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Introduction 

 

1. Le Secrétariat a demandé aux agences bilatérales et aux agences d’exécution de remettre à la 66
e
  

réunion les rapports périodiques manquants sur la mise en œuvre de projets pour lesquels des exigences 

particulières pour la remise de rapports étaient contenues dans les accords et dans les décisions 

pertinentes prises par le Comité exécutif de la 59
e
 à la 65

e
  réunion. 

 

2. Le présent document contient des rapports pour les pays suivants qui avaient été transmis après la 

date limite de la huitième semaine pour la 65
e
 réunion mais le Secrétariat n’a pas été en mesure de les 

examiner : Burkina Faso (rapport de vérification du plan de gestion de l’élimination finale (PGEF)); 

Chine (rapport périodique et rapport de vérification du secteur des solvants); Côte d’Ivoire (rapport de 

vérification du PGEF); Indonésie (rapport de vérification du plan national d’élimination (PNE)); 

Kirghizstan (rapport périodique du PGEF); Sao Tome et Principe (rapport de vérification du PGEF).  

  

Structure du document  

 

3. Le Secrétariat a regroupé les rapports périodiques en six sections: 

  

Section I:  Plans nationaux d’élimination (PNE) et plans de gestion de l’élimination finale   

(PGEF); 

 

Section II:  Plans d’élimination sectoriels; 

  

Section III:  Renforcement des institutions; 

 

Section IV :  Mobilisation de ressources pour étudier les avantages connexes sur le climat 

 

Section V :  Projets de destruction des SAO 

  

Section VI:  Projets de démonstration et d’investissements relatifs aux HCFC.  

 

I.  PLANS NATIONAUX D’ÉLIMINATION (PNE) ET PLANS DE GESTION DE 

L’ÉLIMINATION FINALE (PGEF)  
 

4. Le PNUD, le PNUE, l’ONUDI et la Banque mondiale ont remis les rapports suivants : 

  

a)  Brésil : Plan national d’élimination des CFC (rapport de vérification pour 2010, rapport 

périodique pour 2011 et plan d’action pour 2012) (PNUD);  

 

b)  Burkina Faso: Rapport de vérification sur la mise en œuvre du plan de gestion de 

l’élimination finale (2008) (PNUE) 

 

c)  Côte d’Ivoire : Rapport de vérification sur la mise en œuvre du plan de gestion de 

l’élimination finale (2007-2008) (PNUE) 

 

d) Indonésie : Plan national d’élimination (vérification de la performance pour 2007-2008) 

(PNUD) 

 

e) Kirghizstan : Rapport périodique sur la mise en œuvre du plan de gestion de l’élimination 

finale (troisième et dernière tranche) (PNUE) 
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f) Philippines : Plan national d’élimination des CFC (rapport de vérification pour 2009 et 

2010 et plan d’action pour 2012) (PNUE) 

 

g) Sao Tome et Principe : Rapport de vérification sur la mise en œuvre du plan de gestion de 

l’élimination finale (2007-2009) (PNUE) 

 

5. Le Secrétariat a examiné les rapports remis à la lumière des propositions de projets initiales, des 

données sur les SAO déclarées par les gouvernements concernés aux termes de l’article 7 du Protocole de 

Montréal, des rapports périodiques précédents remis au Comité exécutif et des décisions pertinentes prises 

par le Comité exécutif et la Réunion des Parties. 

 

Brésil : Plan national d’élimination des CFC (rapport de vérification pour 2010, rapport périodique 

pour 2011 et plan d’action pour 2012) (PNUD)  

 

6. Le PNE destiné à éliminer complètement la consommation de CFC au Brésil avant le 1
er
 janvier 

2010, a été approuvé par le Comité exécutif à sa 37
e
 réunion, avec un niveau de financement approuvé en 

principe de 26 700 000 $US. La huitième et dernière tranche du PNE a été approuvée par le Comité 

exécutif à sa 59
e
 réunion.  Le Comité a demandé également une vérification annuelle du PNE des CFC, 

jusqu’à la présentation de la vérification de la consommation de 2010.  À sa 63
e
 réunion, le Comité 

exécutif a demandé au gouvernement du Brésil, avec l’assistance du PNUD, de remettre des rapports 

annuels de mise en œuvre portant sur l’année précédente à la première réunion de l’année du Comité 

exécutif jusqu’à l’achèvement du PNE. Le PNUD a présenté, à la 66
e
 réunion, la vérification de la 

consommation pour 2010, le rapport périodique de 2011 et un plan annuel de mise en œuvre pour 2012. 

 

Rapport de vérification 

 

7. Le rapport de vérification a démontré que le Brésil a satisfait aux exigences de l’accord entre le 

gouvernement du Brésil et le Comité exécutif sur l’élimination des CFC pour 2010.  En 2010, le Brésil 

n’a eu aucune importation et les exportations de CFC étaient de 13,8 tonnes PAO.  

 

Rapport périodique de 2011 

 

8. Dans le secteur de l’entretien en réfrigération, la majorité des trousses à outils achetées ont été 

distribuées.  Un centre de régénération est opérationnel désormais dans la région Sud du Brésil (Porto 

Alegre) et la dernière installation d’entreposage a été établie. En 2011, 47 unités de recyclage ont été 

installées, pour un total de 95 et il en reste 25 à installer.  Deux édifices publics ont été sélectionnés pour 

recevoir des refroidisseurs sans CFC et le processus d’appel d’offres pour les achats a été lancé.  Quatre 

établissements ont été sélectionnés pour une démonstration de conversion ou de remplacement 

d’équipements de réfrigération commerciale et les achats ont commencé.  Enfin, un documentaire sur la 

transition des inhalateurs à doseur à base de CFC vers des solutions de remplacement a été distribué et 

une brochure a été préparée. 

 

Plan annuel de mise en œuvre pour 2012 

 

9. Plusieurs activités sont prévues en 2012 pour conclure le PNE : installation et mise en route 

d’équipements pour les 25 unités restantes de recyclage du CFC-12 dans le Nord du Brésil, avec des 

outils de récupération pour les techniciens qui pourront servir aussi pour les HCFC et certains HFC, mise 

en route de refroidisseurs de remplacement dans deux édifices publics; conversion ou remplacement de 18 

autres unités d’équipements commerciaux à base de CFC-12; finalisation d’une norme technique sur les 

limites de ventilation pour les CFC; amélioration du module de commerce national pour le système de 
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contrôle des CFC afin d’incorporer des outils de suivi pour les frigorigènes récupérés, recyclés et 

régénérés localement; et fin des opérations et clôture financière du projet. 

 

Observations du Secrétariat 

 

Rapport de vérification 

 

10. Les données contenues dans le rapport de vérification concordent avec les données sur la 

consommation, remises par le Brésil au Secrétariat de l’ozone aux termes de l’article 7. 

 

Fonds approuvés et soldes 

 

11. En date du 31 décembre 2011, tous les fonds ont été décaissés à l’exception de 1 808 548 $US (7 

pour cent).  Le PNUD a indiqué que le solde restant est déjà engagé pour des activités du PNE.  Deux 

activités présentent des synergies potentielles avec des activités reliées aux HCFC mais aucune 

élimination de HCFC n’y sera associée; il s’agit de mesures de contrôle des émissions/de la ventilation 

des CFC et de l’amélioration de la gestion des stocks provenant de la récupération.  Dans la mesure du 

possible, ces synergies ont été prises en compte dans le PGEH pour le Brésil, approuvé à la 64
e
 réunion. 

 

Plan annuel de mise en œuvre pour 2012 

 

12. Le Secrétariat a demandé plus d’informations sur l’équipement qui sera fourni aux petites et 

moyennes entreprises du secteur de la réfrigération commerciale.  Le PNUD a indiqué que cet équipement 

utiliserait des technologies sans SAO. 

 

13. Le Secrétariat a noté que le rapport périodique fournissait aussi des données sur les centres de 

récupération et de recyclage de HCFC22 et de CFC et les centres de régénération indiquaient qu’en 2011 

ces centres avaient traité des quantités de CFC-12 et de HCFC-22 moins importantes qu’en 2009.  Le 

volume de CFC-12 traité dans les centres de régénération semble avoir baissé de 4,8 tonnes en 2010 à 2,9 

tonnes en 2011 tandis que le volume de HCFC-22 est passé de 16,9 tonnes en 2010 à 27,4 tonnes en 2011.  

Le faible taux de récupération du CFC-12 peut s’expliquer par le remplacement des équipements de 

réfrigération à base de CFC et par le fait que les propriétaires de gros équipements industriels à base de 

CFC-12 semblent stocker des CFC pour fins d’entretien.  L’augmentation des taux de récupération et de 

régénération pour les HCFC est reliée aux limites imposées à la croissance de la consommation de HCFC, 

fixées par le gouvernement du Brésil dans le cadre de son PGEH.  Les prix du HCFC-22 vierge ont 

augmenté d’environ 30 à 40 pour cent et, par conséquent, la récupération de frigorigènes et les activités 

de régénération du HCFC-22 sont devenues beaucoup plus viables économiquement. 

 

14. Le PNUD a fourni d’autres informations suite à une demande de précisions sur la mesure dans 

laquelle les activités prévues pour 2012 pourraient contribuer au maintien d’une consommation nulle de 

CFC et faciliter l’élimination des HCFC au Brésil.  Le CFC est disponible au Brésil uniquement à travers 

la filière RRR (remplacement d’équipements, activités de récupération, recyclage et régénération).  Cette 

filière fournit des CFC recyclés/régénérés de grande qualité pour les équipements jusqu’à ce que les 

propriétaires soient capables (techniquement ou économiquement) de remplacer ou de convertir leurs 

équipements à base de CFC.  Les CFC récupérés, suite au remplacement des refroidisseurs et des petits 

équipements commerciaux, peuvent être recyclés non seulement pour assurer une transition harmonieuse 

et réduire le risque de commerce illicite, mais aussi pour fournir une solution de remplacement rentable à 

la ventilation des CFC à fort potentiel de réchauffement planétaire (PRG).  Les installations de la filière 

RRR peuvent aussi traiter des HCFC et quelques HFC.  La finalisation d’une norme technique sur les 

limites de ventilation des CFC dans le secteur de la réfrigération commerciale inclura aussi des limites de 

ventilation pour les HCFC.  L’amélioration du "module de commerce national pour les CFC" fournira un 
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outil de suivi pour les frigorigènes récupérés, recyclés et régénérés. Cet outil surveille le commerce 

national, fournit des informations opportunes aux autorités et peut être reproduit pour surveiller les HCFC 

et les HFC.  

 

Recommandation du Secrétariat 

 

15. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note du rapport de vérification de 2010 et du rapport annuel de 2011 sur la mise 

en œuvre du plan national d’élimination (PNE) des CFC au Brésil; 

  

b) Approuver le plan annuel de mise en œuvre pour 2012;  

 

c) Demander au PNUD de continuer à faire rapport sur les progrès de la mise en œuvre du 

plan national d’élimination pour le Brésil, en fournissant de tels rapports périodiques 

dans un format et selon un échéancier conformes aux résultats de la discussion au point 

7d) de l’ordre du jour; et 

 

d) Demander au gouvernement du Brésil et au PNUD, à l’achèvement du PNE, de remettre 

un rapport d’achèvement de projet selon le format noté à la 65
e
 réunion.    

 

Burkina Faso : Rapport de vérification sur la mise en œuvre du plan de gestion de l’élimination 

finale (2008) (PNUE) 

 

Contexte 

 

16. Au nom du Burkina Faso, le PNUE, à titre d’agence principale, a présenté une vérification de la 

consommation de CFC au Burkina Faso pour 2008, conformément à la décision 45/54d).  Le PGEF pour 

le Burkina Faso a été approuvé par le Comité exécutif à sa 50
e
 réunion, en vue d’éliminer complètement 

la consommation de CFC avant le 1
er
 janvier 2009.  Le financement total de 345 000 $US, plus les coûts 

d’appui d’agence de 23 400 $US pour le PNUE et 21 450 $US pour le gouvernement du Canada, a été 

approuvé en principe par le Comité exécutif et décaissé au profit de chaque agence, en deux tranches, lors 

des 50
e
 et 54

e
 réunions du Comité exécutif. 

 

Rapport de vérification 

 

17. La vérification a démontré qu’il n’y a eu aucune consommation de CFC au Burkina Faso en 2008 

et que le système de permis pour les SAO fonctionnait bien. Une hausse de la consommation de HFC-

134a et de HCFC-22 a été constatée. Le rapport indiquait que le Burkina Faso dispose d’une 

réglementation solide et efficace pour le contrôle des SAO. Depuis janvier 2006, une réglementation 

sous-régionale de l’Union Économique et Monétaire Ouest Africaine (UEMOA) (Burkina Faso, Bénin, 

Côte d’Ivoire, Gambie, Mali, Sénégal et Togo) qui interdit l’importation et l’exportation de toutes les 

substances des Annexes A, B et E et des équipements qui en contiennent, est également entrée en vigueur.  

 

Observations du Secrétariat 

 

18. Le gouvernement du Burkina Faso a déclaré une consommation de CFC nulle, aux termes de 

l’article 7 du Protocole de Montréal, pour les années 2008, 2009 et 2010. 
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19. Le PNUE a signalé au Secrétariat que la réglementation de l’UEMOA n’a pas encore été 

amendée pour interdire les HCFC, toutefois elle permet actuellement les permis d’importation de HCFC 

et d’équipements à base de HCFC. 

 

20. Le Secrétariat a noté une recommandation du rapport de vérification d’analyser la réglementation 

existante pour tenir compte des HCFC et des équipements à base de HCFC.  Le PNUE a expliqué qu’un 

nouveau projet de réglementation qui introduira des quotas annuels à partir de 2013 a été soumis au 

gouvernement pour endossement puisque les règlements actuels (nationaux et sous-régionaux) exigent 

seulement l’émission d’un permis d’importation mais sans restriction sur le montant autorisé. 

 

Recommandation du Secrétariat 

 

21. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note du rapport de vérification de la consommation de CFC pour le Burkina Faso 

et du respect par ce pays de ses obligations d’élimination de la consommation de CFC; et 

 

b) Prendre note aussi avec satisfaction du fait que le Burkina Faso déclare une 

consommation de CFC nulle, aux termes du Protocole de Montréal, depuis 2008. 

 

Côte d’Ivoire : Rapport de vérification sur la mise en œuvre du plan de gestion de l’élimination 

finale (2007-2008) (PNUE) 

 

Contexte 

 

22. Au nom du gouvernement de la Côte d’Ivoire, le PNUE, à titre d’agence principale, a présenté 

une vérification de la consommation de CFC en Côte d’Ivoire pour 2007 et 2008, conformément à la 

décision 45/54d).  Le PGEF pour la Côte d’Ivoire a été approuvé par le Comité exécutif à sa 54
e
 réunion 

en vue d’éliminer complètement la consommation de CFC avant 2009.  Le financement total de 

565 000 $US, plus les coûts d’appui d’agence de 36 660 $US pour le PNUE et de 21 225 $US pour 

l’ONUDI, a été approuvé en principe et décaissé au profit de chaque agence, en deux tranches, aux 54
e
 et 

58
e
 réunions du Comité exécutif. 

 

Rapport de vérification 

 

23. La vérification a démontré que la Côte d’Ivoire avait atteint les objectifs généraux de réduction de 

la consommation de SAO au niveau national pour 2008.  La consommation réelle de SAO en 2008 était 

de 20 tonnes PAO par rapport au maximum admissible de 44,1 tonnes PAO aux termes de l’accord avec 

le Comité exécutif.  En 2007, la consommation de SAO était de 50 tonnes PAO. Avec d’autres pays de la 

sous-région, le gouvernement de la Côte d’Ivoire a adopté la réglementation de l’UEMOA.  Le système 

de permis fonctionne bien et les organes gouvernementaux impliqués communiquent efficacement. 

 

Observations du Secrétariat 

 

24. Le gouvernement de la Côte d’Ivoire a déclaré une consommation de CFC de 35,5, 12,0, 12,0 et 0 

tonnes PAO, aux termes de l’article 7 du Protocole de Montréal, pour les années 2007, 2008, 2009 et 

2010 respectivement. 

 

25. Le Secrétariat a noté des écarts importants entre les données déclarées aux termes de l’article 7 

pour 2007 et 2008 et les données sur les importations contenues dans le rapport de vérification.  La 
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consommation de CFC déclarée pour 2007 était de 50 tonnes PAO dans le rapport de vérification, 

comparée au montant de 35,5 tonnes PAO déclaré aux termes de l’article 7 et pour 2008 les données 

étaient respectivement de 20,0 tonnes PAO comparée à 12,0 tonnes PAO.  Le PNUE a informé le 

Secrétariat du fait que le Bureau national de l’ozone a indiqué que le rapport de vérification contient les 

données les plus exactes et qu’il avait accepté de rectifier les données déjà soumises aux termes de 

l’article 7.  Le gouvernement de la Côte d’Ivoire, avec l’aide du PNUE, a transmis une lettre officielle au 

Secrétariat de l’ozone, le 15 mars 2011, lui demandant de modifier sa consommation de CFC déclarée aux 

termes de l’article 7 pour les années 2007 et 2008. 

 

Recommandation du Secrétariat 

 

26. Le Comité exécutif pourrait : 

 

a) Prendre note du rapport de vérification de la consommation de CFC en Côte d’Ivoire et 

du respect par le pays de ses obligations d’élimination de la consommation de CFC dans 

le cadre du plan de gestion de l’élimination finale pour la période de 2007 à 2008 et du 

fait que le pays a déclaré une consommation de CFC nulle en 2010; 

    

b) Prendre note de la demande du gouvernement de la Côte d’Ivoire au Secrétariat de 

l’ozone de modifier les données sur sa consommation de CFC, déclarées aux termes de 

l’article 7, pour les années 2007 et 2008. 

 

Indonésie : Plan national d’élimination (vérification de la performance de 2007-2008) (PNUD) 

 

Contexte 

 

27. Le PNE pour l’Indonésie a été approuvé à la 44
e
 réunion du Comité exécutif, avec le PNUD 

comme agence principale et l’ONUDI et la Banque mondiale comme agences d’exécution coopérantes, en 

vue d’éliminer complètement l’utilisation réglementée des CFC, du tétrachlorure de carbone et du 

trichloroéthane avant le 1
er
 janvier 2008.  Le PNE pour l’Indonésie combinait plusieurs plans sectoriels 

antérieurs à de nouvelles activités et il a introduit la vérification de la consommation au niveau national.  

Les fonds approuvés pour les activités du PNE, répartis en six tranches de la 37
e
 à la 54

e
 réunion, 

s’élevaient à 20 645 507 $US, plus les coûts d’appui d’agence de 1 754 701 $US.  

 

Rapport de vérification 

 

28. La vérification, menée de juillet à août 2009, a révélé que l’Indonésie a atteint les objectifs 

généraux pour la consommation de SAO au niveau national pour 2007 et 2008, avec une consommation 

réelle de SAO de 202,56 tonnes PAO et jusqu’à 3,32 tonnes PAO en 2007 et 2008, respectivement.  Les 

objectifs de la consommation de SAO ont été atteints dans tous les secteurs (mousses, entretien des 

climatiseurs d’automobile, fabrication et entretien dans le secteur de la réfrigération, aérosols et solvants) 

en 2008 et dans tous les secteurs, sauf celui des climatiseurs d’automobile, en 2007. Il a été signalé aussi 

que des mesures politiques et réglementaires ainsi que des mesures de sensibilisation concernant chacun 

des secteurs ont été mises en œuvre de manière approfondie. 

 

Observations du Secrétariat 

 

29. Le Comité exécutif a approuvé la tranche finale du PNE pour l’Indonésie en posant comme 

condition que le PNUD, à titre d’agence d’exécution, continuerait, au nom du gouvernement, à fournir 

des rapports annuels et des vérifications de la consommation de CFC pour la durée restante de l’accord, 

c'est-à-dire jusqu’en 2010.  Les rapports de vérification pour 2009 et 2010 sont encore manquants, de 
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même que les rapports annuels de mise en œuvre pour 2008, 2009, 2010 et 2011.  Le PNUD a fait 

remarquer que l’Indonésie avait interdit les importations de CFC, de tétrachlorure de carbone, de 

trichloroéthane et de halons à compter du 1
er
 janvier 2008, en avance sur le calendrier du Protocole de 

Montréal, et que la vérification effectuée pour 2008 a confirmé le respect des termes de l’accord avec le 

Comité exécutif. Les données remises par l’Indonésie, aux termes de l’article 7 du Protocole de Montréal, 

indiquent une consommation de SAO (autres que les HCFC) nulle pour les années 2008, 2009 et 2010.  

Le PNUD a indiqué qu’aucune activité substantielle n’a eu lieu en 2009 et 2010, sauf pour la surveillance, 

et que le budget restant d’environ 16 000 $US a été programmé pour terminer les activités en 2012. 

 

30. Le Secrétariat a signalé que le vérificateur n’avait pu vérifier la consommation de 2008 

qu’approximativement, comme étant de 3,32 tonnes PAO ou moins, en raison des écarts entre les données 

des services de douane (0,0 tonnes PAO), les informations du ministère du Commerce (0,0 tonnes PAO) 

et les informations du Bureau des statistiques (BPS) (3,32 tonnes PAO).  Les données du BPS 

s’appuyaient sur des documents douaniers écrits et électroniques qui lui ont été transmis par 28 bureaux 

des douanes. Le vérificateur s’est penché sur la situation et conclut que les écarts semblaient provenir des 

documents écrits transmis.  Le Secrétariat a fait remarquer au PNUD que le gouvernement de l’Indonésie 

avait déclaré une consommation de CFC nulle, aux termes de l’article 7, pour l’année 2008 et il a 

demandé des précisions.  Le PNUD a expliqué que le vérificateur, en utilisant des données comparatives 

provenant de plusieurs sources, avait identifié 3,32 tonnes PAO d’importations dans les données du BPS 

alors qu’il ne trouvait aucune importation dans deux autres sources de données; toutefois, en règle 

générale, le gouvernement est prié d’utiliser, en cas d’écarts entre les données, les données des services de 

douanes comme la source la plus fiable, et qui reflètent ici une consommation nulle. Par conséquent, les 

données déclarées aux termes de l’article 7 ne seront pas modifiées. 

 

31. Les vérifications confirment que l’Indonésie a respecté l’accord entre le gouvernement et le 

Comité exécutif sur l’élimination des CFC dans ce pays et qu’en 2007 et 2008 la consommation était 

inférieure à la consommation maximale autorisée, stipulée dans l’accord. 

 

Recommandation du Secrétariat 

 

32. Le Comité exécutif pourrait : 

 

a) Prendre note du rapport de vérification de la consommation de SAO en Indonésie, pour 

2007-2008; 

 

b) Demander au PNUD, au nom du gouvernement de l’Indonésie, de remettre les rapports 

de vérification pour 2009 et 2010 à la 68
e
 réunion;  

 

c) Demander au PNUD de faire rapport sur les progrès de la mise en œuvre du plan national 

d’élimination (PNE) pour l’Indonésie, comme suit : 

 

i) Pour les années 2008 à 2011, à la 67
e
 réunion et en fournissant ces rapports dans 

un format correspondant aux résultats de la discussion au point 7d) de l’ordre du 

jour; et 

 

ii) Pour les années 2012 et suivantes, en fournissant ces autres rapports dans un 

format et selon un calendrier conformes aux résultats de la discussion au point 

7d) de l’ordre du jour; et 

 

d) Demander au gouvernement de l’Indonésie et au PNUD, à l’achèvement du PNE, de 

remettre un rapport d’achèvement de projet dans le format mentionné à la 65
e
 réunion. 
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Kirghizstan : Rapport périodique sur la mise en œuvre du plan de gestion de l’élimination finale 

(troisième et dernière tranche) (PNUE) 

 

33. Le PGEF pour le Kirghizstan a été approuvé en principe à la 50
e
 réunion du Comité exécutif, au 

montant total de 550 000 $US, avec des coûts d’appui d’agence de 54 065 $US pour le PNUD et le 

PNUE, les agences d’exécution.  La totalité du financement prévu a été approuvée en trois tranches, aux 

50
e
, 55

e
 et 60

e
 réunions.  À la 60

e
 réunion, le gouvernement du Kirghizstan a été prié de remettre un 

rapport sur le programme de travail associé à la troisième et dernière tranche du PGEF. 

 

Rapport périodique 

 

34. Depuis l’approbation de la troisième tranche en avril 2010, plusieurs ateliers et séminaires se sont 

tenus à travers le pays, incluant : 3 ateliers régionaux de récupération et de recyclage (R&R) en 2010 (92 

participants); 5 ateliers sur les pratiques exemplaires en réfrigération en 2010 et 2011 (115 participants); 9 

ateliers de formation pour les agents des douanes et les inspecteurs environnementaux (265 participants) 

et 7 ateliers sur les inhalateurs à doseur tenus dans des hôpitaux en 2010 (261 participants).  En outre, 77 

agents des douanes du Kirghizstan ont participé à deux ateliers régionaux organisés dans ce pays en 

collaboration avec le projet d’exécution pour l’Europe et l’Asie centrale. Une unité de récupération et un 

analyseur de gaz multiples ont été acquis et remis à l’Association nationale de réfrigération. 

 

Observations du Secrétariat 

 

35. Le Kirghizstan a déclaré une consommation de CFC nulle en 2010, aux termes de l’article 7 du 

Protocole de Montréal.  En date de décembre 2011, tous les fonds approuvés pour le PGEF ont été 

décaissés. 

 

36. À la 63
e
 réunion, le Secrétariat avait noté que dans un premier temps, la phase I du PGEH pour le 

Kirghizstan veillerait à ce que des équipements et outils supplémentaires de récupération des frigorigènes 

soient fournis pour soutenir la formation des techniciens puisqu’on estime actuellement que moins de la 

moitié d’entre eux disposent d’un équipement adéquat avec une capacité de recyclage de base (document 

UNEP/OzL.Pro/ExCom/63/37).  À la question du Secrétariat de savoir si les activités de 2010 et 2011 

dans le cadre du PGEF avaient amélioré la situation, le PNUE a répondu que la plupart des équipements 

achetés, à l’exception de ceux achetés lors de la dernière ronde d’achats dans le cadre du PGEF,  étaient 

maintenant obsolètes par rapport aux outils avancés disponibles aujourd’hui.  Les agences d’exécution ont 

indiqué que certains centres seraient modernisés dans le cadre du PGEH; il est peu probable, pour 

l’instant, que le financement prévu dans le cadre du PGEH suffise pour moderniser tous les centres. 

 

37. Le PNUE a apporté des précisions sur les volumes de CFC-12 récupérés et recyclés au 

Kirghizstan (voir tableau 1).  Sur un total de 18 973 kg de CFC récupérés au Kirghizstan, 6 455 kg ont été 

recyclés dans les centres R&R entre 2003 et 2011. 

 
Tableau 1: Volumes de CFC récupérés et recyclés au Kirghizstan 

Année Récupérés et réutilisés 

 (filtration sur place)   (kg) 
Recyclés et purifiés par des  

centres de R&R (kg) 

2003 750 0 

2004 2 864,6 1 101,9 

2005 3 930,8 1 501,4 

2006 1 569,8 1 013,7 
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Année Récupérés et réutilisés 

 (filtration sur place)   (kg) 
Recyclés et purifiés par des  

centres de R&R (kg) 

2007 1 900 588 

2008 2 142,8 700 

2009 2 734 843 

2010 1 939 707 

2011 1 142 186 

Total 18 973 6 455 

 

38. Le Bureau national de l’ozone du Kirghizstan a confirmé l’existence de 5 unités de R&R pour 

l’ensemble du pays. Les 3 unités, achetées en 2003 à travers les activités du plan de gestion des 

frigorigènes, peuvent recycler uniquement des CFC tandis que  les deux autres, achetées durant la mise en 

œuvre du PGEF, peuvent recycler des CFC et des HCFC.  Actuellement, il n’y a pas de HCFC recyclés 

au Kirghizstan faute d’incitatifs, car le coût de la substance  vierge de HCFC-22 est encore très bas.   

           

Recommandation du Secrétariat 

 

39. Le Comité exécutif pourrait : 

 

a) Prendre note du rapport sur le programme de travail de 2010-2011, associé à la troisième 

et dernière tranche du plan de gestion de l’élimination finale (PGEF) pour le Kirghizstan; 

 

b) Demander au PNUE de continuer à faire rapport sur les progrès de la mise en œuvre du 

PGEF pour le Kirghizstan, en fournissant de tels rapports dans un format et selon un 

échéancier conformes aux résultats de la discussion au point 7d) de l’ordre du jour : et 

 

c) Demander au gouvernement du Kirghizstan et au PNUE, à l’achèvement du PGEF, de 

remettre un rapport d’achèvement de projet dans le format mentionné à la 65
e
 réunion. 

 

Philippines : Plan national d’élimination des CFC (rapport de vérification 2009 et 2010 et plan 

d’action pour 2012) (PNUE) 

 

Contexte 

 

40. Le plan national d’élimination (PNE) des CFC pour les Philippines a été approuvé en principe à 

la 38
e
 réunion du Comité exécutif en novembre 2002, avec un montant total de 10 575 410 $US et des 

coûts d’appui d’agence de 896 788 $US, pour éliminer 2 017,6 tonnes PAO de CFC.  La première tranche 

de 3 010 873 $US, avec des coûts d’appui d’agence de 259 979 $US, a été approuvée à la même réunion.  

Les tranches subséquentes ont été approuvées aux 41
e
, 44

e
, 47

e
, 51

e
 et 54

e
 réunions pour financer des 

activités de 2003 à 2008. 

 

41. À la 65
e
 réunion, le Comité exécutif a approuvé le transfert des activités restantes dans le cadre du 

PNE, de la Banque mondiale au PNUE.  La décision 65/10e) demandait, entre autres, à la Banque 

mondiale de reverser le solde restant du plan national d’élimination des CFC à la 66
e
 réunion et au 

gouvernement des Philippines de soumettre à la 66
e
 réunion, avec le concours du PNUE, un rapport de 

vérification sur la consommation de CFC pour 2009 et 2010 et un plan d’exécution pour 2012-2013 pour 

le solde des fonds dans le cadre du PNE. 
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Rapport de vérification 

 

42. La consommation de CFC vérifiée, d’après les importations réelles, était de 208,64 en 2009 et de 

zéro tonnes PAO en 2010, par rapport à la consommation maximale autorisée de 300 et zéro tonnes PAO 

pour 2009 et 2010 respectivement.  Les données déclarées aux termes de l’article 7 du Protocole de 

Montréal révèlent que la consommation de CFC du pays pour 2009 et 2010 était respectivement de 

208,64 et zéro tonnes PAO. 

 

Rapport périodique 

 

43. Aucune activité nouvelle n’a été entreprise ou achevée par rapport aux informations présentées à 

la 65
e
 réunion à laquelle avait été remis un rapport cumulatif sur les progrès réalisés jusqu’en septembre 

2011.  Le seul élément à ajouter au rapport concerne la visite d’un consultant en octobre 2011 pour 

finaliser la préparation de projet pour le plan sectoriel des mousses dans le PGEH. 

 

44. À la fin de 2011, le projet avait décaissé 82 pour cent (8 671 836 $US) du montant de 

10 575 410 $US approuvé pour le PNE.  Le solde restant (1 878 851 $US) sera transféré au PNUE, à titre 

de nouvelle agence d’exécution, lors de la 66
e
 réunion. 

 

Plan de mise en œuvre pour la période d’avril 2012 à décembre 2013 

 

45. Le PNUE, au nom du gouvernement des Philippines, a remis un plan de mise en œuvre pour le 

solde restant du projet afin de maintenir l’élimination des CFC dans ce pays et de s’assurer que la 

consommation reste nulle.  La plupart des activités sont la continuité de celles amorcées dans les années 

précédentes et incluent notamment : 

 

a) Continuer la surveillance des bénéficiaires de subventions et autres entreprises dont les 

noms figurent sur la liste du PNE (entreprises des secteurs des mousses et de la 

réfrigération) pour assurer leur conformité; 

 

b) Remettre des équipements au centre de formation pour les techniciens d’entretien, 

incluant le soutien continu de l’accréditation des techniciens afin d’inclure l’entretien des 

équipements à base de HCFC; 

 

c) Poursuivre l’assistance technique dans l’inspection des climatiseurs d’automobile afin de 

maintenir la mise en œuvre de l’interdiction de véhicules à moteur avec des climatiseurs à 

base de CFC-11, en fournissant des identificateurs de frigorigènes aux postes 

d’inspection; 

 

d) Élaborer un système de gestion de l’information reliant les différents établissements 

impliqués dans la mise en œuvre du PNE afin de surveiller la progression des activités; 

 

e) Parachever le système de coupons et la distribution des outils et des équipements restants 

pour l’entretien adéquat des réfrigérateurs et des climatiseurs et finaliser l’audit technique 

de ce système; 

 

f) Des activités de soutien supplémentaires auprès des bureaux de l’Office de la gestion 

environnementale afin d’assurer la mise en œuvre nationale des activités dans le secteur 

de l’entretien; 
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g) Renforcer la coopération et la coordination régionale inter-agences en offrant des 

couplages d’informations; 

 

h) Fournir les outils restants à l’installation de régénération et mettre en œuvre le système de 

régénération des SAO résiduaires; 

 

i) Continuer la sensibilisation; et 

 

j) Continuer à gérer l’Unité de gestion des projets pour coordonner les activités 

mentionnées ci-dessus. 

 

46. Le gouvernement des Philippines a demandé dans sa présentation, l’autorité de poursuivre la 

réalisation de tous les projets inclus dans le PNE jusqu’en décembre 2013 et d’engager la totalité des 

fonds restants pour ce projet jusqu’à la fin de cette période. 

