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PROPOSITION DE PROJET : THAILANDE

Ce document comprend les observations et recommandations du Secrétariat du Fonds sur la
proposition de projet suivante :

Mousses

e  Projet de démonstration dans les sociétés de formulation de la Banque mondiale
Thailande sur la formulation de polyols prémélangés pour la fabrication
de mousse de polyuréthanne a vaporiser en utilisant un agent de
gonflage de la mousse a faible potentiel de réchauffement de la planéte

Les documents de présession du Comité exécutif du Fonds multilatéral aux fins d’application du Protocole de
Montréal sont présentés sous réserve des décisions pouvant étre prises par le Comité exécutif aprés leur publication.
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FICHE D’EVALUATION DE PROJET : PROJET NON PLURIANNUEL
THATLANDE

TITRE DU PROJET

AGENCE D’EXECUTION/BILATERALE

a) Projet de démonstration dans les sociétés de formulation de la Thailande sur la
formulation de polyols prémélangés pour la fabrication de mousse de
polyuréthanne a vaporiser en utilisant un agent de gonflage de la mousse a faible

potentiel de réchauffement de la planete

Banque mondiale

AGENCE NATIONALE DE COORDINATION

Département des travaux industriels, ministére de
I’Industrie, Fédération des industries de la Thailande

DERNIERES DONNEES DECLAREES SUR LA CONSOMMATION DES SAO A ELIMINER GRACE AU

PROJET
A : DONNEES RELATIVES A L’ARTICLE 7 (TONNES PAO, 2014)
| HCFC | | | 864,45 |
B : DONNEES SECTORIELLES DU PROGRAMME DE PAYS (TONNES PAO, 2014)
HCFC-22 647,04
HCFC-123 2,72
HCFC-141b 174,87
HCFC-124 0,10
HCFC-225 2,75
HCFC-141b dans les polyols prémélangés 11,19
| Consommation restante de HCFC admissible au financement (tonnes PAQO) | 708,56 |
AFFECTATIONS DANS LES PLANS Financement Elimination
D’ACTIVITES DE L’ANNEE EN COURS (3US) (tonnes PAO)
a) S.0. S.0.
TITRE DU PROJET :
Consommation de SAO par I’entreprise (tonnes PAO) : 38.,4*
SAO a éliminer (tonnes PAO) : 3,88
SAO a introduire (tonnes PAO) : 3,88
Durée du projet (mois) : 12
Somme demandée a I’origine ($US) : 355 905
Co(t final du projet ($US) :
Codts différentiels d’investissement : 320500
Imprévus (10 %) : 32050
Codts différentiels d’exploitation : 0
Co(t total du projet : 352 550
Participation locale au capital (%) : 100 %
Elément d’exportation (%) : 0 %
Subvention demandée ($US) : 352 550
Rapport codt-efficacité ($US/kg) : 10
Colts d’appui a I’agence d’exécution ($US) : 24 679
Codit total du projet pour le Fonds multilatéral ($US) : 377229
Financement de contrepartie confirmé (O/N) : N
Echéances de suivi incluses ? (O/N) ]

*Toutes applications confondues. Consommation pour la mousse a vaporiser : 4,14 tonnes PAO

RECOMMANDATION DU SECRETARIAT

Examen individuel
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DESCRIPTION DU PROJET
Contexte

1. La Banque mondiale a soumis a la 75° réunion du Comité exécutif, un projet de démonstration
dans les sociétés de formulation sur la formulation de polyols prémélangés pour la fabrication de mousse
de polyuréthanne a vaporiser en utilisant un agent de gonflage de la mousse a faible potentiel de
réchauffement de la planéte, pour la somme de 397 100 $US, plus les colts d’appui a I’agence de 27 797
US™?. A la suite de I’examen par le Secrétariat, le colt du projet a été réduit a 355 905 $US, plus les colits
d’appui & I’agence. A I’issue des délibérations au sein du groupe de contact formé afin d’examiner tous
les projets de démonstration des technologies a faible potentiel de réchauffement de la planéte soumis a la
75° réunion, le Comité exécutif a décidé de reporter I’examen des sept projets de démonstration, y
compris le projet de la Thailande, a la 76° réunion (décision 75/42).

2. La Banque mondiale soumet de nouveau le projet mentionné ci-dessus a la 76° réunion, au nom
du gouvernement de la Thailande, pour la somme de 355 905 $US, plus les codts d’appui a I’agence de
24 913 $US. La proposition de projet est jointe a I’annexe | au présent document.

Obijectif du projet

3. Le secteur de la mousse de polyuréthanne de la Thailande regroupe 215 entreprises qui
consomment 1 723 tonnes métriques (tm)* de HCFC-141b pour fabriquer de la mousse de polyuréthanne,
dont de la mousse & vaporiser. La premiére étape du PGEH de la Thailande® a porté sur I’élimination de
1517 tonnes métriques (tm) de HCFC-141b utilisé dans toutes les applications de mousse de
polyuréthanne, sauf 349,1 tm utilisées par 30 entreprises pour la mousse a vaporiser (c.-a-d., les toitures,
les chambres froides, les bateaux de péche, les autobus pour le transport de passagers, les réservoirs
d’entreposage et les bateaux-citernes isolés) a cause de I’absence de solutions de remplacement a faible
potentiel de réchauffement de la planéte pour cette application. La consommation actuelle de HCFC-141b
pour la mousse a vaporiser a augmenté a 585 tm.

