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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
channe! funds from the OTF to beneficiaries 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 2 Country Program (CP} to be completed by June 1993 that defines a cost
effective strategy, incremental costs, 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 USEPA are assisting firms
affiliated with Japanese and US companies and a UNEP/SIDA project provides TA on ODS phase out
in the sclvent sector.

4, Two Engineering Studies, for which the Bank was implementing agency, were commissioned 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 2
permission to proceed for the other 6 identified subprojects.

5. In 1991, Thailand consumed 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} aerosois (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 9% p.a. in 1991, By comparison, Philippines
consumed a total of 2650 tons ODP and Malaysia 4779 tons ODP in 1990,

6. Project Objectives. 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 subprojects. The proposed approach is
to provide grant funding to several subprojects through a local financial institution to cover their
incremental costs.

7. Projest Description.  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 subprojects over $500,000 will be presented to the MFEC for approval once
finalized.

: Sts, )6 - ancing. Estimated total investment program costs are
Uss$z6. 829 mlllum mciudmg USS3 66‘? zmlhon in contmgency and financial intermediation fees. Out
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of this amount, US$21.105 miilion 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
{investment 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 Amnex 2), Following current MFEC practice, reimbursement of
incremental operating costs for subprojects is limited to four years. An overail contingency allowance of
15% 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 Egtimates
{USS million)

Ipvesiment  Not Recumring  Proposed

Conts Costy oTF

Pre-appraised subprojects 24.456 {0.21D 18.123
Tdentificd subprojecta 2.373 0.133 2.988
TOTAL Project 26,829 (0.084) 25105

e

af Discounted at 10%. Negetive rumbers indicate operating savings.

b/ Eligible incremental cost = incrementsl cost x share of local ownership, including 15% contingency, and 3% fee for
firmncial ageat.
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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:

Financing Plan
equivalent
OTF Grant 211
Commercial Loans/or 57
Enterprise Own Funds
TOTAL 26.8
10. + Implementation, DIW will have overall responsibility for the implementation of the ODS

investment program, Specifically, DIW will ensure that ODS projects are consistent with the Country
Program for QDS 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. IFCT will be
responsible for implementation of the investment component, including subproject appraisal, disbursement
of OTF funds to the enterprises, and supervision of subproject implementation. TFCT will receive a fee
equivalent to 3% of grants for its services, of which IFCT would receive one third (=1%) 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 Amnex 4. IFCT will prepare appraisal reports in 2 format acceptable to the Bank.

11. The Bank 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). Subproject
proponents (enterprises) 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. Reporting 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 Armex 3. Consunltants 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 OTF 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 following schedule: 15% in calendar year 1993, 60% in 1994, and 25% in
1995.

15. Environmental Considerations. The Praject 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.

16. 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 QDS
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. Project Rigks. Institutional weakness of implementing agencies could stow down project execution
and is being addressed under the Institational 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. The Project is consistent with MFEC's and the Bank's
Implementation Guidelines and Criteria for the use of OTF funds.

20. Les: Experience. OTF Projects are being developed simultaneously in
Mexico, Venemeia Chma, Malays:a’ Ph:hppum, 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.

fope tha 512
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This project will elimsinate the use of CFC-113/methancl blend and 1,1,1 trichloromethane (TCA) in the
cleaning of semiconductors and circuit card assemblies at Hana (BKK) Co., Lid. (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 chips into
complete electronic components. The phaseout of ozone depleting solvents (ODS) will be
accomplished by replacing the current cleaning solvents with two different types of agueous 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 10 remove rosin flux residue from the circuit cards. Hana Semiconductor Division will
eliminate the use of chlorofluorocarbons by replacing the cleaning operation with the use of a water-
based plastic media blasting. This process is commonly referred to as wet-media blasting.

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
technology circuit card assemblies for use in telecommunications, medical electronics, and bar code
scanners; the company also produces complete electronic assemblies. At GSS the phaseout of ozone
depleting solvents (ODS) will be accomplished by replacing the current CFC-113/methanoi in-line
cleaner and a recently retired vapor degreaser with three in-line aqueous cleaners. The agueous
cleaners will be used to remove flux residues and light ionic contamination from the circult cards.
The project also includes the purchase and installation of a water recycling system.

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. The CFC-113 in-line
cleaning process will be directly replaced with an Ultrapure Deionized (UDI) water process. Saba
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 machine 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 environmental permitting.
The 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.



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 aluminum tubing. 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.

This projest will eliminate the use of 1,1,1 trichloromethane (TCA) in the cleaning of small and
medium size heat exchangers at C.1. Group Company, Lid (CIG). CIG is a large producer of heat
exchangers for automobiles, trucks, and refrigeration units in Thailand. CIG mamnufactures heat
exchangers from the raw materiais of aluminum sheet and copper and aluminum tubing. The
phaseout of ozone depleting soivents (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 Jubricants 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

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-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 manuafacturing of the new refrigerators. During this phase, Thai Toshiba Electric
Industries will seek enginesring 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.

This project wiil 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-141b as the new
refrigerant and foam blowing agent respectively. The first phase wiil provide for product
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development using CFC alternatives and for the purchase of specific equipment for the testing and
manufacturing of the new refrigerators. 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 eliminate the use of CFC-12 and CFC-11 at KYE by instailing 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
wiil result in the elimination of 19 MT/year of CFC-12 (refrigerant) and 101 MT/year of CFC-11
{foam blowing agent) after the conversion is completed.

This project will phase out chlorofluorocarbons (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-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, 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 using CFC alternatives. The project will result in the elimination
of 7 MT/year of CFC-12 (refrigerant) and 45 MT/year of CFC-11 (foam blowing agent) after the
conversion is completed.

9' mm

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-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, Hitachi Consumer Products will seek
engineering assistance and training from its parent company, Hitachi Ltd. of Japan. The second
phase will fully eliminate 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 elimination of 36 MT/year of CFC-12 (refrigerant) and 108 MT/year of CFC-11 (foam blowing
agent) after the conversion is completed.

This project will phase out chlorofluorocarbons (CFCs) used in houschold refrigerators
manufactured at Sanyo Universal Electric Co., Lid. in Thailand. The project comprises two phases
and will convert the production line to refrigerators using 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
manufiacturing of the new refrigerators. During this phase, Sanyo Universal Electric will seek
engineering asgistance and training from its parent company, Sanyo Electrie Co., Ltd. Japan. The
second phase will fully eliminate the use of CFC-12 and CFC-11 at Sanyo by zzzstalimg 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 elimination 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

il Sanya Umversaf Electnc

This OTF request is for funding phase 1 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 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 has been
transferred by Sanyo-Japan to SUE under a newly approved technical assistance agresment. This
project is one of a series of similar projects under the Global Refrigeration Project as approved by the
Executive Comunittee 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.

This OTF request is for funding phase 1 of a project that will convert Kuthorn Kirby Co. Ltd.
(KKC) mamufacturing 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 has 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 QDS
consumption, it is critical for the elimination of CFC-12 use in refrigerators.

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 ot 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 to 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 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
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the conditions of the retrofitted MACs. Kamawat is 100% Thai owned, which was taken into account
in calculating the proposed OTF financing.

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 50 MT of CFC-11 per year.

This project will phase out chlorofluorocarbons (CFCs) used in household refrigerators, freezers,
and air-conditioners manufactured at Admiral Thailand Co., Ltd. The project will also eliminate the
use of 1,1, 1-trichloromethane (TCA) 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 agueous 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 manufacturing 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 the use of CFC-12 and CFC-11 at Admiral by
installing the new equipment necessary for mass production of CFC-free refrigerators and structural
foams. The project wiil resuit in the elimination of 2.5 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 CONDITIONING
186. Nippondenso Thailand Sa

This project will convert Nippondenso’s network of 150 mobile air-conditioning service shops
from CFC-12 to shops for servicing new HFC-134a mobile air conditioners which will be instatled in
new cars starting in 1993, Under this project, Nippondenso will set up a demonstration center which
will be used to 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-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.

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 contamination 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

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.



This project will convert three 400-ton CFC-12 centrifugal chiliers at the Bangkok Post Building
to operate using HFC-134a as the refrigerant. 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, Pido International, the representative of McQuay Air Conditioning in
Thailand, will perform the conversion with help of engineering consuitants 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.
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The major criteria are summarized below:

A. Subproject and Funding Eligibility

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 substances or substitutes, taking into account 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 economic 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 present value of
incremental economic subproject costs (investment 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 iow for the enterprise, the
grant amount may be determined based on a minimum FRR, Such sitvation should be raised as an
issue in the EPS/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 c¢apital expectation within the country’s industrial sector. In many cases
subproject proponents will view QDS phaseout investments as necessary business costs and may not
require financial incentives in addition to a grant for incremental costs.

2. Policy Considerations, The purpose of the Muitilateral Fund is to encourage
countries/enterprises to undertake operations quickly to correct an external environmental 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
implement the country’s ODS phase out program are to be addressed in the ODS Country Program
that is approved by the MFEC, However, policies that directly affect the successful implementation
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 funding provided unless it is located in a "free zone" and
its products for export only.

5. Eligibility for 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 reimbursement. However, normaltly 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 of Subproject Appraisal

The subproject appraisal report prepared under the responsibility of IFCT should include:
1. Proiect scope ~ including full description, technology, 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 guantity 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 technical feasibility of subproiect should be undertaken to determine the soundness of
the technical proposal.
5. subproiect should be undertaken according to standard Bank

methodology Amy sigmﬁcant d!fference between FRR and ERR should be explained. Any policy
distortion that effects the successful impiementation 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,

inancial a i ise. A set of minimum financial indicators to ensure enterprise
wah;llty and lts abxllty to lm;pim the subproject successfully should be determined based on local
conditions and should be consistent with commercial financial practice in the country.

in ments, sources, terms and conditions, divided into (a) incremental costs related
to 0DS phase cmi t{) 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 ioans from local
and/or foreign institutions (at commercial interest rates), should be shown and confirmed.

; : i gements inciuding management, engineering and technology
acqmsmon, procs:remem, ms:aiiatmxx, operation, marketing and schedule for all implementation steps
should be included in the appraisal report.

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

10. Environmental 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. Revorting requirements 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 investment
activities have besn implemented and the new instatlations are operating, In cases where muitiple
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
QDS 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:

A = C(F) + (OC-0S)
W

Unit abatement cost, $/kg ODP saved/year (at full operation)

Incremental capital cost, including all initial one time costs such as technology, training
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.

Annual Operating Costs at full operation

Anmual Operating benefits at full operation

Quantity of ODS saved annually expressed as ODP units

THOPe
LRI

€88
Wiy

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 unit abatement cost is calculated at standard discount rates to facilitate cross

COUntry COmparisons.
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. ANNEXJ

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 documents 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;
(¢} 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)

(i) 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
feast two countries;

(i) 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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onsibilities. = DIW will have responsibility for ODS Country Program (CP)
mpiementatxon am} wﬁl ensure that QDS subprojm are ecas:stent with the CP for ODS phase out. The

' 1sh 1ange 101 f_Thaitand “CT), will be responsible for
chmmelmg funds from the Gmm Trust Fund (OTF) whmh is administered by the Bank, to the
subprojects, including the appraisal of subproject proposals, the disbursement of OTF grants to
subprojects, and supervision of subproject implementation.

2. Financial Agent Service Fee. IFCT will receive a fee equivalent to 3% of the subproject grant
amount for its financial agency services. IFCT would receive one third (1%) upon approval of the
subproject appraisal report by the Bank, and two thirds (2%) upon disbursement of the grants to the
subprojects.

. Processing of subprojects requesting OTF funding includes:

@ Project preparation; enterprises will be responsible for preparing pre-investment studies, It
may request assistance from DIW in preparing projects.

i) DIW endorsement: DIW will endorse each subproject to ensure that the subproject proposal
conforms to priorities established under the Country Program,

' i ] lorsement: The Bank will oversee technical reviews
subpro]ect pm;:asals and endorse e&fsis project to ensure that they are consistent with MFEC
guidelines.

{iv) MFEC approval: For projects over US$500,000, MFEC approval is required for ¢ach
project. Individual MFEC approval is not required for subprojects less than US$500,000.
Such subprojects are included in the Bank’s work program which is approved by the
MFEC.

W) Subprojgct appraisal: IFCT will appraise subprojects based on criteria as outlined in Annex
2. IFCY would prepare appraisal summaries and reports in accordance with Bank format.

(vi)  Bapk Review and Grant Approval: 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 Bank 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. Minimum
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 minimum of US$50,000. In addition to details of disbursement procedures given



(viii)

(ix)

x)

(xi)

(xii)
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in Disbursement Handbook published by the Bank in 1992, a Disbursement Letter will be
issued after the Grant is zigned.

Between IFCT and Subproject: Up to USS 2 million per contract, IFCT will disburse to the
subproject proponent for eligible expenses without prior Bank review (see annex 3).

Disbursement in Tranches: For large projects {(over US$0.5 million) with a large share
{proposed minimum threshold: over 50%) of grant funding for operating costs {as opposed
to investment costs), or for projects where for technical reasons investments take place in
two or more phases, [FCT should propose a disbursement plan in two or more tranches.
Release of the tranches would 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 Government and acceptable to the Bank, Bidding documents will
be prepared based on model bidding documents acceptable to the Bank (e.g. sampie Bank
bidding documents). Procurement Guidelines are included in Annex 3.

Subproject Implementation;  Each enterprise will be respomsible for subproject
implementation. For that purpose, it will sign & contra¢t with IFCT upon receipt of the
Grant; the contract will spell out the respousibilities 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 &t the time when the proposed investment 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,

Subproject Supervigion: IFCT will have prime responsibility for supervising implementation
of subprojects while it is still disbursing to the subprojects. Even after the grant has been
fully disbursed, 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 finai enterprise progress report.

DIW has the right to monitor the progress of MP funded subprojects in fulfillment of its
overall responsibility for the implementation of the MP ODS phase out Country Program,

iti :porting: IFCT will submit semi-annual reports on the status of the grant
disbnrsemenzs 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.

In those subprojects where the total project costs

exceeds the grant amun;, IFCT coulﬁ 9ffer ﬁcmg 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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Conversion to Wet Media Blasting and Aqueous Cleaning Solvents
Solvent Cleaning
3,270 MT ODP (3,200 MT CFC-113 & 7,100 MT TCA)
Phase out 16 MT ODP per year (19 MT CFC-113 & 16 MT TCA)

2 months
ODS Reduction Investment Cost: Us$ 861,000
Incremental Operating Costs’: uss 232,000

US$ 1,010,000 (@ 77.8% Thai Ownership}
US$ 13.29/kg ODP/year
Hana Semiconductor (BKK) Co., Ltd.

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

The World Bank
August, 1993

PROJECT SUMMARY

This project will eliminate the use of CFC-113/methanol blend and TCA in the cleaning of
semiconductors and circuit card assemblies at Hana {(BKK) Co., Lid. (Hana). The phasecut will be
accomplished by replacing the current cleaning solvents with two different types of agueous 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 alse provides for equipment installation, wastewater treatment, engineering support and
training, and ventilation improvements. The conversion to son-ozone depleting technology will
eliminate apnual consvmption of 19 MT of CFC-113/alcohol mixture and 16 MT of TCA.

! Net present value of first four years of operating costs/savings,

2 Includes 15% contingency and a 3% financial institution fee.



BACKGROUND

Solvent cleaning processes in Thailand, which account for approximately 40 t of the couniry’s
total ODP-weighted consumption, widely utilize CFC-113 and 1,1,] trichlaroethane ('E:CA}, ODS consumption
in the solvents industry is split almost equaiif between electronics and metal cleaning processes. Electropic
cleaning processes include circuit-card and ¢ ectmmm cleaning. Metal part cleaning includes most gross
cleaning processes of large or heavily soiled parts as sheet metal cleaming, cleaning prior fo painting or
surface fﬁu&h;gg, and removal of machine oils from manufactured parts. In 1991, the solvent cleaning sector
c?n'?lémed 3,200 MT of CFC-113 and more than 7,100 MT

o A.

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 electronic modules. The company currently consumes 19 MT of a CFC-
113/alcohol mixtore in the cleaning of PCB sssemblies and 16 MT of TCA in the removal of wax from the
molding process in integrated circnit manufacturing.

PROJECT OBJECTIVE

The objective of this project is to eliminate the use of CFC-113 and T'CA in cleaning operstions
through adoption of aqueous cleaning processes.

PROJECT DESCRIPTION

Hana will eliminate the use of CFC-113 and TCA ﬂuough adoption of aquecus-based processes. Hana
currently uses two vapor degmsers 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 meadia s will replace the use of TCA in the removal of mold release compound from the
exterior of plastic mﬁ}ded electronic parts. Hana expects that the quantity of products to be cleaned will
increase by over 50% in the pext three years. The company received one of the wet-media blasting mechines
on loan for evaluation and plans to complete the J:mcurement of that machine along with the addition of two
similar machines in the near fufure. Project funding is requested for one of thess 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

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

Egveﬂgg Costs of US$861,000 include capital investment and transportation costs for wet-media
blasting , air compressors, and water recycling and aqueous cleaning equipment.

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

LR BE B BN B 2

1 ershi fion of 78 % was considered to determine the amount 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$128,000) was also included to ensure adequate funding of
project costs following project appraisal. “An additional US$30,000 (3%) 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, disbarsement and audits.

u unding. The proposed OTF grant for Hana is US$1,010,000 and was calculated as
follows: the total mvestment 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
gzs percent). This iure was mcreaseg by a 15 percent contingency to yield the grant amount. Finally, this

gure was increased by 3 percent to account for the finapcial institution fee.

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



therefore eligible for project funding from the Multilateral Fund.

PROJECT IMPLEMENTATION

ement: DIW will oversee the successful implementation of this project. The project will be
carried out at Hana Semiconductor, ,

Schedule

flaceive Funding

Order Equipment

| Facility Preparation
Install Equipmisnt
Process Davelopment
Reliability Testing

Bagin New Cleaning Process

ESTIMATED DISBURSEMENT: 30% in 1993, and 20% in 1954

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.




U LY OS¢ Wielylm FRVE RiIYy BLHVVHDE IRUE FRE SR AR A I FRU AR

Al ARG G [ LV IR DR R Py £ oM fJ44 NDLWUUY LUl E
acfhom Nartharn Talsoom Tol. (4161 887-800 i
M locaim timited Fesiesshe |
ot Seve e %
L42 35 ;
VIA TELECOFIER
May 28, 1863
Mr. Don Brown
The World Bank
-1818 H Street, NW
Wasghington, D.C, 20433
U.8.A.
Deaar Don:

Re:  Commonts on Thailand Project

1 have reviewed the Thailand solvent prajects for Hann Semiconductor,
G8S8 Array, BAHA Unlon, THECO, CI Group, and TeamTronics, and

have provided verbal comments to you., T have summarized these
comments ag follows:

¢  Was the no clean option considered for GSS Array, Hana
Semiconductor, and TeamTronics? It appears that the type of
producta manufactured are candidates for the no-clean process,
which would thus hinve svuided the need for waste water treatment
facllities at these locationa,

* In the case of SAHA Union, I ask if IBM's experts in San Jose,
Californla were contncted with regard to the proposed process. If
not, I recommend that Dr. Ming Ku, or other staff at San Joze, be
brought into the project as it goes forward. IBM at San Jose has
developed aqueous cleaning for the dise drives at that location and
they would presumably have good information to share with BAHA
which has IBM invalvement.

*  I'm not familiar with the plastic media cleaning process suggested
for Hana Semiconductor and time conatrpintas precluded any
opportunity to familiarize myself with this concept. [ am, therefore, F
unable to offer comments.

*+ The proposed technologics for cleaning of heat exchangers at CI
Group and at THRCO should work well and are considered

appropriate alternates. Costa appear to be in the expected range for
these technologics.
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Generally speaking, my concerns rest with the selection of agueous
cleaning processes, especially in the case of manufacturing of consumer
products, rather than promoting the concept of no clean as the preferred
technolagy.

It has been shown by many companies that no clean is gaining
acceptance as a preferred manufacturing technology -- for high
tech/high reliability products such as in the telccommaunications
gwitching equipment, as well as for consumer products, The benafits
include; remaoval of a manufacturing step; the avoldance of purchasing
cleaning supplies; the avoidance of waste treatment and disposal: and,
in many cases, improved product quality. I believe the industry trend
towards no clean will continue which may, at some point in the future,
make obsclets alternative cleaning systems such as aqueous.

There 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 ean be manufactured without cleaning. A
guide to selection of appropriate alternatives to CIFC-118 and methyl
chloreform cleaning in the electronics industry which wuould be based on
Indusgtry experience gained over the past five years would be a useful
document that could be used by the Bank, its conaultants, and industry in
develepin% countries. This soncept was dizcussed at tho OORG meeting
and will be brought to the atfention of the executive of the Iadustry
Cooperative for Ozone Layer Protection (ICOLP) for consideration as
gomcthing that experts from ICOLP member companies might develap.

Regards,

Aok T

Arthur D, Fit2Gerald
Director
Environmental Projects

ADF/im
e
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COUNTRY: Kingdom of Thailand

PROJECT TITLE: Conversion to High-Punty Water Cleaning

SECTOR COVERED: Solvent Cleaning

ODS USE IN SECTOR {(1991): 3,270 MT ODP (3,200 MT CFC-113 & 7,100 MT TCA)

PROJECT IMPACT: g?:‘ﬁ)om 16 MT ODP per year {21 MT of CFC-113/Methanol

FROJECT DURATION: 9 months

TOTAL PROJECT COST: QDS Reduction Iovestment Cost: Us$ 574,000
Incremental Operating Costs': Uss (50,0000

PROPOSED OTF FINANCING*: US$$316,000 (@ 51 % Thai Ownership)

COST EFFECTIVENESS: US$4.80/kg ODP/year

IMPLEMENTING ENTERPRISE:  GSS Army Technology, Inc.

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

IMPLEMENTING AGENCY: The World Bank

APPRAISAL DATE: August, 1993

This project will eliminate the use of CFC-113/methano! blended solvent in the cleaning of
circuit card assemblies at GSS Array (GS8). The phaseout 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. 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 2
water recycling system. The conversion to non-ozone depleting technology will eliminate ansual
consumption of 21 MT of CFC-113/Methancl Blend. GSS is 51 percent Thai owned, which was
taken into account in calculating the proposed OTF financing.

4

Nez present value of first four years of operating costs/savings.

? Includes 15% contingency and 3% financial institution fee.
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May 28, 1993

Mr. Don Brown

The World Bank

1818 H Street, NW
Washington, D.C. 20433
U.s ia)

Dear Don:

Reo:

Comments on Thailand Project

1 have reviewsd the Thailand solvent projscts for Hana Semiconductor,
GSS Array, SAHA Union, THECOQ, CI Group, and TeamTronics, and
have provided verbal comments {0 you. I bave summarized these
somments as follows:

- Was the no clean option considered for G8S Array, Hana
Semiconductor, and TeamTronies? Tt appears that the type of
products manufactured are candidates for the no-clean process,
which would thus have avuided the need for waste water treatment
facllitios at these locations.

In the case of SAHA Union, I ask if IBM's experts in San Jose,
Callfornle were conlucted with regard to the proposed process. If
not, I recommend that Dr. Ming Ku, or othoer staff at San Jose, be
brought inte the project as it goes forward. IBM at San Jose has
developed aqueous clnaning for the dias drives at that location and
they would lgrasumabky have good information to share with SAHA
which has IBM involvement.

I'm not familiar with the plastic media cleaning process suggested
for Hana Semicanductor and time conatroints precluded any
opportunity to familiarize myself with this concept. [ am, therefore,
unable to offer commaents,

The proposed technologics for ¢leaning of heat exchangers at CI
Group and at THRCO should work well and are considered

appropriate alternales. Costs appear to be in the expected range for
thege technologics.
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(enerally speaking, my concerus rest with the selection of agueous
cleaning processes, especially in the case of manufacturing of congumer

preducts, rather than promoting the concept of no clean os the preferred
technelogy.

It has been shown by many companies that ne clean is gaining
acceptance as a preferred manufacturing technology .- for high
tech/high rveliability products such as in the teleccommunieations
switching equipment, as well as for consumer products, The benefits
include: remavel of a manufacturing step; the avoldance of purchasing
cleaning supplies; the avoidance of waste treatment and disposal, and,
in many cases, improved product quality. I believe the induatry trend
towards no clean will continue which may, at some point in the future,
make obsolete alternative cleaning systers such as aqueous.

There continue to be ohjectives to no clean by some manufacturers, often
based on anticipated customer demand or reluctance to believe that high
reliability electronic products ean be manufactured without cleaning. A
guide to selection ef appropriate alternatives to CFC-113 and methyl
chloroform cleaning in the electronics industry which would be based on
industry cxperience gained over the past five years would be a useful
document, that could be used by the Bank, its consultants, and industry in
developing countries. This concept was discussed at the OORG meeting
and will be brought to the attention of the executive of the Industry
Cooperative for Ozone Layer Protection (JCOLP) for vonsideration as
somcthing that experts from ICOLP member companies might develop.

