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This document includes the following project proposals and the Fund Secretariat's Comments 
and Recommendations: 

UNDP 

Conversion to non-CFC technology in the manufacture of flexible and integral 
skin polyurethane foam at Yanfeng; 

Elimination of CFC-11 in the manufacture of rigid polyurethane foam products 
at Tianjin Polyurethane Plastic Plant. 

World Bank 

Conversion to CFC-free technology in manufacture of rigid polyurethane pipe 
insulation at Shanghai #6 Plastics Product Plant; 

Fire extinguisher production conversion from Halon 1211 to ABC Dry Chemical 
at Zhuzhou Fire Equipment Factory; 

Halon 1211 production closure at Tongxiang Chemical Fertilizer Factory; 

Aerosol CFC-12 Substitution and Conversion Project at China Aerosol Industry 
Southern Filling Center (Zhongshan Fine Chemical Industrial Limited); 

Application development for conversion of compressor manufacturing to 
HFC-134a rotary compressor designs at Shanghai Refrigerator Compressor Co. 
Ltd.; 

Engineering assistance for conversion of refrigerator manufacture to HFC-134a 
refrigerant with rotary compressors at Shanghai Shangling General Refrigerator 
Factory (SSGRF); 

Engineering assistance for conversion of refrigerator manufacture to HFC-134a 
refrigerant with Tecumseh designed HFC-134a compressors at Hua Yi Electrical 
Appliance General Company; 

Engineering assistance for conversion of refrigerator manufacture to a ternary 
blend refrigerant (MP-39) using conventional compressors at Shanghai Shangly 
Electrical Appliances Co. Ltd.; 

Engineering assistance for conversion of refrigerator manufacture to use of 
HFC-152a refrigerant using conventional compressors at Wanbao Electrical 
Appliance Industrial Corporation; 

Engineering assistance for conversion of refrigerator manufacture to 
HFC-152a/HCFC-22 blended refrigerant in conventional compressors at Chang 
Ling (Group) Co. Ltd. 
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PROJECT EVALUATION SHEET 

COUNTRY OR REGION: 

PROJECT TITLE: 

PROJECT COST: 

INCREMENT AL COST: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 

IMPLEMENTING AGENCY: 

China 

Conversion to non-CFC Technology in the 
Manufacture of Flexible and Integral Skin 
Polyurethane Foam at Yanfeng 

Incremental capital cost 
Incremental operational cost 

us $670,000 

67 .5 tons of CFC-11 

US $9.93 per kg ODP saved 

One year 

UNDP 

us $570,000 
us $100,000 

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency 

TECHNICAL REVIEW COMPLETED: YES _x_ NO 

SECRETARIAT'S fQMMENTS 

1. Under this project, Yanfeng Automobile Interior Trimming Factory plans to phase-out 
the use of 75 tons of CFC-11 in the production of automotive back-cushions and steering-wheels 
by using water-blown technology for the manufacturing of cushions (slabstock flexible 
polyurethane foam) and HCFC-22 for steering wheels (integral skin polyurethane foam). 

2. Incremental capital costs consist of high pressure foaming machines, pre-mixing station, 
and trials. Incremental operational costs are claimed because the addition of TDI and softener 
additives to replace CFC-11 of slabstock and higher price of HCFC-22 to replace CFC-11 of 
integral skin. 

3. In March 1993, the company entered into a joint venture with the trim division of Ford 
Motor Company, USA, but the existing production has been kept separated from this joint 
venture acting as a supplier and remains fully Chinese-owned. 

SECRETARIAT'S RECOMMENDATION 

4. The Secretariat recommends final approval for the amount requested, 1.e., 
us $670,000. 
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PROJECT EVALUATION SHEET 

COUNTRY OR REGION: 

PROJECT TITLE: 

PROJECT COST: 

INCREMENT AL COST: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 

IMPLEMENTING AGENCY: 

China 

Elimination of CFC-11 in the Manufacture of 
Rigid Polyurethane Foam Products at Tianjin 
Polyurethane Plastic Plant 

Incremental capital cost 
Incremental operational cost 

us $690,0001 

100 tons of CFC-11 in 1993 

US $7.8 per kg ODP saved 

One year 

UNDP 

us $655,000 
us $125,000 

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency 

TECHNICAL REVIEW COMPLETED: YES_K__ NO 

SECRETARIAT'S COMMENTS 

1. Tianjin produces both flexible and rigid polyurethane products by using CFC-11. The 
purpose of this project is to phase-out the CFC-11 usage in rigid PUF foam production through 
pentane. The company is currently implementing the phase-out projects of CFC-11 usage in 
flexible foam and in its polyol blending facilities utilizing Multilateral Fund Grants which were 
approved at the Tenth Meeting of the Executive Committee. (US $1,080,000 and US $460,000 
respectively). 

2. The project consists of two sub-projects: one for insulation pipe and box (this part is 
executed by Tianjin itself) and one for sandwich panel production (this part executed by a joint 
venture - Tianjin owns 75 per cent and a Swiss company owns 25 per cent). Costs of the latter 
were adjusted by using local ownership share of 75 per cent. 

3. Pentane is a flammable material. Explosion-proof dispensers, pre-mixing station, 
ventilation and other safety related modifications and training will be covered by the capital 
costs. Incremental operational costs for the sandwich panel production section are generated 
due to additional MDI use, pentane and extra maintenance to replace the CFC-1 l. 

SECRET ARIA T'S RECOMMENDATION 

4. The Secretariat recommends final approval for the project for the amount requested, 
i.e., US $690,000. 

1 The incremental costs differ from the budget by accounting for 25 per cent transnational ownership 
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PROJECT EVALUATION SHEET 

COUNTRY OR REGION: 

PROJECT TITLE: 

PROJECT COST: 

INCREMENT AL COST: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 

IMPLEMENTING AGENCY: 

China 

Conversion to CFC-Free Technology in the 
Manufacture of Rigid Polyurethane Pipe 
Insulation at Shanghai N° 6 Plastic Product 
Plant 

Incremental Capital Cost 
Contingency 
Financial Agent Fee 

us $687,000 

105 tons of CFC-11 in 1992 

US $4.0 per kg ODP saved 

One year 

The World Bank 

us $580,000 
us$ 87,000 
us$ 20,000 

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency 

TECHNICAL REVIEW COMPLETED: YES_x_ NO_ 

SECRETARIAT'S COMMENTS 

1. Under this project, the company will eliminate 105 tons of CFC-11 being used for rigid 
molded and rigid spray pipe insulation, and rigid molded ice box. Carbon dioxide was selected 
as a long-term substitute to CFC-11, but HCFC-14lb may be used as an interim solution until 
carbon dioxide technology is accepted (2-3 years). 

2. Two high-pressure foaming machines and four spray machines will be purchased 
instead of the nine existing ones. Incremental operational costs are calculated based on 100 per 
cent C~ technology (additional MDI use). 

SECRETARIAT'S RECOMMENDATION 

3. It is recommended to approve US $687,000 for this project. 



COUNTRY OR REGION: 

PROJECT TITLE: 

BUDGET: 

INCREMENTAL COSTS: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 
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PROJECT EVALUATION SHEET 

China 

Fire Extinguisher Production Conversion from 
Halon 1211 to ABC Dry Chemical (Zhuzhou 
Fire Equipment Factory) 

Incremental Investment Cost 
Incremental Operating Cost 
Financial Agent Fee 

us $846,000 

250 mt/yr of halon 1211 

us $411,000 
us $410,000 
us $25,000 

US $1.13/kg (ODP) halon 1211 phased out 

l year 

IMPLEMENTING AGENCY: The World Bank 

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency 

TECHNICAL REVIBW COMPLETED: YES_lL NO 

SECRETARIAT'S COMMENTS 

1. The Zhuzhou project consists of three components. The first two components relate 
to the conversion of the halon 1211 fire extinguisher production line to ABC dry powder 
(70,000 units/year) and AFFF extinguishers {30,000 units/year) by retrofitting the halon 
extinguisher production equipment and adding testing facilities in accordance with the nature 
of AFFF extinguisher. Corrosion resistance equipment and testing instruments for the 
production of AFFF extinguishers will be imported. The third component relates to 
modifications of the fire extinguisher production workshop to be financed by the enterprise. 
The technology will be provided by Zhejiang Fire Equipment Factory. 

2. Capital costs include the cost of technology at US $135,300 and cost of training at 
US $31,700, which the enterprise deems to be incremental. 

3. The project documents states that "Zhuzhou Fire Equipment Factory plans to obtain 
technology from Zhejiang Fire Equipment Factory". 
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4. Since Zhejiang was financed by the Multilateral Fund, and since it will transfer the 
technology to Zhuzhou, the cost of technology to the latter should not be considered as 
incremental. Both factories are in China, the Fund financed a technology in one factory which 
in turn should provide it to other factories. 

5. Incremental operating costs are calculated for 3 ½ years on the basis of lost profit, 
while the project will realize net savings. 

SECRETARIAT'S RECOMMENDATION 

6. The Secretariat recommends that approval of the project should be deferred until 
operating savings are calculated and taken into account when determining the grant amount for 
the project. 



COUNTRY OR REGION: 

PROJECT TITLE: 

BUDGET: 

INCREMENTAL COSTS: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 

UNEP/OzL.Pro/ExCom/13/27 
Page 7 

PROJECT EVALUATION SHEET 

China 

Halon 1211 Production Closure (Tongxiang 
Chemical Fertilizer Factory) 

Incremental Cost 
Financial Agent Fee 

us $838,000 

400 mt/yr of halon 1211 

US $0. 70/kg ODP saved 

6 months 

us $814,000 
us $24,000 

IMPLEMENTING AGENCY: The World Bank 

NATIONAL COORDINATING AGENCY: Ministry of Public Security (MPS) 

TECHNICAL REVIEW COMPLETED: YES_K_ NO 

SECRETARIAT'S COMMENTS 

1. This is the first proposal for plant closure in the production sector. 

2. Tongxiang Chemical Fertilizer Factory produces about 400 metric tonnes of halon 1211 
annually. 

3. The incremental costs of the project arise from compensation for foregone profit for 
the remaining life of the factory, dismantling of production facilities, demolishing of buildings, 
and compensation to staff and workers. 

4. Financial losses to the factory from stopping halon production are calculated on the 
basis of the average annual profit in the past three years multiplied by the remaining life of the 
plant and discounted by 12 per cent (for 6 ½ years). 

5. Compensation to staff and workers is calculated on the basis of the average monthly 
income of 50 staff and workers for a period of two years. Chinese regulations require that the 
level of compensation of workers should equal the average monthly income level. 
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6. Five per cent contingency as well as three per cent Financial Agent's Fees are included 
in the grant amount. 

7. China has about 50 halon producing factories. 

8. The Executive Committee approved at its Seventh Meeting the Beijing ABC Powder 
Production project. The Committee did not made its approval contingent on closure of 
equivalent halon production facility. Beijing ABC Powder did not produce halons. 

9. The Indicative List of Categories of Incremental Costs indicates the following in 
paragraph 2 (a) (ii) and (iii): 

• (ii) Cost arising from premature retirement or enforced idleness, taking into 
account any guidance of the Executive Committee on appropriate cut-off dates: 

of productive capacity previously used to produce substances controlled 
by existing and/or amended or adjusted Protocol provisions; and 

where such capacity is not replaced by converted or new capacity to 
produce alternatives; 

(iii) Cost of establishing new production facilities for substitutes of capacity 
equivalent to capacity lost when plants are converted or scrapped, including: 

cost of patents and designs and incremental cost of royalties; 

capital cost; 

cost of training, as well as the cost of research to adapt technology to 
local circumstances•. 

10. Consideration of the project should be made subject to the interpretation of (ii) and (iii) 
above. 

SECRETARIAT'S RECOMMENDATION 

11. The Secretariat, based on the importance of the project and the precedent it will 
undoubtedly set, recommends to establish a sub-committee to elaborate policy guidelines on how 
to deal with this and similar projects. A decision on the present project should be deferred 
pending the elaboration of the guidelines. 
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PROJECT TITLE: 

BUDGET: 
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PROJECT EVALUATION SHEET 

China 

Aerosol CFC-12 Substitution and Conversion 
Project at China Aerosol Industry Southern 
Filling Center (Zhongshan Fine Chemical 
Industrial Limited) 

Capital Cost 
Contingency 
Incremental operating benefit 
Financial Agent Fee 

us $3,332,00) 
US$ 500,000 
us $2,139,00) 
us$ 51,000 

INCREMENTAL COSTS: US $1.744 million 

ODS PHASE-OUT: 4067 mt/y of CFC-12 

COST EFFECTIVENESS: US $0.43/kg ODP saved 

PROJECT DURATION: 2 years 

IMPLEMENTING AGENCY: The World Bank 

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency 

TECHNICAL REVIEW COMPLETED: YES ...1L NO 

SECRETARIAT'S COMMENTS 

1. A composite project proposal covering both production of Dimethyl ether (DME) and 
conversion of aerosol filling plant, at an estimated cost of US $1. 6 million, was submitted to 
the Twelfth Meeting of the Executive Committee. 

2. The Committee considered the proposal in light of the Secretariat's comments and the 
remarks provided by the Government of China, and requested the World Bank to re-submit a 
revised proposal for future consideration. 

3. GOC' s remarks circulated at the Twelfth Meeting affirmed that the enterprise will 
self-finance DME production and subsequently requested funding of only the conversion project 
at an estimated cost of US $1.443 million. 

4. The World Bank and Government of China submitted a revised proposal for the 
consideration of the Thirteenth Meeting of the Executive Committee. The cost estimated in the 
new proposal amount to US $1.744 million. 
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5. The incremental capital costs are estimated at US $3,332,000, the contingency applied 
amounts to US $500,000 and the incremental operating savings are estimated at US $2,139,000. 

6. The incremental operating savings are calculated separately for Zhongshan's own 
product and for the filling services for small enterprises. Two thirds of the incremental savins 
of the latter would be passed onto their customers. Thus, the incremental benefit accruing to 
Zhongshan and only one third of the incremental benefits resulting from filling services for 
small enterprises are deducted from the capital costs. 

7. The Secretariat provided substantial comments on the revised project to the World Bank 
regarding the incrementality of some of the project's cost items and the calculation of 
incremental benefits. 

8. A consultant of the World Bank affirmed that all cost items are incremental, including 
the high cost of installation and commissioning which amount to 13 per cent of the investment 
costs; even without deducting those cost items that do not need installation or are not judged 
to be incremental. Also project management cost at US $55,000 cannot, and should not, be 
incremental. 

9. The Government of China provided detailed justification for all cost items., 

10. Both GOC and the Bank's consultant refer to the two aerosol projects approved at the 
Seventh Meeting for China at a combined cost of US $5,079 million for the phase-out of 
12,600 tonnes of CFC-12. However, the World Bank has not to date provided the Executive 
Committee any details on these two projects, with regard to their actual incremental costs and 
the amount of CFC-12 to be phased out. 

11. The revised proposal claims that it will phase out 4,067 tonnes of CFC-12 bringing the 
total quantity of CFC-12 to be phased out as a result of the three projects to 16,667 tonnes. 
China's Country Programme estimates the consumption in 1991 in the aerosol sector at 
8,600 tonnes, and the project proposal estimates 9,720 tonnes in 1992. Accurate estimates of 
China's total consumption of CFC-12 in the aerosol sector should therefore be provided. 

SECRETARIAT'S RECOMMENDATIONS 

12. The Secretariat recommends approval of the project and approval of funding at 
US $836,350 after adjusting the capital costs and contingencies for total operating savings, in 
addition to US $25,000 for Financial Agent's Fees. 

13. The Secretariat further recommends that the World Bank should provide a progress 
report on the implementation of the two aerosols projects already approved by the Executive 
Committee. 
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PROJECT EVALUATION SHEET 

COUNTRY OR REGION: China 

PROJECT TITLE: 

BUDGET: 

INCREMENTAL COSTS: 

a) Application development for conversion of 
compressor manufacturing to HFC-134a rotary 
compressor designs at Shanghai Refrigerator 
Compressor Co. Ltd. 

b) Engineering assistance for conversion of 
refrigerator manufacture to HFC-134a refrigerant 
with rotary compressors at Shanghai Shangling 
General Refrigerator Factory 

c) Engineering assistance for conversion of 
refrigerator manufacture to HFC-134a refrigerant 
with Tecumseh designed HFC-134a compressors at 
Hua Yi Electrical Appliance General Co. 

d) Engineering assistance for conversion of 
refrigerator manufacture to a ternary blend 
refrigerant (MP-39) using conventional compressors 
at Shanghai Shanglu Electrical Appliances Co. Ltd. 

e) Engineering assistance for conversion of 
refrigerator manufacture to use of HFC-152a 
refrigerant using conventional compressors at 
Wanbao Electric Appliance Industrial Corp. 

f) Engineering assistance for conversion of 
refrigerator manufacture to HFC-152a/HCFC-22 
blended refrigerant in conventional compressors at 
Chang Ling (Group) Co. Ltd. 

(Table attached) 

a) 
b) 
c) 
d) 
e) 
f) 

us $1,280,000 
us $1,445,000 
us $1,442,000 
us $1,010,000 
us $1,360,000 
us $860,000 
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COST EFFECTIVENESS': NIA 

PROJECT DURATION: Implementation of each of the above projects will be done 
in two phases over a 2 year-period. 

IMPLEMENTING AGENCY: The World Bank 

NATIONAL COORDINATING 
AGENCY: National Environmental Protection Agency (NEPA) 

TECHNICAL REVIEW COMPLETED:YES _lL NO 

SECRETARIAT'S COMMENTS 

I. The six project proposals were considered by the Executive Committee at its Twelfth 
Meeting. The Committee granted the World Bank permission to proceed on the understanding 
that: 

(a) the projects would form the basis of a sectoral strategy to phase out CFCs in 
some 86 related enterprises/lines in China. The strategy should include phase out 
of CFCs in insulating foam; 

(b) testing of appliances must be rationalized. Either the testing equipment requested 
in those projects should be used for other enterprises or centralized centres 
should be established within four to five existing R&D institutes; and 

(c) incremental operating costs of the six projects should be accurately estimated. 

2. Government of China communicated its response to the Committee's decision and agreed 
(confirmed by the World Bank) that the response should be transmitted with the project 
document to the Executive Committee. 

3. Government of China's response adequately addresses the points raised in the Executive 
Committee's decision. 

4. The Secretariat is reproducing in the succeeding paragraphs some of its previous 
comments on the projects. 

5. All six projects are to be implemented in two phases. The first phase is for engineering, 
product development and testing under local conditions, and the second phase is for full 
conversion to a technology using a substitute. 

Determined as the ratio of incremental costs to the estimated annual saving of ODP ($/ODP.,). 
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6. All six projects are in line with China's Country Programme. They are to be viewed 
as demonstration projects to evaluate CFC-12 conversion technologies to HFC-134a, HFC-152a 
and two blends. 

7. Five projects have technology transfer agreements and five projects request additional 
funds for training. 

8. Shanghai Refrigerator Compressor Co. Ltd. (Project a) will continue the production of 
CFC-12 compressors until HFC-134a compressors achieve market penetration. This project 
amounts to increase in capacity for an undetermined period of time. 

9. Phase I of Hua Yi project (project c) has been completed. Therefore, requested 15 per 
cent contingency cost for Phase I should be deleted. 

10. All projects are requesting testing equipment beyond the existing base line. 

11. Only the capital costs of the projects are requested. An order of magnitude for 
incremental operating cost is estimated to range from US $1.3 million to US $3.3 million. 
Incremental operational costs are expected to be requested separately in the future. 

12. Shanghai Shangling General Refrigerator Factory (Project b) is requesting a service truck 
at a cost of US $100,000 to service the new HFC-134a as well as CFC-12 refrigerators. This 
item is not incremental. 

13. None of the five refrigerator production projects (b-f) mentions whether the existing 
CFC-12 lines will be scrapped, modified or converted. 

14. All six projects include up to US $30,000 for the preparation of a feasibility report after 
the completion of Phase I. 

SECRET ARIA T'S RECOMMENDATIONS 

After considering the response of the Government of China to the Executive Committee's 
decision regarding these projects, the Fund Secretariat recommends as follows: 

1. To approve the six projects within the framework of China's strategy for the phase-out 
of CFC-12 in the domestic refrigeration sector. The following conditions should however be 
met: 

(a) Results of developmental research on refrigerants: HFC-152a, MP-39 and 
HFC-152a/HCFC-22 should be made available at no cost to other Article 5 
countries upon request; 

(b) As per the GOC note referred to above, compressors for blends and HFC-152a 
could be used without redesigning. Therefore, requests for funding of redesign 
of compressors for these refrigerants should not be approved in the future; 
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(c} Existing lines for production of compressors and refrigerators should be scrapped 
once projects are implemented; 

(d) Testing equipment provided for in these projects should be relocated in regional 
centres once their transitional purpose is achieved; and 

(e) Costs of contingency for Phase I in Hua Yi should be deleted as well as the cost 
of servicing truck for Shanghai Shangling. 

2. To approve the following allocations for the six projects. The approvals include 
15 per cent for contingency costs and Financial Agent's Fees. 

(a) 
(b) 
(c) 
(d) 
(e) 
(t) 

Project 

Shanghai Compressor Ltd. 
Shanghai Shangling 
Hua Yi 
Shanghai Shanglu 
Wanbao 
Chang Ling 

Recommended Funding 
(US$) 

1,280,000 
1,327,000 
1,368,000 
1,010,000 
1,360,000 

853,000 



BUDGET 

Shanghai Shanghai Hua Yi Shanghai Wanbao Chang Ling 
Refrigerator Shangling Electrical Shanglu Electric (Group) Co. 
Compressor General Appliance Electric Appliance 

PROJECT Co. Refrigerator General Co. Appliances Industrial Corp. 
Factory Co. 

us$ us$ us$ us$ US$ us$ 

Capital costs* 1,012,000 920,000 500,000 540,000 517,500 645,000 
Phase I (retroactive) 

Capital costs* 230,000 483,000 828,000 440,000 805,000 335,000 
Phase II 

Total Project 1,242,000 1,403,000 1,328,000 980,000 1,322,500 980,000** 
Cost 

Financial Agent 37,260 42,100 39,800 30,000 40,000 30,000 
Fee 

* Includes 15 per cent contingency cost 
** Chang Ling (Group) Co. will self-finance US $150,000. 

l~ .. .._, 
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~ 
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PROJECT COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR; 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED MLF GRANT: 

COST EFFECTIVENESS: 

EXECUTING AGENCY: 

NATIONAL COORDINATING 
BODY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

China 

YANFENG conversion to non-CFC technology 
in the manufacture of flexible and 
integral skin polyurethane foam 

Foamed Plastics 

17,773 tons CFCs (=ODP) in 1991 

Phaseout of 67.St/y CFC-11 

one year 

10 years 

USD 530,000 Incremental Capital Cost 
USD 140,000 Incremental Recurrent Cost 

USD 670,000 

USO 1.66/kg/y (unit abatement costs) 

Ministry of Machinery Industry (MMI) 
Dept. of Automotive Industry 

National Environmental Protection Agency 
(NEPA) 

UNDP 

May 11, 1994, 1993 

PROJECT SUMMARY 

MMI, NCLI, NEPA and UNDP have devised a strategy for the phaseout 
of the use of CFCs in the automotive trim industry (about 600 t/y) . 

Under this project S~anghai Yanfeng Automobile Interior Trimming 
Factory ( "YANFENG") will phaseout the use of CFCs in the production 
of back cushions and steering wheels. The plant will function as a 
demonstration project. 

Prepared by: Maoqi Zhang, UNDP Regional Expert "China" 
Reviewed by: Bert Veenendaal, UNDP Sector Expert (Foams) 



PROJECT OF THE GOVERNMENT OF CHINA 

YANFENG CONVERSION TO NON-CFC TECHNOLOGY IN THE MrumFACTURE 
OF 

FLEXIBLE AND INTEGRAL SKIN POLYURETHANE FOAM 

1 . PROJECT OBJECTIVE 

The objective of Lhis project is (i) to phaseout the use of CFCs in 
the manufacture of flexible and integral skin polyurethane (PUF) 
foam at Shanghai Yangfeng Automobile Interior Trimming Factory 
("Yangfeng") and (ii) to function as a demonstration center for the 
Chinese automotive trim industry in the application of ODS-free 
manufacturing technologies. 

2 . SECTOR BACKGROUND 

The Chinese foam industry consumed in 1991 17,773 tons CFCs (China 
Country Programme). CFC-11 was the dominant substance (15,600 t, 
PUF), followed by CFC-12 (2,173 t, EPS/PE). Production is divided 
between larger state owned enterprises and smaller township or 
private enterprises. Production and process information from state 
enterprises is well documented. However information on the rest of 
the industry is less reliable. More detailed information about the 
sector is provided in the following table: 

I 

Categories ODS Production 
Subcategories (t) (t) 

Extruded PS/PE 2,173 13,000 

Flexible Polyurethane 2,000 50,000 

Pipe Insulation 600 4,000 

Sprayed PUF 600 4,000 

Appliance Foams 5,000 40,000 

PUF Panels 7,400 52,000 

Total Rigid PUF 13,600 100,000 

TOTAL I 17,773 I 163,000 

The Chinese Foam Industry 
Selected Industry Data (1991) 

2 

Plants 
(range) 

30- 50 

50-100 

10- 20 

50-200 

40- 70 

20- 50 

120-340 

I 200-490 I 



'I'he National Council of Light Industry (NCLI) is responsible for 
phaseout coordination in all foam categories. There are other line 
ministries involved, i.e.: 

o Ministry of Chemical Industry (MCI), 
o Ministry of Internal Trade (MIT), 
o China Aerospace Industry Corporation (CAIC), 
o Mir:istry of Machinery Industry (MMI), 

Complete phaseout for non-refrigeration foams is targeted for the 
year 2000. Refrigerating foams are expected to be CFC free from the 
year 2005. 

MMI and UNDP in cooperation with NCLI and NEPA have devised a 
strategy for the phaseout of CFCs in automotive trim (car seats, 
steering wheels, liners, etc). This is a predominantly nationally 
owned industry, supplying to car manufacturing joint-ventures. The 
car manufacturing industry is a highly internationally oriented 
industry that prioritizes the phaseout of the use of CFCs in its 
products, thus forcing the suppliers of original equipment parts 
(OEM-suppliers) into an early phaseout program. 'I'he devised 
strategy will support and coordinate this phaseout. The first 
phase will consist of investment projects with demonstration 
character, followed by phaseout programs at affiliated trim plants. 
The third and last phase will address the secondary suppliers. The 
trim industry consumed 600 tons of CFCs in 1991. 

3. ENTERPRISE BACKGROUND 

Shanghai Yanfeng Automobile Interior Trimming Factory, a subsidiary 
of the state owned Shanghai Automotive General Corporation, was 
founded in 1978 as a trim supplier for the Chinese car industry. 
The company experienced rapid growth, mainly related to the parent 
company's production of Volkswagen Santana, but also related to the 
general rapid growth of the Chinese car industry. It employs 
currently 1700 in 5 plants in and around Shanghai. The production 
includes: 

0 

0 
0 

0 

Arm rests 
Dashboards 
Car seats 
Door panels 

0 

0 
0 

0 

Head rests 
Steering Wheels 
Motorcycle seats 
Sun visors 

The parts are used in Chinese joint venture cars from Volkswagen, 
Jeep, Peugeot, Citroen and Audi, but also in the light trucks from 
the Beijing and Tianjin Automobile Works. Annex-1 shows some of 
the production program. 

In March 1993, the company has entered a joint venture with the 
trim division of Ford Motor Company/USA for the production of 
complete car seats. The existing production will be kept separated 
from this JV and remain fully Chinese owned and act as a supplier. 
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4. PROJECT DESCRIPTION 

Yanfeng operates 10 polyurethane production lines for its trim 
products. On most of these lines the use of CFCs has already been 
eliminated. There is a remaining use (base 1994) in 

0 

0 

0 

Back cushions 
Steering wheels 
Release agent 

CFC-11 
CFC-11 
CFC-113 

40.0 t/y 
27.5 t/y 
7.5 t/y 

Under this project the company will implement with the help of an 
external expert preselected replacement technologies for the 
production of cushions and steering wheels. The phaseout of the 
use of CFCs in mold release agents will be achieved without help by 
the Fund through a program that started already some time ago. 

