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1. Background. Since the mid 1970s, Thailand has been establishing policies for achieving rapid 
economic development and environmental protection, including support for the Montreal Protocol (MP) 
on Substances that Deplete the Ozone Layer (ODS). Thailand ratified the MP in July 1989 and is eligible 
for funding from the Multilateral Fund for the Implementation of the Montreal Protocol to finance ODS 
phase out programs. The Fund is managed by the Multilateral Fund Executive Committee (MFEC) and 
implemented by the World Bank, UNDP, UNEP and UNIDO. Funds for Bank implemented projects are 
channelled through the Bank administered Ozone Projects Trust Fund (OTF). 

2. The Government is committed to establish a cost effective program for phasing out ODS. To 
coordinate its MP activities, a Ozone Layer Protection Unit has been established in the Department of 
Industrial Works (DIW), Ministry of Industry, which also serves as secretariat to a ODS Phase Out inter­
agency Policy Committee. The Ministry of Science, Technology and Environment (MSTE) is responsible 
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for national environmental policies and enforcement. Both institutions have experience in the 
environmental field, but are under staffed and lack specific know-how on ODS phase out. The Industrial 
Finance Corporation of Thailand (IFCT), was assigned by the Government to act as financial agent to 
channel funds from the OTF to benefu:iaries in Thailand. IFCT has a long track record as a development 
bank with extensive experience in financial and technical project appraisal. 

3. Thailand Is preparing a Countr_y Program (CP) to be completed by June 1993 that defines a cost 
effective strategy, incremental r.osts, and policies and actions required to comply with MP obligations and 
to achieve early phase out. The CP is based on a Bank supported ODS Country Study completed by ICF 
consultants in 1992. UNDP is implementing an Institutional Strengthening Project which would assist 
DIW in developing the implementation capability for the CP. MITI and USEP A are assisting firms 
affiliated with Japanese and US companies and a UNEP/SIDA project provides TA on ODS phase out 
in the solvent sector. 

4. Two Engineering Studies, for which the Bank was implementing agency, were conunissioned by 
DIW to identify and prepare ODS phase out subprojects. The Multilateral Fund Executive Committee 
(MFEC} in its meeting in July, 1992 approved funding for the first two subprojects: a CFC Recycling 
Project for Mobile Air Conditioning and for a CFC Solvent Phase Out Project in Thai Airways for a total 
amount of US$ 1.0 million. Both projects are still under preparation. Another 20 subprojects have been 
identified in air-conditioning refrigeration. foam blowing, and electronics and metal cleaning, of which 
14 have already been pre-appraised. These are included under this proposed ODS Multicomponent 
Investment Project. Funding will be requested from the MFEC for the 14 preappraised projects and a 
permission to proceed for the other 6 identified subprojects. 

5. In 1991, Thailand COllSUmed 15,600 tons ODS, equivalent to an Ozone Depleting Potential (ODP} 
of 10,044 tons or 0.16 kg ODP per capita. All ODS is imported. ODS was used in: (i) electronic/metal 
cleaning solvents, (43% as ODP), (ii) refrigeration/air conditioning (33%), {iii} foam (15%), (iv) 
fire-prevention (6%}, and (v) aerosols (3%). ODS consumption increased by 23% p.a. between 1986 and 
1990 due to fast economic growth. Electronics, refrigeration and air conditioning accounted for 80% of 
the increase in ODS consumption. Growth slowed down to 99' p.a. in 1991. By comparison, Philippines 
consumed a total of 2650 tons ODP and Malaysia 4779 tons ODP in 1990. 

6. Projfd Obifdim. The project objective is to support the Government program to phaseout ODS 
by (a) establishing an efficient mechanism for executing ODS phaseout projects through local institutions, 
and (b) implementing an initial group of cost effective priority subproject&. The proposed approach is 
to provide grant funding to several subprojects through a local financial institution to cover their 
incremental costs. 

7. Prolfd l>fflqjptlon. The Project will support 20 subprojects in refrigeration, air conditioning, 
foams, solvents and recycling. Each subproject includes technical assistance to assist participating 
enterprises (PE) with technology transfer, design, training and implementation. A list of proposed 
subprojects is attached in Annex 1. Of the 20 identified subprojects, 14 subprojects, representing about 
90% of the total project investment cost and about 85% of total grant amount, have been pre-appraised. 
Pre-appraisals for other subproject& over $500,000 will be presented to the MFEC for approval once 
finalized. 

8. Project Costs, Incremental Costs and Fjnancin&. Estimated total investment program costs are 
US$26.829 million, including US$3.667 million in contingency and financial intermediation fees. Out 
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of this amount, US$21.105 million is eligible for OTF grant funding. Incremental costs are defined as 
per Bank and MFEC guidelines, i.e. as the net present value of incremental economic project costs 
(mvestment plus operating costs net of operating benefits) discounted at 10% in real terms. Firms with 
mixed local and foreign (developed country) ownership are eligible for OTF funding in proportion to their 
share of local ownership (see Annex 2). Following current MFEC practice, reimbursement of 
incremental operating costs for subprojects is limited to four years. An overall contingency allowance of 
159' for pre-appraised projects and 30% for identified projects, and a financial agent fee of 3 % have been 
included in the grant amount. The contingency will be allocated, as needed, by the Bank, to cover any 
justified subproject cost increases. If any one subproject shows a cost increase in excess of MFEC 
guidelines (i.e., $500,000 increase), the subproject will be resubmitted to MFEC for reapproval. 

Project Costs E5timates 

PnHpprlUIOd mbprojecta 
Jdcmticcl ••bp,ojecta 

TQIAL Project 

Project com 
(US$ million} 

24.456 
2.373 

26.829 

Net Recurring 
~ 

!!.X!Jl! 

(0.217) 
0.133 

(0.084) 

al DdCOUIUd at 10'1. Negative numbers indicate operating savings. 

Propooed 
2ll: 
~ 

l&.123 
2.9&& 

21.105 

b/ Eligibk incrm""""' cost = inerunental COit x Ihm> of local ownonhip, including 15\li contingency, and 3\li fN fur 
f'U1114Cialagea. 
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9. The incremental costs of investment subprojects would be financed by an OTF Grant to the 
Government. Eligible investment subprojects will receive the incremental cost portion of the total cost 
as grants channelled through a financial agent (FA) with the balance financed from commercial sources 
or from the enterprises' own resources. The financing plan is: 

Source 

OTP Grant 

Commercial Loans/or 
Enterprise Own Funds 

TOTAL 

Fioaudnc Piao 

us s roillioo 
equivalent 

21.1 

5.7 

26.8 

10. Project Implementation. DIW will have overall responsibility for the implementation of the ODS 
investment program. Specifically, IllYl will ensure that ODS projects are consistent with the Country 
Program for ODS phaseout. DIW will review each subproject prior to appraisal to ensure that cost­
effective technologies will be applied and that the subproject conforms to CP priorities. D:cr will be 
responsible for implementation of the investment component, including subproject appraisal, disbursement 
of OTP funds to the enterprises, and supervision of subproject implementation. IFCT will receive a fee 
equivalent to 3 % of grants for its services, of which IFCT would receive one third ( = 19') following 
approval of subproject appraisal reports by the Bank, and two thirds ( = 2 % ) upon disbursement of the 
grants to the subprojects. IFCT would be guided by subproject eligibility, appraisal and financing criteria 
for Montreal Protocol project (summarized in Annex 2), and would operate under terms and conditions 
as defined in Annex 4. IFCT will prepare appraisal reports in a format acceptable to the Bank. 

1 1. The ~ will review each appraisal summary and report to ensure compliance with MFEC 
guidelines prior to approval of the grant (no free limit as required under the OTF agreement). SubJ>roject 
proponents Centemrises) will be responsible for subproject implementation in accordance with subgrant 
contracts signed with IFCT. IFCT would submit a contract format acceptable to the Bank before 
appraisal of the ODS Multicomponent Investment Project. 

12. Re.porting and Monitoring. DIW will be responsible for monitoring the overall Project and 
attaining ODS phaseout targets. DIW and IFCT will prepare semi-annual progress reports. IFCT will 
submit an annual audit report acceptable to the Bank. The Bank's supervision will include reviewing 
progress and audit reports, and approving all subproject appraisal reports. 

13. Procurement. Procurement of goods, works, and services will be in accordance with Bank 
Guidelines for lending through financial agent. IFCT will satisfy itself that the goods, works, and 
services to be purchased are for the subprojects and are reasonably priced, by ensuring that the grant 
recipient has canvassed the main sources of supply and purchased from the most advantageous source. 
Detailed procurement guidelines have been included in Annex 3. Consultants will be selected in 
accordance with the Bank Guidelines for the Use of Consultants. 
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14. Disbursement, A Special Account would be established to facilitate disbursement of OTP grants. 
IFCT would submit requests for replenishment of the Special Account based on Statement of 
Expenditures. Disbursement guidelines have been included in Annex 4. Project funds are expected to be 
disbursed according to the fullowing schedule: 15% in calendar year 1993, 60% in 1994, and 25% in 
1995. 

15. Environmental Consideratjons. Toe Project is designed to protect the environment by reducing 
ODS emissions. However, substitution of ODS with other chemicals or technology may involve other 
environmental risks. Enterprises will prepare Environmental Assessments (EAs) according to local 
regulations, approved by DIW. IFCT will ensure that subprojects have complied with that obligation prior 
to disbursement. IFCT will submit a certification together with the appraisal report to the Bank that the 
enterprise has complied or is in the process of doing so. 

Hi. Project Sustainability. The Project will assist the Government in establishing an efficient 
mechanism for developing and funding subprojects under the ODS phase out program. In order to achieve 
a sustainable and cost-effective phase out of ODS with a broad coverage of the various ODS consuming 
sectors, it will be essential - in addition to the enterprise specific support - to establish under the country 
program a policy framework that discourages the consumption of ODS and at the same time encourages 
the use of ODS substitutes and non-ODS technologies. Apart from policy interventions, rising market 
prices for ODS are expected to be the major incentive for an accelerated ODS phase out. Prices are 
expected to increase as the world's major ODS suppliers are committed to drastically reduce their ODS 
production. Simultaneously, these suppliers are developing or are already actively marketing ODS 
substitutes. Prices for these substitutes are expected to fall. 

17. Project Benefits. The Project will help the Government implement an accelerated ODS phaseout 
program by providing financing for priority subprojects. The Project is expected to reduce ODS 
consumption directly by about 1000 MT ODP by 1995, or about 10% of current consumption. In 
addition, the project will enable export oriented firms to maintain their export markets by making a timely 
adjustment to non-ODS production technologies, as requested by importers from industrialized countries. 

18. Prnlect Risks. Institutional weakness of implementing agencies could slow down project execution 
and is being addressed under the Institutional Strengthening Project approved by the MFEC in March 93 
and to be implemented by UNDP. Technical and commercial risks related to the introduction of 
technologies which are new to Thailand. will be minimized by providing TA to participating enterprises, 
by the use of technologies which have been internationally tested and commercialized, and by requiring, 
in selected cases, technical cooperation agreements between the enterprise and the international technology 
supplier. 

19. Rationale for Use of Ozone Trust Fund. Toe Project is consistent with MFEC's and the Bank's 
Implementation Guidelines and Criteria for the use of OTF funds. 

20. Lessons from Preyious Bank Experience. OTP Projects are being developed simultaneously in 
Mexico, Venezuela, China, Malaysia, Philippines, Turkey, and other countries. None of these projects 
has been completed so far. However, early review indicates the need for: flexibility in Project design 
Including provision for contingencies; well prepared and documented subprojects; and institutional 
strengthening, including training and TA. 
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ANNEXt 
TIIAILAND • ODS PHASE our MULTICOMPONENT INVFS1'MENT PROJECT 

SUMMARY TABLE OF SUBPROJECT PROPOSALS 
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ANNEX 1 
THAILAND - ODS PHASE QUT INVESTMENT PROJECT 

SUBPROJECT SUMMARIES 

L PREAPPRAISED SUBPRQJECTS 

A. SOLVENTS 

1. Hana Semicondudon 
Convnon QfElajumlc CJfflrinr :ernm, from CFC-113fAlcohoJ Blended Solvent and 1,1,1 
Tdm!ornmtfbeor tg Wet Mdil BhL'1ilw and Aqueous Clpnirut 

This project will eliminate tho llllO of CFC-113/metbanol blend and 1,1,1 trichloromelhane (TCA) in tho 

cleaning of semiconductors and circuit card assemblies at Hana (BKK) Co., Ltd. (Hana). Hana PCB 
Division produces several types of circuit card assemblies for use inside cameras, computers, and 
other electronic equipment. Hana Semiconductor Division assembles semiconductor cbips into 
complete electronic components. Toe phaseout of owne depleting solvents (ODS) will be 
accomplished by replacing the current cleaning solvents with two different types of aqueous based 
processes. Hana PCB division will use aqueous cleaning to remove flux residues from soldered 
circuit cards. The aqueous cleaning process will utilize either pure water or water with additives such 
as surfactants to remove rosin flux residue from the circuit cards. Hana Semiconductor Division will 
eliminate tb.e use of chlorofluorocarbons by replacing the cleaning operation with the use of a water­
based plastic media blasting. This process is commonJy referred to as wet-media blasting. 

1. GSS Array 
Conm:slon of Electronic Cleaning Process rrom CFC-113/Alcohol Blended Solvents to 
Hl1b-Pvdty Water CJraolnc 

This project will eliminate the use of CFC-113/methanol blended solvent in the cleaning of 
circuit card assemblies at GSS Array (GSS). GSS is a contract manufacturing facility producing high 
tecbnology circuit card assembl.ies for use in telecommunications, medical electronics, and bar code 
scanners; the company also produces complete electronic assemblies. At GSS the phaseout of owne 
depleting solvents (ODS) will be accomplished by replacing the current CFC-113/methanol in-line 
cleaner and a recently retired vapor degreaser with three in-line aqueous cleaners. Toe aqueous 
cleaners will be used to remove flux residues and light ionic contamination from the circuit cards. 
The project also includes the purchase and installation of a water recycling system. 

3. Saba Union 
COQYfflion of EJectronk: Cleanlo& Process from CFC-113/Ethanol Blended Solvents to 
mah-Purity Hot Water CJeaninc 

This project will eliminate the use of CFC-113 in the cleaning of hard disk drives and affiliated 
components at Saha Union's Sriracha facility located south of Bangkok. Toe CFC-113 in-line 
cleaning process will be directly replaced with an Ultrapure Deionized (UDI) water process. Saha 
currently uses one 6-bath CFC-113 cleaner and one 3-bath CFC-113 cleaner, A single UDI in-line 
cleaner will replace both of these units. The UDI cleaning macbine includes support equipment for 
water recycling, high-purity air production. and waste water treatment. The project also provides 
support for process development, installation of the new equipment, and enviromnental permitting. 
Toe conversion of Saha from CFC-113 cleaning processes to UDI cleaning will result in an annual 
reduction of 34 MT of ozone depleting substances. This is slightly more than one percent of the 
consumption of CFC-113 in Thailand in 1991. 
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4. Thai Heat Exchanger 
Conversion of Metal c1eani111 Processes from 1,1,1 Trichloromethane ITCA) to Aqueous 
CJeanlnc 

This project will eliminate the use of 1,1,1 trichloromethane (TCA) in the cleaning of small and 
medium size heat exchangers, or radiators, at Thai Heat Exchange Co. Ltd. (THECO). THECO is 
one of the largest producers of heat exchangers for automotive, trucks, room air-conditioners, and 
refrigeration units in Thailand THECO manufactures heat exchangers from the raw materials of 
aluminum sheet and copper and alnroiro1ro hJbing. The phaseout of ozone depleting solvents (ODS) 
will be accomplished by replacing the current vapor degreasing cleaning process with an aqueous­
based cleaning process and the addition of drying equipment. 

5. Cl Group 
Comealon of Metal CJeani111 Process"! from 1,1,1 TrichJoromethane ITCA} to Aqueous 
CJeaninc 

This project will eliminate the use of 1,1,1 trichloromethane (TCA) in the cleaning of small and 
medium size heat exchangers at C.I. Group Company, Ltd (CIG). CIG is a large producer of heat 
exchangers for automobiles, trucks, and refrigeration units in Thailand. CIG manufactures heat 
exchangers from the raw materials of aluminum sheet and copper and aluminum tubing. The 
phaseout of ozone depleting solvents (ODS) will be accomplished by one of two options that are 
dependent upon the outcome of initial testing by CIG. Only the second option is recommended for 
funding. One option involves substituting the current TCA vapor degreasing process with the use of 
evaporative lubricants. Since the lubricants evaporate there is no need to clean, but because they are 
hydrocarbons the lubricants are classified as volatile organic hydrocarbons (VOCs) and can contribute 
to air pollution. The second option, which is relatively benign to the environment, is to install an 
aqueous based cleaning process at the facility. Drying equipment is required to remove moisture after 
the aqueous cleaning process. 

B. REFRIGERATOR 

(i, Thai Toshiba 
Enclneerinc Assistance tor the Elimination or Ozone Depleti111 Substances Used In the 
Production or Household Befricer:am 

This project will phase out chlorofluorocarbons (CFCs) used in household refrigerators 
manufactured at Thai Toshiba Electric Industries Co., Ltd. (TTEI) in Thailand. The project 
comprises two phases and will convert the production line to refrigerators using HFC-134a and 
HCFC-14lb as the new refrigerant and foam blowing agent respectively. The first phase will provide 
for product development using CFC alternatives and for the purchase of specific equipment for the 
testing and manufacturing of the new refrigerators. During this phase, Thai Toshiba Electric 
Industries will seek engineering assistance and training from its parent company, Toshiba Corporation 
of Japan. The second phase will fully eliminate the use of CFC-12 and CFC-11 at TTEI by installing 
the new equipment necessary for mass production of CFC-free refrigerators. Phase Three, not 
addressed here, would involve actual production of domestic refrigerators using CFC alternatives. 
The project will result in the elimination of 12.3 MT/year of CFC-12 (refrigerant) and 42 MT/year of 
CFC-11 (foam blowing agent) after the conversion is completed. 

7. Kang Yong 
Encineerin1 Assistance for the Elimination or Ozone DeJ>letln1 Substances Used In the 
Production or Household Refrigerators 

This project will phase out chlorofluorocarbons (CFCs) used in household refrigerators 
manufactured at Kang Yong Electric Co., Ltd. (KYE) in Thailand. The project comprises two phases 
and will convert the production line to refrigerators using HFC-134a and HCFC-14lb as the new 
refrigerant and foam blowing agent respectively. The first phase will provide for product 
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developmem usinl CFC alternatives and for the purchase of specific equipment for the testing and 
manufacturing of the new reftigerators. During this phase, Kang Yong Electric will seek engineering 
assistance and training from its parent company, Mitsubishi Electric Corporation of Japan. The 
second phase will fully l'liminate the use of CFC-12 and CFC-11 at KYE by installing the new 
equipment necessary for mass production of CFC-free refrigerators. Phase Three, not addressed 
here, would involve actual production of domestic refrigerators using CFC alternatives. The project 
will result in the eliminati{)n of 19 MT/year of CFC-12 (refrigerant) and 101 MT/year of CFC-11 
(foam blowing agent) after the conversion is completed. 

8. AP National 
Engineering Assistanc;c tor the Elimination of Ozone Dmieting Substances Used in the 
Production or HousebQJd Refrigerators 

This project will phase out cblorofluorocarbons (CFCs) used in household refrigerators 
manufactured at A.P. National Co., Ltd. in Thailand. The project comprises two phases and will 
convert the production line to refrigerators using HFC-134a and HCFC-14lb as the new refrigerant 
and foam blowing agent respectively. The first phase will provide for product development using 
CFC alternatives and for the purchase of specific equipment for the testing and manufacturing of the 
new refrigerators. During this phase, A.P. National will seek engineering assistance and training 
from its parent company, Matsushita Refrigeration Co. of Japan. The second phase will fully 
eliminate the use of CFC-12 and CFC-11 at National by installing the new equipment necessary for 
mass production of CFC-free refrigerators. Phase Three, not addressed here, would involve actual 
production of domestic refrigerators usinl CFC alternatives. The project will result in the eliminatlOll 
of 7 MT/year of CFC-12 (refrigerant) and 45 MT/year of CFC-11 (foam blowing agent) after the 
conversion is completed. 

9. ffltachi 
Englneedn1 Assistance for the Elimjnatjon or Ozone Depleting Substances Used in the 
Production of HousebQld Refrigerators 

This project will phase out chlorofluorocarbons (CFCs) used in household refrigerators 
manufactured at Hitachi Consumer Products Co., Ltd. in Thailand. The project comprises two phases 
and will convert the production line to refrigerators using HFC-134a and HCFC-14lb as the new 
refrigerant and foam blowing agent respectively. The first phase will provide for product 
development using CFC alternatives and for the purchase of specific equipment for the testing and 
manufacturing of the new refrigerators. During this phase, Hitachi Consumer Products will seek 
engineerinl assistance and training from its parent company, Hitachi Ltd. of Japan. The second 
phase will fully eUmiruue the use of CFC-12 and CFC-11 at Hitachi by installing the new equipment 
necessary for mass production of CFC-free refrigerators. Phase Three, not addressed here, would 
involve actual production of domestic refrigerators using CFC alternatives. The project will result in 
the "Uminatinn of 36 MT/year of CFC-12 (refrigerant) and 108 MT/year of CFC-11 (foam blowinl 
agent) after the conversion is completed. 

10. Sanyo 
Engineering Aulstarn:e for the EHminatjon or Ozone Depleting Substaom Used In the 
Production of Household Refdm:ators 

This project will phase out chlorofluorocarbons (CFCs} used in household refrigerators 
manufactured at Sanyo Universal Electric Co., Ltd. in Thailand. The project comprises two phases 
and will convert the production line to refrigerators using HFC-134a and HCFC•l4lb as the new 
refrigerant and foam blowing agent respectively. The first phase will provide for product 
development using CFC alternatives and for the purchase of specific equipment for the testing and 
manufacturing of the new refrigerators. During this phase, Sanyo Universal Electric will seek 
engineering assistance and training from its parent company, Sanyo Electric Co., Ltd. Japan. The 
second phase will fully ,.Jimiuate the use of CFC-12 and CFC-11 at Sanyo by installing the new 
equipment necessary for mass production of CFC-free refrigerators. The third phase, not addressed 
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here, will involve actual production of domestic refrigerators using CFC alternatives. The project 
will result in the eliminatio11 of 136 MT/year of CFC-12 (refrigerant) and 350 MT/year of CFC-11 
{foam blowing agent) after the conversion is completed. 

C. COMPRESSORS 

11. Sanyo Universal Electric 
Conversion of Commssor Manufa,:ture rrom CFC-12 to I:IFC·JJ4a Desbros 

This OTP request is for fund1ng phase l of a project that will convert Sanyo's Universal Electric 
Co. Ltd. (SUE) manufacturing facility from producing CFC 12 compressors to (non-CFC) HFC-
134a compressors. In Phase 1, 1300 compressors will be produced for test purposes. In phase 2, 
which is not addressed undec this grant, the project will reach full production capacity and will 
provide a major indigenous source of HFC-134a compressors for use in the production of non-CFC 
domestic refrigerators in Thailand. Technology for HFC-134a compressor manufacture has been 
transferred by Sanyo-I apan to SUE under a newly approved technical assistance agreement. This 
project is one of a series of similar projects under the Global Refrigeration Project as approved by the 
Executive Committee of the Multilateral Fund in September 1992. Several refrigerator manufacturers 
in Thailand have based their scheduled transition to non-CFC refrigerators on the successful 
completion of this project. While this project will not directly reduce ODS consumption, it is critical 
for the elimination of CFC-12 use in refrigerators. 

12. Kutborn Kirby Co. Ltd. 
Conversion of Compressor Manufacture from CFC-12 to HFC-134a Deslans 

This OTP request is for funding phase 1 of a project that will convert Kuthom Kirby Co. Ltd. 
(KKC) manufacturing facility from producing CFC 12 compressors to (non-CFC) HFC-134a 
compressors. In Phase 1, 1600 compressors will be produced for test purposes. In phase 2, which is 
not addressed under this grant, the project will reach full production capacity and will provide a 
major indigenous source of HFC-134a compressors for use in the production of non-CFC domestic 
refrigerators in Thailand. Technology for HFC-134a compressor manufacture bas been transferred 
by Tecumseh and the motor technology by Kirby to KKC under the terms of an existing license 
agreement. This project is one of a series of similar projects under the Global Refrigeration Project as 
approved by the Executive Committee of the Multilateral Fund in September 1992. Several 
refrigerator manufacturers in Thailand have based their scheduled transition to non-CFC refrigerators 
on the successful completion of this project. While this project will not directly reduce ODS 
consumption, it is critical for the l'limioatio11 of CFC-12 use in refrigerators. 

D. MOBILE AIR CONDITIONING 

13. Karnawat Co., Ud. 
Retrofitting or Mobjle Air Conditioners • Demonstration Project 

The project will demonstrate retrofitting mobile air conditioners (MACs) which use CFC-12 as 
the working fluid to HFC-134a. Some 2.3 million vehicles in thailand have air conditioning units 
installed, all of which use CFC-12 as the refrigerant. To change, service and repair these MACs 
1,640 MT of CFC 12 are consumed annually in service stations spread out across the country. To 
phase out the use of CFC-12 in the MAC sector, two concurrent efforts must be carried out. One is 
to eliminate the current production of CFC-12 MACs; another is tll minimize the demand of CFC-12 
in the MACs' service sector. A cost-effective way to minimize such demand in the service sector is 
to retrofit existing MACs for HFC-134a. Retrofitting will ensure the continued utility of installed 
equipment with many years of remaining serviceable life. The project will comprise three phases. 
The first phase will involve the selection and acquisition of retrofit components. The second phase 
will involve the retrofitting of SO mobile air-conditioning units, 2S of which will be installed in 
private cars and 25 installed in taxis. The third phase will involve close and regular monitoring of 
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the conditions of the retrofitted MACs. Karaawat is lOO'll'> Thai owned, which was taken into account 
in calculating the proposed OTF financing. 

E. INSULATING FOAM 

14. Tecnic Foam 
Replafflll!l)t of CFC-11 with HCFC-14lb as a Foam Blowjne Agent 

This project will eliminate the use of CFC-11 for producing rigid polyurethane insulating foam at 
Tecimic Foam, Ltd. The phaseout wilt be accomplished by replacing CFC-11 with HCFC-141b as 
the foam blowing agent. This will require modifying existing equipment and chemical fonnulations, 
and providing tecimical assistance to Tecimic Foam's managers and workers. The project will 
eliminate an !"'tirnated 'iO MT of CFC-11 per year. 

B. IDEN'rlFIED SUBPROJECTS 

A. REFRIGERATOR 

15. Admiral 
Engineering Assistance tor the Elimination of Ozone Depletlm: Substances Used In 
Household Refdmatoa, Struetural Foams, and the Cleaniu of Heat Exdmngm 

This project will phase out chlorofluorocarbons (CFCs) used in household refrigerators, freezers, 
and air-conditioners manufactured at Admiral Thailand Co., Ltd. Tue project will also eliminate the 
use of 1,1,1-trichlor<unelhaue (rcA) in the cleaning of heat exchangers. The phaseout will be 
accomplished by converting the production line to refrigerators using HFC-134a and HCFC-22 as the 
new refrigerant and foam blowing agent respectively. CFC-11 used in the structural foam of the air 
conditioners will be replaced by a fully blended polyol containing water. 1,1,1-Trichloromethane will 
be eliminated by replacing the existing metal cleaning process with semi-batch aqueous cleaning 
equipment. The project will consist of two phases. The first phase will provide for product 
development using CFC alternatives and for the purchase of specific equipment necessary for the 
testing and lllllllUfacturing of the new refrigerators and for the production of the structural foam . 
The aqueous cleaning equipment for the heat exchangers will be installed during this phase of the 
project. The second phase will fully eliminate tl\e use of CFC-12 and CFC-11 at Admiral by 
installing the new equipmellt necessary for mass production of CFC-free refrigerators and structural 
foams. The project will result in the elimination of 2.S MT/year of CFC-12 (refrigerant), 6 MT/year 
of CFC-11 (foam blowing agent) and 8 MT /year of 1, 1, 1-trichloromethane after the conversion is 
completed. 

B. MOBILE AIR CQNDfflQNING 

Ui. NippondeNo 'lballand Sales 
DeJelopment or Senlce Network for HFC-t34a MACs 

This project will convert Nippondenso' s network of 150 mobile air-conditionlng service shops 
from CFC-12 to shops for servicing new HFC-134a mobile air conditioners which will be installed in 
new cars starting in 1993. Under this project, Nlppondenso will set up a demonstration center which 
will be used to train tecimiciaos from its own service network as well as tecimiciaus from other 
interested service shops. Tools and equipment required for servicing HFC-134a MACs will then be 
distributed free of charge to Nippondenso-authorized service shops. This project is a necessary 
complement to the automobile lllllllUfacturer's decision to produce cars with air conditioning units 
using HFC-134a as the working fluid. MACs require regular servicing. To ensure that product 
quality and utility is retained for the HFC-134a MAC systems, service shops will have to be equipped 
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that product quality and utility is retained for the HFC-134a MAC systems, service shops will have to 
be equipped to service these systems, and service engineers will have to receive proper training. The 
auto maker' decision to install 134a units will result in annual CFC savings of 625 MT. 

C. SOLVENT 

17. TeamTronics 
Conversion or EJectrooic Cleaning from CFC-113 to Aqueous Cleaning 

This project will eliminate the use of CFC-113 solvent in the cleaning of flexible circuit card 
assemblies at TeamTronics. TeamTronics is a contract manufacturing facility producing high 
technology circuit assemblies for use in electronic equipment such as computers. At TeamTronics, 
the phaseout of ozone depleting substances (ODS) will be accomplished by replacing the current CFC-
113 batch cleaner with on in-line aqueous cleaner. The aqueous cleaners will be used to remove flux 
residues and light ionic co11taminatinn from the circuit cards. The project will result in the 
elimination of 15 MT per year of CFC-113 after the conversion is completed. TeamTronics is 100 
percent Thai owned, which was taken into account in calculating the proposed OTF financing. 

D. CHILLER 

18. Kian Gwan Office Bldg, 
19. Imperial Queen Hotel 
Demonstrate Conversion of CFC-11 Chjllers at the Kian Gwan Building by York Air 
Conditioning and Refrigeration IThailand} and at the Imperial Oueen 's Park Hotel by 
Jardine Trane Aic Conditioning 

This demonstration project will modify two 500 ton and one 1,215 ton CFC-11 centrifugal 
chillers so that they can operate using HCFC-123 as a refrigerant. The retrofits will be done by York 
Air Conditioning and Refrigeration (Thailand) for the Kian Gwan Company, and by Jardine Trane Air 
Conditioning for the Imperial Family of Hotels at its Imperial Queen's Park Hotel. The project will 
eliminate the use of ODSs in three chillers, will serve as a demonstration project to over 1000 
building owners who use Trane and York chillers throughout Thailand, and provide experience in 
retrofitting chillers to two of Thailand's leading chiller service companies. York and Trane will 
undertake the conversions with the help of engineers from their parent companies. This project will 
also involve the purchase of recovery/recycling equipment that will be used to remove the CFC-11 
refrigerant and purify it for reuse in existing chillers elsewhere, thereby reducing Thai consumption 
and imports of CFC-11. The recycling technology will be used by the chiller service companies at 
other sites to reduce ODS servicing related emissions. The chiller owners (Kian Gwan and the 
Imperial Family of Hotels) would be reimbursed for increased energy and refrigerant costs which will 
result from the conversions. 
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20. Bangkok Post 
Conversion of CFC-12 Chillers at the Banckok Post Buildinc by Pldo International 
ComJIMY 

This project will convert three 400-ton CFC-12 centrifugal chillers at the Bangkok Post Building 
to operate using HFC-134a as the refrigeranL In addition to eliminating the use of ODSs at the 
facility, the project will serve as an example to building owners who use McQuay chillers throughout 
Thailand of the process of converting to alternative refrigerants and provide experience in retrofitting 
CFC-12 centrifugal chillers. Pldo International, the representative of McQuay Air Conditioning in 
Thailand, will perform the conversion with help of engineering consultants from McQuay. The 
project will also include the purchase of a recovery/recycling machine that would be used to remove 
the CFC-12 refrigerant and purify it for reuse in existing chillers elsewhere, reducing Thai 
consumption and imports of CFC-11. The recycling technology will be used by the chiller service 
companies at other sites to reduce ODS servicing related emissions. Finally, the project will 
reimburse the chiller owners (Bangkok Post) for increased energy and refrigerant costs that they will 
incur as a result of the conversions. 



• 14-

ANNEX2 

THAILAND - ODS PHASE our INVESTMENT PROJECT 

DRAFf SUBPROJECT ELIGIBILITY, FUNDING AND APPRAISAL CRITERIA 

The major criteria are slllllIIW'ized below: 

A. Subproject and Funding Ellgibllity 

Subprojects should be on priority list as given in the CP or confirmed by DIW and the appraisal 
team as essential to achieve CP objectives. Subprojects should have direct and demonstrable results 
in reducing ODS consumption in the country. They should be cost effective and based on 
environmentally sound technologies or substitutes for the substances controlled by the MP, or 
recycling of controlled substancea or substitutes, taking into accoum the national industrial policy of 
the Country. 

OTF funding is a grant to the enterprise/agency/institution implementing the subproject. The 
grant is calculated in ecopomjc terms for the • incremental costs• as elaborated below. Methodology 
for calculating incremental costs should be consistent with eligibility as defined by MFEC and with 
the Bank's interpretation of incremental costs. 

1. Determination of Incremental Costs: Incremental costs are defined as the net presem value of 
incremental economic subproject costs (investmem capital plus operating costs net of operating 
benefits) discounted at the economic cost of capital in the country (10% will be used in Thailand) in 
constant economic prices over the economic life of the subproject. When appropriate, risks associated 
with technology, market and financing of undertaking the subproject should be taken into 
consideration in. 

In cases where the subproject proponent has to put up its own capital ( or commercial loans) to 
co-finance part of the subproject costs, the necessity for providing sufficient financial incentive to 
undertake the subproject should be considered, i.e. enterprise obtains an acceptable return on its own 
capital. The Grant amount could then be determined in such a way that the Economic Rate or Return 
on the risk capital is 10% (real terms). For comparison, also a financial rate of return for the 
subproject should be calculated. If the financial rate of return differs substantially from the ERR (e.g. 
because of major distortions of market prices) and would be unacceptably low for the enterprise, the 
grant amount may be determined based on 2 minimum FRR. Such situation should be raised as an 
issue in the BPS/appraisal report. The minimum FRR should be determined based on an objective 
assessment of the country's local financial sector and should correspond to the best judgement of a 
reasonable return on capital expectation within the country's industrial sector. In many cases 
subproject proponents will view ODS phaseout investmems as necessary business costs and may not 
require financial incentives in addition to a gram for incremental costs. 

2. Policy Considerations. The purpose of the Multilateral Fund is to encourage 
countries/emerprises to undertake operations quickly to correct an external environmemal problem, 
and to compensate for direct costs incurred by those operations. Overall economic/industrial policy 
reform is excluded from consideration by the MP guidelines and policies required to develop and 
implemem the country's ODS phaso out program are to be addressed in the ODS Country Program 
that is approved by the MFEC. However, policies that directly affect the successful implememation 
of the subproject should be identified and addressed in the EPS/appraisal report, preferably before the 
subproject is submitted to the MFEC. 
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3. Ownership. An enterprise/subproject is eligible for funding in direct proportion to local 
ownership percentage of the enterprise. 

4. Exports. A subproject is eligible for flmding provided unless it is located in a "free zone• and 
its products for export only. 

5. Eligibility tor Reimbursement. Under present informal MFEC guidelines, recurring costs net 
of operational savings are considered only for the first 4 years of project operation. Reimbursements 
for longer periods would have to be approved on a case by case basis. Direct taxes (import, excise, 
etc) are not eligible for reimburseme.nt. However, normally UN/Bank projects would be exempt from 
such taxes. (The issue of taxes should be addressed in the appraisal process and if an issue, raised in 
the Project Summary and EPS.) 

B. Elements or Subproject Appraisal 

The subproject appraisal report prepared under the responsibility of IFCT should include: 

1. Project sco.pe - including full description, tecbnology, source of supply; divided into (a) 
component relating to ODS phase out and (b) other components, such as expansion of output or 
product upgrading. 

2. Schedule and qgantjty of ODS (expressed as ODS and ODP) phased out directly attributed to 
subproject, on annual and total basis. 

3. Project costs. divided into (a) components relating to ODS phase out and (b) other components. 
Foreign exchange and local costs should also be shown according to standard project analysis 
methodology. 

4. Review of techpjca.l feasjbiljty of subgroject should be undertaken to determine the soundness of 
the technical proposal. 

5. Economic and financial analysis of subproject should be undertaken according to standard Bank 
methodology. Any significant difference between FRR and ERR should be explained. Any policy 
distortion that effects the successful implementation of the subproject or effecting the implementation 
of the country's ODS CP should be identified, analyzed and appropriate recommendations made in the 
EPS prior to submitting the EPS to the MFEC. 

6. Financial apalysjs of eow:prlse. A set of minimum financial indicators to ensure enterprise 
viability and its ability to implement the subproject successfully should be determined based on local 
conditions and should be consistent with commercial financial practice in the country. 

7. financing arrapgemepts, sources, termS and conditions, divided into (a) incremental costs related 
to ODS phase out to be financed as an OTF grant, (b) amount to be provided by enterprise from its 
own resources; and (c) local and/or foreign loans to be financed through commercial loans from local 
and/or foreign institutions (at commercial interest rates), should be shown and confirmed. 

8. Project hnplernenmion arrangements including management, engineering and technology 
acquisition, procurement, installation, operation, marketing and schedule for all implementation steps 
should be included in the appraisal report. 

9. Procurement and selection of consultants should follow procedures consistent with the relevant 
Bank Guidelines. 

10. Epyjropmental aspects of the subproject have to be documented and IFCT has to ensure that the 
subproject proponents has undertaken the necessary steps for obtaining an Environmental Assessment 
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(EA) according to local regulations and approved by DIW. IFCT will submit such certification 
together with the appraisal. report to the Bank. 