4. Le projet propose :

a) De renforcer les capacités de deux sociétés de formulation locales afin de formuler,
mettre & I’essai et produire des polyols prémélangés a base de HFO (hommément le
HFO-1233zd(E) et le HFC-1336mzz(Z)) pour les petites et moyennes entreprises (PME)
du secteur de la mousse de polyuréthanne a vaporiser;

b) De valider et d’optimiser I’utilisation HFO soufflé avec le CO, pour la mousse a
vaporiser afin d’obtenir le méme rendement thermique que celui qu’offre le HCFC-141b,
pour un minimum de codts différentiels d’exploitation (pour optimiser la proportion de
HFO a 10 pour cent);

c) De préparer une analyse des colts des différentes formules a base de HFO réduit
comparativement aux formules a base de HCFC-141b;

d) De diffuser les résultats de I’évaluation aux sociétés de formulation de la Thailande et
dans les autres pays.

L UNEP/OzL .Pro/ExCom/75/68.

2 Une somme de 30 000 $US, plus les colits d’appui & I’agence de 2 100 $US, ont été approuvés pour la préparation
du projet, étant entendu que cette approbation se signifie pas I’approbation du projet ni de son niveau de
financement au moment de la soumission (décision 74/36).

® Année de référence : 2010 selon le PGEH approuvé a la 68° réunion.

* UNEP/OzL.Pro/ExCom/68/41.
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5. Le codt unitaire, la disponibilité restreinte dans les pays visés a l'article 5 et le peu d’expérience
dans les conditions courantes des pays visés & larticle 5° constituent les principaux obstacles a
I’introduction des deux HFO proposés dans le projet de démonstration.

Mise en ceuvre du projet

6. Le projet sera mis en ceuvre avec I’assistance de deux sociétés de formulation, nommément la
Bangkok Integrated Trading Co., Ltd (BIT) et South City Polychem Co., Ltd (SCP), qui fournissent les
polyols (surtout du HCFC-141b) aux clients qui les utilisent pour fabriquer de la mousse de
polyuréthanne destinée a plusieurs applications, dont la mousse & vaporiser. Les deux sociétés de
formulation possédent de I’éguipement de base pour la mise en ceuvre du projet de démonstration.

7. BIT fabriquera des formules de mousse a vaporiser de haute densité (50 kg/ms3) et SCP fabriquera
des formules de mousse a vaporiser de densité normale (35 kg/m3). Chaque société de formulation
préparera et mettra a I’essai au moins 110 formules a base de HFO-1233zd(E) et de HFO-1336mzz(2),
cing rapports HFO:CO, (c.-a-d., 100:0, 75:25, 50:50, 25:75 et 0:100) et cing cycles fondés sur différents
rapports de polyols a base de polyéther, de polyester et d’amine. Les formules ainsi créées seront utilisées
avec une nouvelle machine de mousse a vaporiser (Graco), a une pression maximum de 3 500 Ib/po? et un
rapport variable de polyol-isocyanate. Les résultats de cette premiere étape seront analysés afin de
déterminer la meilleure combinaison de polyols.

8. Les 30 formules optimales seront mises a I’essai (trois échantillons de chaque formule) et les
propriétés critiques de la mousse (a savoir la stabilité dimensionnelle, I’adhésion a différents substrats, la
conductivité thermique et lacapacité de transformation) seront comparées a celles d’une formule typique a
base de HCFC-141b. Des formules choisies seront mises a I’essai sur le terrain.

9. Un atelier technique sera organisé afin de diffuser les résultats. Les sociétés de formulation auront
acces a des experts et des fournisseurs de la technologie afin d’acquérir des connaissances et de renforcer
leur capacité technique pour le développement de formules.

10. Le projet devrait é&tre mené a terme dans 12 mois.

Codt du projet

11. Le codt total du projet est évalué a 355 905 $US, comme indiqué en détail dans le tableau 1.
Tableau 1. Co(t du projet par activité
2 . C.Oﬂ.t Total
Elément Quantité unitaire ($US)
($US)
Equipement de fabrication de la mousse
Distributrice de mousse (pression de fonctionnement de 3 500 Ib/po? | 2 séries 40 000 80 000
et rapport réglable de polyol/isocyanate)
Equipement de laboratoire
Veérificateur de conductivité thermique | 2séries | 5000 | 10000
Développement et mise & I’essai des formules
Développement des formules 2 45 000 90 000
Essais externes par un laboratoire accrédité (inflammabilité, 110 250 27 500
compressibilité)
Essais sur le terrain 20 500 10 000

Polyuréthanne pour les essais

® Le HFO-1233zd(E) est désormais vendu sur le marché et la production pilote de HFO-1336mzz(Z) a débuté vers la

fin de 2014 en vue d’une commercialisation compléte en 2016.
4
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. . C_oﬂ_t Total
Elément Quantité unitaire ($US)
($US)
Polyol 1100 3 $US/kg 3300
MDI 1100 2,5 $US/kg 2750
Assistance technique
Assistance pour la technologie, comprenant les déplacements 1 80 000 80 000
Atelier de diffusion de la technologie 2 10 000 20 000
Total partiel 323 550
Imprévus (10 %) 32 355
Total 355 905
OBSERVATIONS ET RECOMMANDATIONS DU SECRETARIAT
OBSERVATIONS
12. La proposition de projet soumise a la 75° réunion comprenait I’essai d’une formule a base de HFC

a potentiel eleve de réchauffement de la planéte, proposée au cas ou les HFO ne sont pas vendus sur le
marché. Cette formule a été retirée du projet proposé a la 76° réunion. Le projet de démonstration porte
donc exclusivement sur les formules a base de HFO réduit.

