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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 preduction 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.
Lid.;

- 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 compressers 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. Lid.;

- 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 (o
HFC-152a/HCFC-22 blended refrigerant in conventional compressors at Chang
Ling (Group)} Co. Lid.
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: China

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

PROJECT COST: Incremental capital cost US $570,000
Incremental operational cost US $100,000

INCREMENTAL COST: Us $670,000

ODS PHASE-OUT: 67.5 tons of CFC-11

COST EFFECTIVENESS: US $9.93 per kg ODP saved

PROJECT DURATION: One year

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency

TECHNICAL REVIEW COMFPLETED: YES_X NO _

SECRETARIAT’S COMMENTS

L. 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, i.e.,
US $670,000.
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: China

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

PROJECT COST: Incremental capital cost US $655,000
Incremental operational cost US $125,000

INCREMENTAL COST: US $690,000!

ODS PHASE-QUT: 100 tons of CFC-11 in 1993

COST EFFECTIVENESS: US $7.8 per kg ODP saved

PROJECT DURATION: One year

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency

TECHNICAL REVIEW COMPLETED: YES _ X 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-11.

SECRETARIAT’S RECOMMENDATION

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

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

COUNTRY OR REGION: China

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

PROJECT COST: Incremental Capital Cost US $580,000
Contingency Us $ 87,000
Financial Agent Fee US $ 20,000

INCREMENTAIL COST: US $687,000

ODbS PHASE-OUT: 105 tons of CFC-11 in 1992

COST EFFECTIVENESS: US $4.0 per kg ODP saved

PROJECT DURATION: One year

IMPLEMENTING AGENCY: The World Bank

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency

TECHNICAL REVIEW COMPLETED: YES _X_ NGO _

ECRE s CO

L. 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-141b 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 CO, technology (additional MDI use).

SECRETARIAT'S RECOMMENDATION

3. It is recommended to approve US $687,000 for this project.
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PROJECT EVALUATION SHEET
COUNTRY OR REGION: China
PROJECT TITLE: Fire Extinguisher Production Conversion from

Halon 1211 to ABC Dry Chemical (Zhuzhou
Fire Equipment Factory)

BUDGET: Incremental Investment Cost US $411,000
Incremental Operating Cost US  $410,000
Financial Agent Fee Us $ 25,000

INCREMENTAIL COSTS: US $846,000

ODS PHASE-OUT: 250 mt/yr of halon 1211

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

PROJECT DURATION: , 1 year

IMPLEMENTING AGENCY: The World Bank

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency

TECHNICAL REVIEW COMPLETED: YES _X NO __

SECRETARIAT’S COMMENTS

1. The Zhuzhou project consists of three components. The first two components relate
to the conversion of the halon {211 fire extinguisher production line to ABC dry powder
(70,000 units/yearj 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 (o
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 % years on the basis of lost profit,
while the project will realize net savings.

ECRETARIAT'S R

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.
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: China

PROJECT TITLE: Halon 1211 Production Closure (Tongxiang
Chemical Fertilizer Factory)

BUDGET:; Incremental Cost Us $814,000
Financial Agent Fee Us $ 24,000

INCREMENTAL COSTS: US $838,000

ODS PHASE-OUT: 400 mt/yr of halon 1211

COST EFFECTIVENESS: US $0.70/kg ODP saved

PROIECT DURATION: 6 months

IMPLEMENTING AGENCY: The World Bank

NATIONAL COORDINATING AGENCY: Ministry of Public Security (MPS})

TECHNICAL REVIEW COMPLETED: YES _X_ 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 ¥4 vears).

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 controtled
by existing and/or amended or adjusted Protocol provisions; and

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

(i) 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 EVALUATION SHEET

COUNTRY OR REGION: China

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

BUDGET: Capital Cost Us $3,332,000
Contingency US $ 500,000
Incremental operating benefit  US $2,139,000
Financial Agent Fee US$ 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 X 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.

3. 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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BUDGET:
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PROJECT EVALUATION SHEET

China

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

) 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 temary blend
refrigerant (MP-39) using conventional compressors
at Shanghai Shanglu Electrical Appliances Co. Ltd.

€) Engineering  assistance for conversion of
refrigerator manufacture to use of HF(C-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. Lid.

(Table attached)

a)  US $1,280,000
by  US $1,445,000
¢)  US $1,442,000
d)  US $1,010,000
e)  US $1,360,000
i US $860,000
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COST EFFECTIVENESS": N/A
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 _X = NO _

ECRET TS5 CO

1. 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:

(@)  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

<) 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 proiects 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 ncremental costs to the estimated amnnusal saving of ODP $/0DP, ).
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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. Lid. {Project a) will continue the production of
CFC-12 compressors until HFC-134a compressors achieve market penetration. This project
amounts o 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 Shahgling 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 1.

SECRETARIAT’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:

i. 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;.

@) 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.

@
(b)
©
(d)
(e
®

Project Recommended Funding
(us $)

Shanghai Compressor Ltd. 1,280,000

Shanghai Shangling 1,327,000

Huz Yi 1,368,000

Shanghai Shanglu 1,010,000

Wanbao 1,360,000

Chang Ling §53,000



BUDGET

Shanghai Shanghai Huoa 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.
Uss Us$ UsS § USs$ Us s 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 IT I
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.

¢1 28egd
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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 67.5t/y CFC-11

one year

10 years

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

USD &70, 000
UsSD 1.66/kg/y (unit abatement costs)

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

National Envirconmental Protection Agency
{NEPA)

UNDP

May 11, 1994, 1993

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

PROJECT SUMMARY

MMI, NCLI, NEPA znd UNDP have devised a strategy for the phaseout
of the use of CFCs in the automective trim industry (about §00 t/v).

Under this proiject Shanghai Yanfeng Auvtomcobile 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: Macgi Zhang, UNDP Regional Expert "China®
Reviewed by: Bert Veenendaal, UNDP Sector Expert (Foams)



PROJECT OF THE GOVERHMENT OF CHINA

YANFENG CONVERSION T0O NON-CFC TECHNOLOGY IN TEE MANUFACTURE
OF
FLEXIBLE AND INTEGRAL SKIN POLYURETHANE FOAM

1. PROJECT OBJECTIVE

The objective of this project 1s (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 autometive trim industry in the application of (OD8-free
manufacturing technologies.