Regards,

VRN (W

Arthur D, FitzGerald
Dirvector

Environmental Projects

ADF/im
331

FROM ENVGL NEWCOMBE 10 915142820068 POG3/003

iR sttt



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 DATE:

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. The CFC-113 in-line cleaning process will
be directly replaced with an Ultrapure Deionized (UDI} water process specified and supported by
IBM. The project also provides support for water recycling, high-purity air production, wasse
water treatment, process development, installation of the new equipment, and environmental
permitting. The conversion of Saha from CFC-113 cleaning processes to UDI cleaning will result
in an annual reduction of 34 MT of ozone depleting substances.

Project Cover Sheet

~ Kingdom of Thailand

Conversion to High-Purity Hot Water Cleaning
Solvent Cleaning

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

Phase out 27 MT ODP year (36 MT of CFC-113/alcohol blend,
containing 34 MT of CFC-113)

9 months

ODS Reduction Investment Cost: US$ 2,620,000
Incremental Operating Costs': uUss 100,000

18% 2,573,000 (@ 30% Thai Ownership)
UIS816.71/kg ODP/year
Saha Union Corporation, Ltd. (Sriracha Plant)

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

The World Bank
August, 1993

PROJECT SUMMARY

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

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



BACKGROUND

Solvent cleaning processes in Thailand, which account for approximately 40 t of the country’s
total ODP-weighted consumption, widely utilize CFC-113 and 1,1,1 trichloroethane {TCA}). ODS consumption
in the solvents indu;ztr?r is split almost equally between electronics and metal cleaning processes. Electronic
cleaning processes include circuit-card and electronic part cleaning. Metal part cleaning includes most gross
cleaning processes of large or heavily sotled such as sheet metal cleaning, cleaning {m‘m' to painting or
surface finishing, and removal of machine oils from manufactured parts. In 1991, the solvent cleaning sector
consumed 3,200 MT of CFC-113 and mwore than 7,100 MT
of TCA.

Saha Union (Saha) is aa 80 percent Thai-owned company which manufactures computer hard disk
drives, head arm assemblies, and head suspension assemblies for direct sale to IBM Thailand Ltd. Saha
curre::;ﬂ{ uses ong G-bath CFC-113 cleaner and one 3-bath CFC-113 cleaner, and consumes 36 MT per year of
a CFC-113/ethanol azeotrope.

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 spplications will be replaced with ultrs high-purity water cleaning.

PROJECT DESCRIPTION

In this project, Ssha will eliminats the use of 4 CFC-113 and ethanol azevtrope by adopting an
Ultrapure Deionized (UDI} water cleaning process. The Saha customer requires that the comg:.gy eliminate
ODS consumption. Saha will discontinue use of the current CFC-113 cleaners after the installation of the pew
guipme&t is complete. The new equipment will be installed immediately adjacent to the current machine in a

ass 10,000 clean room. The custom UDI in-line cleaning machine will be consigned to Saha by its customer;
utilities to supfort the cleaning machine elso constitute a m_[igr part of this project. The capacity of the new
equipment will equal the capacity of the current machine. The project consists of the 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 trestment, etc.)

LR B BR

The UDI in-line cleaning machine project is a complete turnkey system consisting of various
components (i.e. reverse-osmosis water filteation, distillation, sir-filiration)} to ensure adequate process control.
The UDI water sulgp}y system is designed to supply more than 85 cubic meters of heated ultrapure deionized
water per day to the cleaning machine. This system is & complicated network of basic water treatment systems
insitifrated to produce hot, high-purity, low particulate water. High purity air (40 cubic meters per minute) is
used to dry the ‘ﬁ?gts at the exit of the UDI cleaner. The waste water treatroent systen: is designed to recycle
the UD] water tgh the UDI water supply system, at a rate of approximately 94 percent of source water,

PROJECT COSTS

The total project cost of US$2,715,000 equals the ODS reduction portion of the overall project
{invesiment costs plus net incremental operating costs). This project will oot provide Saha with any incremental
revenues.

m%ggg of US$2,615,000 include the purchase, shipping, insurance and installation of a water
cleaning machine recycling equipment, and associated costs of utility mstallation.
¢ tal ting Costs of US$100,000 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 incressed electricity
requirements and the costs of wastewater treatment.

H ip Fraction of 80% was considered to determine the amount 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 (1U8$326,000) was also included to ensure adequate funding of
project costs following project appraisal, An additional US§75,000 (3%) was added to the grant request to
cover the fee for services of the gnancini institution (FI) that will appraise the projects and oversee
procurement, disbursement and audits,

Reguested Funding. The proposed OTF 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 the first four
years of the project. The resulting total project cost was multiplied by the percentage of Thai ownership (80
percent). This égure was increased by a 15 percent contingency to yield the graot amount. Finally, this figure
was increased by 3 percent to account for the financial insttution fee,



PROJECT IMPLEMENTATION

ent: DIW will oversee the successful implementation of this project. The project will be
carried out at Saha Union,

Schedule

Task Name
Solicit for Aternate Bids
Receive Funding
Award Construction Contract
System Detail Design
Facility Preparation

Equipment Installation

Equipmant Certification
Bagin Using New Process

ESTIMATED DISBURSEMENT: 90% in 1993, and 10% in 1934

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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May 28, 1893
Mr. Don Brown
The World Bank
-1818 H Btreet, NW
Washington, D.C. 20433
U.8.A.
Dear Don:

Ro: Comments on Thailand Projeet

1 have reviewed the Thailand golvent projects for Hana Semiconductar,
GS8 Array, SAHA Union, THECO, C{ Group, and TeamTronics, and

have provided verbal comments to you. I bave summarized these
somments as follows:

* - Was the no clean optien considered for (88 Array, Hana
Semiconductor, and TeamTronics? It appears that the type of
products manufactured are candidates for the no-clean process,
which would thus have uvuided the need for waste water treatment
facllities et these locations.

* In the case of SAHA Union, I ask if IBM's experts in Ban Jose,

- Qalifornla were contacted with rogard to the propused process. If
nol, I recommend that Dr. Ming Ko, or other staff at San Jose, be
brought into the project ¢ it goes forward. IBM at San Jose has
developed aqueous cloaning for the dise drivas at that location and
they would presumably have good information to share with SAHA
which has IBM involvement,

¢ I'm not familiar with the plastic media cleaning process suggeated
for Hana Semieconductor and time consatroints precluded any
opportunity to familiarize myself with this coneept. [ am, therefore,
unable to offor comments.

* The proposed technologics for cleaning of heal exchangers at Cl
Group and at THRCO should work well and are considered

appropriate alternates. Costa appear to be in the expected range for
these technologies,
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Qenerally speaking, my concerns rest with the selection of agueous
cleaning processes, especially in the case of manufacturing of consumer

products, rather than promoting the concept of no clean as the preferred
technology.

It has been shown by many companies that no clean is gaining
acceptance as a preferred manufacturing technology - for high
tech/high reliability products such ss in the telecommunications
awitching equipment, as well as for consumer products, The benefits
include: removal of a manufacturing step; the aveidance of purchasing
cleaning supplies; the avoidance of waste treatment and disposal; and,
in many cases, improved product quality. I belleve the industry trend
towards no clean will continue which may, at some point in the future,
make obsolete alternative cleaning systems such as aqueous.

There 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 ean be manufaclured without cleaning. A
guide to sslection of appropriate alternatives to C¥C.118 and methy!
chlorcform cleaning in the elactronics industry which would be based on
Induatry experience gained over the past five years would be a useful
document that could be used by the Bank, its consultants, and industry in
developing countries. This concept was discussed at the OORG meeting
and will be brought to the attention of the executive of the Industry
Cooperative for Ozone Layer Protoction {ICOLP) for consideration as
gomething Lhat experts from JCOLP member companien might develop.

Regards,

Arthur D, Fitz2Gerald
Director

Enviranmental Projects
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The Montreal Protocel on

Substances that Deplete the Ozone Layer

Thailand ODS Multicomponent Investment Project

COUNTRY:

PROJECT TITLE:

SECTOR COVERED:

ODS USE IN SECTOR (1%91):
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
Conversion to Aqueous Cleaning
Solvent Cleaning
3,270 MT ODP (3,200 MT CFC-113 & 7,100 MT TCA)
Phase out 11 MT ODP (111 MT of TCA)

9 months

QDS Reduction Investment Cost: Uss 681,000
Incremental Operating Costs': USsS  (320,000)
USS 428,000 (@ 100% Thai Ownership)

US$0.90/kg ODP/yesr

Thai Heat Exchange Company, Ltd. (THECO)

Department of Industrial Works (DIW), Ministry of Indussry,
Kingdom of Thailand d

The World Bank
August, 1993

This project will eliminate the use of 1,1,1 trichloroethane (TCA) in the cleaning of small
and medium size heat exchangers manufactured for automobiles, trucks, room sir conditioners and
refrigeration units at Thai Heat Exchange Co. Ltd. (THECQ). The phaseout will be accomplished

by replacing the current vapor degreasing cleaning process with an squecus-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., THECQ is 100 percent Thai owned, which was
taken into account in calculating the proposed OTF financing,

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

* Includes 15% contingency and 3% financial institution fee.
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VIA TELECOFIER

May 28, 1993

Mr. Don Brown

The World Bank

-1818 H Street, NW
Washington, NG, 20433
U.S.A

Dear Don:
Ra:  Comments on Thailand Projoct

1 have reviewed the Thailand solvent projects for Hana Semiconductor,
GB58 Array, SAHA Union, THECO, CIi Group, and TeamTronics, and

have provided verbal comments to you, I bave summarized these
somments ag followas:

«  Was the no clean option considered for GS88 Array, Hana
Semiconductor, and TeamTronics? TI¢ appears that the type of
products manufactured are candidates for the no-clean process,
which would thus huve avuided the need for waste water treatment
facilitica at these locations.

* In the case of SAHA Union, T ask if IBM's experts in 8an Jose,
Californla were conlucted with regard te the prepused process. If
nol, I recommend that Dr. Ming Ku, or other staff at San Jose, be
brought into the project ag it goss forward. IBM at San Jose has
developed aqueous cleaning for the diae drives at that lecation and
they would presumably have geod information to share with SAHA
which has IBM involvement.

¢ I'm not farafliar with the plastic media cleaning process suggested
for Hana Semiconductor and time constroints prscluded any
opportunity to familiarize myself with this coucept. [ am, therefore,
unable to offor comments,

¢ The proposed technologies for cleaning of heal exchangers at CI
Group and at THECO sghould work well and are considered

appropriate alternales. Costa appenr to be in the expected range for
these technologics,

|

%
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QGenerally speaking, my econcarng rest with the selection of aqueous
cleaning processes, especially in the case of manufacturing of consumer

products, rather than promoting the concept of no clean ax the preferred
technolagy.

It hes been ghown by many companies that no clean is gaining
acceptance as a preferred manufacturing technology - for high
tech/high reliability products such ae in the telecommunications
switching equipment, as weall as for consumer products, The benafits
include: removal of a manufacturing atep; the avoidance of purchasing
cleaning supplies; the avoidance of waste treatment and disposal; and,
in many cases, improved product quallty. I believe the industry trend
towarda no ¢lean will continue which may, at some poini in the future,
maks ¢bsclete gliernative claaning systems such as aquecus.

There continue to be chjectives to no clean by some manufacturers, often
based on anticipated customer demand or reluctance to believe that high
reliability electronic products can be manufactured without cleaning. A
guide to selection of appropriate alternatives to C1'C-118 and methyl
chloroform cleaning in the alectronics industry which would be based on
industry cxperience gained over the past five years would be a useful
document that could be used by the Bank, its congultants, and industry in
developing countries. This conecpt was discussed at the OORG meeting
and will he hraught to the attention of the executive of the [adustry
Caooperative for Ozone Layer Protoction (ICOLP) for considsration as
somcthing Lhat experts from ICOLP member companies might develop.

Reogards,

Ad Tt

Arthur D. FitzGoerald
Dirvector

Environmental Projects
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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 ENTERFPRISE:
COORDINATING MINISTRY:

IMPLEMENTING AGENCY:
APPRAISAL DATE:

Proj r Sh
Kingdom of Thailand
Conversion to Aqusous Cleaning
Solvent Cleaning
3,270 MT ODP (3,200 MT CFC-113 & 7,100 MT TCA)
Phase out 13 MT ODP per year (127 MT of TCA)

9 months

oereamentai Operating Comtss Ut ooa0o0
US$ 277,000 (@ 100% Thai Ownership)

(US50.67)ykg ODPlyear

C.1. Group Company, L. {CIG}

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

‘The World Baank
August, 1993

This project will eliminate the use of 1,1,1 trichloroethane (TCA) in the cleaning of small
and medium size heat exchangers manufactured for automobiles, trucks, and refrigeration units at
C.1. Group Company, Ltd (CIG). The phaseout will be accomplished by installing an aqueous-

based cleaning process and water recycling equipment. Drying equipment is required 0 remove
moisture after the aqueous cleaning process. The conversion to nov-ozone depleting technology
will eliminate annual consumption of 127 MT of TCA. CIG is 100 percent Thai owned, which
was taken infe account in calculating the proposed OTF financing,

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

? Includes 15% contingency and 3% financial institution fee,

3 This number is derived from annuslized incremental capital costs of US$88,000, first year incremental annual
operating costs of US$(56,000), and savings of 12.7 MT {weighted) of ODS per year.
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May 28, 1693

Mr. Don Brown
The World Bank
-1818 H Btreet, NW

Waghington, D.C, 20433
U.8.A.

Dear Don:
Re: Comments on Thailand Projeet

I have reviewed the Thailand solvent projects for Hana Semiconductor,
GSS Array, SAHA Union, THECO, Cl Group, and TeamTronics, and

have provided verbal comments to you, I have summarized these
commernts as follows:

&  Weas the no clean option considered for (88 Array, Hana
Semiconductor, and TeamTronics? I appears that the type of
products manufactured are candidates for the no-clean process,
which would thus hinve aveided the peed for waste water treatment
facilities at these locations.

v+ In the case of SAHA Union, I ask if IBM's experts in San Jose,
Callfornla were contucted with regard to the proposed process. If
nol, I recommend that Dr. Ming Ko, ur other staff at San Jose, be
brought inte the projeet as it goes forward. IBM at San Jose has
developed aqueous cleaning for the dise drives at that locetion and
they would presumably have good information to share with SAHA
which has IBM involvement.

¢  DP'm not familiar with the plastic media cleaning process suggested
for Hana Semiconductor and timo conatroints precluded any
opportunity to familiarize myself with this concept. 1 am, therefors,
unable to offer comments,

¢+  The proposed technologics for cleuning of heat exchangers at CI
Group and at THECO should work well and are considered
appropriate alternales. Costa appesr to be in the expected range for
these technologies,
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Generally gpeaking, my concerns rest with the seloction of agqueous

cleaning processes, especially in the case of manufacturing of consumer

products, rather than promoting the concept of no clean ps the preforred
technology.

It has been shown by many companies that no clean is gaining
acceptance as a preferrad manufacturing technology -+ for high
tech/high reliability products such as in the telecommunications
awitching equipment, as wall as for consumer products. The benefits
include: removal of a menufacturing step; the avoidance of purchasing
¢leaning supplies; the avoidance of waste treatment and diaposal; and,
in many cases, improved product quality. I believe the industry trend
towards no clean will continue which may, at some point in the future,
make obacleto alternative cleaning systerns such as aqueous.

Thears continue to be ohjectives to no clean by some manufacturers, often
based on anticipated customer demand or reluctance to believe that high
reliability electronie praducts ean be manufactured without cleaning. A
guide to selection of appropriate alternatives to CIC-118 and methyl
chloroform cleaning in the elsctronics industry which would be based on
industry ecxperience gained over the past five years would be a useful
document, that could be used by the Bank, its consultants, and industry in
developing countries. This concept was dizcussed at the QOORG meeting
and will be brought to the attention of the executive of the Industry
Cooperative for Ozone Laysr Protection (ICOLP) for considerstion as
somcthing Lhat experts from ICOLE member companies might develop,

Regards,

Aok .l

Arthur D, FitzGorald
Director

Environmental Projects
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The Montreal Protocol on

Substances that Deplete the Ozone Layer
Thailand ODS Multicomponent Investment Project

COUNTRY:
PROJECT TITLE:

SECTOR COVERED:
DS USE IN SECTOR (1992):
PROJECT IMPACT:;

PROJECT DURATION:
TOTAL PROJECT COST:

PROPOSED OTF FINANCING*:
COST EFFECTIVENESS:
IMPLEMENTING ENTERPRISE:
COORDINATING MINISTRY:

IMPLEMENTING AGENCY:
APPRAISAL DATE:

over
Kingdom of Thailand

Elimination of ODS Used in the Production of Household
Refrigerators

Houschold Refrigerator
1080 MT ODP (430 MT CFC-12 & 630 MT CFC-11)

Eliminate 50 M'T ODP per year (12 MT CF(C-12 &
42 MT CEC-11)

Phase [: 2 years

Phase II: 1 year

QDS Readuction Investment Cost: US$ 3,001,000
Incremental Operating Cost’: Uss 0
US$ 1,940,000 (@ 54.5% Thai Ownership)

Not Applicable

Thai Toshiba Electric Industries Co., Ltd.

t of Industrial Works (DIW), Minisiry of Indusiry,
Kingdom of Thailand

The World Bank
August, 1993

PROJECT SUMMARY

This project will phase out chlorofluorecarbons (CFCs) used in household refrigerators
manufactured at That Toshiba Electric Industries Co., Ltd. (TTEI). The project comprises two
phases and will convert the production line to refrigerators using 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 will identify all equipment and process changes needed to

implement the alternative technology. During this phase, Thai Toshiba Electric Industries will
scquire engineering assistance and training from its parent company, Toshibe Corporation of Japan.
In Phase II, TTEI 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.

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

2 Includes 15% contingency and 3% financial institution fee,



BACKGROUND

The domestic refrigeration industry in Thailand uses CF(C-12 to charge new sppliances and during
servicing, and uses CFC-11 in the production of polyurethane (PU) insulation foam. S%e demand for household
refrigerators and freezers in Thailand i3 increasing at a rate greater than 10% per year, and most units sold in
’Ihmf:a& are made locally by seven major maoufacturers; Sanyo, Toshiba, Hitachi, Sharp Apphances,
Mitsubishi, A.P. National, and Admiral. Most of these refrigerators are equipped with compressors
manufactured in Thailand by Sanyo and Kulthora Kirby, In 1992, the sector used & 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
approximately 120,000 refrifgemm:s annuaily, eempris_'l:E?Enine different models. The plant bas two production
lines with a total capacity of 140,000 sets a year, and 1 expects to reach its maximum capacity by 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 is .11 kg. TTEI bas begun using & 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-11 used in household refrigerators and
freezers at Thai Toshiba Electric industries.

PROJECT DESCRIFTION

In this project, Thai Toshiba Electric Industries will eliminate the use of CFC-12 and CFC-11 in
household refrigerators by coavsttmg 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 enginsering sssistance, training, snd scquisition of specific equipment for testing
the new refrigerators. The second phase will allow for the elimination of CFC-12 and CFC-11 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 place.
Tncremental operating costs would oaly occur in Phase 111

The main objective of the project’s first phase consists of developing reliable new CFC-free
refrigerators at TTEIL. 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 E;ﬁcd of time. In order 1o
minimize the risks associated with the conversion process, TTEI will acquire technical assistance during Phase |
from its parent company, Toshiba Corporation of a;}% This technical assistance represents a continuation of
existing arrangements between the two companies. I has used similar arrangements in the past to devei::fs
its existing line of refrigerator models.  As part of the technical agreement, T
do the following:

ba Corporstion of Japan will

Design the different refrigerator models

Conduct approval tests for each refngemtor model

Conduct approval tests for the compressors made in Thailand

Provide production drawings for the new models

Provide training on manufacturing, maintenance, and guality control

Provide engineering sssistance for manufacturing development and operations.

* 4 ¢ 89

Phase I will provide TTE] with technology developed by the parent company in Japan, modifying it
where necessary to account for differences in Eha%ymufacmrizg cansitiens and refrigerator models,

Additional funding requested in the proposal for Phase | will be used fo acquire & controlled ambient
test room with an accompanying data acquisition system in order to test the refrigeraiors and make sure that
they are manufactered according to design specifications,

Phase 11 of the project will consist of finalizing the transition to CFC-free technology for mass
roduction. During this transition time, both CFC and non-CEC refrigerators will be produced on the same
ﬁm. TTEI will purchase and install an additional set of charging equipment (for HFCEIMa) as well as a new

polyurethane injection foam machine and other equipment. Because of the flammability of HCFC-141b,
ﬁ&itiﬁhﬂi safety precautions will be taken, such as increasing the veatilation 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 detectors for HFC-134a will also be purchased.

Because HCFC-141b has a higher thermal conductivity than CFC-11, there is the possibility that the
insufation thickness of the refrigerators will have to be increased to muintain satzsfscto? Jevels of mex}g'
consumption. A change in insulation thickness will require 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 mtmﬁttin% (including nmuipment for
increased inswlation thickness), except for minimal equipment required to build field test els, 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 companics.

PROJECT COSTS

Total Project Cost

The total project cost of US$3.01 million equals the QDS 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 175$3.01 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 Operating Costs: Because full scale production of refrigerators with HFC-134 and
HCFC-141b will not ocour until 1996, incrermental operating costs have not been included as part of this
project. Incremental operating costs will be reexamined at a later date.

Local m‘;ership Fraction of 54.5% was considered to determine the amount 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$246,000) was also included to ensure adequate funding of
project costs following project appraisal. *An additional US$57,000 (3%) was added to the grant request to
cover the fee for services of the financial institution (FI) that will sppraise the projects and overses
procurement, disbursement and audits,

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

PROJECT IMPLEMENTATION

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

Schedule

- TASK

Phase 2
Model Development, Technical XXXX
Assisiance

ll Testing nd Training : ; XXXX xx

Phase 11
Procurement and Installation of XXXX
Equipment

Conversion of Production Line to x
l Non-CFC Technology

Full Production of Non-CFC X

... Refrigemtors i  —

Note: x = ong quarter of the year
ESTIMATED DISBURSEMENT: 20% in 1993, 20% in 1994, and 60% in 1955

TECHNICAL ASSESSMENT

This subproject has been reviewed by the OORG technical reviewer, Dr. Michael Jeffs. The project
was supported. Suggestions made relative to estimates of equipment costs will be pursued during project
appraisal. In addition to Dr. Jeff's review, comments were received from GORG reviewer Dr. L. Kuijpers, A
formal review from Mr. Kuijpers will be submitted by May 25.
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3th May, 19932

Dear Don,

Docunents were racelved on 3/%/93,

Geaneral comments are

4

Enterprises which are subsidiaries of Japanese refrigerator
nanufacturers are proposing the uss of HCFC 141bp foanm
technolegy - this is in line with the changes now being
implemented in Japan by the parent companies. Howaver,
this ccould be a comparatively short term option in Japan.
There is an increasing level of interest in the performance
of cyclopentane-based feoam which is now being implemented
in BEurcpe, Further, at laast two Japanese manufacturers
are to base part of their production on composites of
vacuum insulation pansels with C0, (water)-blown polyursthane
foam.

HCFC 141k foam technology is now well proven and gives
equivalent insulation values to foam based on CPC 11
despita its higher gas thermal conductivity.

HCFC 22 foam technology is not used unless it is protected
by steel psanels because of deterioration of thermal
insulation with time. The techneclogy proposed by Admiral
is not supported for use in refrigerators with plastic
liners. The klend HCFC 22 / HCFC 1420 overcomas this
agelng problea and is in use elsewhers.

Several projects call for the purchass cof new foam
injection machines as well as vacuum forming equipment for
liners and jigs. 1Individual commants are given for the
enterprises but in gsneral the need for these items should
be reviewad at the snd of phase 1.

W Bedyccatnzome o« Raiel v x e af 0 E ne [ mited Repemeas tn Sanlgeg S s00044
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¢ The HCFC 141b price projection guoted in,déiz;it 1 of the
feasibility study is too high. Current prices are about
50¢ of ths quoted 19%4 price level.

+ pifficulty of‘gauging value of technical assistance from
parent COmpAnies.

- OORG MD 152
?* GMFT/kd/41’

co 3 Mr. T. Waltz
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Kingdom of Thailand
PRELIMINARY REVIEW OF A NUMBFR OF PROJECTS
Conversion of Domestic Manufacturing ro HFC-134a
and to HCFC-141b in Polyurethane Foamns;
Conversion of Chillers to HFC-134a

Projects Described by The World Bank, March 1993

1. Introduction of HCFC-141b for foams and the convarsion process to HFC-134a for cooling
at THAY TOSHIBA Industries:

Z  Idem, at ADMIRAL Industries:

3. Idem, at HITACHI Industries;

4. dem, at KANG YONG Industries;

5. Idem, at AP Nationa) Industries;

6, Two Chiller Converslon Projects to HFC-13Ma.