During the implementation process Yanfeng will also evaluate other 
technologies. The results of these evaluations will be made 
available to other trim plants and thus avoid a duplication of 
efforts in the Chinese automotive trim sector. 

5. TECHNOLOGY 

5 . 1 OVERVIEW 

AUTOMOTIVE BACK CUSHIONS (HOT CURED FOAM or "HCF") 

CFC-11 is used in this application to soften the foam. Available 
replacements are: 

o Alternative blowing agents (Methylene Chloride, 
HCFC-14lb, HCFC-123) 

o Softening agents 
o Reduced index/additive technology 
o High resilience foams ("cold cured" foams) 

AUTOMOTIVE STEERING WHEELS (INTEGRAL SKIN FOAM or "ISF") 

CFC-11 serves predominantly the skin formation and the viscosity 
reduction of the system. Available replacements are 

o Reduced CFC technology 
o HCFCs (-22; -123; -14lb) 
o All water based 
o Hydrocarbons (n-pentane; isopentane, butane) 
o Methylene chloride 
o "Renosol" technology (HFC-134a/water blend) 

5.2 SELECTION 

The evaluation in cushion applications will focus on index/additive 
technologies. HCFC-123 and -141b are eliminated based on price 
and/or environmental/safety factors; HR-foams based on performance. 
methylene Chloride and softeners will be evaluated but are thought 
most likely not to meet automotive specifications. 
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For steering wheels the focus will be on HCFC-22 . Water based 
systems are eliminated based on performance and HCFC-123 based on 
safety. HCFC-141b, pentane and methylene chloride are feasible and 
may be evaluated, but generate concerns on, respectively, 
availability/price, safety (one plant is in a residential area) and 
quality. 

5.3 IMPACT ON PRODUCTION PROCESS 

The HCF lines for cushions and the related premix stations can 
handle the selected alternative without any required modifications. 
Only process trials will be required. 

For ISF evaluation purposes, two production units need to be 
replaced. In addition process trials and process/safety training 
will be required. 

6. PROJECT COSTS 

Preliminary investigation indicated that softening technology 
(HCF)and HCFC-22 technology (ISF) will provide satisfactory product 
quality and these technologies are therefore taken as budgetary 
bench marks. 

6.1 CAPITAL COSTS 

HCF APPLICATION 
TRIALS: 3 SERIES@ 5,000 ........................ USD 

ISF APPLICATIONS 
2 HIGH PRESSURE FOAM DISPENSERS ................... USD 
ONE PRE-MIXING STATION ............................ USD 
VENTILATION, MISC. ADJUSTMENTS .................... USD 
TRIALS: 6 SERIES@ 5,000 ........................ USD 
TECHNOLOGY TRANSFER ............................... USD 
PROCESS/SAFETY TRAINING 2 PLANTS@ 15,000 ....... USD 
CONTINGENCY ....................................... USD 

15,000 

240,000 
75,000 
40,000 
30,000 
50,000 
30,000 
50,000 

TOTAL INCREMENTAL CAPITAL COST .................... USD 530,000 

6.2 OPERATING COSTS 

HCF: BEFORE: 40t CFC-11@ 1,750 ................. USD 70,000 
AFTER: 40t TDI@ 1,900 .................... USD 76,000 

4t SOFTENER ADDITIVE@ 7,000 ...... USD 28,000 
ISF: BEFORE: 27.5t CFC-11@ 1,750 ............... USD 48,125 

AFTER: 23.0t HCFC-22@ 2,100 .............. USD 48,300 
5.0 t MDI @ 2,000 ................. USD 10,000 

INCREMENTAL RECURRENT COST/Y ...... USD 44,175 
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This amount at 10% discount over 4 years to a Net Present Value of 

USD 140,000 

6.3 UNIT ABATEMENT COST 

a) ODS Reduction Capital Costs ................. USD 530,000 
b) Annual Incremental Costs .................... USD 31,675 
c) Project Useful Life ............................ 10 years 
d) Capital Recovery factor (disc. rate: 10%) ....... 0.16275 
e) ODS Reduction/y .............................. kg 67,500 

Unit Abatement Costs [{a(d) + b)/e] ..... .. USD/kg/y 1.93 

7. FINANCING PLAN 

The company requests a grant covering the full incremental capital 
and recurrent costs amounting to 

USD 670,000 

8. PROJECT IMPLEMENTATION 

8.1 MANAGEMENT 

UNDP, MMI and NEPA will oversee the successful implementation of 
the project. The project will be carried out by Yanfeng at its 
facility and branch. 
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8.2 SCHEDULE 

TASK Ql Q2 Q3 Q4 

Project Preparation 

Specifications X 

Tenders, Selection X 

Purchase Orders X 

Site preparation 

Civil Works X 

Equipment arrival 

Customs clearance X 

Installation X 

Startup, trials, training XXX XXX 

Commissioning X 

9. REQUIRED REGULATORY ACTION 

The project will not require regulatory action. Yanfeng will 
contact the local fire department and assure that the installations 
to allow the use of (minor amounts of) pentane meets local safety 
requirements and approval of the department. 

10. PROJECT IMPACT 

This pro ect will eliminate the use of at least 67.5 tons of CFC-11 
in the rst year of implementation. Market and company growth 
indicates that this may increase by 10 15% annually in subsequent 
years. The project will employ commercially and environmentally 
acceptable technology. 

11. ANNEXES 

Annex-1: Product Information 
Annex-2: Technical Assessment 

... \CHINA\YANFENG.PRD 
94-06-20/03 2 
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PROJECT SUMMARY 

Tianjin Polyurethane Plastic Plant is a state owned enterprise 
•1nder Tianjin Second Light Industry Bureau.. The company produces 
both flexible and rigid polyurethane products by using CFC-11 as a 
blowing agent. The purpose of this project is to phaseout the CFC-
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PROJECT OF THE GOVERNMENT OF CHINA 

TIANJIN POLYURETHANE PLASTIC PLANT ELIMINATION 
OF 

CFCs IN THE MANUFAC'l'O'RE OF POLYURETHANE RIGID FOAM PRODUCTS 

1. PROJECT OBJECTIVE 

The objective of this project is to phase out the use of CFCs in 
the manufacture of polyurethane rigid foam products in Tianjin 
Polyurethane Plastic Plant. 

2 . SECTOR BACKGROUND 

The Chinese foam industry consumed in 1991 17,773 tons CFCs (China 
Country Programme). CFC-11 was the dominant substance (15,600 t, 
PUF), followed by CFC-12 (2,173 t, EPS/PE). No other ODS was used 
in statistical significant amounts, although some MCF may be used 
in adhesive applications. Furthermore some MCF and CFC-113 may be 
used in mold release agents. Production is divided between larger 
state owned enterprises and smaller township or private 
enterprises. Production and process information from state 
enterprises is well documented. However information on the rest of 
the industry is less reliable. More detailed information about the 
sector is provided in the following table: 

Categories ODS Production Plants 
Subcategories (t) (t) (ranqe) 

Extruded PS/PE 2,173 13,000 30- 50 

Flexible Polyurethane 2,000 50,000 50-100 

Pipe Insulation 600 4,000 10- 20 

Sprayed PUF 600 4,000 50-200 

Appliance Foams 5,000 40,000 40- 70 

PUF Panels 7,400 52,000 20- 50 

Total Riqid PUF 13,600 100,000 120-340 

I TOTAL I 17,773 I 163,000 I 200-490 I 
The Chinese Foam Industry Selected Industry Data (1991) 



Government and industry are committed to sharply reduce, and 
ultimately eliminate CFC utilization. NCLI is responsible for the 
phaseout coordination in all foam categories. Ministerial 
responsibility is divided into two areas: 

o Refrigerating foams. 
o Non-refrigerating foams 

There are other ministries involved in the refrigeration foams, 
i. C. : 

o Ministry of Chemical Industry {MCI), 
o Ministry of Internal Trade (MIT), 
o China Aerospace Industry Corporation (CAIC), 
o Ministry of Machinery Industry (MMI). 

Complete phaseout for non-refrigeration foams is targeted for the 
year 2000. Refrigerating foams are expected to be CFC free from 
the year 2005. Uninhibited use of CFCs in foams for domestic 
refrigeration is expected to lead to an increase during 1991-1995 
by 8 %/y, and after 1995 by 3 %/y. For other -foams, a growth rate 
of 6 %/y is forecasted. 

3. ENTERPRISE BACKGROUND 

Tianjin Polyurethane Plastic Product Factory {"Tianjin") is one of 
the leading enterprises in the foam sector in China. The company 
counts more than 672 employees, from which about 52 constitutes the 
technical staff. The production program includes the manufacture 
of polyols, elastomers, polyether polyol blends, different types of 
polyurethane foams and products from flexible foams {rolls, sheets, 
etc). Major equipment is imported from abroad, and relatively new. 
Beside the installations for polyol and elastomer production, the 
company operates: 

o 3 continuous flexible foam lines, 
(2 Cannon Viking, 1 Martin Sweets) 

o 1 continuous panel line (OMS), 
o 1 continuous pipELinsulation-line {Siku), 
o 1 unit for i-n situ foaming. 



The annual production (base year 1991) is as follows: 

PRODUCTION (Tl 

2,000 
500 

3,000 
4,000 

600 
80 
20 

1,000 

PRODUCT 

Polyether Polyol, 
Polyester Polyolf 
Polyether Blends 
Flexible PUF, 
R·PUF Panels, 
R·PUF Pipe Insulation, 
R·PUF In Situ Foaming, 
PU Elastomers 

CFC USE (T) 

120 
180 

75 
15 
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The sandwich panel production has changed into a joint venture 
(Tianrong Sandwich Panel Plant) since 1990. Tianjin owns 75% of the 
joint venture, a Switzerland company owns 25%. 

4. PROJECT DESCRIPTION 

Tianjin Polyurethane Plastic Plant, as one of the biggest 
polyurethane manufacturer in China, leads in CFC phaseout. It will 
soon finish the phaseout in flexible foam production and polyol 
blending. At the same time, it would like to begin the phaseout in 
rigid foam production. 

Tianjin's rigid foam production consumes 100 tons of CFC-11 each 
year. After technically and economically evaluating different 
options, the plant selected pentane. 

Under this project, the plant will make safety modifications as 
well as infrastructure measure to mitigate fire and exposure 
hazards from the use of pentane and will provide extensive 
production and safety training. 

5 . TECHNOLOGY 

5.1 OVERVIEW AND SELECTION 

There are currently three main dir~ctions in the development of 
CFC-free systems for thermoset insulation foams: 

o CFC·ll > partial water/HCFC·141b >? 
o CFC-11 > partial water/ HCFC-22, 142b > HFC-134a, 152a 
o CFC·ll > Cyclopentane 

In addition, compounds such as perfluoroalkanes, HCFC 123, 
fluorinated ethers and 2-chloropropane have been suggested, but 
are immature in technology, limited available or toxicologically 
suspect. 

Used in the productioh of rigid polyurethane foams~ About 
production. 

25% or 700 t/y is used in own 



The first solution--the "liquid" solution-- is the one which will 
be applied in this project, and employs technology that is closely 
related to the existing one. The final step in this process is not 
yet decided. One potential solution is HFC-356, but full water 
blown foam with improved cell structure remains an option, 
specifically in "lesser demanding" systems such as water heaters, 
where dimensional changes--although costly-- are possible. 

The second one--the "gas" solution--utilizes a gaseous mixture of 
physical blowing agents, requires always new equipment, and 
extensive adjustments. The final step in this process is seen as 
the introduction of (gaseous) HFC's. 

Cyclopentane technology has recently been introduced commercially 
in Gennany. Its flammable character requires safety conditions and 
limits its use. Several companies currently offer cyclopentane 
packages, including equipment. Based on economic environmental 
considerations, cyclopentane would be the best choice for these 
applications. 

5.2 IMPACT ON PRODUCTION PROCESS 

The use of pentane will require substantial changes in the 
production process and storage facilities. Required equipment 
modifications and additions may include: 

Storage 
o Separate, explosion proof storage of the butane tank. 
Feeding systems 
o More injection systems for additives, 
o Replacement of the foamant metering pump and injection system, 
o New gaskets and seals, 
o New pressure gauges. 
Extrusion system 
o Replacement or modification of the screw, 
o Replacement or modification of the extrusion die. 
Electrical systems 
o Installation of spark arresters, 
o Sealing of electrical control cabinets, 
o Explosion proof motors and switches. 
Auxiliary safety devices 
o Ventilation to prevent the accumulation of hydrocar~on vapors, 
o Monitoring and alarm systems for hydrocarbon vapors, 
o Extra fire extinguishers. 
Production and aging areas 
o To be separated from other working areas, 
o To be sprinklered or otherwise protected against fire hazards. 
Production and maintenance personnel 
o To be trained in the safe handling of hydrocarbons, in addition 

to production training. 
Start-up trials 
o To adjust for foamant volume and permeability. 



6. PROJECT COSTS 

6.1 CAPITAL COSTS 

INSULATION PIPE AND BOX 
1 EXPLOSION PROOF FOAM DISPENSER ...................... USD 
1 PRE-BLENDING STATION ................................ USD 
VENTILATION, DETECTORS, MISC. SAFETY .................. USD 
TRIALS ................................................ USD 
TECHNOLOGY TRANSFER ................................... USD 
PROCESS/SAFETY TRAINING AND AUDIT ..................... USD 
CONTINGENCY ........................................... USD 

180,000 
80,000 
50,000 
10,000 
20,000 
10,000 
35,000 

SUBTOTAL USD 385,000 

SANDWICH PANEL 
DISPENSER RETROFIT .................................... USD 
ONE PRE-BLENDING STATION .............................. USD 
METERING PUMP ......................................... USD 
VENTILATION, DETECTORS, MISC. SAFETY .................. USD 
TRIALS ................................................ USD 
OUTSIDE VERIFICATION TESTING .......................... USD 
TECHNOLOGY TRANSFER ................................... USD 
PROCESS/SAFETY TRAINING AND AUDIT ..................... USD 
CONTINGENCY ........................................... USD 

50,000 
80,000 
10,000 
50,000 
20,000 

5,000 
20,000 
10,000 
25,000 

SUBTOTAL USD 270,000 

TOTAL :tNCR.EMENTAL CAPITAL COST ........................ USD 655,000 

6.2 OPERATING COSTS 

The Net Present Value calculated following MLF instruction is 
expected to amount to cost of 

USD 125,000 

The calculation of incremental recurrent cost is in Annex-2. 

6.3 UNIT ABATEMENT COST 

al ODS Reduction Capital Costs ................ USD 655,000 
b) Annual Incremental Costs ................... USD 73,510 
cl Project Useful Life ........................... 10 years 
dl Capital Recovery factor (disc. rate: 10%) ...... 0.16275 
el ODS Reduction/y ............................. kg 100,000 

Unit Abatement Costs [{a(d) + bl/el ...... USD/kg/y 1.80 



7. FINANCING PLAN 

The company requests a grant covering the Chinese shareholder's 
incremental capital and recurrent costs amounting to 

tl'SD 690,000 

The calculation of this grant request is provided in Annex-3. 

8. PROJECT IMPLEMENTATION 

8.1 MANAGEMENT 

UNDP, NCLI and NEPA will oversee the successful implementation of 
the project. The project will be carried out by Tianjin at its 
facility and branch. 

8.2 SCHEDULE 

TASK Ql Q2 Q3 Q4 

Proiect Preoaration 

soecifications X 

Tenders. Selection X 

Purchase Orders X 

Site oreparation 

Civil Works X -

Eauioment arrival 

Customs clearance X 

Installation X 

~tartup, trials, training XXX 

Commissioninq X 

9. REQUIRED REGULATORY ACTION 

The project will not require regulatory action. TIANJIN will 
contact the local fire department and assure that the installations 
to allow the use of (minor amounts of) pentane meets local safety 
requirements and approval of the department. 



10. PROJECT IMPACT 

This project will eliminate the use of at least 100 tons of CFC-11 
in the first year of implementation. Market and company growth 
indicates that this may increase by 10-15% annually in subsequent 
years. The project will employ commercially and environmentally 
acceptable technology. 

ll. ANNEXES 

Annex-1: 
Annex-2: 
Annex-3: 

Technical Assessment 
Incremental Recurrent Cost Calculation 
Calculation of Grant 

... \CBINA\TIANJINR.PRD 
94-06-03/003 



TECHNICAL REVIEW 

PREPARED BY: Bert Veenendaal 

1. COUNTRY OF ORIGIN: 

2. PROJECT TITLE: 

3. (SUB)SECTOR 

4. CP RELATIONSHIP: 

5. TECHNOLOGY: 

UNDP Foam Sector Expe 

DATE: June 13, 1994 

CHINA 

Elimination of CFC-11 iu the 
manufacture of rigid PUF products 
at TIANJIN POLYURETHANE PLASTIC 
PLANT 

Foamed Plastics 

Mentioned 

The choice of technology is 
supported. It should be emphasized 
that the compmiy intends to use n­
pentane and not cyclopentane. The 
document is not always clear on 
this matter. N-pentane is available 
in Cbina--although not readily-and 
is lower in cost. it is 
specifically in Europe widely 
applied in panels 

6. ENVXRONMENTAL IMPACT: pentane is highly flammable and 
should be handled accordingly._ The 
project addresses this adequately. 
pentane is ale~ photochemically 
active and its status under local 
reg-~lations should be monitored 

7. 

8. 

9. 

PROJli:CT COSTS: 

IMPLEMENTATION: 

RECOMMENDATION: 

The unit abatement cost are 
reasonable, even low (standard 
ahout 1.50-2.50) 

Adequate 

The project is recommended for 
approval 



ANNEX - 2 

INCREMENTAL RECURRENT COST CALCULATION 

ASSUMPTIONS: 

• Price of CFC-11 in China was RMB 15,000/t in May; Pentane 
price: RMB 10,000 t. 

• Price of MDI in China was RMB 18,000/t in May 

• Ratio: 8 Pentane = 10 CFC-11 

• Preventative maintenance: 5% of equipment related project 
costs: $37,400. 

• 1 USD = 8.5 RMB 

l) MATERIAL 

• Before: 
• After: 

l00t CFC-11@ 1,765 
75t MDI@ 2,118 
30t pentane@ 1,176 

NET 

2) O'l'BER. RECURRING INCREMENTAL COSTS 

• Recurrent training/monitoring costs 
• Extra maintenance & utility 
• Extra insurance 

TOTAL 

3) TOTAL ANNUAL RECURRING INCREMENTAL COSTS 

• Annual cost of project 

USD 
USD 
USD 

176,500 
158,850 

41,160 

+ 23,510 

USD 
USD 
USD 

5,000 
25,000 
20,000 

USD 50,000 

USD 73,510 

4) NET PRESENT VALUE OF ·!'HE RECURRENT INCREMENTAL COST 

2 YEAR/10% DISCOUNT USD 125,000 



ANNEX • 3 

CALCULATION OF THE GRANT REQUEST 

The company operates the panel production as a joint venture with 
75% share of local ownership. The production of pipe and box 
insulation is 100% locally owned. 

The calculation of the foreign participation in the cost of the 
project and the requested grant is as follows: 

($ IN USD) 

INVESTMENT 

CFC-USE 

INCREMENTAL RECURRENT COST 
(Apportioned by CFC Usage) 

TOTAL INCREMENTAL COST 

GRANT (with rounding) 

TOTAL GRANT= USD 690,000 

PIPE AND BOX 

$ 385,000 

25,000 kg 

$ 31,250 

$ 416,250 

$ 418,000 

PANELS 

$270,000 

75,000 kg 

$ 93,750 

$ 362,750 

$ 272,000 
{75%) 
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PROJECT' COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 
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The People's Republic of Cbina 

Conversion to CFC-free technology in 
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Phase-out 105 toll.S CFC-11 per year 
(base year: 1992) 

One year 

10 years 

Incremental Investment Cost: 
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US$ 687,000 

US$580,000 
US$ 87,000 
US$20,000 

Shanghai No.6 Plastics Product Plant 

National Environmental Protection Agency 

The World Bank 

PROJECT SUMMARY 
Under this project Shanghai No.6 Plastics Product Plant will phase-out use of CFC-11 in 
production of rigid poly urethane pipe insulation. Carbon dioxide was selected as a long term 
substitute to CFC-11. HCFC-141b can be used as an interim solution during the period when 
recipes using 100% CO2 as a blowing agent can not achieve technical specifications. 

The project employs commercially available technology and previous country study investigations 
have identified it as a high priority project. It has been designated by NCLI as a priority project. 

TECHNICAL ASSESSMENT: The project has been reviewed and supported by the OORG 
technical reviewer, Dr. Mike Jeffs. His comments are addressed in the final version of this 
project. 

1/ The OTF grant is based on 100% Cbinese ownership and includes a 3% financial agent fee. A 15% 
contingency is included in the estimates of incremental capital costs. 



ODS Ill-Shanghai-6 

PROJECTOBJECTIVF.S 

- 2 - June 9, 1994 

The project objectives are (a) to phase-out use of CFCs in production of rigid polyurethane 
(R-PUF)pipe/spray insulation at Shanghai No.6 Plastics Products Plant (Shanghai No.6) and (b) to make 
Shanghai No .6 a commercial demonstration for phase out of CFC-11 in pipe insulation. 

SECTOR BACKGROUND 

The Chinese foam industry consumed about 17,800 tons of CFCs in 1991, including 15,600 tons 
of CFC-11 (PUF) and 2,200 tons of CFC-12 (EPE/EPS). The consumption of CFC-11 in rigid 
polyurethane foam sector was 13,600 tons, including 600 tons used for pipe insulation. Complete 
phaseout of non-refrigeration foams is targeted for the year 2000. From 1994 to 2000, the consumption 
of CFC-11 in polyurethane pipe insulation sector is expected to increase by 6% annually, iflocal use of 
CFCs is not inhibited. National Council of Light Industry (NCLI) is responsible for coordinating the 
phase-out in all foam sectors. 

ENTERPRISE BACKGROUND 

Shanghai No.6 is a part of Shanghai Plastics Products Co. which in tum belongs to Shanghai 
Second Light Industry Bureau. Shanghai No.6 was the first plant in China to produce rigid pipe/spray 
insulation. Consumption of CFCs is 660 tons. AU products are sold on the domestic market. Sales in 
1992 was 90 million RMB(l0 million USD). The market share in polyurethane foam sector was about 
5%. The following is an overview of production related data: 

PROCESS 

Polyol mfg 
Blending 

Rigid PUF panels 
Pipe insulation 

Rigid molded 
Rigid spray 
Flexible 

Flexible Slabstock 
Miscellaneous 

TOTAL CFC-USE 

CAPACITY 
(t/y) 

5,000 
5,000 
4,000 

1,000 
200 
100 

5,000 

PRODUCTION 
(1992) 

1,500 
2,500 

700 

400 
100 

10 
3,000 

CFC-USE EQUIPMENT 
(t/y) 

2 reactors 
385 1 blender 
95 2 laminators 

60 4 LP units 
15 5 LP units 

1 units 
75 2 units 
JQ (hand pour) 

660 

The company has already prepared a project for its blending and polyol manufacturing facilities 
and is in the process of evaluating phaseout technologies for other applications. 

PROJECT DESCRlYUON 

To prepare for this project, representatives of Shanghai No.6, NCLI and NEPA went to Europe 
in September 1993 to look for technologies which could phase out the use of CFC-11 in PUF pipe 
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insulation. They visited chemical producers, PUP-manufacturers and attended a seminar which introduced 
pipe insulation technology. After evaluating the different technologies, they chose the •water blown• as 
a main option. However, this option will need time for formulators to optimize recipes and engineers to 
adjust production process to ensure the quality of foams produced will be the same as the original ones. 
HCFC-141b was selected as an interim solution for those formulations that are not yet successfully 
optimized. Approximately 20 MT ofHCFC-l4lb will be used for 2-3 years at which time it is expected 
that CO2 will be adopted for all applications. 

All technologies mentioned above need high pressure dispensing machines which allow processing 
of higher viscosity of the polyol after elimination of a physical blowing agent and improve the K-Value 
through a more regular, consistent, finer cell structure. Foam chemical and processing experts will assist 
the enterprise modify foam formulations and adjust processing to meet specifications and quality 
standards. In addition, the elimination of flushing, higher efficiency and less product scrap will partially 
offset increased costs generated by using the "water blown• technology and HCPC-14lb option. 

rosrIFlCATION FOR ALTERNATIVE TECHNOLOGY SELECTION 

The choice of non-ODS technology for PUP pipe insulation is-as for all rigid PUP foams-­
highly depending on the manufacturing process and the applieation. Generally the following mature 
technologies are available for rigid PUP: 

Low ODS technologies: * Reduced CFC 
(interim) * HCFCs (-14lb, -22, -22/l42b) 

Non ODS technologies: 
(permanent) 

* Pentanes 
* HPCs (-134a, -152a) 
* Chemically generated CO2 ("water blown") 

Representatives of Shanghai No.6, NCLI and NEPA have evaluated most of these technologies during 
their visit to Europe. 

It was concluded that CO2 would constitute an environment.ally acceptable and economically 
viable permanent solution for the subject applieations. HCFC-14 lb would be an acceptable blowing agent 
in formulations which require strict K-value standards and physical properties. Therefore, HCPC-14lb 
was selected as an interim substitute in the formulation adjustment towards non-ODS production for 2-3 
years. After that period, the enterprise will operate on a non-ODS basis. 

The company will retain outside experts to supervise the implementation of CFC-free technology 
and to help with the development of appropriate chemical blends as well as safety training. The 
implementing agency will provide the company with a roster of recommended experts. 

PROJECT COST 

The total project cost is estimated at US$667 ,000 and is to be used for new equipment, 
technology transfer, in service training, trials, plus a 15% contingency. There are no incremental 
operating costs included in this project. 

Investment costs ofUS$580,000 include capital investment in 6 high pressure PU foam machines, 
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technology transfer, in service training and trial production (Annex I). 

Operating costs. The use of "water blown• (i.e. COJ technology and HCFC-14lb will increase 
formulation costs. It is expected that CO2 will constitute the dominant technology and that formulation 
costs in itself will rise. However, improved processing leading to less scrap and other savings such as 
self cleaning mixing beads are expected to compensate for any increase in formulation costs. The 
company will therefore refrain from a request to be reimbursed for incremental operating costs. More 
information is provided in Annex 2. 

Other costs. A IS% contingency (US$ 87,000) was included to ensure adequate funding of 
project costs following project appraisal. An additional 0S$20,000 (3 % ) was added to the grant request 
to cover the fee for services of the financial agent that will appraise the pcoject and oversee procurement, 
disbursement and audits. 

Requested Fundjng. The proposed OTF grant for Shanghai #6 is US$687,000 and was calculated 
as follows: investment costs, 15% contingency and 3% financial agent fee. 

FINANCING PLAN 

100% of project cost is to be covered by the grant. 

PROJECT IMPLEMENTATION 

Management: The National Environmental Protection Agency will oversee the successful 
implementation of this project. The project will be carried out at the Shanghai No.6. 

Schedule 

Task 

Project preparation 
Specifications 
Tenders, Selection 
Purchase Orders 

Site preparation 
Civil works 

Equipment arrival 
Customs clearance 
Installation 

Start-up, trial, training 
Commissioning 

Ql 
1 2 3 

X 
X 
X 

Q2 
4 S 6 

X 

Q3 Q4 
7 8 9 10 11 12 

X 
X 

xx 
X 
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REQUIRED REGULATORY ACTIONS: The company will comply with local regulations. 

RESULTS: 

Direct Project Impact: This project will eliminate use of at least 105 tons of CFC-11 in first year of 
opecation. Market and company growth indicates that this may increase by S-8 % annually in subsequent 
years. Shanghai No.6 has been deaignated to be a pilot/demonstration plant in PUF pipe insulation 
CFC-11 phase out process in China. It will be instrumental in subsequent elimination of use of CFCs in 
similar plants. Approximately 20 MT of HCFC-141b will be used for 2-3 years at which time it is 
expected that CO, will be adopted for all applications. 