2. SECTOR BACKGROUND

The Chinese foam industry consumed in 1991 17,773 tons CFCs (China
Country Programme}. CF{C~11 was the dominant substance {15,600 ¢,
PUFY, folleowed by CFC-12 (2,173 ¢, EPS/PE). Prcduction is divided
betwsen 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 1s less reliable. More detailed information about the
gsector is provided in the following table:

Categories oDS Production Plants |
Subcategories {t) {t) {range)
Extruded PS/PE 2,173 13,000 30~ 50
Flexible Polyurethane 2,000 50,000 50-100
Fipe Insulation 600 4,008 10- 20 |
Sprayed PUF 600 4,000 50~200
Appliance Foams 5,000 40,000 40~ 70
PUF Panels : 7,400 52,000 20~ 840
Total Rigid PUF 13,600 100,000 120-340 |
TOTAL 17,773 163, 000 200-490

The Chinese Foam Industry
Selected Industry Data (1991)



The National Council of Light Industry (NCLI) is responsibkble for
phaseout coordination in all foam categories. There are other line
ministries involved, i.c.:

Ministry of Chemical Industry (MCI),
Ministry of Internal Trade (MIT),

China Aercspace Industry Corpeoration (CAIC),
Ministry of Machinery Industry (MMI),

000D

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

MMI and UNDF 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 phasecut program. The devised
strategy will support and coordinate this phaseout. The first
phase will consist o¢f 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 BACRGROUND

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 Veolkswagen Santana, but also related to the
general rapid growth of the Chinese car industry. It employs
currently 1700 in B plants in and around Shanghai. The production
includes:

Arm rests s} Head rests

Dashboards 0 Steering Wheels

Car seats o Motorcycle seats

Door panels O Sun visors

0000

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

In March 1993, the company has entered a Jjoint ventbure with ths
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.



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 199%4) in

o Rack cushions CFC~11 40.0 t/y
o) Steering wheels CFC-11 27.5 t/y
s} Release agent CFC-113 7.5 t/y

Under this proiject the company will implement with the help of an
external expert preselected replacement technologles for the
production of cushions and steering wheels. The phaseout of the
uge 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 cther
techneologiles. 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™)

CPC-11 is used in this application to soften the foam. Awvailable
replacements are:

o Alternative blowing agents (Methylene Chloride,
HCF(C-141b, HCFC~123)

! Softening agents

© 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 ¢f the system. Available replacements are

Reduced CFC technology

HCFCs (=-22; -123; =141

All water based

Hydreocarbons {n—-pentane; isopentane, butane)
Methylene chloride

"Renosol" technology (HFC-134a/water blend)

COO000

5.2 SELECTION

The evaluation in cushion applications will focus on index/additive
technologies. HCFC-123 and -141lb 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
mest likely not to meet automotive specifications.



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 con, respectively,
avallability/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 scftening technology
{(HCF) and HCFC-22 technology {(ISF) will provide satisfactory product
gquality and these technologies are therefore taken as budgetary
bench marks.

6.1 CAPITAL COSTS

HCF APPLICATION

TRIALS: 3 SERIES @ 5,000 00 e eeeeeeeeeeeeennnnens USD 15,000
ISF APPLICATIONS

2 HIGH PRESSURE FOAM DISPENSERS. ... vt vrereeennnnsn USD 240,000
ONE PRE-MIXING STATION. ¢ v vt rnnsssnnsnnnnnnnnnnss UsD 75,000
VENTILATION, MISC. ADJUSTMENTS . vt oo oo eeeeeeeeennnn USD 40,000
TRIALS: 6 SERIES B 5,000, .0 vt it iseennennnnnnas UsD 30,000
TECHNOLOGY TRANSEER . & s st e et et e eeeeae e aeaaeennnn ysb 50,000
PROCESS/SAFETY TRAINING 2 PLANTS @ 15,000....... USD 30,000
CONTTINGENCY v vt vt ttee e eemee s e aeeeeesseaaanneennn UsD 50,000
TOTAL INCREMENTAL CAPITAL COST. - - - eeeeeeeeeeenn. UsSD 530,000

6.2 OPERATING COSTS

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

4t SOFTENER ADDITIVE @ 7,000...... USb 28,000

ISF: BEFORE: 27.5t CEFC-11 @ 1,750 cccuuuenenenennn USD 48,125
AFTER: 23.0t HCFC-22 @ 2,100 . cuuunuen... USD 48,300

5.0 t MDI @ 2,000 .. eeeeeennnenn. UsD 10,000

INCREMENTAL RECURRENT COST/Y...... USD 44,175



This amcunt at 10% discount over 4 years to a Net Present Value of

UsD 140,000

et e e

6.3 OUNIT ABATEMENT COST

ajl ODS Reduction Capital Cost8..vr e annns ....USD B3¢,000
b) Annual Incremental CosbS. . i it raartenansan UsDh 31,675
o) Project Useful Life....... it nannnnens 10 years
d) Capital Recovery factor {disc. rate: 10%)....... 0.16275
@) ODS RedUCEION/ Ve n s e nnmnunrrassomsanmeenssnns kg €7,500
Unit Abatement Costs [{a{d) + b)/el....... UsSD/kg/y 1.93
7. FINANCING PLAN

The company reguests a grant covering the full incremental capital
and recurrent cests amounting to

gsp 670,000

8, FROJECT IMPLEMENTATICON
8.1 MANAGEMENT
UNDP, MMI and NEPA will oversee the successful inplementation of

the project. The project will be carried out by Yanfeng at its
facility and branch.