11. Re,portina: raquirerru:mts by the subproject proponent would include progress reports to IFCT 
(with copy to DIW) according to the practice applied by IFCT in similar projects. As a minimum, the 
enterprise would submit one project progress report at the time when the proposed investtnent 
activities have been Implemented and the new installations are operating. In cases where multiple 
disbursement tranches have been agreed, the enterprise would submit one progress report prior to 
each tranche release. 

C. Subproject Priority and Unit Abatement Costs 

Subprojects with the most cost effective technology and with the lowest unit abatement cost of 
ODS in the shortest period of time in terms of global Impact should receive priority. Relative cost 
effectiveness is measured by "unit abatement cost•, a comparative index defined by the following: 

Where: 

A = C<F) + (QC-OS} 
w 

A • Unit 11l>atemeo• cost, $/kg ODP saved/year (at full operation) 
C = Incrernenral l'.tpital cost, including all initial one time costs such as technology, training 
F = Capital recovery factor; the annualized capital cost charges, discounted at a standard 

discount rate of 10% per year, over the economic life of the project. 
OC = Annual Operating Costs at full operation 
OS = Annual Operating benefits at full operation 
W = Quantity of ODS saved annually expressed as ODP units 

The purpose of unit abatement cost calculation Is to give a relative ranking of projects across 
countries and within same sector. Lower unit abatement costs correspond to higher priority in cost 
effectiveness. The \lllit abatement cost Is calculated at standard discount rates to facilitate cross 
country comparisons. 
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ANNEX3 

THAILAND - ODS PHASE our 1NVFSTMENT PROJECT 

PROCUREMENT ARRANGEMENTS 

The Industrial Finance Corporation of Thailand, IFCT, will be responsible for ensuring that 
beneficiary enterprises follow the agreed procurement guidelines. It will help enterprises arrange 
procurement (International and local); where necessary, procurement should be handled by qualified 
procurement agencies authorized by the Government and acceptable to the Bank. Bidding documents 
will be prepared based on model bidding dOCUIDents acceptable to the Bank (e.g. sample Bank bidding 
documents). 

The following contracts and bid packages will be subject to prior review: 

(a) over US$ 2 million; 

(b) over US$ 200,000 but less than agreed number of bids being sought; 

(c) for proprietary technology and equipment; 

(d) for selection of consultants; 

For Procurement of Equipment the following procedures would apply: 

(i) contracts over US$ 2 million ( excluding proprietary packages) would be procured under 
international competitive bidding (ICB) 

(ii) contracts between $200,000 and $2 million would be procured on the basis of 
comparison of price quotations solicited from at least three qualified supplier from at 
least two countries; 

(iii) contracts below $200,000 would be procured on the basis of comparison of price 
quotations solicited from at least three qualified suppliers. 

Consultants (including those from local institutions) retained under the project would be recruited 
in accordance with the "Guidelines for the use of consultants by the World Bank", published by the 
World Bank in August 1990. 
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ANNEX4 

TIWl,ANQ - ODS PHASE OUT INVFSI'MENT PROJECT 

ROLE OF THE FINANCIAL AGENT AND TERMS AND CONDITIONS FOR SPECIAL 
ACCOUNT AND STATEMENT OF EXPENDITURE 

l. Overall a:sponsibjljtjes. Im¥: will have responsibility for ODS Country Program (CP) 
implementation and will ensure that ODS subprojects are consistent with the CP for ODS phase out. The 
Financla! Am, the Industrial finance Cor:poration of Thailand. ffFCTI. will be responsible for 
channeling funds from the Ozone Trust Fund (OTP) which is administered by the Bank, to the 
subprojects, including the appraisal of subproject proposals, the disbursement of OTF grants to 
subprojects, and super:vision of subproject implementation. 

2. F]nancjal Amt Sernce Fee. IFCT will receive a fee equivalent to 3 % of the subproject grant 
amount for its financial agency services. IFCT would receive one third (l % ) upon approval of the 
subproject appraisal report by the Bank, and two thirds (2 % ) upon disbursement of the grants to the 
subprojects. 

3. Processing Sti:gs. Processing of subprojects requesting OTF funding includes: 

(i) Project prepmfirnr enterprises will be responsible for preparing pre-investment stndies. It 
may request assistance from DIW in preparing projects. 

(ii) DIW endonement- DIW will endorse each subproject to ensure that the subproject proposal 
confurms to priorities established under the Country Program. 

(iii) Technical review and Bank; endorsement: The Bank will oversee technical reviews 
subproject proposals and endorse each project to ensure that they are consistent with MFEC 
guidelines. 

(iv) MFEC approya!: For projects over US$500,000, MFEC approval is required for each 
project. Individual MFEC approval is not required for subprojects less than US$SOO,OOO. 
Such subprojects are included in the Bank's work program which is approved by the 
MFEC. 

(v) Subproject appraisal: IFCT will appraise subprojects based on criteria as outlined in Annex 
2. IFCT would prepare appraisal summaries and reports in accordance with Bani: format. 

(vi) Bank Reyjew and Grant ApproyaJ: IFCT will submit endorsed appraisal to the Bank which 
will review each appraisal report prepared by IFCT to ensure compliance with MP goals 
and procedures before approving the grant. (No free limit in accordance with MFEC 
guidelines). 

(vii) Disbursement: Between Ban1< and JFCT: Upon OTF Grant effectiveness and receipt of a 
withdrawal application from the borrower, the Bank will make initial deposits of up to 
US$1.0 million into a Special Account which IFCT would open. Replenishment of the 
Special Account and all other disbursements would be made against full documentation 
except for expenditures under contracts below US$200,000 for which the Bank will accept 
Statements of Expenditures (SOE). Supporting documents for SOEs including contracts, 
procurement documentation, and payment should be kept in a central location for 
examination by independent auditors and Bank during supervision missions. Yinit1111m 
application for replenishment of Special Account would be US$200,000. Bank will accept 
application for direct payment and issuance of special commitment (outside special account) 
only above minimuni. of USSS0,000. In addition to details of disbursement procedures given 
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in Disbursement Handbook published by the Bank in 1992, a Disbursement Letter will be 
issued after the Grant is signed. 

Between IFCT apd SubJ)roject: Up to US$ 2 million per contract, IFCT will disburse tn the 
subproject proponent for eligible expenses without prior Bank review (see annex 3). 

(viii) Djsbursement m TpnclJes; For large projects {over US$0.S million) with a large share 
(proposed minimum threshold: over SO%) of grant funding for operating costs (as opposed 
to investment costs), or for projects where for teclmical reasons investments take place in 
two or more phases, IFCT should propose a disbur:sement plan in two or more tranches. 
Release of the tranches wonld be based on receipt of progress reports satisfactory to IFCT 
and the final payment on submission by the enterprise of a final report (and approved by 
IFCT and the Bank) showing that all ODS phase out objectives have been achieved. 

(~) Procurement; IFCT will be responsible for ensuring that beneficiary enterprises follow the 
agreed procurement guidelines. It will help enterprises arrange procurement {international 
and local); where necessary, procurement should be handled by qualified procurement 
agencies authorized by the Govemmeot and acceptable to the Bank. Bidding documents will 
be prepared based on model bidding documents acceptable to the Bank (e.g. sample Bank 
bidding documents). Procurement Guidelines are included in Annex 3. 

(x) Suhwqject Impjementation; Each enterprise will be responsible for subproject 
implementation. For that purpose, it will sign a contract with IFCT upon receipt of the 
Grant; the contract will spell out the responsibilities of the enterprise and its commitment 
to undertake the necessary activities agreed upon in the subproject proposal to achieve the 
intended ODS reduction or phase out. Enterprises will be responsible for preparing progress 
reports and submitting to IFCT {with copy to DIW) according to the practice applied by 
IFCT in similar projects. As a minimum, the enterprise would submit one project progress 
report at the time when the proposed investment activities have been implemented and the 
new installations are operating. In cases where multiple disbur:sement tranches have been 
agreed, the enterprise would submit one progress report prior to each tranche release. 

(xi) Subprgject Supervision: IFCT will have prime responsibility for supervising imp!ementation 
of subprojects while it is still disbursing to the subprojects. Even after the grant has been 
fully dishur:sed, IFCT will review and approve the progress reports submitted by the 
enterprises and,if necessary, verify them. IFCT's responsibility for subproject supervision 
ends after full disbursement and approval of the final enterprise progress report. 

DIW has the right In monitnr the progress of MP funded subprojects in fulfillment of ils 
overall responsibility for the implementation Qf the MP ODS phase out Country Program. 

(xii) Apdjtjnr and Rmiorunr; IFCT will submit semi-annual reports on the status of the grant 
disbursements and the progress of the subprojects, acceptable to the Bank. Copies of these 
reports will be submitted to DIW. IFCT will also submit an annual audit report on the 
project account prepared by an independent auditor acceptable to the Bank. 

4. Combined c;ommer;cial and mnt funding. In those subprojects where the total project costs 
exceeds the grant amount, IFCT could offer financing including a loan to be provided from IFCT's own 
sources. The subproject proponent would be free to accept the financing or to seek loan financing from 
other sources. Terms and conditions for this complementary financing would typically follow commercial 
practice. A confirmed financing plan will be required as part of the appraisal report before Bank's. 
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PROJECT SUMMARY 

861,000 
232,000 

This project will eliminate the use of CFC-113/metbanol blend and TCA in the cleaning of 
semiconductors and circuit card assemblies at Hana (BKK) Co., Ltd. (Hana). The phaseout will be 
accomplished by replacing the current cleaning solvents with two different types of aqueous based 
processes. Hana PCB division will remove flux residues from soldered circuit cards, using an 
aqueous cleaning process which will utilize pure water. Hana Semiconductor Division will replace 
the cleaning operation with the use of a water-based plastic media blasting (wet-media blasting}. 
The project also provides for equipment installation, wastewater treatment, engineering support and 
training, and ventilation improvements. The conversion to non-ozone depleting technology will 
eliminate annual consumption of 19 MT of CFC-113/alcohol mixture and 16 MT of TCA. 

1 Net present value of first four years of operating costs/savings. 

' Includes 15 % contingency and • 3 lli financial institution fee. 



BACKGROUND 

Solvent cleaning processes in Thailand, which account for approximately 40 .P.<'f'CC'lll of the country's 
total ODP-weigbted consumption, widely utilize CFC-113 and 1,1,l trichloroethane (TCA). ODS consu~ 
in the solvents industry is split almost equally between electronics and metal cleaning processes. Electroruc 
cleaning processes include circuit-card and electronic part cleaning. Metal i,art cleaning includes most gross 
cleaning processes of large or heavily soiled parts such as sheet metal cleaning, cleaning prior to painting or 
surface finishing, and removal of machine oils from manufactured parts. In 1991, the solvent cleaning sector 
consumed 3,200 MTofCFC-113 and more than 7,100 MT 
ofTCA. 

Hana Semiconductor (BKK) Co, Ltd., which is 77 .8 percent Thai-owned, is composed of 3 divisions: 
the Semiconductor, Printed Circuit Board (PCB), and Coil Divisions. In 1992, Hana sold 150 million integrated 
circuit packages and four million electrcnic modules. The company currently consumes 19 MT of a CFC-
113/alcohol mixture in the cleaning of PCB assemblies and 16 MT of TCA m the removal of wax from the 
molding process in integrated circuit manufacturing. 

PROJECT OBJECTIVE 

The objective of this project is to eliminate the use of CFC-I 13 and TCA in cleaning operations 
through adoption of aqueous cleaning processes. 

PROJECT DESCRIYfION 

Hana will eliminate the use of CFC-113 and TCA through adoption of aqueous-based processes. Hana 
currently uses two vapor degreasers which are to be removed and replaced. The CFC-113 used in the PCB 
division to remove flux residues from the soldering process will be replaced. In the Semiconductor division, the 
use of the wet media process will replace the use of TCA in the removal of mold release compound from the 
exterior of plastic molded electronic parts. Hana expects that the qoantity of products lo be cleaned will 
increase by over SO% in the next three years. The company received one of the wet-media blasting machines 
on loan for evaluation and plans lo complete the procurement of that machine along with the addition of two 
similar machines in the near future. Project funding is requested for one of these machines. 

Hana will incur costs for the following elements: 

• Process development and material compatibility testing 
• Purchase of three medium capacity wet-media blasting machines 
• Purchase of one high-volume aqueous cleaning machine 
• Installation costs and worker training 
• Recurring costs (including labor, electricity, wastewater treatment, other ingredients) 
• Costs of environmental permitting 

PROJECT COSTS 

Tue total project cost of US$1,093,000 equals the ODS reduction portion of the overall project 
(investment costs plus net incremental operating costs). This project will not provide Hana with any incremental 
revenues. 

!:::est;!.ent Costs of US$861,000 include capital investment and transportation costs for wet-media 
blasting •chi , air compressors, and water recycling and aqueous cleaning equipment. 

Net Incremental Qperaling Costs of US$232,000 are equal to the net present value of the first four 
years of incremental operating costs. These net operating costs are due primarily to the increased electricity 
requirements, the costs of the new equipment, and the costs of wastewater treatment. 

Local Ownership Fraction of 78 % was considered to determine the amount of eligible OTF grant 
financing. The total proJecl cost was multiplied by the fraction of local ownership lo determine the proposed 
grant amount. 

Other Costs. A 15 % contingency (US$ 128,000) was also included to ensure adequate funding of 
project costs followinii project appraisal. An additional US$30,000 (3%) was added to the grant request lo 
cover the fee for services of the financial institution (Fl) that will appraise the projects and oversee 
procurement, disbursement and audits. 

Requested Funding. The proposed OTF grant for Hana is US$1,010,000 and was calculated as 
follows: the totalinvestmenl cost was added to the present value of the incremental operatinf cost over the first 
four years of the ,Project. The resulting total project cost was multiplied by the percentage o Thai ownership 
(78 percent). This figure was increased by a 15 percent contingency lo yield the grant amount. Finally, this 
iigure was increased by 3 percent to account for the financial institution fee. 

Although Hana exports 100 percent of its production, it is not located in a tax-free zone and is 



therefore eligible for project funding from the Multilateral Fund. 

PROJECT IMPLEMENTATION 

Manaaement: D 1W will oversee the successful implementation of th.is project. The project will be 
carried out at Rana Semiconductor. , 

Schedule 

1993 

Task Name Jun I .1u1 I Aug I s.,, I 0ct I Nov I 0.e 

Receive Funding 

Order Equipment 

Facility Preparation -Install Equipment 

Process Development 

Reliability Testing 

Begin New Cleaning Process -
ESTIMATED DISBURSEMENT: 801'11 in 1993, and 201'11 in 1994 

TECHNICAL ASSESSMENT 

This subproject is being reviewed by the OORG technical reviewer for solvents, Mr. Art FitzGerald. 
The review will be submitted by May 21. • 
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VIA TELECOPIER 

May 28, 1003 

Mr. Don Brown 
The World Bl\!lk 
· lS 18 H Stre.t, NW 
Washl11gton, D.C. 20433 
U.S.A. 

Dear Don: 

:Re: ~ on Tbru'land Project 

I UUll UUJ 
ndy , •. ~~ l~•~L NO.UV~ r.uL 

Ncorth<,m T .. i.oom 
Limited 
!4 Robert Spt.t::k A.rkwlv 
M+ultt4vQ11, Ontario 
L42308 

I have reviewed the Thailand aolvent projects fur Ham\ Semiconductor, 
GSS Array, SAHA Union, THECO, Cl Group, and TcamTronics, and 
have provided verbal cmnrnents to ynu. I hnve summarized these 
commimts aa follows: 

• • Wae the no clean option con~iderod for QSS Array, Hana 
Semiconductor, and TeamTro11ie~? Jt appears that the type of 
products manufacture,! are candi,lates for the nu-clean proceas, 
which would thua h1:1ve 11vuided th,, need for waste water treatment 
facllitlea at these locations. 

• In the case of SAHA Union, I ask if IBM's experts in Se.n Jo.;o, 
California were contacted with rogard to the propo~ed process. If 
noL, I recommend that Dr. Ming T{11, or othur staff at San Jose, be 
brought into the projoet ae it goe" forward. IBM at San Jose.has 
developed aqueou11 clonning for th,, disc drive~ at that lociition 11,nd 
they would presumably have good info1m11tion to share with SAHA 
which has IBM involvement. 

• I'm not familiar with the plastic media cleani11g procl'.lSs suggested 
for Hana Semieor.duct<>I" and tin'>O O<>nfltr()ints p,-ecluded An;y 
opportunity to familiarize myijelf with this 1:1mcept. r am, therefore, 
un1;1blo to otror commr,nh. 

• The proposed tech11ologica for clv11nlng of heat exchangers at Cl 
Group and at THRCO eheuld work well and are con:,idered 
appropriate alte!'nal.es. Gosts app,,:1r to be In the expected range for 
these technologies. 
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Generally speaking, my concerns rest with the 1$llloction of aqueoua 
cleaning p1-ocesses1 especially in the case of manufactudng of consumer 
products, rather than promoting the concept of no clo11n O.$ the preferred 
technolo11Y. 

It has been ahown by inany coropanie11 that no clean is gaining 
acceptance as a preferred manufacturing technology •· £or high 
tech/higll reliability products such as in the telo~ommunications 
awitching equipment, as well as for consumer product~. The benefits 
include: removal of a manufacturing step; the avoidance of purchasing 
cleaning supplies: the avoldanoe ot waste treatment and dispoi;al; and, 
in many cases, improved product qualt1.y. I believe thi, industry trend 
towards no clean will continue which may, at some point in the future, 
make obsoleto a.ltematlve cleaning systems such as aqueous. 

ThAre continue to be objectives to no clean by some manufacturers, often 
based on anticipated customer demand or reluctance to believe that high 
reliability electronic products Cl'II\ be manufaeturod witlrnut cleaning. A 
guide to selection of appropriate alternatives to Cl<'C-113 and methyl 
chloroform cleaning in the eleetronles Industry which would be based 011 

induetey experience gained over the past five yeal'a woald be a useful 
document that could be ueed by the Bank, its conaultanLs, and indu;;try in 
developing oountries. This oonccpt was cli~tWi.~ed at thu OORG meeting 
and will be brought to the attention of the executive of the Industry 
Cooperative for Ozone Layer Protection (!COT ,P) for consideration a,; 
1otnethl11g I.hat experts from !COLP member compa.nie11 might d .. velop, 

Regards, 

Arthur D. FitiGorald 
Director 
Environmental Projects 

ADF/jm 
flt6 



The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR (1991): 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISI'RY: 

IMPLEMENTING AGENCY: 

APPRAISAL DA TE: 

Project Cover Sheet 
Kingdom of Thailand 

Cooversion to High-Purity Water Cleaning 

Solvent Cleaning 

3,270 MT ODP (3,200 MT CFC-113 & 7,100 MT TCA) 

Phase out 16 MT ODP per year (21 MT of CFC-I 13/Metbanol 
Blend) 

9 months 

ODS Reduction Investment Cost: 
Incremental Operating Costs': 

US$316,000 (@ 51 '!Ii Thai Ownership) 

US$4.80/kg ODP/year 

GSS Array Te<:bnology, Inc. 

US$ 
US$ 

514,000 
(50,000) 

Department of Industrial Worl<s (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

August, 1993 

PROJECT SUMMARY 

This proje<:t will eliminate the use of CFC-113/methanol blended solvent in the cleaning of 
circuit card assemblies at GSS Array (GSS). The phaseout will be accomplished by replacing the 
current CFC-I 13/methanol in-line cleaner and a recently retired vapor degreaser with three in-line 
aqueous cleaners. The aqueous cleaners will be used to remove flux residues and light ionic 
contamination from the circuit cards. The proje<:t also includes the purchase and installation of a 
water re<:ycling system. The conversion to non-ozone depleting technology will eliminate annual 
consumption of 21 MT of CFC-113/Methanol Blend. GSS is 51 percent Thai owned, which was 
taken into account in calculating the proposed OTP financing. 

Nc:t present value of first four Yeatll of operating cosls/$4vings. 

1 Includes !Si\ contingency and 3\\ llnanciol institution fee:. 
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),lay 28, 1993 

Mr. Don Brown 
Tho World Bo.nk. 
• 1818 H Street, NW 
Washln.gton, D.C. 120433 
U.S.A. 

Dear Don: 

Re: Comment& on Tbruland Project 

i UUll JUJ 
ndy ~•-~> &~•LL NO.UV~ ~.UL 

Norih♦,o Ta4vcom 
Umlted 
!i RobaM Sptt);ft P.-iflt.way 
MlHIUAI.IQ3, Ontario 
L4Z3C8 

I have reviewed the Thaila11d solvent 1irojects for Hann Semiconductor, 
GSS Array, SAHA Union, THECO, Cl Croup, and TcamTronics, and 
have provided verbal comments to you. I hr,ve summari:ted these 
comments as follows: 

• • Was the JIO clean option con~iderod for ass Array, Hana 
Semiconductor, and TeamTronic~? It appears that the type of 
products manufactureil are ca11dirlates for the no-clean process, 
which would thull r1nve i,vuiclt!tl th<> need for waste water treatment 
fac!Utles at these locations. 

• In the case of SAHA Union, I aAk if IBM's experts in San Jose, 
California were conLacted with regard to the propo;;ed process. If 
noL, I recommend that Dr. Ming Tfo, or otht;Jr staff at San Jose, be 
l:!rought into the pr()jc:ct as it goe,; forward. IBM at San Jose.has 
developed aqueous clnnning for th" disc d1•hrns at that looa.!ion and 
they wouldprosumnbly have good iofo1mfltion to share with SAHA 
which has IBM involvement. 

• I'm. not familiar with tho plastic media cleaning process suggestod 
for Hana Semlocnductor and timo coru,tr()h,t,, pr&eluded any 
opportunity to familiarize my8elf with this concept. r nm, therefore, 
unc.blc to offer con\m<'nh. 

• The proposed technologies for cfouning of heat exchnngers at CI 
Grou11 and at TH~:CO ahould work well tHHl are con:;idered 
appropriate alternftl.!!s. Costs apprnH' to be in the expected range for 
these technologies. 
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Generally speaking, my concerns rest with the ~tilocLion of aqueou:; 
elearung p1·ocesaes1 especially in the case of manufa.ctu,·iog of consumer 
products, rather than promoting the concept of no cloon 118 the preferred 
technology. 

It has been shown by many eompanieij that no clean is gaining 
acceptance as a preferred manufacturing technology •· for high 
tech/high reliability products such as in the telccommu,,ications 
qwitching equipment, as well as for consumer product11, The benefits 
lnelude: removal of a manufacturing step; the avoidance of purcha,dng 
cleaning supplies; the avoidance of waste treatment and dispo11al; and, 
1n many cases, improved product quall1.y. I believe the industry trend 
towards no clean will cont.inue which may, nt some poinL in the future, 
make obsolete altemative cleaning systems such aa aqueous, 

There continue to be objectives to no clean by some manufacturers, often 
based on anticipated cW1tomer demand or reluctance to believe that high 
reliability electronic product., can be mannfacturod wlLh1>ut clean! ng. A 
guide to selection of appropriato alternatives to Cl•'C-118 and methyl 
eblorot'orm cleaning in the electronies industry which would be baaed on 
lndU$try expcrienet, gained over the past five years wmtld be a useful 
document that could be used by the Bank, its consultants, itnd industry in 
developing countries. Thi$ oonccpt was di~cussed at thu OORG meeting 
and will be bf'(lught to the attention of the executive of the Industry 
Cooperative for Ozone Layer Protection (ICOT ,P) for con11id11ration 13,. 
aoMothing Lhat experts from !COLP member companiea might develop. 

Regards, 

Arthur D, FitzGcrald 
Director 
Environmental Projeet, 

ADF/jm 
fflfl 



The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR (1991): 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MJNISTRY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

Project Cover Sheet 

Kingdom of Thailand 

Conversion to High-Purity Hot Water Cleaning 

Solvent Cleaning 

3,270 MT ODP (3,200 MT CFC-ll3 & 7,100 MT TCA) 

Phase out 27 MT ODP per year (36 MT of CFC-113/alcnhol blend, 
containing 34 MT of CFC-I 13} 

9 months 

ODS Reduction Investment Cost: 
Incremental Operating Costs': 

US$ 2,573,000 (@ 80% Thai Ownership) 

US$16.71/kg ODP/year 

Saha Union Corporation, Ltd. (Sriracba Plant) 

US$ 2,620,000 
US$ 100,000 

Department of Industrial Works (DIW), Minist,y of lndust,y, 
Kingdom of Thailand 

The World Bank 

August, I 993 

PROJECT SUMMARY 

This project will eliminate the use of CFC-113 in the cleaning of hard disk drives and 
affiliated components at Saha Union's Sriracba facility. The CFC-113 in-line cleaning process will 
be directly replaced with an Ultrapure Deioni=i (UDI) water process specified and supported by 
IBM. The project also provides support for water recycling, high-purity air production, waste 
water treatment, process development, installation of the new equipment, and environmental 
permitting. The conversion of Saha from CFC-I 13 cleaning processes to UDI cleaning will result 
in an annual reduction of 34 MT of ozone depleting substances. 

1 Net present value of first four years of openiting costs/savings. 

' Includes 15 J; contingency and 3 J; financial institution fee. 



BACKGROUND 

Solvent cleaning processes in Thailand, which account for approximately 40 .fl"l'C"llt of the count,y's 
total CDP-weighted coosumptioo, widely utiliz.e CFC-113 and 1,1,1 trichloroethane (TCA). ODS consumptioo 
in the solvents industry is split almost equslly between electronics and metal cleaning processes. Electronic 
cleaning processes include circuit-<l&l"d and electronic part cleaning. Metal !'art cleaning includes most gross 
cleaning processes of large or heavily soiled parts such as sheet metal cleanmg, cleaning prior to painting or 
surface finishing, and removal of machine oils from manufactured parts. In 1991, lhe solvent cleaning sector 
consumed 3,200 MT of CFC-113 and more than 7,100 MT 
ofTCA. 

Saha Union (Saha) is an 80 percent Thai-owned company which manufactures computer hard disk 
drives, bead arm assemblies, and head suspension assemblies for direct sale to IBM Thailand Ltd. Saha 
currently uses one 6•bath CFC-113 cleaner and one 3-bath CFC-113 cleaner, and consumes 36 MT per year of 
a CFC· 113letbanol aze<:>trope. 

PROJECT OBJECTIVE 

The objective of this project is to eliminate the use of CFC· 113 in cleaning operations. The use of 
CFC-113 in electronics cleaning applications will be replaced with ultra high-purity water cleaning. 

PROJECT DESCRIPflON 

In this project, Saha will eliminate the use of a CFC· 113 and ethanol aze<:>trope by adopting an 
Ultrapure Deionized (UDI) water cleaning process. The Saha customer requires that the company eliminate 
ODS consumptioo. Saba will discontinue use of the current CFC-113 cleaners after the installation of the new 
equipment is complete. The new equipment will be installed immediatelr. adjacent to the current machine in a 
Class 10,000 clean room. The custom UDI in-line cleaning machine will be consigned to Saha by its customer; 
utilities to SUP.P<>rt the cleaning machine also constitute a major part of this project. The capacity of the new 
equipment will equal the capacity of the current machine. The project consists of lhe following elements: 

• Ultraclean, low-moisture air equipment 
• Ultrapure deionized water and air equipment 
• Waste water treatment and recycling system 
• Recurring activities (including solvent purchase, labor, electricity, wastewater treatment, etc.) 

The UDI in-line cleaning machine project is a complete turn.key system consisting of various 
components (i.e. reverse-osmosis water filtration, distillation, air•filtrabon) to ensure adequate process control. 
The UDI water supply system is designed to supply more than 85 cubic meters of heated ultra.pure deionized 
water per day to the cleaninjl machine. This system is a complicated network of basic water treatment systems 
integrated to produce bot, high-purity, low particulate water. High purity air (40 cubic meters per minute) is 
used to dry the parts at the exit of the OD! cleaner. The waste water treatment system is designed to recycle 
the UDl water through the UDI water supply system, at a rate of approximately 94 percent of source water. 

PROJECT COSTS 

The total project cost of US$2,71S,OOO equals the ODS reduction portion of the overall pro,iect 
(investment costs plus net incremental operating costs). This project will not provide Saha with any mcremeotal 
revenues. 

lnvestmep~ of US$2,61S,OOO include lhe purchase, shippinlJ, insurance and installation of a water 
cleaning machine recycling equipment, and associated costs of utility mstallation. 

Net Incn,mental Qperatin Costs of USSI00,000 are equsl to the net present value of the first four 
years of incremental operatmg costs. These net operating costs are due primarily to the increased electricity 
requirements and the costs of wastewater treatment. 

Local Ownership Fraction of 80 % waa considered to determine the amount of eligible OTP grant 
financing. The total project cost waa multiplied by the fraction of local ownership to determine the proposed 
grant amount. 

Other Costs. A IS% contingency (US$326,000) waa also included to ensure adequate funding of 
project costs followin~ project appraisal. An additional US$7S,OOO (3%) was added to the gi,mt request to 
cover the fee for services of the financial institution (Fl) that will appraise lhe projects and oversee 
procurement, disbursement and audits. 

Reqpested Funding. The proposed OTP grant for Saha is US$2,573,000 and was calculated as follows: 
the total investment cost was added to the present value of the incremental operating cost over lhe first four 
years of the project. The resulting total project cost was multiplied by the percentage of Thai ownership (80 
percent). This figure was increased by a IS percent contingency to yield the gi,mt amount. Finally, this figure 
was increased by 3 percent to account for the financial institution fee. 



PROJECT IMPLEMENTATION 

Mallallffltent: DIW will oversee the successful implementation of this project. The project will be 
carried out at S'aha Union. 

Schedule 

1993 
Task Name -1.1~1~1~1~1~1~1-1~ 

Solicit for Alternate Bids 

Receive Funding 

Award Construction Comract -System Detail Design 

Facility Preparation 

Equipment Installation 

Equipmem Certification -Begin Using New Process -
ESTIMATED DISBURSEMENT: 90% in 1993, and 10% in 1994 

TECHNICAL ASSESSMENT 

This subproject is being reviewed by the OORG technical reviewer for solvents, Mt. Art Fitz.Gerald. 
The review will be submitted by May 21. 
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May28; 1998 

Mr. Don Brown 
'I'heWoddBMk 
· 1818 H Street, NW 
Washington, D.C. 20433 
U.S.A. 

Dear Don: 

l V ;j l :I lHOcUUUO 
.,,.,, -.JJ.•,''·' 

Re: C~ts on Thailand Project 

l UUGI UUJ 
nGy ?D,~> l~•LL NO,UU~ ~.UL 

H.onl,(f,n r .. 1~oom 
Llll\lted 
~ Robert ~ck A.rkwa-, 
Miuttc:i:ug,, Ontario 
l4Z3C& 

I have revi~wed the Thailand solvent pr-ojects for Hann Semiconductor, 
GSS Array, SAHA Union, THECO, Cl Group, and TcamTronics, and 
have provided verbal comments to you, I hn110 summarized these 
oommimts as follows: 

• · Was the no clean option con:;iderod for OSS Array, Hana 
Semiconductor, and TeamTronic~? It appears that. the type of 
products manufacture,l are candirlales for the no-clean process, 
which would thus r11.1ve 1;1vnided t,h., need for waste water treatment 
facllltles at these locations. 

• In the case of SAHA Union, I ask if IBM's experts in San Jose, 
California were conl.ncted with rogard to the propo!!ed process. If 
noL, I recommend that Dr. Ming Ku, or otllcr staff at Sau Jose, be 
Qrought into tho project llll it goei; forward. IBM ttt San Jose.has 
developed aqueou11 clmming for th,, dlse di·lvfl~ ll t thnt loell.Uon o.nd 
they would prosumnbly have good informatic,n to shnrn with SAHA 
which has IBM involvement. 

• I'm not familiar with the plastic media cleaning process suggested 
for Hann Semiconductor a1\d tin~o oon,at.,.,Jnt;i r•·eelud«>d any 
opportunity to familiarize myself with this concept. nm, thcrcrore, 
unEtble to offer comrnentij, 

• The proposed technologies for cku ning of heal ex~hnngers at CI 
Group and at TI·n:co should work well and are con1:1idered 
appropriate alte1•ni1tes. Cost11 ap1w;1r to he in the expected range for 
these technologies, 
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Generally speaking, my concerns rest with tho t<llhlctlon of aqueou:i 
cleaning procesaes, e11peciatly in the case of manufactudng of consumer 
products, rather than promoting the concept of no c!1u1n 1H1 the prefen-ed 
technology. 

It has been shown b;v :many compauieij that no clean is gaining 
acceptance as a preferred manufacturing technology ,. for high 
tech/high reliability products such as in the telecommunications 
awitehing equipment, as well as for consumer produetr1. The benefits 
include: removal of a manufacturing step; the avoidance of purchaaing 
cleaning supplies; the flvoidanoe of waste treatment a1;d diapo11al; and, 
in many cases, improved product quality. I believe th,, industry trend 
towards no clean will continue which m11y, at some poinL In the future, 
make obsoleto alternative cleaning system$ such as aqueous. 

There continue to be oqjectives to no clean by some manufacturers, often 
based on anticipated customer demand or reluctance to believe tlui.t high 
reliability electronic products can be mam1facLurcd w!Lllout cleaning. A 
guide to selection of appropriate alternatives to Cl•'C• I 13 and methyl 
chloroform cleaning in the electronics industry which would be based on 
induatry experlenct1 gained over the past five ye,u'S w,mld be a useful 
document that eould be used by the Bank, !ta consultanLs, imd industry in 
developln.i countries. Thii ooncept was d.i~cua.sed at thu OORG meeting 
and will be brought to the attention of the execu.tivo of the Industry 
Cooperative for Ozone Layer Protection (ICOLP) for consideration "'" 
something Lhat experts from ICOLP member componie11 might develop. 

Regards, 

Arthur D. FitzGorald 
Director 
Environmental Projects 

ADF/jm 
fllG 



The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR (1991): 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

APPRAISAL DA TE: 

Project Cover Sheet 

Kingdom of Thailmd 

Conversion to Aqueous Cleaning 

Solvent Cleaning 

3,270 MT ODP (3,200 MT CFC-113 & 7,100 MT TCA) 

Phase out 11 MT ODP (Ill MT ofTCA) 

9 months 

ODS Reduction Investment Cost: 
Incremental Operating Costs': 

US$ 428,000 (@ 100\lli Thai Ownership) 

US$0.90/kg ODP/year 

Thai Heat Exchange Company, Lid. (THECO) 

US$ 681,000 
US$ (320,000) 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

August, 1993 

PROJECT SUMMARY 

This project will eliminate the use of 1, 1, I trichloroethane (TCA) in the cleaning of small 
and medium size heal exchangers manufactured for automobiles, trucks, room air conditioners and 
refrigeration units al Thai Heat Exchange Co. Ltd. (THECO). The phaseout will be accomplished 
by replacing the current vapor degreasing cleaning process with an aqueous-based cleaning process 
and the addition of drying equipment. The conversion to non-ozone depleting technology will 
eliminate annual consumption of 111 MT of TCA. THECO is 100 percent Thai owned, which was 
taken into account in calculsting the proposed OTF fulancing. 

1 Net present value of lint four years of operating costs/uvings. 

2 Includes 15'1' contingency and 3'/li fmancial institution fee. 



f!I.V.i!'! .CUHI\, HCffVV!t!D.Ci 1\J ~10i4L0£.UUUO 
~ • • • - , , ... "' .., t .., ""' • -. "'• • I"•,• 'w! J. •.II.< 

■A .... 11atffiotn 
~ tctocom 

VIA TELECOPIER 

May 28, 1993 

Mr. Don Brown 
The World Bank 
· 1818 H Street, NW 
Washln.gton, D.C. 20433 
U.S.A. 

Dear Don: 

'Re: Conuneute on. 'Ibailand Project 

•uut:.rUUJ 
"ctY ~~-~, 1~-~~ NO.UV~ r.u~ 

Norih<,m Tt>a..oom 
Umlted 
:::t Aobart Sp1tek l>.1rkwav 
Mh;c11C:Q4Q3, Ont1rlo 
L4Z3C& 

I have revi~wed the Thailand solvent projects for Hann Semiconductor, 
GSS Array, SAHA Union, THECO, Cl Group, and TeamTronics, and 
have provided verbal comments to ynu. I hiH'O summarized these 
eomm6ntll as follows: 

• • Was the no clean option con>iiderod for OSS Array, Hana 
Semiconductor, and Tel'lmTronics? It appears thnt the type of 
products manufaeture,t are candidates for the no-clean process, 
which would thus h11ve t1vuided thi> need for waste water treatment 
facilities at these locations. 

• In the case of SAHA Union, I aAk if IBM's experts in San Jose, 
California were conLncted with regard to the propo~ed process. If 
no~, I recommend that Dr. Ming Ko, or other staff at San Jose, be 
brought into the project as it gnM forward. IBM at San Jose. has 
developed aqueouA climning for thn d!.se d,•lvP-~ at that loe11-Uon and 
they would presumably have good infom111tion to sh .. n, with SAHA 
which has IBM involvement. 

• I'm mit familiar with tho plastic media cleanh1g process suggested 
for Hana Semiconductor and tln~o confltr(l\nta pre¢lu<!ed an;y 
opportunity to familiarize. myself with this concept. [ am, therefore, 
unable to offer com mt,ntij. 

• The proposed. technologies for cleuning of heal exchangers at Cl 
Group and at TH!l:CO ehould work well and 1:<re com,idered 
appropriate alte1·nal.i>s. Cost.a a1)rm11r to be In the expected range for 
these technologioa. 
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Generally speaking, my concerns rest with tho ""lucLion of aqueous 
<:leaning processes. especially in the case of manufactudng of consumer 
products, rather than promoting the concept of no clo11n o.s the preferred 
technolaitY. 

It has been shown by many campanie11 that no clean is gaining 
acc,ptanee as a preferrod manufacturing technology •• for high 
tech/high reliability products such as in the telc~ommunications 
switching equlpment, as well as for consumer productr1, The benefits 
include: removal of a manufacturing step; the avoidance of purchaBing 
cleaning supplies; the avoidancfl of waste treatment and dispoaal: and, 
in many ca1.1es, improved product quallt.y. I believe the industry bend 
towards no clean will contlnue which may, at some poinL In the future, 
make obsoleto alternative cleaning systems such aa aqueous. 