K uijpers, LIM (QORG)
Ei oven, 1993 03 11
RWR-5$70-LK-93106 -k

REMARKS RECARDING THE PROPOSALS

1. Foam Rlowing

All projects describe a conversion from CFC-11 to HCFC-141b. In a first instance, it is re-
markable that there is a large price difference between the conversions proposed for the dif-
ferent industries (take ¢.g. the difference between AP and Toshiba, 0.25 and 1.79 million).
Indeed, HCFC-141b seems to be the preferred route for the Japancsw, although, until re-
cently, they have also maintained the HCFC-122 option. [t may be that they will stick to the
FICFC-141b option, however, in Eurepe there is a tendency (whether or not realistic) to study
cyclopentane, a flammable high boiling refrigerant. About its performance nothing is known
so far (conductivity value is worse compared to others, { do not know about long term
bahaviour).

One should bear in mind that the European manufacturers have been evaluating both
22/142b amd 141b for quite some time; they achieved slightty inferior results with 22/142b;
however, the long term behavior is not se good, due to diffusion of IICFC.22. Nevertheless,
almost all manufacturers switched to HFC. 1342 {no chlorine anymore, due to environmental
group prassure in Germany) shortly before the Domotechnica fair {apart [rom one). S¢ [ do
not know whether this could play a role in Japan and in the daughter companies as well.
The best thing iy 10 ask_the OORG foam expert as well (Jeffs, [CI), regarding the time in-
volved in optimizing HFC-134a foams. Dependent on this one could solve the question on
whether or not to invest in the HCFC-141b route in Thai companies ot to postpene a deci-
sion to later this year,

The CFC-12 consurption of the five companies amounts to about 78 tonnes, while a total
cons?mption of 250 ronnes in this sector is mentioned. 1s there another large manufacturer
involved ?

The above does not hold far CFC-11, 300 tonnes compared to 500 tonnes it used by the firms
considered.
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Several companies should do somathinls regarding their use of CFC-11, i.e. apply reduction
meagures (take e.g. Kang Yong and AP which probably use CI'C-11 also for ¢leaning) since
the consumption is large compared to the CFC-12 consumption.

3. Refrigeration, specific togics

‘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 supporting the sma?l AP
firm. More informaton (e.g. contracts} on what is specificaily covered in sach of the cases
is absolutely necessary. There is also a question on whether or not the relationship to Kultorn
Kirby should not be described more precisely. Description so far (Kirby will provide the
companies with compressors for testing) is not at all sufficient. It is often the compressor
manulfacturer (with its specific lubricant properties and so on) that determines the technology
transfer. Design of the appliances and the manufacturing process can be supported by t
mother company.

Kirby plays a k?ﬂ role in That companies, for this reason more precise information would

be exiremely use
This wiil also detcrmine whether or not CFC-12 and HF(-124a appliances can be manufac-

tured using the same assembly line

In particular the technoleogy transfer issue is important; the phased approach presented is in
principie OK.

There is also a question regarding test rooms. What is determining the size and the costs for

2 test room. There is again a remarkable difference between tﬁe Admiral company and

Hitachi, the smailest and largest in size. The same holds for the differences in costy for

refrigerant and oil charging c:?uipmem. Maybe this could be cxplained somewehat more de-

:‘gﬁe ?in the proposal. Some firms will invest in leak detcctors; does this not hold for all of
em

A consistent approach and evaluation would be desireable.

Taking the amounts of CFCs invo]ved costs vary from about 18 to 145 USD per kg of CFC
{11 and 12} phased out per year. Is this an acceptable figure ?

4. Chillers

As far as the chiller conversion is concerned, there are no significant remarks.

For the HFC-134a conversion, the cost is In the arder of USI) 30 per kg of CFCe12 not used,
which is a high figure, and which should be supported by considerations on the lifetime and
economic value of the squipment.

As far as the HCF(-123 conversion, no remarks.

Eindhoven, 1! March 1993
4
L.LM, Kuijpers 7
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Supported subject to the comments below (particularly ralating
to Phase 2).

RELAVANCY AND ADNQUACY OF INFORMATION

rurther information should be sought on the need for a new foanm
machine, modifications to the existing machine and environment
neasurenent for the line.

THCHENICAL SOUNDMESS
HCFC 141b foam technology is well proven and use has shown no
detsrioration in insulation value. Hence, the need to purchase

new dies, moulds and jigs is unlikely as there should ke no
change in foam thickness.

LRSSCH FROK RXPERIRNCE

None

ENVIRONKENTAL IANUNS

HCPC 141b is 2 transitional material which will huvewta be
replaced by a zero ODP blowing agent., Its use contributes to a
saving of 49.7 ODP te.

BAYRIY I88UNA

Adequate precautions ars apparently planned for the flammable
nature of HCFC 141b.

COST RFFRCTIVEMNAS

The items for foan insulation in Phase 2 should be reoappralsed.

QIXRRA
None
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REVIEW OF FIVE PHASE-L CONVERSION PROJXCITS

Conversion of Domestic Appliance Manufacturing to HFC-1344

Project Fropossls by Tho Werld Beuke, Anril 1993
First Phass of Appliance Manufacture Conversion from CPC-12 to HEC-134% at
Thal-Toshiba

Hitach! Consumser Products
AP Natloua] :
Admiral Thalland
Kang Yang Eloctxis Industrise.
Kuijpers, LIM (OORG) Rindkoven,
1993 08 06
RTU-UNEP-LE-93170 Wik

REVIEW OF THE PHASE> PROPOSALS

Recommendation

All projest descriptions propose s phase 1 0F s two atep appraach, in agreement with the

recommmendstions by the OORG group of the Bak, Inmost cxson there is sufficient baak up from

;hsm) oped conntry appliande manuficturer, whare it alao appliss to additionn! tosta (mainly in
ApAn).

Howevar, most of the remarks from my salisr ceview still apply 1o thoss lntest project propoasls:

1. The relstionahip (snd timescals of Imroduction) with the compreasor rounufictucerd has still many

uncactaintion since the sompredsct manufhoturers have still 1o convert thalr production with the

support from others, This implics that the appllance mamifacturers witl depend on relatdonships that

depend on other relationships where still uncertain parameters are involved.

2. The size of the produciion of the diffsrest munufoturecs is quite different, from zboat 140,000

down ta 4,800 (Admiral). Neverthelasa, the costs for technical support and for new equipment to be
t do not have any relationship to the production volune,

3. couts for technioal assistance soom 1o be random, and quits high. As an example, tochnical

assigtance for AP National (USD 700,000, produstion volume 74,000) cannot be comparad to othars

(o.5. Sanyo (U/SD 454,800, pradugtion volusme 600,000 pieces). This issue pecds to bo davified firet.

Tt ia recommoendad to first extablish oritecia for the costs for techmical assistance ~whether or not
related to the production volume, a.g. with ocrtaln maxima, bafore that these projscts should be

spproved,
Tt should slzc be renlized that the conversion will bs dapsadant on the success of the coniversion
process at compregssr manufscturera (projects stlll to be spproved).

Teking these srgumonts into xeeount, it s diffleult to give an averall recommendstion for
(dig)approval, Coms for Adiviral are too high, thars le no back up from another manufesturer,
Tochnicsl aasistance casts far AP National ave (too) high

20 477 a3 DB=-28& ¥ 10:%0AM POG2 #50
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2. Relavanca and adequacy of information provided

The project proposals give adeguate short doecriptione of whar s snvieaged to be sceamplinked
during 5 first phase. -

The technical axsistanos sgrasments are not very well speciflad (comparabio to the Sanyo project),
the ides is obtalned that a reliabis applisnce productdon oan be gusranteed (v.g. by addidonal testing
1 Japan et¢.). However, coits for tachnical assistance seem to be random:

- Sanyd (aeparace propossl); TSD 434,800 far g volume of 800,000 places.
-~ TTRL USLy 310,800 140,000

» Kang Yong USI 320,000 115,000 *

= AP National TID 700,000 74,000 ¢

= Hitachi USD 480,000 142,000 *

~ Admiral  (astirsnte)  USD 130,000 4,800 ",

3. Tachnical soundusss

Tn the conversion to HFC.1344, it 1s in partlculur the cortainty that a relisble product can be
manufastured, which has to do with adapting loeal manufacturing processes that will cort mony.

Tt will ahways be diffienlt to manufacture CFC-12 and HPC-134a appliances at the same moment,
unless very spaial precautions are tuksa, )

The reliability of the appliance will also depend on the quality (and the type) of' the compressor. This
eannot be estimated at this moment,

Since Ruithorn Kirhy is ons of the maln manufacturers of compressors involved, It should be
ascertained whethar this compiny zan snlve problems which might ocour at the runmufectarers at the

sEme time, .

4. Cost effectivaness

Con sifbctivencss cannot be discusssd. Thers are only gome questions aa already mentioned above:
1. Dioms "“technical assiatanca” imply 2 relationship to the produstion volume 7.

2. . Costs for lab aquipment (test room) and for chisvging equipmont ero quite different. E.g.

the coats for charglag st Admirg! is equal to others with & much bigger produstion volume.
3. It s difficult to judge upon whether some mangfaotusry need test roama, nthers not.

b5 Aaqs
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The Montreal Protocol on

Substances that Deplete the Ozone Layer
Thailand ODS Multicomponent Investment Project

COUNTRY:
PROJECT TITLE:

SECTOR COVERED:

Project Cover Sheet
Kingdom of Thailand

Elimination of ODS Used in the Production of Household
Refrigerators

Household Refrigemator

0ODS USE IN SECTOR (1992): 1080 MT GDP (430 MT CFC-12 & 650 MT CFC.11)
PROJECT IMPACT: Eliminate 109 MT ODP per year (IS MT CFC-12 &
101 MT CFC-11)
PROJECT DURATION: Phase [: 2 years
Phase 1I: 1 year
TOTAL PROJECT COST: QDS Reduction lnvestment Cost: Uss 3,270,000
Incremental Operating Cost!: uss o
PROPOSED OTF FINANCING®: US$2,320,000 (@ 60% Thai Ownership)
COST EFFECTIVENESS: Not Applicable
IMPLEMENTING ENTERPRISE: Kang Yong Electric Co., Lid.
COORDINATING MINISTRY: Department of Industrial Works (DIW), Ministry of Industry,
Kingdom of Thailand
IMPLEMENTING AGENCY: The World Bank
APPRAISAL DATE: August, 1993
PROJECT SUMMARY

This project will phase out chlorofiuorocarbons (CFCs) used in household refrigerators
manufactured at Kang Yong Electric Co., Ltd. (KYE) in Thailand. The project comprises two
phasss and will convert the production line to refrigerators using 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 will identify all equipment and process changes peeded to
implement the alternative technology. During this phase, Kang Yong Electric will obtain
engingering assistance and training from its pareat 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) and 101 MT/year of CFC-11 (foam blowing agent) after the conversion is complated.

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

? Includes 13% contingency and 3% financizl institution fee.



BACKGROUND

The domestic refrigeration industry in Thailand uses CFC-12 for ¢h £ 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% per vear, and most units sold in
Thailand are made locally by seven x;:g{or 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 new appliances and 220 MT for servicing), and about 650 MT of CFC-11.

Kang Yong Electric Co., Lid. (KYE), which is G0 percent of the company is Thai owned, produces

2

approximately 115,000 refrigerators anmually ising seven different models. The plant has one production
line with & total capacity of 162,000 sets a year. KYE expects to reach its maximum capacity by the end of
1996. In 1992, the company consumed 19 MT of CFC-12 and 101 MT of CFC-11. typical CFC-12

charge size in its refrigerators is 0.115 kg. KYE uses an average of 0.60 kg of CFC-11 es a foam blowing
agent per set but began using a 20 percent CFC-11 reduced formulation in December of 1992,

PROJECT OBIECTIVE

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

PROJECT DESCRIPTION

In this project, Kang Yong Electric will eliminate the use of CFC-12 and CFC-11 in houschold
refrigerators by ecnvexﬁ.niits manufactunng facility to one compatible with HFC-134a and HCFC-141b, the
new refriﬁemt apd 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
refrigerators.  The second phase will allow for the elimination of CFC-12 and CFC-11 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 it Phase L.

The main objective of the project’s first %ase comsists of developing reliable new CFC-free
refrigerators at KYE. This task is particularly difficult to accomplish given the coosiderable engineering design
modifications and the necessary testing that have to be done in & relatively short period of time. In order to
minimize the risks associated with the conversion process, KYE will acquire technical assistance during Phase |
from its parent company, Mitsubishi Electric Corporation of Japan. This technical assistapce ts &
continuation of existing arrangements between the two companies. Kang Yong Electric has similar
arrangements in the past to develop its existing line of refrigerator models. As part of the technical agreement,
Mitsubishi Electric Corporation of Japan will do the following:

Design the different refrigerator models

Conduct approval tests for esch refrigerator model

Conduct approval tests for the compressors made in Thailand

Provide production drawings for the new models

Provide traiming on manufacturing, maintenancs, and quality control

Provide engineering assistance for manufacturing development and operations.

Phase 1 will provide KYE with technology dsveloped by the parent company in Japan, modifying it
where necessary to account for differences in Thazyn'sanzafacmring conditions and refngerstor models.

LR BB 3N N BK

Additional funding requested in the proposal for Phase I will be used to acquire 2 new 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
roduction. During this transition time, both CFC and non-CFC refrigerators will be produced on the same
ine. KYE will purchase and install an additional set of chnr%ag equipment (for HFC-134s and ester oil) as

well 82 a new polyurethane injection foam machine, Care will be taken to avoid moisture absorption in ester oil
by acquiring a compressor oil processing system. Kang Yong plans to purchase compressors free of oil to
avoid the possibility of oil contamination by the compressor manufacturer. New halogen leak detectors for
HFC-134a will also be purchased. Because of the flammability of HCFC-141b, additional sufety precautions
will be taken, such as incressing the ventilation of the rcom where the machine will be installed. Modifications
will be made to the mass production test room to increase the cooling test time and improve the ventilation and
air conditioning system.

There is evidence that the new plastic ABS material for the cabinet liner required with HCFC-141b
cannot be formed with the existing equipment. Therefore, a new vacuum forming machine 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 this 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 [ is complete and test results are yzed.
Equipment items inchuded in this project are based on preliminary test results and experience of Japanese parent
companies.

PROJECT COSTS
Total Preject Cost

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

Investment Costs of US$3.27 million include costs associated with CFC-froe 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-141b will not occur until 1996, incremental operating costs have net been included as part of this
project. Incremental operating costs will be reexamined at a later date.

Local Ownership Fraction of 60% was considered to determine the amount of eligible OTF grant
financing. The tolal project cost was multiplied by the fraction of local ownership to determine the proposed
grant amount,

Other Costs. A 15% contin (US$294,000) was also included to ensure adequate funding of
project costs foilowing project ap: migszﬁcy.&n additional US$68,000 {3%) was added to the grant mqugst to
cover the fee for services of the gaam:iai institution (F1) that will appraise the projects and oversee
procurement, disbursement and sudits.

Rmﬁ% Funding. The proposed OTF grant for Kang Yong Electric Co., Ltd. is US$2,324,000 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 grojes;:, The resulting total project cost was multiplied by the percentage of
Thai ownership (60 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 institution fee.

PROJECT IMPLEMENTATION

Manalguafz:mt: DIW will oversee the successful implementation of this project. The project will be
carried cut at hang Yong Electric. Mitsubishi Electric Corp. of Japan will provide technicsl assistance to KYE
during project sxscution,

Schedule

" Model Development, Technicsl
Assistance

Testing and Training

.?rccuremm and Installation of XXXX
Equipment

Coaversion of Production Line to X
Non-CEC Technology

Full Production of Non-CFC X
Refrigerators

Note: x = one quarter of the year

ESTIMATED DISBURSEMENT: 20% in 1993, 20% 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. Suggestions made relative to estimates of equipment costs will be pursued during project
appraisal. In addition 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.
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The World Bank Eversiaan 45
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washington DC 20433 Belgium

USA Telephone goa; 788 92 11
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Telafax (02} 758 55 01

3th May, 1993

Dear Don,

Documants were received on 3/%/93.

Gcaneral comments are :

+ Enterprisas which are subsidiaries of Tapanese refrigerator
manufacturers are proposing the use of HCFC 141b foanm
technology - this is in line with the changes now being
implemented in Japan by the parent companies. Howaver,
this could be a comparatively short term optlon in Japan.
There is an increasing level of interest in the perrormance
of cyclopentane-based foam which is now being implemented
in BEurops. Further, at least two Japaness manufacturers
are to base part of their production on composites of
vacuum insulation panels with CO, (watar)-blown polyurathane
foam,

* HCFC 141b foam technology is now well proven and gives
aquivalent insulation values to foam based on CFC 11
despite its higher gas tharmal conductivity.

* HCFC 232 fcam technology ls not used unless it is protected
by stesl panels because of detsrioration of thermal
insulation with time. The tachnology proposed by Admiral
is not supported for uss in refrigerators with plastic
liners, The blend HCFC 22 / HCFC 142b overcomes this
ageing problem and is in use elsewheras.

’ Several projects call for the purchase of new foam
injesction machines as well as vacuum forming aquipment for
liners and jigs. Individual comments are given for the
enterprises but in general the need for thess items should
be reviewsed at the end of phase 1.
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* The HCFC ld1b price projection quoted in sxhibit 1 of the
feasibility study is toc high. Current prices arae about
50% of the gquoted 1994 price lsvel.

¢ pifficulty of gauging valus of technical assistance from
parent companies.

- QORG MD 152
GMFJ/kd/41’
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RECOXKMENDATION

Supported subject to the comments below.

Good coverage, including dependency of Phass 2 purchasas on Phase
1 results. Quotations for eguipment neaded.

TRCHNICAL SQUNDNESSH

HCFC 141b foam technology is wall proven and use has shown no
deterioration in insulation value compared to CFC ll-blown foam.
It is noted, with approval that decisions on the need for a
foaming machine and line modifications will be taken at the end

of Fhase 1.

LESSCN FROX RXPERIENCE

None

SNVIROMMANIAL 1ESURS

HCFC 141b is a transitional substance which will avuntually“have
to be replaced by a zerc ODP blowing agent. Its usa contributes
to a saving of 109 ODP te per vsar.

SAFRIX I80URS

No mention made of nmeasures to ensure safe working with HCFC 141b
by adegquate ventilation,

CCET AFIECTIVENEED
Dependent on need for items in Phase 2.

None
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Kingdom of Thailand
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS
, Conversion of Domestic Manufacturing to HFC.134a
and to HCFC-14]1b in Polyurethane Foams;
 Conversion of Chillers to HFC-134a

Proiects Described by The World Bank, March 1993

i. Introduction of HCFC-141b for foams and the convarsion process to HFC. 134a for cooling
at THAL TOSHIBA hijustries;

Idem, at ADMIRAL Industriex;

Idem, at HITACHI Industries

Idem, at KANG YONG Industries

Idem, at AP Nationul Industries;

Fwo Chiller Caonversion Projects to HFC-1Ma,

PAp N

Kuijpers, LIM {OORG)
Eindhoven, 1993 03 11
RWR-570-LK.93106 -ik

REMARKS REGARDING THE PROPOSALS

L. Fommn Blowing

All projects describe 2 conversion from CFC-11 to HCFC-1dib. In a first instance, it is re-
matkable that there is a large price differences batween the conversions proposed for the dif-
. ferenst industries (take ¢.g. the difference between AP and Toshiba, 0.25 and 1.79 million).
Indeed, HCFC-141b seems to be the preferred route for the Japanese, although, until re-
cently, they have also maintzined the HCFC-123 option. [t may be that they will stick to the
HCFC-141b option, however, in Europe there is a tendency (whether or not realistic) to study
cyclopentane, a flammable high boiling refrigerant. About its performance nothing is known
so far (conductivity value is worse compared to others, { do net know about long term
hehaviaur).
One should ®ear in mind that the European manufacturers have been evsluating both
22/142b and 1415 for quits some time; they achieved slightly inferior results with 22/1426;
however, the lung term behavior is not so good, due to diffuaton of INCFC-22. Nevertheless,
almost all manufacturers switched 1o HFC-134a (no chlorine anymore, due to enviroamentat
group pressure in (ermany) shortly before the Dometechnica fair (apart from one). So { do
not know whether this could pley a role in Japan and in the daughter companies as well.
The best thing iy 10 ask the OORG foam expert as weli (Jefls, ICI), regarding the time in-
volved in optimizing HFC-134a foams. Depandent on this one could solve the question on
whether or not te invest in the IHCFC-141b route in Thai companies ot to postpone a deci-
sion to [ater this year,

- Belxigeration, general ohaarvstions

The CFC-12 consurgption of the five companies amounts to about 78 tonnes, while a total
consumption of 250 tonnes in this sector is mentioned. 1s there another large manufacturer
invelved ?

The above does not hold for CFC-11, 300 tonnes compared to 500 tonnes is used by the firms
considered.
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Several companies should do something regarding their use of CFC-11, i.e. apply reduction
measures (take e.g. Kang Yong and AP which probably use CFC-11 also for cleaning) since
the consumption i3 large comparcd to the CFC-12 cansumption.

e Y [
2ttt MRS IT M

‘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 supporting the smalt AP
firrn. Morc information (e.g. contracts) on what is specifically covered in sach of the cases
is absolytely necessary. There iy also a question on whether or not the reiationship to Kultorn
Kirby should not be described morce precisaly. Description so far (Kirby will provide the
companies with compressors [or testing) is not at all sufficient. It is often the compressor
manufacturer (with its specific lubricant properties snd 30 on) that determines ths technohﬁy‘
transfer. Design of the appliances and the manufacturing process can be supported by the
mother company.

Kirby plays 2 key role in That companies, for thiz reason mere precise information would
be extremely useful,

This will also detcrmine whiether or not CFC.12 and HF(C-124a appliances can be manufsc.
tured using the same assembly line.

In particular the wechnology transfer issue is important; the phased approach presented is in
principie OK.

There is also a question regarding test rooms. What is determining the size and the costs for
a test room. Thers i3 again a remarkable difference between the Admiral company and
Hitachi, the smallest and largest in size. The same holds For the differsnces in costs for
refrigerant and oil charging e?uipmem. Maybe this could be expliained somewehat more de-
railed in 1he proposal. Some firms will invest in leak detectory; docy this not hold for all of

them 7 i
A consistent approach and evaluation would be desireabic.

‘ | Taking the amounts of CFCs involved costs vary from about {8 to 143 USD per kg of CFC
(t} and 12) phased out per year, Is this an acceptable figure ?

4 Chillers

As far as the chiller conversion is concerned, there are no significant remarks.

For the HFC-134a conversian, the cost is In the order of USD 30 per kg of CFC<12 not used,
which is a high figure, and which should be supported by considerations on the lifetime and
economic value aof the equipment.

A3 far as the HCF(C-123 conversion, no remarks.

Eindhoven, 11 Magch 1993
Z
LM, Kuijpers /
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Thalland
REVIEW OF' FIVE PHASK-1 CONVERSION PROJECTS

Conversion of Domestic Appliance Manufacturing to HPC-1344

Project Fropesals by Tho World Ranl, Anril 1903
First Phass of Agpliance Manufaoture Conversion from CPC-12 to HFC-134s at
Thai-Toshiba

Hitachl Contuosser mm
AP National
Admirsl Thailand
Kang Yang Elecixic Industrin,
Kujjpers, LM (OOERG) Elndhurven,
1993 0% 06
RTU-UNEP-LE-93170 «1k

REVIEW OF THE PHASE@® PROPOSALS

Recommezdation

All prajest descriptions proposo & phase 1 of s two step spproach, in sgreement with the
recommmendstions by the OORG group of the Bauk. In most cases there is qufficient back up from
thtdwdo)‘ ped country appliance manpficturer, where it alao appliea to additions! tests (mainly in
Japan

Howsever, most of the rerarks from my sarliar revlew still spply to theas lxtest project proposals

1. The relstioamip (and timescals of introduction) with the compreasor muswfscturen a&ﬂmmy
uncertaintios since tha sompresor menuthotarers have still 1o conyvert thely production with the
support from othars, This implics that the appliance mampsourers wilk Sepend om relationabips that
depend on other relationships whece still uncartain parsmetecs aré lnvolved.

2. The size of the preducton of the diffwant munufbotuters is quite different, ffom about 140,000
down to 4,800 (Admiral). Neoverthelass, the costy for tachnioal support and for new equipment t6 be
hought do not have any relationahip to the production volume,

1 mwwwmmmmmbemmmdqmum Ag ps oxcempls, technical
asiistance for AP National (UBD 700,000, pradustion volume 74,000) sannot be comparad to othars
(s.5- Sanyo (USD 454,800, produstion velums 600,000 piecas). This izsue seeds to be clarified firat.