8.2 SCHEDULE

TASK Q1 Q2 Q3 Q4

Project Preparaticon

Specifications ¥
Tenders, Selection X
Purchase Orders b4

Site preparation

Civil Works ®

Equipment arrival

Customs clearance b4
Installation x®
Startup, trials, training S XXX

Commissioning X H

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 project will eliminate the use of at least 67.5 tons of CFC-11
in the first year of implementation. Market and company growth
indicates that this may increase by 10~-15% annoally in subseguent
years. The project will employ commercially and environmentally
acceptable technology.

11. ANNEXES

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

.+ ACHINA\YANFENG,PRD
94-06-20/03 2
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TECHNICAL REVIEW

. PREPARED BY: Bart Veensndasl

UNDP Foam Bactor Exp

DATE: June 13, 1994

COUNTRY OF ORIGIN:
PROJECT TITLE:

(SUB)BECTOR
CP RELATIONSHIP:
TECHNOLOGY

BHVIRONMENTAL IMPACT:

- o

PROJECT COBTB:

IMPLEMENTATION:
RECOMMENDATION:

CHIKA

YANFENG Conversion to non-
tochinology in the manufacture of
flexible and integral skin
polyurethans foam

Fosmed Plastics
Not known

This project is a dasonstration
projact. It will aldrass ths most
promising tediinologies from a cost
and quality standpoint for tha
snterprise as wall naks this
inforpation available through MMI
to other tyis sanufacturers in
China, Ths sslaction of tha
tachnologias to ba svaluated in
. rted and the oholos of "bench
¥ tachnologies for cost
calculations is reasonable

All technologies to ba evaluated
are acceptable firom an
anvironmental view. Howevaer the
tachnologies based on HCFCe are of
interin character, and this should
be teken into account during tha
svaluation

The unit abatement cost ara
reasonable for flexible as wall &s
for integral skin foan (eaccaptable
ranga 1.50~ 5.00), It is lower
that copparable projects in
Halaysin, mainly based on aconomy
of ascale,

Adequate

The project is racammaended for
approval
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PROJECT COVER SHEET

COUNTRY : China

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

SECTOR CQVERED: Foamed Plastics

ODS USE IN SECTOR: 17,773t CFCs (= ODP) in 1991

PROJECT IMPACT: 100t CFC-11, based on 1993 comsumption
PROJECT DURATION: One year

FROJECT ECONOMIC LIFE: 10 years

TOTAL PROJECT COST: USD 655,000 Incremental Capital Cost

USD 125,000 Incremental Recurrent cost
usD 780,000

PROPOSED MLF GRANT: UsD 690,000

COST EFFECTIVENESS: USD 1.51/kg/y (unite abatement cost)
RXECUTIVE AGENCY: National Council of Light Industry
COORDINATING National Envirommental Protection
NATIONAL BODY: Agency (NEPA)

IMPLEMENTING AGENCY: UNDP

APPRAISAL: DATE: - June 3, 13594

W MR T M A e e e mm o e ah s e e ke de o e e e e e e e e W M W W M M S e M e e ek kR ke e e e e ke e e e e W W e W e e e M M e e Ga e me e

PROJECT SUMMARY

Tianjin Polyurethane Plastic Plant is a state owned enterprise
under 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-
11 usage in rigid PU foam production through pentane.

The company is currently completing the phaseout of CFC-11 usage
in flexible foam and in its polvol blending facilities utilizing
MLF grants.

TECHNICAL ASSESSMENT

Prepared by: Maocgi Zhang, Regional Expert, and Tianjin
Polyurethane Plastic Plant
Reviewed: Bert Veenendaal, UNDP senior foams sector expert.

Comments attached.



PROJECT OF THE GOVERNMENT OF CHINA

TIANJIN POLYURETHANE PLASTIC PLANT ELIMINATION
oF
CFCs IN THE MANOFACTURE OF POLYURETHANE RIGID FOAM PRODUCTS

1. FROJECT 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 1981 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

Subcategories (t) (£)

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

Flexible Polyurethane 2,000 50,000 54-100
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;900 20- 50

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

| TOTAL I 17,773 l 163,000 i 200-490 !

The Chinese Foam Industry Selected Industry Data {(1991)



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

o Refrigerating foams.
o Non-refrigerating foams

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

Ministry of Chemical Industry {MCI),
Ministry of Internal Trade (MIT),

China Aerospace Industry Corporation (CAIC),
Minigtry of Machinery Industry {(MMI}.

QOO0

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 CF(Cs 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 Plagtic Product Factory ("Tianjin") is one of
the leading enterprises in the foam sector im 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 continuoug panel line (OMS), B
o 1 continuous pipe insulation line (Siku),
o 1 unit for in situ foaming.



The annual production (base year 19%91) is as follows:

PRODUCTION (T) PRODUCT CFC USE (T}
2,000 Polyether Polyol, -

500 Polyester Polyol -
3,000 Polyether Blends 120
4,000 Flexible PUF, 180

600 R-PUF Panels, 75

80 R-PUF Pipe Insulation, 15
20 R-PUF In Situ Foaming, 5
1,000 P} Elastomers -

The sandwich panel production has changed into a joint wventure
(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 phasecut. It will
soon finish the phaseout in flexible foam preduction and polyol
blending. At the same time, it would like to begin the phaseocut in
rigid feam 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 iaofrastructure measure to mitigate €£fire and exposure
hazards from the use of pentane and will provide extensive

production and safety training.
5. TECENOLOGY
5.1 OVERVIEW AND SELECTION

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

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

In addition, compounds such as perflucroalkanes, HCFC 123,
fluorinated ethers and 2-c¢hloropropane have been suggested, but

are immature in technology, limited available or toxicologically
suspect.

Used in the preduction of rigid polyurethane foams. About 254 or TO0O tfy is used in own
production.



The first solution--the "liguid" 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 waterx
blown foam "with improved cell structure remains an option,
specifically in "lesser demanding" systemg 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 eguipment, and
extensive adjustments. The final step in this process is seen as
the introduction of (gaseous) HFC'w.

Cyclopentane technology has recently been introduced commercially
in Germany. Its flammable character requires safety conditions and
limits its use. Several companies currently offer cyclopentane
packages, including equipment. Based on econcmic 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. Regquired equipment
modifications and additions may include:

Storage

O Separate, explosion proof storage of the butane tank.