There continue to be oqjcc:tivlll8 to no clean by some manufocturera, often 
baaed on anticipated cu.&tomer demand or reluctance to believe tl.$.t high 
reliability electronic products can be man,1fecturod wlthout cleaning. A 
gtlidt> to selection of appropriate alternatives to CPC-113 and methyl 
chloroform cleaning in the electronics Industry which wrn1ld be baaed on 
industry experience gained over the past five yeai-s Wtmld be:, a Wleful 
document that could be used by the Bank, its consultants, and industry in 
developing countries. Thia oonocpt was discua.~ed at tho OORO meeLing 
and will be brought to the attention of the executive of thi:: Industry 
Cooperative for Ozone Layer fl'Qtcction (lCOT ,P) for consideration f1>1 

something Lhat experts from !COLP member compaoiea might develop. 

Regards, 

Arthur D. FitiGcrald 
Director 
Environmental Projects 

ADF/jm 
nu1 



COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

Proiect Cover Sheet 

Kingdom of Thailand 

Conversion to Aqueous Cleaning 

Solvent Cleaning 

ODS USE IN SECTOR (1991): 

PROJECT IMPACT: 

3,270 MT ODP (3,200 MT CFC-113 & 7,100 MT TCA) 

Phase out 13 MT ODP per year (127 MT of TCA) 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING2: 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

9 months 

ODS Reduction Investment Cost: 
Incremental Operating Costs': 

US$ 277,000 (@ 1009' Thai Ownership) 

(US$0.67)/kg ODPlyear' 

C.I. Group Company, Lid. (CIG) 

US$ 538,000 
US$ (304,000) 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

August, 1993 

PROJECT SUMMARY 

This project will eliminate the use of 1,1,l trichloroethane (TCA) in the cleaning of small 
and medium size heat exchangers manufactured for automobiles, trucks, and refrigeration units at 
C.I. Group Company, Ltd (CIG). The phaseout will be accomplished by installing an aqueous­
based cleaning process and water recycling equipment. Drying equipment is required to remove 
moisture after the aqueous cleaning process. The conversion to non-oz.one depleting teclmology 
will eliminate annual corurumption of 127 MT of TCA. CIG is 100 percent Thai owned, which 
was taken into account in calculating the proposed OTF financing. 

Net prcmit value of firol four years of operating costs/savings. 

2 Includes IS \II, contingency and 3 ll, f!flallcial institution f..,, 

' This number is derived from annualized incremental <:apital coats of US$88,000, first year incrcmeotal annual 
operating coats of US${96,000), aod saving, of 12.7 MT (weighted) of ODS per year. 
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VIA TELECOPIER 

May 28, 1993 

Mr. Don Brown 
The World Bank 
· 1818 H Street, NW 
Washington, D.C. 20438 
U.S.A. 

Dear Don; 

Re! C~ta on Thtu1a.nd Project 

I have revi~wed the Thailand solvent projects for Han11 Semiconductor, 
GSS Array, SAHA Union, THECO, Cl Group, and TeamTronics, and 
have provided verbal c,1111ments to you, I hnve summari:ied these 
oomn1<mts al!I follows: 

• 

• 

• 

• Was the no clean option con>1irlerod for QSS Array, Hana. 
Semiconductor, and TeamTronics? It appears that the type of 
products manufacture1l are candi,Jates for the no-clean process, 
which would thus lrnve ttvuidi.d 1.h,•. need for waste water treatment 
facllitlea at these locations. 

In the case of SAHA Union, I ar;k if IBM's ex.perts in S11n Jose, 
Callfornla were conlacted with regard to the propo~ed pr<lcess. If 
no~1 I recommend that Dr. Ming Tfo, or oth~r staff at San Jose, be 
brought into the projcet 11e it goes t'orward. IBM at San Jose. has 
developed aqueoul\ clnaning fol" th« disc drive~ at that loeaUon o.nd 
they would prosumably have good ,ofom11'1ti11n to shnrc with SAHA 
which has IBM involvement. 

I'm not familiar with the plastic media cleaning p1·1>ccss suggested 
for Hana Semiconductor and tin">o oont1tr~int11 rrecluded an:r 
opportunity to familiarize. myself with this concept. am, therefore, 
unable to offer commentij. 

The proposed technologies for d(•1,ning of heal exchangers Qt CI 
Group and. at TI·IP:CO should work well and are con~idered 
appropriate alternates. Costs app,,,H· to he in the ex11ected range fbr 
theae technologies, 
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Generally speaking, my concerns. rest with th" ,..,hil:Lion of aqueou:i 
cleaning p1·ocesae111 especially in the case of manufactu.-i1,g of consumer 
products, rather than promoting the concept of no cle11n ll-~ the preferred 
technololi'Y. 

It ha11 been shown by many companieij tb.at no clean is gaining 
t.cceptance as a preferred manufacturing technology •• for bigl, 
tech/high reliability products such as in the telocommullications 
awitching equipment, as well as for consumer productr1. The benefits 
include: removal of a manufacturing step; the avoidance of purchasing 
cleaning supplies; the avoidance or waste treatment a1ld di11po11al; and, 
in .many cases, improved product quallty. I believe the; industry bend 
towards no clean will contlnue which may, at some poinL In the future, 
make obsoleto alternative cleaning systems such as aqueous. 

Thar& cont!nu.e to be objectives to no clean by some manufacturers, often 
based on anticipated customer demand or reluctance to believe tha.t high 
reliability eleetronfo produotl'I can be manufactured without cleanir1g. A 
guide to selection of appropriate alternatives to 01"C-1 l3 and methyl 
chloroform cleaning in the electronics industry which would be based on 
industry c:xperlenci, gained over the past five yeat·s wuald be a useful 
document that could be used by the Be.nk, its consultants, and indu>1try in 
deve!opilli countries. This oonccpt was di~cussed at thu OORG meeting 
and wlll he brought to the attention of the executive of the Induatry 
Cooperative for Ozone Layer Protection (lCOI ,P) for considero.tio·n an 
something Lhat experts from !COLP member companieH might dllvelop. 

Regards. 

Arthur D. FitzGorald 
Director 
Environmental Projects 

ADF/jm 
n16 



The Montreal Protocol on 
Substances that Deplete the O:ione Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR (1992): 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

Project Cover Sheet 

Kingdom of Thailand 

Elitninalion of ODS Used in the Production of Household 
Refrigerators 

Household Refrigerator 

1080 MT ODP (430 MT CFC-12 & 650 MT CFC-11) 

Eliminate SO MT ODP per year (12 MT CFC-12 & 
42 MT CFC-II) 

Phase I: 2 years 
Phase II: l year 

ODS Reduction Investment Cost: 
Incremental Operating Cnst1: 

US$ 1,940,000 (@ 54.5% Thai Ownership) 

Not Applicable 

Thai Toshiba Electric Industries Co., Ltd. 

US$ 3,001,000 
US$ 0 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

August, 1993 

PROJECT SUMMARY 

This project will phase out chlorofluorocarbons (CFCs) used in household refrigerators 
manufactured al Thai Toshiba Electric Industries Co., Ltd. (TTEI). The project comprises two 
phases and will convert the production line to refrigerators using HPC•l34a and HCFC·14lb as the 
new refrigerant and foam blowing agent, respectively. The first phase will provide for product 
development using CFC alternatives and will identify all equipment and process changes needed to 
implement the alternative technology. During this phase, Thai Toshiba Electric Industries will 
acquire engineering assistance and training from its parent company, Toshiba Co,poration of Japan. 
In Phase JI, TIE! will purchase and install the new equipment necessary for mass production of 
CFC-free refrigerators. The project will result in the elimination of 12 MT/year of CFC-12 
(refrigerant) and 42 MT/year of CFC-11 (foam blowing agent) after the conversion is completed. 

1 Net present value of fust four years of operating oostslsavings. 

'Includes 15% contingency and 3% financial institution foe, 



BACKGROUND 

The domestic refrigeration indust,y in Thailand uses CFC-12 to charge new appliances and during 
servicing, and uses CFC-11 in the production of polyurethane (PU) insulation foam. The demand for household 
refrigerators and freez.ers in Thailand is increasing at a rate greater than 10% per _year, and most writs sold in 
Thailand are made locally by seven major manufacturers: Sanyo, Toshiba, Hitachi, Sharp Appliances, 
Mitsubishi, A.P. National, and Admiral. Most of these refrigerators are equipped with compressors 
manufactured in Thailand by Sanyo and Kulthom Kirby. In 1992, the sector used a total of 430 MT of CFC-12 
(210 MT to charge new appliances and 220 MT for servicing), and about 650 MT of CFC-11. 

Thai Toshiba Electric Industries Co., Ltd. (TTEI), which is 54.5 percent Thai owned, produces 
"l'proximately 120,000 refrigerators annually, comprisffunine different models. The plant has two production 
hoes with a total capacity of 140,000 sets a year, and I expects to reach its maximum capacity liy the end 
of 1993. In 1992, the company consumed 12 MT of CFC-12 and 42 MT of CFC-11. The average CFC-12 
charge size in its refrigerators 1s .11 kg. TIEI has begun using a 30 percent CFC-11 reduced foam formulation 
in its refrigerators and uses about 0.40 kg of CFC-11 per set. 

PROJECT OBJECTIVE 

The objective of this project is to phase out CFC-12 and CFC-II used in household refrigerators and 
freezern at Thai Toshiba Electric Industries. 

PROJECT DESCRIPfION 

In this project, Thai Toshiba Electric Industries will eliminate the use of CFC-12 and CFC-11 in 
household refrigeratorn by converting its manufacturing facility to one compatible with HFC-134a and HCFC-
14lb, the new refrigerant and foam blowing agent respectively. The project will be divided into two phases. 
The first phase will provide for engineering assistance, training, and acquisition of specific equipment for testing 
the new refrigeratorn. The second phase will allow for the elimination of CFC-12 and CFC-11 through the 
ordering and installation of new equiement necessary for mass production of CFC-free refriJc.,eratotll. In the 
third phase, not addressed in this project, actual production of CFC-free refrigeratorn will place. 
Incremental operating costs would only occur in Phase III. 

The main objective of the project's first P,hase consists of developing reliable new CFC•free 
refri11erators at TIE!. This I.ask is particularly difficult to accomplish given the considerable engineering design 
modifications and the necessary testmg that have to be done in a relatively short period of time. In order to 
minimize the risks associated with the conversion process, TTEI will acquire technical assistance during Phase I 
from its parent company, Toshiba Co,poration of Ja\iE This technical assistance represents a continuation of 
existing arrangements between the two companies. I has used similar arrangements in the past to develop 
its existing line of refrigerator models. As part of the technical agreement, Toshiba Co,poration of Japan will 
do the following: 

• 
• • 
• • 
• 

Design the different refrigerator models 
Conduct approval tests for each refrigerator model 
Conduct approval tests for the compressors made in Thailand 
Provide production drawings for the new models 
Provide training on manufacturing, maintenance, and quality control 
Provide engineering aasistance for manufacturing development and operations . 

Phase I will provide TfEI with technolozy developed by the parent company in Japan, modifying it 
where necessary to account for differences in Thai manufacturing conditions and refrigerator models. 

Additional funding requested in the proposal for Phase I will be used to acquire a controlled ambient 
test room with an accompanying data acquisition system in order to test the refrigerators and make sure that 
they are manufactured according to design specifications. 

Phase II of the project will consist of finalizing the transition to CFC-free technology for mass 
production. During this transition time, both CFC and non-CFC refrigerators will be produced on the same 
line. ITEi will purchase and install an additional set of charging equipment {for HFC· 134a) as well as a new 
polyurethane injection foam machine and other equipment. Because of the flammability of HCFC·l4lb, 
additional safety precautions will be taken, such as mcreasing the ventilation of the room where the machine 
will be installed. Care will be taken during this period to avoid cross contamination of refrigerants and 
compressor oils. Six halogen leak delectotll for HFC-134a will also be purchased. 

Because HCFC-141b has a higher thermal conductivity than CFC-II, there is the poasibility that the 
insulation thickness of the refrigerators will have to be increased to maintain satisfactory levels of energy 
consumption. A change in insulation thickness will l'e(!Uire the procurement of a set of new dies, molds and 
jigs, the cost of which has been estimated at $1.6 million. 

Final decisions on all of the equipment purchasing and retrofitting (including new equipment for 
increased insulation thickness), except for minimal equipment required to build field test models, will be mai:(e 



after Phase I is complete and test results are analyzed. Equipment items included in this project are based on 
preliminary test results and experience of Japanese parent companies. 

PROJECT COSTS 

Total Project Cost 

The total project cost of US$3.0l million equals the ODS reduction portion of the overall project 
(investment costs plus net incremental operating costs). This project will not provide Thai Toshiba Electric 
Industries with incremental revenues. 

Investment Costs of US$3.0l million include costs associated with CFC-free refrigerator product 
development, technical assistance from Toshiba of Japan, testing, new equipment for mass production, and 
training. 

Net Incremental Qpentjng Costs: Because full scale production of refrigerators with HFC-134 and 
HCFC-14lb will not occur until 1996, incremental operating costs have not been included as part of this 
project. Incremental operating costs will be reexamined at a later date. 

Local ~rshil' Fraction of 54.5% was considered lo determine the amount of eligible OTF grant 
financing. The to proJect cost was multiplied by the fraction of local ownership to determine the proposed 
graot amount. 

Other Costs. A 15% contingency (US$246,000) was also included to ensure adequate funding of 
project costs followinJ project appraisal. An additional US$S7,000 (3 9li) was added to the grant request to 
cover the fee for services of the financial institution (FI) that will appraise the projects and oversee 
procurement, disbursement and audits. 

Requested Funding. The proposed OTF grant for Thai Toshiba is US$1,943,000 and was calculated as 
follows: the total investment cost was added to the present value of the incremental operalinf cost over the first 
four years of the praject. The resulting total project cost was multiplied by the percentage o Thai ownership 
(54.5 percent). This figure was increased by a 15 percent contin11ency to yield the grant amount. Finally, this 
figure was increased by 3 percent to account for the financial institution fee. 

PROJECT IMPLEMENTATION 

Management: DIW will oversee the successful implementation of this project. The pl'Qiect will be 
carried out at TIEI. Toshiba Corporation of Japan will provide technical assistance to TTEI during project 
execution. 

Schedule 

TASK••• 
.••.·· .• • 

1993 1994 1995 •.. •.• . 

Phase I: 
Model Development, Technical 
Assistance 

= = 
Testing and Training X = xx 

Phase II: 
Procurement and lnslallalion of xxxx 
Pnuinment 

Convcnion of Production Line lo X 
Non-CFC Technolo= 

Full Production of Non•CFC 
Refri•eralors 

Note: x = one quarter of the year 

ESTIMATED DISBURSEMENT: 

TECHNICAL ASSESSMENT 

209£ in 1993, 20% in 1994, and 60% in 1995 

~, 

X 

This subproject bas been reviewed by the OORG technical reviewer, Dr. Michael Jeffs. The project 
was supported. Sujlgestions made relative to estimates of equipment costs will be pursued durin[project 
appraisal. In addihon to Dr. Jeffs review, comments were received from OORG reviewer Dr. Kuijpers. A 
formal review from Mr. Kuijpers will be submitted by May 25. 



e Polyurethanes 

Mr, o. Brown 
Tne world sank 
1818 H Street NW 
wa•h1ngton oc 20433 
USA 

D!UWIP IPI DOil<n' 1191QINel 

Dear Don, 

Documents ware racaived on 3/5/93. 

General comments ara 1 

ICI Polyurethan•• 
Everslun 45 
B-3078 Ev•rb•rg 
Belgium 
Telephone (02) 7!58 92 11 
T •le)( 261 5 i ICIEVB B 
Telefax (02) 759 55 01 

5th May, 1993 

• Enterprises which are subsidiaries of Japanese rafrigarator 
manufacturers are proposing the uae of HCPC 14lb foam 
technology - this is in line with th• changes now being 
implamented in Japan by the parent companies. However, 
this could be a comparatively •hort: term option in Japan. 
There is an increaaing level ot interest in the parroraance 
of c:yelopentana-baaed foam whieh is now being implamented 
in Europe. P'Urthar, at least two Japan••• manufacturers 
are to base part of their production on oompoai~~• of 
vacuum insulation panels with CO2 (water) •l:tlown polyurethane 
foam. 

♦ HCFC 141b ton technology ia now well proven and gives 
equivalent ineUlation values to tou J:tased on CFC 11 
despite its higher qaa thermal conductivity. 

♦ HCFC 22 foam technology is not used unl••• it la protected 
by •t••l panels because of deterioration ot thermal 
insulation witb. time. The technology propo•ed by Admiral 
i• not supported for use in refrigerators with plastic 
liners. The blend HCP'C 22 / HCPC 1421:> overcome• this 
ageing probl- and ia in uae elsewhere. 

• Several project• call tor the purchase of new foam 
injection :maohin•• ae well as vacuum forming equipment tor 
liners and jigs. Individual c0111111ent11 are given for th• 
enterpri••• but in ;eneral the need tor these items 1hould 
be reviewed at the end of phase 1, 



' 

• 

♦ 

- 2 -

~.~i.?~ / ~-
The HCFC 141b price projection quoted in/4ibit 1 of the 
feasibility ■tudy is too high, current price• are about 
sot ot the quoted 1994 price level. 

Difficulty of gauging value of technical a•aistance from 
parent compani••• 

9 b pr. G. M, F, J1tt1 - OORG MD 152 \ o, GMFJ/kd/41' 

cc: Mr. T, Waltz 



Kingdom of 1'h4:illllUJ 
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS 

Con~ersi<m of Domt1stic Mamrfa.ctlll'ing ro HFC-134• 
ar,d to HCFC-14/h in Polyur,t/utn• Fowm; 

Con~rsion of Clli/J,r1 lo HFC-13./a 

Project.fl Deacribed by The World Bank, Muell 1!1!13 

I. Introduction or HCFC-14lb for foams and tbe convarsio11 process to HFC-1:W. for coolln1 
at mAI TOSHIBA lncluatrics; 

Z. Idem. at ADMIRAL Industries; 
J. Idem, at HITACHI lnd~l'ie$J 
4. Idem, at'KANG VONO llldumin; 
5.. Idem, at AP National Industries; 
6. Two Chiller C11mw:t1on Projects to HFC- l 34a.. 

Kuijpen, UM (OORO) 
l:lindhovcn, 1993 03 11 
RWR-570-LK-93106 ·Ii: 

R E M A R K S REGARDING THE P R O PO SA LS 

J, Fum Blowia 

All projects desqibe a conversion from CFC•ll to HCFC-14lb. In a first instanc,:1, it is tl!­
markable that there is a large priCII difference. between the conversions propoled for the dif• 
fertnt industric:, (take e.g. the difference between AP and To!lhiba, 0.2$ and 1.79 million). 
Indeed, HCFC•l4lb seems to be the preferred route for ihe Japammi, although, until re­
cently, they have also maintained the IICFC•l23 option. It may be that they will $tick to the 
f lCFC·J4lb option, however, in Europa there is a tcndcm;y (whether or not realistic) to study 
cyclopentane. a flamrnablo. high boiling refrigerant, About its performan,;e nothin11 i$ known 
so far (conductivity value is worse compared to others, I do not know about lone term 
bal111viour). 
One should bear in mind that the European manufa<.1.ureu have been cvaluatin& both 
22/l42b and 141b for quite some time; they achieved slightty inferior ruulu with 22/142b; 
howC!IVer, the Ion& tffm behavior u not 10 good, due to difru!ion of IICFC•22. Nevcrlhelcss, 
almost all manufaeturcrs switched to HFC• 134a (no chlorine anymore, due to environmental 
group pressure in Germany) shortly before the Domoteehnlca fair (apart from one). So f do 
not know whether thi, could play a role in Japan and in the dauibter ~mpanies 111 well. 
The 1-t thillJ i, to ask the OORG foam expert as well (Jeff~, [Cl), reprdinl t.he time in• 
valved in optimizin1 HFC-134a foam&. Dependent on this one could solve the question, on 
whether or not to invest in the 11Cf'C-14lb route in Thai companies or to postpone a deci• 
sion to later this yaar. 

l, Bd't1nntlon. ..,al oU:mt!em 

The CFC-12 conaumption or the five companies amounts to about 78 tonne!, while a total 
con1umption of 2.50 tonnes in this sector is mentioned. h there anothet large manufacturer 
involved? 
The above does not hold for CFC-I I, 300 tonnes compared to 500 tonnes is used by the firms 
considered. 
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Several companies should do $omethina regarding their use of CFC•ll, i.e. apply reduction 
measures (take e.g. Kang Yong and AP which probably use <.;FC-11 also for ckaning} since 
the consumption is larae compared to the CFC-12 consumption. 

3. Bffl'l&•ratton, _.1flc wait;t1 

There is technology support from the mother companies, the costs howevor vary widely not 
dependent on the size of the company, e.g, :'192,000 for Matsushita supporting the small AP 
firm. More information (e.g. contracU) on what is spe<;ifi<.ally covered in each of the cues 
is absolutely necestary. There i:i also a question on whether or not the rdationsbip to Kultom 
Kirby should not bQ described more prec~y. DMcription so far (Kirby will provide the 
companies with compres1ou for testing) is not at all sufficient. It is often the compressor 
manutactuter (with its specific lubricant properties and so on) that determines the technology 
transfer. Defign. of the appliance$ and the manufacturing pro"ss can ~ supported by the 
mother company. 
Kirby plays a key role in Thai comp.lnies, for thiJ l"lllson m!)re precise information would 
be extremtly useful. 
This will also determine whether or not CFC,12 and HPC-1~4a apptian~ can be manufa<:­
tured using the same as,cmbly line. 

Jn particular the technology transfer inue is important; the phased approach presented ls in 
principle OK. 

There is also a quettion reguding test room1. What is determining the size and \he costs for 
a test room. There is again a remarkable dHTerencc between the Admiral company and 
Hita..tli, the mia.llest and laraeSt in size. The same holds for the differences in com for / 
refriacrant and oil charging equipment. Maybe this could be explained sotnewe.hat more de-
tailed in the propo,al. Some firm• will invest in leak det~tors; docs !his not hold for all of 
them 7 
A consistent approa1;h and evaluation would be desireable. 

Taltin1 the amounts of CFCs involve<:! costs vary from about 18 to 145 USD per kl of CFC 
(11 and 12) phased out per year. 1$ this an acceptable figure 1 

4, Chillers 

As far u the ,;billet conversion Is concerned, there are no .,ignificant remarks. 
For the HFC-134a conversion, the cost Is In thf! order nf lJSD :10 per k1 of CFC·12 not used, 
which is a high figure, and which should be supported hy considerations on the lifetime and 
economic value of the equipment. 
A• far as 1h11 HCFC-123 convcnion, no remarks. 

Eindhovc;n, I I March J993 
L 

L,J.M. Kuijper, 

l 
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lfflBOIII I TAJ 'I'Qll1U IIPVIDJII 

M£?YNIIPVJ9M 
supported sutij•ct to the comments below (particularly relating 
to Phase 2). 

QLIDGX MP IPIQRCJ 91 Ul"'PDTIPI 

Further intor111ation ehould be sought on the need tor a new foam 
machine, moditications to the existing machine and environment 
measurement for the line. 

T19Blt911t IAPIRMIII 
Herc l4lb toam taehnology ia wall provan and u•• has shown no 
deterioration in insulation value, Beno•, the need,.to purchase 
new diea, mould• and jigs is unlikaly aa there should t,e no 
change in toam thic:knus. 

LlflQI 11AM IIDIXJGI 
Non• 

IIY!B9PlftlL IIIJJII 
HCPC l4lb is a tran•itional material whieh will have to be 
replac•d by a zero OD• blowing agent. Ita u•• contributes to a 
saving of 49.7 ODP ta. 

llll'U +11111 
Adequate precaution■ ara apparently planned for the flal!U1labla 
nature of HCFC l4lb. 

®II IUIA!IDJIIII 

The it-• for foam inaulation in Phaae 2 should be raappraia ... 

QTQY 

None 
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Tlitll&u11l 
RBVJBW Oli' PIVE PRASE-1 CONVERSION PROJECTS 

CollYenioP afl>Gm11tlc AppUanee Manld'acturl111 ta BPC-lU. 

:Flrat.Phaaof Appliance MlnWIOllml ConvftOII f'lom CPC-12. toHJIC-134& at 
~ 
B1tadd ~l'rollucu 
11.PNIIUoo.al 
4'dmJra~ Tballuacl 
Kua .YOlll 'Blcdr::k lildulrfll. 

hijpen, LIM (OOll0) ~ 
l9P30506 

Rffl-tJNl!l>-UC-93170 -lk 

RHYIBW OF THE PHA~81 PROPOSALS 

lhcom•t1tdatloa 

All prqjecit delcripdi;,m propo., .. p'hlff 1 ofa two ltep ~ill.-with tho 
nicollll1lmaldatloJIII by the 00aO lfllUP of tho Bll'lk. 111 moai IIUOI thore Ii 1111flkiut blGli: t1P ft-cnn 
u. ~oped Clt'llllltly appllaaco ~. wluira it mo appliea to ll4iditloall -. {mainly in 
Japu). 

HOIIWIWI', mo11t ot tho nllDlrila ftom Ill)' _.liif review 11111 apply to tt.e lltffl projoet; prcipoa.l,: 
1. The~ (arimeaoale otlnuoducl!Oll)wlthihocompTCNOr~ba.t ,t!llmmy 
unaertab:itiaa _. dlt oompre1111r ml'Dl:60lwors ha'Ye $till to GOnvort their pn,duction with tho 
auppor1: ftom othan. 'I'bi• implii,■ tb&C the appllaal:O ~era wiD depend Pn ra~ tb.ltt 
depend on other nillliloaahlp■ wha mll UIIO<ltWll panmettta 111.'• involwd.. 
2. Tile oizo ottho pnxluction otthto dlftllre&lt ~ i& qultt diff'crf:At, .&Qln about 140,000 
dcwn ta 4,800 (Admiral), Nomwlea1, tho com fill" technical support and fOl' sww CQuipmait to bCI 
bouaht do not have 8llY' nl&lionlhlp to the prod11dio11 volume. 
3. ii, ooltll fortffillllOll Ulliltllnoo- to be Illlldom, aod quico hlah, A• P ~le, teohnical 
IHitt.uico filt AP Nlltloll&l (USD '700,000, productlaft v.olwne 74,000) QIIUlot be compared to otbar& 
(e,s- Sanyo (USD 454,100, pmduollo.n volumo 600,000 pi""81). t'bk .luuo ftMdll to be darifted firat. 

It la roool)lmonded &o tint eltlblllb oriteria tor th• ~lltl lbr teclmk:ll Ullltl!MI ~ or not 
rdawd to the pfl)llualcn 'IIOl!lfflt. "•I- with ocrialn maxima, bfJti>re tMt thellO projacts should be 
appRMld. 
n llhO'llkl allo be rollHd th.It the oc:,nYffllon will btl dapllldent OD tb.o 111ccos, of1he ~ 
procieu at campnucr ~• (ptojcetJ atlll to bo approved), 

TWIii U.- aqumcnt., bite> 11.CCCNllt, lt 11 difficult to IP"" an ovlll'all roeoMlllelldld011 fol 
(clia)a,pproval. COIU tor Mminll ffl too blah, thllro la no baok up ft;,ffl &IIOther manl&filcturcr. 
Tcdlllklat -•ttllll(;CO caiia fbr APNldonst .at,t (too)~ 
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2. Rall!Y•llf.ll ad adf4111ey .t lnft'?ailoq pnlVidlld 

Thi, ptoj<Klt propotu &iMt lllhquaw ahort d«criptlou of""''"' l• onvlt-4 to l,e a,-.u.mplla'bed 
durina • &lit phllo. 
TM~ ~liatanoe qrHmOnta an, not VfllY well ,p,,atfled (c:ompvablc to tho Sanyo proJact), 
th• idu 111 obtained tb&t a nlillblt t.p.Pll111ct prad11alio11 can h• ~ ( ••Ii• by lldd!cwnal ~ 
In lepan otll,), However, ooau tbr t4C:hnl.cal ul.UlWl.a IICCl'II to be r1111dcm: 
• .S....VO (aep&t11:M propo111l); VSD 454.tOO fbr a voluMc c,f 600,000 pl8C811, 
• TTBl; Uln 510,IOO 140,000 P 

• XRIIB Yt1111 TJ'Sl> 320,000 llS,000 " 
• AP National USD 700,000 74,000 • 
• H11aelll um 4BO,ooo 14:,000 " 
- Admb-al (utimot•) lJSD U0.000 4,800 ". 

3. Xeclmklll Nllll.dlltll 

t1l tho co11V01'81on to m,c. 134&, it I.I .bl part!c:,ulanhci i;,cnalm:y 1hat I tdlablo prodvct c,an b~ 
m•m"11otured, whi;:h ha1 to do wltll ldaptills 1®11 ~qJ pro- that will Cffllt !IIORll)'­
Jt. will -~•Y• ba diftulult to m11111fticnur. CllC-1:2 and ffllC-13411 applillnC#I at lho 1111mc moment, 
Ullloaa yory ,PICUI pr11C61Jtlon5 11n1 t........ . 
Tho re&bllliy of tho 1pplla1101wlU alio depend on the qualliy (and the typ,1) oflh& compresaor.l'hli 
.-not be utiml.t1d at tbil mommt 
Since J::ukbom Kirby la one otlho main m~nn of cgrnpmiOl'e lnvo1vud, It lb.owe! be> 
ucertllin.ed whetbar tbla COfflPIUIY can aalv• problllllS which qht °""rat lhi, m1n11faeWrcn at tho 
llffleitm.. 

,. Col& effeedvnw1 

Colt o!lo,;\thenosa -ot be di-ad. Thera an only IO!Dei quoallon, u alrOMly mentionod above: 

I. Do11 "technlcal ullatance~ impty a tolatlowihlp to th,, prP!hllltion valum~ ?. 
2.. . Colla tor lib c,,tulpment (tllt l'00tn) and tbr i.hara!IIS aquipm,,nt an, qulto dift'erem. E.g. 

the eom fer ~ at Admiral 11 equal 10 othott with a lllllcb biQier pcoduo11on volwno. 
3. Ii i• diffleult to Jwl&• upon whcth« $(1tne m1111ufllc1u&r1 ruicd test r<>oma, nt.bon noc. 
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Project Cover Sheet 
Kingdom of Thailand 

Elimination of ODS Used in the Production of Household 
Refrigerators 

Household Refrigerator 

1080 MT ODP (430 MT CFC-12 & 650 MT CFC·ll) 

Eliminate 109 MT ODP per year (19 MT CFC-12 & 
101 MT CFC· I I) 

Phase I: 2 years 
Phase II: 1 yea:r 

ODS Reduction Investment Cost: 
Incremental Operating Cost': 

US$2,320,000 (@ 60% Thai Ownership) 

Not Applicable 

Kang Yong Electric Co., Ltd. 

USS 3,270,000 
USS o 

Department of Industrial Worb (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Banlc 

August, 1993 

PROJECT SUMMARY 

This project will phase out chlorofluorocarbons (CFCs) used in household refrigerators 
manuractured at Kang Yong Electric Co., Ltd. (KYE) in Thailand. The project comprises two 
phases and will convert the production line to refrigerators using HFC-134a and HCFC-14lb as the 
new refrigerant and foam blowing agent respectively. The first phase will provide for product 
development using CFC alternatives and will identify all equipment and process changes needed to 
implement the alternative technology. During this phase, Kang Yong Electric will obtain 
engineering assistance and training from its parent company, Mitsubishi Electric Corporation of 
Japan. In Phase II KYE will purchase and install new equipment necessary for mass production of 
CFC-free refrigerators. The project will result in the elimination of 19 MT/year of CFC-12 
(refrigerant) a.nd 101 MT/year of CFC-11 (foam blowing agent) after the conversion is completed. 

1Net present value of fll'St four years of operating costs/savings. 

' Includes !S !I, contingency and 3 % financial irutitution fee. 



BACKGROUND 

The domestic refrigeration industry in Thailand uses CFC·12 for charging new appliances and during 
servicing, and uses CFC-I I in the production of polyurethane (PU) insulation foam. The dem•od for household 
refrigerators and freezers in Thailand is increasing at a rate greater than IO% per year, and most uoits sold in 
Thailand are made locally by seven major manufacturers: Sanyo, Toshiba, Hitachi, Sharp Appliances, 
Mitsubishi, A.P. National, and Admiral. Most of these refrigerators are equipped with compressors 
manufactured in Thailand by Sanyo and Kulthorn Kirby. In 1992, the sector used a total of 430 MT of CFC-12 
(210 MT to charge oew appliances and 220 MT for servicing), and about 650 MT of CFC-11. 

Kang Yong Electric Co., Ltd. (KYE), which is 60 perceot of !he company is Thai owned, produces 
approllimalely llS,000 refrigerators annually comprising seven different models. The plant bas one production 
lme with a total capacity of 162,000 sets a year. KYE expects to reach its maximum capacity by the end of 
1996. In 1992, the company collSllllled 19 MT of CFC-12 and 101 MT of CFC·l l. The typical CFC-12 
charge size in its refrigerators is 0.115 kg. KYE uses an average of 0.60 kg of CFC-11 as a foam blowing 
agent per set but began using a 20 percent CFC-I I reduced formulation in December of 1992. 

PROJECT OBJECTIVE 

The objective of this project is to phase out CFC-12 and CFC-11 used in household refrigerators and 
freezers at Kang Yoog Electric Co., Ltd. 

PROJECT DESCRIPTION 

In this project, Kang Yong Electric will eliminate the use of CFC-12 and CFC·ll in household 
refrigerators by converting its manufacturing facility to one compatible with HFC·l34a and HCFC·14lb, the 
new refrigerant and foam blowing agent respectively. The project will be divided into two phases. The first 
phase will provide for engineering assistance, trainin¥, and acquisition of specific equipment for testing the new 
refrigerators. The second phase will allow for the ehmination of CFC-12 and CFC·l l through the ordering and 
installation of new equipment necessary for mass production of CFC-free refrigerators. In the third phase, not 
addressed in this project, actual production of CFC-free refrigerators will take place. Operating costs would 
only occur in Phase Ill. 

The main objective of the project's first phase consists of developing reliable new CFC-free 
refriJerators at KYE. This task is particularly difficult to accomplish given the considerable engineering design 
modifications and the necessary testing that have to be done in a relatively short period of limo. In order to 
minimize the risks associated with the conversion process, KYE will ~uire technical assistance during Phase I 
from its parent company, Mitsubishi Electric Corporation of Ja_pan. This technical assistance represents a 
continuation of existing arrangements between the two compames. Kang Yong Electric bas used si.milar 
arrangements in the past lo develop its existing line of refri;erator models. As part of !he technical agreement, 
Mitsubishi Electric Corporation of Japan will do the followmg: 

• 
• 
• • 
• 
• 

Design the different refrigerator models 
Conduct approval tests for each refrigerator model 
Conduct approval tests for the compressors made in Thailand 
Provide production drawings for the new models 
Provide training on manufacturing, maintenance, and quality control 
Provide engineering assistance for manufacturing development and operations . 

Phase I will provide KYE with technology developed by !he parent company in Japan, modifying ii 
where necessary to acco11DI for differences in Thai manufacturing conditions and refrigerator models. 

Additional funding requested in the proposal for Phase I will be used to acquire a oew controlled 
ambient test room with an accompanying data acquisition system in order to test !he refrigerators and make sure 
that they are manufactured according to design specifications. 

Phase II of the prqject will consist of finalizing the transition to CFC-free technology for mass 
production. During this transition limo, both CFC and non.CFC refrigerators will be produced oo the same 
line. KYE will purchase and install an additional set of cbarlling equipment (for HFC-134a and ester oil) as 
well as a new polyurethane injection foam machine. Care wt11 be taken to avoid moisture absorption in eater oil 
by acquiring a compressor oil processing aystem. K.ang Yong plans to purchase compressors free of oil to 
avoid the possibility of oil contamination by the compressor manufacturer. New haloro leak detectors for 
HFC·l34a will also be purchased. Because of the flammability of HCFC·14lb, addit1ooal safecy precautions 
will be taken, such as increasing the ventilation of the room where the machine will be installed. Modificatioos 
will be made to the mass production test room to increase the cooling test time and improve !he ventilation and 
air conditioning system. 

There is evidence that the new plastic ABS material for the cabinet liner required with HCFC·l41b 
cannot be formed with the existing equipment. Therefore, a new vacuum forming macb.ine estimated at $ 1.26 
million might need to be purchased. In addition, the new foam may need more time for curing, which, if 
verified by tests, would require that the foaming line be lengthened. The cost of thia modification in the line 



has been estimated at $400,000. 

Final decisions on all of the equipment purchasing and retrofitting, except for minimal equipment 
required to build field test models, will be made after Phase I is complete and test results are analyzed. 
Equipment items included in this project are based on preliminary test results and experience of Japanese parent 
compames. 

PROJECT COSTS 

Total Project Cost 

The total project cost of US$3.27 million equals the ODS reduction portion of the overall project 
(investment costs plus net incremental operating costs). This project will not provide Kang Yong Electric with 
incremental revenues. 

Investment Costs of US$3.27 million include costs associated with CFC-free refrigerator product 
development, technical assistance from Mitsubishi of Japan, testing, equipment for mass production, and 
training. 

Net Incremental Operating Costs: Because full scale production of refrigerators with HFC-134 and 
HCFC-14lb will not occur until 1996, incremental operating costs have not been included as part of this 
project. Incremental operating costs will be reexamined at a later date. 

Local Ownership Fmtjon of 60 91\ was considered to determine the amount of eligible OTP grant 
financing. The total proJect cost was multiplied by the fraction of local ownership to determine the proposed 
grant amount. 

Other CJ>$. A IS 91\ contingency (US$294,000) was also included to ensure adequate funding of 
project costs following project apG,,'!';1· An additional US$68,000 (HII) was added to the grant request to 
cover the fee for services of the ial institution (Fl) that will appraise the projects and oversee 
procurement, disbursement and audits. 

Reque';.'.1 Funding. The proposed OTP grant for Kang Yong Electric Co., Lid. is OS$2,324,000 and 
was calculated as allows: the total investment cost was added to the present value of the incremental operating 
cost over the first four years of the project. The resulting total project cost was multiplied by the percentage of 
Thai ownership (60 percent). This figure was increased by a 15 percent contingency lo yield the grant amount. 
Finally, this figure was increased by 3 percent to account for the financial institution fee. 