Tt in recomumonded to first extablish oritedia for the cost for technical assistance ~whether or not
related 1o the profuction volums, e.g. with certain maxima, bufore that These prajsots should be
spproved.

Tt should aleo be resitzed that the conversion will bs dependent oa the success of the conversion
process at compressor manafacisrers (projects stlli to bo spproved).

Taking thase atguments inte sccount, it is diffloult to give an overall rocommendation for
(dig)npproval, Cons for Admiral are too high, there v no bsck up forn another manufsoturer,
Technical assissance casta for AP National uva (too) high

202 47vT »ras QB-28 w1 10:%0AM POOZ H#HEQ
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2. Relsvenca and ﬂmacy of nformation provided

The praject proposals give adaquaze short descriptions of whut is snvisaged to be acenmpliahed
during » first phase.

The technics) sasistance agreemonts are not very well specifiad (comparabls to the Sanyo project),
the idex is obtalned that a relizhie applisnce production o be guarsnteed (o.g. by sdditional wating
in Japan etz.). Howover, costs for tazhnical assistance seeen 10 be random:

« Sanyo (sspurase proposal). USD 434,800 for s velume of 600,000 places,
- TTEL VSD 510,800 140,000 *

« Knng Yong UsDh 320,000 115,000 ¢

- AP National S 700,000 74,000 *

= Hitachi USD 480,000 142,000 ¥

- Admiral  (atimate)  USD 150,000 4,800 .

3. Technical soundness

Tn the eonversion to HPC. 1344, 1t I In particular the cortalnty that & reliahle product can be

which has to do with adapting locsl manufsturing processes that will aoze money.
Tt will always ba difficult to manufierure CFC.12 spd HFC-134a appliances at the sume moment,
unlaas very spacial pracautions srw tuken,
The relisbility of the sppliance will also depend on the quality (and the type) of the compressor. This
cannot be estionated at this moment.
Since Kulthorn Xirhy is ona of the muin manufaciurers of comprassors involved, it should be

ascertnined whathar this company <an anlve problems which might cccur at the manufecturers at the
sime tima.

4. Cost effectivenass
Cost oflbctivences cannot be discussed. Thare Bre only zoms questions as already mentionod above:

1, Dom "technical asalatancs” imply a ralstionship to the produstion velume 7.

2. . Costa for izb oquipment (test room) and for charging squipmont are quite different. E.g.
the coats for charging a1 Admire! Iz equal to others with & much bigger production volume.

3. it is difffonlt 1o judge upon whother some manufactusrs need teet racms, others not.

bk #a93
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. The Montreal Protocol on
Substances that Deplete the Ozone Layer

Thailand ODS Multicomponent Investment Project

COUNTRY: Kingdom of Thailand

FROJECT TITLE: Elimination of ODS Used in the Production of Household
Refrigerators

SECTOR COVERED: Household Refrigerator

ODS USE IN SECTOR (1992}: 1080 MT ODP (430 MT CFC-12 & 650 MT CFC-11)

FROJECT IMPACT: Eliminate 47 MT ODP per year (7 MT CFC.12 & 45 MT CFC-11)

PROJECT DURATION: Phase I: 2 years
Phase II: 1 year

TOTAL PROJECT COST: QDS Reduction Investment Cost: Uss 3,220,000
Incremental Operating Cost': uss 0

PROPOSED OTF FINANCING®: US$ 2,098,000 (@ 55% Thai Ownership)

COST EFFECTIVENESS: Not Applicable

IMPLEMENTING ENTERPRISE: A.P. National Co., Lid,

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

IMPLEMENTING AGENCY: The World Bank

APPRAISAL DATE: August, 1993

This project will phase out chlorofluorocarbons {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-141b 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. Nationsl will receive engineering assistance and
g training from its parent company, Matsushita Refrigeration Co. of Japan. During Phase 1T National
will purchase 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-1Z (refrigerant) and
45 MTiyear of CFC-11 (foam blowing agent) after the conversion is completed.

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

? Includes 15 contingency and 3% financial institution fee.



BACKGROUND

The domestic refrigeration industry in Thailand uses CFC-12 for Ch%m appliances and during
servicing, and uses CFC-11 in the production of polyurethane (PU) insulation . The gemmd for household
refrigerators and freezers in Thailand is increasing st = rate greater than 10% per year, and most units sold in
Thsim 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 & total of 430 MT of CFC-12
(210 MT to charge new appliances and 220 MT for servicing), and about 630 MT of CFC-11,

A.P. National Co., Ltd. (National), which is 55 percent Thai owned, produces afpmximataly 74,000
refrigerators sunually comprising eleven different models. The plant has one production line with 2 total
capacity of 120,000 sets & year. National expects to reach its maximum capacity by 1996, In 1992, the
company consumed seven MT of CFC-12 and 45 MT of CFC-11. The average CFC-12 charge size in its
refrigerators is 0.12 kg. National has been using s 30 percent CFC-11 reduced foam formulation in its
polyurethane foam since 1992 and currently uses about 0.34 kg of CFC-11 per refrigerator.

PROJECT GEJECTIVE

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

PROJECT DESCRIPTION

In this project, A.P. National will eliminate the use of CFC-12 and CFC-11 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 enfineering assistance, training, and acquisition of specific equipment for testing the new r:mfrtiﬁeMra. The
second phase will allow for the elimination of CFC-12 and CFC-11 through the ordering and installation of the
new equipment necessary for mass production of CFC-free refrigerators, In the third phase, not addressed in
this pmje;t, uctuail production of CFC-free refrigerators will take place. Incremental operating costs would only
sceur in Phase I

The main objective of the project’s first phase consists of developing reliable new CFC-free
refrigerators at AP, f‘iazionsi. This task is particularly difficult to accomplish given the considersble
engineering design modifications and the necessary testing that bave to be done in a relatively short period of
time. In order to minimize the risks associated with the conversion ess, A.P. Nutional will acquire
technical assistance during Phase | from its parent company, Ma ita Refrigeration Co. of Japan. This
technical assistance represents a continuation of existing arrangements between the two companies. A.P.
National has used similar arrangements in the past to develop its existing line of refrigerator models. As part of
the technical agresment, Matsushita Refrigeration of Japan will do the following:

Design the different refrigerator models

Comf:ct 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 quaehity control

Provide engineering assistance for manufacturing development and operations.

LB BN BN B BN

Phase I will to provide A.P. National with technology 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 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 H of the project will consist of finalizing the transition to CFC-free technology for mass
roduction. During this transition time, both CFC and non-CFC refrigerators will be on the same
ine. A.P. National will purchase and install an additional set of charging equipment (for HFC-134a and ester

oil) as well a5 two new polyurethane injection foam machines for doors and cabinets, A.P. Natiopal plans to
purchase compressors free of oil and to charge purified oif on their production line to ensure gvoidance of
contamination by the compressor vendor.

To reduce evaporative losses of HCFC-141b, a cooling unit will be installed in the chemical storage
room. Care will be taken during this period to avoid cross contamination of refrigerants and compressor oils.
Because of the flammability of HCFC-141b, additional safety utions will be taken, such ay increasing the
ventilation of the room where the machine will be installed. New halogen lesk detectors for HFC-134a will
also be purchased.



There is evidence that the new ABS plastic for the cabinet liner required with HCFC-141b cannot be
formed with the exisﬁnisegui t. Nati belisves that its current forming equipment can be modified to
accommodate the pew ic. The modification, which consists of replacing the actusl circular heaters,
will cost approximately $110,000 {as opposed to approximately $1,000,000 for 1 new unit).

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 | is complete and test results are analyzed.
Equipment items included in this project are based on preliminary test results and experience of Japaoese 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., L.
with incremental revenues.

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

Net Incremental Opernting Costs: Because full scale production of refrigerators with HFC-134 and
HCFC-141b will not ocour until 1596, incremental operating costs have not been included a5 part of this

project. Incremental operating costs will be reexamined at a later date.

Local Ownership Fraction of 35% was considered to determine the amount of eligible OTF grant
financing. The total project cost was multiplied by the fraction of local ownership to determine the proposed

grant amount.

th sts. A 15% contingency (US$2§§;0(X){JW&S also included to ensure adequate funding of
project costs following project appraisal. An additional US$61,000 (3%) was added to the grant request to
cover the fee for services of the cial institution (FI} that will appraise the projects and oversee
procurement, disbursement and audits,

Requested Funding., The proposed OTF grant for A.P. Naticnal Co., Lid. is US$2,008,000 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 (55 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 institution fee.

PROJECT IMPLEMENTATION

ement: DIW will oversee the successful implementation of this project. The project will be
carried out at A.P. National, Matsushita Refrigeration Co. of Japan will provide technical assistance to
National during project execution.

Schedule

Phase I

Model Development, Technical
Assistance

Testing and Training X XXX XX

Phase I1:
Procurement and Installation of AXXX
Equipment

Conversion of Production Line to X
Non-CFC Technology ll

Full Production of Noa-CFC x
Refrégra;eﬂ

Note: x = ane quarter of the year
ESTIMATED DISBURSEMENT: 20% in 1993, 20% in 1994, and 60% in 1995




TECHNICAL ASSESSMENT

This subproject hes been reviewed by the OORG technical reviewer, Dir. Michael Jeffs. The project
was rted. Suggestions made relative to estimates of equipiment costs will be pursued during project
appraisal. In addition to Dr. Jeff’s review, comments were received from QORG reviewer Dr. L. Kuijpers. A
formal review from Mr. Kuijpers will be submitted by May 25,



) @ Polyurethanes

Mr. D. Brown iC1 Polyurethanes

The World Bank Eversiaan 45

1818 H Street NW B-3078 Everberg

Washington DC 20433 Beigium

uUsA Telephane soz} 788 82 11
Tolex 26151 ICiEvVE 8

Telatax {02) 756 85 1

Sth May, 1993

Dear Don,

Documents were received on 3/5/93.
Genaral comments are ¢

+ Enterprises which are subsidiaries of Japanese refrigerator
nanufacturers are proposing the use of HCFC 141k foan
technology - this is in line with the changes now being
implemented in Japan by the parant companies. However,
this could be a comparatively short term option in Japan.
There is an increasing level of interest in ths performance
of cyclopentane-based foam which is now being implemented
in Furcpe. Purther, at least two Japansss manufacturers
are to base part of their production on composites of
vacuum insulation panels with CO; (water)~blown polyurethane
foan.

+ HCFC 14ib tfoam technology is now well proven and gives
squivalent insulation values to foam based on CPC 11
despite its higher gas thermal conductivity.

. HCFC 32 foam technology is not used unless it is protected
by stesl panels because of detericration of <thermal
insulation with tims. The technology proposed by Admiral
is not supported for use in refrigerators with plastic
liners, The blend HCFC 22 / HCFC 142b ovarcomes this
ageing problem and is in use elsevhers.

+ Several projects call for the purchase of new foan
injection machines as well as vacuum forming equipment for
liners and jige. Individual comments are given for the
enterprises but in general the need for thase items should
be reviewed at the end of phase 1.
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. m™e HCFC 141k price projection gquotad in #xhibit 1 of the

feasibility study is toe high. Current prices are about
508 of the quoted 1994 price level..

s pifficulty of gauging value of technical amssistance from
parsnt companies.

« QURG MD 1
GMPJT/kd/417 52

co : Mr., T, Waltz



RECOMMENDATION

Supported subject to the comments below.

No information on nead for 2 foam injection machines in Phase 2,
nor are quotations attached.

TECHNICAL SOUNDNERS

HCFC 141> foam tachnology is well proven and,has shown equivalent
insulation value to CFC ll-based foam,

LESSOK FRON AXPRRINNCE

None

ENYIRONMBNIAL I8SURS

HCFC 141b is a transitional substance which will have to be
replacsd by a zero ODP bhlowling agant. Use contributas to a
saving of 47 ODP te per year.

BAFRTX I0QURS

Ne mention of provision of adecuata ventilation becauss of
flammability of HCPC 141b.

SOST _RFEACTIVENRAS

Major capital items are 2 foaning machines at $§ 300,000. No
reason given for their purchase and cost is exorbitant. No
quotations notad. This issue neads resclution.

None
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Kingdom of Thailand

PRELIMINARY REVIEW OF A NUMBER OF PROJECTS
Conversion of Domestic Manufacturing to HFC.134a
and to HCFC-14]b in Polyurethane Foams;
Conversion of Chillers to HFC-134a

Projects Described by The World Bank, March 1993

1. Introduction of HCFC-141b for foams and the convarsion process to HFC-134a for cooling
at THAI TOSHIBA Indusiries;

2. [dem, at ADMIRAL Industries;

3. Idem, at HITACHI Industrieg

4. Idem, at KANG YONG Industries

5. Idem, at AF Natiomal Industries;

6, Two Chilier Conversion Projects to HFC-134a.

Kuijpers, LIM {(QORG)
Eindhoven, 199303 11
RWR-570-LK-93106 -ik

REMARKS REGARDING THE PROPOSALS

1. Foawm Blowing

All projects describe a conversion from CFC-11 to HCFC-14ib. In & first instance, it is re-
markable that there is a large price differance between the conversions proposed for the dif-
ferent industries (take ¢.g. the difference between AP and Toshiba, 0.25 and 1.79 million).
Indeed, HCFC-141b seems to be the preferred route for the Japancss, although, until re-
cently, they have also maintained the HCFC-123 option. It may be that they will stick 1o the
FICFC-141b option, however, in Europe there is a tendency (whether or not realistic) to study
cyclopentane, & flammabla high boiling refrigerant, About its performance nothing is known
so far (conductivity value is worse compared 1o others, 1 do not know about long term
behaviour).

One should bear in mind that the European manufacturers have beon evaluating both
22/142% and 1415 for quits some time; they achieved slightly inferior results with 22/142b;
however, the long wim behavior is not so good, due to Jiffusion of HCFC-22. Nevertheless,
almost zll manufacturers switched 10 HFC-{34a (no chiorine anymore, due to environmental
group pressure in Germany) shortly before the Domotechnica fair (apart from one). So [ do
not know whether this could play a role in Japan and in the daughter companies ag well,
The best thing s to ask_the OORG foam expert as well (Jefls, [CI), regarding the lime in-
volved in optimizing HFC-134a foams. Depandent on this one could solve the question on
whether or not to invest in the HCFC-141b route in Thai companies of o postpone a deci-
sion to Iater this year,

3. Reixizeration, xeneral cheecyations

The CFC-12 consumption of the five companies amounts to about 7§ tonnes, while a total
9@::#;1:?3;?0& of 250 tonnes in this sector is mentioned. Is there another large manufacturer
involy

The above does not hold for CFC-11, 300 tonnes compared to 500 tonnes is used by the firms
considered.
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Scveral oomiaﬁiea should do something regarding their use of CFC-11, L.e. apply reduction
measures (take e.g. Kang Yong and AP which probably use CFC-11 also for cleaning) since
the consumption (s large compared to the CFC-12 consumption.

3. Refrigeration. specific {opics

There is technology supFart from the mother companies, the cogts however vary widely not
dependent on the %2¢ of the company, e.g. 592, for Matsushita supporting the small AP
firm. More information (e.g. contracts) on what is specifically covered in sach of the cases
is absolutely necessury. There is also a question on whethor or not the relationship to Kultorn
Kirby should not be described more precisely. Description so far (Kirby will provide the
companies with compressors [or testing) is not at all sufficient. 1t is often the compressor
manufacturer (with ity specific lubricaat properties and so on) that determines the tachnology
transfer. Design of the appliances and the manufacturing process can be supported by the
mother company.

Kirby plays a key role in That corapanies, for this reason more preciss information would
be extremely useful,

This will also detcrmine whether or not CFC.12 and HF(-1244 appliances can be manufac
tured using the same assembly line.

In particular the technology transfer issue is impaortant; the phased approach presented is in
principle OK.

There is also a question regarding test rooms. What is determining the size and the coms for

a test room. There is again a remarkable difference between the Admiral company and

Hitachi, the smallest and largest in size, The same holds for the differences in costs for

reflzigerant and <il charging e;lllipmﬁt, Maybe this could be cxplained somewehat more de-

:;i}ed?in the proposal. Some firms will iavest in leak deteetors; docs this not hold for all of
em

A consistent approach and evaluation would be desireable.

Taking the amountu of CFCs involved costs vary from about I8 to 145 USD per kg of CFC
(11 and 12) phased out per year. [s this an acceptable figure ?

4, Chilters

Az far as the chiller conversion is concerned, there are no significant remarks.

For the HFC-134a conversion, the cost is In the arder of USD 30 per kg of CFC12 not used,
which is 8 high figure, and which should be supported by considerations on the {ifetime and
economic value of the equipment.

As far as the HCFC-123 conversion, no remarks.

Eindhoven, i1 March 1993
Vd
L.AM. Kuijpers

/
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Thdland
REVIEW {)F FIVE PHASE-1 CONVERSION PROJECTS

Conversion of Domestic Appliance Manufacturing to HRC-134a

Praject Fropasels by Tho Wetld Rank, April 1993
Firxt Phasa of Appliance Manufacture Conversion from CPC-12 to HRC-1348 at
Thai-Toshiba

Hitachl Consumser l’rodum
AF National
Admiral Thalland
Kang Yong Eloctric Industrin,
Kujjpers, LIM (OORG) Bladhoven,
1993 05 06
TU-UNEP-LE-93170 <k

REVIEW OF THE PHASRER1 PROPOSALS

Recommendation

All projest descriptions propose s phase 1 of « two slep spproach, in sgreemient with the

recommmendetions by the OORG group of the Bank. In most cases there is sufficent back tp from

;hsd?c}opedmumwzpﬂimma:&cmrmwhmnmospp!Mmaddxﬁowm(mwﬂym
APRD).

Howevsr, most of the remarks from my serlier review stili spply to thess letest project proposals:

1. The telationship (and timeacds of Introduction) with the campreasor masudacturers hag still many
uncertalntics since the compreasar manufhcturers have still to canvert thelr production with the
mpport from others, This implics that the appliznco mamiaoturers will depend on relatdonships thet
depend on othar relationships where still uncertain paramasters are involved.

2. The size of the production of the diffsrent manufhoturery is quite different, ffom about 140,000
down to 4,800 (Admiral). Nevertheless, the costs Tor tachnioal support and for new equipment to be
homght du not have soy relationshlp to the production volume.

3. The costs for technlonl agsistancs soem to be random, and quite high. As an stample, technical
sssigtance for AP Netanal (USD 700,000, preductian volume 74,000) cannat be comparsd to othars
{e.z. Sanyo (UUSD 454,200, production volume 600,000 nieces). This issue necds to be clavified firet.,

¥ is rocommendod to firat establish oriteria for the costs for technical assistance -whether or not
related to the production volums, e.g. with ocrtain maxima, befors thet these projscts should be

spprovaed,
Tt ghould sles be realized that the conversion will be dupandent on the success of the conversion
process at compressor manufscivrers (projects stlll to be approved).

Taking these srgutents into sccount, it s diMoult to yive an averall recommendation for
(dis)approval, Cons for Admiral are 100 high, tharo ls no beck up from another manufesturer,
‘Tochnicel assiyeanco cosis for AD Natlonal are (too) high

Repox 202 477 riad DH-28 =3 |0:J0AM PLOZ HED
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2, Relavancs xnd lquw of nformation provided

The praject proposnia give adsquare short doscriptions of whnt 1 savisaged to be acoaraplishead
during a first phase.

The technics] sasistance agreamnnts are w0t very well spedified (comparable to the Sanyo project),
the idex is obtalned that & reliable applisnce praduction cen be gusrantecd (2.4, by additional twating
In Japan ete.). However, costs for tachnical assigtance seem 1o be random:

smva (saparaie proposl). TISD 454,800 for & volume of 600,000 places.
- USD 514,800 140,000 *
- ng Yong USD 320,000 115,000
- AR National USD 706,000 74,000 "
= Hirschi USD 480,000 142,000 "
- Admiral (natimate) USD 150,000 4,800 .
3. Technical saundnass

Tn the conversion to HFC.134a, it Is In particular the cortainty that a relishle product can be
mamsfactured, which has to do with adapting local manufkcturing procesass that will soxt money.

It will afways ‘be difficult 1o manufagrre CFC12 and HFC-134a appliances at the same moment,
unlsss very spocisl precautions arw tuken,

The rellabllity of the xppliance will also depend an the quality (and the type) of the compressor, This
eannot be estimated at this moment.

Since Rulthorn Kirtiy is one of the main menufeciurer of compressors involved, it should be

ascortained whethar this company can enlve problams whiah might pecur at the manufecturers at the
e tima,

4. Cost effoctivanaar

Cost efostivencas sannot be discussed. Thara are only ma.quiiom s alroady mentionsd Above:
1. Dons "technicsl asalstanos” imply a ralationship 1o the produstion velume 7.

2. . Costafor lsb equipment (test room) and Kor charglng equipmont are quite different. E.g.

the costs for sharging st Admirelis equal to others With a much bigger produstion volume.
i It is difficult 10 jadge upon whether some manyfactusrs nead test roons, others not.

bk 4293
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The Montreal Protocol on
Substances that Deplete the Ozone Layer

Thailand ODS Multicomponent Investment Project

Project Cover Sheet

COUNTRY: Kingdom of Thailand

PROJECT TITLE: Elimination of ODS Used in the Production of Household
Refrigerators

SECTOR COVERED: Household Refrigerator

ODS USE IN SECTOR (1992): 1080 MT ODP (430 MT CFC-12 & 650 MT CFC-11)

PROJECT IMPACT: Eliminate 132 MT ODP per year (36 MT CFC-12 &
108 MT CEC-11)

PROJECT DURATION: Phase I 2 years
Phase I1: I year

TOTAL PROJECT COST: ODS Reduction [nvestment Cost: UsSE 2,520,000
Incremental Operating Cost™: CUSss 0

PROPOSED OTF FINANCING* US$ 1,520,000 million (@ 51% Thai Ownership)

COST EFFECTIVENESS: Undefined

IMPLEMENTING ENTERFPRISE: Hitachi Consumer Products (Thailand) Co.

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

IMPLEMENTING AGENCY: The World Bank

APPRAISAL DATE: August, 1993

e e s

g PROJECT SUMMARY

This project will phase out chlorofluorocarbons (CFCs) used in houschold 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-141b 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, Hitachi Consumer Products will obtain
engineering assistance and training from its parent company, Hitachi Ltd. of Japan. In Phase II,
Hitachi will purchase ell 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 (fosm blowing agent} after the conversion is completed.

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

? Includes 15% contingency and 3% financial institution fec.



BACKGROUND

The domestic refrigeration industry in Thailand uses CFC-i2 for ing new appliances and during
servicing, and uses CFC-11 in the production of polyurethane {PU) insulation foam. Thepgemand 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 Sasyo 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.

Hitachi Consumer Products (Thailand) Co., Ltd. (Hitachi), which is 51 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 reach its maximum itg by
1994. In 1992, the company consumed 36 MT of CFC-12 and 108 MT of CFC-11. The average CFC-1
charge size in its refrigerators is 0.18 kg. Hitachi has begun using 40 percent CFC-11 reduction formulation in
its foam since 1989 and uses abont 0.55 kg of CFC-11 per set.

FROJECT OBJECTIVE

The objective of this project is to phase out CFC-12 and CFC-11 used in household refrigerstors and
freezers at Hitachi Consumer Products.

PROJECT DESCRIFTION

In this project, Hitachi Consumer Products will eliminate the use of CFC-12 and CFC-11 in bousehold
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, training ,and scquisition of specific equipmeat for testing the new
refrigerators. The second phase will allow for the elimination of CFC-12 and CFC-11 through the and
i:zsta%iizm of new equipment W for mass production of CFC-free refrigerators. In the third phase, not
addressed in this pfe{%c:a actual production of CFC-free refrigerators will take place. Operating costs would
only occur in Phase II1. :

The main objective of the project’s first phase consists of developing reliable new CFC-free
refrigerators at H:tac}ix This task is particularly difficult to accomplish given the considerable engineering
design modifications and the necessary testing that have to be dope in a relatively short period of time. In order
to munimize the risks associated the conversion process, Hitachi will acquire technical assistance during Phase [
from its parent company Hitachi Litd. of Japan. This technical assistance represents a continuation of existing
arrangements between the two companies. Hitachi has used similar arrangements in the ?ast to develop its
gxliisting line of refrigerator models. As part of the technical agreement, Hitachi Ltd, of Japan will do the
ollowing:

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 manufachiring, maintenance and quality control.

LR BN BN A

Phase | will provide Hitachi with technology developed by the parent company in Japan, modifying it
where necessary to account for differences in Thai manufacturing conditions and refrigerator 1s.