 

47. Le budget pour le plan de mise en œuvre 2012-2013 est résumé dans le tableau 2 ci-dessous (le 

budget détaillé est joint à l’annexe I). Il inclut un montant de 43 080 $US, demandé pour le financement 

rétroactif des dépenses encourues de juin à décembre 2011: 

 
Tableau 2: Résumé du plan de travail et du budget proposés  

Avril 2012-Décembre 2013 Budget ($ US) 

Gestion du projet 604 172 

Prévention d’une offre supplémentaire de SAO/HCFC 259 525 

Élimination de la demande de CFC dans le pays 510 823 

Gestion des SAO indésirables 198 593 

IEC et sensibilisation 305 738 

Total 1 878 851 

 

Observations du Secrétariat 

 

48. Le Secrétariat a examiné le plan de travail remis par le gouvernement des Philippines, via le 

PNUE, à la lumière des plans de travail précédents pour le PNE et des actions restantes requises pour 

maintenir l’élimination des CFC dans le pays.  Selon les données déclarées aux termes de l’article 7 pour 

2010 et le rapport de vérification remis, les Philippines ont atteint les objectifs de conformité du Protocole 

de Montréal pour les CFC. Puisqu’il reste un solde de près de 20 pour cent des fonds pour le PNE (voir 

paragraphe 44 ci-dessus) et qu’aucun objectif d’élimination de SAO n’est associé à ce plan de travail, il 

faudrait surveiller les progrès au niveau des activités, notamment à travers celles qui ont été spécialement 

identifiées et acceptées par le Comité exécutif. 

 

49. Le Secrétariat a noté que la plupart des activités citées étaient des activités inachevées, provenant 

des plans de travail du PNE de 2007 à 2009, et que toutes les initiatives ne prenaient pas en compte les 

activités d’élimination des HCFC, notamment dans le secteur de l’entretien (par ex. formation et 

intervention auprès des techniciens d’entretien).  De même, le Secrétariat a attiré l’attention du PNUE sur 

le fait qu’il pourrait s’avérer nécessaire de mettre en œuvre des activités pour maintenir une 

consommation nulle de CFC, tandis que le Comité exécutif avait très clairement indiqué que les fonds 

restants pour l’élimination des CFC devraient viser des activités qui faciliteront l’élimination des HCFC. 

Le Secrétariat s’inquiète du fait qu’un grand nombre d’activités portant sur l’élimination des CFC dans le 

plan de travail proposé actuellement pour 2012 et 2013 n’étaient pas clairement justifiées. 
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50. Dans sa réponse, le PNUE a indiqué au Secrétariat que les Philippines avaient connu des retards 

dans la mise en œuvre de certaines activités prévues dans le passé, à cause de difficultés de décaissement 

et de la fin d’un accord de subvention antérieur avec la Banque mondiale, comportant des activités encore 

en souffrance.  La transition vers une nouvelle agence d’exécution a nécessité aussi des ajustements des 

dispositions financières et de mise en œuvre qui ont encore aggravé la situation.  Le PNUE a ajouté que le 

plan de travail actuel tenait compte des engagements financiers pris par les Philippines envers leurs 

partenaires pour l’élimination des CFC et qu’ils doivent être tenus puisque les mêmes partenaires seront 

impliqués dans l’élimination des HCFC. 

 

51. Le Secrétariat a proposé, à la lumière des explications fournies, que le plan de travail actuel 

pourrait couvrir les engagements immédiats pour les 12 prochains mois seulement mais avec un montant 

inférieur à celui proposé dans le tableau 2 ci-dessus, incluant le financement rétroactif demandé. Il a aussi 

attiré l’attention du PNUE sur le fait que la stratégie globale du PGEH pour les Philippines se fait encore 

attendre et il a conseillé que le gouvernement des Philippines en accélère la finalisation en tenue compte 

des fonds restants du PNE et qu’il envisage sérieusement comment ces fonds pourraient être intégrés au 

PGEH notamment pour le secteur de l’entretien.  Il pourrait être envisagé de décaisser le solde restant au 

moment de l’approbation par le Comité exécutif d’un futur plan de travail annuel pour la mise en œuvre.  

Le gouvernement des Philippines et le PNUE ont présenté un budget révisé pour les 12 prochains mois, 

contenu dans le tableau 3 ci-dessous :  

 

Tableau 3: Plan de travail et budget acceptés pour la période Avril 2012-Avril 2013 

Avril 2012-Avril 2013 Budget ($ US) 

Prévention d’une offre supplémentaire de SAO/incluant les HCFC 65 000 

Continuer le travail dans le secteur de l’entretien (prévention d’une 

demande supplémentaire de CFC, incluant les HCFC) 
170 000 

Gestion des SAO indésirables 30 000 

Sensibilisation et diffusion de l’information  20 000 

Unité de gestion du projet 143 550 

Sous-total 428 550 

Financement rétroactif (juillet 2011-décembre 2011) 43 080 

Total 471 630 

 

Recommandation du Secrétariat 

 

52. Le Comité exécutif pourrait souhaiter: 

 

 a) Prendre note: 

 

i) du rapport de vérification de la consommation de CFC pour 2009 et 2010 aux 

Philippines et du respect par ce pays de ses obligations d’élimination de la 

consommation de CFC; 

 

ii) de la consommation de CFC nulle déclarée pour 2010 par les Philippines, aux 

termes de l’article 7 du Protocole de Montréal; 

 

iii) du plan annuel de mise en œuvre dans le cadre du plan national d’élimination des 

CFC pour la période d’avril 2012 à avril 2013, présenté par le PNUE au nom du 

gouvernement des Philippines, et approuver les activités contenues dans ce plan 



UNEP/OzL.Pro/ExCom/66/17 

 

 

 14 

avec un décaissement qui ne dépasse pas 471 630 $US pour cette période et 

demander au PNUE de remettre au Comité exécutif un rapport annuel sur les 

progrès réalisés, à la 70
e
 réunion dans un format conforme aux résultats de la 

discussion au point 7d) de l’ordre du jour; et 

 

b) Demander au gouvernement des Philippines de remettre, via le PNUE, un plan de travail 

annuel subséquent pour le solde restant de 1 407 221 $US, au plus tard à la 68
e
 réunion 

du Comité exécutif, en tenant compte du fait que les fonds restants devraient viser des 

activités qui faciliteront l’élimination des HCFC dans le contexte du plan de gestion de 

l’élimination des HCFC pour ce pays. 

 

Sao Tome et Principe : Rapport de vérification sur la mise en œuvre du plan de gestion de 

l’élimination finale (2007-2009) (PNUE) 

 

Contexte 

 

53. Au nom du gouvernement de Sao Tome et Principe, le PNUE, à titre d’agence principale, a remis 

un rapport de vérification sur la consommation de CFC dans ce pays pour la période de 2007 à 2009, 

conformément à la décision 45/54d).  Le PGEF pour Sao Tome et Principe a été approuvé par le Comité 

exécutif à sa 54
e
 réunion en vue d’éliminer complètement la consommation de CFC avant 2009.  Le 

financement total de 190 000 $US, plus les coûts d’appui d’agence de 9 750 $US pour le PNUE et de 

10 350 $US pour l’ONUDI, a été approuvé en principe par le Comité exécutif et décaissé au profit des 

agences, en deux tranches, lors des 54
e
 et 57

e
 réunions du Comité exécutif. 

 

Rapport de vérification 

 

54. La vérification a démontré que Sao Tome et Principe dispose d’un système de permis efficace et 

d’un solide Bureau national de l’ozone.  Les objectifs généraux pour la consommation de SAO au niveau 

national, ont été atteints pour 2008 et 2009.  La consommation réelle de SAO en 2008 était de 0,2 tonnes 

PAO (comparé à la consommation maximale autorisée de 0,7 tonnes PAO selon l’accord) et de zéro en 

2009 (comparé à la consommation maximale autorisée de 0,7 tonnes PAO selon l’accord). 

 

Observation du Secrétariat 

 

55. Le gouvernement de Sao Tome et Principe a déclaré une consommation de 0,2 tonnes PAO de 

CFC pour 2008 et de zéro pour 2009 et 2010, aux termes de l’article 7 du Protocole de Montréal.  Le 

système de permis et de quotas en place dans le pays s’applique aux substances des Annexes A et C. Les 

quotas annuels sont établis conjointement par les ministères de l’Environnement et du Commerce.    

      

Recommandation du Secrétariat 

 

56. Le Comité exécutif pourrait souhaiter: 

 

a) Prendre note du rapport sur la vérification de la consommation de CFC à Sao Tome et 

Principe pour la période de 2007 à 2009 et du respect par ce pays de ses obligations 

d’élimination de la consommation de CFC; et 

 

b) Prendre note également que Sao Tome et Principe a déclaré une consommation de CFC 

nulle pour 2009 et 2010, aux termes de l’article 7 du Protocole de Montréal. 
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II. PLANS SECTORIELS D’ÉLIMINATION 

 

57. Le PNUD et la Banque mondiale ont remis les rapports suivants : 

 

a) Chine : Élimination des SAO dans le secteur des solvants (rapport périodique de 2010, 

vérification de la performance en 2009 et 2010 et rapport de vérification sur le 

trichloroéthane en 2010) (PNUD)    

 

b) Inde : Rapport sur la mise en œuvre du plan d’élimination du tétrachlorure de carbone 

pour les secteurs de la consommation et de la production en 2010 (Banque mondiale) 

 

  

Chine : Élimination des SAO dans le secteur des solvants (rapport périodique de 2010, vérification 

de la performance en 2009 et 2010 et rapport de vérification sur le trichloroéthane en 2010) 

(PNUD)    

 

58. Au nom du gouvernement de la Chine, le PNUD, à titre d’agence d’exécution, a remis au Comité 

exécutif, lors de sa 66
e
 réunion, les rapports périodiques annuels de 2009 et 2010 sur le plan sectoriel des 

solvants pour l’élimination des SAO en Chine ainsi que la vérification de la consommation de 

trichloroéthane dans des utilisations réglementées pour 2009 et 2010 et une vérification technique de 

l’élimination dans un échantillon de trois entreprises bénéficiaires. 

 

Contexte 

 

59. Le plan pour le secteur des solvants en Chine a été  approuvé à la 30
e
 réunion du Comité exécutif, 

pour un coût total de 52 millions $US, plus les coûts d’agence pour le PNUD.  Les fonds ont été 

approuvés en 11 tranches annuelles pour une mise en œuvre de 2000 à 2010, avec approbation de la 

tranche finale à la 59
e
 réunion. 

 

60. L’élimination s’est réalisée par la combinaison d’activités d’investissement ciblant des entreprises 

spécifiques, et un programme d’assistance technique pour les plus petites entreprises, géré par un système 

de coupons.  Les limites de consommation sont maintenues par la réglementation de la production et des 

importations. La réduction de la production est réglementée dans le cadre des plans sectoriels 

d’élimination de la production de CFC et du tétrachlorure de carbone en Chine.  L’utilisation du 

tétrachlorure de carbone comme solvant est interdite depuis le 1
er
 juin 2003 et celle du CFC-113 depuis le 

1
er
 janvier 2006; par conséquent, les activités associées ont pris fin au cours des dernières années.  

L’utilisation du trichloroéthane, comme dernier solvant à base de SAO couvert dans le cadre de ce plan, 

devait être entièrement éliminée avant le 1
er
 janvier 2010. 

 

Élimination à travers des projets et des activités d’investissement 

 

Activités au niveau des entreprises 

 

61. Dans le cadre du plan sectoriel des solvants, les réductions enregistrées en 2010 ont été obtenues 

par la réalisation d’activités d’élimination dans les entreprises, dans le cadre du projet contractuel de 

réduction des SAO amorcé en 2008 et 2009 pour éliminer le trichloroéthane utilisé comme solvant.  La  

mise en œuvre des activités a engendré une réduction totale de 73,7 tonnes PAO en 2009 et de 3,7 tonnes 

PAO supplémentaires en 2010. Le plan sectoriel des solvants a éliminé une consommation totale de 

247,07 tonnes PAO de trichloroéthane sur une période de 11 ans. Au cours des années antérieures, les 

activités associées au remplacement du CFC-113 avaient entraîné une réduction cumulée de 
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2 689,5 tonnes PAO et celles reliées au trichloroéthane, une réduction de 29,5 tonnes PAO.  L’élimination 

a été menée à travers 379 contrats séparés. Les réductions de la consommation en 2009 et 2010, ainsi que 

l’élimination prévue dans le cadre du plan sectoriel, par rapport aux réductions obtenues, sont présentées 

dans le tableau 4 ci-dessous : 

 
Tableau 4: Réductions de la consommation (2009 et 2010) et élimination prévue dans le cadre du plan 

sectoriel des solvants pour la Chine 

Substance en tonnes PAO 

CFC-

113 

Trichloro-

éthane 

Tétra-

chlorure de 

carbone Total 

2009 0 73,7 0 73,7 

2010 0 3,7 0 3,7 

Cumul 

2000-

2010 

Plan  3 300 537 110 3 947 

Réductions cumulées dans les  

entreprises 2 689,5 247,1 29,5 2 966,1 

Proportion (Réductions cumulées 

dans les entreprises/Plan) 81,5% 46,0% 26,8% 75,1% 

Réduction réelle de la 

consommation 3 300 537 110 3 947 

 

62. Le rapport signale les raisons pour lesquelles la réduction réelle de la consommation, à savoir  

l’élimination au niveau national, diffère des réductions cumulées dans les entreprises qui ont été réalisées 

à travers le plan d’élimination. Une des raisons en est qu’un certain nombre d’entreprises semblent avoir 

éliminé la consommation de trichloroéthane à travers leurs propres activités, sans financement de projet.  

Deuxièmement, un grand nombre d’entreprises ne sont pas admissibles au financement, à savoir des 

entreprises de propriété étrangère qui consomment des solvants à base de SAO mais qui ne sont pas 

admissibles au financement dans le cadre de ce plan. 

 

Activités d’assistance technique 

 

63. Dans le cadre du plan sectoriel, un certain nombre d’activités d’assistance technique amorcées 

dans les années précédentes, se sont poursuivies. Elles englobent des activités reliées à la lutte contre les 

importations, la production et l’utilisation illicites de SAO, incluant la finalisation d’une nouvelle version 

du "Règlement sur la gestion de l’importation et de l’exportation de SAO" en 2010, la tenue d’ateliers de 

formation pour les bureaux gouvernementaux locaux et une enquête sur la consommation illicite; deux 

enquêtes concrètes ont porté sur l’utilisation du tétrachlorure de carbone et du CFC-113.  Le renforcement 

des capacités dans les bureaux locaux de protection de l’environnement afin de permettre et de renforcer 

la surveillance de la conformité au Protocole de Montréal s’est poursuivi également.  Sur les 18 provinces 

et villes ciblées par des activités du plan sectoriel des solvants, des rapports provenant de 12 villes ont été 

reçus en 2009.  Dans le cadre de l’activité de renforcement des capacités pour lutter contre le commerce 

illicite de SAO, du matériel de formation et d’information pour les services de douane a été imprimé.  

Enfin, une vérification technique élaborée a été menée et ses résultats présentés à cette réunion. 

 

64. Plusieurs activités de sensibilisation du public et de formation ont aussi été menées dans le cadre 

du plan sectoriel des solvants.  Elles incluent des activités reliées au secteur des solvants pour la Journée 

de l’ozone, une formation sur les politiques destinée aux autorités locales en Chine, le renforcement des 

capacités pour la formation et la communication avec les administrations locales pour le respect du 

Protocole de Montréal, avec le soutien correspondant pour des équipements de réseau et des installations 

de conférence.  Enfin, un certain nombre de politiques et de règlements ont été formulés, dont une 

interdiction nationale de production du trichloroéthane en date du 1
er
 janvier 2010 (éliminant de fait la 

consommation) et de son utilisation par les entreprises en date du 1
er
 janvier 2011. 
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65. La vérification des activités a révélé que les activités connexes ont bien été menées.  La 

vérification de la consommation a confirmé que l’utilisation du tétrachlorure de carbone, du 

trichloroéthane et du CFC-112 dans le secteur des solvants avait été nulle en 2009 et 2010.  Le 

financement restant a été complètement épuisé durant l’année 2010, ne laissant aucun solde dans le 

compte du projet; le montant de départ était de 6 824 620 $US à la fin de 2009. 

 

Observations du Secrétariat 

 

66. En novembre 2009, la 59
e
 réunion a approuvé un certain nombre d’activités à entreprendre avec 

les fonds restants alors et qui dépassaient les 7 millions $US.  En 2010, le PNUD, au nom du 

gouvernement de la Chine, a mis en œuvre ces activités et a engagé les fonds restants du projet. 

 

67. La présentation du PNUD, au nom de la Chine, a dressé un portrait excellent et très détaillé des 

activités dans le cadre de ce plan et des résultats obtenus pour 2009 et 2010 ainsi que depuis le début du 

plan.  Les vérifications remises pour 2009 et 2010 sont suffisantes pour donner pleinement confiance dans 

l’exactitude des informations fournies.  La mise en œuvre du plan sectoriel pour les solvants est achevée. 

 

Recommandation du Secrétariat 

 

68. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note du rapport périodique de 2009/2010 du plan sectoriel des solvants pour 

l’élimination des SAO en Chine; et 

 

b) Prendre note des rapports de vérification connexes du trichloroéthane pour 2009 et 2010. 

 

Inde : Rapport sur la mise en œuvre du plan d’élimination du tétrachlorure de carbone pour les 

secteurs de la consommation et de la production en 2010 (Banque mondiale) 

 

69. La Banque mondiale, à titre d’agence principale, a présenté à la 65
e
 réunion, au nom du 

gouvernement de l’Inde, la vérification des réalisations du programme annuel de 2010.  Dans le contexte 

de cette présentation, le Comité exécutif avait pris note dans sa décision 65/10j) que, dans le cadre de la 

vérification, l’utilisation du tétrachlorure de carbone pour la production de chlorure de vinyle monomère 

(CVM) avait été classée comme application de matière première depuis le début de 2005 tandis qu’en 

2007 l’utilisation du tétrachlorure de carbone dans la production du CVM avait déjà été classée comme 

utilisation d’agent de transformation par la 19
e
 Réunion des Parties au Protocole de Montréal (décision 

XIX/15).  Le Comité exécutif avait aussi demandé à la Banque mondiale, à l’alinéa iii) de la décision, de 

demander au gouvernement de l’Inde de mettre à jour en conséquence les données de consommation du 

tétrachlorure de carbone, communiquées au titre de l’article 7 du Protocole de Montréal au Secrétariat de 

l’ozone pour les années 2008 à 2010. À l’alinéa iv) de la même décision, il est demandé à la Banque 

mondiale de déterminer, en coordination avec le gouvernement de l’Inde, dans quelle mesure les quantités 

de tétrachlorure de carbone détruites en 2008, 2009 et 2010 compenseraient les quantités utilisées comme 

agent de transformation pour la production de CVM de 2008, 2009 et 2010, et de soumettre un rapport 

correspondant, au plus tard huit semaines avant la 66
e
  réunion du Comité exécutif. 

 

70. Après la 65
e
 réunion, la 23

e
 Réunion des Parties a discuté de la question du tétrachlorure de 

carbone utilisé comme agent de transformation, en général et pour le CVM en particulier.  Le paragraphe 

8 de la décision XXIII/7 "Utilisations de substances réglementées comme agents de transformation" invite 

les Parties à "considérer le tétrachlorure de carbone utilisé pour la production de chlorure de vinyle 

monomère, aux fins des niveaux calculés de production et de consommation, à titre exceptionnel, comme 
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un produit intermédiaire jusqu’au 31 décembre 2012". Cette décision rend obsolètes les alinéas iii) et iv) 

de la décision 65/10j) du Comité exécutif. 

 

71. La décision 65/10j)v) demandait à la Banque mondiale de fournir un rapport sur la mise en œuvre 

du plan d’élimination du tétrachlorure de carbone pour les secteurs de production et de consommation en 

2010, à temps pour la 66
e
 réunion, et, le cas échéant, une révision des activités prévues.  Le rapport remis 

par la Banque mondiale indiquait que les audits de la vérification technique pour la production et la 

consommation de tétrachlorure de carbone en 2010 ont été menés en mars 2011.  La Banque a embauché 

une équipe de vérification indépendante pour effectuer des visites de sites et examiner la documentation 

chez 4 producteurs de tétrachlorure de carbone, 8 producteurs de chlorure d’acide de dichloro-vinyle 

(DVAC), dans une usine de CVM et une usine de di-fluoro-benzophenone (DBBP) et dans 3 installations 

de stockage au port de Kandla.  Pour 2010, la Cellule de l’ozone n’a émis aucun quota de ventes pour des 

utilisations autres que comme produit intermédiaire.  L’équipe d’audit a confirmé qu’il n’y a eu aucune 

vente directe pour des utilisations autres que comme produit intermédiaire et qu’il n’y a eu aucune 

importation, ni exportation de tétrachlorure de carbone par les fabricants de tétrachlorure de carbone.  

L’équipe d’audit indépendante a donc vérifié qu’à son avis, l’Inde respecte ses obligations aux termes du 

Protocole de Montréal.  Le dernier décaissement final de fonds provenant du plan d’élimination du 

tétrachlorure de carbone (2,1 millions $US) aux 4 fabricants de tétrachlorure de carbone a eu lieu en 

décembre 2010.  En 2011, la Cellule nationale de l’ozone a tenu plusieurs ateliers et activités de 

formation dans le cadre du volet d’assistance technique. 

 

72. La Banque mondiale a indiqué au Secrétariat que les fonds restants totalisent 1,4 millions $US et 

qu’elle se proposait de les utiliser pour couvrir : de la formation sur les solvants de remplacement, 

destinée à des grappes et des associations industrielles qui utilisent le tétrachlorure de carbone 

(400 000 $US) ; l’élaboration et la mise en œuvre d’une stratégie de communication pour éviter 

l’utilisation du tétrachlorure de carbone et prévenir des retours en arrière chez les utilisateurs 

(290 000 $US) ; la formation de fonctionnaires gouvernementaux et de responsables des bureaux de 

contrôle de la pollution (196 000 $US) ; des ateliers de formation pour les agents des douanes 

(196 000 $US) ; la production d’une publication sur une belle réussite (38 000 $US) et les activités en 

cours de l’UGP, incluant la surveillance (280 000 $US).  Le Secrétariat a fait remarquer que le 

tétrachlorure de carbone dans des utilisations contrôlées avait été éliminé depuis plus d’un an.  Il s’est 

inquiété de la possibilité d’un double financement par rapport à des activités précédentes dans le cadre du 

plan sectoriel ainsi que pour la demande de formation des agents des douanes, présentée initialement dans 

le PGEH pour l’Inde remis à la 66
e
 réunion.  Le Secrétariat a soulevé aussi des questions sur le montant 

du financement prévu pour les différentes activités et fait plusieurs suggestions, incluant l’ajout 

d’activités de surveillance pour savoir si du tétrachlorure de carbone destiné à des utilisations non 

réglementées est détourné vers des utilisations réglementées et le transfert de fonds vers d’autres activités 

telles que le PGEH. 

 

73. La Banque mondiale, au nom du gouvernement de l’Inde, a décidé de retirer le rapport puisque 

les différentes possibilités d’attribution du financement exigeraient un examen plus long.  Toutefois, le 

Secrétariat estimait qu’il était nécessaire de présenter ce document au Comité exécutif étant donné la 

décision XXIII/7 de la Réunion des Parties, et la décision 65/10j)v) qui exigeait la présentation d’un 

rapport à la 66
e
 réunion. 

 

74. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note du fait que le paragraphe 8 de la décision XXIII/7 de la 23
e
 Réunion des Parties 

qui considère le tétrachlorure de carbone utilisé pour la production de chlorure de vinyle 

monomère, aux fins des niveaux calculés de production et de consommation, à titre 
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exceptionnel, comme un produit intermédiaire jusqu’au 31 décembre 2012, annule les alinéas 

iii) et iv) de la décision 65/10j) du Comité exécutif ; 

 

b) Demander à la Banque mondiale de remettre, à la 69
e
 réunion, un rapport sur l’état de 

l’utilisation du tétrachlorure de carbone dans la production de chlorure de vinyle monomère 

en Inde ; 

 

c) Prendre note du rapport sur la mise en œuvre du plan d’élimination du tétrachlorure de 

carbone dans les secteurs de production et de consommation pour l’Inde en 2010  et de la 

vérification correspondante fournie ; et 

 

d) Demander à la Banque mondiale de présenter, à la 67
e
 réunion, un plan de travail couvrant les 

fonds restants dans le plan d’élimination du tétrachlorure de carbone en Inde. 

 

 

III. RENFORCEMENT DES INSTITUTIONS 

 

Rapport périodique sur la mise en œuvre de la décision 64/20 sur le projet de renforcement des 

institutions pour la République populaire démocratique de Corée (PNUE) 

 

Contexte 

 

75. À sa 64
e
 réunion, le Comité exécutif a décidé de reporter à sa 66

e
 réunion l’examen de la 

demande pour la phase VI du projet de renforcement des institutions de la République populaire 

démocratique de Corée et de demander au Secrétariat et au PNUE, en tant qu’agence d’exécution, de 

proposer à la 66
e
 réunion du Comité exécutif des méthodes de remplacement pour le décaissement, les 

structures organisationnelles et les procédures de surveillance (décision 64/20) (Pièce jointe I). 

 

Proposition de méthodes de remplacement pour le décaissement, les structures organisationnelles et les 

procédures de surveillance 

 

76. Le rapport décrit les modalités actuelles de décaissement des fonds pour le projet de renforcement 

des institutions et les consultations qui se sont déroulées entre le PNUE, le Comité national de 

coordination pour l’environnement (NCCE)/le Bureau national de l’ozone (UNO) de la République 

populaire démocratique de Corée et le PNUD (Pyongyang) du 28 novembre au 1
er
 décembre 2011.  Des 

discussions entre le Bureau régional du PNUE pour l’Asie et le Pacifique (BRAP) et la Commission 

économique et sociale pour l’Asie et le Pacifique (CESAP) ont également eu lieu. 

 

77. À partir des résultats de ces discussions, une proposition est énoncée dans le rapport ci-joint 

(pièce jointe I) qui peut se résumer comme suit : 

 

Décaissement 

 

 Le PNUE et le NCCE signent un accord financier (SSFA) pour définir clairement toutes les activités 

de renforcement des institutions et leurs coûts respectifs. 

 Sur la base d’un plan de travail annuel détaillé, le PNUE verse des avances à Korean Won pour le 

Bureau national de l’ozone, via le Bureau du PNUD à Pyongyang. 

 Au moins un mois avant une activité proposée, l’UNO soumet au PNUE un cahier des charges 

détaillé pour endossement, afin d’autoriser l’utilisation des fonds avancés pour cette activité. 
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 Deux semaines après l’achèvement de l’activité, l’UNO remet un rapport détaillé sur l’activité menée 

par rapport au cahier des charges endossé, y compris des rapports de dépenses et les reçus originaux 

pour examen et surveillance par le PNUE. 

 Toute activité organisée sans l’endossement préalable du PNUE ne serait pas couverte par le 

versement des fonds destinés au renforcement des institutions. 

 

Structures organisationnelles et procédures de surveillance 

 

 Le personnel de l’UNO continuera d’être recruté par le gouvernement et hébergé au ministère de 

l’Environnement et de la Protection du territoire. 

 

Procédures de surveillance 

 

 Rapport périodique semestriel, tel que les procédures du PNUE l’exigent pour tous les pays. 

 Cahier des charges pré-endossé pour les activités. 

 Rapport d’activités dans les deux semaines qui suivent l’achèvement. 

 Dans la mesure du possible, participation du personnel du PNUE aux activités de renforcement des 

institutions. 

 Programme d’aide à la conformité du PNUE tenterait d’organiser des visites deux fois par an pour 

faire l’examen et la supervision (NCCE a accepté d’accorder un libre accès aux sites des projets). 

 

Recommandation du Secrétariat 

 

78. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note du rapport, remis par le PNUE, sur la mise en œuvre de la décision 64/20 du 

Comité exécutif sur le projet de renforcement des institutions pour la République populaire 

démocratique de Corée; et 

 

b) Examiner si les méthodes de remplacement proposées pour le décaissement, les structures 

organisationnelles et les procédures de surveillance répondent aux inquiétudes exprimées par 

le Comité exécutif à sa 64
e
 réunion. 

 

IV. MOBILISATION DE RESSOURCES POUR ÉTUDIER LES AVANTAGES CONNEXES 

SUR LE CLIMAT 

 

79. À sa 63
e
 réunion, le Comité exécutif a approuvé un financement de 680 000 $US pour 4 projets 

individuels de mobilisation mondiale de ressources, à mettre en œuvre par le PNUD (200 000 $US), le 

PNUE (100 000 $US), l’ONUDI (200 000 $US) et la Banque mondiale (180 000 $US).  Ces projets 

visent la mobilisation de ressources pour obtenir des avantages pour le climat qui vont au-delà de ceux 

qui peuvent être obtenus par l’élimination des HCFC à elle seule.  Ces projets ont été approuvés à 

condition qu’un rapport provisoire, incluant un certain nombre d’éléments spécifiques, soit présenté à la 

66
e
 réunion : complémentarité des projets proposés; transparence et bonne gouvernance, ainsi que 

couverture des flux de trésorerie; assurance que ces projets vont éviter toute mesure incitative perverse 

pour les pays; exploration des possibilités d’intéressement aux résultats, notamment remboursement des 

fonds au Fonds multilatéral; garantie de la pérennité des projets proposés; mesures pour éviter la 

répétition de projets semblables; information sur les frais de négociation.  Les agences ont été priées de 

remettre un rapport final sur ces projets à la 69
e
 réunion.  Les fonds approuvés ont été imputés au budget 

réservé aux projets non spécifiés qui a été alimenté par les fonds remboursés provenant du projet des 

refroidisseurs thaïlandais. 
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Niveau mondial : Mobilisation de ressources pour étudier les avantages connexes sur le climat 

(PNUD) 

 

80. Le PNUD a été chargé de préparer 4 projets pilotes de démonstration dans le secteur de la 

réfrigération et de la fabrication de climatiseurs, destinés à mettre en évidence les interventions 

techniques capables d’améliorer l’efficacité énergétique, les politiques générales et les mesures 

réglementaires nationales aptes à soutenir ces interventions, de manière à augmenter au maximum 

l’incidence sur le climat de l’élimination des HCFC, et qui seront financés comme activités de 

mobilisation de ressources.  Il a été prié de donner au Comité exécutif des informations sur les quatre 

propositions précisées plus haut au plus tard à la 67
e
 réunion, étant entendu qu’il s’agit seulement de 

l’informer et que ces propositions ne seraient pas financées par le Fonds multilatéral. 

 

Progrès 

 

81. Le PNUD a cherché à mobiliser, auprès des sources bilatérales et multilatérales ainsi que du 

secteur privé, des ressources qui s’appliqueraient en entreprise et aux niveaux sectoriel et sous-sectoriel.  

Les États-Unis d’Amérique ont transféré au PNUD un montant de 1,7 millions $US pour la démonstration 

et l’application de technologies efficaces sur le plan énergétique et à faible potentiel de réchauffement 

planétaire (PRG) dans des sous-secteurs sélectionnés dans des pays de la région Asie-Pacifique.  Le 

PNUD a fourni un soutien technique dans la préparation d’une proposition de projet du FEM pour 

l’Indonésie qui portait sur le financement d’améliorations de l’efficacité énergétique dans les secteurs de 

la climatisation et de la réfrigération.  La proposition, au montant de 4,5 millions $US, est en train d’être 

finalisée pour présentation et offrira des opportunités de répétition dans d’autres pays.  Le PNUD poursuit 

ses efforts auprès d’autres donateurs bilatéraux pour mobiliser du financement pour des améliorations de 

l’efficacité énergétique et des solutions de remplacement à faible PRG. L’agence a contacté aussi des 

fournisseurs de technologie du secteur privé (secteurs des mousses, de la climatisation et de la 

réfrigération) pour obtenir des investissements supplémentaires dans des solutions de remplacement à 

faible PRG et efficaces sur plan énergétique, à travers des filiales dans des pays visés à l’article 5. 

 

Recommandation du Secrétariat 

 

82. Le Comité exécutif pourrait souhaiter prendre note du rapport provisoire sur la mobilisation de 

ressources pour étudier les avantages connexes sur le climat, remis par le PNUD, et réitérer la décision 

63/20a)i) dans laquelle le PNUD a été prié de donner au Comité exécutif des informations sur les quatre 

propositions précisées plus haut, au plus tard à la 67
e
 réunion, étant entendu qu’il s’agit seulement de 

l’informer et que ces propositions ne seraient pas financées par le Fonds multilatéral. 

 

Niveau mondial : Mobilisation de ressources pour étudier les avantages climatiques connexes de 

l’élimination des HCFC dans les PFV avec un secteur d’entretien uniquement, en collaboration 

avec d’autres agences (PNUE) 

 

83. Le Comité exécutif a approuvé le financement d’une étude sur les options de financement, 

l’organisation d’ateliers régionaux sur le cofinancement et/ou une ou plusieurs applications pilotes de 

cofinancement dans un ou plusieurs PFV, doté(s) d’un plan de gestion de l’élimination des HCFC 

approuvé.  Le PNUE a été prié de faire en sorte que les ateliers régionaux se tiennent dans le cadre des 

réunions de réseau du Programme d’aide à la conformité du PNUE de manière à garantir leur rentabilité, 

et que le calendrier des ateliers soit fixé de manière à permettre l’intégration des expériences acquises par 

d’autres agences dans leurs activités de mobilisation de ressources. 
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Progrès 

 

84. Le cahier des charges pour l’étude sur les options de financement a été rédigé et une liste de 

conseillers-experts potentiels, en mesure d’entreprendre l’étude, a été compilée.  Une liste initiale 

d’invités/partenaires potentiels pour l’atelier régional a été dressée et les équipes du PAC planifient les 

ateliers régionaux dans le cadre des rencontres thématiques et de réseaux prévues en 2012.  Les aspects du 

cofinancement seront traités durant l’atelier thématique pour l’Afrique du Nord et de l’Ouest francophone 

qui se tiendra au Burkina Faso en avril 2012 et le PNUE examine si un projet de mobilisation de 

ressources pour des pays à faible volume de consommation (PFV) pourrait s’appliquer à cet atelier. 

