblables ;

(g)

Il est nécessaire d’effectuer périodiquement la surveillance et l’évaluation du nouveau
système, y compris la tenue de registres en relation avec la consommation d’énergie et les
données opérationnelles.

Observations
87.
Le Secrétariat a pris note de la mise en œuvre réussie du projet, qui a apporté la preuve du
potentiel d’économies d’énergie liées au fonctionnement du nouveau système de réfrigération en cascade
au NH3/CO2 (10 pour cent d’économie sur les factures d’électricité jusqu’à présent), d’une plus grande
gamme de températures pouvant être atteintes (jusqu’à -18 degrés Celsius), de coûts d’exploitation moins
élevés en raison des exigences réduites d’entretien et du coût moins élevé des frigorigènes, ainsi que de
l’élimination de 900 kg de HCFC-22 présent dans le système de réfrigération remplacé.
88.
L’application de cette technologie est susceptible de pouvoir être reproduite dans un certain
nombre d’applications dans l’industrie alimentaire concernant notamment la boulangerie, le lait, la
viande, le poisson et les produits congelés. Une analyse supplémentaire de la faisabilité économique de la
technologie sera nécessaire pour mieux comprendre sa reproductibilité. Tandis que des économies allant
jusqu’à 20 pour cent sont prévues sur les factures d’électricité et que le coût d’exploitation sera réduit, les
coûts d’investissement de l’installation étaient de 943 000 $US.
89.
Un sujet supplémentaire soumis à une analyse plus approfondie sont les aspects concernant la
santé et la sécurité de l’installation, du fonctionnement, de l’entretien et de l’élimination définitive des
systèmes basés sur cette technologie. Le CO2 tout comme le NH3 exigent des qualifications et un
savoir-faire plus poussés de la part des installateurs et des techniciens que le système à base de HCFC-22.
Une plus large utilisation de cette technologie dans de plus petits systèmes exigera un examen de la
capacité des techniciens locaux à manipuler le CO2 et le NH3 et du type de réglementations, de normes et
de codes de pratiques qui seront applicables.
Recommandation
90.

Le Comité exécutif pourrait envisager :
(a)

De prendre note avec satisfaction du rapport final sur le projet destiné à faire la
démonstration de l’application d’un système de réfrigération à base d’ammoniac/dioxyde
de carbone en remplacement du HCFC-22 pour un producteur de taille moyenne et un
magasin de vente au détail Premezclas Industriales S.A. au Costa Rica et soumis par le
PNUD ; et
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(b)

D’inviter les agences bilatérales et d’exécution, lorsqu’elles aideront les pays visés à
l’article 5 à préparer des projets visant le remplacement du HCFC-22 utilisé dans les
systèmes de réfrigération commerciale chez un producteur de taille moyenne et un
magasin de vente au détail, à prendre en compte le rapport final sur le projet de
démonstration mentionné au paragraphe a) ci-dessus.

Maldives : Projet de démonstration sur des solutions de remplacement à faible PRP sans HCFC pour la
réfrigération dans le secteur de la pêche (PNUD)
Contexte
91.
Lors de la 76e réunion, le Comité exécutif a approuvé le projet de démonstration sur des solutions
de remplacement à faible PRP sans HCFC pour la réfrigération dans le secteur de la pêche aux
Maldives16, pour un montant de 141 000 $US plus coûts d’appui d’agence de 12 690 $US
(décision 76/34).
92.
Le projet a été approuvé pour identifier des technologies de remplacement des HCFC à faible
PRP pour leur utilisation dans des équipements de réfrigération ayant une charge de 150 à 200 kg de
frigorigène dans le secteur de la pêche. Il incluait la reconversion des équipements de réfrigération à base
de HCFC-22 à bord de trois navires de pêche pour passer à des technologies à faible PRP, en évaluant les
performances de la technologie de remplacement ainsi que la convenance de la technologie choisie sur la
base des coûts de la reconversion et du maintien des meilleures performances possible des équipements.
Sur la base de cette évaluation, des technologies appropriées seront disséminées au sein de l’industrie de
la pêche.
93.
Au nom du gouvernement des Maldives, le PNUD a soumis le rapport final sur le projet de
démonstration (ce rapport est joint à l’annexe VI au présent document). Pendant la mise en œuvre du
projet, les critères du choix du frigorigène de remplacement ont été développés, récapitulés ci-dessous :
(a)

L’Inflammabilité, un critère crucial de sécurité qui doit être examiné avant de choisir un
frigorigène approprié. Le R-444B17 tout comme le L40/D818 sont moyennement
inflammables tandis que le R-448A19 est non-inflammable ;

(b)

Le coût de la reconversion des systèmes de réfrigération utilisés à bord de vieux navires
de pêche (approximativement 20 ans d’âge et fragiles en raison des années de
fonctionnement, et toutes les modifications nécessaires seront chères. En raison des
années de fonctionnement, il n’est pas possible de s’assurer que les systèmes de
réfrigération (c.-à-d., les équipements et les conduits) sont étanches. En outre, des
systèmes de réfrigération sont confinés dans un espace très limité à bord des navires.
Ainsi, la reconversion pour passer à l’utilisation des frigorigènes R-444B et/ou L40/D8
demeure risquée du fait que ces deux frigorigènes sont moyennement inflammables, et la
reconversion impliquerait des coûts significatifs ; et

16

UNEP/OzL.Pro/ExCom/76/40.
R-444B : 41,5 pour cent de HFC-32, 10 pour cent de HFC-152a, et 48,5 pour cent de HFO-1234ze(E), avec un
PRP d’une valeur de 295.
18
L40/D8 : 40 pour cent de HFC-32, 10 pour cent de HFC-152a, 20 pour cent de HFO-1234yf et 30 pour cent de
HFO-1234ze(E), avec un PRP d’une valeur inférieure à 300.
19
R-448A : 26 pour cent de HFC-32, 26 pour cent de HFC-125, 21 pour cent de HFC-134a, 7 pour cent de
R-1234ze et 20 pour cent de HFO-1234yf, avec des PRP d’une valeur de 1 273.
17
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(c)

Les performances des systèmes de réfrigération, lorsqu’il s’avère que R-448A est le
meilleur frigorigène qui peut être utilisé sans incidences significatives sur les
performances des équipements.

94.
Sur la base des critères ci-dessus, et corroboré par la réalisation d’une étude théorique, il a été
constaté que le R-448A demeure le meilleur produit de substitution pour remplacer le HCFC-22 utilisé
dans les systèmes de réfrigération choisis servant à bord de navires de pêche aux Maldives. Les
performances du frigorigène ont semblé convenir à la reconversion des systèmes sans incidence sur leurs
résultats et avec des modifications limitées à apporter, et le soutien technique disponible pour la
reconversion de la part du fabricant du frigorigène s’avère approprié. Il a également été constaté que le
personnel impliqué dans la réparation et le fonctionnement quotidien des systèmes de réfrigération à bord
des bateaux de pêche est semi-qualifié, rendant difficile d’entreprendre une reconversion complexe de
l’équipement.
95.
Pendant la mise en œuvre du projet, le PNUD est entré en contact avec le Conseil nordique des
ministres (comme cela avait été suggéré précédemment), pour se renseigner sur le rapport sur les
Solutions de remplacement aux HCFC et aux HFC à PRP élevé à bord des navires maritimes ; ce rapport
doit encore être finalisé. Il a été noté que la publication de l’Agence norvégienne pour l’environnement
intitulée « Étude des incidences des frigorigènes à base de HFO sur l’environnement et la santé »
(décembre 2017) 20 indique que mélanges de HFO, les R-448A, les R-449A, les R-450A et les R-452A
sont disponibles dans le commerce, le R-448A et le R- 449A étant les plus largement utilisés.
Observations
96.
Le Secrétariat a demandé des informations supplémentaires sur l’évaluation des performances du
R-448A. Le PNUD a précisé que sur la base de l’examen technique, le R-448A est jugé adapté en tant que
frigorigène ayant un impact défavorable limité sur les performances des équipements et sur les
changements apportés aux systèmes réfrigérants à bord des navires. Sur la base de l’évaluation technique,
la disponibilité actuelle du R-448A ainsi que les connaissances et le savoir-faire des techniciens de
l’entretien permettant une reconversion sûre et efficace des équipements dans le pays, le R-448A est la
solution de remplacement la plus réalisable.
97.
Répondant à une demande de clarification sur le statut d’évaluation technique du R-448B
(frigorigène A2L), le PNUD a mentionné qu’au moment de la réalisation de l’évaluation, le secteur de la
pêche était peu disposé à adopter cette substance car il s’agit d’un frigorigène moyennement inflammable
et que l’utiliser à bord de navires de pêche peut présenter des risques.
Recommandation
98.

20

Le Comité exécutif pourrait envisager :
(a)

De prendre note avec satisfaction du rapport final sur le projet de démonstration sur des
produits de remplacement sans HCFC à faible PRP dans des équipements de réfrigération
dans le secteur de la pêche aux Maldives et soumis par le PNUD ;

(b)

De demander au gouvernement des Maldives et au PNUD d’inclure, dans le rapport
périodique sur la mise en œuvre de la phase I du plan de gestion de l’élimination des
HCFC, un rapport détaillé sur les activités entreprises lors de la reconversion à bord de
navires de pêche de trois systèmes de réfrigération destinée à remplacer le HCFC-22 par
un frigorigène de substitution choisi, et sur le statut de la reconversion des systèmes de
réfrigération à base de HCFC-22 à bord des navires de pêche aux Maldives ;

http://www.miljodirektoratet.no/Documents/publikasjoner/M917/M917.pdf.
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(c)

D’inviter le PNUD à continuer d’explorer d’autres solutions de remplacement à faible
PRP pour le secteur de la pêche aux Maldives, conformément à la décision 80/26 p) ; et

(d)

D’inviter les agences bilatérales et d’exécution, lorsqu’elles aideront les pays visés à
l’article 5 à préparer des projets visant la reconversion de systèmes de réfrigération à base
de HCFC-22 à bord de navires de pêche, à communiquer le rapport final sur le projet de
démonstration mentionné au paragraphe a) ci-dessus.

Maroc : Démonstration d’une technologie de gonflage au pentane à faible coût pour la reconversion à des
technologies sans SAO dans de petites et moyennes entreprises (ONUDI)
Contexte
99.
Lors de la 75e réunion, le Comité exécutif a approuvé le projet de démonstration sur l’utilisation
d’une technologie de gonflage au pentane à faible coût pour la reconversion à des technologies sans SAO
dans de petites et moyennes entreprises (PME) au Maroc21, pour un montant de 280 500 $US, plus coûts
d’appui d’agence de 19 635 $US pour l’ONUDI (décision 75/41).
100.
Le projet a été approuvé pour explorer la possibilité de réduire les coûts d’investissement initiaux
en concevant une machine de gonflage de mousse simple, standard, compacte et facile à utiliser, capable
de fonctionner avec du pentane inflammable, des équipements et des systèmes de ventilation mobiles
utilisables avec différents produits. Cette technologie pourrait être envisagée par les entreprises à faible
cadence de production ayant des besoins de gonflage épisodiques.
101.
Lors de la 80e réunion, le Comité exécutif a pris note de la mise à jour fournie par l’ONUDI sur
l’avancement de la mise en œuvre du projet de démonstration et a prolongé la date d’achèvement du
projet jusqu’au au 31 décembre 2018, étant entendu qu’aucune autre prolongation ne sera demandée, et a
chargé l’ONUDI de lui remettre le rapport final à la 83e réunion au plus tard (décision 80/26 (f)).
102.
Au nom du gouvernement du Maroc, l’ONUDI a soumis un rapport périodique sur le projet de
démonstration. La société de formulation Pumex, Mexique, a été visitée en septembre 2017, en tant que
fournisseur potentiel de polyols prémélangés à base de cyclopentane pour des PME. Plusieurs fabricants
d’équipement de production de mousse ont été visités en octobre 2017 et les aspects techniques et ayant
trait à la sécurité se rapportant aux équipements à base de pentane ont été discutés. Des paramètres
détaillés ont été préparés pour la fourniture d’une ligne de gonflage, y compris les équipements de
sécurité et les systèmes de contrôle ; pour le dispositif de sécurité et l’assistance technique ; et pour la
formation des techniciens, des opérateurs et du personnel d’entretien. Il est prévu d’installer les
équipements au cours du troisième trimestre de 2018 ; un atelier sera organisé au quatrième trimestre ; et
un rapport détaillé sur le projet sera soumis d’ici début 2019.
Observations
103.
Le Secrétariat a demandé des détails sur la façon dont il est proposé de réaliser des économies de
coûts au cours de la mise en œuvre du projet, comme cela avait été envisagé pendant la soumission du
projet. L’ONUDI a fait savoir que la plus grande réduction des coûts est réalisé par l’utilisation du polyol
prémélangé avec du cyclopentane au lieu de prémélanger le cyclopentane dans les entreprises ; la
conception de la machine de gonflage de mousse compacte et convenant aux PME entraînera également
des réductions de coûts. La mise en service et les essais de l’usine/des équipements conduiront à des
recommandations concernant la façon d’optimiser davantage les coûts.

21

UNEP/OzL.Pro/ExCom/75/58.
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104.
Sur la demande de clarification de la date à laquelle le rapport final de projet sera soumis, sachant
que le projet sera achevé d’ici décembre 2018, l’ONUDI a précisé que ce rapport final sera soumis début
2019.
Recommandation
105.
Le Comité exécutif pourrait envisager de prendre note du rapport périodique sur le projet de
démonstration de l’utilisation d’une technologie de gonflage au pentane à faible coût pour la reconversion
à des technologies sans SAO dans les mousses de polyuréthane dans de petites et moyennes entreprises,
mis en œuvre au Maroc et soumis par l’ONUDI.
Afrique du Sud : Projet de démonstration sur les avantages techniques et économiques de l’injection
assistée sous vide dans une usine produisant des panneaux en discontinu, reconvertie pour passer du
HCFC-141b au pentane (ONUDI)
Contexte
106.
Lors de la 76e réunion, le Comité exécutif a approuvé le projet de démonstration sur les avantages
techniques et économiques de l’injection assistée sous vide (VAI) dans une usine produisant des
panneaux en discontinu, reconvertie pour passer du HCFC-141b au pentane, en Afrique du Sud22, pour un
montant de 222 200 $US, plus coûts d’appui d’agence de 19 998 $US pour l’ONUDI (décision 76/32).
107.
Ce projet a été approuvé pour évaluer les avantages de la VAI dans le processus de production de
panneaux en discontinu utilisant le cyclopentane comme agent de gonflage des mousses et faire la
démonstration de l’amélioration de la sécurité des opérations de gonflage des mousses dans une entreprise
de fabrication d’équipements de réfrigération à usage commercial.
108.
Lors de la 80e réunion, le Comité exécutif a pris note de la mise à jour fournie par l’ONUDI sur
l’avancement de la mise en œuvre du projet de démonstration et a prolongé la date d’achèvement du
projet jusqu’au 31 décembre 2017, étant entendu qu’aucune autre prolongation ne sera demandée, et a
chargé l’ONUDI de lui remettre le rapport final à la 81e réunion au plus tard (décision 80/26 j)).
109.
Au nom du gouvernement de l’Afrique du Sud, l’ONUDI a soumis le rapport final sur le projet de
démonstration (ce rapport est joint à l’annexe VII au présent document). Comme l’ONUDI en a fait part à
la 80e réunion, il y a eu un changement de bénéficiaire. Le projet devait être initialement mis en œuvre
chez Dalucon Refrigeration Products ; au lieu de cela, c’est Panel World qui a installé la technologie
VAI ; avant l’opération de gonflage, un taux contrôlé de vide est appliqué entre les plaques de presse où
l’on place le panneau préassemblé. La réduction de pression appliquée durant l’injection et l’expansion de
la mousse facilite le remplissage du panneau, apportant des avantages.
110.
Plusieurs essais ont été réalisés sur les lignes de production en fonctionnement où la perte
maximum de cyclopentane par évaporation était de 5 pour cent du contenu de cyclopentane ; la perte se
produit également pendant la phase d’expansion de la mousse au cours des 90 premières secondes après le
versement. La densité de mousse peut être réduite jusqu’à entraîner 5 pour cent d’économie de
consommation de polyuréthane (PU). La mousse, dans tous les panneaux examinés, ne montrait aucune
modification de structure anormale dans la force de compression sur toute la longueur du panneau. Elle a
montré un bon écoulement chimique pendant la réaction chimique, aidée par le vide, sans aucun signe
d’étirement de la mousse ou d’élongation de cellules ainsi qu’une force de compression de la mousse
raisonnablement équilibrée. La mousse de tous les panneaux a passé favorablement le test de stabilité. La
conductivité thermique était bonne et identique dans tous les panneaux. Ces derniers étaient remplis avec
une densité relativement basse. Le vide permet d’obtenir une excellente répartition de la densité, ce qui
22
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est une amélioration importante par rapport à l’opération sans vide. L’adhérence a été améliorée ; la
stabilité dimensionnelle supérieure et une meilleure qualité de l’aspect a été perçue.
111.
La ventilation de la presse a l’avantage supplémentaire d’éliminer les vapeurs de cyclopentane et
les composés organiques volatils de la zone de travail, ce qui ne se produit pas lors de la production sans
VAI. L’aspiration directe par vide à l’intérieur du panneau d’expansion du polyuréthane a comme
conséquence l’extraction totale des vapeurs de cyclopentane et d’isocyanate, rendant la production sûre et
saine pour les opérateurs. En raison de la plus grande réactivité/viscosité de la mousse, la technologie
réduit les fuites de mousse aux points d’aération du panneau, maintenant le lieu de travail plus propre.
112.
Le temps de démoulage a été réduit de 40 pour cent ; considérant le cycle total de production
(c.-à-d., chargement/déchargement et préparation), il a été estimé que la presse peut produire le même
nombre de panneaux en un temps réduit de 25 pour cent, générant des économies de consommation
d’énergie pour l’entreprise.
Observations
113.
Le Secrétariat a noté que les mousses gonflées au cyclopentane à l’aide de la technologie de
l’injection assistée sous vide (VAI) révèlent une excellente stabilité dimensionnelle. La technologie
permet également une réduction de la densité de la mousse allant jusqu’à 5 pour cent, ce qui pourra avoir
comme conséquence d’importantes économies en termes de consommation de polyuréthane ; elle
supprime les vapeurs de cyclopentane et d’isocyanate sur le lieu de travail, améliorant de ce fait les
conditions des travailleurs au niveau de la sécurité et de la santé ; et elle réalise des valeurs K identiques
(entre 20,12 et 20,54 mW/mK) à celles de la mousse gonflée au HCFC- 141b (20,4 mW/mK). En outre,
des économies pourront être réalisées du fait d’une consommation d’énergie réduite et d’une durée de
démoulage écourtée.
114.
Tout en prenant note des résultats prometteurs, le Secrétariat a observé que le rapport n’incluait
aucun renseignement sur les coûts de la technologie, sur les décaissements de projet, ni sur les
enseignements tirés et sur le fait de savoir si cette technologie pourrait être reproduite dans d’autres pays
visés à l’Article 5. En réponse, l’ONUDI a fait savoir que les coûts d’investissement du kit de mise sous
vide de la VAI et des modifications nécessaires à apporter à l’équipement existant étaient de
425 000 $US, et que deux sets de profils latéraux coûtent 30 000 $US ; le coût des profils dépendra de la
taille et du nombre de sets, selon les besoins du client (voir l’addendum au rapport final figurant à
l’annexe VII au présent document). Le financement alloué par le Fonds multilatéral avec le financement
de contrepartie suffisent pour répondre aux objectifs du projet de démonstration. L’ONUDI estime que la
technologie est globalement applicable à de nouvelles installations, reconversions et modernisations, et a
suggéré que de futurs coûts commerciaux de la technologie VAI pourront être réduits avec l’utilisation
croissante de cette dernière. Le Tableau 7 indique les coûts de projet du projet de démonstration.
Tableau 7. Coûts du projet ($US)
Article

Coûts
approuvés

Financement réel
Subvention

Modification de la presse pour la VAI, kit de mise à
vide
Set de profils latéraux
Audit de sécurité
Transfert de la technologie, services, consultation et
formation
Installation, mise en service, démarrage et essais et
tests de la technologie et des produits finaux
Total

Coûts réels

Financement de
contrepartie
244 000

80 000

181 200

20 000
2 000
25 000

30 000
Inclus ci-dessus
Inclus ci-dessus

30 000

75 000

11 000 et 64 000
inclus ci-dessus
222 200

11 000

222 200*

* Inclut des coûts pour imprévus de 20 200 $US.
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115.
Le Secrétariat note que les économies recensées ci-dessus, y compris la densité réduite de la
mousse et la durée de démoulage écourtée, combinées avec les coûts réduits de la main-d’œuvre et
l’amélioration des conditions de santé et de sécurité des travailleurs pourraient contribuer à compenser les
coûts d’investissement initiaux de la technologie. Partant de l’idée de coûts et de formulations
comparables à ceux fournis dans le rapport final sur le projet de validation de l’utilisation
d’hydrofluoro-oléfines pour des panneaux en discontinu dans des pays visés à l’Article 5 grâce au
développement de formulations d’un bon rapport coût-efficacité en Colombie23, la réduction de 5 pour
cent de la densité de mousse peut se traduire approximativement dans des économies de 21 200 $US par
an pour une entreprise consommant 20 tm d’agent de gonflage. Les 40 pour cent de réduction de la durée
de démoulage et les 25 pour cent d’augmentation de débit de production des panneaux peuvent être
estimés comme permettant d’économiser environ 50 000 $US de plus par an sur les coûts de maind’œuvre, en supposant qu’il y ait environ dix opérateurs avec un salaire annuel de 20 000 $US, frais
généraux compris. D’autres avantages, comme par exemple l’amélioration des conditions de santé et de
sécurité des travailleurs s’y ajouteront et contribueront à compenser davantage les dépenses
d’investissement nécessaires pour la technologie de l’injection assistée sous vide.
Recommandation
116.

Le Comité exécutif pourrait envisager :
(a)

De prendre note du rapport final sur le projet de démonstration sur les avantages
techniques et économiques de l’injection assistée sous vide dans une usine produisant des
panneaux en discontinu, reconvertie pour passer du HCFC-141b au pentane, mis en
œuvre en Afrique du Sud et soumis par l’ONUDI ; et

(b)

D’inviter les agences bilatérales et d’exécution, lorsqu’elles aideront les pays visés à
l’article 5 à préparer des projets se rapportant au gonflage des mousses au cyclopentane, à
prendre en compte le rapport final sur le projet de démonstration mentionné au
paragraphe a) ci-dessus.

Égypte : Étude de faisabilité sur le refroidissement urbain au Nouveau Caire (PNUE et ONUDI)
117.
Lors de la 75e réunion, le Comité exécutif a approuvé la demande de financement de l’étude de
faisabilité sur le refroidissement urbain au Nouveau Caire, Égypte, qui devait inclure un modèle
économique24, et le volet correspondant du PNUE pour un montant de 27 223 $US plus coûts d’appui
d’agence de 3 539 $US (décision 75/33), ainsi que le volet correspondant de l’ONUDI pour un montant
de 63 521 $US, plus coûts d’appui d’agence de 5 717 $US (décision 75/35).
118.
L’étude de faisabilité devait envisager la possibilité d’utiliser le refroidissement urbain dans la
capitale du Nouveau Caire, en phase de conception, et se concentrer sur un district préalablement
sélectionné de la nouvelle capitale, qui comprendra environ 21 quartiers résidentiels et non résidentiels et
devait stimuler les profils de charge de refroidissement dynamique dans ce district sélectionné. La
conception, la simulation et l’optimisation de multiples apports d’énergie générés par le gaz naturel, une
source d’énergie thermique solaire et un dissipateur thermique avec eau douce devaient être examinés.
119.
Les résultats prévus de cette étude de faisabilité sont la détermination de la technologie de
refroidissement urbain la mieux adaptée (refroidisseur hybride fonctionnant au gaz naturel ou à l’énergie
solaire) ; identification des sources d’énergie renouvelables, des mécanismes d’économie d’énergie, des
avantages environnementaux et des obstacles juridiques à la mise en œuvre ; élaboration d’une structure
23
24

Paragraphes 74 à 82 et Annexe IV au présent document.
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financière et d’un régime financier pour le gouvernement et les mécanismes de cofinancement ; et
réalisation d’une proposition complète concernant un système de refroidissement urbain au
Nouveau Caire, mettant en relief la stratégie de mise en œuvre, les incitations financières et les
évaluations.
120.
Lors de la 80e réunion, le Comité exécutif a pris note des informations actualisées fournies par le
PNUE et l’ONUDI sur l’avancement de la mise en œuvre de l’étude de faisabilité sur le refroidissement
urbain au Nouveau Caire, en Égypte, et a accepté de prolonger la date d’achèvement du projet jusqu’au
30 juin 2018, étant entendu qu’aucune autre prolongation de mise en œuvre du projet ne sera demandée,
et a chargé l’ONUDI de lui remettre le rapport final à la 82e réunion au plus tard (décision 80/26 n)).
121.
Au nom du gouvernement de l’Égypte, le PNUE et l’ONUDI ont soumis un rapport périodique
sur l’étude de faisabilité. Toutes les activités sont achevées et le rapport final est actuellement en cours
d’examen, aux mains du comité local ainsi que du PNUE et de l’ONUDI. Ci-dessous est un récapitulatif
des activités menées à bien :
(a)

Établissement d’un Comité national sous l’égide du Centre national de recherches sur le
logement et la construction (HBRC) du ministère égyptien de l’Habitat et des Villes
nouvelles pour la gestion du projet ;

(b)

Deux lieux d’étude ont été choisis, les villes de New El Alamein et Capital One. Sur la
base des informations techniques fournies sur les différentes technologies de
refroidissement, le système de refroidissement à l’eau de mer des grandes profondeurs a
été choisi pour New El Alamein ; et une usine de refroidissement urbain, utilisant des
systèmes de refroidissement de nature différente (produisant 60 pour cent de la capacité
de charge de refroidissement) complétée par un système de refroidissement utilisant des
refroidisseurs à absorption fonctionnant au gaz naturel, a été choisie pour Capital One ;

(c)

L’analyse financière se rapportant aux deux sites, y compris des comparaisons de coûts
d’investissement et de coûts d’exploitation par rapport aux technologies
conventionnelles, a été achevée ;

(d)

Un cadre national institutionnel et réglementaire destiné au refroidissement urbain en
Égypte est en cours de développement, prenant en considération des expériences de pays
dans le domaine du refroidissement urbain ; et

(e)

Une conférence internationale sur le refroidissement urbain et le développement urbain25
a été organisée avec la participation des experts de plus de 20 pays. Une session parallèle
sur les résultats du projet est projetée lors de la réunion du Groupe de travail à
composition non limitée en juillet 201826, et un atelier final de sensibilisation est prévu
pour août 2018.

Observations
122.
Le Secrétariat a pris note que le projet a été achevé et que rapport final était toujours en cours
d’examen. Toutefois, il n’a toujours pas été reçu à ce jour.

25

Les documents de la conférence peuvent être consultés sur : http://www.ozonactionmeetings.org/internationalconference-district-energy-urban-development-sharm-el-sheikh-egypt-21-22-september-4.
26
Vienne, Autriche, du 8 au 14 juillet 2018.

29

UNEP/OzL.Pro/ExCom/81/10
Recommandation
123.
Le Comité exécutif pourrait envisager de prendre note du rapport périodique sur l’étude de
faisabilité sur le refroidissement urbain au Nouveau Caire, Égypte, soumis par le PNUE et l’ONUDI.
Koweït : Étude de faisabilité comparant trois technologies de nature différente en vue de leur utilisation
en climatisation centrale (PNUE et ONUDI)
124.
À la 75e réunion, le Comité exécutif a approuvé la demande de financement de l’étude de
faisabilité comparant trois technologies de nature différente en vue de leur utilisation en climatisation
centrale au Koweït, qui inclurait un modèle économique27, et le volet correspondant du PNUE pour un
montant de 27 223 $US plus coûts d’appui d’agence de 3 539 $US (décision 75/34), ainsi que le volet
correspondant de l’ONUDI pour un montant de 63 521 $US, plus coûts d’appui d’agence de 5 717 $US
(décision 75/36).
125.
L’étude de faisabilité devait présent une analyse comparative complète de trois technologies de
nature différente : refroidissement naturel à l’eau de mer profonde, système d’absorption de chaleur
résiduelle et système d’absorption d’eau refroidie à l’énergie solaire, afin de déterminer l’option la plus
prometteuse pour les systèmes de climatisation centrale. Les activités suivantes devaient être mises en
œuvre : une étude de la documentation scientifique sur l’état actuel de trois technologies de nature
différente ; une analyse des sources d’énergie renouvelable, des obstacles juridiques, des mécanismes
d’économie d’énergie et des avantages environnementaux ; et le développement d’une structure financière
et d’un régime financier à la fois pour le gouvernement, les mécanismes de cofinancement, et les
entreprises privées productrices d’énergie.
126.
Lors de la 80e réunion, le Comité exécutif a pris note des informations actualisées fournies par le
PNUE et l’ONUDI sur l’avancement de la mise en œuvre d’une de l’étude de faisabilité comparant trois
technologies de nature différente en vue de leur utilisation en climatisation centrale, au Koweït, et a
accepté de prolonger la date d’achèvement du projet jusqu’au 30 juin 2018, étant entendu qu’aucune autre
prolongation de la mise en œuvre du projet ne sera demandée, et a chargé l’ONUDI de lui remettre le
rapport final à la 82e réunion au plus tard (décision 80/26 o)).
127.
Au nom du gouvernement du Koweït, le PNUE et l’ONUDI ont soumis un rapport périodique sur
l’étude de faisabilité. La première version de l’étude comparative technique des analyses des trois
solutions les plus prometteuses pour la climatisation pour le Koweït a été soumise à l’ONUDI en
février 2018 ; les critères de la sélection des emplacements ont été finalisés. Le gouvernement a choisi
trois sites (c.-à-d., une école, une mosquée, et un hôpital), et un consultant a été engagé pour mener à bien
les évaluations techniques et financières.
128.
Des plans conceptuels seront préparés pour deux emplacements. Chaque plan conceptuel sera régi
par le principe de la conservation de l’énergie, adoptant probablement à côté de technologies de
refroidissement conventionnelles, des technologies de nature différente. Un atelier final se tiendra au
cours du troisième trimestre de 2018 pour expliquer les études comparatives des trois technologies ainsi
que les critères de sélection des sites.

27

UNEP/OzL.Pro/ExCom/75/30 et ExCom/75/31.
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Observations
129.
Le Secrétariat a pris note des avancements de ce projet, notamment la confirmation de la part de
l’ONUDI que toutes les activités de projet seront terminées d’ici juin 2018 et le rapport final présenté lors
de la 82e réunion.
Recommandation
130.
Le Comité exécutif pourrait envisager de prendre note du rapport périodique sur l’étude de
faisabilité comparant trois technologies de nature différente en vue de leur utilisation dans la climatisation
centrale au Koweït, soumis par le PNUE et l’ONUDI.
Promotion des frigorigènes à faible potentiel de réchauffement de la planète (PRP) pour les secteurs de la
climatisation dans les pays en Asie de l’Ouest à températures ambiantes élevées (PNUE et ONUDI)
131.
Lors de sa 69e réunion, le Comité exécutif a approuvé le projet sur la promotion des frigorigènes à
faible potentiel de réchauffement de la planète (PRP) pour les secteurs de la climatisation dans les pays en
Asie de l’Ouest à températures ambiantes élevées, et a alloué 155 000 $US plus coûts d’appui d’agence
de 20 150 $US pour le PNUE et 365 000 $US, plus coûts d’appui d’agence de 25 550 $US pour
l’ONUDI. Le projet visait à faciliter le transfert de technologies et l’échange d’expériences concernant les
solutions de remplacement à faible PRP pour les secteurs de la climatisation dans les pays à température
ambiante élevée, ceci afin de favoriser de meilleures prises de décision pour aider ces pays à éliminer les
HCFC.
132.
Le PNUE et l’ONUDI ont soumis à la 81e réunion un rapport périodique sur l’état d’avancement
de la mise en œuvre du projet. Plusieurs activités ont été mises en œuvre, y compris le renforcement des
capacités de centres locaux de recherche et développement des pays à températures ambiantes élevées par
le biais de l’expérience des secteurs les plus avancés. Pour la technologie à base de HFC-32, des activités
ont été conduites en coopération avec le Japan Refrigeration and Air Conditioning Industry Association
(JRAIA) (association japonaise des industries de la réfrigération et de la climatisation) et l’industrie
japonaise ; pour la technologie à base de R-290, des activités ont été menées en coopération avec la China
Household Electrical Appliances Association(CHEAA) (l’association chinoise des appareils
électroménagers) et l’industrie chinoise ; et pour la technologie à base de HFO, des activités ont été
organisées avec le Air-Conditioning, Heating, and Refrigeration Institute (AHRI) (institut de
climatisation, chauffage et réfrigération) et le fournisseur de technologie des frigorigènes et les fabricants
de compresseurs. Des activités d’évaluation des risques ont été entreprises afin de concevoir, développer
et examiner un modèle d’évaluation des risques approprié au modèle d’utilisation et aux conditions de
fonctionnement dans des conditions ambiantes de températures élevées ; ces activités, y compris
l’élaboration d’un modèle adapté aux besoins locaux des pays à température ambiante élevée seront
achevées d’ici octobre 2018. Les activités se rapportant aux essais et à l’optimisation en utilisant des
prototypes précédents développés dans le cadre du projet PRAHA-I, n’avaient pas encore commencé en
raison du changement de fournisseur. Ces activités seront menées à bien d’ici novembre 2018.
Observations
133.
Le Secrétariat a examiné le rapport périodique et a constaté que les activités de projet seraient
pour une large part terminées en octobre/novembre 2018.
Recommandation
134.
Le Comité exécutif pourrait envisager de prendre note du rapport périodique sur l’avancement de
la mise en œuvre du projet en Asie de l’Ouest destiné à favoriser l’utilisation des frigorigènes de
remplacement dans des pays à température ambiante élevée (PRAHA-II).
31

UNEP/OzL.Pro/ExCom/81/10
PARTIE IV : ÉLIMINATION DE LA CONSOMMATION ET LA PRODUCTION DU CTC EN
INDE
Contexte
135.
Lors de la 75e réunion, le Comité exécutif a examiné un rapport sur le projet de l’élimination
accélérée de la production de CFC en Inde ainsi que l’élimination de la consommation et la production du
CTC en Inde28, dans lequel il était mentionné que l’accord conclu entre le gouvernement de l’Inde et la
Banque mondiale (en qualité d’agence d’exécution choisie par le gouvernement pour les deux projets)
avait pris fin, avec les fonds restants devant encore être versés aux producteurs de CFC ayant éliminé leur
production en 2008 et avec des activités d’assistance technique restantes dans le projet bilatéral
d’élimination de la production et la consommation de CTC mis en œuvre par la Banque mondiale et le
Japon.
136.
En ce qui concerne la proposition concernant le CTC, il a été noté qu’en 2016 des fonds avaient
été alloués pour le renforcement du système de suivi pour la production de CTC aux fins d’utilisation en
tant que matière intermédiaire et pour d’autres activités concernant l’adoption de solutions de
remplacement du CTC. À l’issue de discussions, le Comité exécutif a entre autres approuvé le plan
d’action pour les activités restantes liées à l’élimination de la consommation et de la production de CTC,
avec une date révisée d’achèvement fixée à fin 2016, notant que tous les fonds restants seraient restitués
au Fonds multilatéral lors de la première réunion du Comité exécutif de 2017. Le Comité a également
invité le PNUD à entreprendre une étude sur l’utilisation du pays du CTC en tant que matière
intermédiaire et à mettre les résultats de cette étude à la disposition du Comité exécutif d’ici la fin de
2016 (décision 75/19 b)).
137.
Lors de la 77e réunion, le Comité exécutif a examiné le rapport périodique global en date du
31 décembre 201529, qui incluait un rapport sur l’état d’avancement de l’élimination de la consommation
et de la production de CTC en Inde. À propos de ce projet, le Comité exécutif a noté qu’un volet du plan
d’élimination du CTC serait achevé en décembre 2016 et que les soldes restants seraient retournés d’ici
décembre 2017 (décision 77/8 b) (i), et il a reporté la date d’achèvement de deux volets d’assistance
technique approuvés lors de la 45e réunion à novembre 2017 (décision 77/8 c) (i)).
Observations
138.
Le Secrétariat a noté avec inquiétude que ni l’étude sur l’utilisation du pays du CTC en tant que
matière intermédiaire qui devait être soumise au Comité exécutif d’ici la fin de 2016 (décision 75/19 b)
(iv)), ni le rapport d’achèvement qui devait être remis à la 81e réunion (décision 75/19 b) (iv) et
décision 77/8 c)(i)), n’ont été soumis.
Recommandation
139.

Le Comité exécutif pourrait envisager :
(a)

28
29

De demander au PNUD de soumettre au Secrétariat l’étude sur l’utilisation du CTC du
pays pour des applications en tant que matière intermédiaire dès que possible et au plus
tard lors de la 82e réunion ; et

UNEP/OzL.Pro/ExCom/75/20 et Add.1.
UNEP/OzL.Pro/ExCom/77/11.
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(b)

PARTIE V :

De demander à la Banque mondiale conjointement avec les gouvernements de la France,
de l’Allemagne et du Japon, et avec le PNUD et l’ONUDI en tant qu’agences de
coopération, de soumettre lors de la 82e réunion du Comité exécutif le rapport
d’achèvement du projet sur l’élimination de la consommation et de la production de CTC.
PROJETS D’ÉLIMINATION DÉFINITIVE DES DÉCHETS DE SAO

Contexte
140.
Lors de la 79e réunion, le Comité exécutif a demandé, entre autres, aux agences bilatérales et
d’exécution de soumettre leurs rapports finals sur les projets pilotes d’élimination définitive des SAO en
instance30 autres que ceux concernant le Brésil et la Colombie, et de restituer à la 82e réunion les soldes
non dépensés des projets dont les rapports n’ont pas été soumis à la 80e ou à la 81e réunion
(décision 79/18 d)).
141.
Les agences bilatérales et d’exécution concernées ont soumis, au nom des gouvernements de la
Chine, de la Colombie, du Nigéria et de la Turquie, des rapports sur la mise en œuvre des projets
d’élimination des déchets de SAO. Ces rapports sont résumés ci-dessous. Les rapports intégraux sont
joints en annexe VIII au présent document.
142.
Conformément à la décision 79/18 e), un rapport de synthèse sur les projets pilotes d’élimination
définitive des SAO achevés à ce jour regroupant les enseignements tirés et incluant les questions liées à la
conception du projet, la synergie avec les autres projets, les possibilités de mobilisation des ressources et
le rapport coût-efficacité de ces projets, sera soumis lors de la 82e réunion.
Chine : Rapport périodique sur le projet de démonstration pilote sur la gestion et l’élimination définitive
des déchets de SAO (gouvernement du Japon et l’ONUDI)
143.
L’objectif du projet de démonstration pilote était d’explorer le traitement des déchets de SAO
collectés, de mettre en place un modèle durable pour la destruction des déchets de SAO et l’élimination
définitive de 192,0 tm de déchets de SAO, en particulier les banques de CFC.
144.
La Réglementation sur la gestion des SAO, entrée en vigueur en juin 2010, sert de base au
recyclage des SAO. Elle stipule entre autres que les entreprises spécialisées dans l’entretien et la mise au
rebut d’appareils de réfrigération, de systèmes de réfrigération et d’extinction qui contiennent des SAO,
seront enregistrées auprès des bureaux locaux de protection de l’environnement (EPB) et qu’elles
collecteront et recycleront les SAO ou bien les transféreront à des entreprises spécialisées dans leur
collecte, recyclage et destruction afin que les SAO soit traitées de manière appropriée.
145.
Le montant total de CFC détruits s’élevait à 194,793 tm, se composant de 11,788 tm de
frigorigènes à base de CFC, 172,005 tm de CFC dans des déchets de mousse et de 11 tm de CFC-11
utilisé comme agent de gonflage. Tous les déchets collectés ont été incinérés dans des fours rotatifs. Les
coûts de l’élimination définitive des déchets de mousse et des frigorigènes étant des SAO comprenaient
des coûts directs et indirects. Les coûts directs incluaient ceux liés à l’énergie, y compris l’électricité et
gaz, l’eau et les autres matériaux utilisés pour le traitement des gaz de combustion et les essais. Les coûts
indirects comprenaient l’investissement partagé d’actif immobilisé, les frais généraux, la gestion et
d’autres coûts (par ex. les impôts). Bien que les coûts varient entre les provinces, le coût moyen de
destruction allait de 8 $US/kg à 12,5 $US/kg.

30

Les rapports finals sur les projets pilotes pour la Géorgie, le Ghana et le Népal ont été soumis à la 79e réunion, et
ceux pour le Mexique et la région ECA l’ont été à la 80e réunion.
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146.
Le projet de démonstration a confirmé que la technologie des fours rotatifs est efficace pour la
destruction des CFC-12, CFC-11 et des mousses contenant du CFC-11, bien que le coût de l’opération
soit relativement élevé. L’optimisation du procédé de destruction est recommandée afin d’améliorer
l’efficacité et réduire les coûts. Bien qu’il existe des installations d’élimination définitive de déchets
dangereux dans quelques provinces, celles-ci fonctionnent à pleine capacité, traitant d’autres déchets
solides. Étant donné les déchets de SAO provenant des HCFC et des produits à base de CFC à prévoir au
cours des prochaines années, il est indispensable de mettre en place des installations supplémentaires
d’élimination dans le futur.
Colombie : Rapport final sur le projet de démonstration sur la gestion et la destruction des SAO en fin de
vie (PNUD)
147.
Le projet pilote a pour objectif de faire la démonstration d’une approche durable de la gestion des
déchets de SAO, de la collecte à la destruction, en renforçant les capacités en matière de destruction des
équipements domestiques en les intégrant dans le cadre des initiatives plus larges visant les déchets
dangereux et l’efficacité énergétique. Il a été proposé de prendre en main l’élimination définitive de
114 tm de déchets de SAO destinés à la destruction ; de mettre en place des mesures visant à soutenir la
durabilité du projet en tenant compte des déchets de SAO qui seront collectés par le biais du secteur de
l’entretien des équipements de réfrigération, avec à l’appui des initiatives politiques actuellement mises
en œuvre.
148.
Le projet d’élimination des déchets de SAO a été mis en œuvre dans le cadre plus large de
politique nationale pour une approche intégrée visant la gestion des déchets dangereux, l’efficacité
énergétique, la gestion des émissions de gaz à effet de serre et l’engagement à respecter les obligations
définies en vertu du Protocole de Montréal. Cette approche incluait une priorité reliée à la gestion
respectueuse de l’environnement des SAO en fin de vie en tant que résultat des politiques nationales dans
les domaines de la réfrigération et de la climatisation. Cet aspect a également été soutenu par le
programme durable de responsabilité élargie des producteurs commencé en 2013, qui est passé d’une
phase pilote volontaire à un système obligatoire.
149.
La démonstration des essais de combustion a montré que la capacité nationale remplissait les
conditions requises pour la destruction des SAO, plus spécialement les mousses à base de CFC-11 et de
HCFC-141b et les substances chimiques CFC-11 et CFC-12 jusqu’aux limites fixées de la teneur en
chlore de l’alimentation de départ. L’installation de destruction répondait aux exigences d’efficacité de
destruction, mais il existait des limitations relatives aux émissions atmosphériques, en particulier les gaz
d’acides (acide chlorhydrique (HCl) et fluorure d’hydrogène (HF)), fixant des seuils pour la teneur en
chlore et en fluor de l’alimentation de départ, impactant la productivité et la rentabilité des tests de
destruction. Le rapport coût-efficacité de la destruction des produits chimiques CFC-11 et CFC-12 a été
estimée à la moitié de celui spécifié par le Fonds multilatéral (soit 13,20 $US//kg). Cependant, pour la
destruction de la mousse, le rapport coût-efficacité, qui a été estimé à approximativement quatre fois le
seuil, n’est donc pas d’un prix abordable. Sur cette base, l’option actuelle est soit l’utilisation d’un four à
arc électrique sidérurgique traitant les armoires et les portes intacts des réfrigérateurs, soit le four à ciment
commercial pour détruire la mousse et potentiellement les frigorigènes contenant des SAO. Selon l’option
choisie, les estimations des coûts d’ensemble varient de 6,40 $US à 12,30 $US par réfrigérateur.
Nigéria : Rapport périodique du projet de démonstration pilote sur l’élimination définitive des SAO
indésirables (ONUDI)
150.
L’objectif du projet pilote est de faire la démonstration d’un modèle économique durable pour la
gestion des déchets de SAO depuis la collecte jusqu’à la l’élimination définitive, en utilisant le
financement du Fonds multilatéral en tant que capitaux d’amorçage pour détruire les stocks actuels de
SAO indésirables et générer des crédits carbone. Ces crédits serviraient à la mise en place d’un
programme de remplacement des appareils (pour le remplacement des réfrigérateurs et des climatiseurs
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domestiques existants par des appareils plus écoénergétiques), afin de soutenir le système actuel de
récupération et de collecte des SAO en vue d’incorporer d’autres frigorigènes dans le futur. Le projet
prévoyait de détruire les futurs déchets de SAO au moyen des équipements locaux d’incinération dont la
capacité serait développée à l’aide des revenus générés par ces crédits carbone. On prévoyait que ce projet
devait avoir pour résultat la destruction de 84,0 tm de CFC-12 qui avait été notifiées pendant la
préparation de projet comme étant déjà collectées, notamment auprès des raffineries de pétrole.
151.
Un atelier de lancement a eu lieu en novembre 2013, avec la participation d’organismes
gouvernementaux, d’entreprises d’entretien, de sociétés de gestion des déchets et d’utilisateurs finaux. Un
prestataire local a été engagé pour se charger du regroupement des déchets de SAO du pays ; un atelier de
formation a été organisé pour les techniciens sur la collecte, le transport et le stockage en toute sécurité
des déchets de SAO, y compris les essais, l’étiquetage correct et les procédures de documentation ; et un
atelier de renforcement des capacités sur la collecte et le regroupement des SAO s’est tenu en juin 2014.
Des entreprises et des utilisateurs recensés au cours de la phase préparatoire ont été contactés afin
d’obtenir des renseignements sur leurs stocks de SAO. Cependant, les stocks de SAO signalés n’ont pas
été retrouvés dans la plupart des cas. Le total des SAO collectés s’élevait à seulement 1,5 tm de CFC-12.
Les activités de collecte ont été stoppées car aucun nouveau stock de CFC-12 n’a été trouvé et de
nouvelles enquêtes ont abouti à plusieurs reprises sur des halons (qui sont stockés dans des organismes
gouvernementaux).
152.
Les réglementations révisées sur les SAO (de 2016) contiennent des dispositions relatives à la
destruction obligatoire des déchets de SAO, des directives relatives aux installations de destruction,
notamment des limites d’émissions et l’élargissement de la responsabilité des vieux équipements en fin de
vie aux producteurs/fournisseurs. Les réglementations de la responsabilité élargie des producteurs sont
maintenant en place pour les secteurs électroniques/électriques ; ainsi, pour de nouveaux réfrigérateurs, la
récupération future des frigorigènes en fin de vie devrait être la responsabilité du secteur privé. Des
sessions de formation sur la E-collecte et gestion des déchets ont été réalisées.
153.
Des responsables du ministère de l’Environnement et de l’ONUDI ont inspecté quatre
installations d’élimination définitive et ont invité deux d’entre elles à faire une offre pour l’élimination
des CFC. La société choisie a fait ses preuves dans la gestion des déchets dangereux pour des compagnies
multinationales et a de l’expérience dans la gestion des déchets de CFC, plus spécialement de la collecte
au recyclage. Les stocks rassemblés de déchets de CFC ont été examinés au niveau de la pureté dans les
installations de stockage avant le chargement et le transport vers l’installation de destruction située à Port
Harcourt, Nigéria. Le procédé de destruction utilisé par l’entreprise sous-traitante est l’incinération dans
un four rotatif. Au moment de la rédaction de ce rapport, l’ONUDI a signalé que le processus
d’élimination est en cours. Les déchets sont éliminés définitivement par lot et le projet de rapport sera mis
à jour dès que l’élimination définitive est achevée.
154.
Sur le total du financement approuvé d’un montant de 911 724 $US, seuls 219 288 $US ont été
décaissés. Sur la base de ce décaissement, le coût effectif de destruction pour ce projet était de
146 $US/kg de déchets de SAO. Le rapport financier sera mis à jour une fois la destruction achevée et
tous les arriérés de paiement effectués. Le solde des fonds sera retourné à la 82e réunion.
Turquie : Rapport périodique sur le projet de démonstration pilote sur l’élimination définitive des SAO
indésirables (ONUDI)
155.
Le projet avait pour objectif de mettre en place un modèle économique durable et intégré visant
un système efficace de gestion des déchets de SAO et de s’appuyer sur des mesures institutionnelles
organisant les systèmes existants de récupération et de collecte dans le pays pour en faire un système
intégré et efficace de validation et d’évaluation de la collecte.
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156.
La Turquie avait déjà collecté des déchets de SAO par le biais des centres de récupération et de
régénération autorisés par le gouvernement et établis dans trois villes, à Ankara (TUHAB), à Istanbul
(ISISO) et à Izmir (ESSIAD) ; la quantité prévue de déchets de SAO à détruire était de 103,72 tm de
CFC-12. Cependant, pendant la mise en œuvre, on a découvert que les déchets de SAO disponibles
étaient dans de nombreux cas des mélanges de toutes sortes de frigorigènes et la quantité réellement
disponible pour la destruction était de 9,162 tm de CFC-12.
157.
Le projet avait envisagé d’exporter les déchets de SAO vers les États-Unis d’Amérique en vue de
leur destruction ; cependant, l’absence des revenus prévus des marchés du carbone, et les très petites
quantités de déchets de SAO à détruire ont conduit à repenser la stratégie d’élimination. Il a été décidé de
détruire en Europe les déchets collectés au moyen d’un processus d’appel d’offres international.
158.
Pour un meilleur rapport coût-efficacité, les déchets de SAO de Turquie ont été associés à ceux
du Monténégro ; ce dernier faisait partie du projet de démonstration régionale pour le projet pilote de
l’élimination définitive des déchets de SAO pour la région ECA, également financée par le Fonds
multilatéral. D’autres activités telles que le partage des enseignements tirés et les activités de
sensibilisation ont été également réalisées en étroite coopération avec la région ECA.
159.
Le projet a abouti à la destruction de 9,162 tm de CFC-12, avec des dépenses d’un montant de
598 345 $US sur les 1 076 250 $US approuvés, plus coûts d’appui d’agence, ayant pour résultat un
rapport coût-efficacité de 65 $US/kg de déchets de SAO détruits. Le rapport financier sera mis à jour une
fois la destruction achevée et tous les arriérés de paiement effectués. Le solde des fonds sera retourné à la
82e réunion.
Observations
160.
Le Secrétariat a constaté que les aspects suivants de la décision 58/19 figuraient dans les rapports
finals concernant la Chine, la Colombie, le Nigéria et la Turquie :
(a)

Une estimation de la quantité de SAO ayant finalement été détruite dans le cadre du
projet ;

(b)

Une description des systèmes de collecte, surtout lorsque les projets du Fonds multilatéral
étaient en synergie avec d’autres projets ;

(c)

Les étapes détaillées du processus global ; et

(d)

Les principales difficultés rencontrées et la façon dont elles ont été surmontées, ainsi que
les enseignements tirés à ce jour de la tenue de projets pilotes.

161.
Le Secrétariat a fait un certain nombre d’observations issues des rapports finals, concernant
notamment les faibles quantités de déchets de SAO rapportées dans quelques projets comme étant
détruites par rapport à ce qui avait fait l’objet d’un engagement pendant l’approbation, et aussi, entre
autres, les problèmes rencontrés dans le regroupement des déchets par des installations de collecte ou
d’autres méthodes.
162.
Conformément à la décision 79/18 e), le Secrétariat soumettra à la 82e réunion un rapport de
synthèse sur les projets pilotes d’élimination définitive des SAO achevés à ce jour, regroupant les
enseignements tirés et incluant les questions liées à la conception du projet, la synergie avec les autres
projets, les possibilités de mobilisation des ressources et le rapport coût-efficacité de ces projets. Les
soldes de tous les projets d’élimination définitive des déchets de SAO seront restitués lors de la
82e réunion.
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Recommandation
163.

Le Comité exécutif pourrait envisager :
(a)

De prendre note, avec satisfaction des rapports finals sur les projets pilotes de la gestion
et de l’élimination définitive des déchets de SAO pour la Chine, soumis par l’ONUDI et
le gouvernement du Japon, pour la Colombie, soumis par le PNUD, et pour le Nigéria et
la Turquie, soumis par l’ONUDI ;

(b)

D’inviter les agences bilatérales et d’exécution à prendre en compte, s’il y a lieu, dans la
conception et la mise en œuvre de projets semblables dans l’avenir, des enseignements
tirés des projets de démonstration pilotes sur l’élimination définitive des SAO
mentionnés dans le paragraphe a) ci-dessus ;

(c)

De prendre note que le rapport final sur les projets pilotes d’élimination définitive des
SAO en instance pour le Liban n’a pas été soumis à la 81e réunion, et de demander à
l’ONUDI de restituer le solde non dépensé pour ce projet lors de la 82e réunion,
conformément à la décision 79/18 d) ; et

(d)

De noter également que, conformément à la décision 79/18 e), un rapport de synthèse sur
les projets pilotes d’élimination définitive des SAO sera soumis à la 82e réunion, rapport
regroupant les enseignements tirés et incluant les questions liées à la conception du
projet, la synergie avec les autres projets, les possibilités de mobilisation des ressources
et le rapport coût-efficacité de ces projets, et les soldes de tous les projets d’élimination
définitive des déchets de SAO seront restitués lors de la 82e réunion.

37

UNEP/OzL.Pro/ExCom/81/10
PARTIE VI : PROJETS SUR LES REFROIDISSEURS EN COURS
Contexte
164.
Une mise à jour des rapports de situation pour quatre projets en cours sur les refroidisseurs est
récapitulée au Tableau 8.
Tableau 8. Rapport de situation des projets sur les refroidisseurs en cours
Pays
Brésil

Région de
l’Afrique

Mondial

Titre du projet
Projet de démonstration pour la
gestion intégrée du sous-secteur
des refroidisseurs centrifuges, se
concentrant sur l’application de
technologies
sans
CFC
écoénergétiques
pour
le
remplacement des refroidisseurs
à base de CFC.
Projet
de
démonstration
stratégique sur la reconversion
accélérée des refroidisseurs à
base de CFC dans 5 pays
africains (Cameroun, Égypte,
Namibie, Nigéria et Soudan)
Projet mondial de remplacement
des refroidisseurs

Agence

Réunion

PNUD

47

Fonds
approuvés
($US)
1 000 000

France

48

360 000

Japon

48

700 000

Banque
mondiale

47

6 884 612

Date
d’achèvement
prévue
Janvier 2017

État de l’avancement
Le PNUD a soumis le rapport
d’achèvement de projet. Les
informations seront incluses
dans le rapport sur tous les
projets sur les refroidisseurs à
soumettre à la 82e réunion.

Décembre
2017
Décembre
2017

Le rapport d’achèvement de
projet devrait être soumis d’ici
octobre 2018. Le rapport final
sera soumis à la 82e réunion.

Décembre
2017

Le projet réunit l’Argentine, la
Chine, l’Inde, l’Indonésie, la
Jordanie, la Malaisie, les
Philippines et la Tunisie.
Aucune activité de projet n’a été
démarrée pour la Chine, la
Malaisie et la Tunisie.
Conformément
à
la
décision 79/19 b)(ii), le rapport
d’achèvement de projet devra
être soumis au plus tard en
décembre 2018 et les soldes des
fonds restitués au plus tard en
juin 2019.

Observations
165.
Le secrétariat a examiné le rapport d’achèvement de projet soumis pour le projet de
démonstration sur les refroidisseurs au Brésil. Les informations pertinentes de ce rapport seront incluses
dans le rapport détaillé sur tous les projets sur les refroidisseurs devant être soumis à la 82e réunion.
Recommandation
166.
Le Comité exécutif pourrait envisager de prendre note du rapport périodique sur les projets sur les
refroidisseurs en cours mis en œuvre par les gouvernements de la France et du Japon, le PNUD et la
Banque mondiale.
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Annexe I

Annexe I
PROJETS CLASSÉS COMME AFFICHANT « QUELQUES PROGRÈS » RECOMMANDÉS
POUR UN SUIVI CONTINU
Chine

Pays

Agence
ONUDI

Titre du projet/code
Plan sectoriel pour l’élimination de la consommation de CFC dans le
secteur des inhalateurs à doseur (CPR/ARS/56/INV/473)

Égypte

ONUDI

Elimination de la consommation de CFC dans la fabrication des
aérosols-doseurs (EGY/ARS/50/INV/92)

ONUDI

Élimination du HCFC-22 et du HCFC-141b dans la fabrication des
équipements de climatisation individuels et de panneaux isolants en
mousse de polyuréthane rigide chez Al Hafez Group
(SYR/REF/62/INV/103)

République
syrienne

arabe

1
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Annexe II
PROJETS NÉCESSITANT DES RAPPORTS DE SITUATION SUPPLÉMENTAIRES LORS DE
LA 81E RÉUNION
Pays
République
centrafricaine

Agence
PNUE

République
centrafricaine

ONUDI

Guyana

PNUE

Iraq

ONUDI

Libye

ONUDI

Mozambique

PNUE

Saint-Kitts-etNevis

PNUD

Titre du projet/code
Plan de gestion de l’élimination
des HCFC (phase I, première
tranche) (CAF/PHA/64/TAS/22)
Plan de gestion de l’élimination
des HCFC (phase I, première
tranche) (CAF/PHA/64/INV/21)
Plan de gestion de l’élimination
des HCFC (phase I, deuxième
tranche) (GUY/PHA/74/TAS/24)
Plan de gestion de l’élimination
des HCFC (phase I, deuxième
tranche) (secteur de l’entretien
des équipements de réfrigération)
(IRQ/PHA/74/INV/23)
Plan de gestion de l’élimination
des HCFC (phase I, première
tranche) (secteur des mousses)
(LIB/PHA/75/INV/36)
Plan de gestion de l’élimination
des HCFC (phase I, deuxième
tranche) (MOZ/PHA/73/TAS/25)
Plan de gestion de l’élimination
des HCFC (phase I, première
tranche) (STK/PHA/64/TAS/16)

1

Recommandations
Demander de soumettre un rapport de situation
à la 82e réunion pour suivre la reprise des
activités dans le pays.
Demander de soumettre un rapport de situation
à la 82e réunion pour suivre la reprise des
activités dans le pays.
Demander de soumettre un rapport de situation
à la 82e réunion pour suivre le faible taux de
décaissement des fonds approuvés et la
signature de l’accord, notant que le premier
décaissement n’a pas encore été effectué.
Demander de soumettre un rapport de situation
à la 82e réunion pour suivre l’avancement de la
mise en œuvre en raison de la situation en
matière de sécurité.
Suivre l’avancement de la mise en œuvre et le
taux de décaissement des fonds approuvés en
raison de la situation en matière de sécurité.
Demander de soumettre un rapport de situation
à la 82e réunion pour suivre la signature de
l’accord en raison des changements structurels
et administratifs intervenus dans le pays.
Demander de soumettre un rapport de situation
à la 82e réunion pour suivre le faible taux de
décaissement des fonds approuvés.
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Executive Summary
This demonstrative project was developed as response to the decision 75/40 by the Multilateral Fund
Executive Committee in November 2015, and its aim was to demonstrate the safe use of HC-290
(propane) as an alternative refrigerant in the production of commercial air-conditioning (AC)
equipment1 at Industrias Thermotar ltda.
The HCFC-22 consumption in Colombia for the manufacture of commercial air-conditioning and
refrigeration equipment is equivalent to 3% of the country’s total HCFC-22consumption . This
corresponds to the refrigerant charge of about 5,600 units manufactured per year. Currently, the the
commercial air-conditioning models developed and manufactured are ducted split vertical condensing
units and ducted package-type systems.
The project was carried out at Industrias Thermotar Ltda, a company that is responsible for great part
of the country production of ducted split condensing units and package-type equipment with HCFC-22
. Thermotar average production is 4,100 units per year, about 17 to 20 units per day. This company
consumes 60% of the total HCFC-22 consumption in the commercial air-conditioning sector. The
company also manufactures the heat exchangers and the structure (metal-mechanics), and performs the
electrical and other components installation, as well the refrigerant charging or precharging to the
DACS.
In total, the company has eliminated 0.73 ODP tons (13.27 tons of HCFCs) through this project, which
is essential for Colombia to comply with the HCFC phase out strategy for 2020. According to Decision
XIX/6 this project applies proven non-ODS, negligible GWP technology. According to Thermotar
environmental policy the company decided to switch from HCFC-22 to HC-290, considering the very
low GWP2 of HC-290, and LFL3 equals to 2.1 % volume.
The country faced two main barriers to manufacture commercial AC equipment with hydrocarbon
(HC-290) as an alternative refrigerant: The lack of knowledge and information of the sector on the
technical aspects to be taken into account in the design engineering and manufacture of HC-290 AC
equipment, and the technical weakeness of the personnel that provides the installation and maintenance
services for these types of equipment devices. Therefore, the project included the participation of an
international expert and the expertise of international supplier companies that work in the
manufacturing of refrigeration and air-conditioning equipment with hydrocarbons.
In order to face the barriers mentioned above, the outcomes of the project were mainly based on
demonstrating the safe use of HC-290 in the manufacture of commercial air-conditioning equipment
between the ranges from 1 to 5 TR4 (3.5 kW to 17.5 kW), and ensuring the safe and proper
management of risks associated with the introduction of flammable refrigerants in the commercial airconditioning sector,.
1

DACS: Packaged and centralised ducted air-conditioning systems (Ducted split condensing units and ducted package-type
units)
2
Global Warming Potential, GWP, of HC-290 = 5
3
Lower Flammable Limit. HC-290 = 0.039 kg/m3
4 TR = Tons of Refrigeration
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The demonstrative project consisted of five phases:
 Engineering design of AC equipment, which required a safety assessment of air-conditioning
units considering the use of HC-290 (development of the explosion-protection features and
quantitative risk assessment of new designs),
 Production line change installing new equipment in the manufacturing process (acquisition and
installation of a leak-proof system, leak testing equipment, a storage station and feeding line
for HC charging, a charging station for HC and a leak testing system for HC-charged
equipment),
 Safety assessment of the production line (risk assessment and approvals from a third party),
 Training for the service area (training and qualification of staff in safe hydrocarbon refrigerant
handling and management
 Organization of dissemination workshops.
Each of the above phases comprised the development of the following activities: Experiment or
methodology design, recording of results, analysis of results (including lessons learned) and
conclusions.
The following conclusions can be pointed out:
Through the demonstrative project condensing units and ducted package-type systems that work with
HC-290 refrigerant were designed,. Different leakage and ignition tests were performed mainly on
large-size prototypes (5 Tons of Refrigeration or 17.5 kW, prototype with a greater charge of HC-290
refrigerant). Among the technical and safety features of the new models, the following are highlighted:


Reduction of the heat exchanger tube diameter (condenser): Two models of DACS were defined
for both types of equipment; they differ in the material and diameter used in the manufacture of the
condensing unit heat exchanger. (Aluminium microchannel heat exchangers and 8 mm copper tube
heat exchangers). It should be noted that the designs and tests performed were applied to the
largest model (5 TR), because these designs are replicable to the rest of HC-290 based DACS
models.



Reduction of HC-290 refrigerant charge: the estimated charge was 1,000 grams for ducted split
condensing unit (5 TR) with five (5) meter pipe. The charge for the package-type condenser unit
was 950 grams. The reduction in some cases was greater than 50% compared against the same
HCFC-22 model.



Modification of the metal structure (cabinet) of condensing units: The metal structure for both
types of equipment were modified, similarly, the electrical boxes were individualized or insulated.



Modification of the handling unit metal structure: The metal structure of the handling unit that is
part of the split condensing unit was modified to insulate the electrical box and the entire frame,
mainly the location of the air-intake area. This safety measure prevents high concentration levels
of HC-290 inside an enclosure whenever an unexpected leak occurs.
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Pump Down cycle installation: The split condensing unit and the package-type unit have a "Pump
Down" cycle, which collects the largest amount of refrigerant on the outside of the AC equipment
specifically in the condensing unit. This occurs once pressure variations are detected through two
pressure switches located in the air-conditioning system.



Ultrasonnic sensor: The handling unit or equipment that is part of the split condensing unit has an
ultrasonnic sensor for leak detection. This is an additional safety feature that prevents high levels
of HC-290 concentration inside an enclosure, when an unexpected leak occurs.



Power consumption: The Company carried out comparative tests related to energy consumption. A
comparision between R-410A and HC-290 AC equipment (5 TR) was developed. The input power
of the R-410A equipment compressor was 4,350 W and the input power for the new design with
HC-290 was 3,780 W.

An adecuate conversion of the manufacturing line was made for HC-290 based DACS. The former
HCFC-22 manufacturing line had the following stages: manufacture of the metal structure and heat
exchangers, assembly of components and welding, vacuum, HCFC-22 charging, final leak test, quality
control and packaging. A new manufacture line was installed to produce the HC-290 AC, and it is used
for both types of air-conditioning (DACS). The new line has a manufacturing stage of heat exchangers
and cabinets (these stages that did not change), assembling process, and an isolated main chamber with
the necessary security measures for its operation. The tightness, pre-vacuum, vacuum, charge and leak
tests are carried out in the chamber, as well as the reprocessing of non-conforming AC equipment.
Similarly, as in the previous process with HCFC-22, the last stages are quality control and packaging
of manufactured AC equipment. It must be noted that twenty (20) units are produced per day.
The security measures required by the new manufacture line and for the entire company were defined
through the security assessment carried out by the insurance company contracted by Industrias
Thermotar Ltda. In essence, the insurance company certified that Industrias Termothar LTDA
implemented all the recommendations that arose during risk analysis study for the new HC-290
production line. Which means that new line has the protection measures that the foresaid line must
have in order to guarantee its correct operation before, during and after each activity related to
charging DACS with HC-290.
Training and coaching activities were carried out under supervision of the international consultant.
This activities will continue at national level due to it has been included in programs related to training
and education in the refrigeration and air-conditioning servicing sector. Additionally, as an integral
part of this phase was generated technical document for updating of national standars (NTC 6828)
based on ISO 5149, and a support plan was prepared focusing on the end user and the servicing sector.
And finallly the results and conclusions of the demonstrative project were presented in international
and local events.
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1.

INTRODUCTION

The implementation of the demonstrative project for the use of HC-290 (propane), as an alternative
refrigerant in the manufacture of air-conditioning equipment, was performed under the provisions
of the UNDP PRODOC project 00097648, which considers the folloing topics:
 challenges for project implementation,
 strategy for project development,
 cooperation with other institutions,
 project management,
 results framework,
 monitoring and evaluation,
 multi-year work plan,
 management and governance arrangements
 and legal context and risk management issues.
The demonstrative project was carried out at Industrias Thermotar Ltda., a company that
manufactures and consumes the largest amount of air-conditioning equipment and HCFC-22
refrigerant in the air conditioning sector in the country. According to the market data and
company’s production, the project focused mainly on the engineering design of ducted split vertical
condensing units and ducted package-type units in the range from 1 to 5 TR (3.5 kW to 17.5 kW);
two models were defined for each of these devices. These models differed in the material and tube
diameter used in the manufacture of the heat exchanger of the condensing unit. (One aluminium
microchannel exchanger model and an 8-mm copper heat exchanger model). It should be noted that
the study and tests carried out by the international expert on the prototype concerning leakage and
ignition, were developed for the prototypes that contain the highest refrigerant load: the split
condensing units and the 5 TR package-type refrigeration equipment. This means that the design
solutions adopted for these models were considered repeatable for the rest of the models
contemplated in the project.
The phases and actions carried out during the project, within the framework of Stage II of the
HPMP, are related to the elimination of the main barriers associated with the use of hydrocarbon
refrigerants in the manufacture of commercial AC equipment, including training and certification of
maintenance technicians and the establishment of technical standards for the management of
hydrocarbons as a refrigerant in Colombia. Thus, the following objectives were established:
 to demonstrate the safe use of HC-290 (propane) as a refrigerant that has negligible global
warming potential in the manufacture of commercial air-conditioning equipment,
 and to ensure the safe handling and good management of the risks associated with the
introduction of flammable refrigerants in the commercial air-conditioning sector.
The present report details the development of the project implementation, including the completion
the following activities: Tests and design procedures, recording of results, analysis of results
7
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(including lessons learned) and conclusions, as well as the integration of the products obtained in
each phase, in order to meet the goal and objectives proposed in the demonstrative project.
The following are some the phases, activities and actions carried out during the project:










Development of prototypes and safety assessment of AC units for HC-290 application. The
activities developed in this phase make up to the preliminary and final engineering designs for
the models of commercial air-conditioning equipment with HC-290, the manufacture of
prototypes, leak and ignition tests, and equipment testing.
Conversion and installation of equipment in the manufacturing line. The activities and actions
developed in this phase are related to the civil works required in the companies’ production
plant, the acquisition and installation of equipment and/or components needed to handle HC290 hydrocarbon properly in the manufacture line, and the training of operators in charge of the
manufacture line.
Risk assessment of the manufacture line at Industrias Thermotar Ltda. The activities developed
in this phase were related to the risk assessment performed on the hydrocarbon air-conditioning
manufacture line.
Technical training for the service of air-conditioner maintenance and installation. The activities
developed in this phase were the training and qualification of the male technicians in charge of
the installation and maintenance of new equipment. The international expert supported this
activity. Additionally, two aspects have been considered in this activity to strengthen this phase,
namely, the development of a follow-up plan focused on the end users who purchase these
types of hydrocarbon air-conditioning equipment, as well as generate inputs for updating the
Colombian Technical Standard, NTC 6828 based on ISO-5149.
Dissemination of results. The activities and actions developed in this phase were related to the
dissemination workshops and academic events about the lessons learned in the demonstrative
project; they have been carried out during the project closure.

The results obtained from the demonstrative project for the use of HC-290 as an alternative
refrigerant in the manufacture of air-conditioning equipment were the total elimination of the
consumption of HCFC-22 refrigerant used in the manufacture of commercial air-conditioning
equipment, and the safe promotion of this replacement alternative in companies that use other
refrigerant substances (such as R-410A) with high GWP and that are associated with higher energy
consumption. These results are achievable provided that the safe and proper management of the
risks associated with the introduction of flammable refrigerants in the commercial air-conditioning
sector of the country is ensured.
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2.

PROJECT OBJECTIVES AND IMPLEMENTATION

According to the document submitted and approved in the 75th meeting of the Executive Committee
of the Multilateral Fund held in Montreal in November 2015, the project objectives were:
1. To demonstrate the safe use of HC-290 as a low GWP refrigerant in the commercial production
of air-conditioning with ranging from 3.5 kW to 17.5 kW (1 to 5 TR), thus contributing to the
phase out of HCFC-22 use in the RAC manufacturing sector. The aim was to develop HC-based
AC equipment with good performance with a minimum incremental operating cost.
2. To assure safe handling and good risk management for the introduction of flammable refrigerants
in the commercial air-conditioning sector.
Industrias Thermotar Ltda. is the factory that manufactures the largest share of the total volume of
HCFC-22-based condensing units for air-conditioning systems and packaged air-conditioning
equipment. Their principal users are trade outlets and retails located in tropical areas. The company
served as a local technical host to coordinate the activities included in the demonstrative project phases
since the new designs of equipment were incorporated into the diffusion workshop made to present the
general results.
The project started last week in October 2016. It was implemented as a joint effort of Industrias
Thermotar Ltda, Daniel Colbourne (International Expert of UNDP), Moji Trading S.A.S. (Agramcow:
supplier company), the National Ozone Unit (UTO) and UNDP, and the Emerson Company
(Copeland) that provided the compressors to be used in the project. The following activities were
carried out:

Phases/Activity

Date

Period
2016

2017

2018

Designs and prototypes: Controllers and electrical November 01, 2016
components. Design of the refrigerant circuit, construction to March 31, 2018
and prototype testing.
Installation of equipment in the manufacturing process:
Installation and implementation of new equipment for theDecember 01, 2016
manufacture line. (Selection of the stationary equipment to April 30, 2018
supplier, training for the operation and maintenance of the
production line.)
Safety audit: Safety audit on the new manufacture line January
01
to
(Industrias Thermotar Ltda).
March 31, 2018
Training for servicing in installation during guarantee, post- October 01, 2017 to
sales services. (Updated Release of Colombian Technical June 30, 2018
Standard NTC 6828 based on ISO-5149)
Dissemination activities. Workshop for dissemination.
September 01, 2017
to July 31, 2018
9
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The execution period for the phase related to training of the service sector and update of the
Colombian Technical Standard, NTC 6828 based on ISO-5149, was the period defined during the
project development (see above), but this activities will continue at national level due to it has been
included in programs related to training and education in the refrigeration and air-conditioning
servicing sector.

3.

METHODOLOGY / EXPERIMENTAL

3.1 Experimental activities for safety assessment of HC-290 based DACS (see Annex A)
In order to place a product on the market – such as a DACS – it is necessary to ensure that it is
safe and in compliance with applicable safety regulations. Whilst it is assumed that the baseline
DACS designs (i.e., that currently use HCFC-22) already comply with the relevant requirements
related to electrical, pressure and mechanical safety, an additional safety assessment is required
for the use of flammable refrigerants . Therefore, it is necessary to re-assess whether any
requirements of the DACS deviate from the HCFC-22 model due to the different properties and
characteristics of the new refrigerant (HC-290) and its associated parts and components.
The work described in this report followed the sequence summarized in Error! Reference
source not found. Essentially it was based on an iterative risk assessment/risk analysis approach,
where each stage ultimately leads to a reassessment and refinement of the DACS design under
development.
Figure 3.1: Systematic approach to safe design of the DACS
Charge reduction
and performance
optimization

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 –
Interim Report. Daniel Colbourne.
Several prototypes of both ducted split and rooftop units have been developed throughout this
process, as summarized below:
10
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Stage 1: HCFC -22 system charged with HC-290
Stage 2: Modifications to electrical components and enclosures/panels
Stage 3: Optimized condenser and inclusion of liquid line solenoid valve (LLSV5) and additional
non-return valve (NRV6)
Stage 4: Revised electrical components and enclosures/panels and AHU7 return inlet construction
Stage 5: HC-290 compressor
Stage 6: Inclusion of leak detection system
The main task was to consider explosion protection in the design and construction of the unit.
Additional measures were proposed for leak tightness in accordance with ISO 5149 and EN 11271 to ensure the system is technically tight. Further, tests were carried out to determine the
releasable mass of refrigerant under various operating conditions. In addition to the general
approach of safe design and construction, the unit is also assessed for compliance with NTC 6228,
specifically for the requirements directly related to refrigerant flammability.
The DACS under consideration were packaged or centralized/split units mainly used for residential
and commercial applications, where air-conditioning is supplied via ducting. The packaged unit is
a single factory-sealed, pre-charged system. The centralized system comprises a separate indoor
air handling unit (AHU) and an outdoor condensing unit.
The execution of this phase was carried out based on two activities: Development of the model
designs for explosion protection and the quantitative risk assessments for these models.
3.1.1 Development of DACS designs for explosion protection
The design and construction of the DACS for explosion protection must be handled considering the risk
minimization. Several basic principles, such as those as identified in EN 1127-1, focus on explosion
prevention (as opposed to reduction of consequences). In principle, this requires:




To reduce the amount of flammable.
To avoid explosive atmospheres.
To avoid all effective ignition sources.

The following aspects have been studied to fulfill of the above items:
a.) Leak tightness
Leak tightness is essential for risk reduction. A high level of leak tightness can be achieved
through compliance with the following:




Requirements for leak tightness testing in ISO 5149-2 clause 5.3.3 (and 5.3.2 for
strength test).
Ensuring the system is durably technically tight.
Adopting additional design measures.

5

SV: Solenoid valve – LLSV: Liquid line solenoid valve
NRV: Non-return valve
7 Air handling unit SEE COMMENT ABOVE ABOUT A LIST OF ABBREVIATURES
6
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b.) Refrigerant charge minimisation: The redesign of the following parts was considered to
minimise the refrigerant charge: Condenser, evaporator, compressor and overall system
c.) Releasable mass of refrigerant: It is important to establish how much refrigerant will be
released from the system in the event of a leak and under different operating modes. Tests
were conducted to quantify the refrigerant charge that could leak (released refrigerant mass):
Figure 3.2 presents the operating conditions and system configurations were considered to
perform the refrigerant charge quantification tests.
Figure 3.2: Operating states for different system configurations
On state (i)

Off state (i)

On state (ii)
*Definitions: T´stat cold: State of thermostat (cold). T´stat warm: State of thermostat (warm). LP switch: Low
pressure switch. SV: Solenoid valve

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 –
Interim Report. Daniel Colbourne.
It is important to point out that the system configurations used for the new DACS equipment
were designed to locate the condenser unit (high side) on the outer part or outdoors.
The following procedures were developed with the methodology and arrangement used:






To attache short, wide-bore hoses to chosen leak positions with the leak hole orifice
at the end.
To connect the outlet of the release orifice to a sealed collection bag.
To operate the system for at least 30 minutes to achieve reasonably steady state
conditions.
To adjust the system operation to achieve the desired operating state and/or function
To open valve to initiate the simulated leak.
12
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The following devices and layouts were used:






Ducted air-conditioners (ducted split and rooftop).
2.5 mm diameter (4.9 mm2) leak orifice.
Electronic pressure transducers.
Electronic balance.
Sealed collection bags.

d.) Characterization and avoidance of flammable concentrations: A release of refrigerant from
either the internal or external parts of the DACS can form flammable mixtures. Ventilation,
particularly mechanical ventilation, is known to provide risk reduction by assisting in the
dispersion of a flammable refrigerant leak by increasing the entrainment rate and thus diluting
the mixture below flammable limit rapidly.
The following methodology and arrangement were used to identify the location where
flammable mixtures may form across various elements of the DACS and subsequently obtain
the mass flow rate for certain leaks:






To set up the room and equipment properly, including the placement of gas sensors at
appropriate locations.
To make sure all unintended sources of ventilation are removed.
To initiate the release of refrigerant from the cylinder at the desired flow rate.
To stop the flow once the released mass has been achieve.
To wait as long as necessary until the end of test.

The following devices and layouts were used for the above:







Ducted air conditioners (ducted split and rooftop) with fitted ducting, as required.
Leak holes of various sizes (to suit specific leak conditions).
HC-290 cylinder and hoses.
Electronic balance.
Electronic flow meter.
Gas analysers with data logging.

e.) Removal of sources of ignition (SOI): The EN 1127-1 procedures were followed to remove
these ignition sources. Here is a summary:





To identify all possible points of leakage.
To perform a hazardous area classification (zoning) exercise, as prescribed in IEC
60079-10-1.
To check electrical (or non-electrical) components within zones with potential SOI.
To remove those potential SOI from the zones, either by replacing them with nonSOI equivalent components or relocating existing components outside the hazardous
area.
13
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Modifications to eliminate SOI.

This approach is included in the NTC 6228-28 draft and is intented for air-conditioning and
refrigeration equipment. Accordingly, the leak simulation test method in the annex (NTC
6228-2) has been used for the zoning exercise.
f.) Limiting potential consequences and considering use and misuse limits: considers the
activities that must be taken in account to limit the effects or consequences of an ignition event
and those potentially hazardous situations associated to human interaction with an AC
equipment or machine in accordance with EN ISO 12100, respectivily.
3.1.2 Quantitative risk assessment of AC new designs with HC-290
Quantitative Risk Assessment (QRA): The experimental model used in QRA was developed based on the
operation (in-use) phase for the two DACS. Accordingly, the various equipment characteristics and
environmental conditions that affect the likelihood of ignition of a flammable mixture are considered.
This requires an analysis of the equipment and surroundings and integrating the findings into the basic
methodology, namely:












To select a range of leak hole sizes and determine the frequency of the occurrence of
leak hole sizes.
To estimate the average mass flow rate of release for each leak hole size.
To identify each relevant operating mode (system on/off-cycle, fan on/off-mode; as
applicable) and the external conditions (infiltration rates, presence of occupants,
external SOI, etc.).
To estimate the gas concentration within the unit compartment, flammable volume
within unit compartment, gas concentration within room and flammable volume
within room for each of the leak sizes, operating modes and sets of external
conditions.
To determine the probability of a flammable mixture within unit compartment and
the probability of a flammable mixture within a room.
To identify a set of potential sources of ignition (SOI) within the room and the unit
compartment including their activation characteristics and location.
To determine the probability of SOI and the corresponding frequency of ignition.
To estimate the corresponding overpressure and thermal intensity for each
circumstance that leads to an ignition event.
To calculate overall risk values.

In order to carry out the calculations, it is first necessary to discretise the operation into segments
according to the leak hole size, location of SOI, etc. A probability must be assigned to the
occurrence of each event. Thus, the ignition frequency as well as the size of the consequent
overpressure and thermal intensity can be estimated based on the estimated frequency of a
release, size of flammable volumes and probability of active sources of ignition. These results
then allow the calculation of risk values.
8

NTC 6228 part 1 was updated and approved by the RAC sector and the part 2 exist as a draft which is being updated
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After the quantification of all the elements discussed above, empirical data from field
information, measurements and other validation techniques were used to improve the reliability
of QRA results. The data, relevant parameters and DACS design and installation characteristics
were based on discussions and measurements taken from previous studies (where relevant) and
from technical literature.
The probability calculations used in normal operation are described in this section and include
three main elements:




Calculation of ignition frequency, consequence and risk for a given set of conditions.
Calculation of the probability of occurrence for each set of conditions.
Calculation of the overall ignition frequency and risk for the entire set of conditions.

These involve the estimation of contributing events, such as the occurrence of flammable
concentrations and active sources of ignition and estimations of the probabilities of particular
operating modes. In addition, the situation consists of two separate risks: a release into the
condensing unit compartments and a release transferring into the room. Thus, the calculations are
carried out according to:




Ignition of a release within the applicable compartments within the DACS by an
unintended potential SOI (i.e., a faulty or incorrectly fitted component).
Ignition of a release within the room by other potential SOI normally present in the
room.
Ignition of a release surrounding the out-door parts of equipment caused by other
potential SOI normally present outside.

A potential SOI is a device that may become a SOI under fault or failure conditions, but cannot
ignite under normal operation, for example, a short circuiting in fan motor windings or a switch
with a broken or incorrectly-fitted protective cover.
It is worth noting that event tree and fault tree analysis are used in the recording of results to
determine the probability of each of these failure modes occurring and for each leak-hole size.
3.2 Methodology for the conversion and installation of equipment in the manufacturing line
The methodology used for the development of this phase was comparative, the expertise of
different companies that execute the installation and assembly of these equipment lines
worldwide was considered in the analysis.
The request for quotation form was drawn up for this purpose, which contained the technical
specifications of the equipment and/or parts required for the new manufacture line, according to
the country’s safety standards for the handling of flammable gases (refers to production lines used
in the country's oil refineries). The systems required to convert the manufacture line are the
following:
15
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A Helium leak test system with sniffer detector and helium recovery equipment
Pre-vacuum system and vacuum pressure leak test.
Evacuation equipment and flammable refrigerant charge (HC-290).
Equipment for safe discharge and evacuation of flammable refrigerant (HC-290).
HC-290 detector equipment for leakage testing in manufacturing and reprocessing areas.
Additionally, the safety monitoring and control system for flammable gases (HC-290)
was included, together with the ventilation system for flammable gases.

The companies that submitted their proposals in accordance with the request were: POLO SRL,
VPC INGENIERIA S.A.S (Galileo); MOJI TRADING S.A.S. (Agramkow Fluid Systems A/S).
The selection process favoured the Agramkow Fluid Systems A/S company, which defined a
work plan including the following activities: Preparation of the equipment drawings for the
manufacture line, determination of the civil works required in the delimited installation for the
assembly of the acquired machines, restructuring of the supply system of oxyacetylene sources,
dry air and electrical connections and the construction of the charging area and leakage test, by
means of an aluminium profile cabin, which delimits the area for the handling processes of HC290 flammable refrigerant gas.
3.3 Risk assessment of the manufacture line at Industrias Thermotar Ltda
Two reports were made in the development of this phase; a first report related to risk analysis for
the implementation of HC-290 LPG9 at Industrias Thermotar Ltda and a second report on the
follow-up to the recommendations for the implementation of HC-290 LPG at Industrias
Thermotar Ltda.
The experimental test was carried out based on the fulfilment of three objectives. First,
determining the most significant risks that arise or can be identified, regardless of their
characteristics; second, assessing those risks, that is, the probability of occurrence and level of
impact in case they materialise; and the final objective is to determine how to handle those
specific risks, that is, determine the path to be followed, through a loss control or risk reduction
program.
A risk map of the process was prepared for the risk identification stage in the implementation of
this new refrigerant. Also, the respective scales of probability of occurrence and level of impact
applied to each risk —and therefore, to each one of the stages of the HC-290 charging process—
were defined to assess those risks.
The evaluation took into account the expertise of the insurance company of Industrias Thermotar
Ltda, who previously knew the manufacture line.
3.4 Training for servicing in installation during guarantee, post-sales services

9

Pressurized Liquefied Gas
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The training process included both theory and practice workshops, which were supported by the
international expert that organized and formulated technical contents that focused on the safe
handling of HC-290 refrigerant during the installation, maintenance and disassembly services of
the new air-conditioning equipment.
Additionally, the guidelines and methodology established through the National Standardization
Agency of Colombia INCONTEC (Colombian Institute of Technical Standards and Certification)
were considered to generate inputs in order to update the NTC 6828. Likewise, in order to carry
out this update, an interdisciplinary working group was formed among the different actors
involved in safety and environmental requirements needed in refrigeration systems and heat
pumps. It should be noted that the international expert consultant supported the update of the
NTC.
Finally, while preparing the follow-up plan, Industrias Thermotar Ltda used its experience on
preventive maintenance operations to develop a follow-up plan for the operation of the new airconditioning equipment installed in the commercial sector (customers).
3.5 Workshops for dissemination of results
The dissemination workshops involved presenting or socializing the results obtained in each
project phase to the interested public. Additionally, the dissemination and communication
included the preparation of research papers or documents on the results obtained.

4.

RESULTS

4.1 Prototypes and safety assessment of HC-290 based DACS
The DACS specifically addressed under this project are identified inTable 4.1, although it has
mainly focused on the 17.5 kW units; if the safety issues associated with the largest units are met,
applying HC-290 to the smaller units should be less of a challenge.
Table 4.1: Models to be addressed for HC-290 application
Capacity
7 kW (2TR)
10.5 kW (3TR)
17.5 kW (5TR)

4.1.1

Centralised ducted split
CV024 + FCD024
CV036 + FCD036
CV060 + FCD060
Source: Industrias Thermotar Ltda.

Packaged rooftop
EPAC-024
EPAC-036
EPAC-060

Development of the prototypes with design for explosion protection

a.) Leak tightness: Circuits and piping were examined and checked in the development of prototypes
to minimize their vulnerability to leakage. Final design models were re-checked for compliance
with leak-tightness requirements (ISO 5149-2 clause 5.3.3).
17
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b.) Refrigerant charge minimisation: Error! Reference source not found. 4.1 shows the usual
refrigerant charge distribution for an ACU10. This implies that most benefit for change reduction
can be gained from addressing the condenser. Although the compressor can yield potential charge
reduction, it depends on the efforts of the compressor manufacturer.
Figure 4.1: Typical refrigerant charge distribution in an air-conditioning system
compressor 13%

discharge line 1%
liquid line 2%
suction line 1%
evaporator 10%

condenser 73%

Source: Prototype designs and safety assessment of Thermotar AC units for application of HC290 – Interim Report. Daniel Colbourne







Condenser: The most significant modification was to reduce the tube size from 9.5 mm
diameter to 7.9 mm. In addition to the finned tube condenser, a parallel prototype has been
developed with a micro-channel condenser which also provides charge reduction.
Evaporate: The analysis and redesign of the evaporator coil have not been performed in this
Project.
Compressor: The compressors used within the new DACS are HC-290 compressors. These
compressors have more appropriate electrical components. (compressors were provided by
Copeland - Emerson.)
Overall system: The refrigerant charge had been reduced from approximately 1,300 – 1,400 g
HC-290 to about 1,000 g with the finned tube condenser in the ducted split and with the
standard 3 m interconnecting piping. Table 4.2 provides the current and estimated charge
sizes for the six models under consideration.

Table 4.2: Models with HCFC-22 and anticipated HC-290 charge sizes
Charasteristics
Rooftop
Ducted split
Model number
EPAC-036- EPAC-048- EPAC-060- CV036CV048CV060Nominal capacity 10.5 kW
14 kW
17.5 kW
10.5 kW
14 kW
17.5 kW
HCFC-22 charge
1300 g
1775 g
2210 g
1360 g
1815 g
2265 g
HC-290 charge
560 g
760 g
950 g
600 g
800 g
1000 g
Source: Industrias Thermotar Ltda.
10

Air condenser unit
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c.) Releasable mass of refrigerant: The final results were obtained with the prototypes including HC290 compressors. These tests primarily focused on “pump-down” and “shut-down” conditions and
should provide the actual releasable refrigerant amounts for the developed (“5TR”) models. Three
measurements were carried out for both ducted split and rooftop models, for the pump-down and
shut-down cases.
The following observations can be made based on the results compilation of Table 4.3:















11

The use of pump-down cycle is more effective to retain refrigerant in the system in the event
of a leak from the low side.
Relying on a LLSV only but without pump-down when compressor terminates in 3 – 4 times
as much charge being released (than with pump-down).
Relying on the LP11 switch to close the system and prevent more refrigerant from leaking is
not particularly effective, since more than half the charge will be released.
Leak from the high side will release almost the entire charge (outside).
Wherever a LLSV is used to limit the amount of refrigerant that may be released, average
leak rates tend to be lower, with mass fluxes ranging 15 – 25 g/min per mm2.
Leak rates from the low side are approximately double when there is no closed LLSV, which
is due to the driving force of the refrigerant migrating from the high-pressure side of the
system.
Releases from the high-pressure side result in average leak rates two to five times higher than
those from the low side, mainly due to the higher pressure and the greater amount of
refrigerant held locally.
Mass flow rates in the boiling stage when the compressor is off are generally one and a half
to two times the average mass flow, an expected result due to higher pressure during that
stage and occasional liquid droplets.
When a leak occurs whilst the compressor is on, mass flow in the boiling stage is almost the
same as the average mass flow since the low-pressure side is continually replenished with
liquid most of the leak period.
There is a negligible boiling stage for leaks from the low side following pump-down due to
the prior removal of most of the refrigerant.

Low Pressure
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Table 4.3: Summary of leak amount tests conditions and results
Test
No.

Unit

Location

Mode

Charged (g)

Leaked
mass (g)

3

Duct split low side

On ‐‐> off; LLSV closed

1009

395

4

Duct split high side

Off; remaining

1009

540

5

Duct split low side

On ‐‐> off; LLSV closed

1050

434

6

Duct split high side

Off; remaining

1050

522

7

Duct split low side

On ‐‐> off; LLSV closed + DNRV

1043

327

8

Duct split high side

Off; remaining

1043

554

9a

Duct split low side

On; pump‐down

1035

40

9b

Duct split low side

On; pump‐down

1035

54

9c

Duct split low side

On; pump‐down

1035

51

10

Duct split high side

Off; remaining

1035

767

11

Duct split low side

Compr on; LPS ‐‐> off

1035

537

12

Duct split high side

Off; remaining

1035

295

13

Duct split low side

Compr on; LPS ‐‐> off

1120

522

14

Duct split high side

Off; remaining

1120

554

15a

Duct split low side

Compr on; LPS ‐‐> off

1120

557

15b

Duct split low side

Off

1120

114

16

Duct split high side

Off; remaining

1120

324

17a

Duct split low side

On; pump‐down

1400*

236

17b

Duct split low side

On; pump‐down

1400*

142

Total leak
mass (g)

Leaked
fraction of
charge (%)

934

93%

957

91%

880

84%

912

88%

832

80%

1076

96%

994

1366

89%

98%

Average leak
rate (g/min)

Av. leak mass
flux
(g/m/mm2)

Leak rate
(boiling)
(g/min)

Leak mass
flux (boiling)
(g/m/mm2)

86

25

186

54

184

53

344

99

43

12

87

25

182

53

305

88

82

24

156

45

190

55

321

93

31

9

n/a

n/a

34

10

n/a

n/a

33

9

n/a

n/a

231

67

371

107

44

13

47

14

141

41

328

95

189

55

184

53

126

36

203

59

134

39

130

38

81

23

142

41

145

42

315

91

54

16

n/a

n/a

49

14

n/a

n/a
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Test
No.

Unit

Location

Mode

Charged (g)

Leaked
mass (g)

Total leak
mass (g)

Leaked
fraction of
charge (%)

Average leak
rate (g/min)

Av. leak mass
flux
(g/m/mm2)

Leak rate
(boiling)
(g/min)

Leak mass
flux (boiling)
(g/m/mm2)

17c

Duct split low side

On; pump‐down

1400*

97

60

17

n/a

n/a

18

Duct split high side

Off; remaining

1400*

892

212

61

304

88

19

Duct split low side

On; pump‐down

880

80

80

9%

63

13

n/a

n/a

20

Duct split low side

On; pump‐down

880

83

83

9%

66

13

n/a

n/a

21

Duct split low side

On; pump‐down

880

77

77

9%

61

12

n/a

n/a

22

Duct split low side

On; shut‐down

880

273

273

31%

115

23

237

48

23

Duct split low side

On; shut‐down

880

349

349

40%

125

25

218

45

24

Duct split low side

On; shut‐down

1010

352

352

35%

126

26

236

48

25

Duct split low side

On; pump‐down

1010

68

68

7%

51

10

n/a

n/a

26

Rooftop

low side

On; pump‐down

1100

88

88

8%

69

14

n/a

n/a

27

Rooftop

low side

On; shut‐down

1100

278

278

25%

83

17

122

25

28

Rooftop

low side

On; pump‐down

1100

51

51

5%

40

8

n/a

n/a

29

Rooftop

low side

On; shut‐down

1100

295

295

27%

80

16

145

30

30

Rooftop

low side

On; pump‐down

1100

60

60

5%

31

6

n/a

n/a

31

Rooftop

high side

On; shut‐down

1100

284

284

26%

83

17

157

32

* System overcharged; released quantities deemed to be higher than those obtained from a correctly charged system. Test No 1 and 2 were considered like proof

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 – Interim Report. Daniel Colbourne

21

UNDP - INDUSTRIAS THERMOTAR LTDA. - DEMONSTRATION PROJECT FOR HCFC-22 PHASE OUT IN THE
MANUFACTURING OF COMMERCIAL AIR CONDITIONING EQUIPMENT

d.) Characterisation and avoidance of flammable concentrations: As mentioned above, the two main
reasons for testing are: to determine the releasable charge under a given set of conditions and
subsequently obtain a mass flow rate for leaks of a certain size.


AHU enclosure: Concentrations within the ducted split AHU enclosure for the two leak
positions are shown in Figure 4.2 and Figure 4.3. The results are similar in both cases; there is
an initial rapid increase in local concentration and then a transition to a fairly steady value
with further addition of refrigerant as the mixture migrates from the openings within the AHU
envelope. Seconds after the leak stops, both sampling points fall towards zero. As expected,
concentrations are higher at the base than at the top of the enclosure. Importantly, the
concentration easily exceeds the LFL12 with this leak size, demonstrating that the entire
internal space is potentially flammable. Even with a fraction of the charge, the concentration
would still exceed the LFL.
Figure 4.2: Leak position 1, 220 g, 50 g/min

Figure 4.3: Leak position 2, 220 g, 50 g/min

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 –
Interim Report. Daniel Colbourne.
With the blower on, the measured concentrations were negligible. Even with a release of 530
g at 135 g/min and the blower on “low” setting, the concentrations were below 0.005 g/m3
(on account that the sensors did not return a value). Dividing release mass flow rate by the
blower volume flow infers an average concentration of 0.003 kg/m3 – about 7% of the LFL of
HC-290.
The behaviour is slightly different compared to the case of ducted split AHU enclosure in
firstly, the initial jump in concentration is substantially higher with the rooftop AHU, likely
due to a smaller internal volume. (The fact that a larger mass is used in the rooftop tests is not
important since it does not affect the initial values.) Secondly, whereas concentration
increased gradually over time with the ducted split AHU, those within the AHU reach
equilibrium within a couple of minutes into the release. This is due to differences in the size
of openings through which the mixture can flow out; whilst the rooftop AHU has a smaller
internal volume, the gaps are larger (for example, comparing the internal volume) thus
enabling a higher outflow rate.
Concentrations within the rooftop AHU enclosure are shown in
Figure 4.4: Leak position 1, 380
Figure 4.5: Leak position 2, 380 g, 50 g/min
g, 50 g/min
12

Lower flammable limit. HC-290 = 0.039 kg/m3
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Source: Designs and safety assessment of Thermotar AC units for application of HC-290 – Interim
Report. Daniel Colbourne
4.4 and Figure 4.5 for the two leak positions. In both cases the results are similar, where there
is an initial rapid increase in local concentration and these then transition to a fairly steady
value with further addition of refrigerant as the mixture migrates from the openings within the
AHU envelope. Within seconds of the leak stopping both sampling points fall towards zero.
As would be expected, concentrations at the base are higher than at the top of the enclosure.
Importantly, with this leak size, the concentration easily exceeds the LFL, demonstrating that
the entire internal space is potentially flammable. Even with a fraction of the charge, the
concentration would still exceed LFL.
Figure 4.4: Leak position 1, 380 g, 50
g/min

Figure 4.5: Leak position 2, 380 g, 50 g/min

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 – Interim
Report. Daniel Colbourne
As with the ducted split AHU, with the blower on, the measured concentrations were
negligible. Using a release of 350 g at 230 g/min and the blower on “low” setting, the
concentrations were below 0.005 g/m3 (on account that the sensors did not return a value).
Dividing release mass flow rate by the blower volume flow infers an average concentration of
just under 0.005 kg/m3 – about 12% of the LFL of HC-290.


Condensing unit enclosure: Concentrations within the rooftop condensing unit enclosure are
shown in Figure 4.6 and Figure4.7 for the two leak positions. As with the releases inside the
rooftop AHU enclosure, there is an initial rapid increase in local concentration and these then
transition to a relatively steady value as further refrigerant is released, although only at the
lower sampling location. Despite the mass flow being 2.5 times greater than the AHU tests,
this concentration equilibrium occurs due to the considerably larger free area in the housing,
i.e., between condenser fins and the fan housing. The sampling locations towards the top of
the enclosure are rather erratic and relatively low, due to rapid ingress of fresh air. Whilst at
the base the concentrations exceed LFL, those at the top are comfortably lower than LFL.
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Figure 4.6: Leak position [discharge pipe],
1000 g, 150 g/min

Figure 4.7: Leak position [liquid line], 1000
g, 150 g/min

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 –
Interim Report. Daniel Colbourne.


Ducting: Provided that the velocity is high enough to cause turbulent flow within the ducting
– which is the case in most applications (i.e., Reynolds number is several orders of magnitude
higher than that at transition between laminar and turbulent flow) it is likely that any
refrigerant travelling along the duct with forced airflow will become very well mixed. When
the blower is off, high concentrations can be found at duct outlets, but this depends upon how
much of the refrigerant can flow back through the return ducting or through the supply
ducting. If duct outlets were elevated then any refrigerant flowing from the outlet will dilute
to low concentrations within a fraction of a metre along its decent. Where duct openings are
positioned at floor level, significant concentrations can be found and mitigations measures are
recommended.



Beyond condenser for DACS: Whilst releases from the condenser part of the rooftop unit, or
the condensing unit of the ducted split unit are broadly of a lesser concern than leaks indoors,
it is useful to understand how the refrigerant will distribute around the unit housing. In
particular, this contributes to determine “separation distances” from the unit to other electrical
equipment or fresh-air inlet ducts installed nearby.
Measurements were made using the rooftop unit and condensing unit of the ducted split,
positioned on an elevated board. This is intended to more accurately represent an outdoor
installation, where a release is not confined by room walls. Measurements were carried out
indoors, where airflow is limited; usually outside airspeed is substantially higher and
therefore these results represent a very pessimistic case. Whilst only the rooftop unit was used
for these tests, the results are deemed to represent the condensing unit since the construction
of the condenser parts is almost identical.

Figure 4.8: Arrangement of the rooftop unit for
surrounding concentration measurements

Figure 4.9: Concentrations surrounding the
rooftop unit at 0.5 m and 0.5 m below plinth
with 1000 g at 150 g/min from discharge
pipe, with access panel open
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Source: Designs and safety assessment of Thermotar AC units for application of HC-290 –
Interim Report. Daniel Colbourne
e.) Removal of sources of ignition: Due to the relatively confined construction of the various DACS
housings, a release from any point rapidly ensures any position within the housing would exceed 50%
of the LFL. Therefore, it is necessary to position any potential SOI into an externally located panel.
Most electrical components (many of which could be a potential SOI) are located within inset
electrical panels. Ordinarily this comprises (e.g., Figure 12): Mains relays, start capacitors, run
capacitors, voltage transformers, timer/delay and terminal connections.
Of these, only the relay and timer/delay could be considered as a potential SOI (see below).
Figure 4.10: Typical contents of
electrical panel

Figure 4.11: Example of
evaporator fan motor

Figure 4.12: Example of fan
blades

Source: Industrias Thermotar Ltda.
The evaporator fans are located within the AHU housing and are thus likely to come into sustained
contact with refrigerant in the event of a leak. Therefore, significant attention should be paid to them
in order to avoid ignition sources. Condenser fans are positioned at the top of the condensing unit and
normally located in the open air. A leak of refrigerant is unlikely to accumulate around the condenser
fan so limited attention may be paid to them.
Both condenser fan and evaporator fan motors are AC induction type and do not present a SOI under
normal operation since they are brushless. They do use internal overload protectors.
All fan blades are aluminium, whilst the cowling is galvanised steel. Provided that the fan and
cowling materials are not stainless-steel pairs or steel alloy and brass pairs, the possibility of sparking
due to mechanical impact is negligible. The following must be complied with to ensure that the fan
assembly has negligible risk of producing arcs and sparks:


Rotational speed should be less than 40 m/s.
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Powder coating must not contain aluminium or iron oxides.
All metal parts of the fan assembly and parts are earthed, which avoids the possibility of
static build-up.
Clearance distance between the fan blades and the casing shall be at least 1% of the diameter
and no less than 2 mm.

The high and low-pressure switches are basic fixed-value encapsulated switches. They are likely to
be suitable. However, several manufacturers are producing HC-290 approved components; these
should be sought first before considering the use of HCFC-22 components. If HCFC-22 items are
applied, then it is recommended they are checked for compliance against IEC 60079-15, e.g., for
enclosed-break device.
With regard to compressor currently are used Copeland HC-290 scrolls. Whilst they comprise
internal windings and thermal overloads; the only external electrical parts are terminals and wires
and have nevertheless been certified against the applicable Standard. As such, they do not present as
SOI under normal operation.

Figure 4.13: Example of
pressure switch

Figure 4.14: Example of compressor (left) and electrical
connection (right)

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 – Interim
Report. Daniel Colbourne
A normally-closed solenoid valve was installed within the liquid line to limit the releasable charge.
Since solenoid valves do not arc or spark under normal operation, they are not considered SOI.
However, it is advisable to select approved HC-290 SVs.
The electrical panel contains one 2/3-pole mains relay. Whilst it is intended to position the electrical
panel external to the housing, it is desirable to check the construction of the used relays against the
requirements for enclosed break device under IEC 60079-15 in order to provide additional
confidence.
Figure 4.15: Example of mains relay employed
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Source: Designs and safety assessment of Thermotar AC units for application of HC-290 – Interim
Report. Daniel Colbourne
In response to the initial zoning exercise, several components needed to be relocated out of the zone
2 area (condenser unit). This was achieved by redesigning a panel located in an air-separated section;
in this regard, even if the inset section is not sufficiently tight to prevent egress of leaked refrigerant,
it should be unable to penetrate the second enclosure. A prototype is included in

Figure 4.16 along with a schematic.

Figure 4.16: Current (left) and proposed (right) electrical panel

Source: Designs and safety assessment of Thermotar AC units for application
of HC-290 – Interim Report. Daniel Colbourne
By following the leak simulation test (zoning exercise) detailed in NTC 6228-2, it was demonstrated
that the revised construction avoided contact with a concentration exceeding 50% of the LFL.
Separating the electrical panel ensures that if a technician inadvertently fits an unsuitable component
after the units has been installed, there remains no residual risk that it could act as a SOI to a
refrigerant leak.
f.) Limiting potential consequences and considering use and misuse limits: The preferred approach to
avoiding or minimising the severity of consequences is prevention of ignition by removal of SOI and
curtailing the formation of flammable mixtures. However, as long as flammable substances are being
employed, their avoidance cannot be absolutely guaranteed. Therefore, additional consideration
should be given to limiting the effects of such consequences. Typical approaches include:
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•
•
•

Physical barriers among potentially flammable mixtures, occupants and combustible
materials.
Non-combustible construction materials to avoid secondary combustion.
Sufficient free openings or frangible sections for enclosures to allow overpressure relief.

These considerations are included within the operating manual of the new DACS designs, pursuant
to NTC 6828.
4.1.2 Quantitative risk assessment of new DACS designs
It is necessary describe the generic operating and environmental conditions that could affect the likelihood
of ignition in order to quantify the normal operation risk. Consequently, it is also necessary to characterise
the three co-incident events that are necessary to cause ignition:




A leak of refrigerant that enters a given control volume (enclosure, room, etc.).
Formation of a flammable mixture.
At the same time, presence of an active SOI within the condensing unit compartment or room.

This general sequence of events is shown in Figure 4.17

Figure 4.17: General sequence of events for normal operation

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 – Interim Report.
Daniel Colbourne
The variables will be described in more detail to identify effectively the condition that could lead to
ignition of a release within each stage. Various leak sizes are considered (ranging from “pin hole” to
“catastrophic”), the compressor operating mode (in these smaller systems with no mechanical joints, the
leak characteristics are considered to be largely unaffected by compressor operation. Therefore, this
parameter is neglected), an evaporator blower or condenser fan may or may not be operating on the
DACS, creating an internal airflow within enclosure, ducting and the local area.
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Ambient air movement: Various forms of airflow can affect the dispersion of the refrigerant and therefore
the size and duration of a flammable volume. Indoors, this can arise from infiltration, thermal convection
currents and movement of personnel; outside, it can be caused by the wind.
The frequency of fatalities can indicate the severity of the secondary consequence. However, this study
found that the consequence of ignition is very unlikely to cause overpressure or a thermal dose that could
result in a fatality; therefore, the number of occupants is not applied, except in terms of their distribution,
implying an average distance from the ignition event.
The size of the room can affect the build-up of gas concentrations and thus the occurrence of a flammable
mixture within the room. Only one room size is opted for, a particularly small space where these types of
appliances are normally located.
The Results for the relevant risk measures associated with the various control volumes are:


Ducted split:
The main observations concerning ignition frequency are:
•

•
•
•
•



Both AHU and condensing unit have extremely low ignition frequencies, corresponding to
less than one ignition event per million-million units per year; such a frequency is so low it
may be considered negligible.
Ignition within the supply duct is also negligible (on account that the only ignition source is
another ignition event within an adjacent space).
Ignition within the room floor region is very small, less than one ignition event per 1,000
million units per year and as such also has no significance.
Ignition frequency within the space through which the interconnecting piping runs is fairly
small (about two ignition events per 10 million units per year).
The control volume which experiences the highest ignition frequency is the area surrounding
the condensing unit, with about three ignition events per millions units per year.