13. Les résultats des délibérations entre le Secrétariat et la Banque mondiale sur le projet de
démonstration proposé a la 76° réunion sont résumés ci-dessous, pour plus de commodité :

a)

b)

d)

La Banque mondiale a réduit le colt du projet de 1 046 000 $US, comme proposé a la
74° réunion®, & 397 100 $US, comme proposé a la 75° réunion. Le colt du projet proposé
a la 76° réunion a été réduit de nouveau a 355 905 $US. De plus, en éliminant la formule
a base de HFC du projet de démonstration, le nombre d’essais a pu étre réduit a 100 (au
lieu de 110), ce qui entraine une économie de 3 355 $US. Le colt total du projet de
démonstration est donc de 352 550 $US;

La Banque mondiale a expliqué que le projet serait mis en ceuvre avec I’assistance de
deux sociétés de formulation dans le but de respecter I’échéance de 12 mois (une société
ferait I’essai de la mousse a vaporiser pour isoler les toitures et I’autre ferait I’essai de la
mousse a vaporiser pour les chambres froides et les batiments). L’assistance d’une seule
société de formulation doublerait le temps nécessaire pour développer et faire I’essai des
formules, et prolongerait considérablement le délai;

BIT a regu du soutien financier au cours de la premiére étape du PGEH afin d’offrir de
I’assistance technique aux microentreprises reconvertissant leurs activités a une
technologie de gonflage a I’eau dans tous les sous-secteurs sauf la mousse a vaporiser,
qui constitue le secteur visé par le projet de démonstration;

La capacité de reproduire I’utilisation de la technologie choisie est vaste, compte tenu que
les entreprises de mousse a vaporiser de la Thailande consomment actuellement 585 tm
de HCFC-141b. C’est également le cas dans d’autres pays de la région : Chine (7 100
mt), Indonésie (5,5 tm) et Viet Nam (60 tm). Les Philippines cesseront d’utiliser le
HCFC-141b dans la mousse a vaporiser en 2015, mais le pays profitera assurément du
projet.

& UNEP/OzL.Pro/ExCom/74/48.
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e) La mise en ceuvre du projet exige des activités intensives de développement des formules,
car il s’agit de la premiére fois que le HFO réduit sera évalué dans les conditions qui
régnent dans les pays visés a l'article 5. La participation d’un expert international en
mousses est requise dans les deux sociétés de formulation tout au long du processus. Le
projet de démonstration pourrait étre inclus dans I’accord de subvention existant pour la
premiére étape du PGEH de la Thailande, afin d’accélérer la mise en ceuvre du projet;

f) La Banque mondiale a expliqué que les risques possibles associés a I’adoption de la
nouvelle technologie associée a une viscosité accrue des nouvelles formules de mousse,
et le co(t final et la vente sur le marché des HFO ne peuvent pas encore étre déterminés.

14. La Banque mondiale a indiqué que le gouvernement de la Thailande est engagé a éliminer 35,3
tm de HCFC-141b de la quantité restante de HCFC admissible au financement.

Conclusions

15. Le Secrétariat estime que le projet respecte les critéres mis de I’avant dans la décision 72/40 car il
accroit les connaissances actuelles relatives a I’utilisation de formules & base de HFO réduit (technologie
a faible potentiel de réchauffement de la planéte) dans un secteur (mousse a vaporiser) ou les pays visés a
I'article 5 ont connu des difficultés associées aux restrictions visant I’utilisation d’agents de gonflage de la
mousse inflammables. L’optimisation des formules & base de HFO réduit grace a I’assistance de deux
sociétés de formulation locales devrait réduire les colts d’exploitation pour les PME, surtout en ce qui
concerne les formules a 25 ou 10 pour cent de HFO. De plus, la méthode utilisée pour la démonstration
est décrite clairement et liée au PGEH de la Thailande, et le potentiel de reproductibilité au pays et dans la
région est également décrit. Le Secrétariat prend note qu’il y a trois autres projets de démonstration sur
I’utilisation du HFO dans la fabrication de mousse & vaporiser et autres mousses’.

RECOMMANDATION
16. Le Comité exécutif pourrait souhaiter :

a) Examiner le projet de démonstration dans les sociétés de formulation des mousses de la
Thailande sur la formulation de polyols prémélangés pour la fabrication de mousse de
polyuréthanne a vaporiser en utilisant un agent de gonflage de la mousse a faible
potentiel de réchauffement de la planéte dans le contexte de ses débats sur les
propositions de projets de démonstration de solutions de remplacement a faible potentiel
de réchauffement de la planete pour les HCFC, comme décrit dans le document sur
I’ Apercu des  questions recensées  pendant  I’examen  des  projets
(UNEP/OzL.Pro/ExCom/76/12);

b) Approuver le projet de démonstration dans les sociétés de formulation des mousses de la
Thailande sur la formulation de polyols prémélangés pour la fabrication de mousse de
polyuréthanne a vaporiser en utilisant un agent de gonflage de la mousse a faible
potentiel de réchauffement de la planete pour la somme de 352 550 $US, plus les codts
d’appui a I’agence de 24 679 $US pour la Banque mondiale, conformément a la décision
72/40;

c) Soustraire 3,88 tonnes PAO de HCFC de la consommation restante de HCFC admissible
au financement.