 

Recommandation du Secrétariat 

 

85. Le Comité exécutif pourrait souhaiter prendre note du rapport provisoire sur le projet de 

mobilisation de ressources pour étudier les avantages climatiques connexes de l’élimination des HCFC 

dans les PFV avec un secteur d’entretien uniquement, en collaboration avec d’autres agences, soumis par 

le PNUE. 

 

Niveau mondial : Mobilisation de ressources pour l’élimination des HCFC et les avantages 

climatiques connexes (ONUDI) 

 

86. Le Comité exécutif a approuvé le financement de la préparation de deux propositions de projets 

visant un éventuel cofinancement des activités relatives aux HCFC qui seront financées comme activités 

de mobilisation des ressources, à condition que l’ONUDI donne des informations au Comité exécutif sur 

les deux propositions précisées plus haut au plus tard à la 67
e
 réunion, étant entendu qu’il s’agit seulement 

de l’informer et que les deux propositions ne seraient pas financées par le Fonds multilatéral. 

 

Progrès 

 

87. L’ONUDI a identifié des pays potentiels, en Afrique, en Amérique latine, en Asie et dans le 

Pacifique, pour deux projets pilotes de conversion dans les secteurs des pêches et de la transformation 

alimentaire.  La mise en œuvre des projets élaborés se ferait en 4 étapes : adoption et adaptation des 

méthodes existantes disponibles pour soutenir des coûts associés à l’élimination des HCFC qui ne sont 

pas admissibles; identification et mise en œuvre de la technologie de remplacement la plus prometteuse 

pour remplacer les installations existantes et mettre en œuvre les(la) conversion(s) pilote(s); surveillance 

de la performance de la conversion technologique et évaluation des économies d’énergie; et conception 

du montage financier le plus prometteur pour aller chercher des fonds supplémentaires pour la conversion 

d’installations similaires. 

 

Recommandation du Secrétariat 

 

88. Le Comité exécutif pourrait souhaiter prendre note du rapport provisoire sur le projet de 

mobilisation de ressources pour l’élimination des HCFC et les avantages climatiques connexes, remis par 

l’ONUDI et réitérer la décision 63/23a)i) dans laquelle l’ONUDI a été priée de donner au Comité exécutif 

des informations sur les deux propositions précisées plus haut au plus tard à la 67
e
 réunion, étant entendu 

qu’il s’agit seulement de l’informer et que ces propositions ne seraient pas financées par le Fonds 

multilatéral. 
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Niveau mondial : Mobilisation de ressources pour l’étude des avantages connexes de l’élimination 

des HCFC (Banque Mondiale) 

 

89. Le Comité exécutif a approuvé le financement d’une étude qui portera uniquement sur la 

monétisation des crédits d’émission de carbone. 

 

Progrès 

 

90. La Banque mondiale a préparé une note succincte  révisée pour recentrer le projet sur l’utilisation 

des mécanismes du marché au niveau du projet en tenant compte, pour le financement des émissions de 

carbone, des résultats de la conférence des Nations Unies sur les changements climatiques tenue à Durban 

en 2011.  L’étude sera menée par un cabinet d’experts-conseil, sous la supervision de la Banque 

mondiale, et sera terminée d’ici 31 décembre 2012 en vue de remettre le rapport final à la 69
e
 réunion, 

conformément à la décision 63/24. 

 

Recommandation du Secrétariat 

 

91. Le Comité exécutif pourrait souhaiter prendre note du rapport provisoire sur la mobilisation de 

ressources pour l’étude des avantages connexes de l’élimination des HCFC, présenté par la Banque 

mondiale. 

 

V. PROJETS DE DESTRUCTION DES SAO 

 

92. Les décisions 58/19a)iii) et 64/50 demandaient aux agences bilatérales et d’exécution de faire 

rapport chaque année, à la première réunion du Comité exécutif, sur les progrès et les enseignements tirés 

de la mise en œuvre des projets de démonstration sur la destruction des SAO, à compter de la première 

année suivant l’approbation du projet, et d’inclure dans ces rapports des informations sur les quantités des 

différentes SAO récupérées ou identifiées, transportées, entreposées et détruites ainsi que sur tout 

arrangement financier, administratif et de cofinancement, et sur toute autre question pertinente.  Des 

rapports sur les projets de destruction des SAO en cours à Cuba et au Ghana ont été remis à la 66
e
 

réunion, conformément à ces décisions. 

 

Cuba : Rapport de situation du projet pilote de démonstration sur la gestion et l’élimination des  

SAO résiduaires  (PNUD) 

 

Contexte 

 

93. Le projet pilote de démonstration sur la gestion et l’élimination de SAO résiduaires à Cuba a été 

approuvé à la 62
e
 réunion, avec un montant de 525 200 $US, afin de détruire un total de 45,3 tonnes 

métriques de SAO résiduaires, étant entendu qu’aucun autre financement ne sera fourni à Cuba pour tout 

autre projet futur de destruction des SAO (décision 62/27).  Le projet pilote cherche à élaborer un cadre 

logistique efficace et rentable pour le transport, l’entreposage et la destruction des SAO à Cuba.   

 

Progrès 

 

94. Le document du projet PNUD-Cuba a été signé en juin 2011 et une équipe de projet a été 

constituée avec la pleine participation de tous les intervenants. Les progrès réalisés incluent : 

spécifications techniques et identification de l’équipement nécessaire pour adapter l’installation choisie 

pour la destruction des SAO (construction et assemblage de l’installation débuteront en 2012); 

identification des exigences opérationnelles et de l’équipement pour les installations d’entreposage 
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provinciales; conception d’un camion spécialisé pour la récupération et le transport des SAO; et révision 

du cadre légal pour s’assurer que la destruction des SAO soit réglementée. 

 

95. Les tâches de récupération et de destruction n’ont pas encore effectivement commencé toutefois 

des essais débuteront dès que la mise en place initiale sera terminée. 

 

Observations du Secrétariat 

 

96. En date de décembre 2011, aucuns fonds n’avaient été décaissés puisque les activités initiales 

impliquant des ajustements pour construire l’installation sont cofinancées par le gouvernement cubain. 

 

97. Actuellement, des stocks de 130 tonnes métriques de SAO sont entreposés dans un dépôt 

d’entreposage régional.  Le PNUD a indiqué que tous les stocks sont des SAO résiduaires qui ne peuvent 

être ni recyclés, ni régénérés. 

 

Recommandation du Secrétariat 

 

98. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note du rapport de situation du projet pilote de démonstration sur la gestion et 

l’élimination des SAO résiduaires à Cuba, présenté par le PNUD; et 

 

b) Demander au PNUD de remettre un rapport à la 69
e
 réunion sur les progrès et les 

enseignements tirés du projet pilote de démonstration pour Cuba, conformément aux 

décisions 58/19a) iii) et 64/50. 

 

Ghana : Projet pilote de démonstration sur la gestion et la destruction des SAO résiduaires (PNUD) 
 

Contexte 

 

99. Le projet pilote de démonstration sur la gestion et la destruction des SAO résiduaires au Ghana a 

été approuvé à la 63
e
 réunion, au montant de 198 000 $US, pour détruire un total de 8,8 tonnes métriques 

de SAO résiduaires. Le projet est étroitement intégré au PGEH du pays et au projet d’efficacité 

énergétique du Fonds pour l’environnement mondial (FEM) dans lequel des réfrigérateurs inefficaces sur 

le plan énergétique, soit en fin de vie ou par retrait anticipé, sont ramassés et démantelés dans des dépôts 

régionaux afin de récupérer les SAO.  La confirmation du financement (1 722 727 $US) pour le projet du 

FEM a été reçue le 9 mai 2011, ce qui a permis le décaissement des fonds pour le projet pilote (décision 

63/27). 

 

Progrès 

 

100. Un expert-conseil international, embauché dans le cadre du projet, a assisté à l’atelier de 

lancement du projet du FEM, organisé à Accra du 15 au 16 novembre 2011. Le public et les intervenants 

principaux du secteur privé ont participé à cet atelier et l’expert-conseil a eu l’occasion de discuter des 

enjeux reliés aux aspects suivants : centres régionaux décentralisés de démantèlement et de récupération; 

tenue de registres des réfrigérateurs mis hors service; procédures sécuritaires pour le démantèlement des 

réfrigérateurs hors service, la récupération, l’entreposage et le transport des SAO; tests sur la composition 

des SAO; procédures d’exportation; tenue de registres et chaîne de surveillance; formation de techniciens.  

L’importance d’une coordination étroite entre le projet de destruction, le PGEH et le projet du FEM est 

jugée essentielle pour assurer un flux régulier de SAO pour la collecte et la destruction. 
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101. L’Unité du PNUD pour le Protocole de Montréal prévoit se rendre à Accra en avril 2012 pour 

discuter de la logistique du centre de destruction des SAO et des autres activités du projet. 

 

Observations du Secrétariat 

 

102. Sur le montant de 198 000 $US approuvé pour le projet, 21 000 $US ont été décaissés pour des 

contrats d’expertise-conseil nationaux et internationaux.  Le PNUD a indiqué au Secrétariat qu’aucune 

information n’était disponible sur les types de SAO à traiter, le projet n’étant pas encore assez avancé; 

toutefois, la majeure partie des SAO entreposées à l’agence de protection environnementale du Ghana et 

le flux de SAO anticipé en provenance du projet du FEM sont constitués de CFC qui avaient été identifiés 

comme déchets prêts à être détruits lorsque le projet a été approuvé. 

 

103. Le PNUD a indiqué au Secrétariat que le projet avait démarré plutôt lentement car il importait 

que la visite de l’expert-conseil international au Ghana en 2011 coïncide avec l’atelier de lancement du 

projet du FEM afin de s’assurer que les modalités soient en place pour des synergies entre les deux 

projets.  Le retard a été causé par la signature tardive du document de projet du FEM. 

 

Recommandation du Secrétariat 

 

104. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note du rapport de situation du projet pilote de démonstration sur la gestion et la 

destruction des SAO résiduaires au Ghana, présenté par le PNUD; et 

  

b) Demander au PNUD de remettre à la 69
e
 réunion du Comité exécutif, un rapport sur les  

progrès et les enseignements tirés du projet pilote de démonstration pour le Ghana, 

conformément aux décisions 58/19a) iii) et 64/50. 

 

 

VI. PROJETS DE DÉMONSTRATION ET D’INVESTISSEMENT RELATIFS AUX HCFC 

 

105. Le PNUD a remis deux rapports périodiques détaillés sur les projets suivants relatifs aux HCFC : 

 

a) Niveau mondial : Rapport sur l’évaluation du méthylal comme agent de gonflage dans la 

fabrication de mousses de polyuréthane (PNUD) 

 

b) Niveau mondial : Rapport sur l’évaluation des options à faible coût pour l’utilisation 

d’hydrocarbures dans la fabrication de mousses de polyuréthane (PNUD) 

 

Niveau mondial : Rapport d’évaluation sur l’utilisation du méthylal comme agent de gonflage dans 

la fabrication de mousses de polyuréthane (PNUD) 

 

Contexte 

 

106. Le PNUD a remis à la 66
e
 réunion un rapport technique sur l’utilisation du méthylal comme agent 

de gonflage dans la fabrication des mousse de polyuréthane : Évaluation pour une application dans les 

projets du FML.  Le rapport technique complet est joint au présent document (pièce jointe II). 

 

107. À sa 58e réunion, le Comité exécutif a approuvé un projet pilote destiné à valider l’utilisation 

du méthylal comme agent de gonflage dans la fabrication de mousses de polyuréthane, étant entendu 
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que le matériel de laboratoire nécessaire à la validation de la technologie serait donné à un centre de 

recherche à but non lucratif lorsque les phases I et II du projet de démonstration auront été terminées 

(décision 58/30). 
 

Résumé analytique 

 

108. Le PNUD a formulé un certain nombre de projets pilotes afin d’étudier l’utilisation sécuritaire du 

méthylal pour remplacer le HCFC-141b dans l’application des mousses de polyuréthane (PU).  

L’utilisation de formulations à base de méthylal a été étudiée chez Arinos Quimca Ltd. (Brésil) dans le 

but d’évaluer sa performance par rapport aux formulations à base de HCFC-141b afin d’établir si cette 

technologie est réalisable dans les projets du Fonds. 

 

109. Pour s’assurer de la disponibilité mondiale de la technologie au méthylal, le PNUD a étudié la 

situation de l’offre.  Le méthylal est disponible auprès de fabricants en Belgique, en Chine, en Inde, en 

République de Corée et au Royaume-Uni de Grande-Bretagne et d’Irlande du Nord.  Le méthylal a bien 

été breveté pour plusieurs applications de PU mais aucun des brevets n’a débouché sur des tentatives 

d’utilisation sous licence.  Ceci porte à croire qu’aucun de ces brevets ne peut prétendre à des droits de 

propriété intellectuelle effectifs et complets sur l’utilisation du méthylal dans les mousses de PU.  Il est 

donc permis d’en conclure que le méthylal est généralement disponible et que son utilisation est libre dans 

des applications pour les mousses. 

 

110. L’évaluation du méthylal dans des applications de PU a porté sur les aspects suivants : santé, 

sécurité et considérations environnementales; questions reliées à sa transformabilité (à savoir, stabilité, 

compatibilité pour l’expédition et l’entreposage); composition de la formulation; aperçu des propriétés 

physiques obtenues par des essais pour différentes applications; et coûts indicatifs de la conversion pour 

l’introduction de cette technologie dans les sociétés de formulation et les entreprises de mousses. 

 

111. Seize applications de mousses de PU utilisant du HCFC-141b comme agent de gonflage ont été 

évaluées pour leur potentiel de conversion au méthylal.  Les activités suivantes ont été mises en œuvre 

pour l’évaluation : acquisition de l’équipement nécessaire pour les essais/prototypes; optimisation et 

validation des 16 formulations avec l’équipement de prototype; élaboration de pratiques sécuritaires pour 

respecter les normes nationales et internationales de transport, d’entreposage et d’utilisation du méthylal 

par les sociétés de formulation et pour les formulations contenant du méthylal dans les petites et 

moyennes entreprises (PME); et diffusion de l’expérience acquise par le biais d’un atelier. Le tableau 5 

ci-dessous fournit un aperçu global de l’évaluation. 

 
Tableau 5: Évaluation des applications de mousse pour la conversion au méthylal 

Application Santé , sécurité, 

environnement 

Transformabilité Propriétés 

physiques 

Évaluation 

Mousse non isolante 

Flexible + + + + 

Semelles de chaussure + + + + 

Structurelle (rigide) + + + + 

Semi-flexible + + + + 

Flexible moulée  + + + + 

Bloc hyper-doux + + + + 

Viscoélastique moulée + + + + 

Bloc viscoélastique + + + + 

Mousse d’emballage + + + + 

Mousses isolantes 

Réfrigération + + + +/- 
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Application Santé , sécurité, 

environnement 

Transformabilité Propriétés 

physiques 

Évaluation 

Chauffe-eau + + + +/- 

Camions + + + +/- 

Blocs, Panneaux + + + +/- 

Pulvérisation + + + +/- 

Thermos + + + +/- 

Mousse de polyisocyanurate  + + + +/- 

+ Bonne, - Médiocre; +/- Moyenne (acceptable avec des conditions) 

 

112. D’après l’évaluation, l’utilisation du méthylal comme agent de gonflage pour remplacer le 

HCFC-141b dans les applications de mousse de PU est faisable.  Les résultats ont révélé que le méthylal 

convient mieux pour les mousses non isolantes que pour les mousses isolantes.  Tenant compte du fait 

que la comparaison a été faite entre des formulations à base de HCFC-141b optimisées et des 

formulations à base de méthylal développées récemment, les résultats pour les applications de mousse 

rigide (isolation) ont donné une pénalité, pour la valeur isolante, pouvant aller jusqu’à 10 pour cent.  

L’utilisation et la poursuite de l’optimisation des formulations de méthylal dans ces applications devraient 

donc être évaluées individuellement par les entreprises. De plus, l’adoption de la technologie au méthylal 

devrait être assujettie aux conditions suivantes : la conversion des entreprises devrait se faire de 

préférence par des sociétés de formulation locales; il faudra vérifier la compatibilité chimique pendant la 

préparation du projet et tenir compte des implications liées à l’inflammabilité de la substance. 

 

113. Le PNUD a préparé plusieurs tableaux sur les coûts généraux afin de calculer les surcoûts de la 

conversion des mousses, du HCFC-141b au méthylal.  Les investissements initiaux (présentés dans le 

tableau 6 ci-dessous) et les coûts chimiques peuvent varier considérablement d’un pays à l’autre et sont 

aussi sujets à des considérations d’économies d’échelle. 

 
Tableau 6: Coûts d’investissement reliés à la conversion du HCFC-141b au méthylal pour les mousses 

Description Coût indicatif ($ US) Observation 

Sociétés de formulation   

Cuves de mélange à l’épreuve de l’explosion  AA x 30 000 
Comme pour le formate de méthyle  

Distributeur d’azote BB x 8 000 

Moniteurs des vapeurs de méthylal 2 x 2 500 Pour surveiller le respect de 

l’hygiène industrielle  (HI) 

Dispositifs de sécurité vaporisation/tuyaux (PIP) CC x 7 500 Évacuation, mise à la terre 

Dispositifs de sécurité pour distributeur à 

basse/haute pression 

DD x 15 000 Évacuation, mise à la terre 

Pycnomètre (testeur en cellule fermée)  10 000 

 

Testeur portable du facteur K 10 000 

Refractomètre (testeur de pureté chimique) 10 000 

Petit distributeur en location EE x 15 000 

Gestion du projet FF clients @ 1 000 

Surveillance et transfert de technologie 30 000 

Imprévus 10% coûts d’investissement  

Client (entreprises de mousses)   

Moniteur des vapeurs de méthylal  FF x 2 500 Pour surveiller le respect de HI* 

Dispositifs de conversion pour vaporisation/PIP GG x 7 500 Évacuation et mise à la terre 

Dispositifs de conversion du diffuseur à 

basse/haute pression 

HH x 15 000 Évacuation et mise à la terre 

Nouveaux distributeurs II x 25 000 Inclut les dispositifs de sécurité 

Essais, tests, formation  Machines KK @ 3 000 Comme dans les projets approuvés 

Imprévus 10% coûts d’investissement  
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Conclusion du réviseur technique 

 

114. Le réviseur technique a conclu que "l’utilisation du méthylal pour remplacer les formulations au 

HCFC-141b dans la fabrication de mousse de polyuréthane dans les pays visés à l’article 5 semble une 

solution faisable qui répond aux objectifs d’une technologie de remplacement rentable, sans SAO et avec 

un faible PRG.  Les propriétés finales de la mousse sont comparables aux mousses à base de HCFC-

141b."  Le réviseur technique a recommandé aussi que le rapport devrait, entre autres : définir les 

paramètres des résultats des essais pour indiquer si les conditions opérationnelles actuelles permettent de 

prédire les résultats de la densité des mousses; fournir une évaluation des surcoûts d’exploitation à partir 

des résultats obtenus; poursuivre les études de stabilité à long terme sur les propriétés des mousses, 

notamment la stabilité dimensionnelle; inclure des équipements de surveillance comme composante 

intégrante de chaque projet pour garantir la sécurité des opérations et du personnel. 

 

Observations du Secrétariat 

 

115. Le projet pilote de validation/évaluation du méthylal incluait un atelier pour diffuser les résultats 

du projet qui s’est tenu au Brésil en décembre 2011.  Plus d’une centaine de participants y ont assisté, 

incluant des représentants de : 12 sociétés de formulation du Brésil (8 de propriété locale, à savoir Amino, 

Arinos, Ariston, M.Cassab, Polisystem, Polyurethane, Purcom et Utech et 4 de propriété étrangère, Bayer, 

BASF, Dow et Huntsman); 13 fabricants de mousses du Brésil, de la Jamaïque et de Trinidad et Tobago; 

5 pays visés à l’article 5 (Colombie, Panama, Paraguay, Pérou et Jamaïque); le PNUD, le PNUE et 

l’Allemagne; 3 associations industrielles brésiliennes; 8 fabricants/distributeurs d’agent de gonflage du 

Brésil, de la Belgique et des États-Unis d’Amérique; 6 fabricants d’équipements d’injection de mousse et 

4 membres du Comité des choix techniques pour les mousses (FTOC). 

 

116. Suite à une demande de clarification sur les conversions d’équipements et/ou les équipements 

neufs nécessaires pour l’introduction de la technologie au méthylal, le PNUD a expliqué qu’en règle 

générale le méthylal peut être mis en œuvre sans modification des équipements de la chaîne de base. Les 

véritables coûts sont reliés surtout à la mise à la terre du distributeur de mousse, l’installation d’un capteur 

de méthylal (ou sinon des enquêtes d’hygiène industrielle régulières par les fournisseurs des formulations) 

et l’évacuation des émissions. Des équipements nouveaux sont nécessaires seulement dans les cas où 

l’utilisateur fait un gonflement manuel. 

 

117. En réponse à une question sur l’existence de brevets et/ou de droits de propriété intellectuelle 

couvrant l’utilisation du méthylal comme agent de gonflage des mousses, le PNUD a indiqué qu’il existe 

de multiples brevets sur certaines applications du méthylal.  Toutefois, il n’existe aucun brevet qui couvre 

complètement l’utilisation du méthylal comme agent de gonflage dans les mousses de polyuréthane, et il 

n’y a eu aucune tentative par une entité corporative ou autre de revendiquer la propriété de la technologie 

pour l’application considérée. Comme le méthylal a été utilisé (et l’est encore) par plusieurs grands 

fabricants chimiques dans les applications de polyuréthane et aussi par près de 30 entreprises en Europe, 

il serait très difficile pour quiconque de revendiquer cette technologie et de faire valoir des licences.  

C’est pourquoi, Lambiotte, Arinos et le PNUD sont d’avis que cette technologie est libre d’utilisation. 

 

118. Après avoir répondu à toutes les observations soulevées par le Secrétariat et le réviseur technique, 

le PNUD a révisé le rapport final du projet de démonstration en conséquence. 
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Recommandation du Secrétariat 

 

119. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note avec satisfaction du rapport intitulé "Methylal as blowing agent in the 

manufacture of polyurethane foam systems. An assessment for the application in MLF 

projects" (Le méthylal comme agent de gonflage dans la fabrication des formulations de 

mousse de polyuréthane. Évaluation pour une application dans les projets du FML), remis 

par le PNUD; et 

 

b) Demander aux agences bilatérales et d’exécution de partager le rapport d’évaluation du 

PNUD sur le méthylal, ainsi que les renseignements sur les autres solutions de 

remplacement, lorsqu’elles aident les pays visés à l’article 5 à préparer des projets pour 

éliminer le HCFC-141b dans les applications de mousse de polyuréthane.  

 

Niveau mondial : Options à  faible coût pour l’utilisation d’hydrocarbures dans la fabrication de 

mousses de polyuréthane.  Évaluation pour une application dans les projets du FML 

 

Contexte 

 

120. Le PNUD a remis à la 66
e
 réunion un rapport technique sur les options à  faible coût pour 

l’utilisation des hydrocarbures dans la fabrication de mousses de polyuréthane : Évaluation pour une 

application dans les projets du FML.  L’étude technique complète est jointe au présent document (pièce 

jointe III). 

 

121. À sa 58
e
 réunion, le Comité exécutif a approuvé la validation/démonstration d’options à faible 

coût pour l’utilisation d’hydrocarbures intervenant comme agent de gonflage dans la fabrication de 

mousses de polyuréthane en Égypte (décision 58/31). 

 

Résumé  

 

122. Le projet de démonstration sur les options à faible coût pour l'utilisation d'hydrocarbures 

diffère des autres projets pilotes car il se concentre sur l’optimisation des coûts et de la performance 

d’une technologie existante et largement appliquée. Les coûts élevés limitent effectivement la 

technologie à base d’hydrocarbures aux grandes entreprises et ils ont conduit indirectement à 

l’utilisation répandue du HCFC-141b dans les entreprises plus petites et/ou moins sophistiquées.  

Tandis que le seuil financier pour de tels projets s’est élevé récemment en raison de son incidence à 

faible PRG, les coûts des équipements ont fait de même.  Par conséquent, les PME ne peuvent que se 

retourner vers des HFC indésirables sur le plan environnemental, des systèmes à base d’eau aux 

performances marginales, ou espérer que l’évaluation de technologies nouvelles livrera des options 

plus satisfaisantes. 

 

123. L’utilisation de la technologie à base d’hydrocarbures n’a pas changé considérablement au 

cours des 20 dernières années.  Elle exige des équipements de pré-mélange et de dosage coûteux, une 

aire de production sans explosion et des procédures de sécurité spéciales. De même, dans de 

nombreux pays, les systèmes de formulations n’ont pas changé au fil des ans alors que des 

améliorations dans les additifs, les polyols, l’option de co-mélange et autres optimisations pourraient 

permettre de meilleurs résultats avec des coûts semblables ou moindres. 
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124. Le projet de démonstration a été mis en œuvre en 3 étapes : développement des équipements, 

sélectionnés selon les procédures habituelles d’approvisionnement par un fournisseur d’équipements 

qualifié, lui-même sélectionné par ces mêmes procédures; élaboration d’une formulation par une 

société de formulation qualifiée, y compris des essais chez un fabricant local de mousses ou une 

société de formulation convenable et possédant la capacité appropriée; communications, incluant un 

atelier interrégional pour diffuser les résultats, suivi d’un rapport final destiné au Comité exécutif. 

 

125. Durant la mise en œuvre du projet, le PNUD a identifié des options pour : la réduction des 

coûts par pré-mélange chez le fournisseur, ce qui pourrait éviter la nécessité d’un pré-mélangeur avec 

les équipements auxiliaires (cuves de stockage, tuyauterie); injection directe des hydrocarbures qui 

élimine aussi la nécessité de formulations avec pré-mélangeur; et l’introduction de mélanges 

d’hydrocarbures plus récents qui permettraient des densités de mousse plus basses. 

 

126. L’équipement sélectionné était un diffuseur à haute pression à trois modules, compatible avec 

les formulations entièrement formulées et l’injection directe d’agents de gonflage aussi bien 

inflammables qu’ininflammables.  Durant les essais, il a bien fonctionné avec les formulations aux 

HCFC (référence), les formulations pré-mélangées et l’injection directe. En particulier, excellente 

répétabilité, mélange à trois flux acceptable (des ajustements futurs pourraient améliorer la  

performance) et une efficacité élevée du confinement de l’agent de gonflage entraînant des densités 

de mousses plus basses.  Six systèmes différents ont été sélectionnés comme l’indique le tableau 7 ci-

dessous.  Les systèmes au HCFC-141b ont servi de référence tandis que les isomères de pentane 

reflètent les préférences actuelles du marché.  Toutes les formulations gonflées au pentane ont été 

évaluées comme formulations pleinement formulées (agent de gonflage inclus) et comme 

formulations partiellement mélangées (agent de gonflage ajouté comme troisième flux). 

 
Tableau 7: Formulations de gonflage de mousse sélectionnées pour les essais 

Agent de gonflage Réfrigération commerciale Panneaux discontinus Chauffe-eau 

HCFC-141b Formulation A Formulation C Formulation E 

Cyclopentane  Formulation B Formulation D Formulation F 

Pentane normal  Formulation B Formulation D  

  

127. Les résultats des essais menés ont démontré que : 

 

a) La stabilité physique et chimique des formulations au cyclopentane dans des 

conditions standard est confirmée jusqu’à 6 mois.  Les formulations au pentane 

normal ne sont pas stables au-delà d’un mois; 

 

b) Pour les formulations pré-mélangées, puisqu’aucune formulation de pré-mélangeur 

n’est requise, on peut s’attendre à des économies de coûts de l’ordre de 100 000 $US; 

 

c) Bien que l’injection directe n’entraîne aucune économie dans le coût des 

équipements, le design compact pourrait engendrer des économies dans 

l’aménagement et l’entreposage; 

 

d) Si la densité libre plus basse peut se "traduire" par une densité appliquée plus basse, 

on peut s’attendre à des économies d’exploitation de 6 à 8 pour cent (ou 10 pour cent 

avec l’injection directe) par rapport aux formulations au HCFC-141b.  Toutefois, les 

coûts de transport pourraient augmenter; 
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e) Un facteur k1 légèrement plus élevé (de 5 à 8 pour cent) et une réactivité plus faible 

démontrent que l’impaction de la tête mélangeuse a souffert de l’introduction d’un 

troisième flux.  Tandis qu’une amélioration pourrait être apportée avec un ensemble 

catalyseur optimisé, il faudra envisager redessiner la tête mélangeuse du diffuseur. 

 

128. Tandis que tous les énoncés techniques sont considérés comme universellement valables, les 

énoncés sur les coûts ne sont pertinents que pour l’Égypte et devront être ajustés pour les autres 

régions/pays.  Même s’il a identifié plusieurs domaines qui requièrent un suivi (efficacité de la tête 

mélangeuse, optimisation du catalyseur), le PNUD estime que les résultats actuels sont importants et 

justifient une publication immédiate. 

 

Conclusion du réviseur technique 

 

129. Le réviseur technique a conclu que l’étude a vérifié les propriétés physiques acceptables des 

produits de mousse rigide pour la réfrigération commerciale, les panneaux discontinus et les 

applications pour chauffe-eau, obtenus avec l’utilisation de formulations pré-mélangées à base 

d’hydrocarbures ainsi qu’avec le dosage direct des hydrocarbures; elle a vérifié aussi la stabilité des 

formulations pré-mélangées au cyclopentane sur une période de 5 mois; des études se poursuivent 

pour vérifier une durée de vie minimale de 6 mois.  Il a été démontré aussi que les formulations au n-

pentane ne conviennent pas pour le pré-mélange à cause de l’instabilité (séparation des phases) du 

produit mélangé.  L’étude a démontré l’utilisation d’une unité de diffusion à 3 composantes, conçue 

pour offrir une flexibilité de fonctionnement avec des formulations pré-mélangées et des 

formulations aux hydrocarbures dosées directement. 

 

130. L’étude n’a pas vérifié adéquatement la sécurité continue des opérations avec les nouvelles 

formulations et les nouveaux équipements. Des études supplémentaires devraient être menées pour 

générer des données qui établiront clairement que l’opération de mélange à trois composantes répond 

aux exigences de sécurité, notamment en ce qui a trait à l’inflammabilité, pendant la transformation 

des formulations pré-mélangées, comme des formulations aux hydrocarbures dosées directement. Il 

faudrait obtenir davantage d’informations sur les exigences de sécurité pour la ventilation et la 

surveillance durant le transport et l’entreposage des formulations au polyol pré-mélangé, y compris 

les coûts prévus. Il faudrait préparer une analyse des coûts prévus pour la conversion à ces 

formulations pré-mélangées/à injection directe pour établir le niveau d’utilisation approximatif qui 

bénéficierait de ce raffinement technologique. 

 

Observations du Secrétariat 

 

131. Le projet pilote sur la validation des options à  faible coût pour l’utilisation des hydrocarbures 

dans la fabrication de mousses de polyuréthane incluait des ateliers pour diffuser les résultats des projets. 

C’est ainsi qu’un atelier s’est tenu en Égypte (4-5 juillet 2011) avec les participants suivants : 11 sociétés 

de formulation de 5 pays (Égypte, Émirats arabes unis, Afrique du Sud, Brésil et Italie); 19 fabricants de 

mousses de l’Égypte; des représentants de 5 pays visés à l’article 5 (Brésil, Égypte, Afrique du Sud, 

Turquie et Émirats arabes unis); des représentants du PNUD, du PNUE et de l’ONUDI; des grossistes en 

agent de gonflage du Brésil et de l’Égypte; 3 fabricants (des multinationales) d’équipements d’injection 

de mousses et des représentants des 4 principaux fabricants chimiques internationaux de PU.  Les 

résultats du projet pilote ont été diffusés pendant le processus de mise en œuvre du PGEH pour un certain 

nombre de pays (Brésil, Nigeria, Mexique) ainsi que lors de réunions d’intervenants et de visites dans des  

                                                      
1
 La conductivité thermique pour une épaisseur unitaire de matériau. 
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entreprises de mousses et des sociétés de formulation.  Des entreprises dans la plupart de ces pays ont fait 

part de leur intérêt et posé des questions. 

 

132. Le Secrétariat a demandé plus d’explications sur les surcoûts potentiels encourus au niveau de 

l’entreprise pour l’utilisation de formulations à base d’hydrocarbures.  Dans sa réponse, le PNUD a 

expliqué que les polyols pré-mélangés aux hydrocarbures sont des produits dangereux, classés comme 

inflammables. L’entreposage du polyol dans une usine devra donc se faire dans les conditions 

d’entreposage des produits inflammables. Comme l’entreprise utilisait des polyols pré-mélangés 

auparavant, les besoins totaux d’espace seront les mêmes et les opérations seront similaires à celles  

utilisant un hydrocarbure pur, les équipements et les systèmes de sécurité devraient donc être en place.  