Feeding systems

0o More injection systems for additives,

0 Replacement of the foamant metering pump and injection system,

e} New gaskets and seals,

0 New pressure gauges.

Extrusion system

o] Replacement or modification of the screw,

0 Replacement or modification of the extrusion die.

Electrical systems

o Instaliation of spark arresters,

o Sealing of electrical control cabinets,

o] Explosiocn proof motors and switches.

Auxiliary safety devices

o Ventilation to prevent the accumulation of hydrocarkon 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

¢ To be trained in the safe handling of hydrocarbons, in addition
to production training.

Start-up trials

o To adijust for foamant volume and permeability.



6. PROJEQT COSTS

6.1 CAPITAL COSTS
INSULATION PIPE AND BOX

1 EXPLOSTON PROOF FOAM DISPENSER.......coveurenrenncn. USD 180, 000
1 PRE-BLENDING STATION. . oottt et et eeeaeeaaneanan UsSD 80,000
VENTILATION, DETECTORS, MISC. SAFETY......0vvwunenennn.. USD 50,000
) 2 -V = O USD 10,000
TECHNOLOGY TRANSFER. . v vt vs v e tntnsevneennrnneaanananes USD 20,000
PROCESS/SAFETY TRAINING AND AUDIT. . . iuvrtnenrnnnnnnnn UsSD 10,000
CONTINGEN Y & - ettt et et e e et et e e e aaeeee e emanneanns USh 35,000
SUBTOTAL USD 385,000
SANDWICH PANEL
DISPENSER RETROFI . ot ittt it eneeseneaneaeennennns USD 50,000
ONE PRE-BLENDING STATION. .ttt enreenaneraneneeennsensn USD 80,000
METHRING PUMP. . vt tsin s vncee e aesannaneeacsaneanaennnn USD 10,000
VENTILATION, DETECTORS, MISC. SAFETY.....ccevreunnnnan. USD 50,000
gz N 7 2 N A e UsSp 20,000
OUTSTIDE VERIFICATION TESTING. ... seursonenemennannnsnns UsSD 5,000
TECHNOLOGY TRANSFER........ e e USD 20,000
PROCESS/SAFETY TRAINING AND AUDIT. v ve v eeensvnecnnnns USD 10,000
F00) 11 1 1 Lo USD 25, 000
SUBTOTAL USD 270,000
TOTAL INCREMENTAL CAPITAL COST.voveevsencnnneenasanseas . USD 655,000

6.2 OPERATING COSTS

The HNet Present Value calculated following MLF instruction is

expected to amount toc cost of

UsD 125,000

mEMmTomEEmKE=E

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

6.3 UNIT ABATEMENT COST a

al ODS8 Reduction Capital Costs.... v incnuan USD 655,000
b} Annual Incremental CoOBLS....vcivvrriannssss Usp 73,510
c) Project Useful Life.... ... ... i nnnn 10 years
d) Capital Recovery factor {disc¢. rate: 10%}......0.16275
a) ODS ReduCtion/¥. . v e it nsonecsennncnrcnens kg 100,000

Unit Abatement Costs [{a(d) + b)/el.



7. FINANCING PLAN

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

usp 696,000

mpamam TS ERE

The calculation of this grant request lg 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 ocut by Tianjin at its
facility and branch.

8.2 SCHEDULE

TASK

Project Preparation

Specifications X

Tenders, Selection

Purchase Orders X

Site preparation

Civil Works x ]

Bquipment arrival

Cugtoms clearance b s
Installation - X
Btartup, trials, training HHX
“ Commissioning 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.

11. ANKEXES
Annex-1: Technical Assessment
Annex-2: Incremental Recurrent Cost Calculation

Annex-3: Calculatlon of Grant

+ « - \CHINA\TIANJINR.PRD
$4-06-03/003
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TECHNICAL REVIEW

PREPARED BY:

DATE :

COUNTRY OF ORIGIN:

PROJECT TITLE:

{SUB)SECTCR
CP RELRTIONSHIP:

TECHNOLOGY :

ERVIRONMENTAL IMPACT:

PROJECT COSTS:

IMPLEMENTATION:

RECOMMENDATION:

Bert Veenendaal
UNDP Foam Sector Expe

June 13, 1994 //f

CHINA

Elimination of CFC-11 i the
manufacture of rigid PUF products

at TIANJIN POLYURETHANE PLASTIC
PLANT

Foamed Plastics
Mentioned

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

pentane is highly flammable and
should be handled accordingly. The
project addresses this adequately.
pentane is aleo photochemically
active and its status under local
regulations should be monitored

The unit abatement cost are
reasonable, even low {(standard
ahbout 1.50-2.50) -- "
Adeguate

The project is recommended for
approval



BANNEX - 2

INCREMENTAL RECURRENT COST CALCULATION

ASSUMPTIONS :

® Price of CFC-i1 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

1) MATERIAL

® Before: 100t CFC-11 @ 1,765 UsD 176,500
® After: 75t MDI @ 2,118 UsD 158,850
30t pentane @ 1,176 Ush 41,1860

NET + 23,510

2} OTHER RECURRING INCREMENTAL COSTS

¢ Recurrent training/monitoring costs UsD 5,000
¢ Extra maintenance & utility ush 2%, 000
® Extra insurance Ush 20,000

TOTAL  USD 50,000

3} TOTAL ANNUAL RECURRING INCREMENTAL COSTS
® Annual cost of project Usp 73,510

4) NET PRESENT VALUE OF THE 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) PIPE AND BOX PANELS
INVESTMENT $ 385,000 $ 270,000
CFPC-USE 25,000 kg 75,000 kg
INCREMENTAL RECURRENT COST

(Apportioned by CFC Usage) $ 31,250 . $ 93,750
TOTAL INCREMENTAL COST $ 416,250 $ 362,750
GRANT {(with rounding) § 418,000 S %ggé?OO