" Colombie (UNEP/OzL.Pro/ExCom/76/26); Inde (UNEP/OzL.Pro/ExCom/76/35); et Arabie saoudite
(UNEP/OzL.Pro/ExCom/76/46)
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d) Exhorter le gouvernement de la Thailande et la Banque mondiale a mener le projet a
terme dans 12 mois comme prévu et a remettre un rapport final complet peu aprés
I’achévement du projet.
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THE MONTREAL PROTOCOL ON SUBSTANCES
THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET

COUNTRY:

Thailand

PROJECT TITLE:

Demonstration project at foam system houses in Thailand to
formulate pre-blended polyol for spray polyurethane foam
applications using low-GWP blowing agent

SECTOR COVERED: PU Foam
ODS USE IN SECTOR: 349 MT HCFC-141b in 2010 (spray foam)
PROJECT IMPACT: N/A
PROJECT DURATION: One year
TOTAL PROJECT COST: Incremental Capital Costs 355,905 USD
(Incl. 10% contingencies)
Incremental Operating Costs 0 UsD
Total Project Cost 355,905 USD
PROPOSED MLF GRANT: 355,905 USD
SUPPORT COST: 24,913 USD
TOTAL COST: 380,818 USD

COST-EFFECTIVENESS:

N/A

IMPLEMENTING ENTERPRISE:

1. Bangkok Integrated Trading Co., Ltd
2. South City Polychem Co., Ltd

IMPLEMENTING AGENCY:

The World Bank

COORDINATING AGENCY:

Department of Industrial Works, Ministry of Industry
Federation of Thailand Industries

PROJECT SUMMARY

This is a demonstration project to validate the use of two Hydrofluoroolefins (HFOs): HFO-1233zd(E) and
HFO-1336mzz(Z) for spray foam applications in Thailand. These are low GWP and non-flammable
blowing agent being developed to replace HCFC and HFC blowing agents.

The project consists two main components. The first component is the formulation development with
participating system houses. Two local system houses are participating under this component, one to
develop formulations at 35kg/m?® density and another at 50kg/m?® density in order to cover most spray foam
applications in Thailand. The second component is technical replication and dissemination of results.

The development process consists the following steps: planning, experimental laboratory, formulation
development, foam samples preparation and testing. An international expert will be engaged to provide
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support during the planning and implantation of the project, analyze cost/performance, and participate in
technical dissemination seminar.

Prepared by:

Reviewed by: OORG

1. PROJECT OBJECTIVE

The Article 5 parties will address in the short term the second phase of the HPMP (2016-2020) in the foam
sector. One of the most critical subsectors that still uses HCFC-141b and accounts for a significant market
portion is the production of spray foam for different applications such as construction, refrigerated
transportation, tanks insulation, etc. The sector is characterized by a great number of “micro” small
enterprises without the sufficient knowledge and discipline to handle flammable substances, which
prevents the adoption of hydrocarbons as HCFC replacement. In addition the introduction of high GWP
alternatives such as HFCs (HFC-245fa, HFC-365mftc, etc.) would result in a negative climate impact.

This projects proposes the validation of the Hydrofluoro Olefins (HFOs), a low GWP and non flammable
option, for spray foam applications in the scenario of the Article 5 parties through the development of
polyurethane (PU) formulations with reduced HFO contents that have CO2, derived from the water-
isocyanate reaction, as co-blowing gas. The aim is to optimize the cost/performance balance while
achieving a similar foam thermal performance to HCFC-141b based formulations.

Therefore the objectives of the project would be:

1. To strengthen capacity of selected local system houses to formulate, test, and produce pre-blended
polyol using low-GWP alternatives. This would lead to increased supply of cost-effective low-
GWP pre-blended polyol to small and micro-enterprises.

2. The validation of the use as foam blowing agents of the recently developed HFOs in blends with
CO2 for the production of spray foam in Thailand. The aim is to develop and optimize reduced
HFO formulation to get a similar thermal performance to HCFC-141b at a minimum incremental
operating cost.

3. To make a cost analysis of the HFO reduced formulations versus the currently used HCFC-141b
based system.

4. To disseminate the technology to interested system houses in Thailand and other countries.

2. SECTOR BACKGROUND

Based on HPMP, the foam sector in Thailand is the largest manufacturing sector of Thai-owned enterprises
with a 2010 consumption of HCFC-141b of 1,723 metric tonnes, most of it in the form of domestically
blended polyol. There are 215 foam manufacturing enterprises active in manufacturing PU rigid foam,
integral skin, flexible foam and extruded polystyrene. The majority uses pre-blended polyol that is supplied
by the different polyol suppliers. Out of the 215 enterprises, 53 have a consumption of less than 1 ODP MT
of HCFC-141b and can consequently be considered as “micro-enterprises.”

Table 1: Breakdown of HCFC Consumption in Foam Sector (MT)*

No. of

Sector/Application Enterprises

HCFC-141b Consumption (MT)

! Source: Thailand HCFC Phase-out Management Plan




2007 2008 2009 2010

Rigid Polyurethane

Box Foam 4 44.7 61.4 70.2 60.1
Commercial Refrigeration 14 110.4 136.6 132.8 1475
Steel/Fiberglass door 6 29.0 32.6 325 28.5
Ice Box 44 592.3 604.4 634.1 602.8
Pipe Section/Pipe-in-pipe Insulation 6 41.3 39.3 50.4 62.7
Pipe Section and Sandwich Panel*** 3 32.8 38.3 40.6 38.4
Refrigerated Truck, Reefer, Fishery vessel 13 43.2 59.3 59.7 70.3
Sandwich Panel 25 242.7 275.4 246.9 332.2
Spray Foam 30 295.9 330.1 298.6 349.1
Thermoware 7 46.6 54.5 47.9 45.7
Wood Imitation 6 27.6 32.2 39.2 49.0
Others 44 41.8 58.4 66.2 48.0
Sub-total Rigid Polyurethane Foam 202 1,548.2 1,722.6 1,719.1 1,834.4
Flexible Polyurethane 5 21.6 25.0 27.9 25.1
Integral Skin 8 19.3 28.0 24.3 24.1
Total Foam Sector 215 1,589.1 1,775.6 1,771.3 1,883.6

Under Stage | HPMP, the foam sector conversion will phase-out a total quantity of 1,517 MT of HCFC-
141b used in bulk, in domestically pre-blended and imported pre-blended polyol. Of which, 639.6 MT of
HCFC-141b will be replaced by cyclo-pentane and 844.6 MT of HCFC-141b will be replaced by a 50%
reduced formulation with HFC-245fa as a blowing agent. The balance will be phased out by water blown
technology. Thailand Stage | HPMP does not include spray foam application in 30 enterprises which
consumed 349.1 MT of HCFC-141b in 2010. The reason for not including spray foam in Stage | was due
to limited alternatives for spray foam either because of the capacity of enterprises needed to adequately
apply the technology and the technology’s maturity (CO2), or because of the environmental impact of
other commercially available alternatives (HFCs).