Indirect Project Impact: The project will not influence the prices of products. 
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SHANGHAI 116 
INCREMENfAL CAPITAL COSTS 

2 High pressure foaming unit, incl. 
freight and installation 

I Premix Station, Freight and Installation 

2 High pressure medium output spray units 
with lance attachment, incl. 
freight and installation 

2 High pressure low output spray units 
incl. freight and installation 

Trials 

Technology transfer (Breakdown in Annex 4) 

Subtotal 

Contingency (15%) 

TOTAL INCREMENTAL CAPITAL COST: 

June 9, 1994 

ANNEX 1 

Project 
Capital Cost 
(US Dollars) 

300,000 

80,000 

70,000 

50,000 

30,000 

50,000 

580,000 

87,000 

667.000 
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INCREMENTAL OPERATING COSTS 

OBJECTIVE: Phaseout CFC-I I by using "Water Blown" (i.e. CO.) technology 

l. Assumptions 

• Calculations are based on water blown technology .'J,I 
• Price for CFC-11: RMB 14,900/t 

MDI: RMB 12,200/t 

(information provided by the company and by ICI) 

June 9, 1994 

ANNEX2 

• 1 part CFC-11 replaced by Water/Carbon dioxide requires 1.6 parts additional MDI. 

• 1 USO = 8.7 RMB 

2. Material Costs 

Before Project: 105t CFC-11 @ US$ 1,710/t . . . . . . . . . . . . . . US$ 180,000 
After Project: 168t MDI @ US$1,400/t . . . . . . . . . . . . . . . . . US$ 235,200 

Additional Material Costs/yr . . . . . . . . . . . . . . . . . . . . . . . . . . US$ 55,200 

3. Other Operating Costs 

The new, high pressure, equipment bas self-cleaning mixing heads. This means elimination of 
cleaning agent. The company could not provide exact figures as to the amount of cleaning agent, but 
from experience in other projects annual cost savings of USD 5,000-10,000 are to be expected. 

It is expected that the new equipment will considerably decrease the amount of rejected material. 
Again, no figures could be provided, but it is expected to be considerable. 

In view of the expected but not quantified potential savings from quality and flushing, the company 
does not request reimbursement of incremental operating costs.Ji 

'l,/ HCFC-14lb (Price: US$2,052/ton) may be used as an interim solution in some formulations, leading 
to higher operating costs. The company was not able to quantify this and consequently its use was 
not included in the cost considerations. 

J/ Incremental operating cost/benefit depends on relative price assumptions for CFC-I I and MDI. Even 
if subsequent price changes may result in additional incremental operating cost/benefit, the enterprise 
has agreed to not request any funding. 
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CALCULATION OF UNIT ABATEMENT cosr 

A= C(F) + (OC-0S/ R) 
ODP 

June 9, 1994 

ANNEX3 

Where: C = ODS reduction investment cost, including all initial one time costs such as technology 
and training. 

F = Capital recovery factor; the annualized capital cost charges, discounted af a standard 
rate of 10% per year over the economic life of the investment. 

OC - The annual incremental operating costs in the first year of full operation. 

OS/R = The annual incremental operating savings or revenues in the first year of full operation. 

ODP = The annual ODS reduction at the first year of full operation expressed in ODP units. 

In this project: 

C(F) = $108,600 
oc = $0 
OS/R = $0 
ODP = 105,000 t 

A = $1,03 per kg CFC 
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ANNEX4 

BREAKDOWN OF TECHNOLOGY TRANSFER COST 

Two experts will be needed for this project: one chemical and one processing expert. 

The chemical expert will assist the factory in the area of polyol manufacturing for about a month, 
while the processing expert will help in the mechanics of how the equipment/machines operate, 
test-runs etc. for about 2 months, involving two trips to China and travel within China. 

Detailed breakdown of the cost is as follows: 

Chemical expert 
(1 mo. @ US$10,000/mo.) 

Processing expert 
(2 mo. @ US$10,000/mo.) 

Preparation of training 
manuals, etc. 

M,~\0003\l'S\Siw,g--0 

US$10,000 

US$20,000 

Airfare/hotel/food I21l!! 

US$ 5,000 US$15,000 

US$10,000 US$30,000 

US$ s.ooo 
TOTAL USSS0,000 

===== 
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THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

CIDNAODSPHASEOlJTPROJECT 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE lN SECTOR (1992): 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT COST: 

PROPOSED OTF GRANT: 

COST EFFECTIVENESS (UAC): 

IMPLEMENTJNG ENTERPRISE: 

COORDINATJNG AGENCY: 

IMPLEMENTING AGENCY: 

PROJECT COVER SHEEf 

The People's Republic of China 

Fire Extinguisher Production Conversion from Halon 
1211 to ABC D,:y Chemical 

Fire Fighting Industry 

12,500 MT ODP (4,000 MT Halon 1211 & 50 MT 1301) 

Phase out 780 MT ODP per year (260 MT Halon 1211) 

One Year 

Incremental Investment Cost: 
Contingency:!/ 
Iru:remental Operating Cost:;?! 
Financial Agent Fee:;!{ 

US$ 846,000 :ll 

US$0.28 Kg/ ODP/Year 

US$357,000 
US$ 54,000 

• US$410,000 
· US$ 25,000 

Zhuzhou Fire Equipment Facto,:y, Zhuhai, Guangdong 

National Environmental Protection Agency 

The World Banlc 

PROJECT SUMMARY 

This project will eliminate 780 MT ODP per year (260 MT Halon 1211) in China. Halon 1211 
extinguisher production line will be replaced by ABC d,:y chemical powder and light water foam (AFF 
Foam) fire extinguisher production. Redesign and additional equipment for the factory is required. After the 
production line is converted, 260 MT of Halon 1211 use can be eliminated annually. The project will set up an 
example for production conversion from halon extinguisher to non-halon ones for the medium sized halon 
based fire extinguisher factories in China. 

Technical Assessment: The project bas been reviewed and supported by the OORG technical reviewer, 
Phil Di Nenno. His comments are attached. 

l/ 15 percent of incremental investment cost. 

'l,_/ 3-1/2 years of operating profit loss, without discount. 

'J_! 3 percent of incremental investment cost, contingency and incremental operating cost. 

1/ The factory will, of the total amount OTF grant, receive US$792,000 as the grant to implement 
the project, while that contingency of US$54,000 will be granted by the World Bank on as­
needed basis. 
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PROJECT OBJECTIVE: 

The objective of this project is to convert the factory's production of fire extinguisher from halon 
to ABC dry chemical powder filled(ABC) and affinity light water film foam (AFF) extinguishers, as part 
of the overall country strategy to phase out use of halon while simultaneously providing for satisfactory 
alternate fire protection systems. 

SECTOR BACKGROUND 

Because halon extinguishers have unique qualities, such as clean, non-conducting, efficient, low 
toxicity, rapid knockdown of flames, halons use have been widespread in developed countries in the 
1980s. Its use began in China in mid 1980s. Along with economic development of China, halon 
extinguishers came to extensive application to protect computer rooms, telecommunication centers, central 
control rooms, archives, transformer substations, oil depots, etc. Halon application in China is well 
accepted as the preferred fire protection system, but use of ABC powder as a main fire fighting chemical 
is still being evaluated under local conditions and fire safety regulations. 

In 1992, about 4,500 tons of halons were consumed in producing fire fighting equipment in 
China. Annual consumption of halon by Zhuzhou Fire Equipment Factory alone is 250 tons. 

ENTERPRISE BACKGROUND 

Zhuzhou Fire Equipment Factory was founded in 1988 and began operations in 1989. Guangdong 
Provincial General Brigade of Fire Protection designates its manufacture of fire fighting equipment to the 
factory. The factory has 8 senior and mid-level engineers and 5 quality inspectors, 2,800 square meters 
of workshop buildings and complete production equipment. The factory possesses 44 sets of equipment, 
including machining, stretching, punching, welding (including CO, restraint welding), plastic-spraying, 
assembling installations, which can be used to produce various types of extinguisher and hosereel. 
Different functional sections are established at the factory, such as research and development, production, 
marketing, quality control, measurement, and accounting. The reliable quality control system guarantees 
long term stability of product quality. For major product quantities of the factory, refer to Annex 1. The 
factory used 260 tons of Halon 1211 in 1993, or 6.5% of sector consumption in China. 

Technology of products is domestic. Production is approved by Fire Protection Bureau of 
Guangdong Province. Products are appraised based on state criteria and examined by concerned quality 
inspection authorities. Ministry of Public Security issued production licenses to the factory for Halon 
1211 extinguisher and dry powder chemical extinguishers, which are sold only on the domestic market. 
Local ownership is 100 percent. 

PROJECT DESCRIPTION 

The project is composed of three components. The first two components relate to conversion of 
the plant's existing Halon 1211 fire extingusher production line to the production of ABC and AFF 
extingushers. The existing line which has a capacity of 100,000 units was built in 1988. The third 
component relates to modification of the fire extinguisher production work.shop. 

The first component would convert about two-third of the Halon 1211 line to production of ABC 
dry chemical powder extingushers resulting in production capacity of 70,000 ABC units. 

The second component would be the production of AFF extinguishers, with an annual production 
capacity of 30,000 units. By retrofitting the halon extinguisher production equipment and adding some 
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new testing facilities in accordance with the nature of AFF extinguisher production requirement, the AFF 
extinguisher production line would be developed. Conversion of the halon extinguisher production line 
by these two types of extinguishers will be phased in. During project construction period, there will be 
no AFF extinguisher production, only 16,000 ABC extinguishers will be produced in addition to the 
40,000 Halon 1211 extinguishers which will be produced so as to minimize economic losses when the 
two new products have not yet reached full capacity. In the first year of operations, 40,000 ABC and 
5,000 AFF extinguishers will be produced and the halon extinguisher production will be stopped 
completely. From the second year of operations on, 70,000 of ABC and 30,000 AFF extinguishers will 
be produced. 

The third component would be the technical transformation of the original halon extinguisher 
production workshop. This component, which the enterprise will finance (no grant funding requested), 
is necessary to meet special requirements for the production of the ABC and foam extinguishers. 
Conversion involves adding key equipment and relevant testing apparatus; and providing technical 
assistance in the production of both ABC portable and AFF foam extinguishers. 

JUSTIF1CATION FOR ALTERNATIVE TECHNOLOGY SELECTION 

Substitute products will meet social demands for fire protection equipment. Like halon 
extinguishers, portable ABC powder extinguishers can put out Class A,B, and C fires and the 
extinguishing performance of an ABC powder extinguisher exceeds a halon extinguisher with the same 
weight standard. Light water foam extinguisher possesses excellent property of extinguishing fires of class 
A and B. In terms of extinguishing Class A fire, the extinguisher exceeds halon extinguishers. Therefore, 
substitution of halon extinguisher by ABC and AFF extinguishers will satisfy demand for fire protection 
equipment. However, actual market perception in China is that ABC is inferior to halon, and so ABC 
extingushers must be sold at a lower profit margin than halon extinguishers. 

TECHNOLOGY SOURCES AND AVAILABILITY 

The Zhejiang Fire Equipment Factory, as one of the first Halon 1211 conversion projects 
approved by the Montreal Protocol Executive Committee in March, 1993, now possesses or will soon 
acquire technology of ABC and AFF extinguishers. Zhuzhou Fire Equipment Factory plans to obtain 
technology from Zhejiang Fire Equipment Factory. However, the corrosion resistance equipment and 
testing instruments for production of AFF extinguishers still need to be imported. Zhuzhou Fire 
Equipment Factory could obtain the above technology and equipment, and produce the relevant equipment 
themselves to obtain the production capability for ABC and AFF extinguishers. 

PROJECT COSTS 

The total project cost of US$821,000 equals the ODS reduction portion of the overall project 
(investment cost plus net incremental operating cost). This project will not provide Zhuzhou with any 
incremental revenues, but will result in profit loss which was used as proxy to calculate incremental 
operating cost. 

Investment costs of US$4l 1,000 including the purchase of additional equipments needed for the 
conversion of production line to replace Halon 121 l extinguishers with ABC and AFF extinguishers and 
15% contingency (Annex 1: Tables 1 & 2). To meet special requirements for production of ABC and 
AFF extinguishers, the enterprise will finance the technical transformation of the original halon 
extinguisher production workshop will be conducted (including adoption of new technology and 
transformation of workshop area) for a total cost of US$33 l ,OOO (Annex 1: Table 3). 
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Net incremental operatine: costs of US$410,000 are due to the conversion of production line to 
replace Halon 1211 with ABC and AFF extinguishers. Since ABC and AFF extinguishers do not sell 
as well on the market as Halon 1211 extinguishers, average profit is lower than halon minguishers. 
Therefore, the factory will lose an annual profit of US$117,000 after the conversion (Annex 2). No 
compensation is being sought foe lost profits due to reduced production dncing project implementation 
and the first year of project operation. Thus the estimated incremental operating cost will be: 

US$117,000'"3.5 years = US$410,000 

Other costs. An additional US$25,000 (3%) was added to the grant request to cover the fee for 
services of the financial agent that will appraise the project and oversee procurement, disbursement and 
audits. 

Requested Funding. The proposed OTF grant for Zhuzhou is US$846,000 and was calculated 
as follows: total investment cost, including 15% contingency, was added to the incremental operating 
costs over three and a half years of the project. The resulting total project cost was increased by 3 % to 
account for the financial agent fee. 

PROJECT IMPLEMENTATION: 

Management: Guangdong Provincial General Brigade of Fire Protection will oversee the successful 
implementation of the project. Toe project will be carried out at Zhuzhou Fire Equipment Factory. 

The Project Manager: Mr. Lai Guangsheng, Director of Zhuzhou Fire Equipment Factory. 

Chier Engineer or the Project: Mr. Weng Zuomin, Deputy Director and Senior Engineer of Zhuzhou 
Fire Equipment Factory 

ENVIRONMENTAL CONSIDERATIONS 

Environmental Assessment (EA) is carried out by local Environmental Protection Bureau 
(EPB). Toe project will meet standards and regulations stipulated by the local EPB. No new pollutants 
will be generated from the production. 

PROCUREMENT: 

Imported and domestic equipment needed are shown in Annex 1. Contracts will be awarded after 
evaluation and comparison of quotations solicited from at least 3 qualified suppliers. Procurement agency 
will be discussed at appraisal and selected after appraisal. 

REQUIRED REGULATORY ACTIONS 

As the project is not for profit ,it is suggested that the Government, particularly through the 
NEPA and MPS ministries make special laws to I unit the production and sales of halon extinguishers and 
halon-use extinguishers as soon as possible. A complementing suggestion to promulgate a preferential tax 
policy would further encourage factories wishing to convert. 
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PROJECT RESULTS 

Direct Project Impact: This project will remove 260 Mf of Halon 1211 per year (780 MT ODP). 

Indirect Project Impact: Factory closure is not necessary. This project will play a significant role of 
demonstrating successful conversion from halon extinguisher production at small and medium-sized 
enterprises to ABC dry powder and AFF extinguishers in China. 

M:\Projocts\ODS3\PS\Zhuzhou.! 
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Table 1: Costs Breakdown for Additional Equipment for 
ABC Extinguisher Production 

us$ 

Descrlpllon Quantity Unit Total 
C"5t C:O..t 

Twin 111:t tcnail Hydrop,<a& I 15,000 IS,000 

Cylinder Trim.Shean 1 6,600 6,600 

Bottom Ring Trimming Shear I 6,600 6,600 

CO2 protoction welder 1 4,000 4,000 

Dust remove equip. I 10,000 10,000 

DCP Auto Clwging gauge I 20,600 20,600 

CO2 bottle lhri.nk equip, I 6,200 6,200 

CO2 wro charging gouge I 17,900 17,900 

P:rcssu-re test cqu-ip. I 6,600 6,600 

Leela,ge °"" equip, I 2,800 2,800 

Punch/dn,w die, cqp't I 7,300 

lnsWl,rion 10,000 

Tiaining 2,300 

Subtotal 116,000 

Contingency (15%) 18,000 

Total 134,000 

Table 2: Costs Breakdown for Additional Equipment for 
AFF Extinguisher Production 

US$ 

Description Quantity Uoit Cost 

Puch/dn.wing dice equip, l 7,820 

AFFF-guage 1 28,300 

Inner cylinder cooting equip, l 13,430 

Coop.lZFE P!Mt & Ame= 

Tn.ining 

Tri"1 production 100 47 

New product test/approval 

Subtotal 

Contingency (15%) 

Total 

June 10, 1994 

ANNEX 1 

Total Co..! 

7,820 

28,300 

26,860 

135,300 

31,700 

4,700 

6,300 

241,000 

36,000 

2n,ooo 
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ANNEX 1 
Page 2 of2 

Table 3: Costs Breakdown for Halon Extinguisher Workshop Transfonnation 
(funded by enterprise) 

o..oriptioo Cott($) 

E<julpme,t/ Appa.talus 97,645 

Civil wom for ABC DCP lino 42,000 

Civil Woib/AFP lino:Bue 37,380 
Floor 41,580 
Wall 45,640 

lnlltallalion 14,000 

Teohnical Tmlning 3,000 

Trial Pmd.-, 6,600 

Sub-TO!Al 287,845 

Conlingcncy (15%) 43,180 

Total (domestic n,sour=) 331,000 
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Table 1: Actual Production Cost and Profit Indicators in 1993 
Before Conversion 

Avenge. -- Production Average Aver.ago 
Halon 1211 
!!xtinguishcr 

MYI 

MY2 

MY4 

MYT25 

G.Tolal 

ABC,DCPAFF 
Elttinguimer 

MFZIL 

MFZ2L 

MFZ4L 

MFZ6L 

MPM6-AFF 

Tola! 

Annual $/pc Coot SaletCoot Pw6t 
Output Sipe Sipe $/pc 

12,853 8.52 6.43 0.19 1.85 

64,156 12.59 10.97 0.19 1.43 

17,954 21.ll 18.!7 0.22 2.72 

1,270 166.67 144.44 2.96 19.27 

96,233 1,508,000 1,297,000 22,000 

Table 2: Average Production and Profit Indicators 
After Conversion 

A-• 
A.Mwll 
Output 

!0,000 

45,000 

10,000 

S,000 

30,000 

100,000 

Salco Production Average 
Income Coot Salet Coot 

$/pc $/pc $/pc 

S.ol 4.71 0.18 

6.33 S.68 0.17 

11.ol 9.87 0.30 

12.97 9.25 2.76 

10.83 9.43 0.40 

84ll,OOO 731,000 38,000 

Table 3: Proje.:ted Fire Extinguisher 
Production and Incremental Operating Cost 

After Conversion 
(US$) 

Avcmge 
Prolit 
$/pc 

0.78 

0.43 

I.SO 

0.96 

1.00 

Without Conversion (Halon 1211) W-tth Convcnion (ABC DCP &. AFF'.) 

Annu&I Annual 
Output s.1 .. Op.ratl118 Profit Output Salet Opera~ Profit 
(Uoit) Coll (Uoib) COIi 

Y, 4S,OOO 710,000 618,000 92,-000 45,000 353,069 320,000 33,000 

1996 100,000 1,567,000 1.371,000 196,000 l0<Ml00 848,000 769,000 79,000 

1997 100,000 1,567,000 1,371,000 196,000 100,000 848,000 769,000 79,000 

1978 100,000 1,567.000 1,371,000 196,000 100,000 848,000 769,000 79,000 

June 10, 1994 
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Pw6t 
Total 

($) 

23,778 

91,743 

43,835 

24,473 

189,000 

Profit 
Total 

($) 

7,800 

21,600 

15,000 

4,800 

30,000 

79,000 

Profit Lou 
(jnc. 
Op~rating 
Cost) 

59,000 

117,000 

117,000 

117,000 
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Breakdown of Project Cost and Financing 
(US$) 

Investment Cost Investment 
Cost 

ABC powder extinguisher production 116,000 

AFF foam extinguisher production 241,000 

Halon extinguisher workshop 
transformation 288,000 

Subtotal 645,000 

Less: 
Self financing by enterprise (Halon (288,000) 

Extinguisher Woibhop) 

Incremental investment cost proposed for 
OTP financing 357,000 

Incremental Operating Cost for OTP 
financing 

Subtotal 

Financial Agent fee (3 %) 

Total (proposed ODS Grant) 

Proposed OTP Grant 

June 10, 1994 

ANNEX3 

Contingency Total 

18,000 134,000 

36,000 277,000 

43,000 331,000 

97,000 742,000 

(43,000) (331,000) 

54,000 411,000 

410,000 

821,000 

~ 

846,QQQ 

846,000 

a) Incremental operating costs will be disbursed to the enterprise at the end of eacb year of operation, based 
on actual production; thus the operating costs are not discounted to arrive at incremental cost. 
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Calculation of Unit Abatement Costs 

UAC = {C(F) + (OC-OSIR)}/ODP 

UAC = Unit Abatement Coot, $/kg ODP/year 

C 

F 

oc 

OS/R 

ODP 

= 

= 

= 

= 

= 

ODS reduction investment cost, including all initial one time costs such as technology 
and training the annualized capital cost charges 

Capital n,cove,:y factor, lhe annualized capital cost charges, discounted at a standard 
rat.e of 10% per year over the economic life of lhe investment 
The annual incremental operating costs (i.e., profit loss) in lhe finit year of full 
operation 

The annual incremental operating savings of revenue in the first year of full operation. 

The annual ODS reduction at the first year of full operation expressed in ODP units. 

The investment cost of the p~ect is US$742,000 (incl. 15 % ccntingency) and the eccnomic life is 15 years. Then: 

UAC= 

C(F) = {$742,000 x 0.1}1{1 - c1 + o.1r'} = 97,566 
OC = $106,000 

US$97,566 + (US$117,000 - 0) 

780,000 kg ODP 
= US$0.28/kg ODP/year 
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ANNEXS 
Table l: Project Implementation Schedule 

1994 - 1995 Task 1996 Task 

l. Design alternative product/equip, test & trial JWl8 Complete production 
2. Procure general equip., install and trial runs conversion, eliminate halon 
3. Design, build install and trial runs special equip. application completely 
4.Training 

It.ems of Tasks Description 1994 1995 

Portable ABC DCP Generu equipment Order/Procure Installation 

Extinguisher Special equipment Design/Build Iostall/test 

Technical equipment. Design/Build Exam/testing 

Product design/test 

Light Water Foam Indust.Enginrg/Design & Instal Techni.Design Manufacture 

AFF Extinguisher Special equipment Tender/Import Install/test 

Trial production Trial run 
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Table 1: Price of Main Product Material and Suppliers 

Balon 1211 ABC Dry Chemical Powder AFF Foam Agent 

Price 3.67 US$/kg 0.67 US$/lcg 1.36 US$/L 

From Dongyang Chemical Company BJ Fin> Equipment Plant BJ Fin> Equipment Plant 

* Costs include importing testing technology oo AFF foam agent, cylinder internal spray coating technology 
and study in Zhejiang Fin> Equipment Factor:y. 

*• Including various perfonnance testing during trial production. 



-•• Hughes Associates, Inc. . ~ i Fire Science & Engineering 

6TT0 Oak Hall Lane, Suite 125, Columbia, Maryland 21045 

Ms. Jessica Poppele 
Ozone Ops Coordinator - Asia 
Global Environment Coordination, Room S2-133 
World Banlc Group 
Washington, DC 20433 

Dear Ms. Poppele: 

(301) 596-2190 FAX (301) 596-2295 

December 1, 1993 

l have attempted.to review the four project proposals related to halons in China. 
Specific project comments follow, but I offer the following overall questions and 
comments that apply to all proposals. 

(1) I cannot (nor should I) verify the economic basis of the proposals. This is 
most important because in general the project costs are dominated by 
"nontechnical" cost items such as ''lost" profit, unemployment, lost revenue, 
etc. 

(2) In regards to issues associated with "lost profit," it seems to me that the 
production of lower cost and hence lower profit Halon 1211 portable 
extinguishers is a net country economic benefit. For a particular factory, 
the lower cost/lower profit replacement unit (e.g., DPE vs. 1211) is "lost 
revenue" the nation receives the same benefit of a portable fire 
extinguisher for a lower cost. Therefore, it is not clear to me that the 
World Bank or others should fund this "cost." 

(3) In general, replacement of 12ll extinguishers with OPE is technically .­
acceptable. There is some residual demand for a "clean" extinguisher such 
as CO2 (for use in control rooms, computer rooms, etc.). It is of some 
concern that none of the projects are directed in this manner. 

( 4) I have technical questions on each of the proposals which require 
resolution. Hence, I am unable to make a specific recommendation on any 
of them. 
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(5) The efficacy or effectiveness of any of these proposals is tied to overall 
plan for the country. Since I am not familiar at all with the overall 
program for China, it will be difficult to adequately assess any particular 
project. If the country program documentation would be made available, 
perhaps some of my concerns would be alleviated. 

(6) The unit abatement costs vary widely across all proposals as do the 
assumptions on economic life of the proposed plant or modifications. 
These need to be rationalized. 

A. Construction of Halon Recovery Equipment 

(1) The value of recycling/recovery equipment proposed in reducing the 
unwanted 1211 emissions depends on where and how the current emissions 
are arising. If the emissions are due to vapor heels in bulk containers, 1211 
production losses or filling losses at the factory, the proposed equipment 
will be of little or no value in reducing the current 350 tons/year emission 
estimate. 

(2) The use of recycling/recovery equipment such as the unit proposed is 
primarily for servicing fire extinguishers. That is to allow the recovery of 
agent from the extinguisher, perform the necessary inspections, and then 
refill the extinguisher with the agent which was just removed. The degree 
to which the equipment can be used to reduce emissions given other loss 
mechanisms is dependent on by whom, how, and where the equipment will 
be used. Hence, some additional information on how exactly the 
equipment will be used, by whom, and where is of significance. 

(3) Without external government regulatory control or price controls, "recycled" 
Halon 1211 will cost more than newly produced. What is the incentive for 
the use of recycled 1211 given the current cost/re~latory structure on the 
use of newly produced 1211? 

Hughes Associates, Inc. 
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(4) The need for 1,000 sets of recovery equipment has not been demonstrated. 
For a total emission control of 400 tons/year, this implies a very low (0.4 
tons/year) utilization per set. 

B. Production Transfer of Xylene Alkyl 1211 Extinguisbant 

This project involves changeover from Halon 1211 manufacture to Cass A foam 
manufacturing. 

(1) The efficacy of Class A foam as a portable fire extinguisher agent has not 
been demonstrated. It, by definition, is only applicable to aass A fires, 
and comparisons with plain water indicate marginal benefit on these types 
of fires. Without additional information on the type of foam and specific 
performance data on portable extinguisher use with such foam, it is not 
possible to recommend proceeding. 

(2) The use of Cass A foam on Qass B (flammable and combustible liquid) 
fires cannot be supported given the availability of dry chemical 
extinguishers and/or AFFF extinguishers. 

(3) Technology transfer with a company called HUNCR in the U.S. is 
proposed. There is no recognized portable fire extinguishant/extinguisher 
manufacturer by that name in the U.S. I have not personally heard of the 
company. 

( 4) The economic justification seems problematic; payment for a dismantled 
1211 production unit as well as its lost revenue and profit seems excessive. 

(5) There is no description of how the Qass A foam is to be used. The 
proposal concerns manufacture of the foam not the extinguish. Who will 
manufacturer the extinguisher in which the foam is used? Are there 
further proposals along this line? 

Hughes Associates, Inc. 
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C. Conversion of Halon 1211 Extinguisher Production (to DPE), Bemi Iron and Steel 
Gorporation 

This project involves conversion of an extinguisher manufacturing plant from 
Halon 1211 to ABC dry powder. In general, ABC dry powder is an acceptable 
alternative to Halon 1211, and hence, such conversion makes sense. The following 
specific co=ents and questions apply to this proposal. 

(1) This proposal is one of several aimed at converting from the manufacture 
of Halon 1211 portable extinguishers to the manufacture of ABC powder 
extinguishers. Are these proposals being coordinated relative to 
supply/demand or technology transfer issues? 

(2) There is a somewhat perverse economic argument that comprises a major 
cost item in the proposaL The lost revenue and profit associated with 
selling and manufacturing a less expensive, but equally effective portable 
extinguisher is deemed an economic cost. Actually, it is a benefit ( equal 
protection, less cost) and should not be accounted as a cost of changeover. 
In the limiting case, the plant could sell the ABC portables at the same 
price as 1211 portables. There is the recurring problem here of trying to 
economically introduce alternatives while the production of new Halon 
1211 continues unregulated. 