TOTAL GRANT = DUSD 690,000



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET

COUNTRY: The People’s Republic of China

PROJECT TITLE: Conversion to CFC-free technology in
manufacture of rigid polyurethane pipe insulation

SECTOR COVERED: Foamed Plastics

QDS USE IN SECTOR: 17,770 tons CFCs in 1991

PROJECT IMPACT: Phase-out 105 tons CFC-11 per year
(base year: 1992)

PROJECT DURATION: One year

PROJECT ECONOMIC LIFE: 10 years

TOTAL PROJECT COST: Incremental Investment Cost: US$580,000
Contingency: US$ 87,000
Financial Agent Fee: US$§ 20,000

PROPOSED OTF FINANCING:l/ US$ 687,000

IMPLEMENTING ENTERPRISE: Shanghai No.6 Plastics Product Plant

COORDINATING NATIONAL BODY: National Environmental Protection Agency

IMPLEMENTING AGENCY: The World Bank

e m—————— s

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% CO, 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 OQRG
technical reviewer, Dr. Mike Jeffs. His comments are addressed in the final version of this
project.

oo
——

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



ODS l{I-Shanghai-6 -2- June 9, 1994

PROJECT OBJECTIVES

The project objectives are (3) 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 o 2000, the consumption
of CFC-11 in polyurethane pipe insulation sector is expected to increase by 6% annually, if local use of

CFCs is not inhibited, National Council of Light Industry (NCLI) is responsible for coordinating the
phase-out in ail foam sectors.

ENTEEPRISE BACKGROUND

Shanghai No.6 is a part of Shanghai Plastics Products Co. which in turn 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. All products are sold on the domestic market. Sales in
1992 was 940 mitlion RMB(10 million USD). The market share in polyurethane foam sector was about
5% . The following is an overview of production related data:

PROCESS CAPACITY PRODUCTION CFC-USE EQUIPMENT
Wy) (1992) {t'y)

Polyol mfg 5,000 1,500 - 2 reactors
Blending 5,000 2,500 385 1 blender
Rigid PUF panels 4,000 700 95 2 laminators

Pipe insulation
Rigid molded 1,000 400 60 4 LP units
Rigid spray 200 100 15 5 LP units
Flexible 100 i0 - i units
Flexible Slabstock 5,000 3,000 75 2 units
Miscellaneous 30 thand pour)
TOTAL CFC-USE 660

The company has already prepared 2 project for its blending and polyol manufacturing facilities
and is in the process of evaluating phaseocut technologles for other applications.

PROJECT DESCRIPTION

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



QDS 1I-Shanghai-6 -3- June 9, 1994
insulation. They visited chemical producers, PUF-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 of HCFC-141b will be used for 2-3 years at which time it is expected
that CO, will be adopted for all applications.

All technologies mentioned above need high pressure dispensing machines which allow processing
of higher viscosity of the polyo! 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 HCFC-141b option.

JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION

The choice of non-0ODS technology for PUF pipe insulation is—as for all rigid PUF foams--

highly depending on the manufacturing process and the application. Generally the following mature
technologies are available for rigid PUF:

Low QDS technologies: * Reduced CFC
(interim) HCFCs (-141b, -22, -22/142b)

»*

Non QDS technologies: * Pentanes
{permanent) HFCs {-134a, -1523)
Chemically generated CO, ("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 CO, would constitute an environmentally acceptable and economically
viable permanent solution for the subject applications. HCFC-141b would be an acceptable blowing agent
in formulations which require strict K-value standards and physical properties. Therefore, HCFC-141b
was selected as an interim substitute in the formulation adjustment towards non-QDS 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 expers.

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 of US$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 1),
Operating costs. The use of “water blown” {i.e. CO,) technology and HCFC-141b will increase

formulation costs. It is expected that CO, 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 heads 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 15% contingency (US$ 87,000) was included to ensure adequate funding of
project costs following project appraisal. An additional US$20,000 (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 Shanghai #6 is US$6387,000 and was caicaiatad
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 Q1 Q2 Q3 Q4
123 456 7809 10 11 12

Project preparation
Specifications
Tenders, Selection
Purchase Orders

Site preparation
Civil works X

Equipment arrival
Customs clearance X
Installation X

Start-up, trial, training

Commissioning

» a
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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 5-8% annually in subsequent
years. Shanghai No.6 has been designated 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 #6
INCREMENTAL CAPITAL COSTS

2 High pressure foaming unit, incl.
freight and installation

1 Premix Station, Freight and Instailation
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

87,000

667,000
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ANNEX 2

INCREMENTAL OPERATING COSTS

OBJECTIVE: Phaseout CFC-11 by using "Water Blown™ (i.e. CO,)} technology

Assumptions
¢ Calculations are based on water blown technology.2/
* Price for CFC-11: RMB 14,900/
MDI: RMB 12,200/t
(information provided by the company and by ICT)
& 1 part CFC-11 replaced by Water/Carbon dioxide requires 1.6 parts additional MDI.
¢ 1 USD = §.7 RMB

Material Costs

Before Project: 105t CFC-11@USS L7101t ... .. ..ot h . 1JS% 180,000
After Project: 168t MDI @ US$1,400/t .. ..... ... ... ... US$ 235,200
Additional Material Costalyr . ... .. .. it US$ 55,200

Other Operating Costs

The new, high pressure, equipment has 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 ¢ost 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.3/

3/

HCFC-141b (Price; U8$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.

Incremental operating cost/benefit depends on relative price assumptions for CFC-11 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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ANNEX 3

CALCULATION OF UNIT ABATEMENT COST

2 CLF) +(0C-05/R)
ODP

ODS§ reduction investment cost, including all initial one time costs such as technology
and training,

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

The annual incremental operating costs in the first year of full operation.
The annual incremental operating savings or revenues in the first year of full operation.