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

Phase 11 of the project will consist of finalizing the transition to CFC-free technology for mass
sroduction.  During this transition time, both CFC and non-CFC refrigerators will be produced on the same
ine. Hitachi will purchase and install an additional set of chmii:g equipment for HFC-134a. Because of the
flammability of HCFC-141b, additional safety precautions will be taken, such as increasing the ventilation of the
room where the machine will be installed. will be taken during this period to avoid cross contamination of
refrigerants and compressor oils, New halogen leak detectors for HFC-134a will also be purchased.

Because HCFC-141b has s higher thermal conductivity than CFC-11, there is the possibility that the
insulation thickness of the refrigerators will have to be increased to maintain satisfactory levels of energ
consumption. A change in insulation thickness would re?;iire 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-141b cannot be formed wath the existing equipment, Therefore, & new
vacuum forming machine estimated to cost $1.0 million might need to be purchased.

Final decisions on all of the equipment purchasing and refrofitting, except for minimal equipment
required (o build field fest models, will bo made after Phase I is complets and test results are analyzad,




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$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,

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

t Inc; tal rating Costs: Because full scale production of refrigerators with HFC-134 and
HCFC-141b will not occur until 1996, incremental operating cosis have not been included as part of this
project. Incremental operating costs will be reexamined at a later date.

%%M@_ﬂggﬁgg of 51% was considered to determine the amount of eligible OTF grant
financing. The total project cost was multiplied by the fraction of local ownership to determine the propossd
grant amouat.

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

Requested Funding. The p OTF grant for Hitachi Consumer Products (Thailand) is
§}S$£,523,% 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 (51 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 institution fee.

PROJECT IMPLEMENTATION
esnent: DIW will oversee the successful ix;ﬁemeataﬁon of this project. The pﬁ’mt will be

carried out at Hitachi Consamer Products (Thailand). Hi Lid. of Japan will provide technical assistance to
its Thai subsidiary during project execution.

Schedule

Phase I:
Model Development, Technical
Assistance

:

Testing and Training X

Phase I1;
Procurement and Instatlation of LXK
Equipment

Canversion of Production Line to 3

Non-CFC Technology
Full Production of Non-CFC X
...... AL SRS R S S——

Now: x = onc quarter of the year
ESTIMATED DISBURSEMENT: 20% in 1993, 20% in 1994, and 60% ia 1995

TECHNICAL ASSESSMENT

This subproject has been reviewed by the OORG technical reviewer, Dr. Michsel Jeffs. The project

was supfoneé‘ Suggestions made relative to estimates of equipment costs will be pursued during project
appraisal. 1o additon to Dr, Jeffs review, comments were received from OORG reviewer Dr. L. Kuijpers. A
formal review from Mr, Kuijpers will be submitted by May 25,



) @ Polyurethanes

My, D. Brewn ICI Polyurethanss
Tha World Bank Evarslaan 45
1818 H Street NW 5’36_78 Everberg
Washington DC 204233 elgium

Telephone (02} 758 82 11
ush Tafgg 26155 §€?iEV3 8

Telstax (02) 753 55 01

3th May, 1993

Dear Don,

Docunents ware received an 3/%/93.

General comments are ;

+ Enterprises which are subsidiaries of Japanese refrigerator
manufactursrs are proposing the use of HCFC 141p foan
technology - this s Iin line with the changes now being
implemented in Japan by the parent companies. Howaver,
this could be a comparatively short term option in Japan.
There is an increasing level of interest in the performance
of cyclopentane-based foam which is now being implemented
in Europe. Further, at least two Japanese nanufacturers
are to base part of their production on composites of
vacuum insulation panels with C0O; {water)-blown polyursthane
foam.

+ HCFC l41bh foam technolegy is now well proven and gives
equivalent insulation values to foam based on CFC 11
despite its higher gas thermal conductivity.

) HCFC 22 foam technology im not used unless it is protected
by stesl panels because of detericration of thermal
insulation with time. The technology proposed by Admiral
is not supported for use in refrigerators with plastic
liners, The hlend HCPFC 22 / HCFC 1420 overcomes this
ageing problem and is in use elsewhers.

. Several projscts call for the purchass of new foam
injection machines as well as vacuum forming equipment for
linars and iigs. 1Individual commants are given for the
enterprises but in general tha need for thess items should
be reviewed at the end of phase 1.

D Tnig aiv it~ Qalal o h 436 A S eane L] Rayataren In Baniy N6 SCOMAS



¢ The HCFC 141b price projection quoted in,jiii;it 1 of the
feasibility study ia too high. Current prices are about
50t of the gquoted 1994 price level.

* pifriculty of gauging value of technical assistance fronm
parent companises.

- QURG MD 15
GMFJ/kd/41’ ¢ :

ce  Mr., T, waltz



Approved subject to the comments below.

Good ~ all major capital items are included in the project
description.

THCHNICAL SOUNDNESE

HCFC 141b technology is well proven and has shown eguivalent
insulation value to CFC ll-based foam. Hence there should be no
nead to buy new dies, moulds and 4igs as on P 9.4.

LEGAON FROM BXPRRIENCE

None

ENVIRONKENTAL JLO3URE

HCFC 141b is a transitional material which will have to be
replaced by a zerc ODP blowing agent. Its use will contribute
to a saving of 132 ODP ta par year. "

SAFETY ISSUNR
Provision of a ventilation system for HCFC 141b is noted.

COST _RITRCIIVANRAS

Major impact of decisions at and of Phase 1 on need for dies,
moulds, Jigs and vacuum forming equipment.

OTABRS
None
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Kingdom of Thailand
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS
Conversion aof Domaestic Manufactiring to HFC-J34a
and to HCFC-id]b in Polyurethane Foams;
Conversion of Chillers to HFC-134a

Projects Described by The Word Bank, March 1993

1. Introduction of HCFC-141b for foams and the convarsion process to HFC- 134a for cooling
at THAIl TOSHIBA Indusiries;

2 [dem, at ADMIRAL Industries;

3. idem, at HITACHI1 Industriess

4. Idem, at KANG YONG Industriex

S, Idem, at AP Nationa] Industries;

6. Two Chiller Conversion Projects to HFC-134a,

Kuijpers, LJM (OORG)
Eindhoven, 199303 11
RWR-370-1L.K-93106 -1k

REMARKS REGARDING THE PROPOSALS

1. Fosm Blowing

All projects describe & conversion from CFC-11 to HCFC-141b. In » fiest instance, it is re-
markable that there is a large price diffarence between the conversions proposed for the dif-
ferent industries (take ¢.g. the difference between AP and Toshiba, 0.25 and 1.79 million).
Indeed, HCFC-141b seems to be the preferred route for the Japancse, although, until re-
cendly, they have also maintained the HCFC-123 option. [t may be that they will stick to the
HICFC-141b option, however, in Europe there is a tendency (whether or not realistic) to study
cyclopentane, = flammable high boiling refrigerant. About its performance nothing is known
so far (conductivity valus is worse compared to others, | do neot know about long term
behaviour).

One should bear in mind that the European manufacturers have been ¢valuating both
22/142p and 141b for quite some time; they achieved slightly inferior resuits with 22/142b;
however, the long term behavior is not so good, due to diffusien of THCFC.22. Nevertheless,
aimost all manufacturers switched o HFC.134a (no chlorine anymore, due to environmental
group pressure in Germany) shortly before the Domotechnica {xir (apart [rom one). So { do
not know whether this could play a role in Japan and in the daughter companies ag well.
The best thing 1s 1o ask the OORG foam expert as well (JefTy, [CI), regarding the time in-
volved in opumizing HFC-134a foams. Dependent on this one could solve the question on
whether or not to invest in the HCFC-141b route in Thai companies or to postpone a dec-
sion 10 later this year,

2. Refxigerstion, general shasrvstions

The CFC-12 consupaption of the five companies amounts to about 78 tonnes, while a total
pon;;u:xfg,ion of 250 tonnes in this sector is mentioned. Is there another large manufacturer
involved ?

The above does not hold for CFC.11, 300 tonnes compared to 500 tonnes is used by the firms
considered,
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Several companies should do soma:hinlg regarding their use of CFC-11, i.e. apply reduction
measures (take e.g. Kang Yong and AP which probably use CFC-11 also for cleaning) since
the coensumption 1y large comparcd 1o the CFC-12 consumption,

ofth H

There is technology support from the mother companies, the costs however vary widely not
dependent on the size oF the company, e.g. 592,(KX) for Matsushita supporting the smait AP
firm. More information (e.g. contracts) on what is specifically covered in sach of the cases
is abeolutely necessary. There is also a question on whether or not the relationship to Kultorn
Kirby should not be described morc precisaly. Description 3o far (Kirby will provide the
companies with compressory for testing) is not at all sufficient. It is often the compressor
manufacturer (with its specific lubricant propertics and 0 on) that determines the technolo
transfer. Design of the appliances and the manufacturing process can be supported by gﬁ’é
metheér company,

Kirby plays a key role in Thai companies, for this reason more precise information would
be gxtremely useful,

This will also detcrmine whether or not CF(-12 and HFC-124e appliances can be manufac
tured using the same assembly line.

In particular the wechnology transfer issue is important; the phased approach presented is in
principle OK.

There is also a question regarding test rooms. What is determining the size and the costs for
a test room. There is again a remarkable difference between the Admiral company and
Hitachi, the smallest and largest in size. The same heolds for the differences in costs for
refrigerant snd oil charging e?uipmnt Maybe this could be ¢xplained somewehat more de.
tailed in the proposal. Some Hirms will invest in lcak detectory; does this not hold for all of

them ?
A consistent approach and evaluation would be desirezbie.

Taking the amounts of CFCs invelved costs vary from about 18 to 145 USD per kg of CFC
(ti and 12) phased out per year. Is this an acceptable figure ?

4, Chillers

As far as the chiller conversion is concerned, there are no significant remarks.

For the HFC-134a conversion, the cost is in the order of USD Y0 per kg of CFC-12 not used,
which is a high ﬁ?um, and which should be supported by considerations on the lifetime and
sconomic value of the equipment.

As far as the HCF(C-123 conversion, no remarks,

Eindhoven, 11 March 1993
Vd
L.J.M, Kuiipers
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Thalland
REVIEW O‘F RIVE PHASE-1 CONVERSION PROIJECTS

Conversion of Domestic Appliance Manufacturing tv HFC-134a

Project Froposals by The Wetld Bank, Apeil 1983

First Phass of Appliance Manufacture Conversfon from CPC-12 to HRFC-1348 at
Thal-Toshiba

Hitaehl Consomer !"mlum

AP Notlonal

Adirs] Thailand

Kang Yong Electris Industriv,

Kuijpers, LIM (QORG) Elndhoven,
1993 05 06
TU-UNEP-LK-931'A0 <1k

REVIEW OF THE PHASE!> PROPOSALS

Recommmndation

All projest descriptions propose & phass 1 of s two step approach, in agresment with the

recommmendetions by the OORG group af the Bark. Inmost cases there is sufficien back up from

;ht&;dopedmmyapmm, whara it alao applies to additions) tests (mainly in
APRD

Howevar, most of the romarks from my sarlier revisw still spply to thase latest project proposals:

1. The telationship (and timescale of introduction) with the compraasor manufkcturerd has still many
uncartainties gince tha compressor meoufacturers have still to convert thelr production with the
mpport from others, This implics that the appliaase mamdsawrers will dopend on relationstips that
depend on other reiationships where still uncartain pamameters are fnvolved
&ﬂBMMWWQHdWMWW&qm different, ffom sbout 140,000
down to 4,800 (Admiral). Neverthelsss, the costs for tachnionl suppart and far new eguipment to be
bought do vt Have any relationship to the production vilume,

3. The costs for technical sssistance soem 10 be mndom, and quits high. As an example, technical
sasislance for AP Nutianal (USD 700,000, production valume 74,000) cunnot be compared to othars
{o.z5. Samyo (QUISI) 454,800, production volume 600,000 piecss). This izsue aeeds to be clacified firet,

Tt is recommendesd to firat sytablish oriteria for the costs for tochnical assistunce ~whether or not
reluted 1o the proguction volume, e.g. with ocrtain maxima, bufore that thess projects should be
approvad.

It should wlxo bo realized that the conversion will bs dependent on the success of the conversion
process &t compressor manuficiurers (projects still to be epproved).

Teking thase arguments into account, it 1g difoult to give an overall recommendsiion for
(dis)uppraval, Coms for Admiral are too high, ther ls no back up from another manufacturer,
Technical ssslatance casts for AP Netlanal s+ (too) high

202 47%F 21AG GH-28 9% 10:5%0ANM FOO2 HEG
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1. Relsvencs and Atdaquqy of information providad

'I‘hc praject proposals give M&qm short descriptions of what is onvisaged to be accomplished
during 1 first phase,

The technicsl assistance agresmonts arg not very wall specifisd (comparable to the Sanyo project),
the idea Is obtalned that a relinbie applisnce praduation can be guaranteed (o.§. by sdditional tosting
In Japan etc.). However, costs for tachnical agsistance seem to be random:

« Sanyo (sepurase propasal); USD 434,800 for a volume of 600,000 piﬁc&:.
- TTEL VS0 510,800 140,000 *

« Kang Yeng Ush 320 000 115,000 »

- AP Nuational ushH me,aao 74,000

- Himchi UST» 480,000 142,000 *

- Admirai (matimate) USE 150,000 4,800 ©,

3. Technical sountinee

Tn the conversion to HFC-1344, It Is In particular the certalnty that a voliable product onn be
manifaotyred, which has 1o do with adapting local manufacturing processes that will cosc money.

It will shways ‘b difficnlt to manafeorure CRC-12 and HPC-1344 sppliances at the same moment,
unless very spocial precautions wre tuksa,

The relisbllity of the appliance will also depend on the quality (and the type) of the compressor. This
cannot ba estimated at this moment,

Since Rulthorn Kirby is ons of the maln manufucturems of compresiors Involved, it should be

ascertained whethar this company can anlve problams wkich might ocour at the mmanufecturers at the
ame sima.

4. Cost effoctivenasy

Cost eliecthvencss cannot be discussed. There gre only ma‘quwiam 88 alresdy mentioned above:
1. Doss "technical assigtance” imply a relxtionship to tha production volume 7.

2. . Costs for lab equipment (test room) and for charging squipmont are quite different. E.g.

the coms for sharglng at Admical is equal to others with a much bigger produstion volume.
3, It iy diffienlt to judge upon whether some manufactuers nesd test soama, others not.
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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: 1 year

ODS Reduction Investment Cost: US$ 4,950,000
Incremental Operating Cost': Uss 0

US$ 3,810,000 (@ 65% Thai Ownership)
Not Applicable
Sanyo Universal Electric

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

The World Bank
August, 1993

This project will phase out chlorofluorocarbons (CFCs) used in househeld 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 refrigerator 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-11 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 ageat) after the conversion is completed.

PROJECT SUMMARY

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

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



BACKGROUND

The domestic refrigeration industry in Thailand uses CFC-12 to charge new appliances and during
servicing, and uses CFC-11 in the production of polyurethane (PU) insulation foam. 'Fge demand for household
refrigerstors 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 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) has two plants producing household refrigerators and
freezers, one in Bangkok and the other in Chachoensoa 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 has two production lines with & total capacity of 500,000 sets a yeur, while the
Chachoensoa plant has one production line with a total ity of 140,000 sets a year. SUE expects to reach
its maximum capacity by the end of 1995. SUE also produces its own compressors. In 1992, the company
conswmed 136 MT of C’%C«-iz 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 its manufacturing facilities to those 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 and training, and acquisition of specific equipment for the testing
and manufacturing of the refrigerators. The second phase will allow for the eli tion of CFC-12 and CFC-11
by installing the new equipment necessary for mass g_rodacti{m of CFC-free refrigerators. In the third phase,
oot 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 -
refrigerators at SUE, This task is particularly difficuit 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, SUE will acquire technical assistance during Phase |
from its parent company, Sanyo Electric of Japan. Sanyo Electric of Japan has developed the new generation of
CFC-free reﬁg’gerawfs, and will license this techno\ﬁlgly to 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 controf

Provide engineering assistance for manufacturing development and operations.

LR 2B BN BN 3N 3

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 making sure that they are manufactured sccording to desigm specifications, are also included in
the project costs,

Phase 1 will provide SUE with technology that has been developed by the pareat company in Japan,
modi?ing it where pecessary to account for differences in the refrigerator models produced in Thailand and
manufacturing conditions in that country. The request made for ical assisiance covers costs of evaluating
the test production and extensive performance tests of 500 refrigerators that will be carried out. It is
to have 18 sets of new CFC-free mﬁ-igemm produced by SUE tested in Jupan and 100 sets are at SUE"s
facility. The remaining 382 sets of CFC-free refrigerators will undergo a ficld test in Thailand.

Phase [I of the project will consist of finalizing the transition to CFC-free technology for mass
roduction. During this transition time, both CFC and non-CFC refrigerators will be produced on the same
ige, Therefore, SUE will purchase and install an additional set of charging equipment {for HFC-134a and ester

oil) as well as & new polyurethane injection foam machine. Because of the flammability of HCFC-141b,
additions] safaty precautions will be taken, such as increasing the ventilation of the room where the machine
will be installed. In addition, care will be taken to avoid moisture absorption in ester oil by arc;guiﬁng 2
compressor oil processing system. New halogen leak detectors for HFC-134a will also be pu .
Mgﬁcaﬁons will be made to the mass production test room to increase the cooling test time and improve the
ventilation and air-conditioning 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 dehiydrators



before they are welded to the systems.

Since some suppliers of refrigerator parts still use 1,1, 1-trichloroethane as a cleaning agent, efforts
must be made to ensure that there is no chlonne contamination left in the parts. Chlorine contamination
tampering with new refrigerant and lubrication oil can cause serious damage to the system. Chlorine checkers
will enable SUE to determine the problems and o correct them before parts go to the production lines.

SUE is in a unique position, compared with other housshold refrigerator manufacturers, in that SUE
has an sxpertise in mixing polyol which enables SUE to have better quality control of insulation foam. To
convert to HCFC-141b fosm blowing agent, SUE must obtain two oew seis of pre-mix equipment: one for each
plant, HCFC-141b techaology is er new for SUE; thus, it is vital that the quality control must by conducted

constantly. SUE then proposes to acquire a set of K-factor instruments.

Final decisions on all of the equipment purchasing and retrofitting, except for minimal equipment
required to build field test models, wili 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
companies.

PROJECT COSTS
Total Project Cost

The total project cost of 1V5$4.95 million equals the ODS reduction portion of the overall project
{investment costs plus pet 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
de;elogn;aat, technical assistance from Sanyo Electric of Japan, testing, new equipment for mass production,
and trammng.

¢ tal rating Costs: Because full scale production of refrigerstors with HFC-134 and
HCFC-141b will not occur until 1996, incremental operating costs have not been included as part of this
project.

L&g}% Q_x_a_fgeﬁhig Fraction of 65% was considered to determine the amount of eligible OTF grant
financing. The total project cost was multiplied by the fraction of local ownership to determine the proposed
grant amount.

Ii}th% Costs. A 15% contingency (US$483,000) was also included to ensure adequate funding of
project costs following project appraisal. An sdditional US$111,000 (3%) was added to the grant request to
cover the fee for services of the gﬂ.ﬂ.ﬂciﬂ institution (FT) that will appraise the projects and oversee
procurement, disbursement and audits,

ﬁgggies[rﬁ Punding. The proposed OTF grant for Sanyo Univeral Electric is US$3,811,000 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 t?r*::)_iﬁsct. The resulting total project cost was multiplied by the percentage of Thai
ownership (63 percent), This re was increased by a 15 percent contingency to yield the grant amount.
Finally, this figure was increaseg by 3 percent to account for the financial institution fee.

PROJECT IMPLEMENTATION

ement: DIW will oversee the successful implementstion of this project. The project will be
carried out st Sanyo Universal Electric. Sanyo Corporstion of Japan will provide technical sssistance to SUE
during project execution.



Schedule

Task Name 1993 1994 1998 1996

PHASE | =

Technical Assistance, Model | I

Testing and Training ]

Equipment Ordering L]

PHASE fl u

Convert Production to Non-CFC

—

ESTIMATED DISBURSEMENT: 20% in 1993, 20% in 1994, and GO% 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 relstive to estimates of equipment costs will be pursued
during project appraisal.



X @ Polyurethanes

Myr. [. Brown 01 Polyurethanes
The World Bank Evarsiaan 45
1818 H Street NW 8-3078 Everberg
Wwashington DC 20433 Belgium

Telaphone (02) 788 82 11
usA . Tsieg Zssss ic}seve B

Teiefax (02) 759 58 01

5th May, 1993

THAILAND SUR FROIECT PROPOSALS
Dear Don,
Documents wers received on 3/5/93.

General comments are ;

) Enterprises which are subsldiaries of Japanese refrigerator
manufacturers are proposing the use of HCFC 141b foam
technology - this is in line with the changes row being
imglcmcntnd in Japan by the parent counpanlies. Howaver,
this could be a comparatively short term option in Japan.
There is an increasing level of interest in ths performance
of cyclopentane~based foam which is now being lamented
in Burope. Further, at least two Japanase manufacturers
are to base part of their production on composites of
vacuunm insulation pansls with CO, (watar)~blown polyursthane
foan,

* HCFC 141b foam technology is now well proven and gives
squivaleant insulation values to foam based on CFC 11
despite its higher gas tharmal conductivity.

¢ HCPFC 23 foam technology is not used unless it is protected
by steel panels because of dsterioration of thermal
insulation with time. The technolegy proposed by Admiral
is not supported for use in refrigerators with plastic
liners. The blend HCFC 22 / HCFC 142b overcomes this
agsing problem and is in use slsswhers.

¢ Several projects call for the purchase of nesvw foam
injection machines as well as vacuum forming equipment for
liners and iigs. Individual comments are given for the
enterprises but in general the need for these items should
be reviewasd at the end of phase 1.
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The KCFC 141b price projesction quotad in gxhibit 1 of the
teamibility study is too high. Current prices are about
50% of the quoted 19%4 price level.

pifriculty of gauging valus of technjical assistance from
parent companiss.

- QORG MD 1532

Mr. T. wWalt2



RECONMENDATION

Approved in principle, but major expenditura noted for Phase 2
neads to be reassssmed.

study mentions use of reduced CFC 11 foam but no time scale is
given.

IRCEMICAL EQUNDNRSE

HCFC 141b technolo?y is well proven and has been shown to give
aquivalent insulation performance to CFC ll-based foam.

No reasons given for purchase cof total of 3 new polyursthane
pachines and modifications to 8 others. Additionally, why cannot

the existing polyol pre-mix egquipment be used. No justification
to modification of 2 sheet sxtruders.

LESGON FRON BXFERIENCE

None

ENVIRONKENTAL ISSURG

HCFC 141b is a transitional substance which must eventually be
replaced by a zero ODP blowing agent. Tts use will contribute
to the saving of 448 ODP te per year.

SAFRTX ISSUNR

It is noted that provision is made for ventilation systems to use
with HCPFC 141b. '

COBT RIFECTIVENROS

Fhasa 2 expenditure of over § 2.6 m has no obvious justification.

OTHERE

None
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Kingdom of Thailand
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS
Conversion of Domestic Manufacturing to HIFC-134a
and to ACFC.141b in Polyurethane Foams;
Conversion of Chillers to HFC-134a

Proiects Deacribed by The World Bank, March 1993

I. TIutroduction of HCFC-141b for foams and the conversion process to HFC-134a for cooling
at THAI TOSHIBA Industries;

2. Idem, at ADMIRAL Industries:

3. idem, at HITACHI Industries

4. Idem, at KANG YONG Industries

5. Idem, at AP Nationa! Imustries;

6 Two Chiller Conversion Projects to HFC-1Ma.
Kuijpers, LIM {(OORG)
Ei oven, 199303 11
RWR-570.LK-93106 -k

REMARKS REGARDING THE PROPOSALS
L_Foam Blowing

All projects describe & conversion from CFC-11 1o HCFC-141b. In a first instance, it is re-
markable that there is a large price difference hetween the conversions proposed for the dif-
ferent industrics (take ¢.g. the difference between AP and Toshiba, 0.25 and 1.79 million).
Indeed, HCF(C-141b seems to be the preferred route for the Japansse, aithough, until re-
cently, they have also maintained the HCEFC-123 option. [t may be that they will stick 1o the
HCFC-141b optian, however, in Europe there is a tendency (whether or not realistic) to study
cyclopentane, a flammable high boiling refrigerant. About its performance nothing is known
so far {conductivity vatue is worse compared 1o others, 1 do not know about long term
bahaviour).

One should bear in mund that the European manufacturers have been eveluating both
22/142b and 141b for quits some tims; they achieved slightly inferior resuits with 22/142b;
however, the long term gvior iy not so good, due to diffusion of lCFC.22. Nevertheless,
almost all manufacturers switched 10 HFC-134a (no chlorine anymore, due to enviroamentat
group pressure in Germany) shortly before the Domotechnica fair (apart from ong). So I do
not know whether this could plaia role in Japan and in the daughter companies as well.
The best thing is 1o ask_the OORG foam expert as well (Jeffs, [CI), regarding the time in-
volved in optimizing HFC-134a foams. Depandent on this one couid solve the question on
whether or not to invest in the IICFC-141b route in Thai ¢companies or 1o pospone a deci-
sion to later this year.