(3) The technology transfer scheme and associated costs needs to be further 
developed and resolved. 

( 4) Since apparently the Zhuzhou Factory possesses the necessary DPE 
technology, obtaining the necessary technology from this source should be 
evaluated. 

Hughes Associates, Inc. 
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D. Halon 1211 FII'C Extinguisher Replacement at Zhuzhou Factory 

This project involves replacement of Halon 1211 portable fire extinguisher 
manufacturing capability with ABC dry powder and AFFF (light water) portable fire 
extinguisher manufacturing. 

(1) Apparently, this factory has the existing capability to manufacturer ABC 
powder and extinguishers utilizing this powder. Perhaps this technology 
could be transferred internally to other factories seeking international 
technology transfer for the same purpose ( e.g., Benxi Iron and Steel 
Corporation). 

(2) One of the technical problems associated with this project is the 
requirement for corrosion resistant extinguisher tanks for the AFFF 
extinguisher. It is my understanding that AFFF portables manufactured in 
the U.S. use the same construction as those for plain water. There is no 
need for special corrosion resistant shells; only stainless steel shells need be 
used. The primary U.S. manufacturer of AFFF portables is Amerex 
Corporation, not Ansul as indicated in the proposal. Ansul does not 
manufacture a handheld AFFF portable extinguisher. 

(3) It is not clear whether or not the Factory has existing capability to 
manufacture or procure locally the AFFF concentration. It is a central 
issue regarding the efficacy of this technology. This will have a substantial 
bearing on the economics of the replacement extinguisher. 

(4) 

(5) 

As previously indicated, replacement of Halon 1211 portable extinguishers 
with ABC dry chemical is appropriate. For some applications, the use of 
AFFF/water portables is also appropriate. I am unable to comment on the 
economic analysis, but further evaluation of items (2) and (3) above may 
change the cost structure. 

Is the reduction in halon use 250 tons/year of agent or 250 tons/year ODP? 
Both terms are used, I believe it is 250 tons (agent)/year or approximately 
1000 tons (ODP)/year. 

Hughes Associates, Inc. 
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J! ypu have any questions, please feel free to contact me. 

PJD/cdp 

Very truly youra, 

CrL:-\~~ 
Philip J. DiNenno, P.E. 
Vice President 

Hughes Associates, Inc. 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

CHINA ODS PHASE OUT PROJECT 

Cover Note on Halon Projects, lleu,xi and Zhuzhou 

The two halon phase out project submissions for China, • Fire Extinguisher Production 
Conversion from Halon 121 l to ABC Dry Chemical" at Ben.>:i Fire Equipment Factory (Benxi) and "Fire 
Extinguisher Production Conversion from Halon 1211 to ABC Dry Chemical• at Zhuzhou Fire 
Equipment Factory (Zhumou), are an integral part of China's phase ou1 strategy for this sector. Overall, 
China's strategy to phase out halons aims to gain acceptance of halon alternatives by: (1) changing market 
perception; and (2) revising eodes and standards that may require halon use while phasing out both the 
production of halon as well as its consumption h1 elltinguishers and flXed systems. As noted. ln the 
project proposals, halons' clean agent property and historical quality problems with dry powdet 
extinguishants have resulted in a SIIQng perception in the Chinese market that Halon 1211 is a superlo, 
agent. The current ftxe protection produce price structure reflects this perception. 

lncrememal Operating Costs IIOC) 

The Benxi and Zhw:hou projects address both aims of China's halon phase out strategy, The 
projects seek m gain market a;::ceptanee of halon substitutes by pricing them competitively while 
elimmating l.alon use in the production of extinguishers. Thus, the incremental cost calculations include 
boch the incremental capital costs required to convert the enterprises 10 production with halon substitutes 
as well as requests for four years of IOC based on reduced cash flow which will result from product 
pricing required to gain market acceptance of the halon substitute extinguishers, Like the aerosol filling 
center projects approved by the Bxeeutive Committee for Tianjin and Shanghai, Benxi and Zhuzhou will 
need to pass operatlng savings on to their customers to give customers sufficient incentive to use a non­
ODS product. However, unlike Tianjin and Shanghai where circwnsumces meant that only a portion of 
savings were passed on, halon substitute extinguishers must be priced so low that the cash flows ofBenxi 
and Zhuzhou would actually be reduced as a result of projc,ct implementation, ln other words, the 
incremental capita\ costs would be Insufficient eompenO.tion to allow the enterprises to price their halon 
substitute products such as to gain market acceptance. Without considering lost profits as IOC, customers 
would continue to buy halon, 

These two projects request four years of inc,emental operating costs based on China's Country 
Program goal to eliminate production of Halon 1211 extinguishers by 2000, As halon ex.tinguisher 
production is curtailed, we expect that by 1998 halon substitute elltinguishers will have sufficient market 
acceptance to allow for a more favorable price structure, The closure of Halon 1211 production facilities 
(see Tongxiang project initiative) will, of course, better position Zhejiang, Benxi and Zhw:hou to promote 
halou substitutes, 

The Zhuzhou and Benxi projects are similar in scope and content to the Zhejiang Halon 
Extinguisher Conve(sion pxoject approved initially by the Executive Committee in June 1992, with 
supplemental funding approved in March, 1993. TI1e Zhejiang proj= had considered two alternatives 
to minimize the cash flow loss that would result from i straight halon t0 halon substitute conversion, The 
option which was approve(! for funding by the Executive Committee included increasing production 
capacity from 150,000 halon units to 250,000 ABC units, The alternative, maintaining existing capacity 
at 150,000 units, was examined, but the additional investment costs estimated for production expansion 



were less than estimates of four years of lost profits based on equivalent capacity. The increment.al cost 
(equest was, therefore, based on production expansion. The Ministry of Public Security, which is 
reSponsible for overseeing China's halon phase out program, recognizes clw production expansion, as 
a. means of compensatlns halon extinguisher manufactures for redu.ced Ca$h flows whid:l result from the 
ne«I to promQtc b.alon wbstitutes, is not sustainable given the limited market denund for halon or b.alon 
equivtllcnt fire cxtinguiahen,. nru., for the current and for tuturc subaii.>s!on;, IOC requests for halon 
cx.tlnguf.shcr conversion projects in China will be based on reduced essh flows (lost profits), rather than 
production e,cpallllion. 

Dtsoounting of IOC 

Two U{lecx& of World Bank disbursement ptacticc fur MU" financed operations have led to a 
request for IOC wkhout dlscoumlng t\llure coses: (l} Inteteit camed on funds dcpo$itcd in the Bank's 
O:i:oM Project$ 'l'rust Fund a:re tetalned by the Bank 811<1 credltcd 10 the MLF; and (2) Disbursements 
for IOC are paid out over time against actual expcnditurc.s, ratbef than as • lUIIIP sum up-mint payment. 
Tn rnioimlRi tM risk of windfall profits accruing to an~. disbw:srmcnts arc made based on actual 
producdon costs and benefits after project complelion am m:e closely related to non-ODS production 
levels actually achieved. For these reasons, basing grant requests on dillcounted com results in 
insufficient funding for fulllre years. Therefore, lOC requests in these and tw.urc projects will not be 
discounted. 

Should consideration of these 1wo points, compensation for reduced cash flow {10$1 profits) as 
IOC and m!Hliseounting of lOC, be deferred, we ask that tbe two Cb!m. halon project ptoposals be 
co11Sldeted within the existing eligibility guidelines. 



COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

PROJECT COVEP. SHEET 

People's Republic of China 

Halon 1211 Production Closure 

Fire Fighting Industry (Halon) 

ODS USE IN SECTOR (1992): 12,500 MT ODP (4,000 MT Halon 1211 & 50 MT 1301) 

PROJECT IMPACT: 

PROJECT DURATION: 

Phase out 1,200 MT ODP per year (400 MT Halon 1211) 

6 Months 

PROJECT COST: Incremental Cost: 
Contingency: 
Financial Agent Fee: 

PROPOSED OTF FINANCING: US$ 838,000 

COST EFFECTIVENESS(UAC): US$ 0.70/Kg ODP/Year 

US$ 
US$ 
US$ 

775,000 
39,000 
24,000 

IMPLEMENTING ENTERPRISE: Tongxiang Chemical Fertilizer Factory 

COORDINATING MINISTRY: Ministry of Public Security 

IMPLEMENTING AGENCY: The World Bank 

PROJECT SUMMARY 

This project will stop annual production of 400 MT of Halon 1211, 
thereby eliminating annual production and consumption of 1,200 MT ODP 

in China. The project involves dismantling of present Halon 
1211 production facilities in Tongxiang Chemical Fertilizer Factory 
and demolishing the Halon 1211 workshop buildings and warehouses of 
the factory which have not other useful purpose. Appropriate 
disposition of the staff and workers employed by the Halon 1211 
production unit of the factory would also to be made according to 

Chinese law and local government regulations. 

Technical Review, The project has been reviewed and supported by the 
OORG technical reviewer, Dr. Michael Harris. His comments have been 
taken into consideration in this revised version of the project 
summary. For example, clarifications have been provided under Project 
Cost paragraph on the points raised regarding the warehouse demolition 
and the value of the used cylinders. His comments are attached. 
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PROJECT OBJECTIVE: 

The objective of this project is to eliminate annual production of 400 MT Halon 
1211, about 10% of China's total Halon 1211 production, by dismantling and demolishing 
the Halon 1211 production facilities at Tongxiang Fertilizer Factory. 

SECTOR BACKGROtJND 

Because halon extinguishants have unique properties, such as cleanliness, non­
conducting, efficient, low toxicity, rapid knockdown of flames, halon use spread in 
widely in developed countries in the 1980's. Its use began in China in mid 1980's, 
along with the country's economic development. Halons have come to be used 
extensively to protect computer rooms, telecommunication centers, central control 
rooms, archives, transformer substations, oil depots, etc. Halon application in China 
is well accepted as the preferred fire protection system. Production of halon is a 
profitable undertaking in China. 

In 1992, about 4,000 tons of Halon 1211 and 50 tons of Halon 1301 were consumed 
in producing fire fighting equipment in China. There are about 25 facilities in China 
of varying sizes producing Halon. Most are in the small-scale sector. Annual 
production of Halon 1211 of Tongxiang Chemical Fertilizer Factory alone is 400 tons 
which accounts for about 10 % of China's total annual production of Halon 1211. 

ENTERPRISE BACKGROtJND 

Zhejiang Tongxiang Fertilizer Factory produces nitrogen fertilizer and Halon 
1211. There are five workshops: coal gas workshop, carbonization workshop, synthetic 
ammonia workshop, power generating workshop and Halon 1211 workshop which began to 
produce Halon 1211 in 1986. Currently, there is a total of 1003 staff in the factory, 
including 2 senior engineers 1 40 engineers, 62 technicians and 899 workers. The 
Halon 1211 production facilities were completed in 1986 with a total investment of 
1.08 million Yuan. An area of 1,400 Sq.M of workshop buildings were built to 
accommodate the production equipment. Currently, the Halon 1211 Production Workshop 
has 1 engineer, 2 technicians and 47 workers, accounting for only 5 % of the total 
staff of the factory. 

In 1993, the factory produced 368 tons of Halon 1211 while the capacity of the 
halon production is 400 MT per year and a total of 1,764 tons of Halon 1211 have been 
produced in seven years since June, 1986. The factory has achieved good economic and 
social benefits, and the profit has steadily increased over the past three years. 
In 1993, the total turnover of the factory is 40.04 million Yuan {RMB) of which 8.66 
million Yuan {RMB) was contributed by Halon 1211, accounting for 21.62 % of the 
factory's total turnover, while staff associated with halon production only account 
5% of the factory's total staff. Therefore, halon production to this factory is of 
great significance to the factory's overall financial profitability. 

Therefore, in view of the economic development of the enterprise, it is 
reluctant to shut down its Halon 1211 production facilities and stop halon production. 
In order to honor China's commitment to phase out the ODS, the National Environmental 
Protection Agency {NEPA) and the Ministry of Public Security (MPS) jointly decided 
to shut down halon production in this factory as the first step toward closure of all 
halon production units in China. While the factory is committed to stop the halon 
production, the factory is requesting compensation for economic losses due primarily 
to foregone profits and labor displacement costs. 

PROJECT DESCRIPTION 

Tongxiang Chemical Fertilizer Factory will eliminate Halon 1211 production by 
closing its production workshop, dismantling production facilities, and demolish 
workshop buildings and warehouses of 1,400 Sq. M. According to Chinese regulations, 
the annual depreciation of the industrial facilities is 6%, so the lifetime of current 
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production facility is is years. The factory was commissioned in June 1986. Assuming 
January J.995 as the closure date, the facilities would be B. S years old and the 
remaining lifetime would be 6.5 years. 

It is planned that, once the OTF financing is actually available to the factory, 
production of Halon 121.1 will be immediately stopped. Within 6 months from the date 
of receiving OTF fund, the Halon 1211 production facilities will be dismantled and 
the workshop building as well as related warehouses will be demolished as these 
facilities can not be used for any other purpose. The halon unit occupies a 
relatively small portion of the factory premises and there are no present plans to 
use the site for other purposes. 

JUSTIFICATION FOR SHUT DOWN Halon 1211 PROD~CTION FACILITY 

Since ozone depletion potential of Halon 1211 is very high, stopping Halon 1211 
production in Tongxiang Fertilizer Factory can ultimately eliminate 1200 MT of ODP. 
Thus the environmental impact of this project is of great significance. Also, since 
Beijing Fire Fighting Equipment Factory is going to produce ABC dry chemical powder 
to replace Halon 1211, future demand for halon in portable extinguishers can be met. 
ABC powder extinguishers can put out Class A, Band C fires and electric fires and 
the extinguishing performance of an ABC powder extinguisher exceeds a halon 
extinguisher with the same weight standard. Therefore, the shut down of 400 MT of 
Halon 1211 production will maintain same fire safety in China. 

PROJECT COST 

Closing of a halon production facility is different from conversion of the 
production facility in terms of project cost calculation. Since the factory is 
claiming foregone profits for the remaining life of the factory, the depreciated value 
of the facilities would be zero and nothing is claimed for the facilities and 
building. 

Due to the corrosive nature of Halon 1211, the warehouse buildings would not 
be appropriate for other uses and would be completely demolished. Likewise, the used 
cylinders would have no remaining value since there is no market for them. Existing 
halon producers already have their own cylinders and would not purchase additional 
cylinders from Tongxiang. Furthermore, the value of used cylinders is too 
insignificant to warrant its inclusion in the calculation. 

Total project incremental costs of US$775,000 include the following items, 

1. Cost of dismantling halon production facilities and workshop buildings: 

The facilities will be dismantled/demolished and the site cleared. There will 
be a small amount of scrap value for materials as shown below: 

Table l: Breakdown of Cost of Demolishing and Dismantling 

Items of The Cost us $ 

Cost of Demolishing existing workshop building/warehouse 8,095 

Cost of Dismantling existing halon production facility 5,780 

Less: Scrap value of equipment/spares 6,455 

TOTAL 7,420 
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2. Financial losses to the factory from stopping halon production: 

Year 

1991 

1992 

1993 

Average 

Table 2: Average Annual Profit in the Past 3 Years 
(US$) 

Produc- Sales In- Factory Sales Taxes to 
tion/MT come/USD Cost/USO Cost/USO State/USO 

350.00 942,330 767,995 21,664 29,637 

367.60 999,626 795,082 l.7,250 34,773 

368.00 1,000,747 795,947 23,102 34,816 

Annual Profit of The Halon 1211 Production 

Profit 
(USD) 

123,000 

153,000 

147,000 

141,000 

The above table shows that the average annual after-tax-profit of halon 
production is US$141,000. Assuming the actual closure date is January 1995 and the 
factory has a remaining life of 6.5 years, the factory is requesting a compensation 
of US$663,337. This amount is calculated by discounting the average profit of 
US$141,000 by 12% for 6.5 years (Annex 3). 

3. Compensation to the staff and workers of halon production workshop: 

When production of Halon 1211 ceases, the 50 staff and workers of the Halon 
Production will have to be retrained and wait for other jobs. During this period of 
two years workshop as required by Chinese regulations, their normal incomes, according 
to local government requirement, should be no less than the factory worker's 1993 
average monthly income level of 751.51 Yuan ($86.88/month). Thus the total salary 
compensation for staff and workers is: 

50 men x US$86.B8/mo. x 24 mos.= US$ 104,256 

The Factory is not replacing the halon production unit with other facilities 
and the labor will be kept and retrained for other positions. If no positions become 
available, they would be eventually displaced. Given the low labor mobility and high 
unemployment rate, the two year period for labor costs that would also be inclusive 
of any costs of retraining, is considered reasonable under Chinese conditions. 

4. Other Costs: 

A 5% contingency (US$39,000) was included to cover any unforseen risks of the 
further losses of the enterprise caused by closing of halon production. An additional 
US$24,000 was added to the grant to cover the fee for services of the financial agent 
that will appraise the project and oversee disbursement and audits. 

Requested Funding. The proposed OTF grant for Tongxiang is US$838,000 and was 
calculated as sum of the following: (1) demolition cost of US$7,420, (2) profit loss 
of US$663,337, (3) salary compensation of US$104,256, and (4) other cost of US$63,000 
(contingency and financial agent fee). 
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Breakdown of Project and Financing 
US$ 

ITEMS 01" THE COST 

NPV of Existing Facilities and buildings 

Cost of Dismantle Equipment and Demolishing the Buildings 

Profit Reduction Due To The Shut Down of the Halon Production 

Salaries of staff & Workers of halon production for two years 

Subtotal of the Project Net Cost (PNC) (rounded) 

Contingency: st of PNC (rounded) 

Subtotal 

Financial Agent Fee: 3'I. of !?NC 

Proposed OTF Grant 

ANNEX 1 

AMOUNT 

$ 0 

$ 7,420 

$663,337 

$104,256 

$775,000 

$ 39,000 

$814,000 

$ 24,000 

$838,000 
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ANNEX 2 

Calculation of Unit Abatement Cost 

Since this project is different from other production facility conversion 
project which will have incremental cost after the conversion, this project is the 
closure of the facility to stop the ODS production. The calculation method and 
equation used for other projects can not therefore be applied in this project. 

The calculation of Cost Effectiveness of this project is as follows: 

CE== C(F)/ODP, US$/Kg ODP/Yr 
=• 838,000/1,200,000 Kg ODP/Yr == $0.70/Kg OPP/Yr 
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ANNEX 3 

Ca1cu1ation of Compensation for Profit Loss 

The total.amount of compensation for profit loss is: 

C == @sum( [1- 12'1;) ••·»Jp + P/2 [88%) , •• ,. 

Where: C is total amount to be compensated for 6.5 years of profit losses; 

Pis avg annual after-tax-profit of halon production during past three years; 

n is number of years of remaining lifetime of facilities at 6.5 years. 

For this project, p == $140,812 
n 6.5 years 

Thus: C ""'""' @sum{[l- 12'1;) 1'-'·")P + P/2 [l-12\-] "·'"'' 
•= $140,812 X 4.7108 == $663,337 

M:\Projects\ODS3\PS\Tongxiang 
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SUBJECT: OORG TECBNICAL OPINION· TONGXIANG HALON 1211 l'LANT 
CLOSURE PROJECT 

Scope 

Tho project ia the first plant doS1J.r('I pn:dcct submitted to the OORG production sector. 
It involves tbs cloaure, without nplacemellt. of a 400 te Halon 1211 plant at the Zhejiang 
Tonp;iang Chemical Ferliliser Factory, with an &Slilociated ODS Hhatem.ent of 1200 
ODP-tonne per year for some 6 years. 

Recomm,ndation 

The project is recommended for a:pprpyg! subject to satisfactory clarification of certain 
points, and amendment of the Unit Abatement Cost (UAC) from $0.52/ODP-tonne to 
$0. 70/ODP•tonne ($ee below}. 

Rclcvnnce/Adequ/\CY of Tnformation Provided 

The information ia adequate for a final recommendation. It sl1ould, however, be recognised that 
there are coruiiderable, if unavoidable, unc:ettainties around some of' the key assumptions • in 
particular those regarding social costs and tho110 :rolat:i.ng to the ma.rket. price of Halon 1211. 

Technical Soundness 

1. The proposal appears to miscalculate all OnP,dcpandc:nt figures. The ODPs to be Wied 
should be thoaa in Annexe I of the Montrool Protocol, ie 8.0 for Halon 1211 and 10.0 for Ilalon 
1801. Using the correct ODP values leads to the following quantitative changes in figures cited 
on the Project Cover Sheet: 

ODS 1.188 in sector = (4000 • 3) + (50 " 10) • 12,500 ODl'-te 
Project Impact - (400 * 3} = 1200 ODP-te/year for 6 ;yea/'8 
COllt Effectiv-s - US $0.70/0DP-kg/yr 

(not 16,llOO ODP-te) 
{not 1600 ODP-1:e/yr) 
(nor $0.52/ODP-kg/yr) 

Accordingly the relative UAC should bojllli.Jed on the basis otthe $0.70 figure vs other calla on 
finance for China. However, the project can still be approved even on this less favO'Ul"able ba&is. 

2. Th.a Bank's comment (Chan, 15 April 1994) tlw the remaining Ufe is better calculated a.~ 
6.0 years, not 6.5 yenrs, is valid and supported so far e.s the chemical plant is concerned. 

3. The propoeal is to demolish. warehou.ses which ore claimed to be just 8.5 years old and to 
have a 16 year life. While a 15 year .life is reasonable for 11. chemic.al plant, a much longer life -
perhaps 80 yeara would have been e:a:poctod for warehouses. As the IIalon 1211 plant represents 
such a sm.all proportion of the ovwall site it sooms very un\lllwu that the warehouse buildings are 
deemed redundant., especl&.l.ly airailut the background of a r<1pidl,y growing economy. 
Clarification should be sought. 

4. The propoaal claim.,, that the lltoc.k of Halon 1211 cylinders ls of no terminal value and will 
have to he dispoo,.,d, of. This is very surprising as the .reduction in Hal.on 1211 production nt th.is 
plant represents only 10% of national Halon 1211 production. The availability of additional 
cylinders would ru:amal.ly represent a .real benafit to the remaining producers. It is also po~ble 
to use these cylinders for other gases of e.pproximatel:y similar (or lower) vapour pn:11:,u.re and/or 

Th• 01'- Ot>erw~.- ite_._ ON up (OOR(l) ~fCMI ~, th. ou1~ <if th• €nW'Onfflero Gro,.;p (!NVGq ol 11,• World lkmic 
Headq\tN'fen.: Wcuhlft9+nn O.C, 20<t33 USA. TcicJthan• + 1-701471• 12::::W. T.&.koe:: • 1-202• ➔11·'3'1 



in particular for the~ and r,;:cycling of Halon 1211 itself (which would otherwiale be likely 
to requi.1'e p~ of n,ow cylinders aa material far :recycling or recycled. material would need to 
be segrcpitcd fJ"Om vi"gin product. A realistic residual value elwuld thereCore be applied. to the 
cylinder stock. 

5. Apart from the above ~ents, the project appears technieally and environmentally 
sound and cost-effective. There arc no unusual associated risks, and no special training should 
be required. 

Lepons from Erperi@DCt 

As developed -Id halon producers have recently closed Halon 1211 plant» there is experience 
aveilebla, end ti-. ia also aict information available <fas thia been sought? The preseut project 
will p""1'ridelocal e:iiperienceforthe closure of the remaining Halon 1211 productianfaclllties in 
China in due course. 

Environmental Iaeuee 

No special issues. 

S@fety Issues 

No special issues. 

Cost-eff ectiyeness 

The UAC, even when wnendNl, appears to be attractive. 

1 . The Project Cover Sheet cites project duration as 6 monU11. Tbis is the con·ect d urati.on 
for the physical demolition aspect of tho piqject • although proposal claims social costll for a period 
of up to 24. months. Disbursement patterns will determine whether the administrative COIIL!I of 
project monitorl.nf an incurred fnr G months only, or fur ll longer period. 

2. Data c:i.tcd in the 'Sector Backgrou.rul.' is at variana, with tluu. in. the NEP A/tiNDP Millllion 
Report CUNDP Prqject Nr CPR/89/029) which cites the Ministry of Public Security (MPS) as giving 
the number at halon factories in China as 30-40, not 25 • in I.he present proposal. The fi.gu.l'e is 
important in determining the u.ltimat4 cost t.o the MLF of closing all the plants and should. be 
clarified. 

S. Tho samo NEPA/UNDP reference ci!J!s ('l'rqjec;t No. M' • Beljing Fire FighUng E11.uipment 
Manufacture) aa eliminating 500 tc of Halon 1211 b:y oorwer,tion to ABC Powder at a cost of 
$4,70k. Thia ill rather lea than the pl'ilMDt project which is for closure only • with no investment 
in rcplo.coments. It b pooibl. that tba NEPAIUNDP refere:nre is to I.he manufactun, of 
e:ttin.,ubn.r11 (ra.t!Hr than ~hant), but in such cruie it ill .not clear that there ia any 
IU!IOCiat:ed Ndw:tion in. Halon 1211 pnxl.ucti.on in a rapidly growing market direct ODS abatement 
from the NEP A/UNDP project may be nil. Clarification ia needed. Closer correlation between 
UNDP mid World Bank project,, would be helpful, especially if it were wilJ.J.i.n an overwl country 
lWlll for thf. eUrnination of Halon praduction and (ultimately) use. 

M/fH/UO,(,J J 1316/fONGXIA.N,WPO 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

CHINA ODS PHASEOUT PROJECT 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT DURATION: 

PROJECT COST: 

PROPOSED OTF GRANT 

COST EFFECTIVENESS (UAC): 

IMPLEMENTING ENTERPRISE: 

COORDINATING MINISTRY: 

IMPLEMENTING AGENCY: 

PROJECT COVER SHEET 

The People's Republic of China 

China Aerosol industry Southern Pilling Center (Zhongshan Pine Chemical 
Industrial Limited Aerosol CFC-12 Substitution and Conversion Engineering 
Project). 

Aerosol 

9,720tons CFCs in !992 (of which Guangdong Province consumed 3,620 tons). 

Two years. 

Incremental Investment Cost 
Contingency 
Incremental Operating Benefit 
Financial Agent Fee 

US$1,744,000 

US$(0.0!)1Kg/ODP/Year 

US$3,332,000 
US$ 500,000 
US$2,139,000 
US$ 51,000 

Zhongshan Fine Chemical Industrial Limited. 

The National Bureau of Environment Protection. 

The World Bank 
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PROJECT SUMMARY 

The most common alternative propellant, HAPs (hydrocarbon aerosol propellant) is not a viable alternative 
in Guangdong Province. where imported material is very expensive and no feedstock exists suitable for 
purification {see section on "JUSTIFICATION FOR ALTERNATE TECHNOLOGY SELECTION" for a 
full explanation). This project will substitute CFCs for imported dimethyl ether (DME) in a total of 
35,000,000 aerosol cans per year, 20,000,000 of Zhongshan's brands and 15,000,000 for other marketers 
by offering filling center services to companies that are now filling small quantities of aerosols with CFCs 
and cannot convert to a flammable propellant. 

The slight operating savings obtained in the substitution will be apportioned in the same manner as in the 
case of the previously approved filling centers at Tianjin and Shanghai, i.e. all of the operating savings on 
Zhongshan's products and 33% of the savings on the "filling center• products filled for others will be 
included in recurring operating savings, and used to reduce the arnnum of grant requested. The other two­
thirds of savings will go to the independent marketers as an incentive to bring their products to the filling 
center. 

This project is included in the "China Country Program for ODS Phaseout" (hereafter referred to as 
("C.C.P"). and its implementation is required to eliminate CFC 12 usage as an aerosol propellant in China. 

Technical Review: The project has been reviewed and supported by the OORG technical reviewer, Dr. 
Montfort Johnsen. His comments are attached. 

PROJECT OBJECTIVES 

Eliminate the use of 4,067 tons of CFC 12 as an aerosol propellant. Comply with the C.C.P. 
for the elimination of CFC 12 in the southem section of China, which will enable China to achieve its 
national goal of CFC phaseout in the aerosol sector. 