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

$108,600
$0
50
105,000t

$1.03 per kg CFC
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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:

Fee Airfare/hotel/food Total -
Chemical expert
(1 mo. @ US$10,000/mo.) US$10,000 US$ 5,000 US$15,000
Processing expert
{2 mo, @ US$10,000/mo.) US$20,000 US$10,000 US$30,000
Preparation of training
manuals, etc. USS$ 5.000
TOTAL US$50,000

e e s
oo i et

M\ Projoc\QDSTPSShasg-6



ROWER

The project is concerned with the replacamant of CFC 11 in
production of polyurethana pipe insulation by €O, (watar) with
a trancsition use of HORC 141b for applications wvere insulation
values are critical.

RECOICIENDATIOND

The project iz approved. The items on technology tranefer and
quatations (see balow) should be addressad.

The roview procsdura has banefitted from sevaral axchanges during
project devalopment. Thare should bs an explanation given of
what ie invelved and from vhom under %“technology trangfrer®,
Additionally, tha aguipment liated has generic rather than
detajiled prices and detalled quotations should be reviswad during
project implemantation.

TRCHNICAL SOUNDRNEAB

Btate of the art technologles ware reviewad in detall duxing
project development and the chosen technologies are sgund. HCFC
141b in viewed as a transitionary sclution for those applications
racuiring the highest levels of insulation; HCPC 141b gives the
best insulation values ¢of non CFC blowing agants.

A recommendation for subgsequent replacemant of HCFC 141b may
arisae from the CURC Foam Working Group on Pipe Insulation planned
for May 1954.

The need for the new digpansing machines has baen thoroughly
investigatad and is juatified en the groundg of the signiricantly
higher viecosmities of the newv tachnolegies and the different mix
ratios for tha CO, technology during spray operations.

LEERON YROM EXFPERIENCE

Nena.

Lol d TO0L0HS THIMINOW dM WdSZER v, <@ dE



EMVIROMKENINL LHOUER
Coemically gensrated CO, tachnology provides = anvirommentally

robust salution. The project gecognises HCFC 141b a8 a
transition matarial ~ sce Tachnical Soundness abova.

BAYXETI _LBEURS

Thers are no safety issues associated with CO, technology. For
HCYC 141b therw should be provision for adequite vantilatiaon to
ensure that tha lowar axplosive limit is nawvar zreached.
Technology transfer should inmlude sdsquats trzining.

SOBT RYFECTIVENRAS

The UAC i1s accaptabls for a foam projact, partly due to the
sntarprise not clainming for incranantal operating costs. Net
oparating costs bhave not basn defined.

The project costs avre mainly for new dispensing sguippent ana
thexa hava besn investigated in detail and are justified.

It is noted that tha ENB : US Dollar exchangs rats has not bean
updated since the Chinese currency realignment.

QIXER

Noans

CMFI/ kd/28/3/94

S/td

INOLONA THRUINOW 8M LdS2 £ vh., £ Hd



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER
CHINA ODS PHASE OUT PROJECT

PROJECT COVER SHEET

COUNTRY: The People’s Republic of China

PROJECT TITLE; Fire Extinguisher Production Conversion from Halon
1211 o ABC Dey Chewmical

SECTOR COVERED: Fire Fighting Industry

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

PROJECT IMPACT: Phase cut 780 MT ODP per year (260 MT Halon 1211)

PROJECT DURATION: One Year

PROJECT COST: Incremental Investment Cost: US$357,000
Contingency: 1/ USS 54,000
Incremental Operating Cost:2/ " 175$410,000
Financial Agent Faa:3/ - US$ 25,000

FROPOSED OTF GRANT: US$ 846,000 &/

COST EFFECTIVENESS (UAC): US$0.28 Kgf ODP/Year

IMPLEMENTING ENTERPRISE: Zhuzhou Fire Equipment Factory, Zhobai, Guangdong

COORDINATING AGENCY: National Environmental Protection Agency

IMPLEMENTING AGENCY: The World Bank

PRO;%E’Y 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  dry 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 mon-halon ones for the medium sized halon
based fire extinguisher factodes in China.

Technical Assessment: The project has been reviewed and supporied by the  OORG technical reviewer,
Phil Di Menno. His comments are attached.

sme—— S A ——— g —
b s O s bt

1/ 15 percent of incremental investment cost.
2/ 3-1/2 years of operating profit loss, without discount.
3/ 3 percent of incremental investment cost, contingency and incremental operating cost.

4/ 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 simultaneocusly 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 stiil being evaluated under Jocal 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 extingwisher 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 controf 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 s0ld 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 workshop.

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
40,0600 Halon 121] 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 extingunishers 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.

JUSTIFICATION 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 AB, 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 fice protection
equiproent. However, actual market perception in China is that ABC is inferior 1o halon, and so ABC
extingushers must be s0ld 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. Zbuzhou Fire Equipment Factory plans to obtzin
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 reievant 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$411,000 including the purchase of additional equipments needed for the
conversion of production line to replace Halon 1211 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 USS$331,000 {Annex 1. Table 3).
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ratin of UJS$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 extingnishers.
Therefore, the factory will lose an annual profit of US$117,000 after the conversion (Annex 2). No
compensation is being sought for lost profits due to reduced production during 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. The project will be carried out at Zhuzhou Fire Equipment Factory.

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

Chief Engineer of 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). The 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 limit the production and sales of halon extinguishers and
halon-use extinguishers as soon as possibie. 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 MT 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 extinguisbers in China.

M:\Projects\ODSI\PS\Z huzhou. 1
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ANNEX 1
Table 1: Costs Breakdown for Additional Equipment for
ABC Extinguisher Production
Uss$
Descriptiou Cruantity Unit Fotal E
_ Cast Cost
Twin act tensil Hydropress 1 13,000 15,600 {’
§| Cylinder Trimm,. Shears 1 6,600 6,600 E
H Bottom Ring Trimming Shear 1 5,600 6,600 ﬂ
H CO2 protection welder 1 4,000 | 4,000 a
I Dust remove equip i 10,000 10,0060 !!
DCP Auto Charging gauge i 20,600 20,600 ﬂ
CO2 bottle shrink equip. i 6,200 6,200 a
CO2 suto charging gauge 1 17,900 17,900 ﬁ
Presaure test equip. 1 6600 | 6,600
Leakage test equip. i 2,B00 2,800 H
Punch/drow dies eqpt 1 7,300 E
Installation 10,000 H
i Training 2,300 u
Subtotal 116,000 “
Contingency (15%) 18,000
Total 134,000
Table 2: Costs Breakdown for Additional Equipment for
AFF Extinguisher Production
Us$
s
Description Quantity Unit Cost Total Cost L
Puch/drawing dics equip. 1 7.820 1,820
AFFF test guage 1 28,300 28,300
Inner cylinder coating equip. b4 13,430 26,860
Coop./ZFE Plant & Amerex 135,300
Training 31,700 i
Trial production 100 47 4,700
New product test/approval 6,300
Subtotal 241,000
Contingency {15%} 34,000 i
Total 277,000 H
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ANNEX 1
Page 2 of 2