2.1 System House Background

Thailand’s foam industry comprises not only polyol suppliers and manufacturers, but also system houses
that both supply pure polyol to, as well as blend polyol and prepare formulations for the foam industry. In
addition to direct supply by system houses, local polyol distributors authorized by the system houses also
supply pure polyol and pre-blended polyol to foam enterprises across the country. Thailand has thirteen PU
system houses and polyol suppliers. The local system houses/suppliers cater to small/micro enterprises
(SME) with PU material, while international PU chemical manufacturers (BASF, Bayer, Dow and
Huntsman) are represented and concentrate on the larger users.

To reach these small and micro-sized enterprises, the project will provide foaming equipment to two local
system houses and assist in developing and supplying pre-blended polyol using low-GWP alternatives to
spray PU foam to their customers. The two participating local system houses are:

2.1.1 Bangkok Integrated Trading Co., Ltd

Bangkok Integrated Trading (BIT) was established in 1989. It began as the sole distributor of PU foam of
Dow Chemical in Thailand. They began to provide their own pre-blended polyol in 2009. Its products are
widely used in the production of foam for appliances, sandwich panels, automotive, furniture, reefer
container, cold store, pipe insulation, imitation wood and imitation ceramic, spray foam, etc. It is supplying
polyols to customers all over the Thailand. The estimated HCFC-141b in system sales and spray foam from
2010 to 2015 are shown in Annex 1. Most of the products are pre-blended polyol with HCFC-141b
blowing agents.




BIT facility includes a laboratory that performs chemical tests: reaction and cream/string tests, and foam
water content (water titration). Physical tests are performed by external accredited laboratory either in
Thailand and Singapore according to relevant national and international standards. The company has a 5-
MT insulated blending tank to produce pre-blended polyol. BIT technical personnel consist a chemist with
more than 17-year experiences in foam formulation and production.

2.1.2  South City Polychem Co., Ltd

South City Polychem (SCP) was founded in 1996, located in Rayong Province. SCP is the sub-company
under South City Group. There are 3 people are working on polyol system development and production.
Head of R&D has more than 20-year experience in PU foam development. South City Polychem has one 1-
ton and one 5-ton blending tank. They also have a laboratory to perform basic tests (i.e., cream time, and
tack free time). Their products are widely used in the production of foam for appliances, sandwich panels,
automotive, furniture, reefer container, cold store, pipe insulation, imitation wood and imitation ceramic,
etc. It is supplying polyols to customers all over the Thailand. Most of the products are pre-blended polyol
with HCFC-141b blowing agents.

2.2 Spray Polyurethane foam (SPF)

Spray PU foams are closed-celled, air tight, resistant to mildew and fungal attack, provide no food value to
rodents and have good vapor barrier properties. They find utility as an in situ applied insulation in
applications where irregular shapes or the need for a monolithic layer of foam exists. These applications
include building envelope, pipe insulation, tank insulation, rail cars, residential roofing and floors. Sprayed
foam is now finding increasing applications in retrofitting/refurbishing roofs, walls, floors and windows of
existing buildings as well as in new constructions such us commercial offices, industrial factories and
warehouses, agricultural pig and chicken farms.

There are approximately 30 enterprises that provide spray foam services to their customers in Thailand.
Main applications for spray foam in Thailand include the followings: roof, cold-storage room (including
floor), fishing boat, passenger bus, storage tank, and insulated tanker. These enterprises either buy blowing
agent and mixing it themselves with pre-blended polyol systems or purchase pre-blended polyol systems
with HCFC-141b. Their baseline HCFC-141b consumption in 2010 was estimated to be 349.1 MT and
increasing to 585 MT in 2013.

For normal applications, desired density is 35kg/m® for optimal insulation. For flooring applications that
need high compressive strength, the desired density is 50 kg/m®. Current SPF formulation in Thailand uses
20-30% HCFC-141b in pre-blended polyol. The system house can adjust the ratio of HCFC-141b in pre-
blended polyol depending on the density requirement of the users. Foam systems used in SPF applications
need to have fast reaction time (cream time: 3 sec. and tack-free time: 5-7 sec.). Other considerations
include low odor.

For developed countries, the proven technical options to replace HCFC-141b as blowing agent for spray
PU foam are exclusively limited to high GWP HFCs, specifically, HFC-245fa, which has a GWP of 1,030
(100yr ITH, IPCC 4th Assessment Report 2008). This constitutes a major drawback for developing
countries, as this is an application with comparatively high emissions and having in mind Decision XIX/6,
which promotes selection of alternatives that minimize environmental impacts, in particular impacts on
climate. Reduced HFC-245fa formulation at 7.5-10% could reduce the climate impact but will increase the
viscosity of the pre-blended polyol. This could pose problem for current crop of spray foam machines, with
maximum working pressure up to 1600 psi, whether they can cope with higher viscosity polyol. The
barrier for hydrocarbon technology in this application is safety during foaming because of their
flammability.