SECTOR BACKGROUND 

China's aerosol market developed late, and its aerosol products represent only 1 % of those 
produced worldwide. The industry developed almost completely on the basis of CFC 12 as a propellant. 
With a strongly prosperous economy, aerosol demands have increased rapidly in recent years, and many 
jobs are now related to the filling of aerosol containers, 

National consumption of CFC propellant (largely CFC 12) was 7,090 tons in 1991, and increased 
to 9.720 tons in 1992. According to the C.C.P. consumption will increase to 23,584 tons in 1996 if no 
substitution occurs. 

To combat this and comply with the requirements of environmental protection, it is necessary to 
eliminate CFC usage in the aerosol sector. To this end, the C.C.P. specifies the use of three large 
'"filling centers,. in the north (Tianjin), center (Shanghai) and south of China (Guangdong Province, this 
project). At this time there are 56 plants using CFCs to produce aerosols in Guangdong Province. 
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ENTERPRISE BACKGROUND 

Zhongshan Fine Chemical Industrial Limited is a comprehensive state-owned enterprise which 
deals mainly with aerosol products, aerosol cans (including valves) and fine chemical products. In 1993, 
its gross industrial output is US$64.497 million. 

The enterprise started to develop aerosol products in 1982. In 1993, the annual output of aerosols 
reached up to 41.92 million cans (about 60% of which is used CFC propellants), which was more than 
twenty percent of the national output. There are more than twenty kinds of products spreading widely 
in domestic market. In 1993, the consumption of CFC 12 was 2085 tons, of which about 70% is hair 
sprays and air fresheners. 

There is an aerosol technology developing center in the enterprise as the scientific research 
organization to develop new products, while the manufacturing technology is mainly developed by the 
enterprise itself. Up to now, nine kinds of products have been awarded as high quality products of 
national. ministerial or provincial grade. 

PROJECT DESCRIPTION 

This project will substitute an annual consumption of 4,067 tons of CFCs used to fill 35,000,000 
cans of aerosols with DME which can be purchased from nearby Taiwan. There are 20,000,000 cans 
with Zhongshan brand that are to be filled. Another 15,000,000 cans will be available at filling center 
services to companies that are now filling small quantities of aerosols with CFCs, and cannot convert to 
a flammable propellant. 

This project includes the retrofitting of the filling equipment for the use with a flammable gas 
propellant. This involves the substitution of hoses, seals, and gaskets that are compatible with DME. 
Four outside explosion proof filling rooms will be imported to assure that the filling operations compiling 
with all international safety standards. 

In order to phase out all CFC being used by the company, five automatic filling lines and four 
manual filling lines must be retrofitted. This project covers retrofitting three automatic filling lines (each 
operating at 40-50 cans per minute) and two manual filling lines (10 cans per minute}. The company has 
already initiated the retrofit of the other lines on their own, as a contribution to the world ozone 
protection program. 

Storage facilities for DME will be needed, but as the supply is nearby,size of these facilities will 
be limited in size. Utility production (water, electricity, steam, and compressed air} must be increased, 
and the warehouse for finished goods must be upgraded for storage of large quantities of aerosols with 
flammable propellants. Some safety and laboratory equipment is required. 

JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION 

The most common alternative propellant, HAPs (hydrocarbon aerosol propellant) is not a viable 
alternative in Guangdong Province. This was estabtished during the initiat survey (Leo Laine, "Report 
of the UNDP Mission to China-Aerosols," December, 1991) and subsequently supported by work done 
by Mr. Raimo Multala and Mr. Geno Nardini, aerosol consultants to the World Bank, and is elaborated 
in Annex I. 
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With HAPs discarded for the above stated reasons, DME is the most viable alternative to allow 
Zhongshan to fulfill its role as the filling center for the southern region of China. 

DME has a distinct quality advantage over HAPs and it is known that clients that fill cosmetic 
aerosols will pay slightly more to obtain it. Countries in Europe routinely pay much more for DME than 
for HAP because it has better qualities as a propellant. In China, as long as the price does not exceed 
the price of CFC, a very good market can be found. As the studies indicated, over 70% of all aerosols 
filled in the southern section of China are cosmetic aerosols (principally hair spray and hair mousse), 
which are the very products where DME has found acceptance in Europe. 

The World's annual output of DME exceeds 170,000 tons, of which almost half is used as an 
aerosol propellant. The distinct technical advantages of DME that permit it to be sold at a premium are: 

I) DME is miscible with water up to about 35%, and it is easy to develop water based 
aerosols which substitute for CFCs and produce low quantities of "volatile organic 
compounds (VOCs), an additional benefit as far as the environment is concerned. 

2 While DME is also very flammable, the use of water can decrease drastically the 
flammability of the finished aerosol. 

3) DME is soluble in both polar and non-polar concentrates which makes it ideal for use in 
multi-component formulations. 

4) DME has a slightly sweet odor which is acceptable to the consumer in cosmetic products, 
and also very easy to modify with a wide range of fragrances. 

DME is recognized by the 1991 UNEP Technical Options Report on Aerosols. Sterilants. 
and Miscellaneous Uses and Carbon Tetrachloride as an approved alternate substance, 
although normally HAPs are recommended as the principal alternate. 

PROJECT COST 

The total project cost of US$1,693,000 was calculated based on incremental investment cost, 
including 15% contingency minus incremental operating benefits. 

Investment costs of US$3.332,000 includes civil construction of storage facilities, conversion of 
aerosol filling systems and purchase of equipments for DME storage station and some imported 
equipments/facilities, etc. (Annex 2) 

Incremental operating benefits of US$2, 139,000 were estimated based on the cost savings 
achieved by using DME instead of CFC for filling 35,000,000 aerosol cans (Annex 3). Over four years 
discounted at 10% with 2/3 of savings passed on to filing center customers to encourage use of the filling 
center. This amount was deducted from the investment cost. Beyond four years the profit margin is 
expected to shrink as the aerosol business becomes more competitive and enterprise will be forced to pass 
savings on to customers. 

Other costs. A 15% contingency (US$500,000) was added to the investment cost and an 
additional US$5 l ,OOO (3 % ) was added to the grant request to cover the fee for services of the financial 
agent that will appraise the project and oversee procurement, disbursement and audits. 
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Reguested Funding. The proposed OTF grant for Zhongshan is US$l,744,000and was calculated 
as the sum of the following: (I) investment cost, (2) plus 15% contingency, minus (3) incremental 
operating benefit. The resulting total project cost was increased by 3 % 10 account for the financial agent 
fee. 

OWNERSIIlP 

The project carrier is a state-owned enterprise ( 100% local ownership.) 

UNIT ABATEMENT COST 

UAC = ($0.01) 

Total Investment cost including contingency is US$ 3,832,00. Using a 10% recovery rate, this 
investment was annualized over a 10 year economic project life. Annual benefits of $675,000 were 
deducted from the annualized investment cost. The total annualized incremental costs were then divided 
by 4,067,000 kg ODP. the UAC is negative because investment costs were annualized over the economic 
life of the project, which operating benefits were only considered for the first four years of the project. 

PROJECT MANAGEMENT & SCHEDULE 

The National Bureau of Environment Protection will act as the project supervisor. Zhongshan 
Fine Chemical Industrial Limited is responsible to carry out this project. 

According to the national regulations of construction process, the work is divided into two 
periods: the preliminary period and construction period. 

Project Completion will take two years with one year for each period (Annex 4). 

PROJECT EFFECTS 

{ 1) To phaseout completely the use of CFC in the current biggest aerosol manufacturer in China-The 
Zhongshan Fine Chemical Industrial Limited. 

(2) To provide filling service for many small enterprises, eliminating environmental pollution caused 
by heavy leakage due to the inferior equipment of the small enterprises. To convert the products 
of small enterprises to be "Ozone-friendly" ones, saving the big amount of capital investment that 
would be required to convert the small enterprises for application of a flammable propellant. 

(3) To develop DME-water formulated products, reducing the use of alcoholic solvent, as a 
preparation of solving the potential VOC problems in future China. 
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ANNEXJ 
Pagel 

CALCULATION OF INCREMENTAL OPERATING BENEFIT 

Annual incremental benefits of using DME as substitute for CFCs are calculated as follows: 

Zhongshan Company's own product: 

(I) Hair Sprays, 10,000,000 cans per year. 

Base line 
Project 

US$0.593/can (see appendix B-1) 
US$0.560/can 

Incremental benefits= 10,000,000x(0.560-0.593) 

(2) Air Fresheners, 10,000,000 cans per year 

Base line 
Project 

US$0.477/can 
US$0.456/can 

Incremental benefits= 10,000,000x(0.456-0.477) 

Filling service for small enterprises: 1 

(3) Hair Sprays, 7,500,000 cans per year enterprises. 

Base line 
Project 

US$0.593/can 
US$0.560/can 

Incremental benefits=7,500,000x(0.560-0.593)xl/3 

(4) Air Fresheners, 7,500,000 cans per year. 

Base line 
Project 

US$0.477/can 
US$0.456/can 

Incremental benefits= 7 ,500,000x(0.456-0.477)xl/3 

Total incremental benefits 

US$-330,000 

US$-210,000 

US$- 82,500 

US$- 52,500 

US$675,000 

Net present value for the incremental benefit of US$675,000 discounted at 10% for four years 
is US$2, 139,075. 

The benefits derived from filling service for small enterprises will be splitting between Zhongshan 
and the small enterprises at 1/3 to Zhongshan and 2/3 to the small enterprises. 
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ANNEX4 

BREAKDOWN OF PROJECT COST AND FINANCING 

Incremental investment cost 
Contingency ( 15 % ) 

Subtotal incr. investment cost 

Sources of financing: 
OTP Grant 
Counterpart financing 

Less: Incremental operating benefits 

Subtotal project cost 

Financial agent fee (3 % ) 

Proposed OTP Grant 

US$1,693,000 

US$3,332,000 
US$ 500,000 
US$3,832,000 

USSZ,139.000 US$3,832,000 

US$2.l39,000 

US$1,693,000 

US$ 51.000 

US$1,744,000 
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It is known that there is no feedstock in the southern region of China that is adequate for purification to 
produce HAPs, and the entire region suffers from a shortage of supply of imported LPG for fuel usage. 
Moreover, local our roads and railroads are not adequate to safely transport odorless HAPs long 
distances, and safety regulations would not permit this. 

Transportation of LPG with odor would be permitted, but no source of sufficient tonnage of 
acceptable feedstock has been identified. Use of LPG would thus be very costly, and competitive of 
forces (competition with aerosols produced at the Tianjin and Shanghai filling centers) would require that 
Zhongshan sells it below cost, which is not permitted under current Chinese law. Zhongshan's studies 
indicated that since there would be no operating savings, the entire cost of purification equipment and 
storage tanks for an LPG based project would be incremental, increasing the grant request to an 
unacceptable amount. 

CO2 is already being used as a propellant in small amounts, and its use cannot be increased due 
to its poor qualities as an aerosol propellant. Some hydrocarbon is also being filled, but very little as the 
company does not have the proper facilities for this, and the quality is irregular. 

The imported HAPs that reaches Guangdong Province is not really "hydrocarbon aerosol 
propellant," in that it has a slight odor. It is more expensive than both CFCs and imported DME. It 
appears that it comes from Singapore through Hong Kong, but with a country of origin of either the 
Persian Gulf or Europe. Return of the empty transport cylinders long distances through various hands 
makes this option more expensive than imported DME, which originated from Taiwan. 

Even if direct import were arranged, the distance is very great, and HAPs is very expensive to 
insure and transport, and the cylinders must be returned, Because of the distance, our storage would have 
to be very large, with a huge investment in "isocontainers" to transport it. The following calculations 
from Zhongshan study on the importation of HAPs are cited: 

l) 35,000,000 units at an average of 80 grams per can (hair spray uses much more, but 
mousse much less and this would be our average) is 2,800 tons of hydrocarbon per year. 

2) Based on 3 turnarounds per year (a realistic average based on shipments from the USA 
or Europe), use of HAPs would require the purchase of 78 "isocontainers" of 12 tons 
capacity, at about $45,000.00 each, an investment of $3,510,000.00. 

3) One month storage at the plant requires 233 tons or approximately 432,000 liters, which 
would require, under Chinese law, a huge safety system in the rank farm area, and an 
investment of another $2,000,000.00. 

4) Both of these investments would become obsolete and largely unrecoverable as soon as 
propellant production begins in the southern region. 
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ANNEX 1 
Page 2 

5) Taking into account the need to amortize this direct investment, plus the cost of the HAPs 
from the USA or Europe, plus ocean freight and insurance, customs agents, local 
stevedores, local freight and insurance, and all of the associated costs with the return of 
the isocontainers, plus a large administrative factor would amount to a cost as high for 
HAPs or higher than the imported DME figures. Trade with nearby area is done in small 
almost daily freighter where stevedore costs and custom agent charges are much less, and 
customs agents charges also. 

6) Even if Zhongshan were able to reduce the cost of importing HAPs, this option would 
not allow the company to be competitive with the other filling centers. 

7) Given the known risk of obsolescence of this type of investment, neither the company nor 
the provincial government would approve it. 
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List of Investment Costs 
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Unit, US.$000.00 

Item of Engineering or expense Total 

Civil works I 

Civil construction 370 
" 

Pub lie: utl Li ties 

Water, elec:tric:i ty, Compressed air 180 

Conversion of aerosol filling system 

3 sets of auto-filling tines 812 

2 sets of filling machines 155 

Liquid product formulating 

Tanks for storage 38 

Tanks for formulating 21 

Measuring, filtering app Li ances, etc. 15 

DME storage station 

Main equipment, pipes, electric 
490 

apparatus 

Conveying system, lnstruments,valves 207 

Transportation appliance 

Cy Linder transporting truck (3) 57 

Fork truck (2) 40 

Crane (2) 10 

Cargo truck (2) 11 

Lab QC Apparatus * -
Corrosion test & auxiliary 

90 
instruments 

Other quality test instruments 21 



8 Safety facilities 

Safety equipment 

Water spray system 

Transportation expenses for 
9 

equipment i111por t 

Overseas transportation 

Domestic transportation 

l 0 Installation & Colllll!issioning 

Installation 

Collll!lissioning by foreign experts 

Running test & training . 

l l Engineering Costs 

Design & Technical Assistance 

Project management 

Sub-total 

1 2 Other costs 

Floating rate 5% 

Unpredicted expense 10% 

Total 

183 

72 

48 

22 

261.3 

60 

58 

50 

55 

3332.3 

166.6 

333.2 

383 2. l 

ANNEX2 
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* The filling center will provide service for many small 

enterprises, 

capacity. 

the product varieties are very much with small 

The quality control for material before and after 

propellant filling is very important. □ME water formulation will 

cause special corrosion issues on the can wall, therefore the lab 

QC apparatus and corrosion test instrwnent are necessary. 
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CALCULATION OF INCREMENTAL OPERATING BENEFIT 

Annual incremental benefits of using DME as substitute for CFCs are calculated as follows: 

Zhongshan Company's own product: 

(I) Hair Sprays, 10,000,000 cans per year. 

Base line 
Project 

US$0.593/can (see appendix B-1) 
US$0.560/can 

Incremental benefits= IO,OOO,OOOx(0.560-0.593) 

(2) Air Fresheners, 10,000,000 cans per year 

Base line 
Project 

US$0.477/can 
US$0.456/can 

Incremental benefits = 10,000, OOOx(O .456-0 .4 77) 

Filling service for small enterprises: 1 

(3) Hair Sprays, 7,500,000 cans per year enterprises. 

Base line 
Project 

US$0.593/can 
US$0.560/can 

Incremental benefits = 7,500, OOOx(O. 560-0 .593 )x 1/3 

(4) Air Fresheners, 7,500,000 cans per year. 

Base line 
Project 

US$0.477/can 
US$0.456/can 

Incremental benefits= 7 ,500,000x(0.456-0.4 77)x l /3 

Total incremental benefits 

US$-330,000 

US$-210,000 

US$- 82,500 

US$- 52.500 

US$675,000 

Net present value for the incremental benefit of US$675,000 discounted at 10% for four years 
is US$2,139,075. 

The benefits derived from filling service for small enterprises will be splitting between Zhongshan 
and the small enterprises at 1/3 to Zhongshan and 2/3 to the small enterprises. 



Benefits Estimation For Aerosol Products 
Us1ng DME as CFC Alternative 

Compirlslon of Hairspray Formula. 

Formula with CFC 

Name of Unit price of 
raw material 

Composition Quantity 
used 

Cost 

ANNEX3 
Page2 

raw material < US.$ .,-kg) (%) (g/can) (US.$/can) 

ES-22 12. 82 7.00 20. 51 o. 263 

AMP-95 6.84 0.30 0.88 o. 006 

Ethanol o. 58 52. 40 153.53 o. 089 

Others 48.89 0.30 0.88 0.043 

CFC l. 64 40.00 ll 7. 20 o. 19 2 

Total 100.00 293.00 0.593 

Formula with DME 

Name of Unit price of 
raw material 

Composition Q11an t l ty 
used 

Cost 

raw material < US,$ .,-kg) (%) (g/can) <US$ /Can) 

ES-22 12. 82 7.70 I 9. 48 0. 250 

AMP-95 6.84 0. 33 0.83 0.006 

Ethanol 0.58 56.34 142. 54 o. 083 

Others 48. 89 o. 33 0.83 0.041 

Corrossion 
resistant 42. 9 l 0.30 o. 76 0.033 
material 

OME l. 6 I 35.00 88.55 0. 14 2 

Price di ff e-
rence of 0.005 
valve gasket . 

Total 100.00 253.00 0.560 

By comparision, expense of formula with DME is lower than 

that of CFC by 0.593-0.560=US$0.033 per can. 



Formula of Air Freshener A!'mEX 3 
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Formula with CFC 

Name of Unit price of Composition Quantity Cost 
raw material used 

raw material (US.$/kg) (¾) (g/can) (US,$/can) 

Fragrance 
38.46 1. 35 3.89 0. 150 

essence 

Ethanol 0.58 51. 65 148. 75 0.086 

Others 2. 56 7.00 20. 16 0.052 

CFC 1. 64 40.00 115. 20 0. 189 

Total 100. 00 288.00 0.477 

Formula with DME 

Name of Unit price of Composition Quantity Cost 
raw material used 

raw material <US$ .,rkg) (¾) (g/can) (US$/can) 

Fragrance 
38.46 1. 50 3.78 o. 145 

essence 

Ethanol 0.58 55.50 139.86 0.081 

Others 2.56 7.70 l 9. 40 0.050 

Corrosion 
resistant 42. 91 0.30 0.76 o. 033 
material 

DME l. 6 l 35.00 88. 20 0. 14 2 

Price 
difference o, 0. 005 
valve gasket 

Total 100 25 2. 00 0.456 

By comparision, the cost of formula with DME is lower than 

that of CFC by 0.477-0.456,=US,$0.021 per can. 

The capacities of the above hairspray and air freshener are 

both 300ml. By tLsing D~ as the composition instead of CFC, 

averagely US.$0.027 will be saved for each can, 

c 0. 033 +-0. 02[)+ 2=US$ 0. 027 

, 



PROJECT ACCOMPLISHMENT SCHEDULE 

Pre llalnary Period ( Month) Construction Period (Month) 
TASK 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 IS 1, 17 13 I! 20 21 . 22 23 24 

Feasibility study 

Project justification 

and approva I 

Equipment purchase 
negotiation & Technical 
exchange 

Contract for Imported ,__ 
equipment purchase 

Preliminary design 

Construction design 
for li~ckshop and 
equipment 

Building construction 
& Equipment purchase & 
manufacture 

Equipment inslnllatlon 

& Personnel training 

Adj us tmen t & 

Commissioning 

Ii 
.... ;.< 

""' 
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Mr. Don Br...,.. 
Ms. Heleo Chan - EUIE Olocm A-7102) 1.AZ: 202-477-1273 
Operation& - la.duacry • laaqy (Aa:l.a) 
THE IIORLD 11AH1: / IPC / M.I.~.A. 
WUh1ugtou. D.C. 20433 

Dear Mr. BrOVA i K,i. Clla11: 

Thaok you for recua.illg our ••nicea 1n tbe d-e-capt:l.ODM •tc.r. 1 lurra 
carefully reviwed cha l.U.cl 31...p-,. r-,ona, a 11114 nllat•c:i.&1 q:rt• II: 
111.i;h ,;be adjacUval alMI -r:l.cal pi-eeat:&t.iou. Ae a i--ic, I ••• no paz­
auaaive or aubataat:1.•• rea■oll to <i&II)' tbe reci.••t•d tu:ooU.na. 

Ihu:a are a fev arau vl:i•"'• cha report wff•n • b:l.t :fr- oalH:loa, end •­
of tbe•e 1.nvolve vary recmu: acc1Yit1•• t•t aa, aot be 1-1:111 a-1•41• u 
yet;, They do uot alter tll• bp:l.c cllruac ad enclua1na of clla :report, but 
ahould be considered by ch• appropriac:l.oaa -1.ttee for i:lu4I ~ac ._.. 
3ecc. I would 1111:.a i;o rec:l.ta Cb.ail aa foU.-.: 

a. The project ia d.ea:l.ped co pbue .... 1 4,067 'l:OIIDIAB of C::,Ce --• .. Jly • by 
raplacillg tha&e p~•llat• vif:h ?tae:tll:,1 •Cher (111:B). 

Th.a Guanadoq Prov:i.ace coll.ll\la&d 3,620 c-• of C7C .f..11 1,,2. 
Tha uuinh:i.bited crortb rat.• c:,f 

1991 
19'2 
151513 
1994 
199.5 
1996 

C7C UN. for aeroaola ir OIi rr 1•-a u, 
z.6lfl t:Olllle• 
3,620 c-• (31.ll. of P.I.,• 
,,,r.a t-• 
6,41& , __ 
7 •. 510 t-• 
1,17] c-... 

• l'h• proJect:Loaa -•- GI,, s•na cn.,..Ciaa 
VCNld r~n et.ac.t.c at 37.21 ot P,a.c:IIDI.. 

Tha Um• for projecc coo,plat:1.on :le erc:laaced ac cw.. yea-a, ff ai.d-15196. 

1. 

It follow• cbat: llll:I c:-1.d cb.•n replaa 4,CNl7 t:-• of Cl!Ca, or eb-t: 46.411 
0£ che projaccad C.-Sdoaa lrnillc:• Cl"C requir-ta at e:llac r.ltl&. ?Id.• 
vou.l.d raqw.re aoet of t:h• GIIIA1:11d011C C:,,: c--r• to re 1a U cue_.._ 

There may be a c011Cenl that Zhoq.tllu Hae Chem.cal Il!Aaatri.111 JJJutu, • CIiia 
most eonspicuoue pn■eut ere cov.-r, lliehC It.ave pref•ZTN ace••• co 1-
"""" ll!IE. '""4 chua - ecoiao,u.c ad••tac• -•" the 57 -- -11.H' fill.ew ill 
t:he Prov1nca, 'th••• filler■ vnld b- co continue Hll~ug. 
't'ha ,nitar baa a leccer tr- uatu (al.so iu Gv.au1d.olc) fta&iq CMS• l 
unil: product:100. ill P.I., of CKIKA viJ,l. tacr■ue tr- 211 ..ClUOJl in 19ff • 
&t: la.aat 500 Jrd.ll.1011 :La 1991... 12t.1• lt.a:raoa:k•• w.ttb. cb.a _..,. cmmaa• tty w. 

b. The amount of mo: bal:Mlle4 in S..&all'loas _,.14 be e4ld....ia-t t:o 4,067 t:rAII-• 
of CfC, or 2,800 tctlllle■ of b;ydrocann (IAP) per yaar. 1 do noc aee-, 
figure for ch• propoeed oucput: of tile accul lllt:B -c•n.al. 
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The out:puc is pre-4 to be I.A i;lle .-.r&l UH of 3,504I c- par,--. 

Conaidar:1.0.1 t:be hair spray - b:, fu a. brsHC co-ci& •HHol pn.._ 
111 l'.l.CHINA - prapellanc usqH r ... tna: 

40 to 6.51 ere 
30 Co 6,Sl !Im 

• 20 to 32% BA1' 

If r.ha coar. of tb• propall&11t 11 lda tua tllat of at.....i (ne lllljor Ml-) I 
then ih•T• v:1.11 be & tendeo.c:, to UN - propel.lac. 

Io. North .&aerie& tba 1:1.ac pr:l.c• for BM' is =rr-tl:, fO.W/q. D:l.1c-.. 
are alway• affordu to la&'aer mac_.. 'l'lul propoau o..-c of llill in 
Gu&n1dOI1& Ls listecl &t U.610/kg. ~ - that 1161' (JIDrCII .-.r:1.ca) .u.i 
coac: abov.c 301 u au:h u DKE in 1',l. of CIIIU., allll aciU 1-• w:1.tb ,U111 C"I. 

c. If P.R. of CBINA. plau co purcbua UCl!llt 3,SOO couaea of :i.» 1111 per yw 
frow. Ta.iv&Et, the r1111orc lboul.d indi~ if fa1w.u. bu cbilt -t of 
capa;:::1.t:y availahla. 

Th• "boilerplate cap"ity" of tlla t.l.. llf CIIIA ■tor: .. • ... hr Jl1111 p1- u 
unl<DINI>, but couidariq th• rapid 1"11PfflS"n of ~ uSONl i1Ml111u7 c...,_, 
a suhscantial azcaaa allovld ba trlat•ll ■d - beyond tlle 3,500 t-•• or• 
par year. Thu ,mu.ld al.to pralNMll.lT - froa Tatw., if tlley hpa tllU 
capaciey. In-, ju4l•e11t:, llocll Gv•lll,ll~q ■- TaJ.- llleaU ILav• tll• uil,ity 
to 1111pply ovu 6,000 t:om!.H by 1996. ~ 'fspOrt: 1- -u-t: :irl t:hia -· 

d. The produci:1on loaa of chaicala ... pnp&U.at 1a IIOt cr::1n■aed 111 t:be 
report, czcept co aota that a gruc 1w ol C1C props•)-• is cl.1..-dM!q• 
:l.11to the air by cha older 11&ctlila•• ill 1M1e DY ••t -U.er ur:o■ol U.U,•n• 

l!eca.u•• of i!:a ■xr:r-1.y lush aobeJICJ', aad llOder•t-• liah pxa■-vre, da 
producc1on loas - •-t;l.aaa cal1■.t "ab.r1:alc.a1•" - of - Mt lmowl2, to •• 
lo•••• of II.Ala, and t:o c:ouid■rably em::aad lo•••• of C1'Ca. lrl • ve1l c~l­
led operacion, wi.tb good llllinr:a~ IJf .. N■ra. propeU-11 puapa aud p;l.p&at, 
DME production loHH narqa about: U.I. 'Qlsere uroaol caa 'l' ■ce:l:n n1-o 
ivaly sull -..:a.ta of 11111, the rrot:::tiaa lo•••• ua :na - hi1tasr. 
Cllo.ical l.OHIII ... ,rage about: 2% for WI• NU -.ul 41 fer -1.1 oua. -.II 
of thia is related co ovar-f111;1.na a- ■114 claan-up of -.,11 ■■"lt: after 
C0111J>lecicn of a pro4"cc:Lon run, 

In tb.e bait' IP'C"•Y &IMl air .freebeu.r ~l•• of. Paa•• 16 ... 17 af tJw.. z J c 
there ia no -nt:ion .,f propell&at: los••• •-•r, 1tue CllllliParl•a11& •­
ba.:l.ug made,~ 1.,•••• will occ"r for b..cll. CFC,...... 1ldE f1Jl1ns~, cha sl"-9: 
becomes differential, ad vou.ld act co dacna•• r:ka diff..-..ce ot abou.t 
$0.03 l'•r c:an co lsetvHn ,0.01 to ,0.02 per c:an - dep rM•• -ipoa tile ..._.. 
acceristic11 of the procl.uc:cioo puap•, pipilrt &Dd cb■ r!PJIC ••■1,-nt. 

e. lt :I.a pruuaea eh&~ tl\a purity of tlla Tai- DI« -,can.al. :I.a.._ -11 'II I 
and found acc:eptabl•; •. g. HHDt:i.U.,, free of -tla-1, -••r aaatl M 7 7 a 
chem.1.cals. It :I.• ...,ud ch&c pura llDI bAa & cham.c:el. (atlla'll'-1) oc1- C-.. :ta 
many i:illlu atroager tllA chat of purl.tied Bil•, 01: cn>ly •l;f.ahtly _.,, '111111& 
CFC-ll. 
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f. re i• naced c.11.tn: llKI bu J11•c oa• pz 1r10, 4.41 q/-3 u 21.l"C. a...._ 
other haa.d, the BAI' au:tw:ae cu. bPa pnani-•• raap:oa Ina 1.17 to 7.• 
!<sl=i at: 21.l •e. All a ranlc. lllG -,, b• cvatra-iwl•u.:.4 toi- cei-t:&:1.a 
products, si111:a u uti-perniruta. 