PROJECT IMPLEMENTATION 

Manal!ement: D 1W will oversee the successful implementation of this project. The project will be 
carried out at Jung Yong Electric. Mitsubishi Electric Corp. of Japan will provide technical assistance lo KYE 
during project execution. 

Schedule 

. 
.· •• 

. 
'. 

.•· . 
TASK 1993 1994 

' 
1995 1996 

l'base I: 
Model Development, Technical 
Assistance 

xxxx xxxx 

Testing and Training X xxxx xx 

Phase II: 
Procurement and Installation of xxxx 
Pnui=ent 

Conversion of Production Line to X 
Non-CFC Technolo= 

Full Production of Non-CFC X 
Refri2erators 

Note: x • one quarter of the yc.ar 

ESTIMATED DISBURSEMENT: 2091\ in 1993, 2091\ in 1994, and 60% in 1995 



TECHNICAL ASSESSMENT 

This subproject has been reviewed by the OORG technical reviewer, Dr. Michael Jeffs. The project 
was supported. Sui:gestioos made relative lo estimates of equipment costs will be pursued during project 
appraisal. In addition lo Dr. Jeff's review, comments were received from OORG reviewer Dr. L. Kuijpers. A 
formal review from Mr. Kuijpers will be submitted by May 25. 



0 Polyurethanes 

Mr. o. Brown 
The world Bank 
1s1a H street NW 
wa•hington DC 20433 
USA 

TB!TI:IIP IR DO:l!C'Z 11910!114 

Dear Don, 

Documents were received on 3/5/93. 

General comments are: 

ICI Po!Jut'flllane• 
Everslaan 45 
8·3078 Everbtrg 
S.lgium 

Telephon• (02) 758 92 , , 
Telex 2s151 1c1eva s 
Telefax (02) 759 55 01 

!Ith May, 1993 

• Enterprises which are subsidiaries or Japanese refrigerator 
manutactur•r• ar• proposing the u•• of HC:FC l4lb foam 
technology - thi• ia in line with the changes now l:)eing 
implemented in Japan by the par.mt companies. However, 
thi• could De a comparatively ahort term option in Japan. 
There ia an increa■inq level or interest in the pertormance 
ot oyolopentane-ba■ed foam which is now beinq imploented 
in Europe. rurther, at least two Japan••• manufacturers 
are to baa• part of their production on compoait_es of 
vacuum insulation panel■ with CO2 (water) •blown polyurethane 
team. 

• HCFC 1411> ton teChnology ia now well proven and 9ivea 
equivalent inaulation valuea to tou baaed on CPC 11 
despite it• hiqher gaa tharmal conductivity. 

• HCFC 22 foam technology le not used unl••• it 1■ protected 
by atael panel• because of deterioration ot thermal 
insulation witb. time. The tachnoloqy proposed by Admiral 
1• not supported for use in retriqeraton with plaatic 
liners. The blend HCPC 22 / HCFC l42l:I overcome• this 
ageing probl- and i ■ in u■e elsewhere. 

• several projects call tor the purchase of new roam 
injection maohin•• a■ well aa vacuum tonainq equipment for 
liners and jigs. Individual collllllSnts are given tor the 
enterpri••• but in general the need for th■•• items 1hould 
be r•viewed at the end of phaae 1, 



f 
• 

• 

• 

- 2 -

~~iL~ / ~-
I'he HCFC l4lb price projection quoted in /4ibit 1 or tne 
tea•ibility •tudy is too high. current price• are about 
501 ot the q1:1otttd 1994 price level. 

oitticulty of gauging value ot technical aaaiatanca from 
parent oompani••• 

9 r-> pr. q, H, r, J•CC• - ooRG MD 152 
\ ~, GMJl'J/kd/41 1 

cc Mr. T, Waltz 
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11':DUJII I JI¥ YOU ILIQIBIQ 

p•QQ!QCJMQ1'1';t91 

B!LffM<!X MR IPl9JJAAX 91 J'.IPQU!Tl;QI 

Good coverage, including dependency of Phase 2 purchases on Phaae 
l reaults. Quotation• for equipment needed. 

WICDTSIL IOPNPIIII 

HCPC 141b roam technology is well proven and us• has ahown no 
deterioration in insulation value compared to CPC 11-blown foam. 
It is noted, with approval that daoision• on the need for a 
foaming machine and line modifications will be taken at the end 
ot Phase l, 

LllfOI Q9JI IIDIIlllCJ 

None 

lftIIQQlfflL JIIPII 
HCPC 141b i• a transitional substance which will eventua11y·have 
to be replaced by a zaro OOP blowing agant. It• u■a contribute• 
to a aaving of 109 ODP te per yaar. 

,v,rx IIIVII 
No mention made of meaaures to .:iaura safe working with HCFC 141b 
by adaquate vantilation. 

QOIT IIIIP'l:!flllll 

Oependent on need for itua in Pha•• 2. 

07AM 

None 



Kingdom o,f T1ttdltultl 
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS 

Con11ttrsi011 of Dom4stic MIIIIU/11.chlriltg ro HFC-1344 
and to HCFC-14/h in Po/Jl""tluult! FO<U1U; 

C011Hrsion ofChiUttri to HFC-1341/l 

Project& DeM:ribtd by The: World Bank, Marci! 1993 

l, Introduction nf HCFC• 14tb for foams and the con••rslon procns to HFC• 13'1a for eoolina 
at nlAI TOSHIBA lndutries1 

2. Idem, at ADMIRAL Industries; 
J. Idem, at HITACHI lndu.~ 
4. Idem, at·KANG YONG lnd\lftrieo; 
,. Idem. at AP National 11111utria; 
6. Two Chiller Cnlffltnton Projects to HFC-l34a. 

Kuijpen, UM (OORO) 
Eindhoven, 1993 03 11 
RWR.-570-LK-93106 •lk 

R E M A R K S REGARDING THE P R O P O S A L S 

I, Ioem Bkm'inr 

All projects describe a eon version from CFC· I I to HCFC -141 b. In a first in1tanci:1, it is re­
markable that there is a large price difference between the conversion, propoKd for the dif, 
fertnt industrie, (take ,:.g. the differcn.:e between AP and Toshiba, 0.25 and 1.79 million). 
Indeed, HCFC-l4lb seems to be the preferred route for the Japane,o, although. until re­
cently, they have also maintained the IICFC-123 option. It may be that they will stick to the 
1 ICFC· J41b option, however, in Europe there ii a tendency (whether or not realiStic) to study 
cyclopentane, a IIammablo hi@h boilinc refrigerant. About its rerform11n<;e nothin1 is known 
so far ( conductivity value is worse compared to others, 1 do not know about lone term 
behaviour), 
One should hear in xnlnd that the European manufacturers have been evatuatin& both 
22/l42b and 1411, for quittJ ,ome time; they achieved sli&h!ly inferior mulu With 22/l42b: 
however, the 10111 term behavior iJ not so good, due to di!'rusion or IICFC•22. Ntverthdess, 
almost all manufacturers switdled to HFC· 134a (no chlorin• anymore, due to en'Vironmental 
group pressure in Germany) shortly before the DomotechniCII fair (apart from o~). So I do 
not k.now whether this could play a role in Japan and in the dauahtcr companiea as well. 
The 1>6t thin)I it to ask. the OOR.G foam expert as well (Jeff~. ICI). reprdi!ll the time in• 
vol\led in opumizina HFC-134a foams. Dependent on this one could solve the question on 
whethttr or not to invest in the IJCFC-141b route in Thai companies er to ponpone a deci• 
sion to lat tr this year. 

2= BC0111DtlPDe ...... tblnt&Ra 

The CFC-ll eolU\lmption of tho nve eompani$$ amount• to about 78 tonnes, while a total 
conaumption of 250 tonnes in this secco, is mentionl!d, h there another larae manufacturer 
involved 1 
The above does not hold for CFC-1 l. 300 tonnes compared to 500 tonnes is used by the firms 
considered. 



◄ 

Several companies should do sorMthina re1ardin1 their use of CFC-11, i.e. apply reducti0n 
meamra (take C.f, Kan& Yong and AP which probably "'" CFC-II also for cleaning) since 
the e0nsumptlon 11 lar11e compared to the CFC-12 consumption. 

3. R..,..,...,.HL .. tt\: tnpk;• 
There is technology support from the mother companies, the costs however vary widely not 
de-pendent on the size or the company, e.g, :'192,000 for Matsushita supporting the small AP 
firm. More information (e.g. contracts) on what i• specifically covered in each of the cues 
ic a.b1olutely necessary. There is also a question on whether or not the rdationsbip to Kultom 
Kirby should not be dcs,;:ribcd more preci.S61y. Description 10 far (Kirby will provide the 
companiot with compre11on for testing) ill not at all sufficient. It is often the comprmor 
mart\ltactunr (With its ,pecific lubt-icant properties and so on) that determines the technology 
transfer. Defign of the appliance.< and the manurac:tuting process can be supported by the 
modler company. 
Kirby plays a key role in Thai companies, for thit reason m~re precise information would 
be utremety useful. 
Thi• will also determine whether or not Cf'C,12 and HFC·B4• applian-Qff c•n be manuf&c.. 
tured U$inJ the same assembly lini. 

In panicular the technology transfer issue is important: the phued approach presented is in 
principle OK. 

There is also a question regarding test rooms. What is determining the size and the cotts for 
11 um room. 'Then~ it again a r,markable dirferem;e bet.ween th11 Admiral company and 
Hita~. the smallelt and !uaest in me. The same holds for the dilTerencu in cost1 for 
rofriacrant and oil charlling equipment Maybe this could be explained tomewehat more <le­
t.ailed in the propo,al. Some lirm• will invest in leak detectors: does this not hold for all of 
them? 
A con,istont approach and evaluation would be desirnblc. 

Takin1 the amounu of CFCs involved cosu vary from about 18 to 145 USO per kg of CFC 
(11 and 12) phaRd out ptr yqr, 1$ this an acceptable li11ure? 

◄, CNllm 

As far as the chiller conversion Is concerned, there are no ~ignificant remarks. 
For the HFC-1341 <;onversion, the cost is In thfl order oflJSD 30 per kg ofCFC•l2 not uxd, 
which is a hiah ll&ure, and whic:h ,hould bo supported by considCt'&tions on the lifetime and 
economic value of the equipment. 
A, far as the HCF<':-123 conversion, no remarks. 

Eindhoven, 11 March J993 
L 

L.J.M. Kuijpen 

I 

l 
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•1'1f11Jllutd 
.REVIEW O'F ftVJt PHASE-1 CONVERSION PR.OJ.ECTS 

COJlYeniP ofDa-tlc A.pplllace MIJlllfacturin1 to Bll'C-13-h 

l'nQect l'Jv..-1.tb)' Tho Wti-"...., ~ U!l) 

Flrat PliUo of AppllaiM:4' ~ Coiiv.- 11\)111 CPC-12. co l£I'C-lk& at 
~ 
llltMbl eo- Productl 
APlliia&leul 
Admln1 Th111ud 
Ku.ta' y CUii' ll'.kll!til:IC l'wlaled.t,, 

JCniJICli LJM (OOllQ) ~ 
111930506 

Kro-UNIIP-LX-931,0 -It 

RB'fl'IBW OF Tll.B PH.ASE 1 PROPOSALS 

llllc.oma_,.tloa 

Al prqJIRt dela'IJXiol» JIIVPOIII & phaff l ofa two .top apJll'O'ld,, in.~ with tho 
reco~ 11)' th, ooao lfllllP of the Bink. fa moat mot then la llllflk.itnt baok up hla 
11w ~ped Clnl.llltry llpplianct ~. where it Illa applilll ti! lldditiolllll lfitlJ (mainly in 
.Japu). 

Ho'Wfi■r, mAllt otlbo niGlll'ka .from lllY Nflier .review lliU 1PM' to lbou 111:ffl pro.j~ propollll: 
1. Thlil Nll1ll011111lp Cmd cimelclle otlll'.lroduccl.OII) with tho compreaor ~ bM •till lMlt)' 
unactalntiel -. lhl compreaor marn:6w1rcr1 hlW ltlll to amwort their pn:iduation with the 
lllpport 6-om otlws. 'rm lmpUaa tbd tho appllucio .lllllffl.l'llU WOI dopc,no i,n rd~ Wit 
dq>•nd on other nuliouhlpa l!lhete mil 1lllllCtain p.U'lllllltllra ar• lmml-1 
2. Tbo sizo of tho J)l'Oductlon ottt.. cl!tffflnt 111&l!.11At.c!Uierl M qult1 .tiff'ercnt, 1tom aboul 1-40,000 
down t.o 4,800 (Adl'liql). Noverthl!111, the CX>ffl for *lmlcal aupport and for siaw c,q!lipmmt ta be 
boupt di! 1101! 1laYII elJi';/ nlado!lllhlp to the prod1,1c:tion volume. 
3. n., ooltl :t'or tecbnioll miltaDGO - 10 be: llllldom, and quico hip, h .,. w•mpl,,. teabnic:al 
auitlUICo fl>t AP Natimul (USD '700,000, prodllcticn v.ohune 74,000) 1'11111tot be compared to others 
(o,.s- Su,yo (O'SI> 454,100, produclllcn ~umo 600,000 pi--.). Tllil hau11 IIMda to be du-lW flr1t. 

lt la roooi,unondod to t1m eml>llllh orit.oda for die GON tbr techrdcel ulimlnla ..whnher or nut 
rel.atlld to the pt'l)duetion 'IIOl111110, ••I· v;ith oettal" maxima, b.f.'ol'$ 'lliatthue prqjeota sho\11.d be 
&pp.roved. 
It should 1110 bl' l'MB"'lld •h.t tM ~llvenion will bll claplllldent oa. tho-• of 1he ~ 
prcx,eu &t ctmlpNUOr manuflc:IURl't (ptojecu ltlll to bo 11pprovedJ, 

Taldlli llalo &l'JWllilOU Po acoowit, it la difficult lo jplltl aa ovlll'all l'CllCOIIIIIMlllltl011 fol' 
(di•)llJllll'(MII, coa for Aclminl an, too hlsh. ti.... I• no bllcl. 1c1p t-<,m another J11Muliloturcr. 
Tcc,hnfQ&I neilwl(:O CGlt& tor AP Nldoul,.,.. (tao) hllth-
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2. Jbltrfalll:ll ud adllfUey of lnf'O~lll provided 

Thtt ;proJO<t pl"OJIOtlUI .!!Ml IA!lqW11e llhort doocrlptlow, ofwllat l• onvl,apd to b4' a,-.,,_pll•bed 
durina • &at phuo. 
Tlvo ~lLllli1tance...--nta aro not wry well ,pealiled (c:ompvablc to the Sanyo proJeet), 
the idea Ill obtalnll4 ihat a nilillble 'PJ)II.- pmd11e1do11 can bo IIUffllliood (o.a, b)' lldditlonal ~ 
In 111111111 oto.), Howcwor, ooac, for tAcllnical IUWltlmco RCm lo bo random: 
• S-.iyo ('4IJ>Ullll propiJ•al); USD 4.KIOO for a volume of600,000 pl-1, 
- TIEl: tJ'8l> :sto,100 140,000 • 
• 1'11118 Vona USD 320,000 l U,000 " 
- AP National um 100,000 14,000 • 
- Hltaolll USD 480,000 142,000 " 
• Admlnl (a!Wl'Dllte) (]SJ'.) uo.oao 4,800 ". 

3. 1'ecla11kill aa1111dut1 

'ti! tho co'l'l'l'fflion to me. 134a, It la lll pu11C)u1.a.nbo QC1l11Jn,:y that a tdlablo produot oM ~ 
mam>Dotured, wblcll his to do with t.dapting local m•m••IDJ pr~ tlVlt wlU OPl!t !IU!IICl1· 
It' will UWl.)'t b• ~t to~ Cl'C.12 1111d HPC-13-4a arpplianoo• at tlu! 11111no moment, 
unlou Vt;tty apedll PfllCaUtlon5 11n1 tllkao. 
The nlW>Jliiy of tho applitltee will alao dtplllld Oil the quality (1111d tho t,Jle) oftht comprecaor, TIii, 
aMOt be utlm&ttd at tlwl moment 
Since Xultboni Xmly ii 01U1 ot:dle main ~r,n 1>f COfflJITOHCl'i invom,d, b llhoul4 be> 
aacenailllld wMtlMlr tbl11 complftY can. alllvc probllms which 111U1ht oo~ur ,t th11 manutacture111 at ll1C: 
IIIIIIOdmlL 

4. COii effec:tivllUIII 

Co~ otlollll'\'11r1C>Ba cam,ot be 41-lld. There an only aome quoat!on, aa alteldy mentiol\lld llbc.w« 

I. Do11 "technical Ullatancie• in,ply a rollltloasblp to the pcoduution vc:,b,me ? . 
2. . CoG tor lab oqiiipll\Mt (t• raom) and .&Ir llhal'llns "'luipn,cr,l ....., quite cli«-r. E.g. 

du!, ~IU for ;1w&lnl at Admir&l la equal to ctlier1 with & inuc:b bi&aer pcoduoUon volume. 
l. lt i, di£!\ouh tojll4,sa upon whether ~ome manufllAtuer• need ted 111anui, al.hon not. 
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Project Cover Sheet 
Kingdom of Thailand 

Elimination of ODS Used in the Production of Household 
Refrigerators 

Household Refrigerator 

1080 MT ODP (430 MT CFC-12 & 6S0 MT CFC-11) 

Eliminate 47 MT ODP per year (7 MT CFC-12 & 45 MT CFC-II) 

Phase I: 2 years 
Phase II: 1 year 

ODS Reduction Investment Cost: 
Incremental Operating Cost': 

US$ 2,098,000 (@ 55% Thai Ownership) 

Not Applicable 

A.P. National Co., Lid. 

US$ 3,220,000 
US$ 0 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

August, 1993 

PROJECT SUMMARY 

This project will phase out chlorofluorocaJbons (CFCs) used in household refrigenllors 
manufactured at A.P. National Co., Ltd. in Thailand. The project comprises two phases and will 
convert the production line to refrigerators using HFC•l34a and HCFC-14lb as the new refrigerant 
and foam blowing agent respectively. The first phase will provide for product development using 
CFC alternatives and will identify all equipment and process changes needed to implement the 
alternative technology. During this phase, A.P. Natiooal will receive engineering assistance and 
training from its parent company, Matsushita Refrigeration Co. of Japan. During Phase II National 
will purcliase and install the new equipment necessary for mass production of CFC-free 
refrigerators. The project will result in the elimination of 7 MT/year of CFC-12 (refrigerant) and 
4S MT/year of CFC-I I (foam blowing agent) after tbe conversion is completed. 

1 Net present value of first four yean of operating costs/savings. 

'Includes IS contingency and 3% financial institution fee. 



BACKGROUND 

The domefflc refrigeration industry in Thailand uses CFC-12 for charging new appliances and during 
servicing, and uses CFC-11 in the production of polyurethane (PU) insulation foam. The demand for household 
refrigerators and froez.ers in Thailand is increasing at a rate greater than 10\1\ per year, and most units sold in 
Thailand are made locally by seven major manufacturers: Sanyo, Toshiba, Hitachi, Sharp Appliancea, 
Mitsubishi, A.P. National, and Admiral. Most of these refrigerators are equipped with compresson 
manufactured in Thailand by Sanyo and Xulthom Kirby. In 1992, the sector used a total of 430 MT of CFC-12 
(210 MT to charge new appliances and 220 MT for servicing), and about 650 MT of CFC•! 1. 

A.P. National Co., Ltd. (National), which is SS percent Thai owned, prod11ces approximately 74,000 
refrigerators annually comprisina eleven different models. The plant has one production line with a total 
capacity of 120,000 sets a year. National e1pects to reach its mwmum capacity by 1996. In 1992, the 
company consumed seven MT of CFC-12 and 4S MT of CFC-11. The average CFC-12 charge size in its 
refrigerators is 0.12 kg. National has been \ISUlg a 30 percent CFC-I I reduced foam formlllation in its 
polyurethane foam since 1992 and cum,nlly uses about 0.34 kg of CFC-11 per refrigerator. 

PROJECT OBJECTIVE 

The objective of this project is to phase out CFC-12 and CFC-11 used in household refrigerators and 
freez.ers at A.P. National. 

PROJECT DESCRIPTION 

In this project, A.P. National will eliminate the use of CFC-12 and CFC-I I in household refrigerators 
by converting its manufacturing facility to one compatible with HFC-134a and HCFC-141b, the new refrigerant 
and foam blowing agent respectively. The project will be divided into two phases. The first phase will provide 
for engineering assistance, traininJ, and acquisttion of specific equipment for testing the new refriger:atoni. The 
second phase will allow for the elimination of CFC-12 and CFC-11 through the ordermg,:d installation of the 
new equipment necessary for mass production of CFC-free refrigerators. In the third p , not addressed in 
this project, actual production of CFC-free refrigerators will take place. Incremental operating costs would oaly 
occur in Phase Ill. 

The main objective of the project's first phase consists of developing reliable new CFC-free 
refrigerators al A.P. National. This task is particularly difficult to accomplish given the considerable 
engineering design modifications and the necessary testing that have to be done in a relatively short period of 
time. In order to minimize the risks associated with the conversion process, A.P. National will acquire 
technical assistance during Phase I from its parent company, Matsushita Refrigeration Co. of Japan. This 
tecbnical assistance rer.resents a continuation of existing arran~ts between the two companies. A.P. 
National bas used similar arrangements in the past to develop its existing line of refrigerator models. As part of 
the technical agreement, Matsushita Refrigerallon of Japan will do the following: 

• 
• 
• 
• 
• 
• 

Design the different refrigerator models 
Conduct approval tests for each refrigerator model 
Conduct approval tests for the compressors made in Thailand 
Provide production drawings for the new models 
Provide training on manufacturing, maintenance, and quality control 
Provide engineering assistance for manufacturing development and operations . 

Phase I will to provide A. P. National with technology developed by the parent company in Japan, 
modifying ii where necessary to account for differences in Thai manufacturing conditions and refrigerator 
models. 

Additional funding requested in the proposal for Phase I will be used to acquire controlled ambient test 
rooms with data acquisition systems in order to test the refrigerators and make sure that they are manufactured 
according to design specifications. 

Phase II of the project will consist of finalizing the transition to CFC-free technology for mass 
production. During this transition time, both CFC and non-CFC refris_enitors will be produced on the same 
line. A.P. National will purchase and install an additional set of chargmg equipment (for HFC-134a and ester 
oil) as well as two new polyurethane injection foam machines for doors and cabinets. A.P. National plans to 
purchase compressors free of oil and to charge purified oil on their production line to ensure avoidance of 
contamination by the compressor vendor. 

To reduce evaporative losses ofHCFC-14lb, a cooling unit will be installed in the chemical slofa!!e 
room. Care will be taken during this period to avoid cross contamination of refrigerants and compressor oils. 
Because of the flammability of HCFC-14lb, additional safety precautions will be taken, such u increasing the 
ventilation of the room where the machine will be installed. New halogen leak detectoni for HFC• 134a will 
also be purchased. 



There is evidence that the new ABS plastic for the cabinet liner required with HCFC·141b caruwt be 
formed with the existing equipment. National belieVes that its cum,nt formmg equipment can be modified t.o 
accommodate the new ABS plastic. The modification, which consists of replacing the actual citl:Ular heaters, 
will cost approximately $110,000 (as opposed t.o approximately $1,000,000 for a new unit). 

Final decisions on all of the equipment purchasing and retrofitting, except for minimal equipment 
required t.o build field test models, will be made after Phase I is complete and test results are analyzi!d. 
Equipment items included in this project are based on preliminary test results and experience of Japanese parent 
companies. 

PROJECT COSTS 

Total Project Cost 

The total project cost of US$ 3.22 million equals the ODS reduction portion of the overall project 
(investment costs plus net incremental operating costs). This project will not provide A.P. National Co., Ltd. 
with incremental revenues. 

Investment CoSljl of US$3.22 million include costs associated with CFC-nee refrigerator product 
deVelopment, technical assistance from Matsushita of Japan, testing, equipment for mass production, and 
training. 

Net Incremental Operatin~osts: Because full scale production of refrigerators with HFC-134 and 
HCFC-14lb will not occur witill ,incremental operating costs have not been included as part of this 
project. Incremental operating costs will be reexamined at a later date. 

Local Ownership Fraction of SS % was considered to determine the amount of eligible OTP grant 
financing. The total proJect cost was multiplied by the fraction of local ownership to delennine the proposed 
grant amount. 

Other Costs. A IS% contingency (US$266,000) was also included to ensure adequate funding of 
project costs followinj! project appraisal. An additional US$61,000 (3%) was added to the grant request to 
cover the fee for services of the financial institution (Fl) that will appraise the projects and oversee 
procurement, disbursement and audits. 

Requested Funding. The proposed OTF grant for A.P. National Co., Ltd. is US$2,09S,OOO and was 
calculated as follows: the total investment cost was added to the present value of the incremental operating cost 
over the first four years of the project. The resulting total project cost was multiplied by the percentage of Thai 
ownership (S5 percent). This figure was increased by a IS percent contingenc;v to yield the grant amount. 
Finally, this figure was increased by 3 percent lo account for the financial institution fee. 

PROJECT IMPLEMENTATION 

l\fanagffllent: DIW will oversee the SUCCe6Sful implementation of this project. The project will be 
carried out at A.P. National. Matsushita Refrigeration Co. of Japan will provide tecbnical assistance to 
National during project execution. 

Schedule 

. 

~ . TASK .· .. 
19!>3 19M • 1995 •·•·· •··• 

. . . • 
Phase I: 

Model Development, Technical 
AssVJta.nee 

xxxx xxxx 

Testing and Training X XXll xx 

Phase Il: 
Procurement and Installation of ltXll 
P.nuioment 

Conversion of Production Line to X 
Non-CFC Te<:hnolo•v 

Full Production of Non-CFC X 
Refrioeraton 

Note: x = one quarter of the year 

ESTIMATED DISBURSEMENT: 20% in 1993, 20% in 1994, and 6091, in 1995 



TECHNICAL ASSESSMENT 

This subproject has been reviewed by the OORG technical reviewer, Dr. Michael Jeffs. Tho project 
was supported. SujlgestiODS made relative to estimates of equipment costs will be pursued during project 
appraisal. In addinon to Dr. Jeff's review, comments were received from OORG reviewer Dr. L. Kuijpers. A 
formal review from Mr. Kuijpers will be submitted by May 25. 



e Polyurethanes 

Mr. o. Brown 
The world sank 
1s1a H street NW 
wa■nington DC 20433 
USA 

TIIZI:ID ID IPOIICS' IIQIQIIH 

Dear Don, 

Document• were r■c■ived on 3/5/93. 

General co:mmenta are 1 

ICI llolpredlane• 
Everslun 45 
B-3078 5v•rb•rg 
Belgium 
Telepnon• (02} 758 92 , , 
T•tex 28151 ICIEV8 II 
Telefax (02) 759 55 01 

!Ith May, 1993 

♦ Enterprises whioh are subsidiaries of Japanese rafrlg•rator 
manufacturers are proposing the use ot HCPC 141b tou 
technology - thi• ie in line with the changes now ):)eing 
implemented in Japan ):)y th• parent companies. However, 
thi• could be a comparatively ahort tens option in Japan. 
There ia an increaain9 level of intenat in the performance 
ot cyclopentane-baaed foam whioh is now bein9 impluented 
in Europe. l'U.rther, at least two Japan••• manufacturer• 
are to. baa• part ot their production on compoait_es of 
vacuum insulation panel• with CO2 (water) •blown polyurethane 
foam. 

• Herc 141b tou technology i• now well proven and qivea 
equivalent 1naw.ation valu•• to ton ):)aaed on CPC 11 
despite ita hi9her ;a• thermal conductivity. 

• HCFC 32 foam technology is not uaed unle•• it ia protected 
by atHl panel■ because of deterioration of thermal 
insulation witf:I. time, The technol093( propo•ed by Admiral 
i• not supported tor use in retrigeraton with plastic 
liners, The blend HCJl'C 22 / HCFC 142.b overcome• this 
a9ein9 probl .. and i• in use el-where. 

• Several project• call tor the purchase of new foam 
injection machine• aa well as vacuUll formin9 equipment tor 
liners and jigs, Individual e0111111ent11 are given for th• 
enterprises but in qeneral the naad tor th••• item• should 
be reviewed at the end of pha■• 1, 



♦ 

♦ 

- 2 -

~-~+~ / ~-
The HCFC l4lb price projection quoted in/4ibit 1 of the 
tea•ibility study is too high. current price• are about 
sot ot the quoted 1994 price level. 

Difficulty ot gauging value of technical aa•i•tance from 
parent compani••• 

{'.) b pr, q, K, r, J1tt1 - ooRa MD 1s2 
\ V\ GMFJ/lcd/41' 

cc Mr. T. Waltz 



• 
\ 

IUIBQIII: AP IUIQIWI 

R.!MPl!PM'JOJI 

supported ■ubj•ct to the cou•nt■ b•low. 

IILIYYAX PP JPBOQICJ or Xll"'BPT!21 
No information on need tor 2 toam injection machines in Pha■• 2, 
nor ar• quotation• attached. 

"'ICPJSIL fOPIPUII 

HCFC 143.b foam technology is w•ll proven and has shown •quivalent 
in■ulation value to CFC 11-ba■•d too. 

LIISQI IJOI IIDIJIQKUI 

None 

UY!IPIJIID'l,L IIIPII 
HCFC 141):) is a tran■itional sub■tanc• which will hav• to l:le 
replac•d by a z•ro ODP blowing aqant. use contributes to a 
savin9 ot 47 ODP t• p•r year. 

Ull'J'X IIIJJII 

No m•ntion of provi■ion ot adequate v•ntilation because or 
flammability ot acre 141b. 

QOIZ IUIQTIDIIII 
Major capital it•_. are 2 foaming machin•• at $ 800,000. Ho 
rea■on given tor their purcmase and co■t i• exorbitant. No 
quotations noted. Thi• issue needs reaolution. 

9TPM 

Nona 
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Kingdom of Tludl/Ulll 
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS 

Con~tt,sion of Do,-stic Man,iftu:turing ro HFC-1344 
and to HCFC-1'/h in Polyu"IMIII~ F-: 

Conw,rsion ofChill•l's to HFC-114• 

Projcct.11 De11:ribtd by The World Bank, M.an:11 1993 

l, Inuodlll:tlon 1tf HCFC• 141b for foam5 and tbe conversion proc:Ns to HFC· 134& for cootina 
at THAI TOSHIBA lndutries; 

:z. Idem,, at ADMIRAL Industries; 
J. Idem, at HJTACHI fndustrlet! 
4. Idem. at'KA.NG YONG JQdu,trin; 
5. Idem. at AP National Industries; 
6. T- Chlllll' C1t~1t Projeds to HFC• 134&. 

Kuijpen, UM (OORO) 
.tiindhoven, 199, 03 11 
RWR-570-LK-93106 ·lk 

R E M A R J( S REGARDING THE P R O P O SA L S 

1. Foem Dlowtaa 

All projects des<:ribe a c:onversion from CFC-II to HCFC-14lb. Jn a first instaMe. it is re­
markable that the«: is a large price ditrerence hetwecn the ~onvcnion1 propo"4 for the dif· 
fertnt industrie, (take e.g. the dlffercn¢c between AP and Toilhiba, 0.25 and 1.79 million), 
Indeed, HCFC•l4lb seems to he the preferred route for th,; Japan~$, although, until re­
cently, they have also maintained the IICFC-123 optfon. It may be that they will stick to the 
HCfC•14tb option, however, in Europe there is a tcndmey (wh;thcr or not reali1tic) to study 
cyclopentane, a flammable high boiline refrieerant. About its f'Orformance nothin& is known 
so far { conductivity value is worse compared to others, I do not know about tons term 
bllhaviour). 
One should bear in mind that the European manufa1.'f.urers have been ev11luatina both 
22/142b and 141 b for quite some time; they achieved sli1hlly inferior ruulu with 22/l42b; 
however, the Iona term behavior is not 10 good, due to diN'mlion of IICFC•22 Nevertheless, 
almosi: all manufacturers switch~ to HfC•IJ4a (no chlorine anymore, due to mviromncntal 
group preilSUre in Germany) shortly before the Domotechnica fair {apart from one), So I do 
not know whether thi, could play a role in Japan and in the da!.lptcr companies at well. 
The best thin, ii to ask the OORG foam expert as well (Jeff~, !Cl), reprdin.g the timt in• 
volved in optimiz.in1 HFC-134a foamc. Dependent on this one could solve the question on 
whether or not to invest in the IICFC-14lb route if'I Thai companies or to po1tpone a dec1• 
sion to l&t• thl.l year. 

2, lcQ1,ntlan, DPlfll 9.,_m&foM 

The CFC-12 consumption of the five companies amount• to about 78 tonnes, while a total 
consumption of 250 ton.nc:.1 in this sector is mentioned. h there another larp manufacturer 
involved? 
The above doe, not hold for CFC- I 1, 300 tonnes compared to 500 tonnes is used 'by the firm, 
considered. 



◄ 

Several compenies should do some1hin1 reaar<ling their use of CFC-I 1, i.e. apply reduction 
me1.sures (talr.e e.;. Kang Yong and AP which pr<:>bably <ESe CFC• II also for ¢Inning) since 
the consumption 11 lar&e compared to the CFC-12 consumption. 

J, Rtfrtpp,ttpp . .,..,nc te,iss 
Th- is technology $Upport from the mothet companies, the costs however vary widely not 
dependent on the ~ze of the company, e.g. 592,000 for Matsushita supporting the small AP 
firm. More information (e.g. i;ontracu) on what is spccifi,;ally covered in Mch of the case~ 
ic absolutely ne<:eStary. There is also a question on whether or not the relationship to Kultorn 
Kirby ,hou!d not be des,ribcd more pr..,1$6ly. Description so far (Kirby will provide the 
companies with comprmon for testing) is not at all sufficient. It b often the compressor 
manufactuztr (with its ,pecif,c lubricant properties and so on) that determines the technology 
tran,rer. Detign of the appliances and the manuiacturing pro,~, can be supported by the 
mother company. 
Kirby plays a key role in Thai eompanies, for this r,:uon mim: precise information would 
be uttemely useful. 
This will also determine whether or not Cf'C,12 and HFC•l14,i applianm ~n be manufae­
tured usin1 the same assembly lin11:. 

Jn patticular the technology transier issue is important; the phucd approach prnented i& in 
principle OK. 

There is also a question rcgardine test rooms. What is detarmining the size and the ,;osts for 
a test room. 'fhcre is again a remarkable dilTeren<·c between the Admiral company and 
Hitadli, the unalleat and laraest in Size. The same holds for the differences in cost1 for / 
refdgeranc and oil chafling equipment Maybe this could be explained tomewenat more de-
tailed in the propo•al. Some firm• will invest in leak dctcctou; does this not hold for all of 
them 7 
A consistent approa,;h and evaluation would he desireab!e. 

Taking the amounu of CFCs involved costs vary from about 18 to 14.S USO per kl of CFC 
( II and 12) phased out per yw.r. h !hi$ an acceptable fl1ur" 7 

◄, Ch!Hen 

As far as t.ho chiller conversion is conc«ned, there are nc;, ,ignificant remarks. 
For the HFC-134a ,01wersion, the cost is In t!le order of USD ~0 per li:111f CFC•l2 not used, 
which is a hiah figure, and which should b, sul'ported hy considerations on the lifetime and 
economic value of tho equipment. 
A$ far u the HCFC-123 conversion, no remarks. 

Eindhoven, l I March 1993 
/ 

L.J.M. Kuijpen 

l 
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TlllfllMd 
U'VfEW OF' 11VE PHASE-1 CONVERSJON PROJECTS 

CoDYeni.on of DODlelfic Appliance Mallllfac:turl•1 to BPC-1:U. 

11'.lnt PhUo of Applwtce ManufMlll.lro ConvftOJI flOM CPC-11 to lil'0-1:)4& at 
~ 
Bltadll COn111mer -..,♦•m 
11.P:W.t.lodal 
A.,.,._~ '111allud 
Kua.Ycut.1Bloddc~ 

P:v;f.11 1.102 

.l(uijpeal, LJM (OORQ) ~ 
lffi0506 

Rnl-UNEP-UC-93170 -lk 

BBVIBW OF TBE PHA$8J PROPOSALS 

.,._n•d•tloD. 

All proJe« dCRl'lpdcw prapl!N a phaP 1 otv. two ace, appl'<>lld,, ill .-with tbo 
r...o11111iiiWlillddkma 'by the 001\G zrou,p of thD Blllk. la moai euu there i1 ~ baak up tram 
ui. dl:velopecl cowmy applillllCO ~er. wlusre it ala6 appliea to additiollll lllit& {mainly in 
Japu). 

Howevar, most ottbo nll!lll'ki hm Ill)' Ul'ller mdaw 1tlll 1PP11 to tbelll l&tffl pn:doct propoaJ,: 
I. The relaUomhlp (llllll llmcaoale of 11w'oductlOII) with tbo compreaor lllll'lllfllcturcn bu •t:!11 many 
ullGCtaluliu -. w campreuar ffllllJlvhOIIVffl ltlvfl still to convert their prudwition with the 
lllppor'C hm otbart. Tiu impllu that the &ppllllleo manutllotur«a 'WIU dopond im rola~ tluot 
depend on other nilaiiouhlr,n when, mil una«lllin p&l'lmllteu are invalwd. 
2. The aizo ottllo ,r,xluctlon otw ~~ .. is qulb. diffmni, Oom about 140,000 
down 111 4,800 (Admind). NovMhelt111, the ®"' ibr Ulehnloal support and !or SUIW eqllipml:at to be 
bouaht do not have any n!Jt.donahlp t11 the produc:tion volume. 
3. 'Il:lt 00-. :Cot tellbblot1 Umtanall llC'OIII 10 be ram1om, .-1 q\lit9 hip. A• .,. eor•""l'le, teobnkal 
ulllflancefl)f .AP NIIM!lal (USl) '700,000, ptadlU>1:lan volwn<174,000) can.not be compared to 0Uier11 
(e,& Sanyo (OSI) 454,&oel, prodw,,llori volumo 600,000 pinos). 'tbil iuwl necda to be clarified flr1t. 

ft ia rooOl),llnonclod tCl t'lrat tltlblllit oriterla £or the cost& i>r teclmlcal ulimlllllO -'Whedler or not 
rc1llte4 to the prodUalon wluine, e.1, with oc:ttaln mtxlma, betont 1hat tb:ea proj11eta should be 
appnMld. 
It ahc,qld a110 be real1"d that the co11Vfflion will bt d~t 011 ttw S\lc,;:o5• of the oonvcnlofl 
proces• at ComprellOI' IIIIIIIUflctul'etl (pl'Ojech atlll to be approVt.d). 