Rooftop
The main observations concerning ignition frequency are:
•

•
•
•

Both AHU and condensing unit section have extremely low ignition frequencies,
corresponding to less than one ignition event per million-million units per year; such a
frequency is so low it may be considered negligible.
Ignition within both with the supply and return duct is also negligible (on account that the
only ignition source is another ignition event within an adjacent space).
Ignition within the room floor region is very small indeed, about one ignition event per
million-million units per year and as such is negligible.
The control volume which experiences the highest ignition frequency is the area surrounding
the condensing unit, with about three ignition events per millions units per year.

4.2 Conversion and installation of equipment in the manufacturing line
During project execution, the modifications and civil works required for the new infrastructure were
made, and the new manufacture line of HC-290 air-conditioning equipment was installed. As a relevant
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fact, the new production line has an insulated chamber, which is five (5) meters apart from any other type
of equipment that is part of the manufacturing plant. In addition to containing all the equipment that is
part of the manufacturing process, this insulated chamber has a hopper located in the lower part of the
conveyor belt, which has a hydrocarbon extraction and permanent air-renewal system (explosion-proof
extractor). This system is energized at its maximum power by more than one hydrocarbon sensor (HC290) located inside the hopper and insulated chamber. Additionally, the new line is powered by four (4)
non-rechargeable 5.5 kg HC-290 cylinders (charger cylinder unit) located in the charging compartment
within the insulated chamber.
Figure 4.18: Insulated chamber; parts assembly and welding line.

Source: Ozono Technical Unit, Colombia
Figure 4.19: Storage compartment of R290 refrigerant gas (capacity: 4 cylinders, 5.5 kg each);
charge and leak test equipment.

Source: Ozono Technical Unit, Colombia

Figure 4.20: Hopper with sensors located inside the isolated chamber and below the HC-290
charging line.
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Source: Ozono Technical Unit, Colombia

The several production stages were defined as follows: manufacture of the furniture or metal structure and
heat exchangers according to the new designs (processes carried out in the metalwork area), assembly of
components and welding (processes carried out in the new line at eleven (11) meters from the
hydrocarbon charging area), and the helium-leak test, prevacuum, vacuum, HC-290 charging, and final
leak test on the manufactured air-conditioning equipment (procedures performed in the insulated
chamber), equipment quality control and packaging (packaging and storage area). It should be noted that
any reprocessing due to a non-compliance will be carried out inside the isolated chamber with an
independent equipment that performs the hydrocarbon discharge.

Figure 4.21: Drawing of the HC-290 AC manufacturing line
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Source: Industrias Thermotar Ltda.
The maximum amount of units produced is twenty (20) units per day, which will depend on the market
demand for new equipment.
4.3 Risk assessment of the manufacture line at Industries Thermotar Ltda
The risk assessment of the HC-290 line production process was developed through the provision of
information by Industrias Thermotar, a stage carried out through meetings with key staff with extensive
knowledge on the HC-290 project, followed by a field inspection to identify the risk conditions this new
implementation will entail. This analysis was developed by sectioning the production process, where
occurs the HC-290 charging operation, from the receipt of HC-290 cylinders as raw material. Next, we
show the partitions of the process for our analysis. Additionally, the study was conducted based on the
NFPA 54 National Fuel Gas Code.




HC-290 receipt and storage operation.
HC-290 recharge process and transfer systems.
Risks posed by environmental conditions or neighbouring risks.

The result obtained from the risk assessment study showed that special attention should be paid to the
risks surrounding the HC-290 recharging chamber, since the event or risk of fire adjacent to that chamber
could have adverse consequences according to the matrices.
Followed by this risk, even though the risks of fire, gas leak and explosion are located in matrix number 2
of the study document or risk assessment (see Annex B), we consider the most critical event for the HC290 recharge booth would be an explosion event with subsequent fire. It is estimated that the
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consequences of this event are not as serious as those of a fire inside the warehouse because it is assumed
that the fuel load inside the HC-290 recharging cabin is much lower than the fuel load in the storage
warehouse. However, we want to consider that, if the following events are combined, namely, explosion
with subsequent fire and damage to the walls of the enclosure, and if the minimum distances of the
finished product are not maintained, the fire may spread rapidly to other areas of the plant causing a major
scale fire difficult to control with the current resources available for fire control and the current
configuration of the plant, which has a single fire area. The technical adjustments made to the
manufacture line for the elimination of possible risks identified in the evaluation are presented in section
5.3 (results analysis).
4.4 Training for servicing in installation during guarantee, post-sales services
The training courses included theory and practice and were developed based on the contents proposed by
the international expert consultant. The topics of this content are:











Theoretical module (based on the NTC 6828)
introduction to refrigerants focused on the handling of hydrocarbon-type refrigerant (HC),
safety aspects of hydrocarbon refrigerants (HC),
characteristics of air conditioners, ducted vertical split condensing units with ducts and ducted
package-type units that operate with HC-290,
and safe handling of HC hydrocarbon refrigerants. .
Practical module
calculations referring to the verification of the minimum area and maximum charge that should be
used for the installation of ducted vertical split condensing units with ducts and ducted package-type
units that operate with HC-290,
performance of leak test or leakage simulation in the equipment through sensors that verified whether
the concentration exceeded the lower limit of flammability,
and an activity on applying good refrigeration practices in the installation, maintenance and removal
of these types of equipment devices.

The workshops held during the development of the demonstrative project were:






Training, education and qualification workshop for technicians or companies of the sector responsible
for the installation and maintenance of air-conditioning (AC) equipment with hydrocarbons.
(Colombia, October 2017)
Training and qualification workshop for the instructors or professors of SENA (National Learning
Service of Colombia) in charge of the training of the refrigeration and air-conditioning technicians.
(Colombia, April 2018)
Scheduling of training and qualification workshops through the thirty-two (32) SENA centres in the
country (Colombia, 2018).

4.5 Workshops for dissemination
The international expert consultant supported the dissemination workshops held during the development
of the demonstrative project. The workshops focused mainly on disseminating the results obtained in each
phase, which clearly explained issues related to the safe handling and proper management of the risks
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associated with the introduction of flammable refrigerants in the commercial air-conditioning sector. The
following workshops stand out:








5.

Presentation on the progress of the demonstrative project in the I International Congress for the
Management of Substances that Deplete the Ozone Layer and its Contribution to Climate Stability.
(Colombia, Bogotá, September 2017)
Virtual presentation at Atmosphere Business Case of Natural Shecco – Shecco. (Spain, October 2017)
Dissemination workshop on the presentation of results from the demonstrative project for the use of
HC-290 as an alternative refrigerant in the manufacture of commercial air-conditioning equipment Industrias Thermotar Ltda. (Colombia, Barranquilla, February 2018)
Full Paper "SAFE DESIGN OF R290 DUCTED AIR-CONDITIONING EQUIPMENT" submitted
for publication at "13th IIR Gustav Lorentzen Conference on Natural Refrigerants"
Presentation on the results obtained in the 13th IIR-GUSTAV LORENTZEN CONFERENCE ON
NATURAL REFRIGERANTS. (Spain, Valencia, June 18, 2018).

ANALYSIS OF RESULTS

5.1 Designs and safety assessment of HC-290 based DACS
The analysis of results obtained in the development of the prototypes with designs for explosion
protection yielded the following aspects and additional safety measures:
–
–
–
–

Both DACS have been designed to minimise the likelihood of a flammable mixture forming around
an area beyond the unit housing.
The evaporator can also be approached, although significant effort is often needed to obtain
marginally more than a negligible gain.
The released masses and mass flow rates have been used within the main study to identify the most
appropriate control strategies and estimate leak rates.
A recommended mitigation measure to reduce the refrigerant charge released was to include a pumpdown cycle in the designs, which will reduce the refrigerant charge that can be released into the
conditioned enclosure. The above can be seen in the following table:
Table 5.1: Averaged release masses for different leak conditions*
Condition

Released mass (g)

Charge percentage

420

40%

Shut‐down (compr NRV only)  low side leak
Shut‐down (additional tight NRV) low side leak
(ducted)
Shut‐down (additional tight NRV) low side leak
(rooftop)
Low side leak, LP switch  compressor terminates
Low side leak, LP switch  shut‐down
Pump‐down  low side leak

350

35%

300

30%

540
540
90

65%
50%
10%

Compressor off  high side leak

990

90%

Compressor oil de‐gassing

20

2%

* Differences in the proportion of charge and actual mass are due to variations in charged amounts

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 –
Interim Report. Daniel Colbourne
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–

The supplementary test with 1,000 g of HC-290 and a high leak rate of 100 g/min was again carried
out and results are shown in Figure 5.2. A significant difference is seen here compared to the ducted
split AHU case (Figure 5.1), where all sampling positions are well below LFL; still supporting the
assumption that increased falling velocity from the higher level ultimately helps to disperse the
release before falling to the room floor.
Figure 5.1: Mock elevated AHU and
associated single ducting

Figure 5.2: 1000 g release at 100 g/min
from ceiling level mock rooftop with
plenum at 1.5 m elevation

Source: Designs and safety assessment of Thermotar AC units for application of HC-290 –
Interim Report. Daniel Colbourne
–

Recommended mitigation measures for the AHU enclosure (low side): To this end, a plenum chamber
was constructed around the outlet of the AHU so that any released refrigerant must flow over the
upper lip before it flows across the room floor; this additional height is intended to help accentuate the
dispersion of refrigerant as it enters the room. Four elevations of plenum chamber – 0.25 m, 0.50 m,
1.0 m and 1.5 m – were tested, as indicated in Figure 27.
Figure 5.3: Elevations of outlet
plenum; 1.5 m

Figure 5.4: 350 g release at 50 g/min
from ducted split AHU with plenum at
1.5 m elevation

Source: Designs and safety assessment of Thermotar AC units for application of
HC-290 – Interim Report. Daniel Colbourne
–

As a result of the above, the company designed a new AHU, on which the previous tests were carried
out in the same way. The results obtained were positive.
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Figure 5.5: Typical contents
of electrical panel

Figure 5.6: Example of
evaporator fan motor

Figure 5.7: Example of fan
blades

Concentration [g/m3]

40

30

20

Leak; 100 g, 25 g/min

10

0
15:04:19

15:07:12
15:10
Time [hh:mm]

Source: Designs and safety assessment of Thermotar AC units for application of
HC-290 – Interim Report. Daniel Colbourne.


The modifications defined for the removal of the SOI, namely, separating the electrical panel, will
ensure that if a technician inadvertently fits an unsuitable component after the units has been installed,
there remains no residual risk that it could act as a SOI to a refrigerant leak.
The leak simulation test performed (pursuant to NTC 6228-2), showed that the revised construction
prevents contact with a concentration exceeding 50% LFL.
Figure 5.8: Insulated electrical box

Source: Industrias Thermotar Ltda.



Performance tests on a ducted split condenser unit prototype: Industrias Thermotar performed these
tests pursuant to the ISO 5151: 2017 standard, which specifies the standard conditions and the test
methods for determining the capacity and efficiency of air-cooled air conditioners and air-to-air heat
pumps. Additionally, these tests are being corroborated by a certified laboratory in Colombia.

Table 5.2: Results of comparative testing of HCFC-22, R-410A and HC-290 5-TR AC equipment.
Split central Split central Split central
Parametros
HCFC-22
R-410A
HC-290
Rated capacity (BTU / h)
60000
60000
60000
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Supply (V)
440
Phases
3
Frequency (Hz)
60
Operating time (Hr)
4
Refrigerant charge (g)
2265
Temp. Dry Bulb Supply (ºF)
54,2
Relative Humidity (%)
78,7
Temp. Dry Bulb Return (ºF)
72,8
Relative Humidity Return (%)
51,8
Low pressure (PSIG)
65,0
Ambient Temp. (ºF)
94,0
High pressure (PSIG)
245,0
The input electrical power of compressor (W)
4475,0
Difference in the electrical power consumption between
an conventional equipment HCFC-22 to a conventional
0,0
equipment R-410A and a new equipment HC-290 (%)
Difference in the eletrical power consumption between
an conventional equipment R-410A to conventional
2,9
equipment HCFC-22 and a new equipment HC-290 (%)
Source: Industrias Thermotar Ltda.

440
3
60
3,5
2404
54,0
79,2
73,5
51,9
135,0
95,0
370,0
4350,0

440
3
60
3,5
1000
53,9
80,1
74,0
50,1
65,0
96,0
215,0
3780,0

-3,0

-15,6

0,0

-13,1

Lessons learned: Human Intervention in DACS is the most likely cause of accidents. Therefore, it
was essential to ensure that the DACS design was such that technicians and other staff were given
limited scope to interfere with the safety features associated with the HC-290 DACS. For this
reason, designs have three identification measures and leak Reponses: Cabin or metal structure to
isolate the electrical box and increase ventilation around the unit, pumping cycle (Pump Down) and
ultrasound sensor. Moreover, it is critical for the national infrastructure to be prepared to minimise
the possibility of untrained or non-competent technicians involved in the installation, servicing and
decommissioning of HC-290 DACS.

5.2 Manufacture line for production of air-conditioning (AC) equipment with HC-290
The new installed production line has the safety measures required for the safe handling of the
hydrocarbon refrigerant. These measures were supported by both the company in charge of supplying the
equipment for the manufacture of the ACs and the risk assessment carried out on the new line. Moreover,
the training provided to the operators in charge of the equipment is an important step to apply good
manufacturing practices in the company Industrias Thermotar Ltda.
Learned lessons: There are already suppliers of equipment to manufacture refrigerators and air
conditioners with flammable refrigerants in the international market. But the most important feature
that should be considered for the assembly of this line are the space and civil works required within
the facilities; therefore, using an insulated chamber contributes to the safe handling of this
5.3 Risk assessment of the manufacture line at Industrias Thermotar Ltda
flammable refrigerant gas within the company.
Once the suggested recommendations have been presented through the risk assessment study, Industrias
Thermotar Ltda. made the necessary technical modifications to correct the deficiencies identified.
Consequently, a follow-up exercise of recommendations is carried out once more to check compliance
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with the standards; this activity is a duty of the specialist firm dedicated to implement these types of
projects.
The most important corrections are, among others:
Figure 5.9: Civil and technical adaptations to the exterior and interior of the storage room
(ventilation system)

Source: Engrin de Colombia SAS (SURA)

Source: Engrin de Colombia SAS (SURA)

Figure 5.10: Introduction of restrictions to
the storage of finished product inside the
plant in general

Figure 5.11: Installation of a pedestal with a
safety chain to prevent the fall of the
Helium cylinder.

Source: Engrin de Colombia SAS (SURA)

Source: Engrin de Colombia SAS (SURA)

Figure 5.12: Additional sensor installations in the HC-290 recharging chamber.

Source: Engrin de Colombia SAS (SURA)

Source: Engrin de Colombia SAS (SURA)

Learned lessons: The risk assessment study must consider other stages not in the manufacturing
line such as: storage of non-returnable cylinders with hydrocarbon as raw material, and storage of
the final product. On the other hand, to increase the safety level of the manufacturing line, it is
feasible to consider installing other sensors in addition to the current equipment sensors of the
manufacturing line, as well as, consider the explosion-proof lamps within.
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5.4 Training for servicing in installation during guarantee, post-sales services
This phase is the most important challenge posed by the demonstrative project, and should be considered
as a permanent phase in the country; to this end, it must be included in the different programs related to
the training and qualification of the refrigeration and air-conditioning service sector.
The follow-up plan prepared by Industrias Thermotar Ltda. partially supports the challenge faced by the
country in relation to the training and education of technicians in the service sector. This plan is part of the
post-sales strategy that should be implemented by the technical services of HC-290 AC systems
installation, maintenance and repair.
Having a public learning system in the country, such as the SENA centres, makes it possible to train the
sector not only in the management of hydrocarbon refrigerant gases, but also in the handling of HFOs or
other refrigerant with some hazardous attributes.
Learned lessons: To face the training and education of the service sector in the best way possible,
it is necessary to have a network of training or education centres that can certify the sector’s
technicians in the safe handling of hydrocarbons and other refrigerant gases with medium
flammability. Additionally, it is necessary to update or adopt international standards regarding the
safety and environmental requirements necessary in refrigeration systems and heat pumps.
The follow-up plan is binding not only on Industrias Thermotar Ltda., but also on the users or
customers who acquire this equipment as they must guarantee the safe handling and proper
management of risks associated with the introduction of these flammable refrigerants in the
commercial air-conditioning sector. The strategy or plan includes the monitoring and follow-up of
the first units installed in the commercial sector.

5.5 Workshops for dissemination of results
The dissemination workshops communicated and fully presented the main results obtained through the
demonstrative project. Likewise, the paper or study prepared in conjunction with the international expert
consultant represents the positive and significant results that influence technical aspects in the
technological development related to the use of refrigerant gases with insignificant GWP and zero ODP.

6.

INDUSTRIAL HYGIENE & SAFETY

The risk assessment study carried out on the manufacture line of HC-290 AC, not only included the
manufacture line but also the plant in general, which is why the emergency plan of the security
management system of Industrias Thermotar Ltda. was complemented by including the control measures
for responding to emergencies caused by the handling of HC-290, as well as the safety measures for
prevention of combustion and explosions.

7.

INCREMENTAL COSTS

39

UNDP - INDUSTRIAS THERMOTAR LTDA. - DEMONSTRATION PROJECT FOR HCFC-22 PHASE OUT IN THE
MANUFACTURING OF COMMERCIAL AIR CONDITIONING EQUIPMENT

The incremental costs of the demonstrative project are divided into incremental capital costs and
incremental operating costs. Within the incremental capital costs, the costs associated with the activities
carried out were discriminated taking into account the economic contributions made by Industrias
Thermotar Ltda, as well as those defined in the UNDP Project COL101294.
For the incremental operating costs, the 5 TR DACS models that work with HCFC-22 and R-410A were
compared to the new HC-290 designs.
7.1 Incremental capital cost
Table 7.1 Incremental capital cost.
ITEM
1.0

1.01

1.02
2.0
2.01
3.0
3.01

3.02
3.03

3.04

3.05

3.06
3.07
4.0
4.01

DESCRIPTION

FINANCED BY

PRELIMINARY
Preliminary documentation presentation of the demonstrative
project, analysis of risk vulnerability in
the production plant, description and
assessment of the project impacts.
Project Engineer - 30 months (7200 Hr)
INTERNATIONAL CONSULTANT
Hiring of international expert (Travel and
commissions)

UNIT

QUANTITY

THERMOTAR

-

1

THERMOTAR

HOUR

7200

PROJECT14

DAYS

83

DESIGN, CONSTRUCTION AND PROTOTYPE TESTING
Advisory by the design department,
PROJECT
HOUR
intervention by the production and
quality department / SST
Constructions or manufacture of
PROJECT
UNIT
prototypes and final designs of DACS for
HC-290
HC-290 Refrigerant Cylinder X 5.5 KG /
THERMOTAR
UNIT
12.1 LB
Instrumentation equipment for prototype
testing, supplies for conducting safety
THERMOTAR
tests, drills and performance testing in
prototypes
New line of compressors for tests with
THERMOTAR
UNIT
HC-290 Models ZH13KCU imported by
air
Testing of prototypes in a national certified
THERMOTAR
UNIT
laboratory (transport, accessories and test
costs)
Testing of electric motors in laboratories
THERMOTAR
UNIT
(Shipping costs, nationalization, test)
PRODUCTION PLANT ADAPTATIONS
Adaptations to conveyor rack with rollers

PROJECT

MTS

UNIT VALUE
(USD$)13

SUB - TOTAL
(USD$)

$1,620.59

$1,620.59

$12.73
SUBTOTAL

$91,669.70
$93,290.29

$870.00

$73,080.00

SUBTOTAL

$73,080.00

$10.91

$38,192.07

18

$1,849.16

$33,284.83

42

$67.53

$2,836.26

1

$18,486.49

$18,486.49

10

$891.23

$8,912.33

2

$2,309.93

$4,619.86

2

$2,673.70

$5,347.40

SUBTOTAL

$111,679.24

$127.32

$3,819.57

3500

30

13

Exchange rate used for calculations: 2,749 $US / $COP
PNUD Colombia. 2016. PRODOC, Output ID 000101294 Project ID 000101294. Demonstration project for the use of HC-290
(propane), as an alternative refrigerant in the manufacture of commercial air conditioning equipment at Industrias Thermotar Ltda.
14
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4.02

4.03

4.04

4.05

5.0
5.01
5.02
5.03
5.04
5.05
5.06
5.07
5.08
5.09
5.10
5.11
5.12
5.13
5.14

6.0
6.01
6.02
6.03
6.04
6.05
6.06
6.07
7.0

Electrical restructuring of the transport
rail, grounding, connection accessories and
labour, paint work of production plant,
redistribution of oxyacetylene, nitrogen
and compressed air sources, and additional
adjustments recommended in the risk
assessment
87 m2 cabin construction for the HC-290
charging area
Ductwork and exhaust channels for
flammable gases. Exhaust pipe for
flammable gases that go from the
extraction channel to the Explosion Proof
extractor motor.
HC-290 cylinder storehouse adaptations:
Extraction system (fan, ducts and support),
propane gas sensors, and integrated
security alarm system

PROJECT

-

4

$2,273.55

$6,857.04

PROJECT

-

1

$6,129.50

$6,129.50

PROJECT

-

1

$8,695.16

$8,695.16

PROJECT

-

1

$5,951.26

$5,951.26

SUBTOTAL
$31,452.53
ACQUISITION OF MACHINERY AND EQUIPMENT FOR THE HC-290 PRODUCTION LINE, INSTALLATION AND
MAINTENANCE
Helium leak test system with Sniffer
PROJECT
1
$63,320.93
$63,320.93
detector and Helium recuperator
PROJECT
Vacuum pump with process controller
1
$6,085.39
$6,085.39
Evacuation and charging equipment for
PROJECT
1
$40,614.60
$40,614.60
flammable refrigerant (HC-290)
Equipment for safe discharge and disposal
PROJECT
1
$11,218.88
$11,218.88
of flammable refrigerant (HC-290)
HC-290 detector equipment for leakage
PROJECT
1
$18,188.18
$18,188.18
test in repair and rework area
Integrated safety monitoring and control
PROJECT
1
$6,980.64
$6,980.64
system for flammable gases
Ventilation system for flammable gases
PROJECT
1
$10,000.00
$10,000.00
(Without ductwork)
Supplies for spares, assembly and
PROJECT
1
$4,284.70
$4,284.70
equipment operation
Pre-engineering design for civil works in
PROJECT
1
$5,610.00
$5,610.00
plant
Installation, start-up and training in
PROJECT
1
$4,950.00
$4,950.00
handling of equipment.
Flammable refrigerant pneumatic transfer
PROJECT
1
$10,565.00
$10,565.00
pump
Accessories for equipment handling in
PROJECT
1
$2,132.85
$2,132.85
production process
Tools and accessories for copper tubing
PROJECT
1
$8,065.67
$8,065.67
coupling by pressure
Other expenses (taxes, expenses at
PROJECT
destination, freight certificate, customs
1
$31,807.16
$33,869.71
agent fees)
SUBTOTAL
$225,886.55
TRAINING AND QUALIFICATION OF ENGINEERS, TECHNICIANS AND OPERATORS

Training materials for training courses and
prototype equipment for manipulation
during training, training material
Transport and missions of participants
International Consultant (Training)
National consultant monitoring and
development of BPR workshops
National training strategy for technical
training
Preparation of the follow-up plan
Follow-up plan implementation. 6 months,
first 30 units manufactured.

PROJECT

-

1

$1,911.60

$1,911.60

PROJECT
PROJECT

DAYS

6
6

$974.33
$330.00

$5,846.00
$1,980.00

PROJECT

YEAR

1

$16,342.86

$16,342.86

7

$2,000.00

$14,000.00

1

$4,300.00

$4,300.00

PROJECT
PROJECT
THERMOTAR /
PROJECT

WORKSH
OP
STUDY
UNIT

30

$187.00

$33,660.00

SUBTOTAL

$78,040.46

RISK ASSESSMENT OF HC-290 AC MANUFACTURE LINE
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7.01

7.02

Document containing the safety
procedures related to the handling of the
R290
Certificate or document evidencing the
risk assessment study carried out on the
manufacture line

PROJECT

STUDY

1

$1,820.00

$1,820.00

PROJECT

STUDY

1

$2,450.00

$2,450.00

SUBTOTAL
8.0
8.01

DISSEMINATION WORKSHOPS
Dissemination workshops (International
tickets, travel expenses, related
documentation)

PROJECT

-

3

$32,568.00
SUBTOTAL

9.0
9.01
9.02
9.03

ADDITIONAL GENERAL COSTS
Other expenses, general documentation
(Stationery)
Transport and travel expenses of project
engineer (Training and project
presentations)
Signs, warnings and banners for
presentations and training

$4,270.00

$32,568.00
$32,568.00

THERMOTAR

-

2

$591.12

$591.12

THERMOTAR

-

1

$1,218.62

$1,218.62

THERMOTAR

-

1

$1,136.78
SUBTOTAL
TOTAL (USD)

$1,136.78
$2,946.52
$653,213.60

Source: Industrias Thermotar Ltda. and Ozono Technical Unit, Colombia

7.2 Incremental operating cost
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–

Ducted split condensing units:
Table 7.2 Incremental operating cost. Split unit 5 TR
Incremental Operating Cost
DACS: Split unit 5 TR (8 mm-diameter copper exchanger within the condenser)

Air-Handler unit

Incremental cost15 by platform
(USD $ per unit)

Difference
R-410A vs
R290

HCFC-22 vs
HC-290

Cabinet (Structure)

$165.51

$165.51

$190.98

$25.46

$25.46

Refrigerant charge

$0.00

$0.00

$0.00

$0.00

$0.00

$412.15

$412.15

$424.15

$12.00

$12.00

$15.46

$15.46

$27.28

$11.82

$11.82

$0.00

$0.00

$0.00

$0.00

$0.00

Cabinet (Structure)

$110.95

$110.95

$110.95

$0.00

$0.00

Refrigerant charge

$38.20

$20.01

$11.46

- $26.74

- $8.55

$771.19

$740.27

$879.23

$108.04

$138.96

$15.30

$15.30

$42.13

$26.83

$26.83

$2.91

$1.15

$1.89

-$1.02

$0.75

$1,531.67 $1,480.80 $1,688.07
Source: Industrias Thermotar Ltda.

$156.40

$207.28

Main operation components
(Compressor, condenser motor,
blower motor, blower, blade,
copper pipe, filter drier,
pressure switches, solenoid
valves)
Electric components and
accessories for safety, control
and power
Refrigerant cost (Cost per
Pound)

Condenser unit

Cost with Cost with Cost with
R-410A HCFC-22 HC-290

Main operating components
(Compressor, condenser motor,
blower motor, blower, blade,
copper tubing, filter drier,
pressure switches, solenoid
valves)
Electrical components and
accessories for safety, control
and power
Refrigerant cost (Cost per
Pound)
TOTAL

Manufacturing a 5-TR split unit equipment with HC-290 costs 10% more than manufacturing a 5-TR split
unit with R-410A. This increase is mainly due to the cost associated with the compressor, and other such
as the electric components and accessories for safety, pressure switches and solenoid valves.
15

Exchange rate used for calculations: 2,749 $ US/$ COP
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Rooftop unit with duct:
Table 7.3 Incremental operating cost. Rooftop unit 5 TR
Incremental Operating cost
DACS: 5 TR Rooftop unit (8 mm-diameter copper exchanger within the condenser)

Incremental cost by platform
(US $ per unit)16
Cabinet (Structure)
Refrigerant charge
Main operation components
(Compressor, condenser motor,
blower motor, blower, blade, copper
pipe, filter drier, pressure switches,
solenoid valves)
Electric components and accessories
for safety, control and power
Refrigerant cost (Cost per Pound)
TOTAL

Cost with
R-410A

Cost with
HCFC-22

Cost with
HC-290

Difference
R-410A vs
R290

HCFC-22
vs HC-290

$245.54
$38.20

$245.54
$20.01

$265.55
$11.46

$20.01
- $26.74

$20.01
- $8.55

$1,089.49

$1,094.94

$1,218.62

$129.14

$123.68

$63.66

$63.66

$116.41

$52.75

$52.75

$2.91

$1.15

$1.89

-$1.02

$0.75

$1,436.89

$1,424.15

$1,612.04

$175.15

$187.89

Source: Industrias Thermotar Ltda.
Manufacturing a 5-TR split unit equipment with HC-290 costs 12% more than manufacturing a 5 TR split
unit with R-410A. This increase is mainly due to the cost associated with the compressor, and other such
as: The electric components and accessories for safety, pressure switches and solenoid valves.

8.

16

CONCLUSIONS

Exchange rate used for calculations: 2,749 $ US/$ COP
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The demonstrative project complied with the objectives that were proposed by its execution. The
following conclusions no only show the general inferences but also include specific conclusions
General conclusions:












HC-290 based DACS have been developed within the project to demonstrate the safe use of HC-290
(propane) as a low GWP refrigerant in the commercial production of air-conditioning. Commercial
production has not yet begun, however, there are a few prototype DACS already installed and are
being monitored. Through QRA and using – typically pessimistic – assumptions about the installation
and operational conditions, the developed products can be considered as “safe”.
The only DACS developed on HC-290 are the 17.5 kW ducted split and rooftop models, with the
QRA carried out on both of these. The same concepts and technical feature will be applied equally to
these smaller units as for the 17.5 kW unit, thus all designs are feasibility.
Throughout the development process prototypes were regularly checked for performance. The most
recent findings indicated the same cooling capacity as the baseline DACS and a lower electrical
power consumption, thus giving a higher COP17.
Selections of specific design features have been developed to help mitigate flammability risk. Several
of these incur incremental operating costs. This increase is low (10% more than R-410A based
DACS) and by the future its reduction depends on the supply in the market of the differents parts,
mainly the compressor (HC-290).
Necessary security features and conditions have been integrated into the new DACS designs.
However, addressing safe handling and good flammability risk management is predominantly
achieved through company-wide and national technician training, assessment, certification and
registration schemes and associated changes to company conditions of sale and warrantee agreements;
this is beyond the remit of product design and development.
According to current design, each kg of HCFC-22 can be replaced with approximately 0.4 kg of HC290 in any DACS of broadly the same design and construction. For this reason, Industrias Thermotar
Ltda. with the closure of its production line of AC equipment with HCFC-22 is removing 13.75
metric tons of HCFC-22 from national consumption rates.

Specific conclusions:
–

–

–
–

17

The HC-290 AC models (DACS) developed meet the technical requirements related to the tightness
of the system and the removal of ignition sources. This is based on the testing carried out on mass of
refrigerant released, leakage rates and concentrations of HC-290 inside and around the units, and
along the pipelines.
The technical modifications implemented in the HC-290 AC models are based on the integration of a
leak-identification and response system, which consisted of: redesign of the furniture or metal
structure to insulate the electrical box, increase of the ventilation around the unit, and installation of a
pump cycle (Pump Down) and an ultrasonic sensor in the condenser unit and evaporator respectively.
The most representative change in relation to the design, in the HC based model, was in the handling
unit (AHU). The air intake opening was located laterally, one meter (1 m) above the floor level.
The reduction of the refrigerant charge in the HC-290 AC model was significant. The charge of HC290 for the largest unit (5 TR split condensing unit, with 8 mm tube diamenter for the condenser and 3
meters of pipe) was 1000 grams.

COP: Coefficient of performance
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–
–
–

–
–
–

–

–

–

–

9.

When leaks occur in the AC designs, the pump down cycle reduces the load within the handling unit
(within the conditioned enclosure) to approximately 10% (100 grams) of the total equipment load.
In relation to energy consumption, an HC-290 5TR split unit equipment (HC-290 scroll compressor)
consumes 13.1% less energy (kWh) than a similar R-410A unit.
Manufacturing a split 5-TR unit with HC-290 costs 10% more than manufacturing a split 5-TR unit
with R-410A; likewise, manufacturing a 5-TR rooftop unit HC-290 costs 12% more than
manufacturing a 5-TR rooftop unit with R-410A. This increase is mainly due to the cost associated
with the compressor and other such as the electric components and accessories for safety, pressure
switches and solenoid valves.
The AC equipment manufacture line with HC-290 has a production capacity equivalent to twenty (20)
units per day.
The helium tightness test that is performed inside the production chamber will largely reduce the nonconformities of the finished product.
The risk assessment carried out on the HC-290 equipment manufacture line considered the analysis of
the most representative impacts including storage, internal transport and HC handling in the
refrigerant charging or precharging area. In essence, the new line has the protection measures that the
foresaid line must have in order to guarantee its correct operation before, during and after each
activity to recharge DACS with HC-290.
The HC-290 storage area and insulated chamber have the necessary safety measures to identify and
eliminate any leaks arising within these spaces. These measures are linked to the electrical lines of the
manufacturing plant, so that the manufacturing plant is de-energized once the explosion-proof
extractors are activated.
The demonstrative project had a training and education strategy focused on the service sector. Initially
it was intended for the companies and technicians that are part of Industrias Thermotar Ltda. staff,
responsible for the installation and maintenance of company equipment, but the strategy is now
permanent with a national scope.
NTC 6828 defines the steps that must be considered for the installation and maintenance of RAC
equipment with refrigerants that have some hazardous attributes, such as A3 (HC-290). The service
sector must calculate a minimum area or maximum charge required before installing these new
designs or equipment with flammable or toxic refrigerants.
The follow-up plan developed by Industrias Thermotar Ltda. will support the monitoring and control
strategy for the first units manufactured and reduce the risks associated with the use of hydrocarbon
refrigerant.

RECOMMENDATIONS
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9.1 Execution recommendations
It is necessary to consider a longer time for the development of this kind of demostrative project that
include the re-design of equipment for the use of flammable refrigerants in the RAC sector. Design of
protypes requires an iterative risk assessment and risk analysis, for this reason it is suggested to take in
account at least two years for this activity.
9.2 Technicals recommendations
According to the report that was developed by International Expert it is necessary to carry out the
following technical aspects:









Re-calculation of electric equipment fault probability based on service database (DC).
Estimate the probability that technicians may not replace one or more base panels on the new.
AHU following a service or would not follow instructions that air return ducts should be installed
at least 1 m above the floor.
Explore redesign alternatives for finned-tube evaporator for further charge reduction (DC).
Perform additional measurements to demonstrate effectiveness of ultrasonic leak detection.
Confirmation on the type of internal overload protectors used on the blower fan motors, and
compliance certificate for fan motors to IEC 60079.
Compliance certificate for low and high pressure switches to IEC 60079.
More comprehensive assessment of the latest factory performance testing.

10. REFERENCES

47

UNDP - INDUSTRIAS THERMOTAR LTDA. - DEMONSTRATION PROJECT FOR HCFC-22 PHASE OUT IN THE
MANUFACTURING OF COMMERCIAL AIR CONDITIONING EQUIPMENT

•
•

•
•

•
•

•

•
•
•

•
•
•
•
•

•
•

•

Aicool, 2015. http://www.greenchillers-indonesia.org/index.php/en/2015-01-12-03-09-09/2015-0112-09-03-45?download=74:aicool-air-conditioning-dan-chillers-berbasis-refrigeran
Colbourne D. 2018. Designs and safety assessment of Thermotar AC units for application of HC290 – Interim report.
Colbourne D., Suen K. O. 2004. Appraising the flammability hazards of hydrocarbon refrigerants
using quantitative risk assessment model. Part I. Modelling approach. Int. J. Refrig.
Colbourne D., Suen K. O. 2008. Risk analysis of flammable refrigerants. 2. Methodology for
calculations of risk frequencies and flammable quantities. Proc. 8th IIR-Gustav Lorentzen Conf.
nat. Working Fluids, Copenhagen.
DCLG, 2014. Fire Statistics: Great Britain April 2012 to March 2013. Department for
Communities and Local Government. Office for National Statistics, London, UK.
Engrin de Colombia SAS Ingeniería aplicada a Riesgos y Seguros, SURA Seguros, Tendencias y
Riesgos. 2018. Informe de análisis de riesgos para la implementación de GLP HC-290 en
Industrias Thermotar Ltda.
Engrin de Colombia SAS Ingeniería aplicada a Riesgos y Seguros, SURA Seguros, Tendencias y
Riesgos. 2018. Seguimiento de Recomendaciones para la implementación de GLP HC-290 en
Industrias Thermotar LTDA
EN 1127-1: 2011 Explosive atmospheres. Explosion prevention and protection. Basic concepts and
methodology
Goetzler, W, Guernsey, M., Faltermeier, S., Droesch. M. 2016. AHRI Project No. 8016: Risk
Assessment of Class 2L Refrigerants in Commercial Rooftop Units.
Goetzler, W., Bendixen. L., Bartholomew, P. 1998. Risk Assessment of HFC-32 and HFC-32/134a
(30/70 wt. %) in Split System Residential Heat Pumps. ARTI MCLR Project Number 665-52402,
Air Conditioning and Refrigeration Technology Institute, USA.
Hall, J.R., 2012. Home Fires Involving Air Conditioning, Fans or Related Equipment. NFPA,
USA.
HSE, 2001. Reducing risks, protecting people. Health and Safety Executive, HMSO, Norwich, UK.
International Electrotechnical Commission (IEC). 2015. IEC 60079-10-1: Explosive atmospheres.
Classification of areas – Explosive gas atmospheres.
Japan Society of Refrigerating and Air Conditioning Engineers (JARACE). 2017. Risk Assessment
of Mildly Flammable Refrigerants, Final Report 2016. Tokyo, Japan.
Jaramillo-Urrego, L. M., Molina-Escobar, J. M., García-Torrent, J., Medic-Pejic, L. 2017.
Implementation of ATEX standards in the context of mining activity in Colombia. Rev. Fac. Ing.,
vol. 26 (45), pp. 47-60.
NTC 6228: 2017, Sistemas de refrigeración y bombas de calor. Requerimientos de seguridad y
medioambientales.
PNUD Colombia. 2016. PRODOC, Output ID 000101294 Porject ID 000101294. Proyecto
demostrativo para el uso de HC-290 (propano), como refrigerante alternativo en la manufactura de
equipos de aire acondicionado comercial en la empresa Industrias Thermotar Ltda.
UNEP, 2015. http://www.multilateralfund.org/75/English/1/7542.pdf
___________________________

48

UNDP - INDUSTRIAS THERMOTAR LTDA. - DEMONSTRATION PROJECT FOR HCFC-22 PHASE OUT IN THE
MANUFACTURING OF COMMERCIAL AIR CONDITIONING EQUIPMENT

ANNEX A.

Designs and safety assessment of Thermotar AC units for HC-290
application – Interim Report.

49

UNDP - INDUSTRIAS THERMOTAR LTDA. - DEMONSTRATION PROJECT FOR HCFC-22 PHASE OUT IN THE
MANUFACTURING OF COMMERCIAL AIR CONDITIONING EQUIPMENT

ANNEX B.

Risk assessment studies

50

For

Leydy Maria Suarez Orozco, Unidad Técnica Ozono, Ministerio de Ambiente y Desarrollo
Sostenible.

Project

UNDP Project COL101294: Demonstration of HC-290 (propane) as an alternative refrigerant in
commercial air-conditioning manufacturing at Industrias Thermotar ltda.

On

Designs and safety assessment of Thermotar AC units for application of R290 – Part 1 and Part
2 (integrated) – interim report.

Date

15th April 2018; DRAFT v2

Daniel Colbourne, tel: +44 (0)1789 268285, email: d.colbourne@re-phridge.co.uk

1

Contents
Summary ............................................................................................................... 5
Disclaimer .............................................................................................................. 5
1. Introduction ..................................................................................................... 6
1.1
1.2
1.3
1.4
1.5

Overview ............................................................................................................................................ 6
General approach .............................................................................................................................. 6
Product description ........................................................................................................................... 7
Installation characteristics ................................................................................................................. 7
Technician and refrigerant handling practices .................................................................................. 9

2. Design and construction for explosion protection ............................................ 9
2.1
Introduction ....................................................................................................................................... 9
2.2
Leak tightness .................................................................................................................................. 10
2.2.1
General .................................................................................................................................... 10
2.3
Refrigerant charge minimisation ..................................................................................................... 10
2.3.1
Condenser................................................................................................................................ 11
2.3.2

Evaporator ............................................................................................................................... 11

2.3.3

Compressor.............................................................................................................................. 11

2.3.4

Overall system ......................................................................................................................... 11

2.4
Releasable mass of refrigerant ........................................................................................................ 12
2.4.1
General .................................................................................................................................... 12
2.4.2

Test objective........................................................................................................................... 12

2.4.3

Test conditions and variables .................................................................................................. 12

2.4.4

Methodology and arrangement .............................................................................................. 14

2.4.5

Preliminary results ................................................................................................................... 15

2.4.6

Secondary results .................................................................................................................... 19

2.4.7

Final remarks ........................................................................................................................... 19

2.5
Characterisation and avoidance of flammable concentrations ...................................................... 24
2.5.1
General .................................................................................................................................... 24
2.5.2

Test conditions and variables .................................................................................................. 24

2.5.3

Methodology and arrangement .............................................................................................. 25

2.5.4

Results ..................................................................................................................................... 26

2.6
Elimination of sources of ignition .................................................................................................... 53
2.6.1
Introduction ............................................................................................................................. 53
2.6.2

Identification of leak points ..................................................................................................... 54

2.6.3

Hazardous area classification .................................................................................................. 54

2.6.4

Consideration of potential SOIs ............................................................................................... 55

2.6.5

Modifications to eliminate SOIs .............................................................................................. 57

2.7
2.8

Limiting of potential consequences................................................................................................. 61
Consideration of limits of use and misuse....................................................................................... 61

3. Quantitative risk assessment ......................................................................... 63
3.1
3.2
3.3

General methodology ...................................................................................................................... 63
Product and installation characteristics .......................................................................................... 64
Formulation of conditions ............................................................................................................... 64
2

3.4
Fault conditions ............................................................................................................................... 65
3.5
Fault trees ........................................................................................................................................ 67
3.6
Leak frequencies .............................................................................................................................. 69
3.7
Estimation of refrigerant release rate and quantity........................................................................ 70
3.8
Determination of flammable quantities .......................................................................................... 72
3.8.1
Control volumes ...................................................................................................................... 72
3.8.2

Assumptions and boundary conditions ................................................................................... 73

3.8.3

CV DS1 – within ducted split AHU ........................................................................................... 76

3.8.4

CV DS2 – within ducted split condensing unit ......................................................................... 77

3.8.5

CV DS3 – within ducted split supply duct ................................................................................ 77

3.8.6

CV DS4 – beyond ducted split supply duct outlet (within room) ............................................ 77

3.8.7

CV DS5 – across room floor ..................................................................................................... 77

3.8.8

CV DS6 – around interconnecting piping ................................................................................. 78

3.8.9

CV DS7 – surrounding condensing unit ................................................................................... 79

3.8.10

CV RT1 – within rooftop AHU .................................................................................................. 80

3.8.11

CV RT2 – within rooftop condensing unit ................................................................................ 80

3.8.12

CV RT3 – rooftop supply duct .................................................................................................. 81

3.8.13

CV RT4 – rooftop return duct .................................................................................................. 81

3.8.14

CV RT5 – beyond rooftop supply duct outlet (within room) ................................................... 82

3.8.15

CV RT6 – across room floor ..................................................................................................... 83

3.8.16

CV RT7 – surrounding condensing unit ................................................................................... 83

3.8.17

Results for flammable volumes and time ................................................................................ 84

3.9
Potential sources of ignition ............................................................................................................ 84
3.10 Consequences .................................................................................................................................. 86
3.11 Results ............................................................................................................................................. 87
3.11.1 Ducted split .............................................................................................................................. 88
3.11.2

Rooftop .................................................................................................................................... 90

3.11.3

Comparison of ducted split and rooftop units ........................................................................ 92

3.11.4

Effectiveness of mitigation measures...................................................................................... 92

3.12

Discussion and concluding remarks................................................................................................. 94

4. Conformity to safety standards ...................................................................... 96
4.1
4.2
4.3

Introduction ..................................................................................................................................... 96
NTC 6228-1 ...................................................................................................................................... 96
NTC 6228-2 ...................................................................................................................................... 97

5. Specific design changes ................................................................................ 101
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10

Introduction ................................................................................................................................... 101
Minimisation of leaks .................................................................................................................... 101
Reduction of refrigerant charge .................................................................................................... 101
Limiting releasable charge ............................................................................................................. 101
Blower operation ........................................................................................................................... 102
Leak detection ............................................................................................................................... 102
Elevated duct inlet/outlet.............................................................................................................. 103
Ducting drainage............................................................................................................................ 103
Elimination of potential SOIs ......................................................................................................... 103
Interconnecting piping .................................................................................................................. 104
3

5.11

Limiting severity of consequence .................................................................................................. 104

6. Concluding remarks ..................................................................................... 105
6.1
6.2
6.3
6.4
6.5
6.6
6.7

Overview ........................................................................................................................................ 105
Product analysis and design .......................................................................................................... 105
Installation requirements .............................................................................................................. 105
Technician requirements ............................................................................................................... 106
Quantification of flammability risk ................................................................................................ 106
Response to Excom project objectives .......................................................................................... 106
Outstanding actions....................................................................................................................... 108

Appendix A: Flammability characteristics ........................................................... 109
Appendix B: Guidelines for system tightness ...................................................... 110
Appendix C: Finned tube condenser coil arrangement ....................................... 112
Appendix D: Measurements to determine refrigerant leak amount ................... 118
Appendix E: Leak simulation tests ...................................................................... 119
Appendix F: Leak simulation test results ............................................................ 121
Appendix G: QRA flammable quantity input data............................................... 125
Appendix H: Context of risk and acceptability criteria ........................................ 130
Appendix I: Calculation of risk measures ............................................................ 134
Appendix H: Additional text for inclusion within instructions............................. 141

4

Summary
Thermotar produce a wide range of air conditioning equipment. Amongst these are two product groups:
rooftop “packaged “ducted units and centralised ducted split (comprising and condensing unit and air
handling unit). These units currently use R22. The intention of the current project is to switch them to use
R290. Since this represents a move from a non-flammable to a flammable refrigerant, it is necessary to
carry out a product assessment accounting for the flammability characteristics of R290 to determine the
necessary changes to the design, construction and operation or the units and associated changes to the
manuals to help minimise the risk. Whilst there are several models, the work is focussed on the largest (i.e.,
“5 TR”) of each centralised split system (condensing unit plus air handling unit) and rooftop unit and the
findings then extrapolated to the smaller models (i.e., “2 TR” and “3 TR”) in the range.
The main task is to consider the unit in terms of design and construction for explosion protection. Additional
measures are proposed for leak tightness, such as those within NTC 6552 and EN 1127-1, in order to ensure
the system is technically durably tight. Further, tests were carried out so as to determine the releasable mass
of refrigerant under various operating conditions. Based on these releasable masses and the possible
operating conditions, the likely concentrations arising from a leak were evaluated, first by testing and then
numerically to extrapolate to non-tested conditions. Avoidance of flammable concentrations both within the
occupied space and surrounding the external part of the unit is then achieved by adopting the necessary
flammability mitigation measures and installation constraints. Assessment of potential sources of ignition
(SOIs) is also carried out for the unit and leak simulation testing as part of an area classification is used to
support this. Using quantitative risk assessment (QRA) the likelihood and severity of possible consequences
– overpressure, thermal radiation, secondary fire and fatality – is also evaluated under the main operating
conditions in order to ensure they are not unacceptably high and also to determine the effectiveness of the
mitigation measures.
In addition to the general approach of safe design and construction, the unit is also assessed for conformity
against NTC 6228, specifically for the requirements that are directly related to refrigerant flammability.

Disclaimer
This report including advice, information, data, recommendation and any other material therein is provided
to UNDP and Thermotar solely as the opinion of the author. The author does not accept any form of
responsibility or liability arising from the use of or reliance on the reports, advice, information, data,
recommendations or any other material herein.
This report or any substantial passages and data herein as prepared by the author shall be confidential
between the author and UNDP and Thermotar and shall not be published or released privately, unless
otherwise agreed by the author, UNDP and Thermotar. Exceptions include that which is already in or comes
into the public domain otherwise, that which has been produced prior to the issuance of this report or due
to disclosure required by law. The report or any substantial passages and data herein may only be published
by UNDP and Thermotar, or submitted by UNDP and Thermotar for publication elsewhere shall be upon
approval of the author.
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1. Introduction
1.1 Overview
Thermotar produces a range of packaged and centralised ducted air conditioning systems (DACS). These
currently use R22, but the intention is to switch them to use R290. R22 and other alternatives such as R410A
and R32 have high GWPs (Table 1). Whilst R290 has a negligible GWP, it is a flammable refrigerant, which
introduces new considerations into the design, construction and handling of refrigeration systems.
Table 1: Basic information on R22, R290 and other alternatives1
R-number
Type

R22
Hydrochlorofluorocarbon
(HCFC)

R410A
Hydrofluorocarbon
(HFC)

R32
Hydrofluorocarbon
(HFC)

1800

2100

700

5

(non-flammable)

(non-flammable)

13% vol.

2.1% vol.

Global warming
potential (GWP)
Lower Flammability
Limit (LFL)

R290
Hydrocarbon (HC)

In order to place a product on the market – such as a DACS – it is necessary to ensure that it is safe to do so
and complies with applicable safety rules. Whilst it is assumed that the baseline DACS designs (i.e., that
currently use R22) already comply with the relevant requirements related to electrical, pressure and
mechanical safety, additional safety assessment is required for flammability. As such it is necessary to reevaluate the DACS with regards to any requirements that deviate from the R22 model due to different
properties and characteristics of the new refrigerant (R290) and associated parts and components.

1.2 General approach
The work described in this report follows the sequence summarised within Figure 1. Essentially this is based
on an iterative risk assessment/risk analysis approach, where each stage ultimately leads to a revaluation
and refinement in the design of the DACS under development. Accordingly, it should be recognised that the
process is one of continuous development and it is (should be) expected that further improvements are
always underway.
Analysis of baseline
model (with R290)

Field trials

Charge reduction &
performance optimising

Zoning (leak simulation
tests)

Leak control and safety
system

Leak tightness

Addressing sources of
ignition

User guidance

Compliance with safety
standard(s)

Risk assessment

Figure 1: Systematic approach for safe design of DACS
1

Report of the Refrigeration, Air Conditioning and Heat Pumps Technical Options Committee, 2014 Assessment. UN
Environment Programme (UNEP), Ozone Secretariat, Nairobi,
http://ozone.unep.org/Assessment_Panels/TEAP/Reports/RTOC/RTOC-Assessment-Report-2014.pdf
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Throughout this process several stages of prototype for both ducted split and rooftop units have evolved,
as summarised below:
Stage 1
Stage 2

R22 system charged with R290
Modifications to electrical components and enclosures/panels
Optimised condenser and inclusion of liquid line solenoid valve (LLSV) and additional nonStage 3
return valve (NRV)
Stage 4 Revised electrical components and enclosures/panels and AHU return inlet construction
Stage 5 R290 compressor
Stage 6: Inclusion of leak detection system
The final design and quantitative risk assessment is based on the stage 6 prototype.

1.3 Product description
The DACs under consideration are packaged or centralised/split units that are used primarily for residential
and commercial applications, where the conditioned air is supplied via ducting. The packaged unit is a single
factory-sealed, pre-charged system. The centralised system comprises a separate indoor air handling unit
and an outdoor condensing unit. Pictures of the DACs under consideration in this study are shown in Figure
2.

Figure 2: Picture of the 5TR packaged ducted unit (left), and the centralised split unit; air handling unit
(centre) and condensing unit (right) under consideration
The DACS specifically addressed under this project are identified in Table 2, although the primary focus has
been in the 17.5 kW units; if the safety issues associated with the largest units can be satisfied then
applying R290 to the smaller units should be less of a challenge.
Table 2: Models to be addressed for application of R290
Capacity
7 kW (2TR)
10.5 kW (3TR)
17.5 kW (5TR)

Centralised ducted split
CV024 + FCD024
CV036 + FCD036
CV060 + FCD060

Packaged rooftop
EPAC-024
EPAC-036
EPAC-060

1.4 Installation characteristics
The two DACS are subject to notably different installation characteristics.
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The ducted split condensing unit will be placed outside, either on a room or on the ground. Its AHU will be
positioned inside the building, typically within a dedicated closet. Figure 3 shows typical examples.
Refrigerant piping (suction and liquid lines) will be connected between the two. The standard piping length
is 5 m and the maximum length of interconnecting piping does not normally exceed 20 m.

Figure 3: Typical installation example of ducted split DACS; condensing unit (left) and AHU (right)
Supply ducting is taken from the AHU and fed into the room(s) to be supplied. Sometimes there are return
ducts; otherwise the AHU return inlet is open to the room(s) via gaps in the closet envelope. Figure 4
illustrates the various installation combinations for ducted split systems.

DS(a)

DS(b)

DS(c)

DS(d)

DS(e)

Figure 4: Typical example of duct paths for the ducted split DACS
Rootop DACS are installed outside, against either at ground level or on a roof. Flow and return ducting is
installed from the unit to the room(s) to be served. Ducting may be singular or split off to multiple duct
outlets feeding one or more rooms. A return duct from the room(s) supplies air back into the DACS. Figure 5
gives a typical example for the installation of the DACS.
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Figure 5: Typical installation example of rooftop units
Examples of the ducting configurations for rooftop DACS are indicated in Figure 6.

R(a)

R(b)

R(c)

R(d)

R(e)

R(f)

Figure 6: Typical example of duct paths for the rooftop DACS
It is essential that all possible configurations are evaluated from a flammability safety perspective, such
that even the most vulnerable arrangements will not pose an adverse risk.

1.5 Technician and refrigerant handling practices
Human intervention in DACS is the most likely cause of accidents. Therefore it is essential to ensure that
the design of the DACS is such that technicians and others are given limited scope to interfere with the
safety features associated with the R2900 DACS. Moreover, it is critical that the national infrastructure is
prepared to minimise the possibility of untrained or non-competent technicians being involved with the
installation, servicing and decommissioning of R290 DACS.

2. Design and construction for explosion protection
2.1 Introduction
The design and construction of the DACS must be handled with due considerations to the general
approaches for explosion protection and thus minimisation of risk. There are several basic principles, as
identified in EN 1127-1, where the focus is on prevention of explosion (as opposed to reduction of
consequences). In principle, this requires:




Minimise the amount of flammable material
Avoid or reduce explosive atmospheres
Avoid all effective ignition sources

In practical terms, the following general approaches can be applied:





Substitution or reduction of amount of flammable refrigerant
Limitation of concentration of flammable refrigerant
Inerting the flammable refrigerant
Avoidance or reduction of releases of flammable refrigerant
9



Dilution of a release of flammable refrigerant by ventilation

Specific for the DACS, a combination of the appropriate approaches has been applied:












Ensuring leak tightness against leakage
Minimisation of refrigerant charge
Reduction of releasable mass of flammable refrigerant
Construction to limit the formation of flammable mixtures beyond the DACS
Housing construction to prevent persistent accumulation of release refrigerant
Use of airflow to disperse releases
Application of a control system to minimise the possibility of releases
Avoidance of potential sources of ignition
Designs to limit the severity of possible consequences
Specification of minimum room sizes
Provision of necessary marking, installation information and instructions

These items are described in the following sections and recommendations given for the appropriate
application of the measures to the DACS.

2.2 Leak tightness
2.2.1

General

Leak tightness is essential for risk reduction. A high level of leak tightness can be achieved through
compliance to the following:




Requirements for leak tightness testing in ISO 5149-2 clause 5.3.3 (plus 5.3.2 for strength test)
Ensuring the system is technically durably tight
Adopting additional design measures

Additional guidance is provided in Appendix B.
Throughout the development of the prototypes circuits and piping were examined and checked to ensure
so as to minimise their vulnerability to leakage. Final design models must be re-checked against the items
above to ensure that they still comply.

2.3 Refrigerant charge minimisation
Ordinarily AHU systems are not designed with much consideration to reduction of refrigerant charge. Since
under a fixed set of conditions a release of a smaller refrigerant charge presents a slower risk than the release
of a higher charge, there is significant appeal to minims charge size where possible.
Typical refrigerant charge distribution for an ACU is shown in Figure 7. This implies that most benefit for
change reduction can be gained from addressing the condenser. Although compressor can yield potential
charge reduction, it is reliant upon efforts of the compressor manufacturer. Evaporator can also be
approached, although significant effort is often needed to obtain marginally more than a negligible gain.
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compressor 13%

discharge line 1%
liquid line 2%
suction line 1%
evaporator 10%

condenser 73%

Figure 7: Typical refrigerant charge distribution in an air conditioning system
2.3.1

Condenser

Analysis of exiting condenser design was carried out. The primary modification is to reduce the tube size;
ideally from 9.5 mm diameter to about 5 mm, however, since this option is not available then a 7.9 mm
option has to be resorted to. Often changes to the condenser circuitry can offer additional opportunities for
charge reduction, although according to the current (single row) design, the options are limited. Appendix C
contains the condenser analysis and some proposals that may yield moderate benefits for charge reduction
(whilst improving or maintain system performance). In addition to the finned tube condenser, a parallel
prototype has been developed with a micro-channel condenser which also provides charge reduction.
2.3.2

Evaporator

To date, analysis and redesign of the evaporator coil has not taken place.
2.3.3

Compressor

Dedicated R290 compressors should be used within the DACS and appropriate models have been sourced
and integrated into the systems. R290 compressors have more appropriate electrical components, the
necessary marking and the requisite reliability/compatibility with R290.
2.3.4

Overall system

According to the trials to date, the refrigerant has been reduced from approximately 1300 – 1400 g R290 to
about 1000 g with the finned tube condenser in the ducted split and with the standard 5 m interconnecting
piping and 950 g with the microchannel condenser in the rooftop unit. Table 3 provides the current and
estimated charge sizes for the six models under consideration. Overall these correspond to a specific charge
of approximately 55 g/kW, which is relatively low compared to other direct AC products on the market.
Table 3: Models with R22 and anticipated R290 charge sizes
Model number
Nominal capacity
R22 charge
R290 charge
* Expected

EPAC-03610.5 kW
1300 g
*560 g

Rooftop
EPAC-04814 kW
1775 g
*760 g

EPAC-06017.5 kW
2210 g
950 g

CV03610.5 kW
1360 g
*600 g

Ducted split
CV04814 kW
1815 g
*800 g

CV06017.5 kW
2265 g
1000 g
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2.4 Releasable mass of refrigerant
2.4.1 General
For the 5TR DACS, the refrigerant charge is about 2500 g of R22, based on the unmodified R22 system design.
By employing R290 the refrigerant charge reduces to approximately 1000 g, based on initial measurements,
on account of the lower liquid and vapour densities and to some extent the higher latent heat.2
Coldroom
Evaporator

Expansion
valve

SOSV

Checkvalve
Condenser

Compressor
Condensing unit

Figure 8: Typical circuit arrangement
Ordinarily these systems do not use valves within the refrigerant circuit. However, it is proposed to use shut
off solenoid valve in the liquid line (LLSV) located in the outdoor part of the assembly. In addition, the
compressor used is a scroll type, which employs a non-return valve (NRV) in the discharge port. This has the
effect of preventing any refrigerant transferring back through the compressor to the low side of the system.
However, initial measurements found that this NRV was not actually tight and could thus allow migration of
the total charge into the evaporator side of the system. As a result a second dedicated and tight NRV has to
be fitted in the discharge line. The general circuit arrangement is shown in Figure 8. As discussed later (section
2.4¡Error! No se encuentra el origen de la referencia.) the inclusion of a SOSV helps minimise the amount of
refrigerant than can potentially be released from the evaporator; for instance, during off-mode only 10 –
40% of the charge may be released.
It is important to establish how much refrigerant will be released from the system in the event of a leak and
under different operating modes. An extensive series of tests was carried out and the findings are discussed
below.
2.4.2

Test objective

Of the various uncertainties associated with the flammability assessment of products, two of the more
critical issues are the quantities of refrigerant that could potentially be leaked under a given set of
conditions and the mass flow rate of that leak. Both of these parameters directly affect the refrigerant
concentrations in the event of a leak. Quantifying the amount of leaked refrigerant is particularly important
if the system may operate or shut-down according to different valve arrangements. The output from these
measurements helps choose refrigerant quantities and mass flow rates to be used for the leak simulation
concentration measurements. Additionally, they provide empirical data for inputs to the QRA.

2

As part of the development process, measures to further reduce the refrigerant charge should be applied, such as
reducing the condenser tube diameter, for example, to 5 mm.
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2.4.3

Test conditions and variables

The two types systems – ducted split and rooftop – have similar operating functions; however, their
geometries – such as heat exchanger dimensions, piping lengths and positioning of components around the
circuit – may differ. As such, there is a need to carry out tests on both types of equipment to ensure that
such variations are captured.
It is also important to identify the various operating modes under which a leak could ordinarily occur. This
requires consideration of the transient operation of the system, i.e., including how the controls respond to
a leak. Results of the tests also then help identify the most preferable controller settings to minimise
releasable mass and leak rates to minimise risk.
Figure 9 shows the various operating steps for three possible system configurations and the states under
which a leak may be considered to occur. The control steps (such as “thermostat cold”, “solenoid valve
closes”, “low pressure switches”, etc.) are usually part of a transient sequences that occurs over a few
seconds and is therefore neglected when evaluating leaks since they represent a miniscule fraction of the
likely leak duration. In the event that a compressor re-starts (state on(ii)), a secondary leak scenario should
be considered as a leak may continue for certain configurations, such as where refrigerant had previously
been trapped elsewhere in the system.

State on(i)

Configuration A

Configuration B

Configuration C

Compressor on

Compressor on

Compressor on

T’stat cold

T’stat cold

T’stat cold

SV closes

SV closes

Leak
initiated

LP switches

State off(i)

State on(ii)

Compressor off

Compressor off

Compressor off

T’stat warm

T’stat warm

T’stat warm

SV opens

SV opens

Compressor on

Compressor on

Compressor on

Leak
initiated

Leak
continuing

Figure 9: Operating states for different system configurations
According to Figure 9, Table 4 qualifies the likely proportion of the total system charge that is expected to
leak from the high or low sides of the system under a given operating state for each configuration.
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Table 4: Proportion of system charge likely to be released
Op. state
On(i)

Off(i)

On(ii)

Leak position

Configuration A

Configuration B

Configuration C(a)

Configuration C(b)

Low side

Majority

Majority

Majority

Majority

High side

Majority

Majority

Majority

Majority

Low side

Majority

Less than half

Residual

Residual

High side

Majority

More than half

Near-majority

Near-majority

Low side

Residual

More than half

Near-majority

Near-majority

High side

Residual

Less than half

Residual

Residual

* Note: Configuration C(a) is with a the use of an effective non-return (check) valve within the compressor or
discharge line.

Based on the different scenarios in Table 4, several specific test conditions were identified and used for the
measurements. It is noted that certain conditions were not tested, since others will adequately mimic
them, or that the test would not yield useful data (such as where residual amount are assumed). Also for
the high side release when the compressor is on, since the result in known from consistent experience and
is nevertheless of minor importance since the condenser fan will be operating anyway.
2.4.4

Methodology and arrangement

The following apparatus was used for the measurements:






Ducted air conditioners (a ducted split and rooftop type)
2.5 mm diameter (4.9 mm2) leak orifice
Electronic pressure transducers
Electronic balance
Sealed collection bags

An example arrangement is shown in Figure 10.

Figure 10: Photograph of test arrangement, where refrigerant hose is connected from leak position and fed
into collection bag for measuring once test is finished
Tests were carried out following the procedure:






Attaching short, wide-bore hoses to chosen leak positions with the leak hole orifice at the end
Feeding the outlet of the release orifice to inside a sealed collection bag
Operate the system for at least 30 minutes so that reasonably steady conditions are achieved
Adjust system operation to achieve the desired operating state and/or function
Open valve to initiate simulated leak
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It is noted that there are some inherent uncertainties associated with this set-up, specifically when
determining mass flow of the release:



Pressure losses through the refrigerant hose reduces mass flow more than what would be experienced
with the stated orifice only, so a correction is integrated (to the determination of mass flux).
Positioning of the low side leak source was different from those preferred, i.e., the suction tube rather
than the preferred evaporator inlet.

High side leak was from the liquid tube, which represents the most severe case.
All test conditions and results are listed in Table 7.
2.4.5

Preliminary results

Overall, 23 preliminary measurements were carried out over 18 tests. Tests #1 and #2 are not included in
the analysis due to errors at set-up. Preliminary tests were with the prototype that used the original R22
compressor, albeit with the remaining part of the refrigerant circuit designed for R290.
The two main reasons for carrying out these tests is to determine the releasable charge under a given set of
conditions and subsequently to obtain a mass flow rate for leaks of a certain size.
From the system pressure data generated during the measurements, two distinctive slopes can be seen.
The first is somewhat flatter than the second, which indicates the presence of liquid refrigerant boiling off;
thereafter the relatively rapid decline in pressure is due to the remaining vapour exiting the system. The
division between the two stages is inferred by the inflexion point. Figure 11 identifies these leak durations
and the transition between boiling (two-phase) and vapour only. Since the leak rate during the “boiling”
stage will be higher due to the higher pressure and usually the presence of liquid droplets, it may be
considered to represent the more relevant leak rate. The vapour only stage occurs at lower pressures and
lower vapour densities and is thus considered less critical. Accordingly, two leak rates and mass fluxes will
be identified based on the available data.

Figure 11: Identification of total leak duration and leak duration whilst “boiling” occurs
Low side leak, compressor off only
Description: System is operated, the compressor terminated and then leak initiated from the low side.
(Measurements: none.)
Low side leak, shut-down (internal NRV only)
Description: System is operated, the compressor terminated and LLSV closed (simultaneously) and then
leak initiated from the low side. Only the compressor internal non-return valve is used. Examples are
shown in Figure 12 and Figure 13. (Measurements: test #3, test #5.)
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Figure 12: Pressure variation during test no. 3;
compressor off, leak from low side (note: the “blip”
indicated by green circle was use to accidental closing
of leak valve)

Figure 13: Pressure variation during test no. 5;
compressor switched off, leak from low side

Low side leak, shut-down (additional tight NRV)
Description: System is operated, the compressor terminated and LLSV closed (simultaneously) and then
leak initiated from the low side. An additional discharge line non-return valve is used. An example is shown
in Figure 14. (Measurements: test #7.)

Figure 14: Pressure variation during test no. 7; compressor switched off, leak from low side
Low side leak, compressor on, LP switch terminates compressor
Description: System is operated and leak is initiated from the low side, the LP switch terminates
compressor and leak is continued. Example results are shown in Figure 15, Figure 16, Figure 17 and Figure
18. (Measurements: test #13+14, test #15a+15b.)

Figure 15: Pressure variation during test no. 13; leak
from low side, LP switch terminates compressor

Figure 16: Pressure variation during test no. 14;
(following test no. 13, where LP switch terminated
compressor) leak continues from low side
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Figure 17: Pressure variation during test no. 15a;
compressor on, leak from low side, LP switch
terminates compressor

Figure 18: Pressure variation during test no. 15b;
(following test no. 15a, where LP switch terminated
compressor) leak continues from low side

Low side leak, compressor on, LP switch terminates, closes LLSV
Description: System is operated and leak is initiated from the low side, the LP switch terminates
compressor and closes the LLSV. An example is shown in Figure 19. (Measurements: test #11.)

Figure 19: Pressure variation during test no. 11; leak from low side, LP switch terminates compressor and LLSV
closes
Low side leak, pump-down
Description: System is operated and then LLSV is closed, the LP switch terminates compressor and then a
leak is initiated from the low side. Example results are shown in Figure 20, Figure 21, Figure 22 and Figure
23. (Measurements: test #9a, test #9b, test #9c, test #17a, test #17b, test #17c.)

Figure 20: Pressure variation during test no. 9a; LLSV Figure 21: Pressure variation during test no. 9c; LLSV
closes, pump-down, LP switch terminates compressor, closes, pump-down, LP switch terminates compressor,
leak from low side (ducted split)
leak from low side (ducted split)
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Figure 22: Pressure variation during test no. 17a; LLSV Figure 23: Pressure variation during test no. 17c; LLSV
closes, pump-down, LP switch terminates compressor, closes, pump-down, LP switch terminates compressor,
leak from low side (rooftop unit)
leak from low side (rooftop unit)
High side leak, compressor off
Description: System is operated and then LLSV is closed for one of several reasons and then a leak is
initiated from the high side. Example results are shown in Figure 24, Figure 25 and Figure 26.
(Measurements: test #9a, test #9b, test #9c, test #17a, test #17b, test #17c.)

Figure 24: Pressure variation during test no. 6;
compressor off, leak from high side (with partial
charge)

Figure 25: Pressure variation during test no. 8;
compressor off, leak from high side (with partial
charge)

Figure 26: Pressure variation during test no. 18; compressor off, leak from high side (note: the “blip” indicated
by green circle was use to accidental closing of leak valve)
Compressor oil de-gassing
Following several tests, it was observed that after the internal pressures reached atmospheric and the leak
orifice was closed, there proceeded to be a gradual increase in system pressure; see Figure 27 and Figure
28. This was determined to be due to dissolved oil degassing out of the compressor oil. This is usually
apparent with oils intended for use with R22 due to their much higher solubility with R290. Across the
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various tests, the rate of de-gassing was found to be about 2 g/min over the first five minutes and about 1
g/min over 20 minutes.

Figure 27: Pressure variation following during test no. Figure 28: Pressure variation following during test no.
7 due to compressor oil de-gassing
18 due to compressor oil de-gassing
2.4.6

Secondary results

General
Additional 15 measurements were carried out with the prototypes including R290 compressors. These tests
were primarily focussed on “pump-down” and “shut-down” conditions and should provide the actual
releasable refrigerant amounts for the developed (“5TR”) models. Three measurements were carried out
for both ducted split and rooftop models, each for the pump-down and shut-down cases.
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Figure 29: Example pressure variation, calculated
mass flow and cumulative released mass for ducted
split model with pump-down (test no. 24)
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Low side leak, shut-down
Description: System is operated, the compressor terminated and LLSV closed (simultaneously) and then
leak initiated from the low side. An additional (tight) discharge line non-return valve is used. Example
results are shown in Figure 29 and Figure 30. (Measurements with ducted split: test #22, test #23, test #24,
measurements with rooftop: test #27, test #29, test #31.)
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Figure 30: Example pressure variation, calculated
mass flow and cumulative released mass for rooftop
model with pump-down (test no. 31)

Low side leak, pump-down
Description: System is operated, the LLSV is closed and the low pressure switch terminates the compressor
and then a leak is initiated from the low side. An additional discharge line non-return valve is used. Example
results are shown in Figure 31 and Figure 32. (Measurements with ducted split: test #19, test #20, test #21,
measurements with rooftop: test #26, test #28, test #30.)
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Figure 31: Example pressure variation, calculated
mass flow and cumulative released mass for ducted
split model with pump-down (test no. 20)
2.4.7
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Figure 32: Example pressure variation, calculated
mass flow and cumulative released mass for rooftop
model with pump-down (test no. 30)

Final remarks

Based on the compilation of results given in Table 7, the average values for released masses (and as a
proportion of the charged amount) are provided in Table 5. In general, the following observations can be
made:





The use of pump-down cycle is most effective in retaining refrigerant in the system in the event of a
leak from the low side;
Relying on a LLSV only but without pump-down when compressor terminates in 3 – 4 times as much
charge being released (than with pump-down);
Relying on LP switch to close down system and prevent more refrigerant from leaking is not particularly
effective, since more than half the charge will be released;
Leak from the high side will result in almost all charge being released (outside).

In addition, consideration should be given to residual release of refrigerant from compressor oil, although
the amount that may be released is minimal.
Table 5: Averaged release masses for different leak conditions*

Shut-down (compr NRV only)  low side leak

420

As proportion of
charge
40%

Shut-down (additional tight NRV) low side leak (ducted)

350

35%

Shut-down (additional tight NRV) low side leak (rooftop)

300

30%

Low side leak, LP switch  compressor terminates
Low side leak, LP switch  shut-down
Pump-down  low side leak

540
540
90

65%
50%
10%

Compressor off  high side leak

990

90%

Condition

Released mass (g)

Compressor oil de-gassing
20
* Differences in the proportion of charge and actual mass are due to variations in charged amounts

2%

Similarly, the results from Table 7 were also averaged for mass flow rates and detailed in Table 6. In
general, the following observations can be made:


Wherever a LLSV is used to limit the amount of refrigerant that may be released, average leak rates
tend to be lower, with mass fluxes in the order of 15 – 25 g/min per mm2;
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Leak rates from the low side are approximately double when there is no closed LLSV, which is due to
the driving force of the refrigerant migrating from the high pressure side of the system;
Releases from the high pressure side result in average leak rates two to five times higher than those
from the low side, largely due to the higher pressure and the greater quantity of refrigerant held
locally;
Mass flow rates for the boiling stage when the compressor is off are generally one and a half to two
times the average mass flow, which is expected due to the higher pressure during that stage and
occasional liquid droplets;
When a leak occurs whilst the compressor is on, the boiling stage mass flow is almost the same as the
average mass flow since the low pressure side is continually replenished with liquid for the majority of
the leak period;
For leaks from the low side following pump-down, there is a negligible boiling stage due to the prior
removal of most of the refrigerant;

In addition, release rate of refrigerant from compressor oil is minuscule by comparison to the other
conditions.
Table 6: Averaged mass flow rates and mass fluxes for different leak conditions
average mass av mass flux
flow (g/min) (g/min/mm2)

Condition

mass flow
(boiling)
(g/min)

mass flux
(boiling)
(g/min/mm2)

Shut-down (compr NRV only)  low side leak

65

20

140

40

Shut-down (add. tight NRV) low side leak (ducted)

120

25

230

45

Shut-down (add. tight NRV) low side leak (rooftop)

80

15

140

30

Low side leak, LP switch  compressor terminates

130

40

165

50

Low side leak, LP switch  shut-down

45

15

50

15

Pump-down  low side leak

60

15

n/a

n/a

Compressor off  high side leak

240

70

340

100

Compressor oil de-gassing

1.5

0.5

n/a

n/a

Averaged release mass fluxes from the various tests have been plotted against the released mass in Figure
33 and Figure 34 for low pressure and high pressure releases, respectively; results from compressor on
conditions have not been included. The approximate correlation between the two parameters is due to a
larger available mass of refrigerant within the leaking part of the system provides greater sustained back
pressure for maintaining a higher release rate. Mass flux during the boiling phase, however, seems to
remain fairly constant which is likely due to the contribution of residual heat from the compressor and
condenser materials.
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Figure 33: Variation in average mass flux according to Figure 34: Variation in average mass flux according to
mass of refrigerant released from the low side of the mass of refrigerant released from the high side of the
system
system
These released masses and mass flow rates may be used within the main study to identify the most
appropriate control strategies and to estimate leak rates and release masses for leak simulation tests and
quantification of flammable volumes for risk assessment.
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Table 7: Summary of leak amount tests conditions and results
Test
no

Unit

Location

Mode

Charged (g)

Leaked
mass (g)

Total leak
mass (g)

Leaked
fraction of
charge (%)

Average leak
rate (g/min)

Av leak mass
flux
(g/m/mm2)

Leak rate
(boiling)
(g/min)

Leak mass
flux (boiling)
(g/m/mm2)

86

25

186

54

184

53

344

99

43

12

87

25

182

53

305

88

82

24

156

45

190

55

321

93

31

9

n/a

n/a

34

10

n/a

n/a

33

9

n/a

n/a

231

67

371

107

44

13

47

14

141

41

328

95

189

55

184

53

126

36

203

59

134

39

130

38

81

23

142

41

3

Duct split low side

On --> off; LLSV closed

1009

395

4

Duct split high side

Off; remaining

1009

540

5

Duct split low side

On --> off; LLSV closed

1050

434

6

Duct split high side

Off; remaining

1050

522

7

Duct split low side

On --> off; LLSV closed + DNRV

1043

327

8

Duct split high side

Off; remaining

1043

554

9a

Duct split low side

On; pump-down

1035

40

9b

Duct split low side

On; pump-down

1035

54

9c

Duct split low side

On; pump-down

1035

51

10

Duct split high side

Off; remaining

1035

767

11

Duct split low side

Compr on; LPS --> off

1035

537

12

Duct split high side

Off; remaining

1035

295

13

Duct split low side

Compr on; LPS --> off

1120

522

14

Duct split high side

Off; remaining

1120

554

15a

Duct split low side

Compr on; LPS --> off

1120

557

15b

Duct split low side

Off

1120

114

16

Duct split high side

Off; remaining

1120

324

145

42

315

91

17a

Duct split low side

On; pump-down

1400*

236

54

16

n/a

n/a

17b

Duct split low side

On; pump-down

1400*

142

49

14

n/a

n/a

17c

Duct split low side

On; pump-down

1400*

97

60

17

n/a

n/a

18

Duct split high side

Off; remaining

1400*

892

212

61

304

88

19

Duct split low side

On; pump-down

880

80

63

13

n/a

n/a

934

93%

957

91%

880

84%

912

88%

832

80%

1076

96%

994

1366

80

89%

98%

9%
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Test
no

Unit

Location

Mode

Charged (g)

Leaked
mass (g)

Total leak
mass (g)

Leaked
fraction of
charge (%)

Average leak
rate (g/min)

Av leak mass
flux
(g/m/mm2)

Leak rate
(boiling)
(g/min)

Leak mass
flux (boiling)
(g/m/mm2)

20

Duct split low side

On; pump-down

880

83

83

9%

66

13

n/a

n/a

21

Duct split low side

On; pump-down

880

77

77

9%

61

12

n/a

n/a

22

Duct split low side

On; shut-down

880

273

273

31%

115

23

237

48

23

Duct split low side

On; shut-down

880

349

349

40%

125

25

218

45

24

Duct split low side

On; shut-down

1010

352

352

35%

126

26

236

48

25

Duct split low side

On; pump-down

1010

68

68

7%

51

10

n/a

n/a

26

Rooftop

low side

On; pump-down

1100

88

88

8%

69

14

n/a

n/a

27

Rooftop

low side

On; shut-down

1100

278

278

25%

83

17

122

25

28

Rooftop

low side

On; pump-down

1100

51

51

5%

40

8

n/a

n/a

29

Rooftop

low side

On; shut-down

1100

295

295

27%

80

16

145

30

30

Rooftop

low side

On; pump-down

1100

60

60

5%

31

6

n/a

n/a

31

Rooftop

high side

On; shut-down

1100

284

284

26%

83

17

157

32

* System overcharged; released quantities deemed to be higher than if the system was correctly charged.
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2.5 Characterisation and avoidance of flammable concentrations
2.5.1

General

A release of refrigerant from either the internal or external parts of the DACS can form flammable mixtures.
Ventilation, particularly mechanical ventilation is known to provide risk reduction by assisting in the
dispersion of a leak of flammable refrigerant by increasing the rate of entrainment and thus diluting the
mixture to below the flammable limit moiré rapidly. DACS ordinarily uses mechanical ventilation both for the
evaporator and condenser. The characteristics of the airflow are given in Table 8. The airflow provided by
the system can be used to provide additional protection against ignition risk by means of dispersing leaked
refrigerant to below the LFL.
Table 8: ACU airflow characteristics
Condition
Type

Availability

Centralised

Packaged

Unit capacity
Volume flow rate (m3/h)
Discharge area (m2)
Discharge velocity (m/s)
Volume flow rate (m3/h)
Discharge area (m2)
Discharge velocity (m/s)

Evaporator fan
Only during compressor
operation
2TR
3TR
5TR
1360
2040
3400
0.0369 0.0636 0.0732
10.24
8.91
12.90
1360
2040
3400
0.0369 0.0636 0.0732
10.24
8.91
12.90

Condenser fan
Only during compressor
operation
2TR
3TR
5TR
1738
2439
2836
0.1885 0.2206 0.2642
2.56
3.07
2.98
1738
2439
2836
0.1885 0.2206 0.2642
2.56
3.07
2.98

In general, it is essential to know the circumstances under which flammable concentrations could arise in the
event of a refrigerant leak. To this end, a series of tests were carried out in order to measure R290
concentrations at various positions within the AC equipment, ducting and the rooms served by the AC
equipment. Based on the results and analysis of these tests, potentially unsafe situations can be identified
and the effectiveness of risk-reducing measures. Furthermore, such measures can also be tested.
2.5.2

Test conditions and variables

Possible formation of flammable mixtures across various elements of the DACS installation requires
examination of the locations identified in Table 9.
Table 9: Locations for examination of concentration development
Concentration development
Within AHU enclosure
Within indoor AHU
Within outdoor unit
Surrounding outdoor unit
Surrounding indoor unit
Within ducting system
At duct outlets
At return duct inlet
Within conditioned space

Ducted split
×
×
×
×
×
×
×
×

Rooftop
×
×
×
×
×
×
×

In addition, it is necessary to consider the applicable operating modes, as identified in Table 10.
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Table 10: Overview of possible operating modes
Compressor mode Airflow outside

Airflow inside

Static condition

On

Condenser fan on

Blower on

n/a

Off

Condenser fan off

Blower off

Basic circuit
LLSV closed
Pumped-down

Response to leak
LP switch terminate compr
LP switch terminate compr, close LLSV
Pump-down cycle
None

Considering the type of AC equipment under evaluation, the variety of different ducting arrangements
must be accounted for when carrying out measurements. A summary of the various possible generic
arrangements are shown in Figure 35 for rooftop units and Figure 36 for ducted split units.
Overall, more than 70 tests were carried out.

R(a)

R(b)

R(c)

R(d)

R(e)

R(f)

Figure 35: Combinations of flow and return ducting for rooftop (R) units, which are at elevated (top row) or at
ground level (bottom row) positions

DS(a)

DS(b)

DS(c)

DS(d)

DS(e)

Figure 36: Combinations of flow and return ducting for ducted split (DS) units, which have air handling unit in
separate space (top row) or in adjoining closet space (bottom row)
2.5.3

Methodology and arrangement

The following apparatus was used for the measurements:
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Ducted air conditioners (a ducted split and rooftop type) with ducting fitted, where required
Various sized leak hole (to suit specific leak conditions)
R290 cylinder and hoses
Electronic balance
Electronic flow meter
Gas analysers with data logging

Example arrangements are shown in Figure 10

Figure 37: Photographs of example test arrangements
Photographs of the ducted split unit and rooftop units are shown in Figure 38.

Figure 38: Photographs of models used for testing; ducted split (left and centre) and rooftop unit (right)
Tests were carried out following the procedure:






Set up room and equipment in desired manner, including placement of gas sensors at appropriate
locations
Ensure all unintended sources of ventilation are eliminated
Initiate release of refrigerant from cylinder at desired flow rate
Terminate flow once released mass has been achieved
Wait for necessary duration until end of test period

2.5.4

Results

General
As mentioned above, the two main reasons for carrying out these tests is to determine the releasable
charge under a given set of conditions and subsequently to obtain a mass flow rate for leaks of a certain
size.
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AHU enclosure
Leaks were simulated within the AHU enclosure of both the rooftop and ducted split units. Figure 39 and
Figure 40 show the release points within the ducted split AHU enclosure and the positioning of the two
sampling points in Figure 41 and Figure 42.

Figure 39: Leak position 1 within ducted split AHU

Figure 40: Leak position 2 within ducted split AHU

Figure 41: Sampling location #3 within ducted split
AHU

Figure 42: Sampling location #2 within ducted split
AHU

Concentrations within the ducted split AHU enclosure are shown in Figure 43 and Figure 44 for the two leak
positions. In both cases the results are similar, where there is a rapid increase in local concentration and
this soon transitions to a gradual rise as some of the mixtures falls out of the base of the AHU. Within
seconds of the leak stopping both sampling points fall towards zero. As would be expected, concentrations
at the base are higher than at the top of the enclosure. Importantly, with this leak size, the concentration
easily exceeds the LFL, demonstrating that the entire internal space is potentially flammable. Even with a
fraction of the charge, the concentration would still exceed LFL.

Figure 43: Leak position 1, 220 g, 50 g/min

Figure 44: Leak position 2, 220 g, 50 g/min
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With the blower on, the measured concentrations were negligible. Even with a release of 530 g at 135
g/min and the blower on “low” setting, the concentrations were below 0.005 g/m3 (on account that the
sensors did not return a value). Dividing release mass flow rate by the blower volume flow infers an
average concentration of 0.003 kg/m3 – about 7% of the LFL of R290.
Figure 45 and Figure 46 show the release points within the rooftop AHU enclosure and the positioning of
the two sampling points in Figure 47.

Figure 45: Leak position 1 within rooftop AHU

Figure 46: Leak position 2 within rooftop AHU

Figure 47: Sampling location #2 (base) and #3 (top) within rooftop AHU
Concentrations within the rooftop AHU enclosure are shown in Figure 48 and Figure 49 for the two leak
positions. In both cases the results are similar, where there is an initial rapid increase in local concentration
and these then transition to a fairly steady value with further addition of refrigerant as the mixture
migrates from the openings within the AHU envelope. Within seconds of the leak stopping both sampling
points fall towards zero. As would be expected, concentrations at the base are higher than at the top of the
enclosure. Importantly, with this leak size, the concentration easily exceeds the LFL, demonstrating that the
entire internal space is potentially flammable. Even with a fraction of the charge, the concentration would
still exceed LFL.
Compared to the case of the ducted split AHU enclosure in Figure 43 and Figure 44, the behaviour is slightly
different. Firstly the initial jump in concentration is substantially higher with the rooftop AHU, which is
likely due to a smaller internal volume. (The fact that a larger mass is used in the rooftop tests is not
important since it does not affect in initial values.) Secondly, whereas with the ducted split AHU
concentration preceded to increase gradually over time, those within the AHU reach an equilibrium within
a couple minutes into the release. This is due to differences in the size of openings through which the
mixture can flow out; whilst the rooftop AHU has a smaller internal volume, the gaps are larger (relative to,
for example, the internal volume) thus enabling a higher rate of outflow.
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Figure 48: Leak position 1, 380 g, 50 g/min

Figure 49: Leak position 2, 380 g, 50 g/min

As with the ducted split AHU, with the blower on the measured concentrations were negligible. Using a
release of 350 g at 230 g/min and the blower on “low” setting, the concentrations were below 0.005 g/m 3
(on account that the sensors did not return a value). Dividing release mass flow rate by the blower volume
flow infers an average concentration of just under 0.005 kg/m3 – about 12% of the LFL of R290.
Condensing unit enclosure
Leaks were simulated within the condensing unit enclosure of the rooftop unit. Since the dimensions and
geometry of the rooftop and ducted split condensing units were almost identical, it was deemed sufficient
to carry out tests on the rooftop condensing unit compartment only.
Figure 50 and Figure 51 show the release points within the condensing unit enclosure (red circles) and the
positioning of two of the three sampling locations (yellow circles). A third location was on top of the
condenser fan motor.

Figure 50: Selected release and sampling points

Figure 51: Selected release and sampling points

Concentrations within the rooftop condensing unit enclosure are shown in Figure 52 and Figure 53 for the
two leak positions. As with the releases inside the rooftop AHU enclosure, there is an initial rapid increase
in local concentration and these then transition to a relatively steady value as further refrigerant is
released, although only at the lower sampling location. Despite the mass flow being 2.5 times greater than
the AHU tests, this concentration equilibrium occurs, which is on account of the considerably larger free
area in the housing, i.e., between condenser fins and the fan housing. The sampling locations towards the
top of the enclosure are rather erratic and relatively low, due to rapid ingress of fresh air. Whilst at the
base the concentrations exceed LFL, those at the top are comfortably lower than LFL.
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Figure 52: Leak position [discharge pipe], 1000 g, 150
g/min

Figure 53: Leak position [liquid line], 1000 g, 150
g/min

Ducting
Concentrations within supply ducting is a precursor to the concentrations developing within the room9s)
being supplied.
Several cases were evaluated, as shown in Table 11.
Table 11: Overview of different ducting arrangements tested
Duct type

Flow
Supply

Main
Return

Direction
Rising
Horizontal
Rising
Rising

Branch (outlets)

Supply

Horizontal

Airflow
On
On
Off
Off  On
On
Off
On
On
Off
Off  On

Reference
D1
D2
D3
D4
D5
D6
D7
D8
D9

D1: Main supply duct rising with airflow
Sensors were arranged in a 3 × 3 matrix across the duct cross-section, as shown in Figure 54. Sampling
location is 1.0 m along the duct and 1.5 m after the leak point.
Several tests were carried out, where different release rates were used with a low and high airflow setting.
Since the duct is rising, testing without airflow is irrelevant since the release will not flow upwards.
Figure 55 illustrates how the concentration at the various sampling points varies over time as the release
proceeds.3

3

When carrying out these tests it was not expected that good mixing would occur, as is seen in these results. As such
all measurements are rather close to the lower end of the gas analysers’ range; this is indicated by the poor resolution
of the values seen in Figure 55. For this reason the data described for these measurements should be regarded as
having a relatively wide uncertainty.
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Figure 54: Sampling matric for main duct

Figure 55: Example time-concentration data

The following graphs show the plane distribution at a time moments before cessation of the leak, minus
the concentration entering the AHU (to help normalise the results for different release amounts). Figure 61
and Figure 62 are for “low” and “high” airflow settings, respectively with medium leak rate. Figure 63 and
Figure 64 are for “low” and “high” airflow settings, respectively with high leak rate.

Figure 56: Low airflow (0.8 m3/s), medium leak rate
(90 g/min)

Figure 57: High airflow (0.95 m3/s), medium leak rate
(80 g/min)

Across all tests, the distribution of leaked refrigerant may be considered as fairly even (compared to cases
without airflow, for example). There is no obvious pattern seen in these figures, except a possible tendency
for higher concentrations on the right side (horizontal +0.3 m) which corresponds to the release location.
Nonetheless, this relatively even distribution of refrigerant in the airflow is a helpful observation since it
infers that maldistribution of leaked refrigerants through branch ducts is highly unlikely and thus negates
the need for potentially complicated treatment of evaluating charge size limits for individually served
rooms.

Figure 58: Low airflow (0.8 m/3s), high leak rate (135
g/min)

Figure 59: High airflow (0.95 m3/s), high leak rate
(155 g/min)
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Maximum variation of local concentrations across all sampling points (at a given time) – referred to as
“concentration span” – has been plotted against the theoretical average concertation within the airflow
(release mass flow divided by airflow volume flow rate). Figure 60 shows a tendency for a wider span with
increasing theoretical average concertation, irrespective of airflow rate. This trend can be used to
approximate potential maldistribution occurrences with greater leak rates or lower airflows. Extrapolating
to a theoretical average concertation of 50% LFL suggests a possible span of between 3 g/m3 and 12 g/m3
(depending upon the function). Even in the most pessimistic case, this would suggest that with a theoretical
average concentration of 50% LFL, localised maximum values would unlikely exceed 25 g/m3 or 66% LFL. A
longer duct length (as would be expected in real installations) would assist with developing a more
homogenous mixture; this is indicated by the additional data point “horiz” which was taken from the test
with a 5 m horizontal duct).

Figure 60: Relationship between theoretical average concentration within the duct and maximum
concentration span across the sampling matrix
D2: Main supply duct horizontal with airflow
A single duct was run horizontally from the rooftop unit, ordinarily with four branches. Three of the
branches were closed off so as to mimic a single main duct. Sampling points were positioned across the end
in a 2 × 4 matrix, as shown in Figure 61.
Concentration distribution prior to the cessation of the release is given in Figure 62. As with the rising duct,
refrigerant is distributed fairly evenly across the horizontal duct. Plotting resulting span onto the graph in
Figure 60 shows that the heterogeneity is much less that for the other cases; this is likely due to the longer
distance (and higher mean flow velocity) between the release and the measurement, allowing better
mixing to occur.

Figure 61: Sampling matric for horizontal main duct

Figure 62: Low airflow (0.80 m3/s), high leak rate (120
g/min)

D3: Main supply duct horizontal without airflow
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The same arrangement as with the horizontal main duct in D2 (see Figure 61) was used to examine
concentrations arising from a release without the blower operating.
Figure 63 and Figure 64 show local concentrations across the matrix with a 50 g/min and 120 g/min release,
respectively, four minutes into the release (averaged over 30 seconds). Measured values are vastly
different from the case with airflow (Figure 62) where concentrations at the lower half of the duct are
around 10 to 20 times higher than in the upper half. This suggests that the refrigerant is flowing along the
duct as a stratified layer (for example, how one may expect a liquid to flow along a conduit), as opposed to
filling the entire cross-section. Another observation is that the local concentrations are similar for both
(unventilated) cases, despite one arising from three times the release rate as the other; whilst sampling
matrix is too course to draw any definite conclusions, this observation suggests that the higher leak rate
only causes primarily a higher flow velocity rather than larger flammable volume within the duct.

Figure 63: No airflow, medium leak rate (50 g/min), 4
minutes (200 g) into the leak

Figure 64: No airflow, high leak rate (120 g/min), 4
minutes (500 g) into the leak

At the same time, the concentrations close to the duct connection of the AHU enclosure were about 300
g/m3 (for both cases), suggesting a dilution ratio in the order of 1.5 per metre of horizontal ducting. This
this is a simple approximation derived from a single configuration, it helps provide an indication as to the
minimum duct lengths necessary if a flammable concentration at the duct outlet is to be avoided.
Further to this, since these a flammable concentration has been found to occur within an unventilated
duct, it is useful to identify the potential extent of that flammable region following its decent from an
outlet. To this end, sensors were also placed on a surface 0.45 m below the base of the duct outlet;
resulting data for the two cases above are shown in Figure 65 and Figure 66. Blue lines are two local
concentrations at the lower part of the duct outlet and red lines are at 0.45 m directly below the outlet.
Whist for the 120 g/min release the concentrations below the duct outlet are marginally higher than those
for the 50 g/min release, all concentrations are well below the LFL.

Figure 65: Concentrations at half metre below duct
outlet for 350 g released at 50 g/min release within
rooftop unit

Figure 66: Concentrations at half metre below duct
outlet for 350 g released at 120 g/min release within
rooftop unit
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Further insight into the extent of the potentially flammable mixture arising from it pouring from a duct
outlet was gained by calibrating a simple plume dilution model against these results. Figure 67 shows the
expected trend in centreline concentration with respect to distance below the duct outlet (assuming an
infinitely sized room within which preceding gas release is evenly mixed). The mixture dilutes to below LFL
at about 0.2 m below the outlet and at 1 m below is well below 20% of LFL. Usually, ceiling ducts are no less
than 0.5 m above “head height” so it is highly unlikely that a flammable concentration from a duct outlet
would reach an occupant.

Figure 67: Result of plume model showing diminishing centreline concentration below duct outlet
D4: Main supply duct horizontal with airflow initiated after leak
Consideration of the prior cases of distribution of R290 through a main duct was based on a steady flow
release source (be the blower on or off). However, a third scenario may occur, where a leak develops whilst
the blower is off and at some point the blower is switched on; the consequence is that the entire
accumulated refrigerant will then be blown through the entire ducting system almost instantaneously. (This
situation may be analogous to a leak involving the majority of the system charge within a few seconds.) To
mimic this scenario a fixed quantity of R290 was released into the AHU, but to minimise migration of
refrigerant the return air duct was closed, until the instant that the blower was started.
An illustration of the effect is seen in Figure 65. Concentrations at the lower part of the duct outlet are blue
lines, upper part are green lines and red lines are sampling points 0.5 m below the duct outlet. With
seconds of switching on the blower, all concentrations at the duct outlet (except one at the near top side of
the matrix) jump immediately to above LFL (and beyond the operating range of the sensor – indicated by
the flat lines). At the same time, the concentration at the position 0.5 m below the duct decline to near
zero and the concentration within the AHU also drops rapidly as all the release refrigerant is exhausted
from the enclosure. Implication is a transient guff of flammable mixture being discharged laterally from the
duct outlet. It is important to characterise this volume of potentially flammable mixture, in terms of its size
and its throw.
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Figure 68: Concentrations at various sampling points upon initiation of blower after a release of 350 g at 50
g/min (Flat lines indicate concentration exceeded limit of sensor)
A matrix of sampling points was arranged for successive tests about the main duct outlet, to a distance
extending to around 1.5 m in the direction of airflow and about 0.5 m perpendicular to the discharge
centreline. Examples of the arrangement are shown in Figure 69. Successive tests were repeated where
1000 g of R290 was released at about 130 g/min into the rooftop unit AHU (with return duct blocked) and
the blower then started.

Figure 69: Arrangement of sampling points to determine extent of flammable mixture exhausted from the
single duct outlet
Values of the maximum concentration at any one sampling point during a test were isolated and plotted
against the linear distance from the duct outlet.
Figure 70 provides the values for sampling points positioned at lateral widths from the normal discharged
airflow centreline. These results suggest that a flammable mixture exists only somewhere within about a
0.4 m band about some (revised) centreline, i.e., ±0.2 m. Furthermore, the throw of the flammable mixture
does not seem to extend any further than about 1 m beyond the outlet. Figure 71 presents’ further data
but with the furthest sampling points at 0.35 m above and below the normal discharged airflow centreline
(i.e., at 0.7 m the sampling points are about 0.2 m above and below). As would be expected, higher
concentrations can be seen below the centreline than above, due to the negative buoyancy of the mixture.
Although above the normal centreline a flammable mixture appears not to be present beyond about 0.5 m
in the discharge direction and 0.15 m above the centreline, concentration at about LFL are still present 1.2
m in the discharge direction at a distance of about 0.3 m below the normal centreline.

Figure 70: Maximum concentrations* of R290
following a 130 g/min release of 1000g at sampling
points positioned at various lateral distances from
discharge centreline

Figure 71: Maximum concentrations* of R290
following a 130 g/min release of 1000g at sampling
points positioned at various vertical distances from
discharge centreline

*Actual values likely to be up to 1½ times higher because of response time of sensors
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Data clearly indicates a “slumping horizontal plume”, with a potentially flammable mixture filling a space of
about 0.4 m wide × 0.2 – 0.4 m high × 1.2 m long. From the first “peak” concentration value (at 0.3 m along
the normal centreline) to the last “peak” (at 1.35 m) approximately 15 s elapses across all tests, indicating
the flammable mixture is travelling at about 0.1 m/s and overall is present for no more than 15 s; see Figure
70. Furthermore, the “peaks” exist only for a few seconds each; inferring that at any one point in time the
“length” of the projected flammable mixture is about 0.3 m. Volume of the flammable mixture projected in
to the conditioned space under this blower off-on scenario is approximated to be no more than about 50
litres.

Figure 72: R290 concentration changes over time for sequentially spaced sensors along normal airflow
discharge centreline
D5: Main return duct rising with and without airflow
Often, return air duct inlet is close to the floor of the served space and then rises upwards towards the
rooftop unit air inlet opening.
If the blower is on, the local concentration entering this inlet duct will always be lower than that of the air
supply outlet duct (within the same room). An example can be seen in Figure 55.
An example employs the set-up shown in Figure 73 and measurements are shown in Figure 74, where the
concentration at the base of the return duct is plotted over time. For the first period the blower is off and
then it is switched on; within 30 s the concentration has dropped from above LFL to below the sensor
sensitivity range (i.e., < 2.5 g/m3). Thus whenever the blower is on, concentration at return air duct inlets is
always negligible.

Figure 73: Test arrangement with return duct inlet
indicated with red arrow

Figure 74: Concentration at base of return air inlet
duct without airflow and then with blower on

Critically, as seen in Figure 74, absence of airflow can lead to potentially high concentrations due to
refrigerant migrating back out of return air ducts, when close to floor level. (Note that for this scenario but
with return air ducts at high level, the same process as described for “D3” can be assumed to apply.)
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For return duct inlets at floor level, it is useful to identify any design characteristics that can help mitigate
the development of such potentially flammable concentrations.
For the investigation a rooftop unit is positioned approximately 1 m above floor level (as for Figure 73).
When a leak occurs it flows back through the return air inlet connection, into the duct and then downwards
and into the room. As with the supply duct when the blower is off, this poses concern with a potential
build-up of a flammable mixture on the room floor. The effects of incrementally closing off the return air
inlet on the rooftop unit was assessed (as shown in Figure 75) in order to identify any benefits in terms of
reducing local concentrations. This was done using release positions at lower and upper levels within the
AHU enclosure (see Figure 45 and Figure 46).

Figure 75: Rooftop unit return air inlet fully open, half blocked and fully blocked
Resulting concentrations close to the return duct opening are provided in Figure 76 and Figure 77 for
unblocked opening, Figure 78 and Figure 79 for partially blocked and Figure 80 and Figure 81 for fully
blocked cases, each for the low (A) and high (B) leak position.

Figure 76: Fully open, leak position A

Figure 77: Fully open, leak position B

Figure 78: Half blocked, leak position A

Figure 79: Half blocked, leak position B
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Figure 80: Fully blocked, leak position A

Figure 81: Fully blocked, leak position B

Another variable investigated is the effect of ducting length on the concentrations beyond the duct outlet.
Figure 82 and Figure 83 show concentrations at incremental distances from the duct outlet when the
release originates from directly above the inlet opening and about 6 m before the inlet opening,
respectfully. Any difference between the results of these two tests is relatively minor and is nevertheless
difficult to identify clearly die to the local concentrations exceeding the upper range of several of the
analysers. Average concentrations for the sampling points that remained active are 45 g/m3 and 54 g/m3
for the case with a release close to the inlet opening and 43 kg/m3 and 48 g/m3 for the release further from
the inlet opening; a difference of around 5 to 10%. Some lowering of concentrations can occur from longer
ducting, but it is relatively minor.

Figure 82: Release of 350 g at 50 g/min from 0.5 m
above floor inlet duct opening

Figure 83: Release of 350 g at 50 g/min from 3.0 m
above and 6.0 m along duct from floor inlet opening

D6: Branch outlet supply rising duct with airflow
Several tests were carried out to further check for maldistribution of refrigerant as it is blown from various
branched outlets. Figure 84 provides an indication of the duct arrangement and the positioning of the
sensors.
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Figure 84: Illustration of ducting arrangement and positioning of sensors
Plots of the concentration over time for a 300 g release at 50 g/min and 1000 g at 150 g/min are shown in
Figure 85 and Figure 86, respectively. Generally, a linear increase in concentration occurs until cessation of
the release at which point steady concentrations form within the room (until venting of the room begins).

Figure 85: Release of 300 g at 50 g/min from 0.5 m
above floor inlet duct opening

Figure 86: Release of 1000 g at 150 g/min from 0.5 m
above floor inlet duct opening

Figure 87 and Figure 88 show concentrations at each outlet moments before cessation of the release for
the 300 g and 1000 g release, respectively. Some differences between the outlet concentrations can be
seen in Figure 87, however, due to the low values of concentration it may be due to the poor resolution of
the gas analyser output. Figure 88 also indicates (similar) differences in local concentration, which is due to
localised eddy currents being formed at the duct outlet, thereby drawing in room air to dilute the exiting
mixture. Nevertheless, any maldistribution is minor and there is no indication that localised concentrations,
close to or exceeding LFL, would arise.
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Figure 87: Concentration a few moments before
termination of release of 300 g at 50 g/min from 0.5
m above floor inlet duct opening

Figure 88: Concentration a few moments before
termination of release of 1000 g at 150 g/min from
0.5 m above floor inlet duct opening

D7: Branch outlet supply horizontal duct without airflow
Branch outlet concentrations were also measured for a horizontal duct being fed by the rooftop unit. For
these tests, a single sampling point was located at the centre of each outlet and another approximately 0.5
m directly beneath the outlet opening. Since the air return inlet opening was at a lower height than the air
discharge opening of the rooftop unit, additional tests involving the partial or full blocking of the return air
opening were carried out to mimic the case of an elevated return duct.
Some example results for concentration over time are given in Figure 89 for an unblocked return air
opening and a fully blocked return air opening in Figure 90. It is evident that in blocking the return air
opening, the majority of released refrigerant flowed through the supply duct, whereas the unblocked case
resulted in a minimal flow through of refrigerant. In both examples, there is too great a fluctuation in local
concentrations to be able to differentiate tendencies for maldistribution of the refrigerant-air mixture
through one or more outlets.

Figure 90: Concentrations at centre of each duct outlet
Figure 89: Concentrations at centre of each duct outlet
from release of 350 g at 50 g/min from leak position A
from release of 350 g at 50 g/min from leak position A
inside rooftop unit but with return air inlet fully
inside rooftop unit
blocked
Figure 91 and Figure 92 show the concentrations at about 0.5 m directly below each outlet. The
observations in Figure 89Figure 90 are mirrored here, where almost nothing is measured beneath the ducts
when the air return opening was not blocked but substantial concentrations found when the opening was
blocked. The developed concentration is the blocked case do not exceed more than about 25% of LFL.
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Figure 91: Concentrations directly below each duct
outlet from release of 350 g at 50 g/min from leak
position A inside rooftop unit

Figure 92: Concentrations directly below each duct
outlet from release of 350 g at 50 g/min from leak
position A inside rooftop unit but with return air inlet
fully blocked

An overview of all six tests is provided in Figure 93 for duct outlet concentrations and 0.5 m below the
outlet in Figure 94. These include the two different release positions within the rooftop unit and an
intermediate case where the air return inlet was half blocked. Data is based on concentrations averaged of
one minute preceding cessation of the release. Resulting data is somewhat inconsistent, largely due to the
wide fluctuations in the data, which is believed to be a result of the central positioning of the sensors in the
duct outlet. Nevertheless, results for the position 0.5 m below the outlets is more steady; more blocking of
the return air opening forced more refrigerant through the supply duct leading to higher local
concentrations within the room. However, the concentrations never exceed about 25% of LFL.

Figure 93: Release of 350 g at 50 g/min from 0.5 m
above floor inlet duct opening

Figure 94: Release of 350 g at 50 g/min from 3.0 m
above and 6.0 m along duct from floor inlet opening

Concluding remarks
Provided that the velocity is high enough to cause turbulent flow within the ducting – which is the case in
most applications (i.e., Reynolds number is several orders of magnitude higher than that at transition
between laminar and turbulent flow) it is likely that any refrigerant travelling along the duct with forced
airflow will become very well mixed. When the blower is off, high concentrations can be found at duct
outlets, but this depends upon how much of the refrigerant is allowed to flow back through the return
ducting or through the supply ducting. If duct outlets are elevated then any refrigerant flowing from the
outlet will dilute to low concentrations within a fraction of a metre along its decent. Where duct openings
are positioned at floor level, significant concentrations can be found and mitigations measures are
recommended.
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Beyond condenser
Whilst releases from the condenser part of the rooftop unit, or the condensing unit of the ducted split unit
are broadly of a lesser concern than leaks indoors, it is useful to understand how the refrigerant will
distribute around the unit housing. In particular, this assists with determining “separation distances” from
the unit to other electrical equipment or fresh air inlet ducts installed nearby.
Measurements were made using the rooftop unit, positioned on an elevated board (Figure 95). This is
intended to more accurately represent an outdoor installation, where a release is not confined by room
walls. Measurements were carried out indoors, where airflow is limited; usually outside airspeed is
substantially higher and therefore these results represent a very pessimistic case. Whilst only the rooftop
unit was used for these tests, the results are deemed to represent the condensing unit since the
construction of the condenser parts is almost identical.
Six sampling points were used. Three sampling points are at the same level as the unit base corresponding
to each condenser face and three others are then 0.5 m below those positions.