2. Relxigerstion, general chaarvations

The CFC-12 consumption of the five companies amounts to about 78 tonnes, while a total
com;;m;gtion of 250 tonnes in this sector is mentioned. s there another large manulacturer
involved ?

The abo:z does not hold for CFC-11, 300 tonnes comparsd to 500 tonnes is used by the firme
considered.
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Several companies should do something regarding their use of CFC-11, i.e. apply reduction
messures {(take e.g. Kang Yong and AP which probably use CFC-1§ also for cleaning) since
the consumption |5 large comparcd to the CFC-12 consumption.

3, Refvigeration, specific topics

‘There is technology support fram the mother companies, the costs however vary wideiy not
dependent on the size of the company, e.g. 592,000 for Matsushita supporting the smailt AP
firtn. More information (e.g. contracts) on what is specilicaily covered in each of the cases
it absolutely necessary. There is also a gquestion on whether or not the relationship to Kultorn
Kirby should not be described mors precisely, Description 30 far (Kirby will provide the
companies with compressors [or testing) is not at all sufficient. It is often the compressor
manufacturer {with its specific lubricant propertics and so on) that determines the technolo
transfer. Design of the appliances and the manufacturing process can be supported by the
mothér company.

Kirby plays 2 key role in Thai companies, for this reason more precise information would
be extremely useful.

This will also detcrrine whether or not CFC-12 and HF(C-124a appliances ¢an be manufac-
tured vsing the same assembly lins.

In particular the technology transfer issus is important; the phased approach presented is in
principie OK.

There is also & question regarding test rooms. What is determining the size and the costs for

a test room. There is again a remarkable difference between the Admiral company and

Hitachi, the smaliest and largest in size. The same holds far the differences in costs for

refrigerant and oil charging equipment. Maybe this could be explained somewehat more de.

:giied?in the propoxal. Some firms will invest in leak detectors; does this not hold for all of
em

A consistent approach and évaluation would be desireable.

Taking the amounts of CFCs involved costs vary from about 18 to 148 USD per kg of CFC
(11 and 12) phased out per year. Is this an acccptable {igure ?

4, Chillers

As far as the chiller conversion is concerned, there are no significant remarks,

For the HFC-134a conversion, the cost is in the arder of USE 30 per kg of CFC.12 not used,
which is a high fifure, and which should be supported by considerations on ths lifetime and
economic vaiue of the equipment.

As far as the HCF(C-123 conversion, no remarks.

Eindhoven, 11 March 1993
Ve
LdJth KUiim
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UNEP Technology and_Economics Pasel

To The World Bank
/o
Don Brown, Charles Catanagh
[ENIM
Washington DC
fax 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
Pages 1 (including this one)

Subject

1 have reviewed the slightly modified project proposals, dated § May 1993, for projects in
-India (Shriram, KO! and Bluestar) and
-Thatland (Kuithom 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 fhcilities, the costs for changing 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 fune 28/30.

Kuijpers, LI M.



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-134a
at Sanyo Universal Electric Co. (SUE) Industries;

Kuijpers, LIM (OORG) Eindhoven,
1993 05 06
RTU-UNEP-LK-93150 -1k

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; this seems 1o 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 imporiant:

There can only be discussed a technology transfer at a certain specified cost, when there is
commercial production at the mother company (implying guaranteed reliability). This aspect is not
very well described in the proposal,

There will be an influence of the production processes invoived 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 consulfancy 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 compressor manufacturer next
to 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 v~
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.




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 all subsidiaries is not clear; it would be logical
that the mother company (Sanyo Japan) carries 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 (l.¢. ¢.g. additional testing in Japan et¢.), _

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 shori notice, i.e. commercial production [/
of appliances in Japan. 1his is constdered a "conditio sine gua non” for the specification of a
technical assistance agreement.

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 processes that will cost money.
This seems to be covered by the estimates fiven 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 USD 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.IJIM. Kuijpers
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COUNTRY:
PROJECT TITLE:

SECTOR COVERED:
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PROJECT IMPACT:
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This OTF request is for phase 1 funding of a project will lead to conversion of an existing
CFC-12 compressor manufacturing facility at Sanyo Universal Electric Co. Lid. (SUE) to'a
facility which manufactures compressors operating with the non-ozone depleting refrigerant HFC-
134s. In Phase 1, 1300 compressors will be produced for test purposes, The full project when
completed will provide a major indigenous source of HFC-134a compressors for use in the
production of non-CPC domestic refrigerators in Thailand. Technology for HFC-134a compressor
manufachure has been transferred by Sanyo-Japan to SUE ucder the terms of 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.

Project Cover Sheet
Kingdom of Thailand

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

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

2 years
US$989,000 (@ 65% Thai Ownership)
Not Applicable

Sanyo Universal Electric Co., Lid. (SUE)

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

The World Bank
August, 1993

PROJECT SUMMARY

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

2 Includes 15% coantingency and 3% financial institution fee.



BACKGROUND

Al refrigemﬁ}rs manufactured in Thailand currently use CFC-12 as the refrigerant working fluid.
Tecknology for manufacturing these compressors has been imported. Technologies for application of the new
non-0ODS refrigerant {HFC-134a) to replace CFC-12 must also be i ried.

Sanyo Universal Electric Co., Ltd. (SUE), a 65% Thai owned company, is 2 major manufacturer of
bermeatic compressors in Thailand with about 50% market share. SUE manufactures compressors suitable for
domestic refrigeration afrlacatiens as well as for replacement of failed units in the field. All refrigerator
compressors made by SUE  are designed for use of CFC-12 refrigerant. During 1992, SUE produced 780,000
CFC-12 compressors, of 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 1o compressors operating with HFC-134a,

PROJECT DESCRIPTION
Phase | of this activity involves assembly of 100 compressors using imported parts, followed by test
manufacturing of 1200 com { 12 models) in existing mannfactuniag facilities. Test manufacturing is

necessary to assure the quality of the units to be produced when full scale production is initiated. Laboratory
equipment with which to develop and test manufactured units is included in the Phase I project scope.
Additional 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 gull technology package for HFC-134 compressors from Sanyo-Japan including bill of
materials, ifications, detail drawings, and testing standards,

Purchase and install testing facilities for compressor evaluation.

Procure necessary matertals and w?oneais and modify plant for production of 1300 HFC-134a units.
Conduct life and reliability tests on 12 compressor models.
Field test HFC-134a compressars in domestic refrigerators, freezers, and coclers.

Prepare a feasibility study and cost estimate for the Rl conversion of compressor manufacturing
facilities o0 HFC-1348 compressors in Phase II.

™o po o

The full cost of Phase [ is eligible for OTF funding as defined in Item 2b of the Indicative List of
Categories of Incremental Costs. ﬁowever, no operational costs are included at this time. The fee for the
Technical Assistance Agreement with Sanyo«fa‘pan is included in the Phase [ cost estimate.

SUE is preparing to move quickly to implement the proposed project and has already started to purchase
some of the long-delivery equipment needed for Phase 1. Pilot assembly of 100 compressors for initial testing
will commence i September 1993, Trial manufacturing will ocour in March 1994 and full scale production
capability is to be in place by the end of 1994 with com;;!ete phaseout of CFC-12 compressors by the end of
1995.. The schedule 1s designed to sccomplish a variety of life, reliability and field tests in preparation for a full
conversion of the CFC-12 compressor manufacturin% acilities to HFC-134a compressors under 2 Phase 11
project. A preliminary estimate indicates that Phase Il incremental costs will be about §3,000,000.

There is no direct measurs 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 project cost of US$1,285,000 equals the ODS reduction portion of the overall project (investment
costs plus net incremental operating costs),

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

Net Incremental Q;)ggtin§ Costs, There are no incremental costs associated with this Phase [ project, as it
focuses on test manufacture of new compressor designs.

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

Other Costs. A 15% contingency {Uﬁsiﬁ,()(}ﬁg was also included to ensure adequate funding of project
costg following project appraisal. An additional US$29,000(3 %) was added to the grant request 1o cover the fee
for services of the financial institution (FI) that will appraise the projects and oversee procurement,
disbursement and sudits,



Requested Funding. The proposed OTF grant for SUE is US$989,000 and was calculated as follows: the
total investinent cost was added to the present value of the incremental Operatmfg cost over the first four years of
the project. The mf:ﬁ;&g total project cost was multiplied by the percentage of Thai ownership (65 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 IMPLEMENTATION

n: ement: DIW will oversee the successful implementation of this project. The project will be carried
out at SUE.

Schedule

Start Complete

Obtain full bill of materials, specs and drawings from Sanyo-Japan Apr 93 Aug 93
Upgrade test facilities Apr 93 Aug 93

Calorimeter

Dynamometer

Noise and Vibration

Computer

Refrigeration Test Lab

Life Test Facilities

Field Test Hardware
Component and Material Procurement Apr 93 Aug 93
Upgrade assembly and finishing facilities Sep 93
Aszembly and finishing Sep 93 Sep 93
Calorimeter and sound test Sep 93 QOct 93
Life and field test Nov 93 Nov 94

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

TECHNICAL ASSESSMENT

%subpmjmt has been reviewed by the OORG technical reviewer, Dir. L. Kuijpers. The project was
supported.
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To The World Bank
/o
Don Brown, Charles Catanagh
[ENIM
Washington DC
fax 1-202- 477 6619

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

Date 93.05-10
Pagey 1 (including this one)
Subject

I have reviewed the slightly modified project proposals, dated 6 May 1993, for projects in0
-India (Shriram, KOI and Bluestar) and
-Thailand {Kulthorn 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 changing manufacturing processes and
technical assistance, or the lack of detailed cost estimates -BlueStar-),

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

Kuijpers, LIM



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;

Kuijpers, LIM (OORG) Eindhover,
1993 05 06
RTU-UNEP-LK-93147 -1k

REVIEW OF THE PHASE1l PRQPOSAL

Recommendation

The project description proposes phase 1 of 8 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-134a; it will also deal with specific phenomena in the
manufacturing process. It will therefore concern a substantial technical assistance agreement; this
secms to be in place, although it cannot be judged upon whether this should be USD 320,000. A

Y +
There will aiso 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 concern 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 eligibie for funding under the Multilateral Fund. N

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 ¢ of phase 1) whether a separate small production
line will be set up for the test-manufacture of HFC-134a compressors (in the cost overview only
"components for test manufacture of 1300 units” ace 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
manufhctured, which has to do with adapting local manufacturing processes that will cost money.
This seems to be covered by the estimate "modifications to production fine",

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 necessary insight into the reliability of the
compressor itself, due to the fact that the fleld 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. Cooperation with Sanyo Japan and Sanyo Appliance Manufacturing wil
work out positive.

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, 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:

1, 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 1993
LIM. Kuijpers



The Montreal Protocol on
Substances that Deplete the Ozone Layer

Thailand QDS Multicomponent Investment Project

Project Cover Sheet
COUNTRY: Kingdom of Thailand
PROJECT TITLE: ggi\;':i{m of Compressor Manufacture from CFC-12 to HFC-134a
SECTOR COVERED: Refrigeration
QDS USE IN SECTOR (1992): {1080 MT ODP (430 MT CFC-12 & 650 MT CFC-11)
PROJECT IMPACT: Indirect
PROJECT DURATION: 2 years
TOTAL PROJECT COST: ODS Reduction Investment Cost: US$ 832,000
Incremental Operating Costs’: Uss 0
PROPOSED OTF FINANCING?: US5686,000 (@ 70% Thai Ownership)
COST EFFECTIVENESS: Not Applicable
IMPLEMENTING ENTERPRISE: Kuithomn Kirby Co. Lid.
COORDINATING MINISTRY: %;étg;%tf ?éz gg;:’s;nal Works (DIW), Ministry of Industry,
IMPLEMENTING AGENCY: The World Bank
APPRAISAL DATE: Angust, 1993

i This OTF request is for phase 1 funding of a project will lead to conversion of an
existing CFC-12 refrigeration compressor manufacturing fecility at Kulthorn Kirby Co. Lid. (KKC)
to a facility which manufactures compressors operating with the non-ozone depleting refrigerant
HFC-134a. In Phase 1, 1600 compressors will be produced for test purposes.The full project when
completed will provide a major indigenous source of HFC-134a compressors for use in the
production of non-CFC domestic refrigerators. Technology for HFC-134a compressor manufachire
has been transferred by Tecumseh and the motor technology from Kirby to KXC under the terms
of an existing license agreement. This project is one of the first of a series of similiar projects
under the Global Refrigeration Project as approved by the Executive Commmitiee of the
Multilatersl Fund in Septernber 1992, Several Thai refrigerater manufacturers have based their
scheduled transition to non-CFC refrigerators on the successful completion of this project.

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

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



BACKGROUND

All refrigeration and air conditioning devices manufactured in Thailand use CFCs or HCFC-22 and the
refrigerant working fluid. CFC-12 is mainly used for domestic refrigerators and freezers, and water coolers
employing hermetic compressors. Technﬂlr;gg for manufacturing these compressors has been imported.
Technologies for application of the new non-ODS refrigerant (H%CulS-%a) to replace CFC-12 must alzo be

imported

Kulthorn Kirby Co. Ltd, (KKC) is 8 70% Thai owned major manufacturer of hermetic compressors in
Thailand with a 54 % market share. It manufactures compressors suitable for both air conditioning and
refrigeration applications as well as for replacement of failed units in the field. All air conditioning applications
use HCFC-22 refrigerant, wheress all refrigeration compressors (suitable for water coolers, freerzers 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 manufacturing through
conversion to compressors operating with HFC-134a,

PROJECT DESCRIPTION

Phase [ of this activity involves test manufacturing of 9 compressor models in existing facilities, Test
mamsfacturing is necessary as the designs transferred to KKC under 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 techaaioggeeKKC 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 electrical egowef Laboratory equipment with
which to develop and test the necessary design modifications is included in the Phase I project scope. Existing
laboratory test facilities and test equipment will be used to the extent feasible to minimize wcremental 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. Obtain 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.
Mocﬁnf; testing facilities for compressor evaluation,

b.

e. Procure necessary materials, tools, dies and components for 1600 HFC-134a units.

d, Conduct life and reliability tests on 9 compressor models.

e. Prgide compressors sufficient for developmental teating of KKC compressars in customer
refrigerators.,

£, Fif:l§ test a full range of HFC-134a compressor maodels in domestic refrigerators, freczers, and
coolers.

g. Prepare a feasibility study, cost estimate, and schedule for & Phase II project to completely converi
the plant to HFC-134a compressor manufacture.

The Kulthora Kirby project differs from other similar projects included in the Global Refrigeration Projects
in that there are rate technology sgreements 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 {tem 2b of the Indicative List of
Categories of Incremental Costs. However, no operstional costs are included at this time 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 | in late 1992 at their own
expense. KKC must produce initial meodels for testing i? refrigerator manufacturers in Juns 1993, The schedule
15 designed to accomplish & variety of life, reliability and field tests in preparation for 2 full conversion of KKC
CFC-12 compressor manufacturing facilities to HFC-134a compressors under 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 project cost of US$832,000 equals the ODS reduction postion of the overall project (investment
costs plus net incremental operating costs),



[nvestment Costs of US$832,000 include capits! investment and transportation costs for test manufacture
components, and test facilities.

Nat Incremental Q@mﬁgg Costs, There are no incremental costs associated with this Phase I project, as it
focuses on test manufacture of new compressor designs.

Local ership Fraction of 70% was considered to determine the smount of eligible OTF t financing.
The total praject cost was multiplied by the fraction of local cwnership to determine the proj grant smouat.

Other Costs. A 15% contingency (US$87,000) was also included to ensure adequate funding of project
costs following project appraisal. An additional US$20,000(3 %) was added to the grant reqquest to cover the fee
for services of the financia) institution (FI) that will appraise the projects and oversee procurement,
disbursement and audits.

Requested Funding. The proposed OTF grant for KXC 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 resulting total project cost was multiplied b{ the percentage of Thai vwnership (70 percent).
This figure was increase:} by a 13 percent contingency to yield the grant amount. Finally, this figure was
increased by 3 percent to account for the financial institution fee.

FROJECT IMPLEMENTATION

MKK ement: DIW will gversee the successful implementation of this project. The project will be carried
out at .

Schedule
Start Complete

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

Upgrade test facilities Mar 93 Sep 93
Calorimeter Sep 93
Dynamometer Sep 93
Noise and Vibration Jan 34
CAD/CAM Computer Mar 93
Lock Rotor Test Rig May 93
Life Test Facilities May 93
Field Test Hardware Oct 93

Upgrade assembly and finishing facilities Apr 93 Jun 93

Component procursment Apr 93 May 93

Procurement of HFC-134a and polyolester oil Apr 93 Jun 93

Motor design, relay and OLP selection Nov 92 Jun 94

Assembly and finishin _ Jun 93 Jul 94

Calorimeter and sound test May 93 Oct 94

Life and field test Sep 93 Jul 94

ESTIMATED DISBURSEMENT: §0% in 1993, and 20% in 1994
TECHNICAL ASSESSMENT

This subproject has been reviewed by the OORG technical reviewer, Dr. L. Kuijpers. The project was
supported.
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To The World Bank
c/o
Don Brown, Charles Catanagh
[ENIM :
Washington DC
fax 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
Pages 1 (including this one}
Subject

I have reviewed the slightly modified project proposals, dated 6 May 1993, for projects in0
-India (Shriram, KOI and Bluestar) and
-Thailand (Kulthorn 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 changing manufacturing processes and
technical assistance, or the lack of detsiled cost estimates -BlueStar-),

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

Kuijpers, LIM.
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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 CPC-12 to HFC-134a
at Kulthorn Kirby Co. Ltd (KOI) Industries;

Kuijpers, LM (QORG) Eindhoven,
1993 05 06
RTU-UNEP-LK-93145 -k

REVIEW OF THE PHASE! PROPOSAL

Recommendation

The project description proposes phase 1 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 of HFC-134a, it will also deal with specific phenomena in the
manufacturing process. It may 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 phenomeng 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 are
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 services should be increased
(assuming an amount needed of USD 10,000 is not much).

Provided that cost estimates are once more carefully analvzed (which will certainly lead to a
reduction, i.e. lower tooling and and higher consultancy costs) and provided that a preliminary

"mgndcdwﬁ/&mwmt“ can be worked out, the project should be eligible for funding
under 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 i not clear (part ¢ of phase 1) whether a separate smalfl production
line will be set up for the test-manufacture of HFC-1342a compressors (in the cost overview only



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

Consultancy with Tecumseh is mentioned. Since refiable production of HFC-134atompressors 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 estmate for consultancy.

3. Technical soundness

The proposal mentions that designs must be adapted to local conditions, and that, in particular, the
compressor motor must be modified. However, modification of electric motors is a normal part of
the compressor design under licenase (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 agsumed to be high, at least not as high 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 ts needed to test the compressors on appliances.
However, this part of the program will not give all the necessary insight into the refiability 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 effectiveness cannot be discussed. There are only some questions as already mentioned above:

1 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
175 tonnes of CFC-12, which is a reasonable amount.

3. Consultancy over more than a year will be needed. It may be that costs can be covered by
the USD 10,000 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.

L

Tooling costs for new compressor parts cannot be assumed to be high in the case of the



conversion from CFC-12 to HFC-134a. The cost estimate given 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 will be offset for a small part due to
higher consultancy costs.

Eindhoven, 6 May 1993

L.JM. Kuijpers
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Substances that Deplete the Ozone Layer
Thailand ODS Multicomponent Investment Project

COUNTRY:
PROJECT TITLE:

Project Cover Sheet
Kingdom of Thailand

Demonstration of Low Cost HFC-134a
Retrofit of Existing CFC-12 MAC’s

SECTOR COVERED: Mobile Air-Conditioning (MAC)

QDS USE IN SECTOR {1991): 1,640 MT CFC-12 (320 MT new equipment; 1,320 MT
servicing}

PROJECT IMPACT: Not Applicable

PROJECT DURATION: 7 months

TOTAL PROJECT COST: US$60,000

PROPOSED OTF FINANCING": US$71,000 (@ 100% Thai Ownership)

COST EFFECTIVENESS: Not Applicable

IMPLEMENTING ENTERPRISE: Kamawat Co.Ltd.

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

IMPLEMENTING AGENCY: The World Bank

PROJECT SUMMARY

This project will demonstyate retrofitting mobile air copditioners (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 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 carnied out. One
is to eliminate the current production of CFC-12 MACs; another is t minimize the demand of

CFC-12 in the MACs service seclor. 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 scquisition of retrofit
components. The second phase will involve the retrofitting of 50 mobils air-conditioning units, 25
of which will be nstalled in private cars and 25 instatled 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 15% contingeney and 3% financial institution fee.



. SIMONE MANAGEMENT INC.

7425 West Chester Pike
Upper Darby, PA 19082
(215) 352-1600
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May 11, 1993

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

FROM: SIMON OULOUHOJIAN - OORG REVIEWER - MOCBILE AC
FAX 215-352-1345

THAILAND - REVIEW OF PROJECT #1 PROPOSAL - MOBILE AIR

CONDITIONING

COLMTRY; Rornguem of Thitng)

PHCIECT ILE; Demonuyaiien of Low o st MFC1 348
Parokiof Exntng CFC-12 MAC

R THR CvEnrn: JekA AV oSN ing AL

Q0% USE I SRCTOR: 370 MY 0 CELA12 har new weulpmant in 1851
;‘n&k’f& MT ol CFC-12 lor parvicing

PRCJECT IMPACT: WA

PICNECT CURATION: T aweny

PCSLCT BDONOMIC LIFE: 7S

TOUTAL PO0JECT CO8T: Uss ss.0%

PRCROSED OTF FUMCING: USH 55.600

IMPLEMENTING CNYERPISL: ¥ enawat Ta L

COOHINATING WINISTRY, Cupammant o nduav il Yoorkes

Minigly o lad: oy
Kingtat of Thanand

Based on information contained in the proposal and analysis, I support this project.

This proposal, )upecizl!y with accelerated phase out December 31, 1995, would reduce
CFC usage, short term as well as long term.

This project certainty would step up awareness within the air conditioning industry as well
as public awarcness,

. This project will seed the Mobile Air Conéizioning Service Industry for the new training of
retrofit technology as well as safe handling of the new non-ozone depleting refrigerant
R134a and synthetic lubricants (PAGS ESTERS).



The Moutreal Protocol on
Substances that Deplete the Ozone Layer

Thailand ODS Multicomponent Investment Project

Project Cover Sheet
COUNTRY: Kingdom of Thailand
PROJECT TITLE: Replacement of CFC-11 with HCFC-141b us @ Foam Blowing Agent
SECTOR COVERED: _ Foam Blowing
ODS USE IN SECTOR (1991): 1500 MT QDP (1300 MT CFC-11 & 200 MT CFC-12}
PROJECT IMPACT: Efiminate 50 MT ODP per yesr (50 MT CFC-11)
PROJECT DURATION: 6 months
TOTAL PROJECT COST: 0ODS Reduction Investment Cost: Us$ 26,000
Incremental Opersating Cost’: YSE 121,000
PROPOSED OTF FINANCING*  US$174,000 (@ 100% Thai Ownership)
COST EFFECTIVENESS: US$2.83/kg ODPlyear

IMPLEMENTING ENTERPRISE: Technic Foam, Ltd.
COORDINATING MINISTRY: Department of Industrial Works (DIW), Ministry of Industry,

Kingdom of Thailand
IMPLEMENTING AGENCY: The World Bank
APPRAISAL DATE: August, 1993

This project will eliminate the use of CFC-11 for producing rigid polyurethane insulating foam
at Technic Foam, Ltd. The phaseout will be accorplished 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 estirated 50 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 hag 60 to 65 percent of this particular market. Technic is 100 percent Thai
owned, which was taken into sccount in calculating the proposed OTF financing. Incremental
operating costs result primarily from differences between costs for required quantities of HCFC-
141t and CFC-11. Preliminary HCFC-141b 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,

' Net present value of first four vears of operating costs/gaviags.

? Includes 15% contingency end 3% financial institution fee.



Polyurethanes

Mr. D. Brown ICl Polyursthanas
a World Bank Eversiasn 45
™h
1818 H Street NW 8-3078 Everberg
washington DC 20432 Balgium
Telephone (02) 758 92 1+
USA Tolcg £81 §§ IC‘)ISVE Be

Teletax (02) 756 55 01

5th May, 1993

Dear Don,

Documents wers rseceived on 3/5/93.
General comments are :

) Enterprises which are subsldiarias of Japanese refrigerator
nanufacturers 2are proposing the use of HCFC 141b foanm
technology -~ this is in line with the changes now being
implemented in Japan by the parent coppanies. Howvavar,
this could be a comparatively short term option in Japan.
There is an increasing level of interest in the performance
of cyclopentane-based foam which is now being implementad
in Burope. Further, at laast two Japanese nmanufacturers
are to bass part of their production on composites of
vacuum insulation panels with CO; (watar)=blown polyurethane
toam.