Taldslj dale a&'Jl1UIIICIIN mto S.:CCllmt, It 11 dlfflcult lo jplt& an OVll'atl rocommendltioa for 
(dill)-,,proval. COIi.i tbr Admlnl ar• too hljJh, th..ro l1 n<> back up ft<,m 1.110thet I\W\l&i'l&oturer, 
ioc:lhlllllll ... -~ ~oaa for AP Nlll<mal lll'll (too) hlah. 
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2.. 'lllhv•nm 1111d adeqney ol 1rar~et'oa provided 

T1wt pi'Ojoa propoollltl g,e &doq,_ thort ~tlo"" ohri, .. , lo onv.11~ to be lll"-<>llmpll•W 
durmg a &It phaff. 
Tl-.~ Uliata.-.qrumontl lll'O not very well ,paalilad (comparablo to tho Sanyo projtKt), 
th• idea ill obllh\ed that a flllillble i.ppll1111lll pmdua!lon can be suar-rteod {o.g. by lddlulffllll ~ 
In Japan ow.), Howov.r, co.eu lot tAIChnill8l ~ Rem to be random: 
• SMYG (aepua;t propQnl); t1SD 454,tOO t'br a volu""' of 600,000 plllCII.II, 
• T'IEl: tl'SD 510,IIQO 140,000 • 
• 1'"1\11 Vona USD 320.000 115,000 " 
- AP Nwonal um 100,000 14,000 • 
- i:11faehl um 4ao,ooo 14:z,000 " 
- Admiral (aotln:111t1) llSD 1~.000 4,800 ". 

3.rechnklllaagnduu 

t11 tho CO'!Mll'l!on to HP'Col341. It la hi panioulu: fhc ~nt)' thai a tdlablo prodUet oan ~ 
m•m•&ot»"Cd, whlllll h11 to do with adapting !!lea! men111ielw'ln.ll pro~ tbilt will ouat IJIOMY· 
It· wlU -1way• be difflOlllt UI ~ Cl'C.12 111111 HPC-l 3 "4a appliance, at th. Nme moment. 
unlOH vory IPtcial ptec.lUtiollli In takt,n, . 
The rclkbllity of tho appll.,iot 'l'dll allO dtpend Oil tbe quality (w uu, type) oftht compiuaor. TIii, 
a.nnot 'be utlm&ttd at tiii, momcmt 
.Siru::4 K\lltllonl Xiibyb ll'IIO atdl1 main m~r,ni of comprusors lll110lVllld, It lhollki be> 
ucert4ined whothor thlll company can amva problems which miaht oecur at the mmur.oturen 11t the: 
11111111:lma. 

Con llilll9tlvcnoat Galfflot be dltc:uued. Th11re aro only aomo qUCllliOM aa alra&lly memiolllld atlove: 

I. Do• 11technlail ullatanoe• imply 11, roi.tlo.alblp lo tha produlltion vc,l1,1me r. 
2.. . Calta for leb eoq,uipinent (tut rocm) and lbr .:haratns •41.tipmr,nt aro quite different. E.g. 

the com fer ~ a.t Mmird 11 equal to othen with 11, ,nucb hi&iler produG11on vol11mo. 
3. It i, d.iffleult 10 judg• upon whether some manufltotuer• need teat rctnma, othora not. 
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Elimination of ODS Used in the Production of Household 
Refrigerators 

Household Refrigerator 

1080 MT ODP (430 MT CFC-12 & 650 MT CFC-II) 

Eliminate 132 MT ODP per year (36 MT CFC-12 & 
108 MT CFC-11) 

Phase I: 2 years 
Phase II: I year 

ODS Reduction Investment Cost: 
Incremental Operating Cost': 

US$ 1,520,000 million(@ 5196 Thai Ownership) 

Undefined 

Hitachi Consumer Products (Thailand) Co. 

US$ 2,520,000 
US$ 0 

Department of Industrial Worb (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

August, l 993 

PROJECT SUMMARY 

This project will phase out chlorofluorocarbons (CFCs) used in howiehold refrigerators 
manufactured at Hitachi Consumer Products Co., Ltd. in Thailand. The project comprises two 
phases and will convert the production line lo refrigerators using HFC-134a and HCFC·l4lb as the 
new refrigerant and foam blowing agent respectively. The first phase will provide for product 
development using CFC alternatives and will identify all equipment and process changes ~ to 
implement the alternative technology. During this phase, Hitachi Consumer Products will obtain 
engineering assistance and training from its parent company, Hitachi Ltd. of Japan. In Phase II, 
Hitachi will purchase all the new equipment necessary for mass production of CFC-free 
refrigerators. The project will result in the elimination of 36 MT/year of CFC-12 (refrigerant) and 
108 MT/year of CFC-11 (foam blowing agent) after the conversion is completed. 

' Net present value of first four years of opersting costs/savings. 

2 Includes JS% contingency and 39' financial institution fee. 



BACKGROUND 

The domestic refrigeration industry in Thailand uses CFC-12 for chariring new appliances and during 
servicing, and uses CFC-I I in tbe productton of polyurethane (PU) insulation loam. The- demand for household 
refrigerators and freezers in Thailand is increasing at a rate greater than 10% per year, and most units sold in 
Thailand are made locally by seven major manufacturers: Sanyo, Toshiba, Hitachi, Sharp Appliances, 
Mitsubishi, A.P. National, and Admiral. Most of these refrigerators are equipped with compressors 
manufactured in Thailand by Sanyo and Kulthom Kirby. In 1992, the sector used a total of 430 MT of CFC-12 
(210 MT to charge new appliances and 220 MT for servicing), and about 650 MT of CFC-I!. 

Hitachi Consumer Products (Thailand) Co., Ltd. (Hitachi), which is SI percent Thai owned, produces 
approximately 142,000 refrigerators annually, comprising eleven different models. The plant has one 
production line with a total capacity of 250,000 sets a year. Hitachi expects to reacb its maximum capacity by 
1994. In 1992, the company consumed 36 MT of CFC-12 and 108 MT of CFC-I 1. The average CFC-12 
charge siz.e in its refrigerators ill 0.18 kg. Hitachi has begun using 40 percent CFC-11 reduction formulation in 
its foam since 1989 and uses about 0.55 kg of CFC-11 per set. 

PROJECT OBJECTIVE 

The objective of this project is to phase out CFC-12 and CFC-I I used in household refrigerators and 
freezers at Hitachi Consumer Products. 

PROJECT DESCRll'TION 

In this project, Hitachi Consumer Products will eliminate the use of CFC-12 and CFC-11 in household 
refrigerators by converting its manufacturing facility to one compatible with HFC·i34a and HCFC-141b, the 
new refrigerant and foam blowing agent respectively. The project will be divided into two phases. The first 
phase will provide for engineering assistance, trainin; ,and acquisition of specific equipment for testing the new 
refrigeratora. The second phase will allow for the elimination of CFC-12 and CFC-11 through the order and 
installion of new equipment necessary for mass production of CFC-free refrigeratora. In the third phase, not 
addressed in this project, actual production of CFC-free refrigeratora will take place. Operating costs would 
on! y occur in Phase m. 

The maint~ective of the project's first phase consists of developing reliable new CFC-free 
refrigeratora at Hi •. This task Ill particularly difficult to accomplish given the considerable engineering 
desill" modifications and the necessary testing that have to be done in a relatively short period of time. In order 
to nunimiz.e the risks associated the conversion process, Hitachi will acquire technical assistance during Phase I 
from its parent company Hitachi Ltd. of Japan. This technical assistance represents a continuation of existing 
arrangements between the two companies. Hitachi has used similar arrangements in the past to develop it& 
existinjl line of refrigerator models. As part of the technical agreement, Hitachi Ltd. of Japan will do the 
followmg: 

• 
• 
• 
• 
• 

Design the different refrigerator models 
Conduct approval tests for each refrigerator model 
Conduct approval tests for the compressors made in Thailand 
Provide production drawings for the new models 
Provide training on manufacturing, maintenance and quality control. 

Phase I will provide Hitachi with technology developed by the parent company in Japan, modifyin11 it 
where necessary to account for differences in Thai manufacturing conditions and refrigerator models. 

Additional funding requested in the proposal for Phase I will be used to acquire a controlled ambient 
test room with an accompanying data acquisition system in order lo test the refrigerators and make sure that 
they are manufactured according to design specifications. 

Phase II of the project will consist of finalizing the transition to CFC-free technology for mass 
production. During this transition time, both CFC and non-CFC refrigerators will be produced on the same 
line. Hitachi will purchase and install an additional set of charging equipment for HFC-134a. Because of the 
flammability of HCFC-141b, additional safety precautions willoe taken, such as increasing the ventilation of the 
room where the machine will be installed. Care will be taken during this period lo avoid cross contamination of 
refrigerants and compressor oils. New halogen leak detectors for HFC· 134a will also be purchased. 

Because HCFC-141b has a higher thermal conductivity than CFC-11, there is the poasibility that the 
insulation thickness of the refrigerators will have to be increased lo maintain satisfactory levela of energy 
consumption. A change in insulation thickness would require the procurement of a set of new dies, molds and 
jigs, the cost of which has been estimated at $600,000. In addition, there is evidence that the new ABS plastic 
for the cabinet liner required with HCFC-14lb cannot be formed with the existing equipment. Therefore, a new 
vacuum forming machine estimated to cost $ 1. 0 million might need to be pw:cbased. 

Final decisions on all of the equipment purchasing and retrofitting, except for rninima,!,!luipment 
required to build field test models, will be made after Phase I is complete and test results are yzed. 



Equipm~nt items included in this project are based on preliminary test results and experience of Japanese parent 
compames. 

PROJECT COSTS 

Total Project Cost 

The total project cost of US$2.52 million equals the ODS reduction portion of the overall project 
(investment costs plus net incremental operating costs). This project will not provide Hitachi Consumer 
Products (Thailand) with incremental revenues. 

Investment Costs of US$2.52 million include costs associated with CFC-free refrigerator product 
development, technical assistance from Hitachi of Japan, testing, equipment for mass production,and training. 

Net Incremental Operating Costs: Because full scale production of refrigerators with HFC-134 and 
HCFC-141b will not occ\JT until 1996, incremental operating costs have not been included as part of this 
project. Incremental operating costa will be reexamined at a later date. 

~ Qwnersmp Fmction of 51 % was considered to determine the amount of eligible OTF grant 
financing~ e total project cost was multiplied by the fraction of local ownership to determine the proposed 
grant amount. 

Other Costs. A 15 % contingency (US$193,000) was also included to ensure adequate funding of 
project costs followin11 project appraisal. An additional US$45,000 (3%) was added to the grant request lo 
cover the fee for services of the financial institution (Fl) that will appraise the projects and oversee 
procurement, disbursement and audits. 

R!ffllrted Funding. The proposed OTF grant for Hitachi Consumer Products (Thailand) is 
US$ I ,523, and was calculated as follows: the total investment cost was added to the e,esent value of the 
incremental operating cost over the first four years of the project. The resulting total project cost was 
multiplied by the pen;entage of Tlw ownership (51 percent). This figure was increased by a 15 percent 
continJency to yield the grant amount. Finally, this figure was increased by 3 percent to account for the 
financial institution fee. 

PROJECT IMPLEMENTATION 

Manai!ement: DIW will oversee the successful implementation of this project. The project will be 
carried out at Aitacbi Consumer Products (Tlwland). Hitachi Ltd. of Japan will provide technical assistance lo 
its Thai subsidiary during project execution. 

Schedule 

TASK 1993 1994 1m· . . 

Phase 1: 
Model Development, Technical XJlXX XJlXX 
Assistance 

Testing and Training X :uxx xx 

Phase II: 
Procurement and Installation of xx.xx 
Eauioment 

Convenion of Production Line- to X 
Non•CFC Technolo•v 

Full Producticn of Non-CFC 
Rcfri=rato!'ll 

Note: x = one quarter of the year 

ESTIMATED DISBURSEMENT: 

TECHNICAL ASSESSMENT 

20% in 1993, 20% in 1994, and 60% in 1995 

•.•. ' .. ••. 
1'!16••:C· . · . 

X 

This subproject bas been reviewed by the OORG technical reviewer, Dr. Michael Jeffs. The project 
was supported. Suuestions made relative to estimates of equipment costs will be pursued durinf project 
appraisal. In addition to Dr. Jeff's review, comments were received from OORG reviewer Dr. . Kuijpers. A 
formal review from Mr. Kuijpers will be submitted by May 25. 
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5th May, 1993 

♦ Enterprises which are subsidiaries ot Japanese refrigerator 
manufacturers are proposing the use of HCPC 141b foam 
technology - thia 1e in line with the changes now l:>eing 
implemented in Japan by the parent companies. However, 
thia could be a comparatively ahort tam option in Japan. 
There ia an increaaing level ot interest in th• partormance 
or cyclopentane-baaed foam which is now being imploented 
in Europe. Further, at least two Japan••• :manufacturers 
are to baa• part ot their production on coaposit.•• ot 
vacuum insulation panels with CO2 (water)•blown polyurethane 
foam. 

• Herc l4lb ton technology i• now well proven and giv•• 
equivalent inaulation valu•• to foam based on CFC 11 
deapite its higher gas thermal conductivity. 

• HCFC aa foam technology is not uaad \Ulle•• it !a protected 
by •teel panel■ becauae of deterioration of thermal 
insulation witft time. The technology propoaed by Admiral 
is not supported for use in refrig•raton with plastic 
liners, The blend HCFC 22 / KC!'C 1421) overcome• this 
ageing probla and i• in use elsewhere. 

• Several project• call tor the purchase of new fou 
inj•ction 111achin•• •• well as vacuum toning equipaerit for 
liners and jigs. Individual c011111anta are given for th• 
enterpri••• but in qaneral the need tor the•• iteu should 
be r•viawed at th• end of phase 1. 
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• 

• 
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~~i~~ 
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The HCFC 141b prica projection quoted in/4ibit l or the 
feasibility atudy is too high. currant prices are about 
!501 ot the quoted 1994 price level. 

Oittiaulty ot gauging value ct technical aaaiatanca trom 
parent oompani••• 

9 p Qr, G. M, f, JA(fl - OORQ MO 1!52 
\ ~, GMFJ/kd/41' 

co Mr. T, Waltz 
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IIITIIWII I KXTACJII co••m, IBQPVCII 

R991JJ!JPVJ91 

Approved subject to the comments below. 

pJdlYllfOY MP IPIQUACJ or I119B¥11XOI 

Good - all major capital item• are included in th• project 
deacription. 

'flgpJPJL 19RIPll!I 

HCFC l4lb technology ia well proven and h!l■ shown equivalent 
insulation value to ere ll-baaed foam. Hence there should be no 
need to buy new dies, mould• and jiga as on P 9.4. 

LIIIAI 091 lllllllJCI 
None 

UVZBPPl!'J'» IIIPII 
HCFC l4lb ia a tranaitional material 
replaced by a zero ODP blowing agent. 
to a aaving of 132 ODP ta par year. 

IVl'IX JIIPII 

which will have to be 
Its use will con~~ibute 

Provision ot a ventilation aystem for HCPC l4lb i• noted. 

COIT IUIQIIIIR41 

Major imfaCt ot deoiaiona at and ct Phaae.1 on need tor dies, 
moulds, Jig• and va®wn forming equipment. 

QUIii 

None 



Kingdom of Tlwl«nd 
PREUMINARY REVIEW OF A NUMBER OF PRO.JECTS 

Convtt,-sum ,q· Donwstlc MCfllll/a.ctJmna ro HFC-134'1 
anti to HCFC-14/h in Poly11ntluuttt FotunS; 

Conw,-$1011 of Cl,il/•rs to HFC-114• 

Projects Dca:riiled by Thi! World Bank, Marcil 199J 

.... ...., ... ,-1.,.;. 

l, Introductiun of HCFC:-l4lb for foams a.nd the convarslon process to HFC·l:Ma ror coolllll 
at THAI TO:SHIBA lndutries; 

Z. Idem, at ADMIRAL Industries; 
J. Idem, at HITACHI lndmtrieJ; 
4. Idem, at·KANG VONG lndustrie,i; 
5. Idem, at AP National lndintries; 
6, Two Chiller Collff.-.fon Project, to HFC•l:ka. 

Kuijpers, UM (OORCi) 
Eindhoven, 1993 03 l l 
RWR-$10-LK-93106 ·lk 

R E M A R K S R£0ARDINO THE P R O PO S A L S 

I, Foew Dkm1ar 

All projects desaibe a conversion from CFC-II to HCFC-l4tb. In a first instance,, it is re­
markable that there is a largo pri.:o difference hetwccn tho convcnio111 propoaed 11,r the dif­
fertnt industries {take e.g. the dirrerencc between AP and To!hiba, 0.25 and 1.79 million). 
Indeed, HCFC• 14 lb seems to be the preferred ro11tc for th~ Japanes11, although, until re­
cently, they have also maintained the IICFC-123 option. It may be that they will stick to the 
IICf'C•l4lb option, however, in Europe there Is a tendency (whether or not roaliaiic) to study 
cydopentane, a flammabla high bomnc refriceranc, About its performanr;e nothin1 if known 
so far (conductivity value is wor~e compared to others, I do not know about ton1 term 
behaviour). 
One should !>ear in mind that tho European manura1.1.urers have bc,;n cvatuatin,: both 
:il?/l42b and 141 b for quite some timl!; they achieved slithlly inferior rcsulu With 22/l42b; 
however, me Iona term behavior ii not so good, due to dirru~;on of HCF'C-22. Nc:verlhel-. 
almost all manufacwrers swit,hcd to HPC•l34a (no chlorine anymore, due to environmental 
group pNJ!LSUre in Germany) shortly before the Dcmotf:(:hnica fair {apart from one). So I do 
not know whether this could play a role in Japan and in the da11pm- companies as well. 
The best lhilljil is to ask the OORG foam expart as well (Jeff.,, ICI), rcprdins the time in• 
volved in optlmizin1 HFC-134a foams. Dependent on this one could solve the question on 
whe'ther or not to invest in the IJC fC• 141 b route in Thai companies or to postpone a dec1• 
sion to lat« this year. 

1, le011t11thL &IPKN IUIEY&UeP¥ 

The CFC· 12 consumption of the l1ve compan.iet amount• to about 78 tonnes, while a total 
conmmption of 2S0 tonnes in this sector is mentioned. h there another larp manufacturer 
involved? 
The 11boV111 docs not hold for CFC-! I, 300 tonnes compared to 500 tonne, is used t,y the firm1 
considersd. 



J:18':'-. F-0:l 

"'· J,3 

Several compania should do somethin1 rcprding their use of CFC•l l. i.e. apply reduetion 
measures (take °'ti· Kana Yong and A!' which probably use CFC-11 also for clo«ning) since 
the consumption 1s lar1e compared to the CFC-12 consumption. 

J. R1trrtg,at1pp, fl!«lllc toPiss 

There is technology support from the mother companies, the cosu however vary widely not 
dependent on the size or the company, e.g. 592,000 for Matsushita ,upporting the small AP 
firm. More information (e.g. ~ontracu) on what is specifi,;a.lly covered in each of the cue~ 
ic absolutely neceHary. There is also a question on whether or not the relationship to Kultom 
Kirby should not be d~i;ribed more prec~y. Description 10 far (Kirby will provido the 
companies with comprc,uou for testing} is not at all sufficient. It i~ often the compressor 
mutufactuttr (with its spacif,c lubricant properties and so on) that determines the technology 
transfer. Offign of the appliances and the manuracturing proceu can be supported by the 
mo,her company. 
Kirby plays a key role in Thai companies, for this ~mon m$)rc precise information would 
be utremely useflll. 
Thi1 will also determine whether or not CFC,12 and HFC-1:?4• applian~ can b<I manufac. 
tured usint the same asl!ffllbly lin11.. 

In particlllac tho technology transfer issue is important; the pha.l!ed approach presented ls in 
principle OK. 

There is also a question rcgardin8 test rooms. What is determinlni the ~ and the costs for 
a test room. 'fhere is again a remarkable di/Terence between the Admiral complllly and 
Hitac;hi, the 1mallest and laratft. in size. The same holds for tlwl differences in costs for / 
rcfriaerant 1n4 oil ehar,ing equipment Maybe thi~ could be expl•incd somewth•t more de. 
tailed it1 the propo,al. Some firm• will invest in leak detector,; does this not hold for all of 
them? 
A con,iatent approa~h and evaluation would he desireahle. 

Takin1 the amounu of CFCs involved costs vary from about 18 to 14.S USO per k1 of CFC 
( 11 and 12) phased out per year. h this an 11<:ccptablc liaure ? 

4. Chlllen 
Ai far u the chiller conversion is con<:«ned, there an~ no ,ignificam remarks. 
For the HFC•l34a conversion, th~ cost is In thf! order of lJSD 10 per k1 ofCFC•J:2 not used, 
which is a hiah ficure, and which should bo surpom:d by consideration, on the lifetime and 
economic value of tho equipment. 
As far as the HCFC· l 23 conversion, no -rks. 

Eindhoven, 11 March 1993 
/ 

LJ.M. Kuii.,... 

l 
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n,,Jlluul 
REVJEW Oil' ftVE PIIASB-1 CONVERSION PROJECTS 

Couv.nio• ofDom•tlc Appllaaee MaJhlfacturl111 tu BPC•134a 

1'n,lm l'lv ....... IQ Tito Wot-W. ....... Ap,11 lffl 

P'h'&t PhlUc of Applluce Maallfaccuro ConverllOII l'rom CPC-11 ro KPC-lMa at .... .,.. ... 
Bltadll eon.me,-Pl"otlw:tl 
APNeflMtl 
AdmlnJ ftl18tad 
KlnaYoqBh hk~. 

~. LJM (OOl'.O) ~ 
1993051>11 

RTU-l.JN.Blt-LK-&13170 -U: 

BBVIBW OF THE PNA8Bl PROPOSALS 

a.c.a•datln 

All proJIQt dCICrl~ J>l'OPviO 1, phue l ota two atep Ip~ la ajp"Mlllfllll with tho 
reco-ddlona 'by tbe 001lO Zf1111P oftha Bank. In moat wc1 thore i1 1111ftkunt baGlc up from 
tu ..... ped OC1IJlltr)' aJ>l)lllnco ~. wluir• ii alll) appllm ti! ldditiodlll tosts {mainly in 
Jtp1111). 

Ho.,,,.,,.., muat ottbo Alllll'lil hlft Ill)' Ul'litr mdaw atilt apply to tball latffl pro.ioct proJ10lll1: 
l. ne NllldOdlhlp (llllll rimeacal.e oflmi'oduotloll) wilh ihc compT'CIIIOr mcrutllotur«1 lw ,till ni,ny 
unact&lntiu line. &bl campreuor11111m,111onnn hl'¥e ltW to oonven: their ,roduution with Ibo 
lllp,poti !'om Olbm. '1'llia impli.u Ula% tho applluc:o 111am0r.itur11n wlU dlfPC>l\d Im rd~pa tut 
deplllld on otner nlaliolllhlpa where ltill Ul'IOtrtain ~tin ilre involvai 
2. Tho d.11:0 ofdlo ptffuetlon otdwo ~ IIWIUlllcll.U'erl I.I quite diffeimt, fl'om aboui 140,000 
down io 4,800 (Admir:al). Nevertru1111-. th1 com ftlrtechnloal support and lbrlUIW cqwpm.cnt to be 
bought do not h&V9 any Nlado111hlp to the prodµetion volllme. 
3. T:b.t ;oltt for teclmiod llliltanff llOOIJI UI be nm<kim, and q1iicc, hip. Ai P .-pl;,, technii:al 
aamia-~ Iii Nltll)qf (UST) '700,000, prodtuidan wlwne 74,000) O&IUlol be OOll1pt.l'id to Otbm'I 
(o,s. hnyo (O'SD 454,1100. prciduotlon volumo 600,000 pieam). ThiJ il!IQll llecd. to be dariW firat. 

It la ~ to t111t tmblllh orlimia tor~- GOit& fbr tacbrical anllWllllCI ·'W'lmhtr or not 
rclawd to the prodw;dcn vol11mo, a,a. with oertall\ maxima, b..to,. 'dw ~ projlld:I sho\Jld be 
appl'OV1ld. 
It lhovld tho be rea1lnd that the e:olMlnlon will b1 d411111111dont 011 tu ll\lC<.OI» of the cotl~ 
p.roc,es, at ci:unpreracr ~• (pl'Ojcch Mill to be ll!,'IProvt.d). 

T8'dJ!s dlue lll'jWDIOlltl b#o acllCIWlt, It 11 dl:lllcult to IP"" an ovtll'All l'llllOIM10lldlltl011 for 
('1i1)11pprov.l. coa lbr Admj,... ate too blah, then, 11 no b110k up ftaffl IIIIOth« -~ror, 
1..cbftlQll ...i.tan1;1> calilfor .APNodcmal,.... (too) hip. 



FROM Ei/VGC ilEWGOMBE P004/005 

2... Jblev•m:a ad ad14uq of ~loa provided 

Tl,., prqe<lt propogt1 gi,19 adllqtW41 llhort d~ona ofwh.u la onvlJapd I<> b4' ..-~ 
dwing a :flrlt phaae. 
Tl>- _.balm <>uiatall<Jl!l..-nta aro not~ well ,i-ifled (compt.rabloto tho Sanyo ptoj1Kt), 
the idea ls obtained that a rolillblt 1pplloiult pmd1.1at1011 CIII bo 8',lll'Nltood (o. 11· by 8dd!UPl\ll tl>lltlna 
In Japan Cite.), However, com fbt technical IUWlffllflCC seem to bo randO'lll! 
• SIU!y'O (IIJ)UIIH propoHI); USD 454,800 fbr a volu1tte of IS00.000 ploc.,e1, 
• TTBI: Ulll> 510,IOO 140,000 • 
• Kans Yoq OSI> 320,000 l U,000 " 
• AP Nlltion.al USD 700,000 74,000 • 
- !:llel,;bl um 4BO,ooo 142,000 11 

- Admlz-al (utin>At•) USC U0.000 4,800 •. 

3. Teclualclll ■a11ndu11 

1ft the co'llvel'lion to RFC.134a, it la .bi pani~ulu w, ..-.«talmy that I tdlablll produot can be., 
mam•Cto,,in:d, whb:h ha1 lO do with adaptmg 1Qca1 ~ pr~ tl\at Will OOllt IDlJIIO,Y­
k wlll llway1 ba diflioult to m.tm1ftiatunt Cl'C-12 and HJ!C-13411 appliance, at tu !lllllli; ll'l.C>mont. 

uulou very aptclal ~ - taluin. . 
Tho mubllhy of tho &pplianeewlll allO depend cm the quallly (and tho type) ofthe comprenor.l'hl1 
-..t be utlmlted at tmf lllOIMllt. 
Since J:ulibora Xirby ii 01U1 at'llle !lWD manufactum-a of compreaor, lftvolved, It abowli 'bQ 
ucerwned whcltrulr thla company ,an lll'llw problems whloh miaht oocur at the manuti,c;wrera at the: 
lllnOUl'nll. 

Co" o&Qt!YCIOIII C&ffl\Ot bo dlKU11ed. There ar. only IO!nll 41111111!01\1 as alrOILlly mantioned above: 

I . 'Do•• 11teclmlcal ullatani:ie• imply a rolatiomblp lo thi:i produDtion vol1,1mc ? . 
2. . Comi f'or lab O<llllpment (tm room) II.lid l1lr l1h&ralng "'{lltpmcnt aro quite differe,,t. E.a. 

the c:o,u for ~ at Mmir&I ta equal to others with-. inucb bi&il« produoUon volume. 
3. lt i, diSeult tojl.ldp upon whether eomo ma.nuf1u1tuen need tolt tncun.t, others n~. 



The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR (1992): 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

Project Cover Sheet 
Kingdom of Thailand 

Elimination of ODS Used in the Production of Household 
Refrigerators 

Household Refrigerator 

1080 MT ODP (430 MT CFC-12 & 650 MT CFC-11) 

Eliminate 448 MT ODP per year (136 MT CFC-12 & 
350 MT CFC-11) 

Phase I: 2 years 
Phase II: I year 

ODS Reduction Investment Cost: 
Incremental Operating Cost': 

US$ 3,810,000 (@ 65% Thai Ownership) 

Not Applicable 

Sanyo Universal Electric 

US$ 4,950,000 
US$ 0 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

August, 1993 

PROJECT SUMMARY 

This project will phase out chlorofluorocarbons (CFCs) used in household refrigerators 
manufactured at Sanyo Universal Electric Co., Ltd. (SUE), the largest refrigerator manufacturers 
in Thailand. The project comprises two phases and will convert two Sanyo refrigerstor plants for 
use of HFC-134a and HCFC-141b as the new refrigerant and foam blowing agent, respectively. 
The first phase will provide for product development using CFC alternatives and for the purchase 
of specific equipment for the testing and manufacturing of the new refrigerators. During this 
phase, Sanyo Universal Electric will obtain engineering assistance and training from its parent 
company, Sanyo Electric in Japan. The second phase will fully eliminate the use of CFC-12 and 
CFC-I I at SUE by installing the new equipment necessary for mass production of CFC-free 
refrigerators. The project will result in the elimination of 136 MT/year of CFC-12 (refrigerant) 
and 350 MT/year of CFC-11 (foam blowing agent) after the conversion is completed. 

1 Net present value of first four years of operating costs/savings. 

2 includes 15% contingency and 3% financial institution fee. 



BACKGROUND 

The domestic refrigeration ind~ in Thailand uses CFC-12 to charge new appliances and during 
servicing, and uses CFC-11 in the production of polyurethane (PU) insulation foam. The demand for household 
refrigerators and freezers in Thailand is increasing at a rate greater than 10 j!; per year, and most units sold in 
Thailand are made locally by seven major manufacturers: Sanyo, Toshiba, Hitschi, Sharp Appliances, 
Mitsubishi, A.P. National, and Admiral. Most of these refrigeratofll are equipped with compressotS 
manufactured in Thailand by Sanyo and Kulthorn Kirby. In 1992, the sector used a total of 430 MT of CFC-12 
(210 MT to charge new appliances and 220 MT for servicing), and about 650 MT of CFC-11. 

Sanyo Universal Electric Co., Ltd. (SUE) bas two plants producing household refrigerators and 
freezefll, one in Bangkok and the other in Chacboensoa Province. Sixty-five percent of the company is Thai 
owned, and in 1991 produced approximately 433,000 units of refrigerators comprising twenty-five different 
models. The Bangkok plant bas two production lines with a total capacity of 500,000 sets a year, while the 
Chacboensoa plant bas one production line with a total capacity of 140,000 sets a year. SUE expects lo reach 
its maximum capacity by the end of 1995. SUE also produces its own compressors. In 1992, the company 
consumed 136 MT of CFC-12 and 350 MT of CFC-11. The average CFC-12 charge size in its refrigerators is 
0.2 kg. 

PROJECT OBJECTIVE 

The objective of this project is to phase out CFC-12 and CFC-11 used in household refrigerators and 
freezers at Sanyo Universal Electric Co., Ltd. 

PROJECT DESCRIPTION 

In this project, Sanyo Universal Electric will eliminate the use of CFC-12 and CFC-11 in household 
refrigerators by converting tts manufacturing facilities to those compatible with HFC-134a and HCFC-14lb, the 
new refrigerant and foam blowing agent, respectively. The project will be divided into two phases. The first 
phase will provide for engineering assistance and tralning, and acquisition of specific equipment for the teslini 
and manufacturing of the refrigeratof!l. The second phase will allow for the elimination of CFC-12 and CFC-11 
by installing the new equipment necessary for mass production of CFC-free refrigerators. In the third phase, 
not addressed in this project, actual production of CFC-free refrigerators will take place. 

The main objective of the project's first phase consists of developing reliable new CFC-free 
refrijlerators at SUE. This task is particularly difficult to accomplish given the considerable engineering design 
modifications and the necessary testing that have to be done in a relatively short period of time. In order lo 
min.imiu the risks associated with tbe conversion process, SUE will acquire technical assistance during Phase I 
from its parent company, Sanyo Electric of Japan. Sanyo Electric of Japan bas developed the new generation of 
CFC-free refrigerators, and will license this technology lo its subsidiaries. To acquire the new technology, SUE 
will pay US$652,000 and Sanyo Electric of Japan will do the following: 

• 
• 
• 
• • 
• 

Design the different refrigerator models 
Conduct approval tests for each refrigerator model 
Conduct approval tests for the compressors made in Thailand 
Provide production drawings for the new models 
Provide training on manufacturing, maintenance, and quality control 
Provide engineering assistance for manufacturing development and operations . 

Other related costs such as equipment evaluation, training for operating and maintenance of instruments 
and equipment for handling new cooling materials and systems, as well as laboratory equipment for testing the 
refrigerators and malting sure that they are manufactured according lo design specifications, are also included in 
the project costs. 

Phase I will provide SUE with technology that has been developed by the parent company in Japan, 
modifying it where necessary lo account for differences in the refrigerator models produced in Thailand and 
manufacturing conditions in that COUIIU'y, The request made for technical assistance covers costs of evaluating 
the test production and extensive performance tests of 500 refrigerators that will be carried out. It is proposed 
to have 18 sets of new CFC-free refrigerators produced by SUE tested in Japan and 100 sets are testecl ai SUE's 
facility. The remaining 382 sets of CFC-free refrigerators will undergo a field test in Thailand. 

Phase II of the project will consist of finalizing tbe transition to CFC-free technology for mass 
production. During this transition time, both CFC and non-CFC refrigerators will be produced on the same 
line. Therefore, SUE will purchase and install an additional set of charging equipment (for HFC-134a and ester 
oil) as well as a new polyurethane injection foam machine. Because of the flammability ofHCFC-l4lb, 
additional safety precautions will be taken, such as increasing the ventilation of tbe room where the machine 
will be installed. In addition, care will be taken lo avoid moisture absorption in ester oil by acquiring a 
compressor oil processing system. New halogen !ealc detectors for HFC-134a will also be purchased. 
Modifications will be made to the mass production lesl room to increase the cooling test time and improve the 
ventilation and air-conditiooing system. Due to a more stringent requirement on the level of moisture which 
must be reduced from current specification of 30 ppm to 10 ppm, ovens are needed for drying dehydrators 



before they are welded to the systems. 

Since some suppliers of refrigerator parts still use 1, 1, 1-tricbloroethane as a cleaning agent, efforts 
must be made to en.sure that there is 110 cblonne contamination left in the parts. Chlorine contamination 
tampering with lll>W refrigerant and lubrication oil can cause serious damage to the system. Chlorine checkers 
will eoahle SUE to determine the problems and to correct them before parts go to the production lines. 

SUE is in a unique positioo, compared with other household refrigerator manufacturers, in that SUE 
has an expertise in mixing polyol which enables SUE to hsve better quality control of insulation foam. To 
coovert to HCFC-141b foam blowing agent, SUE must obtain two new sets of pre-mix equipment: one for each 
plant. HCFC-14lb technology is rather new for SUE; thus, ii is vital that the quality control mu.st by conduc1':d 
constantly. SUE then proposes to acquire a set of K-factor instruments. 

Final decisions on all of the equipment purchasing and retrofitting, except fr,, mioiroa:.,'!'Juipment 
required to build field test models, will be made after Phase I is complete and test results are yzed. 
Equipment items included in this project are based oo preliminary test results and experience of Japanese parent 
companies. 

PROJECT COSTS 

Total Project Cost 

The total project cost of US$4. 95 million equals the ODS reduction portion of the overall project 
(investment costs plus net incremental operating costs). This project will not provide Sanyo Universal Electric 
with incremental revenues. 

Investment Costs of US$4.95 million include costs associated with CFC-free refrigerator product 
development, technical assistance from Sanyo Electric of Japan, testing, new equipment for mass production, 
and training. 

Net In_cremental Operating Costs: Because full scale production of refrigerators with HFC-134 and 
HCFC-141b will not occur until 1996, incremental operating costs hsve not been included as part of Ibis 
project. 

Loc1\! ~rship Fraction of 65% was considered to determine the amount of eligible OTP grant 
financing~ eto proJect cost was multiplied by the fraction of local ownership to determine the proposed 
grant amount. 

0th, Costs. A 15% contingency (US$483,000) was also included to ensure adequate funding of 
project costs ollowing project apK:!';1· An additional US$111,000 (3%) was added to the grant request to 
cover the fee for services of the ial instilutioo (Fl) !bat will appraise the projects and oversee 
procurement, disbursement and audits. 

Reques~ Funding. The proposed OTP grant for Sanyo Univeral Electric is US$3,81 i,OOO and was 
calculated as folows: the total investment cost was added to the present value of the incremental operating cost 
over the first four years of the project. Tbe resulting total project cost was multiplied by the percentage of Thai 
ownership (65 percent). This figure was increased by a 15 percent contingency to yield the grant amount. 
Finally, this figure was increased by 3 percent to account for the financial inslltution fee. 

PROJECT IMPLEMENTATION 

Manaaement: DIW will oversee the successful implementation of this project. The project will be 
carried out at Sanyo Universal Electric. Sanyo Corporation of Japan will provide technical assistance to SUE 
during project executioo. 



Schedule 

i 
Tat Name 1993 1994 19!16 j 19!16 

PHASEI • 
Technical Aaliata.ce, Model 

Teating and Training 
Equipmet 0-dering 

PHASE II • 
Conv.t Production to Non-G"C 

ESTIMATED DISBURSEMENT: 20% in 1993, 20% in 1994, and 60% in 1995 

TECHNICAL ASSESSMENT 

This subproject has been reviewed by the OORG technical reviewers, Dr. Michael Jeffs and Dr. L. 
Kuijpers. The project was supported. Suggestions made relative to estimates of equipment costa will be pursued 
dunng project appraisal. 