Figure 95: Arrangement of the rooftop unit for
surrounding concentration measurements

Figure 96: Concentrations surrounding rooftop unit at
0.5 m and 0.5 m below plinth with 1000 g at 150
g/min from discharge pipe, with access panel open

Figure 96 provides results for a large release, but with the housing access panel open. Concentrations both
at condenser base level and at -0.5 m are low, due to the effective mixing with the surrounding by means of
the open access panel; this may be related to a servicing scenario. Figure 97 and Figure 98 show
concentrations arising from releases at the discharge line and liquid line, respectively (but with access panel
closed). At the 0.5 m perimeter, concentrations are fairly high, occasionally exceeding LFL. At 0.5 m below,
values never exceed 50% LFL. There is little difference between the discharge line and liquid line release
points.

Figure 97: Concentrations surrounding rooftop unit at Figure 98: Concentrations surrounding rooftop unit at
0.5 m and 0.5 m below plinth, with release of 1000 g 0.5 m and 0.5 m below plinth, with release of 1000 g
at 150 g/min from discharge pipe
at 150 g/min from liquid pipe
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Considering that the release rate used (150 g/min) is approximately three times greater than the 50 g/min
expected based on measured values (Table 3) through a maximum expected leak hole size (0.5 mm2) and
that surrounding air speeds are substantially lower (0.1 – 0.2 m/s) than those of “still” conditions outside
(0.5 m/s), setting a minimum separation distance of about 0.5 m to 1.0 m beyond the perimeter of the unit
would be reasonable.
Conditioned space
Three cases were investigated, with refrigerant entering the space:
(i) Directly from the return air inlet of a ducted split AHU positioned in an empty room
(ii) A supply or return duct at floor level connected to an elevated mock AHU
(iii) Directly from a ducted split AHU positioned in a closet and associated room and corridor
arrangement
i) Ducted split AHU in empty room
Leaks were simulated from the indoor ducted split AHU and refrigerant concentrations measured in a
matrix across the room floor, as well as within the AHU housing. Assuming a limited releasable charge (due
to use of a liquid line solenoid valve), 350 g was released at 50 g/min and for the case of pump-down, 180 g
at 50 g/min; results are shown in Figure 99 and Figure 100, respectively. In both cases, it can be seen that
concentrations within a 1 m (for 180 g) and 2 – 3 m (for 350 g) radius of the AHU exceed LFL, which is an
undesirable outcome. Whilst the release rate may be deemed substantially higher than what may be
expected with “real” leaks, it was considered appropriate to investigate application of mitigation measures
to help minimise room floor concentrations.

Figure 99: 350 g release at 50 g/min from ducted split
AHU

Figure 100: 180 g release at 50 g/min from ducted
split AHU

To this end, a plenum chamber was constructed around the outlet of the AHU so that any released
refrigerant must flow over the upper lip before it flows across the room floor; this additional height is
intended to help accentuate the dispersion of refrigerant as it enters the room. Four elevations of plenum
chamber – 0.25 m, 0.50 m, 1.0 m and 1.5 m – were tested, as indicated in Figure 101.
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Figure 101: Different elevations of outlet plenum; from left to right – 0.0 m, 0.25 m, 0.50 m, 1.0 m and 1.5 m
Results for the 1.5 m elevation are given in Figure 102, which shows its effectiveness in avoiding the
possibility of a flammable mixture developing on the room floor. A further test using 1000 g of R290 and a
high leak rate of 100 g/min was also carried out; results are seen in Figure 103. In this latter case, positions
close to the AHU begin to exceed LFL about two-thirds of the way through the release and eventually
reaching about 1.5 × LFL.

Figure 102: 350 g release at 50 g/min from ducted
split AHU with plenum at 1.5 m elevation

Figure 103: 1000 g release at 100 g/min from ducted
split AHU with plenum at 1.5 m elevation

A plot of maximum mean floor concentration across the room floor for the various plenum elevations is
shown in Figure 104. Here it can be seen that an elevation of at least 0.7 m or 0.8 m is required to avoid
concentrations exceeding LFL for the conditions under evaluation. Given that the release rate of 50 g/min is
rather high, compared to the maximum likely release rate of about 5 g/min, based on measured values
(Table 3) through a maximum expected leak hole size (0.05 mm2), an elevation of at least 0.5 m may be
considered reasonable.

Figure 104: Variation in maximum mean floor concentration as a function of plenum elevation
A redesign of the AHU was developed, where an internal plenum chamber was integrated into the housing,
as shown in Figure 105. This was then tested as described above to determine its effectiveness.
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Figure 105: Redesign of AHU with internal plenum chamber
A release was made from the lowest position of the evaporator return bends, as indicated in Figure 106.
The AHU was positioned within the room as in Figure 107.

Figure 106: Ducted split AHU release position

Figure 107: AHU position in test room

Results are shown in Figure 108, Figure 109, Figure 110 and Figure 111 for four tests, which use two
different release rates and two released masses.
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Figure 108: Results for test no. 70(1)
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Figure 109: Results for test no. 71(2)

Under each test condition, maximum floor concentrations anywhere across the room do not reach the LFL.
This shows a considerable improvement compared to the tests in Figure 99 and Figure 100 where releases
under comparable conditions – but without modifications to the AHU – result in floor concentrations
considerably above the LFL.
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Figure 110: Results for test no. 72(3)
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Figure 111: Results for test no. 73(4)

ii) Mock rooftop ducted to empty room
In the case of the AHU being positioned within the room itself, another scenario is where the return duct
inlets are positioned at floor level and leaked refrigerant may flow from a roof-mounted units down to
ground level. This scenario was simulated by means of a mock AHU formed at the room ceiling (about 3 m
above the floor) and a closed duct fed to floor level; the arrangement can be seen in Figure 112 and Figure
113. Refrigerant was released from within the mock AHU and again measured across the room floor. The
primary purpose was to identify whether additional mixing occurred (compared to the case of the ducted
split AHU) due to the “run up” before exiting the outlet just above the floor.

Figure 112: Mock elevated AHU and associated single Figure 113: Mock elevated AHU and associated single
ducting
ducting and surrounding test area
Measurements are given in Figure 114 and Figure 115 for the 0 m and 1.5 m elevation, again with 350 g
released at 50 g/min. With no plenum chamber, room floor concentrations are slightly lower than those
when the release was from the ducted split AHU, whilst with the 1.5 m elevation room floor concentrations
are notably lower. Variation in maximum mean floor concentration against elevation height for the mock
rooftop unit case is included in Figure 104. A distinct benefit is observed with the mock rooftop case over
the ducted split, with higher plenum chamber elevations. This may be attributed to the release attaining a
higher flow velocity as it falls through the ducted from greater height and thus the plume is “projected” to
a higher level following discharge from the plenum.
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Figure 114: 350 g release at 50 g/min from ducted
split AHU with plenum at 0.0 m elevation

Figure 115: 350 g release at 50 g/min from ducted
split AHU with plenum at 1.5 m elevation

The supplementary test with 1000 g of R290 and a high leak rate of 100 g/min was again carried out and
results shown in Figure 116. Here, a significant difference is seen compared to the ducted split AHU case
(Figure 103), where all sampling positions are well below LFL; again supporting the suggestion that the
increased falling velocity from the higher level ultimately assists with dispersing the release before falling to
the room floor.

Figure 116: 1000 g release at 100 g/min from ceiling level mock rooftop with plenum at 1.5 m elevation
Results suggest that use of the plenum chamber is even more beneficial for return duct inlets when
refrigerant-containing parts are positioned above the room.
iii) Ducted split AHU within closet
A real installation case was examined, where refrigerant was released from a ducted split AHU installed
within a closet and concentrations measured within the surrounding area (kitchenette), corridors and main
adjacent room. The AHU and closet are shown in Figure 117 and Figure 118, respectfully.

Figure 117: Ducted split AHU within closet

Figure 118: Closet containing ducted split AHU
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A plan of the area is provided in Figure 119, indicating the positioning of each of the gas analysers.

Figure 119: Plan of area nearby ducted split AHU closet
Figure 120 shows local concentrations arising from a 300 g release at 35 g/min and for a 400 g release at 50
g/min in Figure 121. Typically, concentrations closer to the AHU are higher and values diminish
substantially further away sampling locations. For instance, concentrations within the hallway are
approximately half of the values directly in front on the AHU and those within the big room (away from the
hallway entrance) tend to be about half again. This is in contrast to the case of an empty room, where
concentrations at a similar distance (e.g., 5 m) from the AHU are only marginally lower than those almost at
the base of the AHU. Evidently, narrow openings between rooms impose significant resistance to outflow,
causing a build-up of local concentrations and lower distant concentrations.

Figure 120: Release of 300 g at 35 g/min from AHU
within closet

Figure 121: Release of 400 g at 50 g/min from AHU
within closet

Figure 122 gives data for an “optimistic” release quantity where only 50 g is released (albeit at 50 g/min),
mimicking the case of a leak from an evaporator where the system has pumped down. As with the larger
release mass (Figure 121) local concentrations still exceed LFL, but persist at this level only for seconds.
Figure 123 repeats the test in Figure 121 but with a 1.0 m barrier across the closet door, to mimic the
plenum chamber described previously. Whilst some positions close to the closet do exceed LFL for the
second half of the release period, the overall effect is a considerable reduction in concentrations compared
to the test without any intervention. Again, recognising that a 50 g/min release rate is considerably higher
than what would ordinarily be expected with a large leak from an AHU, the 1.0 m plenum chamber
elevation should be adequate for almost all anticipated leak scenarios.
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Figure 122: Release of 50 g at 50 g/min from AHU
within closet

Figure 123: Release of 400 g at 50 g/min from AHU
within closet with solid 1.0 m barrier at closet door
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Table 12: Summary of leak simulation concentration test conditions
Test
no.

Configuration

Equipment type

Room
area (m2)

Leak mass
(g)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
main duct disch conc with airflow
duct outlet conc distrib with airflow
duct outlet conc distrib with airflow
duct outlet conc distrib with airflow
duct outlet conc distrib with airflow
duct outlet conc distrib with airflow
duct outlet conc distrib with airflow
duct outlet conc distrib with airflow
floor conc no airflow
floor conc no airflow
floor conc no airflow
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc
duct outlet distrib pre/start airflow; floor conc

ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct no airflow
ducted split AHU w/o return duct no airflow
ducted split AHU w/o return duct no airflow
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
115
115
115
115
115
115
115
115
115
115

375
300
380
628
532
360
171
221
218
50
300
50
200
200
100
97
320
302
1013
73
205
410
304
351
359
350
355
375
380
340
350
350

Mass flow
rate
(g/min)
75
60
76
157
133
90
60
56
50
50
50
50
50
60
60
60
60
60
145
25
25
50
70
50
50
50
50
50
50
50
50
50

Airflow
setting
(m3/h)
3400
3400
3400
3400
2885
2885
0
0
0
0
2885
0
0
0
0
0
0
3400
2885
0
0
0
0
0
0
0
0
0
0
0
0
0
51

Test
no.

Configuration

Equipment type

Room
area (m2)

Leak mass
(g)

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

one duct outlet distrib pre/start airflow
one duct outlet distrib continuous airflow
one duct outlet distrib continuous airflow
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; elec box
beyond duct outlet pre/start airflow; floor conc with U-bend
beyond duct outlet pre/start airflow; floor conc with U-bend
beyond duct outlet pre/start airflow; floor conc with U-bend
beyond duct outlet pre/start airflow; floor conc with U-bend
surrounding outdoor unit
surrounding outdoor unit
surrounding outdoor unit
floor conc no airflow mock rooftop with U-bend
floor conc no airflow mock rooftop with U-bend
floor conc no airflow mock rooftop with U-bend
floor conc no airflow mock rooftop with U-bend
floor conc no airflow mock rooftop with U-bend
floor conc no airflow split AHU with U-bend
floor conc no airflow split AHU with U-bend
floor conc no airflow split AHU with U-bend
floor conc no airflow split AHU with U-bend
floor conc no airflow split AHU with U-bend
floor conc no airflow split AHU with U-bend
floor conc no airflow split AHU with U-bend
floor conc no airflow split AHU with U-bend
floor conc no airflow split AHU in closet

packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
packaged/rooftop
mock rooftop (duct) with down duct (split AHU)
mock rooftop (duct) with down duct (split AHU)
mock rooftop (duct) with down duct (split AHU)
mock rooftop (duct) with down duct (split AHU)
mock rooftop (duct) with down duct (split AHU)
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
mock rooftop (duct) with down duct (split AHU)
ducted split AHU w/o return duct

115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
33
33
33
33
33
33
33
33
33
33
33
33
33
var

350
350
350
1000
600
1045
1018
1013
1025
1021
1022
1042
1022
353
350
348
347
1000
1000
1000
362
351
352
355
351
53
187
346
349
351
355
1000
1000
300

Mass flow
rate
(g/min)
50
230
230
130
130
125
125
125
125
130
130
130
130
50
50
50
50
150
150
150
50
50
50
50
50
50
50
50
50
50
50
100
100
35

Airflow
setting
(m3/h)
0
2885
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Test
no.

Configuration

Equipment type

Room
area (m2)

Leak mass
(g)

67
68
69
70(1)
71(2)
72(3)
73(4)

floor conc no airflow split AHU in closet
floor conc no airflow split AHU in closet
floor conc no airflow split AHU in closet
floor conc no airflow
floor conc no airflow
floor conc no airflow
floor conc no airflow

ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct
ducted split AHU w/o return duct no airflow
ducted split AHU w/o return duct no airflow
ducted split AHU w/o return duct no airflow
ducted split AHU w/o return duct no airflow

var
var
var
33
33
33
33

52
399
408
100
400
100
400

Mass flow
rate
(g/min)
50
50
50
25
25
50
50

Airflow
setting
(m3/h)
0
0
0
0
0
0
0
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2.6 Elimination of sources of ignition
2.6.1

Introduction

There are a variety of different types of sources of ignition (SOI) and their presence within or nearby the
DACS must be established, as well as their particular characteristics. An initial filtering of potential SOIs is
carried out (according to EN 1127-1) and a summary is given in Table 13.
Table 13: Filtering for potential sources of ignition
Type

Evaporator enclosure

Hot surfaces

Friction on fan motor shaft

Condensing unit enclosure
Compressor, friction on fan motor
shaft

Flames and hot gases (including hot
particles)
Mechanically generated sparks

None

None

Evaporator fan blade impacts

Electrical apparatus

Evaporator fan motor

Stray electric currents
Static electricity
Lightning
Radio frequency (RF)
electromagnetic waves from 104 Hz
to 3 × 1011 Hz
Electromagnetic waves from 3 × 1011
Hz to 3 × 1015 Hz (microwave,
infrared)
Ionising radiation
Ultrasonic
Adiabatic compression and shock
waves
Exothermic reactions

None
Evaporator fan blades
None

Condenser fan blade impacts
Condenser fan motor, mains
contactor, compressor relay,
compressor start relay
None
Condenser fan blades
Not applicable

None

None

None

None

None
None

None
None

None

Compressor (internal)

None

None

There are a number of items that could be possible SOIs. In order to comply with various standards, the
equipment and location must be considered with respect to potential sources of ignition. An inspection of an
installed system yielded the potential sources of ignition listed in Table 15.
EN 1127-1 describes the procedure for addressing potential SOIs and in summary is:





Identify all possible points of leakage;
Conduct hazardous area classification (zoning) exercise, as prescribed in IEC 60079-10-1;
Ascertain electrical (or non-electrical) components within those zones that could be potential SOIs;
Eliminate those potential SOIs from the zones, either by replacing with non-SOI equivalent components
or relocating existing components outside the hazardous area.

This approach is included within the draft NTC 6228-2 and is indented for application to air conditioning
and refrigeration equipment. Accordingly, the leak simulation test method within the annex has been used
for the zoning exercise.
Note that this exercise is only applied to the DACS products (and associated equipment that the
manufacturer has some degree of control over). Since the manufacturer has no control over potential SOIs
beyond the boundaries of the products and associated equipment, it is intended to ensure that formation
of flammable mixtures are reasonable prevented by design (see section 2.5).
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2.6.2

Identification of leak points

All four unit housings are essentially single enclosures that encompass refrigerant-containing parts
throughout, of which there are numerous potential leak points (such as joints, connection, line
components, etc.) Of these numerous possible leak points at least two were selected that would lead to the
highest concentration around the potential SOIs. Choice of these points is based on experience and trialand-error.
2.6.3

Hazardous area classification

The zoning exercise can employ various means, including simple semi-empirical numerical or graphical
methods (such as those offered in IEC 60079-10-1), computational method (such as CFD) or by test. Rigorous
testing is perhaps the most reliable approach as it takes into account the nuances of particular equipment
deigns that the numerical methods cannot. Therefore the method for leak simulation testing in the draft NTC
6228-2 was used. This prescribes that the total (releasable) charge is leaked through an orifice at 60 g/min in
the least favourable direction and the refrigerant concentration measured at the relevant potential SOIs.
Provided the concentration does not exceed 50% of the LFL then the component is not considered to be a
SOI.
For purposes of completion the applicable conditions for zoning from IEC 60079-10-1 are addressed within
Table 14. Note that the inputs are applicable to all DACS housings.
Table 14: Area classification
60079-10-1 clause
All housings
Sources of release †
Various bends, joints and line components, as applicable
Grade of release
Secondary
Type of zone
2
Release rate of gas or vapour
Vapour
Geometry of the source of release
Circular orifice
Release velocity
Supersonic (choked)
Concentration
> 50% of LFL
Volatility of a flammable liquid
Not applicable
Liquid temperature
Not applicable
Lower flammability limit
0.038 kg/m3 (ref: ISO 817)
Ventilation
None
Relative density of the vapour
1.5 x air
Other parameters
Release from various directions/orientations
Climatic conditions
Not applicable (inside controlled room)
Topography
Internally congested
Ventilation
None
General
None
Main types of ventilation
None
Degree of ventilation
Not applicable
Availability of ventilation
Not applicable
Zone
2
Zone extent
Entire internal boundary of housing
† IEC 60079-10-1, clause 5.2 states: “for example, an all-welded pipeline is not considered to be a source of
release”; the entire refrigerating circuit is entirely brazed (analogous to welded) and is therefore not necessarily
considered to be a source of release.
5.2
5.2
5.3
5.4.1
5.4.1 a
5.4.1 b
5.4.1 c
5.4.1 d
5.4.1 e
5.4.2
5.4.3
5.4.4
5.4.5
5.4.5 a
5.4.5 b
6
6.1
6.2
6.3
6.4

Due to the relatively confined construction of the various DACS housings’ a release form any point rapidly
ensures any position within the housing with exceed 50% of the LFL. Therefore it is necessary to position any
potential SOIs into an externally located panel.
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2.6.4

Consideration of potential SOIs

The majority of electrical components (many of which could be a potential SOI are located within inset
electrical panels. Ordinarily this comprises (e.g., Figure 124):







Mains relays
Start capacitors
Run capacitors
Voltage transformers
Timer/delay
Terminal connections

Of these, only the relay and timer/delay could be considered as a potential SOI (see below).

Figure 124: Typical contents of electrical panel
Evaporator and condenser fans
Evaporator fans are located within the AHU housing and are thus likely to come into sustained contact with
refrigerant in the event of a leak. Therefore significant attention should be paid to them for purpose of
avoidance of ignition sources. Condenser fans are positioned at the top of the condensing unit and normally
located in the open air. A leak of refrigerant is unlikely to accumulate around the condenser fan so limited
attention may be paid to them.

Figure 125: Example of evaporator fan motor (left) and fan blades (right)
Both condenser fan and evaporator fan motors are AC induction type and since they are brushless do not
present a SOI under normal operation. They do use internal overload protectors [types to be confirmed].
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Figure 126: Example of condenser fan motor (left) and fan blades (right)
All fan blades are aluminium, whilst the cowling is galvanised steel. Provided that the fan and cowling
materials are not stainless steel pairs or steel alloy and brass pairs, the possibility of sparking due to
mechanical impact is negligible. In order to further ensure the fan assembly has negligible risk of producing
arcs and sparks, the following must be complied with:





Rotational speed should be less than 40 m/s.
Powder coating must not contain aluminium or iron oxides.
All metallic parts of the fan assembly are parts are earthed, which avoid the possibility of static build-up.
Clearance distance between the fan blades and the casing shall be at least 1% of the diameter and no
less than 2 mm.

It is recommended to consider that the evaporator fan motor be sent to a test house for evaluation of the
evaporator fan motor against the relevant standard (e.g., IEC 60079-15 or EN 14986). As mentioned, the
condenser fan motor does not raise a concern in this regard, since the concentration arising from a leak of
refrigerant whilst the condenser fan is operating is a fraction of the LFL due to the fan’s high volume flow
rate.
High and low pressure switches
These are basic fixed-values encapsulated switches. They are likely to be suitable. However, several
manufacturers are producing R290 approved components; these should be sought first before considering
use of R22 components. If R22 items are applied then it is recommended they are checked for compliance
against IEC 60079-15, e.g., for enclosed break type device. [Confirmation awaiting]

Figure 127: Example of pressure switch
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Compressor
Currently compressors are Copeland R290 scrolls. Whilst they comprise internal windings and thermal
overloads; the only external electrical parts are terminals and wires and have nevertheless been certified
against the applicable Ex standard. As such they do not present as SOIs under normal operation.

Figure 128: Example of compressor (left) and electrical connection (right)
Liquid line solenoid valve
At present a LLSV is not used, however, it is strongly recommended that a normally-closed solenoid valve is
installed within the liquid line for purposes of limiting releasable charge. Since solenoid valves do not arc or
spark under normal operation they are not considered SOIs. However, it is recommended that R290 approved
SVs are selected.
Mains relays
The electrical panel contains one 2/3 pole mains relay. Whilst it is intended to position the electrical panel
external to the housing, it may be considered to check the construction of the used relays against the
requirements for enclosed break device under IEC 60079-15 in order to provide additional confidence.

Figure 129: Example of mains relay employed
2.6.5

Modifications to eliminate SOIs

In response to the initial zoning exercise, several components needed to be relocated out of the zone 2
area. This was achieved by redesigning the panel such that it was located in an air-separated section; in this
regards, even if the inset section is not sufficiently tight to prevent egress of leaked refrigerant, it should be
unable to penetrate the second enclosure. A prototype is included in Figure 130 along with a schematic.
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Figure 130: Current (left) and proposed (right) electrical panel
By following the leak simulation test (zoning exercise) detailed in NTC 6228-2, it was demonstrated that the
revised construction avoided contact with a concentration exceeding 50% of LFL. The test details are
provided in section Appendix F.
By separating the electrical panel, it ensures that if a technician in=advertently fits an unsuitable
component after the units has been installed, there remains no residual risk that it could act as a SOI to a
refrigerant leak.
An overview of the handling of the potential SOIs is provided in Table 15.
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Table 15: Summary evaluation of potential SOIs associated with DACS
Element
Ducted split AHU

Ducted split cond unit

Rooftop AHU

Rooftop cond unit

Original construction

Stage 6 prototype

Items within zone 2

Location

Normal SOI/ protection

Items within zone 2

Location

Normal SOI/ protection

Evaporator fan motor

Internal

Non-sparking

Evaporator fan motor

Internal

Non-sparking

Evaporator fan blades

Internal

Non-sparking

Evaporator fan blades

Internal

Non-sparking

Relay

Inset panel

SOI

n/a

Within external panel

n/a

Start capacitor

Inset panel

Non-sparking

n/a

Within external panel

n/a

Run capacitor

Inset panel

Non-sparking

n/a

Within external panel

n/a

Voltage transformer

Inset panel

Non-sparking

n/a

Within external panel

n/a

Terminals

Inset panel

Non-sparking

n/a

Within external panel

n/a

Condenser fan motor

Internal

Non-sparking

Condenser fan motor

Internal

Non-sparking

Condenser fan blades

Internal

Non-sparking

Condenser fan blades

Internal

Non-sparking

Low pressure switch

Internal

Encapsulated

Low pressure switch

Internal

R290 approved

High pressure switch

Internal

Encapsulated

High pressure switch

Internal

R290 approved

Compressor
(terminals)

Internal

Non-sparking

Compressor
(terminals)

Internal

Non-sparking

Mains contactor

Inset panel

SOI

n/a

Within external panel

n/a

Solenoid valve

Internal

R290 approved

Evaporator fan motor

Internal

Non-sparking

Evaporator fan motor

Internal

Non-sparking

Evaporator fan blades

Internal

Non-sparking

Evaporator fan blades

Internal

Non-sparking

Relay

Inset panel

SOI

n/a

Within external panel

n/a

Mains contactor

Inset panel

SOI

n/a

Within external panel

n/a

Start capacitor

Inset panel

Non-sparking

n/a

Within external panel

n/a

Run capacitor

Inset panel

Non-sparking

n/a

Within external panel

n/a

Voltage transformer

Inset panel

Non-sparking

n/a

Within external panel

n/a

Timer/delay

Inset panel

SOI

n/a

Within external panel

n/a

Terminals

Inset panel

Non-sparking

n/a

Within external panel

n/a

Condenser fan motor

Internal

Non-sparking

Condenser fan motor

Internal

Non-sparking
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Element

Original construction

Stage 6 prototype

Items within zone 2

Location

Normal SOI/ protection

Items within zone 2

Location

Normal SOI/ protection

Condenser fan blades

Internal

Non-sparking

Condenser fan blades

Internal

Non-sparking

Low pressure switch

Internal

Encapsulated

Low pressure switch

Internal

R290 approved

High pressure switch

Internal

Encapsulated

High pressure switch

Internal

R290 approved

Compressor
(terminals)

Internal

Non-sparking

Compressor
(terminals)

Internal

R290 approved

Solenoid valve

Internal

R290 approved
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2.7 Limiting of potential consequences
Consideration should be given to possible consequences in the event of ignition of a flammable mixture.
Primary consequences are the initial effects or processes arising from the burning mixture



Radiated thermal energy
Evolution of increased pressure or pressure waves

These lead to secondary consequences, such as




Burning/charring of surfaces including building materials and skin
Physical (blast) damages to structures and bodies
Development of secondary fires

Preferred approach to avoiding or minimising severity of consequences is prevention of ignition, through
elimination of SOIs and curtailing formation of flammable mixtures.
However, as long as flammable substances are being employed avoidance of these cannot be absolutely
guaranteed. Therefore additional consideration should be given to limiting the effects of such
consequences. Typical approaches include:




Physical barriers between potentially flammable mixtures and occupants and combustible materials
Non-combustible construction materials to avoid secondary combustion
Sufficient free openings or frangible sections for enclosures that can enable overpressure relief

2.8 Consideration of limits of use and misuse
The extents of possible use and foreseeable misuse must be considered with regards to explosion protection
and prevention. The following list identifies the potentially hazardous situations associated with human
interaction of the machine according to EN ISO 12100. The subsequent actions was addressed through design
and information for the DACS.
Table 16: Evaluation of limits of use and misuse of the DACS]
Consideration
Use limits
Aspects of use limits to be taken into account include:
 The different machine operating modes and different intervention procedures for the users, including
interventions required by malfunctions of the machine
 The use of the machinery (for example, industrial, non-industrial and domestic) by persons identified by sex,
age, dominant hand usage, or limiting physical abilities (visual or hearing impairment, size, strength, etc.)
 The anticipated levels of training, experience or ability of users including operators, maintenance personnel or
technicians, trainees and apprentices, and the general public
 Exposure of other persons to the hazards associated with the machinery where it can be reasonably foreseen,
such as persons likely to have a good awareness of the specific hazards, such as operators of adjacent
machinery, persons with little awareness of the specific hazards but likely to have a good awareness of site
safety procedures, authorised routes, etc., such as administration staff and persons likely to have very little
awareness of the machine hazards or the site safety procedures, such as visitors or members of the general
public, including children
Space limits
Aspects of space limits to be taken into account include:
 The range of movement
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Consideration
 Space requirements for persons interacting with the machine, such as during operation and maintenance
 Human interaction such as the operator–machine interface
 The machine–power supply interface
Time limits
Aspects of time limits to be taken into account include:
 The life limit of the machinery and/or of some of its components (tooling, parts that can wear,
electromechanical components, etc.), taking into account its intended use and reasonably foreseeable misuse
 Recommended service intervals
Environmental limits
Aspects of environmental limits to be taken into account include:
 The recommended minimum and maximum temperatures
 Whether the machine can be operated indoors or outdoors, in dry or wet weather, in direct sunlight
 Tolerance to dust and wet, etc.
Task identification
 Setting
 Testing
 Teaching/programming
 Process/tool changeover
 Start-up
 All modes of operation
 Feeding the machine
 Removal of product from machine
 Stopping the machine
 Stopping the machine in case of emergency
 Recovery of operation from jam or blockage
 Restart after unscheduled stop
 Fault-finding/trouble-shooting (operator intervention)
 Cleaning and housekeeping
 Preventive maintenance
 Corrective maintenance
Possible states of the machine
The machine performs the intended function (the machine operates normally)
The machine does not perform the intended function (i.e. it malfunctions) due to a variety of reasons, including
 variation of a property or of a dimension of the processed material or of the workpiece
 failure of one or more of its component parts or services
 external disturbances (for example, shocks, vibration, electromagnetic interference)
 design error or deficiency (for example, software errors)
 disturbance of its power supply
 surrounding conditions (for example, damaged floor surfaces)
Unintended behaviour of the operator or reasonably foreseeable misuse of the machine
 Loss of control of the machine by the operator
 Reflex behaviour of a person in case of malfunction, incident or failure during the use of the machine
 Behaviour resulting from lack of concentration or carelessness
 Behaviour resulting from taking the “line of least resistance” in carrying out a task
 Behaviour resulting from pressures to keep the machine running in all circumstances
 Behaviour of certain persons (for example, children, disabled persons)
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3. Quantitative risk assessment
3.1 General methodology
The QRA is carried out considering the operation (in-use) phase for the two DACS. Accordingly, the various
equipment characteristics and environmental conditions that affect the likelihood of ignition of a
flammable mixture occurring are taken into account. This requires an analysis of the equipment and the
surroundings and the findings being integrated into the basic methodology, which is:











Select a range of leak hole sizes and determine the frequency of the occurrence of leak hole size
For each leak hole size, estimate the average mass flow rate of the release
Identify each relevant operating mode (system on/off-cycle, fan on/off-mode; wherever applicable)
and external conditions (infiltration rates, presence of occupants, external SOIs, etc)
For each of the leak sizes, operating modes and sets of external conditions, estimate gas concentration
within the unit compartment, flammable volume within unit compartment, gas concentration within
room and flammable volume within room
Determine the probability of a flammable mixture within unit compartment and the probability of
flammable mixture within room
Nominate a set of potential sources of ignition (SOI) within the room and the unit compartment
including activation characteristics and their location
Determine probability of SOI and the corresponding frequency of ignition
For each circumstance that leads to an ignition event, estimate the corresponding overpressure and
thermal intensity
Calculate overall risk values

In order to carry out the calculations, it is first necessary to discretise the operation into segments
according to the leak hole size, location of SOI, etc. The occurrence of each event requires a probability to
be assigned to it. Thus, based on estimation of frequency of a release, size of flammable volumes and
probability of active sources of ignition, the ignition frequency and well as the size of the consequent
overpressure and thermal intensity can be estimated. These results then enable the risk values to be
calculated.
In carrying out the quantification of all of the elements discussed above, empirical data from field
information, measurements and other validation techniques are used to improve the confidence of the
QRA results. The data, relevant parameters and DACS design and installation characteristics were based on
discussions, measurements, taken from previous studies (where relevant) and from the technical literature.
The probability calculations used for the normal operation are described in this section and include three
main elements:




Calculation of ignition frequency, consequence and risk for a given set of conditions
Calculation of the probability of each set of conditions occurring
Calculation of the overall ignition frequency and risk for the entire set of conditions

These involve the estimation of contributing events, such as occurrence of flammable concentrations and
active sources of ignition and estimations of the probabilities of particular operating modes. In addition, the
situation is separated into the risk associated with a release into the condensing unit compartments and a
release transferring into the room. Thus, the calculations are carried out according to:
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Ignition of a release within the applicable compartments within the DACS by unintended potential SOI
(i.e., a faulty or an incorrectly fitted component)
Ignition of a release within the room by other potential SOI that are normally present within the room
Ignition of a release surrounding the outdoor parts of the equipment by other potential SOI that are
normally present outside

A potential SOI is a device which could under fault or failure conditions become a SOI, although under
normal operation it cannot cause ignition. Examples of this may be the short circuiting of a fan motor
windings or a switch whose protective cover has been broken or not affixed correctly.
A detailed description of the calculation of these risk measures is provided in Appendix I. A summary of the
important combustion and ignition characteristics of R290 are provided in Appendix A.

3.2 Product and installation characteristics
It is necessary to base the QRA on products with specific design and installation characteristics. The details
within section XXX are used as the two selected models.
In addition, the installation characteristics are based on the most common arrangements.
For the ducted split:
 Placed within a closet with louvered doors
 Supplying room(s) corresponding to 35 m2 area (approximately half the usual design area)
 Supply air ducted upwards and horizontally to four outlets at ceiling level, with a total length of 21 m
 No return air duct; only via return air inlet
 Interconnecting piping passing through a second closed space; practically this may be anything from a
small service shaft to a large room, but for the present task it will be assumed to be a corridor/hallway
with a length of 8 m, height 2.5 m and width 1.5 m. The piping is run along the wall/ceiling corner and
only the suction line is insulated.
 Condensing unit located outside on a 20 cm high plinth and at least 0.5 m from any adjacent wall
For the rooftop unit:
 Placed outside on an elevated surface (roof)
 Supplying room(s) corresponding to 35 m2 area (approximately half the usual design area)
 Supply air ducted downwards and horizontally to four outlets at ceiling level, with a total length of 22 m
 Return air ducted upwards from a single inlet near floor level and across to return air inlet, with a total
length of 9 m
 All interconnecting piping within unit housing
Systems operate on an on-off basis and for equal times (50% on. 50% off).

3.3 Formulation of conditions
In order to quantify the risk of the normal operation, it is necessary describe the generic operating and
environmental conditions that could affect the likelihood of ignition. In considering this, it is also necessary
to characterise the three co-incident events that are necessary to cause ignition:




A leak of refrigerant that enters a given control volume (enclosure, room, etc.)
Formation of a flammable mixture
At the same time, presence of an active SOI within the condensing unit compartment or room
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This general sequence of events is shown in Figure 131.

Figure 131: General sequence of events for normal operation
In order to better identify the condition within each stage that could lead to ignition of a release, the
variables will be described in more detail.
Leak size: Various leak sizes are considered, ranging from “pin hole” to “catastrophic”. A general function
for leak size increments is used.
Compressor operating mode: For larger systems, the likelihood of a leak and the release rate can be
affected by the compressor operating mode, but for smaller systems with no mechanical joints, such as in
the current case, the leak characteristics are considered to be largely unaffected by compressor operation.
Therefore this parameter is neglected.
Fan operation: An evaporator blower or condenser fan may or may not be operating on the DACS, creating
an internal airflow within enclosure, ducting and the local area.
Ambient air movement: Various forms of airflow can affect the dispersion of the refrigerant and therefore
the size and duration of a flammable volume. Inside this can arise from infiltration, thermal convention
currents and movement of personnel and additionally outside from wind.
Number of occupants: The severity of the secondary consequence can by indicated by the frequency of
fatalities. However, in this study it is found that the consequence of ignition is very unlikely to cause
overpressure or a thermal dose that could result in fatality and therefore the number of occupants is not
applied, except in terms of their distribution, implying an average distance from the ignition event.
Room dimensions: The size of the room can affect the build-up of gas concentrations and thus the
occurrence of a flammable mixture within the room. Only one room size is opted for, which is
representative of a particularly small space for where these types of appliances are normally located.

3.4 Fault conditions
Both the DACS have been designed to minimise the likelihood that a flammable mixture could form around
in an area beyond the unit housing. However, it is possible that failures occur with the various measures
that have been designed into the DACS.
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Figure 132 and Figure 133 show the various sequence of events involving a leak and which could affect the
development of a flammable mixture within the surrounding area. Included in the figures are the estimated
quantities of R290 released and a colour code to indicate the likely size of a flammable mixture. The colour
code is according to the following key:
Flammable mixture highly unlikely
Small, transient flammable mixture possible
Small, transient flammable mixture likely
Medium flammable mixture likely
Large flammable mixture highly likely

Event tree and fault tree analysis are used to determine the probability of each of these failure modes
occurring and for each leak hole size.
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Figure 132: Failure modes for ducted split AHU and condensing unit
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Figure 133: Failure modes for rooftop unit
Where a mitigation feature is employed specifically to minimise the likelihood of the formation of a
flammable mixture, assumptions must be made to account for failures. The applicable failures are
identified in Table 17, where the values for probability of failure on demand (PFD) are taken from previous
work; values are averaged across the DACS lifetime.
Table 17: Failure rates for elements within mitigation features
Element

Failures

Prob. failure on demand

Remark

Ultrasonic leak sensor

Internal fault, no
response

0.0005

Limited cause for PFD;
mainly elec circuit

Leak controller

Internal fault

0.0002

PCB reliability

Blower fan/motor

Passage blocked, no start

0.0001

Necessary for functioning
of DACS; auto-repair

NRV

Stuck open, not sealed

0.0015

Fault not obvious; could
exist for DACS lifetime

LLSV

Stuck open, not sealed

0.0015

Fault not obvious; could
exist for DACS lifetime

Ducted split AHU panels

Not replaced

0.05

Could be present through
service cycle

Rooftop return inlet opening

Installed at floor

0.2

Present for DACS lifetime

3.5 Fault trees
According to Figure 131 and the subsequent discussion, a number of events can occur which affects the
probability of ignition. In order to characterise and quantify these, the failure modes were analysed in order
to determine the likelihood of events that would lead to ignition of a release of R290. This was achieved by
developing a fault tree for ignition within the room surrounding the AHU or duct outlet, within the DACS
housings and surrounding the condensing unit parts; standard methods as detailed in EN 310104 and BS
4

prEN 62502 Analysis techniques for dependability – Event tree analysis, BSI, London, 15 June 2009
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5760-75 were used. By calculating the probabilities of successive nodes within the fault trees, the
cumulative probabilities for each ‘top event’ (in this case, ignition of the flammable mixture) are obtained.
Figure 134 and Figure 135 provide an example of the fault trees for the condensing unit compartment and
room, respectively. Values for the events within the fault trees are not included as the probabilities vary
according to the individual set of conditions, specific behaviour of the different sources of ignition and the
likelihood of the presence of the flammable mixture within each control volume.
Ignition within cond
unit compartment

Local mixture
LFL<C<UFL

No cond fan airflow

Active SOI

Electrical part
fault

Refrigerant
leak

Wrong electrical part
active

Ign event
within room

Techn fits
wrong electr
part
Compr off-cycle

Cond fan/
motor failure

Figure 134: Fault tree for ignition within condensing unit enclosure top event
Ignition within room

Local mixture
LFL<C<UFL

No cond fan airflow

Cond fan/
motor failure

Compr off-cycle

Refrigerant
leak

Active SOI

Ign event
within cond
unit

Room SOI is active

Appliance not
energised

Figure 135: Fault tree for ignition within room top event

5

BS 5760-7: 1991 Reliability of systems, equipment and components — Part 7: Guide to fault tree analysis
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3.6 Leak frequencies
Estimation of realistic leak frequencies is a difficult task since it is dependent upon a wide number of
parameters, but primarily because the important data that is necessary for determining the frequency of
different leak sizes is virtually never recorded systematically. There are three sources currently available for
leak frequencies. The first is sourcing values established in other (related) studies. The second is the use of
formulas developed in work relating to industrial (petro-chemical) applications. The third is to utilise
empirical data recorded from refrigeration systems.
Table 18 provides a summary of the leak frequencies reported in risk assessments for similar types of
refrigerating systems. It can be seen that there is a rather wide variation. However, it should also be noted
that these leak frequencies are either given as a single “overall” leak frequency, or divided into two, such as
for “small” and “large” leaks. Process industry handbooks (e.g., Lees, 20056) provide industry average
values for certain types of equipment such as pumps, valves, etc., however, this can also be considered not
strictly applicable to factory-sealed refrigeration appliances since pipe materials, jointing practices and test
methods are different. Empirical formulas are not widely available although some works (e.g., Spouge,
19957) present correlations for industrial process systems piping.
Table 18: Leak frequencies used in previous studies
Source
EN TR 14739 (2004)8
Van Blanken and Verwords
(2001)
Wolfer and Seiler (1999)9

ADL (1998)10

Goetzler et al (2016)

Equipment details
Domestic refrigerator during operation †
Ice cream cabinets, rupture †
Ice cream cabinets, 10% leakage †
Supermarket chiller continuous
Supermarket chiller spontaneous
Chest freezer, total †
Multi-deck freezer, total
Remote draft chiller, total
Shelf draft chiller, total
Bottle cooler, total †
5T rooftop unit (normal operation)
5T ground rooftop unit (normal operation)
·
condenser fast
·
condenser slow
·
evaporator fast
·
evaporator slow

Leak frequency (y-1)
2.910-9
110-5
510-5
5.710-5
6.310-6
9.310-6
1.210-4
6.010-4
4.010-3
2.010-5
1.010-2
9.410-5
1.810-3
3.110-5
5.910-4

Commercial split AC
·
outdoor unit fast
·
outdoor unit slow
·
indoor unit fast
·
indoor unit slow

1.3410-3
JSRAE (2017)
6.1310-2
1.510-5
1.0310-3
†
These systems are considered to represent the F740h presently under consideration most closely

For the present work, historical leak data was made available by the manufacturer from the 2016-2017
service database for the specific products under consideration. This provided bulk leak frequencies for
6

Lee’s loss prevention in the process industries. 2005. Lee, F., Mannan, S (Ed). Elsevier Butterworth-Heinemann, UK.
Spouge, A., New generic leak frequencies for process equipment, Process Safety Progress (2005), vol. 24, no 4, 249257
8
EN TR 14739: 2004. Scheme for carrying out a risk assessment for flammable refrigerants in case of household
refrigerators and freezers. BSI, London. 2004
9
Wolfer, M., Seiler, H. Ammoniak und Kohlenwasserstoffe als kaltemittel: riskoanalyse, produktehaftpflicht und
strafrecht. Bundesamtes fur Energie, Switzerland. December 1999
10
ADL. Risk assessments of flammable refrigerants. Report for Calor Gas Ltd. Arthur D. Little, Cambridge, UK. 1998
7
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indoor (AHU) and outdoor (condensing unit) parts of the system. No leaks were reported for
interconnecting piping of ducted splits, so a value was approximated based on corresponding pipe lengths.
These bulk leak frequencies were then used to calibrate a leak frequency model, based on an internal
database of leakage data (e.g., as described in Colbourne and Suen, 2004a and Colbourne and Espersen,
2013) and other industry studies such as those reported in Table 18 and JARECO (201311). Leak frequencies
for the respective parts of the DACS were estimated for three sets of hole size ranges and assigned an
average hole size. The breakdown is provided in Table 19.
Table 19: Division of leak frequency according to circuit and hole size
Leak hole size

5 mm2

1 mm2

0.1 mm2

Evap leak hole freq (/y)

3.3E-06

2.0E-05

6.4E-04

Cond leak hole freq (/y)

1.2E-05

7.2E-05

2.3E-03

Interconnting piping* (/y)
Total (rooftop) (/y)

5.8E-07
1.5E-05

3.5E-06
9.2E-05

1.1E-04
3.0E-03

Total (ducted split) (/y)

1.6E-05

9.6E-05

3.1E-03

* Ducted split only

It is assumed that all leak hole occur instantaneously and are repaired at the subsequent service visit, i.e.,
systems are not re-charged prior to leak repair.

3.7 Estimation of refrigerant release rate and quantity
Measurements were conducted to determine the quantity of refrigerant released and the average mass
flux of those releases, under various scenarios. The data is provided in section 2.4 and from this, values
have been assigned to each of the failure mode scenarios; Table 5 for the ducted split and Table 21 for the
rooftop unit. The two stages (stage 1 and stage 2) refer to the conditions before and after the compressor
has terminated whilst the leak persists. Whilst measurements show a decay type change in mass flow rate
as a function of time, a constant average mass flow is used for simplicity. Experiments have also shown that
– except for the initial moments where two-phase “spitting” may be observed – the majority of the leak
involves vapour phase only. Again, for simplicity all releases are assumed to occur as vapour only.
Nevertheless, this is also a pessimistic assumption since experiments measuring gas concentration from a
simulated leak shows that two-phase releases in fact lead to lower concentrations throughout the room on
account of the turbulence causes by the rapid flashing of the liquid (Colbourne and Suen, 2018).

11

Japan Refrigerants and Environment Conservation Organisation (JRECO)/Japan Industrial Conference for Ozone
Layer and Climate Protection (JICOP), 2013. Report of the 2012 Fiscal chemical safety and international regulatory
measures promotion (refrigerant management system demonstration business model), 29th March 2013, Tokyo,
Japan
71

Table 20: Release masses and mass flow rates for ducted split
Released mass (g)

Average mass flux
(g/min/mm2)

Stage 1

Stage 2

Stage 1

Stage 2

D1

90

n/a

15

D2

90

n/a

D3

90

D4

900

D5

Scenario

Average mass flow rate (g/min)
Stage 1

Stage 2

0.1

1

5

0.1

1

5

n/a

1.5

15

75

n/a

n/a

n/a

15

n/a

1.5

15

75

n/a

n/a

n/a

n/a

15

n/a

1.5

15

75

n/a

n/a

n/a

n/a

25

n/a

2.5

25

125

n/a

n/a

n/a

900

n/a

25

n/a

2.5

25

125

n/a

n/a

n/a

D6

900

n/a

25

n/a

2.5

25

125

n/a

n/a

n/a

D7

540

90

40

15

4

40

200

1.5

15

75

D8

540

90

40

15

4

40

200

1.5

15

75

D9

540

350

40

15

4

40

200

1.5

15

75

D10

540

350

40

25

4

40

200

2.5

25

125

D11

540

350

40

25

4

40

200

2.5

25

125

D12

540

350

40

25

4

40

200

2.5

25

125

C1

890

n/a

240

n/a

24

240

1200

n/a

n/a

n/a

C2

990

n/a

240

n/a

24

240

1200

n/a

n/a

n/a

C3

540

350

340

240

34

340

1700

24

240

1200

C4

540

450

340

240

34

340

1700

24

240

1200

Table 21: Release masses and mass flow rates for the rooftop
Released mass (g)

Average mass flux
(g/min/mm2)

stage 1

stage 1

Scenario
stage 2

stage 2

Average mass flow rate (g/min)
stage 1

stage 2

0.1

1

5

0.1

1

5

D1

90

15

1.5

15

75

D2

90

15

1.5

15

75

D3

90

15

1.5

15

75

D4

900

25

2.5

25

125

D5

900

25

2.5

25

125

D6

900

25

2.5

25

125

D7

610

90

40

15

4

40

200

1.5

15

75

D8

610

90

40

15

4

40

200

1.5

15

75

D9

610

300

40

15

4

40

200

1.5

15

75

D10

610

300

40

25

4

40

200

2.5

25

125

D11

610

300

40

25

4

40

200

2.5

25

125

D12

610

300

40

25

4

40

200

2.5

25

125

C1

890

240

24

240

1200

C2

990

240

24

240

1200

C3

540

350

340

240

34

340

1700

24

240

1200

C4

540

450

340

240

34

340

1700

24

240

1200
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3.8 Determination of flammable quantities
3.8.1

Control volumes

It is necessary to estimate the mass and the volume of the flammable regions and the duration flammable
concentrations are present, in the event of a release. For the present study, three models are used: one for
the dispersion of a release within the unit housings and for releases into the room and outside a zonal
dispersion model and CFD code. There are certain critical aspects which must be addressed when
characterising the flammable quantities. These are:




Appropriate determination of the control volume, which is a function of the location of refrigerantcontaining parts, constraints to refrigerant flow and potential sources of ignition
Knowledge of the airflow characteristics within those control volumes
Dimensions of openings within the control volume from where leaked refrigerant could escape

Figure 136 and Figure 137 identifies the various control volumes under consideration for the ducted split
and rooftop units, respectively.
CV DS3

CV
DS4

CV
DS1
CV DS5

CV DS6

CV DS2

CV
DS7

Figure 136: Identification of control volumes for the ducted split
Whilst the ducted split AHU is placed within a separate space, both measurements and CFD calculations
indicate that due to the louvers there is limited resistance to flow of the mixture and thus can be treated as
a single space.
CV RT3
CV RT4

CV
RT1

CV
RT2

CV
RT7

CV
RT5

CV RT6

Figure 137: Identification of control volumes for the rooftop unit
A representative dimension needs to be assigned to each control volume in order to relate the developed
flammable volume to the potential SOIs that may be present in the same locality as the mixture. For
equipment housings, etc., this is relatively straight-forwards, since the boundaries of the enclosures can be
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employed. However, for large rooms and open spaces, a judgment is required based on the anticipated
extent of the flammable mixture.
Table 22: Flammable characteristics for leaks within the room
Control volume
CV DS1
CV DS2
CV DS3
CV DS4
CV DS5
CV DS6
CV DS7
CV RT1
CV RT2
CV RT3
CV RT4
CV RT5
CV RT6
CV RT7

3.8.2

Relevant space
AHU
Condensing unit
Supply duct
In room beyond outlet
Room/closet floor
Interconnecting pipe
space
Surrounding cond unit
AHU section
Condensing unit section
Supply duct
Return duct
In room beyond outlet
Room floor
Surrounding cond unit

Volume location
Within housing
Within housing
Duct internal volume
To 1 m below ceiling
To 1 m above floor

Representative volume
0.41 m3
0.47 m3
2.0 m3
35 m3
35 m3

Entire space

30 m3

2.5 m radius around unit
Within housing
Within housing
Duct internal volume
Duct internal volume
To 1 m below ceiling
To 1 m above floor
2.5 m radius around unit

20 m3
0.44 m3
0.47 m3
2.5 m3
1.0 m3
35 m3
35 m3
20 m3

Assumptions and boundary conditions

Since flammable volumes cannot be easily measured directly, computational tools are used. The models
used are:




Mixing box model, as described in Colbourne and Suen (2014)12
A zonal decay model, based on Colbourne and Suen (2008)
Simflow computational fluid dynamics (CFD) package13

Simflow offers a wide range of functions; for the current work the basic parameters used were
rhoreactingbuoyantFOAM solver, RANS RNG κ-ε turbulence model and a 0.001 – 0.1 m mesh size.
Animations for selected CFD cases can be downloaded at
https://my.pcloud.com/#page=puplink&code=gBdZKGC8m32uG2SrdLxlM20hqF8PoBlV; note that these
results are based on simple assumptions and infer much a much more severe situation than in “real life”,
i.e., compared to our testing but are nevertheless useful to help understand the behaviour of the leaked
R290.
Such tools require reliable inputs for physical characteristics and assumptions for various boundary
conditions. The models used include adjustments that can be made to help match the calculated results to
direct measurements, since no model can precisely account for every single parameter present in real
cases.
Release rates
The release rates detailed in Table 5 and Table 21 are employed in the calculations. Many tests and the
visualisation results shown below are based on a nominal 50 g/min release mass flow. According to one

12

Colbourne, D, Suen, K. O. 2014. Characterisation of a Leak of Flammable Refrigerant within Equipment Enclosures.
Proc. 11th IIR Gustav Lorentzen Conference on Natural Refrigerants, Hangzhou, China
13
https://sim-flow.com/cfd-software/
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study in Japan (JARECO, 201314) which surveyed 000’s of refrigeration and air conditioning systems ranging
in size from about 1 kg to 170 kg of (HFC) refrigerant charge, the average (mean) leak rate across the entire
data set was equivalent to 0.16 g/min; assuming vapour only leak, this corresponds to a leak hole of 0.002–
0.005 mm2 (approximately 0.05–0.08 mm diameter) depending upon the system pressure. The largest leak
rate was just under 3 g/min, corresponding to a leak hole of 0.04–0.07 mm2 (or 0.2–0.3 mm diameter)
depending upon pressure. Another study from Japan (JSRAE, 201415) carried out a survey of maximum leak
hole sizes in multi-split air conditioning systems. The mass flow rate of vapour and liquid refrigerant was
measured in the samples and the largest leak from indoor units have about 6 g/min of R32 vapour at 10°C
and 67 g/min of liquid at 63°C; this equates to a hole of 0.045 mm2 or 0.23 mm diameter. For outdoor units
the largest leak gave 58 g/min of R32 vapour and 660 g/min of liquid; this is equivalent to a hole of 0.45
mm2 of 0.76 mm in diameter. From another study currently underway (EU LIFE FRONT16) the largest leak
hole size (do far) corresponds to about 0.7 mm2 (albeit from a botched repair). Taking the largest leak hole
of all these studies and the maximum release mass flux from the simulated AHU leaks (40 g/min per mm 2)
yields a “maximum” leak rate of 28 g/min. Thus for purposes of useful representation, an assumed release
of 50 g/min may still be considered pessimistic.
Room and equipment dimensions
Physical dimensions are closely matched in the models.
Space congestion/obstructions
Whilst test set-up typically involve some degree of congestion, whether it is unmovable objects within the
space, piping and components within equipment housing or non-smooth geometry surfaces. With certain
computational models (e.g., CFD) these can in principle be accounted for but would result in excessive
calculation time. With others, adjustment factors are employed to provide a blunt means of
accommodating the variations they infer.
Space air movement
Airflow within the rooms and spaces assists with dispersion of leaked refrigerant, thereby reducing the gas
concentrations, the size of flammable volumes and thus the risk. Within a space several sources of airflow
may be present:





Forced airflow from air conditioning or cooling or extract fans
Forced air movement from room occupants
Natural convention from thermal sources within the room, including from occupants
Natural convention from infiltration with the outside conditions

Thus it is difficult to estimate what the airflow may be. In a “still” room, i.e., absent of all the sources listed
above, the average air speed may be around 0.03 – 0.05 m/s. Where one or more of these sources are
present, the air speed can approach 0.3 m/s or higher, although it varies depending upon the position
within a room. Nevertheless, since the presence and characteristics of air conditioning, cooling and extract
fans, other drinks dispensing appliances, the behaviour of occupants and thermal sources are usually
unknown, the possible effect of these will be neglected, thus leading to a more pessimistic condition.
14

Japan Refrigerants and Environment Conservation Organisation (JRECO)/Japan Industrial Conference for Ozone
Layer and Climate Protection (JICOP), 2013. Report of the 2012 Fiscal chemical safety and international regulatory
measures promotion (refrigerant management system demonstration business model), 29th March 2013, Tokyo,
Japan
15
Japan Society of Refrigerating and Air Conditioning Engineers (JSRAE), 2014. Risk Assessment of Mildly Flammable
Refrigerants, 2013 Progress Report; Section 8.2 Progress of SWG for VRF System Risk Assessment. Tokyo, Japan
16
http://lifefront.eu/
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Infiltration is nearly always present, but the air change rates vary widely according to building construction
and weather conditions. Figure 138 provides an example of the proportion of time that infiltration air
changes occur for a generic building with fixed envelope tightness of 5 air changes per hour at 50 Pa
pressure difference. The literature (e.g., Orme et al, 199817) contains empirical data for tightness of samples
of certain types of buildings. This indicates that the average building envelope tightness can vary from
around 2 to 20 air changes per hour at 50 Pa. Whilst calculation of dispersion of a refrigerant leak over a
range of infiltration rates could be carried out, the quantity of refrigerant involved and the majority of the
release rates used will lead to very small flammable volumes and subsequent risk. Therefore the additional
(lengthy) calculation time necessary to account for the different infiltration rates is not justified.
Nevertheless, some example test results are provided in Figure 139 to give an indication of the effect of
room concentrations arising from natural ventilation (Colbourne and Suen, 2018)18; the percentages in the
figure legend are the proportion of total refrigerant remaining in the room at the time that the release has
ceased. Thus even with relatively small ventilation openings a significant proportion of the leaked
refrigerant is removed from the space.
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Figure 138: Example distribution of infiltration
air change rates for envelope tightness of 10
air changes per hour at 50 Pa, based on UK
weather
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Figure 139: Effect of natural ventilation on a
440 g R290 release at 1 m unit height

Airflow is also generated by movement of persons or equipment. Figure 140 illustrated the effectiveness of
this source, where the greyed area of the graph shows the effect of a personal slowly strolling across the
room rapidly dilutes a stratified mixture within a few tens of seconds. Figure 141 is another example where
the thermal convection currents from four thermal manikins and mock PCs (all 100 W each) are able to
homogenously mix a stratified layer with 1.3 kg R290 in a 40 m2 room, within a few minutes.
Due to the calculation time, these various sources of residual air movement are not taken into account.
However, the results from the QRA should be considered to represent highly pessimistic (and unusual)
conditions.

17

Orme, M., Liddament, M. W., Wilson, A. Numerical data for air infiltration and natural ventilation calculations. Air
Infiltration and Ventilation Centre, Coventry, UK, 1998
18
Colbourne, D., Suen, K. O. 2018. Assessment of factors affecting R290 concentrations arising from leaks in room air
conditioners. Proc. 13th IIR Gustav Lorentzen Conference, Valencia, Spain
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Figure 140: Effect of “strolling” through a
stratified layer (during greyed duration)
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Figure 141: Effect of four thermal manikins and
mock PCs on mixing of a release compared to
“empty” room

Release source
Due to the complexity and variability of conditions close to the actual refrigerant leak hole, the local mixing
process is not modelled. Instead assumptions are made in terms of the result of that local mixing and thus
the state (concentration) of the mixture exiting a specific region. This process is supported by adopting
values from measurements (section XXX), for instance, at the outlet/base of a particular enclosure.
Selected flammable quantity
Under many scenarios, the refrigerant release is such that steady conditions are not achieved and thus the
flammable volume, for example, will continue to grow over time, until some moments following cessation
of the leak. In order to provide an accurate representation of the probability of the flammable mixture
coinciding with an SOI (for the probability model employed), a time-averaged flammable volume is
obtained. This has the effect that when calculating consequences (e.g. overpressure) the result will be
lower than if the peak flammable volume were used. However, since many pessimistic assumptions are
already inherent in the determination of flammable volumes, such an outcome is not considered
unreasonable.
3.8.3

CV DS1 – within ducted split AHU

Measurements were carried out to determine concentrations within the AHU under various release mass
flow rates and blower operation (see section 2.5.4). These results were used to calibrate the mixing model
to help determine flammable; volumes and times. Some examples of these checks are provided in Figure
142. Differences in internal measured concentrations occur according to internal leak position, but the
model overlooks this assuming fairly even mixing, provided release velocity and volume flow is high relative
to the internal volume.
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Figure 142: Example comparison of concentrations measurements inside the ducted split AHU and
the model for estimating flammable volume and time
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3.8.4

CV DS2 – within ducted split condensing unit

Whilst measurements were not conducted specifically on the ducted split condensing unit, they were done
with the rooftop condensing unit, against which the model was calibrated (see CV RT2). Characteristics of
the ducted split condensing unit were used within that model to determine flammable volumes.
3.8.5

CV DS3 – within ducted split supply duct

Measurements were carried out to determine concentrations within the supply duct under various release
mass flow rates and blower operation (see section 2.5.4). Whenever the blower was operating, even with
lowest fan speed setting, the concentration throughout the entire supply ducting was a fraction of the LFL,
inferring negligible flammable concentration. Similarly, in the event that there is a leak from inside the AHU
and the blower is off, since R290 is denser than air it was never found to migrate upwards along the supply
duct, again indicating no flammable mixture within the duct. The only condition where a flammable
mixture may become present is following initiation of the blower moments after a large leak. However,
measurements indicated that the flammable mixture would only be present at any point along the duct for
one or two seconds. In this regards, it may also be deemed negligible (especially since at the flow velocity
through the duct combustion could not be sustained).
3.8.6

CV DS4 – beyond ducted split supply duct outlet (within room)

Concentration measurements were carried out at various positions at and beyond the supply duct outlet
under various release mass flow rates and blower operation. As with CV DS3, concentrations approaching
LFL do not normally arise with or without airflow, except for the case where airflow initiates following a
major leak. Description of the measurements and analysis of this situation are provided under section
3.8.14. A flammable volume of 0.05 m3 for 15 s is taken for all cases where the blower starts following a
leak.
3.8.7

CV DS5 – across room floor

Extensive measurements were carried out to determine concentrations arising within the room
surrounding AHU, both when it was placed in a room and within a closet with louvered doors (see section
2.5.4). Whilst the blower is operating, concentrations approaching LFL were never recorded. Similarly, due
to the internal volume of the AHU housing, there is a notable time delay from the beginning of the release
until the mixture migrated onto the room floor; this indicates that leak detection will prevent formation of
a flammable mixture in the surrounding area. Thus flammable volumes may only arise in certain failure
modes. An example of the formation of a flammable mixture is illustrated in Figure 143.
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Figure 143: Example CFD results for the case of 400 g R290 leaking inside the AHU at 50 g/min
Whilst the AHU has been re-designed to ensure that the formation of a flammable mixture in the
surrounding area is minimised, there is a possibility that during service and maintenance activities, a
technician forgets to replace certain base panels. In this event, leaked refrigerant would migrate directly to
the floor. Simulations were also carried out to mimic this scenario (Figure 145) and the estimated
flammable volumes were used for the particular failure mode.

Figure 144: Example CFD results for the case of 400 g R290 leaking inside the AHU at 50 g/min
3.8.8

CV DS6 – around interconnecting piping

Under the current project, measurements specifically investigating concentrations arising from leaks from
exposed or insulated pipework runs were not performed; although data from previous work has been
drawn upon. The main challenge, though, is making assumptions for the size and shape of the space
through which the piping is passing through, what the local airflow conditions are, the use and/or condition
of insulation and the positioning of the piping. Assumed characteristics of the space are detailed previously.
The suction line is usually insulated so any leak therein will migrate along both directions of the piping to
either the space housing the AHU or to the outside and as the suction pressure is usually low and that part
of the system is normally subject to mitigation measures (pump-down, etc.). Whilst leaks from the suction
line can be neglected, they are nevertheless accounted for. Conversely the liquid line will usually be
exposed, which means that a leak will take the form of a high momentum jet directly into the space. To
determine the flammable volume for the respective assumed hole sizes and back pressures, the
calculations have been based on model of Webber et al (2012). Pipes could be run along any surface of the
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room so an assumption of a relatively confined (two sides)/shielded location has been used whereby
draining of the mixture would have a delay associated with it.
3.8.9

CV DS7 – surrounding condensing unit

A number of measurements were made surrounding the rooftop unit with various release scenarios
(section 2.5.4). These were used to establish boundary conditions for CFD simulations. A typical “low”
outside air speed is considered to be 0.5 m/s (as stated in IEC 60079-10-1), which was used as the basis for
the calculations.

Figure 145: Example CFD results for the case of 100 g R290 leaking inside the condensing unit at 250
g/min; after 60 s (left), 120 s (middle) and 180 s (right)
Figure 145 and Figure 146 show results of flammable volume contours for a leak rate of 250 g/min and
1200 g/min, respectively. There is no accumulation of refrigerant and after a few moments other than the
fluctuations the flammable volume can be taken as a steady value.

Figure 146: Example CFD results for the case of 100 g R290 leaking inside the condensing unit at
1200 g/min; after 10 s (left), 30 s (middle) and 50 s (right)
Whilst the results in Figure 145 and Figure 146 assumed a low airspeed, weather data gives the average
annual wind speed in Colombia (Barranquilla, for instance) at 4.0 m/s. A third simulation used this condition
along with the 1200 g/min leak rate and the flammable volume contours are shown in Figure 147.
Compared to the 0.5 m/s wind speed case, the flammable volume over the release period with 4 m/s is
approximately 10%.
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Figure 147: Example CFD results for the case of 100 g R290 leaking inside the condensing unit at
1200 g/min with a wind speed of 4.0 m/s; after 10 s (left), 30 s (middle) and 50 s (right)
3.8.10 CV RT1 – within rooftop AHU
Measurements were carried out to determine concentrations within the AHU under various release mass
flow rates and blower operation (see section 2.5.4). As with the ducted split AHU, results were used to
calibrate the mixing model to help determine flammable volumes and times. Some examples of these
checks are provided in Figure 148. (Note that the rapid decay in the measurements for test #29 is due to
the blower being switched on.)
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Figure 148: Example comparison of concentrations measurements inside the rooftop AHU and the
model for estimating flammable volume and time
3.8.11 CV RT2 – within rooftop condensing unit
Measurements were carried out to determine concentrations within the condensing unit part under
various release mass flow rates and fan operation (see section 2.5.4). These results were used to calibrate
the mixing model and some examples are provided in Figure 149. Generally there is a poor match between
the measured concentrations within the condensing unit and the model, which is because of the very large
free wall area relative to the enclosure volume. Nevertheless, the use of the model is retained since it will
only result in exaggerated values of flammable volume.
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Figure 149: Example comparison of concentrations measurements inside the rooftop condensing unit
and the model for estimating flammable volume and time
3.8.12 CV RT3 – rooftop supply duct
Measurements were carried out to determine concentrations within the supply ducting under various
release conditions (see section 2.5.4). Whenever the blower is operating, even with lowest fan speed
setting, the concentration throughout the entire supply ducting was a fraction of the LFL, inferring
negligible flammable concentration. Conversely, in the event that there is a leak from inside the AHU when
the blower is off and if there is a horizontal and/or downwards passage to the duct outlets the refrigerant
will flow along the ducts; provided the leak rate is sufficient the entire duct cross section can fill with a
flammable mixture. Figure 150 and Figure 153 show simulation results for a release flowing along a single
duct and a duct with four branches, respectively. With a single duct (and a release of 50 g/min) it can be
seen that the duct is almost filled with a flammable mixture. However with the four duct branches, only the
main duct is mostly filled whereas the branch ducts are approximately half filled. This was also validated by
the measurements.

Figure 150: Example CFD results for the case of 50 g/min R290 flowing along a single supply duct
3.8.13 CV RT4 – rooftop return duct
Measurements were similarly carried out to determine concentrations within the return ducting under
various release conditions (see section 2.5.4). As with the supply duct, if the blower is operating the
concentration throughout the entire return ducting remains at a fraction of the LFL. Conversely, if the leak
occurs from the AHU when the blower is off and there is free passage to the duct outlets the refrigerant
will flow back along the ducts. Figure 151 and Figure 154 show simulation results for a release flowing along
a single return duct that terminates at floor level and at 1 m above the floor, respectively. In both cases, the
duct is almost entirely filled with a flammable mixture.
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Figure 151: Example CFD results for the case of R290 flowing back down a single return duct with an
inlet at 1 m above floor level
3.8.14 CV RT5 – beyond rooftop supply duct outlet (within room)
Concentration measurements were carried out at various positions at and beyond the supply duct outlet
under various release mass flow rates and blower operation. As with CV RT3, concentrations approaching
LFL do not normally arise when the blower is on, except for the case where airflow initiates following a
major leak. Extensive measurements are detailed within section 2.5.4and from this the size and direction of
the flammable mixture were estimated. Figure 152 provides a visualisation of the process. However, the
size and shape of the flammable mixture is considerably exaggerated compared to the actual
measurements, which gave a flammable volume of approximately 0.05 m3 (compared to the CFD result of 9
m3); this difference indicates that in reality there is significant additional dilution as the mixtures travels
along the ducting as well as draining of refrigerant mixture from within the AHU housing before the blower
initiates. In both the simulation and measurements, the flammable mixture only persists for 10 s to 15 s. A
flammable volume of 0.05 m3 for 15 s is taken for all cases where the blower starts following a leak.

Figure 152: Example CFD results for the case of 1000 g R290 being discharged from the AHU, along
the supply duct and out of the duct outlet at the instant the blower is initiated; surface contour is LFL
of R290
When the blower is off, measurements indicated that a flammable mixture could also arise just beyond the
duct outlet, since a leak from within the AHU could eventually overflow into the supply duct and migrate
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along the horizontal duct to the outlet (see section 2.5.4). The number of duct branches has an effect on
the concentrations at outlets since additional branches reduce the flow rate available to each outlet.

Figure 153: Example CFD results for the case of 50 g/min R290 flowing along a four duct branches
3.8.15 CV RT6 – across room floor
A number of measurements were carried out to determine room floor concentrations for releases within
the AHU which had then flowed along and down return ducting that terminated at or near the room floor.
These are described in section XXX. In order to minimise formation of flammable mixtures within the room,
the product information prescribes that the return duct inlet should be at least 1 m above flor level.
However, it is possible that such a rule is not always followed so calculations also include for return duct
inlets at floor level. Results for these two scenarios are given in Figure 151and Figure 154; the finding as
from measurements are replicated here, which show that inlets at floor level and lead to flammable
concentrations within the room whilst an elevated return air inlet essentially eliminates that occurrence.

Figure 154: Example CFD results for the case of R290 flowing back down a single return duct with an
inlet at floor level
3.8.16 CV RT7 – surrounding condensing unit
A number of measurements were made surrounding the rooftop unit with various release scenarios from
the condensing unit section (see section 2.5.4). These were used to establish boundary conditions for CFD
simulations. For this, a typical “low” outside air speed is considered to be 0.5 m/s (as stated in IEC 6007910-1), which was used as the basis for the calculations. The results –for the equivalent case of the ducted
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split condensing unit – are shown in Figure 145 and Figure 146. With the largest leak rate of 1200 g/min the
flammable region does not extend by more than about 2.5 m from the unit centre.
3.8.17 Results for flammable volumes and time
Appendix G provides a compilation of the calculated volumes and durations of the developed flammable
mixtures associated with each control volume under each failure mode.

3.9 Potential sources of ignition
There are a variety of different types of potential SOIs and their presence within any of the control volumes
need to be assigned, as well as their particular characteristics. An initial filtering of potential SOIs is carried
out (according to EN 1127-119) and a summary is given in Table 13. Practical examples of the potential SOIs
which are applicable to HCs are provided in the GIZ Proklima handbook20. With respect to some of the
possible SOIs indicated in Table 13, further discussion is provided in Appendix E.

Table 23: Filtering for potential sources of ignition
Type

Possible sources present

Relevant control volume

Hot surfaces

Lamps, friction from moving parts,
compressors, heaters, electrical faults

Room, AHUs, condensing units

Flames and hot gases (including hot
particles)

Cigarettes, lighters, candles, stoves

Room, AHUs, condensing units

Mechanically generated sparks

Hammers

Not applicable

Electrical apparatus

Any electrical components where
arcing is possible

Room, AHUs, condensing units

Stray electric currents

Any electrical parts where shortcircuiting is possible

Room, AHUs, condensing units

Static electricity

Occupants (e.g., cleaning)

Room

Lightning

None

Not applicable

Radio frequency (RF) electromagnetic
waves from 104 Hz to 3 × 1011 Hz

Radio, wireless transmitters/
receivers,

Not applicable

Electromagnetic waves from 3 × 1011 Microwave ovens, remote controls,
Hz to 3 × 1015 Hz (microwave, infrared)
lasers

Not applicable

Ionising radiation

X-rays, medical equipment using
radioactive materials

Not applicable

Ultrasonics

Welders, sensing equipment,
humidifiers

Not applicable

Adiabatic compression and shock
waves

Compressor (internal)

Not applicable

Exothermic reactions

None

Not applicable

For SOIs within rooms or outside, the number, location and characteristics of individual items can vary
widely from room to room and from time to time. Therefore a generic set of SOIs characteristics has been
assigned, broadly based on previous observations of such locations; these are listed in Table 24.
Based on discussions with the manufacturers and installers, it was been confirmed that there are never any
potential SOIs located in the ducts for the size of equipment addressed within this study. Thus the only
19
20

EN 1127-1: 2011, Explosive atmospheres. Explosion prevention and protection. Basic concepts and methodology
Guidelines for the safe use of hydrocarbon refrigerants, GTZ Proklima, Eschborn, Germany, 2010; section 5.5
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ignition source for the supply and return ducts are an ignition event at any one of the connected control;
volumes. Therefore the number of active events corresponds to the ignition frequency within either of
those connected control volumes.
Considering typical installation environments for rooftop units and condensing units, it is reasonable to
assume the presence of non-R290 units in the near vicinity; mains contactors of two additional condensing
units are therefore accounted for.
Table 24: Assigned SOIs according to control volume
Number

Time/ duration of
SOI event (s)*

No of SOI active
events per 24 h

Control volume

Relevant space

CV DS1

AHU

Table 26

CV DS2

Condensing unit

Table 25

CV DS3

Supply duct

2

1

∗
As 𝑓𝑖𝑔𝑛
in conn CVs

CV DS4

In room beyond outlet

2

1

2

CV DS5

Room/closet floor

10

1

8

CV DS6

Interconnecting pipe space

5

1

4

CV DS7

Surrounding cond unit

2

1

20

CV RT1

AHU section

Table 26

CV RT2

Condensing unit section

Table 25

CV RT3

Supply duct

1

1

∗
As 𝑓𝑖𝑔𝑛
in conn CVs

CV RT4

Return duct

2

1

∗
As 𝑓𝑖𝑔𝑛
in conn CVs

CV RT5

In room beyond outlet

2

1

2

CV RT6

Room floor

10

1

8

2

1

20

CV RT7
Surrounding cond unit
* Active time for a spark is milliseconds, but is taken as 1 s

For the equipment enclosures, potential SOIs are assumed to arise from electrical faults or replacement
with new components that are unsuitable. Condensing units and AHUs are is designed and constructed
according to the applicable safety standards implying that none of the electrical or other items could act as
SOIs under normal operation. As such, all the components are deemed not to be SOIs under normal
operation. If there is a fault with the component or interconnecting wiring, there is a possibility of arcing or
sufficiently high temperature that a SOI arises. Alternatively, in the event of a fault (when no flammable
mixture is present), it is conceivable that a technician could replace the protected component with an
unprotected one, which could therefore be a potential SOI. Table 25 and Table 26 provide characteristics
data for the condensing unit and AHU SOIs, with regards to:






The current level of protection applied
Whether it could be an active SOI during normal operation
Whether it could be an active SOI under fault conditions, the reasons for such a fault and the
probability of a fault
Whether that item could be replaced with non-protected component and if so, whether the new
components could be a SOI under normal operation
The expected SOI characteristics of the replaced component
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For fault conditions the most likely fault and the frequency of the fault occurring are estimated from safety
handbooks21 and some are provided by manufacturers. It is assumed that once the fault occurs, unit will
cease to operate correctly and the operation terminated (i.e., the faulty part is replaced before the unit of
operate again). For the case of the terminals working loose or the wires short-circuiting, sparking is
assumed to occur for some nominal amount of time before it finally loses contact permanently. It is also
important to acknowledge that whilst the failure rates used simply imply a fault, the assumption in the
present study is that such a fault will result in an active SOI; in reality this is seldom the case and therefore
represents a conservative assumption.
In the case of a failure of a particular component, it is possible that the (suitable, protected) component
could be replaced by (unintentionally) by an incorrect (unsuitable, unprotected) component. This is
relevant for the thermal overload and the compressor relay. The probability that a technician may replace a
faulty component with an inappropriate unprotected component is set at 30%.

Table 25: Condensing unit potential SOIs
Probability

Can replace
with
sparking?

overload

0.0001

no

0.0001

0.0001

short

0.00002

no

0.00002

0.00002

yes

damaged

0.0002

yes

0.0002

8

none

yes

short

0.00005

no

0.00005

0.00005

none

yes

short

0.0005

no

0.0005

0.0005

Protection

Fault
SOI?

Reason

1

60079-15

yes

1

Non-sparking

yes

Pressurstat

2

sealed

Wires

10

Terminals

20

Item

No.

Compr (+ elec box)
Cond fan/motor

Probability

Replaced
SOI
events/24 h

Table 26: AHU potential SOIs
No.

Protection

Fault
SOI?

Reason

Probability

Can replace
with
sparking?

Probability

Replaced
SOI
events/24 h

Blower fan/motor

1

Non-sparking

yes

short

0.00002

no

0.00002

0.00002

Wires

5

none

yes

short

0.00005

no

0.00005

0.00005

Terminals

10

none

yes

short

0.0005

no

0.0005

0.0005

Item

3.10

Consequences

The two primary consequences of ignition considered in this study are thermal intensity (TI), which can be
used to quantify degrees of burns to people or likelihood of secondary fire, and overpressure (OP) that
causes damage to building structure and injury to people. An outcome of high TI and/or OP includes
damage to buildings, their contents, injury to people and fatalities. A further consequence of ignition is a
secondary fire, either caused by direct impingement of a sustained jet flame on a combustible material, or
ignition of materials due to sufficient thermal dose which is sometimes termed “flashover”. The likelihood
of a secondary fire can be estimated from the thermal intensity.
The basic approach to calculate TI and OP as a result of igniting flammable material within a room are
detailed in Colbourne and Suen (2004)22, but is also summarised in Appendix I. These models demand
flammable property data of refrigerants such heat of combustion and these are normally quoted for
stoichiometric concentrations. However, the mean concentration within flammable volumes is not always
21

Lee’s loss prevention in the process industries. 2005. Lee, F., Mannan, S (Ed). Elsevier ButterworthHeinemann, UK.
D. Colbourne, K. O. Suen, Appraising the flammability hazards of hydrocarbon refrigerants using quantitative risk
assessment model Part I: modelling approach, Int. J. Refrig. 27 (2004) 774–783
22
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at stoichiometric. Since flammable properties at concentrations other than stoichiometric can differ, the
models used properties at a mean concentration corresponding to the calculated flammable regions were
employed.
As inputs, the construction characteristics of the room and the condensing unit compartment are based on
the data in Table 27.
Table 27: Additional details for spaces for consequence calculations
Control
volume
CV DS1
CV DS2
CV DS3
CV DS4
CV DS5
CV DS6
CV DS7
CV RT1
CV RT2
CV RT3
CV RT4
CV RT5
CV RT6
CV RT7

Relevant space

Space volume

AHU
Condensing unit
Supply duct
In room beyond outlet
Room/closet floor
Interconnecting pipe space
Surrounding cond unit
AHU section
Condensing unit section
Supply duct
Return duct
In room beyond outlet
Room floor
Surrounding cond unit

0.41 m3
0.47 m3
2.0 m3
100 m3
100 m3
30 m3
Open
0.44 m3
0.47 m3
2.5 m3
1.0 m3
100 m3
100 m3
Open

Free opening
area
0.32 m2
1.22 m2
0.2 m2
0.2 m2
0.2 m2
2.0 m2
Open
0.29 m2
1.22 m2
0.2 m2
0.2 m2
0.2 m2
0.2 m2
Open

Forced opening
area
n/a
n/a
n/a
1.5 m2 (door)
1.5 m2 (door)
1.5 m2 (door)
n/a
n/a
n/a
n/a
n/a
1.5 m2 (door)
1.5 m2 (door)
n/a

Flam volume
shape
3D
3D
3D
3D
flat
flat
flat
3D
3D
3D
3D
3D
flat
flat

For secondary consequences such as secondary fire, thermal intensity is determined as the maximum of that
arising from a flash fire and that from a the continuously burning jet leak, taking the recipient distance as a
quarter of the average distance to any surface within the control volume. The threshold value for initiating a
secondary fire is 150 s(kW/m2)4/3, assuming the recipient material is easily ignited (e.g., paper, hair, etc.)
Frequency of fatality is determined according to one or more of the following:





Sufficient TI to cause fatality (set at 1000 s(kW/m2)4/3, yielding a probability of fatality of 2.5%)
Peak overpressure exceeding 17 kPa; whilst this in itself in insufficient to cause fatality directly, it is
enough to damage weak building structure and produce projectiles from enclosure which could result in
severe physical damage to persons (set at 25% of cases)
1% of secondary fires will result in a fatality

For each ignition event that could satisfy the above criteria, the ignition frequency is used to determine
frequency of fatality.

3.11

Results

Results are presented as follows:





Ignition frequency within each control volume
Maximum severity of consequence (thermal intensity and overpressure) for each ignition event
Frequency of secondary fire
Frequency of fatality as a result of all primary and secondary consequences

Values are given for both ducted split and rooftop units.
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3.11.1 Ducted split
Results for the relevant risk measures associated with the various control volumes are given in Table 28.
The main observations concerning ignition frequency are:







Both AHU and condensing unit have extremely low ignition frequencies, corresponding to less than one
ignition event per million-million units per year; such a frequency is so low it may be considered
negligible.
Ignition within the supply duct is also negligible (on account that the only ignition source is another
ignition event within an adjacent space).
Ignition within the room floor region is very small, less than one ignition event per 1,000 million units
per year and as such also has no significance.
Ignition frequency within the space through which the interconnecting piping runs is fairly small (about
two ignition events per 10 million units per year).
The control volume which experiences the highest ignition frequency is the area surrounding the
condensing unit, with about three ignition events per millions units per year.

The main reason for the comparatively high ignition frequency for the room with interconnecting piping is
because there are no local mitigation measures present, which for example apply to the AHU (such as
forced airflow or limited releasable charge). Primarily whenever there is a leak from the liquid line, a large
proportion of the total charge will be released and no response action can help respond to that occurrence.
With ignition in the region surrounding the condensing unit, the relatively high value is dominated in fact by
the high probability of the “small” leak (0.1 mm2) being ignited whilst the condenser fan is off, on account
that it persisting for a long time in relation to the regular SOI active events. Since the flammable mixture is
unlikely to extend as far as the SOIs within adjacent condensing units for this small leak the calculation
result is broadly unrealistically high; in the case of a leak within a room the positioning of an SOIs relative to
the flammable volume is effectively random, whilst in the present case it is likely that the adjacent
condensing unit electrical panel would be more than 20 cm or so from the leaking R290 condensing unit. A
simple evaluation of the situation indicates the calculated ignition frequency is more likely to be lower by a
factor of 100 or so.
Table 28: Risk measures of ducted split according control volume
Control volume
CV DS1
CV DS2
CV DS3
CV DS4
CV DS5
CV DS6
CV DS7

AHU
Cond unit
Supply duct
Supply outlet
Room floor
Intercon room
Surr cond unit
Overall

Ignition freq
Max TI
(s(kW/m2)4/3)
(y-1)
1E-17
228
1E-12
34
0
n/a
9E-18
15
1E-10
638
2E-07
1321
3E-06
18
3E-06
1321

Max OP
(kPa)
7
1
n/a
1
15
5
0
15

Risk of TI

Risk of OP

4E-16
3E-12
0E+00
1E-16
1E-09
6E-05
1E-06
6E-05

5E-17
1E-13
0E+00
8E-18
4E-11
2E-07
0E+00
2E-07

Risk of sec
Risk of
fire (y-1) fatality (y-1)
1E-19
1E-21
3E-13
3E-15
0E+00
0E+00
0E+00
0E+00
3E-12
3E-14
1E-07
1E-09
0E+00
0E+00
1E-07
1E-09

Maximum values of TI and OP are provided and are seen to span a wide range. However, a more useful
means to express values of TI and OP is to plot them against the corresponding ignition frequency; as
shown in Figure 155 and Figure 156. This helps to identify the probability of “extreme” consequences.
Whilst the TI and OP associated with ignition within the AHU, condensing unit and ducting is sometimes
fairly high, such occurrences are seen to be so rare that they have no importance. These severe events only
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arise when there are multiple failures of the mitigation measures, such as absence of airflow, LLSV leaking
and open ducting close to the floor level.
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Figure 155: Probability distribution of thermal
intensity consequence
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8

4

0
1.E-21
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Ignition frequency [/y]

1.E-05

Figure 156: Probability distribution of
overpressure consequence

With ignition at the room floor both TI and OP are more severe but again their likelihood is extremely rare,
i.e., in the order of one in a million-million units per year. Whilst the area surrounding the condensing unit
showed the greatest ignition frequency the severity of the consequence is effectively negligible due to the
small flammable volume arising from the smallest leak hole. Lastly, the consequences associated with
ignition of a leak from interconnecting piping yield the greatest TI and also fairly high OP, but at a much
high frequency than with the other control volumes. Whilst these severe consequences are estimated to
occur about once in 10 million units per year, these results suggest some attention should be paid to
possible additional mitigation measures.
Comparison of overall risk of TI and risk of OP highlights need for attention here, as seen in Figure 157
(summation of ignition frequency × severity of consequence). Whilst these two risk categories cannot be
compared directly, values for each control volume can be. These suggest that the risk associated with the
AHU, condensing unit and ducting present the lowest risk, whereas the room with the interconnecting
piping poses the greatest risk, in the order of about 100 to 1000 times greater than any other control
volume.
1.E-03
1.E-06

Thermal intensity
Overpressure

Risk

1.E-09
1.E-12
1.E-15
1.E-18

CV
DS1

CV
DS2

CV
CV
CV
DS3 DS4 DS5
Control volume

CV
DS6

CV
DS7

Figure 157: Overall risk value for each control volume
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The risk of secondary fire and fatality from Table 28 follow these observations. All other control volumes
exhibit a negligible risk of secondary fire, but ignition of a leak from interconnecting piping still leads to
about one secondary fore per 10 million units per year. Overall risk of fatality also follows this, where one
fatality is anticipated per 1000 million units per year.
3.11.2 Rooftop
Results for the relevant risk measures associated with the various control volumes are given in Table 29.
The main observations concerning ignition frequency are:






Both AHU and condensing unit section have extremely low ignition frequencies, corresponding to less
than one ignition event per million-million units per year; such a frequency is so low it may be
considered negligible.
Ignition within both with the supply and return duct is also negligible (on account that the only ignition
source is another ignition event within an adjacent space).
Ignition within the room floor region is very small indeed, about one ignition event per million-million
units per year and as such is negligible.
The control volume which experiences the highest ignition frequency is the area surrounding the
condensing unit, with about three ignition events per millions units per year.

With ignition in the region surrounding the condensing unit, the relatively high value is dominated in fact by
the high probability of the “small” leak (0.1 mm2) being ignited whilst the condenser fan is off, on account
that it persisting for a long time in relation to the regular SOI active events. Since the flammable mixture is
unlikely to extend as far as the SOIs within adjacent condensing units for this small leak the calculation
result is broadly unrealistically high; in the case of a leak within a room the positioning of an SOIs relative to
the flammable volume is effectively random, whilst in the present case it is likely that the adjacent
condensing unit electrical panel would be more than 20 cm or so from the leaking R290 condensing unit
section. A simple evaluation of the situation indicates the calculated ignition frequency is more likely to be
lower by a factor of 100 or so.
Table 29: Risk measures of rooftop unit according control volume
Control volume
CV RT1
CV RT2
CV RT3
CV RT4
CV RT5
CV RT6
CV RT7

AHU
Cond unit
Supply duct
Return duct
Supply outlet
Room floor
Surr cond unit
Overall

Ignition freq
Max TI
-1
(s(kW/m2)4/3)
(y )
1E-17
228
1E-12
34
0E+00
3E-16
590
1E-14
5
3E-12
182
3E-06
18
3E-06
3E-06

Max OP
(kPa)
9
1
10
0
7
0
590

Risk of TI

Risk of OP

4E-16
3E-12
0E+00
1E-13
2E-15
7E-11
1E-06
10

6E-17
1E-13
0E+00
3E-15
2E-16
3E-12
0E+00
1E-06

Risk of sec
Risk of
-1
fire (y ) fatality (y-1)
1E-19
1E-21
3E-13
3E-15
0E+00
0E+00
3E-16
3E-18
0E+00
0E+00
4E-13
4E-15
0E+00
0E+00
3E-12
7E-13

Maximum values of TI and OP are provided and are seen to span a wide range. However, a more useful
means to express values of TI and OP is to plot them against the corresponding ignition frequency; as
shown in Figure 158 and Figure 159. This helps to identify the probability of “extreme” consequences.
Whilst the TI and OP associated with ignition within the AHU and return ducting is sometimes fairly high,
such occurrences are seen to be so rare that they have no importance. These severe events only arise when
there are multiple failures of the mitigation measures, such as absence of airflow and leaking LLSV.
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With ignition at the room floor both TI and OP can be seen to be sometimes severe but again the likelihood
is extremely rare, i.e., in the order of one in a million-million units per year. Whilst the area surrounding the
condensing unit showed the greatest ignition frequency the severity of the consequence is effectively
negligible due to the small flammable volume arising from the smallest leak hole.
Comparison of overall risk of TI and risk of OP helps identify situations which are most vulnerable. Figure
157 shows overall risk (summation of ignition frequency × severity of consequence) for each control
volume. Whilst these two risk categories cannot be compared directly, values for each control volume can
be. These suggest that the risk associated with the AHU, condensing unit and ducting present the lowest
risk, whereas the room floor is marginally higher (at least by a factor of 10) and the region around the
condensing unit posing the greatest risk.
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Figure 160: Overall risk value for each control volume
The risk of secondary fire and fatality from Table 28 shows that despite the region surrounding the
condensing unit having the highest risk of TI, the likelihood of secondary fire and fatality is non-existent.
Such secondary consequences are most prevalent in the case of ignition on the room floor and within the
condensing unit, but again the values are so extremely low they have no significance. Thus overall risk of
secondary fire and fatality are anticipated to be about one event per million-million units per year.
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3.11.3 Comparison of ducted split and rooftop units
Results in Table 28 and Table 29 can be compared to understand the differences in risk measures between
the two types of DACS. Firstly, all risk measures associated with the AHU, supply duct, condensing unit and
surrounding the condensing unit are almost the same for both DACS; this is to be expected since the design
and construction is broadly the same. Although the ducted split was selected not to include a return duct
the values associated with the return duct of the rooftop unit were so small it has no significance. Similarly
the supply duct outlet of both units, whilst somewhat different, maybe considered to be broadly the same.
A major difference, though, is seen with ignition events within the room floor region. The rooftop unit has
an ignition frequency lower by a factor of 30 and maximum TI and OP are about a half to a quarter of the
ducted split values. Overall risk of TI, OP, secondary fire and fatality for the rooftop are about one tenth of
that for the ducted split. This is primarily due to any leak occurring within the rooftop AHU forms a small
flammable mixture within the room on account of better dilution when flowing through and out of the
ducting.
Overall, the total ignition frequency of the two DACS is almost the same, but this is because of the
dominant contribution of ignition surrounding the condensing unit, which as described above, actually
presents almost no consequence. But when considering the risk of TI and particularly OP, secondary fire
and fatality, the rooftop unit yields a value between 100 and 10,000 times lower than the ducted split.
(Note that whilst this seems to be a huge reduction, relative to risk measure thresholds – such as tolerable
risk of fatality – it only corresponds to a 0.15% reduction.) The most obvious impact associated with the
ducted split is due to the presence of the interconnecting piping and the corresponding absence of the
mitigation measures present in the AHU and condensing unit (to some extent). Thus, in absence of the
interconnecting piping passing through an “uncontrolled” space, for example the AHU and condensing unit
being positioned either side of an exterior wall the overall risk for the ducted split would be almost
identical to the rooftop unit.
3.11.4 Effectiveness of mitigation measures
As developed in Section 2 (and specifically detailed later in Section 5), it was opted to adopt several
flammability risk mitigation measures in the design of the DACS. Using the QRA, the effectiveness of such
measures can be evaluated (for brevity, with respect to ignition frequency and risk of secondary fire, since
these represent all other risk values closely). For both rooftop and ducted split, the following measures
were assessed:




Use of ultrasonic leak detector to initiate AHU blower in the event of a leak
Inclusion of LLSV and NRV for functioning of a pump-down cycle
Construction (AHU) or specification for (rooftop return duct) and elevated inlet opening

Note that potential failure/absence of all of these measures was already integrated into the QRA according
to historical failure data.
Figure 161 and Figure 162 show for the ducted split the effect on ignition frequency and risk of secondary
fire of neglecting one of each set of mitigation measures in isolation. It can be seen that for some control
volumes – the condensing unit, supply duct and outlet, room with interconnecting piping and surrounding
the condensing unit – the presence of the mitigation measures has limited impact. The element that is
most affected by the mitigation measures is the room floor control volume and to some extent the AHU.
Removing any of the measures increases the risk for the room control volume, although the effect is least
pronounced for the presence of the return duct outlet panels.
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Figure 161: Variation of ignition frequency
Figure 162: Variation of risk of secondary fire
without certain mitigation measures for ducted without certain mitigation measures for ducted
split
split
Figure 163 and Figure 164 show for the rooftop unit the effect on ignition frequency and risk of secondary
fire of neglecting one of each set of mitigation measures in isolation. It can be seen that only the
condensing unit and the surrounding area are unaffected by the presence of the mitigation measures. The
element most affected by the mitigation measures is the room floor control volume and along with the
other control volumes, absence of the elevated return duct height (“open outlet”) seems to have least
impact on increasing the risk.
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Figure 163: Variation of ignition frequency
Figure 164: Variation of risk of secondary fire
without certain mitigation measures for rooftop without certain mitigation measures for rooftop
unit
unit
A more focussed comparison is shown in Figure 165 and Figure 166 for the ducted split and rooftop units,
respectively, where the sum of the indoor control volume risk values is given as a ratio to the baseline case.
As inferred above, absence of the elevated/closed return duct outlet has a fairly minor impact compared to
the other two mitigation measures. Generally inclusion of the LLSV/NRV will reduce risk indoors by a factor
of about 400 whereas the detection initiating AHU blower reducing risk by a factor of 1000. Such a
difference between these two measures is anticipated since the actual releasable mass becomes irrelevant
if there is always airflow to disperse the leak.
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It should be recognised that the QRA assumes an equal leak frequency irrespective of whether the system
(compressor) is on or off; were the assumptions changed so that a higher leak frequency occurred when
the compressor is operating (as is probably the case) the difference between the impact of using
detection/blower and LLSV/NRV would be lessened.
Lastly, the effect of improved system tightness (achieved through implementation of the various measured
detailed in Section 2.2) has not been evaluated, primarily due to the difficulty in quantifying this aspect. If
an assumption of, say, reduction in leak frequency by a factor of 10 is used, then the overall effect on the
various risk values can be estimated accordingly (i. e., proportionally).

3.12

Discussion and concluding remarks

The various risk values presented previously do not clearly express the level of safety associated with the
R290 DACS. Therefore such values should be gauges against other comparable quantities, such as those
obtained from exiting similar equipment for comparable hazards and also those established by relevant
authorities for the purpose of judging risk. Appendix H provides a detailed overview of how such a
comparison can be made and reports on data used for such purposes. Table 30 and Table 31 make the
comparisons between tolerable risk values and those determined for the DACS. These tables show that the
various criteria are easily passed for both DACS. There are questionable values when considering the actual
ignition frequency, but as mentioned previously this is on account of the calculation of the ignition
frequency surrounding the condensing unit.
Table 30: Comparison of “tolerable” risk criteria with results for baseline ducted split
Criteria

“Tolerable” to members of public
-1

Result for ducted split baseline

Frequency of ignition (y )

< 1×10

3×10-6 (2×10-7)

Freq of secondary fire (/yr)

< 1×10-6

1×10-7

Overpressure (kPa)

< 17

15

-2 4/3

Thermal intensity (s (kW m ) )
-1

-5

< 1050

1321

Frequency of fatality (y )

-6

< 1×10

1×10-9

Risk of TI (s (kW m-2)4/3 y-1)

< 6×10-3

6×10-5

Risk of OP (kPa y-1)

< 4×10-4

2×10-7

Also, by comparison, the fire risk for residential air conditioners in North America is in the order of 2×10-5
per year, which again indicates that the additional fire risk from using R290 is less than 1% for the ducted
split and substantially less than 0.01% for the rooftop.
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Table 31: Comparison of “tolerable” risk criteria with results for baseline rooftop unit
Criteria

“Tolerable” to members of public

Result for rooftop baseline

Frequency of ignition (y-1)

< 1×10-5

3×10-6 (3×10-12)

Freq of secondary fire (/yr)

< 1×10

2×10-12

Overpressure (kPa)

< 17

10

-2 4/3

Thermal intensity (s (kW m ) )
-1

-6

< 1050

590

Frequency of fatality (y )

-6

< 1×10

2×10-14

Risk of TI (s (kW m-2)4/3 y-1)

< 6×10-3

1×10-6

Risk of OP (kPa y-1)

< 4×10-4

1×10-11

Lastly, all results must be considered with respect to the boundaries and limitations of the QRA. When
assigning values and assumptions in the QRA model, those which are deemed to represent a “pessimistic
average” are applied, however when there is a wide range of uncertainty associated with any particular
parameter the selected input is according to the “worse realistic” value. This principle helps to ensure that
the output results will be as realistic as possible yet erring on the side of least optimism.23 Across the
various input values, those related to the following may be considered to err on the least optimistic:









Parity between leak frequency during compressor on and off;
All leak holes occur simultaneously (as opposed to evolution from infinitesimally small leak hole to the
assigned hole size used above);
Constant leak mass flow rate and vapour phase only;
Releases in absence of DACS airflow are only under quiescent conditions thus causing larger flammable
volumes and longer persistence;
All assumed SOIs are 100% effective in igniting any flammable mixture of R290 and air (which may not
always be possible if the concentration is closer to the flammable limits or the spark occurs within an
enclosure without open paths for flame movement;
Fairly course localised modelling of presence of SOIs in relation to flammable volume (such as with
surrounding condensing unit control volume);
Etc.

Previous analysis suggests that if these and other assumptions were precisely taken into account through
much more detailed discretisation of conditions and variables, the overall ignition frequency and other risk
values can be lower by a factor of 10 to 1000. Whilst all possible circumstances cannot easily be taken into
account and unanticipated higher-risk scenarios cannot necessarily be known, considering the results
presented above within the context of the pessimistic approach to input assumptions provide confidence
that the risk posed by the R290 DACS is acceptably low.

23

For instance, in the event of a leak into a space without forced airflow from the DACS fan or blower, flammable
volume calculations are based on limited residual air movement – according to controlled experiments – in the case of
a closed room without forced movement from human or other sources and significant thermal gradients. However, in
practical circumstances it is highly likely that natural ventilation from external wind/stack effects, thermal convention
due to electrical and electronic equipment and walls and surfaces subjected to differential heat load, forced
convention arising from human or mechanical movements and so on. Thus the idealistic assumption of absolutely no
air movement except that caused by the negative buoyancy of the moving refrigerant release is totally improbable.
But accounting for all of the causes of background air movement may only be a reasonable assumption in a moderate
proportion of cases. So calculation of flammable volume based on practical residual air movement is a reasonable but
not unrealistic reference condition.
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4. Conformity to safety standards
4.1 Introduction
Applicable safety standards for the DACS under consideration include IEC 60335-2-40, ISO 5149 and EN 378.
However, since there is a national safety standard, NTC 622824, this should be the prioritised choice.
NTC 6228-1 and NTC 6228-2 are applicable to products and therefore only these two parts will be
addressed for conformity to the prototype DACS.
For requirements not specifically related to the application of R290, it is the responsibility of the
manufacturer to address them as appropriate.

4.2 NTC 6228-1
Clause
5. Clasificación
5.1 Clasificación de ocupaciones
5.2 Clasificación de sistemas
5.3 Clasificación de la localización de los sistemas de refrigeración
5.4 Clasificación del refrigerante
6. Cantidad de refrigerante por espacio ocupado
7. Cálculos de volumen-espacio
8. Fluido de transferencia de calor

Remark
DACS to be located in all occupancies,
with occupancy A being the most
stringent
DACS are direct systems
DACS are system location II
R290 is Class A3
Refer to Table A.2., and Annex A.4.
Based on a single room space
Not applicable

From Table A.2:

Charge amounts shall not exceed: 1.5 x 26 x 38 = 1480 g of R290.
From Table A.4, the minimum room area fir the DACS can be determined according to:

24

Norma Técnica Colombiana NTC 6228: 2016, Sistemas de refrigeración y bombas de calor. Requerimientos de
seguridad y medioambientales.
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Method for determining charge

Clause

For DACS

No additional measures

A.4.1

n/a

Improved tightness

A.4.2

n/a

Systems with integral airflow

A.4.3

Applicable during on mode

Charge determination by test

A.4.4

n/a

With limited releasable charge

A.4.5

Applicable during off mode

Following clauses A.4.3 and A.4.5, Table 32 gives the results for (expected) releasable charge (in off-mode)
and the minimum room area (using F = 0.5) and minimum airflow rate (for on-mode). Since there is no
room size constraint for systems with a releasable charge of less than 150 g of R290, the only limit is that
listed in the table. All products currently exceed the minimum airflow requirement.
Table 32: Releasable charge, minimum room area and minimum airflow rate
Rooftop

Ducted split

Model number

EPAC-036-

EPAC-048-

EPAC-060-

CV036-

CV048-

CV060-

Nominal capacity

10.5 kW

14 kW

17.5 kW

10.5 kW

14 kW

17.5 kW

R290 charge

*560 g

*760 g

950 g

*600 g

*800 g

1000 g

Releasable mass

56 g

76 g

95 g

60 g

80 g

100 g

Min room area
Min airflow rate
* Expected

2

2

2

2

2

13 m

18 m

23 m

14 m

19 m

24 m2

480 m3/h

604 m3/h

714 m3/h

506 m3/h

627 m3/h

742 m3/h

4.3 NTC 6228-2
Clause
4 Requirements for components and piping
4.1 General requirements
4.2 Specific requirements for particular components
4.2.1 Piping joints
4.2.2 Isolating valves
4.3 Materials
4.3.1 Cast iron and malleable iron
4.3.2 Steel, cast steel, carbon steel, and low-alloy steel
4.3.3 High-alloy steel
4.3.4 Stainless steel
4.3.5 Copper and copper alloys
4.3.6 Aluminium and aluminium alloys
4.3.7 Magnesium and magnesium alloys
4.3.8 Zinc and zinc alloys
4.3.9 Soldering alloys
4.3.10 Brazing alloys
4.3.11 Tin and lead tin alloys
4.3.12 Gasket and packing materials
4.3.13 Glass
4.3.14 Asbestos
4.3.15 Plastics
4.4 Testing
4.4.1 General
4.4.2 Strength-pressure test for components
4.4.2.1 General
4.4.2.2 Individual strength-pressure test

Remark
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
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4.4.2.3 Type-approved strength-pressure test
4.4.2.4 Fatigue test
4.4.2.5 Acceptance criteria
4.4.3 Tightness
4.5 Marking and documentation
4.5.1 General
e) the design pressure or maximum allowable pressure;
f) the applicable refrigerant (where appropriate);

General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
General; for manufacturer
To be determined by manufacturer is
usual way
State use of R290 in marking and
documentation
General; for manufacturer

4.5.2 Documentation
The documentation shall include the following information:
Documentation should state “suitable for
- indication of the refrigerant, for example, “suitable for halocarbons”,
use with R290”
“suitable for all refrigerants listed in ISO 817”,
4.5.3 Fusible plugs
General; for manufacturer
5.1 General
General; for manufacturer
5.2 Design and construction
General; for manufacturer
5.2.1 General
General; for manufacturer
5.2.2 Pressure requirements
General; for manufacturer
5.2.2.1 Maximum allowable pressure (PS)
General; for manufacturer
5.2.2.2 Component maximum allowable pressure
General; for manufacturer
5.2.2.3 Pressure relationships to max allowable pressure
General; for manufacturer
5.2.3 Piping and fitting
General; for manufacturer
5.2.3.1 General
General; for manufacturer
5.2.3.2 Flanged joints
General; for manufacturer
5.2.3.3 Flared joints
General; for manufacturer
5.2.3.4 Taper pipe threads
General; for manufacturer
5.2.3.5 Compression joints
General; for manufacturer
5.2.3.6 Requirements for piping installed at site
General; for manufacturer
— No valves and detachable joints shall be located in areas accessible to
the general public where group A2, B1, B2, A3, or B3 refrigerants are used.
All interconnecting piping must be
For all refrigerants, the valves and detachable joints in areas accessible to brazed or press-sealed; must be stated in
the general public shall be protected against an unauthorized operation or
installation instructions
disconnection.
5.2.3.7 Specific requirements for the installation of piping for equipment
intended to use A2, A3, B2, or B3 refrigerants, excluding A1, B1, A2L, and
B2L refrigerants:
A single set of detachable joints can be
Piping and joints of a split system shall be made with permanent joints
used for connecting the AHU
when inside an occupied space, except joints directly connecting the piping
to indoor units. Components shall be shipped without refrigerant charge.
5.2.3.8 Spacing for pipe supports
General; for manufacturer
5.2.3.9 Protection of piping
General; for manufacturer
5.2.3.10 Piping in ducts or shafts
General; for manufacturer
5.2.3.11 Location
General; for manufacturer
5.2.3.12 Accessibility of piping and joints
General; for manufacturer
5.2.3.13 Piping for accessories and measurements
General; for manufacturer
5.2.3.14 Drain and vent connections
General; for manufacturer
5.2.3.14.1 General
General; for manufacturer
5.2.3.14.2 Special requirements
General; for manufacturer
5.2.4 Shut-off devices
General; for manufacturer
5.2.4.1 Isolating valves
General; for manufacturer
5.2.4.2 Hand-operated valves
General; for manufacturer
5.2.4.3 Change of gland packing/seal
General; for manufacturer
5.2.4.4 High-risk release areas
General; for manufacturer
5.2.4.5 Arrangement of shut-off devices
General; for manufacturer
5.2.5 Setting of protection devices
General; for manufacturer
5.2.5.1 General
General; for manufacturer
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5.2.5.2 Press relief to atmosphere from the low-press side
General; for manufacturer
5.2.6 Safety switching devices for limiting the pressure
General; for manufacturer
5.2.6.1 Safety switching devices for limiting the pressure
General; for manufacturer
5.2.6.2 Electronic safety switching for limiting pressure
General; for manufacturer
5.2.6.3 Arrangement of safety switching devices
General; for manufacturer
5.2.7 Size calculations for pressure relief devices
General; for manufacturer
5.2.7.1 Calculations
General; for manufacturer
5.2.7.2 Fusible plugs
General; for manufacturer
5.2.7.3 Bursting disc
General; for manufacturer
5.2.7.4 Discharge capacity
General; for manufacturer
5.2.8 Discharge piping from pressure relief devices
General; for manufacturer
5.2.8.1 General
General; for manufacturer
5.2.8.2 Indication device for pressure relief devices
General; for manufacturer
5.2.9 Application of the protection devices
General; for manufacturer
5.2.9.1 General
General; for manufacturer
5.2.9.2 Protection of the system against excessive press
General; for manufacturer
5.2.9.3 Overflow valves
General; for manufacturer
5.2.9.4 Isolation/arrangement system protection devices
General; for manufacturer
5.2.9.5 Protection of secondary cooling system
General; for manufacturer
5.2.10 Indicating and measuring instruments (monitoring)
General; for manufacturer
5.2.10.1 General
General; for manufacturer
5.2.10.2 Arrangement of refrigerant pressure indicators
General; for manufacturer
5.2.10.3 Liquid level indicators
General; for manufacturer
5.2.11 Electrical requirements
General; for manufacturer
5.2.12 Protection against hot surfaces
The equipment shall comply with the IEC 60335 series or IEC 60204-1 so
All DACS units have been evaluated for
that persons shall not be endangered by hot surfaces in combination with
high surface temperatures; see section
the following requirements. Temperatures on surfaces that can be exposed
2.6
to leakage of refrigerants shall not exceed the autoignition temperature
except for A1, B1, A2L, and B2L refrigerants.
5.2.13 Protection against moving parts
General; for manufacturer
5.2.14 Safe handling of equipment
General; for manufacturer
5.2.15 Standstill conditions during transportation
General; for manufacturer
5.2.16 Protection against explosion hazards
Requirements have been satisfied as
[As 6.2.14 from EN 378-2]
documented in section 2.6
5.2.17 Requirements for ventilated enclosures
General; for manufacturer
5.3 Testing
General; for manufacturer
5.3.1 Tests
General; for manufacturer
5.3.2 Strength-pressure test
General; for manufacturer
5.3.3 Tightness test
General; for manufacturer
5.3.3.1 General
General; for manufacturer
5.3.3.2 Self-contained systems with charge less than 5 kg
General; for manufacturer
5.3.3.3 For systems not covered by 5.3.3.2
General; for manufacturer
5.3.3.3.1 Factory test
General; for manufacturer
5.3.3.3.2 Acceptance criteria
General; for manufacturer
5.3.3.3.3 Site tests
General; for manufacturer
5.3.4 Test of the complete installation before operation
General; for manufacturer
5.3.4.1 General
General; for manufacturer
5.3.4.2 Inspection of refrigerating system
General; for manufacturer
5.3.4.3 Verification of safety devices
General; for manufacturer
5.3.4.3.1 Fitting
General; for manufacturer
5.3.4.3.2 Compliance with appropriate standards
General; for manufacturer
5.3.4.3.3 Switching devices for limiting the pressure
General; for manufacturer
5.3.4.3.4 External pressure relief valves
General; for manufacturer
5.3.4.3.5 Bursting discs
General; for manufacturer
5.3.4.3.6 Fusible plugs
General; for manufacturer
5.3.4.4 Refrigerant piping
General; for manufacturer
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5.3.4.5 Visual inspection of the complete installation
General; for manufacturer
5.4 Marking and documentation
General; for manufacturer
5.4.1 General
General; for manufacturer
5.4.2 Marking
General; for manufacturer
5.4.2.1 General
Service access points to equipment operating with flammable refrigerants Flammable gas triangle stickers applied
shall be marked with the flame symbol according to ISO 7010:2011, W021.
5.4.2.2 Refrigerating systems
A clearly readable identification plate shall be located near or on the
refrigerating system.
The identification plate shall contain at least the following data:
d) the number designation of the refrigerant in accordance with ISO 817
Data-plate yet to be checked
(see also Annex B of ISO 5149-1);
Flammable gas triangle stickers applied
e) the refrigerant charge;
f) the maximum allowable pressure, high- and low-pressure sides;
g) when flammable refrigerants are used, the flame symbol according to
W021 of ISO 7010:2011, shall be displayed with a minimum height of 10
mm, and the symbol need not be in colour.
5.4.2.3 Piping and valves
General; for manufacturer
5.4.3 Documentation
General; for manufacturer
5.4.3.1 Certificates
General; for manufacturer
5.4.3.2 Documentation at operating site
General; for manufacturer
5.4.3.3 Instruction manual
The manufacturer or installer shall supply an adequate number of
instruction manuals or leaflets and shall also provide safety instructions.
The instruction manual shall at least contain the following information, if
relevant:
e) the instructions concerning the disposal of operating fluid and
equipment;
f) the causes of the most common defects and measures to be taken, e.g.
instructions concerning leakage detecting by authorized personnel and the
need to contact competent maintenance technicians in the event of
Manual yet to be checked
leakage or breakdown;
j) a reference to protective measures, first aid provisions, and procedures
to be followed in the event of emergencies, e.g. leakage, fire, explosion;
k) the maintenance instructions for the entire system with a time schedule
for preventive maintenance with respect to leakage (see ISO 5149-4);
l) the instructions concerning the charging and discharging of refrigerant;
m) the instructions concerning the handling of refrigerant and the hazards
associated with it;
n) the instructions concerning the function and maintenance of safety,
protective, and first aid equipment, alarm devices, and pilot lamps;
5.4.3.4 Drawings
General; for manufacturer
5.4.3.5 Logbook
General; for manufacturer
Annex ??? Leak simulation tests
Test completed as detailed in Appendix F
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5. Specific design changes
5.1 Introduction
Numerous approaches have been established for providing protection against ignition of a flammable
mixtures arising from a refrigerant leak, as introduced in Section 2. Extensive testing, measurement and
computational analysis have been carried out in order to determine the most effective options for the
DACS addressed here. This section provides a summary of the concluded measures and discussed possible
future targets for refined measures.