La principale différence est qu’il n’est pas nécessaire de pré-mélanger sur place et donc l’utilisateur en 

aval n’a pas besoin de connaissances sur la composition de la formulation.  L’infrastructure au niveau de 

l’entreprise est simplifiée, avec un composant chimique en moins (hydrocarbure pur) et une opération en 

moins (pré-mélangeur et équipements auxiliaires). 

 

133. Étant donné la nécessité de fournir des informations supplémentaires sur la sécurité et les 

questions reliées aux coûts, comme l’a suggéré le réviseur technique, le PNUD effectuera des recherches 

connexes supplémentaires qui porteront sur l’adaptation des concepts de sécurité pour chacune des deux 

approches (injection directe, formulations pré-mélangées); l’observation de densités d’expansion libre 

plus basses obtenues à partir de polyols pré-mélangés et injectés directement qui pourraient conduire à 

des densités de produit plus basses (acceptables); l’optimisation de la tête mélangeuse; l’application de 

l’approche de l’injection directe à un modèle de conversion rentable et un concept des coûts sur la base de 

ce rapport.  Les résultats de ces recherches de suivi seront présentés dans un rapport complémentaire qui 

sera remis à la 67
e
 réunion. 

 

Recommandation du Secrétariat 

 

134. Le Comité exécutif pourrait souhaiter : 

 

a) Prendre note avec satisfaction du rapport intitulé "Low cost options for the use of 

hydrocarbons in the manufacture of polyurethane foams : An assessment for the application 

in MLF projects" (Options à faible coût pour l’utilisation des hydrocarbures dans la 

fabrication de mousses de polyuréthane : Évaluation pour une application dans les projets du 

FML), présenté par le PNUD;  

 

b) Demander au PNUD de finaliser les recherches supplémentaires sur les questions reliées à la 

sécurité, aux densités et à l’optimisation des équipements; d’élaborer un concept des coûts 

avec des polyols pré-mélangés aux hydrocarbures et de remettre un rapport complémentaire à 

la 67
e
 réunion; et 

 

c) Demander aux agences bilatérales et d’exécution de partager le rapport d’évaluation du 

PNUD sur les options à faible coût pour l’utilisation des hydrocarbures dans la fabrication de 

mousses de polyuréthane, en même temps que les informations sur les autres solutions de 

remplacement, lorsqu’elles aident les pays visés à l’article 5 à préparer des projets pour 

l’élimination du HCFC-141b dans les applications de mousses de polyuréthane.  
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Programme Element Specific Activities (provide details) Target
Budget estimate (for each 

activity within each 
programme element) US$

Period of implementation (include month and 
year)

Secretariat's proposal

1.Project Management 1.1 PMU Staff costs 8                                          88,550 Jan 2012-April 2013                                                    88,550 
1.2 Maintenance and Other Operating Expenses 
(supplies, communications, repairs and maintenance of 
equipment, gasoline and other lubricants, miscellaneous 
and contingency)

                                         47,619 Jan 2012-April 2013

20,000                                                           
1.3 Attendance to Annual  consultations/meetings 
(local/international) 4                                          58,000 Jan 2012-April 2013 20,000                                                           
1.4 Training/Seminars/Workshops (local and 
international) 
     1.4.1 Attendance to financial and administrative 
workshop to harmonize the policies of UNEP and the 
GoP
     1.4.2 Attendance to technical training  to ensure the 
compatibility of Philippine system with China web-
based system in tracking the stock of CFCs in the global 
market 
    1.4.3 Follow-up training of partner agencies and 
regional offices on database management and 
maintenance
     1.4.4  Regional forum on the updates of the NCPP 
Project Implementation and other NCPP 
implementation requirements

1

1

4

2

 

8,200

19,048

28,571

28,572 

June 2012

3rd Quarter of 2012

3rd Quarter of 2012

June 2012-April 2013

10,000

1.5 Turn-over of training equipment to Training 
Institutes 
     1.5.1 Conduct meetings with TESDA on the findings 
of the assessment on the training equipment conducted 
by NCPP-PMU
     1.5.2 Conduct physical verification of training 
equipment nationwide
      1.5.3 Conduct of final inventory of project fixed 
assets and preparation of turn-over documents and/or 
deed of donations to EMB Regional Office and partner 
agencies 
     1.5.4 Preparation of documentary requirements and 
distribution of deed of donations

150 sets

12

16 regions

150 Training Institutions 
& 16 EMB Regional 

Offices

 

286

11,905 

      Jan -June 2012

5,000
1.7 Preparation of Project Completion Report of 
overall implementation of the NCPP  (for the period 
2012-2014)
     1.7.1 Hiring of Individual Consultant for the 
preparation of PCR
     1.7.2 Conduct of annual financial audit
     1.7.3 Preparation/Finalization of reports (closing of 
books, meetings with partner agencies, TWG, etc.)

1

2
2

 

4,762

4,762
1,429 

      

January-April 2013

2012-2013
January-April 2013

Sub-total                                        194,169 143,550                                                         

Annex I

DETAILED WORK PLAN AND BUDGET ESTIMATES FOR NCPP ACTIVITIES, CY 2012 until April 2013
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Programme Element Specific Activities (provide details) Target
Budget estimate (for each 

activity within each 
programme element) US$

Period of implementation (include month and 
year)

Secretariat's proposal

2.Prevention of 
additional supply of 
ODSs/HCFCs

2.1 Hiring of auditing firm to conduct Verification 
Audits for  CFCs  and HCFCs 
       2.1.1 CY 2009&2010 (HCFCs)
       2.1.2 CY 2011-2013 (CFCs and HCFCs)

2
4

 

47,619 2nd Quarter of 2012
Every 1st Quarter of 2012 and 2013

30,000                                                           

 2.2 Hiring of IT firm to develop a web-based 
CFC/HCFC import and export monitoring system 1                                          23,810 4th quarter of 2012

10,000                                                           

2.3.1 Conduct of BOC Customs Officers Training 
nationwide on the developed web-based CFC/HCFC 
imports and exports monitoring system 
 2.3.2 Conduct technical training for BOC inspectors on 
skills in the identification and close montoring of HCFC 
and  equipment using HCFC

4                                          47,619 1st quarter of 2013 20,000                                                           

2.4 BoC enforcement of approved regulatory and policy 
measures for HCFC reduction and eventual phase-out
       2.4.1 Provide regulatory support to BoC on the 
implementation on the revised CCO 1

 

7,142 January 2012-April 2013

2.5 Monitoring of  grant recipients under type 1 
subprojects (conversions) in compliance with 
CFC/HCFC regulations
       2.5.1 Conduct of compliance monitoring of 
completed investment projects

        2.5.2 Provide regulatory support to FDA on the 
conduct of market monitoring of compliance of 
pharmaceutical industry, medical practitioners, and MDI 
users on the phase out of CFC-containing MDIs.

5 (Phase 2)

16

 

4,762

4,762 

2012-April 2013

2012-April 2013

5,000

2.6 Implementation of the amended IRR of PD 1572 
specifically on the accreditation of service shops

       2.6.1 Provide regulatory support to DTI and LGUs 
on the service shops' full compliance to the accreditation 
requirements 
       2.6.2 Monitoring of service shops nationwide in 
coordination with DTI and BPLO

16 DTIs

2521

 

7,143

28,571 

      
       2012-April 2013
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Programme Element Specific Activities (provide details) Target
Budget estimate (for each 

activity within each 
programme element) US$

Period of implementation (include month and 
year)

Secretariat's proposal

2.7 Conduct of compliance monitoring on the 
registration of ODS Handlers, dealers and resellers 
nationwide

16                                            7,937 2012-April 2013

2.8 Development and publication of Philippine National 
Standards for refrigerant cylinders and other HCFC 
appliances

1                                            7,143 1st quarter of 2013

Sub-total                                          86,509 65,000                                                           
3.  Elimination of CFC 
demand in the country

3.1 Updating of the Code of Practice Manual on 
Refrigeration and Airconditioning to include other 
new chemicals & technologies 
     3.1.1 Hiring of a Technical Expert/Consultant
     3.1.2 Coordination meetings with core group consist 
of 5 technical  groups/associations that would prepare 
the draft COP  
     3.1.3 Conduct of Regional consultations nationwide 
on the updated Code of Practice

1
1

3

 

7,143
4,286

21,426

2nd Quarter of 2012

3rd and 4th  Quarter of 2012

15,000
3.2 Assessment of Service Shop Voucher Grantees
     3.2.1 Hiring of Regional Coordinators
     3.2.2 Conduct of actual survey
     3.2.3 Hiring of M& E Consultant for the assessment 
of Training Institutes and Service Shop grantees (85% 
audit)
     3.2.4 Regional consultation on the draft assessment 
report
     3.2.5 Finalization of assessment report

10
1,339

1

4

1

 

12,753
25,505

3,524

21,423 

     
     3rd Quarter of 2012

     
     4th Quarter of 2012

5,000

3.3 Support to regional monitoring and validation on the 
findings of the technical and system audit in compliance 
to the terms and conditions of the voucher system

16 Regions
2521 service shops                                          57,143 1st quarter of 2013

40,000                                                           

3. 4 Conduct of re-training of trainers of TESDA and 
TESDA accredited institutions nationwide particularly 
on the implementation of the 3RS and the inclusion of 
new chemicals including HCFCs and other technologies 
in the updated CoP.

300 TESDA Trainers                                          35,714 3rd and 4th Quarter of 2012

30,000                                                           

3.5 Support to TESDA on the conduct of regional 
assessment and certification of remaining service 
technicians nationwide 
       3.5.1 Training supplies and materials
       3.5.2 Travelling expenses
       3.5.3 Coordination meetings with TESDA assessors 
and focal persons

980 service technicians                                          16,333 1st quarter of 2013
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Programme Element Specific Activities (provide details) Target
Budget estimate (for each 

activity within each 
programme element) US$

Period of implementation (include month and 
year)

Secretariat's proposal

3.6 Regulatory support to LTO in compliance to the 
JAO 03 series of 2006: Enforcement of Regulation on 
the Implementation of the NCPP on Motor Vehicles 
under the Revised Chemical Control Order for ODS:

       3.6.1 Conduct coordination meetings with LTO on 
the preparation of assessment report on the compliance 
of motor vehicles to refrigerant type
       3.6.2 Provision of refrigerant identifiers to LTO 
district offices (only in 6 key areas nationwide) to fully 
implement the banning of motor vehicles equipped with 
CFC MAC starting January 2012
       3.6.3 Conduct of MAC random roadside inspection 
by a composite team on a quarterly basis 

10

108

80

 

1,190

205,714

9,524 

       2nd Quarter of 2012

       2012-April 2013

80,000
Sub-total 170,000                                                         
4.  Management of 
unwanted ODS

4.1 Collection, transport and storage of recovered 
refrigerants from service shop grantees and chiller 
owners nationwide including confiscated refrigerants
     4.1.1 Conduct coordination meetings with DELSA  
on the CTS scheme to cover other regions
     4.1.2 Hauling of collected/confiscated refrigerants 
(from regional key areas to central CTS facility)

16 regions                                          72,857 

      

      2012-April 2013

30,000                                                           

4.2 Procurement of additional Equipment for the 
collection, transport and storage of recovered 
refrigerants  from service shops, chiller owners, etc.
1. 10 units of 1 tonne tank/cylinder
2. 4 units Recovery Machine
3. 1 unit Transfer Pump
4. 20 units (100 KG Cylinder)
5. 1 unit Moisture meter for quality assurance for 
recoverable contaminated refrigerants

                                         79,546 2nd Quarter of 2012

Sub-total                                        152,403 30,000                                                           
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Programme Element Specific Activities (provide details) Target
Budget estimate (for each 

activity within each 
programme element) US$

Period of implementation (include month and 
year)

Secretariat's proposal

5. IEC and Public 
Awareness

5.1 Conduct of advocacy and communication skills 
enhancement training in Luzon, Visayas and Mindanao 4                                          26,190 4th Quarter of 2012

20,000                                                           

5.2 Conduct of orientation seminars among BPLO of 
LGUs and DTI on accreditation requirements 300                                          30,357 3rd Quarter of 2012

5.3 Development and production of IEC materials 
     - Amended CCO for ODS
     - Revised Code of Practice
     - Updated NCPP Primer including HCFC
     - Brochures and leaflets
     - Tarpaulins/Posters
     - Newsletters
     - Web Pages that highlight service shop benificiaries
     - E-learning training modules
     - Social Networking
     - Video Documentary

                                         45,456         2012-April 2013

5.4 Production and airing of broadcast media on ozone 
layer depletion, NCPP major achievements, ban of 
CFCs in RAC/MAC sector and reduction as well as 
banning of HCFCs

                                         90,476 2012-April 2013

5.5 Ad hoc promotional activities   during Ozone Month 
and Earth Day Celebrations. 3                                          21,429 2012 -April 2013 

Sub-total                                          20,000 20,000                                                           
GRAND TOTAL                                        453,081 428,550                                                         
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Attachment I Progress Report on the Implementation of the Executive Committee Decision 

64/20 on the Institutional Strengthening project of DPR Korea submitted by 
UNEP. 

Attachment II  “Methylal as blowing agent in the manufacture of polyurethane foam systems. 
An assessment for the application in MLF projects” submitted by UNDP. 

Attachment III  “Low cost options for the use of hydrocarbons in the manufacture of 
polyurethane foams: An assessment for the application in MLF projects” 
submitted by UNDP. 

 



Progress Report on the Implementation of the Executive Committee Decision 64/20  
on the Institutional Strengthening project of DPR Korea 

 
A. Background: 
The 64th meeting of Executive Committee (25-29 July 2011) discussed the submission of DPR 
Korea’s Institutional Strengthening project (ISP) renewal. The following is the extract of the 
final report of that meeting concerning this issue:   

Paragraph 86. Concern was expressed about the lack of transparency and difficulties in 
monitoring the exact use of any institutional strengthening funding in the Democratic People’s 
Republic of Korea.  
Paragraph 87. The Executive Committee decided:  

(a) To defer consideration of the request for phase VI of the institutional strengthening 
project for the Democratic People’s Republic of Korea to its 66th meeting; and  

(b) To request the Secretariat and UNEP, as implementing agency, to propose 
alternative methods of disbursement, organizational structures and monitoring 
procedures to the Executive Committee by its 66th meeting.  

(Decision 64/20) 
On the margins of the 64th Executive Committee meeting, UNEP discussed with relevant 
Committee members that are interested in this topic, to provide additional information. During 
that side meeting, the following specific issues were raised clarifying the intent of the Decision 
64/20:  

- The salary level of the Ozone Officer and the modalities of salary payment under the ISP: 
It was noted that the cost of the salary is high and not in line with local salaries and the 
payment to the Ozone Officer through the Government needs more transparency. As an 
alternative, it was suggested if it was possible for UNDP Pyongyang to pay the Ozone 
Officer with a reduced salary level?  

- The UNEP delegation was provided with a document that had details about UNDP’s new 
Internal Control Framework for implementation of projects in DPR Korea. UNEP was 
asked to explore to which extent the ISP project could be implemented in light of such a 
framework.  

- Possibility for the Ozone Officer to be housed in UNDP’s Pyongyang office. 
Following the Executive Committee decision and the above discussions, UNEP’s Compliance 
Assistance Programme (CAP) informed DPR Korea’s National Ozone Unit (NOU) about the 
Executive Committee Decision 64/20, and sent a formal letter to the UNDP Representative in 
Pyongyang through the Director of UNEP’s Regional Office for Asia and the Pacific (ROAP) to 
initiate the consultation. It later agreed that the consultation would be conducted in Pyongyang 
during a joint UNIDO/UNEP mission for the country’s HPMP preparation during 28 November 
to 1 December 2011. 

UNEP prepared a draft report based on consultations in Pyongyang and circulated it to the 
Multilateral Fund Secretariat for review and comments. UNEP has also been keeping relevant 
Executive Committee delegations informed of these consultations. Based on comments/input 
received, UNEP finalized the report for the consideration of the Executive Committee.  



The following three parts describe the current implementation modality of the IS project in DPR 
Korea, the consultation process in Pyongyang and the proposed alternative methods for 
disbursement, organizational structure and monitoring procedures as requested by the Decision 
64/20 of the Executive Committee. At the end of the report, recommendations are proposed for 
the consideration of the Executive Committee at its 66th meeting.  

B. Current methods of disbursement, organizational structures and monitoring procedures 
for the implementation of the Institutional Strengthening Project  

Disbursement 
Under the current financial system, UNEP has been transferring the approved fund under the 
Institutional Strengthening Project to DPR Korea through the Small Scale Fund Agreement 
(SSFA). Following the signature of SSFA between DPR Korea and UNEP with the agreed work 
plan, the first payment would be made as cash advance to support the NOU to conduct the 
planned activities. Upon receipt of a satisfactory interim progress report and financial reports and 
confirming that 80% of first payment has been spent, UNEP would proceed with making the 
second payment. This modality is applying to all ISPs that UNEP is implementing as the 
implementing agency.  

The cash advance and the later reimbursement will be diverted to the National Ozone Unit, 
National Coordination Committee for Environment (NCCE) through UNDP Pyongyang in local 
currency.  

Organizational Structure 
The National Ozone Unit (NOU) is one of the core organs under the National Coordinating 
Committee for Environment (NCCE), which is chaired by the Vice Minister of the Ministry of 
Foreign Affairs. NOU is administrated by NCCE and supported by project officers and 
coordinators overseeing the activities relating to Montreal Protocol. All staff working in NOU is 
appointed by the Government of DPR Korea. 

Monitoring procedure 
As specified in SSFA, the NOU needs to submit regular progress report on the implementation of 
the agreed work plan as well interim and final financial report for UNEP’s review. The NOU 
would also share the final products such as the newsletters, poster etc that produced under the 
ISP with UNEP. UNEP maintains regular contact with NOU through UNDP Pyongyang on any 
queries, and/or clarification; Further UNEP takes supervision and inspection mission from time 
to time to visit Pyongyang, in combining with the implementation of other approved activities 
under Multilateral Fund. UNEP also have participated in some of activities organized by the 
NOU such as Ozone Day Celebration in Pyongyang. 

C. Consultation Process in Pyongyang during 28 November-1 December 2011 

UNEP and the NCCE of DPR Korea first jointly reviewed the Decision 64/20, and identified 
possible alternatives that the NOU could consider. The following issues were highlighted during 
the discussion:  

Meeting with National Coordination Committee for Environment (NCCE)/NOU 

General Issues:  



• The NOU first raised concerns about the impact of the delayed approval of ISP for the 
country’s compliance, and requested UNEP to convey a similar message as recorded in 
the final report of the Joint Meeting of the South Asia-South East Asia Regional Network 
of ODS Officers in Pokhara during 17-19 October 2011 on this matter, i.e.“ Network 
countries felt that the IS funding is essential for successful implementation of the 
Montreal Protocol and Executive Committee should be informed of countries concerns of 
difficulties that may face if any disruption or delay in funding of IS projects”. 

• The NOU further stated that it would cooperate with UNEP and the Multilateral Fund 
Secretariat to explore possible alternatives as requested by the Executive Committee, 
even though it was not convinced that it should be singled out for such a treatment.  

• The possibility to transfer the ISP to UNDP was discussed. However the NOU preferred 
that UNEP continues implementing the ISP considering the long term cooperation with 
UNEP for more than 20 years, and national stakeholders’ familiarity with UNEP’s 
reporting requirements and procedures.  

Disbursement 

• The option to stop advance payment under the current system was discussed. This means 
that following the signing of the SSFA, the NOU would need to organize the planned 
activities by using funding from other internal resources, and upon the submission of the 
progress report, the financial report and the receipts, UNEP would reimburse the cost 
accordingly through UNDP Pyongyang. The NOU warned that without advance 
payments under the ISP, the planned activities may not be organized as originally 
planned, as it will depend on the availability of the funding in the other departments of 
the Ministry. Therefore, it might delay the project implementation. The NOU advised it 
would be more efficient to continue the current advance payment system, but strengthen 
the management and monitoring on the use of the advance payment. 

Organizational Structure 

• Concerning the NOU’s staff recruitment, the NOU was flexible for the local people to be 
contracted by UN organization following the established procedures of UNDP, and make 
payments to those people directly.     

Monitoring procedure 

• Regarding the monitoring of the activities under the ISP, the NOU agreed to coordinate 
with UNEP more closely, to enable UNEP staffs who are visiting DPR Korea for other 
activities to participate in these activities. The NOU further agreed to provide UNEP with 
a separate report for each event they organized under the ISP within two weeks of 
completing the activity.   

UNDP Pyongyang has been extremely cooperative, and further showed its support to the work 
UNEP is carrying out in DPRK and expressed its readiness to extend its support if the working 
environment permits.  

Meeting with UNDP, Pyongyang Office 



UNDP in DPRK has a special Internal Control Framework and signed a MoU with the DPR 
Korea Government specifying those special operating arrangements under finances, banking, 
human resources, procurement and reporting.  

UNDP is directly implementing its projects under the Direct Implementation Modality (DIM). 
For an example, no advance payments is allowed under DIM, and UNDP should implement all 
the activities and make payments directly to the vendors for the goods and services and pay in 
local currency to their local bank accounts of the vendors. UNDP national personnel should be 
hired under UNDP contracts and are considered UNDP staff. The procurement of goods and 
services follow the same strict regime and controls, UNDP verify each requisition for goods and 
services against the lists of Items Prohibited for Export to and Import from DPRK pursuant to 
UNSCR 1718 including checking the items against the category “double use items” and 
accordingly UNDP requests vendors to provide export licenses for goods containing at least 10% 
of US or Japanese made components or technology. 

UNEP can completely hand over the project to UNDP Pyongyang to be implemented under 
UNDP DIM. This means that the project will be completely managed under UNDP rules and 
regulations, and the complete budget should be transferred to UNDP to implement the project 
and not only part of it, this includes managing the staff and resources, activities and payments. 
UNDP for that will charge its fixed General Administration fee of 7% as well as the 
Implementation Support Services for DIM projects, which should be added to the total budget of 
the project. It concluded that it would be more cost effective if the ISP could be directly 
implemented by UNDP as the implementing agency.  

However, it also recognized that the country’s preference of continuing with UNEP should be 
respected. In addition, if the ISP is to be transferred, the financial implications to the Multilateral 
Fund due to the charging structure for programme support cost (PSC) for the ISP, also needs to 
be considered. UNEP is open to any alternatives, including transfer of the ISP to other 
implementing agency such as UNDP which will need consultations with UNDP Montreal 
Protocol Unit.     

It was noted that as per the salary level determined by International Civil Service Commission 
(ICSC), the current salary level of the NOU staff under the ISP is reasonable. Currently, the 
proposed salary level for the 3 staff of the NOU is about USD 520/month per person on an 
average. For comparison, the salary level of local professional working on other projects for 
UNDP is about USD 900-1,000/month as per the established salary level by ICSC. If UNEP 
needs to hire the local staff directly, as per UNDP procedure the salary level would need to be 
increased, which will mean additional burden on MLF and will not be consistent with the Excom 
decisions on funding levels for ISPs. 

For the housing the NOU staff, UNDP Pyongyang informed UNEP that it has space constraints 
currently and in fact one of its project office is located outside of UNDP component in 
Pyongyang as well.  Therefore, to house 3 staff of NOU in UNDP Pyongyang office would be 
difficult. Also it recognized due to the nature of the work of NOU, it might not be efficient for 
NOU to be located in UNDP compound as well.   

UNDP Pyongyang also advised UNEP to contact other agencies that are operating in DPR Korea 
to understand their execution modalities. Later, United Nations Children’s Fund (UNICEF) 
confirmed that “UNICEF has a full fledged office here in Pyongyang, DPR Korea and manages 
its activities like any other country office does”.  



Concerning the direct contract the local people who are working for NOU, UNEP ROAP 
consulted UN Economic and Social Commission for Asia and the Pacific (ESCAP) that is 
providing administrative service to UNEP ROAP. It was advised that ESCAP would not be able 
to contract the Ozone Officer without daily supervision in Pyongyang.  Therefore, UNEP would 
not be a position to recruit the local people.  

UNEP internal consultation 

It was agreed that the following alternatives could be submitted to the Executive Committee for 
consideration after further consultation with the Multilateral Fund Secretariat.   

D. Proposed alternative methods of disbursement, organizational structures and 
monitoring procedures 
Fund disbursement approach under the ISP:  

All activities under ISP would be undertaken locally, such as public awareness events, UNEP 
and NCCE would sign a financial agreement (SSFA) to clearly define all activities and the 
respective costs. UNEP, as per the financial agreement, would make advance payments in 
Korean Won through UNDP Pyongyang after a detailed workplan for the year has been 
submitted listing the activities that will be conducted. However, the advance payment would not 
be spent for any of these activities unless the NOU submits a separate further detailed Terms of 
Reference (TOR) for each of the planned activities at least one month before the activity, for 
endorsement by UNEP. It was also agreed that within two weeks following the completion of the 
activity, the NOU would submit to UNEP a detailed report of the activity undertaken against the 
endorsed TOR with expenditure reports as well as original receipts for UNEP’s review and 
monitoring. For any activities that are organized without UNEP’s pre-endorsement, UNEP 
would not agree to cover the cost from the advance payment under the ISP.   

Activities: 

Organization Structure: 
The NOU staff would be recruited by the Government, and would be physically located in 
Ministry of Environment and Land Protection. UNEP, UNIDO and their consultants could easily 
visit the NOU office during their missions, and the NOU staff would be invited to the meetings 
of the Regional Networks of Ozone Officers, as well as other relevant meeting concerning the 
implementation of the Montreal Protocol. 

Monitoring Procedures: 
As agreed with NCCE, in addition to the semi-annual progress report that is required for any 
country as per UNEP procedures, the NOU of DPR Korea would conduct each planned activity 
as per pre-endorsed TOR following the above mentioned procedure and submit activity report 
within two weeks of completion of the activity. In addition, UNEP would coordinate with the 
NOU on the timing of the organization of any activity to maximize UNEP staff’s physical 
participation in ISP activities. UNEP has other projects with DRP Korea beyond those of the 
Multilateral Fund, and there are visits by UNEP ROAP (i.e. non-CAP) staff to Pyongyang 
frequently which will also be utilized for such monitoring. UNEP CAP would also try its best to 
organize its visits twice a year to conduct review and supervision work.  

The NCCE also agrees that UNEP would have unhindered access to project sites, as necessary 
for the implementation, monitoring and oversight of its programme.  



Recommendation:  
The Executive Committee might like to consider the following in light of the consultation and 
discussion as reported above: 

• Take note of the consultations made by UNEP and the Multilateral Fund Secretariat and 
proposed alternatives; 

• To approve the ISP renewal for DPR Korea, and request UNEP to implement the ISP as 
per the proposed alternatives in Section D above;  

• To request UNEP to report back the implementation status of the proposed alternative 
when it submit the renewal of the ISP for DPR Korea to the further coming meeting of 
the Executive Committee.  

or 

• Take note of the consultations made by UNEP and the Multilateral Fund Secretariat and 
the proposed alternatives;  

• To request other IAs who are interested in the implementation of the IS project for DPR 
Korea to further consultation with the Government of DPR Korea following Decision 
64/20 with alternative methods of disbursement, organizational structures and monitoring 
procedures to the Executive Committee by its 68th meeting. 
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��� � � �������������������	�������PROJECT TITLE:  Pilot project to Validate Methylal as Blowing Agent in the Manufacture of Polyurethane Foams (Phase-I) PROJECT I( CURRE(T BUSI(ESS PLA(:  Based on ExCom Decision 55/43(e i-iii) SECTOR:      Foams �������������������Baseline:       (/A BASELI(E ODS USE:      (/A  PROJECT IMPACT (ODP targeted):     (/A PROJECT DURATIO(:    9 months (Phase-I only)  PROJECT COSTS:    US$   464,200 (Phase-I only)  LOCAL OW(ERSHIP:    100 %   EXPORT COMPO(E(T:   0 %  REQUESTED MLF GRA(T: US$   464,200 IMPLEME(TI(G AGE(CY SUPPORT COST: US$   34,815 (7.5 %) TOTAL COST OF PROJECT TO MLF:  US$   499,015    ������������������	� � � ����PROJECT MO(ITORI(G MILESTO(ES: Included (ATIO(AL COORDI(ATI(G AGE(CY: Ministry of Environment - MMA/PROZO( 
��������	
����
�Brazil became a Party to the Vienna Convention and Montreal Protocol on 19 March, 1990. Brazil also ratified the London, Copenhagen, Montreal and Beijing Amendments.  The country is fully committed to the phaseout of HCFCs and willing to take the lead in assessing new HCFC phaseout technologies, particularly in the foam sector.  It has a vibrant local PU system house system  that caters to SMEs while all international PU chemical manufacturers are represented which concentrate on the larger users    The objective of this project is to develop, optimize, validate and disseminate the use of methylal in PU foam applications.  Validating now can save a multiple of the validation costs in subsequent projects.  The project is divided in two distinct phases:                          Phase-I:    development, optimization, validation and technology dissemination                       Phase-II:   implementation in 15 downstream enterprises covering all relevant applications  At this stage funding only for Phase-I is requested. The costs Phase-II are included as a preliminary indicative estimate.  The Phase-II costs will be updated after completion of Phase-I and submitted for approval in 2009.   It is the intent that the UNEP Foams Technical Options Committee will be involved in the validation.  
IMPACT OF PROJECT ON COUNTRY’S MONTREAL PROTOCOL OBLIGATIONS This project is a pilot project aimed to validate a new HCFC phase-out technology and will contribute indirectly to the fulfillment of Brazil’s Montreal Protocol obligations. If successfully validated, the technology will contribute to availability of cost-effective options that are urgently needed to implement HCFC phase-out, particularly at SMEs.     Prepared by:  Rappa, Inc.                   Date: May 2009 



  

 

PROJECT OF THE GOVER
ME
T OF BRAZIL PILOT PROJECT TO VALIDATE METHYLAL AS BLOWI
G AGE
T I
 THE MA
UFACTURE OF POLYURETHA
E FOAM (PHASE-I)  1. PROJECT BACKGOU
D  This project has been prepared as response to the Executive Committee Decision 55/43 and it is part of a limited group of pilot validation projects being implemented by UNDP with the objective to develop, optimize and validate chemical systems for use with non-HCFC blowing agents. At its 56th meeting, November 2008, the Executive Committee approved the first two pilot projects (one in Brazil) that will address the validation of one of these technologies (methyl formate) in all relevant PU applications. The present project aims to undertake a similar process in Brazil with another technology (methylal). The other technologies that make part of this limited group of pilot validation initiatives are listed in Table 1 below and will be tested in other countries.  2. PROJECT OBJECTIVES  The objectives of this project are to:  1. Develop, optimize and validate the use of methylal as auxiliary blowing agent in polyurethane foam applications meeting local and international safety standards; 2. Demonstrate the technology in a limited amount of downstream operations; 3. Transfer the technology to interested stake holders, such as system houses and individual HCFC users, anywhere in the world.    3. I
TRODUCTIO
  Current validated technologies for replacing HCFC-141b in foams are restricted to water/isocyanate, hydrocarbons and HFCs.  With water non-performing in thermal insulation applications, HFCs being high in global warming potential and hydrocarbons high in investment costs, it is important to validate other options.  ExCom Decision 55/43 reflects this by promoting pilot projects aimed to validate technologies.  UNDP has followed recent developments in this industry very closely.  Its evaluation also covered potential improvements on validated technologies that raise environmental concerns or are high in cost.  Based on its findings it has prepared a total of five (5) pilot projects which may cover all commercially available products that have potential as blowing agent in foams but have not yet been validated in an A5 context.  These technologies are:  SUBSTA�CE STATUS COMME�TS Hydrocarbons To be submitted to the 58th ExCom Evaluation of cost saving options Methyl formate Approved at the 56th ExCom Technical validation of a commercial available product Methylal To be submitted to 58th ExCom Technical validation of a commercial available product Supercritical CO2 Under development Technical validation of a commercial available product  HFO-1234ze* To be submitted to 57th ExCom Technical validation of a commercial available product * A Hydro-Fluoro-Olefin.  Full name: trans-1,3,3,3-tetra fluoro propene; CHF=CHCF3  This project covers the validation of methylal in all relevant foam applications.  Methylal is a commercially available product that is used mainly for solvent applications and, to a lesser extent, in 
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aerosols.  It has no ODP and a negligible GWP.  It is in limited use in Europe as a co-blowing agent to enhance HC and HFC systems.  However, it has also potential as a sole auxiliary blowing agent in situations where HFCs are not welcomed or HCs are too expensive in investment related to the size of a particular operation.  The first is an issue relevant to MOP decision XIX-6 which, under others, stipulates the need to include environmental concerns and the latter is a recurring issue in Article 5 countries where 80% of the enterprises qualify as SME.    Technology validation is a global task.  However, it has to be executed in a particular country and UNDP is therefore preparing the proposals in consultation and with the consent of the relevant countries, and requested endorsement letters from the countries are included.  However, because of the global impact, deduction of the first phase, which deals with development, optimization and validation from the national aggregate HCFC consumption, would not be fair and it is requested to treat phase-1 this way.    4. I
FORMATIO
 O
 PARTICIPATI
G COMPA
IES  This pilot project is designed around Arinos Quimica Ltda (“Arinos”), a Brazilian system house.  Contact information is as follows:    Company: Arinos Quimica Ltda Contact: Mr. Henrique Bavoso, Commercial Director Address: Rua Arinos, 15 – Pq Industrial Agua Vermelha, Osasco, SP CEP 06276-032, Brazil Ph/Fx/EM: +5511-3602-7254/+5511-3602-7215/henrique.bavoso@arinos.com.br  Arinos is the successor of Flexquim which was founded in 1993 by Mateos Raduan Dias.  The company initially focused on the distribution of chemicals to the flexible PU foam industry.  As business evolved into other distribution products and PU systems, it was decided in 1997, along with the relocation to a new, enlarged plant, to rename the business into Arinos because the original name did not match the products anymore.  The company is 100 % Brazilian owned.  Combined annual sales are US$ 100 million (2008).  In addition to its main plant and headquarters in Sao Paulo, it has two branches in the north and the south and three regional sales offices.  It employs about 130.  Annual sales for the PU system house part have developed as follows (rounded):  2005 US$ 2,300,000      2006 US$ 4,300,000      2007: US$ 7,000,000      2008: US$ 10, 500,000  Arinos has a customer base of about 250 PU companies that purchase systems.  Its distribution operation is much larger with 3,500 customers that include non-PU areas such as foodstuff, solvents, pharmaceuticals, etc.  From the 250 registered PU system buyers, 50 are regular customers.  Arinos also counts with the conditions required to undertake this assignment: knowledge and access to the technology, research and development capacity and interest to undertake the testing. There is no export to other countries.  Base PU chemicals are purchased from Dow, Bayer, Solvay and Momentive (former OSI, the successor of Union Carbide’s Silicones Division).  The company processes the following auxiliary blowing agents (2007/2008):   Substance   2007 2008 Remarks HCFC-141b   120 t 180 t all rigid and integral skin applications Methylene Chloride     40 t   60 t packaging foams Methylal       n/a    n/a at this time only sample amounts  Methylal is purchased from Lambiotte, Belgium. Lambiotte has developed methylal in Europe as a co-blowing agent in rigid PU foams.  Arinos intends to pursue its use as a sole or auxiliary blowing agent as it sees a large potential market in Latin America, which consists in majority of small users that cannot handle pure hydrocarbons and methylal offers the possibility to address flammability issues at the system 
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house only rather than at user level.  For this purpose, Arinos has entered into an exclusive distributorship for methylal with Lambiotte.  Arinos has preliminary identified 15 companies covering 18 applications that address all major HCFC-consuming PU applications in Brazil.   5. PROJECT DESCRIPTIO
  The project is divided into two phases:  
• Phase-I: development, optimization, validation, technology dissemination 
• Phase-II: implementation at recipients covering all applications  5.1 PHASE-I  PU foams are used in applications with different formulations.  18 applications have been identified that use currently HCFC-141b.  The first phase, which includes development, optimization and validation of methylal as replacement technology for HCFC-141b will involve the systems house only.  Arinos has already developed the technology for one application (packaging foams) but this still will need validation.  Phase-I of this project will consist of:  
• Acquisition of the necessary testing/prototyping equipment; 
• Development of the remaining 17 applications; 
• Optimization and validation of all 18 formulations on prototyping equipment; 
• Development of safe practices meeting national and international standards for the transportation, storage and use of methylal in system houses and of methylal-containing systems at SMEs;  
• Dissemination of the experience gained through a workshop.    Changing blowing agents, essential components in formulations, require determination of baseline values for critical properties.  Some, are general in nature but others are specific as the following list shows:   