8 Polyurethanes 

Mr. o. Brown 
The world Bank 
1818 H Str••t NW 
waanington DC 20433 
USA 

TAZT:IIP IPI IPOrIIAZ OPIQIILI 

Dear Don, 

Documents were rec•ived on 3/5/93, 

General collllll.•nta are 1 

ICI Po!Ju,ethaft•• 
everslun 45 
8·3078 Evtrb1rg 
Belgium 

Telephone /02) 758 92 1 , 
TeteK 2a1si 1c1eve a 
Telefax (02) 759 55 01 

5th May I 1993 

• Enterprises which are sUllsidiaries ot Japanese retrig•rator 
manu!aeturers are propoeing the use of HCPC 141b foam 
technology - thia is in line with the changes now being 
implemented in Japan by th• parent companies. However, 
thi• could be a comparatively abort tans option in Japan. 
There ia an increasing level or interest in the 1r9rtormance 
or oyclopent.ane-baaed toam which is now being 1l'D.plemented 
in Europe. Further, at least two Japan••• manuraotw:-er■ 
are to base part: ot their production on compoait~• of 
vacuum insulation panel• with CO2 (water) •blOWl'l polyurethane 
foam. 

• Herc 141b toam 1:eehnology i• now well proven and give■ 
equivalent ineulation valuea to foam based on CFC 11 
despite its higher ga■ thermal conductivity. 

• HCFC aa foam technology ia not used unl••• it ia protected 
by steel panel• because of deterioration ot thermal 
insulation witb. time. The teehnol09Y propo■ed by Admiral 
is not supported for use in retriq•ratore with plastic 
liners. The blend HCPC 22 / HCFC 142b overcome• this 
ageing probl .. and ia in use elaewhere. 

• several project• call tor the purchase of new roam 
injection maohin•• a■ well as vaouwa foniing equipment tor 
liners and jig■• Individual c:0111111enta are given tor th• 
enterprise■ but in general the need tor the•• iteu should 
be reviewed at the end of phaH 1. 

, 



• 

• 

- 2 -

~~i~~ 
/ ~· 

The HCFC l4lb price projection quoted in/4ibit 1 of the 
teaaibility etudy is too high. current price■ are about 
50t or th• quot•d 1994 price level. 

Difficulty ct gauging value of technical •••ietanee from 
parent compani••• 

it f' pr. q. K, l, J9tt1 - OORG MD 152 \ t\ GHFJ/kd/41' 

co Mr. T, Waltz 



• 
• 

llrtllll%11 I IMXO Rl±DIIIL l!dlCffl♦A 

eOOJPCIJIPATXAI 
Approved in principle, but major expenditure noted for Phase 2 
need• to be r•a••••••d. 

pLJIDMQY YR IQIOVW OJ IVOBMl'rIOI 

study mention• use of reduced CFC ll foam but no time scale 1• 
given. 

T19PI9P:1t !NVIDQII 
HCFC 141b technology 1• well proven and haa been shown to give 
equivalent in•ulation performance to CFC ll~based foam. 

No reason• given tor purchase of total of 3 new polyurethane 
machine• and modification• to 8 othera. Additionally, why cannot 
the exieting polyol pre-miic equiplllent be used, No juetit:ication 
to modification of 2 aheet extruder■. 

LJll•91 UPI IPIBJIQICI 

Non• 

QYillQIIJIT!'C, JIIQJI 

HCPC 141b i• a transitional eubatance which must eventually be 
replaced by a zero ODP blowing agent. Its use will contribute 
to the saving of 441 ODP te per year. 

IUITX IflPII 
It 1• noted that provision is made tor ventilation syate11111 to use 
with HCP'C 141b. 

®II llDCfffYIAII 
Phase 2 expenditure of over$ 2,fi m has no obviou■ justification. 

0711M 
None 
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Kingdom of~ 
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS 

Co1111,,.,sion oJ· Dol'Mstic Manufacturing to HFC-/34a 
QJld to HCFC-14/h in Poly11N1than, Foams; 

Co1tHrsion of Cllill•l'Y lo HFC-1144 

Projceb Deacribed by TIie World Bank, Marcil 1,!1J 

l. lntrodl.ldion nf HCFC-1411> for foams and tm conv.mon process to HFC•l:W.. for coollna 
at nlAI TOSHIBA lnduatries; 

Z. Idem, at ADMIRAL Industries; 
J. Ideal, at HJTACHI lndustrie'J 
4. Idem. a1 KANG YONG IQdu,tm,,; 
5. Idem. at AP National lndustriel; 
6, Two Chiller Coimtnto11 Pr0Jll(ts to HFC•l34a. 

Kuijpen, UM (OORO) 
Eindhoven, 1993 03 11 
RWR-$10-LK-93106 -lk 

R E M A R K S REGARDING THE P R O PO S A LS 

I, Fo,m Blowtut 

All projecu describe a conversion from CFC-I I to HCFC-14l b. In a first instanco, it is re­
markable that th«e is a large price difference hetwecn the convcnion1 propote4 f\:>r the dif• 
fm,nt industries (take e.g. the diffet'ffl<:C between J\P and ToAAiba, 0.25 and 1.79 million), 
Indeed, HCFC-l41b seems to be the preferred. ro11te for the Japanc:1<1, although, until re­
cently, they have also maintained the 11Cl7C•l23 option. It may be that they will stick to the 
I ICFC•l4lb option, however, in Europa the~ is a tcnden~y (wh,;ther or not realistic) to study 
cyclopentane. a flammable high boilinc tefricerant, About its r,erformance nothin& is known 
so far (conductivity value is wor5e compar4<1 to others, I do I\Ot know about Ions term 
balu&viour), 
One should bear in mind that tho European manufa<.turen have been evotuatinc both 
:Zl/l42b and 141b for quite some time; they achieved slishtt)I inferior nsulu with 22/142b; 
however, the 10111 term behavior i1 not 10 good, due to dirru~ion of I ICFC•22. Ncvcrthdess, 
almost all manufacturers switdled to HF<> 134a (no chlorine anymore, due to environmental 
group pre!SUre in Germany) shortly before !he Domotechnica fair (apart from one). So I do 
not know whether thit could play a role in Japan and in the dauabter companies aa well. 
The lxst thin, is to ask the OORG foam expert as well (Je!Ti, ICI), reprdint the time il'I• 
valved in optimizin1 HFC-134a foamc. Dependent on this one could solve tho question on 
whether or not to invest in the llCFC-141 b route in Thai companies or to ponpone a dec1• 
sion to latw this year. 

J, IC01nnt1Pn, ,..,., ,..,,.... 

TllAI CFC- ll consumption of the five companies amount• to about 78 tonnes, while a total 
con1umption of 2$0 tonne., in this sector is mentioned. Ts there another larce manufacturer 
involved? 
The above d~s not hold for CFC-t I, 300 tonne, compared to SOO tonnes is used by the firm, 
considered. 



◄ 

Several companies should do something rqarding tl!tir use of CFC-I I, i.e. apply reduction 
measures {take e.,. Kang Yong and AP which probably '"" C.:I'C-11 also for cleaning) since 
the consumption u 1arae compared to the CFC-12 consumption. 

3. Rmtrrodma .-1n.c t111iss 

There is technology support from the mother companies, the costs however vary widely not 
dependent on the rize or the company, e.g. 592,000 for Matsushita ,upporting the small AP 
firm. More information (e.g. contracu) on what is sp«ifically covered ln each of the caee1 
if absolutely nece,1ary. There is also a question on whether or not the rdationship to Kultom 
Kirby should not ~ des~ri~ moro precucly. Description so far (Kirby will provide the 
companies with csomprenon for testing) is not at all sufficient. It b often the compresaor 
manufactuttr (with its specific lubricant proi,ettic. and so on) that determines the technology 
transfer. Daign of the appliance$ .and the manufacturing pro«ss can be supported by the 
mother company. 
Kirby plays a key role in Thai companies, tor this reMon m!)te precise information would 
be extremely useful. 
This will also determine whether or not CFC.12 and HFC-124,i appliances <ian be manufa<:­
tured usin1 the same assembly line. 

In particular the technology transfer inu" is important; the phased approach presented is in 
principlll OK. 

There is also a question regardin& test rooms. What is determinin& the aize and the coats for 
a test room. There is again a remarkable diJTerencc between the Admiral company and 
Hita,;h.i, the unalltst. and laracSt in size. The same holds for the differences In cosu for / 
refrlacrant and oil eha.-alng equipment. Maybe this could be explained somewebat more de-
t.ailed in the propo,al. Some firm• wilt invest in leak detectors: docs this not hold for all of 
them 7 
A consiitmt approach and evalUAtion would be desireable. 

Takinr the amounu of CFCs involved costs vary from al,out 18 to 14.5 USO per 1t1 of CFC 
( 11 and 12) pha.ed out por }'U.r. h thu an ai:ccptable figure? 

◄, Chillers 

As far as the chiller conversion Is COll(;emed, there are no ~ignificant remarks. 
For the HFC-1341 conversion, the cost is In th~ ord«r nf USD JO per kg ofCFC,12 not used, 
whi1.h is a high figure, and which should be ,upported by consideration, on the lifetime and 
economic value of tho equipment. 
As far as 1ht HCFC-123 eonvcnion. no remarks. 

Eindhoven, 11 March 1993 
/ 

L.J.M. Kuijper, 

l 
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To The World Bank 
c/o 
Don Brown. Charles Catanagh 
IENIM 
Washington DC 
fax 1-202- 477 6619 

From Dr L. Kuijpen 
Technical University 
W & S /4 Building 
PO Box 513 
NL • 5600 'MB Eindhoven 
tel: 31· 40• 47 2487 
fax: 31 • 40- 46 6627 

Date 93-05-10 

Pa1e1 I (including this one) 

Subject 

1.JNEP TechnololP'. and Economic.\ Panel 

I have reviewed the slightly modified project proposals, dated 6 May 1993, for projects inO 
-India (Shriram, KOI and Bluestar) and 
• Thailand (Kulthom Kirby and Sanyo). 

Taking into account that in the "project scope and estimate", "modifications to the manufacturing 
line" are now budgetted, that license and technical assistance and liccn11e agreements are more clearly 
described, 
however, that my reviews of the projects dated 6 May 1993 do still apply (in particular where it 
concerns the costs for upgrading teat fltcilities, the costs for chanauia manufacturing processes and 
technical assistance, or the lack of detailed cost estimates •BlueStat• ), 

I herewith forward my non-objection to submission of these projects to the Secretarlate and 10 the 
MPEC meeting June 28/30. 

• 



Thailand 
REVIEW OF A PHASE-1 CONVERSION PROJECT 

Conversion of Domestic Appliance Manufacturing to HFC-134a 

Project Proposal by The World Bank, April 1993 

The conversion of Appliances Manufacturing from CFC-12 to HFC- l34a 
at Sanyo Uoiversal Electric Co. (SUE) Industries; 

Kuijpers, UM (OORG) Eindhoven, 
1993 05 06 

RTU•UNEP-LK-93150 -lie 

REVIEW OF THE PROPOSAL 

Recommendation 

The project description proposes two phases of a three step approach, in agreement with the 
recommmendations by the OORG group of the Bank Sufficient back up from the developed country 
manufacturer (Sanyo Japan) can be assumed. 

It will concern a substantial technical assistance agreement; tltls seems to be in place, although it 
cannot be judged upon whether this should be USD 454,800 and whether it should be based upon 
the principle that the R&D investments by the mother company (3. 72 million) have to be distributed 
among all subsidiaries. A logical approach would be that the larger part is being covered by 'the 
mother company and the rest is distributed among the subsidiaries. 

What is very imponant: 
There can only be discussed a technology tran.yfer at a certain ~-pecified cost, when there is 
commercial production at the mother company (implyt11g guaranteed reliability). This a:pecl is not 
very we// described in the proposal. 

There will be an influence of the production processes involved in the manufacture of the 
refrigerators and freezers used in the field test; this may interfere with phenomena caused by the 
compressor. For tltls aspei;;t consultaru:y with the license -mother- company and with the compressor 
manufacturer will provide the most rapid solution. Since this also applies to Sanyo, no major 
problems are expected. It should be assumed that assistance from the comptessor manufacturer next 
t.o assistance from the mother company is contained in the technical assistance agreement. 

The costs/ or the number of vacuum pumps and leak detectors ~to be used in the manufacturing 
process- seem to be high. This should be carefully investigated. 

Provided that commercial production is being undertaken by the mother company (guaranteeing 
reliable products after technology transfer), provided that cost estimates for some of the equipment 
are carefully analyzed, and provided that it is acceptable that all the R.&D investments done by the 
mother company, can be "reimbursed' via a technical assistance agreement (USD 454,800), the 
project should be eligible for funding under the Multilateral Fund. 

I 



2. Relevance and adequacy of information provided 

The project proposal gives an adequate short description of what is envisaged to be accomplished 
during two phases. 

The proposal for a technical assistance agreement is a good one. Whether all costs invested in R&D 
by the mother company have to be distributed among ail subsidiaries is not clear; it would be logical 
that the mother company (Sanyo Japan) carrie3 the larger part, the rest being distributed among the 
subsidiaries. 

Although the technical assistance agreement is not very well specified, the idea is obtained that 
reliable production can be guaranteed (i.e. e.g. additional testing in Japan etc.). 
However, the remark should be made here that it is not described whether Sanyo has a commercial 
production, or is planning commercial production at very short no(lce, i.e. commercial production / 
of appliances in Japan. lhis is considered a ''cmrditio sine qua non" for /he speciflcattan of a 
technical assistance agreement. 

3. Teehnical soundness 

In the conversion to HFC- l 34a, it is in particular the certainty that a reliable product can be 
manufactured, which has to do with adapting local manufacturing prooesses that will cost money. 
This seems to be covered by the estimates liven in the proposal. 

4. Cost effectiveness 

By carrying out this project, an annual amount of 136 tonnes of CFC-12 is being phased out, which 
is in the order of 15 USO per kg, if the total project cost of 2.18 million is taken into account. This 
figure seems reasonable. 

The major uncertainty whether the total amount should be as described, lies in the amount for the 
technical assistance assumed. This has already been discussed above. 
Considering the total cost estimate, a reduction could also be possible since the estimate for the 
investment in vacuum pumps and leak detectors seem to be rather high. There is still substantial 
development taking place where it concerns leak detectors. This needs careful analysis. 

Eindhoven, 6 May 1993 

L.J.M. Kuijpers 
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Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR (1992): 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING2: 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISfRY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

Project Cover Sheet 

Kingdom of Thailand 

Conversion of Compressor Manufacture from CFC-12 lo HFC-134a 
Designs 

Refrigeration 

1080 MT ODP (430 MT CFC•12 & 650 MT CFC·ll) 

Indirect 

2 years 

ODS Reduction Investment Cost: 
Incremental Operating Costs': 

US$989,000 {@ 65% Thai Ownership) 

Not Applicable 

Sanyo Universal Electric Co., Ltd. {SUE) 

US$ 1,285,000 
US$ 0 

Department of Industrial Works {DIW), Ministry of Industry, 
Kingdom of Thailand 

Toe World Bank 

August, 1993 

PROJECT SUMMARY 

This OTF request is for phase I funding of a project will lead to conversion of an existing 
CFC-12 compressor manufacturing facility at Sanyo Universal Electric Co. Ltd. (SUE) to a 
facility which manufactures compressors operating with the non-ozone depleting refrigerant HFC-
134a. In Phase I, 1300 compressors will be produced for test purposes. The full project when 
completed will provide a major indigenous source of HFC-134a compressors for uae in the 
production of non-CFC domestic refrigerators in Thailand. Technology for HFC-134a compressor 
manufacture has been transferred by Sanyo-Japan to SUE Ullder the terms of a newly approved 
technical assistance agreement. This project is one of a series of similar projects Ullder the Global 
Refrigeration Project as approved by the Executive Commil!ee of the Multilateral Fund in 
September 1992. Several refrigerator manufacturers in Thailand have based their scheduled 
transition to non-CFC refrigerators on the successful completion of this project. 

1 Not present value of first four years of operating costs/S4vings. 

'Includes IS% contingency and 3% rmancial institution foe. 



BACKGROUND 

All refrigerators manufactured in Thailand currently use CFC-12 as the refrigerant workinJ fluid. 
Technology for manufacturing these compressors bas been imported. Technologies for application of the new 
non-ODS refrigerant (HFC-134a) to replace CFC-12 must also be imported. 

Sanyo Universal Electric Co., Ltd. (SUE), a 65 % Thai owned company, is a major manufacturer of 
hermetic compressors in Thailand with about 50 % market share. SUE manufactures compressors suitable for 
domestic refngeration applications as well as for r7tacement of failed units in the field. All refrieerator 
compressors made by SUE are designed for use o CFC-12 refrigerant. During 1992, SUE produced 780,000 
CFC-12 compressors, -0f which 70% were used in Sanyo refrigerators, 10% were sold for use by -Other 
manufacturers in Thailand, and 20 % were exported. 

PROJECT OBJECTIVE 

The objective of this project is to eliminate the use of CFC-12 in compressor manufacturing through 
conversion to compressors operating with HFC• l34a. 

PROJECT DESCRIPI10N 

Phase I of this activity involves assembly of 100 compressors using imported parts, followed by test 
manufacturing of 1200 com~ ( 12 models) in existing manufacturing facilities. Test manufacturing is 
necessary lo assure the quality of the units lo be produced when full scale production is initiated. Laboratory 
equipment with which lo develop and test manufactured units is included m the Phase I project scope. 
Aad,tional tests will be conducted in Japan as defined in the Sanyo technical service agreement. Sanyo-Japan 
will also provide on-site support for the transition to HFC· 134a compressors by SUE. 

The Phase I Project plan is as follows; 
a. Obtain the full technology package for HFC-134 compressors from Sanyo-Japan including bill of 

materials, specifications, detail drawings, and testing standards. 
b, Purchase and install testing facilities for compressor evaluation. 
c. Procure necessary materials and components and modify plant for production of 1300 HFC-134a units. 
d. Conduct life and reliability tests on 12 compressor models. 
e. Field test HFC-l34a compressors in domestic refrigerators, freezers, and coolers. 
f. Prepare a feasibility study and cost estimate for the full conversion of compressor manufacturing 

facilities lo HFC-!34a compressors in Phase Il. 

The full cost of Phase I is eligible for OTF funding as defined in Item 2b of the Indicative Lisi of 
Categories of Incremental Costs. However, no operational costs are included at this time. The fee for the 
Technical Assistance Agreement with Sanyo-Japan is included in the Phase I cost estimate. 

SUE is preparing to move quickly to implement the proposed project and bas already started to purchase 
some of the lon11-delivory equipment needed for Phase I. Pilot assembly of 100 compressors for initial testing 
will commence m September 1993. Trial manufacturing will occur in March 1994 and full scale production 
capability is lo be in place by the end of 1994 with a complete phaseout of CFC-12 compressors by the end of 
1995 .. The schedule ,s designed lo accomplish a variety of life, reliability and field tests in preparation for a full 
conversion of the CFC-12 compressor manufacturing facilities lo HFC-134a compressors under a Phase ll 
project. A preliminary estimate indicates that Phase II incremental costs will be about $3,000,000. 

There is no direct measure of the cost effectiveness or impact of this project, as it focuses on test 
manufacture of new compressor designs for non-ODS refrigerators. 

PROJECT COSTS 

The total !)roject cost of US$1,28S,OOO equals the ODS reduction portion of the ovenill project (investment 
costs plus net mcremental operating costs). 

Investment Costs ofUS$1,285,000 include capital investment costs for test manufacture components, test 
facilities, and materials, as well as production line modifications. 

Net Incremental Operatinf Costs, There are no incremental costs associated with this Phase I project, as it 
focuses on test manufacture o new compressor designs. 

Local Ownership Fraction of 65 % was considered lo determine the amoWlt of eligible OTF grant financing. 
The total project cost was multiplied by the fraction of local ownership to determine the proposed grant amount. 

Other Costs. A 15% contingency (US$l25,000) was also included lo ensure adequate funding of project 
costs following project appraisal. An additional US$29,000(3%) was added to the grant request lo cover the fee 
for services of the financial institution (Fl) that will appraise the projects and oversee procurement, 
disbursement and audits. 



Requested Funding. The proposed OTF grant for SUB is US$989,000 and was calculated as follows: the 
total investment cost was added to the present value of the incremental operating cost over the first four years of 
the project. The resulting total project cost was multiplied by the percentage of Thai ownership (6S percent). 
This figure was increased by a IS percent contingency to yield the grant amount. Finally, this figure was 
increased by 3 percent to account for the financial instirut1on fee. 

PROJECT IMPLEMENTATION 

Manallement: DIW will oversee the successful implementation of this project. The project will be carried 
out at SUI:. 

Schedule 

Obtain full bill of materials, specs and drawings from Sanyo-Japan 

Upgrade test facilities 
Calorimeter 
Dynamometer 
Noise and Vibration 
Co:"J'uter 
Refngeration Test Lab 
Life Test Facilities 
Field Test Hardware 

Component and Material Procurement 
Upgrade assembly and finishing facilities 
Assembly and finishing 
Calorimeter and sound test 
Life and field test 

ESTIMATED DISBURSEMENT: 80% in 1993, and 20% in 1994 

TECHNICAL ASSESSMENT 

Start Complete 

Apr 93 

Apr 93 

Apr 93 

Sep 93 
Sep 93 
Nov 93 

Aug93 

Aug 93 

Aug93 
Sep 93 
Sep 93 
Oct 93 
Nov94 

This subproject has been reviewed by the OORG technical reviewer, Dr. L. Kuijpera. The project was 
supported. 
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To The World Bank 
e/o 
Don Brown, Charles Catanagh 
IENIM 
Washington DC 
fax 1-202- 477 6619 

From Dr L. Kuijpers 
Technical University 
W & S /4 Building 
PO Box 513 
NL • $600 1'm Eindhoven 
tel: 31· 40• 47 2487 
fax: 31- 40- 46 6627 

Date 93-0S-10 

Paaes l (including this one) 

Subject 

lJNEP Technology and Economics Panel 

I have reviewed the slightly modified project proposals, dated 6 May 1993, for projects in0 
-India (Shriram, KOI and Bluestar) and 
• Thailand (.Kulthom Kirby and Sanyo). 

Taking into account that in the "project scope and estimate•, "modifications to the manufacturing 
line" are now budgetted, that license and technical assistance and license agreements are more clearly 
described, 
however, that my reviews of the projects dated 6 May 1993 do still apply (in particular where it 
concerns the costs for upgrading test facilities, the costs for cfwlainl manufacturing processes and 
technical assistance, or the lack of detailed cost estimates •BlueStar• ), 

I herewith forward my non-objection to submission of these projects to the Secretariate and to the 
MPEC meeting June lS/30. 



Thailand 
REVIEW OF A PHASE-1 CONVERSION PROJECT 

Conversion of Domestic Appliance Manufacturing to HFC-134a 

Project Proposal by The World Bank, April 1993 

First Phase of Compressor Manufacture Conversion from CFC-12 to HFC-134a 
at Sanyo Universal Electric Co, (SUE) Industries; 

Kuljpers, UM (OORG) Eindhoven, 
1993 05 06 

RTU-UNEP•LK-93147 -lk 

REVIEW OF THE PHASE 1 PROPOSAL 

Recommendation 

The project description proposes phase l of a two step approach, in agreement with the 
recommmendations by the OORG group of the Bank. Sufficient back up from the developed country 
manufacturer (Sanyo Japan) can be assumed, where it also applies to additional tests in Japan. 

However, the conversion process will not only deal with the modification of compressor and 
lubricant for the operation of HFC-13 4a; it will also deal with specific phenomena in the 
manufacturing process. It will therefore concern a substantial technical assistance agreement; this 
5eems to be in place, although it cannot be judged upon whether this should be USO 320,000. .91 

,'W"" y 

There will also be an influence of the production processes involved in the manufacture of the 
refrigerators and freezers used in the field test; this may interfere with phenomena caused by the 
compressor. For this aspect consultancy with the license company may also provide the most rapid 
solution, it may also concem here Sanyo appliances. 

The costs for upgrading the test facilities seem to be high, i.e. more than USD 800,000. It should be 
investigated whether the investments in the calorimeter and the life test facility should be of this size. 

Provided that cost estimates for the test facilities are once more carefully analyzed -and probably 
reduced-, the project should be eligible for timdiog uodec the Multilateral Fund. ✓ 

2. Relevance and adequacy of information provided 

The project proposal gives an adequate short description of what is envisaged to be accomplished 
during a first phase. However, it is not clear (part c of phase 1) whether a separate small production 
line will be set up for the test-manufacture ofHFC-134a compressors (in the cost overview only 
"components for test manufacture of 1300 units" are mentioned). 

Although the technical assistance agreement is not very well specified, the idea is obtained that 
reliable production can be guaranteed (i.e. e.g. additional testing in Japan etc.) 



3, Technical soundness 

In the conversion to HFC,134a, it is in particular the certainty that a reliable product can be 
manufactured, which has to do with adapting local manufacturing proceSSe$ that will cost money, 
This seems to be covered by the estimate "modifications to production line". 

In the proposal, it is being mentioned that field tests of the compressors should be carried out on 
refrigerators, freezers and coolers. Of course, it is needed to test the compressors on appliances. 
However, this part of the program will not give all the neceSllary insight into the reliability of the 
compressor itself, due to the fact that the field test results will be affected by the specs for the 
components and the manufacturing process of the appliances. It is difficult to say how problems can 
be avoided. At least one hall to discuss with the component manufacturer all the issues and 
specifications involved. Cooperation with Sanyo Japan and Sanyo Appliance Manufacturing will 
work out positive. 

Manufacturing of appliances on HFC-l 34a implies that they have to be manufactured at a site where 
special evacuation and charging equipment will be available This is not mentioned in the project 
proposal, but it is less relevant at this stage .. 

4. Cost effectiveness 

Cost effectiveness cannot be discussed. There are only some questions as already mentioned above: 

l. Does "components for test manufacture" imply that a separate test production line is set up, 
which would be advantageous in order to study the manufacturing process. 

2. Taking into account the production for domestic use and export to other developing 
countries (interesting figures are all given), i.e. 780,000 pieces, this relates to an annual 
reduction of about 190 tonnes of CFC· 12, which is a reasonable amount. 

3. It is not clear whether the investment in the test facilities has to be as high as proposed 

4. The technical assistance agreement seems to be of the right order of magnitude but it is 
difficult to judge upon. 

5. Field tests of the compressors on appliances means that the appliance has to be manufactured 
for HFC-134a (following certain specs) and that, when mounting the compressor on the 
appliance, special evacuating and charging equipment will be needed. It is not clear whether 
this would imply extra costs compared to what is given in the proposal. 

Considering the total cost estimate, a reduction could be possible since the estimate for the 
investment in the test facilities seems to be rather high. This needs careful analysis. 

Eindhoven, 6 May I 993 

L.J.M. Kuijpers a 



COUNTRY: 

The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

Proiect Cover Sheet 
Kingdom of Thailand 

PROJECT TITLE: Conversion of Compressor Manufacture from CFC-12 to HFC-134a 
Designs 

SECTOR COVERED: 

ODS USE IN SECTOR (1992): 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

Refrigenllion 

1080 MT ODP (430 MT CFC-12 & 650 MT CFC-11) 

Indirect 

2 years 

ODS Reduction Investment Cost: 
Incremental Operating Costs': 

US$686,000 (@ 70% Thai Ownership) 

Not Applicable 

Kullhom Kirby Co. Ltd. 

US$ 
US$ 

Department of Industrial Works (DIW), Minisuy of Industry, 
Kingdom of Thailand 

The World Bank 

August, 1993 

PROJECT SUMMARY 

This OTF request is for phase I funding of a project will lead to conversion of an 

832,000 
0 

existing CFC-12 refrigeration compressor manufacturing facility at Kullhom Kirby Co. Lid. (KKC) 
to a facility which manufacturea compressors operating with !he non-ozone depleting refrigerant 
HFC·134a. In Phase I, 1600 compressors will be produced for test purposes.The full project when 
completed will provide a major indigenous source of HFC-!34a compressors for use in !he 
production of non-CFC domestic refrigerators. Technology for HFC·l34a compressor manufacture 
has been transferred by Tecumseh and the motor technology from Kirby lo KKC under !he terms 
of an existing license agreement. This project is one of !he first of a series of similiar projecta 
under the Global Refrigeration Project as approved by the Executive Commmittee of the 
Multilateral Fund in September 1992. Several Thai refrigerator manufacturers have based their 
scheduled transition lo non-cFC refrigenllors on !he sue<:esSful completion of this project. 

' Net present value of first four years of operating costs/savings. 

2 lncludc-4 1 S ~ contingency and 3 ~ financial institution fee. 



BACKGROUND 

All refrigeration and air conditioning devices manufactured in Thailand use CFCs or HCFC-22 and the 
refrigerant workinJ fluid. CFC-12 is mainly used for domestic refrigerators and freezers, and water coolers 
employing bennellc co~rs. Technology for manufactu~g_ these compressors bas been imported. 
Technologies for applicauon of the new non-ODS refrigerant (H.FC-134a) to replace CFC-12 must also be 
imported. 

Kulthom Kirby Co. Ltd. (K.KC) is a 70% Thai owned major manufacturer of hermetic compressors in 
Thailand with a 54 l'li market share. It manufactores compressors suitable for both air conditioning and 
refrigeration applications as well as for '!'l)lacement of failed units in the field. All air conditioning applications 
use HCFC-22 refrigerant, whereas all refrigeration compressors (suitable for water coolers, freezers and 
domestic refrigerators) use CFC-12 refrigerant. During 1992, KKC produced 716,000 CFC-12 hermetic 
compressors plus 185,000 CFC-12 compressor kits which were exported to Tecumseh in Canada. In 1993, all 
exports of CFC-12 compressors will be to the United States. 

PROJECT OBJECTIVE 

The objective of this project is to eliminate the use of CFC-12 in compressor manufactoring through 
conversion IO compressors operating with HFC-134a. 

PROJECT DESCRIPTION 

Phase I of this activity involves lest manufacturing of 9 compressor models in existing facilities. Test 
manufacturing is necessary as the designs transferred to KKC uoder their license agreement must be adapted to 
local conditions. In particular, the compressor motor must be modified to tolerate electrical power conditions in 
Thailand. The technology KKC will receive from Tecumseh is specific to designs of established Tecumseh 
compressors which have been modified for optimum use of HFC-134a refrigerant. Kirby technology is specific 
to designs of motors specific to tropical conditions and 220V electricsl power. Laboratory equipment with 
which to develop and test the necessary design modifications is included in the Phase I project scope. Bxisting 
laboratory test facilities and test equipment will be used to the extent feasible to minimize incremental project 
costs. Tecumseh and Kirby, plus qualified outside consultants will support KKC in their development 
activities. 

The Phase I Project plan is as follows: 

a. Oblain a complete technology package for HFC-134 compressors from Tecumseh and the motor 
technology from Kirby, including bill of materials, specifications and detail drawings. Modify 
designs as required. 

b. Modify testing facilities for compressor evaluation. 
c. Procure necessary materials, tools, dies and components for 1600 HFC-!34a units. 
d, Conduct life and reliability tests on 9 compressor models. 
e. Provide compressors sufficient for developmental testing of KKC compressors in customer 

refrigerators. 
f. Field lest a full range of HFC-134a compressor models in domestic refrigerators, freezers, and 

coolers. 
g. Prepare a feasibility study, cost estimate, and schedule for a Phase II project to completely convert 

the plant to HFC-l 34a compressor manufacture. 

The Kulthom Kirby project differs from other similar projects included in the Global Refrigeration Projects 
in that there are separate technology agreements covering the compressor (Tecumseh) and motor (Kirby) 
designs. Kuthom Kirby must adapt both designs to their local requirements and make appropriate models for 
testing by their technology suppliers. 

The full cost of Phase I is eligible for OTF funding as defined in Item 2b of the Indicative List of 
Categories of Incremental Costs. However, no operational costs are included al this lime Also, there are no 
technology transfer fees for compressors included as these are already incorporated into the existing KKC· 
Tecumseh license agreement. A fee for transfer of the necessary motor technology from Kirby is included. 

KKC is moving quickly to implement the proposed project and has started Phase I in late 1992 at their own 
expense. KKC must produce initial models for testing by refrigerator manufacturers in Juoe 1993. The schedule 
is designed to accomplish a variety of life, reliability and field tests in preparation for a full conversion of KKC 
CFC-12 compressor manufacturing facilities to HFC-134a compressors uoder a Phase II project to be completed 
in 1994. A preliminary estimate indicates that Phase 11 incremental costs will be about $3,000,000. 

PROJECT COSTS 

The total {'roject cost of US$832,000 equals the ODS reduction portion of the overall project (investment 
costs plus net incremental operating costs). 



Investment Costs of US$832,000 include capital investment and transportation costs for test manufacture 
components, and test facilities. 

Net Incremental Operatjnf Costs, There are no incremental costs associated with this Phase I project, as it 
focuses on test manufacture o new compressor designs. 

Local oWJershjp Fraction of 70% was considered to determine the amount of eligible OTF grant financing. 
The tots! project cost was multiplied by tbe fraction of local ownership to determine the proposed grant amount. 

Other <;,gsts. A 15% contingency (US$87,000) was also included to ensure adequate funding of project 
costs followwg project appraisal. An additional US$20,000(3 % ) was added to the grant request to cover the fee 
for services of the financial irn;titution (Fl) that will appraise the projects and oversee procurement, 
disbursement and audits. 

Requested Funding. The proposed OTF grant for KKC is US$686,000 and was calculated as follows: the 
total investment cost was added to the present value of the incremental operating cost over the first four years of 
the project. The res,:!:,? total project cost was multiplied by the percentage of Thai ownership (70 percent). 
This figure was inc by a 15 percent contingency to yield the grant amount. Finally, this figure was 
increased by 3 percent to account for the financial institution fee. 

PROJECT IMPLEl\,ffiNTATION 

Management: DIW will oversee the sue<:essful implementation of this project, The project will be carried 
out at KKC. 

Schedule 
Start 

Obtain full bill of materials, specs and drawings from Tecumseh Nov 92 
Obtain designs, drawings and specifications for motors from Kirby Jun 93 

Upgrade test facilities 
Calorimeter 
Dynamometer 
Noise and Vibration 
CAD/CAM Computer 
Lock Rotor Test Rig 
Life Test Facilities 
Field Test Hardware 

Upgrade assembly and finishing facilities 
Component procurement 
Procurement of HFC-134a and polyolester oil 
Motor design, relay and OLP selection 
Assembly and finishing 
Calorimeter and sound test 
Life and field test 

Mar93 

Apr93 
Apr93 
Apr 93 
Nov 92 
Jun 93 
May 93 
Sep 93 

ESTIMATED DISBURSEMENT: 80% in 1993, and 20% in 1994 

TECHNICAL ASSESSMENT 

Complete 

Jun 93 
Jun 93 

Sep 93 
Sep 93 
Sep 93 
Jan 94 
Mar93 
May93 
May93 
Oct 93 

Jun 93 
May 93 
Jun 93 
Jun 94 
Jul 94 
Oct 94 
Jul 94 

This subproject has been reviewed by the OORG technical reviewer, Dr. L. Kuijpers. The project was 
supported. 



12:30 UNEP-TECH U E~ ~ 202 477 056 

To The World Bank 
c/o 
Don Brown. Charles Catanagh 
IENIM 
Washington DC 
fall: 1-202- 477 6619 

From Dr L. Kuijpers 
Technical University 
W & S /4 Building 
PO Box 513 
NL • 5600 MB Eindhoven 
tel: 31 • 40- 47 2487 
fax 31· 40- 46 6627 

Date 93-05-10 

Pa1es 1 (including this one) 

Subject 

lJNEP Technology and Economics Panel 

I have reviewed the slightly modified project proposals, dated 6 May 1993, for projects in0 
-India (Shriram, KOI and Bluestar) and 
• Thailand (Kulthom Kirby and Sanyo). 

Taking into account that in the "project scope and estimate", "modifications to the manufacturing 
line" are now budgetted, that license and technical assistance and license agreements are more clearly 
described, 
however, that my reviews of the projects dated 6 May 1993 do still apply (in particular where it 
concerns the costs for upgrading test facilities, the costs for changina manufacturing processes and 
technical assistance, or the lack of detailed cost estimates -BlueStar• ), 

I herewith forward my non-objection to submission of these projects to the Secretariate and to the 
MPEC meeting June .28/30. 



Thailand 
REVIEW OF A PHASE-1 CONVERSION PROJECT 

Conversion of Domestic Appliance Manufacturin& to HFC-134a 

Project Proposal by The World Ballk. April 1993 

First Phase of Compressor Manufacture Conversion from CPC· 12 to HFC· 134a 
at Kulthorn Kirby Co. Ltd (KOi) Industries; 

Kuijpers, UM (OORG) Eindhoven, 
1993 05 06 

RTU-UNEP-LK-93145 -lk 

REVIEW OF THE PHASE 1 PROPOSAL 

Recommendation 

The project description proposes phase l of a two step approach, in agreement with the 
recommmendations by the OORG group of the Bank. Sufficient back up from the developed country 
manufacturers (Kirby and Tecumseh) can be assumed. 

However, the conversion process will not only deal with the modification of compressor and 
lubricant for the operation ofHFC- i 34a; it will also deal with specific phenomena in the 
manufacturing process. It ma.y therefore be that a much more extended consultancy (than the one 
proposed) agreement with Tecumseh (not with Kirby) should be agreed upon in a preliminary way. 
This in order to discuss phenomena occurring during testing and field testing which will be caused by 
local compressor manufacturing conditions. 
There will also be an influence of the production processes involved in the manufacture of the 
refrigerators and freezers used in the field test; this may interfere with phenomena caused by the 
compressor. For this aspect consultancy with the license company may also provide the most rapid 
solution. 

It is not logical, under normal conditions, to assume that tooling costs for new compressor parts a.re 
of a substantial magnitude. This conversion proposal assumes high costs involved; it will certainly be 
possible to reduce these costs whilst, on the other hand, consulting service$ should be increased 
(assuming an amount needed ofUSD 10,000 is not much). 
Provided that cost estimates are once more carefully analyzed ( which will certainly lead to a 
reduction, i.e. lower tooling and and higher consultancy costs) and provided that a preliminary 
"ext~n~ consultancy &i!«ment" can be worked out, the project should be eligible for funding 
undeit e Multilateral Fund. 