5.2 Minimisation of leaks
Principle
As discussed in section 2.2, as much as possible should be done to minimise the likelihood and the
size of refrigerant leaks, especially within the parts of the system that could leak directly to
indoors; specifically, the evaporator, expansion device and – when applicable – interconnecting
piping. Principally, detachable joints should be avoided, all piping to be protected from external
impact, vibration, chaffing, corrosion, etc. and factory built parts should be subject to rigorous
quality control (such as helium leak checks, field surveillance, etc.)
Current
The most important criteria are listed in Appendix B and are understood to have been followed.
Future target
Continuous monitoring should be carried out on sold products so that leak locations and causes
can be determined. Findings must be fed back into the production methods.
5.3 Reduction of refrigerant charge
Principle
Refrigerant charge should be reduced as much as is practicable so that the ultimate maximum
releasable mass is as low as possible and this flammable volumes arising from leakage. Section 2.3
addresses the principle of charge reduction.
Current
For the current DACS the measures providing the most effective reduction include use of narrow
tube or micro-channel condensers. A reasonable target is 70 g R290 per kW of nominal cooling
capacity, which the current rooftop and ducted split DACS exceed (at about 55 g/kW).
Future target
Use of smaller condenser tubes, e.g., 5 mm instead of the current 7 mm diameter would provide
significantly greater improvements. Evaporators can also benefit from smaller tubes, provided
circuitry is designed appropriately.
5.4 Limiting releasable charge
Principle
The system should be configured so that in the event of a leak from the indoor-connected parts, as
small an amount as possible can be released. The approach is examined within Section 2.4.
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Current design
This is primarily achieved through the use of a liquid line solenoid valve (LLSV) fitted within the
condensing unit and – with the current compressor configuration – a non-return valve (NRV) /
check valve. Thus in the event of shut-down (compressor off and LLSV closing simultaneously) or
pump-down (LLSV closing and compressor continuing to operate until LP switch terminates it)
about 30% or 10%, respectively, of the system charge is trapped in the low side of the system
meaning that a significantly reduced amount of refrigerant could leak out. It is preferable to
employ a pump-down cycle, but in the event that this causes reliability issues with the
compressor, then shut-down remains an effective and desirable option.
Future target
The pump-down cycle should be retained if at all possible. However, new compressors should be
sought that include a “tight” internal NRV so as to minimise the pressure drop and associated
degradation in system performance as is currently the case with the inclusion of a second (tight)
external NRV.
5.5 Blower operation
Principle
Experiments described in section 2.5 showed that operation of the blower is extremely useful to
ensure no flammable mixture occurring within supply and return ducts and also within the
conditioned space. According to detailed analysis (e.g., Colbourne and Suen, 2018) the minimum
airflow rate to ensure LFL is avoided is about 750 m3/h.
Current
Blower airflow rate, even at minimum fan speed, achieves at least three times the above stated
value and was found to provide adequate mixing.
Future target
Provided the airflow is operating adequately no further improvements are necessary.
5.6 Leak detection
Principle
For the periods that the compressor is off, it is undesirable to operate the blower, just on the offchance that there is a leak from the AHU. Therefore use of leak detection system can be applied to
initiate the blower as and when needed. Whilst it is convention to adopt gas sensing methods to
determine whether a leak has occurred, all economically available technologies today are
considered unreliable and function of a major mitigation measure should not be dependent upon
them. Other methods such as ultrasonic detection and monitoring system parameters can be
substantially more reliable over the lifetime of the equipment, albeit less sensitive to smaller
leaks.
Current
An ultrasonic receiver with applicable PCB has been developed and fitted into the AHU and has
been shown to be effective and functional.
Future target
Additional development and refinement of the detection method is recommended, especially to
ensure all leaks from throughout the AHU are able to be identified.
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5.7 Elevated duct inlet/outlet
Principle
As indicated in section 2.5, an elevated inlet or outlet opening to the supply or return duct,
respectively, is important to help ensuring that in the event of a medium or large leak, a
flammable concentration will not develop within the conditioned space.
Current
An extended AHU has been developed for the ducted split which uses a second internal space
whereby the return air is drawn in via a 1 m high opening (as opposed to an opening at the AHU
base). For the rooftop unit, instructions should include a specification to ensure any return duct
opening be elevated to at least 1 m above floor level.
Future target
The modified AHU is considerably more bulky and difficult to handle, compared to the current
(non-R290) model. Also, expecting installation technicians to follow such precise instructions may
be considered rather optimistic and ultimately unreliable. According to the QRA in Section 3, such
as approach may not be necessary of the other measures are in place.
5.8 Ducting drainage
Principle
As discussed above, use of a “U-bend” or “plenum chamber” is desirable to ensure that the
mixture exiting the AHU does not result in a flammable mixture within the room it is also
undesirable to create a situation where a flammable mixture persists for a significant period of
time. With the rooftop unit, having a supply and return ducts that are elevated above the height of
the AHU means that a leak of refrigerant cannot easily flow out of the equipment and thus
presents a residual explosion risk. Some means of providing draining is necessary without leading
to loss of unit efficiency (i.e., through air leakage).
Current
It is necessary to introduce a “drain hole” in the base of either AHU where a “bucket” could be
formed, such that any accumulated mixture can bleed from the space within a sufficiently fast
time, thereby minimising the duration that it could be ignited. Based on measurements and
analysis, a hole size corresponding to an area (in mm2) of:
𝐴=

85

3.5√ℎ

where ℎ is the height (in m) of the gas layer inside the housing, which can be approximated to the
height of the plenum chamber top edge. The hole area may be split into more than one openings,
which would be more favourable for avoiding external flammable mixtures.
Future target
Carry out additional testing to provide verification of effectiveness.
5.9 Elimination of potential SOIs
Principle
It is essential to ensure that no SOIs are present within the DACS.
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Current
The approach taken is to reposition all electrical components that could arc or spark under normal
operation into a special double-walled panel whereby even in the event of a severe leak, no
refrigerant could migrate into that panel. Other non-sparking components are also positioned
within this panel when possible.
Future target:
For those non-sparking components that cannot be positioned out of the potentially flammable
zone (e.g., fan motor and electrical wiring), they should be subject to external assessment against
the applicable clauses within the relevant IEC 60079-series standards to confirm a very low
likelihood of active ignition source even under normal operation.
5.10

Interconnecting piping

Principle
The QRA in Section 3 revealed that the most vulnerable element of the ducted split equipment
was the interconnecting piping that may pass through an additional space; in the event of a leak
there are no dedicated mitigation measures to help deal with the leak.
Current
No specific measures are introduced at present except for guidelines within the instructions.

Future target
Ideally some form of sheathing could be applied to such piping so that any leak is easily
transferred away into the conditioned space, ducting or preferable to the outside. Such an option
requires further consideration and evaluation.
5.11

Limiting severity of consequence

Principle
Severity of consequences is primarily achieved by means of limiting size of flammable mixtures
arising from a leak. However, in the event that an unanticipated catastrophic leak does occur, the
construction of DACS should be such that the potential for development of a large overpressure is
constrained. This is realised by ensuring sufficient free/open area within all equipment enclosures.
Current
Through modelling exercises it was established that the current design satisfied this requirement
(i.e., on account of the air inlet and outlet openings). Thus, no further modifications are deemed
necessary.
Future target
As current.
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6. Concluding remarks
6.1 Overview
This report addresses the re-design requirements associated with applying R290 to a series of ducted split
and rooftop DACS. General aspects associated with products safety (such as mechanical, electrical, toxicity,
etc.) as not addressed since they should be already integrated irrespective of the refrigerant used. Similarly,
other safety issues that are influenced by refrigerant choice but not specifically dictated by the flammability
hazard imposed by R290 are identified – broadly through conformity to the national safety standard – but
not covered in detail. Again, most the requirements that fall into this category should already be handled
(such as system pressure rating and pressure safety devices, leak tightness, etc.). Thus the report focuses
primarily on flammability implications and the measures necessary to reduce the risk to “tolerable” levels.

6.2 Product analysis and design
The conventional approach to explosion protection was applied to the philosophy, analysis and design of
the RACS when integrating R290; these are identified in EN 1127-1 as well as the GIZ HC Handbook and BS
PD 668625. In general this involves:








Ensuring improved leak tightness
Minimisation of refrigerant charge and measures to reduce releasable mass of refrigerant
Construction to limit the accumulation of flammable mixtures inside and beyond the DACS including
airflow to disperse releases
Application of a control system to minimise the possibility of releases and to help disperse them
Avoidance of potential sources of ignition associated with the DACS
Designs to limit the severity of possible consequences
Provision of necessary marking, installation information and instructions

These have been integrated as far as is practicable without incurring undigestible costs whilst maintaining a
sufficiently low level of risk.

6.3 Installation requirements
Features to help minimise incorrect or accidental errors associated with technician or other mishandling of
the DACS that could lead to a flammability hazard have been integrated as much as possible into the
product design. The principle has been to impose as many barriers or hurdles as possible to encourage
possible offenders to stop and contemplate their next actions prior to taking next steps. These include:






Appropriate marking on external cover plates/panels
Marking inside enclosures near and on refrigerant-containing parts
Eliminating detachable joints
Comprehensive user and technician instructions and warnings therein (see Appendix H)
Imposition of an end user agreement linked to warrantee

Note that except for the marking and jointing, most of the other measures are not directly a function of
product design but rather related to company and national infrastructure.

25

PD 6686:2006 Guidance on directives, regulations and standards related to prevention of fire and explosion in the
process industries (Note: now superseded and withdrawn)
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6.4 Technician requirements
Previous studies have identified that refrigerant handling activities (such as during service, maintenance
and repair) pose a substantially greater risk than does the equipment under normal operating conditions
(e.g., Colbourne, 201126). This is due to the increased probability of a release occurring (within a given time
frame) and similarly a greater likelihood that active SOIs are present within close proximity of refrigerantcontaining parts at certain control volumes. On the other hand, the presence of an aware technician can
help to offset this additional risk through taking appropriate response actions once a potentially hazardous
situation or indeed a release has been recognised. Thus, a major objective is to ensure a high level of
awareness and competence with as many technicians and contractors as possible. This further applies to
ensuring the intended design measures of the DACS are always maintained and that technicians do not
interfere with them.
As mentioned above, there is only limited amount that can be applied to the DACS design to present
human error. Therefore ensuring technician and installation/service contractor awareness, training and
certification are primarily societal and capacity-building matters and are therefore not addressed in detail
here.

6.5 Quantification of flammability risk
Comprehensive QRA was carried out in order to estimate the flammability risk – in terms of ignition
frequency, risk of overpressure, thermal intensity, likelihood of secondary fire and fatality – in order to
judge the suitability of the proposed designs. Advanced leakage, dispersion and probability modelling was
used along with a database of leakage and broad experience of applying such methods to ACR systems and
equipment. The results indicated that the level of risk attained with the new design is significantly below
the “tolerable” and “negligible” thresholds for flammability and fire risk, despite inclusion of a number of
pessimistic assumptions used to help streamline the process. Accordingly, some such measures may be
deemed unnecessary to apply universally.

6.6 Response to Excom project objectives
According to the document submitted and approved in the 75th meeting of the Executive Committee of the
Multilateral Fund held in Montreal in November 2015, the project objectives are:
1. To demonstrate the safe use of R-290 (propane) as a low GWP refrigerant in the commercial
production of air-conditioning with ranging from 3.5 kW (1 ton of refrigeration) to 17.5 kW (5 tons of
refrigeration), thus contributing to the phase out of HCFC-22 use in the RAC manufacturing sector in
the context of Article 5 Party. The aim is to develop HC-based AC equipment with good performance
with a minimum incremental operating cost.
2. To assure safe handling and good risk management for the introduction of flammable refrigerants in
the commercial air-conditioning sector in the context of Article 5 Party.
The elements of these objectives are responded to as follows:


“To demonstrate the safe use of R-290 (propane) as a low GWP refrigerant in the commercial
production of air-conditioning”

26

Colbourne, D. (2011) Risk analysis of flammable refrigerant handling during service and maintenance activities. Proc.
23rd IIR International Congress of Refrigeration: Prague, Czech Republic
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Developed DACS use R290. Commercial production has not yet begun, however, there are a few prototype
DACS already installed and are being monitored. Through QRA and using – typically pessimistic –
assumptions about the installation and operational conditions, the developed products can be considered
as “safe” (i.e., not posing an unacceptable high flammability safety risk, compared to residual fire risks
associated with comparable DACS).


“Ranging from 3.5 kW (1 ton of refrigeration) to 17.5 kW (5 tons of refrigeration)”

To date, the only DACS developed on R290 are the 17.5 kW ducted split and rooftop models, with the QRA
carried out on both of these. Development of 7 kW (“2 TR”) and 10 kW (“3 TR”) models were not
completed to the present time. In principle, though, the same concepts will be applied equally to these
smaller units as for the 17.5 kW unit. According to previous experience and understanding of the physical
and theoretical processes involved, it is well known that smaller DACS will lead to a (marginally) lower
flammability risk than larger units so provided the design elements are replicated, the flammability risk of
smaller models is extremely unlikely to exceed those of the 17.5 kW DACS.


“Contributing to the phase out of HCFC-22 use in the RAC manufacturing sector in the context of Article
5 Party.”

According to current design, each kg of HCFC22 can be replaced with approximately 0.4 kg of R290 in any
DACS of broadly the same design and construction, with a charge size approaching 30 kW (based on
extrapolation of the risk model and assuming flammability mitigation approaches are suitably extended)
and that a given countries national legislation on use and application of flammable substances does not
form regulatory barriers and that national safety standards that apply to DACS are not obstructive or that
they are suitably revised. The safety concepts introduced in the current project are broadly applicable and
repeatable to all comparable DACS (and indeed other AC equipment) within this class.


"Develop HC-based AC equipment with good performance”

Throughout the development process prototypes were regularly checked for performance. The
most recent findings indicated the same cooling capacity (at “factory conditions”) as the baseline
DACS and a lower electrical power consumption, thus giving a higher COP. This applied equally to
ducted split and rooftop units. The project is awaiting formal results from an independent test
facility.


“A minimum incremental operating cost”

A selection of specific design features have been developed to help mitigate flammability risk. Several of
these incur incremental (“operating”) costs. Specifically additional: LLSV, NRV, ultrasonic receiver and
associated PCB, panelling for an elevated return air duct and double-skin electrical panel. All of these have
some incremental cost associated with them. Such elements leading to an increase in incremental should
be considered within a broader context. As a side-benefit, the LLSV provides reduced power consumption
during part-load. It is hoped that a new design of R290 compressor will include a “tight” internal NRV so
that the additional NRV will not be required. The ultrasonic receiver itself has minimal cost and the
associated PCB has no additional cost in the event that the functionality is integrated into the standard PCB
controller. Additional panelling for elevated return duct only applies to the ducted split but nevertheless,
the QRA indicated the cost vs risk reduction benefit is marginal. The additional material for the doubleskinned electrical panel is negligible. The most significant cost implication is associated with the R290
compressor; in terms of capital materials cost there is no reason why the compressor should demand a
greater cost than an R290 or R407C compressor of the same capacity, so the primary reason for the
elevated price is due to the manufacturer’s margin for risks associated with a new product, initial R&D and
certification and detriment to finance on smaller-scale production. Eventually the differential cost should
asymptote to zero.
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“To assure safe handling and good risk management for the introduction of flammable refrigerants in
the commercial air-conditioning sector in the context of Article 5 Party.”

Necessary features and conditions have been integrated in to the DACS design as far as is practicable.
However, addressing safe handling and good flammability risk management is predominantly achieved
through company-wide and national technician training, assessment, certification and registration (TACR)
schemes and associated changes to company conditions of sale and warrantee agreements; this is beyond
the remit of product design and development.

6.7 Outstanding actions
There are several issues that were not concluded by the completion date of the project. These are
identified at various points throughout the report, but are compiled and listed here for clarity:











Re-calculation of electric equipment fault probability based on service database [DC]
Estimated likelihood that technicians may not replace one or more of the base panels on the new AHU
following a service or would not follow instructions that air return ducts should be installed at least 1 m
above the floor
Redesign options for finned-tube evaporator for further charge reduction [DC]
Additional measurements to demonstrate effectiveness of ultrasonic leak detection
Confirmation on the type of internal overload protectors on the blower fan motors and assessment
certificate for fan motors to IEC 60079
Assessment certificate for low and high pressure switches to IEC 60079
Finalised instructions (manual) with R290 handling guidelines
Explanation and calculations for latest factory performance testing
Submission of and receipt of results for independent DACS performance testing
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Appendix A: Flammability characteristics
Table 33 provides a number of different combustion and ignition characteristics of R290 (from different
sources).
Table 33: Combustion and ignition characteristics of R-290
Characteristic
Lower flammability limit (LFL)
Upper flammability limit (UFL)
Flash point
Stoichiometric concentration
Minimum igniting current ratio (24 V d.c.)
Maximum experimental safe gap (MESG)
Critical slot width
Heat of combustion
Limiting oxygen concentration (LOC)
Minimum ignition energy
Minimum ignition temperature
Adiabatic flame temperature
Laminar flame speed
Maximum explosion pressure

Value
2.1% v/v; 0.038 kg/m3
9.5%; 0.171 kg/m3
-104°C
4.2%; 0.072 kg/m3
0.82
0.92 mm
1.75 mm
50500 kJ/kg
N2 in air: 11.5% O2
CO2 in air: 14.5% O2
0.25 mJ
450°C
1970°C
0.43 m/s
8.1 bar

Source
ISO 5149
ISO 5149
Woodward (1998)
IEC 60079-20-1
IEC 60079-20-1
IEC 60079-20-1
Lee and Mannan (2005)
Woodward (1998)
Lee and Mannan (2005)
Woodward (1998)
IEC 60079-20-1
Lee and Mannan (2005)
Lee and Mannan (2005)
Lees and Mannan (2005)
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Appendix B: Guidelines for system tightness
Systems that are technically durably tight
According to EN 1127-1, equipment is regarded as durably technically tight, if:



It is constructed such that it remains technically tight due to its design; or
Its tightness is permanently ensured by means of maintenance and supervision.

Systems that are durably technically tight include:





Welded or brazed systems with:
 detachable components where the required detachable connections are rarely detached due to
operation and are designed like the below-mentioned detachable pipework connections (except for
metallically sealing connections);
 detachable connections with pipework, fittings or blind covers where the required detachable
connections are rarely detached and are designed like the below-mentioned detachable pipework
connections;
Joints with double-acting axial seal rings
Components where the sealing of the spindle passage is by means of bellows or safety glands, gland
seals with self-adjusting packings;

Pipework connections that are durably technically tight include:



Non-detachable connections, e.g. welded or brazed;
Detachable connections which are rarely detached due to operation, e.g.
 weld-lip seal flanges;
 metallically sealing connections, with the exception of cutting and clamping ring connections, in
lines of diameters exceeding DN 32.
 No flare joints

Provided they are rarely detached, durably technically tight connections for fittings are, for example:



The above-mentioned pipework connections and
NPT threads (National Pipe Taper Threads) or other tapered pipe threads with gaskets in threads of up
to DN 50, as long as they are not subject to cyclic thermal stress (Dt > 100 °C).

Additional design measures
Protection against ice damage
The heat exchangers and the control of the system shall be designed to prevent damage due to ice
formation of freezing.
Protection against fan breakage
Refrigerant-containing parts shall be protected against fan breakage or the fan is designed to prevent
breakage.
Protection against fretting
No refrigerant containing parts shall be in contact or could be moved to become in contact with one
another so as to avoid fretting. Any non-secured piping or refrigerant containing parts shall be moved
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towards other metal parts with a force of no less than 10 N. There shall be no less than 10 mm separation
distance between the parts.
Protection against external mechanical damage
Refrigerant piping shall be installed in such way that it is protected against accidental damage. Refrigerant
containing parts shall be securely mounted and guarded such that accidental rupture cannot occur from
such events as moving furniture or reconstruction activities.
Protection against vibration
Precautions shall be taken to avoid excessive vibration or pulsation. Particular attention shall be paid to
preventing direct transmission of noise or vibration to or through the supporting structure.
Protection against adverse environmental conditions
Protection devices, piping, and fittings shall be protected as far as possible against adverse environmental
effects, for example, the danger of water collecting and freezing in relief pipes or the accumulation of dirt
and debris. Provision shall be made for expansion and contraction of lengths of piping.
Protection against liquid hammer
Refrigerant piping shall be designed and installed to minimise the likelihood of liquid hammer (hydraulic
shock) damaging the system, in particular, solenoid valves shall be correctly positioned in the piping to
avoid liquid hammer. Solenoid valves and other valves that can stop the flow of refrigerant instantaneously
shall not be posited at a distance of more than 0.5 m below any head of liquid.
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Appendix C: Finned tube condenser coil arrangement
Introduction
Considering the design of the condenser coil for the 5TR unit, a number of simulations were carried out
with alternate coil arrangements in order to help identify optimum coil designs. The objective is to identify
any obvious and simple modifications that can be made to the coil design to facilitate the use of R290.
General approach is to evaluate different coil designs, whilst maintaining the same coil dimensions, fins,
volumetric airflow rates, etc., with respect to achieving:




Greatest reduction in refrigerant charge
At least the same cooling capacity as the baseline
At least the same cooling COP as the baseline

The most notable constraint is that only 9.5 mm and 7.9 mm tube diameters are available. Since the
primary purpose is to minimise refrigerant charge this means that the majority of evaluated designs use 7.9
mm tubes.
It should be recognised that whilst a comprehensive coil and cycle simulation programme27 was employed,
many practical aspects associated with coil construction (e.g., fin-to-tube contact quality) and operation
(e.g., effect of circulating oil) are not easily accounted for. Deviations of at least ±3% should be anticipated.

Baseline
Table 34 lists the basic characteristics of the current R22 condenser coil and the variations applies for R290
coil evaluation.
Table 34: Baseline condenser coil characteristics and variations for R290 coils
Refrigerant
R22
R290
Nominal condensing temperature
49°C
49°C
Refrigerant inlet temperature
95°C, 85°C
95°C, 85°C, 75°C, 67°C
Condenser air inlet temperature
35°C
35°C
Air volume flow rat
7135 m3/h
7135 m3/h
Applicable subcooling
5K
5K
Tube type
Plain
Plain
Tube diameter
9.5 mm
9.5 mm, 7.9 mm
Tube thickness
0.3 mm
0.3 mm
No. of tubes
1 horizontal × 32 vertical
1 horizontal × 32 vertical
No. of circuits
3
3, 4, 5, 6 (see Table 35)
Fin type
Wavy
Wavy
Fin thickness
0.13 mm
0.13 mm
Nominal capacity
22.85 kW
–
HTC enhancement factor*
95°C inlet: 1.82; 85°C inlet: 1.97
95°C inlet: 1.82; 85°C inlet: 1.97
*Enhancement factor applied equally to refrigerant side and air side heat transfer coefficient in order to match the
model to the nominal rated capacity of the condenser coil.

The refrigerant inlet temperature for R290 is set 20 K lower than for R22, to reflect the lower compressor
discharge temperature based on cycle calculations at rating conditions.

27

http://www.imst-art.com/
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Evaluated designs
Overall, eight coil designs were evaluated, as detailed in Table 35. These represent a selection of the
various circuitry strategies available, considering the limits imposed by a single column of tubes. Note that
the basic philosophy is to offset the additional pressure drop incurred from smaller diameter tubes by
increasing the number of circuit, whilst extending the length of the subcooling region (to increase local heat
transfer coefficient where pressure drop is not excessive).
Table 35: Characteristics of evaluated condenser coils for R290
Reference

Tube diameter

Circuitry
10

Cond0

10

9.5 mm

2

10

7

Cond1

2

7

7.9 mm

7

2

7
5

Cond2

7.9 mm

2

5

6

5

2

5
6

Cond3

7.9 mm

3

6

2

6

3

6

6

Cond4

4

6

7.9 mm

6

4

6
6
6

Cond5

2

6

7.9 mm

6
6
4
4

Cond6

7.9 mm

3

4

2

4
4

3

4

Cond7

7.9 mm
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Coil calculation output
Numerical output results for the coil calculations are provided in Table 36. A comparison of the three key
parameters is shown in Figure 167 for the baseline condenser coil for both R22 and R290 with different
compressor discharge (condenser inlet) temperatures. In general, when employing R290:




Refrigerant mass is reduced by about 55%
Pressure drop (based on saturation temperature) is 10 to 25% lower
Nominal capacity is increased by about 6% if the same discharge temperature is used, or reduced by 1%
if the “equivalent” discharge temperature is used

Cond0; Cond0; Cond0; Cond0; Cond0; Cond0;
T_d =
T_d =
T_d =
T_d =
T_d =
T_d =
67°C
85°C
75°C
95°C
85°C
95°C

22.0

22.5

23.0

Nominal capacity [kW]
23.5

24.0

24.5

25.0

R290

R290

R290

Mass
Press drop
Capacity

R290

R22

R22
0.5

1.0

1.5
Pressure drop [K] / Reft mass [kg]

2.0

2.5

Figure 167: Comparison of Nominal capacity and working charge for different coil arrangements
Specifically for the various coil arrangements, outputs for capacity, R290 mass and pressure drop are shown
in the three graphs in Figure 168, relative to the baseline coil (“Cond0”). Main observations are:





Although nominal capacity for all coil arrangements is lower than the baseline, the reduction in
capacity is within 2% for all cases (except one, i.e., Cond2) – given the accuracy of the calculation, they
can be considered as providing the same capacity.
Due to the smaller tube diameter (7.9 mm) refrigerant mass is reduced by about 30% to 35%.
Pressure drop varies quite widely and all except for two exhibit higher pressure drops than the baseline
coil.

Based on these observations, coils Cond2, Cond3, Cond5 and Cond7 may be eliminated.
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250%
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200%

75%
99%
150%

70%

98%

100%

97%

65%
50%

96%

60%

Cond7

Cond5

Cond6

Cond3

Cond4

Cond2

Cond0

Cond1

Cond7

Cond6

Cond4

Cond5

Cond3

Cond1

Cond2

0%
Cond0

Cond7

Cond5

Cond6

Cond4

Cond2

Cond3

Cond0

Cond1

95%

Figure 168: Comparison of nominal capacity (left), refrigerant mass (centre) and pressure drop (right) for the
different coil arrangements
A further comparison is provided in Figure 169, where the ratio of capacity to refrigerant mass is plotted
against pressure drop. The target designs may be considered as those towards the top-left of the graph.
This supports the preference for coils Cond1, Cond4 and Cond6.
Ratio of capacity to mass [kW/kg]

46
Cond4
Cond1

45

Cond6
44
43

Cond7

Cond5
Cond3

42
Cond2

41

40
0

1

2
3
Pressure drop [K]

4

5

Figure 169: Further comparison of coil arrangements

Cycle calculation output
Coil performance should not be considered in isolation and their behaviour within the total refrigeration
cycle should be checked. The entire cycle was simulated with each coil arrangement, along with:





Generic scroll compressor model, with displacement matched to 5TR unit rated capacity
Evaporator coil corresponding to the current R22 design
Fixed 5 K subcooling and 7 K evaporator superheat
Standard rating conditions of 35°C condenser and 27°C evaporator air-on temperatures

Numerical output results for the cycle calculations are provided in of the Annex.
System cooling capacity, system working charge mass and system COP, all relative to using the baseline coil,
are shown in Figure 170.For all coil arrangements, each of these three parameters are improved compared
to the baseline coil. However, the performance improvement is relatively small, i.e. increases in capacity
and COP are all within 2% and charge reduction is within ±2% of the various coil arrangements.
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99%
cond0

cond7

cond5

cond6

cond4

cond2

cond3

cond0

cond1

99%

Figure 170: Comparison of nominal capacity (left), refrigerant mass (centre) and pressure drop (right) for the
different coil arrangements within cycle
Again, comparing the ratio of capacity to refrigerant charge in this case against COP, further judgements
can be made, from Figure 171 where the target position is the top-right of the graph. This analysis suggests
that Cond6 provides the optimum performance. However, Cond1 and Cond4 need not be rejected entirely
as their relative degradation in COP is less than 1% of Cond6.
Ratio of capacity to mass [kW/kg]

27.0
Cond1

Cond4

26.0

Cond6

Cond5

26.5

Cond3

Cond7

25.5
Cond2

25.0
3.94

3.96

3.98

4.00

COP [-]

Figure 171: Further comparison of coil arrangements within cycle

Final remarks
Based on the presented simulations, a condenser coil with the arrangements of Cond1, Cond4 and Cond6
will likely provide the best performance with least refrigerant charge. However, due to the constraint of a
single vertical tube row, the variability across all coil arrangements is fairly minor and thus differences in
performance (except for maybe Cond2) is unlikely to be measurable. In this respect, the most practicable
and readily available arrangement could be opted for.
If any option is viable then Cond1, Cond4 or Cond6 would be preferred. Although Cond6 ultimately
indicates (marginally) better performance, the larger number of circuits can lead to mal-distribution of the
refrigerant if the circuits are not sufficiently well balanced, thus resulting in degradation of performance. If
this cannot be guaranteed then Cond1 or Cond4 should be selected.
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Table 36: Calculation outputs for condenser coil performance
Cond0; T_d = Cond0; T_d = Cond0; T_d = Cond0; T_d = Cond0; T_d = Cond0; T_d = Cond1; T_d = Cond2; T_d = Cond3; T_d = Cond4; T_d = Cond5; T_d = Cond6; T_d = Cond7; T_d =
95°C
85°C
95°C
75°C
85°C
67°C
67°C
67°C
67°C
67°C
67°C
67°C
67°C
Refrigerant

R22

R22

R290

R290

R290

R290

R290

R290

R290

R290

R290

R290

1.82

1.97

1.82

1.82

1.97

1.97

1.97

1.97

1.97

1.97

1.97

1.97

1.97

kW

22.829

22.828

24.229

22.49

24.015

22.498

22.039

21.638

21.997

22.014

22.288

22.459

22.326
0.06318

AS/RS HTC EF

-

Capacity

R290

Mass Flowrate

kg/s

0.10944

0.11414

0.058763

0.061148

0.061525

0.064258

0.062919

0.060533

0.062203

0.062574

0.063742

0.063988

Inlet Sat. Temp

°C

49

49

49

49

49

49

49

49

49

49

49

49

49

Outlet Sat. Temp

°C

46.932

46.783

47.349

47.252

47.218

47.103

47.051

44.569

45.891

46.521

47.264

46.804

45.981

Inlet Temp

°C

95

85

95

75

85

67

67

67

67

67

67

67

67

Outlet Temp

°C

41.932

41.783

42.349

42.252

42.218

42.103

42.051

39.569

40.891

41.521

42.264

41.804

40.981

Inlet Superheat

K

46

36

46

26

36

18

18

18

18

18

18

18

18

Outlet Subcool

K

5

5

5

5

5

5

5

5

5

5

5

5

5

Pressure Drop

kPa

89.432

95.63

60.133

63.508

64.698

68.739

70.566

157.22

111.19

89.137

63.096

79.215

108.06

Reft Area

m²

2.0517

2.0517

2.0517

2.0517

2.0517

2.0517

1.6837

1.6837

1.6837

1.6837

1.6837

1.6837

1.6837

De-supht area

%

12.095

10.529

14.207

10.614

12.477

8.4101

8.3142

8.0808

8.2422

8.2793

9.0193

9.4217

9.2704

2-phase Area

%

82.758

84.168

80.129

83.417

81.662

85.409

85.453

83.219

84.374

85.108

84.566

83.751

83.229

Subcool Area

%

5.1476

5.3028

5.6635

5.9686

5.8611

6.1813

6.2326

8.7001

7.3843

6.613

6.4149

6.8268

7.5003

Heat Transf Coeff.

W/m² K

5727.6

6455.8

5955.1

6254.2

6736.5

7108.4

7841.2

8964.5

8447.8

8173

6968.5

6986.3

7154.5

Inlet Pressure

kPa

1899.1

1899.1

1676.9

1676.9

1676.9

1676.9

1676.9

1676.9

1676.9

1676.9

1676.9

1676.9

1676.9

Outlet Press

kPa

1809.7

1803.5

1616.8

1613.4

1612.2

1608.2

1606.3

1519.7

1565.7

1587.8

1613.8

1597.7

1568.8

Total Press Drop

kPa

89.432

95.63

60.133

63.508

64.698

68.739

70.566

157.22

111.19

89.137

63.096

79.215

108.06

Total Fluid Vol

cm³

4747.4

4747.4

4747.4

4747.4

4747.4

4747.4

3198.7

3239

3250.8

3192

3240.7

3259.2

3254.1

Total Mass

kg

1.629

1.655

0.697

0.721

0.709

0.736

0.489

0.527

0.518

0.485

0.519

0.505

0.506

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

Sec Fluid
Flowrate

m³/h

7135

7135

7135

7135

7135

7135

7135

7135

7135

7135

7135

7135

7135
1.0657

Face Vel

m/s

1.0657

1.0657

1.0657

1.0657

1.0657

1.0657

1.0657

1.0657

1.0657

1.0657

1.0657

1.0657

Inlet Temp

°C

35

35

35

35

35

35

35

35

35

35

35

35

35

Outlet Temp

°C

44.958

44.957

45.568

44.81

45.475

44.813

44.613

44.438

44.595

44.602

44.721

44.796

44.738

Press Drop

Pa

7.0241

7.0241

7.0241

7.0241

7.0241

7.0241

6.2585

6.2585

6.2585

6.2585

6.2585

6.2585

6.2585
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Appendix D: Measurements to determine refrigerant leak amount
Measurements were carried out in order to determine the amount of refrigerant that would be leaked from
the system.
The general functional procedure in Figure 172 was followed; in some instances, certain actions were
bypassed.
The test procedures followed the steps:







empty collection bag
weigh collection bag (and squeeze out residual refrigerant if mass is greater than 1 g above mass of
original empty bag)
evacuate refrigeration system for approximately 1 hour, checking vacuum pressure
charge refrigerant into system (target charge of 300 g)
carry out functional procedure (Figure 172)
weigh refrigerant and bag, determine mass of refrigerant within the bag

When determining the actual mass of refrigerant ( Mact ) within the bag, the apparent mass (
adjusted using Archimedes rule (equation 1).
Mact  Mapp 

1
1  a /  r

Mapp

) must be

(1)

Where a and  r are the density of the air and refrigerant vapour at the atmospheric pressure and ambient
temperature of the test conditions.
The cumulative uncertainty of the mass of released refrigerant is ±13 g, due to the resolution of the charging
balance (±10 g) and the resolution of the balanced used to measure the balance, adjusted for Archimedes
rule (±3 g).

Figure 172: General functional procedure for simulating a leak
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Appendix E: Leak simulation tests
Leak simulation tests were carried out which measured refrigerant concentrations under a number of
different situations in order to characterise the dispersion or accumulation of refrigerant in the event of a
leak. The results of these tests are used throughout the study.
The basic test procedure followed the steps:










position equipment, gas analysers, leak hole and other relevant apparatus
ventilate the area and ensure there is no background gas within the air
open cylinder valve, manifold gauge set valves, zero balance
record starting conditions (pressure, time, cylinder mass, etc)
apply equipment settings (e.g., initiate ventilation, opening of solenoid valves, etc)
initial release by opening hose stop valve
monitor balance until desired mass is achieved
close hose stop valve and record conditions (pressure, time, cylinder mass, etc)
continue to monitor concentrations until appropriate end

All pressure, temperature, mass and time data is manually recorded. Concentration data from the gas
analysers is internally logged and downloaded following each series of tests. The data is then converted into
the relevant common format.
A common arrangement was used for the tests, as illustrated in Figure 173.

unit
Manifold gauge set

Stop
valve

Refrigerant
hoses
R290 cylinder
heater
Wall
Digital
balance

Leak hole fitting

Figure 173: Typical arrangement for leak simulation tests
The cumulative uncertainty of the mass of released refrigerant is ±20 g, due to the resolution of the charging
balance (±10 g) and observed variation in measured weight of the assembly arising from movement of
connected hoses when opening or closing the stop valve (±10 g). It is assumed that there is no error
associated with residual gas within the refrigerant hoses since this must be identical for each test. The
resolution of the gas concentration measurements depends on the particular analyser, which is listed in Table
37, along with other details of the gas analysers used.
Table 37: Gas analysers used in the leak simulation tests
Number

Model

Calibration

Range

Resolution

120

121

Appendix F: Leak simulation test results
Leak simulation tests were carried out according to NTC 6228-2. Table 38 includes the test results.
Table 38: Results of leak simulation tests
Test
no.

Unit

1

Ducted split AHU

2

Ducted split AHU

3

Rooftop

4

Rooftop

5

Rooftop

6
7
8
9
10

Ducted split cond
unit
Ducted split cond
unit
Ducted split cond
unit
Ducted split cond
unit
Ducted split cond
unit

Leak position

Notes

Evaporator return
No internal panel
bends
Evaporator return With internal
bends
panel
Evaporator return With internal
bends
panel
Evaporator return With internal
bends
panel
Evaporator return With internal
bends
panel
Condenser return
Leak point A
bends
Condenser return
Leak point A
bends
Condenser return
Leak point B
bends
Condenser return
Leak point B
bends
Condenser return
Leak point B
bends

Release rate

Max
concentration

Outcome

65 g/min

36% LFL

Pass

65 g/min

4% LFL

Pass; no need to
repeat

65 g/min

0% LFL

Pass

65 g/min

0% LFL

Pass

65 g/min

0% LFL

Pass

65 g/min

0% LFL

Pass

65 g/min

0% LFL

Pass

65 g/min

10% LFL

Pass

65 g/min

33% LFL

Pass

65 g/min

24% LFL

Pass

Split AHU

Ducted split AHU release position

Ducted split AHT electrical panel and sampling
points

122

Concentration [% LFL]

100

panel inside base
panel inside wall

80
60
40
20
0
0

200

400

600
800
Time [s]

1000

1200

Results for test no 2
Rooftop

Concentration [% LFL]

100

Rooftop unit electrical panel and sampling points

panel outside top
inside panel base
panel outside base

80
60
40
20

100

Concentration [% LFL]

Rooftop unit release position

panel outside top
inside panel base
panel outside base

80
60
40
20

0

0
0

200

400
600
Time [s]

800

Results for test no. 3

1000

0

200

400
600
Time [s]

800

1000

Results for test no. 4

123

Concentration [% LFL]

100

panel outside top
inside panel base
panel outside base

80
60
40
20
0
0

200

400
600
Time [s]

800

1000

Results for test no. 5
Split condensing unit

Split condensing unit release position A

Split condensing unit release position B

Split condensing unit electrical panel and
sampling points

Split condensing unit electrical panel and
sampling points

124

100

panel outside base

100

panel outside base
panel outside top

80

panel inside base

60
40

Concentration [% LFL]

Concentration [% LFL]

panel outside top

80

panel inside base

60
40
20

20

0

0
0

200

400
600
Time [s]

800

0

1000

Results for test no. 7
100

200

100

1000

panel outside base
panel outside top

panel inside base

60
40

Concentration [% LFL]

panel outside top
Concentration [% LFL]

800

Results for test no. 8

panel outside base

80

400
600
Time [s]

80

panel inside base

60
40
20

20

0

0
0

200

400
600
Time [s]

Results for test no. 9

800

1000

0

200

400
600
Time [s]

800

1000

Results for test no. 10

125

Appendix G: QRA flammable quantity input data
Table 39, Table 40 and Table 41 provide flammable volume (“FV” in m3) and flammable time (“Ft” in s) for
the ducted split for the 0.1 mm2, 1 mm2 and 5 mm2 leak hole sizes, respectively.
Table 39: Flammable quantities for 0.1 mm2 leaks in ducted split
Stage 1

CV
CV DS1

CV DS2

CV DS3

CV DS4

CV DS5

CV DS6

CV DS7

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

C1

C2

C3

C4

FV

0.000

0.000

0.000

0.000

0.000

0.000

0

0

0

0

0

0

0

0

0

0

Ft

3690

3690

3690

21690 21690 21690

8100

8100

8100

8100

8100

8100

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0

0

Ft

0

0

0

0

0

0

0

0

0

0

0

0

2315

2565

0

0

FV

0.752

0.752

0.752

0.752

0.752

0.752

0

0

0

0

0

0

0

0

0

0

Ft

0

0

0

0

0

0

8100

8100

8100

8100

8100

8100

0

0

0

0

FV

0.000

0.000

0.000

0.050

0.000

0.000

0

0

0

0

0

0

0

0

0

0

Ft

15

15

15

15

15

15

8100

8100

8100

8100

8100

8100

0

0

0

0

FV

0.000

0.000

0.000

0.000

0.002

0.001

0

0

0

0

0

0

0

0

0

0

Ft

3600

3600

3600

21600 21601 21601

8100

8100

8100

8100

8100

8100

0

0

0

0

FV

0.000

0.000

0.000

0.000

0.000

0.001

0.001

0.001

0.001

0.001

0.001

0.018

0.018

0.032

0.032

Ft

3609

3609

3609

21615 21615 21615

8124

8124

8124

8124

8124

8124

2369

2619

1157

1157

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0.000

0.000

Ft

0

0

0

0

0

0

0

0

0

0

0

0

2285

2535

0

0

0.000

Stage 2
CV DS1

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0

0

0

0

Ft

0

0

0

0

0

0

3690

3690

3690

8490

8490

8490

0

0

0

0

CV DS2

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001

0.001

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

965

1215

CV DS3

FV

0

0

0

0

0

0

0.752

0.752

0.752

0.752

0.752

0.752

0

0

0

0

Ft

0

0

0

0

0

0

3660

3660

3660

8460

8460

8460

0

0

0

0

FV

0

0

0

0

0

0

0.050

0.000

0.000

0.050

0.000

0.000

0

0

0

0

Ft

0

0

0

0

0

0

15

15

15

15

15

15

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.002

0.000

0.008

0.001

0

0

0

0

Ft

0

0

0

0

0

0

3600

3600

3601

8400

8404

8400

0

0

0

0

CV DS6

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.018

0.018

Ft

0

0

0

0

0

0

3609

3609

3609

8415

8415

8415

0

0

1019

1269

CV DS7

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0.055

0.071

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

935

1185

CV DS4

CV DS5

Table 40: Flammable quantities for 1 mm2 leaks in ducted split
Stage 1

CV

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

C1

C2

C3

C4

FV

0.000

0.010

0.010

0.000

0.100

0.100

0

0

0

0

0

0

0

0

0

0

Ft

450

450

450

2250

2250

2250

0

0

0

0

0

0

0

0

0

0

CV DS2

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.015

0.015

0

0

Ft

0

0

0

0

0

0

0

0

0

0

0

0

313

338

0

0

CV DS3

FV

1.337

1.337

1.337

1.337

1.337

1.337

0

0

0

0

0

0

0

0

0

0

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

CV DS1

126

Stage 1

CV
CV DS4

CV DS5

CV DS6

CV DS7

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

C1

C2

C3

C4

FV

0.000

0.000

0.000

0.050

0.000

0.000

0

0

0

0

0

0

0

0

0

0

Ft

15

15

15

15

15

15

0

0

0

0

0

0

0

0

0

0

FV

0.000

0.002

0.003

0.000

0.089

0.073

0

0

0

0

0

0

0

0

0

0

Ft

360

361

362

2160

2218

2206

0

0

0

0

0

0

0

0

0

0

FV

0.008

0.008

0.008

0.019

0.019

0.019

0.042

0.042

0.042

0.042

0.042

0.042

0.890

0.890

1.421

1.421

Ft

450

450

450

2310

2310

2310

1050

1050

1050

1050

1050

1050

1663

1688

2135

2135

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.028

0.031

0.000

0.000

Ft

0

0

0

0

0

0

0

0

0

0

0

0

283

308

0

0

0.000

0.011

0.011

0

0

0

0

Stage 2
CV DS1

FV

0

0

0

0

0

0

Ft

0

0

0

0

0

0

450

450

450

930

930

930

0

0

0

0

CV DS2

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.020

0.021

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

178

203

FV

0

0

0

0

0

0

1.337

1.337

1.337

1.337

1.337

1.337

0

0

0

0

Ft

0

0

0

0

0

0

420

420

420

900

900

900

0

0

0

0

FV

0

0

0

0

0

0

0.050

0.000

0.000

0.050

0.000

0.000

0

0

0

0

Ft

0

0

0

0

0

0

15

15

15

15

15

15

0

0

0

0

CV DS5

FV

0

0

0

0

0

0

0.000

0.002

0.016

0.000

0.060

0.031

0

0

0

0

Ft

0

0

0

0

0

0

360

361

370

840

878

859

0

0

0

0

CV DS6

FV

0

0

0

0

0

0

0.008

0.008

0.008

0.019

0.019

0.019

0.000

0.000

0.890

0.890

Ft

0

0

0

0

0

0

450

450

450

990

990

990

0

0

1528

1553

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0.120

0.154

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

148

173

CV DS3

CV DS4

CV DS7

0.000

0.005

0.006

Table 41: Flammable quantities for 5 mm2 leaks in ducted split
CV

Value

CV DS1

CV DS2

Stage 1
S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

C1

C2

C3

C4

FV

0.000

0.160

0.160

0.000

0.460

0.460

0

0

0

0

0

0

0

0

0

0

Ft

162

162

162

522

522

522

0

0

0

0

0

0

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.094

0.097

0

0

Ft

0

0

0

0

0

0

0

0

0

0

0

0

135

140

0

0

FV

2.000

2.000

2.000

2.000

2.000

2.000

0

0

0

0

0

0

0

0

0

0

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

FV

0.000

0.000

0.000

0.050

0.000

0.000

0

0

0

0

0

0

0

0

0

0

Ft

15

15

15

15

15

15

0

0

0

0

0

0

0

0

0

0

CV DS5

FV

0.000

0.022

0.034

0.000

1.174

1.539

0

0

0

0

0

0

0

0

0

0

Ft

72

85

92

432

2277

3328

0

0

0

0

0

0

0

0

0

0

CV DS6

FV

0.123

0.123

0.123

0.294

0.294

0.294

0.653

0.653

0.653

0.653

0.653

0.653

2.342

2.605

1.421

1.421

Ft

522

522

522

1182

1182

1182

1362

1362

1362

1362

1362

1362

7245

7250

10219 10219

FV

0

0

0

0

0

0

0

0

0

0

0

0

1.006

1.119

0.000

0.000

Ft

0

0

0

0

0

0

0

0

0

0

0

0

105

110

0

0

CV DS3

CV DS4

CV DS7

Stage 2
CV DS1

FV

0

0

0

0

0

0

0.000

0.016

0.036

0.000

0.054

0.054

0

0

0

0

Ft

0

0

0

0

0

0

162

162

162

258

258

258

0

0

0

0

127

CV

Value

CV DS2

CV DS3

CV DS4

CV DS5

CV DS6

CV DS7

Stage 1
S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

C1

C2

C3

C4

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.061

0.070

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

108

113

FV

0

0

0

0

0

0

2.000

2.000

2.000

2.000

2.000

2.000

0

0

0

0

Ft

0

0

0

0

0

0

132

132

132

228

228

228

0

0

0

0

FV

0

0

0

0

0

0

0.050

0.000

0.000

0.050

0.000

0.000

0

0

0

0

Ft

0

0

0

0

0

0

15

15

15

15

15

15

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.022

0.081

0.000

0.254

0.427

0

0

0

0

Ft

0

0

0

0

0

0

72

85

124

168

368

567

0

0

0

0

FV

0

0

0

0

0

0

0.123

0.123

0.123

0.294

0.294

0.294

0.000

0.000

0.921

1.184

Ft

0

0

0

0

0

0

522

522

522

918

918

918

0

0

7218

7223

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0.408

0.525

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

78

83

Table 42, Table 43 and Table 44 provide flammable volume (“FV” in m3) and flammable time (“Ft” in s) for
the rooftop unit for the 0.1 mm2, 1 mm2 and 5 mm2 leak hole sizes, respectively.
Table 42: Flammable quantities for 0.1 mm2 leaks in rooftop unit
Stage 1

CV

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

C1

C2

C3

C4

FV

0.000

0.000

0.000

0.000

0.000

0.000

0

0

0

0

0

0

0

0

0

0

Ft

3690

3690

3690

21690 21690 21690

9150

9150

9150

9150

9150

9150

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0

0

Ft

0

0

0

0

0

0

0

0

0

0

0

0

2315

2565

953

953

CV RT3

FV

0.940

0.940

0.940

0.940

0.940

0.940

0

0

0

0

0

0

0

0

0

0

Ft

3660

3660

3660

21660 21660 21660

9150

9150

9150

9150

9150

9150

0

0

0

0

CV RT4

FV

0.376

0.376

0.376

0.376

0

0

0

0

0

0

0

0

0

0

Ft

3660

3660

3660

21660 21660 21660

9150

9150

9150

9150

9150

9150

0

0

0

0

FV

0.000

0.000

0.000

0.000

0

0

0

0

0

0

0

0

0

0

Ft

3660

3660

3660

21660 21660 21660

9150

9150

9150

9150

9150

9150

0

0

0

0

FV

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Ft

3600

3600

3600

21600 21600 21600

9150

9150

9150

9150

9150

9150

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0.000

0.000

Ft

0

0

0

0

0

0

0

0

0

0

0

0

2285

2535

953

953

CV RT1

CV RT2

CV RT5

CV RT6

CV RT7

0.376

0.000

0.000

0.376

0.000

Stage 2
CV RT1

CV RT2

CV RT3

CV RT4

CV RT5

CV RT6

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0

0

0

0

Ft

0

0

0

0

0

0

3690

3690

3690

7290

7290

7290

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001

0.001

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

965

1215

FV

0

0

0

0

0

0

0.940

0.940

0.940

0.940

0.940

0.940

0

0

0

0

Ft

0

0

0

0

0

0

3660

3660

3660

7260

7260

7260

0

0

0

0

FV

0

0

0

0

0

0

0.376

0.376

0.376

0.376

0.376

0.376

0

0

0

0

Ft

0

0

0

0

0

0

3660

3660

3660

7260

7260

7260

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0

0

0

0

Ft

0

0

0

0

0

0

3660

3660

3660

7260

7260

7260

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000
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Stage 1

CV

CV RT7

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

C1

C2

C3

C4

Ft

0

0

0

0

0

0

3600

3600

3600

7200

7200

7200

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0.055

0.071

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

935

1185

Table 43: Flammable quantities for 1 mm2 leaks in rooftop unit
Stage 1

CV

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

C1

C2

C3

C4

FV

0.000

0.010

0.010

0.000

0.100

0.100

0

0

0

0

0

0

0

0

0

0

Ft

450

450

450

2250

2250

2250

915

915

915

915

915

915

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.015

0.015

0

0

Ft

0

0

0

0

0

0

0

0

0

0

0

0

313

338

95

95

CV RT3

FV

1.672

1.672

1.672

1.672

1.672

1.672

0

0

0

0

0

0

0

0

0

0

Ft

420

420

420

2220

2220

2220

915

915

915

915

915

915

0

0

0

0

CV RT4

FV

0.669

0.669

0.669

0.669

0.669

0.669

0

0

0

0

0

0

0

0

0

0

Ft

420

420

420

2220

2220

2220

915

915

915

915

915

915

0

0

0

0

FV

0.000

0.000

0.000

0.000

0.003

0.003

0

0

0

0

0

0

0

0

0

0

Ft

420

420

420

2220

2220

2220

915

915

915

915

915

915

0

0

0

0

FV

0.000

0.000

0.000

0.000

0.008

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Ft

360

360

360

2160

2165

2160

915

915

915

915

915

915

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.028

0.031

0.000

0.000

Ft

0

0

0

0

0

0

0

0

0

0

0

0

283

308

95

95

CV RT1

CV RT2

CV RT5

CV RT6

CV RT7

Stage 2
CV RT1

CV RT2

CV RT3

CV RT4

CV RT5

CV RT6

CV RT7

FV

0

0

0

0

0

0

0.000

0.005

0.006

0.000

0.011

0.011

0

0

0

0

Ft

0

0

0

0

0

0

450

450

450

810

810

810

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.020

0.021

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

178

203

FV

0

0

0

0

0

0

1.672

1.672

1.672

1.672

1.672

1.672

0

0

0

0

Ft

0

0

0

0

0

0

420

420

420

780

780

780

0

0

0

0

FV

0

0

0

0

0

0

0.669

0.669

0.669

0.669

0.669

0.669

0

0

0

0

Ft

0

0

0

0

0

0

420

420

420

780

780

780

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.001

0.000

0.001

0.001

0

0

0

0

Ft

0

0

0

0

0

0

420

420

420

780

780

780

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.003

0.000

0.000

0.000

0.000

0.000

Ft

0

0

0

0

0

0

360

360

360

720

722

720

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0.120

0.154

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

148

173

Table 44: Flammable quantities for 5 mm2 leaks in rooftop unit
CV

Value

CV RT1

CV RT2

Stage 1
R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

C1

C2

C3

C4

FV

0.000

0.160

0.160

0.000

0.460

0.460

0

0

0

0

0

0

0

0

0

0

Ft

162

162

162

522

522

522

183

183

183

183

183

183

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.094

0.097

0

0

Ft

0

0

0

0

0

0

0

0

0

0

0

0

135

140

19

19

129

CV

Value

CV RT3

Stage 1
R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

C1

C2

C3

C4

FV

2.500

2.500

2.500

2.500

2.500

2.500

0

0

0

0

0

0

0

0

0

0

Ft

132

132

132

492

492

492

183

183

183

183

183

183

0

0

0

0

FV

1.000

1.000

1.000

1.000

1.000

1.000

0

0

0

0

0

0

0

0

0

0

Ft

132

132

132

492

492

492

183

183

183

183

183

183

0

0

0

0

FV

0.000

0.000

0.000

0.000

0.021

0.021

0

0

0

0

0

0

0

0

0

0

Ft

132

132

132

492

492

492

183

183

183

183

183

183

0

0

0

0

FV

0.000

0.000

0.000

0.000

0.070

0.600

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Ft

72

72

72

432

476

1082

183

183

183

183

183

183

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

1.006

1.119

0.000

0.000

Ft

0

0

0

0

0

0

0

0

0

0

0

0

105

110

19

19

FV

0

0

0

0

0

0

0.000

0.016

0.036

0.000

0.054

0.054

0

0

0

0

Ft

0

0

0

0

0

0

162

162

162

234

234

234

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.061

0.070

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

108

113

FV

0

0

0

0

0

0

2.500

2.500

2.500

2.500

2.500

2.500

0

0

0

0

Ft

0

0

0

0

0

0

132

132

132

204

204

204

0

0

0

0

CV RT4

FV

0

0

0

0

0

0

1.000

1.000

1.000

1.000

1.000

1.000

0

0

0

0

Ft

0

0

0

0

0

0

132

132

132

204

204

204

0

0

0

0

CV RT5

FV

0

0

0

0

0

0

0.000

0.000

0.008

0.000

0.017

0.017

0

0

0

0

Ft

0

0

0

0

0

0

132

132

132

204

204

204

0

0

0

0

FV

0

0

0

0

0

0

0.000

0.000

0.000

0.000

0.020

0.017

0.000

0.000

0.000

0.000

Ft

0

0

0

0

0

0

72

72

72

144

156

154

0

0

0

0

FV

0

0

0

0

0

0

0

0

0

0

0

0

0.000

0.000

0.408

0.525

Ft

0

0

0

0

0

0

0

0

0

0

0

0

0

0

78

83

CV RT4

CV RT5

CV RT6

CV RT7

Stage 2
CV RT1

CV RT2

CV RT3

CV RT6

CV RT7
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Appendix H: Context of risk and acceptability criteria
It is important to establish the context of the risk of a hazard. In order to clarify this, reference is made to
the approach of the UK Health and Safety Executive (HSE, 2001) who address this issue.

Establishing the context
It is stated that an individual risk of death of one in a million per annum for both workers and the public
corresponds to a very low level of risk and should be used as a guideline for the boundary between the
broadly acceptable and tolerable regions. Reference is made to the data in Table 46 which demonstrates
that there exist various kinds of risk that worker and members of the public are subjected to all of the time;
these may be considered as a background level of risk. The sum of all of the background risks leads to a risk
of death of 1×10-2 per year (averaged over a lifetime). Therefore a residual risk of 1×10-6 per year is
considered extremely small. It is suggested that an individual risk of death of 1×10-3 per year should on its
own represent the dividing line between what could be just tolerable for any substantial category of
workers for any large part of a working life, and what is unacceptable for any but fairly exceptional groups.
For members of the public who have a risk imposed on them ‘in the wider interest of society’ this limit is
judged to be an order of magnitude lower – at 1×10-4 per year. It should also be noted that the acceptability
of a given risk should be considered and balanced against the benefit that a particular activity or equipment
offers to society; an increase in risk over the background level that results in a better environment and
standard of living for the present and future populations is more acceptable than an increase in risk that
offer no or a negative benefit.
Table 45: Average annual risk of injury as a consequence of an activity (HSE, 2001)
Activity
Fairground accidents (per ride)
Road accidents (per km travelled)
Rail travel accidents (per passenger journey)
Burn or scald in the home (per year)

Number of injuries
1 in 2,326,000
1 in 1,432,000
1 in 1,533,000
1 in 610

Frequency of injury
4.3×10-7
7.0×10-7
6.5×10-7
1.6×10-3

In order to help put the results of the QRA into context, Table 45 and Table 46, which provides a list of
frequencies for injury and fatality for a variety of different activities and industries, may be reviewed. It
should be recognised that many of these may not be directly comparable to the case of a LCC using
flammable refrigerant since the use profile is not the same.
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Table 46: Annual risk of death for various causes (HSE, 2001)
Type

General
cause
(entire
populat
ion)

Activity

Causes, activity or industry

Number of fatalities

Cancer
Injury and poisoning
All types of accidents and all other external causes
All forms of road accident
Lung cancer caused by radon in dwellings
Gas incident (fire, explosion, carbon monoxide poisoning)
Lightning
Maternal death in pregnancy (per maternity)
Surgical anaesthesia (per operation)
Scuba diving (per dive)
Fairground rides (per ride)
Rock climbing (per climb)
Canoeing (per outing)
Hang-gliding (per flight)
Rail travel accidents (per passenger journey)
Aircraft accidents (per passenger journey)

1 in 387
1 in 3,137
1 in 4,064
1 in 16,800
1 in 29,000
1 in 1,510,000
1 in 18,700,000
1 in 8,200
1 in 185,000
1 in 200,000
1 in 834,000,000
1 in 320,000
1 in 750,000
1 in 116,000
1 in 43,000,000
1 in 125,000,000

Frequency of
fatality
2.6E-03
3.2E-04
2.5E-04
6.0E-05
3.4E-05
6.6E-07
5.3E-08
1.2E-04
5.4E-06
5.0E-06
1.2E-09
3.1E-06
1.3E-06
8.6E-06
2.3E-08
8.0E-09

Context in relation to R290 refrigeration systems
It is useful to put the calculated ignition frequency and risks into context to assist with the decision as to
whether the activity can be considered “safe” or “unsafe”. This may be achieved by comparing the results
against a set of limits, indicating an acceptable or unacceptable risk considering the risk measures
generated by the risk assessment. Based on previous research, there are no clearly defined tolerable risk
limits for situations involving the use of flammable refrigerants or general flammable materials. However,
some limits may be developed based on broader limits.
Ignition risk can be equated to fire risk, since ignition may lead to a secondary fire; addressing the
likelihood of a secondary fire from ignition is complex, so for simplicity frequency of fire is equated directly
to ignition frequency as described in Appendix D. It is useful to compare the risk of RAC equipment against
risks from other household and small commercial appliances. Based on statistics of fires in the UK (DCLG,
2014) and product population data (Watson, 2003; Faberi, 2008; historical data extrapolated up to 2012),
the following frequencies of building fires originating from an appliance were obtained (Table 47).
Table 47: Risk of household fires due to different appliances
Appliance type
Refrigerators (non-HC)
Gas cookers
Gas central heating
Televisions
Other audio/visual

Number of fires (per appliance)
1 in 88,500
1 in 1,150
1 in 24,800
1 in 37,700
1 in 123,800

Frequency of fire per appliance
1.13×10-5 /y
8.71×10-4 /y
4.03×10-5 /y
2.65×10-5 /y
8.08×10-6 /y

The data for refrigerators is given for a yearly basis in Figure 174. As a side remark, it is interesting to
observe that there is a downward trend in the frequency of fires over the period from 2000 (the time that
R600a was introduced into domestic refrigerators in the UK); it is difficult to determine whether this
reduction is related to the increased application of R600a, but at least it is evident that the use of R600a did
not result in an increase in the occurrence of fires.
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Figure 174: Frequency of fires caused by domestic refrigerators in the UK by year (ratio of number of fires
for the installed population of refrigerators)
For all appliances, causes were electrical faults or a release of flammable gas depending on the type of
equipment. Figure 175 provides a breakdown of the cause of the fires for refrigerators; whilst some are
rather vague explanations, it can be seen that the majority are due to faulty electrical parts.

Figure 175: Average proportions of causes of fires from domestic refrigerators
The frequency of fires arising from typical domestic appliances is evidently considered “acceptable” by
society, and therefore may be used as a reference point for acceptability of the ignition risk of flammable
refrigerants. The lowest (rounded) value for all the refrigeration appliances listed in the data (1×10-5 /y) was
used as the acceptance limit (Table 48), so it is favourable for ignition frequency to be lower than these
appliance fire frequencies.
As discussed elsewhere the likelihood of secondary fire is approximately 1/100 less than a flash fire event
and assuming that a secondary fire could cause fatality, then the tolerable risk of ignition may be set as
high as 1×10-3/y per cabinet.
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Another source is the UK Health and Safety Executive (HSE, 2001) which recommends a value for
“negligible” risk of fatality of members of the public, being 1×10-6 y-1. Given that the HSE use fatality of a
member of the public as a criterion for “acceptability”, then the corresponding value of primary
consequence that could cause fatality may also be used as a limiting criterion. Alternatively, a lower value
based on some degree of injury or physical damage could be adopted, although it is not evident from the
literature what this could be.
Another approach is to estimate the risk of fatality as a function of the likelihood of fire. If the data for risk
of fire from a gas appliance (Table 47) is considered with respect to the risk of fatality due to a gas incident
(Table 46; assuming half of this value in order to separate the flammability component from carbon
monoxide), the likelihood of fatality is approximately 7,000 times less than that of a fire occurring. Thus,
within the QRA, although the consequence modelling indicates overpressures and thermal intensity lower
than that necessary to cause fatality, exceptional circumstances or secondary consequences may occur,
which could lead to fatality. So using this approach, it may be proposed that the risk is approximately 1,000
to 10,000 times less than the risk of ignition (or the risk of fire).

Evaluation of tolerability
Based on the value specified by the HSE, acceptance limits for risk of OP and risk of TI can also be derived
from the lowest acceptable frequency and the probability of fatality associated with each primary
consequence. For thermal intensity, the lowest value that can cause fatality is 1050 s (kW m-2)4/3 and the
lowest overpressure is 250 kPa, so integrating these with the tolerable limit for worker fatality yields a
tolerable risk of OP and a tolerable risk of TI.
Consideration the various criteria in the sections above, the calculated risk indicators should be lower than
those listed in Table 48. Comparing the values provided within the table against the tolerability criteria
indicate that in all respects, the risk posed by the LCC is well within the tolerable limits.
From Table 48 it can be seen that the frequency of ignition is lower than the tolerable risk level by at least
four orders of magnitude and the risk of a secondary fire is also extremely low. In terms of the thermal
intensity and overpressure it is well within the tolerable values. Similarly, the risk of TI and risk of OP are
also well within the tolerable limits. The frequency of fatality (due to indirect effects) is also extremely low
and many orders of magnitude below the tolerable limit. In general, it can be said that the estimated
frequencies are so low they have no practical significance.
Table 48: “Tolerable” risk criteria
Criteria
Frequency of ignition (y-1)
Frequency of secondary fire (/yr)
Overpressure (kPa)
Thermal intensity (s (kW m-2)4/3)
Frequency of fatality (direct) (y-1)
Frequency of fatality (indirect) (y-1)
Risk of thermal intensity (s (kW m-2)4/3 y-1)
Risk of overpressure (kPa y-1)

“Tolerable” to members of public
< 1×10-5
< 1×10-6
< 17
< 1050
< 1×10-6
< 1×10-6 y-1
< 6×10-3
< 4×10-4
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Appendix I: Calculation of risk measures
Ignition probability calculations28
An ignition event is coincidence of three fundamental events:




Occurrence of a leak,
Development of a flammable-refrigerant/air mixture at a specific location, and
Co-existence of a SOI being “active” within the flammable mixture.

These events have their individual probabilities or frequencies, and the frequency of ignition ( f * ) is
essentially the product of these. The ignition frequency of a single leak size ( i ) under a particular set of
conditions ( fi * ) is calculated from equation (2).
fi   fleak, iPiF

(2)

where fleak,i and Pi F* are leak frequency and probability of ignition of a flammable mixture by an active SOI,
respectively.
Under a specific set of conditions ( j ) the ignition frequency for all leak sizes ( f j ) is the sum of the ignition
frequency for each of the individual leaks (equation 3).
fJ   fi 

(3)

i1

The probability of ignition ( P F* ) for an active SOI surrounded by a mixture at a flammable concentration.
Pi F* is determined from equation (4).

1 -  (1 - P ) + P (1 - P
Nsoi

F*

Pi =

F
V,i

F
V,i

F
soi,i

N =1

) 

NE



Nsoi

,

Pi F ≤ 1

(4)

where PVF is the probability of a flammable volume, PsoiF is the probability of an active SOI, Nsoi is the number
of SOI, and NE is the number of active events of each SOI. PVF , and therefore P F , is a function of the size and
duration of a flammable mixture, influenced by many parameters, including reason and source of the
release, rate of release, airflow conditions and other parameters.
The probability of the SOI event being present at the same time as the flammable concentration can be
written as equation (5), showing the probability of an active SOI within a flammable volume within a given
reference volume under a given set of conditions resulting from a certain leak size (in terms of duration).
F
Psoi,i
= Pavail

(tsoi + tiF )
,
t

PsoiF ≤ 1

(5)

where Pavail is included to account for the availability of the SOI (e.g., if electrics are protected against
ingress of refrigerant, Pavail = 0, or the integrity of protection may fail, 0 < Pavail < 1; otherwise, for

28

The derivation of most of these formulas is summarised within: Colbourne, D., Suen, K. O., 2008, Risk analysis of
flammable refrigerants, Part 2: Methodology for calculation of risk frequencies and flammable quantities, Proc. 8th IIR
Gustav Lorentzen Conference on Natural Working Fluids, Copenhagen, Denmark
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permanent SOI, Pavail = 1.) The reference time t  is taken as a 24 hour period since this may be considered
to represent the natural cycle of the operation of the unit and the surroundings.
The probability of having a flammable volume ( PVF ) is based on the coincidence of the active SOI being
present in the same spatial location as the flammable concentration (equation 6).

PV,iF =

VhF
Psys Pperc ,
Vh

PV,iF ≤ 1

(6)

where V  is the reference volume. For the “room” control volume this corresponds to the bottom third of
the room volume within which corresponding room SOI are present ( Vh = ARm hRm / 3 ) or the entire internal
volume for the condensing unit compartment. VhF is the mean flammable volume existing within that
reference volume. Psys is the probability of a system to release its charge, also interpreted as “annual leak
rate” or the ratio of total mass leaked from a given population of systems to the refrigerant bank. Pperc is
percolation probability which is failure to ignite a flammable concentration due to small pockets of
unmixed gas or air within a cloud (typically, Pperc = 0.6).
Quantification of the input parameters is discussed in later sections.

Operating mode ignition frequencies
As described in the following section, the normal operation is broken down into operating modes. To
account for the dynamic nature of equipment operation and/or associated environment, f j is evaluated
for each operating mode ( k ) and the corresponding local conditions. Consequently, the overall ignition

frequency for each specific operating mode ( fop
) is the sum of the individual ignition frequencies for all

leaks and all the different sets of local conditions, weighted with the corresponding time fraction for each
combination of conditions that are present (equation 7).

fop,k


f φ

j

j

(7)

j1

with each φj referring to the probability of each different set of conditions, such as compressor mode,
infiltration rate, presence of thermal currents, mechanical ventilation, and so on, that leads to the
corresponding leak frequency, probability of flammable volume and probability of active SOI.
The ignition frequency of the entire normal operation is simply the sum of the ignition frequencies for the
separate sets of conditions (equation 8).

fno 

f


op,k

(8)

k=1

where k refers to the individual sets of operating modes.

Calculation of consequences
Thermal radiation model
When a flammable substance burns, the heat energy is partially given off as thermal radiation. A “dose” of
thermal radiation may be sufficient to cause burns to individuals nearby. The severity of burns is a function
of heat flux and its duration, and this dose is termed thermal intensity (equation 9).
4/3
Iocc,i  qocc,i
tflam

(9)
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where t flam is the time taken for complete combustion. The heat flux radiated onto an occupant ( qocc , in
kW m-2) was calculated with a correlation for a “fireball” from Hymes et al (1996)29 (equation 10).
 ΔH(C F )mrF  θ
qocc,i  Γ 

2
 tflam
 4 πzocc

(10)

where the incidence ratio θ is influenced by the size and shape of the flammable volume; θ = 0.2 for
flames from a plume, and θ = 0.3 for fireballs. Γ is the radiative fraction of the fuel, or the proportion of
energy from the burning material that translates to thermal radiation; the data presented by Beyler
(2002)30, gives Γ ≈ 0.3. ΔH(C F ) is the HOC at the corresponding mean concentration based on the average
flammable mass over the flammable time, mrF is the average mass of refrigerant within the flammable
mixture and zocc is the distance between the fire and the occupant which is impractical to estimate, but
assuming occupants are evenly distributed, zocc = 0.5 Aocc / π , where Aocc is the average area occupied
per person.

Overpressure model
Modelling an explosion from ignition of a flammable mixture is complex, and the most accurate methods
typically employ CFD codes. As with estimation of flammable quantities, use of CFD was not considered
suitable so a more simplistic lumped approach was used.
When a flammable mixture is ignited, the exothermic reaction raises the temperature of the combustion
products, translating to an increase in pressure and/or volume. Under ideal conditions, where ignition is at
the centre of a spherical stoichiometric mixture, the maximum pressure or volume can be reliably
determined from the gas law (Harris, 198331). Transposing the gas law, a non-dimensional expansion ratio
( Ε ) is obtained (equation 13).
Ε

mol
Nflam
273  Tflam
mol
NVF 273  Ta

(11)

where Ta is the initial (ambient) temperature of the flammable volume, and Tflam is the maximum adiabatic
mol
mol
flame temperature. Nflam
and NVF
are the number of moles in the burned and unburned mixture,

respectively. Assuming a confined (fixed) volume that is completely filled with the mixture, the maximum
rise in pressure is the product of initial (atmospheric) pressure ( patm ) and Ε . The pressure developed within
the space ( Δpo ) is the difference between the initial and maximum pressure (equation 14).
Δpo  patm (1  E[1  Γ ])- patm

(12)

Conversely, if the flammable mixture were in an unconfined volume (i.e., constant pressure) its volume
after combustion would be equation (15).
Ε

mol
Nflam
273  Tflam
mol
NVF 273  Ta

(13)

29

Hymes, I., Boydell, W., Prescott, B. Thermal radiation: Physiological and pathological effects. Inst. Chem. Eng.,
Rugby. UK (1996)
30
Beyler, C. L. Fire hazard calculations for large, open hydrocarbon fires. In SFPE Handbook of Fire Protection
Engineering, NFPA, USA (2002)
31
Harris, R. J. Gas explosions in buildings and heating plant. British Gas Corp., EF & N Spon Ltd., UK (1983)
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where Ta is the initial (ambient) temperature of the flammable volume, and Tflam is the maximum adiabatic
mol
mol
flame temperature. Nflam
and NVF
are the number of moles in the burned and unburned mixture,

respectively. Assuming a confined (fixed) volume that is completely filled with the mixture, the maximum
rise in pressure is the product of initial (atmospheric) pressure ( patm ) and Ε . The pressure developed within
the space ( Δpo ) is the difference between the initial and maximum pressure (equation 14).
Δpo  patm (1  E[1  Γ ])- patm

(14)

Conversely, if the flammable mixture were in an unconfined volume (i.e., constant pressure) its volume
after combustion would be equation (15).
Vflam  V FE(1  Γ )

(15)

Although for the situation under consideration, the flammable material is within a confined space, that V F
< VRm implies both a pressure rise, and a volumetric change of the burning mixture within the room. As a
o
result the overpressure within the room ( ΔpRm
) will be less than equation (14) in proportion to the

flammable mass and the total mass of gas within the room.
Harris (1983) and others show that the pressure and/or volume of a flammable mixture increase
o
exponentially following ignition until a maximum pressure ( pmax ) is reached, and that development of ΔpRm

at time ( t ) after ignition follows the “cube-law” (equation 16).
Δpo (t ) 

3
Kpatmuflam
t3
Vi F

(16)

where the constant K is dependent upon the gas under consideration and characteristics of the explosion
and uflam is the burning velocity.
Since most occupied spaces have flow paths in the room envelope through which developed pressure will
o
escape, as ΔpRm
rises, material may be vented from the room, and this occurs in two stages. Initially, any

openings such as gaps in the room fabric, ventilation ducts, etc., allows the higher pressure gas to escape
from the room. Secondly, certain barriers that comprise the room construction may eventually give way at
o
a given ΔpRm
, thereby enlarging the venting area. In both cases, the exhausted material results in a lower

rate of pressure rise. Using the steady flow equation, the mass of material vented through an opening of a
given area is estimated.
The overpressure required to blow out vulnerable barriers within the room fabric was determined using a
method for explosion vent panels. An approach was developed by Molkov et al (2003, 2004)32 was used to
model the effect of such venting.
Where ignition occurred within the a partially confined enclosure within the main room (i.e., the
condensing unit compartment) there would be an exponential decay of the strength of the pressure wave
away from the position on the enclosure that enables the venting. Thus, the average overpressure within
the room would be considerably less than the pressure at the point of venting. However, for the purpose of
32

Molkov, V. V., Grigorash, A. V., Eber, R. M., Tamanini, F., Dobashi, R. Vented gaseous deflagrations with inertial vent
covers: state of the art and progress. Process Safety Progress, Vol. 23, No. 1. AIChemE, (2004) and Molkov, V. V.,
Grigorash, A. V., Eber, R. M., Tamanini, F., Dobashi, R. Vented gaseous deflagrations: modelling of translating inertial
vent covers. J. Loss Prevention in the Process Industries. Vol. 16, pp. 395 – 402, (2003).
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this study (due to the possibility of an occupant standing directly adjacent to the condensing unit
compartment) the maximum overpressure is used.

Flashover and secondary fire
The necessary thermal dose for flashover varies considerably with construction and furniture materials.
Data collated by Babrauskas et al (2003)33 showed flashover to occur between 125 to 4100 s (kW/m2)4/3,
including different foam insulation, wood and other construction materials. Other easily combustible
materials such as loose paper or hair may ignite at even lower value. Since the types of materials are not
known and may vary widely, it is difficult to estimate the likely situation. ADL34 indicates that the likelihood
of flashover occurring as 1/100 to 1/1,000 less than the ignition frequency. The approach taken in the
present study is to use a combination of the proportion of a leak event that could result in a sustained
flame and the proportion of the cases where the thermal intensity may exceed a value of 125 s (kW/m2)4/3
(equation 17).




t


fSF  max  0.5  leak  fi   , 0.5  fi  



I

125
occ
t flam






(17)

It is noted that this approach is considerably more conservative that that implied by the literature cited.

Nomenclature
a

a constant

Af

room floor area (m2)

Av

vent opening area (m2)

b

a constant

C

concentration (kg/m3)

cd

discharge coefficient (-)

d

D
Ε

leak hole diameter (mm)
pipe diameter (mm)
Expansion ratio (-)

f

ignition frequency (/y)

fleak

leak frequency (/y)

fleak (d) leak frequency (for a specific leak size) (/y)

fno

frequency of ignition during normal operation (/y)


fop

frequency of ignition for a given operating mode (/y)


frep

frequency of ignition for repair activities (-)

 
frep

frequency of ignition for technicians starting and completing a repair activity (-)


fSA

frequency of ignition of those technicians that (intend to) begin the servicing activity (-)

fSA 

frequency of ignition of average number of technicians starting and completing an activity (-)

fSA 

frequency of ignition for technicians starting an activity (-)

 
fSA

frequency of ignition for technicians starting and completing an activity (-)

33

Babrauskas, V., Peacock, R. D., Reneke, P. A., 2003, Defining flashover for fire hazard calculations: Part II. Fire Safety
Journal, Vol. 38, pp. 613 – 622.
34
ADL. Risk assessments of flammable refrigerants. Report for Calor Gas Ltd. Arthur D. Little, Cambridge, UK. 1998
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fSF

frequency of secondary fire (/y)

fT

frequency of ignition for all of the technicians that begin an individual task (-)

fT

frequency of ignition for only the technicians that (intend to) complete the task (-)

g

gravitational acceleration (9.807 m/s2)

ΔH(C F ) heat of combustion of the mean concentration of flammable mixture (kJ/kg)

hv

height for static pressure (m)

i

refers to leak size

Iocc
j

thermal intensity (s(kW/m2)4/3)

k

mr

refers to specific operating condition
explosion constant (kPa s)
mass of refrigerant (kg)
mass flow rate of the release (g/min, kg/s)

Mr

mass of refrigerant released (kg)

Mr,cc

mass of refrigerant within condensing unit compartment (kg)

mrF

the average mass of refrigerant within the flammable mixture (kg)

K
m

refers to specific air flow/environmental condition

n1 , n2 indices
NE

number of source of ignition events (-)

mol
Nflam

Number of moles of combustion products (-)

Nsoi

number of sources of ignition (-)

mol
NVF

Number of moles of flammable mixture (-)

Δp

P

o

F*

overpressure (kPa)

Pact

probability of ignition of a flammable mixture (-)
probability of a technician action (-)

patm

atmospheric pressure (Pa, kPa)

Pavail

probability of availability of a source of ignition (-)

Pev

probability of a specific event (-)

Pperc

percolation probability (-)

psat

saturation pressure (Pa)

F
Psoi

probability of a source of ignition within a flammable mixture (-)

Psta

probability of starting a task (-)

Psys

probability of system leaking (-)

PVF

probability of a flammable volume (-)

qocc

heat flux radiated onto an occupant (kW/m2)

t

reference time period (s)

t

F

Ta

duration of flammable mixture (s)
air temperature (°C)

tsoi

duration of active source of ignition (s)

tflam

flame/burn time (s)

Tflam

adiabatic flame temperature (°C)
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uflam

laminar flame speed (m/s)

V

reference volume (m3)

VF
Vba

average flammable volume (m3)
airflow due to buoyancy effects (m3/s)

Vcc

volume of condensing unit compartment (m3)

Vflam

volume of combustion products (m3)

VhF

average volume of flammable mixture within a specific region (m3)

Vma

airflow due to mechanical ventilation (m3/s)

zocc

average distance between flame and occupant (m)

α

homogenous void fraction (-)

χI

integrated risk of thermal intensity (s(kW/m2)4/3/y)

χ Δp

integrated risk of overpressure (kPa/y)

φ

time fraction for a specific set of conditions (-)

Γ
θ

radiative fraction of fuel mixture (-)

ρsat

incidence ratio (-)
homogenous/average two-phase density (kg/m3)

ρvap

vapour density (kg/m3)

ρliq

liquid density (kg/m3)

ρ

homogenous/average density (kg/m3)
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Appendix J: Additional text for inclusion within instructions
The following text should be included within the DACS product instructions, primarily for use by installation
and service companies and technicians. The material is based on IEC 60335-2-40, but modified to suit the
equipment under consideration.
General
The following information shall be specified in the manual where the information is needed for the
function of the manual and as applicable to the appliance:
– information for spaces where refrigerant pipes are allowed, including statements
 that the installation of pipe-work shall be kept to a minimum;
 that pipe-work shall be protected from physical damage and, in the case of flammable
refrigerants, shall not be installed in an unventilated space, if that space is smaller than the
stated minimum room area. The effect on refrigerant charge caused by the different pipe
length has to be quantified;
 that compliance with national gas regulations shall be observed;
 that mechanical connections shall be accessible for maintenance purposes;
 that, for appliances containing flammable refrigerants, the minimum floor area of the room
shall be mentioned in the form of a table or a single figure without reference to a formula;
– the maximum refrigerant charge (m max );
– instructions how to determine the additional refrigerant charge and how to complete the
refrigerant charge on the label provided by the manufacturer, for example::

Key
Example 1
Example 2

refrigerant charge of the pre-charged part of the appliance
refrigerant charge added during installation

– the minimum rated airflow;
– information for handling, installation, cleaning, servicing and disposal of refrigerant;
– for appliances using flammable refrigerants, instructions shall include the minimum installed
height h inst (when required to calculate Amin ), refrigerant charge m c and minimum room area
of the space Amin or a minimum room area of conditioned space TAmin where applicable.
Additional minimum room area data may be provided based on other installed heights and/or
charge levels.
– a warning to keep any required ventilation openings clear of obstruction;
– a notice that servicing shall be performed only as recommended by the manufacturer;
– a warning that ducts connected to an appliance shall not contain a potential ignition source;
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– for appliances connected via an air duct system to one or more rooms the supply and return air
shall be directly ducted to the space. Open areas such as false ceilings shall not be used as a
return air duct;
– following information requirements apply:
 Equipment piping in the occupied space shall be installed in such a way to protect against
accidental damage in operation and service.
 Precautions shall be taken to avoid excessive vibration or pulsation to refrigerating piping.
 Protection devices, piping, and fittings shall be protected as far as possible against adverse
environmental effects, for example, the danger of water collecting and freezing in relief
pipes or the accumulation of dirt and debris.
 Provision shall be made for expansion and contraction of long runs of pi ping.
 Piping in refrigerating systems shall be so designed and installed to minimize the likelihood
hydraulic shock damaging the system.
 Solenoid valves shall be correctly positioned in the piping to avoid hydraulic shock.
 Solenoid valves shall not block in liquid refrigerant unless adequate relief is provided to the
refrigerant system low pressure side.
 Steel pipes and components shall be protected against corrosion with a rustproof coating
before applying any insulation.
 Flexible pipe elements shall be protected against mechanical damage, excessive stress by
torsion, or other forces. They should be checked for mechanical damage annually.
 The indoor equipment and pipes shall be securely mounted and guarded such that
accidental rupture of equipment cannot occur from such events as moving furniture or
reconstruction activities.
 Where safety shut off valves are specified, the minimum room area may be determined
based on the maximum amount of refrigerant that can be leaked.
 Field-made refrigerant joints indoors shall be tightness tested. The test method shall have
a sensitivity of 5 grams per year of refrigerant or better under a pressure of at least 0,25
times the maximum allowable pressure. No leak shall be detected.
– For appliances using flammable refrigerants using a refrigerant detection system, safety shutoff valves shall not be reset until the refrigerating system has been serviced, because resetting
may result in additional refrigerant released into the space.
Unventilated areas
For appliances containing more than 150 g for any refrigerating circuit the manual shall include a
statement advising that an unventilated area where the appliance using flammable refrigerants is
installed shall be so constructed that should any refrigerant leak, it will not stagnate so as to
create a fire or explosion hazard. This shall include:
– a warning that if appliances connected via an air duct system to one or more rooms with
flammable refrigerants are installed in a room with an area less than Amin , that room shall be
without continuously operating open flames (for example an operating gas appliance) or other
potential ignition sources (for example an operating electric heater, hot surfaces);
– for appliances using flammable refrigerants connected via an air duct system to one or more
rooms, a warning that only auxiliary devices approved by the appliance manufacturer or
declared suitable with the refrigerant shall be installed in connecting ductwork. The
manufacturer can list in the instructions all approved auxiliary devices by manufacturer and
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model number for use with the specific appliance, if those devices have a potential to become
an ignition source.
The manufacturer should specify other potential continuously operating sources known to cause
ignition of the refrigerant used.
The appliance shall be stored so as to prevent mechanical damage from occurring.
Qualification of workers
The manual shall contain specific information about the required qualification of the working
personnel for maintenance, service and repair operations. Every working procedure that affects
safety means shall only be carried out by competent persons.
Examples for such working procedures are:




breaking into the refrigerating circuit;
opening of sealed components;
opening of ventilated enclosures.

Information on servicing
The manual shall contain specific information for service personnel.
Checks to the area
Prior to beginning work on systems containing flammable refrigerants, safety checks are necessary
to ensure that the risk of ignition is minimised.
Work procedure
Work shall be undertaken under a controlled procedure so as to minimise the risk of a flammable
gas or vapour being present while the work is being performed.
General work area
All maintenance staff and others working in the local area shall be instructed on the nature of
work being carried out. Work in confined spaces shall be avoided.
Checking for presence of refrigerant
The area shall be checked with an appropriate refrigerant detector prior to and during work, to
ensure the technician is aware of potentially toxic or flammable atmospheres. Ensure that the leak
detection equipment being used is suitable for use with all applicable refrigerants, i.e. non sparking, adequately sealed or intrinsically safe.
Presence of fire extinguisher
If any hot work is to be conducted on the refrigerating equipment or any associated parts,
appropriate fire extinguishing equipment shall be available to hand. Have a dry powder or CO 2 fire
extinguisher adjacent to the charging area.
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No ignition sources
No person carrying out work in relation to a refrigerating system which involves exposing any pipe
work shall use any sources of ignition in such a manner that it may lead to the risk of fire or
explosion. All possible ignition sources, including cigarette smoking, should be kept sufficiently far
away from the site of installation, repairing, removing and disposal, during which refrigerant can
possibly be released to the surrounding space. Prior to work taking place, the area around the
equipment is to be surveyed to make sure that there are no flam mable hazards or ignition risks.
“No Smoking” signs shall be displayed.
Ventilated area
Ensure that the area is in the open or that it is adequately ventilated before breaking into the
system or conducting any hot work. A degree of ventilation shall conti nue during the period that
the work is carried out. The ventilation should safely disperse any released refrigerant and
preferably expel it externally into the atmosphere.
Checks to the refrigerating equipment
Where electrical components are being changed, they shall be fit for the purpose and to the
correct specification. At all times the manufacturer’s maintenance and service guidelines shall be
followed. If in doubt, consult the manufacturer’s technical department for assistance.
The following checks shall be applied to installations using flammable refrigerants:
– the actual refrigerant charge is in accordance with the room size within which the refrigerant
containing parts are installed;
– the ventilation machinery and outlets are operating adequately and are not obstructed;
– if an indirect refrigerating circuit is being used, the secondary circuit shall be checked for the
presence of refrigerant;
– marking to the equipment continues to be visible and legible. Markings and signs that are
illegible shall be corrected;
– refrigerating pipe or components are installed in a position where they are unlikely to be
exposed to any substance which may corrode refrigerant containing components, unless the
components are constructed of materials which are inherently resist ant to being corroded or
are suitably protected against being so corroded.
Checks to electrical devices
Repair and maintenance to electrical components shall include initial safety checks and component
inspection procedures. If a fault exists that could compromise safety, then no electrical supply
shall be connected to the circuit until it is satisfactorily dealt with. If the fault cannot be corrected
immediately but it is necessary to continue operation, an adequate temporary solution shall be
used. This shall be reported to the owner of the equipment so all parties are advised.
Initial safety checks shall include:
 that capacitors are discharged: this shall be done in a safe manner to avoid possibility of
sparking;
 that no live electrical components and wiring are exposed while charging, recovering or
purging the system;
 that there is continuity of earth bonding.
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Repairs to sealed components
During repairs to sealed components, all electrical supplies shall be disconnected from the
equipment being worked upon prior to any removal of sealed covers, etc. If it is absolutely
necessary to have an electrical supply to equipment during servicing, then a permanently
operating form of leak detection shall be located at the most critical point to warn of a potenti ally
hazardous situation.
Particular attention shall be paid to the following to ensure that by working on electrical
components, the casing is not altered in such a way that the level of protection is affected. This
shall include damage to cables, excessive number of connections, terminals not made to original
specification, damage to seals, incorrect fitting of glands, etc.
Ensure that the apparatus is mounted securely.
Ensure that seals or sealing materials have not degraded to the point that the y no longer serve the
purpose of preventing the ingress of flammable atmospheres. Replacement parts shall be in
accordance with the manufacturer’s specifications.
Repair to intrinsically safe components
Do not apply any permanent inductive or capacitance loads to the circuit without ensuring that
this will not exceed the permissible voltage and current permitted for the equipment in use.
Intrinsically safe components are the only types that can be worked on while live in the presence
of a flammable atmosphere. The test apparatus shall be at the correct rating.
Replace components only with parts specified by the manufacturer. Other parts may result in the
ignition of refrigerant in the atmosphere from a leak.
NOTE The use of silicon sealant can inhibit the effectiveness of some types of leak detection
equipment. Intrinsically safe components do not have to be isolated prior to working on them.
Cabling
Check that cabling will not be subject to wear, corrosion, excessive pressure, vibration, sharp
edges or any other adverse environmental effects. The check shall also take into account the
effects of aging or continual vibration from sources such as compressors or fans.
Detection of flammable refrigerants
Under no circumstances shall potential sources of ignition be used in the searching for or
detection of refrigerant leaks. A halide torch (or any other detector using a naked flame) shall not
be used.
The following leak detection methods are deemed acceptable for all refrigerant systems.
Electronic leak detectors may be used to detect refrigerant leaks but, in the case of flammable
refrigerants, the sensitivity may not be adequate, or may need re -calibration. (Detection
equipment shall be calibrated in a refrigerant-free area.) Ensure that the detector is not a
potential source of ignition and is suitable for the refrigerant used. Leak detection equipment shall
be set at a percentage of the LFL of the refrigerant and shall be calibrated to the refrigerant
employed, and the appropriate percentage of gas (25 % maximum) is confirmed.
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Leak detection fluids are also suitable for use with most refrigerants but the use of detergents
containing chlorine shall be avoided as the chlorine may react with the refrigerant and corrode the
copper pipe-work.
NOTE Examples of leak detection fluids are
- bubble method,
- fluorescent method agents.
If a leak is suspected, all naked flames shall be removed/extinguished.
If a leakage of refrigerant is found which requires brazing, all of the refrigerant shall be recovered
from the system, or isolated (by means of shut off valves) in a part of the system remote from the
leak.
Removal and evacuation
When breaking into the refrigerant circuit to make repairs – or for any other purpose –
conventional procedures shall be used. However, for flammable refrigerants it is important that
best practice is followed since flammability is a consideration. The following procedure shall be
adhered to:
 remove refrigerant;
 purge the circuit with inert gas;
 evacuate;
 purge with inert gas;
 open the circuit by cutting or brazing.
The refrigerant charge shall be recovered into the correct recovery cylinders. For appliances
containing flammable refrigerants, the system shall be purged with oxygen free nitrogen to render
the appliance safe for flammable refrigerants This process may need to be repeated several times.
Compressed air or oxygen shall not be used for purging refrigerant systems.
For appliances containing flammable refrigerants, refrigerants purging shall be achieved by
breaking the vacuum in the system with oxygen free nitrogen and continuing to fill until the
working pressure is achieved, then venting to atmosphere, and finally pulling down to a vacuum.
This process shall be repeated until no refrigerant is within the system. When the final oxygen free
nitrogen charge is used, the system shall be vented down to atmospheric pressure to enable work
to take place. This operation is absolutely vital if brazing operations on the pipe -work are to take
place.
Ensure that the outlet for the vacuum pump is not close to any potential ignition sources and that
ventilation is available.
Charging procedures
In addition to conventional charging procedures, the following requirements shall be followed.
 Ensure that contamination of different refrigerants does not occur when using charging
equipment. Hoses or lines shall be as short as possible to minimise the amount of refrigerant
contained in them.
 Cylinders shall be kept in an appropriate position according to the instructions.
 Ensure that the refrigerating system is earthed prior to charging the system with refrigerant.
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 Label the system when charging is complete (if not already).
 Extreme care shall be taken not to overfill the refrigerating system.
Prior to recharging the system, it shall be pressure-tested with the appropriate purging gas. The
system shall be leak-tested on completion of charging but prior to commissioning. A follow up leak
test shall be carried out prior to leaving the site.
Decommissioning
Before carrying out this procedure, it is essential that the technician is completely familiar with
the equipment and all its detail. It is recommended good practice that all refrigerants are
recovered safely. Prior to the task being carried out, an oil and refrigerant sample shall be taken in
case analysis is required prior to re-use of recovered refrigerant. It is essential that electrical
power is available before the task is commenced.
a) Become familiar with the equipment and its operation.
b) Isolate system electrically.
c) Before attempting the procedure, ensure that:
 mechanical handling equipment is available, if required, for handling refrigerant cylinders;
 all personal protective equipment is available and being used correctly;
 the recovery process is supervised at all times by a competent per son;
 recovery equipment and cylinders conform to the appropriate standards.
d) Pump down refrigerant system, if possible.
e) If a vacuum is not possible, make a manifold so that refrigerant can be removed from various parts of
the system.
f) Make sure that cylinder is situated on the scales before recovery takes place.
g) Start the recovery machine and operate in accordance with instructions.
h) Do not overfill cylinders (No more than 80 % volume liquid charge).
i) Do not exceed the maximum working pressure of the cylinder, even temporarily.
j) When the cylinders have been filled correctly and the process completed, make sure that the cylinders
and the equipment are removed from site promptly and all isolation valves on the equipment are
closed off.
k) Recovered refrigerant shall not be charged into another refrigerating system unless it has been cleaned
and checked.
Labelling
Equipment shall be labelled stating that it has been de-commissioned and emptied of refrigerant.
The label shall be dated and signed. For appliances containing flammable refrigerants, ensure that
there are labels on the equipment stating the equipment contains flammable refrigerant.
Recovery
When removing refrigerant from a system, either for servicing or decommissioning, it is
recommended good practice that all refrigerants are removed safely.
When transferring refrigerant into cylinders, ensure that only appropriate refrigerant recovery
cylinders are employed. Ensure that the correct number of cylinders for holding the total system
charge is available. All cylinders to be used are designated for the recovered refrigerant and
labelled for that refrigerant (i.e. special cylinders for the recovery of refrigerant). Cylinders shall
be complete with pressure-relief valve and associated shut-off valves in good working order.
Empty recovery cylinders are evacuated and, if possible, cooled before recovery occurs.
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The recovery equipment shall be in good working order with a set of instructions concerning the
equipment that is at hand and shall be suitable for the recovery of all appropriate refrigerants
including, when applicable, flammable refrigerants. In addition, a set of calibrated weighing scales
shall be available and in good working order. Hoses shall be complete with leak -free disconnect
couplings and in good condition. Before using the recovery machine, check that it is in satisfactory
working order, has been properly maintained and that any associated electrical components are
sealed to prevent ignition in the event of a refrigerant release. Consult manuf acturer if in doubt.
The recovered refrigerant shall be returned to the refrigerant supplier in the correct recovery
cylinder, and the relevant waste transfer note arranged. Do not mix refrigerants in recovery units
and especially not in cylinders.
If compressors or compressor oils are to be removed, ensure that they have been evacuated to an
acceptable level to make certain that flammable refrigerant does not remain within the lubricant. The
evacuation process shall be carried out prior to returning the compressor to the suppliers. Only electric
heating to the compressor body shall be employed to accelerate this process. When oil is drained from a
system, it shall be carried out safely
Competence of service personnel
General
Information of procedures additional to usual information for refrigerating appliance installation,
repair, maintenance and decommission procedures is required when an appliance with flammable
refrigerants is affected.
The training of these procedures is carried out by national training organisations or manufacturers
that are accredited to teach the relevant national competency standards that may be set in
legislation.
The achieved competence should be documented by a certificate.
Information and training
The training should include the substance of the following:
Information about the explosion potential of flammable refrigerants to show that flammables may
be dangerous when handled without care.
Information about potential ignition sources, especially those that are not obvi ous, such as
lighters, light switches, vacuum cleaners, electric heaters.
Information about the different safety concepts:
Unventilated – Safety of the appliance does not depend on ventilation of the housing. Switching
off the appliance or opening of the housing has no significant effect on the safety. Nevertheless, it
is possible that leaking refrigerant may accumulate inside the enclosure and flammable
atmosphere will be released when the enclosure is opened.
Ventilated enclosure – Safety of the appliance depends on ventilation of the housing. Switching off
the appliance or opening of the enclosure has a significant effect on the safety. Care should be
taken to ensure a sufficient ventilation before.
Ventilated room – Safety of the appliance depends on the ventilation of the room. Switching off
the appliance or opening of the housing has no significant effect on the safety. The ventilation of
the room shall not be switched off during repair procedures.
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Information about refrigerant detectors:
 Principle of function, including influences on the operation.
 Procedures, how to repair, check or replace a refrigerant detector or parts of it in a safe way.
 Procedures, how to disable a refrigerant detector in case of repair work on the refrigerant
carrying parts.
Information about the concept of sealed components and sealed enclosures according to
IEC 60079-15:2010.
Information about the correct working procedures:
Commissioning
 Ensure that the floor area is sufficient for the refrigerant charge or that the venti lation duct is
assembled in a correct manner.
 Connect the pipes and carry out a leak test before charging with refrigerant.
 Check safety equipment before putting into service.
Maintenance
 Portable equipment shall be repaired outside or in a workshop speci ally equipped for servicing
units with flammable refrigerants.
 Ensure sufficient ventilation at the repair place.
 Be aware that malfunction of the equipment may be caused by refrigerant loss and a
refrigerant leak is possible.
 Discharge capacitors in a way that won’t cause any spark. The standard procedure to short
circuit the capacitor terminals usually creates sparks.
 Reassemble sealed enclosures accurately. If seals are worn, replace them.
 Check safety equipment before putting into service.
Repair
 Portable equipment shall be repaired outside or in a workshop specially equipped for servicing
units with flammable refrigerants.
 Ensure sufficient ventilation at the repair place.
 Be aware that malfunction of the equipment may be caused by refrigerant loss and a
refrigerant leak is possible.
 Discharge capacitors in a way that won’t cause any spark.
 When brazing is required, the following procedures shall be carried out in the right order:
– Remove the refrigerant. If the recovery is not required by national regul ations, drain the
refrigerant to the outside. Take care that the drained refrigerant will not cause any danger.
In doubt, one person should guard the outlet. Take special care that drained refrigerant will
not float back into the building.
– Evacuate the refrigerant circuit.
– Purge the refrigerant circuit with nitrogen for 5 min.
– Evacuate again.
– Remove parts to be replaced by cutting, not by flame.
– Purge the braze point with nitrogen during the brazing procedure.
– Carry out a leak test before charging with refrigerant.
 Reassemble sealed enclosures accurately. If seals are worn, replace them.
 Check safety equipment before putting into service.
Decommissioning
 If the safety is affected when the equipment is putted out of service, the refrigerant charge
shall be removed before decommissioning.
 Ensure sufficient ventilation at the equipment location.
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Be aware that malfunction of the equipment may be caused by refrigerant loss and a
refrigerant leak is possible.
Discharge capacitors in a way that won’t cause any spark.
Remove the refrigerant. If the recovery is not required by national regulations, drain the
refrigerant to the outside. Take care that the drained refrigerant will not cause any danger. In
doubt, one person should guard the outlet. Take special care that drained refrigerant will not
float back into the building.
When flammable refrigerants are used,
– Evacuate the refrigerant circuit.
– Purge the refrigerant circuit with nitrogen for 5 min.
– Evacuate again.
– Fill with nitrogen up to atmospheric pressure.
– Put a label on the equipment that the refrigerant is removed.

Disposal
 Ensure sufficient ventilation at the working place.
 Remove the refrigerant. If the recovery is not required by national regulations, drain the
refrigerant to the outside. Take care that the drained refrigerant will not cause any danger. In
doubt, one person should guard the outlet. Take special care that drained refrigerant will not
float back into the building.
 When flammable refrigerants, are used,
– Evacuate the refrigerant circuit.
– Purge the refrigerant circuit with nitrogen for 5 min.
– Evacuate again.
– Cut out the compressor and drain the oil.
 Evacuate the refrigerant circuit.
 Purge the refrigerant circuit with nitrogen for 5 min.
 Evacuate again.
 Cut out the compressor and drain the oil.
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I. Introduction
Upon request of Industrias Thermotar Ltda Company, hereinafter “Thermotar”,
through engineer Álvaro Javier Arango Guete, Project Engineer, in charge of the
R290 Refrigerant Charge Implementation Project for the cooling equipment
produced at the Thermotar plant visited. The following is a report on our December
2017 Risk Analysis study about R290 gas as a refrigerant agent for commercial and
industrial cooling units of the 290 production line, which will be commissioned next
April 2018.

This document is divided in different sections. The first section focuses on
identifying the main risks and basic knowledge about gas behavior, followed
by a risk quantification and categorization exercise, a section with
recommendations, and a final section with the emergency plan overview and
general comments on maintenance.
The document division aims at achieving the objectives initially set in our
proposal. The objectives are: to identify risks and impact levels in case risks
take place. We also refer to the minimum controls required in the industry
where a substance with the physicochemical characteristics of R290
“propane” gas is used. This methodology has been applied to each area
where R290 is handled, including its production process, which is simply the
refrigerant charging operation.
The productive line in our analysis has been divided as follows:
- Reception and storage of R290 cylinders.
- Installation of cylinders in the Agramkow machine manifold and R290
recharge.
We have attached a separate chapter on the analysis of human safety and
response plans, addressing the structuring requirements for an emergency
plan under the NFPA standard.
The requirements of fire protection systems and alarms will be included in
our section of recommendations for improvement.
The final section shows our additional comments on maintenance for
equipment in direct contact with R290 gas, knowing that priority is given to the
recommendations and parameters of equipment manufacturers, in this case the
Agramkow firm.
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II. Purpose and Scope
This study mainly focuses on risk analysis of the implementation of R290 Liquefied
Petroleum Gas - LPG as a cooling agent for refrigeration units produced by
Industrias Thermotar LTDA. The analysis carried out is based on the information
provided by Industrias Thermotar LTDA. Consequently, Seguros Generales
Suramericana S.A. holds no liability for the accuracy of data, calculations or
opinions presented in this report based on such information or any losses or
damages caused by or in relation to such data, calculations or opinions. This report
does not aim at identifying all the existing risks or cover all the possible events
related to R290.

This risk analysis was specifically and only applied to Industrias Thermotar
LTDA located at Carrera 65B No. 48 – 03 in Barranquilla, Colombia.
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III. Risk Identification
Overview and characteristics of Flammable Gases.
Definition and classification of gases under the NFPA 55
The LPG R290 (Propane) refrigerant is a petroleum gas deemed to be a substitute
for other products with harmful environmental impacts, mainly against the ozone
layer, in compliance with the commitments made by Colombia in Montreal Protocol
and the Ozone Technical Unit (Unidad Técnica Ozono — UTO) of the Ministry of
Environment, Housing and Territorial Development. The National Phaseout Plan is
being implemented in Colombia to facilitate the phasing-out of ozone depleting
substances currently imported by the country.
The use of R290 is a suitable alternative solution to environmental problems,
especially in small hermetic systems such as domestic and commercial refrigerant
equipment. The R290 refrigerant has a low ozone depletion potential and very low
global warming potential as a petroleum gas; it is therefore considered to be a
natural refrigerant. Since it is available worldwide, it is a suitable alternative to
replace CFC, HCFC and HFC refrigerants. R290 propane is a refrigerant useful for
several applications with good performance due to its thermodynamic properties
and/or Joule Thomson coefficient; however, it must be treated with caution as it is
flammable. Such flammability is the main reason and goal of this risk analysis study
for this particular customer and application.