In soma cas,u; th• IIHU&Ce to high pHUIU/a of l:INI 11&7 H --•ratacl by -­
:1.ng it :ui c:onjunct:1.MI 1':l.t:h cercai:D oelwr Pft!P<allaata, or fltll aolvaata. 'Dita 
fo:cmilac1om approach. will "1:e1l4 iC• -,plle&t:1.cn:i.e 1...nat. 

g. Bacauu it 1• soluble :in borb oil■.,.. -t■r, XJIGl ill ,.. JI:, IIOt & ..... 
propeUIIIlt choice for foaa 111■1:w. RCII u -•• MM1 ...,,_ ff- ffl I I Cit, 
hc:ept.1.one aa.iac, 1N1. .... ral c:i-.., ..ca DIS •7 k ........ - !.e S • 
111 1:ha ca•• of l!A11a. tb1.il i.s 4ua i:o NlTct vapor dapr-~ aftacca. 

Wat:ar--n&&ad produce,, fl1'Cb u villAlw cl-re. acuc:bea, forte fiatai... 
oveu c:banere, cU,aiufecc.u:c:/cl.aodor1111.c cl-re u.c1 -n a:&r fl'a..._n •-• 

upon th• creat:I.0111 of a cop 1.a,,r of 1nao111bh a.t:P oo CM -.r-baull , IL z r­
rate. Thea• ptoclucU will lllOt fu11etLclll pnpatl.J' ,r.l,tlt. • ,nana- it: :I.a -1-
ubla in th••• cODCfttrat••· 

1:1. A lll&jor Joiut VGtur• (JV) ha.• Ill•• fi111N 1>, cb.rN pazcua, :b1eli1l•a1 -
acaca-ow-o.ad Ziu Dcvelopuaut Coapu,- (~►•a>•◄ }, 1fb:l.cil rill. ut ta pl&c• • wjwa 
hyd:roc&rl>on purtt1e&Ct01l plallt 111 Cb.a hdoq NCCOr of Ra•naMt - - S -· 
from d.oclt-stda. '!:ll• au.tpuc o.f ch1a tad.U1:7 rill k adaa4 \•c-• "IDd. pr..-, 
or bl•lld•, which .nll h&Ye purtties u4 var, low o4tta tull1 CG111Nrul• to CM 
beat product ot llorth Al&&ll"ic.& &114 Veet:•ftl l&rapa. 

the availability of elldl BAI' -tuula :in Guuadoq 111117 " c...Ut:1.-1 -
the uHd.t af che geaarlll. S'ullplil,/.l2aj:l.a ea ,politaa area•, die &llil.t.t1' co ...., 
deodorized produ,;c by i•o--coau:l.nere by -• or the al>iUt:r co all.ip d........_. 
or slichcly reodorts•d (7 PP11 -rcapt.,.) prod,aet by railro.til. tile pla& flll. 
lie operectoual iu late 1995. 

i.. the :ceporc (Paa• 6) 111111.cacea cb&c die "bua• lldaty .,.,c_. nqu:t:.i ,.,. • 
liAl' atorage of 233 tOD'IIH - or 432,000 ltc•n - -14 oon U,II00,000 11 I w 
Ch1ueae l.av, I11 the 11.S. chia wouU e,ra.ace to tlle llaa of IOU' 120,000 lic.s 
(32,00 U.S.Gallau) acalMIN.'d bon.eoatel acaraa• t&alUI, plaou in• ••ztll 
c.uch-basin ax•& chac te eleo f1tte4 ncll iac<tU:l.ve epzq "-•r 1:11111101a" .... • 

tl-1>le 1•• •11c0Md.c aeu:l.q e,u-. Ua&117, tu none• - aboul.cl M 
fenced, kepc tr•• of plaut sr-ell or 01:b.er ,....,.til>laa, aarlli ,..:l.ti.ODM &I'~ 
16 11 from che nearest pr111p•~ line, rNil, pach or oeur w1ll1-. Tb• • I 15 
11ysi:em alone vould not uo?9■117 a;c■e4 tJJ0,000 111 cost., if 1:Uc:al.lecl i.a .. • 
Ameri.c.a. ---------
Thill complere. cha 111nocluc:tary •~ a c,....UUT• 1'll:ftllla11 id,-~ 
will nov b• praaeut:a4 Uti<I& tile Oz- 0,.l'&CilllllJ .. -,eu C~ (OOIG) le 
Technical OpiD.ion :fomce. •• racaive4 f- •• Cena Jlard:1.m fer 11:td.e pa::; • 

o,o.LO. lliail:u:& l&ttai ... OIPDIIII 

t.a.mIM - mr:n·r .111•••~~ 

~ Tha proj•ci uMei- l'n.icv conr, Ch a,ralopMD.t ._ taclllll!oloa fol" 
c:he just1l:icac1n of. r-,1&11-u of CIC propall.&llt• in • -.,ar net.or of 
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the P.R. of CB:I!IA. TIie alCHAn1•• et, t l SJ mur l"M•Ue Um ie th 
inau.llat:ion of a fully protec:Ct.d 1toraae ana for r:be 4111111J11 1• o, 11 Sa• 
ath8r (IIME) propeU,...t, &ad !!he upgra4ina of f.-iliti•• to llallla !!Ilia fl.ll -~ 
able liquif1e.d gu durill& tl!A cher1111& of -o•ol diepenaere. lalated coece 
deal Vi.th ,aafacy •'lldpaaa.t, ualyt:ical r~u. -rur t:niadng a1llll N 
forth. 

lh• p1:apo■ed proj ecc :I.a ful.1,J IIUfllOl'tAl<l, -■ 11irosr- 1'11■ ¥ 
be rel.&cively ea.y to put into ;Lapl-Ud.OG n clae auie of CM Zlwnl&ltlla 
Fina Chelll1cal I'Adunr;l.al. Lialce4 c1111p11111'• alreadJ' <llnDIIS.'" Janise :La c. 
oaora1• and uc:Uuatioo of aeroaol propellaate. Addir4cmeJ170 'Clle i:eclllloi..,, 
for h&D.dliDg potentiall7 fl-1Jl• ••r-1pr.,.11-r:11• wall llallwn tot.,__ 
as well as rac:her fully io~ced ia m r w.i cecllll1cal a:rticla9, tDduCJ:J 
rac:.ommendac;Lon■ end :r:egalaciou wrlclv!II., SpecU;\a apart• - wd.l.dl■ C. 
Zboqab.an upon chair raq,aeec. 

a..c-ndat10DJ1 for further ■tu47 or cm.U•racioa are pr .... ell U cu J.• I 
uccory comancazy. Bovever, cb■y do n.oc lllti1ete, or detract lfta, UI u JI 
ability of rh• pre•eac report. 

UL'l.'f'UCB AIIII >1119Wl "II ~ l'lla Womatfa i• juq .. t::IJ 
be subscanciall.y CCllllll•t• !Aid ccmprttll.au;l-. lt i■ pedKtly rel.n-t: to tllroa 
propoaed project &Ad p■rauae:l.vely q-pee for apprcw&l, 

Upon c0111pletion, cha 58 u:roeol f:l.ll1re ia Cl•enp-.q 1'r,rr,uace - i:epi-••ASUIIII 
&bouc 37% of the P.11.. of CBilllA total HHttOl illllu•tJT at ti.is UM - -U ...,_ 
a c:hoic■ batweeu u■ing diaachyl acbar (]ml) aa4 c&rbCtA diCIIWle (CO,.) guaa • 
aerosol propall&llts. Tla■r• vould 'be a -11 acoa.am.e :l.n_U,ff foz fillen 1\:19 
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China's Response to MPEC Recommendations 
Six Domestic Refrigerator Sector Projects 

Action : Permission to Proceed granted at the 12th Meeting of the Executive Committee for: 

Shanghai Refrigerator Compressor Co. Ud. 
Shanghai Shangling General Refrigerator Factory 

Hua Yi Electrical Appliance General Co. 
Shanghai Shanglu Electrica Appliances Co. Ltd. 

Wanbao Electric Appliance Industrial Corp. 
Chang Ling (Group) Co. Ltd. 

Recommendation 1: Refrigerator Sector Strategy 

"'/he [six] projects would form the basis for a sectoral strategy to phaseout CFCs in ·some 86 
related enterprises/lines in China. '/he strategy should include phase-out of CFCs in insulating foam" 

China's refrigerator subsector is a huge industry, comparable to those in the US and Europe, but 
with a variety of technologies introduced from many different countries (US, Japan, Germany, Italy, 
etc.). China attaches key imponance to the selection of proper technical directions for the sector in order 
to eliminate ODS use economically and effectively. While China recognizes that one or two of the 
technologies being adopted in the six projects may turn out to be transitional because of associated 
implementations costs, the country notes that the six projects will provide key infonnation to address 
selection of optimal technologies and will reduce the total cost for eliminating CFC use in the 
manufacture of its refrigerators. 

Three basic technologies are considered in the six projects included in China's demonstration 
program. 

HFC134a- an internationally popular fully non-OD P technology which requires redesign of the 
compressor, thus increasing the operational cost for proper implementation. The costs associated with 
this change must be carefully defined. 

Blends- a transitional approach to quickly reduce consumption of ODS without the necessity of 
redesigning the compressor. Investment and operational costs appear to be the lowest with this technology 
This technology will also have applications in the maintenance of older model refrigerators, thus reducing 
obsolescence costs. • 

HFC I 52a- a non-ODP approach which shares some of the characteristics of Blends but one where 
the refrigerant must be treated as a flammable substance. China has commercial quantities of HFC152a 
available for use thus relieving supply concerns associated with Blends and HFCI34a. Compressors do 
not require redesign. The costs and implications of adopting this technology require demonstration in 
China. 



China has decided to implement the six projects based on Chinese realities as well as international 
development trends AND the "China National Plan" (i.e., country program). They are presented as 
demonstration projects to fully define technical AND cost issues associated with each program in 
preparation for the dissemination of technology and recommendations to all other (approx. 80) enterprises 
in the secwr. These projects are an integral part of the refrigerator sector strategy, a draft of which is 
currently being reviewed by government institutions and international and domestic experts. The sector 
strategy also includes plans, criteria and priorities for the phaseout of CFCs in foams used to insulate 
refrigerators. and the configuration of the refrigerator service network for accommodating various types 
of refrigerants. Particular attention is given in the strategy to identifying and implementing cost effective 
solutions within the context of Chinese conditions. 

Recommendation 2: Testing Equipment 

"Testing of appliances must be rationalized. Either the testing equipment requested in those 
projects should be used for other enterprises or centralized centers should be established within four or 
jive existing R&D institutes" 

The testing equipment requested for support of the six projects is considered to be the minimum 
essential requirement for meeting project objectives. Cost estimates for calorimeters at '"Shanghai 
Compressor and Shangling Refrigerator have been reduced from $200,000 to $100,000 each to reflect 
current expectations of competitive prices. 

In general, there are two types of testing requirements: l) production control- for sustaining safe 
operation and identifying refrigerant leakage conditions, and 2) data gathering- for collection of the 
necessary developmental information on equipment performance of new (i.e., non-CFC) models. 
Production control testing is considered to be essential for each enterprise in all current and future 
refrigerator projects. Data gathering equipment, however, will only be needed in China during the 
implementation of the six projects, provided regional testing facilities become operational. Consequently, 
the only adjustment in the six projects as originally submitted is a 50 % reduction in the estimated cost 
($200,000) of the two calorimeters required to support the Shanghai Compressor and Shangling 
Refrigerator projects. 

For future projects, the sector strategy includes the establishment of several regional testing 
facilities to support the sector enterprises during their transition to non-CFC technologies. Consideration 
will be given to transferring data-gathering equipment from the six enterprises to the regional facilities 
when such equipment is no longer needed to support their non-CFC development programs. 

Recommendation 3: Incremental Operating Costs 

"Incremental operating costs of the six projects should be accurately estimated" 

The incremental operating cost estimates included in the six projects were based on current 
projections of unit cost increases at each enterprise and the forecast annual production during the first full 
year of project implementation. These annualized costs were discounted at 10% for the succeeding three 
years. A request for funding of incremental operating costs was not included in the OTF grant request 
for two reasons: I) operating data from the six projects will be necessary to accurately estimate such costs, 
and 2) the guidelines for calculation of such cost~ are currently under review by MPEC. The most 
accurate estimates of such costs, based on a current understanding of the cost structure in China and 
MPEC guidelines, are those included in the six projects. 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

PROJECT COVER SHEET 

COUNTRY 

SECTORS COVERED 

ODS CONSUMPTION IN 
AFFECTED SECTOR 

The People's Republic of China 

Domestic Refrigeration 

3300 MT CFC-I I (1991) 
1500 MT CFC-12 (1991) 

PROJECT TITLE Application development for conversion of compressor 
manufacturing to HFC-l34a rotary compressor designs. 

PROJECT DURATION 

PROJECT IMPACT 

PROJECT BUDGET 

2 years 

Indirect • lOO MT CFC-12 

Incremental Capital Cost • Phase I 
Incremental Capital Cost • Phase 2 
lnctemental Operating Cost 
Total Project Cost 

PROPOSED OTF GRANT' $1,400,000 

$ 1,130,000 
$ 230,000 
$ 0 
$ 1,360,000 

IMPLEMENTING ENTERPRISE Shanghai Refrigerator Compressor Co. Ltd. 

IMPLEMENTING AGENCY The World Bank 

NATIONAL COORDINATING 
AGENCY National Environmental Protection Agency (NEPA) 

PROJECT SUMMARY 
This project will result in the annual production of up to 500,000 high efficiency rotary HFCl34a 
compressors to supply the needs of the Shanghai Shangling General Refrigeration Factory and others 
as they introduce HFCl34a refrigerant into their line of refrigerators. Technology will be obtained 
from Mitsubishi (Japan) under the terms of an existing technology transfer agreement. In Phase 1 of 
the project, detailed engineering, product development and lab and field testing of 1000 units produced 
under factory conditions. will be conducted to define firm project scope and costs for full conversion 
of the factory output to HFC134a refrigerant during Phase 2. The results of Phase I will be compared 
with similar projects using alternative refrigerants before proceeding with Phase 2. Net incremental 
operating costs for the conversion will be defined during Phase 2 and presented in a separate Phase 3 
project at a future date. A separate project will be defined for replacement of CFCs used in 
refrigerator insulating foam, pending definition of the best available technology. 

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported by the OORG 
technical reviewer, Martien Janssen. His comments are attached together with supplementary 
information pertaining to the review. 

The OTF grant ts based en 100% Chinese ownership and includes a 3?. financial agcru fee. A 15% conungcncy is inc1ude<1 
ln the cStimates of incremental capital to:;ts. • ' 
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PROJECT OBJECTIVES 

The objective of this project ts to provide an indigenous source of Mi<Subishi HFC134a rotary compressors for 
use with new model refrigerarors based on HFC!34a refrigerant at Shanghai Shangling General Refrigerator 
Factory. 

SECTOR BACKGROUND 

I 

Table•! 

CHINA • ODS Consumption in Domestic Refrigeration, 1992 

{metric tons) 

CFC-II 

Insulating Foam - New Refrigerators 4600 

Refrigerant - New Refrigerators 

Refrigerant - Service Old Refrigerators 

Total - Domestic Refrigeration I 4600 I 

CFC-12 

-

950 

500 

1450 

In 1992, the Chinese domesric refrigeration secror consumed 6050 MT CFCs, 11 % of the total CFC 
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the 
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175 
grams CFC-12 refrigerant. new refrigerators accounted for a total of 5550 MT CFC usage. The remaining 
500MT in the sector replaced refrigerant in the fleet of existing CFCl2 refrigerators during servicing 
operations,. 

At present. there are over 70 production lines for refrigerators in China with an annual capacicy of 12 million 
units annually. In addition, there are 16 production lines for compressors with an annual capacity of 16 million 
units. Refrigerator production capacity utilization has been slighly below 50% . Actual production of new 
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase 
8 % per year as economic conditions continue to improve and consumers acquire additional discretionary 
income, Currently. only 13 % of housholds in China have a conventional refrigerator. A total of 39 million 
uni<S are estimated to have been in service aJ the beginning of 1993. Refrigerat0r life averages about 20-25 
years during which refrigerant is replaced every eight years. 

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non­
ODS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining 

I 

energy efficiency and overall mechanical perfonnance. The National Strategy as defined in the China Country 
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional 
substitute technologies will be evaluated in ,he medium tenn (1997-2000) and fully non-ODS ,echnologies 
defined in the long term. Starting in 1994, a comprehensive program for refrigerant selection will be carried our 
in a series of applications development projecrs using <he leading candidate refrigerants - HFC-l34a; HFC-l52a 
; Blends. These projects are summarized in the following table: 
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Table 2 

Projects included ln China Refrigerant Program 

Refrigerant Compressor Technology Prod. Capacity 
Source (units/yr) 

Shangling HFC-l34a Rotary Mitsubishi 500.000 

Hua Yi HFC-134a Reciprocating Kirby 300,000 

Shanglu Ternary Blend Reciprocating DuPont 400,000 

Chang Ling Binary Blend Reciprocating Chang Ling 400,000 

Wanbao HFC-!52a Reciprocating Wanbao 400,000 

1 JJte: tunary ~lenas are m1,;Nre:s 01 ttr ...... 1:>La a,m ·n .... r...,.;..c.; .lerruuy tsleuus a1so mctuae: H.Lb._L.:4 

While HFC-l 34a has been the leading candidate refrigerant in developed countries, China does noc have 
available capacity for production of HFC-134a. associated polyolester lubricant and dessicant and would need 
to import substantial quantities of these costly ingredients to sustain production. The net incremental operating 
cost to China for these impom is estimated to be US$50-l00 million at current market prices. Less costly 
refrigerant options would be HFC-152a. which is produced in China, and binary and ternary blends, most of 
which could be blended domestically using imported HCFC124 if necessary. As HFC-IS2a based refrigerants 
use lubricants closely related to those currently used for CFC-12 further potential savings are possible. 
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes 
available. 

The development program is designed to obtain actual data upon which to identify the best technology mix with 
which to ach,eve a complete ODS phaseout by the year 2000. considering all issues and parameters including 
adoption of safety standards for tlammable refrigerants and establishing indigenous capacity for new 
refrigerants. lubricants. and blowing agents. 

ENTERPRISE BACKGROUND 

The Shanghai Refrigerator Compressor Co. Ltd (SRC) factory is located in Shanghai and suppltes a variety of 
refrigerator compressors to Shanghai Shangling Refrigerator Co. Ltd .. China Industry Co. Ltd .. Shanghai 
Shanglu Electrical Appliances Co. Ltd .. and Beijing Xue Hua Electrical Appliances Group. In 1993. 550.000 
compressors were produced (Table 3). about 10% of China's total requirement. 

SRC has 2600 employees including 260 professional engineers. In addition to refrigerator compressors, SRC 
also makes air conditioning compressors and other refrigerating equipment. 
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Table 3 
Actual and Forecast Refrigerator Compressor Production at Shanghai Refrigerator Compressor Co. 

I I Actual I Forecast I 
Year 90 91 92 93 94 95 96 97 

Compressors 350 420 470 550 800 850 950 1100 
Produced 
(000 Units) 

PROJECT DESCRIPTION. 

The project will convert manufacturing of domestic refrigeramr compressor manufacture from CFC 12 designs 
to an newly developed rotary compressor suited to HFC134a refrigerant at Shanghai Refrigerator Compressor 
Co. 
The project will be conducted in 2 Phases. 

Phase I Engineering. product development and testing under local conditions to integrate new 
Mitsubishi technology and to eStabhsh basic data for full conversion of the factory to make the new rotary 
compressors. 

Phase II Full conversion of the SRC factory to Mitsubishi HFC l34a rotary compressor designs. 

JUSTlF1CATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY: 

HFCl34a has been accepted worldwide as the principal replacement for CFC12 refrigerant in domestic 
refrigerators. Its thermodynamic properties are similar to CFCl2, it ls non-flammable, non-toxic, and has a zero 
ODP. SRC's program to conven their manufacmring facility to HFC134a designs, with the assistance of 
MitsubishL has made it the leading candidate for cominued development of this 1echnology. 

PROJECT COST 

The total proJeCt cost is estimated to be SI .360.000 including a 15% contingency to cover supplemental scope 
development as the project matures. price escalation.currency fluctuations, and other unforseen cosrs. 
A breakdown of incrementai capilal costs included in the OTF grant request is given in Annex A. 

INCREMENTAL OPERATING COST 

Incremental operating costs will be defined in Phase 2 of this project. An order of magnitude estimate of these 
costs is USS2.000.000 for the first four years of operation. discounted at 10%. If these com are passed on to 
the users of SRC compressors. the net incremental operating costs for OTF fund will be negligible 

UNIT ABATEMENT COST (UAB) 

Not appiicable to compressors manufacture as CFC phaseout is determined to be as a resutt of appliance 
manufacture. 

PROPOSED OTF GRANT 

The proposed OTF grant request is USSl .400.000 is based on 100% Chinese ownershhip of Shanghai 
Rdflgerawr Compressor Co. Ltd. and covers the incremental capital costs for Phases t and 2 of the project . 
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including a 15 % contingency cost and a 3 % fee for the financial agent administering the project. 

FINANCIAL AND ECONOMICAL ANALYSIS: 
Economic Rate of Return (ERR) 

TI1e ERR for the project will be determined during project appraisal. 

Financial Rate of Return (FRR) 

The FFR for the project will be determined during project appraisal. 

Financial status of the enterprise 

To be completed at appraisal 

Financing plan 

To be completed at the appraisal 

PROJECT IMPLEMENTATION 

Project Schedule 

The project implementation schedule is presented in Annex B. 
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Annex A 

SHANGHAI REFRIGERATOR COMPRESSOR 
PROJECT COST SUMMARY 

CAPITAL COSTS 
US$ 

Technology Transfer Fee 475 

Calorimeter 200 

Noise and Vibration Sensors & Instruments 50 

Data Logger 180 

Components for 1000 Compressors 35 
(@ US$35 per compressor) 

Training of Technicians in Japan 20 

Foreign Consultations 20 

SUB-TOTAL 980 

Phase I I 

Oil Charging System 

Operator Training at SRC 

Installation and Commissioning 

SUB-TOTAL 

Contingency (15%) 

TOTAL CAPITAL COSTS 

150 

30 

20 

200 

180 

1,360 
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Annex B 

SHANGHAI REFRIGERATOR COMPRESSOR 
IMPLEMENTATION SCHEDULE2 

From To 

Phase I 

Purchase Equipment for Test Manufacture 1Q94 3Q94 

Modify Production Line for Test Manufacture 1Q94 2Q94 

Train Technical Personnel 1Q94 2Q94 

Make 1000 New Rotary Compressors 2Q94 2Q94 

Test Compressors 3Q94 3Q94 

Prepare Phase 2 Feasibility Study 3Q94 3Q94 

Phase 2 

Purchase and Install New Equipment 3Q94 4Q94 

Train Operators and Mechanics 3Q94 3Q94 

Startup 4Q94 4Q94 

Acheive Full Production Rate 1Q95 lQ98 

Project schedule usumc1- ECMP approval of project dunng IQ')4. 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

PROJECT COVER SHEET 

COUNTRY 

SECTORS COVERED 

ODS CONSUMPTION IN 
AFFECTED SECTOR 

PROJECT TITLE 

PROJECT DURATION 

PROJECT IMPACT 

PROJECT BUDGET 

PROPOSED OTF GRANT' 

IMPLEMENTING ENTERPRISE 

IMPLEMENTING AGENCY 

NATIONAL COORDINATING 
AGENCY 

The People's Republic of China 

Domestic Refrigeration 

3300 MT CFC-11 (199 l) 
1500 MT CFC-12 (1991) 

Engineering Assistance for Conversion of Refrigerator Manufacture to 
HFC-134a refrigerant with Rotary Compressors. 

2 years 

I08MT CFC-12 

Incremental Capital Cost • Phase I 
Incremental Capital Cost • Phase 2 
Incremental Operating Costs 
Total Project Cost 

$1.570,000 

S 920,000 
$ 600,000 

0 
S 1.520,000 

Shanghai Shangling General Refrigerator Factory (SSGRF) 

The World Bank 

National Environmental Protection Agency (NEPA) 

PROJECT SUMMARY 
This project will lead to replacement of CFC-12 refrigerant in household refrigerator$ manufactured 
by Shanghai Shang!ing General Refrigerator Factory with HFC-134a. In Phase I of the project, 
detailed engineering, product development and lab and field testing of 500 units produced under 
factory conditions, will be conducted to define firm project scope and costs for full conversion of the 
factory output to HFCl34a refrigerant during Phase 2. The results of Phase I will be compared with 
similar projects using alternative refrigerants before proceeding with Phase 2. Net incremental 
operating costs for the conversion will be defined during Phase 2 and presented in a separate Phase 3 
project at a future date. A separate project will be defined for replacement of CFCs used in 
refrigerator insulating foam, pending definition of the best available technology. 

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported by the OORG 
technical reviewer, Martien Janssen. His comments are attached together with supplementary 
information pertaining to the review. 

The OTF gram: is based on 100% Chinese ownership and includes a)% financial agent fee. A 15%. contingency is included 
in the cslimates of incrcmcnta\ capital costs. • 
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PRO,IECT OBJECTIVE 

TI1e objective of this project are to establish a phased introduction of proven and useful technology for HFC-
! 34a refrigerant in rotary compressors in China. The results of this project will be evaluated and considered for 
adoption by similar refrigerator operations in China. 

SECTOR BACKGROUND 

I 

Table-1 

CHINA - ODS Consumption in Domestic Refrigeration, 1992 

(metric tons) 

CFC-ll 

Insulating Foam - New Refrigerators 4600 

Refrigerant • New Refrigerators 

Refrigerant - Service Old Refrigerators 

Total - Domestic Refrigeration 
I 

4600 
I 

CFC-12 

-
950 

500 

1450 

In l 992, the Chinese domestic refrigeration secror consumed 6050 MT CFCs, l l % of the total CFC 
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the 
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175 
grams CFC-12 refrigerant, new refrigerators accounted for a total of 5550 MT CFC usage. The remaining 
500MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing 
operations .. 

At present, there are over 70 production lines for refrigerators in China with an annual capacity of I 2 million 
units annually. In addition. there are 16 production lines for compressors with an annual capacity of 16 million 
units. Refrigerator production capacity utilization has been slighly below 50% . Actual production of new 
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase 
8 % per year as economic conditions continue to improve and consumers acquire additional discretionary 
income. Currently. only 13 % of housholds in China have a conventional refrigerator. A total of 39 million 
units are estimated to have been in service at the beginning of 1993. Refrigerator life averages about 20-25 
years during which refrigerant is replaced every eight years. 

I 

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non­
ODS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining 
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country 
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional 
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technologies 
defined in the long term. 