Foam type Application Status Critical Properties Action 

Integral Skin 

Steering wheels Not developed Friability, surface Development, Optimization, Validation 

Shoe soles Not developed Surface Development, Optimization, Validation  

Structural (rigid) Not developed  Surface Development, Optimization, Validation  

Semi-flexible  Not developed Surface Development, Optimization, Validation  

Rigid 
Insulation 

Domestic refrigeration Not developed Insulation, adhesion Development, Optimization, Validation  
Commercial refrigeration Not developed  Insulation, adhesion Development, Optimization, Validation  

Water heaters Not developed  Insulation, adhesion Development, Optimization, Validation  

Trucks Not developed Insulation, adhesion Development, Optimization, Validation  

Panels-continuous Not developed Insulation, adhesion Development, Optimization, Validation  

Panels-discontinuous Not developed  Insulation, adhesion Development, Optimization, Validation  
Spray Not developed Insulation, adhesion Development, Optimization, Validation  

Blocks Not developed Insulation Development, Optimization, Validation  

Thermoware Not developed Insulation, adhesion Development, Optimization, Validation  

Pipe-in-pipe Not developed Insulation, adhesion Development, Optimization, Validation  

Semi-Rigid Packaging foam Developed Shock absorption Development, Optimization, Validation 

Flexible 
Foams 

Hyper-soft molded  Not developed  Appearance, touch Development, Optimization, Validation  
Hyper-soft slabstock Developed Appearance, touch Development, Optimization, Validation  

Low resilience Developed Resilience curve Development, Optimization, Validation   Companies and their suppliers do not conduct regular testing on properties of their foams, nor do they set standards.  Therefore the acquisition of suitable testing equipment and the determination of baseline data on critical properties is a precondition for a successful validation program.  In addition, prototyping equipment is required to limit burdensome and costly downstream production testing to a minimum.  The outcome of this part of the project will be a list of application-specific product requirements and tests to measure these.  After this, optimization and validation can start in earnest.   
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 Based on the outcome of these programs, the technology will then be technically cleared for industrial application under Phase-II as well for dissemination to other interested system houses world-wide.  Past experience has shown how important it is to assure commercial availability and local technical support.  In this project, following action is proposed to achieve this goal to the extent possible:  
• UNDP has stipulated—and Arinos has agreed to—offering the technology to all system houses in good standing, meeting in this way eligibility criteria (everything that is developed during the project implementation using MLF funds will be public knowledge and will be  disclosed).  
• Technology dissemination workshops will be conducted for interested systems houses as soon as the technology is deemed transferable.  5.2 PHASE-II  After the formulation for a particular application has successfully passed its evaluation, UNDP will apply for approval of the second project phase, which is application in manufacturing contexts.  15 companies, covering all 18 applications, will apply the technology in their operations.  Product and process testing will be conducted by the system house.  UNDP will conduct safety audits.  Process adaptations will be made as needed to meet requirements as indicated in the previous table. This phase is not part of the present submission, which is focused in validation of the technology.   5.3 SUPERVISIO
 ARRA
GEME
TS  Decision 55/43 requires Agencies to report accurate project cost data as well as other data relevant to the application of the technologies through “a progress report after each of the two implementation phases”.   UNDP suggests in addition supervision of the validation by the UNEP Foams Technical Options Committee.  The FTOC has, in its September 2008 meeting, in principle agreed to such an assignment.  6. TECH
ICAL OPTIO
S FOR HCFC REPLACEME
T I
 PU FOAMS  6.1 GE
ERAL OVERVIEW  Annex-1 provides an overview of all HCFC-141b replacement technologies that are currently available,  proposed or under development.  Based on these data, it appears that         

• Straight conversion of  HCFCs to HFCs will always increase the GWP;  
• HCs, CO2 (liquefied or derived from water), methylal and methyl formate will be options in PU foams that decrease—virtually eliminate—GWP in PU foams; 
• Emerging technologies such as HBA-2, AFA-L1 and FEA 1100 will require at least two more years before (potential) commercialization; 
• PU validation may therefore include cost-optimized hydrocarbons, methyl formate, methylal and environmentally optimized HFC formulations.    6.2 METHYLAL AS REPLACEME
T TECH
OLOGY FOR HCFC-141b  Methylal, also called dimethoxymethane, belongs to the acetyl family. It is a clear colorless, chloroform-like odor, flammable liquid with a relatively low boiling point. Its primary uses are as a solvent and in the manufacture of perfumes, resins, adhesives, paint strippers and protective coatings. It is soluble in three parts water and miscible with the most common organic solvents.   
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 Property Methylal HCFC-141b Appearance Clear liquid Clear liquid Boiling point 42 oC 32 oC LEL/UEL 2.2-19.9 % 7.6-17.7 Vapor pressure  400 mm Hg @ 20 oC 593 mm Hg @ 25 oC Lambda, gas  14.5 mW/m.k@ 42 oC 10.0 mW/m.k @ 25 oC Auto ignition  235 oC >200 oC Specific gravity 0.821 @ 20 oC 1.24 Molecular weight 76.09 117 GWP Negligible 630 TLV (USA) 1000 ppm TWA 500 ppm TWA/500 ppm STEL  Methylal has a very low toxicity while HCFC-141b classifies as moderately toxic:       Methylal     HCFC-141b 
• TLV (MAK):    1000 ppm    500 ppm 
• Acute toxicity:    LD50 > 7 g/kg    8,000 ppm  
• Acute inhalation toxicity (LC50) 15,000 ppm    10,000 ppm 
• LC50    18,354 ppm    92,000 ppm 
• Sub-acute inhalation  NOEL = 4,000 ppm (8 x 6 h)  20,000 ppm 
• Sub-chronic inhalation:   NOEL = 2,000 ppm   20,000 ppm 
• Eye irritation:    minor to moderate   minor to moderate 
• Skin irritation:    none to slight    none to slight 
• Dermal sensitization:   not allergenic    non allergenic 
• Ames test:    no mutagenic activity   no mutagenic activity  Methylal has also lower eco-toxicity than HCFC 141b:        Methylal  HCFC-141b 
• Daphnids, fish (Brachydanio Rerio)  no effect   31.2 – 126 mg/L 
• Biodegradability (ISO/DIS 8192)  biodegradable  not biodegradable  Methylal is, however flammable:  
• flash point (open cup):   -18°C (-0.4°F) 
• auto-ignition temperature:   237°C (458.6°F) 
• explosion limits:    1.6 % vol (LEL)/17.6 % vol (UEL)   Methylal as proposed, however, will reduce—or even eliminate—the related risk by premixing at the system house.  Consequently, safety precautions will be less than for current HC applications.   Following is a list comparing methylal with other, common foam blowing agents on the most relevant properties:  

 HCFC-141b Methylal Cyclo Pentane HFC-245fa 

LEL/UEL (%) 7.3-16.0 1.6/17.6 1.4-8.0 none 
Molecular Weight 117 76 70 134 
Gas Conductivity 
(mW/m

o
K) 

10 (25
o
C) 14.5 (42

o
C)* 11 (10

o
C) 12.5 (24

o
C) 

TLV/OEL (ppm) 
500 

(TLV) 
1,000 
(TLV) 

600  
(TLV) 

300  
(WHEEL) 

GWP  
(100 y; IPCC-1996) 

630 Negligible 11 820 

ODP 0.11 0 0 0 

*Extrapolation at 25 
o
C would be ~ 11 
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In summary, methylal compares very well to other, commercially available, HCFC replacement alternatives.  UNDP’s conclusion is that the chemical is worth a thorough validation.   Apart from the use of methylal as sole auxiliary blowing agent, its use as a co-blowing agent in conjunction with hydrocarbons and HFCs for rigid foam applications has been described in the literature.  It is claimed that in continuous panels methylal improves the miscibility of pentane, promotes blending in the mixing head, foam uniformity, flow, adhesion to metal surfaces and insulation properties, reducing simultaneously the size of the cells. In discontinuous panels, where most producers use non-flammable agents, the addition of a low percentage of Methylal to HFCs (245fa, 365mfc or 134a) makes it possible to prepare pre-blends with polyols of low flammability with no detrimental effect on the fire performance of the foam.  Methylal reduces the cost, improves the miscibility, the foam uniformity and flow and the adhesion to metal surfaces. Co-blown with HFC-365mfc, it also improves the thermal insulation. In domestic refrigeration compared to cyclopentane alone Methylal increases blowing rate and compressive strength. In sprayfoam it reduces the cost of HFC-245fa/-365mfc.  There is no known use of methylal as sole auxiliary blowing agent.  Finally, it would be interesting to apply methylal in natural polyol systems—such as castor or soy oil based polyols.  Such systems have generated high interest in Brazil and world-wide.  Despite all literature references, public knowledge of methylal’s industrial performance as blowing agent is quite limited. To validate its use as a possible replacement of HCFCs for MLF projects in developing countries, peer reviewed evaluations should be carried out to assess its performance in integral skin and rigid insulating foams. Following parameters should be carefully monitored:   
• Fire performance in actual operating conditions (considering flammability of the pure chemical) 
• Polyol miscibility, an advantage claimed in the literature 
• Foam flow (taking into account the relatively high -compared to other blowing agents- boiling point) 
• Foam thermal conductivity (Gas conductivity value is not reported) 
• Skin formation. (A cited US patent suggests a clear benefit) 
• Diffusion rate in the polyurethane matrix (in view of its high solvent power)   One could ask if future use of methylal in an additional application—foams—would not stress the supply and therefore would have price implications.  However, the potential use in foams is just a fraction of the current use in other applications and no supply issue is therefore expected.  Methylal is offered in different purities.  It is recommended that the pure grade suits its use as blowing agent best: 
 

Compound 
Cosmetic  

Grade 
Anhydrous  

Grade 
Pure  

Grade 
Technical  

Grade 

Methylal 99.5 % min. 99.9 % min. 99.5 % min. 93 % min. 

Methanol < 1 ppm < 0.05 % < 0.05 % 6.5 % max 

Formaldehyde < 1 ppm < 0.005 % < 0.0005 % < 0.02 % 

Water < 0.5 % < 0.03 % < 0.5 % < 0.25 % 

 7.    PROJECT COSTS  Making cost forecasts for pilot projects is difficult as they are by nature unpredictable.  UNDP has used to the extent possible guidance provided by the Secretariat in Doc 55/47 Annex III, Appendix II.  One uncertainty is the flammability.  The Material Safety Data Sheet (MSDS) mentions methylal to be “highly flammable”.  On the other side, it can be expected that emissions from PU systems containing methylal and from the actual foam process will be much lower—likely even below applicable explosion limits.  UNDP considers the process at the system house (prototyping, blending) hazardous and requiring adequate safeguards but the use of pre-blended systems may be non-flammable.  That implies that from the 18 applications most likely only 3 (all continuous operations that directly meter the blowing agent) are 
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deemed to require safeguards. Consequently, the Secretariat’s template for flammable blowing agents has been used in 4 cases (three users and the system house) and the template for non-flammable substances 12 cases.  This has a beneficial impact on the expected budget.  The price of methylal in Brazil is US$ 3.00/kg while HCFC-141b is US$ 2.40.  However, the molecular weight of methylal is lower so that a better blowing efficiency can be expected.  This may be partially offset by solubility and diffusion so that an actual prediction is difficult and the calculation of IOCs should await the results of the system development.  Following are the summarized cost expectations:  �� ��������� �	
�
���

������������� 
����	���� �	��� PHASE-I � DEVELOPME�T/OPTIMIZATIO�/VALIDATIO�/DISSEMI�ATIO� 1 Preparative work                    Project Preparation                    Technology Transfer, Training  30,000 25,000 55,000 
464,200  

2 System Preparation              Development  (17 applications) @ 5,000              Optimization  (17 applications)  @ 3,000                Validation      (18 applications)  @ 2,000  85,000 51,000 36,000 172,000 
3 Laboratory Equipment               K-factor tester� � US$ � 10,000               Refractometer� � �   5,000               Brett mold� � �   5,000               HP laboratory dispenser� � 50,000               Sprayfoam/PIP dispenser� � 20,000               pH tester�� �   5,000               Abrasion tester� � � 25,000               Cell gas analyzer� � � 20,000               Laboratory Safety 

 10,000 5,000 5,000 50,000 20,000 5,000 25,000 20,000 10,000 150,000 
4 Peer review/preparation of next phase  20,000 5 Technology Dissemination Workshops  25,000 6 Contingencies (10%)  42,200  PHASE-II � HCFC PILOT PHASEOUT PROJECT COVERI�G ALL APPLICATIO�S�(tentative and not part of the current funding request)  1 System House adaptations               1 Blender               1 Tank for Methylal               Safety measures                Contingencies (10%)     50,000 20,000 25,000 9,500     104,500                 629,700 + IOCs 
2 Discontinuous Operations (12)               14 Retrofits           @ 15,000               14 Trial Programs @ 3,000                Contingencies (10%)          210,000 42,000 25,200    277,200 3 Continuous Operations (3)                 3 ex proof metering systems @ 15,000                 3 ventilation units                 @  25,000                 3 sensor systems                   @  15,000                 3 grounding programs           @   5,000                 Contingencies        45,000 75,000 45,000 15,000 18,000 

     198,000 4 Peer review/safety audits  50,000 5 Incremental Operating Costs   Not determined UNDP requests at this stage a grant for the first phase of this project amounting to  US$ 464,200.  
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8. IMPLEME
TATIO
/MO
ITORI
G  TASKS                2009                2010  1Q  2Q  3Q  4Q  1Q  2Q  3Q  4Q Project Start-up     MF Project Approval     Receipt of Funds     Grant Signature        X         X    X                  Management activities   -Monitoring/oversight activities in place   -Progress Reports to NOU and Excom        X   X       X   X   X    Phase-I    -Procurement    -Installation    -System development    -System optimization    -System validation at  system house    -Peer review/detailed design of  phase- II    -Approval phase-II    - Technology Dissemination Workshop(s) 
                     

     X     XX       X        
  X X XX XXX    X      

             X X 
       

  Phase-II    -Prepare individual Implementation plans    -Procurement    -Installation/start-up    -Trials    -Certificates of  Technical Completion (COCs)    -Handover Protocols (HOPs)    -Completion Report (PCR) 
                            X                 

  X           
   XX XX    XX       X  

      X    X 
 

 MILESTO�ES FOR PROJECT MO�ITORI�G TASK MO�TH* (a)  Project document submitted to beneficiaries 2 (b)  Project document signatures 3 (c)  Bids prepared and requested 3, 9 (d)  Contracts Awarded 3, 9 (e)  Equipment Delivered 4, 11 (f)  Training Testing and Trial Runs 4, 12 (g) Commissioning (COC) 14 (h)  HOP signatures 15 (1)  Compliance Monitoring 17   * As measured from project approval  
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Relatório de Análise nº  107006.10.11

 
Cliente Contratante/Avaliado: ARINOS QUÍMICA LTDA.
 Rua Arinos, 15 - Parque Industrial Água Vermelha - Osasco - SP - CEP 06276-032
 CNPJ 01.722.256/0001-75
 Sr. Mario Cezar da Silva
 
Amostra: Ar ambiental
 Recebida em: 14/10/2011
 Data da análise: 20/10/2011
 
 Método: NIOSH 1611.
 

Notas 
1 - Amostragem: realizada pela Environ Científica. O relatório de amostragem encontra-se anexado. O resultado e dados são válidos somente para
a amostra analisada.
2 - BC: não apresentou massa acima do limite de quantificação.
3 - O resultado foi corrigido pelo branco de meio que não apresentou massa acima do limite de quantificação.
4 - A fase secundária das amostras não apresentou o analito acima de 10 % em relação à fase frontal. Concentrações superiores a 10 % na fase
secundária indicam a possibilidade de perda.
5 - As amostras foram recebidas acondicionadas conforme previsto na metodologia.
6 - O resultado precedido de "<" significa que não foi detectado o analito acima do limite de quantificação.
Limites de Quantificação: 
Metilal 20 µg.
Siglas: 
BC = branco de campo; LQ = limite de quantificação; ppm = parte por milhão; ppb = parte por bilhão; mg/m³ = miligrama por metro cúbico;
mg = miligrama; µg = micrograma; NI = não informado; "<" = abaixo do LQ; f/cc = Fibra por centímetro cúbico; NE = não estabelecido.
 

São Bernardo do Campo,  31/10/2011
 
                                                                                      Oscar Shigueo Umemura 
                                                                                           CRQ IV 04218265 
                                                                                      Supervisor do Laboratório
 

Não é permitida a reprodução parcial deste documento sem a autorização por escrito.

___________________ ______________________________ ___________________ ___________________ ____________________________________________________________________ ____________________________________________________________________

Amostra Nº do Cliente Vol./Tempo Coleta Resultados
___________________ ______________________________ ___________________ ___________________ ____________________________________________________________________ ____________________________________________________________________

107006.1 000090109 2,28 L 13/10/2011 Metilal 6,5 ppm ---
-------------------------------- -------------------------------------------------- -------------------------------- -------------------------------- ------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------

107006.2 000077662 3,00 L 13/10/2011 Metilal <2,6 ppm ---
-------------------------------- -------------------------------------------------- -------------------------------- -------------------------------- ------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------
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EXECUTIVE SUMMARY 
 

This project is part of a series of assessments conducted by UNDP covering substantially all current 
commercially available products that have potential or have been proven as blowing agent in foams but 
have not yet been properly assessed in an A5 context or that could be improved upon.  This particular 
pilot project—the assessment of low cost options when using hydrocarbons as blowing agent—has been 
executed in Egypt with assistance of an equipment manufacturer and a systems manufacturer. 
 

Hydrocarbon technology is available world-wide, but its implementation requires considerable capital 
outlays—predominantly related to addressing safety issues.  On the other side, operating costs are 
generally somewhat lower than HCFCs. The objective of this pilot project has been to assess options to 
lower these capital costs without compromising safety or operating costs. None of these options, 
however, should impair safety as currently required. 

 

This project is different from other pilot projects in that it focuses on optimizing costs and performance 
of an existing and broadly applied—but expensive—technology. The costs effectively limit the 
technology to large companies only and have led indirectly to wide-spread use of HCFC-141b in smaller 
and/or less sophisticated enterprises. While recently, the financial threshold for such projects has 
increased based on its low-GWP impact, so have equipment costs.  Therefore, SMEs can only fall back on 
environmentally undesirable HFCs, marginally performing water-based systems or hope that the 
assessment of new technologies—will provide more satisfactory options. 
 

The use of hydrocarbon technology has not materially changed over the last 20 years.  It requires costly 
pre-blending and metering equipment, an explosion-free production area and special safety procedures.  
Also, in many countries the make-up of the chemical systems have not changed over the years while 
improvements in additives, polyols, the option of co-blending and more optimizations would allow 
better results at the same or lower costs.   
 

UNDP saw options for cost reduction in the following areas: 
 

 Preblending at supplier level to delete the need for a preblender plus auxiliaries; 

 Direct injection of hydrocarbons which also removes the need for a preblender; 

 Introduction of more modern HC blends which would allow for lower densities; 
 

The project was executed in three steps: 
 

1. Equipment Development – selected through standard procurement procedures by a qualified 
equipment supplier 

2. System Development – selected through standard procurement procedures by a qualified system 
house including trials at a local foam manufacturer or system house that is willing to conduct these 
and has the capabilities 

3. Reporting – This includes an information dissemination inter-regional workshop, followed by a final 
report to the ExCom on the overall outcome  

 

As equipment UNDP selected a three-module high-pressure dispenser capable to process fully 
formulated systems as well as direct injection of flammable as well as non-flammable blowing agents. 
 

The equipment meets ATEX 94/9/EC and is in conformity to II 2 Gc IIB T4 as well as the requirements as 
listed in UNEP/Ozl.Pro/ ExCom/25/54, 1998.  
 

The equipment functioned in the subsequent trials well for HCFC systems (baseline), preblended 
systems and direct injection.  In particular, the dispenser offered  
 

 Excellent repeatability 

 Acceptable 3 stream blending 

 High efficiency in blowing agent containment, leading to lower densities 
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For the systems development six different systems were selected: 
 

Application 
Blowing Agent 

Commercial 
Refrigeration 

Discontinuous Panels Water Heaters 

HCFC-141b System A System C System E 

Cyclopentane (CP) System B System D System F 

Normal Pentane (NP) System B System D  
 

The HCFC-141b systems served to provide a baseline while the choice of pentane isomers reflects 
current market preferences. All pentane blown systems were evaluated as fully formulated systems 
(blowing agent included) and as partially blended systems (blowing agent added as a third stream). 
 

All systems were tested on 
 

 Physical and chemical stability of the blends 

 System properties of the foams 
(processability, mechanical properties, dimensional stability and thermal properties) 

 

The tests showed that  
 

 Physical and chemical stability of cyclopentane systems under standard conditions for up to six 
months is confirmed;   

 Normal pentane systems are not stable beyond one month;  

 For preblended systems, as no preblender along with its auxiliary equipment (tanks, piping, etc) is 
needed, cost savings of around US$ 100,000 can be expected; 

 For direct injection, no direct equipment savings can be expected but, with a much more compact 
design, savings in layout and storage can still be expected;  

 If the lower free density can be “translated” into lower applied density, incremental operational 
costs savings between of 6% and 8% can be expected compared to HCFC-141b systems.  On the 
other side, transportation costs may increase; 

 With direct injection, this could even increase up to 10%; 

 K values are 5-8% higher than for HCFC-141b foams but equal to conventional CP foams. 

 A slightly higher k-factor and lower reactivity show that the mixer head impingement has suffered 
from the introduction of a third stream.  While improvement could be made with an optimized 
catalyst package, redesign of the mixing head has been selected as the preferable option; 

 
While all technical statements are considered universally valid, cost statements are to be seen in the 
Egyptian context only and would need to be adjusted for other regions. 
 
While UNDP has identified several areas where follow-up is needed, it feels that the current results are 
significant enough to justify immediate publication.  Follow-up items are listed out below: 
 

 Tailored safety concepts for each of the two approaches (direct injection, preblended systems); 

 Investigation if the observed fact that preblended and directly injected approaches lead to lower 
free rise densities can be translated into lower (acceptable) product densities as well; 

 Mixing head optimization; 

 Extending the Direct Injection approach to a cost-effective retrofit model, and 

 A costing concept based on this report as well as the follow-up outcome 
 
The outcome of these follow-up investigations will be published in a supplemental report, expected to 
be presented to the 67th ExCom meeting. 
  



5 

 

1. Introduction 
 
HCFCs are currently still in use in developing (“A5”) countries as blowing agents in polyurethane (PU) 
foams.  To replace these HCFCs, following criteria would ideally apply: 
 

 Chemically /physically stable, 

 Soluble in the formulation, 

 A suitable boiling point with 250C being the target, 

 Low thermal conductivity in the vapor phase, 

 Non flammable, 

 Low toxicity, 

 Zero ODP, 

 Low GWP, 

 Low diffusion rate,  

 Based on validated technology, 

 Commercially available, 

 Acceptable in processing, and 

 Economically viable. 
 
CFC phaseout in rigid and integral skin foams has been mostly achieved by replacement through 
 

 Hydrochlorofluorocarbons (HCFCs) 

 Hydrocarbons (HCs) 

 Carbon dioxide (CO2), generated from water/isocyanate or applied directly as liquid or gas 
 
In developed (non-A5) countries HCFCs have in the mean time been replaced, for which the following 
options have been available or are currently under development (see Attachment-II for more in depth 
review): 
 

SUBSTANCE GWP
1
 MOLECULAR WEIGHT 

INCREMENTAL 
GWP

2 COMMENTS 

HCFC-141b 725 117 Baseline  

CO2 1 44 -725 Used direct/indirect (from water)   

Cyclopentane 11
2
 72 -718 Extremely flammable 

HFC-245fa 1,030 134  443  

HFC-365mfc 794 148  279  

HFC-134a 1,430 102  522  

Methyl formate negligible
 

60 -725  

Methylal negligible 76 -725  

Acetone  negligible 58 -725 Used in flexible slabstock 

FEA-1100
 

5 164
4
 -718 Under development 

HFO-1234ze 6 114 -719 Recently introduced 

HBA-2 <15 <134 >-708 Under development 

AFA-L1 <15 <134 >-708 Under development 

  Green = beneficial GWP effect; red = unfavorable GWP effect  
 

1 
Unless otherwise indicated, taken from IPCC’s Fourth Assessment (2007) 

2
 Derived from comparing GWPs compared to the baseline on an equimolar base.  It should be noted that in 

practice formulators may make changes such as increased water or ABA blends that impact the GWP effect 
3 

From UNEP Foams Technical Options Committee’s 2006 report 
4
 Calculated from published formulations 
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With water not satisfactory performing in thermal insulation applications, HFCs high in GWP, 
hydrocarbons high in investment costs, and HFOs not yet completely developed and/or not yet 
commercially available in developing countries, there is a need to assess other potential alternatives 
and, therefore, to investigate newly emerged technologies on their technical, cost, availability and 
environmental performance.   
 
Decision 55/43 of the Executive Committee of the Multilateral Fund for the Implementation of the 
Montreal Protocol (“MLF”) reflects this by promoting pilot projects aimed at validating technologies in a 
developing country (“A5”) context.   
 
UNDP has prepared a series of pilot projects which, it believes, cover substantially all current 
commercially available products that have potential or have been proven as blowing agent in foams but 
have not yet been assessed in an A5 context or that could be improved upon.  From the mentioned pilot 
projects, the assessment of the use of methyl formate (MF) and methylal in non-continuous PU 
applications have been technically completed while the assessment of cost-effective HC technologies 
has been substantially completed and the use of HFO-1234ze in extruded polystyrene plank is in the 
final stage with all experimental work done.   
 
This particular pilot project—the assessment of low cost options when using hydrocarbons as blowing 
agent—has been executed along with SAIP, an Italian manufacturer of PU foam equipment and Dow 
Chemical, through its System Development Center in Italy and its system house in Egypt. 
 
Hydrocarbon technology is available world-wide, but its implementation requires considerable capital 
outlays—predominantly related to addressing safety issues.  On the other side, operating costs are 
generally somewhat lower than HCFCs. The objective of this pilot project is to assess options to lower 
these capital costs without compromising safety or operating costs.   This assessment addresses in 
sequence 
 

 Design and Execution 

 Health, Safety, Environment  

 Processability 

 Physical properties 

 Conversion costs 

 Conclusions 
 

UNDP acknowledges with appreciation the cooperation extended by its project partners: SAIP (Italy) and 
Dow Chemical (Italy and Egypt).   
 

While UNDP has identified several areas where follow-up is needed, it feels that the current results are 
significant enough to justify immediate publication. Follow-up items are listed out below: 
 

 Tailored safety concepts for each of the two approaches (direct injection, preblended systems); 

 Investigation if the observed fact that preblended and directly injected approaches lead to lower 
free rise densities can be translated into lower (acceptable) product densities as well; 

 Mixing head optimization; 

 Extending the Direct Injection approach to a cost-effective retrofit model, and 

 A costing concept based on this report as well as the follow-up outcome 
 

The outcome of these follow-up investigations will be published in a supplemental report, expected to 
be presented to the 67th ExCom meeting. 
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2. Design, Execution 
 

The objectives of this project have been to: 
 

1. Develop, optimize and validate low cost options for hydrocarbons as auxiliary blowing agent in 
polyurethane foam applications; 

2. To demonstrate the technology in downstream applications, and 
3. To transfer information collected to interested system houses and downstream users   

 

It should be stated upfront that none of these options should impair safety as 
currently required.  It is referred in this context to international standard IEC 79-10, 

second edition (1986) and to MLF paper UNEP/Ozl.Pro/ ExCom/25/54, 1998 
 

These safety requirements are summarized in Attachment-I. 
 

Technology assessment is a global task.  However, it has to be executed in a particular country. UNDP 
choose Egypt—and the Government of Egypt accepted—for the following reasons: 
 

 HC technology is well established in Egypt 

 The center of HC development—Europe—is close 

 UNDP has a long tradition in working with the Egyptian foam industry 
 

This project is different from other pilot projects that focus on HCFC replacement technologies in 
polyurethane foams.  In these other projects, the technology to be assessed is a new one, which 
requires development of formulations for all applications.  In the HC case, the base technology exists for 
quite a while—since around 1992—and has been broadly applied in non-A5 as well as A5 contexts in 
companies that would meet critical size and technical proficiency.  In praxis this meant that a company 
should use at least 50t/y HCFCs and have adequate in-house engineering capabilities.  This would 
translate in eligibility for a grant of (7.83 x 50,000 =) US$ 391,000 which approximated the costs of such 
a project.  For domestic refrigeration plants, which cost more because of the need of (expensive) retrofit 
of jigs, a higher threshold was set.   This effectively limited the technology to large companies only and 
led indirectly to wide-spread use of HCFC-141b in smaller and/or less sophisticated enterprises.  
Recently, the financial threshold has increased by 25% in case a project is based on a low-GWP 
technology—which is the case with hydrocarbons--but so have equipment costs.  Therefore, even with a 
new threshold, if the cost of hydrocarbon technology is not lowered, SMEs can only fall back on 
environmentally undesirable HFCs, marginally performing water-based systems or hope that the 
assessment of new technologies—will provide more satisfactory options. 
 

The use of hydrocarbon technology has not materially changed over the last 20 years.  It requires costly 
pre-blending and metering equipment, an explosion-free production area and elaborate safety 
procedures.  Also, in many countries the make-up of the chemical systems is unchanged while 
elsewhere significant system optimization has taken place (additives, special polyols, co-blending, ….).   
 

UNDP saw options for cost reduction in the following areas: 
 

 Preblending at supplier level would delete the need for a preblender plus auxiliaries—but cause 
increase in the system price; 

 Direct injection of hydrocarbons would also remove the need for a preblender—but increase the 
equipment cost; 

 Introduction of modern HC blends would allow for lower densities—and lower in this way operating 
costs. 

 
To test the feasibility of these concepts, the development and commercialization both of stable pre-
blends that can be safely transported and the development of a multi-purpose, three-component foam 
dispenser are required.   
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The project was designed in four steps: 
 
1. development, optimization and validation/demonstration of premixed, stabilized, modern 

hydrocarbons systems that can be used directly by foam manufacturers (which means that the 
blowing agent is incorporated) or used together with direct injection of the blowing agent 

2. development of a three component foam dispenser, capable to direct inject hydrocarbons (pentane 
of cyclopentane blends) 

3. placing the three-component dispenser at a suitable facility followed by trials with  
a. direct injection of the blowing agent 
b. using a fully preblended polyol system1 

4. demonstration of the technology followed by dissemination through an inter-regional workshop 
 
Other PU pilot projects carry a second phase to demonstrate commercial application.  In this case, there 
is no need.  The system development part will be an optimization based on knowledge that is already 
available and incremental success is virtually assured.  Building a three component foaming unit has 
been before applied in an MLF project through retrofit (Turkey, in an ICF project) and will be rather a 
design optimization than application of a new concept.  Also, there is no need to demonstrate the two 
technology versions in all foam applications.  The variations in required formulations are well known to 
the chemical suppliers that cater to HC systems. 
 