Let us first check the definition of a gas in the NFPA and FM. The term gas
refers to a physical state with no form or volume that will take the form or fill the
volume of any container of any geometric shape or enclosed space contained.
This feature differentiates gas from liquids, which have no shape but have
volume, and solids, which have their own form and volume. Since all
substances can exist as gases, depending on the temperature and pressure
applied, the term ‘gas’ usually applies to substances in gas state under
conditions of Standard Temperature and Pressure (STP). Approximately 21°C
and 14.7 PSIA. However, many substances can exist as liquids or gases even
under normal STP conditions.
The scope of this risk analysis study includes defining the physicochemical
characteristics that identify a gas as flammable and/or combustible. Flammable gas
is any gas that comes into contact with air/oxygen in uncontrolled proportions and
can cause explosive reactions, explosion or fire hazard when
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it reaches an excessive concentration in an oxidizing agent, which may be air
and/or oxygen. According to the NFPA, flammable gas is defined as a gas at
atmospheric temperature and pressure that is ignitable when in a mixture of
13% or less by volume in air, or a gas that has a flammable range with air of at
least 12% regardless of the lower flammable limit. The NFPA defines a liquefied
gas as a gas that is not in a solution and, when bottled at charging pressure,
can exist as both a liquid and gas at 20°C temperature.
In accordance with the NFPA 55 standard, gases are classified as: flammable gas,
non-flammable gas, pyrophoric gas, oxidizing gas and toxic and/or poisonous gas.
The definition of flammable gas is provided in the paragraph above. Each flammable
gas has a lower and upper limit for ideal concentrations of combustion and/or
explosion. The mixes of flammable gas and air only ignite within this flammable
range, provided that the minimum ignition energy is present. In few cases much
reduced flammable ranges or a very high lower flammable limit, or both, make it
possible to classify a gas that can burn in the air as non-flammable, since the
ignition properties of gas in the air are low in most cases. Anhydrous ammonia is
an example of flammable gas within the context of the paragraph above.

Although the vapors of flammable liquid and flammable gases have similar
combustion characteristics, the term ‘flash point’ describes a common and
useful property of combustion of flammable liquids which has no impact on
flammable gases. The temporary ignition point or flash point is a
temperature measure at which a flammable liquid produces enough vapors
for combustion. This temperature is always under the normal boiling point.
A flammable gas exists normally at a higher temperature than its normal
boiling point, even when the gas is in liquid state (as it is usually the case in
storage and transport.) Therefore, flammable gas exists at a temperature
which is not only higher than its temporary flammable point, but generally
surpasses such point by far. In other words, a flammable liquid must be over
a specific temperature to produce sufficient vapors for combustion, while
flammable gases can always ignite.
Non-combustible gases are gases that do not burn at any concentration in air;
although oxidizing gases are not flammable, they are classified separately by the
NFPA 55. The most common include nitrogen, helium, argon and other rare gases
from the atmosphere. Pyrophoric gases are gases that ignite spontaneously when
coming in contact with air; their storage demands special care since they require no
ignition source to burn. Oxidizing gases are those required for combustion; they are
usually mixtures of oxygen and helium, and oxygen and nitrogen.
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These mixtures contain more oxygen than that found in mixtures of oxygen
and nitrogen present in the air.
Toxic gases represent a high risk for human health if released into the atmosphere.
These gases are poisonous, cause irritation on contact or when inhaled; for
example, chlorine, sulfur dioxide, ammonia, carbon monoxide and arsine. Fires with
the presence of this type of gases are difficult for firefighters to extinguish due to
the high risk of toxicity.

Classification of gases by physical properties
Physical properties demand special care in fire protection because they affect
the physical behavior of gases while they are in their containers and after any
accidental release. The gases must be completely confined until required; this
includes transport, transfer and storage. Gases are packaged in containers
filled as much as possible for economic reasons and ease of use. These
requirements have provided good results in transport and storage in both liquid
and gas state. It is important to define and differentiate gases in liquid state and
gas state to apply safe fire prevention and protection practices.
The classification of gases by physical properties includes compressed gases,
liquefied gases and cryogenic gases. Considering the subject-matter and scope of
our study, we will briefly describe each classification.
A compressed gas is defined by the NFPA 55 as a gas that is not in a solution and,
when bottled at charging pressure, is totally gaseous, at a 20 °C temperature,
meaning that a compressed gas is only a gas that exists in a gaseous state, at any
normal atmospheric temperatures. Pressure depends on the initial pressure used to
charge the container, the remaining amount of gas in the container and the gas
temperature.

There are no universally defined lower or upper limits for container
pressure. In many countries the minimum limit is 25psi at normal
temperatures, that is 20 °C; the upper limit is defined by the construction
characteristics of the container, where pressures from 1800 to 3600 psig can
be reached. Compressed gas containers depend on the gas weight they can
hold, for example, the largest and most common oxygen cylinder contains
only 9kg of oxygen, which is approximately 9.3m3 under STP.
A liquified gas exists in liquid state and gas state at 20 °C under pressure, if there is
some liquid remaining in the container. Pressure depends on the liquid
temperature, although the amount of liquid may affect pressure under specific
conditions. Liquified gas is more
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concentrated than compressed gas, for example, the oxygen cylinder
mentioned in the example above may contain 53 liquified kilograms,
approximately 39.6m3. That is, about 6 times lower than the STP.

A cryogenic gas is a liquified gas that exists in a container at temperatures
under -90 °C, one of its main distinctive features compared to a liquified gas
is that cryogenic gas cannot be held indefinitely in a container. Heat in the
atmosphere may be delayed but it is impossible to prevent the heat transfer
into the container, which progressively increases the container pressure. If
the gas is confined, the feasible resistance of the container may be widely
extended.
In accordance with this NFPA classification, in our case, the gas analyzed in
this study is a liquified gas in metal containers with a capacity of 12.1 lbs.
5.5 kg at 140 psi.

Classification of gases by use
Most gases have been historically classified based on their main use. This is
evidenced in some codes such as the NFPA 54, National Fuel Gas Code, where this
classification is not as accurate as the classification by physical properties and the
uses of gases constantly overlap.

Combustible gases include flammable gases traditionally used with air in
devices to produce heat, thermal energy; the most commonly used
combustible gases are natural gas and liquified petroleum, butane and
propane gases.
Industrial gases include the complete set of gases classified by physical
properties, which are traditionally used in industrial processes for welding
and cutting, thermal treatment, chemical processes, cooling and water
treatment.
In this case, R290 is a combustible gas and an industrial gas according to
the NFPA 54, since it will be used as a refrigerant gas.
Finally, the NFPA 54 classification wraps up the categorization with medicinal
gases. This is the most specialized classification by use, as they are employed for
medical purposes such as anesthesia and respiratory therapies. Oxygen and
nitrous oxide are the most common medicinal gases.

Associated risks of containers
Risk by increase of pressure and fire risk
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In our case, R290 refrigerant gas is in the plant in liquified gas form in 12.1 lb.
containers at 140 psi. Although the amount of gas in a container is relatively
low, the sum of all possible containers in the inventory forms a high fuel
charge; the inventory reports 150 cylinders which represent 750kg.
R290 containers, as observed in the plant, represent a moderate/high risk in the
event of a fire as gases expand when heated, causing an increase in the container
pressure; this can generate the release of gas or the failure of a container.
Additionally, the containers may lose their resistance and fail during a fire.

Any compressed gas attempts to expand when heated, following the classical
physics laws of gas behavior; it should be noted that no gas follows these laws
exactly, but the laws of Boyle and Charles are accurate enough to predict gas
behavior.

To calculate the pressures and temperature of gases, there are several
formulas in which temperature and pressure are absolute values, namely,
the temperature expressed in degrees Rankine or Kelvin, i.e. (° F + 459 = ° R)
or (° C) + 273 = ° K) and absolute pressure P = Man Pressure + 14.7 psi or
kPa + 101kPa.
According to Charles' law and Boyle's Law, for purposes within practical ranges,
Boyle's law states that PV = Cte, and Charles's law states that V/T = Cte.
Therefore, we have the following relation for ideal gases.

=

+ 14.7

° + 459 = ° ° + 273 = °
=
By using this ideal gas equation, we can determine the internal pressures of
the cylinders studying the temperatures that could be reached during a fire,
since the gas always remains in a gaseous state. In our case we have a
liquefied gas, which shows deviant behaviors compared to those of the ideal
gas equation. The real gas equation is more suitable for this situation. In our
calculation we will use the Van Der Waals equation of state with the
following structure.
+

Facilities

Industrias Thermotar LTDA

Visit date

22/12/2017

Engrin de Colombia SAS

(−)=

Risk Analysis Report
R290
Reporting date 25/01/2018
File

Engineering applied to risks and
insurance

7

Industrias Thermotar LTDA / Carrera 65B No. 48 – 03

Risk Analysis in Line R290

For thermodynamic calculations, a and b are correction constants of the
equation of state of ideal gas in the behavior of a liquified gas.
The liquefied gas and cryogenic gas show a complex behavior because heating
results produce three effects: first, the gas column behaves like the ideal gas,
attempts to expand and increases the pressure, the liquid region attempts to
expand by compressing the gas phase, the vapor pressure of the liquid
increases as the liquid temperature increases. These effects cause an increase
in pressure when the container is heated, if 500 °C temperatures are reached
during a fire (as in the following graph).

TEMPERATURE IN °C

NORMALIZED CURVE (TEMPERATURE – TIME) OF A FIRE

Structural steel collapses at 538 °C.
In the normal curve of a fire this
temperature is reached after 5 minutes.

Time (minutes)

As an exercise, we are going to determine the internal pressure of a R290 propane
cylinder. Applying the Van Der Waals equation of state at a 500 °C temperature and
observing that the container has a 0.10m3 volume, the values of the a and b Van Der
Waals constants for Propane are:

= 9.315

= 0.0900

For the specific volume calculation we have:
=

0.10
5.5 (

) = 0.01818

44.09

= 0.8015

Solving the pressure in the Van Der Waals equation of state, we have:

=

−

−

/

( + )
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Considering that the temperature is 500 °C, we have absolute values of 500 +
273 = 773°K
Replacing the equation values, we have

=

0.08314(773)
0.8015 −
0.0900 −

9.315

773 (0.8015)(0.8015 + 0.0900)
64.26
9.315
0.711
=5
− 19.8661
= 90.31 − 0.4668 = 89.84
this is approximately 1300 psi; according to data from the cylinder manufacturers
there is a relief valve that triggers when the tank pressure increases over a pressure
percentage of cylinder charge. Some manufacturers provide this safety seal near
300/400 PSI.

Risks of R290 cylinders exposed to fire
The cases in which LPG R290 or liquefied gas cylinders are exposed to fire and
break in two or three parts are a failure called BLEVE — Boiling Liquid Expanding
Vapor Explosion. All liquefied gases, such as R290, are stored at temperatures
above their boiling point, under standard temperature and pressure conditions, and
remain under pressure only while the cylinder remains closed to the atmosphere.
This pressure can be lower than 6.9kpa (0.069 bar), in liquefied gas containers. If the
pressure is reduced to atmospheric pressure as in the case of a container failure,
the amount of heat stored in the container generates a very quick vaporization of
part of the liquid.
This vaporization occurs at a point directly proportional to the temperature
difference between the temperature of the liquid at the time of container failure and
the normal boiling point of the liquid. In many flammable liquefied gases, this
temperature differential at standard atmospheric pressures can cause the
vaporization of a third of the liquid in the container. Since the pressure relief
devices are calibrated to discharge at pressures higher than the operating pressure
of the pressurized container, the liquid temperature will be well above the normal
atmospheric boiling point. For example, propane R290 at 275PSIG, which is the
maximum pressure of the relief calibration valve, has a boiling point of 57 °C, well
above the atmospheric boiling point which is -40 ° C. Therefore, the liquid
temperature at the time of failure is higher than the boiling temperature, which is
why more liquid is vaporized —more than half of the liquid in the container. The
remaining liquid cools down to its boiling point. The
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vaporization of the liquid is accompanied by a large expansion of liquid vapor;
this process of expansion produces the violent tank rupture and the ejection of
fragments, the quick mixture of vapor/air produces the characteristic fireball of
the ignition of fire that caused the BLEVE, and the atomization of the remaining
cold liquid. Many of the atomized droplets burn in the air; however, it is not
uncommon for the cold liquid to be propelled very quickly from the fire area, not
reaching ignition temperature and falling down to earth in liquid form. The
reduction of internal pressure to atmospheric level in a container reduces its
capacity to maintain the pressure it was designed for. This failure is often
caused by the weakening of the metal material of the container by contact with
flames, but it can also be caused by a mechanical failure of the container due to
loss of wall thickness as a result of corrosion in its walls. It is important to be
clear and remember that the BLEVE occurs after the container failure and is not
a container failure itself.

Transfer risks
An abrupt increase in pressure may occur, if the liquid expansion causes the
container to be filled with liquid. If this occurs, a small additional amount of heat
causes an excessive increase in pressure. Consequently, it is not advisable to
transfer more liquefied gas in liquid phase than the amount the container can
hold, leaving a space for the vapor or gas phase if the temperature of the liquid
rises to a level proportional to the expected ambient temperatures. The
appropriate amount varies with the liquefied gas and factors that affect the
expected temperature increases such as the temperature of the liquid at the
time of transfer into the container, whether the container is insulated, or
whether it is installed at ground level or underground.
In our case, this type of risk does not exist in the plant as we are no longer
performing cylinder charge operations; however, we have analyzed the R290 gas
supply process for line 290 and concluded that it is a closed process consisting of a
manifold system for 4 cylinders and a pump that injects gas into the R290 charger.
No abrupt changes in pressure are observed, several nipples and coupling systems
are identified as susceptible to leaks, no gaps or pipes exposed to being hit are
observed. Transfer from the charging machine to the refrigeration units is
controlled electronically with an internal PLC incorporated to the charging machine.
Permitted quantities are generally expressed as "charge densities" or "filling
densities" and are stipulated for each gas; however, filling densities expressed in
units of volume must be always qualified, specifying the temperature of the liquid.
There are
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general charts for charge densities based on temperature.
Liquefied compressed gas vessels such R290 containers have a high degree of
potential energy release due to the concentration of matter by compression or
liquefaction. A failure in this type of containers releases all this energy in a
simultaneous release of gas into the surrounding areas and propels the container.
Failures in compressed gas containers as those observed in the plant are more
characterized by the risk of projectiles thrown into the air than by the consequences
of the release of gas itself, since they contain relatively smaller amounts than other
storage systems such as horizontal tanks on saddles or buried tanks. This does not
rule out that the gas release represents a risk of explosion and fire.

Risks by accidental release in occupancies
Uncontrolled mixes of flammable gases greatly increase the risk of explosion and
subsequent fire, as well as, the threat of asphyxiation in confined or scarcely
ventilated spaces. In our case we already know that R290 is a gas with flammable
characteristics and a hydrocarbon gas derived from crude oil that requires special
care inside and outside a containment system (refrigerant units). The danger of
flammable liquids and flammable gases lies in the flash points and mixing with
oxidizing agents, producing a flammable gas/air mixture. The flammable mixture is
the flammability range of the gas. Flammable mixtures occur when the
concentrations of vapors or gases in the air are in a defined percentage limit,
generally known as the flammable (explosive) range. The lower limit of the range is
known as the Lower Flammable Limit (LFL). The upper limit of the range is known
as the Upper Flammable Limit (UFL). For example, the proportions (flammable
range) for carbon disulphide in the air range from 1% to 44%, ethyl alcohol ranges
from 4% to 19% percent, gasoline ranges from 1.4% to 7.6%. The R290 subjectmatter of our study reports a flammable range when concentrations from 2.1% to
9.5% are reached in the air, the former value is the LFL and the latter value the UFL.
The reported autoignition temperature is 450 °C.
The NFPA 70 suggests having "explosion proof" equipment available in areas
susceptible to the occurrence of leaks, the R290 storage area and charging
chamber should be considered as an area classified under the NFPA 70, that is, it
should be a special area with electrical connections different from those in
unclassified areas, it must also have excellent ventilation, and a non-combustible
construction is more suitable to the occupancy or construction, with fire resistant
doors and walls at least 1.5H. For
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fire protections, it is advisable to have the site equipped with automatic fog
sprinklers or water fog systems; fire can also be extinguished using dry
chemical powder and/or CO2. Water can be applied manually with hose cabinets
in order to cool the tanks that have been exposed to intense heat. The gas that
escapes from broken cylinders can ignite the fire or expand to the surrounding
areas and reach other sources of ignition causing simultaneous explosions. It is
advisable to have available proximity suits and self-contained suits in the
emergency brigade.

Explosion prevention measures are based on one or more of the following
techniques or principles: (1) exclusion of ignition sources, (2) exclusion of
air, oxygen, (3) storage in closed tanks, (4) ventilation to avoid steam and/or
gas accumulation, (5) use of an inert gas atmosphere instead of air.
The accumulation of fuel-air gas mixtures can occur in closed spaces such
as vessels or containers, tanks, rooms or buildings. The violence of an
explosion depends on the type of gas, the enclosure containing the mixture,
the amount of mixture and concentration of gas in the mixture with air. Fuelair gas mixtures with concentrations near the lower and upper limits are less
strong than those occurring in a "stoichiometric" concentration or mixture.
The stoichiometric mixture is deemed to be the ideal mixture to deliver the
greatest amount of energy during combustion.

In R290 applications, it is vital to control and detect timely any leak that
occurs in the two potential areas of accidental leaks. The first region is
considered as the storage area and the second area is considered as the
loading area or R290 line; this process is carried out in the Agramkow
machine.

Operation of R290 reception and storage
The supply of the R290 gas is carried out by an external supplier named Amuco. It
is a cargo handling operation in wooden pallets with packs of cardboard boxes;
LPG metal cylinders at 140 PSI, with a 0.10m3 volume, containing 12.1 kg
Pounds/5.5kg are received.
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Fig. 1. External Storage of R290
The packaging of refrigerants is made of wooden pallets to make cylinder
plies that can reach a 2.5-meter height.
Although R290 will be stored outside the plant area, a successful storage operation
requires taking into account the special considerations to be fulfilled by the
occupancy. In addition to the considerations on fire protection, namely, having
smoke detection systems, air analyzers, automatic water mist sprinklers for the
application of water spray and CO2 injection, it is very important that they meet
special characteristics in the occupancy such as keeping the area clear at all times,
very good ventilation, the construction should preferably have non-combustible and
fire-resistant characteristics and be equipped with fire doors.

All staff in charge of the R290 cylinders must know their physicochemical
characteristics and how to respond to an emergency event. Unlike storage
systems in large-volume cylinders in bulk, these cylinders are filled with 12.1 lb.
of Propane and are not reusable; this condition does not exempt the plant from
having the resources and equipment necessary for the brigade members to
control an uncontrolled leak of propane at a given time.

The most frequent failures in the handling and storage of cylinders usually
are:
Cylinders are stored in the corridors or circulation areas and common areas.
Cylinders are not anchored and missing the corresponding safety caps. Some
outputs or connections to equipment have faults or bends in their path. Cylinders
are transported unsafely by dragging or
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rolling them on the ground; safety trolleys are not used for this purpose.
(See recommendations).

Piping and transfer systems.
Basically, there is no internal transfer system for the R290, which substantially
reduces the risk of leakage by hitting a pipe system. Gas arrives in cylinders in
the form of liquefied gas and they are manually moved to the cargo area; there
is a tandem system or 4-cylinder cabinet. The internal equipment of the
refrigerant loading machine has a flexible duct system that feeds a pneumatic
pump and finally arrives at the refrigerant charger. The transport of refrigerant
gas cylinders must be performed with wheelbarrows equipped with chains and
locks, only to be handled by qualified personnel trained by Thermotar (see
recommendations). There is a cabinet where 4 cylinders are installed
simultaneously at the recharge site or R290 production line; the observed
cylinders with a metal body of approximately 12.1lb of R290 gas were properly
fastened.

Fig. 2. R290 Cylinder Manifold
At present and during our visit we were informed that the storage of these cylinders
will be moved or relocated to another area of the plant located in a mezzanine
nearer the 290 production line in order to shorten the path and reduce the risks of
cylinder transport to the production line.
Under the NFPA standards, it is advisable for storage operations that the cylinders
be stored in well ventilated spaces, protected from the sun, water, humidity and
corrosive environments.
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The cylinder storage area must remain free from flammable, volatile substances
and highly combustible materials. It must be located in a special place,
signposted and far from areas of flammable product storage. Mark cylinder
deposits with appropriate diamond warnings of the NFPA DOT such as: “R290
Propane Gas", "R290", "Empty Cylinders", "Full Cylinders", "Compressed
Gases" (see recommendations).

During the storage, transport and use of the cylinders, they must remain in
vertical position and be secured with chains or other suitable means to
prevent them from falling. Empty cylinders must be stored separately from
filled cylinders to avoid damage such as the damage caused when an empty
cylinder is connected to a pressurized system. Use the first in, first out
inventory system to avoid storing cylinders for long periods of time. Check
that every cylinder which is not in use has the cap or lid on. The confined
areas for cylinder storage must be covered and have good ventilation. Store
product batches vertically. Do not store in heavy traffic areas (corridors) to
prevent them from being hit or damaged. The cylinders of other oxidizing
gases must be in areas separated from R290 storage areas.
Whenever possible, oxygen cylinders at the plant (if any) should be stored
separately from those containing R290 or at a minimum distance of 7.5
meters. Gas cylinders must be kept away from any danger of spark, molten
metal, open flames or any source of excessive heat. It is dangerous to
smoke or use open flames in cylinder deposits. Visible notices must be
posted prohibiting such practices. To store large quantities of cylinders of
flammable gases, the storage place must be insulated by walls made of noncombustible and fire-resistant materials, with emergency exits. (See
recommendations).

R290 Charge

10

R290 gas handling inside the plant occurs during the gas charging process
performed in the 290 production line; this is a charging operation on the
refrigeration units manufactured there. It is an operation based on the Agramkow
charging machine. This system connects 4 simultaneous cylinders where the filling
process is controlled through an automatic system. The cylinders are connected
manually; there is a manifold where the cylinders are connected and the refrigerant
gas goes to a pump that transports the gas through hoses to the charging machine,
which controls -automatically by weight control- the amount of refrigerant to be
used to charge each produced unit. The R290 charging
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site is a confined space, with a metal structure and other acrylic materials.

Fig. 3. R290 Pump

The R290 production line has a series of special protections to determine the
presence of R290 in the air, as well as a two-speed air movement system to be able
to renew the air inside the cargo area. During our visit we observed that the R290
charging room has a single air analyzer sensor, which constantly monitors the gas
PPM surrounding the place; this sensor depends on the activation of the ventilation
system for air renewal.

We suggest having a backup system with at least one additional sensor to
be able to compare signals in order to avoid false triggering either caused
by decalibration or sensor failure. Under the current conditions, in case the
only sensor of the system decalibrates or breaks down completely, it would
not be possible to detect the presence of gas in the enclosure, a compelling
reason for the implementation of these sensors (see recommendations).

Cabin and surrounding risks
The R290 recharging site observed in this process is an enclosed space where the
Agramkow machine is located. As we mentioned previously, any enclosure with
space or natural ventilation limitations will require forced draft ventilation systems.
In our case, the enclosure of the R290 line has an automatic filling system equipped
Risk Analysis Report
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with an air analyzer sensor for constant analysis of the gas PPM that may be in the
air, this system is interlocked to a forced ventilation system that operates with two
speed levels set by the air analyzer sensor. The potential places for a leak are the
filling tandem the R290 line, in which there may be a leakage in the nipples and
hoses. A malfunction may also occur in the gas filling system causing an accidental
leak in a cylinder or the 4 cylinders simultaneously. According to the NFPA 55
standard, the risks associated to R290 release in gaseous form are fire and
explosion; in case of a gas leak in liquid state caused by the low temperatures
reached, they may weaken significantly and produce weakening when coming into
contact with carbon steel materials.

In our case, the R290 refrigerant gas charging enclosure must be thoroughly
evaluated. Under the NFPA 70 Electrical Installations Standard, the areas
exposed to explosion risk must have electrical explosion-proof connections
and this area must be classified as a high-risk area, consequently electrical
outlets, cables, lighting systems, and other electrical devices must be
explosion proof. This must be validated with a specialist electrical
installation firm if the R290 equipment or filling machine manufacturer does
not guarantee or specify that its components and other peripheral
equipment powered by electric supply are explosion proof.

Fig. 4. R290 Cabin
Another risk that must be mitigated or considered is the risk of accidental
release of R290 in either state, liquid or gaseous; we have mentioned that the
greatest exposure in liquid state is direct contact with carbon steel materials
due to the low
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temperatures that may be reached. It is already known that the gaseous
state represents a high risk of fire and explosion.
The filling machine has a gas analyzer detection system consisting of a single
sensor. In our view, we consider that this device alone has no backup, leaving
the area unprotected in case of failure or decalibration. For this reason, we
suggest having a backup air analyzer system consisting of at least two
additional sensors, which may be the same type supplied by the manufacturer
or any other type of sensors providing the same service. Smoke and/or heat
sensors are convenient for this area, as well as the cylinder storage area and
any area used for cargo storage. These recommendations will be specified in
the recommendations chapter. In the other form of exposure, which is
accidental spill in liquid state, direct contact with metal structures should be
avoided; this must be analyzed at the new storage location since the filling
cabin of the R290 line is located on concrete floors.
By observing the surrounding exposures, we noticed that there are storage
operations in cardboard boxes and piles of wooden pallets around this filling
cabin, which pose a high risk of fire propagation to the refrigerant cargo cabin.
In addition to this risk, which is deemed to be very serious, the welding
operations performed a few meters from the cabin should also be considered;
we have prepared a recommendation on the minimum distance between hot
works and the closest structure.

Fig. 5. Inside view of the R290 Cabin
Facilities

Industrias Thermotar LTDA

Visit date

22/12/2017

Engrin de Colombia SAS

Risk Analysis Report
R290
Reporting date 25/01/2018
File

Engineering applied to risks and
insurance

18

Risk Analysis in Line R290

Industrias Thermotar LTDA / Carrera 65B No. 48 – 03

Fig. 6. Hot works site
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IV. Impact and frequency analysis
Our risk matrices are presented below in order to quantify and prioritize risks. The
essential goals of risk management companies include determining the most
significant risks that occur or can be identified, regardless of their characteristics; a
second goal is to assess those risks, that is, identifying how likely they are to occur
and their level of impact in case they actually occur; and a third and final goal is to
determine the treatment for those specific risks, that is to say, the path to be
followed through a loss control program or risk reduction program. A second path
to be taken as risk treatment is to transfer it or generate sufficient funds for a
recovery in case of an accident.

We present a risk map of the process below in order to address the risk
identification stage for the implementation of this new technology, and we
also present the corresponding probability of occurrence scales and impact
level applied to each risk —and therefore to each stage of the R290 charging
process— to assess such risks.
Risk Analysis and Methodology
The risk assessment of the R290-line production process was initially
developed with the information provided by Industrias Thermotar; this stage
was carried out in meetings with key personnel with extensive knowledge of
the R290 project, followed by a field inspection to identify the risk conditions
in this new implementation. This analysis was developed by dividing the
production process of the R290 charge from the receipt of cylinders as raw
material to the charging process. Next, we show the process partitions used
in our analysis.
- Operation of R290 Receipt and Storage
- R290 recharge process and transfer systems
- Risks due to environmental conditions or surrounding risks
Risk Classification
The Frequency and Severity (or Probability and Impact) scores were used to
classify the identified risks. A 4x4 matrix was designed based on these
scales.
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Risk severity was classified based on 5 types of impacts: People, Property,
Operation, Environment and Image. The Severity (Impact) score was defined
as follows:
IMPACT ON PEOPLE
SEVERITY
NEGLIGIBLE
MARGINAL
CRITICAL
CATASTROPHIC

DEFINITION
No injuries or injuries not requiring hospital care
Minor injuries that require medical care or
a health care professional.
Serious injuries requiring a heath care center
Hospital care and/or temporary leave.
Disability and/or Death

POINT
S
1
2
3
4

IMPACTS ON PROPERTY (material); M = millions of Colombian pesos.
SEVERITY
NEGLIGIBLE
MARGINAL
CRITICAL
CATASTROPHIC

DEFINITION
Low Cost (0 – 5 M)
Moderate cost (5 - 25M)
High cost (30 - 100M)
Several high-cost losses simultaneously
(P > 100M)

POINT
S
1
2
3
4

IMPACTS ON THE OPERATION
SEVERITY
NEGLIGIBLE
MARGINAL
CRITICAL
CATASTROPHIC

DEFINITION
The operation is not suspended for more than 4
hours
The operation is not suspended for more than 12
hours
The operation is suspended up to 7 days
The operation is suspended for more than a week

POINT
S
1
2
3
4

IMPACTS ON THE ENVIRONMENT
SEVERITY
NEGLIGIBLE

MARGINAL

CRITICAL

CATASTROPHIC

DEFINITION
By using easy-application or low-cost elements
and/or treatments, it is possible to exercise control
over the impact; the consequences are mild and
resources recover quickly.
It is necessary to apply primary treatment, the
recovery of resources is slow and gradual.
Secondary treatments are required; these are
expensive and their technology is hard to apply. The
impacts on resources are devastating and
lasting
The impact generated makes recovery difficult and
long
lasting, it is necessary to apply tertiary
treatments. In some cases, the recovery of resources
is not possible.
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IMPACTS ON THE IMAGE
SEVERITY
NEGLIGIBLE

MARGINAL

CRITICAL

CATASTROPHIC

DEFINITION
- Internal dissemination (process, work team),
meaning it does not leave the company.
- Concerns from co-workers/partner
companies
- Adverse coverage widely spread in local,
regional or national media
- Concerns from stakeholders
- Requirements or investigation open by the
regulatory body
- Adverse coverage widely spread in local,
regional or national media
- Serious or clear reduction of support or
credibility from some stakeholders
- Suspension of licenses and/or permits that
slows down the operation, but does not stop it.
- Serious or clear reduction of support or
credibility from all stakeholders
- Suspension of licenses and/or permits that
temporarily block (less than 30 days) the
performance of
operations

POINTS
1

2

3

4

The frequency score was defined as follows:
FREQUENCY
POINTS
DESCRIPTOR
4

3

Frequent
Moderately

Likely
2

Unlikely

DEFINITION
An event that repeats somehow regularly
The event may occur under certain circumstances or
occurs sporadically

The event is not regular, but may occur at some
point

1

Rare

The event can only occur under exceptional
circumstances

Risk Matrix
Once a Frequency and Severity risk score has been assigned, it is graphed
in the Risk Assessment Matrix. This indicates the risk severity and thus
allows classifying the such risk.
It should be noted that although the impact of some risks is high they are
not necessarily the most significant risks, since the probability is low and,
therefore, the actual level of risk is not as high as it might be expected.
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The opposite situation also occurs. A high frequency of incidents with slightly
moderate impacts such as persistent accidents that cause disability will turn these
risks into significant risks.

IMPACT
PROBABILITY
Frequent
4
Moderately
Likely
3
Unlikely
2
Rare
1

Worst assessment

Negligible
1

Marginal
2

Critical
3

Catastrophic
4

HR

ER

ER

ER

MR

HR

ER

ER

LR

MR

HR

ER

LR

LR

MR

HR

Better assessment

The color scale is classified as follows:

ER

EXTREME RISK

HR

HIGH RISK

MR

MODERATE RISK

LR

LOW RISK

Extreme Risk: It must be reported to the directors and constantly monitored.
High Risk: The attention of the CEO/executive director and general manager
is required.
Moderate Risk: requires proper monitoring by the medium levels of
direction.
Low Risk: Requires monitoring by the supervision level.
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1. Operation of R290 reception and storage.
The supply of R290 gas is performed by an external supplier. It is a cylinder
reception operation in wooden pallets with packs of cardboard boxes; 12.1
kg LPG metal cylinders are received. All the cargo is handled with wooden
pallets and forklifts. This storage operation is performed at a site outside the
plant.
Severity analysis
Operation of R290 refrigerant reception and storage.

No. IDENTIFIED RISKS
1

Warehouse fire/BLEVE
Fire at adjacent R290 line
2
3

Gas release (no explosion)
Explosion by accumulation of
4
gases
5

LPG spillage
Hitting, accidents caused by
6
forklifts at the warehouse

Person

Property

Operation Environment Image

AVERAGE
SEVERITY

3

2

1

2

2

2

3

3

3

2

2

3

2

2

1

0

0

1

3

3

2

2

2

3

1

2

1

0

0

1

3

2

1

0

0

2

Frequency Analysis
In our frequency analysis we considered a fire event in the warehouse as an
unlikely event, that is, an unusual event that may occur at some point with a
probability of occurrence 2; a gas release is considered a more likely event than the
former and may occur under certain circumstances or sporadically with a
probability of occurrence 3. An explosion is an event that is not usual, but could
occur at a given time; we classify it as an event of probability 2. The event of an
accidental spillage of LPG is an event we consider may rarely occur; we classify it
with frequency of occurrence 1. Finally, we consider the cylinders hit by forklifts as
an event that happens sporadically and is not usual, we have classified it as
frequency 2.
Operation of R290 Refrigerant Reception and Storage.
IDENTIFIED RISKS

No.
1

FREQUENCY
2

Fire in an external warehouse/BLEVE
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2
3
4
5
6

Minor storage fire adjacent to the line
R290
Gas release in the plant area/externally (no explosion)
Explosion by gas accumulation in the plant area
LPG spillage
Hitting, accidents caused by warehouse forklifts

2

3

3
2
1
3

1
3
1
2

Risk Classification

IMPACT
PROBABILITY
Frequent
4
Moderately
Likely
3
Unlikely
2
Rare
1

Negligible
1

Marginal
2

3

6
1

Critical
3

Catastrophic
4

2, 4

5

Since the R290 storage operation takes place outside the property, we consider
that the impact of a fire event risk (1) is substantially reduced for both the
property and the operation. A fire in the external warehouse could cause
damages to third parties at a certain point and the company may face civil
responsibility claims, but it does impact the property whatsoever, it may harm
the company reputation. Under Risk (2), which is a fire in secondary storage
caused by the low fuel charge of this secondary operation, an outbreak of fire
may be controlled, discarding a possible propagation; if a fire is not controlled
within its incipient stage, a BLEVE may occur with severe impacts on the
operation, people and property.
In addition to this risk, two risks form the high-risk area are observed, namely risks
4 and 6, which are explosion by accumulation of gases and accidents by forklift
hits; analyzing the risk by explosion, this risk can lead to serious injuries and loss
of human lives, it may cause a sequential fire with some degree of uncertainty
depending on the magnitude of the explosion and environmental conditions. The
environmental damage of an explosion is minimal, but causes severe harm to the
company’s reputation and a potential partial stoppage of processes.
In risk (6) which is the risk of accidental hits of cylinders, it is observed that this
type of event could result in severe damage for people, even leading to death; it has
no significant impacts on property damage.
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Unless a blow causes a tank to crack and triggers an explosion or sends a projectile
that could seriously damage some expensive equipment, no impact on productive
equipment is considered, assuming that this occurs in the storage area. No
potential environmental damages are observed for this risk, nor any impacts to the
reputation of the company.

We wrap up with the risks (3 and 5), which are accidental gas leaks and spill of
R290 in liquid state. The impacts of accidental gas leaks on people are severe
due to possible asphyxiation depending on the place of the plant where this
event occurs. The operation of the protections in place at the R290 charging line
are also involved. The event of an accidental gas leakage causes severe
damage on property if an explosion with consequential fire occurs. No damage
to the reputation of property and damage to the environment are observed; no
severe damage to the integrity of the operation is observed, unless this event
triggers in a fire. The risk of accidental R290 spillages is a risk with very low
probability of occurrence; it poses severe risks to property and no serious
injuries to people considering that it is not consumed and there is no contact
with the liquid; it does not cause any damages to property unless it starts a fire;
neither impacts on the company’s reputation nor severe environmental
damages are observed.

2. R290 recharge and transfer systems
Gas arrives in cylinders that are manually transferred to the recharging area.
There is a tandem system with a 4-cylinder manifold. The internal equipment
of the refrigerant charging machine has a hose system with flexible ducts
that feeds a pneumatic pump and finally reaches the refrigerant charger.
Severity analysis
R290 recharge and transfer systems

No. IDENTIFIED RISKS

Person

Property

Fire in a R290 cabin

3

3

3

2

2

3

Gas release in the R290 cabin

3

1

3

0

0

2

4

2

4

2

2

3

1

1

1

0

0

1

1
2
3

Explosion in the R290 cabin
LPG spillage in the R290
4
Cabin
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Frequency Analysis
In our frequency analysis we considered a fire event in the R290 charging cabin as
an unlikely event, that is, an unusual event that may occur at some point with a
probability of occurrence 2; a gas release is considered a more likely event than the
former and may occur under certain circumstances or sporadically with a
probability of occurrence 3. An explosion by gas accumulation inside the R290 line
is an unusual event, but it may occur at a given time; we classify it as an event of
probability 2. The accidental LPG spillage is considered as an event with rare
probability of occurrence; it is rated under frequency of occurrence 1.

R290 recharge and transfer systems
IDENTIFIED RISKS

No.
1
2
3
4

FREQUENCY

AVERAGE
SEVERITY

2
3
2
1

3
2
3
1

Fire in the R290 cabin
Gas release in the R290 cabin
Explosion by gas accumulation in the R290 cabin
LPG spillage the R290 cabin

Risk Classification

IMPACT
PROBABILITY
Frequent
4
Moderately
Likely
3
Unlikely
2
Rare
1

Negligible
1

Marginal
2

Critical
3

Catastrophic
4

2
1.3
4

We can observe in our risk matrix that risks (1, 2 and 3) are in the high-risk zone.
The event with greatest impact on the refrigerant charging process is a fire risk
(Risk 1) inside the
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R290 cabin, considering that the fuel load is well below the fuel load stored
in the storage warehouse. The impacts on property have a lower rating. This
type of event would partially impact the continuity of the business and/or
operation, mostly on the R290 line; if the fire is not controlled, the fire could
spread to other structures. However, a fire event exclusively confined to the
line R290 would have severe impact on the occupants, even causing death.
If the fire does not reach other structures, there is minimal risk for the
company’s reputation and environmental impacts.
The most severe impact observed in the risk of gas release (risk 2) in the
R290 line would be a subsequent explosion and sequential fire. It would be
highly critical for the operation of the R290 line, since the process would
stop indefinitely. If there is no explosion, neither severe damage to the
occupants nor severe damage to the environment or the company’s image
are expected.
The risk of explosion (risk 3) corresponds to one of the most severe events
for line R290; an explosion in the R290 cabin would mean the total loss of
equipment and would harm the occupants considerably, causing serious
injuries and even death. If an explosion occurs without a sequential fire,
damage would not impact the entire property, as expected from an
uncontrolled fire event. An explosion event in the R290 line would not cause
serious damage to the environment, but there are moderate impacts on the
company’s image and/or reputation.
No severe impacts on property are expected under the risk of accidental
spillage of LPG (risk 4), as there are relatively low tanks or leaks; severe
impacts to the recharging operation are not expected either, unless there is a
violent leak or behavior of the gas cylinders. If this occurs, the equipment of the
R290 line may suffer partial damage, ruling out the total loss. The impacts on
the occupants are discarded considering that the cylinders are housed inside a
cabinet and the event of release of dangerous projectiles is discarded. Neither
environmental damages nor company image damages are observed.

3. Risks around the R290 chamber
During our visit to the facilities, we observed that the surrounding risks are
impacts caused by fire, water damages and structural damages caused by
the collapse of the structural roofing.
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Severity analysis
Surrounding Risks

No. IDENTIFIED RISKS
1

Fire
Damages caused by water
and/or
2
structural damages

Person

Property

Operation Environment Image

AVERAGE
SEVERITY

4

4

3

2

2

3

4

2

3

1

1

2

Frequency Analysis
In our frequency analysis, we consider a fire event adjacent to the R290
recharging line as an unlikely event, that is, it is an unusual event, but it
could occur at some point causing severe damage to the entire property; it
was rated with a probability of occurrence 2. Damage caused by water or
collapsing structural roofing is more likely than the former event. It may
occur under some circumstances or sporadically; it was rated with a
probability of occurrence 3.
Surrounding Risks
IDENTIFIED RISKS

No.
1
2

FREQUENCY

Fire
Damages caused by water or collapse of the main
roofing

2

AVERAGE
SEVERITY
3

3

2

Risk Classification
IMPACT
PROBABILITY
Frequent
4
Moderately
Likely
3
Unlikely
2
Rare
1

Negligible
1

Marginal
2

Critical
3

Catastrophic
4

2
1

This analysis shows that risks focus on the high-risk area with different
probabilities of occurrence, as well as, different levels of impact.
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The risk of fire (risk 1) has a high level of impact on property and the production
process of the entire R290 line; an adjacent fire is likely to cause the total loss of
this production line; considering the impact on people, a fire adjacent to the R290
line can have serious impacts on the occupants, with a highly negative impact on
the company’s reputation and environmental damages due to the high release of
combustion gases. The risk of water damage or structural damage is an event we
rated as an average severity level 2, since a structural collapse is likely to be less
harmful than a fire, not ignoring that a partial interruption of the productive process
may occur; the impacts or injuries suffered by people can be severe as heavy
elements fall from the roof. No reputation or environmental damage is observed in
this event.
Under the risk matrices of our study, the results show that there are several risks
with the same degree of severity and the same level of impact. From any
perspective, the risk of fire in the process area -as a risk adjacent to the R290
recharging chamber- has the greatest severity due to the possible consequences
not only affecting the R290 line but the entire productive process of the company. It
must be taken into account that the risk of fire as an adjacent risk to the R290 line is
simply a fire in any area of the plant that must be treated as a risk inherent to the
type of process and materials in the productive process, that is, the risk of fire will
always exist if there is no R290 line.
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V. Recommendations for Improvement
The following are our recommendations to improve LPG R290
operations.
[Fire Protection
Systems in the Storage
Warehouse]

[2018-001]

Status

Open

Priority
Description

N/A
During our tour in the

Status
date
Type
storage

21/01/2018
High investment
warehouse for Refrigerant

Gases and equipment parts located at the basement of the spare part
warehouse, we observed that this company area has a single extinguisher as
the only resource to respond to fire emergencies. Under the current conditions
there is no way to control or detect a fire in its incipient stage. Although the
electrical connections observed inside the warehouse were in good condition,
the occurrence of short circuits or failure of other elements powered by
electrical energy such as lights and/or outlets is not ruled out. Considering the
high fuel load in this site, we recommend hiring a specialist firm for the correct
selection and assembly of an automatic extinguishing system, a smoke
detection system.

Customer
response

Pending
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[NFPA diamond
signs in the storage
area]

[2018-002]

Status

Open

Priority

N/A
Type
Important procedure
Considering that one of the steps to be taken into account in the
occupancy emergency plans
for hazardous material storage areas, in this case R290 LPG,

Description

Status
date

21/01/2018

is to identify substances involved in emergency situations, this identification is
achieved by means of labeling at the facilities. NFPA recommends placing DOT
or NFPA labels near the storage area. The DOT labels are mandatory for mobile
devices and NFPA labels are mandatory for stationary devices or storage areas.
In our case, this label may be on the internal walls of the basement or in a
visible area. The following are two examples of these labels: first DOT and
second NFPA 704.

DOT Square

customer
response

NFPA Square

Pending

[Good Storage
Practices]

[2018-003]

Status

Open

Priority
Description

N/A
Type
Important procedure
During our visit to the warehouse basement we observed some
loose R290 refrigerant cylinders without retaining chain; we also
noticed that the storage areas and corridors for forklifts and occupants
inside the basement were not observed. We
recommend marking the storage areas and avoiding blocking
traffic areas with merchandize in order to improve this situation. Under
the current conditions, the exit of occupants would be difficult, as well as,
using the only extinguisher, which is blocked. Additionally,
this would obstruct the access of brigades and the fire department
to fight a fire. Considering that order and cleanliness is the main
strategy to be followed as a preventive measure, we recommend improving
the conditions within the storage warehouse. The following is a
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[Good Storage
Practices]

[2018-003]

photo showing the current condition of the warehouse and a sample of
correct marking and traffic areas for occupants.

Customer
response

Pending

[Anti-shock protection for
R290 gas
storage]

[2018-004]

Status

Open

Priority
Description

N/A
Type
Moderate investment
During our visit we observed that the different piles of refrigerant gases
have no anti-shock protection from hitting that
may be caused by forklifts. Since
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[Anti-Shock Protection
for R290 Gas
Storage]

[2018-004]

hitting is undesirable in this type of operations, we recommend installing
protection barriers at the site where R290 cylinders are piled up. The
following photo shows the current situation and an example of anti-shock
protection barriers.

Customer
response

Pending
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[Construction
Features of
Storage]

[2018-005]

Status

Open

Status
date

21/01/2018

Priority
Description

N/A
Type
High investment
We were told that the company has a future project of a new
storage area exclusively for R290 compressed gas
cylinders. The matters to be considered to implement such project
successfully are: first, the site must have a
ventilation system to prevent gas concentration,
explosive atmospheres and asphyxiation risk for occupants; second,
as the R290 is a flammable substance being stored, this
area must be considered a classified area, electrical devices such as
connections, lamps and outlets must be explosion proof; third,
it is advisable for the area to be isolated from fire,
in order to mitigate the risk of fire propagation, it is advisable to
build fire walls and doors; finally, this site must have
automatic smoke detection systems, air analyzers and
automatic extinguishing systems.

Customer
response

[Classification of NFPA 70
Areas]

[2018-006]

Status

Open

Priority
Description

N/A
Type
Important procedure
During our visit to the facilities we observed that the storage
areas and the R290 recharging cabin are areas
exposed to the formation of explosive atmospheres as they are
potential sites for gas leaks. The NFPA 70 establishes that
high-risk areas must be special classified areas, which must have
explosion-proof connections, lamps, outlets. Consequently,
we recommend hiring a specialist electrical installations firm
to perform a study of area classification to implement
the relevant modifications and have available explosion-proof equipment in
these
areas.
Pending

Customer
response

Status
date

21/01/2018

[Lights of the R290
Recharging Cabin]

[2018-007]

Status

Open

Status
date

21/01/2018

Priority

N/A

Type

Important procedure
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[Lights of the R290
Recharging Cabin]

[2018-007]

Description

During our visit we evidenced that two of the three lamps inside the
R290 refrigerant cabin are not explosion proof. To
mitigate the risk of explosion we recommend hiring a specialist
Electrical installations firm to install the explosion-proof
lamps. This procedure complies with the requirements of the NFPA 70,
electrical code related to areas classified as high-risk areas. The
following is an example of a lamp listed by UL to be implemented
in areas under high-risk of explosion.

Customer
Response

Pending

[2018-008]

[Detection System]

Status

Open

Priority
Description

N/A
Type
High investment
During our tour in the facilities we observed that there is no system
for early fire detection in the storage warehouse and the
R290 recharging cabin. According to the NFPA,
The fire detection system is required to start the response actions, automatic
or manual extinction. Considering the location and present elements
such as electrical energy and R290, it is necessary to implement early
detection systems for potential fires that
may break out. Regardless of the type of detection system selected (smoke
detectors,
heat detectors, etc.), it is important to perform a practical assessment of
the response time consequences after a fire has been detected and
before lethal or high-risk conditions develop in this area. Therefore,
we recommend hiring a specialist fire protection firm
to install a detection system appropriately under the
NFPA 72 recommendations for these two occupancies.
Pending
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[2018-009]

[Fastening Cylinders]

Status

Open

Status
date

21/01/2018

Priority

N/A

Type

Important procedure

Description

During our visit to the R290 recharging chamber, we observed a
Helium cylinder, which is used to test refrigeration units.
This cylinder had no safety chains. Under these conditions the cylinder
may be hit and fall, its valve may be damaged and the cylinder may become
a very dangerous projectile against occupants and the plant integrity. We
recommend fastening this cylinder and every other plant cylinder with
safety chains to mitigate this risk.

Customer
response

Pending

[Backup
Sensors]

[2018-010]

Status

Open

Priority
Description

N/A
Type
Moderate investment
During our visit we evidenced that the R290 recharging chamber
has only one gas detector. This cabin has no backup
Sensor, leaving the area unprotected in case the only available
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[Backup
Sensors]
sensor decalibrates or is damaged by hitting or electrical problems. Many
factors may cause a failure in the only available sensor, in which case it would
not be possible to detect the formation of explosive atmospheres. We
recommend hiring a specialist firm or contacting the same supplier to have a
second air-analyzer sensor installed as backup.

Pending

Matters to be addressed
The following are recommendations on matters to be addressed and matters
related to proper equipment for R290 emergency responses.
[2018-012]

[Lighting and Exits]

Status

Open

Status
date

Priority
Description

N/A
Type
Important procedure
The storage warehouse where the R290 gas is located requires
Emergency lights and additional exit points to ensure that the
occupants can evacuate quickly. It is advisable to have
Lighting with wall-mounted lights with enough light intensity
not to be dimmed by smoke that may be
generated during a fire. NFPA 101 requires an additional emergency
source using power independently from the normal plant power service.
This
is how the necessary lighting can be provided in case of a power outage
during an emergency. Thus, we recommend hiring a
specialist electrical installations
firm
for an appropriate
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[2018-012]

[Lighting and Exits]
installation of emergent lights in the warehouse basement and the exit
corridors with capacity no less than 11 lux per square meter.

Customer
response

Pending

[2018-013]

[PPE for Brigade Members]

Status

Open

Priority
Description

N/A
Type
Important procedure
In occupancies that store substances such as R290 gas,
emergency situations may occur at some point and
the environmental conditions will require the use of special self-contained
equipment. Resources and personal protection equipment are one of the
most
important aspects for proper response to emergencies in a
fire-fighting organization. Considering the size of the exposed
occupancy, the lack of internal fire division walls that prevent
fire from expanding, and the variety of toxic combustible products that
may be generated in a fire, we recommend acquiring specialized
personal protection equipment for fire-fighting
such as self-contained equipment.
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[PPE for Brigade Members]

Pending

[Risks Surrounding
The R290 Line]

[2018-014]

Status

Open

Priority
Description

N/A
Type
Important procedure
We observed during our visit that finished products are stored
around the R290 recharging chamber not keeping the minimum distances
required by good manufacturing practices. We recommend not to store
finished products near the R290 recharging line and keep a minimum
distance of 5 meters in order to mitigate the risk of fire propagation.

Customer
response

Pending
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[Minimum Distances under
NFPA 51B]

[2018-015]

Status

Open

Status
date

21/01/2018

Priority
Description

N/A
Type
Important procedure
We noticed during our visit that welding operations are performed
near the recharging cabin using blowtorches on the refrigeration units; this
represents a high risk of fire. We recommend verifying the minimum
distance established by the NFPA 51B standard, which is the minimum
distance a structure must keep from hot works. For information purposes
only, we attached this standard as an annex to this report.

Safety measures required by the hot work
permit
11m (35ft) rule.

All combustible and flammable material
within an 11m (35ft) range from the hot
work area must be removed.

If combustible or flammable products
cannot be moved within an 11m (35ft)
radius, they must be covered with fireresistant blankets and a fire supervisor
must be appointed during the task (fire
watch).

Floors and all surfaces within the 11m
(35ft) radius must be swept to remove dust
and other combustibles from the ground.

All orifices and cracks on the walls, floors
or ducts such as drains or similar paths
that may transport incandescent material
(sparkles) vertically must be covered and
protected.
Fire detection and suppression

There must be portable extinguishers
available in the hot work area.

The alarm and detection systems of the
facilities must not be disabled. However,
detectors in the hot work area can be
TEMPORARILY covered to prevent false
alarms and uncovered after the job is
completed.

If automatic sprinklers are installed, they
cannot be disabled for hot work. However,
the sprinkler heads at the hot work area
can be covered using wet cloths to prevent
accidental triggering and uncovered after
the authorized job is completed.
The following figures show the 11m (35ft) rule
and some of the recommendations presented
above.

Customer
response

Pending
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IV. Emergency Plan 44
Emergency response plan
The control measures for emergency response will depend on the type of
substance involved in each event or emergency. In our case, R290 has two main
types of impacts: impacts on people and impacts on property. Flammable gases
such as R290 pose a risk of igniting and possibly exploding. Gas fires create
thermal hazards for people or property (emergencies with fire), and if gas
containers are exposed to these fires, they may fail and suffer a BLEVE; this
type of risk is clearly identified in the cylinder storage area.

Security Measures against Explosions by Combustion
The safety measures to prevent explosions by combustion are designed to delimit
the accumulation of gas and air mixtures inside the buildings. The basic measures
to mitigate this risk are the use of equipment or control volumes to minimize as
much as possible the possibility of leaks, the release of minimum quantities of gas
from gas charging devices, or other control volumes existing within a productive
process; in our case, the control volumes are the LPG cylinders, recharge unit,
Agramkow accessories and refrigerators.
One of the measures for detecting gas leaks is to add odors to facilitate the leak
detection; in general, these odors are sometimes unpleasant. In our case, the R290
used at the Thermotar plant is an odorless gas, which makes it more difficult to
detect a leak at any given time. It is not convenient to limit yourself to this type of
detection because the added odors are to be detected by the smell sense of the
occupants, which may lose their acuity at any given time due to several reasons
such as their health condition, prolonged exposure to this odor, and sometimes
insufficient odor concentration to be detected.

Although this is an effective control measure, the addition of odors has
limitations; the functional detector, in this case the human sense, is not
always present, for example, when there are no personnel in the facilities or
the gas is odorless due to functionality requirements. The ventilation
systems of buildings are another limitation to identify gas leaks; they do not
allow the odor concentrations to form for identification, it is therefore
necessary to implement detectors and/or ppm analyzers for a correct
analysis of the presence of combustible flammable gas in the air.
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To control ignition sources, it is essential to implement the restriction of
ignition sources such as no smoking in the facilities and ensuring that electrical
connections are in good condition, according to the classification of areas by
level of criticality established by the NFPA 70. In our case, we have suggested
the implementation of air-analyzer detectors equipped with smoke detectors in
the R290 cylinder storage areas. We have also suggested the installation of a
PPM gas detection device or air analyzer inside the R290 recharging cabin.

It is essential for Industrias Thermotar staff to establish and implement an
emergency response program to face and mitigate all the risks associated
with the presence of R290 in the facilities.
Effective handling of a hazardous substance such as R290 LPG requires
prevention, training, response and recovery activities.
The purpose of any emergency plan is to change the sequence of events that lead
to the emergency before it follows its natural course and minimize the damage that
might otherwise occur. Although there is no single structure to develop an
emergency plan, this time we have relied on the structure recommended by the
NFPA and included additional comments about the information provided.

The following four steps must be performed to achieve the main purpose of
an emergency plan.
1. To analyze the problem
2. To plan a response
3. To implement the planned response
4. To evaluate it as required

To Analyze the Problem
The following phases must be completed to achieve an adequate process of
substance analysis such as R290:
- Detecting the presence of flammable materials: This task is going to be skipped,
since Industrias Thermotar is aware of the presence of R290 LPG inside the
facilities. This task includes the search for marks and colors in the facilities and
forms of interaction with the R290 gas. The type of process has helped to define the
presence of R290 in the storage area, R290 charging line and refrigeration
equipment where the quantities are relatively small. All boxes and R290 package
forms have
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flammable substance diamond signs. The greatest risk posed by the presence
of flammable materials is the risk of fire and subsequent explosion. This risk
can be considered as an explosion by combustion, where an explosive quantity
of flammable gas and air mixture does not accumulate because the mixture
burns very quickly, and there is no enclosing structure. As it might be expected,
when a flammable gas escapes to the outside, there is a greater chance of a fire
than an explosion. If a massive leak occurs, the air or surrounding buildings
may form a sufficient containment to produce a type of explosion by
combustion known as free-air explosion or space explosion. Liquefied gases
such as R290, Hydrogen, Ethylene, etc., which have a high flame speed, are
exposed to this phenomenon.
- Starting Command and Control Activities: Although these activities are not
part of the analysis, they must start automatically when an incident is reported.
The specific command and control procedures must be included in the local
Thermotar response plan or the standard operating procedures of the
organization. The main command and control functions are to notify about the
resources required to handle the situation, place the personnel at a safe
distance from the problem and control access to the incident site. This task is a
vital part of the company’s emergency brigade.

- Controlling emergencies without a fire: In this form of control the gas must
be considered, directed, diluted and/or dispensed to avoid contact with
people, preventing gas infiltration into the facilities. In our case, the
recharging chamber has a 2-speed ventilation system depending on the gas
concentration observed inside the cabin; however, there is no ventilation or
detection system for the storage process. Liquefied gases such as R290
have a visible indicator for location; the cooling effect of their vaporization
condenses the water vapor of the refrigerant producing a visible fog.
- Controlling emergencies with a fire: the control of emergencies with a fire is based
on fire control by applying water, while the gas flow is interrupted, if possible. Many
gas fires can be extinguished with CO2, dry chemical powder and halogen agents.
Water can be applied through hose stream, automatic water mist sprinklers. The
combination of water application systems requires a special study in the design of
the fire protection system. In our case, there is a clear risk of BLEVE.

- Inspecting the incident: After detecting the presence of a flammable substance
during and emergency and while command and control activities
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are initiated, the next task is to evaluate the incident. This is achieved through an
inspection that must be performed from a safe position, using visual equipment to
avoid exposure to the materials involved as much as possible. This inspection will
determine how serious (impact level) the incident is. When incidents with hazardous
materials are evaluated, the surrounding conditions must be observed. These
conditions include topography, land use, access roads, weather conditions, bodies
of water, the potential for exposure to the public and nature. In our case, if the
incident happens inside the process plant, we must look for information about floor
drains, ventilation systems, return air systems, etc. This task will be in charge of the
OSHA department and Brigade Members.

- Gathering and Interpreting Information on Risk and Response. Once the
flammable substance has been identified, information is gathered about its
risks (already known), behavioral characteristics and suggested options for
the response. This information is divided into six groups: identification of
the material (name), physical properties, chemical properties, physical risks,
health risks and information on the response.
- Evaluating the extent of damage to the R290 containment system. To enter into
this analysis, let’s first define our containment systems. The identified
containment systems are: Cylinders and R290 Charging Machine. The
information on the types of extent of damage in a primary and secondary
containment system is used to predict the likely behavior of the containment
system and mainly its contents, which in our case will be R290 Gas. The
following steps are necessary to determine the extent of damage to a
containment system.

Identification of damaged equipment and systems: Indications about a
damage in a machine or process system.
Determining the type and location of any damage to the system and its
closures: It is the recording of the presence of dents, cracks, notches,
incisions, corrosion, and perforations.
- Predicting possible behavior: After gathering information about the characteristics
of R290 and related equipment, the next task is to predict the possible behavior of
R290 gas in the event of an accidental failure or escape. The identification and
analysis of risks carried out in advance is very useful in the development of this
stage. The prediction, loss scenarios or "mental movie" are used as reference
points during the entire response activity. A "mental movie" must be made for each
system of the process involved; it must be based on the worst-case scenario. In our
case, the worst-case scenario would be a fire event in the cylinder R290 storage
area
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with a high spread rate. The following steps must be followed to develop
this mental movie.
Identifying the causes of emergency: These causes may be, for example, the
application of a strength, or a system of strengths that tend to stress a component
as critical as the R290 containment equipment. Other causes that can generate
mechanical stress that lead to breakage are thermal-chemical shocks, cracks,
irradiation and etiological stresses. Potential mechanical and chemical stresses can
be identified visually, while irradiation and etiological stresses are more difficult to
identify. In our case, there is a very low probability of generating a system with
sufficient mechanical stress to break a R290 cylinder, but it is not ruled out; this
event is listed in the possible events and is called forklift impact or crash. Another
cause of emergency is a fire event caused by short circuit or an explosion by
release and accumulation of gases. All these causes of emergency are presented in
our risk matrix section.

Predicting how events will occur: Idealization of the sequential order in which
events will occur. Events will take place as follows in our loss scenario:
Application of strength, breakage, (failure of some valve) gas leak, short circuit,
explosion, fire and spread. This mental movie could have different outcomes as
it depends on how quickly we respond to the emergency.

Predicting the risks to be caused by damages: The subject-matter of this
study, damages are the injuries or losses caused when we are exposed to
risks in a given industrial process. The types of risks are fire, explosion,
BLEVE, etc. which were categorized in our study and risk matrices.
- Evaluating the event and estimating results: This is the final task in the analysis
process; the aim is to indicate the magnitude of the problem in terms of results
within the impacted area. The impacted area or the actual or potential area of
exposure generated by the presence of R290 gas. We have concluded that possibly
100% of the property will be impacted as a result of a fire. In our case, it would be
the entire manufacturing area, but the greatest exposure is in the R290 recharging
chamber. The following steps must be followed to evaluate the results of the
impacted area.

Estimating the number of exposures within the impacted area: Exposures
include people, property, the environment, and critical systems.
Predicting the extent of physical risks: Predicting the risks for health requires
knowledge about the different exposure limits, which include: immediately
dangerous value for life and health, lethal concentrations,
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The purpose of analyzing the problem related to R290 gas is to determine the
probable dimension of the problem. Although this process is time consuming, it is
an essential part of emergency management. When decisions are made before
beginning the analysis process on actions, protection and control measures, risk
for the response groups is higher.

Response Planning
The emergency response should include information about evacuation
routes, meeting point, instructions for employees whether they are members
the emergency brigade, descriptions of the response methodology and
mitigation of risks in the process plant.
The plan should indicate the procedures to be established for testing,
maintenance and use of response equipment. In this case, Thermotar is
responsible for staff training on response and emergency procedures and
documenting all the training activities, as well as, the creation and update of
the emergency plan.
Preventive measures and appropriate control actions are identified based on the
magnitude of the problem. Control actions must include the containment,
confinement and extinction actions. The potential impact of each action on people,
property and the environment must be considered.

The outcome of the planning process is the direction that the response effort
will take to influence the sequence of events during the emergency and turn to a
favorable outcome. Response planning is a process to identify and evaluate the
response objectives (strategy) and response options (tactics). This process
considers the available resources. The planned response must be consistent
with the local emergency response plan and the standard operating procedures
of the operation. The planning process begins before the incident, as part of the
pre-planning stage of the response before the emergency and/or before the
accident and continues at the incident site from a safe location.

The response planning process is based on the following tasks.
Setting the response objectives: Control of gas leaks and fire extinction.
Determining the possible response options that can favorably change the
outcomes: Detection, alarm, communication and action control and firefighting.
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Identifying the personal protection equipment options for the response: Fire
equipment and self-contained equipment (see recommendations.) For all
occupancies with potential to produce very high levels of heat, NFPA
recommends having specialized PPE for proximity firefighting and PPE for
respiratory protection; we have recommended the acquisition of selfcontained equipment.
Selecting the response options focused on community that will change the
outcomes in the most favorable way. The response plan must get the community
involved through outreach sessions and provide the community with knowledge on
what to do if an alarm triggers. It is advisable for part of the brigade members to
include in their command and control plan a communication strategy with the
neighbors in case it is necessary.

Developing an action plan that includes security considerations: The action
plan must be in accordance with the requirements expressed in the R290
safety sheets.
Determining the response objectives (Strategy).
The first task to plan the response is to determine the response objectives. The
response objectives based on the incident scenario are the strategic goals to
stop the event in progress or prevent future events from happening. The
response objectives are based on the incident scenario; they are the strategic
goals to stop the event in progress or prevent future events from happening.
Decisions should focus on changing the actions of factors that trigger the
incident. If an accidental spillage or uncontrolled gas leak occurs, it is most
likely that no immediate corrective actions can be taken, and we will let the
event occur safely.

Determining the response options (Tactics).
Two types of response options are available: corrective actions taken to solve
an immediate problem, or preventive actions taken to prevent the immediate
problem from escalating. These actions are intended to keep losses to a
minimum.
Determining the possible options for the potential response through the response
objective. The response options are tactical activities to stop the event in progress
or maintain a prediction for an event to occur. The response options are associated
with the specific events of the emergency. Knowledge of procedures, equipment
and safety precautions is critical to make this decision. Response options include
one of the following types: defensive, offensive, and non-intervention. Control
options include extinction,
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containment or confinement options. The response staff must determine the
appropriate response for the incident, taking into account the analysis of the
problem. The plant only has portable fire extinguishers (see
recommendations.)
Estimating how each response option will impact the outcomes. Before choosing a
response option, we must review the impact of such response option or
combination of response options on the sequence of events and finally on the
outcomes. For example, if we choose to use an extinguisher as a means of
response and the fire is not extinguished, the plan should consider this possible
outcome of such response. Thus, each of the response options should be reviewed
and analyzed with their possible outcomes.

Identifying the appropriate personal protection equipment.
It is imperative to consider the types of fire and combustion products that can
potentially lead to a fire event. There are response options to identify properly
the suitable personal protection equipment; these options will indicate the
equipment required to implement the different response options that have been
identified. Although there is not a single combination of personal protection
equipment that can protect people against all risks (chemical, biological,
physical and thermal), personal protection equipment must be used together
with other protection methods such as medical monitoring and environmental
surveillance. Personal protection equipment that provides the appropriate level
of protection must be selected for any situation that occurs. At present
Thermotar does not have any special equipment for the plant's brigade
members. Protection against inhalation of hazardous combustion products
must be available for firefighting. The availability of at least 1 self-contained
breathing equipment device of positive pressure and 3 suits for structural
firefighting should be considered.

Selecting the response options.
The selection of response options to change the outcome favorably should
be consistent with the response plan, Thermotar's operating procedures,
staff capacity and suitable personal protection equipment. The steps to
select the response options include the following.
Determining the resources required to implement each response option: The
resources required include the time to implement the option (therefore the
automatic detection and alarm systems are essential), sufficient staff availability
(emergency brigade and personal
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protection equipment), and control means (extinction means, fire-fighting
networks.)
Inventory of available resources: The available quick-access resources such
as alarm, detection and extinction systems, special suits for emergencies,
fire support network.
Determining how to obtain the necessary resources: A review based on
engineering studies, loss controls and planning exercises should provide a
response to determine the necessary resources.
Developing an action plan.
After selecting the response options, an action plan that includes safety and
health must be developed. This action plan describes the response
objectives, options, personnel and equipment required to achieve the
objectives.
The emergency response staff (brigade members and employees) must
recognize and understand the potential risks associated with R290. They should
also be familiar with the procedures of the action plan. Therefore, all personnel
must participate in an informational meeting about safety before working on the
emergency scene. This informational meeting will describe the assigned tasks
and their potential risks, coordination of the activities, identification of methods,
cautions to avoid injuries, and the emergency plan.

Plans prior to the incident.
The Thermotar emergency organization should describe the plans prior to the
incident to all the plant areas. The plans must be designed to limit large fires,
minimize the threat to employees, and reduce damage from fires. Although the
plans prior to the incident must be detailed, they must be flexible enough to allow
for including different problems generated by the fires to be fought. It is important
for the brigade members to participate in the plan development prior to the incident
as the training is valuable. The brigade members will also become familiar with the
plant from a fire protection perspective. A pre-incident emergency plan should be
developed for each area, (storage area and R290 recharging chamber) and it must
be useful to the brigade. This plan must contain at least the following information:

Review of the plant distribution: The Thermotar plant has several segmented
areas depending on the stage of the manufacturing process, but there are no
separate fire areas, fire walls or fire doors.
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Discussing the construction characteristics of the facility and its probable
reaction during a fire and explosion incident: the type of construction of the
warehouse where the R290 cylinder operation is located is made of
reinforced concrete and floors of concrete-casting deck sheet. No
combustible elements were observed in the construction. Unlike the
recharging chamber, it is a structure with metal profiles and divisions in
acrylic materials, with a high possibility of damage during a fire in both
directions.
Overview of the facility operations, equipment and associated fire risks: The risks of
the manufacturing process are many; the presence of electrical energy, heat
sources and the required process substances indicate that the two biggest risks are
fire and explosion.

Review of the available water supplies, fire pumps, control valves, fire
department connections, alarm detection equipment and special suppression
equipment: There is no water pumping system in the plant, only portable fire
extinguishers were observed. In accordance with the NFPA recommendations, it
is necessary to have water mist, foam or dry chemical systems as extinction
means for this occupancy.

Description of available communications and pre-established plans with the
fire department responding to the incident: This format must contain the cell
phone numbers and landlines of plant managers, firefighters, hospitals, etc.
Requirements for manual firefighting efforts, including the most suitable tactics.
This section discusses the manual means of firefighting and the results of their
implementation the manual firefighting techniques are using portable extinguishers
and network of hose stations. This means of combat can be ineffective in many
scenarios such as fires of flammable liquids and oils.

Information on ventilation systems that can cause the spread of smoke or be
used to prevent the spread of smoke. Smoke pollution is a concern, as there
are no interior partitions. The air ducts of the recharging chamber must have
smoke detection systems.
Evaluation of chemical risks and methods to manage spills: This is a very low risk
due to the potential quantities of LPG that can escape in liquid form. Additionally,
they contain considerable heat for vaporization as R290 is a liquefied gas; they
often vaporize very quickly when coming in contact with air or the ground; once
they escape, there is no liquid phase. They will not even form a puddle. The
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Liquefied gases with lower vapor pressure such as butane and chlorine are
exceptions to the puddle example, but in our case, R290 can form puddles
when the ambient temperature is below the freezing point.
Location of flammable liquid and cut-off valves of the R290 supply system: The
R290 dosing system is an automatic filling and automatic locking system. When the
air-analyzer sensor is activated, the R290 circuit is cut off. The highest
concentration of R290 is observed in the basement warehouse, where they report
about 150 cylinders of 5.5kg.

Implementing the planned response.
Once the action plan is determined, the response staff must implement the
response options of such plan. The following tasks must be carried out for
proper implementation.
Implementing the selected protection actions: protection measures are
measures taken to preserve the health and safety of the response and
emergency staff and the public, during an incident with flammable
substances (Propane LPG).
The protective actions are: isolating the area of risk and forbidding entry;
evacuating people from the threatened area and protecting people who
cannot be evacuated from the emergency site.
Performance of Control Functions: The response staff (brigade members) is
expected to perform the control functions set forth in the action plan. This
staff will have to select the tools, equipment, resources and materials for the
assigned task. They must also understand the precautions to control
emergencies related to R290.
Evaluating the progress and implementation of the corresponding
adjustments.
The fourth and final task for an emergency plan related to flammable
substances is to evaluate the progress of the planned response, whether it
is stabilized, intensified or other changes occur. This task evaluates the
effectiveness of the following items.
Participating staff: Brigade members and plant staff
Personal protection equipment: Protection elements needed to respond to
emergencies.
Setting the established control zones: Unloading area and Plant.
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Control and extinction process: Protection systems, fire protection network
and portable extinguishers.
Selected options of action: Designed by Thermotar and discussed at the
organization level.
In summary, as in any emergency, favorable changes in the results require a logical
sequential process, including four activities.

1) Analysis
2) Planning
3) Implementation
4) Evaluation
Each activity is made up of a series of tasks that need to be carried out in
full to complete the activity.

Risk Analysis Report
R290

Facilities

Industrias Thermotar LTDA

File

Visit date

22/12/2017

Reporting date 25/01/2018

Engrin de Colombia SAS

Engineering applied to risks and
insurance

53

Risk Analysis in Line R290

Industrias Thermotar LTDA / Carrera 65B No. 48 – 03

VII. Comments on Maintenance
Maintenance Program.
The main equipment to be subject to scheduled maintenance is the R290
Agramkow charging machine; this is a European equipment that has been
supplied with a maintenance routine based on technical specifications and
datasheets for each component. From our perspective, all maintenance
parameters must be observed; therefore, there is no further advice we can offer
on the structuring of a strategic maintenance plan. It is the company’s
responsibility to follow the recommendations and technical data provided in the
machine manuals carefully. The manufacturer's manuals are documents that
contain the necessary and relevant information the maintenance staff should
know about this highly-specialized system and all its components. The purpose
of these manuals is to provide sufficiently technical information with an
approach as didactic as possible: they are a primary source of data and the
main guide to detailed procedures to extend the useful life of the equipment and
preserve its operating characteristics.

The manufacturer's manuals may contain one or more of the following
documents: technical service manual, maintenance manual, operating
manual, safety manual, electrical drawings, hydraulic circuits (if any),
manufacturer's drawings, among others.
The maintenance department is in charge of performing maintenance tasks safely
and efficiently considering within its structure the operating principles of the
machine or equipment, its location in the process, tasks or procedures associated
with preventive, predictive and corrective maintenance, including the analysis of
risks and environmental impact, as well as, the investigation of breakdowns, list of
parts and spare parts.

Maintenance Software
If the company does not have any maintenance software, they lack a key element
for timely support of industrial equipment; they help to control and manage
maintenance times and deliver performance indicators of the maintenance and
production equipment. The software must be "programmed" to generate preventive
and predictive maintenance tasks based on the useful life of the machine
components assigned by the manufacturer or the equipment log book.
If this input information is not well supplied and accurate, the software will become
a useless tool and
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the rate of corrective interventions will probably increase because of the machine’s
poor condition, in parallel, a series of risks may arise that could threaten people and
property.

Therefore, if not available, we recommend requesting the manufacturers for
technical information about maintenance frequencies, limit service hours of
components and determining when specialized technical support is
necessary, in order to properly program the company’s maintenance
software. A well-synchronized maintenance software will allow the correct
support of equipment and better outcomes regarding safety and production
performance.
Agramkow Machine Maintenance
During our visit we observed that the charging machine is simply a R290
refrigerant dosing pump controlled by a series of sensors and other
automatic instrumentation and control equipment. It has a series of
protections and locks for correct operation created by the designer and
manufacturer that are locked to a PLC. There is not much to say about
electronic equipment because they have parameters for proper maintenance
which, in our view, must be met rigorously; however, we advise giving
special care to 290 LPG transport equipment such as hoses, flexible
elements and nipples, especially those that work under pressure, since they
are one of the main mechanical elements with high rate of failure.
It is very important to keep the R290 containment system under a strict
maintenance program to mitigate the risk of accidental releases. In the equipment
prone to leaks we observed that the hoses, joints, nipples and other couplings have
mechanical seals inside. All these equipment devices have a useful life; the work
cycles are parameterized by the manufacturer (we will not make recommendations
to modify these maintenance routines). We recommend including all these service
parameters in the maintenance software available; if not available, they should be
included in the equipment log book to perform these tasks in a timely manner.
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Conclusions
As part of our risk analysis, we can conclude that risks adjacent to the R290
recharging chamber should be paid special attention, since the event or risk of
fire adjacent to said chamber could have catastrophic consequences according
to our matrices.
Although this risk is not in the red area of the matrix, it could have serious
consequences for the operation such as complicity to control a fire due to the high
probability of container failures as a BLEVE; it may cause other serious detrimental
effects such as injuries to people, damage to the company’s image or reputation,
possible environmental impacts and death of employees. Additionally, there is a
high concentration of risk in the process area due to the existence of a great variety
of equipment, input and parts for the productive process with a high material value.
Special attention should be paid to the recommendations for improvement issued in
this report to make available the minimum protections for this type of occupancy.

Following this risk, even though the risks of fire, gas leak and explosion are in
the same area of matrix number 2, we consider that an explosion event with
subsequent fire would be the most critical event for the R290 recharging cabin;
the estimated consequences of this event are not as serious as those of a fire
inside the warehouse, since the fuel load inside the R290 recharging cabin is
assumed to be much lower than the fuel load in the storage warehouse.
However, we would like to consider that if the following events are combined,
namely, explosion, sequential fire and damage to the acrylic walls of the
enclosure, the fire may rapidly spread to other plant areas, if the minimum
distances of finished product are not kept, causing a major fire and making it
difficult to control with the current resources available for fire control and the
current plant configuration which comprises a single fire area.
Therefore, the implementation of these recommendations is very important, as
well as, adopting the best manufacturing practices of order and observing the
minimum storage distances from the R290 cargo cabin, a recommendation
included in this report.
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VIII. Reference Standards
Cited Standards.
NFPA 54 National Fuel Gas Code
NFPA 13 Standard for the Installation of Sprinkler
Systems NFPA 55 Compressed Gases and Cryogenic
Fluids NFPA 13 Standard for the Installation of
Sprinkler Systems NFPA 70 National Electrical Code
NFPA 51B Standard for Fire Prevention During Welding, Cutting and Other
Hot Works.
IEC 60079-29-2 Gas detectors - Selection, installation, use and maintenance
of detectors for flammable gases and oxygen
FM/ANSI Approvals 6325- 2007 Gas Detectors
FM/ANSI Approval Standard for Combustible Gas Detectors Class Number 6320

ANSI/ISA 92.00.01
ANSI/ISA 92.04.01
ANSI/ISA 60079-29-1
ASHRAE 34 Designation and Safety Classification of Refrigerants
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DEMONSTRATION PROJECT TO VALIDATE THE USE OF HYDRO-FLUORO-OLEFINS
(HFO) FOR DISCONTINUOUS PANELS IN ARTICLE 5 PARTIES THROUGH THE
DEVELOPMENT OF COST- EFFECTIVE FORMULATIONS
UNDP REPORT
Submitted on behalf of the Government of Colombia

Executive Summary
This project was developed as response to the Decision 76/29 of the Multilateral Fund Executive
Committee and is part of a limited group of projects with the objective to assess new technology
options that use non-ODP and low GWP blowing agents.
In the context of Decision XIX/6 there is a concern on the availability in Article 5 parties of
validated cost effective and environmental sound technologies to phase-out HCFC-141b. This is
particularly critical for the applications of polyurethane (PU) rigid foam, discontinuous panels,
small appliances, spray foam, etc., where most of the end users are small enterprises with a poor
control of the operation and safety discipline. Several work orders are done in-doors with limited
ventilation. Safety is the main barrier for the introduction of flammable technologies (hydrocarbons,
methylal and methyl formate) in this market segment.
The proven non-flammable technical options to replace HCFC-141b as blowing agent for PU rigid
foam are mainly limited to high GWP HFCs as HFC-245fa and the blend of HFC-365mfc/HFC227ea, which have GWP values of 1030 and 964 respectively. Recent publications show promissory
results with the new unsaturated HFC/HCFC blowing agents, commonly known as Hydro-FluoroOlefins (HFO), that exhibit GWP values lower than 10.
The project was designed to evaluate two HFO molecules as co-blowing agent in association with
CO2 derived from the water-isocyanate reaction: HFO-1336mzz(Z) and HFO-1233zd(E). The foam
processing and physical properties obtained with these substances along with their respective
formulating costs were compared to those of HCFC-141b based systems.
Espumlátex, the largest Colombian 100% owned PU system house, served as local technical host to
coordinate the demonstration, foam application and testing activities. The experimental protocol
included a statistical full factorial design with 2 factors for polyurethane foam (PUR). The factors
(independent variables) were the type of HFO and the HFOs/CO2 ratio in the foam cell. To
determine the physical properties of the foam, the samples were prepared and analysed following
ASTM standards in Espumlátex laboratories. In addition, three samples (one with each blowing
agent) were sent for the E-84 fire performance testing at QAI laboratories in the United States.
The following conclusions can be pointed out:
1. The foam HFO based technology is not flammable. It does not deplete the ozone layer (0 ODP)
and has a low GWP (< 2). Compared to HCFC-141b it does not present any incremental EH&S
issue.
2. In the framework of this project supported by the Multilateral Fund, HFO based formulations
with blowing agent reductions of 61 to 64 by weight were developed. This is equivalent to an
HFO reduction in the gas cells of 60%.
3. Compared to HCFC-141b, the HFO reduced formulations showed:
3
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4.
5.

6.
7.

- Better foam flow reflected by a lower flow index (ratio between the free rise density and the
minimum fill density).
- An initial foam K factor higher by 7% in laboratory (Brett injections). This value was
reproduced at industrial plant.
- Similar values of foam K factor when measured one month after injected.
- Similar laboratory and production plant values of compression strength, dimensional stability
and adhesion to metal.
There was not observed -from a statistical point of view- a difference between the performance
of foam based on the two types of HFO: 1233zd(E) and 1336mzz(Z).
The handling and processability at the production plant of the HFO reduced formulation was
similar to HCFC-141b.
- In hot weathers the PU systems based on HFO-1233zd(E) could require a storage conditioned
at low/ medium temperatures.
Nowadays the HFO reduced systems have higher costs than HCFC-141b by 16.4 and 33.2%, but
these figures could be lower in the future.
Thanks to the technology formulation it was possible to significantly reduce the cost of the HFO
based formulations.

4
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1.

INTRODUCTION

In the context of Decision XIX/6 there is a concern on the availability in Article 5 parties of
validated cost effective and environmental sound technologies to phase-out HCFC-141b in the
different foam applications.
This project was developed as response to the Decision 76/29 of the Multilateral Fund Executive
Committee and is part of a limited group of projects with the objective to assess new non-ODP and
low GWP technology options to replace HCFC-141b as blowing agent. The present project was
designed to evaluate the use of HFOs for discontinuous panels in Article 5 Parties through the
development of cost-effective formulations.
For developing countries, the proven technical options to replace HCFC-141b as blowing agent for
PU rigid foam are mainly limited to high GWP HFCs as HFC-245fa or HFC-365mfc/HFC-227ea
blend, which have GWP values of 1030 and 964 respectively (100yr ITH, IPCC 4th Assessment
Report 2008). Recent publications show promissory results with the new unsaturated HFC/HCFC
blowing agents, commonly known as HFOs, that exhibit GWP values lower than 10 (Bodgan, 2011;
Costa, 2011). The barrier for the well-known hydrocarbon technology in this rigid foam application
is safety during foaming because of flammability. This issue is particularly critical for this sector
where most of the enterprises are small in size with a poor control of the operation and safety
discipline. Several work orders are done in-doors with limited ventilation.
The project was designed to evaluate two HFO molecules as co-blowing agent in association with
CO2 derived from the water-isocyanate reaction: HFO-1336mzz(Z) and HFO-1233zd(E). Figures 1
and 2 show the chemical formulas of the blowing agents evaluated in this project and Table 1
summarizes their physical properties.

cis-1,1,1,4,4,4-hexafluoro-2-butene

(E) 1-chloro-3,3,3-trifluoropropene

Figure 1. HFO-1336mzz(Z)

Figure 2. HFO-1233zd(E)

Table 1. Physical properties of HCFC-141b and HFOs
Characteristics
HCFC-141b
HFO-1336mzz(Z)
HFO-1233zd(E)
Suppliers
Chemours
Honeywell/Arkema
Bowling point (°C)
32
33
19
Thermal conductivity of
9.5
10.7
10.0
gas (Mw/m.K) to 25°C
ODP
0.11
0
0
GWP
782
2
1
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2.

PROJECT OBJECTIVES AND IMPLEMENTATION

In accordance to Decision 76/29 of the Executive Committee adopted in its 76th meeting held in
Montreal in May 2016, the project objective is:
Validate the use of HFOs for discontinuous panels in Article 5 parties through the
development of cost-effective formulations
Espumlátex, the largest Colombian 100% owned PU system house, served as local technical host to
coordinate the demonstration, foam application and testing activities.
The start-up of the project took place the week of November 30, 2016 after the administrative
arrangements between the Government of Colombia, the UNDP local office and Espumlátex were
agreed. The implementation was done in a team effort among the company Ingeniería de
Refrigeración Industrial Rojas Hermanos S.A., Espumlátex, the Ministry of Environment and
Sustainable Development of Colombia, through the National Ozone Unit (UTO), and UNDP. The
activities that were carried out are shown in Table 2.
Table 2. Activities developed during the project
Activity
Date
Bibliographic review.
November 30, 2016 - January 2017
November 30, 2016 - January,
Raw materials acquisition.
2017
Definition of evaluation plan and experimental
November 30, 2016 - December,
protocol.
2016
Development of HFO based formulations:
laboratory tests at Espumlátex (hand-mix and Brett
November 30, 2016 - March, 2018
mould injections). Preparation of foam samples to
test physical properties.
Evaluation of foam physical properties
November 30, 2016 - April, 2018
(Espumlátex, QAI laboratories).
Selection of the best cost/performance formulations
for an industrial trial: Injection of discontinuous
January, 2018
panels at Rojas Hermanos plant.
Presentation of the final results and conclusions in
February, 2018
an international seminar.
Preparation of Final Report.
January – April, 2018

3.

EXPERIMENTAL

3.1.

Experimental Design

When a specific process or experiment is repeated under what are, as nearly as possible, the same
conditions, the observed results are never identical (Box & Hunter & Hunter, 2005). This statement
is particularly true in the field of PU foam. This fluctuation that occurs from one repetition to
another is called experimental error and refers to variations that are unavoidable such as human
errors of measurement, analysis and sampling. The no consideration of experimental error can lead
to false conclusions about the real effect of a specific independent variable. In the line of these
thoughts and having in mind that usually is most efficient to estimate the effects of several variables
6
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simultaneously, it was decided to apply for this project the technique of statistical design of
experiments, commonly known as DOE.
One simple 2 x 5 full factorial design was planned. Genuine replicates were made in all points of
the design to have the best estimate of the error variance across the experimental region.

3.1.1. Factors and levels
The factors (independent variables) and levels considered for the experimental design are described
in Table 3.
Table 3. Experimental Design
Factors (independent variables)
Type of HFO

Mole fraction of HFO into the gas cells (reduction percent of HFO compared to HCFC-141b formulation)

Levels
HFO-1336mzz(Z)
HFO-1233zd(E)
0.83 (0 %)
0.66 (20 %)
0.50 (40 %)
0.33 (60 %)
0.17 (80 %)

A commercial formulation blown with HCFC-141b, having a 0.83 mole fraction into the gas cells,
was used as comparison standard. Three genuine replicates of this standard were done.
Figure 3 illustrates the HFO reduction into the gas cells. The mole fraction value of HCFC-141b
into the gas cells of the standard formulation, that is 0.83, was taken as the starting point: it
represents the 0% reduction of blowing agent. The 20% reduced gas will have a HFO mole fraction
equals to 0.83 x 0.80 = 0.66, as it is shown in the figure. The 40% reduced gas will have a HFO
mole fraction of 0.50, etc., etc.
The isocyanate/polyol index (equals to 1.20), the gel time (measured at machine) and the free rise
density were kept constant throughout all the experiments.

Figure 3. Mole fraction of HCFC-141b/CO2 and HFO/CO2 into the gas cells
7
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3.1.2. Responses and test methods
Table 4 lists the responses (dependent variables) along with the test methods that were used for their
determination.

Property
Reactivity at machine
Density
K-Factor
Compressive strength
Adhesion strength
Dimensional stability
K-Factor
Aging (*) Compressive
strength
Fire Performance

Table 4. Responses and Test Methods
Test
Testing Laboratory
Visual
In-situ during application
ASTM D-1622
Espumlátex
ASTM C-518
Espumlátex
ASTM D-1621
Espumlátex
ASTM D-1623
Espumlátex
ASTM D-2126
Espumlátex
ASTM C-518
Espumlátex
ASTM D-1621

Espumlátex

ASTM E-84

QAI Laboratories

(*) For K-Factor: 2 weeks, 4 weeks, 2 months, 6 months, 1 year, 2 years
For Compressive strength: 1 month, 2 months

3.2.

Laboratory Testing Procedures

3.2.1 Stability of polyol blend
It is known that some amine-based catalysts currently used in the industry may interact with HFO,
particularly the unsaturated HCFCs, causing a deterioration of the system reactivity (longer gel
times). The stability of the fully formulated polyol was evaluated by monitoring the hand-mix
reactivity (cream, gel and tack free time) over time.
3.2.2 Preparation of foam samples
After blending the fully formulated polyol, composed of base polyols, catalysts, surfactant,
additives, water and blowing agent, its mixture with isocyanate was injected using a high pressure
machine Cannon AP at the conditions shown in Table 5.
Table 5. Conditions at Laboratory Foam Injection
Injection pressure, bar
150
Isocyanate Temperature, ºC
21 +/- 0.5
Polyol Temperature, ºC
20 +/- 0.5
Output, g/s
200
Mould surface temperature, °C
45
A Brett mould (5 cm x 20 cm x 200 cm), made of aluminium and equipped with water heating, was
used for the preparation of foam. With the mould in horizontal position the iso/polyol mixture was
8
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injected through a hole located 15 cm from the bottom; immediately after the mould was changed to
the vertical position and remained so until reaching the de-mould time (6 or 8 minutes).
Once the machine reactivity (cream, gel, tack free time and free rise density) was verified the
minimum fill density (MFD), corresponding to the minimum amount of foam material needed to fill
the mould, was determined. Based on the MFD value, for each experimental point, six additional
Brett panels were shot at six levels of over-packing: 6, 8, 10, 12, 14 and 16%. The pieces at 6, 10
and 14% were de-moulded at 6 minutes and the foam expansion was measured; the remaining were
de-moulded at 8 minutes. This data on foam expansion is used to compare the de-mould
characteristics among different PU systems.
Figure 4 illustrates the determination of minimum fill density (MFD) and Figure 5 the
corresponding measurement of foam expansion at Brett mould.

Figure 4. Determination of Minimum Fill Density (MFD)

Figure 5. Measurement of foam expansion at Brett mould

After 24 hours of the injection, each Brett panel was cut to prepare the foam samples required to
measure the physical properties listed in Table 4: one for K factor; fifteen for compressive strength
at 24 hours, one and two months; six for dimensional stability at -30 and 70 °C. For the
9
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determination of the minimum freeze stable density, 10 cm thick bricks of the Brett panels at the six
different over-packings were left overnight at -30°C.

4.

RESULTS AT LABORATORY LEVEL

4.1.

Polyol Aging

The reduced HFO formulations up to the 60% level were prepared with conventional amine
catalysts: pentamethyl-diethylene triamine, N,N.dimethyl cyclohexylamine, 1,3,5-tris (3(dimethyylamino) propyl) and N,N dimethylethanolamine., The variation of the gel time over time
is shown in Figures 6, 7, 8 and 9 (testing at longer time intervals, 4 and 6 months, is planned). A
slight catalyst deactivation with HFO based systems was observed. However the longer gel times
did not have a particular effect on foam processability and properties when the 40 and 60% reduced
systems were run at industrial level (section 6). For the formulation of 80% reduced systems special
catalysts -recommended by one of the HFO suppliers- were used (section 7.3) and a better blend
stability was observed (testing at longer times is also planned). This point deserves further
investigation and monitoring during implementation of investment projects.
200
190

Gel time, seconds

180
170
160

Initial

150

1 Month

140

2 Months

130
120
110
100

200

200

190

190

180

180

170
160

Initial

150

1 Month

140

2 Months

130
120

170
160

Initial

150

1 Month

140

2 Months

130
120
110

110
100

HFO-1233zd(E) HFO-1336mzz(Z)

Figure 7. Gel time over time. 20% reduced systems

Gel time, seconds

Gel time, seconds

Figure 6. Gel time over time. 0% reduced systems

HCFC-141b

100
HCFC-141b

HFO-1233zd(E) HFO-1336mzz(Z)

Figure 8. Gel time over time. 40% reduced systems

HCFC-141b

HFO-1233zd(E) HFO-1336mzz(Z)

Figure 9. Reactivity polyols over time, reduced by 60% molar
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4.2.

Brett expansion

Figures 10, 11, 12 and 13 show the results for Brett expansion at the two demould times (6 and 8
minutes) and the different percentages of reduction.

350
300

HFO-1233zd(E)
reduced 0%

250

HFO-1336mzz(Z)
reduced 0%

200
150

HFO-1233zd(E)
reduced 20%

100
50
4.0

9.0
14.0
Overpacking (%)

HFO-1336mzz(Z)
reduced 20%

Brett expansion (mils)

Tdemould: 6 min
HFO-1233zd(E)
reduced 40%
HFO-1336mzz(Z)
reduced 40%
HFO-1233zd(E)
reduced 60%
HFO-1336mzz(Z)
reduced 60%

4.0

9.0
14.0
Overpacking (%)

HCFC 141b

Figure 12. Brett expansion (Tdemould: 6 min), 40% and 60% reduced
reduced

4.3.

Tdemould: 8 min

350
300

HFO-1233zd(E)
reduced 0%

250

HFO-1336mzz(Z)
reduced 0%

200
150

HFO-1233zd(E)
reduced 20%

100

HFO-1336mzz(Z)
reduced 20%

50
4.0

HCFC 141b

Figure 10. Brett expansion (Tdemould: 6 min), 0% and 20% reduced

450
400
350
300
250
200
150
100
50

400
Brett expansion (mils)

Tdemould: 6 min

9.0
14.0
Overpacking (%)

HCFC 141b

Figure 11. Brett expansion (Tdemould: 8 min), 0% and 20% reduced

400
Brett expansion (mils)

Brett expansion (mils)

400

Tdemould: 8 min

350

HFO-1233zd(E)
reduced 40%

300
250

HFO-1336mzz(Z)
reduced 40%

200

HFO-1233zd(E)
reduced 60%

150
100

HFO-1336mzz(Z)
reduced 60%

50
4.0

9.0
14.0
Overpacking (%)

HCFC 141b

Figure 13. Brett expansion (Tdemould: 8 min), 40% and 60%

Physical Properties

Table 6 summarizes the initial results for both mechanical and thermal properties of the injected
panels.
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Table 6. Initial results of mechanical and thermal properties of panels.
Reported data are an average of 2 genuine replicates
Blowing agent
HCFC- 141b
HFO-1233zd(E)
HFO-1336mzz(Z)
0.83
0.82
0.66
0.51
0.32
0.83
0.66
0.50
0. 33
Mole fraction in the gas cells
12.89
13.41
9.81
7.37
4.86
16.57
11.98
9.62
6.50
Weight percent of Blowing Agent in formulation (%)
26.85
45.04
63.76
27.70
41.94
60.77
Reduction percent by weight (%)
Machine reactivity
10/111/155
8/129/187 8/142/204 8/138/216 8/125/244 8/140/207 9/141/193 8/139/216 8/140/244
Cream/ Gel/ Tack Free times (s)
20.1
19.7
20.6
21.0
21.4
19.5
19.7
21.2
21.1
Free rise density (kg/m3)
29.3
27.7
28.1
27.8
27.5
26.2
27.2
27.5
27.0
MFD (kg/m3)
34.6
32.4
33.0
31.4
32.1
30.6
32.0
32.1
31.6
Foam moulded density (kg/m3)
K factor (mW/m.K)
21.51
22.31
23.05
23.43
23.65
22.70
22.50
23.00
23.60
Initial
22.94
23.06
23.53
23.63
23.85
23.40
23.10
23.50
23.90
2 weeks
23.76
23.98
24.35
23.47
24.82
24.20
24.10
24.10
24.20
1 month
Compressive strength (kPa) at 16% over-packing
107.6
102.7
108.5
85.9
86.9
95.1
113.2
102.8
105.2
Compressive strength initial
25.4
25.1
26.2
26.0
27.9
24.6
25.9
26.4
25.8
Core density (kg/m3) initial
172.3
169.0
162.2
130.9
114.0
164.5
173.1
150.6
162.1
Compressive strength initial adjusted at 32 kg/m3
105.8
98.1
106.6
74.5
85.4
88.6
111.2
106.0
111.8
Compressive strength 2 months
25.4
24.7
25.7
25.9
27.2
24.5
25.7
26.4
25.8
Core density 2 months (kg/m3)
170.8
167.7
166.3
114.8
124.0
155.1
174.0
155.3
171.9
Compressive strength 2 months adjusted at 32 kg/m3
Dimensional stability 70°C (%ΔV)
1.02
-0.19
-1.52
-2.41
-3.16
-0.64
-0.63
-2.94
-1.36
1 day
1.90
0.63
-0.35
-1.32
-2.12
1.79
1.18
-1.47
-0.78
1 weeks
2.47
1.05
0.38
-0.25
-1.01
2.79
1.70
0.69
0.22
2 weeks
Dimensional stability -30°C (%ΔV)
0.38
0.32
-0.13
0.13
0.24
-1.23
-0.65
-0.58
-0.74
1 day
0.10
0.05
-0.19
-0.05
-0.07
-0.26
-0.03
-0.23
-0.10
1 weeks
0.11
-0.09
-0.23
-0.12
-0.50
-0.29
0.04
-0.34
-0.47
2 weeks
166.03
169.35
198.15
236.1
216.5
155.95
215.5
151.95
148.7
Adhesion strength to metal (kPa)
* All data points correspond to the average of two genuine duplicates with the only exception of those of "HCFC-141b" column that are the average of three
genuine replicates.

12

UNDP – VALIDATION OF THE USE OF HYDRO-FLUORO-OLEFINS (HFO) FOR PU FOAM DISCONTINUOUS PANELS

5.

ANALYSIS OF RESULTS (LABORATORY LEVEL)

To assess the statistical significance of the effect of the different factors on the foam properties, an
analysis of variance (ANOVA) was developed for each property. In this section the ANOVA of few
selected foam properties, critical for the thermal insulation performance, such as initial and aged K
factor (lambda value), aged compressive strength, dimensional stability an adhesion to metal will be
shown.
5.1.

Initial K factor

The results of the initial K factor are summarized in Table 7 and Figure 14.
Table 7. K factor, 24 Hours, mW/m*K
Reduction
Percentage HFO-1233zd(E)
0%
22.51
22.11
20%
22.85
23.25
40%
23.05
23.80
60%
23.60
23.69
AVERAGE
23.11
HCFC-141b standard: 21.51

HFO-1336mzz(Z)
23.10
22.30
22.60
22.40
22.70
23.40
23.40
23.80
22.96

AVERAGE
22.51
22.78
23.24
23.62

26.0
25.5
25.0

Factor K, mW/m.K

24.5
24.0
23.5

HFO-1233zd(E)
HFO-1336mzz(Z)

23.0

HCFC-141b

22.5
22.0
21.5
21.0

0
20
40
60
Reduction percentage in HFO mole fraction (%)

Figure 14. K factor (initial) vs. Reduction percentage in HFO mole fraction
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Table 8 shows the ANOVA results of K factor for 24 hours. It is concluded that the molar HFO/CO2
ratio has a statistically significant effect on the initial foam K factor. No significant difference
between the two types of HFO, HFO-1233zd(E) and HFO-1336mzz(Z), was observed.
Table 8. ANOVA of K factor, 24 hours
Degrees
of
Sum of
Mean
Factor
Freedom Squares
Square
F
P(1)
Type of blowing agent (A)
1
0.084
0.084
0.606
0.459
Mole fraction (B)
3
2.939
0.980
7.058
0.012 Significant
A*B
3
0.513
0.171
1.232
0.360
Pure Error
8
1.110
0.139
(1) Probability of Type I error (rejecting the null hypothesis when it is in fact true). If P < 0.05 it is
considered that the effect of the factor is significant.
Tables 9 and 10 that statistically compare HCFC-141b with the HFO reduced systems (40 and 60%)
led to the conclusion that there is a significant difference in initial K factor between the HCFC-141b
and the two types of HFO.
Table 9. ANOVA of K factor, 24 Hours: HCFC-141b vs. HFO-1336mzz(Z) (40% reduced) vs.
HFO-1336mzz(Z) (60% reduced)
Degrees of Sum of
Factor
Mean Square
F
P
Freedom
Squares
Type of blowing agent
2
4.340
2.170
11.010 0.042 Significant
Pure Error
3
0.591
0.197
Table 10. ANOVA of K factor, 24 hours, HCFC-141b vs. HFO-1233zd(E) (40%) vs. HFO1233zd(E) (60%)
Degrees of Sum of
Factor
Mean Square
F
P
Freedom
Squares
Type of blowing agent
2
5.120
2.560
13.910 0.030 Significant
Pure Error
3
0.552
0.184

5.2.

K factor measured 4 weeks after injection

Table 11 and Figure 15 show a summary of the results of the foam K factor measured 4 weeks after
injection.
Table 11. K factor, 4 weeks, mW/m*K
Reduction
Percentage
0%
20%
40%

HFO-1233zd(E)
24.23
24.29
24.49

23.72
24.40
22.45

HFO-1336mzz(Z)
25.00
23.80
23.80

23.50
24.40
24.30

AVERAGE
24.11
24.22
23.76
14
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Table 11. K factor, 4 weeks, mW/m*K
Reduction
HFO-1233zd(E)
HFO-1336mzz(Z)
Percentage
60%
24.57
25.07
24.10
24.30
AVERAGE
24.15
24.15
HCFC-141b standard: 23.76

AVERAGE
24.51

26.0
25.5

Factor K, mW/m.K

25.0
24.5
24.0
23.5

HFO-1233zd(E)

23.0

HFO-1336mzz(Z)
HCFC-141b

22.5
22.0
21.5
21.0

0
20
40
60
Reduction percentage in HFO mole fraction (%)

Figure 15. K factor (4 weeks) vs. Reduction percentage in HFO mole fraction
Using the ANOVA results of the foam K factor measured 4 weeks after injection, shown in Table
12, it is concluded that, oppositely to what happened with the initial K factor, the HFO/CO2 ratio
did not show a statistically significant effect on the foam K factor when measured 4 weeks after
injection. In the same manner no significant difference between the two types of HFO, HFO1233zd(E) and HFO-1336mzz(Z), was observed.
Table 12. ANOVA of K factor, 4 Weeks
Factor
Type of blowing agent (A)
HFO/CO2 ratio (B)
A*B
Pure Error

Degrees of Sum of
Freedom Squares
1
0.000
3
1.150
3
0.856
8
3.790

Mean
Square
0.000
0.385
0.286
0.474

F

P

0.000
0.811
0.602

0.994
0.523
0.632

Similarly to section 5.1, Tables 13 and 14 compare the HCFC-141b with the HFO reduced systems
(40 and 60%). In this case, when the foam K factor was measured 4 weeks after injection and as it
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could be expected from the Figure 15, a statistically significant difference between the HCFC-141b
and the HFO based formulations was not observed.
Table 13. ANOVA of K factor, 4 weeks, HCFC-141b vs. HFO-1336mzz(Z) (40%) vs. HFO1336mzz(Z) (60%)
Degrees of Sum of
Mean
Factor
F
P
Freedom
Squares
Square
Type de blowing agent
2
0.200
0.100
0.151 0.866
Pure Error
3
1.990
0.663
Table 14. ANOVA of K factor, 4 weeks, HCFC-141b vs. HFO-1233zd(E) (40%) vs. HFO1233zd(E) (60%)
Degrees of Sum of
Mean
Factor
F
P
Freedom
Squares
Square
Type of blowing agent
2
2.020
1.010
0.748 0.545
Pure Error
3
4.050
1.350

5.3.

Compressive Strength measured 2 months after injection

Table 15 and Figure 16 show a summary of the results of the foam compressive strength measured
2 months after injection.

Table 15. Compressive Strength (kPa), 2 Months, adjusted at 32 kg/m3
Reduction
HFO-1233zd(E)
HFO-1336mzz(Z) AVERAGE
Percentage
0%
177.80
157.60
147.10
163.60
161.53
20%
146.90
185.80
171.10
177.10
170.23
40%
111.20
118.60
166.10
144.60
135.13
60%
129.60
118.30
166.90
177.00
147.95
AVERAGE
143.23
164.19
HCFC-141b standard: 170.85
Compared to HCFC-141b low compressive strength values were obtained with two HFO-1233zd(E)
systems, those reduced at 40 and 60%. From a theoretical point of view and the reported data, this
could not be explained by the difference in blowing agent but by other formulation parameters1.
Further results at the industrial level contradicted these experimental points.

1

Compressive strength is directly affected by the structure of the polyurethane polymer and this is related to the blend
of polyols used in the formulation. When high water levels are introduced in the formulation, to counterbalance the
undesirable effects of poliurea “softer” type of polyols (low functionality, high molecular weight) are used. For each
tested formulation (blowing agent, % of blowing agent reduction) it was necessary to develop a specific polyol blend.
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Figure 16. Compressive strength (2 months) vs. Reduction percentage in HFO mole fraction
As expected from the mentioned low compressive strength values, the ANOVA, shown in Table 16,
concludes that both factors, the type of HFO and the HFO/CO2 molar fraction ratio and its
interaction, have a statistically significant effect over this physical property.
Table 16. ANOVA of Compressive Strength Adjusted to 32 kg/m3, 2 months
Degrees
Sum of
Mean
Factor
of
F
P
Squares
Square
Freedom
Type of blowing agent (A)
1
1757.710
1757.710
9.450 0.015 Significant
HFO/CO2 ratio (B)

3

2849.600

949.870

5.110

0.029

Significant

A*B

3

2395.080

798.360

4.290

0.044

Significant

Pure Error

8

1488.110

186.010

In accordance to Table 17, that compares HCFC-141b with the HFO-1336mzz(Z) reduced systems
(40 and 60%), a significant difference in compressive strength measured after two months is not
observed.
Table 17. ANOVA of Compressive Strength, 2 Months, HCFC 141b vs. HFO-1336mzz(Z)
(40%) vs. HFO-1336mzz(Z) (60%)
Degrees
Sum of
Mean
Factor
of
F
P
Squares
Square
Freedom
Type of blowing agent
2
344,680
172,340
0,888 0,498
Pure Error

3

582,260

194,090
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As expected from the above discussion, Table 18 led to conclude that there is a significant
difference in compressive strength at 24 hours between the HCFC-141b and the HFO-1233zd(E).
Table 18. ANOVA of Compressive Strength, 2 months, HCFC 141b vs. HFO-1233zd(E) (40%)
vs. HFO-1233zd(E) (60%)
Degrees
Sum of
Mean
Factor
of
F
P
Squares
Square
Freedom
Type of blowing agent

2

3.607,940

1.803,970

Pure Error

3

391,350

130,450

5.4.

13,830 0,031 Significant

Aging of Compressive Strength, 2 months versus 24 hours

Table 19 shows the variation percentage of compressive strength, 2 months versus 24 hours.
According to the ANOVA, presented in Table 20, there is no evidence of aging difference between
the two types of HFO.
Table 19. Variation percentage in compressive strength (%) 24 hours vs. 2 months,
adjusted at 32 kg/m3
Reduction
HFO-1233zd(E)
HFO-1336mzz(Z)
AVERAGE
Percentage
0%
3.13
-4.83
-8.41
-2.97
-3.27
20%

-6.61

11.12

-0.35

1.43

1.40

40%

-26.65

7.62

-3.26

11.57

-2.60

60%

11.05

6.29

-3.47

16.91

7.70

AVERAGE

0.14

1.43

Table 20. ANOVA of variation percentage in compressive strength, 24 hours and 2 months
Degrees
Sum of
Mean
Factor
of
F
P
Squares
Square
Freedom
Type de blowing agent
1
1.6700
6.6700
0.048 0.833
(A)
Mole fraction (B)
3
306.290
102.100
0.728 0.563
A*B

3

210.370

70.120

Pure Error

8

1121.420

140.180

5.5.

0.500

0.693

Dimensional Stability at 70°C and -30°C

The dimensional stability results at 70 ºC and -30°C are shown in Tables 21 and 22 and illustrated
in Figures 17 and 18. The negative values represent foam contraction and the positive ones foam
18
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expansion. The ANOVA results are shown in the annex 1, Tables A-1 to A-6. In average, at 70 ºC,
the HFO based systems provides lower values than HCFC-141b. There was no evidence of any
significant difference among the systems based on the three analysed blowing agents.
Table 21. Dimensional Stability at 70 ºC , 2 Weeks, Vol. %
Reduction
Percentage

HFO-1233zd(E)

HFO-1336mzz(Z)

AVERAGE

0%

0.73

1.36

2.79

2.79

1.92

20%

0.26

0.50

2.24

1.16

1.04

40%

0.21

-0.70

0.69

-1.83

-0.41

60%

-1.01

-1.11

0.22

-0.27

-0.54

AVERAGE

-0.31

0.37

HCFC-141b standard: 1.62

Table 22. Dimensional Stability at -30 ºC, 2 Weeks, Vol. %
Reduction
Percentage
0%

-0.13

-0.05

-0.29

-0.19

-0.17

20%

-0.13

-0.32

0.04

-0.24

-0.16

40%

-0.18

-0.05

-0.15

-0.38

-0.19

60%

-0.47

-0.52

-0.24

-0.69

-0.48

HFO-1233zd(E)

AVERAGE

HFO-1336mzz(Z)

-0.28

AVERAGE

-0.28

HCFC-141b standard: 0.07

Volume variation percentage
(%)

3.00
2.50
2.00
1.50
1.00

70°C

0.50
0.00
-0.50

(-30°C)
HCFC-141b

0%

20%

40%

60%

-1.00
-1.50
-2.00

Figure 17. Percentage variation by volume. HFO-1233zd(E)
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Volume variation percentage (%)

3.00
2.50
2.00
1.50
1.00

70°C

0.50
0.00
-0.50

(-30°C)
HCFC-141b

0%

20%

40%

60%

-1.00
-1.50
-2.00

Figure 18. Percentage variation by volume. HFO-1336mzz(Z)

5.6.