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

E Descriptica Cost (§)

Equipment/ Apparatis 97,645

Civil works for ABC DCP line 42,000

Civil Worke/AFF line: Basc 37,380
Floor 41,580
Waill 45,640

ﬂ Installation 14,000

—

Techuical Training 3,000

Trial Production 6,600

R

Sub-Total - 287,845

Contingency (15%) 43,180
Fotal (domestic resources) 331,000

b errtrtred
— T
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ANNEX 2
Table 1: Actual Production Cost and Profit Indicators in 1993
Before Conversion
e b e
Avmge, Sales Income Production Average Average Profit
Halon 1211 Annusl $pe Cout Sales Cost Profit Total
Extinguisher Output $/pe $/pe $ipe $)
MY1 12,853 8.52 6.48 0.19 185 23,778 H
MY2 64,156 12.59 10.97 0.19 143 91,741
MY4 17,954 21.11 18.17 0.22 2nr 48 835
MYT25 1,270 166.67 144.44 2.96 19.27 24,473 “
G- Totsl %6233 | 1,508,000 1,297,000 22,000 l 189,000 ﬂ '
i e —— i e e e i e e
Table 2: Average Production and Profit Indicators
After Conversion
ABC-LXCP AFF Averege Sales Production Aveorage Average Profit
Extingnisher Anpmusl Income Cost Sales Cost Profit Totsi
OCutput $ipe Sipe Sipe $/pe 13
_ MFZIL 16,000 5.67 4.7% .18 0.78 7,800
f MFEZ2L, 45,000 £.33 5.68 0.17 0.48 21,600 n
MFZAL 10,000 11.67 9.87 0.30 1.50 15,000 H
MFZ6L 5,000 12.97 9.25 2.76 0.96 4,800 ﬂ
” MPM&-.AFR 30,006 10,83 5,43 6.40 £.00 30,000 Il
“ Total 100,000 248,000 731,000 38,000 79,000 ﬂ
Table 3: Projected Fire Extinguisher
Production and Incremental (perating Cost
After Conversion
{Us%)
e = = e s == = e s
Profit Loss
Without Conversion {Halog 1211) With Conversion (ABC DCP & AFE) {Inc. .
' QOperating
Cosh)
Annual Annsial
Output Sales Qperating Profit Cutput Saics Operating Profit
(UaiQ) Cout {Units) Cost
“ Yr 45,000 710,000 618,000 92,000 45,000 1 353,069 | 320,000 33,000 59,000 ﬂ
“ 1996 106,000 1,367,000 § 1,371,500 1945,000 100,000 | 848,000 164,000 72,000 117,000
1997 13,000 1,567,000 | 1,371,000 196,606 105,000 1 B45,000 769,000 79,0006 117,000
1978 100,000 1,562,000 1 1,371,000 194,000 100,000 | 848,000 769,000 79,000 117,000
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ANNEX
Breakdown of Project Cost and Financing
(US$)
I Investment Cost Investment Contingency Total
Cost
ABC powder extinguisher production 116,000 18,000 134,000
AFF foam extinguisher production 241,000 35,000 277,000
Halon extinguisher workshop
transformation 288,000 43,000 331,000
l Subtotal 645,000 97,000 742,000
Less:
Self financing by enterprise (Halon. (288,000) {43,000) (331,000}
Extinguisher Workshop)
Incremental investment cost proposed for
OTF financing 357,64 54,000 411,000
I Incremental Operating Cost for OTF
;] financing 410,000
Subtotal 2 £21,000
I I | Pinancial Agent fee (3%) 25,000
“ Total (proposad QDS Grant} 846,000 g
9 Proposed OTF Grant 846.000 l[
e W
a) Incremental operating costs will be disbursed to the enterprise at the end of each year of aperation, based

on actusl production; thus the operating costs are not discounted tc arrive at incremental cost.
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ANNEX 4
Calculation of Unit Abatement Costs

VAC = {CF) + (OC-O8R}/0DP

Where: UAC = Unit Abatement Cost, $kg ODP/year

C = ODS reduction investmant cost, including all initial one time costs such as technology
and training the annuslized capital cost charges

F = Capital recovery factor, the snnualized capital cost charges, discounted at a standard
rate of 10% per year over the economic life of the investment

ac = The snnnal incremental operating costs {i.e., profit loss) in the first year of full
operation

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

ODF =  The annual ODS reduction at the first year of full operation expressed in ODP umits.
The investment cost of the project is US$742,000 (incl. 15% contingency) and the economic life is 15 years. Then:
CF) = {$742,000 x 0.1M{1 - (1 + 0.1y} = 97,566
oC = $106,000

1U8$97,566 + (US§117,000 - 0)

UAC = = [j8%0.28/kg ODP/year
780,000 kg ODP
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Table 1: Project Implementation Schedule

June 10, 1694

ANNEX 3

1994 — 1995 Task

1996 Task "

4. Training

1. Design slternative product/equip, 1est & trial runs
2. Procure general equip., install and trial runs
3. Design, build install and trial runs special equip.