As mentioned before, hydrocarbons are highly flammable.  UNDP considers the process at the system 
house (blending) and at user level (processing) hazardous and requiring adequate safeguards.  UNDP 
requires a safety audit to be conducted prior to commercial operation of a converted plant.   
 
The actual implementation allowed for some consolidation of the four mentioned steps: 
 
1. Equipment Development – selected through standard procurement procedures by a qualified 

equipment supplier selected through standard procurement 
2. System Development – selected through standard procurement procedures by a qualified system 

house including trials at a local foam manufacturer or system house that is willing to conduct these 
and has the capabilities 

3. Reporting – This includes an information dissemination inter-regional workshop, followed by a final 
report to the ExCom on the overall outcome  

 
The bidding process led to the selection of SAIP/Pozzi-Ariozo for both system and equipment 
development.  SAIP/Pozzi suggested—and UNDP accepted—to team up for its system development with 
Dow Systems, Italy and for trials with Dow Systems, Egypt.  This arrangement has worked out very well 
as will be shown in this report and UNDP wants to express its appreciation to the project  collaborators. 
 
For more details on design, related budget, etc., it is referred to the project document in its approved 
version (ATTACHMENT-III).   

                                                           
1
 (in addition, HCFC formulations have to be run to establish a baseline for comparison) 
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3. Outcomes     
 
3.1 General information 
 
Hydrocarbons are clear, colorless liquids with a mild odor.  As blowing agent, they are applied in a 
variety of foams.  Pentane isomers are the common choice in polyurethane foams—and from these 
predominantly cyclopentane (CP) is used. Their main physical properties are as follows (compared to 
HCFC-141b): 
 

 HCFC-141b normal-pentane iso-pentane cyclo-pentane 

Chemical Formula C2H3Cl2F C
5
H

12
 C

5
H

12
 C

5
H

10
 

Molecular Weight 117 72 72 70 

Boiling point (0C) 32 36 28 50 

Gas Conductivity 
(mWm0K at 25 0C) 

10.0 14,6 13,8 12,0 

Flammable limits 
(in air by vol. %) 

7.6-17.7 1.4-8.3 1.4-8.3 1.4-8.3 

GWP (100 y) 0.11 11 11 11 

ODP 630 0 0 0 

 
Below is a comparison of cyclopentane with other common foam blowing agents on the most relevant 
properties: 
 

Property HCFC-141b Methylal 
Cyclo 

Pentane 
HFC-245fa Methyl Formate 

LFL/UFL (%) 7.3-16.0 1.6/17.6 1.4-8.0 None 5.0-23.0 

Molecular Weight 117 76 70 134 60 

Gas Conductivity 
(mW/moK) 

10 (25oC) 14.5 (42oC)* 11 (10oC)** 12.5 (24oC) 10.7 (250C) 

TLV/OEL (ppm) 
500 

(TLV) 
1,000 
(TLV) 

600  
(TLV) 

300  
(WHEEL) 

100 
(TLV) 

GWP  
(100 y; IPCC-1996) 

630 Negligible 11 820 Negligible 

ODP 0.11 0 0 0 0 
MIR*** <0.01 0.89 2.39 0.00 0.06 

*        Extrapolation at 25 oC would be ~ 11;  
**     Extrapolation at 25 0C would be ~13.9 
*** Photochemical ozone creation potential 
 

Cyclopentane is offered in different purities.  Mostly used in foam applications are the commercial grade 
(70%) and the pure grade (90%).  Cyclopentane’s toxicity profile compares as follows with HCFC-141b:  
 
     Cyclopentane     HCFC-141b 

 TLV (TWA)    600 ppm    500 ppm 

 Acute toxicity (oral)  LD50 >5 g/kg (rat)   LD50 5 g/kg (rat)  

 Eye irritation:    none     minor to moderate 

 Skin irritation:    none      none to slight 

 Dermal sensitization:   not allergenic    non allergenic 

 



10 

 

Hydrocarbon users can for relatively moderate costs (around US$ 1,000/unit) conduct their own 
compliance testing with a portable electronic monitor. 
 
The Global Harmonization System (GHS) classification for cyclopentane is as follows  
 

Flammable liquids,       Category 2 
Specific target organ systemic toxicity - single exposure,  Category 3 
Aspiration hazard,       Category 1 
Acute aquatic toxicity,       Category 3 
Chronic aquatic toxicity,      Category 3 

 
Following flammability related data are available: 
 

 flash point (open cup):   -35°C (-31°F) 

 auto-ignition temperature:  361°C (682°F) 

 flammability limits:   1.4 % vol (LFL)/9.4 % vol (UFL)  
 
Cyclopentane has the following comparable eco-toxicological profile: 

 
      Cyclopentane  HCFC-141b 

 Daphnids, fish (Brachydanio Rerio) 10.5-100 mg/l   31.2 – 126 mg/l 
 
The USEPA considers all hydrocarbons to be precursors to ground-level ozone, a serious air pollutant in 
cities across the United States.  
 
Shipment and storage of cyclopentane can be carried out in carbon steel vessels or containers. No 
special material is required. Carbon steel is also acceptable for storage and piping. Protection from 
sunlight and avoidance of high ambient temperatures (>300C) is required.   
  
Pentanes are not very well miscible with polyols. This might be one of the reasons that system suppliers 
generally have refrained from offering preblended systems. However, some suppliers, during last 12 
years, have tried to minimize the separation issue through improved formulations (noting that such 
formulations are supplier-specific and may be proprietary). This has led to isolated cases where 
preblended systems have been offered and continue to be offered in the market. It is estimated that 
currently 2,000-3,000 t systems are sold preblended in Europe. Sales of preblended systems outside 
Europe have not been identified.  It should be noted that the suppliers of these preblended systems 
consistently declare such blends according to the GHS system (see before) UN 1993, class 3, product 
groupie (flammable).  Packing is in tightly sealed containers with safety labels (Class 3/UN 1993).  
Containers are steel or antistatic plastic. UNDP agrees with these classifications and recommends its use 
for projects based on its assessment.  
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3.2 Equipment Development and Evaluation 
 
Current HC technology is based on in-house preblending with the polyol blend. SAIP was selected to 
commission equipment that would be able to operate with preblended (flammable) systems as well as 
to directly inject (cyclo)pentane into the mixing head (“three component system”) without jeopardizing  
safety.  The equipment SAIP delivered consisted of  three separate modules: 
 
The isocyanate module in a standard configuration with 
 

 No enclosure and ventilation 

 No gas detection system 

 No explosion proof components 
 

The polyol module, including the hydrocarbon blend line with 
 

 Enclosure and ventilation 

 Drip pan 

 Pipes, hoses and fittings leak-free 

 Nitrogen blanketing 

 Electrical grounding 

 Gas sensors 

 Explosion proof components 

 Magnetic couplings 

 Closed loop mixing device 
 

The HC line with 
 

 Enclosure and ventilation 

 Drip pan 

 Pipes, hoses and fittings leak-free 

 Nitrogen blanketing 

 Electrical grounding 

 Gas sensors 

 Explosion proof components 

 Magnetic couplings (tank, stirrer) 
 

The mixing head is a self-cleaning laminar flow one three component device with a flexible exhaust line.  
 

The polyol and pentane modules  as well as the mixing head meet ATEX 94/9/EC and are in conformity 
to II 2 Gc IIB T4 as well as the requirements as listed in UNEP/Ozl.Pro/ ExCom/25/54, 1998. 
 
The equipment was installed, commissioned by Dow’s internal safety department and functioned well 
for HCFC systems (baseline), preblended systems and direct injection.  In particular, the dispenser 
offered  
 

 Excellent repeatability 

 Acceptable 3 stream blending, although some catalyst adjustments needed to be made 

 High efficiency in blowing agent containment, leading to lower densities 
 
UNDP and SAIP have agreed to use the remaining project funds to further optimize the mixing head to 
achieve even better blending.  For details it is referred to the attached report by SAIP (Attachment-IV). 
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3.3 System Development and Evaluation 
 
Along with the contract for a multi-purpose, three-component PU foam dispenser, SAIP/Pozzi Arioso 
received also a contract for the development and testing of preblended and three component systems.  
As mentioned, this part of the project was executed in cooperation with the Dow Chemical Company 
through its international systems development center in Italy in Correggio/Italy and its regional system 
house in 10th of Ramadan City/Egypt. 
 

Six different systems were selected: 
 

Application 
Blowing Agent 

Commercial 
Refrigeration 

Discontinuous Panels Water Heaters 

HCFC-141b System A System C System E 

Cyclopentane (CP) System B System D System f 

Normal Pentane (NP) System B System D  
 

The HCFC-141b systems served to provide a baseline while the choice of pentane isomers reflects 
current market preferences.  All pentane blown systems were evaluated as fully formulated systems 
(blowing agent included and partially blended systems (blowing agent added as a third stream. 
 

All systems were tested on 
 

 Physical and chemical stability of the blends 

 System properties of the foams 
(processability, mechanical properties, dimensional stability  and thermal properties) 

 

The outcomes of the tests can be summarized as follows: 
 

Blend Stability 
 

The market standard for a fully formulated system is 6 months with an exception for sprayfoam systems, 
which does not apply to this assessment.  Stability is characterized as the blend being homogenous (no 
phase separation) and substantially unchanged reactivity (free rise density, gel time).  Blends based on 
n-pentane shows phase separation after one month storage and are not anymore suitable for use.   
Blends based on cyclopentane show after 20 weeks, the duration of the tests, no separation, no density 
changes and only slightly faster reactivity.     
 
It should be pointed out that separation parameters/conditions beyond the mentioned duration have 
not been tested, and in different storage and environmental conditions this may result in safety-related 
challenges. Therefore, precautions should be taken to carefully monitor the quality of the available 
blends using the help of system houses serving as suppliers to a specific client or with in-house 
capabilities.  Downstream users should follow supplier’s recommendations on storage conditions. 
 
For more details it is referred to Attachment-VI. 
 

System Properties 
 

Processability has been compared with HCFC-141b and between preblended and directly injected 
cyclopentane.  In all cases commercially usable systems have been obtained. 
 

Commercial Refrigeration 
    

The market uses no n-pentane.  Compared with HCFC-141b cyclopentane shows: 
 

 A larger temperature window 
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 Higher reactivity 

 Lower free and applied density 

 Lower compressive strength (density related) 

 Higher k-factors 

 Better adhesion 

 Equal dimensional stability 

 Lower post-expansion (better cycle time) 
 
The lower compressive strength is still within the parameters of acceptability.  
 

Comparing preblended versus directly injected hydrocarbons, direct injection shows 
 

 Similar reactivity 

 Lower free density (applied density equal as per design) 

 Lower compressive strength (density related?) 

 Equal k-factors 

 Lower adhesion (still better than with HCFCs) 

 Slightly lower post-expansion 
 

The study was not designed to investigate the option to lower applied density ; this could remain an 
area for further study.   
 

Discontinuous Panels 
 

The market uses n-pentane and cyclopentane.   
 

Compared with HCFC-141b cyclopentane shows 
 

 Higher reactivity 

 Lower free and applied density 

 Slightly lower compressive strength 

 Higher k-factors 

 Slightly lower adhesion 

 Equal dimensional stability 

 Lower post-expansion (better cycle time) 
 

Compared with HCFC-141b n-pentane shows 
 

 Much higher reactivity 

 Lower free and applied density 

 Lower compressive strength 

 Considerably higher k-factors 

 Similar adhesion 

 Equal dimensional stability 

 Much lower post-expansion (better cycle time) 
 

Comparing preblended versus directly injected n-pentane direct injection shows 
 

 Slightly higher reactivity 

 Slightly higher free density  

 Equal compressive strength (density related?) 

 Equal k-factors 

 Lower adhesion 

 Slightly higher post-expansion 
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The differences between preblending and direct injection are in this case minor and within the 
variability ranges of the test methods. 
 

Comparing n-pentane vs. c-pentane comparison shows for n-pentane 
 

 Improved flow properties which can lead to lower applied density  

 Improved mechanical properties and dimensional stability  

 Improved cycle time properties  

 Worse k-factor 
 

 Water Heaters 
 

The market uses no n-pentane.  Compared with HCFC-141b cyclopentane shows 
 

 Higher reactivity 

 Lower free and applied density 

 Lower compressive strength 

 Higher k-factors 

 Lesser adhesion 

 Equal dimensional stability 
 

Comparing preblended versus directly injected hydrocarbons, direct injection shows 
 

 Similar reactivity 

 similar free density (applied density equal as per design) 

 Lower compressive strength 

 Equal k-factors 

 Same adhesion 
 

The differences between preblending and direct injection are in this case also minor and within the 
variability ranges of the test methods. 
 
For more information it is referred to Attachments IV and V that contain the Dow laboratory reports 
and provide detailed descriptions of the experiments conducted as well as the results achieved.  
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4. Conclusions 
 
4.1 Pre-blended Cyclo-pentane  
 

 Pre-blended cyclopentane systems are sufficiently stable and can be commercially used with 
application of applicable safety measures. It is recognized, however, that the shelf life will also be 
dependent on a specific formulation of a system,  therefore needs to be checked for each individual 
system, and that supplier’s storage and safety recommendations need to be followed;  

 As no preblender along with its auxiliary equipment (tanks, piping, etc) is needed, cost savings of 
around US$ 100,000 can be expected; 

 Based on lower comparable (to HCFC-141b) free rise densities, incremental operational costs 
savings of 5.6 % (water heaters) and 7.9 % (commercial refrigeration) can be expected up and above 
the customary difference based on the price of cyclopentane compared to HCFC-141b.  However, 
more research is needed to confirm this.  If confirmed, the overall difference in operating costs is 
estimated between 6 and 8%.  Against this, the possibility of higher transportation costs needs to be 
considered.  UNDP has contacted several suppliers with a request for transportation information but 
not yet received responses; 

 K values are 5-8% higher than for HCFC-141b foams but equal to conventional CP foams. 
 

4.2 Pre-blended Normal-pentane  
   

 Preblended normal-pentane systems are stable for less than a month and therefore not 
recommended for commercial use. 

4.3 Directly injected Hydrocarbons 
 

 In this case normal-pentane as well as cyclo-pentane can be used; 

 Equipment developed for this purpose shows good reproducibility and consistency as well as 
homogenous mixtures, despite higher polyol viscosities; 

 However, the k-factor in case of normal-pentane  is more than 11% higher than for HCFC-141b 
formulations, making its use in very critical formulations such as refrigeration and other appliances 
anyway undesirable; 

 Slightly higher k-factor and lower reactivity show that the mixer head impingement has suffered 
from the introduction of a third stream.  While improvement could be made with an optimized 
catalyst package, redesign of the mixing head should be considered as well; 

 Because of minimized blowing agent losses, free blown densities are even lower than for 
preblended cyclopentane;    

 No preblender along with auxiliary equipment (tanks, piping, etc) is needed but the need for a third 
dosing line might absorb most, if not all of these savings; 

 Based on lower comparable densities, incremental operational costs savings of up to 10%  can be 
expected up and above the customary difference based on the price of cyclopentane compared to 
HCFC-141b.  The overall difference in operating costs is estimated to be up to 10%.  No additional 
transportation costs will apply in this case.  This statement still needs, as mentioned before, 
confirmative trials. 

While all technical statements are considered universally valid, cost statements are valid in the 
Egyptian context only and would need to be adjusted in other regions. 
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ATTACHMENTS 



1 

 

ATTACHMENT I:  
 

PROCESS SAFETY GUIDELINES  
 

IN THE MANUFACTURE OF PU INSULATION FOAMS  
WHEN USING FLAMMABLE SUBSTANCES AS BLOWING AGENT 

 
The following safety concept is based on internationally recognized and applied standards.  In addition, it is 
possible that local standards or company policies exist that have to be adhered to.  The stricter one will prevail in a 
given situation.   
 
o Classify all identified hazard areas following IEC 79-10, second edition, 1986: 
 

Zone 0: Where a constant amount of highly flammable/ explosive liquids or gases may be 
expected.  Material must be explosion- proof and grounded.  

 
Zone 1: Where, from time to time, highly flammable liquids or gases may be expected. 

Material must be Ex-e, -d or -i and grounded. 
 

Zone 2: Where only by accident or scheduled maintenance highly flammable/explosive gases 
may be expected.  Material required is Ex-n or with IP54 sealing.  Grounding is 
required. 

 
o Reclassify or restrict as many areas as possible by the application of engineered solutions such as 

ventilation, ionized air blowers, other static dissipaters, separation walls, etc.; 
 
o Safeguard areas that cannot be reclassified, through explosion proofing; 
 
o Provide  additional safeguarding through the use of a combustible gas monitoring system with sensors 

at designated potential emission points and a portable gas detector to be used as part of a formal 
monitoring plan for areas that do not have continuous monitoring; 

 
o Provide adequate emergency response gear such as firefighting equipment; 
 
o Train personnel in safe operating procedures, preventive maintenance, and emergency response.  Use 

formalized procedures through the preparation of a safety manual and an emergency response plan;  
 
o Use an external expert or a technology transfer agreement to supervise all designs, the implementation 

and the start-up. The initial production start-up after conversion should be attended by experienced 
operating personnel. 

 
With the help of this safety concept, it is possible to design actual modifications that have to be made to 
implement the transfer from CFCs to hydrocarbons.  Actual implementation can differ, depending on equipment, 
plant layout, housekeeping and surroundings.   
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A "standard" conversion for a discontinuous process would be along the following lines: 
 
CENTRAL SAFETY AND CONTROL SYSTEMS 

 
Gas Sensing and Alarm System 

 
o The plant shall have installed gas sensors on locations where the possibility of emissions or leakage of CP 

exist.  The sensors are to be connected to a centralized control panel in a safe area, clear from potential 
emission sources. 

o The system shall be capable to trigger two consecutive visual/acoustical alarm levels, related to the 
percentage LEL reached.  Recommended is a first level alarm on 15% LEL and a second alarm level at 30% 
LEL. 

o The acoustical alarm shall be a minimum of 85 Db, or at least 15 Db over plant noise level.   
o The visual alarm shall be in the pouring area. 
o The first alarm shall be for warning purposes only. 
o The second alarm shall shut down the pouring operation and the pentane supply, while increasing the 

process exhaust. 
o The system shall have an independent power back-up. 
o An auxiliary portable gas sensor with calibration unit shall be kept on site. 

 
Exhaust System  

 
o The plant shall have installed a centralized or sufficient localized emission extraction systems of sufficient 

capacity serving locations where the possibility of emissions or leakage of pentane exists. 
o The system(s) shall have a two stage capacity and back-up power. 
o The system(s) shall be interlocked with the sensor and alarm system. 
o The system(s) shall have an independent power back-up. 

 
Grounding  

 
o All equipment in areas where CP emissions or leakage can occur shall be connected to a central electrical 

grounding system.  
o The grounding shall conform to internationally accepted specifications e.g. NFPA 77.  
 

Procedures 
 
o The enterprise shall provide the necessary operational safety and emergency response instruction and 

training to staff and personnel involved in the operations using cyclopentane. 
o A Safety Manager shall be appointed in the factory. The manager will receiver appropriate training and 

education and be properly certified. 
o Hazardous areas shall be clearly marked by signs indicating the Area Zoning. 
o Piping shall be color coded.   
o No smoking shall be allowed in the factory and its immediate surroundings.  The no smoking policy shall 

be properly marked by signs. 
o Periodic safety audits shall be effected. The audits shall include measuring of CP concentrations in areas 

not covered by permanent sensors through the use of the portable sensor by a qualified person. 
o A Safety Manual  shall be developed and maintained.  The manual should as a minimum address: 

o Safety Organization and Responsibilities 
o Standard Procedures for Work in Hazardous Areas 
o Response to Emergency Alarms 
o Start-up procedures after Emergency Shutdown   
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CYCLOPENTANE STORAGE AND TRANSFER 
 
o Location and installation of storage systems for hydrocarbons are subject to local regulations.. 
o Design of tank, piping, valves shall comply with internationally recognized standards, e.g. ISPEL, NFPA 30 

and NFPA 58. Recommended design pressure for a HC container is 250 psi.  
o Tanks shall have an electrically/pneumatically operated shutoff control valve on the outlet pipe of the 

tank that can be activated from within the plant.  In addition, it shall be possible to shutoff the electrical 
power supply to the tank from within the plant as well as at the tank.  

o Nitrogen blanketing shall be provided. 
o All components shall be properly grounded. 
o Protection against lightning may be required depending on location. 
o All installations within 4 m radius of the tank shall meet Zone 1 requirements.  
o Minimal one gas detector, connected to the central gas sensing and alarm system, shall be installed. 
o At a minimum two portable fire Extinguishers shall be installed. 
o The tank shall be in a concrete (spill) containment of sufficient size in a fenced, locked area, preferable 

with a cover to protect against direct sunlight. 
o The CP transfer pump, if included, shall be explosion proof with backflow protection. 
 
PREBLENDER 
 
o The preblender shall be placed in/on a spill containment of sufficient size.  
o It shall be placed in an enclosure, connected to an adequately sized  two stage air extraction system that 

allows 6/10 air replacements/hour.    
o One gas detector shall be installed, attached to the central gas sensing and alarm system. 
o The preblender shall be connected to a polyol buffer tank through a pump with backflow protection and 

to the CP storage and transfer system through an explosion proof pump with backflow protection. 
o All equipment inside the enclosure shall meet Zone 1 requirements. 
o All equipment shall be properly grounded. 
 
FOAM DISPENSER 
 
o Tanks shall be placed in/on individual spill containment of sufficient size.  
o At a minimum, the polyol tank and pump shall be placed in an enclosure, attached to an adequately sized  

two stage ventilation system that allows 6/10 air replacements/ hour.  Placement of the complete 
dispenser in an enclosure is recommended. 

o Drip pans shall be placed under metering pumps. 
o All installations in the enclosure shall meet Zone 1 requirements. 
o At a minimum one gas detector shall be installed, attached to a central gas sensing and alarm system.  
o Minimal two 6 kg ABC portable fire extinguishers shall be installed close to the foam dispenser. 
o All equipment shall be properly grounded. 
 
MOLDS, FIXTURES, PRESSES  
 
o Cavities in closed molds, fixtures and presses shall be inerted by nitrogen prior to the foam pouring 

operation.  IEC 79-10 provides instructions for the calculation of the amount of inertization gas. 
o Emissions from molds, fixtures and presses shall be removed through an adequately sized two staged 

extraction system. Calculation of the lower stage ventilation capacity should be based on the emission of 
5% of the CP injected.  

o Generation of static electricity should be minimized through proper grounding. In addition, the 
installation of ionized air blowers is recommended. 
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 SAFETY INSPECTION CHECKLIST 
 
Prepared by:   For:                                       
 
Date:      Project:                                  
______________________________________________ 
 
1. CYCLOPENTANE STORAGE AND TRANSFER 
 

 
 REQUIREMENTS 

 
 OK 

 
 COMMENTS /ACTIONS 

 
1.1 Meets local Specifications 

 
 

 
 

 
1.2 Certified by recognized Institution  

 
 

 
 

 
1.3 Suitable located 

 
 

 
 

 
1.4 Protected against traffic 

 
 

 
 

 
1.5 Placed on a pavement  

 
 

 
 

 
1.6 Fenced in with locked door 

 
 

 
 

 
1.7 Spill basin of adequate size    

 
 

 
 

 
1.8 Electrical installation meeting codes 

 
 

 
 

 
1.9 Gas sensor installed and operational 

 
 

 
 

 
1.10 Nitrogen blanketing 

 
 

 
 

 
1.11 Leak detection installed (Only required 

for underground tanks) 

 
 

 
 

 
1.12 Two 9 kg ABC fire extinguishers  

 
 

 
 

 
1.13 Connection to the premixer meeting 

requirements 

 
 

 
 

 
1.14 Grounded, with extra cable to connect 

to drums or tank truck 

 
 

 
 

 
1.15 Interconnected with the central 

safety/alarm system (automatic shut-
off valve, gas sensor) 

 
 

 
 

 
1.16 Water hydrant in vicinity 

 
 

 
 

 
1.17 Easy access for delivery /operation 

 
 

 
 

 
1.18 Ex transfer pump with backflow 

protection and lubrication 
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2. POLYOL/PENTANE PREBLENDER                          
 

 
 REQUIREMENTS 

 
OK 

 
 COMMENTS /ACTIONS 

 
2.1 Placed in a spill containment 

 
  

 
 

 
2.2 Placed in an enclosure attached to a 

two speed exhaust system 

 
  

 
 

 
2.3 Gas sensor installed and operational 

 
  

 
 

 
2.4 Connected to a polyol service tank 

with backflow protection  

 
  

 
 

 
2.5 Polyol service tank placed in a spill 

containment of 110% 

 
   

 
 

 
2.6 Electrical installation meeting codes 

 
  

 
 

 
2.7 One 6 kg ABC fire extinguisher in the 

direct vicinity 

 
  

 
 

 
2.8 Connected to an electrical grounding 

system 

 
  

 
 

 
2.9 Interconnected with the central 

safety/alarm system (ventilation and 
gas sensor) 

 
  

 
 

 
 
3. FOAM DISPENSING AREA 
 

 
 REQUIREMENTS 

 
 OK 

 
 COMMENTS /ACTIONS 

 
3.1 Tanks placed in separate spill 

containments of 110% each 

 
  

 
 

 
3.2 Drip pans under pumps  

 
  

 
 

 
3.3 Polyol tank and pump placed in an 

enclosure attached to a two speed 
exhaust system 

 
  

 
 

 
3.4 Electrical installation meeting codes 

 
  

 
 

 
3.5 Two gas sensors installed and 

operational  

 
  

 
 

 
3.6 Connected to an electrical grounding 

system 

 
  

 
 

 
3.7 Two 6 kg ABC fire extinguisher in the 

direct vicinity    

 
  

 
 

 
3.8 Nitrogen blanketing polyol tank 
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3.9 No cavities in the floor 

 
  

 
 

 
3.10 Interconnected with the central 

safety/alarm system (ventilation, 
automatic shut-off, gas sensor) 

 
  

 
 

 
3.11 Separated from other operations 

 
  

 
 

 
4. POURING AREA (INCLUDING MOLDS AND FIXTURES) 
 

 
 REQUIREMENTS 

 
 OK 

 
 COMMENTS /ACTIONS 

 
4.1 Installed in a separate area 

 
  

 
 

 
4.2 No cavities in the floor 

 
  

 
 

 
4.3 Explosion proof electrical fixtures 

 
  

 
 

 
4.4 Connected to a two speed exhaust 

system of sufficient capacity 

 
  

 
 

 
4.5 Gas sensors installed/operational at 

each pouring location  

 
  

 
 

 
4.6 Installation of a nitrogen flushing 

system on the mixing heads 

 
   

 
 

 
4.7 Installation of a nitrogen inertization 

system for the molds/fixtures 

 
  

 
 

 
4.8 Electrical installation meeting codes 

 
  

 
 

 
4.9 A 6 kg ABC fire extinguisher placed at 

each mold/fixture 

 
  

 
 

 
4.10 Mixheads, fixtures, molds connected 

to an electrical grounding system  

 
  

 
 

 
4.11 Interconnected with the central 

safety/alarm system (ventilation and 
gas sensors) 

 
  

 
 

 
 
5. CENTRAL SAFETY/ALARM SYSTEM 
 

 
 REQUIREMENTS 

 
 OK 

 
 COMMENTS /ACTIONS 

 
5.1 Placed in a safe, accessible area, 

separated from hazardous operations 

 
  

 
 

 
5.2 Interconnecting all gas sensors, 

exhaust systems, shut-off valves and 
any other emergency features into one 
central management system 
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5.3 Capable to trigger alarm on two 
consecutive LEL percentages 

   

 
5.4 Featuring acoustical as well as visual 

alarm and process shut down  

 
  

 
 

 
5.5 Independent power back-up 

 
   

 
 

 
 
6. SAFETY MANAGEMENT PROCEDURES 
 

 
 REQUIREMENTS 

 
 OK 

 
 COMMENTS /ACTIONS 

 
6.1 Provision of operational safety and 

emergency response instruction 

 
  

 
 

 
6.2 Appointment of a Safety Manager 

 
  

 
 

 
6.3 Marking of all hazardous area's by 

signs indicating the area coding 

 
  

 
 

 
6.4 Installation of non-smoking signs   

 
  

 
 

 
6.5 Color coding of piping 

 
   

 
 

 
6.6 Institution of pertinent standard 

operational procedures to assure 
proper safety  

 
  

 
 

 
6.7 Handheld sensor/calibrator 

 
  

 
 

 
6.8 Institution of regular safety audits, 

including measurements with the 
Handheld sensor 

 
  

 
 

 
6.9 Emergency response planning 
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ATTACHMENT II:  

 
HCFC PHASEOUT TECHNOLOGIES 

IN PU FOAM APPLICATIONS 
 
Francesca Pignagnoli 
Bert Veenendaal 
 
July 4, 2011 
 

1. INTRODUCTION 
 

HCFCs are currently still in use in developing (“A2”) countries as blowing agents in polyurethane (PU) foams.  To 
replace these HCFCs, following criteria would ideally apply: 
 

 A suitable boiling point with 25
0
C being the target, 

 Low thermal conductivity in the vapor phase, 

 Non flammable, 

 Low toxicity, 

 Zero ODP, 

 Low GWP, 

 Chemically/physically stable, 

 Soluble in the formulation, 

 Low diffusion rate,  

 Based on validated technology, 

 Commercially available, 

 Acceptable in processing, and 

 Economically viable. 
 

CFC phaseout in rigid and integral skin foams has been mostly achieved by replacement through 
 

 Hydrochlorofluorocarbons (HCFCs) 

 Hydrocarbons (HCs) 

 Carbon dioxide (CO2), generated from water/isocyanate or applied directly as liquid or gas 
 
HCFCs, in turn, have already been replaced in many developed countries by hydrofluorocarbons or HFCs.  At the 
same time, suppliers are looking to reduce flammability and other safety-related issues as well as environmental 
impact.  In particular, achieving low GWPs is emerging as an important condition for acceptability of HCFC 
replacements.  Following table provides an overview of currently available or emerging HCFC alternatives.  
Following indicative GWP changes are to be expected for available or emerging replacements of HCFC-141b in PU 
foam applications: 
 

SUBSTANCE GWP
1
 

MOLECULAR 
WEIGHT 

INCREMENTAL 
GWP

2 COMMENTS 

HCFC-141b 725 117 Baseline  

CO2 1 44 -725 Used direct/indirect (from water)   

Cyclopentane 11
2
 72 -718 Extremely flammable 

HFC-245fa 1,030 134  443  

HFC-365mfc 794 148  279  

HFC-134a 1,430 102  522  

Methyl formate negligible
 

60 -725  

Methylal negligible 76 -725  

Acetone  negligible 58 -725 Used in flexible slabstock 

FEA-1100
 

5 164
4
 -718 Under development 
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HFO-1234ze 6 114 -719 Recently introduced 

HBA-2 <15 <134 >-708 Under development 

AFA-L1 <15 <134 >-708 Under development 
1 

Unless otherwise indicated, taken from IPCC’s Fourth Assessment (2007) 
2
 Derived from comparing GWPs compared to the baseline on an equimolar base.  It should be noted that in 

practice formulators may make 
  changes such as increased water or ABA blends that impact the global warming effect 
3 

From UNEP Foams Technical Options Committee’s 2006 report 
4
 Calculated from published formulations 

  Green = beneficial GWP effect; red = unfavorable GWP effect  
 

These technologies are described in more detail below.  It should be pointed out that a comparison between GWP 
is an approximation of the climate effect.  A full lifecycle determination or a functional unit approach (as described 
by the MLF Secretariat in it paper 55/47) which includes energy efficiency and other factors is a better—but more 
lengthy —approach. 
 

1. PROVEN ZERO ODP TECHNOLOGIES 
 
HYDROCARBONS 
 
Pentane isomers are the most utilized hydrocarbon blowing agents (Bas). Their main physical properties are as 
follows: 
 

 normal-
pentane 

iso-pentane cyclo-pentane 

Chemical Formula C
5
H

12
  C

5
H

12
  C

5
H

10
  

Molecular Weight 72 72 70 

Boiling point (
0
C) 36 28 50 

Gas Conductivity 
(mWm

0
K at 25 

0
C) 

14,6 13,8 12,0 

Flammable limits in Air 
(vol. %) 

1.4-8.3  1.4-8.3  1.4-8.3  

GWP (100 y) 11 11 11 

ODP 0 0 0 

 
Hydrocarbons are Zero ODP/Low GWP flammable blowing agents and are a preferred solution for those producers 
who can afford the investment for managing safe handling of flammable formulations.  Evolution of hydrocarbon 
formulations has come to the point that systems can meet fire behavior requirements despite the flammability of 
the BA. Among the different isomers available, n-pentane or the commercial blends of n-pentane and iso-pentane 
are the most cost effective ones and are used in construction application, mainly through continuous production 
process.  
 
On the other hand, c-pentane is more soluble than n-pentane or iso-pentane and features the lowest thermal 
conductivity within the family of isomers. Because of this, it is a preferred choice for those applications where 
thermal conductivity is a key property, for instance domestic appliance and commercial refrigeration industry. Fine 
tuning of properties has taken place as well through blends (like cyclo-pentane/isopentane or cyclo-pentane/iso-
butane, where iso-butane is a gaseous molecule with limited solubility, its use is not wide-spread). 
 