2. Relevance and adequacy or laFormation provided 

The project proposal gives an adequate short description of what is envisaged to be accomplished 
during a first phase. However, it is not clear (part c of phase 1) whether a separate small production 
line wiil be set up for the test-manufacture ofHFC-134a compressors (in the cost overview only 



'' components for test manufacture of 1600 units" are mentioned). 

Consultancy with Tecumseh is mentioned.Since reliable production ofHFC-134a<ompressors may be 
influenced by local manufacturing conditions, consultancy during the whole duration of the project is 
recommendable (July 1993 to July 1994) and should be taken into consideration. 
This will increase the cost est!11llte for consultancy. 

3. Technical soundness 

The proposal mentions that designs must be adapted to local condition$, and that, in particular, the 
compressor motor must be modified. However, modification of electric motors is a normal pan of 
the compressor design under license (which has also been the case with Kirby for all CFC-12 
compressor electric motors). 
The principle design of the compressor will not be different from the CFC-12 one; tooling costs for 
new compressor parts cannot be assumed to be high, at least not as hiQh as mentioned in the 
proposal. It is much more the certainty that a reliable product can be manufactured, which has to do 
with adapting local manufacturing processes that will cost money, since it involves costs for test 
analysis and consultancy with the mother company. 

In the proposal, it is being mentioned that field tests of the compressors should be carried out on 
refrigerators, freezers and coolers. Of course, it is needed to test the compressors on appliances. 
However, this part of the program will not give all the necesaary insight into the reliability of the 
compressor itself; due to the fact that the field test results will be affected by the specs for the 
components and the manufacturing process of the appliances. It is difficult to say how problems can 
be avoided. At least one has to discuss with the component manufacturer all the issues and 
specifications involved. Advice from the mother company (Tecumseh) will also be helpful (see under 
consultancy). 
Maybe input from Tecumseh to this proposal can be asked for; this in particular since the project has 
already started with the help of the Tecumseh mother company. 

Manufacturing of appliances on HFC-134a implies that they have to be manufactured at a site where 
special evacuation and charging equipment will be available. This is not mentioned in the project 
proposal. Nevertheless, at this stage this aspect should not be prohibitive for a possible approval of 
the project 

4. Cost effectiveness 

Cost effectiveneSB cannot be discussed. There are only some questions as already mentioned above: 

I. Does "components for test manufacture" imply that a separate test production line is set up, 
which would be advantageous in order to study the manufacturing process. 

2. Taking into account the production for domestic use and export to other developing 
countries (no figures given), i.e. 716,000 pieces, this relates to an annual reduction of about 
J 7 5 tonnes of CFC-12, which is a reasonable amount. 

J. Consultancy over more than a year will be needed. It may be that costs can be covered by 
the USD I 0,000 mentioned in the proposal, but it is unlikely. 

4. It is not clear what "technology fees for test unit motors" ad USD 150,000 means. 
5. Tooling costs for new compressor parts cannot be assumed to be high in the case of the 



conversion from CFC-12 to HFC-l34a. The cost estimate Jiiven in the proposal seems to be 
high. 

6. Field tests of the compressors on appliances means that the appliance has to be manufactured 
for HFC-134a ( following certain specs) and that, when mounting the compressor on the 
appliance, special evacuating and charging equipment will be needed. It is not clear whether 
this would imply extra costs compared to what is given in the proposal. 

Considering the total cost estimate, a reduction is likely, since tooling costs (and maybe the costs for 
tech fees for test unit motors) seem to be high. However, it \vill be offset for a small part due to 
higher consultancy costs. 

Eindhoven, 6 May 1993 

LJ.M. Kuijpers 
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Demonstration of Low Cost HFC· 134a 
Retrofit of Existing CFC-12 MAC's 

Mobile Air-Conditioning (MAC) 

1,640 MT CFC-12 (320 MT new equipment; 1,320 MT 
servicing) 

Not Applicable 

7 months 

US$60,000 

US$71,000 (@ 100\lli Thai Ownership) 

Not Applicable 

Karnawat Co.Ltd. 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

PROJECT SUMMARY 

This project will demonstrate retrofitting mobile air conditioners (MACs) which use CFC-12 as 
the working fluid to HFC·134a. Some 2.3 million vehicles in Thailand have air conditioning units 
installed, all of which use CFC· 12 as the refrigerant. To charge, service and repair these MACs 
1,640 MT of CFC-12 are conswned annually in service stations spread out across the country. To 
phase out the use of CFC-12 in the MAC sector, two concurrent efforts must be earned out. One 
is to eliminate the current production of CFC-12 MACs; another is to minimize the demand of 
CFC-12 in the MACs' service sector. A cost-<>ffective way to minimize such demand in the 
service sector is to retrofit existing MACs for HFC-134a. Retrofitting will ensure the continued 
utility of installed equipment with many years of remaining serviceable life. The project will 
comprise three phases. The fust phase will involve the selection and acquisition of relrofit 
components. The second phase will involve the relrofitting of 50 mobile air-conditioning units, 25 
of which will be installed in private cars and 25 installed in taxis. The third phase will involve 
close and regular monitoring of the conditions of the retrofitted MACs. Kamawat is 100% Thai 
owned, which was taken into account in calculating the proposed OTF financing. 

' Includes IS% contingency and 3 % fin&11cial institution fee. 



SIMONE MANAGEMENT INC. 
7 425 Wea Che■ter Pike 
Uppa- Darby, PA 19082 

(215) 352·4600 

May 11, 1993 

TO: CHARLES B. CATANACH I JESSICA POPPELE. WORLD BANK 
FAX: 202-477-6619 

FROM: SIMON OULOUHOJIAN • OORG REVIEWER - MOBil..E AC 
FAX 21S·3S2·134S 

THAILAND -REVIEW OF PROJECT #I PROPOSAL· MOBILE AlR 
CONDmONJNG 

COWTl\Y; 

~l!Cl I Hl.11; 

~:cron co•,J.11,,,. 
cos U\iE lH s-c1cn: 

PROJ!eT IMPACT: 

Pl10Jlic:T DURA Tlat. 

!'l'lCJl!CT l!CoNOIII<: Ul"S: 

TOTAL MO.IECT con: 
POOP0SEDOTFFWCIIIG: 
IIIJIUIIEH'TlHll Clffl!JIPl11St; 

COORllu.4 '11NG 141NIS'TIIY; 

w.ir.,qu:."" {'I TfltJ1,-1iJ 

o,....,.,.,u,. ,1 , .. c,~ HFe•1~41 
Attoltd E-•0!':9 CFC•l2 M1'C't 

M.tiul• j.f.{';4n4h;4~r,,J 11.Ue) 

l'IO MY ol C~C•12 fa" ntw tq.1lpm1n1 ln itOI 
MG 1,GIC M1' •I CFC•\Z la- 1•'1<i•O 
n!HI 

It/A 

1 ~""~' 

CllPV.l't'ttli :f 1,&1,v,11 Wort, 
Mininv 0t l110:~ 
'(,:,"';':!!!it, (;f T:,ll;il\d 

Based on inf'ormaiion containcd in the proposal and analysi,, I support th.is project. 

Thia proposal, especially with accelerated phase out December 31, 199S, would reduce 
CFC usage, short term as well u long tmn. 

This project certainly would step up awareness within the air conditioning indwstry a M:ll 
as public awarcncu. 

Thia project will seed the Mobile: Air Conditioning Service Industry for the new training of 
retrofit technology as well as safe handling of the new non-ozone depleting refrigerant 
Rl34a and synthetic lubricants (PAOS ESTERS). 



COUNTRY: 

The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

Project Cover Sheet 

Kingdom of Thailand 

PROJECT TITLE: 

SECTOR COVERED: 

Replacement of CFC-11 with HCFC-14lb as a Foam Blowing Agent 

Foam Blowing 

ODS USE IN SECTOR (1991): 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

!SOO MT ODP (1300 MT CFC-II & 200 MT CFC-12) 

Eliminate 50 MT ODP per year (50 MT CFC-II) 

6 months 

ODS Reduction Investment Cost: 
Incremental Operating Cost': 

PROPOSED OTF FINANCING': US$174,000 (@ 100% Thai Ownership) 

COST EFFECTIVENESS: US$2.83/kg ODP/year 

IMPLEMENTING ENTERPRISE: Technic Foam, Ltd. 

US$ 26,000 
US$ 121,000 

COORDINATING MINISTRY: Department of Industrial Works (DIW), Ministry of lndust,:y, 
Kingdom of Thailand 

IMPLEMENTING AGENCY: The World Bank 

APPRAISAL DATE: August, 1993 

PROJECT SUMMARY 

This project will eliminate the use of CFC-11 for producing rigid polyurethane insulating foam 
at Technic Foam, Ltd. The phaseout will be accomplished by replacing CFC-11 with HCFC-141b 
as the foam blowing agent. This will require modifying existing equipment and chemical 
formulations, and providing technical assistance to Technic Foam's managers and workers. The 
project will eliminate an estimated SO MT of CFC-11 per year. 

Technic Foam, Ltd. is the largest of three firms that apply PU spray insulation in Thailand, 
and estimates that it has 60 to 65 percent of this particular market. Tecbnic is 100 percent Thai 
owned, which was taken into account in calculating the proposed OTF financing. Incremental 
operating costs result primarily from differences between costs for required quantities of HCFC· 
141b and CFC·ll. Preliminary HCFC-14lb price information used for cost calculations was based 
on invoices reviewed in Thailand. During appraisal, this data will be cross-checked with 
information from chemical suppliers and local distributors. 

1 Net present value of first four yean of operating costs/savings. 

'Includes 15% contingency and 3% financial institution fee. 



e Polyurethanes 

Mr. o. Brown 
The world sank 
lSlS H Str••t NW 
waahington oc 20433 
USA 

DIZ!r!IP IPI PPOIWJ' UPl9Pllel 

Dear Don, 

Documents were rec•ived on 3/5/93. 

General ooll!ll1enta are: 

ICI lltolvuratluln•• 
Everslun 45 
B-3078 Everberg 
Belgium 
Telephone (02) 158 92 , ~ 
Telex zs151 1c1eve e 
Telefax (02) 759 55 01 

5th May, 1993 

♦ Enterprises which are subsidiaries of Japanese refrigerator 
manufacturers are proposing the use of HCFC 141b foam 
technology - this 111 in line with the changes now being 
implemented in Japan by the parent companies. However, 
this could be a comparatively short term option in Japan. 
There is an increasing level of interest in the performance 
of cyelopantane-baaed foam whioh is now being implemented 
in Europ•. !'1.1.rther, at least two Japan••• manufacturers 
are to base part of their production on c0111poait~• of 
vac:uum insulation panels with CO2 (water)-blown polyurethane 
foam. 

♦ HCFC 141b foaa technology is now well proven and gives 
equivalent insulation valuea to foam based on CFC 11 
despite its higher ga■ tharmal conductivity. 

• HCFC 22 toam technology is not used unl••• it la protected 
by ■teel panel• because of deterioration ot thermal 
insulation with time. The technology propo■ed by Adllliral 
i• not supported for use in refrigerators with plastic: 
liners, The blend HCl'C 22 / HCFC 142b overco•• this 
ag•ing probl- and ia in use elsewhere. 

• several project• call tor the puroha•• of new rout 
injection maohin•• •• well as vacuum forming equipment for 
liners and jigs, Individual coaente are given for th• 
ent•rprisea but in general the need tor the•• item■ should 
be r•viewed at th• end of pha■• 1. 



• 

• 

- 2 -

~~i·~ / ~-
The HCFC 141b price projection quoted in/4ibit l or the 
tea•ibility •tudy ie too high. current price• are about 
501 ot the quoted 1994 price level. 

Di!ticultY ot gauging value ot technical a••i•tanc• from 
parent compani••• 

9 b pr. c. M. f, J•tta - ooRG MD 152 
\ ~, GMFJ/Jcd/ 41' 

cc Mr. T, Waltz 



IQFJ'lllllll; TICQIA 19M 

QQONUIPIT:tQI 

supported sul:)ject to comments below. 

ULIJNl'CJ MR IP19P'IQX 91 XUolDTXQI 

Good. 

7'!SV%QAL IQPIPDII 

Th• uae of HCFC l4lb foam technology 1• proven in slabatock and 
spray applications and ia supportable where energy saving by 
replacing CFC 11-based foam with equivalent technology is a 
requirement - •• in the cold store and pipe insulation 
applications. 

uae of co2 would have increased foam coat■ by 50t (minilllum) and 
required equipment modifications. 

LIIIAI 11AM UQIJIIC!II 
None 

lm89111J!DL +IIJJII 
HCFC 141b is a tranaitional material and will eventually have to 
b• replaced by a zero ODP blowing agent. Its use will save about 
45 OOP te per year (not 50 OOP te). 

IIIITX ISIJJII 

Adequate attention to new equipment to deal with flammable nature 
of HCFC 1411:1. Query that sufficient time ia devoted to operator 
training, 

gg1z 1rr1cz1Y1J1111 
Annex 2 list• in0rU1.ental coat for year one, Thi• i• queried on 
basi• of high price for HCPC 141b - aee general collllllenta. 

oUIII 
None 



.. 

Kinl{fiom of T1MJhur4 
PREUMINAR\' REVIEW OF A NUMBER OF PROJECTS 

Con11ttrsum of DorMstic Manufactum,g ro HFC-13"'1. 
mu/ to HCFC-14/b in Polyur#thtul, Foa,ns; 

CM version of Chi/1,,s to HFC-13411 

Projecta De11eribed by The World Bank, Mllldl 19!1) 

J. Iutroductiun of KCFC· 1411> for roams and tbe con.-..rslon procets to HFC• f34a for coollna 
at fflAI TOSHIBA lndu.'ltries; 

:i, Idem, at ADMIRAL lndustm,r, 
:,. Idem, at HITACHI lnd~rie$! 
4. ldetn. at KANG YONG lnchutrilllll; 
!J. Idem. at AP National Iadwttriu; 
6, Two Chillff Cm ... nton Pro1ec:ts to HFC• l 34a. 

Kuijpers, UM (OORO) 
EindhoVffl, 1993 03 11 
RWR-$10-LK-93106 •lk 

R E M A R K S RECARDINC THE P K O PO S A L S 

1. Foem DknrPII 

All projects desc:ribe a conversion from CFC•ll to HCFC-14lb. Jn a first instanco, it is re­
markable that there is a large price di!Terence hetween the conversion• propoaed for the dif­
ferent industries (take e.g. the diff11rcncc between J\P and To~iba, 0.25 and 1.79 million) . 
Indeed, HCFC-14lb reema to btl the preferred route for the JapanesG, although, until re­
cently, they have also maintained the ftCJ7C•ll3 option. It may~ that they wilt stick to the 
IICFC•14tb option, however, in E11ropo there is a u:nderu:y (whether or not realirric) to study 
cydopentane. a flammable high boiline refri1er1nt, About its perrorman<:e nothina: is known 
so far ( conductivity value is worse <;0mpared to others, I do not know aboUt Ions tenn 
behaviour). 
One should beat in mind that tho European manufa<.-iurers have been evatuatin& both 
2:l/142'b and 141 b for quite some time; they achieved sli&htly inferior mutts with 22/l42b: 
however, the l0111 term behavior i, not so good, due to diN'u!rion of IICFC•22 Nl:"lcrthetess, 
almost all manufacturers switched to HfC•l34a (no chlorine anymore, due to environmental 
group premire in Germany) shortly before the Domotechnica fair {apart from one). So I do 
not know whether this could play a role in Japan and in the da111lner c::ompanies as well. 
The best thinjll i, to ask the OORO foam Hpert as well (Jeff~, ICI), reprdinc the time in­
volved in opumwn1 HFC-I34a foams. Dependent on this one could solve tho question on 
whether or not to invest in tho HCFC-141b route in Thai companies or to postpone a det.:1• 
sion to lat• this year. 

1, BC01,-.tlD• ...,al otnmstlgm 

The CFC-12 consumption of the live eompaniet amouni. to a.bout 78 tonnes, while 11 total 
con,umption of 2$0 tonnes in this sector is mentioned. b there another lar1e manufacturer 
involv'4 1 
The abo'\"11 does not hold for CFC-l l, 300 tonne• compared to 500 tonnes Is used by the firms 
conlidered. 



◄ 

Several companies should do somethina rqarding their use of CFC-I I, i.e. 11pply reduction 
measure, (take "'f· Kan& Yong and AP which probably u,o CFC-II also for ct.-nlng) since 
the consumption u1 lar&e compare<! to the CFC-12 consumption. 

There is technology suppcrt fron1 the mother companies, the costs however vary widely not 
dependent on the size of the company, e.g, 592,000 for Matsushita supporting the small AP 
firm. More information (e.g. conuacts) on what is $pec;ifically covered in each or the cues 
ic absolutely neceHary. There i, also a question on Whether or not the relationship to K11ltorn 
Kirby should not be de,ecibed moro preci$oly. Descriptiol\ 10 far (Kirby will provide the 
companies with compressou for testing) is not at all sufficient. h i~ often the compret10r 
manufacturtr (with its ,pecilic lubricant properties and so on) tha! d~ermines the technology 
trans(cr. Detign of the appliance~ and the manuraeturing proeeu can be supported by the 
mother company. 
Kirby plan a key role in Thai companiet, for this r<:a,on m~r• precise information would 
be exuemety useful. .,. 
This will also determine whether or not crc.12 and HFC-12411 applian,;es can be manufae-
tured usine the same assembly lin11. 

Jn particular the technology transfer issue is important; the phued approach presented is i11 
principle OK. 

nuire is also a qu,mion regarding test room1. What is determinin& the lize and the costs for 
a test room. Thue is again a rcma:rltable difference between the Admiral company and 
Hitedu, the 1mallm and laraerc in :nze. The same holds fbr the differences in cost1 for / 
retriaerant and oil char&ing equipment. Maybe this could be ¢Xplalned somewehat more dc-
t.iiled in the propo,al. Some lirm, will invest in leak detector,; does this not hold for all of 
them? 
A consistent approach and evaluation would be desirable. 

Tak.in1 the amounu of CFCs involver,! costs vary from about 18 to 14$ USO per It& of CFC 
(11 and 12) phalled out per year. Is thiJ an 11cccptllble fiaure? 

4. Chlllea 

As far as tho chiller convusion ls eonc«Md, there are no significant remarks. 
For the HFC-134a <:Qnversion, th~ cost is In the order nf USO :IO per k1 ofCFC-12 not u'led, 
which is a hilh ficure, and which ,hould b, supported hy consideration, on the lifetime and 
economic value or tho equipment. 
As far as the HCFC-123 conversion, no remarks. 

Eindhoven, 11 March 1993 
/_ 
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PROJECT TITLE: 

SECTOR COVERED: 

PROJECT IMPACT: 

PROJECT DURATION: 

TOT AL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

Project Cover Sheet 

Kingdom of Thailand 

Elimination of ODS Used in the Production of Household 
Refrigerators, Structural Foams, and the Cleaning of Heat 
Exchangers 

Household Refrigerator 

Eliminate 9 MT ODP per year (3 MT CFC-12, 6 MT CFC-11 & S 
MTTCA) 

Phase I: 2 years 
Phase. II: 1 year 

ODS Reduction Investment Cost: 
lncremeotal Operating Cost': 

US$ 1,210,000 
US$ 15,000 

This request is for pe[!Dissjon to proceed: no funding is requested 
at this tune. This project will be submitted to the EC following pre­
apprsisal for funding approval of about US$1,634,000 (@ 100')1; 
Thai Ownersmp) 

Part a (Household Refrigerators and A/C): · Nol Applicable 
Part b (Heat Exchangers): US$30.49/kg ODP/year 

Admiral Thailand Co., Ltd. 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

1 Net prcacnt value of fun four years of operating costs/savings. 

2 Includes 30')1; contingency and 3 ,r, fmancial institution fee. 



PROJECT SUMMARY 

This OTF n,quest is for permission lo proceed on final preparation of a project proposal to 
phase out chlorofluorocarbons (CFCs) used in household refrigerators and air conditioners 
manufactured at Admiral Thailand Co., Lid. The project will also eliminate 1,1,1-trichloroethane 
(TCA) used to clean the heat exchangers of the air ccnditioners. The phaseout will be 
acccmplished by converting the production line to refrigerators using HFC-l34a and HCFC-22 as 
the new refrigerant and foam blowing agent respectively. The air conditioner production line will 
be converted by replacing CFC-11 used in the structural foam with a fully blended polyol 
containing water. The use of 1,1,1-Trichloroethane will be eliminated by replacing the existing 
metal cleaning process with semi-batch aqueous cleaning equipment. The project will consist of 
two phases. The first phase will provide for product development using CFC alternatives and will 
identify all equipment and process changes needed to implement the alternative technology. During 
this phase, Admiral will obtain engineering assistance and training from its compressor and 
chemical suppliers. The aqueous cleaning .equipment for the heat exchangers will be installed 
during Phase I of the project. 

During Phase II, Admiral will purchase and install the new equipment necessary for mass 
production of CFC-free refrigerators as well as for the manufacturing of the structural foam used 
in the air conditioners. The project will result in the elimination of 3 MT/year of CFC-12 
(refrigerant), 6 MT/year of CFC-11 (foam blowing agent) and 8 MT/year of l,l,1-lrichloroethane 
after the conversion is completed. 

BACKGROUND 

The domestic refrigeration industry in Thailand uses CFC-12 as the refrigerant in new refrigerators and 
also to replace lost refrigerant during servicing. CFC-I I is used as the blowing agent for polyurethane (PU) 
insulation foam in refri;erators and m structural foam production. The demand for household refrigerators and 
freezers in Thailand is mcreasing at a rate greater than 10 \Iii per year, and most uoits sold in Thailand are made 
locally by seven major manufacturers: Sanyo, Toshiba, Hitachi, Sharp Appliances, Mitsubishi, A.P. National, 
and Admiral. Most refrigerators are equipped with compressors manufactured in Thailand by Sanyo and 
Kulthom Kirby. 1n 1992, the sector used a total of 430 MT of CFC-12 (210 MT to charge new appliances and 
220 MT for servicing), and about 650 MT of CFC-I 1. 

Admiral Thailand Co., Ltd. (Admiral), which is 100 percent Thai owned, is the smallest refrigerator 
manufacturer in Thailand and has a trademark agreement with Admiral. Annual production is approximately 
4,800 refrigerators and freezers, comprising three different models. The plant also produced 24,000 air 
conditioner uoits in 1991. Admiral also manufactures the heat exchangers used in tlieir air conditioners. In 
1992, the company ccnsumed 3 MT of CFC-12, six MT of CFC-11 and eight MT ofTCA. The average CFC-
12 charge size in its refrigerators is 0.52 kg. Admiral is still using full CFC· 11 formulation for its foam and 
uses about 0.93 kg of CFC-11 per refrigerator. 

Admiral Thailand is typical of a small refrigerator with a core staff of experienced personnel in key 
positions but without outside technical support. Since the future of Admiral's licensing agreement with Domicor 
Inc. U.S.A. is uncertain after 1993, Admiral must rely on its own designs, developments, and testing of the 
non-CFC refrigerator designs, However, Adminil first must secure technical assistance from its compressor and 
chemical suppliers to ensure that the risks associated with the conversion process are minimized. Tho purpose 
of this assistance is to provide Admiral with the technical infurmation and support necessary to guarantee a 
successful conversion to ODS-free technology. Such agreements are to be in place before the project can be 
considered as pre-appraised 

PROJECT OBJECTIVES 

This project has two main objectives: 
a) to phase out CFC-12 and CFC-11 used in refrigerators/freezers, and CFC-11 used in air conditioner 

structural foam. 
b) to eliminate the use of 1, 1, 1-trichloroetbane in the cleaning operation of heat exchangers through the 

use of an aqueous cleaning technology. 



PROJECT DESCRIPI'ION 

This project will be divided into two separate components. Component A concerns the phaseout of 
CFCs used in household refrigerators/freezers and in the structural foam for air conditioners. Component B 
concerns the phaseout of 1,1,1-tricbloroethane used in clesning the beat exchangers. 

Component A (Household Refrigerators and A/C) 

The use of CFC-12 and CFC-I I in household refrigerators will be eliminated by converting the 
manufacturing facility to one compatible with HFC· 134a refrigerant and an alternative foam blowing agent 
(HCFC-22,HCFC-22/142b, or HCFC-141b). It will also phase out CFC-11 used to make the structural foam of 
the air conditioners by replacing it with a fully blended p<>lyol. Component A will be subdivided into IWo 
phases. The first phase will provide for engineering assistance, trairu.o.g, and acquisition of specific equipment 
for testing the new refrigerators. The second phase will allow for the elimination of CFC-12 and CFC-11 
through the purchase and installation of the new ec:iuipment necessary for mass production of CFC-free 
refrigerators. Equipment required for the production of the structural foam of the A/C will also be purchased. 

Phase I of the project will ensure that Admiral ha.s the necessary equipment to conduct adequate testing. 
A controlled ambient test room with an accompanying data acquisition system will be purchased. This room 
will be used to test the refrigerators and help determine the optimum refrigerant charj!e and length of the 
capillary tube. Additional tests will be performed to select the most suitable filter drier for HFC::-134a and ester 
oil. Pull-down tests will be conducted to make sure that the food and freezer compartment temperatures reach 
their design values. 

Training will also be an integral part of Phase I. Technical expert.s from Kulthom Kirby, the 
compressor supplier, will train Admiral's employees on the proper fabrication ofHFC-134a refrigeration 
circuits. Emphasis will be on quality control due to the higher sensitivity of the new system to cot>taminants. 
Additional training on handling the new foam blowing agent will be provided by ICI Polyurethanes and Cannon 
Urethane Technology. Final decisions on all of the equipment purchasing and retrofitting, except for minimal 
equipment required to build field test models, will be made after Phase I is complete and test results are 
analyzed. 

Phase II of the project will consist of finalizing the transition to non-CFC technology. During this 
transition time, both CFC and non-CFC refrigerators will be produced on the same line. Therefore, Admiral 
will purchase and install an additional set of charging equipment (for HFC-134a and ester oil) a.swell a.s a new 
high pressure polyurethane injection foam machine. An identical high pressure injection machine for the 
structural foam will also be installed. If a hi11h-pressure fluid such a.s HCFC-22 is used, Admiral must purchase 
pressurized storage tanks for the polyol/blowmg agent blend. Care will be taken during this period to avoid 
cross contamination of refrigerants and compressor oils. New halogen lealc detectors for HFC-134a will also be 
purchased. 

Component B (Heat Exchangers) 

Admiral will eliminate the use of TCA in the heat exchanger manufacturing process b,r. installing a 
semi-batch aqueous cleaning process. Admiral currently uses a batch dip process to remove mis left over from 
the manufacturing process. The new cleaning equipment will be used to replace the TCA cleaning proce68. 
The switch from a relatively inert clesning process to one where water is utilized a.s a solvent will require 
aqueous cleaner evaluation and process development to ensure that cleaning times and drying times are sufficient 
to remove the dirt and oil from the product. The project activites for elimination of TCA use consist of the 
following elements: 

• 
• • 
• 
• 

Process development and material compatibility testing 
One medium volume semi-batch aqueous clesning system 
One wastewater recycling system 
Installation and training costs 
Costs of environmental permitting . 

Each of these project elements is explained in detail below: 

Process development and material compatibility testing will be performed by Admiral IO determine the 
best cleaning ageots and rinse water additives required to ensure adequate cleaning. 

The aqueous cleaning equipment will include one aqueous washing tank, IWo or three caacading clean 
water rinse tanks, a separate hot air drying section or oven, and an overhead hoist to move the equipment 
between each stage of the cleaning process. 

Wastewater will be captured, cleaned, and reused within the Admiral facility. The use of aqueous 
clesning processes requires that wastewater be treated to remove hydrocarbon oil and d~ent prior to 
discharge. Water treatment equipment is provided a.s an integral part of this project. The installed equipment 
must include wastewater treatment to be accepted for funding. 



The project includes funding to prepare the sites for the equipment. Costs are included for electrical 
supply and plumbing modifications to ensure safe installation of the equipment, Some modifications are 
necessary to the cleaning rooms so that the process flow is uninterrupted in times of high volume cleaning. 

Employees will be trained in the proper operation and maintenance of the new equipment. 
Incremental costs associated with the differences in cost of electricity, solvents, and labor are included, as is the 
cost of acquiring the necessary environmental pennits. 

PROJECT COSTS 

Total Project Cost 

The total project cost of US$1.22 million equals the ODS reduction portion of the overall project 
(investment costs plus net incremental operating costs). This project will not provide Admiral with incremental 
revenues. 

Investment Costs of US$1.22 million include costs associated with CFC-free refrigerator product 
development, technical assistance, testing, equipment for mass production, and training, as well as costs 
associated with the acquisition of an aqueous cleaning system for the heat exchangers. 

Net Incremental Operating Costs: 

Component A (Household Refrigerators and AIC): Because full scale production of noo-CFC 
refrigeratcrs will not occur until 1995, incremental operating costs have not been included as part of this 
project. 

Component B (Heat Exchangers): The net incremental operating costs of US$1S,OOO are equal to the 
net present value of the nrst four years of incremental operating costs. These costs are due primarily to the 
increased electricity requirements and the costs of wastewater treatment. 

Local ~I! Fraction of 100% was considered to determine the amount of eligible OTF grant 
financing. The ~Ject cost was multiplied by the fraction of local ownership lo detennine the proposed 
grant amount. 

Other Costs. A 30% contingency (US$366,000) was also included to ensure adequate funding of 
project costs foUowinJ project appraisal. An additional US$48,000 (3 % ) was added to the grant request to 
cover the fee for serv,ces of the financial institution (Fl) that will appraise the projects and oversee 
procurement, disbursement and audits. 

Reaues:1 Funding. The proposed OTF grant for Kang Yong Electric Co., Lid. is US$1,634,000 and 
was calculated as ollows: the total investment cost was added to the present value of tho incremental operating 
cost over the first four years of the project. Toe resulting total project cost was multiplied by the percentage of 
Thai ownership (100 percent). Tb.is figure was increased by a 30 percent contingenc:_y to yield the grant 
amount. Finally, this figure was increased by 3 percent to account for the financial institution fee. 

PROJECT IMPLEMENTATION 

Management: DJW will oversee the successful implementation of this project. The project will be 
carried out at Admiral. 



Schedule 

Part a (Household Refrigerators and AJC) 

... .. 
. ( TASK 

, , _: _· ... 
·- _.- •. 

Phase I: 
Model Development, Technical 
Assistance 

Testing and Training 

Phase II: 
Procurement and lnslsllalion of 
P:nuioment 

Conversion of Production Line to 
Non-CFC Technolo= 

Full Production of Non-CFC 
Refri.,.,..tors 

Note: x = one quarter of the year 

Part b (Heat Exchangers) 

Task Name 

Receive Funding ----
Select and Order Equipment 

Facility Preparation 
~ 

Install Equipment 

Process Development 

""Begin New Cleaning Process 

• ·. 

-

. .·. • ..... • < .····im··•· • 1993 1!>94 1995: . 

= XllX 

X XXJ<X xx 

xxxx 

X 

X 

1993 

Jun I Jul [Augl5ep[0ctl-l Doe 
' 

-
ESTIMATED DISBURSEMENT: To be determined upon pre-appraisal. 

TECHNICAL ASSESSMENT 

This subproject has been reviewed by the OORG technical reviewer, Dr. Michael Jeffs. The project is 
not supported at this time because of inadequate definition of the proposed foam technology. Firm technoloJy 
agreements also need to be developed. In addition to Dr. Jefrs review, comments were received from OORG 
reviewer Dr. L. Kuijpers. A formal review from Mr. Kuijpers will be submitted by May 25. 



e Polyurethane• 

Mr. o. arown 
The world sank 
1818 H street NW 
wa•h1ngton DC 20433 
USA 

TIIZirlD IPI IPOIIOS' IIQIQIILI 

Dear oon, 

Documents were received on 3/5/93. 

General comments are: 

ICI 1to1,uretllane1 
Evarslun 45 
8·3078 Ev•~rg 
Belgium 
Telephone (02) 758 92 11 
Telex 26151 ICIEVB B 
Telefax (02) 759 55 01 

5th May, 1993 

+ Enterprises whieh are subsidiaries ot Japanese r•trigerator 
manufacturer• ar• proposing the use of HCFC 14lb foam 
tec:l'lnology - thi• ia in line with th• changes now l:leing 
implemented in Japan l:ly th• parent eompanie1. How•ver, 
thi• could be a comparatively ahort term option in Japan. 
There 1• an increa■inq level of intereat in th• performance 
of cyclopantan•-bas•d foam whieh is now being implaented 
in Europa. Purth•r, at least two Japan••• manutactl.ll'ers 
are to ba•• part of their production on compoait,ss of 
vacuum insulation pan•l• with COz (watar)•blown polyurethane 
foam. 

• Herc l4lb tou technology i• now well proven and give• 
equival•nt in■ulation valu•• to foam based on CFC 11 
despite its hi9her 9a• thermal conductivity. 

+ HCFC 22 foam teahnology ia not used unle•• it 1• protected 
by steel panel• because of deterioration ot thermal 
insulation vitb. time. The tachnolQ9Y propo•ed by Adlliral 
i• not aupportad tor us• in r•trigitraton with plastic 
liners, The bland HC:FC 22 / HCFC 142b overcome• this 
a9ain9 problem and i• in use elsewhere, 

• Several project■ call tor the purchase of new foam 
injection machine• as well as vacuum toning equipment for 
liner• and jig1, Individual collllftanta are given tor the 
enterprise• but in qeneral the need tor theaa it••• should 
be reviewed at th• and of phase 1. 



• 

• 

- 2 -

~':L~ 

/ ~· 
The HCFC 141b price projection quoted in/xhibit l of the 
t•a•ibility atudy is too high. current price■ are about 
50, ot th• quoted 1994 price lev•l. 

Difficulty of gauging value of technical a■■iatance from 
parent compani••· 

~ (:> p;. G. M. P. ,J•tt■ - OORQ MD 1!52 \ v\ GHFJ/kd/41' 

cc Mr. T, Waltz 



IVIBRl?II; !Pllllle 

PM!PfVJPITIOJJ 

Before support is given the choice of HCFC 22 roam technology 
•hould be re-examined. Additionally, major capital items need 
justification. 

QLIJVCJ MR IPIOJllOJ Pl IR2B¥1!IOI 
No ju•tification noted tor purchase of item• in Phase 2. 

'flQIIJQIL IAPIPDII 
The use of HCFC 22 for in•ulating foam i• unproven for 
application• such as refrigerators where gas interchange can 
occur through the pla•tia liner, leading to deterioration ot 
insulating value. 

structural foam baeed on CO2 (water) is adequately proven. 

LIIIAM DOM 11111%1191 

Non• 

IIY!PODffllL IIIJJII 
HCFC 22 i• a transitional material and will eventually have to 
be replaced by a zero ODP blowing agent - such aa HFC l34a as 
noted in th• •tudy. 'l'h• u•• of CO2 (water) for th• ncn­
in•ulating structural foam application is sound. Project leads 
to ■avin9 of 9.3 ODP ta per year. 

IVIU IISJJII 
None, 

COIT IIUQ'liDIIII 

Major impact of capital item• in Pha■• 2 such as 2 foam machines. 
COz (water) process certainly does not need a pruix station tor 
blowing agent (itn 5). 'l'his ••ation needs to be queried. 

0!1111 

None 



.. 

KingdomofT"""'-1 
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS 

Con.,,,,ston qJ' Dum.stic Mt111,if't:11:trwrn11 ro HPC-1344 
and to HCFC-14/b in Poly11r1tlrtu1t1 FO«JnS; 

C 01tvttr1io1t of ChiJ/11r1 to HFC-13 411 

Projectii Deacribed by Thi! World Bank, Marcb 1993 

l, Introduction of HCFC-141b for foams and tbe conY11rslo11 process to HFC-1:Ma for coolina 
at nlAI TOSHmA 1111111.nriea; 

J. Idem, at ADMIRAL lnduttril!!I; 
J. [dent, at mTACHI lndu.,t~ 
4, Idem, at KANG YONO lndu.m.-; 
!J. Idem. at AP National lnduttriu; 
6, Two Chiller Co-Nlon Projects to HFC0 l34a.. 

Kuijpers, UM (OORO) 
Eindhoven, 199] 03 11 
RWR-570-LK-93106 •llr. 

R E M A R K S REGARDING THE P R O P O S A LS 

I, FMm DlowtDI 

All projects de$1.1"ibe a c:onversion from CFC- I I to HCFC-141 b. Jn a first inltanc~ it is re­
markable that there is a large price difference between the ~onvcrsion1 propo,ed for the <!if• 
fa-tnt indurtri~ (take e.g. the diffwcnc:e between J\P and Toshiba, 0.2S and I. 79 million) . 
Indeed, HCFC•141b seems to be the preferred route for the Japaneso, although, until re­
cently, they have also maintained the IICFC-123 option. It may be that they will stick to the 
IICFC•141b option, however, in Europa there is a tendency {whether or not roalmic) to study 
cydope:ntane. 1 flammabla high boilinc refricarant, About its performan~ nothina it known 
,o far ( conductivity value is worse compared to others, I do not know about Iona term 
behaviour), 
One should bear in mind that the European manufacturers have bc:c:n evaluatinc both 
l2/142b and 141b for quite some time; they achieved 1liah1ly inferior ruults with 22/l42b: 
howll'Ver, the Ions term behavior ii not so good, due to dilTu~ion of IICFC•22. Nevenhdesa, 
almost all manufacturers switc:htd to HfC• 134a (no chlorine anymore, due to environmental 
group preuurc: in Germany) Shortly before the Oomotechnica fair ( apart from one). So I do 
not know whether this could play a role in Japan and in the dauabtcr c:ompanies II well. 
The ben min, i, to ask the OOR.G foam expert as well (JeffK, ICI), reprdint the time in­
volved in opumwn1 HFC-134a foama. Dependent on this one could $Olve tho question on 
wh~her or not to invest in the IICl"C-l41b route in Thai companies or to postpone a dee,. 
sion to lattr this year. 