+ HCFC 141b foam technology is now well proven and gives
squivalent insulation values to foam based on CPC 11
despite its higher gas thermal conductivity.

¢ HCFC 42 foam technology is not used unless it is protected
by stesl paneis Dbacausa of deterioration of thermal
insulation with time. The technology proposed by Admiral
is not supported for use in refrigerators with plastic
liners, The blend HCFC 22 / HCFC 1420 overcomes this
agesing problem and is in use elsewhera.

¢ Several projects call for the purchasse of nev foam
injection machines as well as vacuum forming agquipment for
liners and jigs., Individual comments are given for the
enterprises but in general thae need for thess ltems should
be reviswsed at ths end of phasa 1.

AV B rataxame o Dgied pew ko Aust af 1 E ommg |t Bmyermeer s Saniganl A5 1 COTR4S
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. The HCFC 141b price projection guoted in dxhibit 1 of the

feasibility study is too high. Current prices are about
50% of the gquoted 1954 price lavel.

+ pifficulty of gauging value of technical assistance from
parent companies.

? - : - OORG MD 1352
GMFPT/kd/41%

co : Mr. T. Waltz



RECOMMEANDATION

Supported subject to commenta below.

BBRLEVANCY AND ADRQUACY OF INFORMATION

Good.

IECHNICAL SQUNDNESS

The use of HCFC 141b foam technology is proven in slabstock and
spray applications and is supportable wheres energy saving by
raplacing CPC ll-basad foam with equivalent technology 1is a
requiremant - as in the cold storsa and: pipe insulation
applications.

Uss of CO; would have increasad foam costs by 50% (minimum)} and
requirsd equipment modifications.

LESSON FROM EXFARIRNCE

None

RNVIRONNENTAL ISSURS

HCFC 141b is a transitional material and will evantually have to
be replaced by a zero ODP blowing agent. Its use will save about
4% ODP te pear year {(not 50 ODP te).

SAPETY ISSUNS

Adequatae attontidn to new equipment to deal with flammakls nature
of HCFC 141b., Query that sufficient time is devoted to operator

training.

SOST RITACIIVENASA

Annex 2 lists incremental cost for year one. This is queried on
basis of high price for HCFC 141bh - see gensral comments.

QOTERRA

None
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Kingdom of Thailand
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS
Conversion of Domestic Manufacturing to HFC.134a
and to HCFC-14]b in Polyurethane Foarns;
Conversion of Chillers to HFC-134a

Projects Described by The World Bank, March 1993

I. Introductivn of HCFC-141b for foams and the convarsion process to HFPC-134a for cooling
ot THAL TOSHIBA Industries;

% Idem, at ADMIRAL Industries;

3. [dem, at HITACHI Industriess

4. Idem, at KANG YONG Industriex;

S. Idem, at AF Naiiona] Industries;

6. Two Chillsr Convertion Projects to HFC-13a.

Kuijpers, LIM (QORG)
Eindhoven, 1991 03 11
RWR-370.LK-93106 -1k

REMARKS RECGARDING THE PROPOSALS

L. _Foxm Blowiog

All projects describe a conversion from CFC-11 to HCFC-141b. In a first instance, it is re-
matkable that there is a large price difference hetween the conversions proposed for the dif-
ferent industries (take ¢.g. the difference between AP and Toshiba, 0.25 and 1.79 million).
indeed, HCFC-141b seems to be the preferrsd route for the Japancso, although, until re-
cently, they have also maintained the HCFC-122 option. [t may be that they will stick to the
HCFC-141b option, however, in Europe there is & tendency (whether or not realistic) to study
cyclopentane, a flammable high boiling refrigerant. About its performance nothing is known
so far (m;sdﬁcsivity value is worse compared to others, | do not know about long term
bahaviour).

One should bear in mind that the European manufacturers have boen evaluating both
22/1420 and 141B for quite some time; they achieved slightly inferior resvits with 22/142b;
however, the long term behavior is not se good, due to diffusion of [HCFC-22. Nevertheless,
almost all manufacturers switched 1o HFC-134a {no chlorine anymore, due to environmental
group pressure in Germany) shortly before the Domotechnica fair (apart{ from one). So { do
not know whether this could play a role in Japan and in the daughter companies as well,
The best thing is to ask the OORG foam expart as weli {Jefls, [CI), regarding the time in-
volved in optimizing HFC-134a foams. Depesndent on this one could soive the question on
whether or not to invest in the HCIC-14ib route in Thai companies or t0 postpone a deci-
sion Lo Jater this year.

2. Refrigeration, general ohseryations

The CFC-12 consuraption of the five companies amounts to about 78 tonnes, while a total
caﬁs?mgrxim of 250 tonnes in this sector is mentioned. Is there another large manulacturer
involved 7

The above does not hold for CFC-11, 300 tonnes compared to 500 tonnes is used by the firms
considered.
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Seversl com?nies should do sem:hinlg regarding their use of CFC-11, L.e. apply reduction
metsures (12ke e.g. Kang Yong and APl which probably use CFC-1] also for cleaning) since
the consumption i3 large compared to the CFC-12 consumption.

3. Refrigeration, specific {ogics

There iz 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 supporting the smail AP
firm. More information (e.g. contracts) on what is specifically covered in sach of the cases
is absolutely necessary. There is also a question on whethor or not the relationship to Kultorn
Kirby should not be described more precisely. Description 30 far (Kirby will provide the
companies with compressers [or testing) is not at all sufficient. It is often the compressor
manufacturer (with its specific Iubricant propertics and so on) that detezmines the technolo
transfer. Design of the appliances and the manufacturing process can be supported by tﬁ:;
mother company.

Kirby plays a2 key roie in That companies, for this reason more precise information would
e extremely useful,

This will alsc detcrmine whether or not CFC-12 and HF(C-124a appliances can be manufac-
tured using the sarme assembly ling.

In particular the technology transfer issue is important; the phased approach presented is in
pringiple OK.

There is also a question regarding test rooms. What is detarmiﬁiﬁg the size and the costs for
a test room. There is again a romarkable differsnce between the Admiral company and
Hitachi, the smallest and largest in tize. The same holds far the differences in costs for /
refrigerant and oil charging equipment. Maybe this could be cxplained somewehat more de-
:gileéyin the proposal. Some Nirms will invest in lcak detectors; docs thiy not hold for all of

em
A consistent approach and evaiuation would be desireable.

“ Taking the amounts of CFCs involved costs vary from about {8 1o 148 USD per kg of CFC
(i1 and 12) phased out per vear. [s this an acceptable figure ?

4. Chillery

As far as the chiller conversion i concerned, there are no significant remarks.
For the HFC-134a conversion, the cost is in the order of USI2 30 per kg of CFC-12 not used,

which is 8 high figure, and which should be supported by considerations on the lifetime and
economic value of the equipment.
As far as the HCF(C-123 conversion, no remarks.

Eindhaven, 11 March 1993
/
L.J.M. Kuijpers



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 Shegt
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 & 8
MT TCA)

Phase I; 2 years
Phase II: 1 year
0ODS Reduction Investment Cost: Uss 1,210,000
Incremental Operating Cost': Uss 15,000

This request is for permission to proceed; no funding is requested
at this time. This project will be submutted to the EC following pro-
_al%praisai for funding approval of about US$1,634,000 (@ 100

ai Ovwnership)

Part & (Housshold Refrigerators and A/C): Not Applicable
Part b (Heat Excbaagem%: 1U5830.49/kg ODP/year

Admiral Thailand Co., Ltd.

Department of Industrisl Works (DIW), Ministry of Industry,
Kg’gdom of Thailand ® oy i

The World Bank

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

% Includes 30% contingency and 3% financial institution fec.



PROJECT SUMMARY

This OTF request is for permission to proceed on final preparation of a project proposal to
phase out chlorofluorocarbons (CFCs) used in houschold refrigerators and air conditioners
manufactured at Admiral Thailand Co., Ltd. The project will also eliminate 1,1,1-trichlorcethane
{TCA) used to clean the heat exchangers of the air conditioners. The phaseout will be
accomplished by converting the production line to refrigerators using HFC-134a and HCFC-22 ag
the new refrigerant and foam blowing agent respectively. Ths air conditioner production line wail
be converted by replacing CFC-11 used in the structural foam with a fully blended polyol
containing water. The use of 1,1,1-Trichlorosthane will be eliminated by replacing the existing
metal cleaning process with semi-batch agqueous 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 aiternative 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-frea 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
{f (refrigerant), 6 MT/year of CFC-11 (foam blowing agent) and 8 MT/year of 1,1,1-trichloroethane
after the conversion is completed.

R e e Tt e e et

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-11 is used as the blowing agent for poiyuretbane PUY
insulation foam in refrigerators and 1o structural foam production. The demand for household refrigerators and
freezers in Thailand is increasing st a rate greater than 10% per yesr, and yoost units sold in Thailand are made
locally by seven major manufacturers: Sanyo, Toshiba, Hitachi, Sharp Appliances, Mitsubishi, A.P. National,
snd Admiral. Most refriperators are equipped with co rs manufactured in Thailand by Sanyo and
Kulthorn Kirby, In 1992, the sector used & 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.

Admiral Thailand Co., Ltd. (Admiral), which is 100 percent Thai owned, is the smallest refrigerator
manufacturer in Thailand and has a trademark agreement with Admizal. Arnnual ‘ggdaztion is approximately
4,800 refrigerators and freezers, conaxfrising three different models., The plant uced 24,000 air
conditioner units in 1991, Admiral also manufactures the heat exchangers used in their air conditioners. In
1992, the company consumed 3 MT of CFC-12, six MT of CFC-11 and eight MT of TCA. The average CFC-
12 charge size in uts 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 & small refrigerator with & core staff of experienced persongel in key
sitions but without outside technicsl support. Since the future of Admiral’s licensing agreement with Domicor
¢. U.S.A, is upcertain after 1993, Admiral must rely on its own designs, developments, and testing of the

non-CFC refrigerator designs. However, Admiral first must secure technical assistance from its compressor md

chemical suppliers to ensure that the risks associated with the conversion are minimized. The purpose
of this assistance is to provide Admiral with the technical information an sup?oﬁ n to guarantes a
successful conversion to ODS-free technology. Such agreements are to be in place before the project can be

considered ss pre-appraised
PROJECT OBJECTIVES

This project hias 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, I-trichloroethane in the cleaning operstion of heat exchangers through the
use of an agueous cleaning technology.



PROJECT DESCRIPTION

This project will be divided into two separate components, Com?enmt A concerns the phaseout of
CFCs used in housshold refrigerstors/freezers and in the structural foam for air conditioners. Component B
concerns the phaseout of 1,1,1-trichloroethane used int cleaning the heat exchangers.

Component A (Household Refrigerators and A/C)

The use of CFC-12 snd CFC-11 in household refrigfratcfs will be eliminated by converting the
manuofscturing facility to one wngaatiblb with HFC-~134a refrigerant and an alternative fosm blowing agent
(HCFC-22 HCFC-22/142b, or HCFC-141b). It will also phase oul CFC-11 used to make the structural foam of
the air conditioners by replacing it with a fully blended polyol. Component A will be subdivided into two

hases. The first phase will provide for engineering assistance, training, and acquisition of specific e?ﬁ ment
or lesting the new refrigerators. The second phase will allow for the elimination of CFC-12 and CFC-11
through the purchase and instatlation of the new equipment 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 ensute that Admiral has the aecessary equipment to conduct adequate testing.
A controlled ambient test room with an mmcf)anying data acquisition :g‘stem will be purchased. iz room
will be used to test the refrigerators and help determine the optintum refrigerant charge and leagth of the
illary tube. Additional tests will be performed to select the most suitable filter drier for HFC-134a and ester
rcﬂ). Puli-down tests will be conducted to make sure that the food and freezer compariment temperatures reach

their design values.

Training will also be an integral part of Phase I. Technicsl experts from Kulthorn Kirby, the
compressor supplier, will train Admiral's employees on the proper fabncation of HFC-134a refnigeration
circuits. Emphasis will be on quality control dus to the higher sensitivity of the new system to contaminants,
Additional training on handling the new foam blowing agent will be provided by ICI Polyurethanes and Cannon
Utrsthane 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 [ 1s complete 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. ’l%mfore, Admiral
will purchase and install an additional set of charging equirmmt {for HFC-134a and sster oil) as well as a new
high pressure polyurethane injection foam machine. An identical high pressure injection machine for the
structural foam will alsc be installed. If a high-pressure fluid such as HCFC-22 is used, Admiral must purchase
pressurized storage tanks for the polyol/blowing agent blend. Care will be taken during this geried to avoid
cross contamination of refrigerants and compressor oils. New halogen leak 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 by installing a
semi-batch aqueous cleaning ﬁroce& Admiral currently uses a batch dip process to remove oils left over from
the manufacturing process. The new cleaning equipment will be used to replace the TCA cleaning process.

The switch from & relatively inert cleaning process to one where water is utilized as a solvent will require
aqueous cleaner evaluation and process developmuent to ensure that cleaning times and drying times are sufficient
to remove the dirt and cil from the product. '?ge project activites for elimination of TCA use consist of the
following elements:

Process development and material compatibility testing
One medium volume semi-batch aqueous cleaning system
One wastewater recycling system

Instaliation and training costs

Costs of environmental permitting.

[ 20 BN 2 BN

Each of these project elements is explained in detail below:

Process development and material compatibility testing will be performed by Admiral to determine the
best cleaning agents and rinse water additives required fo ensure adequate cleaning.

The aqueous cimiuﬁ;qqipmt will include one aqueous washing tank, two or three cascading clean
water rinse . & separate hot air drying section or oven, and an overhead hoist to move the equipment
between sach stage of the cleaning process.

Wastewater will be captured, cleaned, and reused within the Admiral facility. The use of aqueous
cleaning processes requires that wastewater be treated to remove hydrocarbon oil and detergent prior to
discharge. Water treatment equipment is provided as an iategral part of this project. The mstxilad equipment
must include wastewster treatment to be accepted for funding.



The prq{;sct 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 wiih the differences in cost of electricity, solvents, and labor are included, as is the
cost of acquiring the necessary environmental permits,

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, festing, 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 A/C): Because full seale production of non~CFC
refrigerators will not eccur until 1993, incremental operating costs have not been incloded as part of this

projset.

Component B (Heat Exchangers): The net incremental operatin%hcosts of US$15,000 are equal to the
net present value of the first four years of incremental operating costs, These costs are dus primarily to the
increased electricity requirements and the costs of wastewater treatment.

W@z& of 100% was considered to determine the amount of eligible OTF grant
financing. The project cost was mulitiplied by the fraction of local ownership to determine the proposed

grant amount.

Other Costs, A 30% contingency (US$366,000) was aiso included to ensure adequate funding of
project costs following project apg;aisal. An additional US$48,000 (3%) was added to the grant request to
cover the fee for services of the financial institution (FI) that will appraise the projects and overses
procurement, disbursement and audits.

R_eguﬂ%rmm. The proposed OTF grant for Kang Yong Electric Co., Lid. is US$1,634,000 and
was calculated as follows: the total investment cost was added to the present value of the incremental i

cost over the first four years of the project. The resulting total project cost was multiplied 211{ the
Thai ownership (100 percent). This figure was increased by a 30 percent contingency 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 project will be
carried out at Admiral,

e of



Scheduie
Part a (Houschold Refrigerators and A/C)

Madel Development, Technical
Assistance

Testing and Training

u Phase I1: )
Procurement and [nstallation of XXX
Equipment
Conversion of Production Line to x
Non-CFC Technology

Pulgﬁ Production of Non-CFC

Note: x = one quarter of the year
Part b (Heat Exchangers)

Task Name

Receivae Funding

Select and Order Equipment

Facility Preparation

Install Equipment

| Process Development

Begin New Cleaning Process

ESTIMATED DISBURSEMENT:  To be determined upon pre-appraisal.
TECHNICAL ASSESSMENT

This subggject has been reviewed by the QORG technical reviewer, Dr. Michael Jeffs. The project is
not supported at this time because of inadequate definition of the proposed foam techunology. Firm technology
agreements also peed to be developed. In addition to Dir. Jeff’s review, comments were received from OORG
reviewer Dr, L. Kuijpers, A formal review from Mr. Kuijpers will be submitted by May 25.



) @ Polyurethanes

Mr. D. Brown ICI Polyurethanes
The World Bank _ Eversiaan 45
1818 H Streat NW 8-3078 Everderg
washington DC 20433 Balgium

Telaphona (02) 758 92 11
gsk Talgg 28153 tC)lEVB a8

Teletax (02) 759 55 01

3th May, 1993

THAZIAND SUR RRQJACT RRACPOSALS
Dear Don,

Documents were raceived an 3/3%/%3.
General comments Are :

+ Enterprises which are subsidiaries of Japanese refrigerator
manufacturers &are proposing the use of HCFC 141id foam
technology - this {s in line with the changes now being
implenented in Japan by the parent conpanies., Howvavar,
this could be a comparatively short term option in Japan.
There is an increasing laval of interest in the performance
of cyclopentane-based foam which 13 now being implemented
in Eurcpe. FMurther, at least two Japanese nanufacturers
are to base part of thelr production on composites of
vacuunm insulation panels with CO; (watar)-plown polyurethane
foam. _

) HCFC 141b ftecam technology is now well proven and gives
squivalent insulation values to foam based on CPC 11
despite its higher gas tharmal conductivity.

* HCFC 22 foam technolegy is not used uniess it is protected
by steel panals bacause of deterioration of thermal
insulation with time. The technology proposed by Admiral
is not supported for use in refrigerators with plastic
liners, The blend HCFC 22 / HCFC 1420 overcomes this
ageing problem and is in use slsevhers.

\ Several projects call for ths purchase of new foanm
injection machines as well as vacuum forming equipment for
liners and jigs. Individual cormants are given for the
enterprises but in ganeral the need for these items should
ke reviawed at the snd of phase 1.
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. The HCFC 141b price projection quoted inftézi;it 1 of the
feasibility study is too high. <Current prices are about

50§ of the guoted 1994 prics level.

¢ pifficulty of gauging value of technical assistance from
parent companies.

- QORG MD 1
GMFJ/kd/41' 5

co ! Mr. T. Waltz



RECOMMENDATION

Bsfore support is given the choice of HCFC 22 foam technology
should bs re-examined. Additionally, major capital items need
justification,

No justification noted for purchase of items in Phase 2.

IRCHNICAL BOUNDNNGS

The use of HCFC 22 for insulating foam is unproven for
applications such as rafrigerators whers gas interchange can
occur through the plastic liner, leading to deterioration of
insulating valus.

Structural foam based on CO; (water) is adequately proven.

LEASON FROM BXPERIRNCE

None

ENVIROMMENTAL 1SSURR

HCFC 22 is a transitional matarial and will sventually have to
be replaced by a zerc QDP blowing agent « such as HFC 1342 as
noted in the atudy. The use of C0O; ({water) for the non-
insulating structural foam application is sound. Projaect leads
to saving of 9.3 ODP te per year.

SATRTX. 183UN0

Nona,

CORY _EFFECTIVENERS

Major impact of capital items in Phase 2 such as 2 foam machines.
CO» {water) process certainly doas not nesd a premix atation for
klowing agent (item 3). This section needs to be queried.

None
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Kingdom of Thailand
PRELIMINARY REVIEW OF A NUMBFR OF PROQIECTS
Conversion of Domestic Manufacturing 1o HFC-134a
and to ACFC-i41b in Polyurethane Foams;
Conversion of Chillers to HFC-134a

Projects Described by The World Bank, March 1993

1. Iotroduction of HCFC-141Db for foams and the conversion process to HFC- 134a for cooling
at THAI TOSHIBA hedustries;

2. [dem, at ADMIRAL Industries;

3. l[dem, at HITACHI Industries

4. Idem, at KANG YONG Industriec

5. Idem, at AP National Industries;

é. Two Chiller Conversion Projects to HFC-134a,

Kuijpers, LJM (OORG)
Eindhoven, 1993 03 11
RWR-570-1K-9310¢ -k

REMARKS REGARDING THE PROPOSALS

L..Foam Blowing

All projects describe a conversion from CFC-11 to HCFC-141b. In a first instance, it is re-
markable that there is a large price difference hetween the conversions proposed for the dif-
ferent industries (take ¢.g. the difference between AP and Toshiba, 0.25 and 1,79 million).
Indeed, HCFC-141b seems to be the preferred route for the Japanese, although, until re-
cently, they have also maintained the HCF(-123 option. [t may be that they will stick to the
HCFC-141b option, however, in Eurcpe there is 8 tendency (whether or not realistic) to study
cyclopentane, a flammablo high beiling refrigerant, About its performance nothing is known
so far (conductivity value is worse compared to others, [ do not know about long term
bahaviour).

One should bear in mind that the European manulacturers have been evaluating both
22/142b and [41b for quite some time; they achieved slightly inferior resuits with 22/142b;
howsver, the long term behavior is not so good, due to ditfusion of [HCFC.22. Nevertheless,
almost all manufacturers switched 10 HFC-134a (no chlorine anymore, due to environmenta!
group pressure 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 daughter companies as well.
The best thing is to ask the OORG foam expert as well (Jeffs, ICI), regarding the time in-
volved in optimizing HFC-134a foams. Dependent on this one ¢ould solve the question on
whether or not to invest in the HCFC-141b route in Thai ¢companies or to postpone a decis
sion to later this year,

Z: Refrigeration, general observations

The CFC-12 consumption of the five companies amounts to about 78 tonnes, while a total
f:om;m;gt?ian of 230 tonnes in this sector is mentioned. 1s there another large manufacturer
involy

The abave does not hold for CFC-11, 300 tonnes comparcd to 500 tonnes is used by the firms
considered.
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Several companies should do something regarding their use of CFC-11, Le. apply reduction
measures (take ¢.g. Kang Yong and AP which probably use CFC-11 also for clesaning) since
the consumption 5 large comparcd 10 the CFC-12 consumption,

3. Refrigeration. specific topics

There is technology support from the mother companies, the costs however vary widely not
dependent on the size of the company, e.g. 392,000 for Matsushita supporting the LAP
firm, More information {e.g. contracts) cn what is specifically covered in sach of the casey
it abzolutely necessury. There is also a question on whether or not the relationship to Kultern
Kirby should not be deseribed more precissly. Description so far (Kirby will provide the
companies with comprestors for testing) is not at all sufficient. 1t is often the compressor
manufacturer (with its specilic lubricant properties and so on) that determines the technology
transfer. Design of the appliances and the manufacturing process can be supported by the
mother company,

Kirby plays 2 key role in That companies, {or this reason more precise information would
be extremely useful.

This will also detcrmine whether or not CFC12 and HIFC-124x appliances can be manufac.
tured asing the same assembiy lins.

In particular the wehnology transfer issue is important; the phased approach presented is in
principie OK.

There is also a question regarding test rooms. What is determining the size and the costs for
2 test room. There is again a remarkable difference between the Admiral company and
Hitachi, the smallest and largest in size, The same holds for the difTerences in costs for /
refrigerant and oil charging equipment. Maybe this could be cxplained somewehat more de-
:;i;eg!?in the proposal. Somse firms will invest in leak detectors; does this not held for alt of

em
A consistent approach and evaluation would be desireable.

« Taking the amounts of CFCs involved costs vary from about 18 to 1485 USD per kg of CFC
(11 and 12} phased out per year. [s this an acceptable figure ?

4. Chillers

As far as the chiller conversion is concerned, there are no significant remarks.

For the HFC-[34a conversion, the cost is in the arder of USD 30 per kg of CFC-12 not used,
which is a high figure, and which should be supported by considerations on the lifetime and
economic velue of the equipment.

As far as the HCFC-123 conversion, 00 remarks.