Starting in l994, a comprehensive program for refrigerant selection will be carried out in a series of 
applications development projects using the leading candidate refrigerants - HFC-134a: HFC-l52a: Blends. 
These projec(S arc .summarized in the following table: 
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Table 2 

Projects included in China Refrigerant Program 

Refrigerant Compressor Technology Prod. Capacity 
Source (units/yr) 

Shangling HFC-134a Rotary Mitsubishi 500,000 

Hua Yi HFC-134a Reciprocating Kirby 300,000 

Shanglu Ternary Blend Reciprocating DuPont 400,000 

Chang Ling Binary Blend Reciprocating Chang Ling 400,000 

Wanbao HFC-152a Reciprocating Wanbao 400,000 

ote: ts1nary tH~u ... s are mtxtures: ot ~u..., I J'ta ..,."" ; t¢mary HICuuS lllSO HlCtuuC"" 

While HFC-l34a has been the leading candidate refrigerant in developed countries, China does not have 
available capacity for production of H FC- l 34a , associated polyolester lubricant and dessicant and would need 
to import substantial quantities of these costly ingredients to sustain production. The net incremental operating 
cost to China for these impom is estimated to be USSS0-100 million at current market prices. Less costly 
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of 
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants 
use lubricants closely related to those currently used for CFC-12 further potential savings are possible. 
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes 
available. 

The development program is designed to obtain .actual data upon which to identify the best technology mix with 
which ro achieve a complete ODS phaseout by the year 2000, considering all issues and parameters including 
adoption of safety standards for flammable refrigerants and establishing indigenous capacity for new 
refrigerants, lubricants, and blowing agents. 

ENTERPRISE BACKGROlJNl) 

SSGRF produces refrigerators, air conditioners. microwave ovens and other domestic appliances. The factory is 
located in the Pudong special development area of Shanghai and covers 1? ,000 sq. meters. The locacion entitles 
the company t0 import foreign made components duty free. 

A total of 2600 employees are engaged in refrigerator production on one production line imported from 
Mitsubishi (Japan). The line is capable of producing 500,000 refrigerators annually based on 2 shift operation. 
Eight models are produced with about l % exported. 

In 1992, Shangling produced 11 % of the refrigeracors sold in China. Actual and forecast production are 
illustrated in Table 3 for the period 1990-1997 
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Table 3 
Actual and Forecast Refrigerator Production at SSGRF 

I I Actual I Forecast I 
Year 90 91 92 93 94 95 96 97 

Refrigerators 280 320 360 480 520 600 600 600 
Produced 
(000 Units) 

SSGRF first produced refrigerators designed by Mitsubishi in 1986 and subsequenrly developed its own designs 
based on use of Mitsubishi designed rotary compressors produced by the Shanghai Refrigerator Compressor 
Company(SRCC). Since 1991. SSGRF has been engaged on a collaborative venture with SRCC to produce a 
prototype HFCl34a refrigerator equipped with a rotary compressor. This work has been supported by the Power 
Machinery Engineering Department of Xi'an Jiaotong University. Shanghai Research Institute of General 
Machinery and Shanghai Organic Chemical Research lnstirute. -

Work completed to date includes the following: 
0 Performance and material compatibility testing with HFCl34a in SRCC rotary compressors. 
0 Identification and testing of suitable lubricants 
0 Lab testing of SSGRF refrigerators equipped with the SRCC rotary compressors. 

In March !993, Mitsubishi signed an agreement with SSGRF to support the full development of refrigerator 
circuit designs for 4 refrigerator models (2 CFC and 2 non-CFC models). This agreement includes provision of 
drawings and manufacturing procedures, a parts schedule, assistance with achieving quality control. and testing 
of SSGRF' s test manufactured refrigerator units The agreement includes technology transfer for both CFC and 
non-CFC refrigerators (Annex C). 

PROJECT DESCRIPTION. 

The project will accomplish phaseout of CFC I 2 used as refrigerant in domestic refrigerators produced 
by SSGRF in two phases. 

Phase I Engineering. product development and testing under local conditions 10 establish basic data for 
full conversion to HFC- l 34a and for comparison with results of similar programs using alternative refrigerants, 

Phase II Full conversion of the SSGRF facilities to HFC-l34a refrigerant 

During Phase I. over 500 refrigerators will be produced under factory conditions to prove the viability 
of refrigeram circuit designs provided by Mitsubishi. Testing facilities to be installed at SSGRF will include a 
controlled ambient lest room and a dara acquisition system for monitoring refrigerator performance under test 
conditions. Consultations will be arranged with local and foreign experts to instruct SSGRF engineers and 
technicians in the design. testing and manufacturing procedures for non-CFC refrigerants. At the conclusion of 
Phase I, a feasibility study will be prepared for full conversion of refrigerator manufacturing at SSGRF to the 
use of HFC-l34a refrigerant with a rotary style compressor. Based on the feasibility study results, a detailed 
cost estimate wilt be prepared and project planning will be revised to accornodate Phase I findings before 
commencing with Phase 2, 

Phase 2 will implement the full convemon of SSGRF refrigerator facil,ttes to HFC 134a refrigerant 
over a period of 4 yc-ars 
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JUSTMCATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY 

HFCl34a has been accepted worldwide as the principal replacement for CFCl2 refrigerant in domestic 
refrigerators. Its thermodynamic propenies are similar to CFCl2, it is non-flammable, non-toxic, and has a zero 
ODP. SSGRF's program to develop the use of HFC134a in refrigerators of its design, with the assistance of 
Mitsubishi. has made it the leading candidate for continued development of this technology for comparison wi1h 
other 1echnolgies as defined in the Chirul Country Program. 

PROJECT COST 

The total project cost is estimated to be $1,520,000 including a l5% contingency to cover supplemental scope 
development as the project matures, price escalation, and other unforseen costs. 
A breakdown of incremental capital costs included in the OTF grant request is given in Annex A. 

INCREMENTAL OPERATING COST 

Incremental operating costs will be defined in Phase 2 of this project. An OTF grant request will be made based 
on Phase 2 results. An order of magnitude estimate of these costs is US$3.300,000 for the first four-years of 
operation. discoumed at 10%. 

UNIT ABATEMENT COST (UAB) 

$l3.48 per leg CFC-l2 

PROPOSED OTF GRANT 

The proposed OTF grant request is US$l,570,000 is based on 100% chinese ownershhip of SSGRF and covers 
the incremental capital costs for Phases I and 2 of the project . including a 15 % contingency cost and a 3 % fee 
for the financial agent administering the project. 

FINANCIAL AND ECONOMICAL ANALYSIS: 
Economic Rate of Return (ERR) 

The ERR for the project will be determined during project appraisal. 

Financial Rate of Return (FRR) 

The FFR for the project will be determined during project appraisal. 

Financial status of the enterprise 

To be completed at apprai~ 

Financing plan 

To be completed at the appraisal 

PROJECT IMPLEMENTATION 

Project Schedule 

The project implementation schedule is presented in Annex B. 



- 6 -

Annex A 

SHANGHAI GENERAL REFRIGERATOR FACTORY 
PROJECT COST SUMMARY 

Phase I· 

Controlled Ambient Test Room 

Data Acquisition System 

Technology Transfer Agreement 

Test manufacture 500 Refrigerators 
(@USS 160 per unit) 

Testing of Trial Manufactured Units 

Consulations and Training 

Feasibility Study Preparation 

SUB-TOTAL 

Phase I I 

Refrigerant Charging Machine 

Leak Detectors & Instruments 

SO Vacuum Pumps for In-Line Testing 

Calorimeter for Quality Control 

Sprecial Service Unit for HFC134a Refrigerators 

SUB-TOTAL 

Contingency (15%) 

OTAL INCREMENTAL CAPITAL COST 

(OOOUS$) 

70 

57 

430 

80 

33 

30 

800 

50 

60 

110 

200 

100 

520 

200 

1,520 
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Annex B 

IMPLEMENTATION SCHEDULE' 

From To 

Phase l 

Install Test Room and Data System 3Q94 4Q95 

Train Technicians and Engineers IQ94 2Q94 

Test Manufacture 500 Refrigerators 3Q94 3Q94 

Conduct Lab Tests 4Q94 3Q95 

-
Conduct Field Tests IQ95 3Q95 

Prepare Feasibility Study 2Q95 2Q95 

Phase 2 

Conven Manufacturing to HFC-l34a 4Q95 4Q97 

2 Projl!ct schedule assumes ECMP approval of project during l Q94. 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

PROJECT COVER SHEET 

COUNTRY 

SECTORS COVERED 

ODS CONSUMPTION !N 
AFFECTED SECTOR 

PROJECT TITLE 

PROJECT DURATION 

PROJECT IMPACT 

PROJECT BUDGET 

PROPOSED OTF GRANT' 

IMPLEMENTING ENTERPRISE 

IMPLEMENTING AGENCY 

NATIONAL COORDINATING 
AGENCY 

The People's Republic of China 

Domestic Refrigeration 

3300 MT CFC-I! (1991) 
1500 MT CFC-12 {1991) 

Engineering Assistance for Conversion of Refrigerator Manufacture to 
HFCl34a Refrigerant with Tecumseh designed HFC134a compressors. 

2 years 

60 MT CFC-12 

Incremental Capital Cost - Phase I 
Incremental Capital Cost - Phase 2 
Incremental Operating Cost 
Total Project Cost 

$1,442,000 

S 575,000 
$ 825,000 
$ 0 
$1,400,000 

Hua Yi Electrical Appliance General Company 

The World Bank 

National Environmental Protection Agency (NEPA) 

PROJECT SUMMARY 
This project will convert the existing CFCI2 refrigerator line to HFC!34a refrigerant using new 
reciprocating compressors manufactured by Hua Yi in a new facility. Retroactive financing of Phase 
l of the project (detailed engineering, product development and lab and field testing of 500 units 
produced under factory conditions) is being requested. A firm project scope and detailed costs for full 
conversion of the factory output to HFC134a refrigerant was made at the conclusion of Phase l. Net 
incremental operating coSIS for the conversion will be defined during Phase 2 and presented in a 
separate Phase 3 project at a furore date. A separate project will be defined for replacement of CFCs 
used in refrigerator insulating foam, pending definition of the best available technology. 

TECHNICAL ASSESSMENT:_ This subproject has been reviewed and supported by the OORG 
technical reviewer, Martien Janssen. His comments are attaehed together with supplementary 
information pertaining to the review. 

The OTF grant is based on 100% Chinese ownership and includes .t 3% financial agent lee. A 15% contingency is included 
in the estimates of incremental capital com. ·" 
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PROJECT OBJECTlVES 

The objectives of this project are to establish a phased introduction of technology for use of HFC 134a in 
domestic refrigerators equipped with new reciprocating compressors and produced by Hua Yi. The project will 
develop reliable data for comparison wtth other refrigerant projects . The results of this project will be evaluated 
and considered for adoption by similar refrigerator operations throughout China. 

SECTOR BACKGROUND 

I 

CHINA - ODS Consumption in Domestic Refrigeration, 1992 

(metric tons) 

CFC-l l 

Insulating Foam - New Refrigerators 4600 

Refrigerant - New Refrigerators 

Refrigerant - Service Old Refrigerators 

Total - Domestic Refrigeration 
I 

4600 
I 

CFC-12 

950 

500 

1450 

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs. 11 % of the total CFC 
consumption in the country. The major CFC application was CFC-I I blowing agent used to generate the 
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175 
grams CFC-12 refrigerant. new refrigerators ac<:ounted for a total of 5550 MT CFC usage. The remaining 
500MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing 
operations .. 

At present, there are over 70 production lines for refrigerators in China with an annual capacity of 12 million 
units annually. In addition. there are 16 production lines for compressors with an annual capacity of 16 million 
units_ Refrigerator production capacity utilization has been slighly below 50% . Actual production of new 
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase 
8 % per year as economic conditions continue to improve and consumers acquire additional discretionary 
income. Currently, only !3% of housholds in China have a conventional refrigerator. A total of 39 million 
units are estimated to have been in service at the begiMing of 1993. Refrigerator life averages about 20-25 
years during which refrigerant is replaced every eight years. 

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non­
ODS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining 

I 

energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country 
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional 
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technologies 
defined in the long term. Starting in l 994, a comprehensive program for refrigerant selection wili be carried out 
in a series of applications development projects using the leading candidate refrigerants - HFC-!34a; HFC-152a 
; Blends. These projects are summarized in the following tabtc: 
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Table 2 

Projects included in China Refrigerant Program 

Refrigerant Compressor Technology 
Source 

Shang!ing HFC-!34a Rotary Mitsubishi 

Hua Yi HFC-134a Reciprocating Kirby 

Shanglu Ternary Blend Reciprocating DuPont 

Chang Ling Binary Blend Reciprocating Chang Ling 

Wanbao HFC-152a Reciprocating Waobao 

, me: tltnary 1;1enos are mixtures 01 nr-..: l )a!a ana ,.,,__n._..!_; ternary tllcnas a SQ 111c1uae ,4 

Prod. Capaciry 
(units/yr) 

500,000 

300.000 

400,000 

400,000 

400.000 

While HFC-! 34a has been the leading candidate refrigerant in developed countries. China does not have 
available capacity for production of HFC-l34a. associated polyolester lubricant and dessicant and would need 
to import substantial quaotities of these costly ingredients to sustain production. The net incremental operating 
cost to China for these imports is estimated to be US$50-l00 million at current market prices. Less costly 
refrigeraot options would be HFC-!52a, which is produced in China. and binary and ternary blends, most of 
which could be blended domestically using imponed HCFC124 if necessary. As HFC-l52a based refrigerants 
use lubricants closely related to those currently used for CFC-12 further potential savings are possible. 
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes 
available. 

The development program is designed to obtain actual data upon which to identify the best technology mix with 
which to achieve a complete ODS phaseout by the year 2000, considering all issues and pararne1ers including 
adoption of safety standards for flammable refrigerants and establishing indigenous capacity for new 
refrigerants. lubricaots, and blowing agents. 

ENTERPRISE BACKGROUND 

Hua Yi Electrical Appliance General Co. is located in Jingdezhen and produces household electric appliances, 
air conditioners and freezers. A total of 510 employees are engaged in refrigerator production on one production 
line imported from Merloni (Italy) in l 985. The line is capable of producing 300,000 refrigerators annually 
based on 2 shift operation. Sixteen models are produced with export of about 10% of the refrigerators 
produced .. 

ln l 992, Hua Yi produced 6% of the refrigerators sold in China. Actual and forecast production are illustrated 
m Table 3 for the period 1990-1997 



Table 3 
Actual and Forecast Refrigerator Production at Hua Yi 

I I Actual I Forecast I 
Year 90 91 92 93 94 95 96 97 

Refrigerators 120 ISO 200 200 200 200 250 300 
Produced 
(ODO Units) 

PROJECT DESCRIPTION. 

The project will accomplish phaseout of CFCl2 used as refrigerant in domestic refrigerators produced by 
Hua Yi in two phases. 

Phase l Engineering, product development and testing under local conditions to establish basic data for 
full conversion 10 HFC l34a refrigerant has been completed. A feasibility study for full conversion of Hua Yi 
refrigerator manufacturing tO HFCl 34a has also been completed. 

Phase II Full conversion of the Hua Yi factory to HFC134a refrigerant 

During Phase I, 4000 refrigerarors have been produced under factory conditions to prove the viability 
of manufacturing refrigerators safely and reliable under local conditions. Five models were fully tested by 
Kirby(Austrailia) and permission to proceed with full scale production was granted. At the conclusion of Phase 
I, a feasibility study was prepared for the full conversion of Hua Yi refrigerator manufacturing and is being 
used to guide project completion. 

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY: 

HFCl34a has been accepted worldwide as the principal replacement for CFC12 refngerant in domestic 
refrigerators. lts thermodynamic properties are similar to CFC12, it is non~flanunab!e. non~tox:ic, and has a zero 
ODP. Hua Yi has completed stanup of a compressor manufacturing line to produce HFC-134a compressors 
based on Tecumseh designs. These compressors are to used to make new HFCl34a model refrigerators, with 
the assistance of Kirby (Australia). Hua Yi experience wirh stanup and operations during 1994 will provide 
valuable data for continued development of this technology and for comparison with other technolgies as defined 
in the China Country Program. 

PROJECT COST 

The total project cost is estimated 10 be $1,400,000 including a 15% contingency rn cover supplemental scope 
development as the project matures, price: escalation.currency fluctuations. and other unforseen costs. 
A breakdown of incremental capital costs included in the OTF gram request is given in Annex A. 

INCREMENTAL OPERATING COST 

Incremental operating costs w,ll be defined in Phase 2 of this project. An OTF grant request will be made based 
on Phase 2 results. An order of magnitude estimate of these costs is US$6.300,000 for the firsr four years of 
operation. discounted at 10% 



UNIT ABATEMENT COST (UAB) 

$41.33 per kg CFC-12 

PROPOSED OTF GRANf 

- 5 -

The proposed OTF grant request is USS 1,442,000 is based on 100 % Chinese (state) ownershhip of Hua Yi 
and covers the incremental capital costs for Phases I and 2 of the project , including a 15% contingency cost 
and a 3 % fee for the financial agent administering the project. 

FINANCIAL AND ECONOMICAL ANALYSIS: 
Economic Rate of Return (ERR) 

The ERR for the project will be determined during project appraisal. 

Financial Rate of Return (FRR) 

The FFR for the project will be determined during project appraisal. 

Financial status of the enterprise 

To be completed al appraisal 

Financing plan 

To be completed at the appraisal 

PROJECT IMPLEMENTATION 

Project Schedule 

The project implementation schedule is presented in Annex B. 



- 6 . 

Annex A 

HUA YI 
PROJECT COST SUMMARY 

Phase I -

Technology Transfer Fee 

Testing of Refrigerators by Kirby 

Training of Engineers 

Preparation of Feasibility Study 

Test Manufacture of 510 Refrigerators 
(@ US$ l 85 per unit) 

SUB-TOTAL 

Phase I I 

3 Refrigerant Charging Machines 

4 Halogen Leak Detectors 

30 Vacuum pumps 

2 Vacuum Dehydrators 

l Helium Leak Detector 

Controlled Ambient Test Room 

Operator and Mechanic Training 

SUB-TOTAL 

Contingency (15%) 

TOT AL CAPITAL COSTS 

(OOOUS$) 

300 

66 

30 

94 

500 

195 

28 

72 

200 

90 

l00 

35 

720 

180 

1.400 
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Annex B 

HUA YI 
IMPLEMENTATION SCHEDULE' 

From 

Phase 1 (complete) 

Test Manufacrure 4000 refrigerators 3Q93 

Prepare Feasibility Report for Phase 2 3Q93 

Phase 2 

Purchase and install equipment for mass lQ94 
production of HFC 134a refrigerators 

Startup 3Q94 

Achieve full phaseout of CFC 12 refrigerant 4Q94 

2 Project schedule ;issumes ECMP approvai of project during 1Q94. 

To 

1Q94 

4Q93 

-
3Q94 

4Q94 

4Q94 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

PROJECT COVER SHEET 

COUNTRY 

SECTORS COVERED 

00S CONSUMPTION IN 
AFFECTED SECTOR 

PROJECT TITLE 

PROJECT DURATION 

PROJECT IMPACT 

PROJECT BUDGET 

PROPOSED OTF GRANT' 

IMPLEMENTING ENTERPRISE 

IMPLEMENTING AGENCY 

NATIONAL COORDINATING AGCY 

The People's Republic of China 

Domestic Refrigeration 

3300 MT CFC-I I (1991) 
1500 MT CFC-12 (1991} 

Enginnering Assistance for Conversion of Refrigerator 
Manufacture to a Ternary Blend Refrigerant (MP-39) using 
conventional compressors. 

2 years 

70 MT CFC-12 

Incremental Capital Cost-Phase I 
Incremental Capital Cost-Phase 2 
Incremental Operating Costs 
Total Project Cost 

$1,010,000 

$ 540,000 
$ 440:000 
$ 0 
$ 980,000 

Shanghai Shanglu Electrical Appliances Co. Ltd. 

The World Bank 

National Environmental Protection Agency (NEPA} 

PROJECT SUMMARY 
This project will lead to replacement of CFC-12 refrigeran, in household refrigerators manufactured 
by Shanglu to a blended refrigerant consisting of HCFC22 and HFCl52a. Technology has been 
developed in cooperation with DuPont China Limited and the Shanghai General M<!ehanical Institute. 
In Phase I of the project, detailed engineering, product development and lab and field testing of 500 
uni rs produced under factory conditions, will be conducted to define firm project scope and costS for 
full conversion of the factory output to HCFC22/HFC152a/HCFC1241Cmary blend refrigerant (MP-
39) during Phase 2. The results of Phase I will be compared with similar projects using alternative 
refrigerants before proceeding with Phase 2. Net incremental operating costs for the conversion will 
be defined during Phase 2 and presented in a separate Phase 3 project at a future date. A separate 
project will be defined for replacement of Cl'_Cs used in refrigerator insulating foam, pending 
definition of the best available technology. 

TECHNICAL ASSESSMENT: This subproject has heen reviewed and supported by the OORG 
technical reviewer, Martien Janssen. His comments are a11ached together with supplememary 
information pertaining to the review. 

The OTF grant is based on 100 % Chinese ownenhip and includes a 3 % financial agent fee, A lS % contingency is included 
in dte estimates of incremental capir:al costs. -
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PROJECT OBJECTIVES 

The objectives of this project are to establish a phased introduction of technology for use of 
HCFC22/HFCl52aHCFC124 ternary blend refrigerant (MP-39) in domestic refrigera<0rs produced by Shanglu 
as to develop reliable dara for comparison with other alternative refrigerants . The results of this project wilt be 
evaiuated and considered for adoption by similar refrigerator operations in China, 

SECTOR BACKGROUND 

I 

CHINA - ODS Consumption in Domestic Refrigeration, I 992 

(metric tons) 

CFC-11 

Insulating Foam - New Refrigerators 4600 

Refrigerant • New Refrigerators 

Refrigerant - Service Old Refrigerators 

Total - Domestic Refrigeration I 4600 I 

CFC-12 

-
950 

500 

1450 

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11 % of the total CFC 
consumption in the country. The major CFC application was CFC-! I blowing agent used to generate the 
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175 
grams CFC-12 refrigerant. new refrigerators accounted for a total of 5550 MT CFC usage. The remaining 
500MT in the secwr replaced refrigerant in the fleet of ea<isting CFC12 refrigerators during servicing 
operations .. 

At present, there are over 70 production lines for refrigerators in China with an annual capacity of 12 million 
units armually. ln addition, there are [6 production lines for compressors with an annual capacity of 16 million 
units. Refrigerator production capacity utilization has been slighly below 50% . Acrual production of new 
refrigerators in China has averaged 5.7 million units annually since 1990. Production is ea<pected to increase 
8 % per year as economic conditions continue to improve and consumers acquire additional discretionary 
income. Currently, only 13% of housholds in China have a conventional refrigerator. A total of 39 million 
units are estimated to have been in service at the beginning of 1993. Refrigerator life averages about 20-25 
years during which refrigerant is replaced every eight years. 

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non~ 
ODS foams and refrigerants. and compressor designs to accomodate the new refrigerants while sustaining 

I 

energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country 
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional 
substitute technologies will be evaluated in the medium term (!997-2000) and fully non-ODS technologies 
defined in the long term, Starting in 1994, a comprehensive program for refrigerant selection will be carried out 
in a series of applications development projects using the leading candidate refrigerants - HFC-134a : HFC-l52a 
: Blends, These projects are summarized in the following table: 



Table 2 

Projects included in China Refrigerant Program 

Refrigerant Compressor Technology Prod. Capacity 
Source (units/yr) 

Shangling HFC-134a Rotary Mitsubishi 500,000 

Hua Yi HFC-134a Reciprocating Kirby 300,000 

Shanglu Ternary Blend Reciprocating DuPont 400,000 

Chang Ung Binary Blend Reciprocating Chang Ling 400,000 

Wanbao HFC-l52a Reciprocating Wanbao 400,000 

1 ote: ou,:ary 1:uenos are mtxrurcs ot nrLD.!:a&nu -~ -J cmaty 01enus aJso me.,.._ ........ ..; l .!-+ 

While HFC-l 34a has been the leading candidate refrigerant in developed countries, China does not have 
available capacity for production of HFC-134a, associated polyolester lubricant and dessicant and would need 
to import subs,antial quantities of these costly ingredients to sustain production. The net incremental operating 
cost to China for these imports is estimated to be US$50-IOO million at current market prices. Less costly 
refrigerant options would be HFC-!52a, which is produced in China, and binary and ternary blends, most of 
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants 
use lubricants closely related to those currently used for CFC-12 further potential savings are possible. 
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes 
available. 

The development program is designed to obtain actual data upon which to identify the best technology mix with 
which to achieve a complete ODS phaseout by the year 2000, considering all issues and parameters including 
adoption of safety standards for flammable refrigerants and establishing indigenous capacity for new 
refrigerants, lubricants. and blowing agents. 

ENTERPRISE BACKGROUND 

Shanghai Shanglu Electrical Appliances Co. Ltd. is located in Shanghai on the site of the former Shanghai 
Refrigerator factory and was set up in 1979. A total of 2,238 employees are engaged in production of 
refrigerators. freezers, and other household appliances. There are 4 refrigerator lines capable of producing 
400,000 refrigerators on a two shift basis. Three primary models are produced wiih export of about 5 % of the 
refrigerators produced .. 

In 1992, Shanglu produced 7 % of the refrigerators sold in China. Actual and forecasi production are illustrated 
in Table 3 for the period 1990-1997 



I I 
Year 

Refrigerators 
Produced 
(000 Units) 
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Table 3 
Actual and Forecast Refrigerator Production at Shanglu 

Actual I Forecast 

90 91 92 93 94 95 96 

160 185 220 270 320 400 500 

I 
97 

500 

PROJECT DESCRIPTION. 

The project will accomplish phaseout of CFC12 used as refrigerant in domestic refrigerators produced 
by Shanglu in two phases. 

Phase I Engineering, product development and testing under local conditions to establish basic- data for 
full conversion to HCFC22/HFC152/HCFC124a (MP-39) ternary blended refrigerant and for comparison with 
results of similar programs using alternative refrigerants. 

Phase II Full conversion of the Shanglu factory to MP-39 refrigerant 

During Phase l, 500 refrigerators will be produced under factory conditions to prove the viability of 
manufacturing refrigerators safely and reliable under local conditions. At the conclusion of Phase l, a 
feasibility study will be prepared for full conversion of refrigerator manufacturing at Shanglu using MP-39 
refrigerant. Based on the feasibility study results, a detailed cost estimate will be prepared and project planning 
will be revised to accomodate Phase l findings before commencing with Phase 2. 

Phase 2 will implement the full conversion of Shanglu refrigerator facilities to MP-39 refrigerant 

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY 

While HFC134a has been accepted worldwide as the principal replacement for CFC12 refrigerant in domestic 
refrigerators, alternative refrigerants have found application in China where indigenous sources of HFC134a 
refrigerant and polyolester lubricant are not available. 

One such alternative under consideration is the use of blended refrigerants which can function effectively in 
conventional CFC12 style refrigerator compressors. The HCFC22/HFCl52a (binary blend) and MP-39 (ternary 
blend) are a leading condidates because standard CFC-12 compressors can be used without design modifications 
and because of a slight improvement in energy efficiency when compared to CFCl2 at the same conditions in an 
identical compressor. Shanglu has pioneered the-development of MP-39 application in China and is well 
positioned to implement the project successfully. 

PROJECT COST 

The total project cost is estimated to be $980.000 including a 15% contingency to cover supplemental scope 
development as the project matures, price escalation.currency fluctuations, and other unforseen costs. 
A break.down of incremental capital costs included in the OTF grant request is given in Annex A. 
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INCREMENTAL OPERATING co~, 

Incremental operating costs will be defined in Phase 2 of this project. An OTF grant request will be made based 
on Phase 2 results. An order of magnitude es1ima1e of these costs is US$2,000,000 for the first four years of 
operation, discounted at 10%. 

UNIT ABATEMENT COST (UAB) 

$13.19 per kg CFC-12 

PROPOSED OTF GRAA'T 

The proposed OTF grant request is US$1,0IO,OOO is based on 100% chinese ownershhip of Shanglu and 
covers the incremental capital costs for Phases L and 2 of the project . including a 15 % contingency cost and a 
3 % fee for the financial agent administering the project. 

FlNANCIAL AND ECONOMICAL ANALYSIS: 
Economic Rate of Return (ERR) 

The ERR for the project will be determined during project appraisal. 

Financial Rate of Return (FRR) 

The FFR for the project will be determined during project appraisal. 