2.3

The unsaturated HFCs and HCFCs (commonly called HFOs), 1233zd(E) and 1336mzz(Z), marketed under
the trademarks Forane (Arkema), Formacel (Chemours) and Solstice (Honeywell) and recently
commercialized, have shown in rigid PU foam applications such as domestic refrigeration and spray a
better thermal performance that the high GWP-saturated HFCs currently used in the developed countries.
Their general properties are shown in Table 2 along with HCFC-141b, HFC245fa and HFC-365mfc. They
offer a unique opportunity for introducing safe non-flammable technologies that while enhancing energy
efficiency will have a positive effect on climate change in terms of greenhouse emissions. Based on the
physical properties of these substances (hon flammability and relatively high boiling points) it is
anticipated that their application does not require the retrofit of the foaming equipment currently in use.
This is particularly true and important at the level of small and medium enterprises. Commercial
availability has already been established for HFO-1233zd(E). Pilot scale production of HFO-1336mzz(Z)
commenced in late 2014, with full commercialization expected in 2016. Although for these options
availability is likely to be targeted mostly in markets within Article 2 parties where the requirement for
improved thermal efficiency is best identified, the demand to leapfrog high GWP alternatives to HCFCs
could accelerate distribution to Article 5 regions. There are not legal or commercial barriers for the
introduction of these products.

Low-GWP alternatives

Table 2: HCFC, HFC and HFO Foam Blowing Agent Properties

Common name HCFC-141b HFC 245fa HFC 365mfc HFC1336mzz-Z | HCFC 1233zd HCFC 1233zd

Manufacturer Various Honeywell Solvay DuPont Honeywell Arkema

Trade name Enovate® Solkane® Formacel® Solstice™ LBA Forane®

Cis-CF3-CH=CH-[Trans-CICH=CH-| Trans-CICH=CH-

CH;CCI,F CF;CH,CHF CF;CH,CF,CH

Formula 3 2 3 2 2 3 AV 3 CF3 CF3 CF3

Molecular Weight 116.9 134 148 164 130.5 130.5

Boiling Point (°C) 321 15.3 40.2 33 19 19

GWP (looyr |TH)* 725 1,030 794* 2 1 <7

Gas Thermal .

Conductivity (mW/mK, 9 12.5 106 10.7 10.6 9

10°C)

LFL /UFL 6.5-15.5 None 3.8-13.3 None None None

(vol % in air)

The formulation science associated to the PU technology and the excellent foam thermal characteristics
provided by HFOs open the door for the development of PU formulations with reduced HFO contents that
have CO,, derived from the water-isocyanate reaction, as co-blowing agent. The aim is to optimize the
cost/performance balance of these substances, achieving a similar foam thermal behavior to HCFC-141b at
the lowest possible cost, and, simultaneously, to carry out a comprehensive assessment of the HFO
performance at developing countries conditions.

These alternatives could provide a long-term solution for spray PU foam applications as well as for other
application. However, there are two main obstacles for the introduction of these substances:

1. Their high unitary cost that is reflected in the final cost of the PU formulation.

2. The minimum experience with these products in developing country conditions. This technology
5



has not been demonstrated in conditions prevailing in Article 5 parties.

3. PROJECT DESCRIPTION

Currently, pre-blend polyol for SPF applications in Thailand contain 20-30% of HCFC-141b while the best
reduced formulation used in developed countries can reach 7.5% of HFC-245fa. In this demonstration
project, the goal is to validate reduced formulations at 10% HFOs. The project consists of two main
components. The first component is the reduced formulation development with participating system
houses. The second component is technical replication and dissemination of results.

3.1 Reduced Formulation Development with System House

Two local foam system houses (Bangkok Integrated Trading Co. Ltd. and South City Co. Ltd.) will be
participating in the project. Bangkok Integrated Trading will focus their formulation on high density SPF
(50kg/m®) while South City will focus on normal density SPF (35kg/m?®). Based on their past experience in
formulation development, the development process will be as followed:

i. Planning.

Definition of the independent variables: type of HFO, type of polyols, proportion of HFOs in the
cell gas, and density. Definition of the dependent variables: Lambda value, compression strength,
flame retardant, and dimensional stability. A commercial HCFC-141b based formulation will be
used as control.

ii. Selection of polyol candidates based on solubility.

SPF uses a combination of polyether, polyester and amine polyols based on different requirements:
dimension stability, flame retardant, and cell size. At this stage, candidates from each type of
polyol will be shortlisted based on their solubility with the two HFOs. Different ratios of polyether,
polyester and amine polyols will also be considered during formulation development.

iii. Test options.

Different spray foam applications require different combinations of polyol, surfactant, catalysts,
fire retardant and other additives. With technical support from the international expert, one foam
system house will develop formulations for under-roof application while another will develop
formulations for cold storage room.

To reach 10% HFO reduced formulation, each system house will need to conduct different CO2
formulation for each HFO in order to get the characteristic curve. An additional formulation will
be needed for matching the point where the characteristic curve intersects with the baseline HCFC-
141b performance. Therefore, each HFO will need five formulations. For statistical purposes,
three sets of tests are required for each HFOs. The total test will be equal to 30 tests plus 3 test for
baseline HCFC-141b formulation. Three specimens for each test will be prepared and sent for
laboratory testing. The total number of specimens and laboratory tests is about 100 (33 * 3).
Three tests will be needed and additional 9 — 10 specimens will be sent for laboratory test.

iv. Formulation development.