2.. Bt0111DtiDII, awr,I MMDette, 

The CFC-12 conaumpdon of the nvc companies amount• to about 78 tonnes, while a tou,.1 
contumption of 250 tonno. in this sector is mentioned. 15 there another larp manufacturer 
involved 1 
The abo\/0 does not hold for CFC- I I, 300 tonnes compared to 500 tonnes is used by the fimu 
considered. 



◄ 

Several companies should do somelhins reprding their use or CFC•! 1, i.e. apply reduction 
measures (take e,J, Kang Yortg and AP which prQbably use <.:FC•II also for clnning) since 
the consumption u huae compared to the CFC-12 consumption. 

J. Retl't11ratlPIL :r -:,,, 1oPP 

There is technology support from the mother companies, the costs however vary widely not 
dependent on the size of the company, e.g. 592,000 for Ma.muhita supporting the small AP 
firm. More information (e.g. contracts) on what i• ipecdicaJly covered in each of the cases 
is abloluwly neceniuy. There is also a question on whether or not the rdati,mship to Kultorn 
Kirby should nQt be des~ibed mQre precl$6ly. Description so far (l<ir't>y will provide the 
companies with comprc:scon for testing) is not at all sufficient. It i5 often the cQmptessor 
manufactutff (with its specific lubricant pror,ertics and 10 on) that determines the technology 
transftt. Defign of the appliance~ and the manufacturing proceu can be supported by the 
mother company. 
Kirby plays a key role in Thai companies, rot this reason mpre preci• information would 
be extremely useful. 
This will also determine whether or not CFC,12 and HFC•1!4a applian- can be manuf­
tUTed usine the same assembly lina. 

Jn particular the technology transfer issue is important: the phued approach preented is in 
principle OK. 

There is also a question regarding test rooms, What is determinin1 the .size and the costJ for 
a test room. There is again a remarkable difference betWeen tha Admiral company and 
Hitac;hl, the 1mallest and laracst in sl7.e, The same holds for the di1Tenmce1 in costs for 
refriacrant and oil charling equipment. Maybe thit could be explained somewehat more de­
tililcd in the proposal. Some tirm• will inve&t in leak detectors; does this not hold foe all of 
them? 
A con,istent approach and evalWttion would he de,irenble. 

Takin1 the amounts of CFCs involved costs vary from about 18 to 145 USO per kl of CFC 
( II and 12) phiued out per yu.r. b this an 111:ccptable li1ure ? 

◄• ChHhn 
As far as the c;ltiller conversion is conc«ned, there are no signincant remarks. 
For the HFC-13411 conversion. the cost is In thft order <if USD :l0 per k1 ofCF'C•l2 not used, 
which is a hish flcure, and whi<:h thould be surportcd hy considerations cm 1he lifetime and 
economic va!Ufl of tho equipment. 
A$ far u the HCFC·l23 c:.onvcraion, no remarks. 

Eindhoven, ll March 1993 
/ 

L,J.M. Kuijpen 

I 

l 



05-28-93 12:01PM FROM ENVGC NEWCOMBE IO 915142820068 P003/005 

Tlulllaad 
U'VIEW 011' flVE PHASE-1 CONVERSION PRQ.lECTS 

Convenic,a of Domlltlc Applllw:e Manllfacturina 1a BFC•l.3-4a 

hqftct l'rvi-allb>' Tllo Wtl'lll ....... .4.pril UIM 

Pint PbUo of Appllance l4tm~ ConvllPIO,I f'rom CPC-1Z IO 1:tPC-1341 at 
~ 
IUCul&ICOAlla..,."'•••m 
AP~t 
Adndl"'I 'l'laalluad 
lCaq Yoq Bleddt 'fllclw1t1:m. 

Jwijpen1 UM (OOllG) ~ 
19"0506 

R'IU•UNBH..K-93170 -It 

ll.lSf'lBW OF THB PIIA8ll J PROPOSAZ.S 

B.R9111111•datln 

Al prqjtot dCICri~ pn1pow & phwff l of 11 two &top &ppnw::b, bl ...-anr with the 
re.:o-4111o111 by th• 00JtG lflJllP of tho Bink. IQ moai CIIIOl lhonl U 111ffldtltt back \'IP ft-om 
tu dtM,1oped ontllltr)r applilnco 1l'U111161:1um, whare it Ille) appllN to Gditlolllll Ulitl {mainly in 
.tapa). 

HowlVar, nuHt ottbo i1imlrkl l'oal d\Y Nl'litr rev1-1till tppiy to tbaao lttffl ~ propoala: 
1. n,, "'111Uoallllp {tmd dmeacale otll11roductloa) with tho campreaor ~ 11M d many 
ulll:!Ctalmin li=t tht CClmpl'IIIOI' IIUPllJfiGIURJ'I hlYe ltlll to 001IYOrt their produaticm with !be 
IUpport i'om othe.rl. Tm lm,liaa 1bal the appllanc:o 111111111tluitunm1 wiB depc,ru;I M rd~ wt 
deplllld on o1IIIII' nilalioalhlp1 wherl ltill Ulloartain pll'lfflltti:1 art lnvolvai 
1. The mo ottho ,nxlucdon oldw, dlMrent llWlllillctuierl i.1 qub oii1fcfcllt, hm aboul 1-40,000 
down to 4,800 (Admind). Novotthel111, th11 cioau for u,ehnlcal support and for 11P' cquipmait to be 
bcm;ht do not have auy nladon•hlp to the prod\letion volume. 
3. 'I&. oolltl fottedlrfoel lllidanff .cm to be nmdoln, -1 <(Uito blah, >.11 ltl' -~ tecibnkal 
ulll&anoo filt IJ1 Natioflal (USD '700,000, ~ wlutae 74,000) QIMot be compared to other• 
<••S• Sanyo (OSD 454,100. pmduollllJI W>1wno 600,000 pi&0ea), Thia~ 11-t. to be cluiW flrllt. 

ft ii roe~ to tlrat 111t11blllh OriUria tor th• '°* tbr tochllicel wlltll!IIHI •whMher or nut 
rd.llWII to the pl'OISUafon '\JOhn:ne, ··•· with ocrcatn maxima. HfDN that~ projllOfl. ahould be 
appnMld. 
It llhovld .tao b6 ndad tN&t tu c»11venlon will btl d1p~t QII tho llllc,;:el5 of the~ 
proc,u, at ~r 111a•»flln11mt1 (project, atilt to bo approved). 

Tllldq tbuD aqum,,nt:I b1W IM:111111111', it 11 414..ult to jplr& alt OV411'l1U ~lllelldll:IOll fol 
(di,)tippl'O\lal. coaia tor Admirlll .,. too hlah, th«o la no b""k up ftQm another~,. 
Teclull;al aulmnw ~ ibt ~ 'Nllkmal,.,.. (too) hlah. 



05-28-93 12: OlPM FROM E~VGC lffV/COMBE TO 9!5142820068 P004/005 

.lilSMAY 2S '93 11 • 46AM WS tF!1IE 202 47727 4~ 47'7 l!'i',4:S 

:z. Rdavana and adequey of blfo~n pnivlded 

Tl1II ptoj"4: propotala ,11i'111t Mlllquaa ahort dcacrlpllau ofwlut.i la onviJ....,t to t,., a;-~ 

dudnil • &at phuo. 
The ~,...iuta,,.,.. ..--nts aro not wry well ~ {comp&rabloto the Sanyo pRJICt), 
the idu Is obtained that a llllillblo t.ppllollct pradllCtlon can bo lll,llflllUll\ld (11.11. by ,ddtilDIUll 'Cit.bl& 
In Japan ow,), HOWCMIT, GOIU ibt tachrur.al 'Wialaua RC1111 to be mdom: 
• S,nyo (aepa.re.;t propo .. l); t1SD 4~.800 fbr a volume of II00,000 pl-. 
• nBl: USl> 510,l<IO 140,000 • 
• JCims YOJIA USD 32().000 l 15,000 " 
- J.:e National t1SD 700,DOO 74,000 " 
• Hllaebi USD 480,000 142,000 • 
• Admiral (utimll•) tJif) 1~.000 4,800 ". 

3. rauiAI .ICllllldlllll 

1ft tho co1W«'llon to IIFC.1341, le I& la ,artlc.ulv tho c.o.nalni:y 1llai 11. tdiable product GaR be 
mam•&otured, whlc:h ha1 to do with adapling 'k)ea1 mann&ii:turloi prollOhOS that will OOllt mooay. 
11· wlU alway• ba difllClllt to llllllllll\cnuni Cl'C-12 .nd HJ!C-134<\ appl!ancoa at 1h11 wne momont. 
unlOII• vory lptlllial precautlonl; - labn. . 
Tho rcllabllky oftbci 1ppll11101 wlU allO depend on the quality (and the i:,pe) oftb6 C:Ompl'ill10r,Tld1 
.-not be utlm&ted at dii, inomimt. 
Since Ki.l1illom Kirby la OU at the maln llllill\l~l'Ofll of comprtHOti 11\volwd, It lhould bo 
ucertained WholhM tbla company -,.IIQlv. pro'bltnls which ml.llht ix;cur at the mmu~ at the 
lllnelima. 

4. Coal efft.c#f.anu1 

Co~~.,,.. G111111ot bo dbOl.tt1ed. Ther11 are only comei quelldo111 u alroady mllltioncid above: 

1. DOfl 11techn1cal u11aunce• illlpl), a rotatio.wiblp lo f1,c praduotion volume?. 
2. . Co.u for lab ocplpMent {tel!. n:mm) ll!ld li:lr llhal:lllna •41Uf1'11"R1 .. ,. qu1to <lifterent. E.g. 

tht co11t1 t'o.r ~ at Allmitf.l ls equal to otherl wltn 111, mum bialler prod!kltton volllftle. 
3. Jt ia difflcult toJllds• upon whether some manllfilOtUen need teat 1oonu, others not. 

i,l\:j3 

or.-2u-...:i1 10:so/Ud PooJ nso 



The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

Project Cover Sheet 
Kingdom of Thailand 

Phaseout of CFC-12 in Mobile Air Conditioners 

Mobile Air-Conditioning (MAC) 

Reduce consumption of CFC-12 by 125 MT/year 

1 year 

US$618,000 

This request is for pegnissi!jln to =eed; no funding is requested 
at this tune. This project will be tnltted lo the EC following pre­
appraisal for funding approval of about US$463,000 (@ 56" Thai 
Ownership) 

Not Applicable 

Nippondenso Thailand Sales 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

PROJECT SUMMARY 

This request is for permission to proceed on final preparation of a project proposal lo convert 
Nippondenso's network of 150 mobile air-<JOnditioning service shops from CFC·12 lo shops for 
servicing new HFC-134• mobile air conditioners which will be installed in new cars starting in 
1992. This project will prepare Nippondenso's network of ISO mobile air-<JOnditioning service 
shops to provide services for new HFC-l34a mobile air conditioners (MACs) which will be 
installed in new cars in 1993. Under this project, Nippondenso will set up a demonstration center 
which will be used lo train technicians from its own service network as well as technicians from 
other interested service shops. Tools and equipment required for servicing HFC-134a MACs will 
then be distributed free of charge to Nippondenso-authorized service shops. This project is a 
necessary complement to the automobile manufacturer's decision to produce cars with air 
conditioning units using HFC-l34a as the working fluid. MACs require regular servicing. To 
ensure that product quality and utility is retained for the HFC-134a MAC systems, service shops 
will have to be equipped to service these systems, and service engineers will bave to receive proper 
training. The auto maker's decision to install 134a units will result in annual CFC savings of 625 
MT. 

1 1ncludes 30~ contingency and 3% financial institution fe.e. 



• 05-12-93 14:38 SIMON OULOUHO.JIAN 641 P02 

May 11, 1993 

TO: CHARLES B. CATANACH/ JESSICA POPPI:LE. WORLD BA.'l'K 
FAX; 202•477-6619 

FROM: SI!\l!ON OULOUHOJIAN• OORG REVIEWER· MOBil.,E AC 
FAX: 21S-3S2-1345 

IHAILA.."ID • REVIEW OF PROJECT PROPOSAL· MOBll..E AIR CONDnlONlNG 

CCll,IH'fR I: ThW1111i 

l't1~JtCT nn;, "!,,...,, ol CJ'C•lZ h M«,11 
;:, Cond11ai.-, 

if Ct l Of'I COVEtit:O: McUlt M'•(;cr,:111,..1111; {MAI.} 

005 1./~f IN UCTOA· ll<l MT ol CFC·ll 10' ,.., ~MIi iii llll 
1.~20MTolCfC•121., ..-,;~ in 1911 

s>ROJEC~l'WPA"!''!: ~~lffi\O tit CM""',l'lrJ,1er ef Cr"C•12:ov 
I U MT P4" yt« 

PAO,ECTOUAAT!OH: 1 ;111 

l'AOJCC':' rco.0111,; LIFE. l 1 .... 

TOTA.PROJECT COST: 11$1 a,o ii(!) 
Pnc~ono {)Tl' f!N.I.MCING: 11>1 ◄:.l.Ci.10 

IIIPL!llfNTIHG EHTCnP!IISH: :c::<oe11oll'to Th"'"'< s~ .. 

C00n.)IN.t. TING lli~ISTIIY: Ctl\4t1"1Mlt of lo~l't111 Wcrb 
~J\ii·, ~ !r,~•ri' 

PROJECT #2 RE: NEW TOOLS • 1"RAlNING FOR HFC 134a • FIVE YEAR PROJECT 

I support this projQCt with accelerated phase out and the introduction of the non ozone depleting HFC 
134a to mobile llir conditioning $)'sterns. 
The air conditioning indusuy needs trainina to support this alternative refrigerant 

Thia project will provide and prepare the 150 Nippcndcnso service shops with the tools and training 
necoaaary u wc:ll as serve as training centers for the: entire mobile air conditioning service ind\lStry in 
the Kingdom of Thailand. 

HFC l 34a refrigerant and synthetic luhricanl ( PAGS ESTERS) requires a strong ri:training effort of 
the service indusuy with emphasis on prnper rcpail'll before charging air conditioning systems 10 break 
the "Gas and Go" mindset of working with CFCs that precluded !lxlng the leak bec11use of the low 
cost ofCFCI2. 

l 



The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

PROJECT IMPACT: 

PROJECT DURATION: 

TOT AL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

Proiect Cover Sheet 
Kingdom of Thailand 

Conversion of Electronic Cleaning Process from CFC·l 13 lo High• 
Purity Water Cleaning 

Solvent Cleaning 

Phase out annual consumption of IS MT CFC-113 (weighred) per 
year 

6 months 

ODS Reduction Investment Cost: 
Incremental Operating Costs': 

US$ 
US$ 

228,000 
10,000 

This request is for pennis,jon to proceed: no funding is requested 
at this ume. This project will be submitted lo the EC following pre­
appraisal for funding approval of about US$319,000 (@ 100% Thai 
Ownership). 

US$2.56/kg ODP/year 

TeamTronics Co., Ltd. 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

August, 1993 

PROJECT SUMMARY 

This request is for permission to proceed on final preparation of a project proposal to 
eliminate the use of CFC-113 solvent in the cleaning of flexible circuit card assemblies at 
TeamTronics. TeamTronics is a contract manufacturing facility producing high technology circuit 
assemblies for use in electronic equipment such as computers. At TeamTronics, the phaseout of 
ozone depleting substances (ODS) will be accomplished by replacing the cummt CFC-113 batch 
cleaner with one in-line aqueous cleaner. The aqueous cleaners will be used to remove flux 
residues and light ionic contamination from the circuit cards. The project also includes the 
purchase and installation of a water recycling system. The project will result in the elimination of 
IS MT per year of CFC-113 after the conversion is completed. TeamTronics is 100 percent Thai 
owned, which was taken into account io calculating the proposed OTF financing. 

1 Net present value of first four years of operating costs/S&vings. 

' lnclud .. 30 % contingency and 3 % financial institution fee. 
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VIA TELECOPIER 

May 28, 1993 

Mr. Don Brown 
The Wodd Bank 
· 1818 H Street, NW 
Washlngton, D.C. 20433 
U.S.A. 

Dear Don: 

Re: Commente on 'lluula.nd Project 

I have reviewed the Thailand solvent projects for Hana Semiconductor, 
GSS Array, SAHA Union, THECO, Cl Croup, and TcamTronics, and 
have provided verbal comments to you, I hr111e summarized these 
comments all follows: 

• 

• 

• 

• 

• Was the no clean option con~irlerod for OSS Array, Hana 
Semiconductor, and Tel\mTro1tic1.1? It appears that the type of 
products manufacture,! are candidates for the no-clean process, 
which would thua r1t1ve !'vuid~d th•• need for waste water treatment 
facilities at tbei'le locations. 

In the case of SAHA Union, I arik if IBM's experts in San Jose, 
California were conlucted with regard to the propo:,md process. If 
noL1 I recommend that Dr. Ming n:u, or othor staff at flan Jose, be 
brought into the project aa it goes forward. IDM at San Jose has 
developed aqueou~ clmming for th,, diae d1•lvi,~ ;\It thnt loe11,Uon and 
they would presumably have good infotmAtion to ehnre with SAHA 
which has IBM involvement. 

I'm not familiar with the plastic media cleaning process suggested 
for Hana Semiconductor and tin .. o COl'IRtrt,lnt;i r••ecluded an:r 
opportunity to familiarize myself with this co11cept. nm, therefore, 
une.ble to oficr comm,,ntij. 

The proposed tech11ologics for chwning of heat exchangers at Cl 
Group and at THF.CO ahould work well and ,;,ni comiidered 
appropriate altern111.es. Closts app.,:1r to be In the ex11ec-ted range f'or 
these technofogfos. 
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Generally speaking, my concerns rest with the 1;1t:le.:tion of aqueous 
cleaning proceti&ee, especially in th<! case of manufactudng of consumer 
products, rather than promoting the concept of no clonn ta the preferred 
technology. 

It hae been shown by many companieij that no clean is gaining 
acCE1ptance as a preferred manufacturing technol()gy •· for high 
tech/high reliability products such as in the telo~ommunications 
11witching e4ulpment, as well as for consumer productli. The benefits 
include: removal of a manufacturing step: the avoidance of purchasing 
cleaning supplies; tho avoidance ot waste treatntent 1:1ncl dil!po11al; and, 
in many cases, improved product qua.llt.y. I believe th,, industry trend 
towards no clean will contlnue which may, at some poinL In the future, 
make obsolete alternative cleaning systems such as aqueous. 

There continue to be objectives to no clean by son1e manuft\cturers, often 
based on anticipated c11&tomer demand or reluctance to believe thtlt high 
reUability electronic product.I! can be rnannfactun:id without cleanir1g. A 
guide to selection of appropriate alternatives to Cli'C• l 18 and methyl 
chloroform cleaning in the electronics industry which w1111ld be based on 
industey experienci, gained over the past five yea1·s wollld be a useful 
document that could be used by the Bank, its consultanLs, and industry in 
developing countries. Thie concopt was diocus.~ed at tho OORG meeting 
and will be brou1ht to the attention of the exeeutivo of the Industry 
Cooperative for Ozone Layer Protoetlon (ICOI.P) fov consideration a" 
aon,cthlng Lhat experts from ICOLP member companiell might dt1velop. 

Regards. 

Arthur D. FitiGcra.ld 
Director 
Environmental Projects 

ADF/jm 
l116 

:I 



The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COSTS: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISES: 

COORDINATING l\tINISTRY: 

IMPLEl\tENTING AGENCY: 

Project Coyer Sheet 

Kingdom of Thailand 

Demonstration of Low Pressure Chiller Conversion and Refrigerant 
Recovery Technology 

Building Air Conditioning 

Demonstration of chiller conversion and refrigerant recovery 
technologies. 5 MT CFC-11 consumption avoided (2 MT at Kian 
Gwllll; 3 MT at Imperial) 

One month for engineering changes 

Kian Gwan Building 
ODS Reduction lnvesment cost: 
Incremental Operating Costs': 

1rs1a1 Queen's Pat% Hotel 
O~Reduction Investment Cost: 
Incremental Operating Costs': 

US$ 78,000 
US$ 100,000 

US$ 63,000 
US$ 90,000 

This request is for peg;missj~n to ~; no funding is requested 
at this tune. This proJecl w,11 be sumitted lo the EC following pre­
appraisal for funding approval of about US$238,000 for Kian Gwan 
Building and US$205,000 for Imperial Queen's Park Hotel (both@ 
100% Thai Ownership) 

Kian Gwan Building: US$22.27/kg ODP/year 
Imperial Queen's Parle Hotel: US$15.27/kg ODP/year 

Kian Gwan Company is the owner of the chillers on which York Air 
Conditioning and Refrigeration (Thailand) will perform the 
conversion. 

The Imperial Family of Hotels is the owner of the chillers on which 
Jardine Trane Air Conditioning will perform the conversion. 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

' Net pn:sent value of first four years of opersting costs/ssvings. 

1 Includes 30%, contingency and 3 ~ fmaneial institution fee. 



PROJECT SUMMARY 

This OTP request is for permissjon to proceed on final preparation of a project to develop 
the ability of Thai engineers and technicians to convert low pressure CFC· I I chillers to HCFC· 
123, and to recover and recycle CFC-11 refrigerant during service operations. The project would 
involve two of the largest refrigeration service companies in Thailand; York Air Conditioning and 
Refrigeration (Thailand) and Jardine Trane Air Conditioning. York would convert two SOO ton 
CFC-ll centrifugal chillers at the Kian Gwan Company's main office complex, and Trane would 
convert one 1,215 ton CFC-ll centrifugal chiller al the Imperial Family of Hotels's Queen's Park 
Hotel. Both York and Trane would undertake the conversions with the help of engineers from 
their parent cornpsnies. Recovery/recycling equipment would be purchased to remove the CFC-11 
refrigerant and purify it for reuse in other chillers, reducing Thai consumption and imports of 
CFC· 11. York and Trane would assume ownership of the recycling wachines after the completion 
of the project so that they could use them at other sites to reduce ODS servicing related emissions. 
Finally, the project would reimburse the chiller owners (Klan Gwan and the Imperial Family of 
Hotels) for increased energy and refrigerant costs that they would incur as a result of the 
conversions. Both buildings are assumed to be 100% Thai owned, which has been taken into 
account in calculating the proposed OTP financing. It is expected that this project will eliminate 
the consumption of 5 MT of CFC-11. 



Kingdom of ThldJIUIII 
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS 

Con~•rsion of Do,,,.stic Man11facturtn1 to H/IC-131/4 
DJ'ld to HCFC-1'/h in Pol)luntluui• Fa«rnS: 

Conl'frsion o/Chi/J•n to HFC-JJil• 

Projccta De11:ri'lled by TIie World Bank, Man:b 1993 

l, lulrvduttion of HCFC•14lb for foams and tbe con .. rs1o11 process to HFC• IJ-4& ror coolina 
at nlAI TOSHmA bllutries; 

Z.. Idem. at ADMIRAL lnduttries; 
J. Ideal. at HITACHI lndwitrift; 
4. Idem, at KANG VONO lndu,tria; 
,. Idem, at AP National lndustria; 
6, Two ClliHar ColffllN!oa ProJed• to HFC•l34a. 

Kuijpeu, WM (OORO) 
Eindhoven, 199'.! 03 11 
RWR-S70,LK-93106 •lit 

R E M A R K S REGARDING THE P R O P O S A L S 

I, Foem Dkmtm 

All projects dll!SCribe a eonvcrsion from CFC-II to HCFC-14l b. rn a first inst&rK', it is re­
marltable that there is a large price difference hetwccn the conversions propo,cd for the dif­
ferent indust:ies (tako e.g. the difference between AP and Toilhiba, 0.2S and 1.79 million). 
Indeed, HCFC•l4lb seems to be the preferred rovte for the:: Japamm11 although, until re­
cently, they have also maintained the IICJ7C•l23 option. It may bo that they will !tick to the 
HCFC•14lb option, however, in Europe there is a tendmi;y (whether or not reali.nic} to study 
cyclopentane. a flammablo high boiline refrieerant, About its s,errormani;e nothina is known 
so far (conductivity value is worse compared to othen, I do not know obout Iona term 
blllhuiour ). 
One should Mar in mind that tho European rnanura~'l.urers have been evaluatin1 both 
22/1421:1 and 141b for quite some time; they achieved &li&hlly inferior mulu with 22/142b: 
however, me Iona term behuior i. not 10 good, due tn dii'Tu~ion of IICFC•22 Ncverthdua, 
almost all manufacturen switched to HfC•l34a (no chlorine anymore, due to environmental 
group pre!!Sllre in Germany) shortly before the Domotcthniai fair (apan from one). So I do 
not know whether this could play a role in Japan and in the dauptcr <:0n1panin II well. 
The best thin,i is to ask the OOR.O foam e:w.pert as well (Jeffit, !Cl), reprdint the time in• 
volved in optimizin1 HFC-134a foarM- Dependent on this one could solve the question on 
whether or not to invest in the llCfC•l4lb route in Thai companies or to postpone a de<:1• 
sion to lats tbll year. 

l, lt01ffll:tla• IIPlfN ... neuew 
The CFC-ll consuraption of the five compania amount• to a.bout 78 tonnes, while a total 
conaumption of Z50 tonnes m this sector is mentioned. b there another lar&e manufacturer 
involvtd? 
The abo~ does not hold for CFC-t I, 300 tonnes comparlld to .SOO tonnes is used 'by the firms 
conllid•ed. 



◄ 

Several compani"" should do somethin1 recardin& their use of CFC-I I, i.e. apply reducrion 
meuurcs (tar.e e.,. Kana Yong and AP which probably "'" CFC•II also for elunh\g) since 
the consumption 11 larae compared to the CFC·12 consumption. 

J, R•tl'lg""1ful ..,...,'k topisa 

There is technology support from the mother companies, the costs however vary widely not 
dependent on the size of the company, e.g, 592,000 for Matsushita t"1pporting the stM.11 AP 
firm More information (e.;. ,ontracts) on what i• spe,:1fi~ally covered in eAch of the case~ 
ii a.b1olutely nece,,.iry. There ii also a question on whether or not the rdationship to K1.1lt0rn 
Kirby ~hould not be de,gjbed more pr~y. Description so far {Kirby will provide the 
companies with 1:omprenou foe te,ting) is not at all sufficient. It i, often the compresaor 
manufact\lltr (with its specific lubricant prorcrtics and so on) thac determines the techna!ogy 
transfer. Dffign of the appliances and the manufac:turin1 proccu can be supported by the 
mother company. 
Kirby plan a key role in Thai companies. for this ~on m?re precise information would 
be extremely usef uJ. 
This will also determine whether or not CFC-12 and HFC.:•12411 applian~ <?an be manufac. 
um:d usin1 the same assembly tin-. 

In particular the technology transfer issue is important; the phued approach prncnted is in 
principle OK. 

There is also a que1tion rega.rdina test room1. What is determinina the ,i;w and the costs for 
a tut room. ·rhere is again a romarltable differancc between the Admiral company and 
Hitam.i, the imallest and l1r11cSt in ,i:ze, The same holds for the differenc11 in costs for 
refri1eram and oil charging equipment :",faybe thi• co1ild be explained somewehat more de­
tailed in !.he propo,al. Some tirm• wilt invest in leak dctec:tou, does thiJ not hold f'or all of 
them 7 
A comi.stent approa,h and evaluation would he dMireahle. 

Takin1 the amounu of CFCs involved costs vary from abQut 18 to 14-' USO per k1 QfCfC 
(11 and 12) pha~ out per year. h lhiJ an a,:;ccptablc li1ure? 

4. Chlllen 

Ai far u the chiller convenion is concerned, th«e are no ,ignificant remarks. 
For the HFC-134« conversion, th<tcost is in the orde,- nf lJSD :mp« k1 orCFC-12 not used, 
whic::h is & hi.ah fl&ure, and which 1ho1.1ld bo surportcd by consideration, on trui lifetime and 
economic value of the equipment. 
As far u the HCFC-123 conversion, no remarkl, 

Eindhoven, 11 March 1993 
L 

L.J.M. Kuijpen 

I 

l 
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Co!Mlnlon ol Cldllcn to HFC-13'• alld HCPC-123 
Pl'o,j..s,,.....hyn.Wortdllallk,Aprll l!JIH 

Carrvemon nm CFC~12 10 Bi'C-134a ll 111, Poat Bul.ldJrlg 
d from CPC-11 to HC10.12S at lQa Gwll1\ Jlfld I111perial. 

:a.cODIIIIOP+tlara 

Sblal da ~ dM""ll\i!JR 11G11talai luata:lllCOI l'ot dl6 ~ {blOk up by devOl.opcd 
c:oimtry manufabl.uRn), l'lvllll .II no hlebok:al reuon to not recommou.d apPl,'CJYll, 

-SO-, Ii llbollld lie bom bl iilla.d lhll 0011, fM~ - vazy hip. i.a. US!) 3511111' kl 
of CPC-12 aiwl USI> 8S uu:I 53 far die ccnveraton to HC,C..123 (IMIII compm:cd to dom~ 
-.,,uani;o ll0ll'Yl'IDlan projeca), 

lC emphpir:el Ibo nood for •111 up Caod l!COl!omio r.dllida foe dllllor colMll:1iollt. 

L.J.M. Jtullpen 

202 4'77 ~•t,t;J: 05-;,fl-93 10:SOAM .POO( #Sb 



The Montreal Protocol on 
Substances that Deplete the Ozone Layer 

Thailand ODS Multicomponent Investment Project 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING': 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISES: 

COORDINATING MINISfRY: 

IMPLEMENTING AGENCY: 

Project Cover Sheet 
Kingdom of Thailand 

Demonstration of Converaion of CFC-12 Chillera to HPC-134a 

Building Air Conditioning 

Demonstrate chiller conversion and refrigerant recovery 
technologies; Avoid consumption of 6 MT of CFC-12 

One month 

ODS Reduction Investment Cost: 
Incremental Operating Costs1: 

US$ 176,000 
US$ 14,000 

This request is for llffl!lission ~ proceed: no funding is requested 
at this ume. This project will submitted to the EC following pre­
appraisal for funding approval of about US$ 254,000 (@100 % Thai 
Ownership) 

US$10.12/kg ODP/year 

The Post Publishing Company is the owner of the chillers. 
Pido International Company will perform the conversion at the 
Bangkok Post Building. 

Department of Industrial Works (DIW), Ministry of Industry, 
Kingdom of Thailand 

The World Bank 

1 Net present value of first four yeani of operating costs/savinp. 

' Includes 30'io contingency and 3 % fmancial institution fee. 



PROJECT SUMMARY 

This OTF request is for pennission to proceed on final preparation of a project proposal to 
convert three 400-ton CFC-12 centrifugal chillers at the Bangkok Post Building lo operate using 
HFC-134a as the refrigerant. In addition lo eliminating the use of ODSs at the facility, the project 
would serve as an example to building owners who use McQuay chillers throughout Thailand of the 
process of converting to alternative refrigerants and provide experience in retrofitting CFC-12 
centrifugal chillers. Pido International, the representative of McQuay Air Conditioning in 
Thailand, would perform the conversion with help of engineering consultants from McQuay. The 
project would also include the purchase of a recovery machine that would be used lo remove the 
CFC-12 refrigerant and purify it for reuse in existing chillers elsewhere, reducing Thai 
consumption and imports of CFC-12. The recycling technology would be used by the chiller 
service companies al other sites lo reduce ODS servicing related emissions. Finally, the project 
would reimburse the chiller owner for increased energy and refrigerant costs that they would incur 
as a result of the conversions. The Post Publishing Company is assumed to be 100% Thai owned, 
which has been taken into account in caculating the proposed OTF financing. This project is 
expected lo eliminate the consumption of 6 MT of CFC-12. 



Kinpom of Tht,JJ,uul 
PRELIMINARY REVIEW OF A NUMBER Of' PROJECTS 

Conl'lfrsion of DorMsttc Manufactunn1 ro HFC-1344 
and to HCFC-14/b in Polyur,than• Foams: 

C01111«rsion ofChiU.rs lo HFC-114• 

Proje<:ta De11:rilltd by The World Bank, Muell 1993 

1, lllh'Oduo:tion nf HCfC• 14lb for roams and the conversloll proc10S1 to HFC-13-4& for coolbJa 
at THAI TOSHIBA lndutrles; 

Z. Idem, at ADMIRAL Jnduatrles; 
J. Idem. at HJT A.CHI lnd115trietJ 
4. Idem, at KA.NC 'VONG lnclu,trm; 
5. Idem, at AP National Industries; 
6. Two Cltillll' Cnlfffflllatl Projeet, to HFC•f34a. 

Kuijpeu, WM (OORG) 
.Eindhoven., 1993 03 11 
RWR-$10-LK,93106 •lk 

R EM A R K S RECARDJNC THE P R O POSA LS 

l, FoeeBJo>r1u 

All projects describe a conversion from CFC-I I to HCFC-14l b. In a first instance, it u re­
markable that thue is a large price differen<:e hetwecn the convenion1 propollld for the (!if. 
ferent industries (take ,:.g. the diffell'Cnct between AP and Toshiba, 0.25 and 1.79 million). 
Indeed, HCFC-14lb seems to be the preferred rout, for th,; JapancN, although, until re­
cently, they have also maintained the I ICFC-123 option. It may be that they will stick to the 
IICFC•l41b option, howev~, in Europe there is a tendem:y (whether or notreali~ic) to study 
cyclopentan111. a llammabla high boilinc refricerant. About its p111rrorman~ nothina it known 
so far ( conductivity value is worse compared to others, l do not know about Iona term 
behaviour). 
One should hear in mind thll.l the European manura~1urers have been evaluatina both 
:z?/142b and 141b for ~11 some time; they achieved sli&lltly inferior l'C$UIU with 22/142b: 
however, the Iona term avior i, not so good, due tn di(f'u!!lon of IICFC•22 Ncverthdeu, 
almost all manufacturers switc:hed to HFC·1)4a (no c:hlorine anymore, due to en"ironmental 
group pressure in Germany) shortly before the Oomotechnica fair { apart from one). So I do 
not know whether this could play a role in Japan and in the davpter o:cmpaniea a1 well. 
The bflt thinJI ii to ask the OORG foam expert as well (Jeff~, ICI), reprdina lhe time il'.I• 
valved in optimwn1 HFC-134a foama. Dependent on this one eould solve tho quution on 
whether or not to invest in the HCf'C-141b route in Thai companies or to pol'lponc a de<:1• 
sion to lat« this year, 

l, ldl1..,tlDII. &1WN lnmlUPM 

The CFC-12 consumption of the five companits a.mot.mt, to about 78 tonnes, while a total 
con,wnption of 2$0 tonn" in tl\is sector ia mentioned. 1s there another tarp: manufacturer 
involved 1 
The abow does not hold for CFC-I 1, 300 tonnes compared to 500 tonnes is used by the firm, 
considersd. 



Several companies should do somethina reprdin1 their use of CFC•ll, Le. apply reduction 
meuutes (take e.$, Kana Yong and AP which probably <1se CFC•ll abo for cltaning) since 
the consumption u lar11e compared to !.he CFC-12 consumption. 

,, R.trta•ra&tpn, ..-Kk tams, 
There is technology support from the mother companies, the costs however vary widely not 
dependent on the size of the company, e.g. 192,000 for Matsushita t1Jpporting the small AP 
firm. More information (e.g. conuacu) 1m what is specifically covered in each of the cue~ 
ls absolutely neceHary. There is also a qmmion on whether or not the relationship to Kultorn 
Kirby should not bo described more precucly. Description 10 far (Kirby will provide the 
companies with <:ompresaou for tating) is not at all sufficient. It i~ often the ,ompre,sor 
manufacturtr (with its specific lubricant prorertict and so on) that determines tho technology 
transfer. Defign of the appliance,, and the manufacturing proce,1 can M supported by the 
mother company, 
Kirby plays a key role in Thai companies, fot this reason m~r• precise information would 
be o,ur4!1fflely user u.l. 
Thi1 will also determine whether or not CFC· 12 and Hf'C.-1 J4• applian- c.n be manufac. 
tured usine the same assombly lina. 

In particular the technology transfer issue is important; the phued approach presented iJ in 
principle OK. 

There is also a question l'\tgazdinl test rooms. What is determinin& the Jizo and the colts for 
a te5t room. Jhcre is again a remarkable di/Terence between the Admiral company and 
Hita1;hi, che smallest and lar&est il\ SiZe, The same holds for the difference, in cost1 for / 
rofri1erant and oil charpng equipment Maybe this could be explained someweba! more de. 
tailed in the propo,al. Some lirm, will invest in leak detectors: does tlliJ not hold for all of 
them? 
A consistent approach and evaluation would he desirnble. 

Takin1 the amount, of CFCs involvw. costs vary from about 18 to 145 USD per kl of CFC 
( 11 and 12) phaRd out per yur. Is this a.n a.cccptable fi1ure • 

◄, Chillers 

As far u the chiller conversion is concerned, there are no ,ignif1cant remarks. 
For the HFC-134a convctsion, the cost is In thft orde,- of USD lO per k1 ofCFC•l2 not used, 
which is a hiah llcure, and which should be supponed by considerations on the lifetime and 
economic value of the tquipment. 
A~ far u the HCF(';.123 coaversion, no remarks. 

Eindhov,m, I I March 1993 
L' 

L.J.M. Kuijpen 

l 
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Convenlon of Cldlen to Hll'C-13'9 aad IICFC-123 
Pl'OjeccPr ep11fllf "1 TIMI Wedd BUik, April lib 

Convlllffll:ll'I. from CFC•l2 IO BPC-1341 at tho Poat Buildltll 
Nl4 flam CIIC-11 to Jlalo.t2S at X1aa Owlln Uld lfllp,lrial. 

B:ecODll!!AdRflfllll 

Since thl projef devrbliltm contmi aumn=a for th6 ~ (ba up by dllvel.oped 
c:oonny llWI~, ihlnil no•nlc:aJ ._ to not nconnnead ~. 

Jlowlrvor, tt lllbolllcl M bom In imlMi that CON flv ooavenloa -VIit)' ht,:h. I.e. 'USD 3.51W kl 
of CPC.12 .mtd USI> 85 111115' tor the ocm1/6l'IIOrJ ro HQI0-123 (llVtlll complll'ld to doml!lltk: 
l;IIP1fance ccmvmlon Pl'Q!-.), 

n enipbuircl& Ibo nood ror MUlD& up lood 11C011omul cdlll.lu f« dull« convenlllSII. 

202 477 2'/4 J 