Adhesion to Metal

The results of the foam adhesion strength to metal (galvanised steel) measured one week after
injection are shown in Table 23 and Figure 19. It was observed a better behaviour of the HFO based
systems than the standard blown with HCFC-141b.
Table 23. Adhesion Strength to Metal (galvanised steel), kPa
Reduction
Percentage

HFO-1233zd(E)

HFO-1336mzz(Z)

AVERAGE

0%

159.10

179.60

148.00

163.90

162.65

20%

171.70

224.60

224.60

206.40

206.82

40%

246.50

225.70

148.40

155.50

194.02

60%

216.50

216.50

151.20

146.20

182.60

AVERAGE

216.92

172.05

HCFC-141b standard: 166.03
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Figure 19. Adhesion to metal vs. Reduction percentage in HFO mole fraction

6.

FIELD TESTS

Rojas Hermanos, a Colombian manufacturer of PU foam discontinuous panels for thermal
insulation located in Bogota, equipped as shown in Figure 20, with a high pressure injection
machine and two Manni type presses, was chosen to conduct the field tests. In two different
working days 40 and 60% reduced formulations of HFO-1233zd(E) and HFO-1336mzz(Z) were
run. The commercial HCFC-141b system, used as standard for the described laboratory trials, was
run both days for comparison.

Figure 20. Field trials conducted at Rojas Hermanos
3m x 1m x 0.05m panels were injected at a single point located 1.3 m from the bottom. Pre-heated
stainless steel faces were used. Once the minimum fill density was determined the panels were
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injected aiming at the same moulded density currently used in the industrial production (40 kg/m3).
Surface temperature was taken at three different points as illustrated in Figure 21.

Figure 21. Injection Panel Scheme
An additional panel with 8 m x 1 m x 0.05 m dimensions was injected for each formulation to run
the flammability test. Figure 22 illustrates this additional panel.

Figure 22. Injection Panel Scheme for Flammability Test
The injection conditions are described in Table 24.
Table 24. Injection Conditions at Rojas Hermanos
Machine
Cannon A-Compact 200FC
Operative pressure, bar
130 +/- 10
Isocyanate Temperature, ºC
20 +/- 2
Polyol Temperature, ºC
19 +/- 2
Output, g/s
1300
Substrate Temperature, °C
39 +/- 1
After adjusting the injection conditions, the determination of the Minimum Fill Density (MFD) was
done, as shown in Figure 23.

Figure 23. Determination of Minimum Fill Density (MFD) at Rojas Hermanos
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The results of the foam properties measured 24 hours after injection are summarized in Table 25.
No differences were observed between the 40 and 60% reduced systems. The HFO based
formulations provided a superior foam flowability (lower flow index), similar compressive
strengths and K factor values 3.8 and 7.2% higher than HCFC-141b.
Table 25. Initial results of mechanical and thermal properties of panels
HCFC
HFO
HCFC
HFO
Blowing agent
141b (1)
1233zd(E)
141b (2)
1336mzz(Z)
Mole fraction in the gas cells
0.83
0.50
0.33
0.83
0.50
0.33
Machine reactivity
Cream/gel/tack free time (s) 17/119/149 8/121/184 8/112/167 13/115/151 7/133/228 7/106/177
Free rise density (kg/m3)
18.7
19.8
21.7
18.9
19.3
22.4
Minimum Fill Density (kg/m3)
26.9
24.8
26.2
26.4
24.3
26.0
Flow Index
1.44
1.25
1.21
1.39
1.26
1.16
Moulded density (target)
40.0
40.0
40.0
40.0
40.0
40.0
(kg/m3)
De-mould time (minutes)
22
K factor (mW/m.K)
20.62
22.17
21.90
20.59
21.97
22.26
Compressive strength (kPa)
168.2
169.3
156.7
160.8
172.9
171.9
Dimensional stability, 70°C (%
0.91
-0.68
-1.15
1.11
-0.18
-1.02
ΔV), 24 hours
Dimensional stability, -30°C
-0.06
-0.26
0.22
0.25
-0.19
0.13
(% ΔV), 24 hours
(1) (2): replicates run at two different days

7.

COSTS OF HFO BASED POLYURETHANE SYSTEMS

7.1.

Incremental Capital Cost

Compared to HCFC-141b no additional capital was required for the preparation and testing -at
laboratory and industrial levels- of the HFO formulations. As it is shown in Table 1 the HFO
1233zd(E) and 1336mzz(Z) have boiling points of 19 and 33 ºC and the trials were run in Bogota at
an ambient temperature ranging from 10 to 20 ºC. At hotter climates there may be a need with the
HFO 1233zd(E) to cool the formulated polyol storage and the formulated polyol day-tank to 2025ºC storage to avoid the excessive build-up of pressure. It should be also noted that all the moulds
used during the tests were equipped with heating systems and associated temperature controls (39
and 45ºC). This is a critical condition to ensure a good performance with reduced HFO PU
formulations.
7.2.

Incremental operating cost

The disaggregated formulation costs of the HFO reduced systems compared to the HCFC-141b
based formulation are shown in Tables 26 and 27. The different blends of polyols (sugar/glycerine,
glycerine and amine initiated) used to formulate the PU systems had a similar cost that ranges
between US$2.14 and US$2.16 per kg. The only exception was the 60% reduced HFO-1233zd(E)
based formulation which required the introduction of a special relatively expensive polyol. A
similar statement applies for the additives packages (catalysts, silicon surfactant, flame retardants)
whose costs per kg varied between US$ 1.47 and US$ 1.61.
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The reduction of the HFO mole fraction in the gas cells made possible a significant decrease of the
cost of HFO based systems. In the case of HFO-1336mzz(Z), compared to the cost of the unreduced
HFO system, a 60% reduction represented a 31.45% less expensive formulation. In the case of
HFO-1233zd(E), by going from a mole fraction of 0.82 (0% reduction) to 0.32 (60% reduction), the
system cost was cut off by 19%. This is illustrated in Figure 24.
Table 26. Cost of PU systems based on HFO-1233zd(E)
HCFC-141b
Mole fraction in the
gas cells
Reduction percent of
HFO by weight (%)

HFO-1233zd(E)
0% reduced

20% reduced

40% reduced

60% reduced

0.82

0.66

0.51

0.32

0

26.85

45.04

63.76

0.83

100.00

US$/
kg
2.16

Additives (catalysts,
surfactant, additives)

27.39

1.47

Water

1.54

Blowing agent
FORMULATED
POLYOL
PMDI
TOTAL SYSTEM
COST

47.25

2.97

45.76

12.00

33.82

12.00

22.88

12.00

14.92

12.00

176.18

2.25

174.58

4.61

163.64

4.05

153.73

3.46

146.78

3.17

190.28

3.18

166.67

3.18

180.98

3.18

156.68

3.18

160.01

3.18

FORMULATION

PPHP

Polyol blend

100.00

US$/
kg
2.15

27.48

1.53

PPHP

1.34

2.73

100.00

US$/
kg
2.15

27.43

1.52

PPHP

2.39

3.91

100.00

US$/
kg
2.14

100.00

US$/
kg
2.42

27.63

1.55

27.58

1.61

PPHP

3.22

3.59

PPHP

4.28

3.32

3.18

Table 27. Cost of PU systems based on HFO-1336mzz(Z)
HCFC-141b
Mole fraction in the
gas cells
Reduction percent of
HFO by weight (%)

HFO-1336mzz(Z)
0% reduced

20% reduced

40% reduced

60% reduced

0.83

0.66

0.50

0.33

0

17.70

41.94

60.77

0.83

100.00

US$/
kg
2.16

Additives (catalysts,
surfactant, additives)

27.39

1.47

Water

1.54

Blowing agent
FORMULATED
POLYOL
PMDI

47.25

2.97

56.71

20.00

42.28

20.00

32.33

20.00

21.89

20.00

176.18

2.25

185.62

7.49

172.07

6.41

162.99

5.54

153.99

4.50

190.28

3.18

156.51

3.18

180.75

3.18

173.22

3.18

182.90

3.18

FORMULATION

PPHP

Polyol blend

TOTAL

SYSTEM

100.00

US$/
kg
2.14

27.63

1.53

PPHP

1.29

2.73

100.00

US$/
kg
2.16

27.45

1.51

PPHP

2.34

5.52

100.00

US$/
kg
2.16

100.00

US$/
kg
2.14

27.18

1.48

27.33

1.50

PPHP

3.48

4.75

PPHP

4.78

4.32

3.78
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COST

6.00
5.52

5.50

PU system cost, US$/kg

5.00

4.75
4.32

4.50
3.91

4.00

3.78

3.59

HFO-1336mzz(Z)

3.32

3.50
3.00

2.73

2.73

HFO-1233zd(E)

3.18

2.73

HCFC-141b

2.73

2.50
2.00
0.82
0.66
0.51
0.32
Mole fraction of blowing agent in the gas cells
Figure 24. Cost of PU systems vs. Mole fraction of blowing agent

7.3.

Final words about further trials with better cost/performance balance

At the end of the project and after an extensive formulation work, stable HFO based systems
reduced by 80% were developed using N, methyl dicyclohexylamine and two tertiary amine
catalysts of proprietary composition (Dabco 2039 and 2040). The results of the foam testing were
promising and are shown in Table 28.
Table 28. Physical properties of 80% reduced HFO formulations
HCFC
HFO
Blowing agent
141b
1233zd(E)
Mole fraction in the gas cells
0.83
0.17

HFO
1336mzz(Z)
0.17

Machine reactivity
Cream/ gel/ tack free times (s)

10/111/155

8/69/99

9/78/110

Free rise density (kg/m )

20.1

21.2

21.2

Minimum Fill Density (kg/m3)

29.3

31.5

31.8

Flow Index

1.46

1.49

1.50

21.51

22.48

22.48

Compressive strength 24 hours (kPa) adjusted at 32 kg/m

107.6

147.1

161.9

Dimensional stability, 70°C (% ΔV), 24 hours

1.02

-3.47

-2.74

Dimensional stability, -30°C (% ΔV), 24 hours

0.38

-0.48

-1.23

3

K-Factor initial (mW/m.K)
3
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8.

SAFETY AND INDUSTRIAL HYGIENE

The Material Safety Data Sheets (MSDS) of the HFOs referenced for the project evaluation are
provided by separate in Annex 2. The HFO-1233zd(E) and 1336mzz(Z) are non-flammable
substances and no special precautions are needed from the safety point of view. There are no
additional issues concerning industrial hygiene compared to HCFC-141b. The 8-hour Time
Weighted Average (TWA), reported by the suppliers, are 800 ppm for 1233zd(E) and 500 ppm for
1336mzz(Z).
The specialised literature concludes that these specific HFO do not generate any significant amount
of trifluoroacetic acid (TFA) in the atmospheric degradation process2.

9.

CONCLUSIONS

From the above results and analysis the following conclusions can be pointed out:
1. In the framework of this project supported by the Multilateral Fund, HFO based formulations
with blowing agent reductions of 61 to 64 by weight were developed. This is equivalent to an
HFO reduction in the gas cells of 60%.
2. Compared to HCFC-141b, the HFO reduced formulations showed:
- Better foam flow reflected by a lower flow index (ratio between the free rise density and the
minimum fill density).
- An initial foam K factor higher by 7% in laboratory (Brett injections). This value was
reproduced at industrial plant.
- Similar values of foam K factor when measured one month after injected.
- Similar laboratory and production plant values of compressive strength, dimensional stability
and adhesion to metal.
3. There was not observed -from a statistical point of view- a difference between the performance
of foam based on the two types of HFO: 1233zd(E) y 1336mzz(Z).
4. Considering that the foam HFO based technology is not flammable, it does not deplete the ozone
layer (0 ODP) and has a low GWP (< 2), it was confirmed that compared to HCFC-141b, the
foam HFO based technology does not present any additional environmental and safety and
industrial hygiene issue.
5. The handling and processability at the production plant of the HFO reduced formulation was
similar to HCFC-141b.
- In hot weathers the PU systems based on HFO-1233zd(E) could require a storage conditioned
at low/ medium temperatures.
6. Regarding to the Incremental Capital Cost of the foam HFO based technology, it is important to
point out that at hotter climates there may be a need with the HFO 1233zd(E) to cool the
formulated polyol storage and the formulated polyol day-tank to 20-25ºC storage to avoid the
excessive build-up of pressure. Additionally, it is relevant to consider that for discontinuous
2

For 1336mzz(Z) see: Baasandorj, M., et al. (2011), J. Phys. Chem. A 115(38): 10539-10549. Chiaperro, M. S., et al.
(2006), J. Phys. Chem. A 110(43): 11944-11953. Cadle, R. D., (1980). Rev. Geophys. Space Phys. 18: 746-752.
For 1233zd(E) see: Wallington T.J., et al. (2015), Chemosphere 129: 135–141. Sulbaek Andersen M.P., et al (2012),
Phys. Chem. Chem. Phys.14: 1735-1748.
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panels and other rigid foam applications, the moulds should be equipped with heating systems
and associated temperature controls to ensure a good performance with reduced HFO PU
formulations. Costs related to these items must be considered.
7. Thanks to the technology formulation it was possible to significantly reduce the cost of the HFO
based formulations. Nowadays the HFO reduced systems have higher costs than HCFC-141b by
16.4 and 33.2%, but these figures could be lower in the future.
8. Notwithstanding the positive results of this project, further trials are required to take into
consideration the diverse boundary conditions (climate, injection equipment, etc.) typical of the
SMEs universe and the higher cost of the special catalysts of proprietary composition that may
be necessary.
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ANNEX 1. ANALYSIS OF VARIANCE OF THE FOAM PROPERTIES
In Section 6 of the report, the ANOVA corresponding to the foam K-Factor and its aging and
compressive strength were presented. In this annex the results of the ANOVA analysis of the rest of
the foam properties are shown.
A.1 Dimensional Stability at 70°C
Table A-1. ANOVA of Dimensional Stability at 70 ºC, two weeks
Degrees of Sum of
Mean
Factor
F
P
Freedom Squares
Square
Type de blowing
1
3.560
3.560
6.300
0.036 Significant
agent (A)
Mole fraction (B)
3
16.850
5.620
9.930
0.005 Significant
A*B
3
2.400
0.801
1.420
0.308
Pure Error
8
4.520
0.566
Table A-2. ANOVA of Dimensional Stability at 70 ºC, two weeks, HCFC 141b vs HFO1336mzz(Z) (40%) vs. HFO-1336mzz(Z) (60%)
Degrees of Sum of
Mean
Factor
F
P
Freedom Squares
Square
Type HFO
2
2,030
1,020
1,460
0,362
Pure Error
3
2,100
0,699
Table A-3. ANOVA of Dimensional Stability at 70 ºC, two weeks, HCFC 141b vs HFO1233zd(E) (40%) vs. HFO-1233zd(E) (60%)
Degrees of Sum of
Mean
Factor
F
P
Freedom Squares
Square
Type HFO
2
1,360
0,679
1,300
0,393
Pure Error
3
1,570
0,523
A.2 Dimensional Stability at -30°C
Table A-4. ANOVA of Dimensional Stability at -30 ºC, two weeks
Degrees
Sum of
Factor
of
Mean Square
F
P
Squares
Freedom
Type de blowing agent (A) 1
0.005
0.005
0.207 0.661
Mole fraction (B)
3
0.286
0.095
3.753 0.060
A*B
3
0.056
0.019
0.740 0.557
Pure Error
8
0.203
0.025
Table A-5. ANOVA of Dimensional Stability at -30 ºC, two weeks, HCFC 141b vs HFO1336mzz(Z) (40%) vs. HFO-1336mzz(Z) (60%)
Degrees of Sum of
Factor
Mean Square
F
P
Freedom Squares
Type HFO
2
0,160
0,080
1,820 0,304
Pure Error
3
0,132
0,044
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Table A-6. ANOVA of Dimensional Stability at -30 ºC, two weeks, HCFC 141b vs HFO1233zd(E) (40%) vs. HFO-1233zd(E) (60%)
Degrees
Sum of
Mean
Factor
of
F
P
Squares
Square
Freedom
Type HFO
2
0,221
0,111
24,130 0,014 Significant
Pure Error
3
.0137
0,005
A.3 Foam adhesion to metal (galvanised steel)
Table A-7. ANOVA of Adhesion strength to metal
Degrees
Sum of
Factor
of
Mean Square
F
P
Squares
Freedom
Type de blowing agent (A) 1
5476.000 5476.000
20.325 0.002
Mole fraction (B)
3
4215.045 1405.015
5.215 0.028
A*B
3
6682.645 2227.548
8.268 0.008
Pure Error
8
2155.380 269.423

Significant
Significant
Significant

Table A-8. ANOVA of adhesion to metal, HCFC 141b vs HFO-1336mzz(Z) (40%) vs. HFO1336mzz(Z) (60%)
Degrees
Sum of
Mean
Factor
of
F
P
Squares
Square
Freedom
Type HFO
2
339,220 169,610
13,410 0,032
Significant
Pure Error
3
37,940
12,650
Table A-9. ANOVA of adhesion to metal, HCFC 141b vs HFO-1233zd(E) (40%) vs. HFO1233zd(E) (60%)
Degrees
Sum of
Mean
Factor
of
F
P
Squares
Square
Freedom
Type HFO
2
5.228,260 2.614,130
36,210 0,008
Significant
Pure Error
3
216,560 72,190
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Executive Summary

During the 76th meeting of the Multilateral Fund´s Executive Committee for the Implementation of
the Montreal Protocol, Costa Rica´s implementation proposal was approved, it consisted in a pilot
project called “Replacement of a HCFC‐22 refrigeration system by a R‐717/R‐744 (NH3/CO2) system
in cold storage warehouse finished product of Premezclas Industriales para Panadería S.A.”; this
refrigeration system is characterized by using two circuits, one of NH3 (ammonia) and another of
CO2 (carbon dioxide), being NH3 in the high temperature system and CO2 in the low temperature
circuit driven by pumps, where CO2 is used as a heat transfer fluid (Brine). This characteristic makes
this project not only innovative but also being the first and only one in the Central American region
that has been adopted in the food manufacturing industry.

The project replaced an original refrigeration system that used HCFC‐22 as a refrigerant with a
cooling capacity of 176 kW (50 TR), responsible for maintaining an average temperature of ‐11°
Celcius in the finished product chamber.

The new NH3/CO2 cascade system began its implementation on June 2017 and it was launched on
January 2018.

The works were contracted to a Costa Rican company called CUESA Construcciones HU Sociedad
Anónima under a "turnkey" contract with a total cost of US$943,000, who acquired Mycom brand
equipment, through another Costa Rican based company named Mayekawa de Centroamérica SA.
The direct contribution of the Multilateral Fund for the Montreal Protocol to execute this project
was US$444,000, and the rest was funded by a company´s counterpart.

The project´s implementation achieves the displacement of 909 kg of HCFC‐22 that were installed
in an equipment that exceeded its useful life, for more than 15 years, and reduced the emission of
HCFC‐22 used in the system´s maintenance activities due to the leaks of this refrigerant, whose
average consumption during fiscal years of 2015‐2016 and 2016‐2017 was 1314 kg. Therefore,
considering the ODP and GWP of HCFC‐22 there is a benefit in the protecting the ozone layer and
climate.

The new technology that was adopted allows PINOVA to reach temperatures of ‐18° Celcius in the
finished product chamber, a result never achieved before with the original system and from the
energy consumption point of view, the NH3/CO2 system is more efficient than the original
installation. During the first two months of 2018 (January and February) PINOVA company reports
a 10% reduction in the billed energy with regards to the normal manufacturing levels during 2017.
It is expected that when the system stabilizes and there is better administration culture of opening
of freezer´s doors of the finished product chamber, the energy saving can reach up to 20%, according
to the estimate that was made.

It is demonstrated that the use of NH3/CO2 cascade system, with recirculated CO2 brine, is an
innovative solution for medium manufacturing companies in Costa Rica, which can be adopted by
other national and/or regional companies that require finding a definitive solution due to the
imminent displacement of refrigerants that deplete the ozone and produce atmospheric warming.

The new system provides PINOVA lower production costs due to the reduction of the operational
costs by lowering the electricity consumption, fewer maintenance interventions, the non‐
acquisition of HCFC‐22 to replace the refrigerant gas that escapes into the environment and the use
of natural gases that cost less with respect to chemical refrigerants.

The alternative selected by PINOVA allows it to contribute to the business commitment of Carbon
Neutral and to Costa Rica´s Carbon‐Neutrality target by 2021.

1. Introduction
1.1 Background.
Premezclas Industriales para Panadería S.A. (PINOVA) requires the use of low temperature
refrigeration systems for its manufacturing process and then the temporary storage for the
different bakery and confectionary bases that are manufactured.
During the manufacturing process, rapid freezing tunnels are required with temperatures of ‐
35°C, the refrigeration systems operate with ammonia as the main refrigerant in direct
expansion.
In order to storage the finished products, a freezing chamber of 9000 cubic meters and a system
of three pre‐chambers are required for the entry and exit of the finished product. The maximum
storage capacity in the chamber is of 250 tons of finished product, which has been limited by
the operating capacity of the refrigeration system that worked until December 2107, with an
average temperature of ‐11°C that was directly related to the age of the equipment, that
exceeded fifteen years and is based on the use of HCFC‐22 with a 909 kg cargo.
During the fiscal year of 2015‐2016, the consumption of HCFC‐22 refrigerant reached 1,655.71
kg and during the fiscal year of 2016‐2017 it reached 971.75 kg of HCFC‐22, generating the
equivalent of 4730 tons of CO2, compromising the company´s public carbon neutrality
agreement.
In 2013 comes the opportunity to present to the Executive Committee of the Montreal Protocol
proposals to develop pilot projects with the characteristic that these will be energy and
environmentally efficient. Therefore, the reconversion project of a HCFC‐22 system to a
NH3/CO2 cascade system with recirculated CO2 brine for the finished product freezing chamber
of the company Premezclas Industriales para Panadería S.A (PINOVA), is submitted and
approved at the 76th meeting of the Executive Committee of the Montreal Protocol.

1.2 HPMP and HCFC‐22 consumption
Costa Rica does not produce HCFCs, therefore, all HCFCs that exist in the country is imported.
HCFC‐22 is the main HCFC imported into the country, used mainly for the service and
maintenance of refrigeration and air conditioning equipment (RAC).

Consistent with this situation, a phased approach is adopted for the HCFC phase‐out
management plan, based on the average consumption for the years 2009 and 2010,
respectively.
Since 2010, Costa Rica applies a licensing system for the importation of HCFCs and HFCs covered
by regulation 35676 S‐H‐MAG‐MINAET. This system is implemented by the National Ozone Unit,
the Office for Environmental Quality Management of the Ministry of Environment and Energy
(MINAE), in coordination with other government institutions, universities, business chambers
and private companies.
In 2014, Costa Rica eliminated 83% of HCFC‐141b import, through the implementation of a
project to reconvert the foaming lines in the manufacture of domestic refrigerators. Currently,
small amounts of pure HCFC‐141b are imported to be used in refrigeration and air‐conditioning
system (RAC) service, as well as some smaller quantities of pre‐blended polyol used by small
foam manufacturing companies.

Table #1
HCFC Consumption in Costa Rica.

HCFC ODP
tons

2009

2010

2011

2012

2013

2014

2015

2016

HCFC‐22
HCFC‐141b *
HCFC‐142b
HCFC‐124
HCFC‐123
HCFC‐225ca
HCFC‐225cd

10.60
3.11
0.34
0.13
0.01
0.00
0.00

9.45
4.06
0.46
0.04
0.00
0.00
0.00

18.62
3.13
0.00
0.00
0.00
0.00
0.00

16.98
5.35
0.61
0.05
0.01
0.00
0.00

9.80
2.58
0.16
0.02
0.06
0.00
0.00

9.80
2.55
0.16
0.02
0.06
0.02
0.03

8.56
2.19
0.14
0.01
0.05
0.05
0.07

8.55
2.23
0.10
0.01
0.00
0.00
0.00

Subtotal

14.20

14.01

21.75

22.99

12.60

12.64

11.08

10.89

(*) Only use as cleaning agent.
(Source: HPMP CR 2016 Progress Report)

Table # 1 shows the volume of HCFC imports in ODP (Ozone Depletion Potential) for the years
2009 to 2016 compared to the baseline (2009‐2010), during 2011 and 2012, imports had an
expected increased, because HCFC importers knew about the implementation of the import
quota system in 2013. With the implementation of import quotas for HCFC, the consumption of
these substances was reduced in 2013 to the maximum levels allowed. The total import of

HCFCs in Costa Rica should not exceed 14.1 ODP tones (baseline value), as established in
national legislation.
Chart No. 1
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Chart #1 shows the behavior of HCFC imports with respect to the phase‐out commitment
assumed by Costa Rica, which shows that the level of consumption is below the authorized
quantities.

2

Importance of the pilot project

Regarding the importance of the implemented project, the following points can be highlighted:


Allows the food manufacturing sector to have a definitive technological option available in light
of the HCFC refrigerant elimination process and the HFC refrigerant control process recently
approved in the Kigali Amendment of the Montreal Protocol.



Start up a technologically advanced refrigeration system, with less environmental impact and
greater energy efficiency.



Reduce imports of HCFC refrigerants, which impact stratospheric ozone and increase global
warming.



Shows the users of refrigeration systems, both national and Central American, based on the
success of the implemented project, that it is possible to adopt a technology based on natural
refrigerants that covers the refrigeration needs that currently use HCFC ‐22.



Generate confidence within the decision‐making levels, related to the adoption of definitive
natural technologies in RAC systems, in the commercial and industrial sector of Costa Rica.



Provide the country with the opportunity to receive technology transfer in the installation,
operation and start‐up of RAC systems by experts, where this technology has already been
implemented.



Eliminate 900 kg of HCFC‐22 installed in one single industrial equipment, which will be destroyed
through the program of destruction of refrigerant gases in cement kilns in Costa Rica.



Create national technical capacity for the use, installation and design of the NH3/CO2 cascade
technology with recirculated CO2 brine.



Innovate technologies used for refrigeration in the food manufacturing sector.



Develop and implement a pioneering refrigeration NH3/CO2 cascade system with recirculated
CO2 brine, in the food manufacturing sector in the Central America and the Caribbean region.



Break paradigms regarding the installation of refrigeration systems using B3 (NH3) classified
natural refrigerants with high working pressures (CO2).



Promote sustainable technologies from a technical, environmental and energy efficient point of
view.

3. Project Description

3.1 Characteristics of the original installation with HCFC‐22
The original equipment that used HCFC‐22 and that the base for this demonstrative project, was the
result of a first conversion carried out by the company in the early 2000s, which at that time used
CFC‐502.

The original refrigeration system, that PINOVA operated for more than 15 years to cool the finished
product chamber, was composed of a single‐stage direct expansion system, with a refrigerant
charge of 909 kg of HCFC‐22.

3.1.1

Characteristics of the equipment installed in the original system.

The general characteristics of the equipment that constituted the original installation are shown in
the following table.

Table #2
General characteristics of the original equipment that used HCFC‐22 refrigeration system and
power of its electric engines.

Equipment

Quantity

Compressor #1
Compressor #2
Compressor #3
Compressor #4
Compressor #5
Compressor #6
Evaporator #1
Evaporator #2
Condenser#1
Condenser #2
Condenser #3

1
1
1
1
1
1
11
3
1
1
1

Number of
Engines
1
1
1
1
1
1
13
6
2
2
8

Unit Power

Type
Screw
Screw
Screw
Reciprocating
Reciprocating
Reciprocating
Axial fan
Axial fan
Axial fan
Axial fan
Axial fan

HP
60
60
50
6
6
7
5
1.5
3
3
3

kW
44.76
44.76
37.30
4.48
4.48
5.22
3.73
1.12
2.24
2.24
2.24

Total Power
kW
44.76
44.76
37.30
4.48
4.48
5.22
48.49
6.71
4.48
4.48
17.90
223.05
Source: own creation

The total drive power that was installed in the compressors of the original HCFC‐22 system was 223
kW (299 HP), with a cooling capacity of 176 kW (50 TR), this would require a manufacturing process
that demanded the operation of the system to be of 24/71. Annex #1 shows photographs of the
original installation.

1

24 hours a day 7 days a week

3.1.1

System operating parameters.


Chamber temperature.
The original system reached an average temperature of ‐11°C inside the
finished product chamber, not allowing lower temperatures in this chamber,
which limited the possibility of taking advantage of all the available space for
storage.



Energy consumption
The energy consumption of the original installation was related to old
equipment that was installed, shown in table #2. Due to the conditions of the
manufacturing process, the operation of the refrigeration system was 24/7.
According to company estimates, 18% of the monthly electricity consumption
corresponded to the energy consumption of the HCFC‐22 system.

Table #3
Estimate energy consumption of the original cooling system of the finished
product chamber.
Energy consumed (kWh)
Day
Month
Year
5,353.30 160,598.88 1,927,186.56
Source: own creation

Appendix #1 shows the calculation details made to determine the energy
consumption, where the variable is the daily operating time of each equipment.
According to the information provided by PINOVA's maintenance and
production departments, the limited capacity of the original system versus the
demand for finished product, makes this system operate continuously at its
nominal capacity (24/7/30/12), data that was used the estimate of the energy
consumption in Appendix # 1.

3.2 Characteristics of the new NH3/CO2 cascade installation with recirculated CO2 brine.

The new system that was installed is characterized by having a recirculated CO2 secondary
circuit, known as brine system, which operates under a principle similar to "iced water"
installation used in central air conditioning systems with chillers. In the installed system, the
CO2 refrigerant condensed at low temperature is circulated by a centrifugal pump system. The
following diagram shows in a simplified manner the new installation made in PINOVA.

Diagram # 1
NH3/CO2 cascade system with recirculated CO2 brine

Source: Mayekawa

Until this date, the existence of another similar facility in Central America is not known.
However, if there are 2 "brine" NH3/CO2 installations in South America, specifically in
Argentina and Ecuador. Being this last one, the installation that served as inspiration to
duplicate this technology in Costa Rica.

3.2.1

Characteristics of the installed equipments.

The new installation has high end technology equipment and systems, the electric engines
integrated into the different equipment of the NH3/CO2 "brine" system are Premium
efficiency, with electronic low voltage starting systems, solid state type.

The tanks and containers were built in carbon steel, inspected and stamped under ASME
standards Section VIII, Div. 1. Year 2005. All the equipments were imported, built under the
specifications of PINOVA through the Mayekawa company and its network of suppliers.

The following table shows the general characteristics of the new facilities equipment.

Table #4
General characteristics of the new refrigeration equipment with NH3/CO2 brine
cascade system and electric motors power
Equipment
Compressor #1
Compressor #2
Oil pump Co. #1
Oil pump C0. #2
Compressor #3
Evaporative condenser
Evaporative condenser pump
Evaporator PH #1
Evaporator PH #2
Evaporator PH #3
CO2 pump #1
CO2 pump #2
Antechamber evaporator #1
Antechamber evaporator #2
Antechamber evaporator #3

Quantity

Number of
engines

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
3
3
3
1
1
2
2
2

Type
Screw
Screw
Positive displacem
Positive displacem
Reciprocating
Axial fan
Centrifuge
Axial fan
Axial fan
Axial fan
Centrifuge
Centrifuge
Axial fan
Axial fan
Axial fan

Unit Capacity
HP
100
100
1.5
1.5
30
0
0
3
3
3
0
0
0.75
0.5
0.5

Total Power

kW
74.60
74.60
1.12
1.12
22.38
11.00
1.50
2.24
2.24
2.24
2.20
2.20
0.56
0.37
0.37

kW
74.60
74.60
1.12
1.12
22.38
11.00
1.50
6.71
6.71
6.71
2.20
2.20
1.12
0.75
0.75
213.47

Source: own creation

The total cooling capacity is 359.4 kW (102.2 TR), and total installed electrical power is 213
kW (280 HP), the operation of the system is still 24/7 and all engines are highly efficient.
A detailed characteristic of the equipment that constitutes the new facility are shown in
Appendix # 2.

3.2.2

Technical and system operating parameters.


Chamber temperature.
The operating conditions of the new brine NH3/CO2 refrigeration system are
defined by:


Temperature of the finished product chamber of ‐18°C.



Antechamber temperature from 0°C to 5°C.



Evaporation temperature on the ammonia side (NH3) of ‐30°C.



Condensation temperature 35°C.



Wet bulb temperature of 26°C.



Thermal load of finished product chamber 274.2 kW (78 TR).



Thermal load of the loading platform 30.9 kW (8.8 TR)



Thermal load of the band area 27.8 kW (7.9 TR)



Thermal load of the filling chamber 22.9 kW (6.5 TR)

Table # 5 shows the monitoring of three points of the finished product chamber,
points specially defined by PINOVA´s technical staff which were define as hot
spots by the effect of convection currents. The monitoring was performed for a
period of 6 days, 17 hours, 20 minutes. It shows that the average temperature
remains above ‐18°C, which was the design temperature of the new cooling
system.

Table #5
Temperature monitoring of finished product chamber with NH3/CO2 system

Zone 1
Temperature
‐13.10
Minimum (°C)
Maximum (°C) ‐21.80
‐19.65
Average (°C)

Zone 2
‐13.90
‐21.50
‐20.11

Zone 3
‐12.10
‐20.10
‐19.65

Source: Cuesa Construcciones HU Sociedad Anónima.



Estimated energy consumption.

Just like in the original cooling system, the new NH3/CO2 system also works
24/7. Table # 6 shows the average energy consumption of the new system.

Table #6
Estimated energy consumption of the NH3 / CO2 cascade "brine" cooling system
of the finished product chamber.
Energy Consumption (kWh)
Day
Month
Year
4,258.11
127,743.30 1,532,919.60
Source: own creation

As it can be seen, between the data that is shown in tables #3 and #6, there is
a reduction in energy consumption, estimated in regards with the original
system, of 20%.
Appendix #2 shows the calculations made to estimate the energy consumption,
where the variable is the daily operation time of each equipment. According to
PINOVA´s maintenance and production department records, the new system
works 24/7, however, of the three compressors installed, only one worked at
nominal capacity during this period.

The new refrigeration system began its trial and tuning period during January
2018. Since that moment, the original system went out of operation, therefore,
according to the electricity bill there was a saving of energy consumption
recorded during the months of January and February of 2018.

Graphic #2 shows the behavior for the first two months of 2018, with respect
to the 4th quarter of 2017. During November and December there is a reduction
in the amount billed on electricity, this corresponds to non‐working days
according to PINOVA´s production schedule, also during December there were
some non‐working days because of the social activities carried out by the staff.

Graphic # 2
Average energy invoiced per day during the first months of fiscal year 2018
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Source: PINOVA´s maintenance department

Considering the average billed between September‐October and January‐
February, a decrease of 10.23% in energy consumption was obtained. This value
can grow once the system is stabilized, and the company generates a better
management culture of opening the chamber doors to reduce infiltration,
which should reach about 20%, according to estimates made.

4. Project´s installation process and start‐up

The project´s installation and start‐up process was carried out under a series of duly planned
activities, with the goal of minimizing risks that could generate delays, compromising the
installation and start‐up of the new equipment.

4.1 Structural evaluation

Before starting with the assembly process of the acquired equipment, the structural assessment
of the sites where the new equipment would be installed was carried out by specialists in
structural engineering.

4.2 Bidding process
A bidding process was carried out where the technical and administrative conditions of the
execution of the project were defined.

4.3 Offer Reviews.
UNDP national and international consultants reviewed and validated the offers that were
received. From this review, PINOVA selected the most convenient offer.

4.4 Execution of contracts, agreements and purchase orders.
The parties (applicant and supplier) transcribed their agreements into a contract, in which all
the conditions were established, they included:


The project would be executed turnkey.



The supplier would supply all the equipment, materials, labor and structures necessary
for the project´s start‐up.



The project´s total cost and the amount to be paid was established as $943,000 USD.



The execution period would be 22 weeks.



Once signed, the execution period of the project was considered official, and the
purchase orders were issued in order to contract the necessary services and
equipment.

A MINAE‐PINOVA agreement was also executed, this agreement defined how the project´s
disbursements will be made with the co‐financing received by the Multilateral Fund of the
Montreal Protocol, which was $ 444,000 USD for the acquisition of equipment. The funds were
administered by UNDP Costa Rica, and the disbursements were executed according to the
project´s progress.

4.5 Work Plan.

The supplier developed a work plan, this was reviewed and approved by the technical
committee that was established to follow up the project and assess the compliance of the
proposed activities.

4.6 Follow up meetings.
During the project´s execution period a weekly meeting was held to show the implementation
progress and coordinated the weekly activities that interfered with the operation of the
manufacturing plant, transportation and internal movements of equipment

4.7 Equipment Assembly.
The equipment was acquired from the company Mayekawa of Central America S.A., through the
project´s contractor, CUESA Construcciones HU Sociedad Anónima. The import and
nationalization of the equipment was in charge of Mayekawa de Centroamérica S.A. The
assembly, electromechanical installation and testing of mechanical systems was in charge of the
contractor CUESA Construcciones HU S.A.

Annex #1 shows the chronological photographic record of the project´s development from the
beginning of the works until the start‐up of the new system.

4.8 Testing process.
Before the start‐up, the system was subjected to different tests, among them:


Testing of welded connections of pipes and parts, using non‐destructive tests such as
penetrating liquids and ultrasound. (See Annex #3)



Sweep pipes with nitrogen to remove solid waste.



Leak test of the refrigeration circuit, by positive gauge and vacuum pressure, under the
recommendations of the specialists, the project´s national and international consultant
from UNDP.

4.9 Refrigerant charge in the equipment.

The refrigerant charge was executed with the participation of specialized companies that supply
of industrial gases and natural refrigerants, with the assistance of CUESA and Mayekawa of
Central America´s technical personnel, under protocols established for this purpose.

5. Benefits expected with the project.
5.1 Environmental.
From an environmental point of view, the project provides the following benefits.


Lower emissions of ozone‐depleting gases and greenhouse gases. Both, the direct
emissions from the consumption of R22 in the maintenance processes of the
previous system, and the indirect emissions due to the consumption of energy.



Opportunity to maintain PINOVA and Costa Rica´s social commitment of "Carbon
Neutrality".



The project is consistent with Costa Rica´s commitment acquired in the Paris
agreement.



5.2

Reduction of indirect effect due to lower energy consumption

Technological and business


Technology transfer that involves the acquisition of new knowledge for national
technical personnel.



Strengthening of national capacity (contractor and technicians) in the installation
of refrigeration systems that work with natural refrigerant gases in Costa Rica
(NH3/CO2).



Real opportunity to show the benefits of using natural technologies in refrigeration
systems.



Offer of technical capacity for new future projects in the country or in the Central
American region.



South‐South cooperation between PINOVA in Costa Rica and UNILEVER in
Guayaquil, Ecuador, before and after the system´s start‐up.



Opportunity to provide technical assistance and carry out a technology transfer to
other national and regional industries.



The technical training stage of PINOVA´s personnel held in March 2018 in Guayaquil,
Ecuador; the new installation of PINOVA and specifically the use of Penhouse type
evaporators, represent an option that could be adopted by UNILEVER Ecuador, in
order to solve maintenance problems in their installation.

5.3

Economic.


Savings due to the elimination of HCFC‐22 consumption in PINOVA´s finished
product chamber, which reached on average of 1314 kg during 2015‐2016 and
2016‐2017 fiscal years.



Reduction of service operations demanded by the finished product chamber and
unscheduled shutdowns of the cooling system.



Savings in energy consumption and in the cost for cooling PINOVA´s finished
product chamber.



Decrease in the outsourcing of refrigerated warehousing services contracted due to
the lack of cooling capacity of the old HCFC‐22 system.

5.4

Dissemination for other users in Costa Rica and Latin America


It is expected to disseminate the project within the national business chambers
where food manufacturing industries are located in the following sectors:





Baking industry.



Dairy industry.



Meat and sausage industry.



Fishing industry.



Frozen products storage services industries.

At the regional level, the project will be disseminated through the national ozone
offices, which are the focal point for programs and projects under the Montreal
Protocol.



It will also be disseminated among other non‐governmental organizations that
support migration to the use of natural refrigerants that generate less
environmental impact and more efficient in energy consumption.

6. Problems faced and lessons learned.


During the development of the project there were climatic phenomena (hurricanes)
that affected the process of importing equipment, these are incidental causes that
cannot be considered in the general planning of the project.



It is necessary to maintain a strict control of the projects in order to generate corrective
actions when there are unforeseen events, so that the schedule is not affected.



It is important that the implementation of projects, such as the one adopted by PINOVA,
generate national capacity.



The option provided to PINOVA´s staff to previously know a similar facility in Guayaquil,
Ecuador; was fundamental for the final decision about the technology to be adopted.

7. Conclusions and recommendations


It is demonstrated that the use of NH3/CO2 cascade system, with recirculated CO2
brine, is an innovative and viable solution to be implemented in medium manufacturing
companies in Costa Rica.



The implementation carried out by PINOVA can be adopted by other national and/or
regional companies, that need to find a definitive solution to replace refrigerants that
deplete the ozone and produce atmospheric warming.



The implementation of the new cooling system for the finished product chamber based
on the use of NH3/CO2 cascade, with recirculated CO2 brine, provides PINOVA savings
in electricity consumption.



During the first two months of operation with the new system, the electric power billing
already reflects a reduction of 10%.



According to the estimate that was done, the new system can save up to 20% in the
electricity billing, as long as there is a culture in managing the door openings of
PINOVA´s finished product chamber.



The technology based on natural refrigerant gases, adopted by PINOVA, eliminates the
emission of ozone‐depleting substances and will reduce emissions and greenhouse
gases.



The technology adopted and implemented by PINOVA, demonstrates that it is possible
to break the barriers to apply natural gases with levels of toxicity, flammability and that
work at high pressures.



The start‐up of the new system provides PINOVA with lower production costs due to
the reduction in electricity consumption, less maintenance interventions, the non‐
acquisition of HCFC‐22 to replace the refrigerant gas that escape into the environment,
the use of natural gas of lower cost in comparison to chemical refrigerants.



The alternative selected by PINOVA allows it to contribute to the business commitment
and the government of Costa Rica´s target of Carbon Neutral and the Carbon‐Neutrality
target by 2021.



In the medium term it will be necessary to execute another training to the technical
personnel, according to the increased experience in the operation, service and
maintenance of the new NH3/CO2 equipment. As well as specific service procedures
required as the age of operation of the new system advances.



The technology should be shown to technicians, refrigeration and engineering students
as a role model and recommend. Likewise, business decision‐makers are key to promote
the change in similar industries.



It is fundamental to perform a regular monitoring of the system´s operation in order to
document and show the stakeholders the benefits of the technology related to energy
consumption and operational data. Additionally, this information can be published in
business journals, institutional publications, including UNDP.

Ministry of Environment and Energy
Male’, Republic of Maldives.
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1.

HCFC phase‐out in the Maldives

The Maldives is a small island country and consumes HCFC‐22 in refrigeration and air‐
conditioning applications. The consumption of HCFC‐22 in the year 2017 was approximately
43.6 MT, which was a 35% reduction from the baseline. Of this total consumption, fisheries
sector applications make for approximately 15‐20% of the total consumption.
Fisheries sector plays an important role in the Maldives economy. It is the second largest
contributor to Maldives’ economy and employs a significant population of the country. The
fish catch of Maldives is stored, processed, and exported globally. HCFC‐22 is consumed in
fisheries sector in a range of applications and predominantly in fishing vessels, processing
and storage applications. Many of this equipment still have an economic life, although old
and require continued use of HCFCs for their operations. Given that fishing vessels operate
in sea and many times under rough sea and/or weather conditions, it is difficult to control
leakage and adopt good servicing practices like in other equipment such as refrigeration
equipment using HCFCs in land.
Stage I of HPMP, included retrofitting HCFC based equipment in the fisheries sector. Due to
technological constraints and the need for compliance of the country, ODS free alternatives
were selected as retrofit/drop‐in substitutes. Due to high GWP of the selected refrigerant,
the further usage was not advised to fishing sector. Based on these experiences, UNDP in
May 2016 submitted a “Demonstration project for HCFC‐free low‐global warming potential
alternatives in refrigeration in fisheries sector” to the 76th ExCom, got approval to find out
the low GWP alternatives for fisheries sector. Fishing industry has agreed with the
Government of the Maldives to continue their efforts to convert to low GWP alternatives
that are technically feasible and economically viable, as and when such alternatives become
available in the market. Hence, in order to help the fishing industry, particularly sea‐borne
vessels that use HCFCs, this project aims to demonstrate low‐GWP HCFC free alternatives for
use by fishing industry in the Maldives.

2.

Maldives Fisheries sector

The fisheries sector plays a critical part in the country’s economic development, with the
fisheries sector contributing a significant contribution to food security, as fish is the primary
source of protein in the local diet (FAO, 2016). It is one of the most important primary
economic activity in almost all of the country’s inhabited islands.
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Maldives benefits from access to high quality fisheries stock, but a large share of its value is
lost through export of fish as commodities to intermediary markets. Previously, Maldives
shipped 90 percent of its fishing catch of tuna in dried form to Sri Lanka. In 1979, Maldivian
government created the Maldives Fisheries Corporation.
As opposed to tourism, fisheries accounts for a very small contribution to GDP (1.7 percent)
but a larger share of employment (10.5 percent). Currently the fisheries sector generates
USD 110 million in export revenue.
The fisheries sector includes local fishing communities and enterprises developed for
collection and processing of the catch. As shown in Table 1‐ Table 5, there are about 17
fisheries enterprises in operation, 4 facilities not in operation at the moment, 4 enterprises
under construction, 7 facilities planned and 1 facility construction delayed.
Table 1: Fisheries Enterprises/Facilities in Operation
No

Atoll

Island

Company Name

1
2
3
4
5
6
7
8
9
10

R
K
K
K
K
Aa
V
Dh.
Dh
Ga
Gdh
Gdh
Gn
S
K
Laamu
Maandhoo
Lh.
Felivaru
Hulhumale

Dhuvaafaru
K. Atoll (Barge)
Hura
Gaagandu
Hulhumaale
Ukulhas
Thinadhoo
Meedhoo
Kudahuvadhoo
Kooddoo
Thinadhoo
Faresmaathoda
Fuvahmulah
Hithadhoo
Hulhumale
Maandhoo Fisheries
Complex
Felivaru Fish
Processing
Maldives Marine
Products
Kandu Oiygiri
Maldives

MWSC
IOF Cooperation Pvt Ltd. FV
Blue Line ‐ Euro Global Maldives Pvt ltd
Marine Coral Fish Processing Factory
Ensis Fisheries Pvt Ltd
United Regional Corperative Society
Ilyas Ibrahim / Ufanveli / N. Holhudhoo
Beach Builders Pvt Ltd
Bright Brother's Pvt Ltd
Kooddoo Fisheries Maldives Ltd

11
12
13
14
15
16
17

K. Kandu
Oiygiri

Cooling
Capacity
(Tons)
50
100
60
15
110
32
10
25
12
2000
100
10
40
40
‐
3500

Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating
Operating

STO

750

Operating

Maldives Marine Products

80

Operating

STO

120

Operating

Big Fish South Pvt. Ltd
Addu Fresh Pvt. Ltd.
Umar Jamaal
Horizon Fisheries

Status
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Table 2: Fisheries Enterprises/Facilities not in operation
No

Atoll

17
18
19
20

Sh
K
Th
Th

Island

Company Name

Keekimini
K. Atoll (Barge)
Tha. Atoll (Guraidhoo)
Funadhoo

Island Enterprises Pvt. Ltd.
Alize (FV)
IOF Cooperation
Funnadhoo Tuna Products Pvt. Ltd.

Cooling
Capacity
(Tons)
50
10
50
15

Status

Not operational
Not operational
Repairing
Not operational

Table 3: Fisheries Enterprises/Facilities under Construction
No

Atoll

21
22
23
24

K
F
GDh
GDh

Island

Company Name

Himmafushi
Nilandhoo
Fiyoree
Gahdhoo

Bigfish Pvt Ltd
Kooddoo Fisheries Maldives Ltd
Kooddoo Fisheries Maldives Ltd
Kooddoo Fisheries Maldives Ltd

Cooling
Capacity (Tons)
40
25
25
25

Status
Under Construction
Under Construction
Under Construction
Under Construction

Table 4: Fisheries Enterprises/Facilities Planned
No

Atoll

Island

Company Name

25
26
27
28
29
30
31

N
R
B
Th
Ga
Ga
Ga

Lhohi
Alifushi
Thulhaadhoo
Hirialndhoo
Kolamaafushi
Dhehvadhoo
Dhaandhoo

Felivaru Fisheries Maldives Ltd
Felivaru Fisheries Maldives Ltd
Felivaru Fisheries Maldives Ltd
Kooddoo Fisheries Maldives Ltd
Kooddoo Fisheries Maldives Ltd
Kooddoo Fisheries Maldives Ltd
Kooddoo Fisheries Maldives Ltd

Cooling Capacity
(Tons)
20
20
20
20
20
20
20

Status
Requested for land
Requested for land
Land allocated
Land allocated
Land allocated
Land allocated
Requested for land

Table 5: Fisheries Enterprises/Facilities delayed
No

Atoll

32

K

Island

Male' (barge)

Company Name

Ocean Fresh Pvt. Ltd.

Cooling
Capacity
(Tons)
50

Status

delayed Construction

The government of Maldives strongly focus on development of solutions with low GWP
alternatives and energy efficient systems while phasing out HCFCs. In this regard, the
facilities planned/under construction will definitely be with low GWP refrigerants as these
facilities are land based where ammonia are predominant.
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2.1

Technologies used in sea‐borne refrigeration applications

An assessment was carried out to find out the refrigeration technologies used across the
fisheries vessels by the fisheries enterprises of the Maldives. Most commonly used systems
are Refrigerated Sea Water (RSW) Systems that are used both at Mother Vessels as well as
the collector vessel. Figure 1 shows a general RSW system and Figure 2 shows a collector
vessel of Maldives. Figure 3 shows a RSW system used in the Maldives.
Referred RSW systems are used to cool down the fish being collected and stored across the
tanks and are currently installed for usage in the mother vessel and fish collector vessels of
the fisheries enterprises.
Refrigerated Sea Water (RSW) systems chill fish
through a mechanical process that pulls heat
from the catch within the fish into an
evaporator, and then discharges that heat
overboard through a condenser. Most RSW
units require between 5hp and 15hp, and this
energy is supplied to the unit through auxiliary
diesel generators installed in the vessel.
Figure 1: Refrigerated Sea Water (RSW) System

(Available at https://www.teknotherm.no/fisheries/fisheries‐systems/rsw‐systems/)

Figure 2: Collector Vessel
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Figure 3: Vessels and their RSW systems

2.2

Technologies used in land based storage and processing

The review of the land based refrigeration systems revealed that the following technology
applications are in use across the fish processing and transportation enterprises of the
Maldives.
These technology options contribute to the various process of applications of fisheries sector
operations of the Maldives.
Table 6: Commonly used Shore‐based refrigeration equipment

No

1

Name of
the
Equipment

Freezer
Containers

Image of the Equipment

Purpose
A refrigerated container or reefer is
an intermodal container (shipping container)
used in intermodal freight transport that
is refrigerated for the transportation of fish.
As per the use in the fisheries sector,
enterprises use them as additional storage for
the fish processing activities.
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Transport
Trucks

A refrigerator trucks are used to carry fish at
specific temperatures. Refrigerator trucks
used in the fisheries sector are ice‐cooled,
equipped
with
mechanical refrigeration systems powered by
small displacement diesel engines. These
trucks transport the fish to various locations
such as to the airport or other locations.

Ice Plants

Ice plants are used for the production and
storage of ice, including the icemaker itself
that is the unit that converts water into ice
together with the associated refrigeration
machinery, harvesting and storage. Ice plants
used in the fisheries sector include block and
flake ice plants used across various
enterprises

Cold Rooms

All the fisheries enterprises in the Maldives
possess refrigerated cold rooms as a storage
facility attached to the fisheries enterprises.
They are designed as a 'walk‐in' facility and
are used for various functions within the
stated enterprises. Besides storing fish, these
cold rooms are used as a processing room,
waste room, for provisions, sorting room,
packing room‐glazing room, receiving room,
offal room and for storing ice.

5

Blast
Freezers

Fisheries enterprises in the Maldives also use
blast freezers also known as shock freezers.
Such freezers are intended to rapidly lower
temperature of fish catch down, freezing
them extremely quickly. These specialized
freezers are used across the fisheries
enterprises in the Maldives.

7

Air
conditioner
s

Besides the aforementioned equipment,
several air‐conditioning units are also used
across the fisheries sector.

2

3

4
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2.3

The refrigeration complexes use industrial
cold rooms within the fisheries enterprise and
as such investments are high, there are only
limited numbers of such refrigeration
complexes in the Maldives.

Refrigeratio
n
Complexes

Review of refrigerant usage across Fisheries Sector

The fisheries sector consumes approximately 20% (MEE, 2016) of the HCFC imported into the
country. With the review of the technology options present in the fisheries sector and the
amount of HCFC still being used there is a considerable effect on the ongoing phase out
activities of HCFC across the fisheries sector, as the Government of Maldives has committed
to completely phase out HCFCs across the country by 2020. The Figure 4 shows usage of
HCFCs in fisheries applications.

Refrigeration
Compexes
0%

Freezer Container
0%

Air Conditioners
2%

Transport Truck
0%
Ice Plants
3%

Cold Room &
Chiller Room
2%
Blast Freezer
4%

Marine Vessels
89%

Figure 4 Presence of HCFC across Fisheries Enterprises of the Maldives

With the import control on HCFCs accompanied with the ban on HCFC based equipment, a
significant increase in the import of Hydroflourocarbons (HFCs) has been observed in the
recent years. The ODS survey carried in the Maldives in 2016 shows that with the start of
HPMP implementation in 2010 and subsequent enforcement of regulations, the percentage
Maldives, Demonstration project for fisheries sector
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of HCFC consumption has gradually decreased and consumption of ODS alternative
refrigerants has increased.
The ODS report shows that the consumption level of HCFCs at the end of 2015 was at 40%
while ODS alternatives account for 60% of the total refrigerant consumed in the country.
According to the ODS Alternative Survey, the commonly used HFC blends in the Maldives are
R‐404A, R407C, R410A, R417A; while occasionally consumed HFC blends are R‐507C and R‐
438A. HFC 134a is reported as the most commonly used HFC, accounting for 13% of the total
refrigerant consumed; and 31% of the total ODS alternatives consumed in the Maldives.
The projection shows overall growth of ODS alternatives use in the Maldives is 15% per
annum for the period 2016‐2030. R‐410A is projected to have the highest annual growth
followed by R‐407C, 48% and 18% respectively. R134a and R‐404A is projected to grow over
200% by 2030 and R‐407C and R‐410A is expected to grow over 380% by 2030 from the
consumption levels in 2015. Consumption of all ODS alternatives are projected to grow more
than 250% during 2016‐2030 period.
The tourism sector is found to be the largest consumer of R&AC equipment and refrigerant
in the Maldives. More than 13% of the total ODS alternatives imported into the country is
directly imported by the tourist establishments and a large amount imports by the local
suppliers are also consumed in tourism sector. The fisheries sector seems to the largest
consumer of HCFC as most of the fishing vessels are still using HCFC based equipment.
Furthermore, 16% of the ODS alternative refrigerant imported into the county is for use in
fisheries sector. Most commonly used ODS alternatives in fisheries and food processing
sectors are R‐134a, R‐404A and R‐410A (ODS inventory report, 2016). Some of the fisheries
related facilities use Ammonia especially in cold storages. However, as shown in Table 7,
except for Ammonia, all the other refrigerants used in the fisheries sector are high GWP
options.
Table 7: common refrigerants used in the fisheries sector of the Maldives
#
1

Refrigerant
R‐22

Common Applications
Filled within Freezer Containers, Ice Plants, Blast Freezers, RSW
Systems of Fish Collector and Mother Vessels, Cold Rooms and
Chillers and Air‐conditioners

GWP
1810

2

R‐134 A

Freezer Containers

1430

3

R‐404 A

Transport Trucks, Ice Plants, Cold Rooms and Chillers, Ice Plants,
Blast Freezers and land based refrigeration complexes.

3922
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4

R‐418A

Air Conditioners

1500

5

R‐ 410 A

Air Conditioners

2088

6

R‐438 A

2265

7

Ammonia

Air Conditioners, RSW Systems of Fish Collector and Mother
Vessels
Ice Plants, RSW Systems of Fish Collector and Mother Vessels
and land based refrigeration complexes.

0

As is evident, it is important to find a low GWP alternative option to the fisheries sector and
mostly to the sea‐borne applications.

2.4

Technology options versus refrigerants used across fisheries enterprises

The Table 8 below summarizes the various refrigeration technologies used across the
fisheries enterprises of the Maldives. HCFCs are used in almost all the applications except in
transport trucks and refrigeration complexes.
Table 8: Common Refrigerants and their Applications
#
1

Name of the
Equipment
Freezer Containers

2

Equipment Functions

Types of Refrigerants

Often used for storing fish and fish products

R‐22 (62%)
R‐134 (38%)

Transport Trucks

For Transportation of Fishery products

R‐404 A (100%)

3

Ice Plants

Used for making Ice

Ammonia (88%)
R‐22 (4%)
R‐404A (8%)

4

Cold Rooms/Chiller
Rooms

R‐22 (59%)
R‐404 A (41%)

5

Blast Freezers

Processing Room/Semi Processing
Room/Waste Room/Storing Fish/Provision
Room/Packing Room/Finished Products/
Sorting Room/Glazing Room/ Cooling Room
To freeze fish within a short duration

6

Fish Collector/
Mother Vessels
and Burges

Marine vessels are used for both collection
and sometimes processing

R‐22 (81%)
R‐404 A (19%)
Ammonia(15%)
R‐22 (85%)
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7

Air conditioners

Like other sector sectors Air conditioners are
also used within the Fisheries Sector

R‐22 (70%)
R‐410 A (20%)
R‐418 A (10%)

8

Refrigeration
Complexes

Limited refrigeration complexes are also used
in the Maldivian Fisheries Sector

Ammonia (99%)
R‐404 A (1%)

3.

Overview of the demonstration project

This Demonstration project was approved at the 76th ExCom in May 2016, for a 24 month
period. The demonstration project is to identify low‐GWP alternative technologies to HCFCs
for use in refrigeration equipment with a charge of 150 kg to 200 kg of refrigerant in the
fisheries sector.
With the implementation of the Demonstration Project, it is envisaged that the following will
be attained.
a.

The demonstration project will lead to: (i) research and analyse existing technology
options used in both sea‐borne refrigeration equipment and in land storage and
processing applications; (ii) undertake a technical assessment of low‐GWP options
in terms of their feasibility as drop‐in refrigerants as well as replacement options;
(iii) test the performance of substitutes including optimization of drop‐in or
replacement systems; and (iv) demonstrate the use of the selected substitutes.

b.

The project proposes to convert the HCFC‐22‐based refrigeration equipment in
three fishing vessels to low‐GWP technologies, by assessing alternative
technology performance, and evaluating the suitability of the selected
technology based on the cost of retrofitting and maintaining best possible
performance of the equipment without much hassle to the client. Based on the
evaluation, suitable technologies will be disseminated to the fishing industry
during HCFC phase‐out. The project will eliminate the use of 0.6 MT of HCFC‐22
in fishing vessels.

The demonstration project also includes;
 Undertaking a detailed technology research and analysis of existing options available
and technology choice and retrofit options
 Conducting Information sessions to the stakeholders
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 Preparation of bid documents for the purchase of refrigerants and other spare parts if
required
 Assisting selected enterprises on retrofitting of the selected equipment
 Preparation of manuals for all three retrofitted equipment applications
 Trainings for the technical staff on both retrofitting and their maintenance
Keeping in view the above mentioned outputs, to find a suitable HCFC free and low‐GWP
refrigerant to be used across the fisheries sector in different applications and on shore based
applications, the public fisheries company, Maldives Industrial Fisheries Company Limited
(MIFCO) was selected for this assessment. This is the largest fisheries enterprise in the
country. MIFCO was mainly selected because of the uncertainties involved in the project
along with the unavailability of alternatives for this sector. Hence, a Memorandum of
Understanding (MOU) was signed between the Ministry of Environment and Energy (MEE)
and MIFCO to undertake the assessment and to provide three vessels for the demonstration.

4.

Review of technology options

Various consultative processes were carried out to carryout the assessments and selection of
three vessels. Some of the parameters considered in selecting the vessels include the age,
refrigerant use, willingness to participate in the project and possible risks associated with the
implementation. The government of Maldives alonwith their technical experts participated in
an “International Conference on Sustainable Management of Refrigeration Technologies in
Marine and offshore Fisheries Sector” held at Bangkok from 6‐8 April 2017 to understand the
global scenario on fisheries sector. Further to carry forward the message on low GWP
available technologies as technology roadshow was organized by UN Environment on 14‐15
August 2017, where large number of manufacturer and refrigerant suppliers were present. A
special focus group meeting during the technology roadshow held in August 2017 provided
an excellent platform to discuss some of the challenges in finding and retrofitting new
refrigerants. The fisheries sector owners were present and round table discussions session
was organized. It was found that industry is not willing to move to A2L refrigerants. To
understand the difficulties faced by fisheries vessels an expert team who was present at the
roadshow a trip was made to different locations where MIFCO enterprises are located. The
team included experts from MIT, Honeywell, UNDP and Johnson Controls (Anshu Kumar,
UNDP, Bangkok, Alex Cohr Pachai, Johnson Controls, Denmark, Nitin Karwa, Sr. R&D
Engineer, Honeywell, India, Anand Joshi, Ex‐President Association of Ammonia Refrigeration,
India, Musthafa Rafeeu, Manager Business development, MIFCO (Felivaru fisheries complex,
kaduoiygiri fish village , kooddoo fish complex and addu fish complex). Main purpose of the
visit was to analyse the retrofitting options and possible vessels that could be selected for
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the project. Meetings were carried out with other fisheries vessel owners who were
reluctant to move toward to flammable and toxic refrigerants.
The following section provides details of the three vessels selected for the demonstration
project.

4.1

Overview of the Vessels selected

The Maldives Industrial Fisheries Company (MIFCO), is a public company engaged in the
production, processing and marketing of fish and fish products. Established in 1993, MIFCO
was relocated as a subsidiary of State Trading Organization (STO) in September 2016. As the
key manufacturers and exporters of frozen fish and fish products, Maldives Fisheries
Corporation (MFC) has a history dating back to 1979 when Maldives Nippon Corporation was
formed, in partnership with Marubeni Corporation of Japan, to process and can fresh tuna.
MFC was renamed as the Fisheries Projects Implementation Department (MFID), which was
transformed into MIFCO in 1993. At present, MIFCO have no partnership with Japan, and are
a 100% indigenous company.
MIFCO manages the largest fish procuring operation in Maldives, collecting Pole and Line and
Handline caught Yellowfin and Skipjack Tuna. MIFCO owns three EU standard factories
namely, Felivaru Fisheries, Kooddoo Fisheries and Kandu Oiygiri Maldives which process
canned, chilled, frozen and value added tuna which is exported to International markets and
sold locally.
For the purpose of the demonstration project, the equipment from MIFCO and Maandhoo
Fisheries were assessed (Table 9). The main focus was to assess the capacity of vessels,
compressors used in these installations, and the refrigerant quantities used in applications of
both Mother and Collector Vessels that use RSW systems to store chilled catch.
Table 9: details of the refrigeration systems across some of the fisheries enterprises of the
Maldives
No

Name of
the
company

Equipment
category

Model/
additional
details

No. of
compressors
/
system

Total
capacity
(HP)

Ref
used

Gas
weight
(kg)

1

MIFCO

Randhi‐19

Sabroe
Compressor
Sabroe
Compressor

2
Compressors
2
Compressors

40

R‐22

35

40

R‐22

35

Randhi‐20
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Randhi‐21
Randhi‐22
2

Maandhoo
Fisheries
Complex

HF 106/Ship
to Chill Fish
HF 107/Ship
to Chill Fish
HF 108/Ship
to Chill Fish
HF 109/Ship
to Chill Fish
HF 110/Ship
to Chill Fish
Oivaali 102

Sabroe
Compressor
Sabroe
Compressor
Dakin 2x model
# 6CX75
Dakin 3x model
# 6CX75
Dakin 2x model
# 6CX75
Dakin 2x model
# 4CX75
Dakin 2x model
# 4CX75
Mycom F62B2

2
Compressors
2
Compressors
2
3
3
2
2
4

40

R‐22

35

40

R‐22

35

30x2=
60HP
30x3=
60HP
30x3=
60HP
20x2=
60HP
20x2=
60HP
100x4=4
00HP

R‐22

45

R‐22

45

R‐22

45

R‐22

45

R‐22

45

R‐22

298.4

After the assessment three vessels from the public company, MIFCO, were selected for the
demonstration project. Table 10 provides the details of these vessels.
Table 10: Selected Vessels for the Demonstration Project
#
1

Name of the
Vessel
Randhi‐19

2

Randhi‐24

3

Randhi‐30

Brief Description of the Vessel

Randhi‐19 is a fish collector vessel that is approximately 29 years old.
Vessel is now operated from Felivaru Fish Processing Plant.
Randhi‐24 is a fish collector vessel that is approximately 18 years old.
Vessel is now operated from Kooddoo Fisheries Complex
Randhi‐30 is a fish collector vessel that is approximately 15 years old.
Vessel is now operated from Kooddoo Fisheries Complex

These vessels though old are still being operated for the purpose of collecting fish, and
include brine tanks that are cooled using the installed Refrigerated Seawater Systems.

Figure 5: Fish collector vessel selected for the project
Maldives, Demonstration project for fisheries sector
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4.2

Existing refrigeration technology in the selected vessels.

The Maldives Institute of Technology (MIT) is engaged with the above three vessels to study
the technology options being used in these vessels, and analyze what alternate technologies
can be provided to the end users to preserve the ozone layer.
It was observed that all the selected vessels use Refrigerated Sea Water (RSW) Systems for
cooling the brine tank installed in the vessels, which in turn cool the collected fish, before
they are transported to the fish processing plants. All three vessels use R‐22, and the amount
of refrigerant in each RSW system were on average between 60 ‐ 70 kg.

4.3

Overview of the refrigeration systems

Every vessel released for the demonstration project includes the presence of RSW systems
with one unit installed on the starboard side, and another installed on the hull side of the
vessel. The Error! Reference source not found. shows the installed RSM system.

Figure 6 Illustration of installed RSM system

Seawater is re‐circulated by pumps through the tanks and the chilling system. The
refrigeration machinery chills the seawater before it enters the tanks in the lower layer of
the ship, and is distributed evenly over the complete bottom cross‐section of the tanks
through a set of perforated plates or similar distribution devices. The chilled seawater passes
upwards through the tank and layers of fish, thus keeping the fish suspended in the chilled
seawater, simultaneously cooling the catch. The water returns through suction screens in the
top of the tanks to the chilling unit of the system, passing through this, and repeating the
circulation process. To keep the circulating water in good condition, a limited amount of feed
water may be added, and “dirty” water bled off. The water circulating system is arranged
such that the flow can be reversed by the operation of certain valves in the main water
distribution manifold.
Maldives, Demonstration project for fisheries sector
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4.3.1 Components and their functions
Within all three selected demonstration vessels, there are two individual refrigeration
systems installed on both the sides of each vessel, each system including the following
main components.





Compressors
Chillers
Condensers
Expansion valves

The following sections provide details of these components.
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a. Compressors
The purpose of the compressor is to draw the low‐temperature, low‐pressure vapour from the evaporator via the suction line.
Once drawn, the vapour is compressed. When vapour is compressed, it rises in temperature. Therefore, the compressor
transforms the vapour from a low‐temperature vapour to a high‐temperature vapour, in turn increasing the pressure. The vapour
is then released from the compressor in to the discharge line.
Table 11: Compressors of the selected vessels
Vessel

Refrigeration
System

Compressor
Maker

Brand /
Model

Type

Manufacture
Year

Compressor
Capacity

Oil Used

Last Service

Randhi‐
19

01

Nippon Sabroe

BF0‐5

Piston

1996

36160 Kcal/hr

Capella wax

2010

02

Nippon Sabroe

BF0‐5

Piston

1996

36160 Kcal/hr

Capella wax

2010

Randhi‐
24

01

GRAM

HC‐4075

Piston

1998

77KW

Aircol‐299

2013

02

GRAM

HC‐4075

Piston

1998

77KW

Aircol‐299

2013

Randhi‐
30

01

GEA

FX‐16/1751

Piston

2011

120KW

Aircol‐299

Unknown

02

GRAM

HC‐4075

Piston

1998

77KW

Aircol‐299

2013
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b. Chillers and Condensers
The major function of chiller is to chill the water to the set temperature and circulate to the desired location with the help of
external pump. The heat absorbed by the refrigerant during the process of chilling is being discharged by condenser to the
atmosphere as the design of condenser is (air‐cool/watercool).
The following tables summarize the properties of the chillers and condensers used in the systems selected for the study.
Randhi‐24
Chiller (evaporator)
Type
Details of Heat Exchanger (chiller) Randhi 24, Heat Exchange (Shell and Tube) Tubes, Pure
Titanium Sell pp Model# WHC 20‐ 2EKG Cooling Capacity 93KW

Maker

Build
Year

China

2000

Condenser
Type
Maker
HBY 10‐
150‐4CIB

Build
Year
1998

Randhi‐19
Chiller (evaporator)
Type

Maker

Direct expansion Nippon Sabroe

Condenser
Build Year

1996

Type

Maker

Water cool shell and tube Nippon Sabroe

Build Year

1986

Randhi‐30
Chiller (evaporator)
Type

Maker

Direct expansion Nippon Sabroe

Condenser
Build Year

1996

Type

Maker

Water cool shell and tube Nippon Sabroe

Build Year

1986
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5.

Selection of refrigerants

MIT Consulting Team undertook an exhaustive process of identifying a suitable refrigerant to
replace the HCFC‐22 being used across the RSW systems of the three selected vessels for the
Demonstration Project.
In this regard, MIT Consulting Team reviewed the following.
1. Desk Study of the possible refrigerants available in the Market
MIT consulting team conducted a desk study review of the various refrigerants
available in the market that could be used as a potential replacement technology for
the selected three vessels. The available technical literature and published papers
were analysed.
2. Consideration of potential technologies for Demonstration.
Information gathered from the desk study on refrigerant developments across the
globe, led to the identification of potential refrigerants for demonstration within the
project.
Available data on the performance of these refrigerants were compared against the
current performance parameters of the selected RSW systems, with special
consideration of low GWP refrigerant options.
3. Discussions with the Technical team of the Demonstration Vessels Owner (MIFCO)
The technology reviews and potential options were presented to the technical teams
of the demonstration vessel owners(s) to foster project ownership and inclusion.
The literature review revealed a number of low GWP refrigerants being made available in the
global market place, although many are new with limited trials {eg: HC‐600a, HFC‐1234‐
1234yf, HFC‐1234ze(E)}. These limited trial alternatives pose challenges as a suitable
retrofitting agent for the fisheries sector in the Maldives. Indeed Kauffeld (2012)1 indicates
that apart from Ammonia, there are limited usages for natural refrigerants for seaborne
vessels due to its toxicity and size of charge.
Michael Kauffeld, 2012: Availability of low GWP alternatives to HFCs Feasibility of an early phase‐out of
HFCs by 2020
1
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For potential alternatives that had moved beyond limited trials, there was a summarization
of the Material Safety Data Sheet (MSDS) parameters of the potentially feasible, low GWP
refrigerants to replace HCFC in the three selected demonstration vessels (see Table 5).
Table 12: Low GWP refrigerants and its characteristics
Name of the
Refrigerant

Composition

Mass%**

ASHRAE
Safety Class

Boiling T
(0C)

Critical T
(0C)

Critical P
(MPa)

Glide

GWP

R450A
R513A
R448A
L40

R134a/R1234yf/R1234ze
R134a/R1234yf
R‐32/R‐125/R‐134a/R‐1234yf
R‐32/R‐152a/R‐1234yf/R‐
1234ze(E)
R‐32/R‐1234yf
R‐32/R‐152a/R‐1234ze(E)

42/18/40
44/56
25/25/20/30
40/10/20/30

A1*
A1*
A1*
A2L**

‐25.6
‐27.9
‐38.50
‐22.00

100.18
97.51
84.62
89.89

3.74
3.67
4.47
4.84

0.1
‐0.3
5.2
19.5

547
573
1273
<300

72.5/27.5
45/20/35
52

A2L**
A2L**
A2L**

‐45.40
‐36.70
‐51.7

83.11
90.56

5.40
5.07

3.9
7.60

500
295
677

DR‐5
R444B
HFC‐32

* : A1: Non Flammable ** : A2L: Mildly Flammable
(Source: Atilla Gencer Devecioğlua, Vedat Oruça, 2015)

Further consideration and discussion between MIT Consulting Team and the MIFCO
Technical Teams resulted in a joint decision not to proceed with any A2L refrigerant due to
the equipment being old and leak prone, risking fear of accidental fire. With this final
decision, the following non‐flammable refrigerant options remained for demonstration.
Table 13: Short Listed Refrigeration Options
Name of
the
Refrigerant

Composition

ASHRAE
Safety Class

GWP

Application

R448A

R‐32/R‐125/R‐
134a/R‐1234yf

A1*

1273

R444B

R‐32/R‐152a/R‐
1234ze(E)

A2L**

295

L40/D8

R‐32/R‐152a/R‐
1234yf/R‐
1234ze(E)

A2L**

<300

Non‐flammable HFO blend, used as a
replacement for R404A and R22 in low
and medium temperature refrigeration
applications.
The refrigerant is mildly flammable and
works as an excellent replacement for R‐
22 in Room Air conditioners.
The refrigerant is mildly flammable and
primarily used for low temperature
applications.

Prior to locking on a refrigerant for the demonstration project, it is vital to review and
refresh again on the three vessels selected for the Demonstration Project and some of the
factors that we need to take into account prior to selecting a refrigerant since most of the
short listed refrigerants are under class A2L where the industry does not prefer due to
equipment being too old and leak prone, risking fear of accidental fire. .
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5.1

Issues associated with the selected vessels and final recommendations for
refrigeration selected

Recalling the characteristics of the selected demonstration vessels, including their age, as
laid out previously in Tables (Table 8: Common Refrigerants and their Applications) the
following factors will further influence selection of a refrigerant for the Demonstration
Project.
1. RSW Systems installed in the above Vessels are old and will be resistant to significant
system modifications
2. Aged pipelines installed in these vessels make it extremely difficult to provide a 100
percent leak proof system
3. There is increased risk associated with the selection of a flammable refrigerant due to
the lack of ventilation within the rooms in which the RSW systems are installed
With the consideration of these additional factors, the Consulting Team for this technical
report propose the following options as an alternate to the demo project:‐
1. Complete Replacement of the RSW Systems installed in the selected vessels using
three possible trial replacement technologies.
a. Purchase and Install Ammonia based RSW systems
b. Purchase and Install R32 A RSW Systems
c. Purchase and Install R‐429 A
Options proposed are reviewed against the following.
Name of the
Refrigerant
Ammonia

ASHRAE Safety Class

GWP

B2L (High Toxicity)

0

R‐32 A

A2 (Mildly
flammable)

675

R‐429A

A3(High Toxicity)

14

Comments
Sealed ammonia units can be used for complete
replacement of the used RSW systems.
It is suitable for new equipment designed for R32 in
applications that commonly use R410A. R32 is
designated flammable and therefore is not suitable as
a drop‐in retrofit replacement for R410A.
Sealed RSW systems for 100 percent replacement can
be done and is available in the international market.
Properties of this exhibit excellent refrigeration
qualities to that of R‐22.
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2. Selection of a Drop in Refrigerant Compatible with the RSW systems
The Consulting Team together with the MIFCO Engineering Team reviewed the
options for selecting a possible refrigerant for the demonstration project and
compiled the following list.
Selection criteria developed for the selection of the refrigerant using the short listed table of
refrigerants in Table‐14 are as follows.
a. Flammability
Flammability remains as a crucial safety criterion that need to be reviewed prior
to selecting a suitable refrigerant. In this regard, both R‐444B and L40/D8 remains
mildly flammable while R‐448A remains less flammable.
b. Cost of Retrofitting
RSW systems used in these vessels are old and any modifications that need to be
brought will be expensive. Retrofitting using R‐444B and L40/D8 remains risky and
thus may involve significant costs.
c. Performance
It is important that each selected refrigerant doesn’t impact performance of the
selected three RSW systems. When reviewed it is seen that only R‐448A remains
the best refrigerant that can be used without impacting much on the performance
of the selected RSW systems.
With the above criteria, and based on the desk study undertaken, it is found that the R‐448A
remains as the best Drop in Refrigerant for replacing R‐22 being used in the selected RSW
systems of the three vessels as of now
#

1

Name of the
Refrigerant

R 448A*

Refrigerant
Information

ODP: O
GWP: 1273

Rationale for Recommendation
1. Refrigerant performance seemed suitable to retrofit the
selected RSW systems without affecting performance of
the system.
2. Limited system modification of the RSW systems required
to support the planned retrofitting process.
3. Technical Support available for the retrofitting from the
refrigerant manufacture is believed to be adequate.

* It should be noted that, in response to the suggestion of the ExCom to liaise with Nordic
Council of Ministers, UNDP did indeed send out enquiries to this body on the “Alternatives to
HCFCs and High GWP HFCs in marine vessels”; but UNDP came to know that report has not
been finalized as of now. The Norwegian Environmental Agency publication “Study on
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environmental and health effects of HFO refrigerants” (December 2017) states that HFO
blends R448A, R‐449A, R‐450A and R452‐A are commercially available with R448A and R‐
449A being the most widely used (Page‐12 of report)
(Source:http://www.miljodirektoratet.no/Documents/publikasjoner/M917/M917.pdf)

5.2

Implications for selecting a refrigerant

Although the consulting team is proposing the above options, Maldives is aware of the fact
that MLF may have issues with the above options.
As per the recommendations made for the project, we understand that the selected
refrigerant should have low GWP option at present in A1 category of refrigerants.
However, the Consulting Team together with the MIFCO Engineering Team explored varying
avenues for identifying a refrigerant that fits within the above range and is equally suitable
to retrofit the RSW systems of the selected three vessels.

6.

Retrofitting the selected equipment

6.1

General retrofitting procedure

All the six RSW systems, selected from the three vessels are old and require extreme care
and precaution when being retrofitted
A generalized procedure should be followed when retrofitting any refrigeration system with
an alternative refrigerant. However, there may well be specific variations according to the
particular characteristics of the system under consideration and the refrigerants involved.
See the interactive diagram to see how this flow works for a retrofitting of HCFC
refrigeration equipment.
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Figure 7 Flow works for a retrofitting of HCFC refrigeration equipment

The procedures to perform this retrofitting are explained below. If the refrigerant
replacement is being performed with the use of a “drop‐ in” refrigerant, some of the steps
presented may not be necessary. It is important always to consult the refrigerant
manufacturer’s guidelines for retrofitting and the use of “drop‐in” refrigerants. The retrofit
of flammable refrigerants (such as hydrocarbons) must be executed taking into
considerations safety aspects.
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7.

Lessons learnt

Challenges observed with the Fisheries Equipment Selected for the Demonstration Project
While progressing with the work on identifying a suitable refrigerant that has low GWP and
qualifies a good replacement for the currently used R‐22.
1. Equipment selected for the Demonstration Project is old and fragile
All the RSW systems selected for the project are approximately 20 years old and look
fragile due to years of operation. Retrofitting with another refrigerant has to be
cautiously undertaken as any modification may affect performance of the systems.
2. Refrigerant Leakage is Imminent across all the selected systems
Due to years of operation, it is difficult and hard to ensure the selected systems are
leak proof, making it hard and challenging for any complex retrofitting across this
equipment selected for the project.
3. Selected RSW systems have undergone modifications
It is also observed that all the selected equipment for the project had undergone
modifications due to years of operation within the fish collector vessels. Referred
modifications need to be carefully reviewed prior to bringing any retrofitting on the
selected equipment.
4. All the selected equipment are installed in a limited and confined space
All the selected equipment for the project is confined to very limited space within the
collector vessels. Due to the nature of the installations, it is important that no
flammable refrigerant that be used for retrofitting.
5. Systems are operated and maintained by semi‐skilled technicians
While reviewing the selected equipment, it was also noted that the personnel
involved with the repair and daily operation of the systems are semi‐skilled, making it
hard for complex retrofitting.
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8.

Conclusion and recommendation

This report was developed to present the finding of the research undertaken to find an
alternative refrigerant, which are low GWP refrigerant for the phase‐out of HCFCs.
Major findings of the research includes;
1. With the review of the technology options being used in the fisheries sector, it is
noted that Maldives has a HCFC consumption baseline of 64 metric tonnes , of which
approximately 20 percent is consumed in the fisheries sector.
2. MIT consulting Team conducted a detailed desk study to review the refrigerants R‐
448A as potential refrigerants for the demonstration project. However, as per the
recommendation from the 80th ExCom, testing of R448A was stopped because of its
high GWP value but at the same time there is no other alternate available in A1
category of refrigerants.
3. A new desk study began in search of a low GWP alternative that are corresponding
with R‐22. The lower GWP refrigerant R444B has come out tops in the study which
further test are needed since the refrigerant is mildly flammable (Safety Class: A2L)
and it needs the due consideration of the end users.
4. It has been interacted during the “International Conference on Sustainable
Management of Refrigeration Technologies in Marine and offshore Fisheries Sector”
with few presenters and it has been found that the shift of technology trend is from
R‐22 to R404A (GWP 3922) and R‐407F (GWP 1824), which is on higher side that
R448A (GWP 1273). Ammonia with low charge has been introduced in marine vessels
in the last 10 years, but as of 2017 HCFC22 dominates in most of the vessels.
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Vacuum Assisted Injection System – Description
The plant has been designed for Vacuum Assisted Injection technology
The panel production method, the so-called Vacuum Assisted Injection (V.A.I), applies into the
press a depression surrounding the metal faced insulation panel. Prior to the foaming operation,
a controlled degree of vacuum is applied between the press platen where the pre-assembled
panel is positioned. The reduced pressure applied during the injection and the expansion of the
foam, facilitates the filling of the panel, providing substantial benefits.

Manni press 2+2 equipped with vacuum device
Release of vapors with Pentane as blowing agent
Many tests have been performed on operating production lines and prudently one can establish
that the maximum loss of Pentane, by evaporation, is 5% of the Pentane content. The loss also
occurs during the foam expansion phase in the first 90 sec. after the pouring. The vapors of
Directors: M I Wainer, S N Feinberg
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Pentane overpass the LEL limit inside the cavity where the foam
expands. This vapor is sucked by Vacuum Assisted Injection
System.
A dedicated suction channel (connected to the Dry equipment ventilation system) must collect all
the vapors sucked by Vacuum Generators.
In case of a standard production press, these vapors released by the cavity or junctions all
around the exterior surfaces of the mold and are dispersed in the atmosphere around the press
itself!
Calculation of exhaust ventilation around the press
We must consider that the press can produce two panels with max dimensions 8300 mm x 1200
mm and thickness 130 mm. Assuming:
- Foam density (max value) = 45 kg/m3
- Content of Polyol Blend (Polyol + Pentane) in the foam = 47 %
- Content of Pentane in the Polyol Blend (by weight) = 12 %
- Pentane loss during foaming = 7 % of the total content
- Panel max volume = 8,3 x 1,2 x 0,130 = 1,3 m3
- Max foamed weight per panel [PTot]= 45 x 1,3 = 58,3kg (116,6 Kg two panels)
The max quantity of Pentane emission is: 116,6 x 47% x 12% x 7% = 0,46 Kg
In this case the requested ventilation during foaming is 3000 m3/h.
This value must be increased by a safety coefficient. In this press the installed value is 10.000
m3/h.
Note 1: We can state that in case of a press equipped with the VAI Technology we can save
completely the a.m. ventilation: the ventilation is replaced by the vacuum. The only precaution we
must foresee is, in case of vacuum failure during the injection, the use of a suction device to
remove the vapors still in the cavity before to opening the platens.

VAI technology: Vacuum pumps
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Area classification and electrical system inside the press area
The criteria to follow is:

Note 2: In a standard plant we must consider that around the press we are Zone 1. Specifically,
in the zone within 400 mm around the panel mold, all the electrical devices shall be switched off
during the foaming period or in alternative they must be protected with Exi barriers or Exd.
In case of a VAI press the a.m., area become Zone 2. That mean we can use standard electrical
devices.
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Trial Descriptions
DAY 1 (20171130)
To start a small size panel has been selected: 3 m long, thickness 80 mm.
Different densities have been applied, from 35 to 39 g/l, to reach a correct filling of the panel.
The low flow ability of the Polyol formulations used did not give us the possibility to produce
panels with a good quality. Many foam voids are present especially at the far edges of the panel.
Conclusion: this first day can be considered as a production start to verify the "mechanical
"functionality" of the line.

Air voids trapped inside the foam
DAY 2 (20171201)
Several panels have been foamed with and without vacuum.
A new thickness, 130 mm, with different lengths, 8.4 and 2.4 m, has been tested with a density
from 37 to 47 g/l.
Unfortunately, the problem was still the same: voids. By the way the adhesion to the metal was
good especially with the use of vacuum.
Everybody agree that a new session of trials with a modified/slower new formulation is
necessary.
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Foamed panel manual unloading
DAY 3 (20180302 morning)
The trials made in December 2017, DAY 1, has been repeated with a new formulation. The new
formulation shows clearly an improved flow ability with evident better results.
The use of vacuum has improved the good filling of the panel confirming a better adhesion also.

Panel Word workshop
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DAY 4 (20180302 afternoon)
Again, several panel length and thickness has been tested.
Some voids of reduced dimension are still on the panel.
The vacuum pressure is not very stable during the injection and the expansion of the foam.
Some modification on the vacuum circuit are necessary to stabilize the vacuum at - 0,05 Bar.
DAY 5 (20180312)
The modification done on the vacuum circuit has stabilized the vacuum level.
Considering the good quality obtained, all the panels have been foamed with the vacuum at –
0.05 Bar.

Foam quality
DAY 6 (20180313)
One more day with a fixed thickness of 100 mm but with two panels on the same platen to test
the production with multiple panels of reduced length.
The RMS suggested a further test session with some little modification on the formulation
regarding the type of Catalyst.
At the same time the Pentane vapor emission test has been made with (VAI) and without
(standard) vacuum. A portable gas sensor from Dräger has been used.
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Portable gas sensor
Measured values:
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Pentane Measured
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With Vacuum

Pentane Emission Table
No Pentane was measured in Work Area during foaming with Vacuum System.
DAY 7 (20180320)
The modified formulation showed a further improved quality.
Excellent panel has been consistently produced.
The process parameters were:
- Vacuum level – 0.05 Bar
- Density 38 g/l
- Thickness 100 mm
- Two panels 3.3 m long per platen (total 4 panels each press cycle/opening)
- Demolding time 20’
- Metering unit throughput 1600 g/s
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Lab Test report
•

The system uses Pentane as a blowing agent which is dosed via a Cannon Penta
Easyfroth 20 to the foam machine.

•

The system was processed with a Cannon A100 Compact Penta High Pressure Machine

•

Foaming Press is a Manni Press set up for Pentane. 8.5m 2+2 equipped with Vacuum
Technology.

•

We injected sandwich panels with steel facings out of which
Two panels were sampled using Resichem Polyurethane System using 9% Pentane and
One panel was tested with a Dow Chemical System using 7% Pentane.

•

Each panel was divided into three equal segments
Left-Hand Side (L.H.S),
Center &
Right-Hand Side (R.H.S) along the length of the panel.

•

The test samples were then cut from the middle of each segment.
This assists in assessing the consistency of the results along the chemical flow path or
panel length.

•

The tests done are applied density distribution, compressive strength, thermal conductivity
and foam stability. (Good dimensional stability results after production is a technical
indicator for long term dimensional stability, temperature resistants’ and long-term panel
quality).
The adhesion test is ongoing, the results will be incorporated into this report upon the
completion of the test.

•

The process parameters were recorded.

•

The results, observation and conclusion are presented below.
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Panel Sampling
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Fig1- Panel Schematic

Machine Settings & Panels Dimensions

Figure 2- machine settings
Panel Thickness:
60mm
Demold Time:
14 minutes. With Vacuum. (20 minutes Without Vacuum)
Press Temperature: 44⁰C
Panel Standard Without Vacuum Available of Current Local Market.
(Resichem Methyl Formate 6% of Polyol)
• 0.060 x 1.170 x 2.90m – target applied density: 42 g/l.
Panel 1 (Resichem System Pentane 9% of Polyol)
• 0.060 x 1.170 x 2.90m – target applied density: 38 g/l.
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Panel 2 (Resichem System Pentane 9% of Polyol)
• 0.060 x 1.170 x 2.90m – target applied density: 36 g/l.
Panel 3 (Dow System Pentane 7% of Polyol)
• Drawn from the customer’s production, injected prior to this trial and cut from a 6m long
panel.
• 0.060 x 1.170 x 3.0m – target applied density: 38 g/l.

RESULTS
Density Distribution
Current Market Standard Without Vacuum. – Target density: 42 g/l
(Resichem Methyl Formate 6% of Polyol)
L.H.S
Center
R.H.S Average
Overall
42.2
41.7
40.8
41.5
Core
36.8
37.7
36.9
37.1
Differential
5.4
4.0
3.9
4.4
Panel 1 – Target density: 38 g/l (Resichem System Pentane 9% of Polyol)
L.H.S
Center
R.H.S Average
Overall
37.1
37.0
37.0
37.0
Core
33.8
33.4
33.1
33.4
Differential
3.3
3.6
3.9
3.6
Panel 2 – Target density: 36 g/l (Resichem System Pentane 9% of Polyol)
L.H.S
Center
R.H.S Average
Overall
34.9
35.1
35.5
35.1
Core
31.4
31.9
31.9
31.7
Differential
3.5
3.2
3.6
3.4
Panel 3 – Target density: 38 g/l (Dow System Pentane 7% of Polyol)
L.H.S
Center
R.H.S Average
Overall
37.0
37.5
37.2
37.2
Core
34.1
34.5
33.4
34.0
Differential
2.9
3.0
3.8
3.2
Observation
• In all the panels the overall density is below the target by 1 g/l.
• The overall density is evenly distributed in all the panels.
• The density differentials are all below 4 g/l (typical for this application).
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Compressive Strength (kPa)
Foam samples were cut into small cubes, compressed by 10% of their original height on a
TENSOMETER which registers the force per area (pressure) to do so. As the foam samples were
cut out of a panel the direction of test (axis) relative to the dimensions of the panel was assigned
and noted as follows:
• Y-axis: the direction along the length of the panel.
• X-axis: the direction along the breadth of the panel.
• Z-axis: the direction along the thickness of the panel.
Upon the measuring of the compressive strength the strength of the foam in Y-axis, which is
regarded as the main axis in which the chemicals flow mainly, was compared to the rest of the
axes, expressed below as a ratio known as anisotropy.

Figure 3 – TENSOMETER
Current Market Standard Without Vacuum. – Target density: 42 g/l
(Resichem Methyl Formate 6% of Polyol)
Axis
L.H.S
Center
R.H.S
Y
165.0
180.0
166.0
X
249.0
240.0
211.0
Z
199.0
193.0
190.0
Anisotropy

X
Z

L.H.S
Y-axis
0.66
0.83

Center
Y-axis
0.75
0.93

R.H.S
Y-axis
0.79
0.87
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Panel 1 – Target density: 38 g/l (Resichem System Pentane 9% of
Polyol)
Axis
L.H.S
Center
R.H.S
Y
157.9
164.1
155.5
X
163.0
174.3
147.3
Z
165.0
163.0
153.7
Anisotropy

X
Z

L.H.S
Y-axis
0.97
0.96

Center
Y-axis
0.94
1.00

R.H.S
Y-axis
1.05
1.01

Panel 2 – Target density: 36 g/l (Resichem System Pentane 9% of Polyol)
Axis
L.H.S
Center
R.H.S
Y
147.0
126.7
146.9
X
133.7
133.5
137.3
Z
132.4
122.0
121.0
Anisotropy

X
Z

L.H.S
Y-axis
1.10
1.11

Center
Y-axis
0.95
1.04

R.H.S
Y-axis
1.07
1.21

Panel 3 – Target density: 38 g/l (Dow System Pentane 7% of Polyol)
Axis
L.H.S
Center
R.H.S
Y
174.3
181.8
146.0
X
170.6
179.3
154.8
Z
164.8
151.0
156.0
Anisotropy

X
Z

L.H.S
Y-axis
1.02
1.06

Center
Y-axis
1.01
1.20

R.H.S
Y-axis
0.94
0.93
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Thermal Conductivity

Figure 4 – Thermal Conductivity Tester

Current Market Standard Without Vacuum. Target density: 42 g/l (Resichem Methyl Formate
6% of Polyol)
• 0.02375 W/m.K (10⁰C mean)
Current Market Standard Without Vacuum. Target density: 38 g/l
(Pentane 9%)
• 0.02151 W/m.K (10⁰C mean)
Panel 1
• 0.02012 W/m.K (10⁰C mean) (Resichem System Pentane 9% of Polyol)
Panel 2
• 0.02035 W/m.K (10⁰C mean) (Resichem System Pentane 9% of Polyol)
Panel 3
• 0.02054 W/m.K (10⁰C mean) (Dow System Pentane 7% of Polyol)
Foam Stability
•

Cut foam samples with measured dimensions were separately tested at both 70 and -20⁰C
over a period of five days. No dimensional changes were observed. (Good dimensional
stability results after production is a technical indicator for long term dimensional stability,
temperature resistants’ and long-term panel quality).

Directors: M I Wainer, S N Feinberg

Reac Polyurethane
Technologies (Pty) Ltd
Co Reg No 97/14723/07

1 Venda Road
Sebenza Ext. 4
Edenvale.1609
P.O. Box 890661
Lyndhurst. 2106
Tel: 011 609 3013
Fax: 011 609 3018
E-mail: Michael@reac.co.za

CONCLUSION and OBSERVATIONS on the VAI TECHNOLOGY
•

The compression strength results are within the following ranges:
Panel 1 160 +15 kPa, (Resichem System Pentane 9%)
Panel 2 135 +15 kPa, (Resichem System Pentane 9%)
Panel 3 165 +20 kPa. (Dow System Pentane 7%)

•

The foam, in all the tested panels, do not display any irregular change-pattern in
compressive strength along the panel length.

•

In all the panels the foam strength anisotropy is less than 10% weaker and just below 20%
stronger than the main Y-axis. This signifies the good chemical flow during the chemical
reaction, assisted by the vacuum, without any sign of foam stretch or cell elongation as
well as reasonably balanced foam compressive strength.

•

The foam in all the panels have passed the foam stability test.

•

The compressive strength is well balanced in all axes and well distributed across the panel
surface area.

•

The thermal conductivity is good and similar in all the panels. The optimized cell structure
Insulation improved the insulation from 23,7 mW/m.K to 20,4 mW/m.K.

•

The common trend of physical properties changing as moving away from the injection
point of the vacuum assisted panels were not noticed, instead all were well and evenly
distributed across the panel surface area. The panels are filled at relatively low applied
density. With vacuum the density distribution is excellent. A significant improvement than
without vacuum.

•

The foam density can be reduced up to the 5% saving PU consumption. This result is a
consequence of an improved density distribution within the panel: The Delta is reduced
from 1,4 g/l without Vacuum to 0,5 g/l with Vacuum. The difference in density between the
core and the average is also reduced from 4,4 g/l to 3,4 g/l.

•

The Adhesion, manually tested, is improved. Superior dimensional stability and better
appearance quality is clearly perceived.

•

The demolding time has been reduced by 40%. Considering the total production cycle,
loading/unloading and preparation, we can assume that the press can produce the same
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number of panels with a reduced time of 25% saving the
energy necessary to use the plant.
•

The Ventilation of the press has the added advantage of removing the Pentane vapors and
VOC in the work area, which is the case of production without Vacuum.

•

The direct suction by Vacuum inside the panel of the PU expansion results in total
extraction of the Pentane & Isocyanate vapor, making the production safe and healthy for
the operators.

•

The VAI technology because of the increased reactivity-viscosity of the foam reduces the
foam leakage at the venting points of the panel keeping the working area cleaner.

Report done by Michael Wainer of Reac Polyurethane Technologies (Pty) Ltd.
Date 23 April 2018

Signed

Directors: M I Wainer, S N Feinberg

Final Report on:
Demonstration project on the technical and economic advantages of the Vacuum Assisted Injection
in discontinuous panel’s plant retrofitted from 141b to pentane

1. OBJECTIVE






Demonstrate benefits from the application of the vacuum assisted injection in replacement of HCFC141b with pentane in term of insulation properties in the panel’s sector
Demonstrate the easy applicability of the technology and, consequently, the replicability of the
results
Demonstrate that lower cost structure can be obtained by means of shorter foaming time, lower foam
density, lower thermal conductivity
Demonstrate the advantages in terms of safety against explosion and environmental and health
sustainability for the operators
Objectively analyze, if the incremental capital cost could be reduced overall in similar future
projects by means of using Vacuum Assistance applied in the foaming process automatically used
also for suction of flammable and harmful gaseous substances. Thus, providing means of reducing
the cost of exhaust ventilation system in the hydrocarbon based plant conversions.

2. Budget and Expenditures

Project Budget
Incremental Capital Costs
Contingency
IOC
Total Costs / Funding
Total MLF Grant
Total Counterpart Funding
Total MLF Grant Not Utilized

Approved Costs
202,000
20,200
N/A
222,200
222,200
0

Actual Total Funding Disbursed
Grant Funds
Counterpart Funds
202,000
244,000
20,200
N/A
N/A
222,200
244,000

Actual Costs
446,000
N/A
446,000

370

Detailed list of incremental capital cost and contingency by item:
Project Budget
Incremental Capital Costs
Modification of press for VAI,
Vaccum Kit
Set of side profiles
Safety Audit
Technology transfer, servcies,
consultany and training
Installation, commissioning,
start up and trials and testing
of technclogy and end
products
Subtotal
Contingency**

Approved Costs

80,000

Actual Funding
Grant Funds
Counterpart Funds
181,200

244,000

Actual Costs

425,200

20,000
2,000
25,000

30,000
Included above
Included above

30,000

75,000

11,000 and 64,000
included above

11,000

202,000
20,200

222,200
Included above

0

244,000

466,200

3. Conslusions and lessons learned


The project objectives have been met; technical report has been submitted to the MLFS for 81st
ExCom



Project funds including counterpart cost-sharing sufficed to meet the objectives of this demo.



Capital costs as had been projected reflect real prices of the VAI standard equipment and special
profiles (frames). The cost of the profiles will depend on the size and the number of sets;
depending on customer needs. This demo project used two sets.



An entire techno-economic replicability is confirmed:

-The technology is globaly applicable for any new installations as well as for retrofittings/upgrades.
-The cost pattern should reflect future commercial prices with a prospective reduction.
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Executive summary
China has phased out the production and consumption of CFCs in 2007. In regard to
the stock of products containing CFCs, the government of China has noticed the
potential risk to the environmental once these products are out of service and entered
into disposal facilities. The Regulation on Ozone Depleting Substances Management
became effective in June 2010 prohibits the direct discharge of ODS wastes to the
environment, it requires that the unwanted ODS shall be disposed properly, collection,
recycling and disposal of ODS shall be reported and kept record at local EPBs.
China with the assistance of UNIDO and the financial support from the Multilateral
Fund, implemented a demonstration project on ODS wastes collection and disposal to
further explore the technology and policy framework of unwanted ODS.
The demonstration was implemented in three provinces and three municipalities in
China. The provinces/municipalities investigated the collection and disposal situation
and entrusted certified hazardous wastes disposal companies to pilot disposal of
collected refrigerants and CFC foams using rotary kiln incinerators. The
demonstration has resulted in more than 192 tonnes destruction of CFC wastes. The
project validated the efficiency of rotary kiln in dealing with ODS and helped the
environmental authority to analysis cost effectiveness. Through this demonstration the
environmental authority reviewed the management regulations of ODS wastes
collection, transportation and disposal. Policy and management recommendation were
raised to strengthen monitoring of ODS wastes. The demonstration provides
important enlightenment and reference value for the management of HCFCs and
HFCs in China in the coming years.
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1. Introduction
The implementation of Montreal Protocol on Substances that Deplete the Ozone
Layer has successfully accomplished its target of phasing out the CFCs global wide.
Whereas production and consumption of CFCs were put to an end, it remains a great
concern of the products still in use containing CFCs, once these products retired from
service, should they be properly taken care of to prevent the ozone depleting
chemicals to be released to the air. Management of the waste products with ODS,
including collection, recovery, recycling and proper disposal was raised as an
important follow up action to the Executive Committee. Between the 58th to the 73rd
meetings, the ExCom approved 16 project preparation funding that resulted in fully
developed pilot demonstration projects for ODS waste management and disposal in 11
countries, two regional projects and one for technical assistance with a total funding
of US $11,278,052. The implementation of these projects are expected to explore best
management mechanism for wastes collection, cost effective technologies for ODS
wastes disposal as well as policy framework to regulation collection and disposal
activities and to ensure sustainability.
As one of the major production and consumption countries of ODS, China announced
the phase-out of CFCs in June 2007. Given the considerable size of the chemical and
manufacturing industry in China, stocks of CFCs based products, mostly refrigeration
equipment and insulation foams are estimated to be in large amount. The
environmental risk alongside with the retirement of these products was noticed by the
government of China. Collection, recovery, recycling and destruction of ODS wastes
was stipulated in the Regulation on Ozone Depleting Substances Management which
entered into force on 1 June, 2010.
In order to further explore cost effective disposal of the collected ODS wastes and to
set up sustainable model for ODS wastes destruction, the Chinese government, with
the assistance of UNIDO, prepared the “Pilot demonstration project on ODS waste
management and disposal in China” (hereafter “the demonstration project”). The
project was approved at the 67th meeting of the Executive Committee of the MLF
with the total funding of US$ 2,127,885. The demonstration project consists of three
major components to address the key areas of ODS wastes identified in the country.
The implementation of the project activities will result in the disposal of 192 MT of
CFCs.
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2. Planning and selection of implementation approaches
Considering the innovative aspects related to the DEMO project, the project
implementation followed a staged approach.
2.1 Waste management in China and survey on existing technical capacity
The industrialization and rapid urbanization has brought tremendous challenges to the
wastes management in China. Even though wastes disposal in China is dominated by
landfill, incineration developed quickly due to its obvious advantages such as
significant volume and mass reduction, complete disinfection and energy recovery.
Three main types of incineration technologies have been introduced and applied in
China, including the mechanical stoker grate, the rotary kiln and the fluidized bed.
There are a total of 151 wastes incinerators in China in 2006, among them 32 rotary
kilns (Li et al., 2016).1
In December 2013, FECO organized a site survey to four key provinces including
Tianjin, Chongqing, Jiangsu and Shanghai. The objective of the survey is to evaluate
the technical capability and experiences of incineration facilities in dealing with CFC
wastes. The survey team consists of experts in thermophysics and refrigeration
technologies.
Three incineration facilities, Tianjin Veolia, Chongqing Tianzhi and Suzhou Tonghe
were investigated. Meetings were also held with the EBPs and local wastes collectors
to understand the collection and disposal of solid wastes in the city.
The survey has resulted in several key conclusions which helped the advancement of
the demonstration project:
(1) There are sufficient streams of wastes containing ODS in the four
cities/provinces. Most of the wastes are scraped foams from destruction of
refrigerators in electric appliances dismantling facilities. In some cities/provinces,
refrigerants were also collected from obsolete ACs, vehicles and ships, but the amount
is limited;
(2) The three disposal facilities all have rotary kiln installed which is technically
feasible for disposing of CFCs, two facilities have experience in incineration of CFCs;
(3) It is found that in some provinces/cities, foams were sent to solid waste fueled
power generation. In other cities, foams were also burnt in cement kiln or buried in
landfills;
(4) CFCs based foams were not treated as hazardous wastes but as general
municipal solid wastes.
The survey also indicated that most appliances destruction facilities and old vehicle
destruction and ship breaking yards were equipped with ODS collections devices.
Many of the collection equipment were funded by previous MLF projects.
A few gas cylinders were spotted by the surveyors at some sites, while it was claimed
1

Xinmei Li, Changming Zhang, Yize Li, Qiang Zhi. The status of municipal solid waste incineration (MSWI) in
China and its clean development. Energy Procedia 104(2016) 498-503.
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by most collectors that the amount of refrigerants waste was very small and
sometimes no refrigerants were found left in the compressors. It is explained that the
refrigerator sector had completed CFC phase-out back in 1999, most refrigerators sent
to destruction facilities are not CFC-based; secondly, the refrigerants in obsolete
household ACs as well as vehicle ACs had leaked before they arrived in the
destruction facilities. It is also found by the survey that in some facilities, the proper
destruction and collection procedures were not followed due to poor management or
lack of collection equipment, the compressors were cut open directly, resulting in
immediate discharge of the remaining refrigerants.
2.2 Selection of provinces/municipalities to pilot the disposal demonstration
Based on survey results, six provinces/municipalities were targeted to carry out CFCs
wastes collection and disposal demonstrations. The provinces/cities were selected
based on:
1) Population and economic scale;
2) Estimated stock of CFCs-based products;
3) Technological capacity and performance in ODS management.
Upon discussion with the provincial EPBs, a detailed implementation plan was
developed.
Three provinces (i.e. Jiangsu, Shandong and Guangdong) and additional three
municipalities (i.e. Shanghai, Chongqing and Tianjin) agreed to pilot the ODS wastes
collection and disposal demonstration. The destruction amount was agreed with
provinces and municipalities as indicated in the table below:

Table 1: Disposal targets of selected provinces and municipalities
Province Jiangsu Guangdong Shandong Tianjin Shanghai Chongqing Total(MT)
Amount 45

45

45

19

19

19

192

The selected provinces/municipalities share the following main characteristics:
1) High level of economic development and urbanization with a considerable
appliance market and a high turnover rate of refrigerators;
2) The established collection system for electric appliances shows high recycling
rates;
3) Locally available destruction facilities.
Although there are similarities in the selected province/municipalities, each province
and city represents its own features in terms of sources of ODS wastes and capacity in
ODS management and disposal. In particular, Jiangsu has a large collection and
dismantling system of electric appliances, the disposal facility in Jiangsu has started
6

to incinerate foam wastes in 2009, and Jiangsu also has the most ship breaking yards
in China. Guangdong and Shandong are the top two most populous provinces in
China, both have a large stock of refrigerators and room ACs. Guangdong is a
manufacturing hub for refrigerators and ACs, it recycles more than 143,000
refrigerators in 2010. Shandong is one of the centers for PU foams products. The
municipalities have higher urbanization ratio and the management hierarchy is direct
and more efficient. Shanghai, Tianjin and Chongqing were named model cities for
ODS management by Ministry of Environmental Protection. The three cities all
established efficient appliance recycling system. The regulation on ODS management
has been effectively implemented in the three cities. Especially, in the three cities,
CFC refrigerants were managed as hazardous wastes, all collected CFC refrigerants
were strictly disposed as hazardous wastes.
In the selected provinces/municipalities, there are sufficient streams of ODS wastes
and necessary disposal capacity and management system to ensure the completion of
the demonstration. The selection of provinces/municipalities also took into
consideration the geographical distribution which will provide reference for cost
analysis.
2.3 Demonstration activities with local EBPs
Based on the agreed amount of ODS collection and destruction, the EPBs and FECO
signed demonstration contracts. The contracts entrusted provincial EPB to select
recycle and disposal companies in their jurisdiction to carry out collection and
destruction of ODS wastes. The fund will be channeled through the local EBPs to
final beneficiaries of wastes collection companies and destruction facilities. About 20%
of the fund will be used to support the EPBs for data survey, policy research,
dissemination and additional management activities.
A total of 12,327,687 RMB Yuan (equivalent to 1,956,776 US$) were allocated to the
six provinces/municipalities as indicated in Table 2.
It should be stressed that local destruction enterprises own the local disposal facility.
However, destruction fees were transferred to destruction enterprises via local EPBs,
subject to verification on achieved targets.
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Table 2: Contracts signed by FECO and local EPBs
Province/
Municipality

Contract
Amount(RMB)

Technology
Applied

Shandong
Jiangsu
Guangdong
Shanghai
Tianjin
Chongqing
Total

2,791,058
2,791,058
2,791,058
1,318,171
1,318,171
1,318,171
12,327,687

Rotary Kiln

Expected
Destruction
Amount(MT)
45
45
45
19
19
19
192

Date of
Contract
signed
June 2014
June 2014
June 2014
June 2014
December 2014
June 2015

Only Shenzhen has the plasma disposal facility, and the capability is quite small, so
rotary kiln is the only disposal technology selected under the ODS-waste DEMO
project.
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3. Implementation activities
3.1 Data survey
The provincial EPBs carried out additional data survey in the province/city.
The data survey was focused on two aspects:
-

Collection channels of ODS wastes;

-

Disposal methods and technology.