There have been many HC-based/MLF-supported CFC-phaseout projects in refrigeration and in panel applications. 
The technology, however, was deemed unsafe for applications such as spray and in situ foams (“PIP”).  Despite 
that these blowing agents are low cost molecules, the investment costs to handle their flammability aspects are 
the same as at the time of phasing out CFCs and the technology will continue to be too expensive for SMEs and 
restricted in principle to the same applications as before.   
 
However, there are options to fine-tune project costs and investigate other applications: 
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 The introduction of HC blends that will allow lower densities (lower IOCs) 

 Direct injection (lower investment) 

 Low-pressure/direct injection (lower investment) 

 Centralized pre-blending by system houses (lower investment for foam manufacturer) 

 Application-specific dispensing equipments 
 
UNDP has initiated a study some of these options in Egypt.  
 
HYDROFLUOROCARBONS (HFCs) 
 
There are currently three HFCs used in foam applications.  Their main physical properties are as follows: 
 

 HFC-134a HFC-245fa HFC-365mfc 

Chemical Formula CH2FCF3 CF3CH2CHF2 CF3CH2CF2CH3 

Molecular Weight 102 134 148 

Boiling point (
0
C) -26.2 15.3 40.2 

Gas Conductivity 
(mWm

0
K at 25 

0
C) 

14,3 12.2 10.6 

Flammable limits in Air 
(vol. %) 

None None 3.6-13.3 

TLV or OEL (ppm; USA) 1,000 300 Not established 

GWP (100 y) 1,410 1,020 782 

ODP 0 0 0 

 

Hydrofluorocarbons are non flammable blowing agents, when considering that the only one which shows 
flammability limits, HFC365mfc, is commercialized as non flammable blend of HFC-365mfc/227ea. 

Gaseous HFC-134a has limited solubility into formulated polyols and concentrations above the solubility limit 
requires pressurized equipment or the addition of the BA directly in the mixing head of the machine (e.g. in case of 
continuous production DBL) or in the high pressure polyol stream via a static mixer (in case of discontinuous 
production). Combination of HFC-134a with liquid HFCs (HFC-245fa and/or the non flammable blend HFC-
365mfc/227ea) are often practiced in order to decrease applied density and improve thermal conductivity versus 
the use of HFC-134a alone, reducing cost of solutions containing high levels of liquid HFCs alone, as they are more 
expensive than gaseous ones.  

HFC-245fa is a non flammable BA and its boiling point allows the handling as a liquid under moderate pressure, but 
attention has to be put to overall vapor pressure in blends where high levels are used.  

In general , the availability of "low level" solutions addresses the need to find the best cost/performance balance 
at reduced GWP impact, while the use of HFC 245fa and HFC 365/227 at high levels, allows to obtain excellent 
foam insulation and processing performance.  
 
Current HFC use in A5 countries is a niche application.  There is some use of HFC-134a in shoe soles—most notable 
in Mexico.  Apart from the price, the use is complicated because of its low boiling point. The use of other HFCs is 
limited mainly to products for export—and even then sporadic.  On the other hand, these chemicals have played a 
major role in the replacement of HCFCs in foam applications in non-A5 countries—despite high GWP potentials. 

Generally, the use of water has been maximized and sometimes other co-blowing agents have been added.  High 

water / low HFC level technologies, which mitigate the HFCs GWP impact, can help producers to bridge time till 

new Zero ODP and low GWP blowing agents like HFOs will be available.  
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CARBON DIOXIDE 
 

 Carbon dioxide 

Chemical Formula CO
2
 

Molecular Weight 44 

Boiling point (
0
C) -78 

Gas Conductivity 
(mWm

0
K at 25 

0
C) 

16,3 

Flammable limits in Air 
(vol. %) 

none 

TLV or OEL (ppm; USA)  

GWP (100 y) 1 

ODP 0 

 
Carbon dioxide can be applied as a blowing agent through water, through formic acid and directly. 

- AS WATER 

The use of carbon dioxide derived from the water/isocyanate chemical reaction is well researched.   It is used as 
co-blowing agent in almost all PU foam applications and as sole blowing agent in foam applications that have no or 
minor thermal insulation requirements.   

Full water blown technology is Zero ODP, it has the lowest GWP and, differently from HC based solutions, it is non 
flammable and can be easily implemented with no/small capital investment.  
 
For this reason, increased use of water/CO2 has been and still is an important tool in the HCFC phaseout in cases 
where HCs or other blowing agent technologies cannot be used for economic or technical reasons.   

The successful development of water blown foams has been a real challenge due to its intrinsic physical hurdles 
such as higher  thermal conductivity, lower foam dimensional stability - which generally requires to increase the 
applied density –, and higher surface brittleness, resulting in a potentially weaker adhesion to metal facings. 
Formulated polyol viscosity and reaction exothermicity are inherently higher due to the absence of a physical BA 
like HFCs or pentane with consequent impact on its processability. Despite these hurdles, some formulation 
suppliers succeeded in developing specific water blown technologies for commercial refrigeration applications, 
including sandwich panels and commercial appliances.  

Ultimate generation fully water blown solutions can be adopted to address environmental call without entering 
into significant equipment changes investments, leaving the opening to be converted later on into co-blowing with 
physical blowing agents by the time when new proven low ODP low GWP non flammable solutions will be 
available. 

Recent development activities, mainly focused on the commercial appliance industry, have resulted in the 
development of new water blown technology characterized by greatly improved performance that can now be 
considered in line with HFC low level technologies.  Typical initial thermal conductivity is in the range of 22–23 
mW/mK (measured at 10°C), relatively higher compared to pentane and/or some HFCs blown solutions. 
Nevertheless, water blown technology is mainly used for the insulation of commercial appliances whenever the 
foam thermal conductivity requirements are less stringent (for instance for display cabinets where the heat-flow 
through the foam brings only a limited contribution to the equipment energy consumption). 

- AS FORMIC ACID 

The addition of formic acid as chemical blowing agent can provide technical advantages compared to full water-
blown technology. They provide excellent foam aesthetics, improved processability and good performance (in 
terms of flow, density distribution and adhesion), in particular at low mold temperature. Nevertheless some 
drawbacks have been identified and need to be taken in consideration. They are mainly linked to potential 
corrosion issues, which requires the machine manufacturers’ involvement in order to check and to improve the 
equipment suitability. Despite this hurdle, some formulators succeeded in developing specific water/formic acid 
blown technology featuring high and consistent performance in defined time window frame, provided storage 
conditions are respected.  
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The technology is mainly in use today in the market as an non-ODP/low GWP way to optimize the performance of 
full water blown technology, in applications where enhanced flow, lower density and outstanding aesthetics are 
key requirements, i.e.  the production of sandwich panels for cold store applications.  

Use of formic acid technology requires pre-risk assessment with equipment suppliers and adoption of suitable 
dispensing unit parts, like pumps & nozzles, to handle it, in order to prevent potential metal corrosion issues. 

- DIRECTLY 
Carbon dioxide can also be added as a physical blowing agent.  This is mostly the case in flexible foam and 
therefore not an HCFC replacement. However, there is also use of super-critical CO2 in sprayfoam applications in 
Japan.  UNDP is conducting a pilot project to assess the merit of this technology.  
 
 

2. EMERGING TECHNOLOGIES  
 
METHYL FORMATE (MF or ECOMATE

®
) 

 

Property Methyl Formate HCFC-141b 

Appearance Clear liquid Clear liquid 

Boiling point 31.3 
o
C 32 

o
C 

LEL/UEL 5-23 % 7.6-17.7 

Vapor pressure  586 mm Hg @ 25 
o
C 593 mm Hg @ 25 

o
C 

Lambda, gas  10.7 mW/m.k @ 25 
o
C 10.0 mW/m.k @ 25 

o
C 

Auto ignition  >450 
o
C >200

 o
C 

Specific gravity 0.982 1.24 

Molecular weight 60 117 

ODP 0 0.11 

GWP Negligible 630 

TLV (USA) 100 ppm TWA/150 ppm STEL 500 ppm TWA/500 ppm STEL 

 
Methyl-formate, also called methyl-methanoate, is a low molecular weight, flammable chemical substance. Its 
MSDS mentions R12 (extremely flammable but not explosive); R20/22 (harmful by inhalation and if swallowed) and 
R36/37 (irritating to eyes and respiratory system).  Foam Supplies, Inc. (FSI) in Earth City, MO has commercialized 
its use as a blowing agent in PU foams from 2005 onwards.  The application has been patented in several 
countries.   
 
In December 2010, the Executive Committee of the Multilateral Fund for the Implementation of the Montreal 
Protocol, short MLF, cleared the use of this substance in MLF projects.  Ecomate

®
, as FSI calls the product, has been 

initially licensed exclusively to selected distributors but MLF system house clients can receive non-exclusive 
licenses. The decision was based on an assessment prepared by UNDP that resulted in the following 
recommendations: 
 

 To allow the use of Methyl Formate as an alternative blowing agent to HCFC-141b in PU foam applications in 
MLF projects 

 To implement such projects preferably through system houses  

 To adhere to local regulations on industrial hygiene and fire safety 

 For project designers to ensure that:  

 Chemical compatibility is verified 

 Minimum density is observed 

 Health, safety and environmental recommendations are incorporated 

 Implications related to acidity are taken into account 
 
Because of inhalation and flammability concerns, UNDP commissioned an industrial hygiene study in Brazil under 
“worst case scenarios” (open blending and sprayfoam operations) which showed process emissions to be well 
below 100 ppm, (STEL).  100 ppm equals 0.2% LFL, so that meeting IH conditions.   
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MF is normally sold as a system, which, with proper choice of polyols and additives, would restrict flammability 
issues to the supplier.  
 
METHYLAL 
 

Property Methylal HCFC-141b 

Appearance Clear liquid Clear liquid 

Boiling point 42 
o
C 32 

o
C 

LEL/UEL 2.2-19.9 % 7.6-17.7 

Vapor pressure  400 mm Hg @ 20 
o
C 593 mm Hg @ 25 

o
C 

Lambda, gas  Not available 10.0 mW/m.k @ 25 
o
C 

Auto ignition  235 
o
C >200

 o
C 

Specific gravity 0.821 @ 20 
o
C 1.24 

Molecular weight 76.09 117 

GWP Negligible 630 

TLV (USA) 1000 ppm TWA 500 ppm TWA/500 ppm STEL 

 
Methylal, also called dimethoxymethane, belongs to the acetyl family. It is a clear colorless, chloroform-like odor, 
flammable liquid with a relatively low boiling point. Its primary uses are as a solvent and in the manufacture of 
perfumes, resins, adhesives, paint strippers and protective coatings. It is soluble in three parts water and miscible 
with the most common organic solvents. 
 
The use of Methylal as a co-blowing agent in conjunction with hydrocarbons and HFCs for rigid foam applications 
(domestic refrigeration, panels, pipe insulation and spray) has been described in the literature.  It is claimed that 
Methylal improves the miscibility of pentane, promotes blending in the mixing head, foam uniformity, flow, 
adhesion to metal surfaces and insulation properties, reducing simultaneously the size of the cells.  
 
Despite all literature references, public knowledge of Methylal’s industrial performance as blowing agent is quite 
limited. To validate its use as a possible replacement of HCFCs for MLF projects in developing countries, UNDP has 
conducted in Brazil and Mexico assessments. While it has already shown good performance, the flammability of 
systems containing >3 php is a concern and may restrict its use.  

 
3. TECHNOLOGIES UNDER DEVELOPMENT 

 
HYDROFLUOROOLEFINS 
 

 HFO-1234ze HBA-2 FEA-1100 AFA-L1 

Chemical Formula CHF=CHF3 n/k n/k n/k 

Molecular Weight 
114 <134 

161-165 
(estimated) 

<134 

Boiling point (
0
C) -19 >15 <32 >25 >10 <30 

Gas Conductivity 
(mWm

0
K at 10 

0
C) 

13 n/k 10.7 10 

Flammable limits in Air 
(vol. %) 

None None  None None 

TLV or OEL (ppm; USA) 1,000 (proposed) n/k n/k n/k 

GWP (100 y) 6 <15 5 Negligible 

ODP 0 0 0 0 

 
Since early 2008, several new blowing agents for PU foams have been proposed by major international 
manufacturers of halogenated compounds.  Four of them are worth mentioning. These are all geared towards 
replacement of HFCs and sometimes called “second generation” HFCs, although HFOs appear to have a more 
distinctive description.  They share low/no flammability, zero ODP and insignificant GWPs: 
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Except HFO-1234ze, all other chemicals listed out in the table above will not be commercialized in the next few 
years and, most likely, will then first be geared towards developed countries where legal limitations on HFCs are 
considered.  It may appear somewhat late in an A5 context where foam conversion is prioritized. As to HFO-
1234ze, this is already in use as a replacement of HFC-134a in one component foams (OCF). There are only few 
OCF manufacturers in developing countries.  
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ATTACHEMENT III: 

Project on Validation/Demonstration of Low Cost Options for the Use of Hydrocarbons as foaming agent in the 
Manufacture of PU Foams 

 
COUNTRY:      Egypt     
 
IMPLEMENTING AGENCY:      UNDP 
 
PROJECT TITLE:  Validation/Demonstration of Low Cost Options for the Use of Hydrocarbons as foaming 

agent in the Manufacture of PU Foams 

 

PROJECT IN CURRENT BUSINESS PLAN:    Based on ExCom Decision 55/43(e i-iii) 

SECTOR:       Foams 

 Sub-Sector:      Rigid and Integral Skin PU Foams 

ODS USE IN SECTOR  
Baseline:        Not yet determined 

 Current (2007):        433 ODP t HCFCs as per Government reporting 

BASELINE ODS USE:       n/a (pilot project) 

PROJECT IMPACT (ODP targeted):      n/a (pilot project) 

PROJECT DURATION:        8 months  

PROJECT COSTS:      US$ 473,000  

LOCAL OWNERSHIP:     100 %   

EXPORT COMPONENT:     0 %  

REQUESTED MLF GRANT:     US$ 473,000 

IMPLEMENTING AGENCY SUPPORT COST:   US$   35,475 (7.5 %) 

TOTAL COST OF PROJECT TO MLF:    US$ 508,475    

COST-EFFECTIVENESS:     11.8 US$/kg-ODS 

PROJECT MONITORING MILESTONES:   Included 

NTL. COORDINATING AGENCY:    Egypt Environmental Affairs Agency (EEAA) 

National Ozone Unit 

Project Summary 
 
Egypt is a Party to the Vienna Convention and the Montreal Protocol.  It also ratified the London, Copenhagen and Montreal amendments.  
The country is fully committed to the phaseout of HCFCs and willing to take the lead in assessing and implementing new HCFC phaseout 
technologies, particularly in the foam sector—as it did for CFCs in 1992 when it submitted and completed the first foam sector investment 
projects ever under the MLF.  Egypt has local PU system houses that frequently combine importations and distributions for major 
international chemical and equipment manufacturers with local blending for SMEs.  In addition, most international PU chemicals suppliers are 
represented with offices or their own system houses.    
 
The objective of this project is to develop, optimize, validate and disseminate low-cost systems for the use of hydrocarbons in the 
manufacture of PU rigid insulation and integral skin foams.   

 
IMPACT OF PROJECT ON COUNTRY’S MONTREAL PROTOCOL OBLIGATIONS 
 
This project is a pilot project aimed to validate optimized HC technology and will contribute indirectly to the fulfillment of Egypt’s Montreal 
Protocol obligations. If successfully validated, the optimized technology will contribute to availability of cost-effective options that are 
urgently needed to implement HCFC phase-out, particularly at SMEs. 

    

 
Prepared by:  Rappa, Inc.                       Date: May 2009 
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PROJECT OF THE GOVERNMENT OF EGYPT 
 

PILOT PROJECT FOR THE VALIDATION/DEMONSTRATION OF LOW COST OPTIONS FOR HYDROCARBONS AS FOAMING 
AGENT IN THE MANUFACTURE OF PU FOAMS  

 
 
1. PROJECT OBJECTIVES 
 
The objectives of this project are to: 
 

4. Develop, optimize and validate low cost options for hydrocarbons as auxiliary blowing agent in polyurethane 
foam applications; then 

5. demonstrate the validated technology in a representative amount of downstream operations, and 
6. transfer the technology to interested system houses and other users   

 
2. INTRODUCTION 
 
Current validated technologies for replacing HCFC-141b in foams are restricted to water/isocyanate, hydrocarbons and 
HFCs.  With water non-performing in thermal insulation applications, HFCs being high in GWP and hydrocarbons high in 
investment costs, it is important that, along with the investigation of other, recently developed, but not yet validated 
options, these technologies will be investigated on approaches to improve their technical, cost and/or environmental 
performance.  ExCom Decision 55/43 reflects this by promoting pilot projects aimed to validate technologies, mentioning 
specifically the use of low-cost hydrocarbon technologies.  UNDP has followed recent developments in the foam industry 
closely and prepared four pilot projects which, it believes, cover all commercially available products that have potential—
or have been proven—as blowing agent in foams but need optimization/validation/demonstration in an A5 context.  
These technologies are: 
 

Substance Sub-Sector Status Comments 

Hydrocarbons RPF, ISF to 58
th

 ExCom Validation/Demonstration of cost saving options 

Methyl formate RPF, ISF, FPF Approved Technical validation of a commercial available product 

Methylal RPF, ISF, FPF to 58
th

 ExCom Technical validation of a commercial available product 

HFO-1234ze XPS to 58
th

 ExCom Technical validation of a commercial available product 

 
This project covers the validation of low cost hydrocarbon technologies. Technology validation is a global task.  However, 
it has to be executed in a particular country and UNDP is therefore preparing the proposals in consultation and with the 
consent of the relevant countries, and an endorsement letter from the country is included.  However, because of the 
global impact, deduction of the first phase, which deals with development, optimization and validation from the national 
aggregate HCFC consumption, would not be fair and it is requested to treat phase-1 this way.   
  
 
3. PROJECT DESCRIPTION 
  
 3.1 PROJECT DESIGN 
 
This project is different from other pilot projects concerning HCFC replacements in polyurethane foams.  In other projects 
the technology to be validated is a new one, which requires development of formulations for all applications.  In this case 
the technology is already existing for quite a while—since around 1992—and broadly applied in an A5 context in 
companies that would meet a critical size and technical proficiency.  In praxis this meant that a company should use at 
least 50t and have in-house engineering capabilities to be eligible.   
This would translate in eligibility for a grant of (7.83 x 50,000 =) US$ 391,000 which approximated the costs of such a 
project.  For domestic refrigeration plans, which cost more because of expensive jigs retrofit, a higher threshold was set.   
This effectively limited the technology to large companies only and led indirectly to wide-spread use of HCFC-141b in 



 

SMEs.  Therefore, if the cost of hydrocarbon technology is not lowered, SMEs can only hope to fall back on 
environmentally undesirable HFCs, low performing and expensive water-based systems or hope that the 
Validation/Demonstration of new technologies—will provide more satisfactory options. 
The use of hydrocarbon technology has not materially changed over the last 17 years.  It requires costly pre-blending 
equipment, an explosion-free area and special safety procedures.  Also, in many countries the systems are unchanged 
while in Europe significant system optimization has taken place (additives, special polyols, co-blending).  UNDP sees 
options for cost reductions in three areas: 
 

 preblending at supplier level would delete the need for a preblender plus auxiliaries—but cause some increase 
in the system price; 

 direct injection of hydrocarbons would also remove the need for a preblender but increase the equipment cost 
somewhat; 

 the introduction of modern HC blends would allow for lower densities—along with the above-mentioned 
options and also lower in this way the current operating costs. 

 To test the feasibility of these concepts, the development and commercialization of stable pre-blends that can 
be safely transported and three-component production equipment is required, in addition to the introduction of 
modern HC blends.   

 
This project is designed in four steps: 
 

4. development, optimization and Validation/Demonstration of premixed, stabilized, modern hydrocarbons 
systems that can be used directly by foam manufacturers (which means that the blowing agent is incorporated) 
or used together with direct injection of the blowing agent 

5. development of a three component foam dispenser, capable to direct inject hydrocarbons (pentane of 
cyclopentane blends) 

6. placement of the three-component dispenser at a foam manufacturer followed by trials with  
a. direct injection of the blowing agent 
b. using a fully preblended polyol system 

4. demonstration of the technology followed by dissemination through an inter-regional workshop 
 
Other PU pilot projects carry a second phase to demonstrate commercial application and include the use of a supplier to 
develop the necessary systems.  There is no need for this in this project.  The system part will be an optimization based on 
knowledge that is already available in Europe and incremental success is virtually assured.  Building a three component 
foaming unit has been before applied in an MLF project through a retrofit so, in this case it will be more of a design 
optimization than application of a new concept.  Also, there is no need to demonstrate the two technology versions in all 
foam applications.  The variations in required formulations are well known to the chemical suppliers that cater HC 
systems. 
 
Companies do not conduct regular testing on properties of their foams, nor do they set standards.  The determination of 
baseline data on critical properties is a precondition for a successful Validation/Demonstration program.  In this case, the 
supplier of the system will conduct the product testing.   
 
As hydrocarbons are “highly flammable”, UNDP considers the process at the system house (blending) AND at user level 
(processing) hazardous and requiring adequate safeguards.  Current safety requirements are described in 
UNEP/OzL.Pro/ExCom/25/54 (Annex 2).  UNDP requires an independent safety audit to be conducted prior to commercial 
operation of a converted plant (Annex 3).  Emission monitoring will have to be conducted and, based the outcome 
modifications/simplifications of the safety requirements can be proposed.   
 
PROJECT IMPLEMENTATION 
 
The project will be implemented through four steps.  Following concrete actions are planned: 
 



 

7. System Development: UNDP will contract this out following standard procurement procedures to a qualified 
chemical supplier (competitive bidding). 

 
8. Equipment Development: as before, UNDP will contract this out to a qualified equipment supplier, following 

standard procurement procedures. 
 

9. Trials at a Foam Plant: A company that is willing to conduct an early phaseout project based on the use of 
hydrocarbons will be selected as a part of the foam industry survey. The company should have an ODS 
consumption of around 40 t and have reasonable in-house technical capabilities.  4-5 candidates fit the 
requirements in Egypt, but here again the Government requested UNDP to select the company through bidding. 

 
10. Validation:  This will include emission/worker exposure monitoring, design of a safety system and safety 

procedures, validation of the outcome of the project and holding of an information dissemination inter-regional 
workshop.  These tasks are assigned as follows: 

 
a. Monitoring  - EEAA 
b. Safety design  - EEAA/UNDP 
c. Validation  - UNEP Foams Technical Options Committee (FTOC)  
d. Workshop  - EEAA/UNDP 

 
Following flow chart illustrates the proposed implementation procedure: 
 
                                                                                                     MLF 

 
 
 

                                                                            EEAA ------- UNDP 
 
 
                                                     
                                                                  PROJECT COORDINATOR 

 
 
 

           SYSTEM  EQUIPMENT        ODS PHASEOUT     VALIDATION 
    DEVELOPMENT                     PROTOTYPE               PROJECT                       DISSEMINATION 
            (ITB)           (ITB)                                                 (RECIPIENT)       
 
                                                                                                                                                           MONITORING ------ EEAA 
 
                                                                                                                                                        SAFETY DESIGN ------ EEAA/UNDP 
 
                                                                                                                                                              VALIDATION ------ FTOC 
                                                                                                             
                                                                                                                                                               WORKSHOP ------ EEAA/UNDP 
 
4. TECHNICAL OPTIONS FOR HCFC REPLACEMENT IN PU FOAMS 

 
4.1 GENERAL OVERVIEW 

 
Annex-1 provides an overview of all HCFC-141b replacement technologies that are currently available, proposed, or under 
development.  Based on these data, it appears that        
 



 

 Straight conversion of  HCFCs to HFCs will always increase GWP;  

 HCs, CO2 (in its liquid form or derived from water), methylal and methyl formate will be options in PU foams that 
decrease—virtually eliminate—GWP in PU foams; 

 Water-based technologies show serious performance handicaps base on the use of CO2 as cell gas; 

 Technologies such as HBA-2, AFA-L1 and FEA 1100 are not ready for commercialization. 
 
PU validation may therefore be limited to optimized hydrocarbons, methyl formate and methylal. 
 
 4.2 HYDROCARBONS AS REPLACEMENT TECHNOLOGY FOR HCFC-141b 

 
HC-based/MLF-supported CFC-phaseout projects have been, along with HCFC-141b, the technology of choice in most 
refrigeration and in panel applications.  The minimum economic size has been typically around 50 ODP t/y or ~US$ 
400,000.  For domestic refrigeration a handicap was allowed for safety cost, increasing the threshold to ~US$ 600,000.  
Smaller projects could not pass cost-effectiveness criteria.   Consequently, there is no use of HCs in SMEs.  In addition, the 
technology was deemed unsafe for a multiple of applications such as spray and in situ foams.  There have been attempts 
to introduce the use of HCs in those applications—even specially modified equipment was developed for that purpose—
but the market has not accepted the use of HCs under what it considers “uncontrolled” conditions.  Initially, cyclopentane 
in different degrees of purity has been used for refrigeration, n-pentane for panels and, not very important in an A5 
context, more volatile HCs in one-component foams (OCFs).  Fine tuning through HC blends (cyclo/iso pentane or 
cyclopentane/isobutane) which is now standard in non-A5 countries has not widely spread in A5’s.  Investment costs are 
largely the same as at the time of phasing out CFCs.  Consequently, the technology would continue to be too expensive 
for SMEs and restricted to the same applications as before.  However, there are options to fine-tune project costs and 
investigate other applications: 
 

 The introduction of HC blends that will allow lower densities   (lower IOCs) 

 Direct injection        (lower investment) 

 Low-pressure/direct injection       (lower investment) 

 Centralized preblending by system houses     (lower investment) 

 Application-specific dispensing equipment    (lower investment) 
 
Lowering the conversion costs—either by lowering investment or lowering operating costs—will lower the current 
eligibility barrier of ~50t/y ODS  (based on the current applicable threshold) and widen the pool of potentially eligible 
users.  Important in all these considerations, is that for HC, current incremental operating costs are among the lowest of 
all replacement technologies.  Therefore, from an economic standpoint the use of HCs is one of the most important 
technologies. 
 
5.    PROJECT COSTS 
 
Cost forecasts for pilot projects are problematic as these projects are by nature unpredictable.  UNDP has used to the 
extent possible guidance provided by the Secretariat in Doc 55/47 Annex III, Appendix II.  Applying this guidance leads to 
the following summarized cost expectations: 
 

DEVELOPMENT/OPTIMIZATION/VALIDATION/DISSEMINATION 

# ACTIVITY 
BUDGET 

(US$) 
REMARKS 

1 Project Management 10,000 Local expert; see also remark 1 

2 Technology transfer, training 30,000 International Expert(s) 

3 Testing equipment 55,000 See remark 2 hereunder 

4 Production equipment development 125,000 
Three-stream high pressure pentane dispenser 
with standardized, built-in and auxiliary, safety 
features (modular concept preferred) 

5 Preblended systems preparation 100,000 Development:   40,000 



 

Optimization:   40,000 
Validation:       20,000 (at the recipient) 

6 Technology Dissemination Workshop 60,000 See remark 3 here-under 

7 Peer review/Safety review/Preparation  50,000 

Includes  
   - safety audit 
   - design study for centralized HC blending 
   - review by FTOC 

8 Contingencies 43,000 10% of sub-total/rounded 

      TOTAL  473,000  

 
Remark-1: because the design of this project did not allow working through a system house that provides local project 
management, a local project management expert is required.  
 
Remark 2:  Air quality testing and cell gas control will be conducted by EEAA’s Air Quality Laboratory and the 
requested equipment stationed there.  It can be used subsequent projects as well and can measure air concentration 
of all HCFC replacements  
 
Testing equipment Air quality monitor  35,000 (portable, explosion proof) 
   Cell gas analyzer   20,000 
   Total   US$       55,000  
 
Remark 3: After consultations with the MLF Secretariat, it is being proposed to expand the scope of the workshop to 
an inter-regional workshop of 2-3 days which – while focusing primarily on this project result, would also elaborate 
on the results of UNDP’s other technology-validation projects that were approved (eg methyl formate,, methylal). 
The workshop would thus discuss various findings of this project, and compare them with the results of those other 
pilot projects. A site visit at the recipient company will be part of the workshop-agenda. Participants at the workshop 
will include Egyptian stakeholders who would have interest in the project results, but also relevant MLF experts 
(national and international) who will be involved in writing future MLF project proposals in the foam sector. 
  



 

 
 
7. IMPLEMENTATION/MONITORING 
 
Following tentative implementation schedule applies:   
 

TASKS                2009                2010 

  1Q  2Q  3Q  4Q  1Q  2Q  3Q  4Q 

Project Start-up 
    MF Project Approval 
    Receipt of Funds 
    Grant Signature 
    Monitoring/oversight activities in place 

 
       

 
 

   
 X 
    X 
    X 
    X 

     

 Phase-I 
   -Equipment development 
   -Equipment construction/installation/start-up 
   -System development 
   -System optimization 
   -System validation at  system house 
   -Peer review/detailed design of  phase- II 
   -Technology Dissemination Workshop(s) 

 
 

 
 
          

       
 

 
     
 

    
       
 

       

 
    X 
      X 

 
 
 

    
    

 
 

   X 
   X 
      X 
      X 

 
 
 

 
X 
XX 
XX 
   X                  

   

 
 
 

MILESTONES FOR PROJECT MONITORING 

TASK MONTH* 

(a)  Project document submitted to beneficiaries 2 

(b)  Project document signatures 3 

(c)  Bids prepared and requested 3, 9 

(d)  Contracts Awarded 3, 9 

(e)  Equipment Delivered 4, 11 

(f)  Training Testing and Trial Runs 4, 12 

(g) Commissioning (COC) 14 

(h)  HOP signatures 15 

(1)  Compliance Monitoring 17 

  * As measured from project approval 
 
 
7. ANNEXES 
 
Annex 1:  Overview of HCFC Replacement Technologies in Foams    
Annex 2:  Applicable Safety Guidelines (current version) 
Annex 3:  Safety Audit (current version) 
Annex 4:  Government Transmittal Letter
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 NEW APPROACHES IN EQUIPMENT FOR 

HYDROCARBON POLYURETHANE TECHNOLOGY
1 

 
In the discontinuous foaming process a two 
component foam dispensing machine is used. The 
Polyol is inhouse preblended with the blowing agent.  

1.  Introduction  

Current hydrocarbon (HC) technology is based on in-
house preblending of the hydrocarbon with a polyol 
blend, followed by the actual foam process. UNDP 
requested SAIP to commission equipment for a pilot 
project in Egypt that would be able to operate with 
preblended systems as well as to directly inject 
pentane into the mixing head (“three component 
system”) without jeopardizing safety.  

This paper addresses the use of  

• Currently common HC technology (inhouse 
preblending);  

• Preblended HC systems; and  
• Directly injected HCs  

It then proceeds with describing the equipment as 
commissioned and tried in the mentioned pilot 
project.  

2.  Currently Common Equipment for HC 
Technology  

The objective of this part of the presentation is to 
provide an overview of the most common technology 
for the use of hydrocarbons (HCs) as an alternative 
blowing agent to HCFCs in polyurethane foam 
processing for insulation applications.  

The use of HCs is a today proven technology which can 
be:  

• Cost effective  
• Easy, economical to operate and commercially 

available  
• Easy and convenient processing  
• Occupational safe  
• Environmental safe  

Whatever the applications of HC’s are, the versatility 
of the available solutions provides a high degree of 
flexibility and efficiency.  

1 

Presentation to the UNDP workshop on “Innovative 
Low Cost Hydrocarbon Technologies” in Cairo, Egypt July 
4, 2011  

The HC is blended with Polyol through the use of 

dedicated equipment. HC’s and the Polyol are 
supplied from storage devices and then metered, 
through a controlled, closed loop system, by 
dedicated pumps to the premixing station, where 
they are mixed through a static mixer.  

After completion of the mixing process, the Polyol / 
HCs blend is transferred with a transfer pump to the 
high pressure foam dispensing machine (s) Polyol tank 
(s) through a distribution piping or automatically 
loaded into a buffer tank and then transferred to the 
highpressure foam dispensing machine(s) polyol 
tank(s) through distribution piping.  

All equipment such as:  

• The premixing station  
• The buffer tank and the transfer pump  
• The foam dispensing machine Polyol  

are enclosed in a safety box in order to limit the HCs 
vapors emissions in a controlled and restricted area. 
The safety box is provided with safety devices which 
include double speed fans for forced ventilation 
complete with suction hoods, extraction chimney, 
airflow control, detection system (catalytic or infrared 
sensors) and a safety electric control system (ECS) for 
management and monitoring of HC vapor emissions.  

The safety electric control system (ECS) must be 
provided with an independent electric power 
connection in order to guarantee the monitoring and 
the management of the safeties in case of electric 
power shut down. The ECS provides the equipment 
with standard working conditions with one fan in 
standard operation while starting automatically a 
second fan with visual and acoustic indication signals if 
15% of the LFL (lower explosion level ) is reached. The 
safety electric control system will shut down the 
electric power and the HCs feeding at 30% of the LEL.  



 

 

 

All equipment is built according to ATEX 94/9/EC 
directives European Standard and in conformity with II 
2 Gc IIB T4.  

Activities required to introduce HCs in a production 
facility vary according to geographical area, size of the 
enterprise, type of production and conditions of the 
existing facilities.  