Spray foam must meet a number of customer, government and specifier’s criteria. The baseline for
critical properties such as dimensional stability, adhesion to different substrates, thermal
conductivity, processability will be determined to compare the values currently observed with the
HCFC-141b based systems. The foams will be tested for reactivity, foam surface quality, density
with and without skins, closed cell content, thermal performance, compressive strength,
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dimensional stability and on selected samples for flammability via standard test methods. The
critical immediate and aged foam properties for these applications (Lambda value, compression
strength, dimensional stability) will be tested following ASTM or ISO standard procedures and
DIN for flammability.

The resulting formulations will be prepared at laboratory scale and then applied using a Gusmer
(Graco) type dispenser with an adjustable isocyanate/polyol volume ratio.

The initial phase will be at laboratory scale testing minimum of 110 formulations Catalysis and
overall blowing agent amount will be adjusted to have among formulations a similar reactivity,
free-rise density, and dimension stability. The results of initial phase will be analyzed in order to
identify best combinations of polyols before the next phase. The second phase, the system house
will use a Gusmer (Graco) type dispenser to spray selected foam formulations to simulate real-
world application. Three samples from each formulation will then be subjected to comprehensive
tests.

Given that the new reduced formulations will most likely be more viscose than HCFC-141b
formulation, the project will provide a spray foam machine with maximum working pressure at
3,500 psi and adjustable polyol to isocyanate ratio to each system house in order to carry out the
spray foam test accurately. Other equipment will include additional laboratory equipment. The
participating system houses will receive budget for testing different formulations and for cost of
raw materials for the trial production and testing that they will develop with their customers.

v. Analysis of results.

A detailed analysis of the resulting foam properties at different HFO levels and the associated
formulation cost will be carried out. A typical HCFC-141b formulation will be used as standard.

vi. Field test

A field test with selected formulations will be done.

3.2 Technical Replication and Dissemination of Results

Based on results from the first component, technical workshop will be made available to all system houses
and polyol suppliers to share the results from the testing of foam formulations using low-GWP alternatives.
Foam system houses and polyol suppliers will be given support in the form of access to experts and
suppliers of alternative technologies to bring them up to speed on short and longer term options for a sector
characterized by small users with capacity limitations. The technical assistance will transfer knowledge and
strengthen technical capacity of the system house in formulation development. Foam properties depend on
the interaction of all components: polyols, blowing agents, surfactants, catalysts, and isocyanate.

3.3 IMPACT ON GWP

There is no impact on GWP at this stage. The impact will occur when the system houses produce and
commercialize the new low-GWP formulations.

4. PROJECT BUDGET

4.1 Technical Assistance

Cost for international expert is included. The expert is expected to provide technical advices for
preparation, monitoring and reviewing of project, and recommendation on extension to other foam industry
in the country. Three full one-week visits are needed. The first visit is to carry out detailed planning of the
project implementation (experimental laboratory planning, formulation development, foam samples
preparation and testing). The second visit is planned during the middle of the implementation to do a
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detailed project follow-up. Finally the third visit is to discuss the final report preparation including support
on the cost/performance analysis and, in parallel, participate in the dissemination seminar.

4.2 Provision of equipment

The project plans to provide one full set spray foam machine (maximum working pressure 3,500 psi. The
equipment consists of ordinary spray foam dispenser, super-critical CO2 module as well as water
introduction module for PIR application. By this arrangement, any of potential difficulty to connect all
modules can be avoided, so that fast implementation is ensured.

4.3 Laboratory tests

Some of essential properties of the foam are to be done by outsourcing (Flame retardancy and aging tests,
SEM). Fundamental laboratory equipment for testing such as a thermal conductivity tester and are
provided to the participating system houses. For the foam application, minimum amount of formulated
polyol is to be provided from suppliers both for PUR and PIR applications.

4.4 Dissemination workshop
Cost to organize the dissemination workshops is included. Two workshops will be organized in Thailand to
system houses in Thailand and support to interested system houses from countries in the region.

4.5 Incremental operating cost

According to the supplier, the cost of the low-GWP foam blowing agent material will be much higher than
HCFC-141b. Though with reduced HFO PU formulation that have CO,, derived from the water-isocyanate
reaction, as co-blowing agent, the cost/performance balance of these substances, achieving a similar foam
thermal behavior, could be slightly higher than HCFC-141b. Amount of PU material is nearly same as the
HCFC-141b foams for almost all application, since the density is same and required thickness is same.

However, 10C is not requested for end users in the present demonstration project.

The summary of the project cost is as follows:

Unit Cost
ITEMS Qty. (US$) Total (US$) Remark
Foaming equipment
e Spray foam machine (maximum 2 sets 40,000 80,000
working pressure at 3,500 psi &
adjustable polyol/isocyanate
ratio)
Laboratory equipment
e Thermal conductivity tester 2 sets 5,000 10,000
Formulation development and testing
e Formulation development 2 45,000 90,000
e External test by accredited 110 250 27,500
laboratory (flammability,
compressibility)




ITEMS Q. Ylse | Total(USS) | Remark
e Field Test 20 500 10,000
PU material for testing (including
transportation)
e Polyol 1,100 kg 3.0 3,300
e MDI 1,100 kg 2.5 2,750
Technology assistance including travel 1 80,000 80,000
Technology dissemination workshop 2 10,000 20,000
Sub-total 323,550
Contingencies (10%) 32,355
Total 355,905
5. PROPOSED MULTILATERAL FUND GRANT

The proposed grant request is US$ 355,905, the calculated cost based on actual situation of all participants.