Eindhoven, 1{ March 1993
rd
LJM. Kuijpsers
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REVIEW OF FIVE PHASK-1 CONVERSION PROJECTS

Conversion of Domestic Appliance Manafacturing to FC-134a

Projecs Froposals by Tho Wetld Hank, April 1593
First Phass of Appliance Menufucturs Conversions from CPC-12 o HFC-1344 at
Thal-Toshiba

Hitach! Consusier Products
AP National
Adeiral Thailead
Xang Yong Electric Industriee,
Kuijpers, LM (OORG) Blrudherven,
1993 05 06
TU-UNEP-LK-93170 &

REVIEW OF THE PHASR1 PROPOSALSY

Recommendation

All projest descriptions proposo & phass 1 0F s two step spproach, in sgreement with tho
Tecommnendations by the OORG group of the Bank, In moat cases there is sufficiant back up from

?Wmmm«m«,wmmmwwmmm(mﬁmym
Apan

However, mﬁ%mhhnmmhumﬂm;&@&&m!ﬁmmw
lmmmp(mﬂﬁmcdnotwu)whhthswmmmmm still many
uncartainties since the compressor marufeciursrs have still 1o convert thelr production with the
support from othess, This implics that the sppliance marctucers will depend on relationships that
depend on othar relationships wheve still unoertain parameters are fvolved.
zThaﬁ#ofﬁwmdwﬂoﬂdﬂuMnWmﬁﬂhquh different, from about 140,000
down to 4 800 (Admiral). Neverthelsin, the costs for technioal support and for new equipmant to be
hou, domhwomymhﬂamhlpmﬂw production volums,

3 sosts for technioal assiatanss soem 1o be randows, and quite high. As an esmple, tachnical
sasisiance for AP Netioag! (USD 700,000, productian voltime 74,000) caninot ba comparad to othars
(o.55. Saryo (LYSD 454,800, WOMWWSEO,M pieces), This issue needs to be clarified firat.

Tt is recommendad to first extablish oriteria for the costs for tachnical assistance -whether or not
related 1o the production volutne, o.g. with cortain maxime, Sefore that these projaots should be

approved.
Tt should wlso be resiized that the conversion will bs dapsndant on the Riccoss of the conversion
process &t compressor manufacsrers (projects stitl to bo approved).

Taking thase asgumentsa nto acoount, it Is diffloult to give an oversll recommendaiion for
(dis)approval. Coms for Admiral are too high, tharo ls no back up Garm anothet manufesturer,
Technical asvatanca casts for AP Natianal ave (too) high

202 4%7 14l U5~28 W1 10:80AM POO2 He
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1. Ralavancs and idaqaacy of Information provided

The project proposals give adaquaze short doscriptions of what s wwisaged 10 be acenmyplished
dmmg a first phasa.

The technice] susistance agresmonts are not very well specifiad (comparable to the Sanyo project),
the idea is obtalned that a reliable applisnos production ¢an be guarsnteod (o.g. by sdditional toating
In Japan etc.). However, costs for technical nasistance seem to be random:

= Sanyo (seprrate propossl); TISD 434,800 for a volume of 800,600 places.
-~ TTEL UsNI 510,800 140,000

« Kang Yong Ush 320,&00 115,000 *

- AP Natiopal WED 700,000 74,000

~ Hitachi UED 480,000 142,000 *

- Admiral  (stiroate)  USD 150,000 4,800 “,

3. Tachuical soundnes

Tn the convarsion to HFC-134a, it Is in particulur the cartainty that & roliable product can be
maaufactured, which has to do with adapting local manufaciuring procosses that will sest money.

Tt will ahvays ba diffieult to manfesmre CFC-12 und HFC-134a appliances at the same moment,
unicss very spacial precautions arw tukwa,

The rellabllity of the lpp!im will algo depend on the quality (and the type) of the compressor, This
cannot ba estimated at this moment.

Since Kunithomn Kirby is ons of the maln immanufacturer of compragsors involved, it should be

ascertnined whathat this company cun aolve problems whlch might ogour at the manufacturers at the
sAmne tima,

4. Cose effoctivenans
Cost eifoctivences cannot be discussed. There are only soms questions as already mentioned above:

1 Dow "technical assistanca” imply a relationship to the production volume ?.

2. . Costa for isb equipment (test room) and for charging squipmont are quite different. E.g.
the conts for charging at Admire! is equal to others with s much bigger production volume.

3, It is diffionlt to judge upon whether some manufaotuers need teat rmams, others not.

6(& #2143
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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 ENTERFRISE:

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
U5$518,000

This request is fmm@mﬁ%@ no funding is requested
at this time. This project will be submitted to the EC feiiawm pre-
gvnmsal for funding approval of about US$463,000 (@ 56%

Not Applicable
Nippondenso Thailand Saies

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

The World Bank

This request is for permission fo proceed on final preparation of a project proposal to convert
Mippondenso's network of 150 mobile air-conditioning service shops from CFC-12 to shops for
servicing new HFC-134a mobile air conditioners which will be installed in new cars starting in
1992. This project will prepare Nippondenso’s network of 150 mobile air-conditioning service
shops to provide services for gew HFC-134a 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 to 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 s
necessary complement to the automobile mapufacturer’s decision 1o produce cars with air
conditioning units using HFC-134a as the working fluid. MACs require regular servicing. To
ensure that product quality and utility i retained for the HFC-134a MAC systems, service shops
will have to be equipped to service these systsms, and service engineers will have to receive proper
training. The auto maker’s decision to install 134a units will result in annual CFC savings of 625

' ncludes 30% contingency and 3% financial institution fee.
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May 11, 1993

TO: CHARLES B. CATANACH / JESSICA POPPELE - WORLD BANK

FAX. 202-477.6619

FROM: SIMON QULOUHOJIAN- OORG REVIEWLR - MOBILE AC

FAX: 215-352-1345

THAILAND - REVIEW OF PROJECT PROPOSAL - MOBILE AIR CONDITIONING

COUNTHT:
P JECT TITLE.

SLLTOR COVERED:
OULS UKE IN SECTOR:

PROJECY IMPACY:

PROGECTDUSATION:
FROJICT SCOROMIC LIFE,
TOTAL PROJECT COST:
PRGPOSED OTF FINANCING:
IMPLENENTING ERTCAPUISES:
COUNJINATING MINISTRY!

PROJECT #2 RE: NEW TOOLS - TRAINING FOR HFC 134s - FIVE YEAR PROJECT

1 support this project with accelerated phase out and the introduction of the non ozone depleting HFC

Thadend

Plavwns pf CFC-17 b Modis
Ar Condtenxy

Fehite Akr-Corfuremy IMALS

120 MT of CHOCY 1 now wdiipmant in 1601
1,520 MY of CFL12 by aarvieing LRt M

Hedieing the seamnpior of SR 20y
138 MY por yax

1 ya¥

L2 4 ]

LS Bra 000

Wil RLLL0G

Hpoandenes TRt Swies

Doprtmont of indureisl Worta
ity 3 iy

134a to mobile air conditioning systems,
The air conditioning industry needs training to support this alternative refrigerant.

This project will provide and prepare the 150 Nippendenso service shops with the tools and training
neceasary as well as serve as training centers for the entire mokbile air conditioning service industry in

the Kingdom of Thailand.

HFC 134a refrigerant and synthetic lubricant (PAGS ESTERS) requires a strong retraining effort of
the service industry with cmphasis on proper repairs before charging air conditioning systems to break
the "Gas and Go” mindset of working with CFCs that precluded fixing the leak because of the low

cost of CFC12.

| et



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?:

Project Cover Sheet
Kingdom of Thailand

Conversion of Electronic Cleaning Process from CFC-113 to High-
Purity Water Cleaning

Solvent Cleaning

Phase out angual consumption of 15 MT CFC-113 (weighted) per
year

6 months
ODS Reduction Investment Cost: Uss 228,000
Incremental Operating Costs': uss 10,000

This request is for permission fo proceed; po funding is mquestad
at this time. This project will be submitted to the EC followin
appraisal for funding approval of about US$319,000 (@ 100%
Ownership).

COST EFFECTIVENESS: US$2.56/kg ODP/year
IMPLEMENTING ENTERPRISE: TeamTronics Co., Lid.
COOQRDINATING MINISTRY: Department of Industrial Works (DIW), Ministry of Industry,
Kingdom of Thailand od 7

IMPLEMENTING AGENCY: The World Bank
APPRAISAL DATE: August, 1993

FROJECT SUMMARY

;

This request is for permission 1o proceed on finsl 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 current CFC-113 batch
cleaner with one in-line aqueous cleaner. The agueous cleaners will be used to ramove flux
residues and light ionie 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
1S 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.

! Net present value of first four yoars of cpcming costs/savings,

? Includes 30% contingency and 3% financial institution fee.
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May 28, 1893

Mr. Don Brown

The World Bank

1818 H Street, NW
Washlngton, D.C. 20433

* L] *

Dear Don:

Re:

Comments on Thailand Project

I have reviewed the Thailand solvent projects for Hana Semiconductor,
GS8 Array, BAHA Unien, THECO, Cl Group, and TeamTronics, and

have provided verbal comments to you. I bave summarized these
comments ag follows:

- Was the no clean option considercd for (S8 Array, Hana

Semiconductor, and TeamTronies? It appears that the type of
products manufactured are candidates for the no-clean process,

which would thus have uvuided the need for waste water treatment
facilities at these locationa.

In the case of SAHA Union, I ask if IBM's experts in San Jose,
Callfornla were conlucted with regard to the proposed process. If
nol, I recornmend that Dr. Ming Ko, or other staff at San Jose, he
brought into the project as it goes forward. IBM at San Jose has
developed aqueocus cleaning for the dias drives at that location and
they would prosumably have geod information to share with SAHA
which hes IEM involvement.

I'm not familiar with the plastic media cleaning process suggested
far Hana Semiconductor and time conatroints precluded any
opportunity to familiarize myself with this concept. [ am, therefore,
unable to offer comments.

The proposed technologies for cleaning of heat exchangers at CI
Group and at THEKCO should work well and are considered

appropriate alternales. Cosfa appenr to be in the expected range for
these technologics.
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Generally gpeaking, my concerns rest with the selection of aqueous
cleaning processes, especially in the case of manufacturing of consumer

products, rather than promoting the concept of no clean as the preferred
technolagy.

It has been shown by many companies that no clean is gaining
acceptance as a preferred manufacturing technology .- for high
tech/high reliability products such as in the telecoramuanications
awitching equipment, as well as for consumer products. The benefits
include: removal of a manufacturing step; the avoldance of purchasing
cleaning supplies; the avoidance of waste treatment and disposal; and,
in many cases, improved product quallty. I belleve the industry trend
towards no clean will continue which may, at some point in the future,
make obsclete altérnative cleaning systems such as aqueous.

There continug to be ohjectives to no clean by some manufacturers, often
based on anticipated customer demand or reluctance to believe that high
reliability electronic products ean be manufaciured without cleaning. A
guide to selection &tp appropriate alternatives to CFC-1138 and methyl
chloroform cleaning in the electroni¢s industry which winuld be baaed on
industry cxperience gained over the past five years would be a useful
document that could be used by the Bank, its consultants, and industry in
developing countries. Thie concept was discussed at the QORG meeting
and will be broughh to the attention of the executive of the Industry
Cooperative for Ozone Laysr Protection (ICOLP) for consideration as
something Lhat experts from ICOLP member companies might develop.

Regards,

Ao V]

Arthur D, FitzGerald
Director

Environmental Projects

ADF/im
flié

£003/603

e




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 MINISTRY:

IMPLEMENTING AGENCY:

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
Gwan; 3 MT at Imperial)

One month for engineering changes

Kian Gw?g Building
ORS Reduction Invesment cost: USS 78,000

Incremental Operating Costs': US$ 100,000
I ial : tel

ODS5 Reduction lnvestment Cost: 1USs 63,000
Incremental Operating Costs': US$ 90,000

This request is for mn}n_{e_w, no funding is requested
at this time. This project will be submitted to 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% i Ownership}

Kian Gwan Building: US$22.27/kg ODP/year
Imperial Queen’s Park Hotel: US$15.27/kg ODP/year

Kian Gwan Co y 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 present value of first four years of operating costs/savings,

1 tncludes 30% contingency and 3% fisancial institution fee,



PROJECT SUMMARY

This OTF request is for permigsion to proceed on final preparation of a project  to develop
the ability of Thai eagineers and technicians to convert low pressure CRFC-11 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 500 ton
CFC-11 centrifugal chillers at the Kian Gwan Company's main office complex, and Trane would
convert onme 1,215 ton CFC-11 centrifugal chiller at the Imperial Family of Hotels's Queen’s Park Fi
Hotel. Both York and Trane would uadertake the conversions with the help of engineers from
their parent companies. 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 wonild assume ownership of the recycling muchines after the completion
of the project so that they could use them st other sites to reduce ODS servicing related emissions.
Finally, the project would reimburse the chiller owners (Kian Gwan and the Imperial Family of
Hotels) for increased energy and refrigerant costs that they would incur g3 a result of the
conversions, Both buildings are assumed to be 100% Thai owned, which bas been taken into
account in calculating the proposed OTF financing. It is expected that this project will eliminate
the consumption of 5 MT of CFC-11.
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Kingdom of Thailand
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS
Conversion of Dormastic Manufaciuring to HFC-134a
and to HCFC-14]b in Polyurethane Foams;
Conversion of Chillers to HFC-134a

Projects Described by The World Bank, March 1993

{. TIntroduction of HCFC-141b for foams and the conversion process to HFC-134a for cooling
at THAI TOSHIBA Industries;

Z ldem, 3t ADMIRAL Industriex;

3. Idem, at HITACHI Industries

4. Idem, at KANG YONG Industries;

£,  ldem, st AP National Industries;

§. Two Chiller Convertion Projects to HFC-1Ma.

Kuiipers, LIM g()QRG)
Eindhoven, {993 03 11
RWR-570-LK-93106 -k

REMARKS REGARDING THE PROPOSALS

1. Foam Blowing

All projects describe & conversion from CFC-11 to HCFC-141b. In a first instance, it is re-
markable that there is a larpe price difTerence hetween the conversions proposed for the dif-
farent industries (take ¢.g. the difference between AP and Toshiba, 0.25 and 1.79 million).
Indeed, HCFC-141b seems to be the preferred route for the Japancss, sithough, until re-
cently, they have also maintained the HCFC-{27 option. [t may be that thay will stick to the
FHICFC-141b option, however, in Burope there is a tendency (whether or not realistic) to study
cyclopentane, a flammable high boiling refrigerant. About its performance nothing is known
so far (conductivity value is worse compared 1o others, | do not know about long term
behaviour).

One should bear in mind thxt the European manulacturers have been evaluating both
22/142b and 141b for quits some time, they achieved slightly inferior revults with 22/142b;
however, the long term behavior is not so goeod, due to diffusien of [HCFC.22 Nevertheless,
almost ail manufacturers switched 1o HFC-134a (no chlorine anymore, due to environmenta!
group pressure in Germany) shortly before the Domotechnica fair (apart from one). So [ do
not know whether this could play a role in japan and in the daughter companies as well.
The best thing i3 10 ask the OORG foam expert as well (Jeffy, (1), re?réing the time in-
volved in opumizing HFC-134a foams. Dependent on this one could solve the question on
whether or not to invest in the HC[C-141b route in Thai companies or 10 postpone a dec-
ston o Jater this year.

i Retrigeration, peneral chmrvations

The CFC-12 consumption of the five companies amounts to about 78 tonnes, while a toual
consumption of 250 tonnes in this sector is mentioned. s there another large manulacturer
involved ?

The above does not hold for CFC-11, 300 tonnes compared to 500 tonnes is used by the firms
considered.
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Several mmz&miw should do something regarding their use of CFC-11, i.e. appiy reduction
mesgures (take e.g. Kang Yong and AP which probably use CFC-1] also for cleaning) since
the consumption | large compared to the CFC-12 consumption.

efrt

There (s technolegy support from the mother companies, the costs however vary widely not
dependent on the 5i2¢ of the company, eg 592, for Matsushita supporting the small AP
firm. More information (e.g. contracts) on what is specifically covered in wach of the cases
is absolutely necessary. There iy also a gquestion on whether or not the relationship to Kultorn
Kirby should not be deseribed more precisely. Description 3o far (Kirby will provide the
companies with compressors for testing) is not at all sufficient. It is often the compressor
manufacturer (with its specific lubricant propertics and so on) that determines the technology
transfer. Design of the appliances and the manufacturing process can be supported by lﬁe
mother company,

Kirby plays a k? roie in Thai companies, for this reason more preciss information would
be sxtremely useful.

This will also detcrmine whether or not CF(C.12 and HF(C-124« appliances can be manufac-
turext using the same assembly lins.

In particular the technology transfer issue is important; the phased approach presentad is in
principle OK.

There is also & question regarding test rasrma. What is determining the size and the costs for
a test roam. There is again a remarkable difference between the Admiral company and
Hitachi, the smallest and largest in size, The same holds for the differences in costs for
refrigerant and oil charging c?uipfmm. Maybe this could be ¢xplained somewehat more de-
tailed in the proposal. Somw firms will invest in Jcak detoctors; does this not hold for ait of

them ?
A consistent approach and evaluation would be desireable.

Taking the amounts of CFCs involved costs vary {rom about 18 to 145 USD per kg of CFC
(L1 and 12} phased out per year. Is this an acceptable figure ?

4, Chillers

As far as the chiller conversion is concernad, there are no xig&iﬁaxm remarks.

For the HFC-1)4a conversion, the cost is in the order of USD 30 per kg of CFC-12 not used,
which is a high figure, and which should be supported by coasiderations on the lifetime and
economic value of the equipment.

As far as the HCFC-123 conversion, no remarks.

Eindhoven, 11 Mareh 1993
f
L.JM. Kuijpery
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Conversion of Chilicrs to HFC-134a and HCFC-123
Praject Propossls by The World Bask, April 1993

Canversion from CFC-12 10 HPC-134a at the Post Building
sl from CFC-11 to HCRC-123 at Kian Gwan snd Imperial.

Recommendation

Sinca the project deseription contalng gusranteos for the convarsion (back up by developed
coontry manufatturers), thare is 5o tachnical reason to not recorsmend approval.

mw,ammummmu&mammmmmmmmm f.a, USD 35 por kg
of CPC-12 and USD 85 and 53 for the sonversion to HCRC-123 (even compared o domastic
eopliance conversion projects).

Tt emphasives the need for sstting up good economic criteria for chiller conversions.

Blndhoven, ¢ May 1993
L.IM. Xulipers
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The Moatreal Protocol on
Substances that Deplete the Ozone Layer

Thailand ODS Multicomponent Investment Project

Project Cover Sheet
COUNTRY: Kingdom of Thailand
PROJECT TITLE: Demonstration of Conversion of CFC-12 Chillers to HFC-134a
SECTOR COVERED: Building Air Conditioning
PROJECT IMPACT: Demonstrate chiller conversion and refrigerant recovery
technologies; Avoid consumption of 6 MT of CFC-12
PROJECT DURATION: CGne month
TOTAL PROJECT COST: ODS Reduction Investment Cost: USS$ 176,000
Incremental Operating Costs's US$ 14,000
PROPOSED OTF FINANCING*: This request is for W. no funding is requested
at this time. This project will be submitted to the EC following pre-
appraisal for funding approval of sbout US$ 254,000 (@100 % ‘Fhm
Gwnership)
COST EFFECTIVENESS: 1U58$10.12/kg ODP/year
IMPLEMENTING ENTERPRISES:  The Post Publishingo&mpany is the owner of the chillers.
: Pido International Company will perform the conversion at the
Bangkok Post Building.
COORDINATING MINISTRY: Department of Industrial Works (DIW), Ministry of Industry,
Kingdom of Thailand ™) el
IMPLEMENTING AGENCY: The Werld Bank

' Met present value of first four years of operating costs/savings,

? Includes 30% contingency and 1% financial institution fee.



PROJECT SUMMARY

This OTF request is for permission to proceed on finzl preparation of a project proposal to
convert three 400-ton CFC-12 centrifugal chillers at the Bangkok Post Building to operate using
HFC-134a as the refrigerant. In addition to 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 to 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 at other sites to 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 to eliminate the consumption of 6 MT of CFC-12.
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Kingdom of Thailand
PRELIMINARY REVIEW OF A NUMBER OF PROJECTS
Conversion of Domestic Manufacturing to HFC-134a
and to HCFC-141b in Polyurethane Foams;
Conversion of Chillers to HFC-134a

Projects Described by The World Bank, March 1993

1. Introduction of HCFC-141b for foams and the conversion process to HFC-134a for cooling
at THAI TOSHIBA hndustries;

2 Ildem, at ADMIRAL Industries;

). [dem, at HITACHI Industries

4, Idem, st KANG YONG Industriex;

5. Idem, at AP Nationsl Industries;

6. Two Chiller Conversion Projects to HFC-1Ma.

Kuijpers, LIM (OORG)
Eindhoven, 1993 03 |1
RWR-370-LK-93106 ik

REMARKS RECARDING THE PROPOSALS

1. Foam Blowing

All projects describe 8 conversion from CFC-t1 to HCFC-141b. In a first instance, it is re-
markable that there is a large price differencs hetween the conversions proposed for the dif-
ferent industries (take ¢.g. the difference between AP and Toshiba, 0.25 and 1.79 million).
Indeed, HCFC-14]1b seems to be the preferred route for the Japancse, aithough, until re-
cently, they have also maintained the HCEFC-123 option. [t may be that they will stick to the
IHCFC-141b option, however, in Europe there is a tendency (whether or not realisic) to swudy
cyclopentane, a flammable high beiling refrigerant, Ahout its performance nothing is known
so far (conductivity value is worse compared to others, 1 do not know about long term
behaviour).

One should hear in mind that the European manulacturers have been cvafuvating both
23/1428 and 141b for quite some timm; they achieved stightly inferior results with 22/142b:;
however, the iong term behavior is not so good, due to diffustan of JICFC-22. Nevertheless,
aimost all manufacturers switched 0 HFC-134a (no chlorine anymore, du¢ to enviconmentat
group pressure in Germany) shortly before the Domotechnica fair {apart [rom one). So i do
not know whether this could play a role in Japan and in the daughter companies as well.
The best thing is 10 ask_the OORG foam expert as well (Jefty, ICI), regarding the time in-
volved in optimizing HFC-134a foams. Depeandent on this one ¢ould solve the question on
whether or not to invest in the HCIC-141b route in Thai companies ot to postpone a decis
sion to later this year,

2. Relrizeration, geosral obmrvations

The CFC-{2 consumption of the five companies amounts to about 78 tennes, while a total
com;:mpt?ion of 250 tonnes in this sector is mentioned. Is there another large manufacturer
involved

The aé:ow does not hold for CFC-11, 300 tonnes compared to 500 tonnes is used by the firms
considered.
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Several comrnies shouid do sornathing regarding their use of CFC-1], i.e. apply reduction
measures (take e8. Kang Yong and AP which prebably use CIC-11 also for cleaning) since
the consumption s large compared (o the CFC-12 consumption.

3._Refrigenation. specific topics

‘There is technology suptpor{ from the mother companies, the cosis however vary widely not
dependent on the nze of the company, e.g. 392, for Matsushita supporting the small AP
firen. More informatdion {e.g. contracts) on what 13 specifliceily covered in sach of the canes
is absolutely necessary. There is also a question on whether or not the relationship to Kultorn
Kirby should not be described more precisely. Description so far (Kirby will provide the
companies with comprestors [Or testing) is not at all sufficient. It ia often the compressor
manufacturer (with its speaific lubricant propertics and o on) that determines the technology
transfer. Design of the appliances and the manufacturing process can be supported by tge
mothér company.

Kirby plays a key role in That companies, for this reason more preciss information would

be extremely useful,
This will also detcrmine whether or not CF(-12 and HF(-174a appliances can be manufac

tured using the same assembiy line.

In partcular the technology transfer issue is important; the phased approach presented is in
principis OK.,

There is also 2 question regarding test rooms. What is determining the size and the costs for

a test room. There is agam a remarkable difference between the Admiral company agd

Hitachi, the smallest and largest in size. The same holds for the difTerences in costs for

refrigerant and oil charging e?uiymer)t. Maybe this could be explained somewehat more de.

giied?in the proposal. Some firms will invest in leak detectors; doey this not held for all of
em

A consistent approach and evaluation would be desireable.

Taking the amounts of CFCs involved costs vary from about 18 to 148 USD per kg of CFC
(L1 and 12) phased out per year. Is this an acccptable figure ?

4, Chillers

As far as the chiller conversion is concerned, there are no sigﬁiﬁmni remarks.

For the HFC-[34a conversion, the cost is In the order of LSD 30 per kg of CFC-12 not used,
which is a high figure, and which should be supporied by considerations on the lifetime and
cconomic value of the equipment.

As far as the HCFC-123 conversion, no remarks.

Eindhoven, 11 March 1993
L.JM. Kuijpers

/
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Conversion of Chillers to HFC-134a and HCFC-123
Projsct Proposaly by The World Bank, Aprii 1993

Converslon from CFC-12 6 HPC-1344 at the Post Building
and from CFC-11 to HCRC-123 at Klan Gwan and Imparinl.

Recommendation

Since tha praject description containg gusrantees for the convarsion (baok up by daveloped
country manufabiurers), thare s no technical rexson to not recommend approval.

Howa, it should be bora in mind that costs for converslon srs very high, i.a. USD 35 per kg
of CPC-12 and USD 85 and 53 for the conversion to HORC-123 (even compared to domastic
ppliance conversion projects).

Tt emphasizoes the need for setting up good economic criteria for chiller converdons.

Elndhoven, 6 May 1903
LIM. Bolipers
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