In the meantime, the EBPs also looked at the existing regulations and management
framework in collection, transportation and disposal of solid wastes which are
relevant to the ODS wastes.
The ODS wastes are typically from three sources, the collection and dismantling of
electric appliances, the disassembling of obsolete vehicles, ship breaking industry and
other sources, such as industrial and commercial refrigeration, car services, or stock in
chemical companies.
Specific approaches, focuses and details from the 6 selected case studies are reported
in the following session.

Chongqing
In order to understand the collection of ODS wastes and the management of these
wastes, the EBP surveyed the automobile disassembling sector, the electric appliance
destruction sector and the hazardous wastes disposal facilities in Chongqing.
A list of 12 automobile disassembling companies was sorted out. These 12 companies
include one group company, 9 small and medium sized private companies and two
sub companies to deal with internal disassembling.
It is recorded that 27,040 old automobiles were dissembled in 2014. Chongqing Auto
Scrap Group is the largest which has 70 disassembling sites and takes up to 67.4% of
markets share.
Investigation shows that in the 70 disassembling sites only 5 have CFCs extraction
equipment. However, the collected CFCs were not weighted and were sent to
automobile servicing or mobile ACs servicing centers. The 9 SMEs account for 30.3%
of the obsolete auto collection market. 5 of these SMEs have CFC collection
equipment and it is reported by the companies that 1.24MT refrigerants were
collected in 2014. The two internal disassembling sites have no CFC collection
equipment.
It is found that all the foams from auto disassembling in Chongqing were mixed with
other solid wastes and were sent to landfills.
There are two certified electric appliance dismantling companies in Chongqing with
total capacity of 1.4 million units. In 2013 and 2014, 26kg refrigerants were collected
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and was incinerated in the certified hazardous wastes disposal facility. The waste
foam collected was 131.2969MT among which 92.1683 MT were sent to certified
hazardous waste incinerator, 38.757MT were disposed in landfills and the remaining
0.3716 were kept in stockpile.
The hazardous wastes disposal company in Chongqing had experience in incineration
of CFCs wastes including refrigerants and foams from appliance dismantling.

Shanghai
The EPB in Shanghai targeted the refrigeration servicing sector, the electric appliance
dismantling sector, the automobile destruction sector and the large commercial
refrigeration users as the scope of the survey. The survey also covered two hazardous
wastes disposal companies. There is no ship breaking company in Shanghai and
therefore this specific sub-sector was not taken into consideration.
The EPB coordinated with the local industry associations and sent questionnaires to
370 refrigeration companies and cold storages in the city. The data in five electric
appliance collection and destruction facilities, four vehicle destruction centers, 48
commercial buildings with large commercial refrigeration equipment were collected.
It is found that in 2013 and 2014, 1,084.9MT CFC-12 were collected in the five
electric appliance dismantling companies and 1,002.3 MT were sent to certified
hazardous waste disposal facilities. The disposal of these ODS wastes strictly
followed the hazardous wastes management regulations in Shanghai.
The foam wastes from destructed refrigerators amounted 75,250.1MT in 2013 and
2014 in the five companies, and 74,952.8MT were disposed.
The survey indicated that before 2014, most of the foam wastes were buried in
landfills, a small amount was sent to waste-to-energy power plants.
There are four automobile destruction companies in Shanghai, all of them have ODS
collection equipment which were from previous MLF projects. However, the CFC
refrigerants collected from automobile destruction is very limited. It may be attributed
to two major reasons:
1) Heavy duty trucks are not equipped with ACs;
2) For the buses and sedans, most of the ACs is removed before the vehicles
arrived to the destruction facility;
3) Though the AC system is removed, copper pipes of AC are damaged which
results in the release of refrigerant.
It is recorded that in 2013-2014, 65.8kg CFC-12 were collected and 160kg were sent
to disposal.
In the refrigeration sector, it is found that:
1) 9 refrigeration companies used CFC-11 and CFC-12 as refrigerants in 2013,
the amount is 265kg;
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2) In commercial refrigeration, no CFC-12 was found;
3) 15 centrifugal chillers were found using CFC-11. The owners have already
planned to replace the equipment and the local EPB will monitor these chillers to
make sure the proper disposal of the unwanted refrigerants.

Tianjin
The data survey focused on the amount of ODS wastes collected, disposed or recycled
and stored in the waste automobile disassembling, home appliance dismantling and
ship breaking sectors.
The survey also aimed to understand the cooperation model between wastes collectors
and disposal companies, the disposal cost, disposal technology and processes as well
as transportation modality of ODS wastes.
A list of ODS recycling enterprises in Tianjin was sort out. Information on amount of
ODS wastes collected, recycled and disposed in the past three years in these
companies were gathered.
Data from four electric appliance dismantling companies indicated that a large amount
of foam was collected through destruction of waste refrigerators.
TCL Aobo is the largest appliance dismantling facility in Tianjin which recorded
1,228MT plastic wastes from destructed refrigerators in 2015. In the same year, the
foam wastes in other three companies totaled 225.7MT. The waste is composed
mostly of foams but it is also mixed with other plastic scraps.
The waste was sent to landfill after crushing and volume reduction processes. It is
found that CFC-12 is rare in appliance dismantling. Only 5.5kg were found during the
survey. No CFC-wastes were found in automobile disassembling and ship breaking
sectors in Tianjin.
There are 18 certified hazardous wastes disposal companies in Tianjin. Among them,
three companies have incineration disposal capacity, and two of them are designated
to incinerate certain types of hazardous wastes. Tianjin Binhai Hejia Veolia is the
largest integrated facility which is capable to deal with all types of hazardous wastes
listed in the Directory of National Hazardous Wastes.

Shandong
The EBPs in Shandong surveyed 4 electric appliance collection and dismantle
companies and 18 vehicle disassembling companies.
The survey has indicated that in 2014, a total of 13.4 MT CFC refrigerants were
collected, among which 8.1MT from appliance dismantling and 5.3MT from
automobile disassembling. In addition, 959.8MT foams containing CFC blowing
agents were collected from destructed refrigerators.
There are four certified hazardous wastes disposal companies in Shandong. Three of
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them have disposed ODS wastes in rotary kiln incinerators. It is recorded that in 2014,
32.82MT ODS wastes were incinerated including CFC-12, foams containing CFC-11
and HCFC-141b.
During the investigation, it was found that the amount of CFCs recovered by each
company was relatively small. There are several reasons for this:
1) The collected appliances were damaged and were put in storage for a long time
which resulted in the leakage and venting of the refrigerants;
2) The copper pipes of some refrigerators were taken away during collection and
improper transportation also led to the leakage of refrigerants;
3) Some companies, especially smaller ones, lacked recovery equipment and the
proper operation process was not followed. It also caused the loss of recycled
refrigerants.
All four incinerators in Shandong are running at full capacity which delayed the
disposal of ODS wastes.

Jiangsu
There are 8 electric appliance dismantling companies in Jiangsu. In 2015, the 8
companies collected 2.92MT CFC refrigerants and foam wastes of 3,298.2MT.
In 2015, 120,245 obsolete vehicles were disassembled in the 16 automobile
disassembling companies in Jiangsu. Twenty companies specialized in servicing of
automobile ACs in Jiangsu received refrigerants recycling equipment from MLF
project in 2008. The EPB had also organized two sessions of training workshops for
these companies on appropriate recycling of refrigerants. However, in the car industry,
the refrigerants have been switched to HFC-134a before 2010. No CFC-12 was
reported during the survey.
Jiangsu is the center of ship breaking in China. There are 17 ship breaking companies
in Jiangsu. All of the companies have received the refrigerants recycling equipment
and cylinders from previous MLF project and the companies had participated in the
training workshops for collection of ODS wastes organized by FECO/MEP.
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Picture source: Jiangsu EPB, taken at Jiangsu Changrong (a ship breaking company)
However, the ship breaking sector was seriously affected by the slump of the steel
price in recent years. Some of them had to stop breaking ships. In 2016, 0.21MT of
waste refrigerants were collected.
Jiangsu Tonghe is a certified appliance dismantling company, the company also has its
own rotary kiln which was certified by the environmental authority to treat hazardous
wastes. The company has started the development of the ODS disposal technology in
2009. The company retrofitted the feeding system for scrapped foams to make it more
efficient.

Guangdong
Guangdong is a manufacture hub for electric appliances. It also has a large stock for
appliances such as ACs and refrigerators. The data survey in Guangdong has covered
193 companies in different sectors. The EPB worked together with Guangdong
Association of Refrigeration to carry out field survey to six key cities in Guangdong.
There are six certified appliance dismantling companies in Guangdong. It is found
that in 2016, the six companies generated 1,618MT foam wastes, mostly from
refrigerators and solar water heaters. The foams were grounded and sent to landfills.
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Picture source: Guangdong EPB, taken at Qingyuan Dongjiang Environmental
Technology Company Ltd. (an appliance dismantling company)
By the end of 2015, there are 32 automobile disassembling companies in Guangdong.
The investigation showed that due to the slowdown of economic development and
decreased demand of steel, these companies keep most of the collected cars in storage;
only about 10 % were disassembled. It is also found that the ACs have been damaged
before the cars arrived in disassembling facilities, therefore, most of the refrigerants
had escaped. Around 100g refrigerants can be collected in cars with good condition,
while in most cars less than 10g refrigerants were left. In such case the disassembling
companies normally did not collect the refrigerants but discharge them directly.
The EPB visited three ship breaking companies in Guangdong. The companies
explained that in some ships refrigerant cylinders can be found, these are backup
supply for the refrigeration system on boat. The refrigerants are HCFC-22 and HFC
blends, no CFCs were found.
Ship breaking also generates foam wastes. It is reported that about 200kg foam wastes
can be collected from a single ship. The foam wastes from ship breaking industry
were normally sent to cement kiln to incinerate or buried in landfills.
3.2 Amount of ODS sent to destruction facilities for final disposal
All six provinces/municipalities completed the disposal target as set forth in the
agreement with FECO/MEP.
The total CFCs destructed is 194.793MT, among which 11.788MT CFC refrigerants,
172.005MT CFCs in foam wastes and CFC-11 blowing agent 11MT. All the collected
wastes were incinerated by rotary kiln. Details of destruction targets are reported in
Table 3.
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Table 3: Destruction targets by municipality/province
Municipality
Province
Shandong
Jiangsu
Guangdong
Shanghai
Tianjin
Chongqing
Total

Expected
Actual
Destruction
Destruction
Amount(MT) amount(MT)
45
46.23
45
46.317
45
45
19
19.1897
19
19.052
19
19.004
192
194.793

CFC-12
Refrigerants
(MT)
4.15
3.269
0
4.3637
0.0055
0.000224
11.788

CFC-11 in
Foams(MT)

CFC-11
(MT)

Technology
Applied

42.08
43.048
34
14.826
19.0465
19.00378
172.005

0
0
11
0
0
0
11

Rotary Kiln

3.3 Project achievement and environmental benefit
The implementation of the project resulted in a direct phase out of 194.793 MT ODP
of ODS and 831,218MT CO2 equivalent reduction of greenhouse gases.

Table 4: environmental benefits of the Demonstration project
Destruction
ODS phased out
amount (MT) (MT ODP)

CFC-11

1.0

4,000

183.005

183.005

Greenhouse Gas Emission
Reduction(MT CO2 Equivalent)
732,020

CFC-12

1.0

8,500

11.788

11.788

100,198

194.793

194.793

832,218

Substance ODP GWP

Total

3.4 Development of sustainable management policy
The Regulation on ODS Management which became effective in June 2010 is the
fundamental legislation for ODS recycling. It is stipulated in the second chapter of the
regulation that:
1) Enterprises specialized in the servicing and scrapping of refrigeration
equipment, refrigeration system and fire-extinguishing system, that contain ODS,
shall record under local EPB;
2) Enterprises specialized in the collection, recycling or destruction of ODS, shall
record under local EPB;
3) Enterprises specialized in the servicing and scrapping of refrigeration
equipment, refrigeration system and fire-extinguishing system, that contain ODS,
shall collect, recycle the ODS or transfer the ODS to enterprises specialized in the
ODS collection, recycling and destruction to give proper treatment to ODS;
4) Enterprises specialized in the ODS collection, recycling and destruction shall
give proper treatment to ODS, and direct discharge is prohibited.
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The regulation is national law which applies to all provinces and municipalities.
However, it is noticed that in some provinces/municipalities the understanding and
implementing of the law is much better than in others. The demonstration in the six
provinces/municipalities has shown that the chemical industry and the refrigeration
industry paid more attention to the recycling and proper disposal of unwanted ODS,
while in the wastes collection sector, in some cases the appropriate procedure of
recycling were not strictly followed. During the survey, the EPBs have noticed the
issues in relevant sectors and supervision and monitoring measures were suggested
accordingly.

Chongqing
The EPB has collaborated with the transportation bureau to strengthen management of
hazardous wastes in vehicle disassembling activities. It is requested that information
of collected ODS wastes shall be reported to municipal EPB and sent to certified
hazardous wastes disposal company for destruction. The EPB also carried out
supervision inspections to the vehicle disassembling sector. The collection, storage
and disposal of waste refrigerants and foams will be a major focus of the inspection.
Inappropriate operations were warned and rectified.

Shanghai
The EPB requested ODS related companies to register in the EPB data base in 2014.
By 2017, 108 companies have uploaded their information. Through the
implementation of the demonstration project, the EBP worked closely with the wastes
collection companies and the disposal companies to evaluate the destruction
technology and cost effectiveness of the disposal. This will help the EPB to develop
fund supporting schemes and long term management policies.

Tianjin
The EPB updated its data base of ODS related enterprises in Tianjin. The wastes
collectors and certified disposal companies will be included.

Shandong
The EPB promulgated a notice in 2015 to requests all ODS producers, sales and
consumption enterprises as well as recycling, reclamation and destruction companies
to report their data of previous year through the EPB online reporting portal in March
every year. The reporting system will help to set up data base which will enable the
EBP to monitor the dynamics of ODS related activities.
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Jiangsu
The city-level environmental authorities were requested to update the list of ODS
related companies timely and include them into the online data reporting system. The
EPB coordinated with other authorities in charge of wastes collection and recycling to
strengthen regulating collection activities and to avoid discharge of ODS wastes in
informal collection, refurbishment and reuse. Subsidies to collection and destruction
are under consideration.

3.5 Training and dissemination
In implementing of the demonstration project, the EPBs in the six
provinces/municipalities carried out training workshops focused on different topics.
1) Training on enforcement of Regulation on ODS Management and data
reporting;
2) Training to the refrigeration sector on operation of refrigerants recycling
equipment;
3) Workshops on experience sharing of ODS wastes collection and disposal;
4) Seminars on ODS destruction technology.
Adding to self-sponsored workshops, the EPB in Shanghai worked closely with the
national training center of good practice in AC servicing to promote the recycling of
ODS in the refrigeration servicing sector. In Shandong, the EPB distributed brochures
of national and provincial polices of ODS management to local enterprises.
The training workshops and dissemination activities have benefited more than 300
technicians, engineers and management teams from the appliance dismantling
industry, the automobile disassembling industry and wastes disposal facilities.
The training and dissemination activity reinforced the understanding of ODS phase
out policy and appropriate treatment of ODS wastes in the wastes recycling industry
and disposal sector. The feedback from the workshops and seminars helps the EPBs
and other government agencies to look into the sustainable solutions of ODS wastes
and other greenhouse gases management.
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4. Technology and cost analysis
4.1 Technology
In this demonstration project, all six provinces/municipalities have applied rotary kiln
for both the collected refrigerants and foam wastes. In consideration of CFC-12 is gas
in room temperature, and foams are light weighted but large in volume, the disposal
facilities made special retrofit to the feeding system to make sure the material were
not left out in feeding.

1) Wastes transfer and destruction process
The transfer of wastes follows the transfer process requirements of hazardous wastes
management in China. It is illustrated briefly in graph 1 below.
Graph 1: Process of ODS wastes transfer
Weighted

Collection Company

Testing lab

Warehouse of disposal facility

Tested

Landfill

Warehouse

Incinerator
Pre-treatment
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Technology department

Preparation of destruction plan

The incineration of wastes is shown in graph 2 below.

Graph 2 Process of ODS wastes incineration

Other flammable organic wastes

Collected
ODS wastes

Rotary kiln (900－
1100 , 15-150 mins)

Solid Residue

Secondary combustion
chamber (＞1100 , >2s)

Heat recovery
boiler

Gas great treatment to
remove acid, particulate
matter and other pollutant

Cooling Tower

Sanitary landfill
Flue gas

2) Highlights of the rotary kiln in destruction of ODS wastes
The combustion efficiency of the rotary kiln incinerator is more than 99.99%. There is
no secondary pollution throughout the process. Emission from the chimney is
examined to check if the gas is 100% destroyed. The testing reports are attached in
Annexes.
1) The residue after combustion is discharged to the wet slag removal machine.
The burning residue is reduced in heat burning by less than 5%. After being cooled,
the slag is discharged from the system and transported regularly to sanitary landfill.
The entire incineration system maintains a negative pressure operation, and the
minimum negative pressure at the inlet of the incinerator is -5 mmH2O to prevent the
leakage of harmful gases.
2) The flue gas from the secondary combustion chamber contains harmful gases
such as SO2 and HCl and non-combustible solid particles. The temperature at the
outlet of the secondary combustion chamber is higher than 1100°C. From the
secondary combustion chamber, the flue gas goes through the waste heat boiler; the
heat is collected and used to produce steam for heat demand in process and domestic
hot water supply such as winter heating, bathing.
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3) The emission index of flue gas shall be strictly implemented in accordance
with the emission standards of flue gas pollutants specified in GB18484-2001
"Control Standards for Incineration of Hazardous Wastes" to ensure that
environmental protection requirements are met.

4.2 Cost analysis
In this demonstration project, all six provinces/municipalities used rotary kiln
technology. It is proved that this technology is efficient and economically viable. The
disposal cost for ODS related foam wastes and refrigerants were composed of direct
cost and indirect cost. Directly, the incineration will involve energy cost including
electricity and gas, water and other materials for flue gas treatment and testing cost.
The indirect cost includes shared investment cost of fixed asset, overheads,
management cost and others, such as tax, etc. Although the cost is different from
province to province, it is found that the cost range is between 8US$ to 12.5 US$ per
kilogram, equivalent to 8US$-12.5US$/ODP kg.
This cost only indicates the cost at disposal facility.
In Jiangsu province, it is estimated that collection of refrigerator costs 6.35US$ and
12.38US$ per unit depending on sizes. The cost of dismantling is 4.02US$ per
refrigerator regardless of size. Dismantling of refrigerator can collect foams 6-12 kg,
and it is estimated that blowing agents account for 20% of the foam weights.
I the case of a small size refrigerator, the overall destruction cost calculation looks as
it follows:
6kg foams *20% CFC-11=0.12kg CFC-11
Collection and dismantle =6.35+4.02=10.37US$/ refrigerator
Dismantling of 8.33 refrigerators can collect 1 kg CFC-11
The total cost for collection, dismantle and destruction of 1kg CFC-11 is:
10.37*8.33+12.5= 31.2US$
It is also found that the disposal cost for foam wastes and refrigerants are similar. It is
proved more cost effective when foams were disposed in large batch. But this is not
recommended, for foams are flammable and the storage of large volume of foam takes
space and requires extra investment of fire protection equipment in the warehouse.
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5. Lessons learned and recommendations
The disposal of unwanted CFCs is the sine qua non of implementing the Montreal
Protocol of Ozone Depleting Substances. In addition, the incineration of these high
GWP chemicals will avoid emission of greenhouse gases and contribute to the
mitigation of climate change. Given the large stock of ODS and HFC based products,
this demonstration has not only validated the technological and economic feasibility
of ODS destruction in China, but also shown important enlightenment and reference
significance for cradle to grave management of HCFCs, HFCs and other hazardous
chemicals. Some of the lessons learnt and recommendations are summarized in the
following.
5.1 Strengthen management of waste collection
The survey in the six provinces/municipalities has indicated that some of the waste
ODS products, especially household ACs, refrigerators and obsolete vehicles went
through informal collectors first before they entered into formal destruction facilities.
The informal collectors removed components, such as compressors and motors for
reuse, or took out the metals such as copper wires and pipes to sell.
The informal collection activity is an important cause that very few refrigerants were
left in obsolete appliances and vehicles. Informal collection has always been a
problem to the management of wastes.
The government authorities are looking for resolution to better manage this sector. It
is recommended that the EPB work together with other agencies to define clear
responsibilities for the collection, reuse, refurbishment and recycling of obsolete
appliances and vehicles. Regulations shall be enforced to avoid irresponsible
discharge of ODS wastes. The collection sector should be educated with ozone
protection knowledge and ODS management policies.
5.2 Establishment of reliable and complete data base for ODS related activities
In recent year, many experts have called for the legislation on lifecycle management
of chemicals in China. This demonstration project in the six provinces/municipalities
has gained experience in the lifecycle management of ODS.
In the enforcement of the regulation on ODS management, the provincial EPBs have
all set up data base to track ODS related enterprises in their jurisdiction, but much of
the attention was paid to production, consumption and sales companies.
The demonstration in the six provinces/municipalities has confirmed that wastes
collectors and disposal companies are important segment on the lifecycle chain of
ODS. The activities of these companies should be monitored and updated timely.
Only to include wastes collectors and disposal companies in the data base, the ODS
lifecycle chain can be complete and the ODS will be traceable from cradle to grave.
The experience from the demonstration should be spread to all other regions in China.
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From a long term prospective, a reliable data base will be an important tool for future
monitoring of HCFCs and HFCs.
5.3 Technological capability versus disposal capacity
The demonstration project has validated the rotary kiln technology is efficient for the
destruction of CFC-12, CFC-11 and foams with CFC-11. However, some provinces
have pointed out that the hazardous wastes disposal facilities in their province are
operation at full capacity dealing with other solid wastes. China has surpassed the
United States as the world’s largest wastes generator in 2004 (World Bank, 2005).
Considering the large amount of HCFCs and HFCs based products getting out of
service in the coming years, it is recommended that extra disposal facilities shall be
invested in advance, especially in some key provinces with faster economic
development and higher ratio of urbanization.
Although the rotary kiln technology is proved effective, the cost is relatively high. It
is recommended that the destruction process to be further optimized in order to
improve efficiency and reduce cost. There is only one plasma equipment in China,
and the capacity is rather small. In this demonstration, the plasma technology was not
applied. It is recommended that the technology could be tested in future to evaluate
cost effectiveness.
5.4 Government subsidies to encourage the ODS wastes destruction
It is found in many provinces that the high cost of incineration is an obstacle for the
destruction of unwanted ODS. It is recommended that the government to review
possibility of establishing special funding to encourage ODS wastes destruction. The
found could be sourced from the MLF, the ODS producers. In addition, destruction of
ODS contributes to the reduction of CO2 emissions, the credit should be given to the
collection and disposal sectors to encourage them.
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Annex I Foam Test Report
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Annex II Gas Online Test Data
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Annex III Dioxin Test Report
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Colombia: Pilot Demonstration Project on ODS Waste Management and Disposal
Final Report on Project Results and their Application

Executive Summary
This document reports on the results to date of a Multilateral Fund for Implementation of the Montreal
Protocol (MLF) funded Project in Colombia.
The Project’s primary objective is to put in place a
sustainable, environmentally sound, and affordable capability for Colombia to destroy the “end of life”
(EOL) ODS inclusive of qualifying available destruction technologies in accordance with Montreal
Protocol requirements. The following has been prepared for submission to the Executive Committee of the
MLF (EXCOM) as a final report on project results and their application, upon completion of the Project’s
major milestone activities associated with qualifying national technical capability for EOL ODS
destruction. Additionally, it outlines the country’s continuing innovative work in applying these results in
development of a sustainable EOL ODS management capability and Extended Producer Responsibility
(EPR) system.
The Project is being undertaken within a broader national policy framework covering an integrated
approach to special and hazardous waste management, energy efficiency and the national response to
management of greenhouse gas releases as well as the country’s commitments to meeting its obligations
under the Montreal Protocol. This includes a priority attached to the environmentally sound management
of EOL ODS increasingly being generated as a result of developing national policy initiatives in these areas
in the refrigeration and air conditioning (RAC). The MLF support for demonstration of EOL ODS capture
and destruction to date is a key component of this, along with sustaining national program and bi-lateral
financial support now in place that should ensure its sustainability.
The Project design is based in three components: i) demonstration of ODS Destruction capability,
specifically through a comprehensive test burn program in a high temperature rotary kiln hazardous waste
incinerator with subsequent financing for destruction of initial volumes of EOL ODS from the developing
EPR program on domestic refrigerators, as well as an independently funded program on foam destruction
in an electric arc furnace (EAF) steel making facility; ii) technical assistance support for regulatory
measures, EPR system development and public awareness initiatives; and iii) project management,
monitoring and evaluation. The overall status to date is that the demonstration of destruction technology
has been successfully completed, and the EPR system has completed its initial voluntary pilot phase and is
moving to a sustainable mandatory model supported by an appropriate regulatory framework and an
ongoing public awareness component. Of the initial MLF grant of US$1,195,000, US$861,201 has been
disbursed and the remaining US$333.799 has been committed at the end of 2017. The main remaining
commitment is US$245,000 allocated for destruction of initial volumes of ODS from the EPR program. To
date the estimated co-financing from partners and the government is US$1,098,358.
The demonstration test burn work on the TECNIAMSA facility showed that a domestic capability is
qualified in principle for the destruction of EOL ODS, specifically CFC-11 and HCFC-141b based foam
and CFC-11 and CFC-12 chemicals up to established limits of chlorine feed content. However, the results
show some commercial issues associated with the practical application in its use in the overall EPR based
system. While the facility more than meets the destruction efficiency requirements for the subject
chemicals, there are limitations related to air emissions, particularly acid gasses (HCl and HF) that limit
chlorine and fluorine content of the feed, hence impact productivity and cost effectiveness in destroying the
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EOL ODS tested. Positively, the cost effectiveness for destruction of CFC-11 and CFC-12 chemicals is
less than half of the maximum specified by the MLF and should be affordable relative to application to the
planned EPR system. However, for foam the cost effectiveness is approximately four times this threshold
and would not be considered affordable within an EPR system framework. Based on this, the current focus
is on the use of an EAF steel making plant processing intact refrigerator cabinet and doors. Additionally,
consideration is being given to qualification of a commercial cement kiln to destroy foam and potentially
EOL refrigerant. Depending on the option, pro-forma overall EPR system cost estimates per refrigerator
are projected to range from US$6.4 to 12.3/refrigerator depending on foam destruction option selected.
The development of a sustainable EPR system, started in 2013, has progressed to the point of transition
from the voluntary pilot phase to the incremental implementation of a mandatory system. The institutional
capacity in the form of an industry administered model is now established and operational in five major
cities. It is supported by legislative and regulatory measures now in place, and by financial incentives
related to VAT reductions and energy efficiency incentives applicable to equipment replacement.
Substantial bi-lateral funding is in place through a NAMA Support Project that will support accelerated
introduction of climate friendly refrigeration equipment along with technical assistance for their design and
production as well as expanded processing of EOL domestic refrigerators. This has an overall target of
300,000 units replaced by 2022 and coincides with the targeted 50,000 refrigeration and 5,000 unitary air
conditioning (A/C) units annually set for the fully developed EPR program in the next 5 years.
UTO both through this Project and with bi-lateral GIZ support have also completed a comprehensive
assessment of ODS and HFC banks in the country along with projections of the associated availability of
EOL refrigerants through to 2030. This work indicates the requirement for EOL refrigerant management
will be dominated by the domestic and commercial refrigeration sectors, and unitary A/C sector. While
some short-term requirements for management of CFCs exists these largely disappear in the next five years
and the focus of the EPR system needs to be on HCFCs and HFCs.
A significant consequence of this is the need to expand the scope of qualification of destruction capability
to HCFC and HFCs, something that would be required for technical reasons related to ensuring qualified
environmental performance for the higher fluorine content involved in the case of the TECNIAMSA
facility, and potentially future compliance with TEAP requirements. Likewise, it is also recommended that
qualification of a cement kiln option for both HCFC and HFC refrigerants and HCFC based foam be
considered to ensure a qualified option in accordance with TEAP requirements exists and a competitive
commercial alternative for refrigerant destruction exists.
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Colombia: Pilot Demonstration Project on ODS Waste Management and Disposal
Final Report on Project Results and their Application

1.0

Introduction

This document reports on the results to date of a Multilateral Fund for Implementation of the Montreal
Protocol (MLF) funded Project in Colombia covering a pilot demonstration on management of end of life
ozone depleting substances (EOL ODS). It has been prepared for submission to the Executive Committee
of the MLF (EXCOM) as a final report on project results and their application upon completion of the
Project’s major milestone activities associated with qualifying national technical capability for EOL ODS
destruction in accordance with Montreal Protocol requirements. Additionally, it outlines the country’s
continuing innovative work in applying these results in development of a sustainable EOL ODS
management capability and Extended Producer Responsibility (EPR) system within a broader integrated
national hazardous waste management framework. As such, it is also intended to document initial findings
from the project as Colombia’s contribution to the broader body of knowledge on this subject in terms of
technical and economic conclusions and lessons learned for use and potential replication elsewhere. A
complementary report on the project at its expected closure in 2019 will update these based on experience
obtained with the initial implementation of the EPR system.
It has been prepared by the Ozone Technical Unit (UTO) in the Division of Sectorial and Urban
Environmental Affairs of the Ministry of Environment and Sustainable Development (MADS), and the
United Nations Development Programme (UNDP). MADS and specifically UTO are the executing entity
for the MLF grant supporting the Project with UNDP acting as the MLF implementing agency. This EOL
ODS destruction Project is one of twelve such projects in Article 5 countries being funded by MLF.
The approach taken to the report structure and content is to orient it to providing a summary description of
the Project’s background and context, its overall scope and objectives and the sequence of activities
undertaken to date. The specific activities involved in the test burn program to demonstrate domestic ODS
destruction capability are then described noting that this is the primary focus of this particular progress
report. This includes summary information on the assembly of test EOL ODS, facilities modifications
undertaken, and the design of the actual test program and its implementation. The results of these test burns
are summarized and discussed relative to applicable standards and their implications respecting Project
objectives and longer-term application to the national EPR program applicable to domestic refrigeration
equipment. Finally, the current status of the EPR program applicable to domestic refrigeration equipment
is summarized and its planned implementation discussed in the context of completing the MLF Project
commitments and future sustainable operation including bilateral support through a National Appropriate
Mitigation Action (NAMA) funded by the NAMA Facility. The document is supported by two substantive
technical reports available from UTO. One prepared by TECNIAMSA, the company whose facilities were
selected for the test burn demonstration program and provides details of the facility and modifications
implemented1. The second, prepared by the national consultant who supervised the test burn program,

1

TECNIAMSA, “Mosquera incineration facility – Technical description of facilities, process and modifications for
test burn”, March 2017
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provides the detailed analytical results of the test program2 and forms the basis of results summarized and
discussed herein.
2.0

Project Background and Context

The originating rationale for MLF interest in the management of EOL ODS relates to the recognition of the
importance of ODS banks and the potential opportunity of mitigating the emissions from these banks when
the applications involving the use of ODS ceases. This is something that has become increasing problematic
with the successful phase out of CFC consumption and now implementation of mandatory phase out of
HCFC consumption under the Montreal Protocol. Understanding that EOL ODS would otherwise be
subject to general release into the atmosphere at some point in a conventional waste management process,
this waste is now seen as a regulated hazardous waste (HW) requiring environmentally sound management
(ESM). In addition to the potential significant positive impact in accelerating combating ozone layer
depletion, it was also recognized that effective destruction of many EOL ODS wastes could also
significantly contribute to climate change mitigation by eliminating release of EOL ODS having significant
high Global Warming Potential (GWP).
This priority was formally acknowledged by the Parties to the Montreal Protocol (Parties) in 2008 at their
20th meeting where the importance of acquiring more information on mitigating ODS emissions and on
destroying ODS banks available at the end of their useful life is reflected in Decision XX/73. This included
requesting EXCOM to consider funding pilot demonstration projects that focused on assembled stocks of
EOL ODS with high net global warming potential (GWP). Approved projects were to address the collection
(without MLF funding), transport, storage and destruction of ODS with the results providing lessons
learned, generation of experience about management and financing modalities; climate benefits; and
leveraging co-financing opportunities. This request was followed up in 2009 with further direction to the
EXCOM at the 21st Meeting of the Parties (Decision XXI/2)4 which included requesting annual reports on
the progress of such projects.
The above decisions at the 20th and 21st Meetings of the Parties also requested the Technical and Economic
Assessment Panel (TEAP) to undertake continuing analysis of ODS banks and the environmentally sound
destruction of EOL ODS. This included work related to updating Bank estimates globally, estimation of
the potential availability of EOL ODS for environmentally sound management (ESM), possible mitigation
impacts with respect to both ozone depletion and greenhouse gas release reduction, the cost effectiveness
of mitigation, and applicable economic mechanisms that could be applied for purposes of financing
destruction of EOL ODS Banks. At the 22nd Meeting of the Parties in 2010, Decision XXII/105 further
requested the updating of available destruction technologies and development of criteria applicable to the
verification of EOL ODS destruction. Most recently the Parties in Decision XXIX/4 have requested further
updating of the list of approved destruction technologies and their assessment as to applicability to the
destruction of HFCs now covered as controlled substances under the Kigali Amendment, a process that is
currently being completed by TEAP.

2
Alexander Valencia Cruz, “Technical and operational support to the execution of activities related to the
implementation of demonstration tests - pilot project on ODS (ozone-depleting substances) waste management”
October, 2016
3
http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/246
4
http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/203
5
http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/181
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The initial consideration of pilot projects was undertaken by EXCOM at 57th meeting6, in the context of the
2009-2011 consolidated MLF business plan (Decision 57/6). While preparation funding was approved for
an initial six country specific pilot projects (Brazil, Ghana, Indonesia, Mexico, Philippines, Turkey),
EXCOM requested the Secretariat to prepare a document containing criteria and guidelines for the selection
of further ODS disposal projects, taking into account Decision XX/7 referenced above. At its 58th meeting7,
EXCOM approved the interim criteria and guidelines noted above8 (Decision 58/18) for application to
country specific proposals to be considered at the 59th EXCOM and subsequent meetings. The principle
aspects of the criteria guidance relevant to the project undertaken in Colombia included: i) definitions of
the collection, transport, destruction and storage facilities: ii) exclusion of primary collection activities from
funding based on a perquisite that EOL ODS used in the project should be secured in advance; iii)
application of a grant cost effectiveness threshold of <US$13.2/kg for EOL ODS eliminated; iv) annual
progress reporting requirements; and v) provision for co-financing requirements.
In addition to above initiative and actions by the Parties to the Montreal Protocol and the MLF, the Parties
also established a technical guidance framework applicable to the destruction of EOL ODS through TEAP
which are to be applied to pilot/demonstration projects funded by the MLF. The formal adoption of an
approved list of destruction technologies and performance standard requirements covering destruction
efficiency and emission limits for such technologies dates from 2002 (Decision XIV/6)9 with recognition
of the guidance developed by the TEAP Task force in this area10. Since that time there has been periodic
updating of an approved list of destruction technologies (Decision XXII/10) 11 and adoption of a Good
House Keeping Standard applicable to destruction activities (Decision XV/9)12. In terms of relevance to
this specific Project, destruction removal efficiency (DRE) and emission requirements applicable to both
dilute and concentrated EOL ODS defined in Table 2.1 in the above referenced TEAP Task Force Report
are particularly relevant in this work.
The ODS destruction pilot project for Colombia was submitted in 2009 by MADS to the 59th EXCOM
meeting13 and approved for preparation with funding of US$40,000 (Decision 59/20) as the seventh MLF
pilot/demonstration project addressing the management of EOL ODS in Article 5 countries14. As
documented in UNDP/UTO proposal and covering review and positive recommendation prepared by the
MLF Secretariat15, it was approved for implementation funding in 2012 at the 66th Meeting of EXCOM16
(Decision 66/27) as proposed and clarified between the MLF Secretariat and UNDP for MLF funding of
US$1,195,000, and the understanding that no further funding will be available to the country for ODS
disposal projects in the future.

6

UNEP/OzL.Pro/ExCom/57/69, http://www.multilateralfund.org/sites/57th/Document%20Library2/1/5769.pdf
UNEP/OzL.Pro/ExCom/58/53, http://www.multilateralfund.org/sites/58th/Document%20Library2/1/5853.pdf
8
UNEP/OzL.Pro/ExCom/58/19/Rev.1,
http://www.multilateralfund.org/sites/58th/Document%20Library2/1/5819r1.pdf
9
http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/548
10
http://ozone.unep.org/sites/ozone/files/meeting-document/TEAP02V3b.pdf
11
http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/25548
12
http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/536
13
UNEP/OzL.Pro/ExCom/59/59, http://www.multilateralfund.org/sites/59/Document%20Library2/1/5959.pdf
14
Between 2009 and 2014, EXCOM approved 12 country specific projects for preparation and implementation
funding as well as 3 Global/Regional projects on EOL ODS management.
15
UNEP/OzL.Pro/ExCom/66/33, http://www.multilateralfund.org/66/English/1/6633.pdf
16
UNEP/OzL.Pro/ExCom/66/54, http://www.multilateralfund.org/66/English/1/6654_and_c1_c2.pdf
7
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3.0

Project Scope and Design

3.1

General Approach, Overall Scope and Objectives

The UNDP/UTO proposal submitted on behalf of the Government of Colombia and approved at the 66th
EXCOM meeting as referenced above in Annex I of the MLF Secretariat decision document sets out the
general approach, scope and design along with indicative costs, implementation priorities and modalities
intended for the Project. In this overall section these aspects are described in more detail as implemented,
including various areas where variation from what was originally proposed occurred and the reasons for
that.
From the perspective of the Government, the Project proposal was made in the overall policy context of the
evolving national policy framework being pursued by MADS related to the management of a range of
environmentally sensitive waste streams and development of initiatives for the diversion of these waste
from conventional disposal options, typically landfill or involving uncontrolled environmental release of
contaminants. This was envisioned as developing capacity for ESM of these hazardous waste streams
involving maximizing resource recovery and/or environmentally sound disposal/destruction.
This was being supported by introduction of a legal and legislative framework for this integrated approach
to hazardous waste management. It started with establishment of a legal framework for hazardous waste in
2005 (National Policy for integrated management of Hazardous Waste17 and Decree 4741, 200518) and
followed up in 2015 (Decree 1076, 201519) which establishes the responsibility and obligations of a
producer of a substance with hazardous characteristics for the ESM of the residues and
containers/packaging. Initially, producers of only selected hazardous waste streams (pesticides, medicines,
lead acid batteries) are subject to a mandatory requirement to put in place a “Return Management Plan for
Post -Consumer Products”. The intention is to pursue incrementally expanding this to other regulated
hazardous wastes including EOL ODS and potentially EOL HFCs with the ratification of the Kigali
Amendment. The feasibility of this would be substantially supported by being able to demonstrate cost
effective domestic destruction capability through this Project. Likewise, it is closely linked to initiatives
related to EPR programs applicable to the RAC sector and potentially including application to ODS and
HFC importers.
One of the waste streams specifically being targeted under this policy approach is the general waste category
of Waste Electrical and Electronic Equipment (WEEE), a major sub-component of which is end of life
refrigeration and air-conditioning (RAC) equipment. The high priority attached to RAC equipment within
this policy framework was and continues to be significantly motivated by the substantial progress made by
the country in fulfilling its Montreal Protocol obligations, specifically achieving phase out of CFC
consumption, now its aggressive initiation of HCFC consumption phase out, and in the future HFC phase
17

http://www.minambiente.gov.co/images/AsuntosambientalesySectorialyUrbana/pdf/sustancias_qu%C3%ADmicas_y_resi
duos_peligrosos/Politica_Residuos_peligrosos.pdf
18
Decree 4741, 2005 by which the prevention and management of hazardous waste generated within the framework of
integral management is partially regulated, http://www.corpocaldas.gov.co/publicaciones/1524/0228/Decreto4741de2005.pdf
19
Decree 1076, 2015 by means of which the Single Regulatory Decree of the Environment and Sustainable Development
Sector is issued, http://www.minambiente.gov.co/index.php/normativa/81-normativa/2093
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out under the Kigali Amendment. Law 1672 of 201320 provides the general framework for electric and
electronic devices and the handling of their respective waste, then the National Policy for integrated
management of WEEE launched in June 2017 and more recently Decree 284, February 15, 201821
established in more detail the responsibilities of the electric and electronic equipment producers. Domestic
and commercial refrigerators and air conditioning equipment are included in the list of controlled EEE
noting that in 2012 the capture of 2.6 million domestic refrigerators for environmentally sound management
over the following decade was set as a national target22. This has stimulated the country to develop a robust
basic capability among private sector service providers for processing WEEE including a basic capability
for end of life RAC equipment including recovery for EOL ODS in both concentrated and dilute forms (i.e.
foam).
Likewise, the parallel policy initiatives related to achieving enhanced energy efficiency through
replacement of old RAC equipment reinforced this priority. Regarding the policies on energy efficiency,
the Ministry of Mines and Energy adopted the Indicative Action Plan 2010-2015 to develop a programme
for the rational and efficient use of energy and other forms of non-conventional energy (PROURE).
Currently, the second phase of this plan includes the phase 2017-2022. The overall objective of PROURE
is "to promote the rational and efficient use of energy and other forms of non-conventional energy,
contributing to ensure a full and well-timed energy supply, competitiveness of the Colombian economy,
consumer protection and promotion of the use of non-conventional energy sustainably”. The replacement
of old RAC equipment has been prioritized in PROURE’s indicative action plan23 that was approved by
Resolution 41286 of December 30, 201624.
Based on the above policy priorities and initial development of a framework for establishing a sustainable
EPR approach to managing RAC waste streams, the timing and focus of the MLF initiative on pilot
demonstration EOL ODS management described in Section 2 above was recognized as having strong
synergy with the Government’s priorities as well as being consistent with its proven commitment as a Party
to the Montreal Protocol. This synergy and specifically the identification of a critical gap related to
selecting and qualifying EOL ODS destruction capability to support the overall ESM of these waste streams
has served to define the design and scope of the Project as documented in the MLF proposal and in its
subsequent implementation since that time.
The Project’s stated primary objective is to put in place a sustainable, environmentally sound, and
affordable capability for Colombia to destroy the “end of life” ODS that is anticipated to accumulate as a
result of current national policy initiatives related to energy efficiency and waste management involving
the replacement of domestic refrigerators. Other objectives originally identified were: i) integrate the
management of EOL ODS into the countries overall hazardous waste management system; ii) to enhance
synergies with initiatives related to meeting national obligations under the Stockholm Convention
respecting the destruction of POPs stockpiles; iii) contribute to the technical knowledge base on destruction
20

Law 1672,2013 by which the guidelines for the adoption of a public policy of integral management of residues of electrical
and
electronic
appliances
(WEEE),
and
others
provisions
are
dictated,
http://www.minambiente.gov.co/images/normativa/leyes/2013/ley_1672_2013.pdf
21
Decree 284, 2018 by which is added Decree 10476 of 2015, Sole Regulation of the Environment and Sustainable
Development Sector, in relation to the Integrated Management of Electrical and Electronic Devices -RAEE and other
provisions are dictated, http://www.minambiente.gov.co/index.php/normativa/decretos
22
http://www1.upme.gov.co/DemandaEnergetica/MarcoNormatividad/plan.pdf
23
http://www1.upme.gov.co/Paginas/Plan-de-Acci%C3%B3n-Indicativo-de-Eficiencia-Energ%C3%A9tica-PAIPROURE-2017---2022.aspx
24
http://www1.upme.gov.co/Documents/Resolucion_41286_de_2016_PROURE.pdf
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and environmental performance of technologies accessible to developing countries; and iv) demonstrate
how a developing country can develop national capability to manage EOL ODS for broader replication as
appropriate.
The overall scope and design of the Project as proposed and implemented has three Components as follows:


Component 1 – EOL ODS Destruction Demonstration: This is the main project component involving
allocation of MLF funding (US$830,000) and the main focus of what is reported herein. It covers a
comprehensive demonstration of the destruction step within the overall EOL ODS management
process. It involves undertaking qualification test burns on a domestic commercial high temperature
rotary incineration (HTI) facility employing modern rotary kiln and associated air pollution control
(APC) technology in terms of the TEAP requirements as well as national regulatory requirements and
other international reference standards. Initially it was planned to focus on available stocks of CFC-12,
CFC-11, and anticipated stocks of CFC-based foam. Early in implementation this was also extended to
HCFC-141b based foam, in part due to issues associated with obtaining sufficient verifiable quantities
of CFC-11 foam as well as recognition that HCFC-141b foam is now dominating this EOL ODS waste
stream. Conditional on its qualification, the Component also provides for use of this capability on a
commercial basis in support of the parallel incremental introduction of the national EPR system for
WEEE (from RAC sector) management by providing funds for destruction of EOL ODS generated by
processing of the initially estimated 300,000 domestic refrigerators projected to be generated by it.
Component 2 -Technical Assistance: In support of this and to facilitate the integration of management
of end of life RAC equipment within the overall national WEEE management policy framework and
specifically the development of an effective EPR system for RAC equipment, the Project also contained
a technical assistance (TA) component with MLF funding of US$255,000. This is being used to support
institutional and regulatory development, business planning and implementation activities for the EPR
system, and public information/awareness activities.
Component 3 – Project Management/Monitoring/Evaluation: A final component involving
US$110,000 in MLF funding covers normal eligible national project staffing, administration and M&E
costs.





A detailed breakdown of these components, allocated estimated costs, an indicative schedule, and
associated co-financing is provided in Table 3 and Appendix 5 of the original proposal referenced above.
A reconciliation with the actual MLF expenditures to date is provided in Section 3.9 below, along with an
overall estimate of co-financing that has been attracted to this point in the project.
3.2

Project Implementation Chronology and Current Schedule Projections

As detailed in Appendix 6 of the original proposal, the Project was envisioned to be completed over slightly
less than three years in a period from late 2012 (EXCOM approval) and mid-2015. However, early in the
implementation process this was understood to have been overly optimistic. As reported to EXCOM
annually as required, the practical reality is that the time period required both to undertake the destruction
demonstration aspects of the project and then the transition through to a sustainable and self-funded EPR
system has and continues to take longer than anticipated. EXCOM’s appreciation of this reality has allowed
extension of the Project in Colombia to June 2019 with submission of the final report to the last meeting of
2019 and a Project Completion Report no later than June 2020 25
25

UNEP/OzL.Pro/ExCom/79/51, http://www.multilateralfund.org/79/English/1/7951.pdf
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The actual chronology of the Project implementation to date and its projection through 2019 is illustrated
in Appendix I and is summarized for this reporting period below:
















Q4/13
Q1/14
Q2/14
Q2/14
Q2/14
Q2/14
Q3/14
Q4/14-Q3/15
Q1/15
Q2/15
Q3/15
Q4/15
Q2/16
Q2-Q4/16
Q4/16–Q1/17

Supply of extraction/transfer equipment
Assembly of HCFC-141b foam for 2014 destruction tests
MLF funded facility modification
2014 test burn design and planning
Collection/consolidated storage of CFC-11 and CFC-12 stocks
2014 test burn CFC-11, CFC-12 analysis
2014 test burn
Analysis/reporting of 2014 test burn results
Assembly of CFC-11 foam for destruction tests
Additional facility upgrading
2015 short test burns on Cl and F feed sensitivity
2016 test burn design and planning
2016 test burn
Analysis/reporting of 2016 test burn results
Demonstration test of foam destruction in EAF furnace

The various reasons for the extended implementation period is elaborated in the following sections covering
the various components and activities within them with the major ones being:













Need to resolve initially unidentified regulatory issues related to originally selected HTI facilities
Difficulties in accumulating verifiable quantities of CFC-based foam and need to develop a specific
collection program to do so.
The addition of HCFC-141b based foam to the menu of EOL ODS to be tested
The necessity to undertake three test burn testing programs on a single facility instead of the originally
contemplated separate CFC-11/CFC-12 and foam test burn programs on two separate HTI facilities for
commercial, technical, and regulatory reasons
The above final selection of a single HTI facility for demonstration testing increased scheduling
constraints imposed by needing to accommodate priority commercial commitments at the facility.
The more extensive learning curve related to test burn implementation and need to optimize the HTI
facility’s performance by addition of and scheduling an additional short test program and additional
enterprise financed upgrades.
Long delivery times for test results from the contracted analytical service provider.
Addition of a demonstration of an alternative approach to destruction of ODS based foam from
domestic refrigerators utilizing an electric arc furnace at a steel making process.
The slower than anticipated development of the EPR program for domestic refrigerators and its
transition from the current pilot voluntary approach to a regulatory mandated mandatory system.
Delays in securing the needed transitional funding for the EPR program.

In summary, the current implementation status of the project is as follows:


The demonstration destruction testing of the selected national HTI facility involving a series of three
test burn programs is complete with positive results and conclusions reported herein.
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The collection and secure storage of EOL ODS refrigerants (CFCs, HCFCs and Blends) as well as
initial volumes of HFC continues within the refrigeration service sector on a voluntary basis, and by
WEEE service providers for eventual destruction under the developing EPR system.
The limited manual extraction of ODS based foams (primarily HCFC-141b based) is undertaken by
licenced WEEE service providers with an interim disposal option in cement kilns being used where
commercial arrangements are viable.
The voluntary EPR system for EOL domestic refrigerators under the direction of an industry association
is developing incrementally with the operation active in 5 geographic areas, pending implementation
of a mandatory system.
Finalization of regulatory arrangements implementing the mandatory EPR system being made with
anticipated effectiveness in 2019.
Finalization of transitional financing arrangements under climate change initiatives for a refrigeration
equipment replacement program being completed to cover up to 300,000 units starting in 2018.








3.3

Assembly of EOL ODS for Demonstration Test Burns

As indicated in the original proposal, a sufficient quantity of EOL ODS in the form of CFC-11 and CFC12 had been collected or in the case of CFC-11 was scheduled for phase out in the MLF chiller project
being implemented. Access to required quantities of CFC-11 foam was assumed based on anticipated
generation from targeted domestic refrigeration equipment from the then contemplated rapid
implementation of energy efficiency and EPR related programs. One underlying assumption made initially
was that the large majority of the EOL ODS waste that would be generated and could be accessible in the
medium term would be CFC-11 and CFC-12 both in concentrated form as extracted refrigerant and in dilute
form as blowing agent in waste foam. Table 3.1 below summarizes the initial quantities of EOL ODS
available or projected to be immediately available for the demonstration testing in the original proposal,
along with a summary of what was available when test program EOL ODS was being assembled.
Additionally, quantities currently held in secure storage for future destruction are provided.
Table 3.1: EOL ODS Available/Assembled for Demonstration Destruction Test Programs
Refrigerant (mt)
EOL ODS Available

HCFC based
Foam (mt)

CFC-12

HCFCs*

HCFs**

8.120

5.674

n/a

n/a

7.969

2.102

n/a

n/a

5.980

5.590

3.900

1.817

4.000

3.679

2.100

23.900

12.000

5.000

22.000

420.000

780.000

4,111

4,997

Not
available

Not available

2012 Proposal
Estimates

Available for test
program
Available 2017
Expected to be
collected from EPR
system (next 5 years)
Estimated Banks (2017)

CFCbased
Foam
(mt)
Not
quantified
but
sources
identified

CFC-11

88

Not quantified but
source identified
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Refrigerant (mt)
EOL ODS Available

CFC-11

Estimated banks,
potentially available
per year,26

CFC-12

16

HCFCs*

HCFs**

281

296

CFCbased
Foam
(mt)

HCFC based
Foam (mt)

Not
available

Not available

*HCFC-22, HCFC/HFC based blends
**HFC-134a including amounts available for reclaim/reuse
The implementation experience confirmed that sufficient EOL CFC-11 and CFC-12 was available as
required for test burns based on their detailed design described below. The required CFC-11 was generated
from the successful MLF funded chiller conversion project as completed through 2014. The base
requirements for CFC-12 were already secured and added to through operation of ongoing refrigeration
servicing activities, noting that the amounts collected remained quite modest. However, it was also noted
that modest but growing accumulation of end of life HCFCs and HCFC based blends, and now HFCs has
started to occur. In the case of refrigerant from domestic refrigerators, experience in the early stages of the
voluntary EPR initiative has shown that CFC-12 capture is relatively modest (accounting for only 40% of
units collected) and the majority of refrigerant recovered is now HFC-134a which is largely returned for
reuse through reclaim facilities.
Experience respecting the availability of waste ODS based foams varied significantly from what was
originally anticipated. The large majority of foam entering the regulated waste stream was in fact HCFC141b based. This was largely being generated regularly in sufficient quantity to meet Project needs through
the commercial manual dismantling of domestic and commercial refrigeration units by WEEE service
providers on contract to various clients including local manufacturers, warranty units from importers, and
replacement programs being undertaken by beverage manufacturers for older commercial units that they
were voluntary replacing to eliminate ODS (Figure 3.1).
Figure 3.1: Recovery and storage of HCFC-141b based foam

Source: OCADE S.A.S.

Identifiable CFC-11 based foam was more difficult to obtain on a segregated basis. Initial attempts
in 2013 to obtain reliable quantities from scrap yards feeding electric arc furnace (EAF) at steel
plants were unsuccessful given issues related to the practicality of reliably identifying and
26

ODS bank inventory for Colombia, draft report. GIZ, 2018.
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segregating CFC and HCFC based foam. Eventually, the Project was able to coordinate with a
targeted demonstration EOL domestic refrigerators management program supported by MADS,
ANDI, the military, local authorities and the EAF steel maker DIACO which was undertaken on
San Andres Island in 2014. This location had a high concentration of CFC-12/CFC-11 based units
that could be reliably identified as such at source by labelling (Figure 3.2).
Figure 3.2: Recovery of CFC-11 based foam at San Andrés Island

Source: GERDAU- DIACO S.A.

3.4

Selection/Pre-Qualification of Disposal Options

As detailed in the original project proposal, preparation work on the project assessed a variety of strategic
and technology specific options that could potentially be pursued for the environmentally sound destruction
of both concentrated (CFC-11, CFC-12) and dilute (CFC-11/HCFC-141b foam) EOL ODS waste streams.
The three strategic options considered and the conclusions drawn are described as follows:
i)
Establishment of new destruction facilities: The establishment of new facilities, specifically those
based on plasma arc technology both on a commercial scale for broader HW application and on a
small scale was evaluated. Based on preliminary commercial proposals and experience elsewhere
at that time, it was concluded that this would be relatively a high cost option. In the case of a larger
scale commercial operation, this could potentially meet the cost effectiveness threshold but would
require significant capitalization by a private sector partner which was not readily identifiable. The
small units, while affordable in terms of initial capital investment, had high operating costs and
ultimately poor cost effectiveness well above the specified threshold.
ii)
Export to already qualified facilities elsewhere: The export option was found to be potentially cost
effective although national experience and that seen in the MLF project in Ghana on small quantity
transactions were approaching the MLF threshold, noting that where commercial quantities of
halogenated waste could be assembled, the cost effectiveness for EOL ODS destruction under this
option should be substantially lower. In addition, potential legal and legislative barriers related to
import and export of hazardous waste could potentially apply in Colombia.
iii)
Co-disposal of EOL ODS in existing domestic commercial facilities: This option was evaluated
in recognition that Colombia was in the process of incrementally developing a relatively modern
capacity for thermal oxidation destruction of hazardous waste using rotary kiln incineration
facilities and potentially co-disposal of hazardous waste in industrial combustion processes,
particularly cement kilns. Potentially qualified facilities were identified and evaluated in terms of
availability, potential cost effectiveness, the national regulatory framework governing their
licensing and operation, and prospects of meeting environmental and destruction efficiency
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standards. This work identified three rotary kiln facilities including two relatively new facilities
with modern APC facilities, as well as several modern cement kilns. At the time this option also
offered potential synergy with a GEF PCB elimination project that was also under preparation and
was also likewise examining the use of domestic hazardous waste facilities and cement kilns.
At this stage of preparation, the election was made to pursue the option of qualifying existing domestic
facilities. However, the cement kiln option was found not to be viable at the time due to low operator
interest noting that this has since been revisited and is in fact now being used commercially for HCFC based
foam but without any specific formal qualification. The three rotary kiln incineration facilities identified
for potential qualification were modern HTI facilities operated by TECNIAMSA S.A in Galapa
(Barranquilla), TECNIAMSA S.A in Mosquera (Bogota), as well as an older, less sophisticated facility
operated by PROSARC S.A. in Mosquera. The conclusion based on qualifications completed or underway
in accordance with the national regulations on incineration, was that the two TECNIAMSA facilities offered
good potential for qualification in accordance with TEAP requirements for destruction of concentrated EOL
ODS, while the PROSARC facility could potentially be qualified for destruction of foam. In terms of cost
effectiveness, utilizing current commercial pricing this option appeared to be well within the specified
threshold, substantially lower than development of new facility options, and competitive with export
options. It was also shown that the country has a solid framework for the regulation of hazardous waste,
and specific regulations requirements applied in terms of destruction removal efficiency and emissions are
equivalent to the main referenced international standards and those applied in OECD countries, and
furthermore generally exceed TEAP requirements.
Upon Project implementation, the selection of domestic facilities was further refined based on more detailed
technical and regulatory assessment as well as more detailed commercial discussions with the owners. In
this regard, it was decided to eliminate further consideration of PROSARC based on continuing regulatory
compliance issues related to particulate and dioxin/furan (PCDD/F) emissions that would have precluded
qualification either in terms of international or national standards. Commercial discussion with
TECNIAMSA were undertaken during 2013 and 2014 on the basis of the detailed test burn design and
agreed facility modifications (Section 3.5) resulting in a commercial agreement dated May 27, 2014. This
provided for the disposal of up to 8 mt of CFC-11 liquid and 10 mt of HCFC-141b foam at Galapa, and 6
mt of CFC-12 gas and 10 mt of CFC-foam at Mosquera in two essentially parallel test burn programs
targeting completion in the first part of 2015. An MLF funded payment in the initial amount of US$300,000
and final amount of US$281,696.15, was agreed to cover i) storage of consolidated EOL ODS as arranged
by UTO under separate arrangements with hazardous waste service providers; ii) modifications required
for feeding and fed measurement of CFC-11 and CFC-12 (foam would be handled in the existing weighting
and feed system); iii) operational supervision of the test burn work: iv) contracting of sampling and
analytical work as specified in the test burn design; and v) final reporting on the test burn program. Separate
contracts valued at US$86,244.68were made with hazardous waste service providers for consolidation and
delivery of already collected EOL ODS to TECNIAMSA.
However shortly after signing the agreement, TECNIAMSA encountered technical issues at the Galapa
facility requiring renewed regulatory approvals that would substantially delay the test burn program planned
at that facility. This resulted in a collective decision to focus qualification on the newer Mosquera facility,
particularly noting that a major modernization of the APC system and addition of a second rotary kiln was
being undertaken by the company which would both potentially offer better results. Additionally, it allowed
TECNIAMSA to have greater flexibility scheduling now the two test burn programs around its commercial
commitments.
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3.5

TECNIAMSA Mosquera Facility Description

The TECNIAMSA Mosquera HTI incineration facility is part of the Sala Group (Grupo Sala)27 who are
one of Colombia’s largest environmental services providers through 12 operating companies and providing
a variety of sanitation, water treatment, solid waste management, and hazardous waste management
services including operation of eight environmental technology parks around the country. TECNIMSA28
is the main hazardous waste management company in the Sala Group, providing treatment, destruction and
disposal of regulated HW from industrial, medical and oil/gas sectors. It operates with three integrated HW
management facilities at Mosquera, Manizales and Galapa. The Mosquera facility operates on a 14.86hectare site which, in addition to the two incineration units, also includes an engineered hazardous waste
landfill and supporting storage, receiving, control room and laboratory facilities. The facility initially
consisted of a single incineration unit constructed in 2010 but was expanded with a new parallel unit of the
same size in 2014.
The HTI unit used in the test burn program was the original unit installed at Mosquera. While of modern
design, by industry standards it is a relatively small unit having a nominal capacity of 1mt/hour and a
nominal commercial annual capacity of approximately 7,000 mt/year which is generally lower than
commercial HTI facilities qualified for halogenated HW streams. Its normal operation involves both solid
and liquid hazardous waste typically in a 75/25 ratio with primary wastes received include bagged medical
waste (30%), hydrocarbon wastes (25%) and general industrial hazardous waste (45 %).
Solid waste is fed using manually loaded 0.5 m3 bins that are weighted (70-80 kg) prior to automated loading
by an electromechanical elevator and dumping mechanism into a feed hopper in the burner end of the first
stage rotary kiln. Liquid waste is injected at a dedicated port at the same end with a pump feed from tanks
or containers located either in an enclosed area or outdoor tank staging area adjacent to the incineration
building. The principle process components in the facility, inclusive of the primary and secondary
combustion chambers and APC systems and supporting control and monitoring infrastructure are as
follows:







27
28

Primary combustion chamber (rotary kiln) typically operating in the temperature range of 900 to
1,2000C with two burners and solids retention time of 100 minutes with release of combustion gases to
the secondary combustion chamber and solid combustion residues (ash) to a bottom ash collector.
Secondary combustion chamber receiving released combustion gas operating in the range of 1,250 to
1,3000C with two burners and a 4 second resident time.
Quench unit and dry scrubber accepts combustion gasses first into a direct quenching system that
injects an alkali/water solution to lower temperature to about 250 ºC at the cyclone inlet after which the
gases pass through a cyclone where particles larger than 5 microns are removed and acid gasses (SO2
and HCl) are neutralized acid gas treatment system with generation of a recovered inert solid residual
(sodium sulfate and calcium sulfate).
Dust Collector (Bag House) provides a series of 420 filtration bags with filtration area of 620 m2, rated
99% collective efficiency for 0.01micron particles, 240 °C maximum temperature and automatic
clean/dry compressed air dust bag cleaning sequencing system for bottom collectors of removed
particulate.
http://www.gruposala.com.co/es/
http://www.tecniamsa.com.co/
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Catalytic reactor for dioxin and furan (PCDD/F) removal where gas from the bag house passes through
a lateral flow reactor (LFR) which contains a catalyst enhancing high efficiency chemical treatment
removing PCDD/F at relatively low temperatures.
Gas extraction fan and stack receives and releases the final treated combustion gases with the extraction
fan being controlled for flow volumes and a 23m high/1.2 m diameter stack equipped with access and
platform structures for the operation of continuous and discontinuous sampling.
Continuous emission monitoring system (CEMS) involving a modular system located in a dedicated
room at the base of the stack receiving sampling inputs from the eight analyzer ports in the stack via
heated sample lines for sample extraction with data collected and analyzed with i) an opacimeter for
measuring PTS; ii) infrared spectroscopy gas analyzer for primary emission pollutants (CO, SO2, HCL,
HF, HCT, NOx); ii) a pneumatic oxygen analyzer, with a measuring range from 0 to 25% per volume.
The system is equipped with on-site calibration system29 and data feed for real time alarm, display and
recording in the main control room coincident with data on operating conditions.
Automatic Control System for the combustion and post-combustion APC processes via the operation of
burners and fans, thermocouples to measure temperature, transmission wiring, controllers and actuators
for gas and air injection systems which also provides for data collection, storage and information
processing in real time all connected to the central control room that has digital and graphics capability
for observation and retention of all controlled and monitored parameters including the CEMS and as
described below feed parameters during the test burn programs.

The facility is licenced in accordance with MADS Resolution 909/2008 which generally tracks
requirements governing such facilities in the US and EU. It specifies: i) basic combustion operating
conditions (primary and secondary combustion temperatures of >8500C and >1,1000C respectively and
secondary combustion chamber minimum residence time of 2 seconds; ii) emission limits and destruction
removal efficiency requirements; iii) annual and bi-annual test burn requirements; iv) operating condition
recording and records; v) maintenance and inspection; and vi) safety/emergency response procedures. The
facility specific licence is issued by the regional environmental authority and specifies the waste permitted
for disposal who provide regular on-site monitoring. A more detailed description and photographic
illustrations of the Mosquera facility are provided in the TECNIAMSA technical document referenced
above. Appendix II provides photographs of various key components.
3.6

Test Burn Preparations

The design of the test burns undertaken as described in a following section was based on the established
principle that well characterized target waste streams, in this case the EOL ODS noted above, would be
destroyed in a controlled and monitored manner at the designated facility being qualified for accepting such
wastes. This would be done with it operating in a steady stage condition matching commercial conditions
that would apply in the future and be done over a period sufficient to demonstrate stable operation and
allow representative sampling and analysis of emissions from all release points as well as being able to
correlate these performance measurements with principle operating parameters and characterized waste
feed rates for which the qualification would apply.
The perquisites for undertaking this in terms of preparing the selected facility for the test burn program
were identified as i) availability of sufficient quantities of the characterized target EOL ODS (CFC-11,
29

The upgraded CEMS system described here replaced the original system used in the initial 2014 test burn as an
addition investment made by TECNIAMSA during the program.
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CFC-12, CFC-11 based foam and HCFC-141b based foam); ii) availability of sufficient quantities of fully
characterized baseline material which is a common commercial hazardous waste feed that is be designated
for qualification purposes as the waste co-disposed with the EOL ODS; iii) implementation of selected
facility modifications required to undertake the testing inclusive of instrumented feed system that control
and measure feed rates of the baseline and EOL ODS into the incineration unit and any other operational
or process modifications identified initially or during the course of the test program required to optimize
the waste specific performance; and iv) availability of qualified sampling and analytical capacity to support
the test burn.
Assembly of Baseline and EOL ODS Waste: During 2013 and 2014, a primary activity was the assembly
of CFC-11, CFC-12, HCFC-141b foam and CFC-11 based foam. As described above, significant quantities
of CFC-11 and CFC-12 were already available or being generated from completing CFC phase out projects.
The initially conservatively estimated quantities required for two test burn runs based on an indicative
chlorine feed level up to 1.25% was consolidated in bulk tanks and transferred to secure monitored storage
at TECNIAMSA’s Mosquera facility in accordance with a tracking, receiving and documentation protocol
developed for the Project in line with national hazardous waste regulation and set out in the commercial
agreement with the service providers involved and TECNIAMSA. In the case of HCFC-141b foam, this
was packaged at the source by WEEE service provider partners in plastic bags, shipped to Mosquera in
standard shipping containers, and stored in a secure area. Subsequently, this procedure was repeated for
CFC-11 based foam sourced from the San Anders Island program described above. Table 3.2 below
provides a summary of the consolidated inventory assembled and stored at Mosquera pending use in the
test burn program.
Table 3.2: EOL ODS Received for Test Burns
EOL ODS
CFC-11

CFC-12

HCFC-141b
foam

CFC-11 Foam

Consolidated Amount
Received (kg)
594
2,760
3,300
202.5
598.4
430
871
640

Received from

1,140
970
1,140
700
1,000
5,980

Container Type

Date Received

LITO
LITO
LITO
LITO
OCADE
OCADE
OCADE
OCADE

Drums (2)
Drums (14)
Drums (17)
Cylinders (5)
Bulk cylinder (1)
Bulk cylinder (1)
Bulk cylinder (1)
Big bags

23/07/2014
12/08/2014
05/02/2015
09/09/2014
09/09/2014
07/02/2015
07/02/2015
22/08/2014

OCADE
OCADE
OCADE
DIACO
DIACO
DIACO

Big bags
Big bags
Big bags
Big bags
Big bags
Containers (3)

22/08/2014
22/08/2014
22/08/2014
01/08/2014
05/08/2014
08/2015

The baseline commercial waste selected for co-disposal was a hydrocarbon sludge waste stream that is
regularly received by TECNIAMSA and generally available on demand at the Mosquera facility. It
originates from oil production and distribution operations and supplied by clients with a reliable track record
and good practice related to characterization and consistency based on past experience through normal
company receiving and characterization protocols. It is generally found to be low in halogenated
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compounds, specifically chlorine, thus facilitating co-disposal of optimum amounts of EOL ODS. As was
TECNIMSA’s practice this was mixed in a 40/60 ratio with inert mineral material to formulate the
incineration feed in order to optimize combustion.
Characterization of Baseline and EOL ODS: For purposes of initiating the test burn design and specifically
determining target feed rates, the theoretical amounts of Chlorine (Cl) and Fluorine (F) contained in pure
forms of CFC-11, CFC-12 and HCFC-141b were used, recognizing that these elements would be the likely
determinates for air emission performance parameters and effectively dictate the maximum feed rates of
the respective EOL ODS. Table 3.3 below provides the results of these calculations.
Table 3.3: Theoretical content of Cl and F in the EOL ODS chemicals
EOL ODS
Chemical Name

CFC-11

CFC-12

HCFC-141b

Triclorofluoromethane

Diclorodifluoromethane

1,1-Dicloro-1-fluoroethane

CCl3F

CCl2F2

CH3CFCl2

137.35

120.9

116.9

Molecular weight
Cl content

77%

106.35

59%

70.9

61%

70.9

F Content

14%

19

31%

38

16%

19

C content

9%

12

10%

12

21%

24

H Content

0

0

0

0

3%

3

At the initiation of each test burn the selected CFC-11 and CFC-12 containers or, in the case of foam,
random samples from storage shipping containers being used were sampled and analyzed for the respective
chemical’s purity, and in the case of CFC-11 and 12 any potential cross contamination. For the baseline a
general analytical characterization for chlorine content and in some cases heavy metals was undertaken.
The results of this characterization on actual feed during the test burn runs is provided in the detailed
analytical report referenced above. These results indicated the following overall results and conclusions:
 The chlorine content for the baseline waste was generally low with test burn run averages of between
0.012 and 0.015% and a maximum of 0.019% suggesting that this should not be a variable affecting
test burn performance results
 The purity of CFC-11 was effectively 100% for the 2014 test program but varied from 80% to 97% for
the 2016 test program. Likewise, the purity of CFC-12 was >99% for all samples except one that was
80% CFC-12/with 20% CFC-11 during the 2014 test program. This suggests that in practice an
assumption of high purity is prudent for determination of feed rates but some lower purity in
commercial material seen in the future can be expected.
MLF financed facility modifications: The facility modifications that were contemplated within the scope
of the MLF project involved modest incremental investment related to the development of feed systems for
CFC-11 and CFC-12. This covered the transfer from consolidated containers to the existing liquids feed
port in the burner end of the rotary kiln as well as the required automated flow control and measure
requirements applicable to this and to providing digital data transfer to the main control room for real time
correlation with operating conditions and CEMS data30. Separate CFC-11 and CFC-12 feed systems were
installed in a separate building located adjacent to the feeding points for the rotary kiln. Access for bulk
30

EOL ODS foam required no incremental investment as the existing manual loading of bins into the existing
weighting and electromechanical system for bulk solid waste was used and feed data across the scale was manually
recorded.
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containers was provided by a sliding half wall door and, when operating, the closed building was held under
positive pressure vented through overhead piping to the kiln such that no fugitive emission from the system
were released. The containers were placed on a digital scale. For CFC-11, as shown in Figure 3.3, that was
injected as a liquid the primary equipment consisted of a liquid dosing transfer pump, flow meter, custom
dedicated and spray nozzle fitting. For CFC-12, as shown in Figure 3.4 that was injected as a gas the
primary equipment consisted of a gas flow meter, instrumented control valve and evacuation pump.
Additionally, a heated jacket system for the CFC-12 tank was utilized so temperature could be maintained
consistently as the liquid in the tank discharged as a gas. Both systems utilized an over head ½” stainless
steel transfer pipe from the feed building across to the incinerator feed port, as shown in Figure 3.5 as well
as the necessary digital data collection and transfer instrumentation to feed the control room. A final
modification included in the MLF scope involved modifications to the alkali dosing system applied between
the secondary combustion chamber and dry scrubber to accommodate higher chlorine waste feed.
Figure 3.3 CFC-11 feed system

Source: TECNIAMSA S.A.

Figure 3.4 CFC-12 feed system

Source: TECNIAMSA S.A.
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Figure 3.5 Feed house vent and feed lines and Incinerator feed port

Source: TECNIAMSA S.A.

Additional facility modifications: In addition to the above throughout the test program TECNIAMSA
undertook a number of significant process upgrades that were at least in part a result of the learning curve
associated with the test burn program and which significantly increased the originally projected cofinancing. These modifications include:






Re-calibrating and upgrading of the CEMS system after the 2014 test program
Major repairs and upgrading of the bag house
Improved PCDD/F emission treatment
Enhanced monitoring/sampling access
Reconstruction and modernization of control room

Identification of qualified sampling and analytical capacity: A critical perquisite to support the test burn
program is the availability of qualified capability in undertaken the sampling program and associated
chemical analysis set out in the test burn scope, design and applicable regulatory standards. For this work
a national service provider (ADA & CO LTDA)31 was contracted on a turn key basis, inclusive of subcontracting the analytical work with internationally certified laboratories in Canada and the US.
3.7 Test Burn Reference Performance Standards and Sampling Methods
For purposes of meeting the Project’s objective of demonstrating environmental sound destruction of the
targeted EOL ODS waste streams as set out by the Montreal Protocol, the required performance standards
involve demonstrating compliance with destruction efficiency and emission release limits specified in the
TEAP standards referenced above. Additionally, the destruction also needs to be appropriately permitted
in Colombia under national requirements, namely MADS Resolution 909/2008 governing incineration
facilities generally in Colombia. Table 3.4 below sets out these limits which effectively define what is
required to be sampled and analyzed for this work during the test burn program. Also illustrated are two
EU reference standards applicable to incineration performance used during the development of the test burn
program noting that the EC Incineration directive has since been rolled into a general air emission directive
31

Experienced national firm undertaking air, water and soil monitoring of industrial facilities, including regular
regulatory test burn and monitoring at licensed incineration facilities including past test burns at TECNIAMSA
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that encompasses waste combustion facilities. By way of comment this table, it illustrates that generally
the national regulations in Colombia for general air emission limits is equivalent and, in some cases, more
restrictive than those applicable in the EU if used as a bench mark. The TEAP air emission limits are
significantly less rigorous than either national or EU requirements. With respect to destruction efficiency
(DE) and destruction removal efficiency (DRE) these are not applied in the EU regulations. However, DRE
which accounts for air releases only at a limit of 99.99% is widely applied internationally in Canada, US
and Japan as well as in international guidance documents applicable to POPs wastes (Basel Convention32
and GEFSTAP33). Both TEAP and national regulations are less rigorous when compared against this. The
latter international standards also apply guidance for DE of > 99. 99% and for purposes of a test burn
program this is used to provide a measure of destruction efficiency accounting for releases from all sources
(including solid and waste water).
The parameters listed in the performance standards in Table 3.4 generally define what was required for
stack emission sampling and analysis. The selection of methods to by which this was implemented is
generally dictated by those approved for use in the MADS “Protocol for Control and Surveillance of
Atmospheric Contamination Generated by Stationary Sources”34. This essentially adopts US EPA standard
methods (CFR - 40 part 60) that are widely applied in undertaking test burn and environmental monitoring
generally. Table 3.5 below summarizes the parameters sampled/analyzed for air emissions the analytical
methods used and test burn repetitions. For the 2014 test program only chlorine was measured with
estimated net EOL ODS calculated. The actual EOL ODS was analysed for the 2016 test run. Additionally,
daily sampling of solid residual from the rotary kiln bottom ash, solids recovered from the cyclone, back
house and catalytic treatment unit were manually collected for analysis of originating EOL ODS, PCCD/F
and Mercury, undertaken on composite samples of each. Analytical methods applied were USEPA Method
8260b for ODS, USEPA Method 8290a for PCCD/F and USEPA Method 7471b for Mercury.
Table 3.4: Reference Incinerator Environmental Performance Standards for Relevant Air
Emissions
Performance Parameter

Particulates
(mg/Nm3)
SOx
(mg/Nm3)

Colombia
Regulation 909
10 (Day Av.)
20 (Hr. Av.)
50 (Day Av.)
200 (Hr. Av.)

TEAP Task Force
Report (2002)35
Decision XV/936
50
n/a

EC Incineration
Directive37
10(Day Av.)
30(8Hr. Av.)
50(Day Av.)
200(8Hr. Av.)

EC IPPC BREF38

1-5(Daily Av)
0.1 – 20 (1/2Hr. Av.)
1 – 40(Daily Av)
1-150(1/2Hr. Av.)

32
General Technical Guidelines on the Environmentally Sound Management of Wastes Consisting of, Containing or
Contaminated
with
Persistent
Organic
Pollutants
(2015)
http://www.basel.int/Implementation/Publications/LatestTechnicalGuidelines/tabid/5875/Default.aspx
33
Selection of Persistent Organic Pollutant Disposal Technology for the Global Environmental Facility, GEF STAP,
Nov. 2011, https://www.thegef.org/sites/default/files/publications/POPs_Disposal_Final_low_1.pdf
34
This Protocol establishes the procedures for evaluating emissions as provided in Article72 of Regulation 909/2008
35
TEAP Task Force Report on ODS Destruction Technologies (2002) – Table 2.1 Page 30,data assumed to be Hourly
averages
daily
in
the
absence
of
it
being
specified
http://ozone.unep.org/Assessment_Panels/TEAP/Reports/Other_Task_Force/TEAP02V3b.pdf
36
Handbook
of
the
Montreal
Protocol,
8th
Edition
(2009),
Section
3.1,Page
457,
http://www.unep.ch/ozone/Publications/MP_Handbook/MP-Handbook-2009.pdf
37
Directive 2000/76/EC on Incineration of Waste – Hazardous waste incineration daily averages:
http://www.central2013.eu/fileadmin/user_upload/Downloads/Document_Centre/OP_Resources/Incineration_Direct
ive_2000_76.pdf
38
EC
IPPC
BREF,
August
2006–
Hazardous
waste
incineration
daily
averages:,
ftp://ftp.jrc.es/pub/eippcb/doc/wi_bref_0806.pdf
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Performance Parameter

HCl
(mg/Nm3)
HF
(mg/Nm3)
HBr/Br2
(mg/Nm3)
NOx
(mg/Nm3)
CO
(mg/Nm3)
Total HC (HCT)
(mg/Nm3)
Hg
(mg/Nm3)

Colombia
Regulation 909
10 (Day Av.)
40 (Hr. Av.)
1(Day Av.)
4 (Hr. Av.)
n/a
200 (Day Av.)
400 (Hr. Av.)
50 (Day Av.)
100 (Hr. Av.)
10 (Day Av.)
20 (Day Av.)
0.03 (Day Av.)
0.05 (Day Av.)

TEAP Task Force
Report (2002)35
Decision XV/936
100
5
5
n/a
100
n/a
n/a

Cd + Ti

0.05

n/a

Sb + As + Pb + Cr + Co + Cu
+ Mn + Ni + V
Dioxin/Furan
(ng-ITEQ/Nm3)

0.5

n/a

0.1

0.2
(Conc.)
0.5
(Dilute)
n/a
n/a
99.99 (Conc.)
95.0 (Dilute)

HCl Removal Efficiency (%)
DE (%)
DRE (%)

99
n/a
99.99

EC Incineration
Directive37

EC IPPC BREF38

10(Day Av.)
60(8Hr. Av.)
1(Day Av.)
4(8Hr. Av.)
n/a

1 – 8(Day Av.)
1-50 (8Hr. Av.)
<1(Day Av.)
<2 (8Hr. Av.)
n/a

200(Day Av.)
400(8Hr. Av.)
50 (Day Av.)

120-180(Day Av.)
30-350(8Hr. Av.)
1-10(Day Av.)
1-20(8Hr. Av.)
1-10(Day Av.)
1-20(8Hr. Av.)
0.001-0.02(Day Av.)
0.001-0.03(8Hr. Av.)
<0.05 Non-continuous
0.005-0.05

10(Day Av.)
20(8Hr. Av.)
0.05(8 Hr. Av)
0.1 (1/2 Hr. Av.)
0.05(8 Hr. Av)
0.1 (1/2 Hr. Av.)
0.1(8Hr. Av.)
0.5(1/2 Hr. Av
0.1 (2-8 Hr. Av.)

0.005-0.5
Non-continuous
0.01 – 0.1
Non-continuous

n/a
n/a
n/a

n/a
n/a
n/a

n/a – not applied

Table 3.5: Air Emission Methods used During the Test Burn Programs
Pollutant
Particulate matter (PM) and sulfur
dioxide (SO2)

Nitrogen oxides (NOX)

Halides (HCl y HF)
Heavy Metals
Carbon Monoxide (CO)
Total Organic Compounds (TOC)
including Benzene, Toluene, and
Xylene as hydrocarbons
Dioxins and Furans

Methods
EPA 5 and 8

EPA 7

EPA 26A
EPA 29
EPA 10
EPA 0030*
EPA 23

Test Burn Repetitions
Three repetitions simultaneously
16 samples as follows:
- 4 samples in the first PM repetition
(EPA 5)
- 4 samples in the second PM
repetition (EPA 5)
- 4 samples in the first Dioxins
repetition (EPA 23)
- 4 samples in the second Dioxins
repetition (EPA 23)
Three repetitions
Two repetitions
Three repetitions
Two repetitions, each one with 3
samples
Two repetitions and a blank

* Colombian regulation does not yet approve this method, but unlike the approved method, Method 0030 allows identification of
ODS in emissions.
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3.8

Test Burn Program Plan and Schedules

As indicated previously the EOL ODS destruction demonstration program was originally intended to
involve three separate incineration facilities. However, the one ultimately designated to handle foam was
judged to have major compliance issues with nationally regulated emissions and was dropped. Additionally,
regulatory issues developed at TECNIMSA’s Galapa facility and additionally delays in assembling CFC
based foam developed. As a consequence, the final program plans involved doing two test program runs
at the TECNIAMSA facility, with the first using CFC-11, CFC-12 and HCFC-141b foam, and the second
scheduled when commercially feasible and CFC-11 based foam was available. It was also understood that
this allowed results from the first to be obtained and analyzed thus allowing adjustments and lessons learned
to be applied in undertaking the second test program runs.
As implemented and described in more detail in the reporting of test burn results, the latter had a significant
impact on the subsequent program plan and schedule. More specifically, the marginal results from the
initial 2014 test burn program undertaken at relatively high waste feed rates and associated high Cl and F
levels resulted in the need for adjustments in subsequent tests to achieve acceptable results. This included
the adding of an interim short test program at variable Cl and F levels to optimize feed rates for use in the
subsequent test burn runs. It also allowed time for TECNIMSA to make necessary adjustments to facilities
and operating changes, the most significant were upgrading bag house integrity, adjusting O2 control,
upgrading PCDD/F treatment practice, and replacing the CEMS system so it could more reliably monitor
key emission performance parameters. The following provides a summary description of each of the test
burn program runs and schedules as implemented.
2014 Test Burn Program: The initial 2014 test program was conducted over a 12-day period between Aug
29 and September 11, 2014 with a test sequence of i) baseline hydrocarbon sludge (B/L); ii) B/L plus
HCFC-141b based foam (assumed to contain 9% HCFC-141b); iii) CFC-11; and iv) CFC-12. Each waste
stream test run was undertaken over a 3-day period with each daily continuous monitoring period test lasting
at least 11 hours (typically 7:00-18:00 day shift) during which the air and solid waste repetitive sampling
was undertaken. The remaining period during each day involved continuous operation either on the target
waste stream or normal commercial waste plus short maintenance shut downs as required. This sequencing
ensured at least three 8-hour continuous steady state test runs each day as required for average emission
sampling per the selected methods. The air sampling for HCl, HF, NOx, and CO were typically sampled
for all three test days with PCDD/F and heavy metals sampled on two test days and particulate (MP) and
SO2 at least one day. Solid residuals were sampled daily at each release point and 2-5kg samples were taken
at the end of each waste test run. For the B/L test run waste feed rate of 800 kg/hour was used and for the
HCFC-141b based foam, CFC-11 and CFC-12 test burn runs B/L feed rates were 720, 787 and 774 kg/hour
respectively. Table 3.6 provides a summary of the daily feed rates and analytically determined average
chlorine daily Cl and F content for the four test runs. Table 3.7 summarizes the overall average EOL ODS
destruction productivity in terms of average hourly amounts destroyed and totals for each test run, along
with average chlorine and fluorine.
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Table 3.6: Waste Feed Rates and Chlorine/Fluorine Content for 2014 Test Program Runs

Test Burn
Run Date

Baseline
Daily
Average
Feed Rate
kg/hr

29/08/2014
30/08/2014
31/08/2014

800
800
800

01/09/2014
02/09/2014
03/09/2014

720
720
720

05/09/2014
06/09/2014
07/09/2014

787
787
787

09/09/2014
10/09/2014
11/09/2014

774
774
774

EOLODS Daily Average Feed
Rate
kg/hr

l/hr

m3/hr

Baseline Test Burn Run
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
HCFC-141b Foam Test Burn Run
80
n/a
n/a
80
n/a
n/a
80
n/a
n/a
CFC-11 Test Burn Run
n/a
18
n/a
n/a
18
n/a
n/a
18
n/a
CFC-12 Test Burn Run
n/a
n/a
3.3
n/a
n/a
3.3
n/a
n/a
3.3

Daily
Average
Chlorine
Content

Daily
Average
Fluorine
Content

0.01918%
0.01918%
0.01873%

n/a
n/a
n/a

0.56392%
0.64981%
0,63903%

0.14468%
0.16727%
0.16443%

2.41848%
2.59314%
2.83294%

0.43643%
0.46820%
0.51181%

1.28577%
1.11736%
1.21436%

0.68429%
0.59401%
0.64601%

Table 3.7: Overall EOL ODS Productivity and Corresponding Chlorine/Fluorine Content for the
2014 Test Burn Program
HCFC-141b foam
Average
Total (kg)
kg/hr
80
5,590.00
Av. Cl %
Av. F%
0.61759
0.15879

CFC-11
Average
Total (kg)
kg/hr
25.8
2,192
Av. Cl %
Av. F%
2.61485
0.47215

CFC-12
Average
Total (kg)
kg/hr
17.1
626
Av. Cl %
Av. F%
1.20583
0.64144

2015 Short Test Program: As will be discussed in more detail in the results section below, the results from
the 2014 test burn program indicated that the relatively high feed rates used for the EOL ODS test burn
runs and associated relatively high chlorine and fluorine content in the feed resulted in compliance issues
associated with HCl and HF releases which exceeded both TEAP and national limits. Following upgrading
of APC equipment and recalibration of the CEMS system to ensure reliability of emission monitoring,
particularly HCl and HF, a series of 5 short test burn runs were undertaken in the period September 28th to
September 30th, 2015. Each of these tests consisted of 1 to 2-hour test burn runs on CFC-11 with a
progression of calculated chlorine feed levels namely 0.25 %, 0,5%, 0,75%, 1.0% and 1.25% (based on
analysis of CFC-11 feed material selected). Each test was separated by a period of normal commercial
operation. CFC-11 was selected based on it being the most halogenated EOL ODS waste being evaluated
in the program. For each test, continuous HCl and HF emission readings were taken using the upgraded
CEMS with a current calibration. Table 3.8 below outlines the short test burn sequence over the three days.
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Table 3.8: 2015 Short Test Burn Test Schedule
September 28/15
Time
Period
6:00-8:00
7:00-8:00

September 29/15

Activity

8:00-11:00
11:00-13:00
13:00-16:00

16:00-17:00

Stabilization
Measuring equipment
installation
CFC-11 test run –
0.25% Cl
Stabilization – Check
Data
CFC-11 test run –
0.50% Cl
Check CEMS Data,
ODS Feed Rate,
Baseline

Time
Period
6:00-8:00
7:00-8:00
8:00-11:00
11:00-13:00
13:00-16:00

16:00-17:00

September 30/15

Activity
Stabilization
Measuring equipment
installation
CFC-11 test run –
0.75% Cl
Stabilization – Check
Data
CFC-11 test run – 1.0%
Cl

Time
Period
6:00-8:00
7:00-8:00
8:00-11:00
11:00-13:00
13:00-17:00

Activity
Stabilization
Measuring equipment
installation
CFC-11 test run –
1.25% Cl
Stabilization – Check
Data
Check CEMS Data,
ODS Feed Rate,
Baseline

Check CEMS Data,
ODS Feed Rate,
Baseline

2016 Test Burn Program: The final full test program was conducted over the period between May 2 and
14, 2016 covering 12 actual test days with a test sequence of i) baseline hydrocarbon sludge (B/L); ii) B/L
plus CFC-11 based foam (assumed to contain 7% CFC-11); iii) CFC-11; and iv) CFC-12. Each waste stream
test run was undertaken over a 3-day period with over at least 8 hours continuous operation during each
day shift during which the air and solid waste repetitive sampling was undertaken. The remaining period
during each day involved continuous operation either on the target waste stream or brief periods of normal
commercial waste and short maintenance shut downs as required. This sequencing ensured at least three
8-hour continuous steady state test runs each day as required for average emission sampling per the selected
methods. The air sampling for each test run was applied as follows: i) Day 1 - HCl, HF, NOx, SO2, Cl2,
PM, Hg, and heavy metals; ii) Day 2 – PCDD/F, CFC-11, CFC-12, CFC-13, HCl, HF, NOx, CO, Cl2, Hg,
and heavy metals; iii) Day 3 – PCCD/F, CFC-11, CFC-12, CFC-13, HCl, HF, CO, NOx, TOC, and Cl2.
Solid residuals were sampled daily at each release point at the end of the day. A B/L waste feed rate of 720
kg/hour was used for all test runs. Table 3.9 provides a summary of the daily feed rates and analytically
determined average chlorine daily Cl and F content for the four test runs. Table 3.10 summarizes the overall
average EOL ODS destruction productivity in terms of average hourly amounts destroyed and totals for
each test run, along with average chlorine and fluorine. Finally, Table 3.11 summarizes the EOL ODS
quantities destroyed during the three runs of test burns.

Table 3.9: Waste Feed Rates and Chlorine/Fluorine Content for 2016 Test Program Runs

Test Burn
Run Date

Baseline
Daily
Average
Feed Rate
kg/hr

02/05/2016
03/05/2016
04/05/2016

720
720
720

05/05/2016

720

EOLODS Daily Average
Feed Rate
kg/hr

l/hr

m3/hr

Baseline Test Burn Run
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
CFC-11 Foam Test Burn Run
75
n/a
n/a

Daily
Average
Chlorine
Content

Daily
Average
Fluorine
Content

0.01461%
0.01461%
0.01461%

n/a
n/a
n/a

0.01636%

0.00037%
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06/05/2016
07/05/2016

Baseline
Daily
Average
Feed Rate
kg/hr
720
720

09/05/2016
10/05/2016
11/05/2016

720
720
720

12/05/2016
13/05/2016
14/05/2016

720
720
720

Test Burn
Run Date

EOLODS Daily Average
Feed Rate
kg/hr

m3/hr

l/hr

75
n/a
n/a
75
n/a
n/a
CFC-11 Test Burn Run
4.7
3.2
n/a
4.7
3.2
n/a
5.2
3.5
n/a
CFC-12 Test Burn Run
3.2
629
0.629
3.3
629
0.629
3.3
629
0.629

Daily
Average
Chlorine
Content

Daily
Average
Fluorine
Content

0.01631%
0.01797%

0.00034%
0.00067%

0.56119%
0.54998%
0.51672%

0.10031%
0.09827%
0.09222%

0.17326%
0.21229%
0.15035%

0.08896%
0.10988%
0.07668%

Table 3.10: Overall EOL ODS Productivity and Corresponding Chlorine/Fluorine Content for the
2016 Test Burn Program
CFC-11 foam
Average
Total (kg)
kg/hr
75
5,980
Av. Cl %
Av. F%
0.01688
0.00046

CFC-11
Average
Total (kg)
kg/hr
4.87
389
Av. Cl %
Av. F%
0.54263
0.09693

CFC-12
Average
Total (kg)
kg/hr
3.3
159
Av. Cl %
Av. F%
0.17863
0.09184

Table 3.11: EOL ODS received and destroyed during Test Burns

ODS

CFC-11
CFC-12
CFC-11 based
PU foam
HCFC-141b
based PU foam

Received at
TECNIAMSA
2014 (kg)

Incinerated
2014 (kg)

Received at
TECNIAMSA
2015 (kg)

Incinerated
2015 (kg)

Incinerated
2016 (kg)

Total received
(kg)

Total
incinerated (kg)

Remaining
(kg)

3.354
801

2.192
626

3.300
1.301

173
0

389
159

6.654
2.102

2.754
785

3.900
1.317

0

0

5.980

0

5.980

5.980

5.980

0

5.590

5.590

0

0

0

5.590

5.590

0
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3.9

Project Costs

Table 3.12 below provides a comparison of the original project cost estimate (MLF funding and indicative
co-financing) as approved and the current actual disbursed MLF costs and their projections through to
project closure. In terms of MLF funding, as of the end of 2017 all MLF funds were disbursed (US$861,201)
or committed (US$333,799). The remaining undisbursed funds are associated with the MLF contribution
to the destruction of EOL ODS (US$245,000) from the initial stage of the EPR program to be co-financed
by the industry and the NAMA program with the remaining funds supporting continuing related technical
assistance and logistic support for capture of EOL ODS. For Component 1 covering the completed
demonstration test burns this work has been completed US$105,320 below the estimate, notwithstanding
the extended schedule and addition of the 2015 short test program. A significant factor in this positive cost
performance for the actual test burn programs work is the major financial commitments made by
TECNIAMSA that include additional capital investments in facility upgrading for improved emission
performance and its monitoring, co-financing of analytical cost, in-kind costs associated with labour and
consumables, and forgone opportunity costs associated with business interruption. A general overall
estimate provided by the company would indicate these costs exceed US$147,804. It was clear that given
the learning curve involved in this program, a significant factor in its ultimate success was the commitment
of the company and the financial resources it provided. In broader terms relevant to EOL ODS destruction
activities globally, such commitment may be seen as important in undertaking facility specific qualification
of facilities generally in this application.
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Table 3.12: Comparison of Approved Project Framework Cost Estimate and Actual Disbursed/Projected Costs
Component/Sub-Component/Activity

MLF

CoFinancing

Total

Disbursed

Committed

Co-Financing
(until 2017)
(US$)

Total

Component 1: ODS Destruction Demonstration

830,000

1,235,000

2,065,000

419,680

305,000

724,680

248,146

1.1 Consolidation/storage/characterization/transport of CFC-11
and CFC-12 EOL ODS
1.2 Manual processing of refrigerators at scrap yards to produce
10-15t of CFC-11 foam
1.3 Test Burn demonstrations for CFC-11 and CFC-12 at a
selected HW Incinerators

100,000

50,000

150,000

74,945

25,000

99,945

80,342

100,000

-

100,000

63,039

35,000

98,039

20,000

415,000

221,696

-

221,696

1.4 Test Burn demonstration for CFC-11 containing foam at two
selected Industrial/HW Incineration Facilities
1.5 Destruction of EPR program start up volumes of CFC-12 and
CFC-11 containing foams (Based on 300,000 units, 34 t CFC-12,
65 t CFC-11 in 1,228 t of foam)
Component 2.0 Technical Assistance

135,000

80,000

215,000

60,000

-

60,000

245,000

940,000

1,185,000

-

245,000

245,000

Not available at
this moment

255,000

150,000

405,000

287,342

28,799

316,141

702,319

2.1 Legal and regulatory institutional TA

50,000

25,000

75,000

37,283

13,099

50,382

15,000

2.2 Technical/business planning support for EOL ODS
Management under the EPR system
2.3 Public Consultation and Information

75,000

100,000

175,000

89,867

89,867

504,278

50,000

25,000

75,000

22,533

5,200

27,733

183,041

2.4 Technical Oversight and Overall Project Technical Report
(international expert)
Component 3.0 Project Management/Monitoring/Evaluation

80,000

-

80,000

137,659

10,500

148,159

-

250,000

3.2 Project office administration

165,000

147,804

3.1 National Project Coordinator

110,000

170,000

280,000

154,180

154,180

147,893

60,000

60,000

120,000

121,910

121,910

72,500

60,000

60,000

-

-

21,600

-

3.3 Misc. contract services and travel

20,000

20,000

40,000

25,892

25,892

5,000

3.4 M&E costs

30,000

30,000

60,000

6,378

6,378

48,793

1,195,000

1,555,000

2,750,000

861,201

1,195,000

1,098,358

Totals

39

MLF Funds (US$)39

Cost Estimate (US$)

333,799

UNDP Combined Delivery Report by activity - CDR, project 68669 output 83728, for 2013, 2014, 2015, 2016 and 2017
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4.0

Test Burn Results and Analysis

This section provides the results of the three test burn programs described above along with an interpretive
analysis of each relative to what it demonstrates in terms of the TECNIAMSA facility’s ability to meet the
applicable regulatory and Montreal Protocol (TEAP) standards that would apply (Section 3.7). The section
concludes with a general discussion on the application of the demonstrated capability as a domestic option
for destruction of EOL ODS generated by the envisioned long term EPR program for environmentally
sound management of ODS banks becoming available in the future. Associated with this discussion, further
measures are identified that may be considered to improve the utility as well as an updated analysis of other
options based on current experience elsewhere is provided.
4.1

Results and Analysis - 2014 Test Burn Program

The principle measured and calculated technical and environmental performance results obtained for the
2014 test burn program for each of the test burn runs as applicable are presented in Tables 4.1 and 4.2
below, Table 4.1 provides the air emission results and Table 4.2 provides destruction removal efficiency
results for the target EOL ODS and HCl respectively based on air release which in the case of EOL ODS
is equated to destruction removal efficiency (DRE). No ODS analysis was successfully undertaken on solid
residues hence overall destruction efficiency (DE) was not determined. All test runs were run with the
design and basic regulated operating parameters for the facility as specified in Sections 3.5 and 3.6 above
which based on continuous monitoring record of these parameters were generally consistent without
significant variation. In particular, attention was paid to maintaining primary and secondary combustion
chamber temperatures above 8500C and 1,2000C respectively.
Overall the results indicate that, at the relatively high target waste chlorine content feed rates used (2.6%
Cl for CFC-11 and1.2% Cl for CFC-12), the overall results showed significant compliance issues as
measured against both TEAP and national performance requirements. In terms of general air emission
performance requirements, non-compliance, seemingly unrelated to EOL ODS waste streams, were noted
for particulate (MP) against both TEAP and national standards, and against national standards for mercury
(Hg) and in one case for total heavy metals. In all these cases, this appears related to the inherent
performance of the facility when processing the baseline material and suggest some basic issues related to
facility itself and its commercial waste feed that need to be addressed in any event. While in compliance,
performance related to PCDD/F emissions is marginal, but interestingly not apparently affected by the
presence of the halogenated EOL ODS waste streams, noting that these emissions were highest for the
baseline. However, substantive compliance issues in respect to both TEAP and national requirements for
HCl and HF emissions were observed when CF-11 and 12 was being feed to the facility and the HCl
removal efficiency required in national regulations was not achieved. This suggests chlorine and potentially
fluorine content appear to be the controlling parameters in determining the achievable feed rates of EOL
ODS. On the positive side, the estimated DRE for the concentrated EOL ODS is substantially better than
the required DRE levels in applicable standards indicating that the EOL ODS was effectively destroyed
consistent with the intended objective.
Operationally, a number of issues were identified that in-part contributed to the mixed results of the 2014
test program as noted in the following require attention prior to and during subsequent test programs:


The CEMS system which should have given an immediate indication of the compliance issues
associated with particulate, HCl and HF was found not to be functioning properly and did not reflect
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4.2

the stack sampling and analysis. This suggested a calibration issue with the CEMS and was flagged as
an issue to be addressed.
Issues related to seals in the combustion system were found and associated with excess air and less than
optimum O2 levels something that in part may explain the high particulate emissions.
Issues were also identified with respect to the maintenance of the dust collection (bag house) system in
terms of regular cleaning and general maintenance which would have contributed to the high particulate
emissions.
Issues associated with high Hg emissions were initially assumed to be associated with the baseline.
However, check analysis removed this as a possible source and the potential of this originating in
medical waste streams and being deposited, then released over time in refractory linings was identified.
Results and Analysis of the 2015 Short Test Burn Program

The main issues respecting EOL ODS destruction performance determined in the 2014 test program was
the sensitivity of the facility to Cl and F feed content and its impact on HCl and HF air emission
performance. To address this issue, the 2015 short test program was designed to evaluate HCl and HF
performance as a function of Cl content using CFC-11 feed. CFC-11 as opposed to CFC-12 was chosen
based on its higher Cl content. Table 4.3 shows the short test results for HCl, HF and particulate at the five
target chlorine levels (0.25%, 0.50%, 0.75%, 1.00% and 1.25%). These show that the emissions of HCl
and HF are well within compliance requirements and relatively constant below 0.75% target chlorine but
increase rapidly to excessive levels for 1.00% and 1.25% target chlorine, suggesting the facility essentially
has a threshold above which it can not deal with HCl and HF generated in the combustion process. As a
conclusion, a feed limitation of <0.75% was determined to be a prudent maximum target for future test
burns and commercial application to EOL ODS. The results also indicated that non-compliance with
respect to particulate was still associated with the facility although as in the 2014 test run this appears
unrelated to EOL ODS feed.
4.3

Results and Analysis – 2016 Test Burn Program

The 2016 test program was undertaken taking into account the results of the 2015 short tests and the various
monitoring and facility maintenance issues identified in the previous test runs. A conservative target
chorine feed content was selected, namely 0.54% chlorine for the CFC-11 test run and 0.18% chlorine for
the CFC-12. Prior to the test run maintenance measures included the seals on the combustion units,
inspection and maintenance of the bag house prior to and during the test run and a replacement of the rotary
kiln refractory and upgrading/full calibration of the CEMs system.
Tables 4.4 and 4.5 provide the results. Table 4.4 indicates complete compliance with TEAP requirements
and substantive compliance with national regulatory requirements related to air emissions. In the case of
the latter, the exceptions are individual high measurements for NOX and Hg in the CFC-11 foam test run,
both of which were deemed by the sampling and analytical consultant as anomalous. The other compliance
issue noted were exceedances in PCDD/F levels above the national regulatory requirement in the base line
and CFC-11 foam test runs. With respect to destruction efficiencies, Table 4.5 shows that the tests were
compliant with the national HCl removal efficiency requirement except for one baseline number that was
slightly below 99%, and substantively compliant in terms of DRE for EOL ODS. Analysis of the solid
residues completed showed no detectable ODS so DRE can be equated with DE.
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The overall conclusion is that at these chlorine levels and feed rates the facility has qualified for the
destruction of the tested EOL ODS (CFC-11, CFC-12, CFC-11 based foam and HCFC-141b based foam)
with the only qualification being to flag the marginal PCDD/F performance as potentially requiring future
additional measures.
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Table 4.1: Compliance Requirements and Direct Air Emission Measurements - 2014 Test Burn
Exceeds TEAP and Resolution 909

Exceeds Resolution 909

PM
(mg/m3)

SO2
(mg/m3)

NOx
(mg/m3)

CO
(mg/m3)

TOC
(mg/m3)

HCT
(mg/m3)

Hg
(mg/m3)

(Cd+Ti)
(mg/m3)

TEAP/MP

50

n/a

n/a

100

n/a

n/a

n/a

n/a

Metal
Summation
(mg/m3)
n/a

Resolution 909/2008
(Hr. Av)
1
2
1
Baseline
3

20

200

400

100

20

0.05

0.05

67.90
75.40
104.00

3.80
3.50
5.30

93.70
59.80

9.90
5.30
4.30

0.05
0.06

0.04
0.05

0.01
0.08

Average

82.43

4.20

76.75

6.50

0.05

0.04

1
2
3

73.30
77.20
67.30

1.10
3.70
3.30

113.70
95.80

40.10
9.10
6.30

0.03
0.02

Average

72.60

2.70

104.75

18.50

1
2
3

41.30
36.00
37.00

111.30
96.40
96.00

63.10
77.40

Average

38.10

101.23

1
2
3

53.60
79.80
74.90

Average

69.43

Test

2
HCFC141b
Foam

3
CFC-11

4
CFC-12

Repetition

Dioxins and
Furans
(ng-TEQ / m3)
0.2 (Conc.)
0.5 (dilute)
0.1

HCl
(mg/m3)

HF
(mg/m3)

100

5

0.5

40

4

0.0033
0.0017

0.15
0.11

4.60
1.33
3.42

0.62
0.00
0.71

0.12
0.09

0.09

0.0025

0.13

3.12

0.44

0.10

0.02
0.01

0.08
0.05

0.0028
0.0019

0.50
0.12

10.77
1.90
1.26

0.72
0.06
0.06

0.08
0.05

0.02

0.02

0.06

0.0024

0.31

4.64

0.28

0.07

2.50
3.20
4.40

0.04
0.04

0.02
0.02

0.30
0.10

0.0204
0.0023

4.54
0.30

747.10
1455.90
2806.90

302.60
388.60
373.80

0.12
0.09

70.25

3.37

0.04

0.02

0.20

0.0114

2.42

1,669.97

355.00

0.01

22.30
12.90
14.30

51.00
71.90

5.50
6.80
4.90

0.04
0.09

0.02
0.03

0.05
0.03

0.0023
0.0066

0.25
0.18

9.31
0.11
304.44

5.94
4.50
114.98

0.03
0.08

16.50

61.45

5.73

0.06

0.02

0.04

0.0045

0.21

104.62

41.81

0.05
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Table 4.2: Summary of Measured Calculation Data for HCl and ODS Removal Efficiencies- 2014 Test Burn Program
Exceeds TEAP and Resolution 909

Exceeds Resolution 909

Measured Feed Parameters
Test/Repetition

1
Baseline
2
HCFC141b
Foam
3
CFC-11

4
CFC-12

Measured Emission Parameters

Removal Efficiency (%)

Cl (g/hr.)

HCl
(g/hr.)

HCl
(mg/m3)

ODS
(g/hr.)

Stack
Air
Flow
(m3/hr.)

HCL
(g/hr.)