Financial status of the enterprise 

To be completed at appraisal 

Financing plan 

To be completed at the appraisal 

PROJECT IMPLEMENTATION 

Project Schedule 

The project implementation schedule is presented in Annex B. 
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Annex A 

SHANGHAI SHANGLU ELECTRICAL APPLIANCES 
PROJECT COST SUMMARY 

Phase I· 

Technology Transfer Fee 

Refrigerant Charging Machine 

Oil Charging Machine 

Process Control Instruments 

Data Logging Facility 

Components for 510 refrigerators 
(@ US$161/unit) 

Refrigerator Testing Cost 

Training & Technology Study in US 

SUB-TOTAL 

Phase I I 

4 Refrigerant Charging Machines 

2 Oil Charging Machines 

SUB-TOTAL 

Contingency (15%) 

TOTAL CAPITAL COSTS 

(OOOUS$) 

100 

60 

70 

79 

50 

82 

8 

21 

470 

240 

140 

380 

130 

980 
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Annex B 

SHANGHAl SHANGLU ELECTRICAL APPLIAi~CES 
IMPLEMENTATION SCHEDULE' 

From To 

Phase 1 

Compressor Tests with MP-39 2Q93 4Q93 

Test Manufacture 10 MP-39 Refrigerators 2Q94 2Q94 
(5 Hua Guang;5 Yuan Dong Compressors) 

Controlled Ambient Tests 2Q94 2Q94 

Prepare Report for Expert Review 3Q94 3Q94 

Test Manufacture 500 MP-39 Refrigerators 4Q94 4Q94 

Prepare Feasibility Report for Phase 2 4Q94 4Q94 

Phase 2 

Purchase and install equipment for mass 1Q95 2Q95 
production of MP-39 refrigerators 

Startup 2Q95 2Q95 

Achieve full phaseout of CFC 12 refrigerant 3Q95 4Q95 

2 Project schedule assumes ECMP :approval of project during 1Q94. 

-



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

PROJECT COVER SHEET 

COUNTRY 

SECTORS COVERED 

ODS CONSUMPTION IN 
AFFECTED SECTOR 

PROJECT TITLE 

PROJECT DURATION 

PROJECT IMPACT 

PROJECT BUDGET 

PROPOSED OTf GRANT' 

IMPLEMENTING ENTERPRISE 

IMPLEMENTING AGENCY 

NATIONAL COORDINATING 
AGENCY 

The People's Republic of China 

Domestic Refrigeration 

3300 MT CFC-11 (1991) 
1500 MT CFC-12 (1991) 

Engineering Assistance for Conversion of Refrigerator Manufacture to 

use of HFC-152a Refrigerant using conventional compressors. 

2 years 

80 MT CFC-12 

Incremental Capital Cost • Phase I 
Incremental Capital Cost • Phase 2 
Incremental Operating Cost 
Total Project Cost 

$1,360,000 

$ 520,000 
$ 800,000 
$ 0 
$1,320,000 

Wanbao Electrical Appliance Industrial Corporation 

Toe World Bank 

National Environmental Protection Agency (NEPA) 

PROJECT SUMMARY 

This project will phase out chlorofluorocarbons (CFC's) used in household refrigerators manufactured 
at the Wanbao Electrical Appliance Industrial Corporation. The project comprises two phases and will 
convert the production line to refrigerators using HFC-152a as the new refrigerant. 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. Part of this phase associated with the 
use of an alternative refrigerant is already under way. The project is based on a collaboration between 
the Power Engineering Department of Xi'an Jiaotong University, the Shanghai Jiaotong University, 
and the Wanbao company. 

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported by the OORG 
technical reviewer, Martien Janssen. His comments are attached together with supplementary 
information pertaining to the review. 

The OTF gr.int is bas«) on I 00% Chinese Qwncrship and includes a 3 % financial agent fee. A IS% conti.og:cncy is included 
m the estimates of increment.al capital com. '• 
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PROJECT OBJECTIVES 

The objectives of this project are to phase ou1 CFC·12 through use of HFC152a in household refrigerators 
produced at Wanbao and to develop reliable data for comparison with other phaseout alternatives. The project 
provides for the purchase of equipment and the training necessary to facilitare an effective transition to 
HFC-152a refrigerant. 

SECTOR BACKGROUND 

I 

Table-! 

CHINA • ODS Consumption in Domestic Refrigeration, 1992 
(metric tons) 

CFC-11 

Insulating Foam • New Refrigerators 4600 

Refrigerant • New Refrigerators 

Refrigerant • Service Old Refrigerators 

Total • Domestic Refrigeration 
I 

4600 
I 

CFC-12 

950 

500 

1450 

In 1992. the Chinese domestic refrigeration sector consumed 6050 MT CFCs, I l % of the total CFC 
consumption in the country. The major CFC application was CFC-I I blowing agem used to generate the 
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerawr in China contains 175 
grams CFC-12 refrigerant. new refrigerators accounted for a total of 5550 MT CFC usage. The remaining 
500MT in the sector replaced refrigerant in the fleet of existing CFC 12 refrigerators during servicing 
operations,. 

At present. there are over 70 production lines for refrigerators in China with an annual capacity of 12 million 
units annually. In addition, there are 16 production lines for compressors with an annual capacity of 16 million 
units. Refrigerator production capacity utilization has been slighly below 50 % . Actual production of new 
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase 
8 % per year as economic conditions continue to improve and consumers acquire additional discretionary 
income. Currently, only 13% of housholds in China have a conventional refrigerator. A total of 39 million 
units are estimated to have been in service at the beginning of 1993. Refrigerator life averages about 20-25 
years during which refrigerant is replaced every eight years. 

I 

Phaseout of CFC use in the domestic refrigerii0r sector wm require integration of new technologies for non­
ODS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining 
energy efficiency and overall mechanical performance. Toe National Strategy as defined in the China Country 
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional 
substitute technologies will be evaluated in 1he medium term (1997-2000) and fully non-ODS technologies 
defined in the long tenn. 

Staning in 1994, a comprehensive program for refrigerant selection will be carried out in a series of 
applicmions development projects using the leading candidate refrigerants• HFC-134a; HFC-152a; Blends. 
These projec1s are summarized in the following table: 
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Table 2 

Projects included in China Refrigerant Program 

Refrigerant Compressor Technology 
Source 

Shangling HFC-134a Rotary Mitsubishi 

Hua Yi HFC-134a Reciprocating Kirby 

Shanglu Ternary Blend Reciprocating DuPont 

Chang Ling Binary Blend Reciprocating Chang Ling 

Wanbao HFC-l52a Reciprocating Wanbao 

ote: l:Hnary lilenus are m1:<rures ot nl" , 1..u.a i11.'"1 "l'-n ... .;.4~ remary tnends a so include 

Prod_ Capacity 
(units/yr) 

500,000 

300,000 

400,000 

400,000 

400,000 
-· 

While HFC-l34a has been the leading candidate refrigerant in developed countries, China does not nave 
available capacity for production of HFC-134a , associated polyolester lubricant and dessicant and would need 
to import substantial quantities of these costly ingredients 10 sustain production. The net incremental operating 
cost to China for these imports is estimared robe US$50-100 million at current market prices. Less costly 
refrigeram options would be HFC-l 52a, which is produced in China, and binary and ternary blends, most of 
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants 
use lubricants closely related 10 those currently used for CFC-12 further potential savings are possible. 
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes 
available. 

The developmem program is designed to obtain actual data upon which to identify the best technology mix with 
which to achieve a complete 00S phaseout by the year 2000. considering all issues and parameters including 
adoption of safety standards for flammable refrigerants and establishing indigenous capacity for new 
refrigerants. lubricams, and blowing agents. 

ENTERPRISE BACKGROUND 

The Wanbao company ts located in Guangzhou. Guangdong province. There are l.800 employees in this 
company of whom about 200 are technicians_ It first produced refrigerators in 1980 with the models from 
Acma in Singapore and Hitachi ln Japan. but has subsequently developed its own designs, It has up to now used 
domestically produced compressors. 

Wanbao Group has a number of subsidiaries_ Most of them are located in Guangzhou, Guangdong province. As 
a group corporation. it produces regrigerators. freezers. air conditioners. compressors, washing machines, rice 
cookers and other electrical appliances. It has six refrigerator production lines. These are capable of producing 
1,200,000 refrigerators in two shifts. Approximately 40% of production is exponed (80% of all refrigerators 
exponed from China). Most are sold in the USA with a significant number sold in France. Wanbao's share of 
the domestic market is about 5%. This project is to conven one of Wanbao's 6 production lines (400,000 units 
per year capacity on 2 shift openion) to HFC152a refrigerant. All such refrigerators are for domestic use only, 



Table 3 
Actual and Forecast Refrigerator Production at Wanb.ao 

I I 
Actual 

I 
Forecast I 

Year 90 91 92 93 94 95 96 97 

Refrigerators 360 300 250 180 250 300 350 400 
Produced 
(000 Units) 

For the past three years Wanbao and Xi'an Jiaotong University have been engaged on a collaborative venture to 
develop a refrigerator using HFC-l52a. Energy savings in the region of 5% compared to an identical model 
CFC-12 refrigerator can be achieved with minimal changes made to the refrigeration circuit. The following 
items of work have been completed and a report is being prepared for evaluation by an independant expert: 

• Appliance testing of 20 refrigerators 
•compatibility testing or lubricants. drier and compressor materials. 
*A batch of 120 refrigerators using HFC-l52a has been made and sold inw the market. 

After l year there has been no negative feedback. 

The project will consist of finalising the transition to CFC-free technology for mass production. Wanbao will 
purchase exrra charging stations and safety equipment. HFC-l52a is moderately flammable. The safety 
equipment is required for monitoring concentration levels and safe handling and storing of HFC-!52a. Safety 
considerations also demand that the production line be modified to avoid inadvenant HFClS2a combustion. 
Underwriters' Laboratories (UL) have tested Wanbao refrigerators. Their informal repmt is that these will 
satisfy UL 250. A draft proposal for· A2" category (covering HFC-l52a) refrigerant use in domestic 
refrigerants has been prepared by them. 

PROJECT DESCRIPTION 

The project will accomplish phaseout of CFC 12 used as refrigerant in domestic refrigerators produced by 
Wanbao in two phases. 

Phase I Engmeering, product development and testing under local conditions to establish basic data for 
fuil conversion to HFC~i51a and for comparison with results of similar programs using altema[ive refrigerants. 

Phase II Full conversion of the Wanbao factory to HFC-152a refrigerant 

Phase I 

During Phase L compressor oil testing studies will be completed and the condensor,evaporator and 
capillary tubes will be redesigned to achieve optimum performance with HFC152a. A test manufacturing run of 
500 prmotype refrigerators will be made to prove the viablility of the refrigerant circuit designs and the 
manufacturing process. Existing test facilities will be used for local testing. The USEPA will provide special 
assistance for tesring the safety of the manufactured units in the US. The remaining refrigerators will be 
subjected to field tests. Consultations will be arranged with local and foreign experts (Underwriters Laboratory) 
to train Wanbao engineers and re:chnicia.ns in safe handling practices and facilities for use of HFC152a in lhe 
fact0ry. At the conclusion of Phase I. a feasibility study will be prepared for full converston of refrigerator 
manufacturing at Wanbao to the use of HFC-l52a. Based on the feasibility study results, a detailed cost estimate 
wil1 be prepared and project planning will be revised lO accomodatc Phase i findings before commencing with 



Phase 2 

Phase 2 will 1111plemcm the full conversion of Wanbao refrigerator facili1ies to HFC 152a refrigerant 
over a period of 4 years. 

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY: 

The use of HFC-152a refrigerant in domestic refrigerators is a domestic Chinese development. Theoretical 
predictions that energy savings could be achieved by comparison with CFC-12 systems have been borne out by 
test results, Independent laboratory tests corroborate Wanbao's tests which showed a 5% improvement in 
energy efficiency associated with the use of HFC-l52a vs CFC-12. Other principal reasons for using this blend 
are as follows: 

•HFC-l52a is readily available in China 

•Only minor modifications need be made to the circuit of a CFC-12 refrigeraror for it <O be used, and 
it is compatible with mineral oil lubricants and standard compressor materials. 

*It possesses zero ODP and a low GWP (.055 10 .068 ). 

•Being a domestic Chinese development. replication to other enterprises once the technology is proved 
will be considerably cheaper than piecemeal importing of foreign HFC-134a technology. 

PROJECT COST 

The total project cost is estimated robe $1,320.000 including a 15% contingency to cover supplemental scope 
development as the project mamres. price escalation.currency fluctuations, and other unforseen costs. 
A breakdown of incremental capital costs included in the OTF grant request is given in Annex A. 

INCREMENTAL OPERATING COST 

Incremental operating costs will be defined in Phase 2 of this project. An OTF grant request will be made based 
on Phase 2 results. An order of magnitude eSlimate of these costs is US$ 1.400,000 for the first four years of 
operation. discounted at 10%. 

l/NlT ABATEMENT COST (UAB) 

$10.29 per kg CFC-12 

PROPOSED OTF GRANT 

The proposed OTF grant request is US$l,360.000 is based on 100% Chinese ownershhip of Wanbao and 
covers the incremental capital costs for Phases• I and 2 of the project . including a 15 % contingency cost and a 
3 % fee for the financial agent administering the project. 
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FINANCIAL AND ECONOMICAL ANALYSIS: 

Economic Rate of Return (ERR) 

The ERR for the project will be determined during project appraisal. 

Financial Rate of Return (FRR) 

The PPR for the project will be determined during project appraisal. 

Financial status of the enterprise 

To be completed at appraisal 

Financing plan 

To be completed at the appraisal 

PROJECT IMPLEMENTATION 

Project Schedule 

The project implementation schedule is presented in Annex B. 
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WANBAO 

PROJECT COST SUMMARY 

Phase I 
Compressor Testing 
Purchase Safety and Process Equipment for Test 
Manufacture Run 

l Refrigerant Charging Machine 
2 Halogen Leak Detector 
2 HFC152a Monitor/Alarm system 

Vacuum Pump 
Ventilation equipment 
Explosion Proofing 
Fire Fighting Facilities 

Test Manufacture 500 HFC152a Refrigerators 
(@$ 180 per unit) 

Prepare Test Reports and Feasibility Study 
Safety Training for Technical Staff 

SUB-TOTAL 

Phase 11 
Additional Manufacturing Equipmem 

I Refrigerant Charging Machine 
2 Halogen Leak Detector 

13 HFC152a MonitorlA!ann system 
Vacuum Pump 

Ventilation equipment 
Explosion Proofing 
Fire Fighting Facilities 
Conveyor 

Safety Training for Operators and Mechanics 
Overseas - Consultations and Inspection 

SUB-TOTAL 

Contingency (15%) 

TOTAL CAPITAL COSTS 

(OOOUSS) 

12 

!{}() 

82 
16 
9 

47 
22 
21 

90 

30 
21 

450 

100 
82 

104 
9 

95 
44 
45 

14 I 
56 
24 

700 

170 

1,320 

Annex A 
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Annex B 

WANBAO 
IMPLEMENTATION SCHEDULE2 

From 

Phase l 

Compressor Tests with HFC152a 1Q94 

Prepare Report of Test Work to date for Expert 1Q94 
Review 

Purchase Safety and Process Equipment for Test 2Q94 
Manufacturing 

Safety Training for Technical Staff 2Q94 

Test Manufacture 500 HFCI52a Refrigerators 2Q94 

Prepare Feasibility Report for Phase 2 3Q94 

Phase 2 

Purchase and install equipment for mass 4Q94 
production of HFC152a refrigerators 

Safety Training for Operators and Mechanics 2Q95 

Startup 2Q95 

Achieve full phaseout of CFC 12 refrigerant ---

Project schs:duk a\Sum~s E.CMP approval of protect during lQ94. 

To 

2Q94 

2Q94 

3Q94-

3Q94 

3Q94 

3Q94 

2Q95 

4Q95 

2Q95 

4Q95 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

PROJECT COVER SHEET 

COUNTRY 

SECTORS COVERED 

ODS CONSUMPTION IN 
AFFECTED SECTOR 

PROJECT TITLE 

PROJECT DURATION 

PROJECT IMPACT 

PROJECT BUDGET 

PROPOSED OTF GRANT' 

IMPLEMENTING ENTERPRISE 

IMPLEMENTING AGENCY 

NATIONAL COORDINATING 
AGENCY 

The People's Republic of China 

Domestic Refrigeration 

3300 MT CFC-I I (1991) 
1500 MT CFC-12 (1991) 

Engineering Assistance for ConvefSion of Refrigerator Manufacture to 
HFCl52a/HCFC22 Blended Refrigerant in Conventional Compressors 

2 years 

70 MT CFC-12 

Incremental Capital Cost • Phase I 
Incremental Capital Cost • Phase 2 
Incremental Operating Cost 
Total Project Cost 

$860,000 

Chang Ling (Group) Co. Ltd. 

The World Bank 

$ 645,000 
$ 335,000 
$ 0 
$ 980,000 

National Environmental Protection Agency (NEPA) 

PROJECT SUMMARY 

This project will lead to replacement of CFC-12 refrigerant in household refrigerators manufacrured 
by Chang Ling with a blended refrigerant consisting of HFCl52a and HCFC22. Technology has been 
developed locally in cooperation with Xi'an Jiaotong University. In Phase I of the project, detailed 
engineering. product development and lab and field testing of 500 units produced under factory 
conditions, will be conducted to define firm project scope and costs for full conversion of the factory 
output to HFC l528/HCFC22 blended refrigerant during Phase 2. The icsults of Phase I will be 
compared with similar projects using alternative refrigerants before proceeding with Phase 2. Net 
incremental operating costs for the conversion will be defined during Phase 2 and presented in a 
separate Phase 3 projCCI at a future date. A.$eparate project will be defined for replacement of CFCs 
used in refrigerator insulating foam. pending definition of the best available technology. 

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported by the OORG 
technical reviewer, Martien Janssen. His comments are attached together with supplementary 
information pertaining to the review. 

The: OTF grant is based on l00% Chinese ownership. A 3% financial agent fee and a LS~ contingency is included in 

the-esumatc:s of incremental capital costs. Chang Ung wtU self financt $150.000of Phase 2 lhe cap1W cost for plant rertovations. 



- 2 . 

PROJECT OBJECTrYES 

The objective of this project is ro establish a phased introduction of technology for use of HFCt52a/HCFC22 
blended refrigerant in domestic refrigerators produced by Chang Ling. The results of this project will be 
evaluated and considered for adoption by similar refrigerator operations, 

SECTOR BACKGROUND 

Table-1 

CHINA • ODS Consumption in Domestic Refrigeration, 1992 

(metric tons) 

CFC-I I 

Insulating Foam - New Refrigerators 4600 

Refrigerant - New Refrigerators 

Refrigerant - Service Old Refrigerators 

I 
Total - Domestic Refrigeration 

I 
4600 I 

CFC-12 

-

950 

500 

1450 

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11 % of the total CFC 
consumption in the country. The major CFC application was CFC-II blowing agent used to generate the 
insulation foam m refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175 
grams CFC-11 refrigerant, new refrigerators accounted for a total of 5550 MT CFC usage. The remaining 
500MT in the sector replaced refrigerant in the fleet of existing CFC!2 refrigerators during servicing 
operations., 

At present. there are over 70 production lines for refrigerators in China with an annual capacity of 12 million 
units annually. In addition, there are 16 production lines for compressors with an annual capacity of 16 million 
units. Refrigerator production capacity utilization has been slighly below 50% . Actual production of new 
refrigerators in China has averaged 5. 7 million units annually since 1990. Production is expected to increase 
8 % per year as economic conditions continue to improve and consumers acquire additional discretionary 
income. Currently, only 13% of housholds in China have a conventional refrigerator. A total of 39 million 
units are estimated to have been in service at the beginning of 1993. Refrigerator life averages about 20-25 
years during which refrigerant is replaced evecry eight years. 

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non­
ODS foams and refrigerants, and compressor designs 10 accomodate the new refrigerants while sustaining 

l 

energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country 
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional 
substimte technologies will be evaluated in the medium term ( 1997-2000) and fully non-ODS technologies 
defined in the tong term. Starting in 1994. a comprehensive program for refrigerant selection wiH be carried out 
in a series of applications development projects using the leading candidate refrigerants - HFC-l34a; HFC-!52a 
: Blends. These projects are summarized in the foilowing table: 



Table 2 

l'rojccts included in China Refrigerant l'rogram 

Refrigerant Compressor Technology Prod. Capacity 
Source (units/yr) 

Shangling HFC-l34a Rotary Mitsubishi 500.000 

Hua Yi HFC-134a Reciprocating Kirby 300.000 

Shanglu Ternary Blend Reciprocating DuPont 400,000 

Chang Ling . Binary Blend Reciprocating Chang Ling 400,000 

Wanbao HFC-l52a Reciprocating Wanbao 400,000 
-

1 mi:: tsmary tllC11u$ ue m1xtu~s of u, ._ ,..,_a and ;1cma~D1e,~sa1so1nc .. =cn._L~1~4 

While HFC-134a has been the leading candidate refrigerant in developed countries. China does not have 
available capacity for production of HFC-l34a. associated polyolester lubricant and dessicam and would need 
to import substantial quantities of these costly ingredients to sustain production. The net incremental operating 
cost to China for these imports is estimated 10 be US$50-100 million at current market prices. Less costly 
refrigerant options would be HFC-152a, which is produced in China. and binary and ternary blends. most of 
which could be blended domestically using imported HCFC124 if necessary. As HFC-!52a based refrigerants 
use lubricants closely related to those currently used for CFC-12 further potential savings are possible. 
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes 
available. 

The developmem program is designed to obtain actual data upon which to identify the best technology mix with 
which to achieve a complete ODS phaseout by the year 2000, considering all issues and parameters including 
adoption of safety standards for llammable refrigerants and establishing indigenous capacity for new 
refrigerants, lubricants, and blowing agents. 

ENTERPRISE BACKGROUND 

Chang Ling (Group) Co. Ltd. is located in Baoii city in a large military complex which produces household 
electric appliances, textile. military and domestic electronics. It is a large company with 4 research institutes and 
1525 engineers and technicians. 

A total of 1.200 employees are engaged in refrigerator production on one production line imported from 
Merloni (Italy) in t 987. The line is capable of producing 400,000 refrigerators annually based on I shift 
operation. Thirty models are produced with export of about 3% of the refrigerators produced. 

In 1992, Chang Ling produced 6% of the refrigerators sold in China. Actual and forecast production are 
illustrated in Table 3 for the period 1990-1997. 

Chang Ling is committed to phaseout all CFCs used in refrigerator manufacture before 1997. 
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Table 3 
Actual and forecast Refrigerator Production at Chang Ling 

I I Actual I Forecast I 
Year 90 9l 92 93 94 95 96 97 

Refrigerators 210 260 270 397 450 600 600 600 
Produced 
(000 Uoits) 

Sioce 1990, Chang Ling and Xi'an Jiaotong University have been engaged in a collaborative venrure to develop 
a refrigerator based on HFC152a/HCFC22 refrigerant. Phase I type activities completed to date include: 
calorimeter testing of 9 compressors using the blend, appliance testing of 20 refrigerators, and compatibility 
testing of lubricants, driers and compressor materials. Advantages of the blended refrigerant were found to be 
minimal engineering changes to compressors and refrigerators and higher energy efficiency. Ongoing work is 
focused on optimization of the refrigerator~compressor system. -

PROJECT DESCRIPTION. 

The project will accomplish phaseout of CFC12 used as refrigerant in domestic refrigerators produced 
by Chang Ling in two phases. 

Phase 1 Engineering, product development and testing under local conditions to establish basic data for 
full conversion to HFC152a/HCFC22 blended refrigerant and for comparison with results of similar programs 
using alternative refrigerants. 

Phase II Full conversion of the Chang Ling factory to HFC152a/HCFC22 blended refrigerant 

During Phase I. 500 refrigerators will be produced under factory conditions to prove the viability of 
manufacturing refrigerators safely and reliable under local conditions. Technical collaboration will be sustained 
with Xi' an Jiaotong University. At the conclusion of Phase l. a feasibility study will be prepared for full 
conversion of refrigerator manufacturing at Chang Ling using HFC152a/HCFC22 refrigerant. Based on the 
feasibility study results, a detailed cost estimate will be prepared and project planning will be revised to 
accomodate Phase l findings before commencing with Phase 2. 

Phase 2 will implement the full conversion of Chang Ling refrigerator facilities to HFC152a/HCFC22 
blended refrigerant 

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY 

While HFC 134a has been accepted worldwide as the principal replacement for CFC 12 refrigerant in domestic 
refrigerat0rs. alternative refrigerants have found application in China where indigenous sources of HFCl34a 
refrigerant and polyolester lubricant are not available. 
One such alternative under consideration is the use of blended refrigerants which can function effectively in 
conventional CFC12 style refrigerator compressors. The HFC152a/HCFC22 blended refrigerant is a leading 
condidare because of refrigerant availability at a resooable cost compared to CFC! 2 and because of a slight 
improvement in energy efficiency. Chang Ling has pioneered this appHcarion and is well positioned to 
implement the project successfully. 
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PROJECT COST 

TI1e total proiect cost is estmiated to be $980,000 including a 15% contingency to cover suppiememal scope 
development as the project matures, price escalation.currency fluctuations. and other unforseen costs. 
A breakdown of incremental capital costs included in the OTF grant reques, is given in Annex A. 

L'ICREMENTAL OPERATING COST 

Incremental operating costs will be defined in Phase 2 of this project. An OTF grant request will be made based 
on Phase 2 results. An order of magnitude estimate of these costs is US$1,300.000 for the first four years of 
operation. discounted at 10%. 

UNIT ABATEMENT COST (UAB) 

S 9.87 per kg CFC-12 

PROPOSED OTF GRANT 

-
The proposed OTF grant request is USS860.000 is based on 100% Chinese (state) ownershhip of Chang Ung 
(Group) Co. Lid. and covers the incremental capi!al costs for Phases land 2 of the project. including a 15% 
contingency cost and a 3 % fee for the financial agent administering the projecc. Chang Ling will self finance 
$150,000 of the Phase 2 com covering plant renovations. 

FINANCIAL A.ND ECONOMICAL ANALYSIS: 
Economic Rate of Return (ERR) 

The ERR for the project will be determined during project appraisal. 

Financial Rate of Return (FRR) 

The FFR for the project will be determined during project appraisal. 

Financial status of the enterprise 

To be completed at appraisal 

Financing plan 

To be completed at the appraisal 

PROJECT IMPLEMENTATION 

Project Schedule 

The project implementation schedule is presented in Anne, B. 



- 6 -

CHANG LING 
PROJECT COST SUMMARY 

Phase I (OOOUS$) 

Technology Transfer Fee 50 

I Refrigerant Charging Machines 75 

Analytical and Special Test Equipment 75 

Safety Control and Alarm Equipment 191 

Blend Supply and Recovery Facility 36 

Ventilation and Fire Safety Improvements 33 

Test Manufacture of 500 Refrigerators 80 
(@US$ 160 per unit) 

Preparation of Phase 2 Feasibility Study Report 20 

SUB-TOTAL 560 

Phase I I 

I Refrigerant Charging Machine 

Reorganization of Production Line including 
Ventilation and Fire Protection 

7 Halogen Leak Detectors 

13 Blend Recovery Units 

SlJB-TOTAL 

Contingency (15%) 

TOTAL CAPITAL COSTS 

75 

1752 

40 

20 

310 

110 

980 

US$i50,000to be sd( tinanccd by Chang Ling {Group} Lid. 

Annex A 
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Annex B 

CHANG LING 
IMPLEMENTATION SCHEDULE' 

From 

Phase 1 

Run compressor tests with Blends 1989 
and performance tests on 20 refrigerators 
containing HFC152a/HCFC22 blend 

Test Manufacture 500 Blend Refrigerators 2Q94 

Prepare Feasibility Study for Phase 2 3Q94 

Phase 2 

Purchase and Install equipment for mass 4Q94 
production of Blend Refrigerators 

Test Manufacrure 2000 refrigerators on full scale 2Q95 
production line 

Increase Production Rate co achieve complete 4Q95 
phaseout of CFC 12 refrigerant use 

Project ~hedule a,,;<.ume;;. ECMP approval of project durmg IQ94, 

To 

1Q91 

2Q94 -

3Q94 

!Q95 

2Q95 

4Q96 