6. PROJECT IMPLEMENTATION

The project will be implemented under the supervision of the Department of Industrial Woks in
coordination with Federation of Thai Industries. The following proposed schedule will be effective after

the proposed MLF grant approved:

Activity

Month after approval

5 6

7

8 9

10

11

12

Project approval X

GSB appraisal X

Sub-project agreement

Planning for system
development and verification
testing

Specification of foaming
equipment and site preparation

Procurement and installation of
equipment at the system houses

Trials/testing/analysis

Report and Review meeting.




Technology dissemination
workshop

Completion report

7. PROJECT IMPACT
Not applicable.

8. ANNEXES
ANNEX-1: Information on system house consumption
ANNEX-2: OORG Review
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Annex 1: HCFC-141b Consumption Summary

A. Bangkok Integrated Trading System Sales and HCFC-141b consumption

2015
YEAR 2011 2012 2013 2014
(forecast)
HCFC-141b Consumption (Total) 250 274 271 204 276
HCFC-141b Consumption (spray foam) 19.2 12.9 8.0 7.6 30
B. South City System Sales and HCFC-141b consumption (MT)
2015
YEAR 2011 2012 2013 2014
(forecast)
HCFC-141b Consumption (Total) 129 120 140 150 180
HCFC-141b Consumption (spray foam) 26 24 28 30 36
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Annex 2: OORG Review

THAILAND - REVIEW OF SPRAY FOAM DEMONSTRATION PROJECT

INTRODUCTION

This project involves the validation of low GWP unsaturated HFCs (hereinafter referred to as “HFOs”) as
replacements for HCFC-141b in polyurethane rigid foam in the spray foam sub-sector. In particular, it
involves the development of polyol formulations based on HFOs, in conjunction with two local system
houses, which supply local SMEs and micro enterprises who are engaged in the application of spray foam
systems in the Thailand market.

TECHNICAL ASSESSMENT

The replacement of HCFC-141b in the spray foam sub-sector has been particularly challenging. The main
HCFC replacement technology for the global rigid polyurethane foam industry have been hydrocarbons
(pentanes). These offer cost-effective low GWP solutions but the high flammability of these hydrocarbons
(HCs) prohibit the use in spray foams on safety grounds. Further, the safety engineering modifications
would be prohibitive for SMEs and the necessary safety management capacity would be beyond the
resources of SMEs.

In developed countries the main replacements for HCFC-141b for spray foams have been one of the two
saturated HFCs HFC-245fa or HFC-365mfc (note that HFC-365mfc is not mentioned in Section 2.2 where
the use of HFCs is discussed — please rectify). These two HFCs offer excellent foam properties but their
high GWPs indicate that they may not be long term solutions, particularly where compliance with Decision
XIX/6 is required or is desirable. In addition, these HFCs do not, in themselves, offer cost effective
solutions in comparison with HCFC141b and “reduced HFC” formulations involving co-blowing with
CO2(water) is one approach to cost effectiveness being applied in developing countries.

The comparatively recent development of HFOs offer low GWP, non-flammable, alternatives to HFCs.
These are HFC136mzz-Z (DuPont) and HCFC1233zd (Honeywell and/or Arkema). Their evaluation in
developed countries and in applications such as appliances in developing countries are subject to intensive
activity but the evaluation in SME-related applications such as spray foam is not being followed in the
same time scale. However, their early evaluation in these applications indicates a significant improvement
in insulation properties in comparison with the HFCs. It should be noted that the commercial availability of
these new blowing agents is improving as new production facilities are built and commissioned.

The proposed project addresses the evaluation of these HFOs in a comprehensive manner. A key step is the
partnership with two local systems houses in the development of suitable formulations for spray foams.
These system houses are very experienced in polyurethane rigid foam technology. A further key step is the
development of “reduced” formulation using HFOs in conjunction with partial co-blowing with
CO2(water). This is covered in Section 1 (Project Objective) but is not further covered in Section 3.11 (iii)
which concentrates on blend rations with HFC-245fa. It should be made clear to the reader that “reduced”
formulations are used.

The development and evaluation of formulations involves a range of polyol types and this approach is fully
supported. The formulations will be designed to give foam densities at two levels. These will be at ca 35
kg/m3 and ca 50 kg/m3 to cover optimum insulation and walls and floor/roof applications, respectively.

Another key step is involvement and the enhancement of the capabilities of the two system houses. This
step includes a new spray foam dispenser and a thermal conductivity tester for each systems house. The
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dispensers are chosen to be capable of working with higher viscosity polyol formulations.

The reviewer queries the decision to have only one workshop to disseminate the results and learning from
the study. Will this be enough to ensure the necessary attendance of SME foam manufacturers from
different regions within and outside Thailand?

ENVIRONMENTAL, HEALTH AND SAFETY CONSIDERATIONS

The main environmental consideration is that HFO technology is of low GWP (and extremely
low/negligible ODP) and represents a long-term option. The climate/energy impact (benefit) via the project
results is low but may not be negligible, depending on whether or not improved insulation values are
achieved in comparison to HCFC-141b. However, long term use of HFCs, even in blends, would have a
negative impact

There are no health considerations due to the project per se but the opportunity should be taken during the
technology dissemination workshop to emphasise, particularly to micro/SMEs, the importance of avoiding
exposure to MDI vapour.

PROJECT COSTS
The proposed capital cost items are necessary and are supported.

In terms of operating costs, these will be higher than for HCFC-141b despite the measures such as the
“reduced” HFO approach taken. However, it is noted that incremental operating costs are not requested.

The development of a comparative cost analysis will be a challenging target until market prices are known.

IMPLEMENTATION TIMEFRAME AND MILESTONES

The timetables should be feasible and are supported.

RECOMMENDATION - Approval (Please note points made\\0

Dr M Jeffs

17/09/2014
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