The use of HCs as blowing agent in polyurethane foam 
doesn’t imply deep changes in the production process 
but at a minimum the installation of:  

• an appropriate HCs storage farm  
• a Polyol storage farm (if required )  
• the installation of a Polyol / HCs premixing station 

and related equipment  
• the retrofit or the replacement of the foam 

dispensing machine (s)  
• the modifications or the changes, where necessary, 

of the auxiliaries equipment  
• ( foaming fixtures, presses, moulds, etc. )  
• the installation of the appropriate safety devices for 

the monitoring and management of the HCs 
vapours emissions.  

The HCs storage farm  

HCs are stored in double jacket carbon steel tank  
(s) , that are placed underground in a reinforced 
concrete basin or above ground.  

 

The tank(s) are equipped with a proper HC’s leakage 
detection system and are placed in a dedicated area 
outside the production factory. The tank (s) capacity is 
in relation to the production consumption. The HCs 
feeding, from the outdoor storage to the indoor 
premixing station, is provided by volumetric or 
pneumatic pumps. The HCs feeding piping to the 
premixing station is placed partially outdoor and 
partially indoor and can be assembled underground or 
above ground. The piping can be manufactured in 
carbon steel and as a single jacket , as a double jacket 
with HCs leakage control and with or without external 
insulation. The single jacketed piping is used above 
ground in outdoor placement and it is normally 
externally insulated. The double jacketed piping is 
used either outdoor and underground in order to 
prevent HCs leakage with consequent ground 
contamination, or indoor in order to prevent from fire. 
Moreover particular precaution in the manufacturing 
of the double jacketed piping must be taken into 
consideration in case of areas subject to heart quakes. 
All the piping must be welded while the flanged or 
threaded connections should be reduced to the 
minimum and monitored if indoor.  



 

 
 

 

 

The Polyol / HCs premixing station  

The Polyol / HCs mixing is performed by a premixing 
station. The premixing station mainly consist of a static 
mixer, where Polyol and HC from the storage farms, 
are metered by special pumps under specific 
conditions through a closed loop system and mixed by 
the static mixer. At the end of the mixing process, the 
Polyol / HCs blend , is automatically transferred with a 
pump to the high pressure foam dispensing machine 
(s) Polyol tank (s) through a distribution piping or to a 
buffer tank.  

The size of the pentane storage farm is depending 
mostly on the production consumption and different 
typologies of storage farm are available.  

The Polyol storage farm  

The Polyol is stored either in vertical or IBC tanks in a 
dedicated storage area. The Polyol metering to the 
premixing station is provided by a dedicated pump.  

 

 

The foam dispensing machine  

The foam dispensing machine is a specially designed 
equipment suitable for the use of HCs, where the 
Polyol line is enclosed in a safety box which is provided 
with all the necessary safety devices.  

There are different options related to the foam 
dispensing machine retrofit or replacement as follows:  

• replacement with a complete new equipment  
• retrofit of the equipment polyol line where 

applicable  
• retrofit of the polyol line with line 

replacement  

Replacement: The complete new equipment would be 
composed of:  

The isocyanate line in a standard configuration  

• No enclosure and ventilation  
• No detection system  
• No Ex – proof components  



 

 

 

 

The polyol blend line  

• Enclosure and ventilation  
• Drip pan  
• Pipes, hoses, fittings leakage free  
• Tank blanketing with nitrogen  
• Grounding  
• Detection system ( sensors )  
• ATEX components ( e.g. tank levels, tank heating 

elements, etc. )  
• Magnetic coupling for the dosing pump with motor  
• Magnetic coupling for the tank stirrer with motor  

The polyol line meets European standard ATEX 
94/9/EC and is in conformity to II 2 Gc IIB T4.  

The mixing head  

High pressure self cleaning linear or laminar flow at 
two components and provided with nitrogen flushing 
prior the pouring into a closed cavity. All electric 
components assembled on the mixing head are ATEX 
standard.  

The retrofit of the equipment polyol line where 

applicable  

It consist on the replacement of all the components of 
the line to be in compliance with the ATEX safety 
standard. This method is applicable to those 
equipment where conditions are applicable and not 
high costs are involved.  

The retrofit of the polyol line with line 
replacement  

It consist on the replacement of the whole Polyol line. 
This method is applicable to those equipment where 
conditions are not applicable for the retrofit of the 
components of the Polyol line to be in compliance 
with the ATEX safety standard.  

 

The auxiliaries equipment  

Very important is the retrofit of the auxiliaries 
equipment such as foaming fixtures, moulds, foaming 
presses, etc. to avoid the pentane concentration and 
the ignition source.  

The retrofit consist in the application of:  

• A proper ventilation and exhaust system  
• A proper detection system ( sensors )  
• The grounding of the equipment  
• The use of ATEX components  

The zones classification  

An important aspect for the conversion of a 
production facility to the use of HC and the retrofit of 
the auxiliaries equipment, is the zones classification.  

Zones are classified according to the European 
Directive CEI EN 6007910 in : Zone 0, 1 and 2.  

The zone classification is defined in respect of 
different factors such as pentane vapours emission 
and their accumulation in the area and the ambient 
ventilation in the area. That is why, detection and 
forced artificial and localized ventilation is required 
as well as other safety measures to avoid ignition 
sources.  



 

 
 

 

3.  Preblended HC Systems  

Fully formulated HCbased polyols can be supplied in 
drums or IBC tanks as readytouse PU systems.  

 

The advantage of using Polyol / HC blends supplied 
through IBCs is that there is no need to install an HC 
storage farm and a Polyol / HC premixing station.  

The foaming equipment retrofit or replacement 
concept remains unchanged and as follows :  

• replacement with a complete new equipment  
• retrofit of the equipment polyol line where 

applicable  
• retrofit of the polyol line with line replacement  

Concerning retrofit of auxiliary equipment such as 
foaming fixtures, moulds, foaming presses, etc., as 
previously mentioned, the same concept applies to 
avoid pentane concentrations and the ignition 
sources. Zoning remains according to the European 
Directive CEI EN 6007910 in : Zone 0, 1 and 2. The 
zone classification is defined in respect of different 
factors such as pentane vapours emission and their 
shell life in the area and the ambient ventilation in the 
area. That is why, detection and forced artificial and 
localized ventilation is required as well as other safety 
measures to avoid ignition sources.  

 

4.  Directly injected HCs  

HC’s can also be injected as third stream directly into 
the mixing head.  

For the third stream injection the following equipment 
is needed:  

• an appropriate HC’s storage farm  
• a HC’s high pressure dosing unit complete with 

cabin and ventilation  
• a high pressure mixing head with third stream  
• the modifications or the changes, where 

necessary, of the auxiliaries equipment ( foaming 
fixtures, presses, moulds, etc. )  

•  • the installation of the appropriate safety devices 
for the monitoring and management of the HCs 
vapours emissions.  

 
This technology presents a series of advantages:  
• With third stream injection the existing 2 

component dosing equipment can be used  
• There is no need for a premixing station  
• No losses of HC’s during premixing, shelf life etc.  
• No issues with contamination in case different 

polyols will be used  
• Third stream injection allows to change the HC 

percentage at every shot  



 

 

 

Concerning retrofit of auxiliary equipment such as 
foaming fixtures, moulds, foaming presses, etc., as 
previously mentioned, the same concept applies to 
avoid pentane concentrations and the ignition 
sources. Zoning remains according to the European 
Directive CEI EN 6007910 in : Zone 0, 1 and 2. The 
zone classification is defined in respect of different 
factors such as pentane vapours emission and their 
shell life in the area and the ambient ventilation in the 
area. That is why, detection and forced artificial and 
localized ventilation is required as well as other safety 
measures to avoid ignition sources.  

 

5.  The Egypt pilot project – Equipment 
development  

The UNDP project intends to optimize, validate and 
disseminate the use of low cost hydrocarbon 
technology in the manufacture of PU rigid insulation 
for small and medium sizes enterprises. For this 
purpose UNDP requested foam dispensing equipment 
that is able to use a premixed Polyol / HC blend along 
with the option to metering HC as a third stream 
directly into a mixing and pouring head.  

 

The resulting equipment is a three components 
dispensing unit and composed as follows :  

The isocyanate line in a standard configuration  

• No enclosure and ventilation  
• No detection system  
•  •  No Ex – proof 
components  
 The polyol / HC blend line  
• Enclosure and ventilation  
• Drip pan  
• Pipes, hoses, fittings leakage free  
• Tank blanketing with nitrogen  
• Grounding  
• Detection system (sensors)  
• EX–proof components (tank levels, tank 

heating elements, etc.)  
• Magnetic coupling for the dosing pump 

with motor  
• Magnetic coupling for the tank stirrer with 

motor  
• Closed loop mixing device (static mixer)  
The polyol line meets European standard ATEX 
94/9/EC and is in conformity to II 2 Gc IIB T4.  



 

 
 

 

 
 

 
  

The HC line  

 

• Enclosure and ventilation  
• Drip pan  
• Pipes, hoses, fittings leakage free  
• Tank blanketing with nitrogen  
• Grounding  
• Detection system ( sensors )  
• EX – proof components  
• Magnetic coupling for the dosing pump with motor  
• Magnetic coupling for the tank stirrer with motor  

The mixing head  

High pressure self cleaning laminar flow at three 
components and provided with nitrogen flushing 
device. All the electric components assembled on the 
mixing head are ATEX standard.  

 

6.  Conclusions  

The aim of the project, as mentioned before, is to 
compare the foam characteristics of of two different 
HC foaming methods—a preblended and a third 
stream system—against a baseline HCFC141b based 
system. From an equipment perspective, this objective 
has been achieved.  

Based on the experience gained from this project we 
can say today that it is possible to  

• retrofit existing equipment to the use of 
HC as a third stream, where applicable, 
with a cost saving investment and with 
proper results and performances;  

• to avoid an HC premixer with auxiliaries 
by using properly stabilized preblended 
systems with a cost saving investment 
and with proper results and 
performances  

The project finalization was possible thanks to  

• SAIP’s previous experience in this type of 
equipment and technology;  

• To the joint cooperation with Dow 
Chemical which was supporting the 
project with chemical tests and trials in 
their Cairo laboratory; and  

• To the support of the UNDP organization.  

The HC line meets European standard ATEX 
94/9/EC and is in conformity to II 2 Gc IIB T4.  

Dow Chemical will give you a more detailed 
comparison and result by the chemical point of view.  

7.  Further Developments Anticipated  

Even if the results of the tests have proven the 
efficiency and repeatability of the mixing with third 
stream injection SAIP is already working on further 
improvement of the mixing based on the mixing 
results for limit applications.  

THANKS FOR YOUR ATTENTION  
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ATTACHMENT V 
 

UNDP Egypt project workshop, Cairo 2011 
The Dow Chemical Company 
 
Report of data generated in DOW Cairo Polyurethane System House laboratory with DOW systems and SAIP novel high 
pressure dispensing machine for discontinuous production processes, convertible from traditional pre-blended pentane 
injection to third stream pentane addition directly in the mix head. 
 
Sustainability is a key challenge for many industries around the world. DOW Formulated Systems, as the polyurethane 
industry is strongly committed to this theme by continuously developing formulations and solutions that help preserving 
the environment. In particular Rigid Foams, with their insulation performance, significantly contribute to meet energy-
saving requirements.  
 
The development of sustainable polyurethanes formulations includes the transition from blowing agents (BAs) showing an 
Ozone Depletion Potential (ODP) to Zero ODP technologies. The selection of the right alternative blowing agent 
technology and machine to dispense it should be guided by the critical foam performance and production process 
requirement, that differ application by application and even producer by producer.  
 
In general DOW Formulated Systems works on a broad spectrum of solutions and blowing agents, and has a broad 
portfolio of Rigid Foam systems for all the different applications in consideration of the fact that each customer type has 
its own needs and need tailored solutions.  
 
On top of collaborating directly with its customers, Dow is also active in collaborate in external initiatives related to 
sustainable and effective technologies, aiming at their dissemination, or to test new options that could make them more 
affordable to the industry. For this reason DOW has made its products and laboratory available for the specific of this 
UNDP project, to host SAIP equipment and generate data.  
 
Among proven Zero ODP blowing agent options, which include hydrocarbons, hydro-fluorocarbons and water, 
hydrocarbons are the most utilized, thanks to the good mix of performance features (final foam properties, processing 
window, cycle time) and low cost, in particular in the domestic appliance industry and continuous laminated sandwich 
panels industry, but not only. Still, part of the smaller producers in applications like for example commercial appliances, 
water heaters and discontinuous panels, face the limitation of the investment required to handle the flammability 
aspects.  
 
Worth to remind that other technologies are available that do not require particular investment, like water blown, that 
despite it cannot compete with hydrocarbons in terms of applied density and thermal conductivity, represents a good 
bridge technology for some of the producers, and also high water / low HFC level technologies, which mitigate the HFCs 
GWP impact, and can help producers to bridge time till new Zero ODP and low GWP blowing agents like HFOs will be 
available.  
 
Product design with pentane for discontinuous applications along the years addressed various potential initial issues like 
higher flammability of foams blown with pentane, that needed to be properly addressed by polymer modification, and 
the different properties of the various pentane isomers, which differ in polyol solubility, thermal insulation performance 
and boiling temperature, with impact on processing and final foam properties. Typical discontinuous foam production 
process involves the addition of pentane to the polyol component via a premix unit before metering and the recycling of 
the blend through the mixing head, therefore a homogeneous blend of the polyol with pentane is needed. 
 
Table 1 below reports properties of the different pentane isomers, in a comparative with HCFC141b and other Zero ODP 
molecules.  



 

 

 
 
C-pentane is more soluble than n-pentane or i-pentane. Solubility, which is also formulation dependant of course, with c-
pentane can approach typically 13-15 pbw, while with n-pentane hardly reach 9-10 pbw. Direct comparison of c-pentane 
with n-pentane typically results in better processing and cycle time for n-pentane (better flow and faster demold) and 
different combination of final foam properties depending on pentane isomer used (better compressive strength and 
better dimensional stability for n-pentane - as indicated by the results of the creep test - while a better thermal 
conductivity occurs with c-pentane).  
 
C-pentane is the preferred choice for those applications where the thermal conductivity is a key property; n-pentane 
offers better economics thanks to the stronger mechanical properties/better dimensional stability. 
  



 

OBJECTIVE OF THE PROJECT 
 

 
 
  
Project workshop with SAIP new dispensing unit in DOW Cairo laboratory targeted to validate:  
 

 The suitability of new third stream pentane addition in high pressure dispensing unit for discontinuous 
production process, to achieve similar foam performance compared to that obtained by processing of pre-
blended hydrocarbon polyurethane systems.  

 The performance achievable with Hydrocarbon blown polyurethane systems, in comparison with HFCF 141b 
technologies in use in the Egyptian market, providing a useful guide for the polyurethane foam manufacturers 
and end-users.  

 The impact of addition of hydrocarbons on physical and chemical shelf life of polyols when considering a scenario 
of pre-blending done by the system supplier ( longer shelf lives requested), and not by the foam producer ( the 
latter being the current standard scenario in the industry)  

 
For reasons explained above in the introduction, the experimental program for data generation encompassed different 
applications, from commercial appliance systems to discontinuous panels systems and water heater systems, and 
different pentane isomers, the typical ones in use for each type of applications, plus one comparative between two 
different pentane isomers as example of what is widely reported already in the literature in terms of the different 
pentane isomers performance.  
For each system, data with hydrocarbon technology were generated both in pre-blended pentane way and in third stream 
pentane addition way, and finally in comparison with transitional HCFC 141b technology. 
 
Six different systems have been selected covering three different applications, as reported in Table 2: 
 

 
 

  



 

Systems were tested according to Dow’s internal testing protocol that provides the following: 
  

  Foam reactivity profile and process-ability  

 Mechanical, dimensional and thermal properties  

In addition, physical and chemical stability of fully formulated polyol blend were tested. 
 
EXPERIMENTAL 
  
Laboratory set up to handle pentane 
  
An Environmental, Health and Safety Risk Assessment was performed before and after installing SAIP HP machine in DOW 
Cairo laboratory.  
 
In addition to standard EH&S practices in place already to handle HCFC141b systems trials, DOW Cairo laboratories were 
equipped to handle safely the new HP pentane machine from SAIP (which already included all the sensors system), 
essentially by upgrading the ventilation system and defining proper position and installing external pentane drums 
storage, directly connected to HP machine through a pneumatic pump system, as shown in Picture 1.  
 

Picture 1: External pentane storage 
 

 
 

Analytical  
 
For all experiments reported in this project determination of blowing agent level in polyol blend was done using standard 
Quality Control analytical techniques respectively for water (ASTM E203 , Karl Fischer equipment) and for physical 
blowing agent (DOW internal method, gas chromatographic determination).  

 
Picture 2: Quality Control laboratory 

 



 

 
Physical stability and chemical stability of the polyol blend 
  
The evaluation of the blowing agents’ physical stability in fully formulated polyols was performed by studying the total 
blend stability at room temperature along time. After properly mixing the fully formulated polyol with the blowing agent, 
200 grams (0.44 lb) of the blend were poured into a glass bottle (capacity: 0.09 gal, 350 ml), visually monitoring phase 
separation at regular intervals. The formation of an “emulsified” phase or “clear” phase was also noted. Analytical 
determination of pentane level was also performed.  
 
The chemical stability of the polyol blends was evaluated by storing the fully formulated blends at room temperature and 
at 50°C, and by performing reactivity and free rise density measurements after specific time intervals. 

 
Foam Properties Evaluation 
  
The high pressure dispensing unit process conditions were as follows: mixing pressure of 150 bar, polyol and isocyanate 
temperature of 20 – 22°C and output of 250 g/s. Samples taken from Brett mold 200x20x5cm were used to measure the 
thermal conductivity, average density distribution (ADD), minimum filling density (MFD), and compressive strength (CS). 
Demold expansion measurements were taken from panels produced in Jumbo 40x70x10 cm molds. The data listed in this 
report are from 5%, 10% and 15% over-packed foams. Reactivity and free rise density measurements were taken from 
samples foamed in a bag.  

 
Picture 3,4: Injection free rise density box 

 

 
 

Picture 5,6: Extraction from brett mold, injection in jumbo mold and extraction of produced foam 
 



 

 
 

Mechanical properties: compressive strength 
  
Compressive strength was measured according to EN 826 standard. The test was performed on the 10 x 10 x 5 cm 
specimens, cut from Brett panels, in the direction perpendicular to the growth of the foam (direction of the foam 
thickness). It was determined as the average value of 5 specimens taken in different positions covering the whole brett 
panel length.  
 

Picture 7: Band saw cut of specimens for physic-mechanical properties testing 
 

 
 

Picture 8,9: compressive and tensile strength testing with dynamometer 
 

 
 

Dimensional Stability  
 
The test was performed according to (EN 1604) UNI 7891. The test specimens, 8x8x4 cm in size were conditioned both at 
high (+80°C) and low temperature (-25°C) for 20 h.  
 
Tensile bond strength (Adhesion test) 
  
The test was performed according to EN 14509 (European product standard for sandwich panels) which refers to EN 1607. 



 

The foam adhesion to the two facings (top and bottom) was measured simultaneously through a tensile test, 
perpendicular to the facings.  
 
Thermal conductivity  
 
Thermal conductivity was measured according to EN 12667 and/or ASTM C 518. The test was performed on specimens 20 
x 20 x 2.5 cm.  

 
Picture 10,11: Thermal conductivity specimens and testing equipment 

 

 
 

  



 

RESULTS AND DISCUSSION 
  
Design of experiment on systems for Commercial Appliance  
 
In a first set of experiments, formulated systems for appliance applications have been tested running a Design of 
Experiment in order to gather a clear understanding of similarities /difference when running a pre-blended hydrocarbon 
approach versus a third stream one, by running different pentane levels and different injection times. Finally a 
comparison with a reference commercial HCFC141b system, System A, was performed.  
 
As reported in the introduction, there are 3 isomers of pentane, and among them c-pentane is the preferred choice for 
those applications where the thermal conductivity is a key property.  
 
A design of experiment was run on System B (c-pentane blown), and two variables were selected in order to run full 
comparison:  
 

 Pentane addition (2 types of pentane addition, categorical)  

 BA level (2 levels, continuous variable)  

In addition, some repetition was performed in order to determine data reproducibility, resulting in a complete series of 
more than 12 full machine evaluations and testing.  
 
Also, considering that in third stream addition, the polyol blend enters the mixhead still without pentane and 
therefore with much higher viscosity vs a polyol already containing pentane, and the contact time before injection 
is extremely short, one additional run was performed heating the polyol bled up to 30°C in order to check if lower 
viscosity has an impact on the yield of the third stream. Results showed that lower polyol viscosity in this case 
does not impact results. In the specific of third stream, before running full evaluation, the reproducibility of 
injection and the consistency of the foam resulting out of it, from the start to the end of injection, was checked by 
specifically pouring long sections in free rise density and checking structure and resulting density and density 
distribution homogeneity. This exercise confirmed consistent yield and results during injection.  
 

 
Table 3: Commercial Appliance Systems, average results from laboratory HP machine trials; selected extraction out of 

overall performance elements tested. 
 

Overall data set from the Design of Experiment has been analyzed using a statistical tool.  



 

Effect of type of addition: third stream vs pre-blended  
 
In Table 1 it can be seen addition of pentane third stream has a slight influence in terms of slowing down the gel time 
reactivity of selected system, but it is not expected per se to be critical. Third stream addition of pentane , in the specific 
of System B has a positive effect in lowering the free rise density in this case (better blowing efficiency), while flow of the 
system remains similar to pre-blended. In principle this seem to indicate that third stream could allow to go for slightly 
lower applied densities, but in the case of System B we decided to report properties at same applied density of pre-
blended system , as it is not designed to go for lower applied densities, which could remain an area of further study. 
 
Chart 1 exemplifies part of statistical analysis, and visualizes result of free rise density means comparison for System B at 
13 pbw pentane, third stream vs pre-blended, and the two distinct rings on the right are just confirming that difference is 
significant. 
 

 
Chart 1: Free rise density comparative analysis third stream ( left) vs preblended (right) 

 
Required process temperatures and resulting mechanical properties, dimensional stability, and process conditions are 
confirmed to be similar between the two pentane addition methods, only adhesion shows some lower values in the case 
of third stream vs pre-blended, but still in an overall range of acceptable values based on industrial experience. 
 
Thermal conductivity is slightly worse in the case of third stream addition of pentane. The reason for this behavior is still 
under investigation, pending results of cell structure analysis and cell size determination of the produced foams. First 
hypothesis is that this is the result of slower reactivity that we get with third stream, as the separate entrance of pentane 
directly in mix head absorbs mixing energy cooling down the reaction mixture. An optimization of the pentane injection 
pressure might eliminate this difference, according to machine supplier. 
  
In third stream addition, the polyol blend enters the mixhead still without pentane and therefore with much higher 
viscosity vs pre-blended polyol already containing pentane; in addition,the contact time between pentane and the other 
liquid components, isocyanate and polyol, before injection is extremely short. For this reason it was decided to do one 
additional run heating the polyol bled up to 30°C in order to check if lower polyol viscosity has an impact on the yield of 
the third stream. Results showed that lower viscosity in the specific of System B did not impact results. 
 
Comparison with current HCFC141b technology in the market 
  
As known in the literature and from years of industrial experience, also in the specific of this workshop the comparison 
between hydrocarbon blown System B with HCFC141b blown System A in use in Egyptian market for commercial 
refrigeration show that pentane based solutions are in general characterized by lower applied densities compared to 
HCFC 141b blown systems. One of the reasons is that the flow ability is better in the case of HC pre-blended solutions , as 
indicated by flow index ( flow index = MFD/FRD) and by average density distribution values. Another reason is that, as 
known in the literature, HCFC141b has some plasticizing effect on the polyurethane foam, which needs to be offset by 



 

applying high enough density on top of proper formulation. 
  
Foam compressive strength is lower in the case of pentane blown, due to the lower applied density, but in acceptable 
range of values for this technology. In terms of processing temperatures pentane technology of System B has wider 
processing window than System A with HCFC141b, which is more sensitive to cold mold temperatures. Finally a clear 
worsening of foam insulating properties is observed with c-pentane based technology vs HCFC141b. 
 
Systems for Discontinuous Panels application 
  
For cold storage discontinuous panels (DCP) application a direct comparison between System D (HC based system) and 
System C (HCFC 141b based system) was performed. Two different pentane isomers, cyclo-pentane and normal-pentane, 
were included in the evaluation for System D. Only one level of pentane was considered. 
  
Table 4 reports main properties summary results from comparison of HC blown technology performance, both pre-
blended and third stream addition option, vs HCFC 141b blown technology. 
 

 
 

Table 4: Extraction of data resulting from polyurethane foams for discontinuous panel applications produced with HP 
machine. 

 
Effect of type of addition: third stream vs pre-blended 
  
For System C the general performance of third stream and pre-blended technology can be considered aligned between 
third stream and pre-blended pentane addition. All differences observed were in fact within the variability ranges of 
measurement methods used in the evaluation. 
  
N-pentane vs c-pentane comparison 
  
This experiment exemplifies what reported in the literature and in this report introduction about the different 
performance of these two pentane isomers, confirming that n-pentane in general gives:  

 improved flow properties which can lead to lower applied density  

 improved mechanical properties and dimensional stability  



 

 improved cycle time properties  

 worse k-factor  

Comparative with current HCFC141b technology in the market 
  
Pentane based System D allows lower applied density compared to HCFC141b blown System C while keeping good foam 
properties (compressive strength, dimensional stability and adhesion to metal facings). Flow ability is slightly improved. 
Cycle time and process temperature latitude are improved when using pentane. 
 
Only drawback observed with pentane based technology is the foam thermal conductivity: a 5-6% worsening was in fact 
observed with c-pentane and it was extended to 11% when using n-pentane. 
 
Systems for Water Heater application 
  
For water heaters a direct comparison of System E (HCFC141b blown) and F (HC blown )was performed. Only one level of 
pentane was run. 
  
Table 5 reports main properties summary results from comparison of HC blown technology performance, both pre-
blended and third stream addition option, vs HCFC 141b blown technology. 
 

 
 

Table 5: Extraction of data resulting from polyurethane foams for water heater applications produced with HP machine 
 

Effect of type of addition: third stream vs pre-blended 
  
All properties resulted statistically equivalent with both pentane addition approaches. All differences observed were in 
fact within the variability ranges of measurement methods used in the evaluation.  
 
Comparative with current HCFC141b technology in the market 
  
Pentane blown System F is characterized by lower applied density compared to HCFC141b commercial System E. The flow 
ability is slightly improved. Compressive strength values and adhesion values are lower for the pentane system, mainly 
due to 10% lower applied density reduction, but still within the acceptable range for the technology and application. Cycle 
time and required process temperature conditions are aligned. 
  
Again a 9% worsening of foam insulating properties is observed with pentane based technology vs HCFC141b blown 



 

system. 
 
Shelf life study on pentane pre-blended systems. 
  
Most standard practice today in the industry is to have polyol blend supplied without pentane to the foam manufacturers 
by system supplier, and then foam manufacturers directly pre-blendes at his site the pentane to the polyol blend through 
a premix unit. This type of operation typically does not require pentane to be stable in polyol blend for long time, and 
shelf life of polyol blends without pentane is not critical. 
  
A different situation would be represented by a practice where the system supplier already pre-blends pentane in its 
polyol blend, and supplies it fully formulated to the foam manufacturer. In this case pentane would need to be stable in 
the polyol blend for some months, typically 6 months, which in principle is a quite critical situation especially for the less 
soluble pentane isomers like n-pentane, and extremely critical situation in case the suggested storage temperature 
conditions both during handling, shipping and storage are not fully respected. Of course the shelf life behavior would be 
formulation dependant as well.  
 
Worth to mention that is this second scenario, the topic of investing to handle flammability aspects and risks of pentane 
would be extended to a larger number of players, as supplier would have to invest to handle pentane in its operation, and 
as polyol blends containing pentane have flash point and are flammable materials, with additional costs upstream in the 
value chain to be sustained by suppliers, and that would reflect into system price.  
 
Nevertheless, in order to understand the criticality of such scenario, shelf life of pre-blended polyol with pentane was 
studied for a prolonged time period to understand criticality.  
 
System B (c-pentane blown) for commercial appliance was tested, and also System D (n-pentane blown) for cold room 
discontinuous panels was tested.  
 
The evaluation of pentane physical stability in fully formulated polyol stored in 1 liter bottles was performed by studying 
the blend stability at two temperatures, room temperature and 50°C, during time, preparing pre-blends as discussed in 
the experimental section. Visual inspection was run at regular intervals. The formation of an “emulsified” phase or “clear” 
phase was also noted.  
 
The evaluation of fully formulated blends chemical stability was performed only in case physical stability was still ok, and 
it was done by performing reactivity and free rise density measurements after specific intervals.  
 
For this study the same systems utilized in the rest of the project were studied, and not reformulation work has been 
done, in particular System B (c-pentane blown) and System D (n-pentane blown).  
 
Aging of blends is still ongoing, at this stage we have reached 3.5 months for the c-pentane system tested, and we have 
stopped the aging of the n-pentane system for reasons reported below. 
 
c-pentane preblended polyols physical and chemical stability  
 
3 months aging of fully formulated polyol of system B containing c-pentane gave good physical stability at room 
temperature, with no c-pentane separation observed, as reported in Table 6 below. On the other side it is clear from 
analytical that sample with higher initial level of pentane lost more pentane during aging ( data are not representative 
exactly of what would happen in bigger containers like drums or IBCs, but should be taken as indications).  
Temperature of 50°C is more critical and resulted in a color change of the blend.  
 
Chemical stability is almost ok at room temperature, with some acceleration of reactivity partially due to loss of pentane, 
while at high temperature more variation is appreciated along time, with high loss of pentane from liquid phase (despite 
bottles sealing) during storage and operations. 
 



 

 
 
Table 6: shelf life behavior of System B studied at two different temperatures.  
 
As a graphic example out of full data set, the free rise density variation at 50°C storage temperature is reported below. 
 

 
 

Chart 2: evolution of free rise density along time at 50°C aging temperature for polyol blend of System B fully formulated 
with c-pentane. 
  
It is clear how the behavior of fully formulated blends would be not only formulation dependant but also handling and 
storing conditions highly dependent. 
 
n-pentane pre-blended polyols shelf- life. 
  
When considering n-pentane blown System D situation becomes more critical, and this specific system, which contains 
8pbw n-pentane on top of 100pbw polyol , gave physical separation of n-pentane from the blend already after few weeks 
( see red arrow in the picture below), when instead the c-pentane blown System B was still stable .  
Picture 12: 1 month aging physical stability of c-pentane in System B (on the left) and n-pentane in System D (on the 
right). Phase Separation of n-pentane is visible. 
 



 

 
 
 
 
 
  



 

CONCLUSIONS 
  
Outcome of this project according to initial objectives can be summarized as follows: 
  

 
  

o new high pressure dispensing unit, convertible from 2 component isocyanate/pre-blended hydrocarbon polyols 
use into 3 components isocyanate/polyol without pentane/third stream pentane addition directly in the mixing 
head , is validated to be working properly across the two type of injection process 

  
-BLENDED HYDROCARBONS 

  
o Pre-blended hydrocarbons technology, as known in the literature and from industrial experience of various 
years , are confirmed to give a good pattern of foam properties.  

o Most standard practice today in the industry is foam manufacturer doing the pre-blend directly at its 
production site, which requires very limited shelf life of fully formulated polyol , with no particular criticality 
given proper formulation .  

o In a different scenario of pre-blending, where addition of hydrocarbons would take place already by system 
supplier, longer time pentane stability in the polyol blend would be required, typically 6 months shelf life, 
increasing criticality, especially in case of the less soluble pentane isomers.  

o Physical and chemical stability tests on fully formulated polyol blends containing pentane to predict a 6 months 
shelf life (still ongoing) indicate already that n-pentane System D is not suitable for extended pre-blend shelf life, 
while the c-pentane System B behave reasonably so far for a period of 3 months with 13 pbw pentane on top of 
100 pbw polyol was used. It is recognized that shelf life is also dependant on formulation of specific system.  

o Future work: aging of fully formulated polyol with c-pentane will continue upon reaching 6 months and shelf 
life results will be reported. A tailored formulation with n-pentane will also be checked to complete assessment 
about criticality of n-pentane for a 6 months shelf life. Expectation is that in any case n-pentane blends would 
remain very critical, with impact on the level of physical blowing agent that can be kept stable in the polyol 
blend. 
  

 
 

o Third stream addition of pentane directly in the mixing head is confirmed to be working with good 
reproducibility and consistency across different injections duration, giving homogeneous results.  

o Future work: Optimization of pentane impingement pressure and reactivity will be done to close the delta in 
gel time and thermal conductivity that were observed vs pre-blended process  

 
 

  
o The performance achievable with Hydrocarbon blown polyurethane systems, in comparison with HFCF 141b 
technologies in use in the Egyptian market, confirms “generation 1” hydrocarbon systems are effective 
alternative for polyurethane foam producers to move into Zero ODP (also low GWP) more sustainable solutions.  

o This comparison has to be considered valid for other countries as well  

o Hydrocarbon blown systems utilized in the workshop are already in use in developed countries, with successful 
track records. 
 

 
 

 



 

o The experiments within the scope of this project were performed in accordance with the recommendations 
from an Environmental, Health and Safety Risk Assessment.  

o Replication of these experiments should only be performed after completing Environmental, Health and Safety 
Risk Assessment by a qualified professional.  

o Reference to the Material Safety Data Sheets for Environmental, Health and Safety information on the 
substances used in this project and to dispensing unit documentation from equipment suppliers must be made.  

o In particular, for Environmental, Health and Safety aspects relative to third stream pentane addition handling 
and storage connection, reference must be made to documentation from the equipment supplier.  
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