HCl
(mg/m3)

ODS
(g/hr)

HCl

ODS

Date

R1

29/08/2014

131.80

135.51

4.60

‐

12,840

59.06

4.60

‐

56%

‐

R2

31/08/2014

177.78

182.78

1.33

‐

14,160

18.88

1.33

‐

90%

‐

R3

31/08/2014

172.53

177.39

3.42

‐

13,680

46.83

3.42

‐

74%

‐

R1

1/09/2014

137.94

141.83

10.77

‐

12,960

139.59

10.77

‐

2%

‐

R2

2/09/2014

98.01

100.77

1.90

‐

12,900

24.54

1.90

‐

76%

‐

R3

3/09/2014

106.24

109.23

1.25

‐

11,820

14.87

1.26

‐

86%

‐

R1

5/09/2014

21,448.01

22,052.18

747

26,754

12,660

9,458.29

747.10

8.45E-07

57%

99.9999999968%

R2

6/09/2014

21,917.03

22,534,41

1,455.9

26,607

11,400

16,597.26

1,455.90

2.24E-07

26%

99.9999999992%

R3

7/09/2014

21,843.43

22,458.74

2,806.9

_

13,260

37,219.49

2,806.90

_

*

_

R1

9/09/2014

9,529.52

9,797.96

9.31

0.5680

13,080

121.79

9.31

5.93E-08

99%

99.9999895599%

R2

10/09/2014

9,531.94

9,800.44

0.11

0.5680

12,720

1.41

0.11

2.62E-06

100%

99.9995387324%

R3

11/09/2014

9,514.57

9,782.59

304.44

_

12,960

3,945.54

304.44

_

60%

_

* Removal value is negative. Emission values surpass feeding values, suggesting an error during the stack measurement
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Table 4.3: Impact on Varying Chlorine Feed Content – 2015 Short test Burns on CFC-11
Exceeds Resolution 909

Exceeds TEAP and Resolution 909
Measured Feed Parameters
Test/Target
Cl Feed %

1
0.25%

2
0.50%

3
0.75%

4
1.00%

5
1.25%

CFC-11
Feeding
(kg)

Cl
(kg)

14:45 15:53

3.23

1.43

1.47

0.26

16:52 17:57

3.45

1.52

1.56

Average

3.34

1.47

9:30 10:35

7.37

11:30 12:35

Measured Emission Parameters

Removal Efficiency (%)

mg/m3

kg/h

mg/m3

kg/h

mg/m3

kg/h

HCl
Removal
Efficiency

0.27

0.77

0.0080

0

0

145.20

1.46

99.45%

100%

0.28

0.29

4.50

0.0420

1.91

0.20

233.30

2.18

97.31%

31%

1.52

0.27

0.28

2.63

0.0250

0.95

0.10

189.30

1.82

98.35%

65%

3.25

3.34

0.59

0.62

9.08

0.07

1.06

0.0084

146.60

1.16

97.90%

99%

7.03

3.10

3.19

0.56

0.59

8.47

0.07

0.49

0.0038

218.92

1.72

97.80%

99%

Average

7.20

3.18

3.27

0.58

0.61

8.77

0.07

0.77

0.0061

182.82

1.44

97.85%

99%

14:23 15:30

7.00

3.09

3.18

0.56

0.59

9.24

0.07

0

0.0000

152.14

1.10

97.79%

100%

16:15 17:20

7.58

3.34

3.44

0.61

0.64

10.54

0.07

0.94

0.0064

336.31

2.29

97.96%

99%

Average

7.29

3.22

3.31

0.58

0.62

9.89

0.07

0.47

0.0032

244.23

1.70

97.88%

99%

9:10 9:50

5.27

2.33

2.39

0.42

0.45

18:48 19:08

3.64

2.71

2.79

0.49

0.52

90.59

0.78

28.43

0.246

146.11

1.26

84.91%

74%

Sum

8.91

5.04

5.18

0.92

0.96

19:55 21:00

19.45

14.48

14.90

2.63

2.77

365.10

3.23

71.47

0.63

157.4

1.39

78.32%

77%

Time

HCl
(kg)

Fluoride
(kg)

HCl

HF
(kg)

HF

PM

HF
Removal
Efficiency
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Table 4.4: Compliance Requirements and Direct Air Emission Measurements - 2016 Test Burn
Exceeds TEAP and Resolution 909

Exceeds Resolution 909

PM
(mg/m3)

SO2
(mg/m3)

NOx
(mg/m3)

CO
(mg/m3)

TOC
(mg/m3)

HCT
(mg/m3)

Hg
(mg/m3)

(Cd+Ti)
(mg/m3)

TEAP/MP

50

n/a

n/a

100

n/a

n/a

n/a

n/a

Metal
Summation
(mg/m3)
n/a

Resolution 909/2008
(Hr. Av)
1
2
1
Baseline
3

20

200

400

100

20

0.05

0.05

2.40
8.40
6.40
5.73

3.60
2.50
1.30
2.47

128.80
107.50

1.57
6.08

0.02
0.20

0.33
13.05

0.03
0.01

118.15

3.82

0.11

6.69

8.70
5.70
6.20
6.87

1.10
1.00
1.90
1.33

1,700.60
154.60

8.82
9.40

0.02

0.35

927.60

9.11

0.02

0.35

10.10
10.20
9.00
9.77

9.10
10.70
10.60
10.13

75.70
134.30

1.06

0.25
0.07

105.00

1.06

3.50
2.70
3.60
3.27

2.80
4.30
3.90
3.67

428.10
155.60
291.85

Test

Repetition

Average
2
CFC-11
Foam

1
2
3
Average

3
CFC-11

1
2
3
Average

4
CFC-12

1
2
3
Average

HCl
(mg/m3)

HF
(mg/m3)

100

5

0.5

40

4

0.00
0.00

0.06
0.09

0.02

0.00

0.08

0.24
0.34
0.01
0.20

0.64
0.23
0.01
0.29

0.03
0.22

0.08
0.07

0.12

0.00
0.00
0.00
0.00

0.07

0.18
0.45
0.35
0.33

0.93
1.60
1.26
1.27

5.00
1.28

0.03
0.03

0.03
0.01

0.08
0.15

0.16

3.14

0.03

0.02

0.11

0.56
1.08
1.14
0.92

0.31
0.60
0.73
0.55

1.25
1.98

0.02

0.07

0.02
0.03

1.62

0.02

0.07

0.03

0.00
0.00
0.00
0.00

0.06
0.10
0.05
0.07

0.56
0.20
0.22
0.33

0.71
0.13
0.16
0.34

Dioxins and
Furans
(ng-TEQ / m3)
0.2 (Conc.)
0.5 (dilute)
0.1
0.10
0.26
0.18
0.26
0.63
0.45
0.09
0.02
0.06
0.07
0.14
0.10
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Table 4.5: Summary of Measured Calculation Data for HCI and ODS Removal Efficiencies- 2016 Test Burn Program
Exceeds TEAP and Resolution 909

Exceeds Resolution 909

Measured Feed Parameters
Test/Repetition

Date
Cl (g/hr.)

1
Baseline
2
HCFC141b
Foam
3
CFC-11

4
CFC-12

HCl
(g/hr.)

HCl
(mg/
m3)

Measured Emission Parameters

ODS
(g/hr.)

Stack
Air
Flow
(m3/hr)

HCl
(g/hr)

HCl
(mg/m3)

Removal Efficiency (%)

ODS (g/hr)

HCl

ODS

R1

2/05/2016

117.34

120.65

‐

1.1

‐

99.09

‐

R2

3/05/2016

120.85

124.26

‐

2

‐

98.39

‐

R3

4/05/2016

114.57

117.80

‐

0.1

‐

99.92

‐

R1

5/05/2016

633.33

651.19

‐

1

‐

99.85

‐

R2

7/05/2016

840.03

863.72

‐

3

‐

99.65

‐

R3

7/05/2016

1,185.39

1,218.82

‐

2

‐

99.84

‐

R1

9/05/2016

4,127.72

4,244.16

5,474.67

3

0.00000001

99.93

99.999999999817

R2

10/05/2016

5,474.57

5,629.00

7,253.53

6.4

0.00000001

99.89

99.999999999862

R3

11/05/2016

4,476.18

4,602.44

6,611.00

6.3

0.00000001

99.86

99.999999999849

R1

12/05/2016

1,109.29

1,140.58

1,818.00

3.6

0.00000002

99.68

99.9999999989

R2

14/05/2016

952.97

979.85

1,542.00

1.3

0.00000002

99.87

99.9999999987

R3

14/05/2016

978.69

1,006.29

1,611.53

3

0.00000002

99.70

99.9999999988
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4.4

Productivity, Destruction Cost and Recommended Future Optimization of Capability

On the basis of having demonstrated that the TECNIAMSA facility is qualified in principle for the
destruction of EOL ODS, specifically CFC-11 and HCFC-141b based foam and CFC-11 and CFC-12
chemicals up to some limit of chlorine feed content, this section discusses the practical application of this
conclusion to the routine commercial capability to utilize this facility as is anticipated to present itself in
the implementation of the overall EPR based system contemplated in Colombia in managing domestic and
other RAC equipment. The central issues related to the practicality of applying this domestic capability
relates to the constraints on productivity and through that unit costs that apply as a result of dependence on
achieving compliance air emission requirements with chlorine and likely fluorine content.
Demonstrated productivity for CFC-11 and CFC-12 chemicals: The limiting demonstrated chlorine feed
content appears to be not greater than 0.75% based on the short tests on CFC-11. This limit equates to a
maximum potential destruction productivity of approximately 6.5 kg/hour, noting that to apply this level,
additional full-scale test burns would be prudent. However, it must be assumed that the productivity will
be limited by an ultimate licensing decision to formally permit CFC-11 and CFC-12 to be destroyed
commercially and this would likely be based on the current 2016 compliant test burn results at around 0.5%
Cl for CFC-11 and 0.2% Cl for CFC-12. In this case, the commercial productivity would be approximately
5 kg/hr of CFC-11 and 3 kg/hr of CFC-12 (Tables 3.9 and 3.10). Translating this into total annual capacity40
that might be offered by the facility on a commercial basis, capacities of 25.6 mt/year of CFC-11 or 15
mt/year of CFC-12 with a maximum up side that might be achieved if additional compliant test burns were
undertaken at the 0.75% chorine content of 33.3 mt/year of CFC-11 and 19.5 mt/year of CFC-12. In
assessing the utility of the above productivity, the facility has capacity to support the currently modest
generation of EOL CFC-11 and CFC-12. It also supports the potential to qualify for destruction of the
amounts of EOL HCFCs that are currently being generated and/or are in storage and in the future EOL
HFCs occurring as a result of the Kigali Amendment’s implementation41. However, given the higher
fluorine content of these chemicals additional test burns to determine feed limits and productivity would be
both prudent and required to meet pending extension of TEAP qualification requirements to HFCs.
Likewise, if the contemplated EPR system achieves the collection of CFCs, HCFCs and a portion of the
HFCs predicted in Table 3.1 above over the next five years, capacity exists to destroy the originally
contemplated 35 mt of CFC-12 or as may be the case HCFCs, HFCs or blends as it is generated in that
period using available MLF funding. It should also be noted that the above productivity is for a single unit
at Mosquera and potential exists to employ the second unit subject to its qualification.
Demonstrated productivity for ODS based foam: The limiting factor in terms of ODS based foam
productivity as determined by the test burn program is not chlorine content but rather the physical
practicality of manual feeding bulk foam with a suitable baseline material. This was determined to be 7580 kg/hr for purposes of the test burn programs which translates into a demonstrated capacity range of 400
mt/year of foam. Applying the original PD indicative assumption of 4 kg of foam generated after manual
processing of an average domestic refrigerator, and a 7% and 9% ODS blowing agent content for CFC-11
and HCFC-141b foam respectively, the facility offers a potential EOL ODS destruction capacity of 28
mt/year of CFC-11 or 36 mt/year of HCFC-141b blowing agent. Applied to the targeted initial 300,000
units nominally targeted to be generated initially in the EPR program over the next five years this just meets
40

Based on an assumed 16 hour/day, 320 day/year operational dedication.
It would likely be required for licensing that test burns be undertaken on specific pure HCFC and HFC refrigerants
as well as associated blends
41
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the requirement of 1,200 mt of foam that theoretically could be generated (Table 3.1). It should be noted
that this indicative analysis does not account for the obvious potential for optimization of capacity by
addressing some of the logistical constraints governing the current manual feeding system. In the first
instance, it should be feasible to increase the rate of current feeding. If this was a substantial waste stream
as might be achieved in a more fully developed EPR system, justification could exist for automating the
feed system including size reduction and lost capture, something that TECNIMSA has indicated it would
consider investing in.
Indicative Unit Costs: In the course of concluding discussions on test burn results, TECNIAMSA
confirmed its commitment to continuing to pursue this market in partnership with MADS/UTO and private
sector EPR system proponents as such a system develops. To this end and as elaborated below the company
has formally provided commitments to a program of continuous improvement related to environmental
performance and has provided indicative commercial pricing for ODS containing foam, and ODS chemicals
in gaseous and liquid form. These prices are US$5.20/kg for foam, US$5.98/kg for liquid (CFC-11), and
US$6.20 for gas (CFC-12). In the case of liquid and gas, this pricing is higher that initially anticipated due
to feed-rate constraints. However, it remains well below the MLF specified cost effectiveness threshold
and is likely viable for refrigerant destruction as part of the EPR system when operational. However, the
pricing for foam appears problematic. Assuming a 7% CFC-11 content in foam (ODP impact) the effective
EOL ODS destructions would be approximately US$75/kg which implies poor cost effectiveness and not
likely a viable option unless dramatic reductions in unit price occurred in an optimized system for its
destruction. For HCFC-141b foam that in reality likely represents the majority of material that would be
available in the near and medium terms a cost effectiveness based on a 9% content level would be
approximatelyUS$59/kg but with substantially lower ODP reduction impact.
Future Optimization Potential: The above work identifies a number of areas for optimizing the linked
technical performance, destruction productivity and destruction costs. The principle technical performance
issues faced by the TECNIAMSA facility are the limitations on air emission performance, specifically
related to HCl, HF, PCDD/F and Hg. HCl and HF have the effect of limiting the Cl and potentially F
content of the waste feed and consequently the feed rate of EOL ODS chemicals and ultimately unit
destruction costs. Technical upgrading of the APC system to increase the ability to accommodate these acid
gas products of combustion is a continuing priority in the company’s investment program. Additionally,
the side testing during the 2016 Test Burn program showed that the calibrated CEMS system demonstrated
effective real time correlation of HCl and HF emission performance which could be utilized to maximize
the feed rate to its limit below the compliance level thus optimizing productivity and reducing unit costs in
commercial operation. In the case of PCDD/F, the test burn results generally show that, while generally
compliant with national requirements, these emissions consistently approach that limit regardless of
chlorine feed rates. TECNIAMSA recognizes this as an inherent issue for the facility generally and have
included added APC equipment intended to reduce this in their current investment program. In the case of
Hg, this is recognized as an issue associated with its general commercial waste stream, particularly medical
waste and is being prioritized with efforts to better educate and police waste generators. A final area of
attention related to both PCDD/F and Hg is the potential addition of continuous monitoring systems for
these emissions which are now on the market and finding application in commercial EU HTI facilities. As
in the case of HCl and HF these systems would allow these emissions to be controlled in real time and thus
optimizing feed control.
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4.5

Updated Analysis of Other Potential EOL ODS Destruction Options

The overall general conclusion from the test burn programs documented above are that Colombia has the
basic domestic technical capability to destroy the primary target EOL ODS wastes, namely CFC-11 and
CFC-12 chemicals and CFC-11 and HCFC-141b foam, in accordance with TEAP requirements and, with
some manageable qualifications related to national regulatory requirements. The principle limitations
associated with this conclusion relate to the relatively low productivity of the destruction and the higher
than originally assumed unit costs. In the case of CFC-11 and CFC-12 these limitations will not necessarily
preclude the utility of this destruction option to support the destruction requirements of a national EPR
program as envisioned in the near and medium terms, particularly noting the potential to optimize
performance and productivity. However, it is apparent that for cost and productivity reasons this option
will not likely be viable for eliminating foam when judged either in terms of direct cost effectiveness or
global environmental benefit. In light of these conclusions, it is reasonable to re-visit the original 2012
technology selection options based on more current experience and experience observed in other countries
and particularly MLF ODS destruction demonstration projects. With respect to the latter, Appendix III
provides a summary of the status of these projects based on a recent EXCOM status reports and direct
contacts made by project team consultants.
With respect to the originally considered options (Section 3.4), the option of developing a purpose-built
capability specifically in the form of a small plasma arc capability remains impractical. A number of MLF
and GEF projects that initially considered this option did not pursue it upon implementation. In the one
documented case where it was pursued (Ecuador) a unit was purchased and installed but ultimately proved
to be unaffordable to operate. In any event, these units lack the capacity to support the anticipated volumes
from the Colombian EPR program. The more practical option of developing a commercial scale plasma
arc hazardous waste destruction facility would be a technically viable option. Work currently being
undertaken by TEAP in updating approved ODS destruction technologies indicates that a number of
commercial argon plasma arc facilities (Australia, Japan, US, Mexico) are in operation as is at least one
commercial scale nitrogen plasma arc facility in China. Similar facilities are also reported to be planned for
the Russian Federation and Canada. While this remains a relatively high cost option, information applicable
to the MLF demonstration work in Mexico indicates destruction costs of US$9/kg which approaches
competitiveness with the current costs estimated in this work. As far as application in Colombia, it is
concluded that developing such a facility would depend on a wider waste market to attract the capital
investment required.
However, the option of exporting EOL ODS chemicals remains an option at least theoretically. As indicated
in Appendix III this remains a common option in three of the completed MLF funded projects, albeit for
relatively small quantities and is the approach apparently being adopted by five other projects, at least one
of which involved a linkages to GEF POPs export projects. In terms of cost, this option appears to be the
most cost effective when a critical mass exists as is the case when combined with a POPs project. Current
market survey data based on recent tenders on GEF/UNDP POPs projects indicate that a likely destruction
cost alone in the range of US$1.0-2.0/kg for HTI destruction and US$9/kg for commercial plasma arc42
with an additional of approximately US$1.0/kg to cover export/import transaction and transportation cost
might would apply. In the one identified case where export from the Balkans to HTI facilities in the EU
occurred in modest but reasonable quantities, commercial prices in the range of 1.64 to 2.15 Euro/kg for
42

Based on quoted destruction costs at a domestic commercial plasma arc facility demonstrated in the MLF project
in Mexico.
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destruction and 0.36 to 0.66 Euro/kg for transportation were reported43. However, for small quantities the
export/import transaction costs would be significantly higher. Applied to the situation in Colombia, this
would only be an option if the EPR system elected to store accumulating recovered EOL ODS chemicals
until some economically acceptable volume were available for a bulk export. Additionally, specific national
regulatory barriers to export of hazardous waste would have to be addressed.
In terms of other domestic options for EOL ODS chemicals, the use of cement kilns is being pursued in a
significant number of MLF and other projects elsewhere. Appendix III indicates that in total 6 projects
involve utilization of cement kilns two of which are considered completed, although limited technical
performance and cost information on only one is available. The one where information is available in
Mexico reports that direct destruction cost for this option were US$7.0/kg which approaches the indicative
unit cost quoted by TECNIAMSA. Technically, formal test burns in CFC-12 and HCFC-22 indicated a
DRE compliant with TEAP requirement and national regulations. As such, this might be considered a
backup option in Colombia assuming interest by a domestic facility partner could be attracted and the
required technical performance testing were undertaken. As noted below, the use of a domestic cement
kiln for PCB oil and contaminated soil is being pursued in Colombia MADS in its GEF POPs project,
instead of an original interest in partnering with the current MLF ODS project in qualification of
TECNIAMSA. More broadly, MADS has positive interest in development of expanded waste derived fuel
use in cement kilns as part of its overall integrated waste management strategy, and particularly in diverting
foam waste generally from landfills. Apart from potential economic issues, the only barriers to pursuing
this option are firstly that cement kilns are not formally approved by TEAP for destruction of dilute ODS,
and to date the absence of any formal destruction demonstrations on ODS foam in such facilities.
All of the above discussion focuses on the destruction of EOL ODS chemicals and the question of
destruction of dilute EOL ODS, namely foam, remains problematic given the poor economic viability of
using TECNIAMSA in this application. Early recognition of this during the test burn program led UTO to
pursue a parallel option independent of the MLF program in association with the EPR system development
and an electric arc steel making plant (GERDAU - DIACO). This company is a primary consumer of scrap
steel from RAC equipment and would represent a major market for this recyclable by-product stream from
processing of such equipment in the developing EPR system. An evaluation program was developed
whereby the option of compacting stripped refrigeration units without removal of the foam and using these
directly as feed for electric arc steel making. This program has progressed to the point of having run two
test lots at DIACO’s Tuta plant from July 23 to 30 and from November 1 to 4, 2017. These involved a
baseline test run at a scrap feed rate of 49 mt/hour and then repeating it with an additional charge involving
an average of 819 kg/hr of compacted intact refrigerator cabinets that can be assumed to have utilized mixed
CFC-11 and HCFC-141b blowing agent. In each case a complete range of air emissions as specified in
Resolution 909 were sampled and analyzed in three separate sampling/analysis tests.
For the first test run, the results showed general compliance within the limits set out in the national
regulations with the exception of a small exceedance for particulate with the refrigerator charge and
PCDD/F emissions somewhat higher than the regulatory limits for both the baseline and refrigerator charge
runs. The second test run indicated compliance with particulate limits but PCCD/F emissions remained
marginally higher that the TEAP requirements. The company is currently examining design and APC
modifications to address this and will undertake additional testing in 2018/19. Subject to this work, a
43

Source: http://www.multilateralfund.org/80/Document%20Library1/1/8012.pdf, Demonstration of a Regional
Strategy for ODS Waste Management and Disposal in the ECA Region, EUR/DES/69/DEM/14 – UNIDO.
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commercial arrangement between DIACO and the EPR system administrators is being discussed where
DIACO would take collected and stripped refrigeration cabinets for processing in this manner in exchange
for a dedication of this scrap stream, effectively eliminating the cost of foam destruction and providing
some reasonable level of associated retained EOL ODS destruction. This could provide a practical and cost
effective interim solution to dealing with ODS based foam as the EPR system develops, recognizing that
losses can be expected although these are likely of a similar magnitude as those associated with manual
separation and processing that would be involved in incineration options. In longer term, an option
involving investment in an automated processing system now available commercially and utilized where
significant assured volumes from a mature EPR system are available as might be the case when a mature
ERP system was operating.
4.6

Synergies with Stockholm Convention Initiatives

A specific objective stated in the original Project document was to enhance synergies with initiatives related
to meeting national obligations under the Stockholm Convention respecting the destruction of POPs
stockpiles. In case of Colombia the initial intention was to coordinate the EOL destruction demonstration
work with implementation of a parallel GEF/UNDP POPs Focal Area project entitled “Development of
National Capacity for Environmentally Sound Management of PCBs and their Disposal”44 that was
approved in 2013. The intention was to involve the MADS team involved with the PCB work in the
demonstration work at TECNIAMSA undertaken in this Project and assess the results in relation to the
potential to qualify the facility for PCBs, both concentrated PCB based oil and PCB cross contaminated
mineral oil noting both are halogenated chemicals. This cooperation was undertaken for the 2014 test burn
program. However, when it became apparent that the facility’s capacity for higher chlorine content feed
rates would be limited, TECNIAMSA indicated a concern about considering this POPs waste stream,
particularly considering the facilities productivity limitations and the relatively large estimated volumes of
such wastes that might be involved. The PCB project has since initiated consideration of utilization of
domestic cement kilns and other alternatives.
5.0

Development of a National Extended Producer Responsibility Based System

As introduced in Section 3 above, in parallel with undertaking the test burn program, MADS and
specifically UTO has been coordinating the development of a national EPR system for RAC equipment
generally and specifically for domestic refrigeration equipment. This is being done within the overall
regulatory45 and policy framework46 of the national initiative on integrated WEEE management which
effectively sets the regulatory framework for implementation of a mandatory EPR system applied to all
WEEE including RAC equipment. The current implementation work generally focuses on various WEEE
sub-sectors. For the RAC sub-sector this is based on the piloting and incremental development of a
voluntary EPR system undertaken in part with support of this MLF Project, and now its transition to
mandatory large-scale application. It has also involved planning and development of financial instruments
and other funding support mechanisms in addition to direct EPR financial responsibility to be ultimately
assumed by manufacturers and importers, noting a cooperative obligation is also applied to distributors and
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https://www.thegef.org/sites/default/files/project_documents/8-242011%2520ID4417%2520PIF%2520revised_0.pdf
45
Law 1672 of July 19, 2013. http://www.minambiente.gov.co/images/normativa/leyes/2013/ley_1672_2013.pdf
46 “Política Nacional para la Gestión Integral de Residuos de Aparatos Eléctricos y Electrónicos (RAEE)”, Ministerio
de Ambiente y Desarrollo Sostenible, 2017.
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retailers. These financial instruments include those linked to climate change mitigation through energy
efficiency incentives, which will also extend the long-term focus beyond EOL ODS to replacement of
equipment utilizing other high GWP chemicals, specifically HFCs consistent with the Kigali Amendment.
This section describes the progress and current EPR program direction including the linkage to the MLF
project’s final objective upon completion, namely the capture and processing of 300,000 domestic
refrigerators including supporting the environmentally sound destruction of the EOL ODS generated.
5.1

EPR System Structure and Development to Date

Starting in 2013 with the promulgation of the above referenced national law, MADS through UTO initiated
the development of a series of partnerships with industry stakeholders directed specifically to the capture
and processing of EOL domestic refrigeration equipment. The principle industry partner is the National
Business Association of Colombia (ANDI) and, within it, the Chamber of Home Appliances. In 2014 with
UTO’s assistance and technical assistance resources from the MLF project as well as participating domestic
refrigerator manufacturers and importers, the Corporación RED VERDE was established within ANDI to
serve as the operational entity for the EPR system with the participation of UTO. The other partnerships
brought together were a number of commercial hazardous waste management services providers involved
in WEEE management and end users of recovered materials from these waste streams, particularly the EAF
steel making sector as noted in Section 4 above.
Since its establishment RED VERDE has undertaken a range of development activities including: i)
establishment of ten collection stations in six major cities (Bogotá, Medellín, Pereira, Barranquilla, Cali
and Bucaramanga); ii) undertaken regular collection campaigns : iii) conducted an extensive /public
awareness program promoting ESM of refrigeration equipment; vi) established commercial contracts with
licenced WEEE service providers to collect and process domestic refrigerators, and since 2017, washing
machines, air conditioners and microwave ovens.
Additionally, RED VERDE has been working with UTO and the Climate Change Division of MADS and
the Ministry of Mines and Energy in the formulation of a National Appropriate Mitigation Action for the
domestic refrigeration sector (NAMA). This NAMA will promote the national replacement program for
domestic refrigerators.
Table 5.1 below provides a summary of appliance collection by year. To date, 3,638 domestic refrigerators
have been collected for processing, and as shown in Figure 5.1, 13.9% being CFC-12 based, 59.5% being
HFC -134a based and 3.7% being R- 600a based.
Table 5.1: Annual collection 2014-17 by appliance type
Appliance

2014

2015

2016

41

1,264

1,158

1,175

3,638

30

185

215

Air conditioner

193

193

Microwave oven

333

333

6

6

1,892

4,385

Refrigerator
Washing machine

Others
Total
Source: RED VERDE, 2017

41

1,264

1,188

2017

Total
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Figure 5.1: Domestic refrigerators collection by refrigerant type, 2014 - 2017
Collected and recycled domestic refrigerators by refrigerant type
2014 ‐ 2017
0.4%
22.3%

13.9%

R12
R134 A

0.3%

R600

3.7%
59.5%

Without compresor
Without the gas
Non‐identified gas

Source: RED VERDE, 2017

Red Verde has two kinds of producer members: i) Founding members and ii) Adherent members, being
those members who subsequently have entered after the constitution of the Corporation. These members
and all the support partners are organized under the structure shown in Figure 5.2.

Figure 5.2: Red Verde´s organizational structure

Source: RED VERDE, 2017

The administrative head office of RED VERDE works in Bogotá D.C., where a team of three people is
directly working for the Corporation, with the support of the administrative services that ANDI provides.
The team is composed of:
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Executive Director acting as the legal representative of the Corporation, appointed by the Board of
Directors and employed by ANDI.
Technical coordinator.
Administrative/operating assistant.

ANDI support is shared by the six Corporations affiliated to ANDI and in charge of different EPR type
systems (one of those, is Red Verde):
As each producer member and support partner has specialized teams in topics such as communications,
marketing, logistics, environmental management, and general and financial management, three committees
exist in order to guide and support all the needed actions for Red Verde operation.
The eight associated members have a participation percentage inside the Corporation according to their
market share. The distribution of costs for the operation of Red Verde, as well as the contribution scheme
are explained below.
Currently, the budget is mainly divided in administrative (including communication and marketing items)
and operating costs, as set out in Table 5.2.
Table 5.2: Distribution of Red Verde´s budget
Item

Activities

2014

2015

2016

2017

Proposed 2018

Services
Retorna Group – Transversal services
Maintenance
Travel expenses
Administrative
Legal expenses
costs
Other expenses
Depreciation and amortization
Staff
Furniture

42,17%

60%

59%

64%

63,30%

Advertising and design agency
Advertising and design agency
Production of advertising material
Communication
and campaigns
and marketing
Free press
Social networks
Education program

35,67%

23,94%

28,36%

22,70%

21,60%

18,78%

11,46%

7,64%

5,50%

12,10%

3,37%

4,76%

4,76%

4,80%

2,90%

Budget (USD)

$ 136.976

$ 183.990

$ 148.716

$ 211.249

$ 232.095

Budget (COP)

$ 280.356.219

$ 459.421.750

$ 493.707.723 $ 616.671.532

$ 697.769.209

$ 2.046,75

$ 2.496,99

Operational
costs

Transport
Environmental recycling services
IT Platform
Operational coordination

Unforeseen

Others

Exchange rate, April
Source: RED VERDE, 2017

$ 3.319,80

$ 2.919

$ 3.006
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The costs of the budget items are distributed between the associated members considering a fixed part and
a variable part, as shown in Table 5.3.
Table 5.1: Distribution of Red Verde´s budget into fixed and variable parts
Fixed
Items

Costs 2017

Variable

Administrative costs

Operational costs

Furniture
Unforeseen

Communication and marketing

72%

28%

Source: RED VERDE, 2017

Considering the eight companies which support Red Verde and the percentages of the market share of the
members per year, the financial contribution of each member since 2014 is summarized in the figure 5.3.

2014

2015

2016

2017

PANASONIC

INDUSEL S.A.

WHIRLPOOL

LG ELECTRONICS

SAMSUNG
ELECTRONICS

CHALLENGER S.A.S.

MABE COLOMBIA
S.A.S.

$ 160,000
$ 140,000
$ 120,000
$ 100,000
$ 80,000
$ 60,000
$ 40,000
$ 20,000
$0
INDUSTRIAS HACEB
S.A.

Members contribution (USD)

Figure 5.3: Historical contribution of Red Verde’s members

2018

Source: RED VERDE, 2017

Besides the member contributions, UTO has contributed in the framework of MLF Project funding as
shown in Table 5.4.
Additionally, the GEF/UNDP POPs project under MADS assigns cooperation funds in order to promote
research activities focused on the analysis of alternatives for the persistent organic compounds treatment,
present in the e-Waste managed by RED VERDE.
In addition to the above, RED VERDE has been developing experience and data that would form the basis
for a long term sustainable business model for the EPR system. This identifies a cost structure that would
be sustained by an EPR funding for the capture, processing of end of life equipment including destruction
of EOL ODS. Figure 5.4 provides an illustration of the sequence of operations envisioned to be covered
by the system and Table 5.5 shows pro-forma costs applicable per unit collected and dismantled based on
current contractual arrangements, recovered market revenues and current disposal options.
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Table 5.4: UTO/MLF Contributions to RED VERDE
UNDP/MADS
Agreement
Agreement 0 - 2013

Agreement 1 - 2014

Agreement 2 - 2016

General activities
Previous activities: survey on final disposal of domestic
refrigerators and consultancy for domestic refrigerators
EPR scheme design
-RED VERDE Launching
-RED VERDE Administration and Information Platform
- Dissemination and awareness campaigns and material
for end users
- Controlled burning test for refrigerator cabinets or doors
at EAF steel producer.
- Analysis of foams (physic-chemical).
- Estimation (generation) and recycling alternative studies
for foams.
- Dissemination and awareness campaigns and material
for end users

$ 35,000

$ 30,000

$ 40,000

$ 105,000

TOTAL
Source: RED VERDE/UTO, 2017

Figure 5.4: Sequence of RED VERDE´s operations

Source: RED VERDE, 2017

Counterpart (USD)
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Table 5.5: Pro-forma costs applicable per unit collected (US$)

Activity

Description

End user to
WEEE
processing
Ferrous scrap
Alumium
Revenue
Copper
recovery from
waste
Plastics
Net Revenue
Manual
dismantling
Oil (HW SP)
Treatment/
Foam (HTI)
Disposal
ODS (HTI)
Misc. (Solid
waste (LF)
Direct net cost per unit
EPR Program
Administration
(*)
Net Total Unit Cost Estimate

Cost by Management Scenario
Partial Disassembly
by WEEE service
Disassembly by WEEE service Provider
provider plus /EAF
processing of intact
Foam Disposal by
Foam Disposal by
cabinets and doors
HTI
Cement Kiln

Transport

8.5

8.5

8.5

4
0.6
2.2
0.8
7.6

4
0.6
2.2
0.8
7.6

2
0.6
2.2
0.5
5.3

5.2

5.2

4.0

0.1
35
1

0.1
4.5
1

0.1
0
1

0.3

0.3

0.3

41.6

11.1

5.4

1,2

1.2

1.2

42.8

12.3

6.4

(*) Based on actual development and collection of the EPR program applied to an annual collection rate of 120,000 units/year
Source: RED VERDE&UTO, 2017

The above results indicate that the key determining factor in the cost of a the envisioned self-sustaining
EPR system will be disposal costs applied to foam removed from collected refrigeration units. Clearly, the
cost associated with the option of destroying ODS based foam with at a national HTI facility, while
technically and environmentally feasible as demonstrated in the current work, is excessively expensive and
unlikely to be affordable to either industrial participants or consumers. An option that is reasonably
affordable on a per unit basis would be the option of sending the intact doors and cabinets to an EAF
steelmaking facility, noting that this is not yet qualified by pending resolution of emission issues to be
consistent with TEAP requirements and potentially inclusion of this option as an approved TEAP
technology at some point would be recommended to maintain compliance with MP requirements. The
third option would be destruction of foam at a cement kiln which technically and environmentally should
be equivalent to the HTI option and is in fact used currently on a modest scale, albeit without formal
qualification or official TEAP destruction technology approval. The relatively low cost/unit that is reported
for these disposal arrangements (approximately US$0.65/kg) is the basis of the above projected unit cost.
Assuming these destruction costs are verified as applicable to a fully operational EPR system, this is could
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be considered if compliance with TEAP requirements were sought albeit at a cost premium and a program
to qualify a cement kiln were undertaken.

5.2

Supporting Bilateral Initiatives

In association with this work, a substantial supporting bilateral technical assistance initiative has been
undertaken by Deutsche Gesellschaft für Internationale Zusammenarbeit GmbH (GIZ) as part of a multicountry project over the period 2013-2018, funded by the German Government entitled “Management and
Destruction of ODS Banks”. This is supporting integrated waste management of ODS and equipment
containing ODS globally and has produced a number of useful generic outputs utilized in Colombia
including guidance documents on global ODS bank management, and developing ODS inventories, key
policy and regulatory measures required and guidance on manual dismantling of RAC equipment. In
Colombia, MADS/UTO has acted as the primary coordinating beneficiary for this work with the
involvement of other government institutions, RED VERDE, and commercial HW and WEEE management
service providers in the period 2015 to 2018. The principle outputs of this work have been a number of
practical training programs and the current work involving development of a country specific road map for
ODS banks management supporting the development of EPR program. The latter includes an updated
estimate of current ODS banks in the country and strategy guidance on the development of the EPR system
building on the present MLF project as described in the following.
In terms of ODS banks inventory work being done by MADS/UTO, this is reported in two linked
documents, one entitled “Survey of ODS and ODS Alternatives in Colombia”47 and “ODS bank inventory
for Colombia”48. These documents were prepared with GIZ assistance and partially supported through
UTO with MLF funding all as part of the above GIZ “Global ODS Banks Management and Destruction”
project. The results of this work are summarized in the following.
The ODS banks inventory focuses on chlorofluorocarbon (CFC) and hydrochlorofluorocarbon (HCFC)
used as refrigerant and for foam in the RAC sector. Additionally, hydrofluorocarbons (HFC) are included
in the inventory in recognition of this being a future focus for bank management.
The estimation of ODS banks in Colombia was done for each RAC subsector, based and the various systems
they contain and expressed in units (mt) to be most relevant to future planning and design of recycling,
reclaim and destruction infrastructure capacity required for overall ODS and future HFC bank management.
Future projections until year 2030 have been undertaken to assess the future potential availability of EOL
ODS and HFCs. This is particularly relevant when it comes to an economic feasibility assessment
associated with decision making respecting future infrastructure and ensuring sustainable mechanisms to
capture, re-use and ultimately destruction capacity.
A significant finding in the “Survey of ODS banks inventory in Colombia”, that was conducted by
MADS/UTO and GIZ, noted to date (Figure 5.5) is that ODS Banks in the RAC sector are dominated by
three sub-sectors, unitary air conditioning, commercial refrigeration and domestic refrigeration. In total
ODS volume in the currently estimated ODS Bank, the air conditioning and commercial refrigeration
applications dominate and is predominately HCFC (approximately 3,000 mt) refrigerants. However, in
ODP terms, domestic refrigeration which is CFC based remains significant despite the relatively small ODS
volumes remaining (approximately 200 mt). Having said that the available CFC bank is rapidly
47
48

“Survey of ODS and ODS Alternatives in Colombia” GIZ/MADS-UTO, January 2017
“ODS Bank Inventory for Colombia”, GIZ, draft report, December 2017.
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disappearing and becomes less of a factor in EOL ODS related decision making beyond the next few years
as will be illustrated below.
Figure 5.5: Estimated ODS bank of the refrigeration and air conditioning sectors in metric tonnes
(left) and ODP weighted tonnes (right), split by CFC and HCFC.49
ODP weighted tonnes
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This is of significance in terms of looking to the future demands that will placed on any the EPR system
and ODS destruction requirements as it scales up. Clearly it requires capability to address CFC-12
refrigerant and needs to prioritize its capture and elimination in the near term before what remains is lost.
However, in both the near and medium term the principle priority and major expenditures will be directed
to dealing with the significant volumes of HCFCs (HCFC-22 and blends). Although not quantified here,
banks of HFCs will become a priority as well in term of environmentally sound management with the
implementation of the Kigali Amendment and a transfer of focus in terms of global environmental benefit
to GWP rather than ODP impact mitigation. As an illustration of this, Figure 5.6 below shows the recent
and projected HCFC and HFC consumption through to 2030.
Figure 5.6: Consumption of HCFC, HFC and other refrigerants in Colombia (UTO 2017a)
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Source: Inventory of ODS banks in Colombia, draft report. GIZ, 2017

49

“Survey of ODS and ODS Alternatives in Colombia” GIZ/MADS-UTO, January 2017
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The UTO/GIZ inventory work referenced above has developed a time related estimate of CFCs and HCFCs
for these three key sectors for the period 2015-2030 that would be theoretically and practically available
from the estimated bank available for EOL management and destruction. The maximum achievable
estimates consider all RAC equipment which would be decommissioned and enter the waste stream
(assuming a 100% collection rate). The second estimate in each case provides a minimum scenario that
assumes a 5% collection rate and recovery rate more characteristic of global experience. For the three
sectors, the manageable amounts of HCFC-22 will increase until the year 2020 then decrease afterwards.
In contrast the window of opportunity to destroy CFCs is closing rapidly such that CFC-11 and CFC-12
will not be available after 2025 in any significant amounts. When assuming the minimum collection and
recovery rate of 5% (lower bound), the estimates indicate that only around 12 mt of HCFC- 22 are currently
available for management and 2 mt of CFC-12 chemical for destruction with quantities of HCFC-22
available being roughly maintained at this level annually until 2020 and then declining to 6 mt in 2030.
CFC-12 continues to decline and effectively unavailable after 2025. This is illustrated graphically in Figure
5.7 below over the period 2015 to 2030.
Figure 5.7: Estimated Availability of EOL ODS from the RAC Sector at an assumed Minimum
Bank Capture Rate of 5% (GIZ, 2017)

Looking forward, Colombia has been selected for a NAMA Support Project (NSP) entitled “Colombian
NAMA for the domestic refrigeration sector” involving grant funding of EUR 9,006,000 to be implemented
over the period 2018-2022. MADS is the implementation partner and, within it, joint responsibility is
assigned to UTO and the Climate Change Division. GIZ will act as the delivery agency. With the overall
goal of transforming the domestic refrigeration sector toward green technologies, the NSP identifies five
primary areas of intervention linked to key outputs that are to be supported by the NAMA, namely; i)
establishment of the required supporting policy framework for this transformation; ii) providing the
required technical and financial support for domestic manufacturers for the design and production of
climate friendly and energy efficient refrigerators; iii) support for accelerated market introduction of these
products through an incentivized replacement programme; iv) technical and investment support for
expanded national capacity for environmentally sound processing of replaced equipment; and iv)
institutional support for robust monitoring and verification. The NSP is structured with two overall parts
in terms of implementation focus and funding. There is a technical cooperation component that provides
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technical assistance, training and implementation resources for policy/regulatory development, and
capacity upgrading for manufacturers, the EPR system development and WEEE service sector. The
financial component provides support financing capacity largely through national financial institutions
included a national development bank to leverage required investments within manufacturers and in the
WEEE service sector, as well as a mechanism to incentivize the replacement programme. In practical terms
relevant to the MLF project, the NSP anticipates the complete conversion of the manufacturing sector to
low GWP refrigerant, elimination of new HFC based domestic refrigeration equipment from the market,
accelerated replacement of 300,000 CFC/HFC (60%-40%) based units, and capacity within the domestic
WEEE and hazardous waste management sector to handle the volumes generated by a sustainable EPR
system operated by RED Verde in an environmentally sound manner.
This information along with the experience from the voluntary RED VERDE pilot program and the results
of this MLF project, is guiding the finalization of the Colombia road map which is developing detailed
recommendations in four areas: i) strengthening the supporting legal and regulatory framework; ii)
identifying and implementing a sustainable financing mechanism, iii) further development of recycling and
destruction infrastructure; and iv) scaling up the collection mechanism. When completed, this road map
should provide a tool for the overall transition of the current voluntary EPR system to a scaled up mandatory
one and assist in integrating other financial instruments under development.
5.3

Projected EOL ODS Banks and Management Availability

Analysis specifically for a number of sectors was undertaken in the 2017 GIZ/UTO bank and inventory
work referenced above specifically related to the projected size of EOL ODS banks and availability for
management thru to 2030. The results for the three principle sectors noted above (domestic refrigeration,
commercial refrigeration and unitary air conditioning) are summarized in this section. This information
will be a key input into planning and scaling the EPR system and associated infrastructure and other
resource requirements.
5.3.1

Projected EOL ODS Banks and Management Availability – Domestic Refrigeration

Domestic refrigeration is the fastest growing subsector in Colombia, with sales and total stock figures.
Around one million refrigerators are sold per year on average (over the last 5 years), the current stock in
use is 13.2 million units, and projected to increase to 28 million units by 2030 as illustrated in Figure 5.8
below.
Figure 5.8: Domestic Refrigerator sales in the last 5 years and projected stock in use through 2030
(GIZ, 2017)
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The dominate refrigerant in use is HFC-134a. While this will be continuously replaced by R-600a it is not
projected to be eliminated until 2030 in the absence of accelerated phase out measures consistent with the
Kigali Amendment. The current bank is peaking at just over 1,000 tonnes of HFC-134a, with 100 tonnes
of R-600a and 23 tonnes of CFC-12 (Figure 5.9)
Figure: 5.9: Bank of domestic refrigerators by refrigerant and by amount of refrigerant until 2030
(GIZ, 2017)

Metric tonnes

2.000
1.500
1.000
500
0

R134a

R600a

R12

Around 140,000 CFC-12 based refrigerators and 300,000 HFC-134a based units are estimated to be
potentially currently available for management which translates in about 9 tonnes of CFC-12 and 30 tonnes
of HFC-134a. The calculations indicate that all CFC-based refrigerators will have disappeared after 2020
based on an assumed average life time of 20 years. The number of HFC-134a units being potentially
available for management is projected to increase until 2030, significant numbers of R-600a units are not
projected to be available for management in this time frame (Figure 5.10).
Figure: 5.10: Projected end-of-life Domestic Refrigeration Units and Quantities of Refrigerant
Potentially Available for Recovery until 2030 (GIZ 2017)

Noting that the above projections are based on the highest recovery rate, a lower bound recovery rate of 5%
estimates dramatically lower amounts of refrigerators and associated refrigerant as illustrated below in
Figure 5.11.
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Figure: 5.11: Number of EOL domestic refrigerators and corresponding amounts of refrigerant
available for management assuming a 5% collection/recovery rate (GIZ, 2017)

5.3.2

Projected EOL ODS banks and management availability - Unitary Air conditioning

The air conditioning sector has been growing at 10% on average across the various systems over the last 5
years with unitary air conditioning, particularly non-ducted/split system type units, being is the dominant
sub-sector with over 3 million air conditioning (AC) units currently in operation. It is expected to reach 8.2
million units by 2030. These projects are illustrated in Figure 5.12 below.
Figure 5.12: Unitary A/C system sales in the last 5 years and projected stock in use through 2030
(GIZ, 2017)

The dominate refrigerant in use has been HCFC-22 but this is rapidly being replaced by R-410A blends as
illustrated in figure 5.13 below. The 2017 bank of HCFC-22 and R-410A is about equal in terms of units
and refrigerant (2 million units/2,000 mt for each respectively) but by 2030 HCFC-22 units and the
associated banks in service is projected to have disappeared, something that underlines this as a priority for
action if it is to be addressed.
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Figure: 5.13: Bank of Unitary A/C units by refrigerant and by amount of refrigerant until 2030
(GIZ, 2017)

Around 200,000 HCFC-22 based units and 130,000 R-410A based units are estimated to be potentially
currently available for management which translates in about 200 tonnes of HCFC-22 and 30 tonnes of R410A. The calculations indicate that for most of the period, HCFC-22 units will relatively stable (between
100,000-200,000 units, and 100-200 mt of refrigerant). However, there will be a rapid increase in R-410A
units extending beyond 2030 (estimated 750,000 units and 800 mt of refrigerant in 2030). This is illustrated
in Figure 5.14.
Figure: 5.14: Projected end-of-life Unitary A/C Units and Quantities of Refrigerant Potentially
Available for Recovery until 2030 (GIZ, 2017)

Noting that the above projections are based on the highest recovery rate, a lower bound recovery rate of 5%
estimates dramatically lower amounts of units and associated refrigerant as illustrated below in Figure 5.15.
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Figure: 5.15: Number of EOL unitary A/C units and corresponding amounts of refrigerant
available for management assuming a 5% collection/recovery rate (GIZ,2017)

5.3.3

Projected EOL ODS banks and management availability – Commercial Refrigeration

The data available for the commercial refrigeration sub-sector is somewhat fragmented and distributed
between stand-alone units, condensing units and centralized systems. For purposes of the current work
related to development of the EPR system, the primary interest at least initially would be on stand-alone
units. The following summarizes the EOL ODS bank and management availability estimates for this case.
Estimates for the whole sector are provided in referenced GIZ report.
The current sales figures of commercial refrigeration equipment are estimated to be between 250,000 and
300,000 units per year and are heavily dominated by stand-alone units. This is expected to result in the
current stock of approximately 3 million units to almost 8.3 million units by 2030 (Figure 5.16).
Figure 5.16: Commercial Refrigeration sales in the last 5 years and projected stock in use through
2030 (GIZ, 2017)

While a variety of different refrigerants is used in the sector is now dominated by HFC-134a with a remnant
stock of CFC-12 and HCFC-22 based equipment. Into the future through 2030 HCFC-134a equipment is
predicted account for virtually all of in-service equipment with this refrigerant bank almost tripling by 2030
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when it is estimated to be 3,330 mt. Likewise, the bank of R404A based units and refrigerant becomes
significant beginning in 2020.
Figure 5.17: Bank of commercial refrigeration units by refrigerant and by amount of refrigerant
until 2030 (GIZ, 2017)

The above trends are reflected in the amounts of EOL ODS available for management as illustrated in
Figure 5.18. While a modest availability of CFC-12 and HCFC-22 currently exists this largely disappears
by 2020 after which HFC-134a is projected to be the predominant refrigerant potentially requiring
management.
Figure 5.18: Projected end-of-life commercial refrigeration units and quantities of refrigerant
potentially available for recovery until 2030 (GIZ, 2017)

5.4

Additional Financial Mechanisms

Several national policy initiatives are under development that may serve to provide financial incentives for
the retirement of ODS and HFC based RAC equipment and could be integrated with the EPR system and
financial support mechanism provided by the NSP. Those identified are:


Fund for Non-Conventional Energy and Efficient Energy Management (FENOGE) established under
the Law 1715 of 2014 that regulates the integration of non-conventional national energy system to
renewable energy has been identified with the Ministry of Mines and Energy as appropriate for the
funding of programmes and projects aimed at improving energy efficiency, particularly for low income
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5.5

consumers through introduction of equipment such as green refrigerators that promote sustainable
energy use.
Measures related to VAT rebates. Decree 2143 of December 2017, which establishes the procedure for
the application of the differential sales tax of five (5%) percent on sales tax for the acquisition of
environmentally friendly refrigerators (ODS/HFC free). The objective of the Decree is to promote the
replacement of old refrigerators that have a high energy consumption and additionally contain
refrigerant gases that destroy the ozone layer and contribute to global warming. With the environmental
benefits that this measure will bring, it will contribute to the fulfillment of the commitments of
Colombia for the reduction of twenty percent (20%) of its greenhouse gas emissions to the atmosphere
targeted for the year 2030 and accelerate implementation of the Montreal Protocol. This tax benefit
covers low income households and those refrigerators whose cost is equal to or less than about 950,000
COP. The consumer must deliver his used fridge to the producer, either directly or through third parties
authorized by the same producer to act on their behalf.
EPR System Development Plan 2018-2022

Based on the work to date on developing the EPR program and the outputs from the MLF project, the
intention is that over the next 5 years, the system will be applied to priority RAC sector products (domestic
refrigerators, commercial refrigeration equipment, and unitary AC equipment) and will transform from its
current voluntary pilot scale to a fully functioning mandatory system having sustainable financing and
providing domestic environmentally sound processing of RAC equipment. An indicative target of capturing
50,000 refrigeration and 5,000 A/C units annually by 2022 is in place.
The system will operate under the overall direction of RED VERDE, established within ANDI and
supervised by a representative stakeholder board including producer funders, institutional and bi-lateral
funders, MADS, and ANLA (National Environmental Licenses Authority). RED VERDE will contract
with licensed service providers for collect including operation of a network of geographically appropriate
collection facilities, the manual processing of units including separation and secure storage of targeted
hazardous components (oil, refrigerant, ODS based foam) and for environmentally sound disposal. At
present, ODS and HFC chemicals are envisioned to be either managed in the present (and expanded) reclaim
capacity associated with the refrigeration servicing sector or be directed to qualified destruction facilities.
Based on the results from this MLF project, chemicals will be directed to TECNIMANSA (subject to
expanded qualification for HCFC and HFC chemicals) and in the case of foam to utilize the developing
arrangements with GERDAU/DIACO for direct feeding to EAF steel making operations or cement kiln,
subject to formal qualification. The potential is also identified to move to automated processing of
refrigeration units such that blowing agents are captured for destruction and recyclable components are
recovered for re-sale. A reliable threshold supply of at least 150,000 units per year is estimated to justify
this option, notwithstanding the significant capital investment that would be involved.
The basic financing for the EPR system operation will be provided by the producers as is now mandated as
mandatory under current legislation. The anticipated significant acceleration in capture and collection is
assumed to be stimulated by the incentives created under the NSP and the VAT reduction measures
described above and the various national financial incentives that are expected to come into effect. The
financing of the needed capacity additions for the WEEE and refrigeration service sector will be a
combination of their own means and the support being provided by the financial support and associated
concessionary green lending provided under the NSP. In this transition period as the EPR system moves
to full sustainability and self-sufficiency, the remaining funding support from this MLF project remains a
key component both in terms of practical level support UTO provides to Red Verde’s work, particularly
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related to public awareness, and facilitating integration with the NSP and implementation of the GIZ road
map, but also funding of the destruction of CFC and HCFC refrigerant and PUR foam recovered as the
system ramps up.

6.0

Discussion of Lessons Learned, Replicability, and Future Work

This section provides a general discussion of this Project’s results in the context of the ongoing
developments in Colombia and more broadly the overall MLF demonstration program, both in terms of
contributions related to replicability and potential future MLF program initiatives in this area.
Overall, the Colombian EOL ODS demonstration project to date has shown that qualified domestic
capability is available to support the environmentally sound capture and destruction of EOL ODS,
specifically the primary EOL CFC chemicals (CFC-11 and CFC-12) as well as CFC and HCFC based
foams. This demonstration applies to the infrastructure and technical capacity within an established
refrigeration servicing sector, an expanding specialized commercial waste management capability dealing
with the WEEE sector and commercial HTI rotary kiln incineration facilities. Likewise, the initial
development stage of putting in place a cost effective and sustainable EPR system based on an industry
administered partnership has also been demonstrated. Both these aspects, as developed to date, represent
significant achievements relative to the Project’s objectives and should have immediate value to the broader
MLF and Montreal Protocol community for purposes of dissemination and potentially replication.
However, it is also recognized that the effort in Colombia to have in place a fully sustainable and
comprehensive system to manage EOL ODS and future EOL chemicals under the MP remains a work in
progress, something that will take several more years to achieve. The following discusses some of the
principle issues and tasks that are identified as being required to achieve this, a discussion that may also
inform initiatives by others as well as future program decisions under the MLF.
Perhaps the most significant issue that comes out of this Project overall is the fact that the practical
availability of EOL ODS and ability to capture it for management is inherently problematic in practice
given the nature of the waste stream. Experience where reasonable capture relative to theoretically available
banks is achieved shows that this must be supported by strong national policy commitment and supporting
legislation and regulation as well as constructed institutions, economic instruments and public awareness
to support its capture for purposes of destruction. In the case of Colombia, there was relatively early
recognition of this and the parallel process of systematically undertaking incremental development of these
aspects along with development and demonstration of physical capability has occurred. This was based
around setting the ground work to implementation of a mandatory EPR system that is now moving toward
a sustainable model capable of achieving meaningful capture rates.
Associated with the above is the need to recognize that this process is time consuming and even in countries
with advanced institutions, financial capability and unquestioned policy commitment this will take a
relatively long time. This has been and continues to be in the current experience in Colombia and explains
the longer than initially anticipated Project implementation period. The lesson learned from this and the
complexity of having the appropriate policy, regulatory, sustaining financial, and institutional capacity in
place is this should be factored into future initiatives in this area, rather than necessarily having dominate
focus on developing and qualifying physical capability for capture and destruction.
Another major lesson learned to come out of the current Project is that the overall MLF program initiated
a decade ago and focused on CFCs is now outdated in terms of the EOL chemicals that any system in the
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future will have to deal with. While over the next 5-7 years some EOL CFCs will require management, the
reality is that these chemicals are is rapidly disappearing and most remaining may not appear before an
effective system to capture and destroy it in significant amounts is generally in place. The window of
opportunity to capture the initially targeted high ODP reduction EOL ODS is rapidly closing. While
Colombia continues to address this in the near term by targeting EPR initiatives to lower income households
for domestic refrigeration equipment recovery, this is will be a relatively short-term measure. The medium
and longer-term priority for the mature EPR system in full operation will in fact be HCFC and HFC based
refrigerants where the availability of a large bank of material can now be projected, and where the rational
for environmentally sound management shifts from ODS release reduction to eliminating release of potent
greenhouse gases.
A significant consequence of this change in priorities respecting EOL chemicals, is that the original scope
of MLF demonstration projects being focused on the destruction of EOL CFCs has left a gap in what the
availability of qualified destruction technologies and particularly that applied to facilities qualified for
national use in countries such as Colombia. This gap has recently been recognized at the 29th Meeting of
the Parties to the Montreal Protocol as reflected in XXIX/450 which requested TEAP to review the current
list of approved technologies as to applicability to the destruction of HFCs now controlled under the Kigali
Amendment. The TEAP has constituted a Task Force for this purpose and has submitted a report for
consideration by the Open-Ended Working Group. While provisional at this time, the recommendations
indicate that technologies currently approved for ODS destruction that might be applicable to HFC
destruction or have a high potential for HFC destruction. This may have significance for to Colombia if
rotary kiln incineration is recommended as only having high potential. The Task Force also noted that
consistent with experience in this work, there is variability in rotary kiln emission performance between
individual facilities and it is recommended that consideration should be given to qualification testing on the
subject chemical. Additionally, it also noted that rotary kilns like a number of other technologies may be
subject to issues both related environmental performance, productivity, and maintenance due to the higher
fluorine content and resulting acid gas (HF) generation. This latter issue would be consistent with
observations made in relation to the current results reported for this Project and could be material in
qualifying the TECNIMSA facility for HFC destruction.
Based on the above, a prudent step that is recommended by this Project to be undertaken in Colombia is
conducting additional qualification testing of the TECNIMSA facility with both HCFCs and HFCs. This
would be most appropriately done for HCFC-22 and HFC-134a as the principal EOL chemical refrigerants
anticipated in the future and perhaps for completeness one or more likely HFC blends. It would be
anticipated that demonstration test results would be similar to those for CFCs on the TECNIMSA facility
in terms of DRE and most emissions with the exception of HF given the apparent sensitivity to this seen in
the present work. Screening of the impact of higher fluorine content at various feed rates could be readily
done utilizing the current well calibrated CEMS system. A more complete test burn program involving a
modest investment could also be undertaken and could serve as useful input to t future requests by the
Parties for technical assessment of destruction technologies.
A final technical issue related to expanded technical qualification potentially required to support destruction
capability in Colombia relates to the destruction of ODS based foam. As described in Section 4 above, test
burn demonstrations have been completed on CFC-11 and HCFC-141b based foam in the TECNIMSA HTI
rotary kiln facility. However, the cost of this option would be prohibitively expensive in terms of
affordability to the EPR system. With some qualifications, the use of an arrangement with a domestic EAF
50

http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/42073
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steel maker would provide an affordable option, although it is unlikely that a demonstration of the required
DRE specified in Montreal Protocol Decisions for dilute EOL ODS waste streams could be practically
demonstrated even though it would likely be generally equivalent to other options. Similarly, a somewhat
more expensive, but still potentially affordable option that is now in use would be the use of cement kilns.
Neither of these options is currently approved by Montreal Protocol Decisions for dilute waste streams such
as foams. Nevertheless, the absence of such an approval might be seen as an oversight in the case of cement
kilns which would logically be equal in performance of a dilute EOL ODS waste stream to currently
approved options of rotary kilns and municipal incinerators. Perhaps a useful additional initiative in
Colombia would be to undertake a formal cement kiln demonstration test on ODS based foam in partnership
with a major operator which has an interest. Extending this to representative ODS and HFC chemicals
might also be useful with a view to ensuring full conformity with MP requirements of the EPR system,
particularly if the destruction of foam is to be financed with remaining MLF funding. Extending this to
include representative HCFC and HFC chemicals may also be of value as a potentially competitive backstop
to the rotary kiln option. In both instances, this could also serve a broader purpose of providing input to any
future technical assessments of destruction technologies under the Montreal Protocol.
In evaluating the general issue of foam destruction, it is also worth noting that there is limited global
environmental benefit in the destruction of foam that is likely to be available and that the requirement, at
least for the refrigeration sector targeted in the EPR program is relatively short term. The subject ODS
based waste stream is a mixture of that using CFC-11 and HCFC-141b blowing agents, now heavily
dominated by relative low ODP/modest GWP HCFC-141b. Over a relatively short period it would likely
all decline given the complete conversion to cyclopentane in both domestic and imported equipment. For
this reason, it may be appropriate to view this as broader waste management issue to be addressed in the
context of a waste resource and energy strategy within the already existing national framework related to
integrated waste management, something that is anticipated to be a priority within the GEF-7 Chemicals
Management Focal area.

7.0

Conclusions and Recommendations

The following summarizes the principle conclusions that can be drawn from this work to date and applicable
recommendations that can be made at this point with respect to its completion and long-term application of
its results.
1. Basic national capability for the collection and assembly of EOL ODS for environmentally sound
destruction exists in Colombia based on the well-established refrigeration servicing and developing
WEEE management sectors, such that it should have the critical mass to support this aspect of the EOL
management process on a commercial basis as it develops.
2. National capability for the cost-effective destruction of EOL ODS chemicals in the form of CFCs has
been demonstrated in a commercial HTI rotary kiln at a hazardous waste facility as being qualified
relative to the technical and environmental performance requirements of the Montreal Protocol (TEAP)
and should have capacity to handle anticipated projected national demands for these services.
3. Availability of EOL ODS chemicals for collection and destruction remains the principle practical
limitation to effectively utilizing this capability to reduce EOL ODS releases.
4. Increasing the capture of EOL ODS for environmentally sound processing to a level that would
ultimately be meaningful in terms of global environmental benefit will be dependent on the aggressive
implementation of the current policy and regulatory measures, and the establishment of sustainable
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5.

6.

7.

8.

9.

10.

financing mechanisms based primarily on a mandatory Extended Producer Responsibility (EPR)
system.
Establishing an effective EPR system model based on an industry based institutional approach (RED
VERDE) is a significant and replicable output of this project to date that offers good prospects of scaling
up to a fully developed system that is affordable in terms of incremental costs to both producers and
consumers within a mandatory EPR model.
The time and financial support required to develop an effective national EOL ODS management
capability should not be underestimated in countries such as Colombia noting the experience with this
project relative to the Project’s initial expectations and likewise will require sustaining financial support
management, both national and international, over an extended period.
The EOL chemicals, particularly refrigerants, that require environmentally sound management in a
mature EPR system is rapidly changing to HCFCs and HFCs as a consequence of the time frames
required to develop the system as is seem in available EOL ODS bank projections. CFCs, particularly
high impact CFC-12, will not be available in significant quantities while demand for elimination of
HCFCs, particularly HCFC-22, and then HFCs, particularly HFC-134a, will significantly increase and
be the main focus of the EPR system and particularly qualified destruction capability.
Additional destruction facility qualification demonstrations are required on HCFCs and HFCs to
support the requirements of the EPR system as it develops in the next five years, particularly noting the
pending recommendations of TEAP Task Force work respecting the applicability of previously
approved ODS destruction technologies for HFCs as mandated under Decision XXIX/4.
There needs to be consideration of qualifying cost-effective methods of managing foams containing
ODS blowing agents (particularly HCFC-141b) at least in the near term when these waste streams are
generated. This Project offers insight into two practical options that might be readily available in
Article 5 countries, namely cement kilns and EAF furnace facilities, both of which would require
additional demonstration work with industrial partners.
Colombia should successfully be able to have a sustainable comprehensive EPR system in place for
EOL chemicals covered by the Montreal Protocol within five (5) years when a critical scale for
domestic refrigerators is achieved and its expansion to the unitary A/C and commercial refrigeration
sectors will be well advanced, particularly noting commitments available for substantial bi-lateral
international support obtained and the implementation of national financial and regulatory support
mechanisms.
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Appendix I: Project Implementation Timelines Component/Sub-Component/Activity 2013-18
Project Component/Sub-Component/Activity

2013
Q1

Q2

Q3

2014
Q4

Q1

Q2

Q3

2015
Q4

Q1

Q2

Component 1: ODS Destruction Demonstration
1.1 Consolidation/storage/characterization/transport of EOL ODS for Destruction Demonstrations
1.1.1 Supply of extraction/transfer equipment &ODS analyzers
1.1.2 Supply of bulk cylinders
1.1.3 Collection/transport of distributed CFC- 11 stocks
1.1.4 Collection/transport of distributed CFC- 12 stocks
1.1.5 Consolidation/storage of CFC-11 stocks
1,1.6 Consolidation/storage of CFC-12 stocks
1.1.7 Verification analysis of consolidated CFC-11/CFC-12
1.1.8 Transportation to incineration facility
1.1.9 Documentation and reporting
1.2 Manual processing of refrigeration equipment CFC-11 and HCFC-141b containing foam
1.2.1 Test burn foam separation, and storage – HCFC-141b
Test burn foam separation and storage – CFC-11
1.2.2 Transportation – HCFC-141b foam
Transportation – CFC-11 foam
1.2.3 Site screening of extracted foam.
1.2.4 EOL ODS content analysis
1.3 Test Burn Demonstrations for EOL ODS at selected HW incinerator facility
1.3.1 Test burn planning and design
1.3.2 Minor facility modifications
1.3.3 Baseline feed selection/characterization
1.3.4 Test Burn #1 – HCFC-141b foam, CFC-11, CFC-12
1.3.5 Analysis if Test Burn #1 results
1.3.6 Additional Facility modification/upgrading
1.3.7 Test burn #2 – Short Tests on CFC-11
1.3.8 Analysis of Test Burn #2 results
1.3.9 Test Burn #3 – CFC-11 foam, CFC-11, CFC-12
1.310 Analysis of Test Burn #3 results
1.3.11Test burn supervision
1.4 Demonstration destruction test for ODS based Foam in Electric Arc Furnace
1.4.1 Demonstration test planning and design

Q3

2016
Q4

Q1

Q2

Q3

2017
Q4

Q1

Q2

Q3

2018
Q4

Q1

Q2

Q3
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Project Component/Sub-Component/Activity
1.4.2 Demonstration testing
1.4.3 Analysis of results
1.4.4 Demonstration test supervision
1.5 Destruction of EPR Program Start up volumes of EOL ODS
1.5.1 EOL ODS collection, extraction, consolidation and transport
1.5.2 EOL ODS Refrigerant destruction
1.5.3 EOL ODS based foam destruction
Component 2.0 Technical Assistance
2.1 Legal and regulatory institutional TA
2.1.1 Regulations through which Law 1672 of 2013 on WEEE
management (including RAC equipment) is regulated: Decree 284,
February 15, 2018 and other resolution.
2.1.2 Regulation by which CFC, HCFC and HFC waste will be
included as part of the waste listed in Article 102 of Resolution 909 of
2008 as wastes that can be destroyed at HW - HTI facilities.
2.1.3 Tax reform in 2016 (Law 1819 of 2016 - Art. 185) establishing
the differential VAT (5%) for the domestic refrigerators of the
replacement program. Regulation of the measure in Decree 2143 of
December 19, 2017.
2.1.4 Technical guidelines for the integrated management of
substances controlled by the Montreal Protocol including guidelines
for ODS incineration at HTI
2.2 Technical/business planning support for EOL ODS management
under the EPR system
2.2.1 Design of an EPR system for EOL domestic refrigerators
2.2.2 Legal conformation of RED VERDE as an EPR scheme.
2.2.3 RED VERDE operates in Bogotá
2.2.4 RED VERDE expands its operation to other geographic regions
2.2.5 RED VERDE expands its operation to other appliances as AC
2.2.6 Formulation and approval of the National Appropriate Mitigation
Action (NAMA) for the domestic refrigeration sector, including a
replacement program
2.2.7 Implementation of NAMA activities
2.3 Public Consultation and Information
2.3.1 Initial survey dedicated to consumers on EOL domestic
refrigerators management

2013
Q1

Q2

Q3

2014
Q4

Q1

Q2

Q3

2015
Q4

Q1

Q2

Q3

2016
Q4

Q1

Q2

Q3

2017
Q4

Q1

Q2

Q3

2018
Q4

Q1

Q2

Q3

UNDP – PILOT DEMONSTRATION PROJECT ON ODS WASTE MANAGEMENT AND DISPOSAL IN COLOMBIA

2.3.2 Consumers awareness rising with regards to the environmental
benefits and responsibilities of ESM of EOL domestic refrigerators
2.3.3 RED VERDE’s visibility
2.3.4 Clear communication of the different Red Verde strategies to
producers, importers, distributors, stores.

2.4 Technical Oversight and Overall Project Technical Report
2.4.1 Oversight and technical advice on the overall project
implementation (international expert)
2.4.2 Technical reports to MLF
Component 3.0 Project Management/Monitoring/Evaluation
3.1 Coordination of project’s activities
3.2 Periodic reports to UNDP and MADS
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Appendix II: Photographic Illustrations of the TECNIAMSA Facility and Process Components

Photo 1. Primary combustion chamber (rotary kiln)

Photo 3. Automatic Control System for the combustion
and post-combustion APC processes

Photo 2. Secondary combustion chamber

Photo 4. Quench unit and dry scrubber
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Photo 5. Gas Extraction Fan

Photo 6. Continuous emission monitoring system (CEMS)

Foto 13. Chimenea.

Photo 7. Stack
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Appendix III
Survey of National EOL ODS Destruction Demonstration Projects
Country
Algeria
Brazil

China
China

Approval
MLF
IA
Destruction Option
2014
250,000
UNIDO
Cement kiln
2014
375,059
France
2012/
1,490,600 UNDP National HW facilities – HTI, Plasma Arc
2014
Initial parallel development of two demanufacturing plants
2012
2012

1,227,885 UNIDO Existing HTI/plasma arc facilities
900,000
Japan

Colombia 2012

1.195,000 UNDP

Cuba

525,500

2010

National HW HTI facility for CFCs/HCFC
EAF steel furnace/cement kilns for foams
Integrated with existing refrigeration servicing
system and HW service providers.
EPR funding and energy efficiency incentives
being phased in to sustain system

UNDP
CFC-12 in cement kilns

Georgia

2013

55,264

UNDP

Ghana

2011

198,000

UNDP

Export to EU HTI facilities
Initial intent to purchase ISADA unit
(dropped),
Export to EU HTI facility

Implementation Status/Remarks
Status unknown
Project restructured to focus on competitive
selection of HW disposal facility
Implementation restarted based on
commercial HTI facility
Under implementation
Destroyed 88 mt CFC-12 (Sept 2017)
HTI test burns completed to qualify domestic
HTI facility 2016
Trials on refrigerator components containing
foam in EAF completed in 2017
Integrated with expanding ERP financed RAC
equipment collection - 5 cities
Planned Processing of 300,000 refrigerator
units
Complete
Destruction quantities and performance testing
results not yet reported
Complete – 2.13 mt CFC-12 destroyed
Export combined with GEF POPs project
Complete - 2.2 mt CFC-12, 5.2m t MB
destroyed
Export combined with GEF POPs project
disposal
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Country
Lebanon
Mexico

Approval
Grant
2014
123,475
2011
927,915
2011
500,000

IA
UNIDO
UNIDO
France

Destruction Option
Export to EU HTI facility
Domestic plasma arc facility and cement kiln

Nepal
Nigeria

2009
2012

157,200
811,724

UNEP
UNIDO

Export to HTI facility
Export to HTI facility

Turkey

2012

1,076,250 UNIDO

E. Europe
E. Europe

2013
2013

274,480
75,000

Ecuador

2008

500,000

Trinidad
Tobago
Costa Rica

2015

Unknown

Unknown

Unknown

Belarus

2018

N/A

UNIDO
UNEP

Initial intent to export to commercial plasma
arc facility (potentially qualify national HTI
unit in future)
Export to HTI facility
Export to HTI facility

Other MLF Projects Outside the Formal Program
UNIDO
Initial purchase of ASADA unit but not
utilized
Currently developing cement kiln option
UNDP
ASADA unit initially planned
Bow pursuing a cement kiln option
Unknown Cement kiln
GEF CEIT Projects
UNDP
Export to HTI facility or development of a
domestic plasma arc facility

Implementation Status/Remarks
No information
Completing - 113 mt CFC-12 destroyed
Report successful demonstrations on
commercial plasma arc facility and
cement kiln
Completed – 10 t CFC-12
Under implementation.
Limited amount of EOL ODS captured
Currently being restructured due to EOL
ODS availability and export barriers
Completed
33mt EOL ODS destroyed

Continuing implementation
Positive test burns on CFC-12 reported
with 2.5 mt CFC-12 destroyed,
Under development
Under development
Potential opportunity to combine with
POPs project
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1. Introduction
The Federal Republic of Nigeria was provided with financial assistance from the
Multilateral Fund for the implementation of the Montreal Protocol on substances that
deplete the Ozone Layer. Following Decision XX/7 of the Meeting of the Parties, the
Executive Committee decided at its 58th Meeting in July 2009 (Dec. 58/19) to fund a
limited number of demonstration projects for the disposal of obsolete and unwanted
Ozone Depleting Substances. Consequently, at its 67th meeting, a pilot project for
ODS waste management and destruction in Nigeria at the amount of US $911,724, plus
agency support costs of US $68,379 was approved for implementation by UNIDO in its
capacity as an implementing agency of the Montreal Protocol.
2. Objectives
The project aimed to establish a model to show the best way to manage the
unwanted ODS banks in Nigeria. The preparatory phase of the project identified
existing stocks of ODS collected by Oil Companies from their installations in Nigeria
and stocks collected from the chillers (under AFROC project) in Nigeria with the
funding from the MLF. The initial plan of the project was to seek subsequent carbon
market co‐financing from CAR (Climate Action Reserve) after destruction in the
United States. The aim was also to provide capacity building activities for operators in
the waste management sector and end-users on the proper handling and management
of waste ODS before and leading up to their disposal.
3. Activities Implemented
a) Inception Workshop
The inception workshop took place in November 2013. The project was introduced to
the audience made up of government agencies, end-users, servicing companies and
waste management companies. Participants were also introduced to the various types
of destruction technologies and best available techniques for safe disposal of ODS
wastes.
b) Aggregation Activities
A local contractor was hired to aggregate waste ODS in the country. This activity
started off in early 2014 with a technical workshop by international experts to train
technicians on safe collection, transportation and storage of ODS wastes including
testing, correct labeling and documentation procedures.

i.

Capacity Building Workshop

A capacity building workshop for ODS Collection and Aggregation was held in June
2014. The attendees at this workshop were employees from the selected local
contractor for aggregation, staff of Federal Ministry of Environment, National Ozone
Unit and other relevant organizations such as Nigeria customs, National Agency for
Food and Drug Administration Control (NAFDAC) and Nigerian Association of
Refrigeration and Air conditioning Practitioners (NARAP).
The topics covered in the capacity building workshop are as follows:









Ozone Layer depletion and Montreal Protocol
National obligation and response
Demonstration project for disposal of unwanted ODS in Nigeria
Carbon market co-financing and Climate action Reserves (CAR) protocol
Plan for collection, storage and transportation of ODS for disposal
Record keeping and database development
Safe handling, transport and storage of ODS
Case study: Nepal ODS disposal project

The training gave a good foundation to the participants on the background of the
project, roles of various partners and the requirements for safe handling, labelling,
transport and storage of ODS wastes.

Picture 1: Participants at the Capacity Building Workshop- June 2014

ii.

Aggregation of Stocks

Companies and end-users that had been identified during the preparatory phase were
contacted to enquire about their stocks of ODS. In many cases there were no replies
so the contractor had to visit most companies. Stocks of ODS reported in most cases
were not found. There were many reasons given. Some of the oil companies had
disposed of the stocks themselves; some other companies had sold them while some
claimed no knowledge of any stocks. This is probably due to change of management.
In some cases, stocks reported as CFC-12 were actually halons.
The total ODS collected is shown below.
Location
Source
Lagos
2 Chiller Plants
Port-Harcourt and NAFDAC seizures
Lagos Ports
Total Amounts

Type
CFC-12
CFC-12

Amount/kg
399.5
1099.29

CFC-12

1,499 kg

In addition to the CFC-12 collected, stocks of halons were either sighted or in some
cases requested for collection. Since these were not eligible for the project, they
were not collected. The amount of halons readily available for collection was
estimated around 4 tonnes including those already at the ozone village. However, not
all halons identified are in this estimate. All ODS collected were tested and weighed
before aggregation and documented. All stocks were found to be CFC-12 with varying
levels of contamination.
The collection activities were halted as no new stocks of CFC-12 were found and new
inquiries repeatedly turned out to be halons. Most of these halons are in the hands of
government agencies in the defense and power production sectors.
c) Policy and Legislation
i.

Overview of Previous ODS and Waste Management Legislation

Since becoming a party to the Montreal Protocol, Nigeria has come up with several
policies and legislations, the implementation of which has led to the successful
phase out of CFCs as on 1st January, 2010. The National Environmental Standards
and Regulations Enforcement Agency (NESREA) published 24 separate sectoral
regulations governing the environment since 2009 alone. The regulations most
directly related to ozone depleting substances and their disposal, are set out below:







ii.

National Environmental (Ozone Layer Protection) Regulations 2009: These
regulations place a total ban on CFCs and some control measures on others
including HCFCs entering the country. They have the following salient
features:- Section 2 prohibits the release of ODS into the atmosphere. Sub-section
2(3) specifies that
“No person shall dispose of equipment or fire extinguishing equipment that
contains an ozone-depleting substance without first ensuring that the ozonedepleting substance is recovered”.
This regulation served as the driver for collection of ODS in industry after most
of the CFC-based equipment were converted.
- Sections 13 and 14 deal with import and export permits including granting
export permits for disposal of ODS.
- Section 20 sets out requirements for application and approval of the set-up
of an ODS destruction facility within the country.
National Environmental (Sanitation and Waste Control) Regulations 2009:
These regulations govern both municipal and industrial sanitation and waste
management.
- Section 1.28 specifies that importers of different listed products including
refrigerators should undertake product stewardship including buy-back of
End-of-Life products for recycling. This means that equipment importers
have a vested interest in investing in a refrigerator replacement, recycling
and disposal scheme in Nigeria.
The Harmful Wastes Act: This is the main legislation governing the handling,
transportation, export and import of hazardous wastes in Nigeria. It prohibits
the carrying out of all these activities without lawful authority.
Project Activities related to Policy and Legislation

Two workshops on the amendment of the Ozone regulations were held. The first
workshop had the following objectives:
•
•
of
•

Identify the gaps in the ODS Regulation;
Inform stakeholders about planned introduction of the mandatory destruction
unwanted ODS and product stewardship in ODS containing equipment;
Share experiences and ideas for review of regulations;

The second workshop had the following objectives:
Share draft changes to the regulations;

Share stakeholders’ views on the changes;

Make further amendments to the draft.


The draft was then reviewed by UNIDO and returned back to the government for
signature and gazetting.
The new ozone regulations, 2016 make provisions for mandatory destruction of
wastes, guidelines for destruction facilities including emission limits, extends
responsibility of end-of-life waste equipment to producers/suppliers, etc. Extended
Producer Responsibility (EPR) regulations are now in place for the
electronic/electrical sectors. This means that for new refrigerators, future recovery
of refrigerants at their end-of-life should be the responsibility of the private sector.
Training sessions on e-waste collection and management were carried out through the
EPR development process and well-attended by government agencies and private
sector. The Ozone regulations were streamlined with the EPR regulations to ensure
that no gaps were left.
d) Final ODS Destruction Process
Officials from the Federal Ministry of Environment Nigeria and UNIDO inspected 4
disposal facilities and invited 2 of them to bid for the disposal of wastes CFCs. The
company selected has a proven track record of hazardous waste management for
multinational companies and experience of managing CFC wastes specifically from
collection to recycling.
i.

Haulage

The collected stocks of ODS waste were tested for purity at the storage facility before
loading. They were then transported safely to the waste destruction facility in Port
Harcourt, Nigeria after the relevant permits from the government were obtained.
ii.

Reception

At the waste destruction facility, the wastes were inspected and tested again to
verify that the actual consignment matched the consignment records. The cylinders
were weighed and recorded accordingly. The cylinders were then stored in the waste
storage building pending test-burn and final destruction.
iii.

Rotary Kiln Incineration Process

The destruction process employed by the contracted facility is rotary kiln
incineration. The ODS is fed into a high temperature two chambered incinerator and
destroyed through thermal oxidation. The incinerator operates between 1000 and
1500°C temperature. It is designed to eliminate Incomplete Combustion Products such
as furans and dioxins (salt flux). The ODS is fed into the incinerator (rotary kiln)
through a feeding system (from the ODS container or cylinder through an air-line in to
the burner for combustion) with automated flow controls and a system interlock (for
emergency waste cut-offs).

iv.









Incineration Integrity Assurance
The incineration process is highly efficient and effective and achieves 99.99%
Destruction
Removal Efficiency achieved through the following technology:
High Temperature Two chamber burning system: Totally destroys the ODS and
Combustion byproducts.
Two seconds Residency Time: It ensures flue gas is sustained at about 10001500°C for at-least two seconds for complete breakdown of all the toxic
substances.
Acid gas treatment: Acid gas scrubbers are used to remove halogen acid gases
through lime slurry injection for neutralization.
Heavy metals Removal: Heavy metals are adsorbed on injected active carbon
powder, which is collected by filtration of the particles.
Particulate Matter/dust Control: Particulate is collected by a highly effective
particle filtration system that can reduce the matter to less than 2.02 g/GJ
(grams per energy content of the incinerated waste)
Continuous monitoring System: For emission rates measurements and
composition analysis. This is an integration of two Differential Optical
Absorption Spectroscopy Analyzers (UV + FTIR) for measurements of gas
concentrations, in combination with other instruments providing e.g. flue gas
flow rates, concentrations and PM unit counter for particulates concentrations.
The following data is captured on the monitor for recording;
‐ SO2
‐ CO/CO2
‐ NOx
‐ HCl/Cl2
‐ HF
‐ Particulates
‐ Polychlorinated dibenzofurans (PCDFs)
‐ Polychlorinated dibenzodioxins (PCDDs)

Picture 2: View of Rotary kiln incinerator and Scrubber System
The disposal process is ongoing. Wastes are being disposed of on a batch basis and the
draft report will be updated as soon as disposal is concluded.
4. Financial Status
Approved
911,724

Obligated
44,487

Disbursed
219,288

Balance of Funds
647,948

The above table shows the status of funds approved for the project. This table will be
updated once destruction is complete and all outstanding payments are made. The
balance of funds will be returned to the Multilateral Fund.
5. Monitoring and Verification
The labelling, documentation and testing procedures carried out were done according
to the ODS collection protocols accepted by the carbon markets. Information was
recorded about the source of ODS, type of system, location, etc. The ODS were
always weighed and tested for quality in the presence of another person. Data on the
ODS collected was uploaded unto an online database accessible by UNIDO.
6. Conclusions and Lessons Learned
a) The capacity building efforts for waste collection, labelling, storage and
destruction were very beneficial as they enlightened the waste management
sector about the requirements for ODS disposal and even disposal of other
hazardous wastes. Visits to companies in the sector showed that the awareness

b)

c)

d)

e)

was still there and some companies had even taken steps to upgrade their
facilities to accept ODS wastes.
Data collected during the preparatory phase may have been correct but during
the time that elapsed between collection of data and approval of the project,
actions were taken by waste owners that affected the project. For future
projects, perhaps transfer of ownership could be initiated pending project
approval.
Since only the destruction of wastes was eligible for funding, it restricted the
choices available for the management and disposal strategy. It would be
beneficial if for future disposal projects, both collection and destruction are
eligible and instead a cost-effectiveness threshold is applied to reduce total
costs borne by the Multilateral Fund. This would give countries greater
flexibility in designing projects that fit their national circumstance.
Halon wastes were more readily available in the country but unfortunately
were not eligible for inclusion in the project. There appears to be little
demand for recycled halons within the country as well so these wastes will
continue to build up.
It is important that the final destruction is being done in the country as
neighbouring countries with small amounts of waste stocks have indicated
interest in the outcome of the project so that they can have a nearby
destination for their wastes. The capacity to fabricate mobile destruction
solutions also exists within the country.
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Executive summary
As implementing agency of the Multilateral Fund for the implementation of Montreal Protocol
on ozone depleting substances, UNIDO developed and carried several ODS destruction
programmes.
The 66th ExCom of the MLF approved the demonstration project for disposal of unwanted ozone
depleting substances (ODS) in Turkey at the funding level of USD 1,076.250.
Preliminary project expenditure is US$ 598,354 USD.
The objective of the project was to establish a sustainable and integrated business model for an
efficient waste management system of ODSs, by institutional measures that will organize the
existing recovery and collection systems in the country into an integrated and efficient collection
validation and valuation system.
The project aimed to cover the disposal of chlorofluorocarbon (CFC-12) from the domestic
refrigerator sector of Turkey. The expected amount of ODS waste to be destroyed under the pilot
project was 103.72 metric tonnes (MT) of CFC-12, collected in Turkey. However, the refrigerant
banks in the country proved to be in many cases mixtures of sized all types of refrigerants from
the market, and as a consequence, not all quantities found under the inventory could be
undertaken for being financed by the project, that was developed to address mainly CFC 11 and
CFC12.
Implementing partners:
• National Ozone Unit and UNIDO local Team
• UNIDO HQ, Project Management Team
• Pan Gulf Industrial Systems
• Remtech
Strategy: Collection of 103.2 mt CFC-12 in the domestic refrigeration sector from the MLF
"seed money“ – incentive provided by Pan Gulf, then destruction in an accredited facility in
the United States. Complementing technical assistance activities (health, safety &
environment training, institutional strengthening, adaptation of legislation, awareness
raising).
In total, 9.162 metric tonnes (MT) of CFC 12 containing waste in relevant percentage were
destroyed.

Private contribution of the quoted stakeholders has been achieved from technical point of view,
since relevant knowledge was shared with the countries stakeholders, however the destruction of
thelimitted CFC 12 quantities in the US facility was not found financially acceptable.
The waste was treated in European facility selected upon international bidding, in Poland
The project also served to demonstrate synergy with national stakeholders for the management of
ODS stocks and wastes, and thus contributing to the knowledge base on current issues under
discussion by TEAP. As result, it is expected that the lessons learnt under this project may be
beneficial to other A5 countries.
Through an established regional information and knowledge sharing platform related to ODS
destruction activities in the Europe and Central Asia (ECA) region, the Government of Turkey
exchanged lesson learnt and good practices on how to implement the approved pilot ODS
destruction project.

Background information
In the context of the Montreal Protocol on Substances that Deplete the Ozone Layer,
chlorofluorocarbons (CFCs) were mostly phased out in developing countries (Article 5 countries
of the protocol) by 2010. The main intermediary replacements of CFCs are
hydrochorofluorocarbons (HCFCs), which are also ozone depleting substances (ODS) subject to
a phase-out schedule.
Parties to the Montreal Protocol (MP) have agreed on the fact that most ODS management plans
implemented under the protocol are focused on recovery to reclaim and recycle and that active
consideration needs to be given to the destruction of ODS arising in this cycle. In this context,
the Executive Committee of the Multilateral Fund for the Implementation of the Montreal
Protocol (ExCom) decided at its 58th Meeting (July 2009) to fund a limited number of
demonstration projects for the disposal of ODS.
Further, the Meeting of Parties requested the Executive Committee in its Decision XXI/2 to set a
window for funding for Disposal and Destruction of ODSs. This window is reserved to LowVolume Consuming countries (LVCs). The rationale for this Decision provides the opportunity
to look at common solutions to address the question of disposal/destruction of stockpiles of
unwanted ODSs in a region. Regional approaches may bring useful solutions for LVCs countries in which disposal/destruction facilities may not be available - to address existing ODS
banks.
In this context, the Executive Committee of the Multilateral Fund for the Implementation of the
Montreal Protocol at the 66th Meeting in April 2012 approved the pilot project “Demonstration
Project for Disposal of Unwanted Ozone Depleting Substances” to be implemented by UNIDO
in cooperation with the Government of Turkey, with a funding of USD 1,076.250. This project
is submitted in line with decision 58/19 and addressed the destruction of 103.72 metric tonnes
(MT) of waste ODS in the country. The project aims to cover the disposal of a
chlorofluorocarbons (CFCs 11 and CFC-12) from the domestic refrigerator sector of Turkey.

The cost of the project was agreed at the level of US $1,076,250 plus support costs of US
$80,719 calculated at US $10.37/kg which is lower than the threshold of US $13.2/kg provided
for in decision 58/19.
Turkey’s pilot demonstration project seeks to demonstrate a sustainable business model for ODS
waste management from collection to disposal using Multilateral Fund assistance as seed money
to destroy unwanted ODS and generate carbon credits. This pilot project for Turkey covers
already collected ODS waste as well as additional amounts collected through a number of
recovery and collection systems in place at the local level. Turkey is a country with the potential
to collect significant amounts of refrigerant waste, taking into account the consumption patterns
in the country.
The aim of the ODS disposal pilot project is the collection, verification in the authorized
recovery centers and then incineration for destruction of the Chlorofluorocarbons (CFC) phased
out by 2005, especially in the Refrigeration and Air conditioning (RAC) sector. With the
mentioned project, as well as realization of this target, the establishment and operating of a
nationwide ODS collection, registry, recovery, monitoring and destruction system will be
ensured. The special consideration of benefiting from carbon market opportunities included to
the implementation method of the project, developed in close cooperation with the relevant
public and sector institutions, reflects its originality not only being the first of its context, in the
country. In the project document, Turkey proposed to use carbon credits to fund changes in
legislation and to ensure long-term sustainability of the project.

Objective and activities
The objective of the project was to put in place institutional measures that will organize the
existing recovery and collection systems in the country into an integrated and efficient collection
validation and valuation system, which will support sustainability of the project in the future.
Private and public sector cooperation had already been sought for this initiative through
consultation workshops held during the project preparation process. The expected amount of
ODS waste to be destroyed under the project was 103.72 metric tons of CFC-12 in the
refrigerator sector in Turkey.
The export of ODS waste for destruction has been the selected method of disposal in Turkey.
Regulatory framework related to ODS and waste management
The legislation on ODS and waste management gives the authority of the regulating certification
and monitoring of waste recycling and recovery activities to the Ministry of Environment and
Urbanization (MoEnU), Directorate General of Environmental Management. Work is ongoing to
adapt the system to the requirements of the EU legislation, under the coordination of Ministry of
Environment and Urbanization and in close cooperation with the relevant institutions.
Project Activities

The major project activities included several categories of activities for the disposal of ODS
namely collection of ODS waste at national level, transportation of ODS waste, storage and

destruction, however it only received funding from the MLF for the later three activities in
relation to the existing stock of 103.72 metric tonnes of CFC-12 in line with the interim
guidelines for the funding of demonstration projects for the disposal of ODS.
The project also aimed to raise the awareness and commitment of relevant stakeholders toward
the project topic including development and delivery of a training programme.
In Turkey, there are government-authorized recovery and reclamation centers established in three
cities, Ankara (TUHAB), Istanbul (ISISO) and Izmir (ESSIAD). There are also numerous
smaller recovery and collection industries, which feed into these larger centers.
The expected amount of CFC-12 for incineration is estimated to be 103.72 MT, based on the data
on the already collected and recorded quantities provided in the below table (Table 1).

Source of collection
ASO Recovery Center (TUHAB)
Metal Goods Craftsmen Federation (MESF)
Service Shops (members of MESF)
ESSIAD
Other sources (reported by servicing companies
for refrigeration and air-conditioning equipment,
responsibility programmes, etc)
Total

Expected amount of CFC-12/ MT
0,62
5,1
3
20
75

103.72

Table 1: Estimated amount of ODS-waste to be disposed/destroyed under the project
Aggregation of already collected ODS at central facility/storage

Collection and aggregation of already collected ODS waste was performed on the national level.
The RRR canter TUHAB was equipped with equipment and tools necessary for proper aggregation at
the national level.

Photos 1-3. ASO Recovery Center (TUHAB). Collection and aggregation of already collected
ODS waste.
Supply of 10 standardized cylinders and tools were delivered to the recycling center that
organize the collection and the preparation for shipment for destruction.

Chemical analysis
Chemical composition and analysis of collected ODS waste mixtures was important step due to
following reasons:
a) to determine the quantity of ODS waste that will be destroyed under the pilot project;
b) to reduce the destruction costs. Cost estimates provided by eligible destruction facilities
indicated 25-30% higher costs for destruction of waste mixtures without chemical analysis of
their composition.
The certified laboratory for composition analysis of the refrigerant mixtures stored in the recycling
center was selected.
CFC – based refrigerant waste stored in Turkey
Refrigerant
R-11
R-12

Composition
Trichlorofluoromethane
Dichlorodifluoromethane
Sub-Total

Amount (kg.)
1,755
7,407
9,162

Selection of ODS destruction technology and destruction facility
The project aimed to develop a sustainable business model for ODS waste management from
collection to disposal. To do this, it was necessary to export the ODS to a United States of Americaaccredited facility. The absence of expected revenue from carbon markets, and difficulties in
collecting the foreseen amount of ODS waste has led to a redesign of the disposal strategy.
Turkey have chosen to export their ODS waste for destruction to a destruction facility outside the
country. The Government made this decision based on costs, ease of operations, and time for
destruction.
The countries in European Union (EU) were considered because of its geographical proximity and
the sustainability of the scheme in the future, when the Turkey might become a member of the
European Union (EU). Technology and Economic Assessment Panel (TEAP) standards and
criteria related to the approved destruction technologies in the European Union were the base for
selecting eligible destruction facilities. Within the European Union (EU), ozone-depleting
substances (ODS) are covered by Regulation (EC) No 1005/2009 (known as the ODS
Regulation).

Twenty-eight licensed facilities in thirteen European Countries were identified that met the
defined criteria. The list of destruction facilities in EU countries that allow import of ODS waste
for destruction is contained in Annex 1. Through international bidding procedures the Polish
destruction facility “SARPI Dąbrowa Gornicza” was selected.

Transport from Collection Centers to ODS Disposal Centre in the Poland

The ODS waste from Turkey was shipped in 2017 and the destruction combined with that of
ODS waste from Montenegro, where UNIDO was implementing a similar project funded by the
Multilateral Fund [Demonstration of a Regional Strategy for ODS Waste Management and
Disposal in the ECA Region (EUR/DES/69/DEM/14)].
Ten (10) cylinders were sent for destruction to Poland by the Turkey Halon Bank (TUHAB). The
waste from Turkey safety arrived to SARPI Dąbrowa Górnicza at 10 May 2017. The quantity of
waste sent to the destruction facility in Poland was 9,162 metric tonnes (MT).
The shipment was subject to rules and permitting requirements stipulated in the Basel
Convention. The permits were obtained by the local beneficiary Recovery & Recycling (RRR)
facility. There were costs related to obtaining of all necessary permits – export permits from the
country, transit permit from each transit country, import permits from the destination country in
which the destruction facility is located.
Regional cooperation on ODS waste disposal and knowledge sharing platform
The programme of pilot projects in the regions, which started in 2013, also included a platform for
exchanging experience through regular meetings. In addition, a core group of representatives of the
pilot projects has been created which meets annually and enables a direct exchange of experience
between the projects.
In 2013, UNIDO in cooperation with UNEP organized the kick-off meeting related to ODS
destruction activities in the Europe and Central Asia (ECA) region in Vienna, Austria, with
participation of ozone officers from Albania, Bosnia and Herzegovina, Croatia, Macedonia FY,
Montenegro and Turkey. In the workshop, preliminary information concerning the ODS disposal
needs in Article 5 countries in the region are collected for discussion of further actions to be taken.

Photo 4: Kick-off meeting related to ODS destruction activities in the Europe and Central Asia
(ECA), October 2013, Vienna, Austria

Regional cooperation framework
The platform for sharing experience among the countries consists of regular workshops on how
to develop a waste management and disposal strategy. A range of annual workshops on ODS
waste management and disposal (Croatia 2014, Romania 2015) bring together experts from
around the world to share experience and lessons learned.
UN Environment for example, in the 2015 Regional Ozone Network thematic meeting on
implementation of HCFC phase-out management plans (HPMPs) for Europe & Central Asia
(Bucharest / Romania, 29 September – 1 October 2015), representatives of the participating
countries namely Albania, Bosnia and Herzegovina, Georgia, Macedonia FYR, Serbia, Turkey
and implementing agencies (UNDP, UNEP,UNIDO), presented their experience related to
disposal of ozone depleting substances, participated in discussion on a need of Article 5
countries to address the problem of disposal of contaminated CFCs that cannot be re-used,
pointed out the need to take into consideration associated costs of transportation and destruction
and need for more information on reclamation and destruction technologies to address these
issues in the future.

Photo 5. Regional cooperation forum at Regional Ozone Network thematic meeting ECA.
October 2015, Bucharest, Romania.
Key findings and lessons learned derived from experiences with the regional approach were
summarized and shared among the participating countries from the region, namely Albania,
Macedonia FYR, Serbia and Turkey.
Through an established regional information and knowledge sharing platform related to ODS
destruction activities in the Europe and Central Asia (ECA) region, the Government of Turkey
exchanged lesson learnt and good practices on how to implement the approved pilot ODS
destruction project.

Awareness raising and training activities
The Ministry of Environment and Urbanization (General Directorate of Environmental
Management Department of Climate Change) in cooperation with UNIDO, organized the
national training workshops on ODS waste disposal for the main stakeholders involved in ODS
waste management in Turkey.
Three national training workshops on aggregation of ODS stocks for destruction and
improvements in the RRR system were organized in Ankara (14 March, 2013), Istanbul (18-19
March, 2013) and Izmir (21-22 March 2013). The main goal of the workshops was:
•

•
•

to build the capacity of major stakeholders involved in ODS waste management
(representatives of RRR centres, companies and association representatives, vocational
school teachers, technicians, national experts on ODS management, etc.);
to address the challenges and opportunities for the collection, recycling and destruction
of ODS;
to review and discuss key steps for implementation of disposal activities, such as data
survey, laboratory analysis, training, aggregation, transportation, verification, destruction
and monitoring.

Representatives from the Ministry on Environment presented their best practice approaches for
the management and destruction of existing ODS banks. The training workshops were attended
by approximately 135 participants (not including the project team and the experts acting as
resource participants from the private sector, projects counterpart)

Counterpart organizations
The counterpart organizations involved in this project were the Ministry of Environment and
Urbanization of Turkey, more specifically the National Ozone Unit (NOU), which works,
together with the implementing agencies of the Montreal Protocol, on the development of
strategies, policies and regulations governing the production, import and consumption of ozonedepleting substances and equipment containing such substances. Besides the NOU, the following
relevant institutions were involved in the project implementation: Waste Management
Department of the Ministry of Environment and Urbanization, Turkish Municipalities Union,
Recycling & Electronic Equipment Demanufacturing Facilities (ULUSOY SDK, EXITCOM
Co.), Recovery and Reclamation Centers (TUHAB, ISISO, ESSIAD), Professional sector
associations (Metal Craftsmen Federation) and Refrigeration and air-conditioning sector and
servicing enterprises.

Cost considerations of the disposal activities
The pilot demonstration project on ODS-waste management and disposal for Turkey was
approved at a funding level of US $1,076,250 plus agency support costs of US $80,719 for
UNIDO. The cost of the project was calculated at US $10.37/kg which is lower than the

threshold of US $13.2/kg provided for in decision 58/19. The residual balance upon financial
completion of the project will be returned to the Multilateral Fund.
This MLF-funded project implemented by UNIDO aimed to demonstrate the safe,
environmentally sound and efficient disposal of 103.72 metric tonnes of ODSs waste in Turkey.
The actual amount of ODS waste destroyed is 9,162 metric tonnes (MT) CFC 11 and 12.
The actual total cost of the project is US$ 598,354.

Lessons learned, Key Findings and Conclusions
The accumulated lessons learned and key findings from this destruction pilot project provided
valuable knowledge base and were shared with other countries in the region.
a) To allow proper collection and aggregation of ODS waste at the national level, RRR
centres need to be well equipped with ISO standard cylinders and other necessary tools
and equipment.
b) Assumptions related to the functioning of the ODS waste collection system in the country
were not accurate, resulting in much lower availability of ODS waste, and leading to a redesign of the disposal strategy.
c) The technical knowledge gained in Turkey is thought to be replicable in neighboring
countries to the European Union (EU).
d) Projects proved to be a good source of information to allow policy-makers to modify
legislation to address ODS waste destruction appropriately.
e) Long-term sustainability of ODS waste management requires involvement and
cooperation from collection centres.
f) Related to management and financial set-up: As the project in Turkey demonstrates, the
status of voluntary carbon markets prevents carbon revenue generation, regardless of the
amount of ODS waste to be disposed of. The revised implementation plan is looking into
the most cost-efficient way of managing the ODS waste collected while paying attention
to the interests of Turkey when it comes to aligning their ODS waste management
practices and procedures with those in the EU, given Turkey’s candidate-member status.
g) Related to training and capacity building: training on how to manage ODS waste
contained in equipment upon arrival at collection centres seems to be needed.
h) The project provides for transfer of knowhow, capacity development in the field of
management of ODS containing waste and treatment options.
i) Changes needed to legislation/regulation: Revision of the legislative waste framework
has to be done to ensure that ODS waste management and disposal is regulated. This is

ongoing work that will be finalized upon completion of the project. The development of
the national legislation reflects Turkey’s intention to join the EU and its effort to
transpose European Union regulations into national laws.
j) Co-financing can only be made available from revenue obtained at collection centres
from valuable components and materials contained in the equipment reaching the centres.
k) In Turkey the ODS waste available was calculated on assumptions mostly related to the
functioning of the ODS waste collection system, which proved to be misleading. This led
to a redesign of the ODS disposal strategy.
l) The ODS waste collection system, which proved to be misleading. This led to a redesign
of the ODS disposal strategy.
m) Destruction costs:
• May range from 1.64 to 2.15 Euros/kg and the price differences are not caused by
different types of technology since all interested bidders used rotary kiln
incineration
• Transportation costs ranged from 0.36 to 0.66 Euros/kg and the price differences
were not related to the transport distance
• The mode of storage of the ODS waste i.e. in several pressure cylinders at the
point of origin has an impact on the transport costs. They can be up to 30% higher
compared with the ideal scenario of transporting a single container in a single trip.
n) Obtaining necessary permits
• Shipment is subject to rules and permitting requirements of the Basel Convention.
•

The permits were obtained by the beneficiary RRR center.

•

There are also costs related to obtaining of all necessary permits – export permits
from the country of origin, transit permit from each transit country, import permits
from the destination country in which the destruction facility is located. There are
also costs associated with translation of some of the required paperwork.

Through an established regional information and knowledge sharing platform related to ODS
destruction activities in the Europe and Central Asia (ECA) region, the Government of
Turkey exchanged lesson learnt and good practices on how to implement the approved pilot
ODS destruction project.
The regional cooperation forum helped countries and implementing agencies to hold
discussions on practical aspects of project implementation, to organize common disposal
operations, such as coordination for national aggregation, launching of bidding tenders,
evaluation of offers, etc. Important outputs of the activities of the forum include :
•
•

List of equipment and tools that are necessary for proper aggregation of waste
Check list for laboratory analysis of ODS waste

•

List of eligible destruction facilities in the EU
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Annex 1: The list of facilities registered for ODS destruction in the European Union

No.
1

2

Company Name
Indaver Poldervlietweg

Kommunekemi A/S

Address
Indaver nv – registered office
Poldervlietweg 5, Haven 550
BE-2030 ANTWERPEN 3
Belgium
Lindholmvej 3
DK-5800 Nyborg
Denmark

3

Odense Kraftvarmevaerk

Havnegade 120, 5000 Odense
Denmark

4

Ekokem Oy Ab

Kuulojankatu 1
11120 Riihimäki
Finland

5

CLIMALIFE

26 avenue du petit parc
94300 Vincennes
France

6

VEOLIA Proprete
Centre SIAP

7

SARP Industries

Boulevard de l'Industrie , BP
8, 33565
Carbon Blanc
France
427 Route du Hazay, 78520
Limay
France

Contact details
t + 32 3 568 49 11
f + 32 3 568 49 99
info@indaver.be
www.indaver.be
Tel.: +45 80 31 71 00
Kenneth Simonsen
Combustion Manager
kenneth.simonsen@nordgroup.eu
www.nordgroup.eu
Helle L. Poulsen
Tlf: (+45) 27 87 54 22
Helle.lisbet.poulsen@vattenfall.com
www.vattenfall.dk/da/odensekraftvarmevaerk.htm
export@ekokem.fi
Taina Noopila, export manager
taina.noopila@ekokem.fi
Hanna Leena Luostarinen, export
assistant
hanna-leena.luostarinen@ekokem.fi
www.ekokem.fi
Christophe MOROTE
Activity Director
Tel: +33 143 987 507
Mobile: +33 614 257 056
cmorote@climalife.dehon.com
Pascal Lefevre
Tél. :05 57 77 65 50
Fax :05 57 77 65 55
plefevre@sarpindustries.fr
www.sarpindustries.fr/

No.

Company Name

Address

Contact details
Christelle GUYOT
Tel.: +3304.72.49.28.68
christelle.guyot@teris.fr
www.sita-rekem.com/
Telephone: +49 (0) 6258 895-0
Telefax: +49 (0) 6258 895-3333
info@him.de
www.him.de/
i.A. Matthias Krämer
Vertrieb
GSB - Sonderabfall-Entsorgung Bayern
GmbH
Äußerer Ring 50, 85107 BaarEbenhausen
Telefon: +49 84 53 91 – 223
Fax: +49 84 53 91 - 230
Mobil: +49 172 8268220
Mailto: matthias.kraemer@gsb.info
Telefon 09851.571120
Telefax 09851.571107
entsorgung@pfahler.de
www.pfahler.de
Tel.: +49 2306 106673
Fax: +49 2306 106686
industrie-service@remondis.de
www.remondis-industrie-service.de

8

SITA Rekem

Nouveau parc technologique,
1 rue Buster Keaton
69800 Saint-Priest
France

9

HIM GmbH

Waldstraße 11
D-64584 Biebesheim
Germany

10

GSB – SonderabfallEntsorgung Bayern
GmbH

Äußerer Ring 50, 85107 BaarEbenhausen
Germany

11

Pfahler Müllabfuhr
GmbH

Gleiwitzer Straße 1
91550 Dinkelsbühl
Germany

12

REMONDIS
Industrieservice GmbH

Am Kanal 9, 49565 Bramsche
Germany

13

REMONDIS SAVA
GmbH

14

CURRENTA GmbH &
Co. OHG

15

Solvay Fluor

Fritz-Staiger-Str. 45
Brunsbüttel
Germany
LKW-Einfahrt zum
CHEMPARK
Autohof Tor 14
Alte Heerstraße / K 18
D-41540 Dormagen
Germany
Brüningstraße 50, 65929
Frankfurt am Main
Germany

16

Thermische
Rückstandsverwertung
GmbH & Co. KG

Rodenkirchener Straße
50389 Wesseling
Germany

Anita Hahn
Tel.: +49 02133 / 51 3134
anita.hahn@currenta.de
www.currenta.de

Tel : 069 257 586 200
Fax : 069 305 16837
info.frankfurt@solvay.com
www.solvay.de
Tel: +49 (0) 2236 / 94 32 4 - 0
Fax: +49 (0) 2236 / 94 32 4 - 53
Mail: TRV-KG@trv-wesseling.de
www.trv-wesseling.de

No.

Company Name

Address

17

SARPI Dąbrowa
Górnicza Sp. z o.o.

42-523 Dąbrowa Górnicza
ul. Koksownicza 16
Poland

18

ScanArc Plasma
Technologies AB

Värnavägen 7, 813 35 Hofors
Sweden

19

TERIS

20

TREDI

Rue Lavoisier - BP 17 - Plateforme Chimique
Le Pont de Claix
France
Parc Industriel de la Plaine de
l'Ain
BP 55 Saint-Vulbas
01152 Lagnieu.
France

Contact details
Karina Szafranek - Bras
Marketing and Sales Director
Mobile: +48 693 466 568
Email: kbras@sarpi.pl
www.sarpi.pl
Phone: +46 290 767 800
Sven Santén
sven.santen@scanarc.se
Patrik Hilding
patrik.hilding@scanarc.se
Matej Imris
matej.imris@scanarc.se
Maria Swartling
maria.swartling@scanarc.se
www.scanarc.se/
Téléphone : +33 04 76 69 50 00
Fax: +33 04 76 69 53 87

Téléphone : 04 74 46 22 00
Fax : 04 74 61 52 44
www.tredi.com
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