Complets production
conversion, eliminate halon
application completely

Ttemss of Tasks Description 1594 1995
Portable ABC DCP General equipment Order/Procurs Installation
Extinguisher Special equipment Design/Build Install/test
. Technical equipmeat. DwgﬂfBuﬂd Exam/ftesting
Product design;test
Light Water Foam Indust. Enginrg/Design & Instal Techai. Design Masufacture
AFF Extinguisher Special equipment Tender/Tmport Install/test
Tral preduction Trial run
S —— - S e
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ANNEX §

Table 1: Price of Main Product Material and Suppliers

Halon 1211 ABC Dry Chemical Powder AFF Foam Agent H

Price 3.67 USS/kg 0.67 US$/kg 1,36 USS/L
From Dongyang Chemical Company BJ Fire Equipment Plant BJ Fire Equipment Plant

* Costs include importing testing technology on AFF foam agent, cylinder internal spray costing technology
and study in Zhejiang Fire Equipment Factory.

ok Inciuding various performumnce testing during trisl production.
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Zhuwzhew - Fvrct Review

Ms. Jessica Poppele
Ozone Ops Coordinator — Asia

Global Environment Coordination, Room 52-133
World Bank Group

Washington, DC 20433

Dear Ms. Poppele:

I 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)

(2)

3

*

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.

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 costflower 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."

In general, replacement of 1211 extinguishers with DPE is technically’ .-
acceptable. There is some residual demand for a "clean" extinguisher such
as CO, (for use in control rooms, computer roows, ete.). It is of some
concern that none of the projects are directed in this manner.

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 recyclingfrecovery 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 fifling losses at the factory, the proposed equipment

will be of little or no value in reducing the current 350 tonsfyear emission
estimate.

(2)  The use of recyciing/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 AP
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/regulatory structure on the
use of newly produced 12117

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 contro] of 400 tons/year, this implies a very low (0.4
tonsfyear) utilization per set.

B.  Production Transfer of Xylene Alkyl 1211 Extinguishant

This project involves changeover from Halon 1211 manufacture to Class 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 Class 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 Class A foam on Class B (flammable and combustible liquid)
fires cannot be supported given the availability of dry chemical
extinguishers andfor 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 US. [ 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 Class 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 fine?

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

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 comments 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 coutinues 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 Fire Extinguisher Replacement at Zhuzhou Factory

'i’his 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}  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. [ am unable to comment on the

economic analysis, but further evaluation of items (2) and (3) above may
change the cost structure.

(5)  Is the reduction in halon use 250 tonsfyear of agent or 250 tonsfyear ODP?

Both terms are used, I believe it is 250 tons (agent)/year or approximately
1000 tons (ODP)fyear. .
(ODP)y Hughes Associates, Inc.
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If you have any questions, pleasé feel free to contact me.
Very truly yours,
Philip J, DiNenno, P.E.

Vice President

PJD/cdp

Hughes Associates, Inc.



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER
CHINA ODS PHASE QUT PROJECT

Cover Note on Halon Projects: Benxi and Zhuzhou

The two halon phase out project submissions for China, "Fire Extinguisher Production
Conversion from Halon 1211 to ABC Dry Chemical” at Benxi Fire Equipment Factory (Benxi) and *Fire
Extinguisher Production Conversion from Halon 1211 10 ABC Dry Cheamical” ot Zhuzhou Fire
Equipment Factory (Zhuzhou), are an integral part of China's phase ous strategy for this sector. Overall,
China's strategy 1o phase out halons aims to gain acceptance of halon alternatives by: (1) changing marker
perception; and (2) revising codes and standards that may require halon use while phasing out both the
production of halon as well as its consuroption in extinguishers and fixed systerus. As noted in the
project proposals, halons' clean agenat property and historical quality problems with dry powder

extinguishants have resuited in a strong perception in e Chinese marker chat Halon 1211 is a superior
agent. The current fire protection product price stmacture reflects this pareeption.

Ingremental Operating Costs G0C)

The Benxi and Zhuzhou projects address both aims of China's halon phase out strategy. The
projects seek 1o galn market acceptance of halon substitutes by priciag themn competitively while
elimunating halon use in the production of extinguishers. Thus, the incremental cost caleulations include
bath the incremental capital costs required to convert the enterprises 1o 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 €illing
center projects approved by the Executive Committee for Tianjin and Shanghai, Benxi and Zhuzhon will
need to pass operating savings on to their customers to give customers sufficient incentive 1o use a pon-
QDS product. However, unlike Tianjin and Shanghal where circumstances meant that only a portion of
savings were passed on, halon substitute extingnishers musc be priced so low that the cash flows of Banxi
and Zhuzhou would actually be reduced as 2 result of project inplementation. In other words, the
incremental capital costs would be insufficient compensation 10 allow the enterprises to price their baton

substinue products such as to gain market acceptance. Without considering lost profit;s as IOC, customers
would continue to buy halon

These two projects request four years of incremental operating costs based on China’s Country
Program goal to eliminate production of Halon 1211 extinguishers by 2000.  As halon extinguisher
production is curtailed, we expect that by 1998 halon substitute extinguishers 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 Zhuzhou to promote
halon substifutes.

The Zhuzhou and Bepxi projects are similar in scope and conteat to the Zhejiang Halon
Extinguisher Conversion project approved initially by the Executive Commitnee in June 1992, with
supplemental funding approved in March, 1993. The Zhejiang project had considered two alternatives
to minimize the caslt flow loss that would result from « straight halon wo halon substitute conversion. The
option which was approved for funding by the Executive Committee included increasing production
capacity from 150,000 halon units to 250,000 ABC units, The alternative, mainatning 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 last profits based on equivalent capacity. The incremental cost
tequest was, therefore, based on production expansion. The Ministry of Poblic Security, which is
responsible for oversecing China's halon phase out program, recognizes thar production expansion, as
a means of compensating halon extinguisher manufactures for reduced cash flows which result from the
need to promote halon substifutes, is not sustainable given the limited market demand for halon or halon
equivalent fice extinguishers. Thus, for the current and for future subnnissions, JOC requests for halon

extinguisher conversion projects in China will be based on reduced cash flows (lost profits}, rather than
production expansion.

Discounting of 10C

Two aspects of World Back disbursement practice for MLE financed operations have led to a
request for JOC withowt discoundng futuee costs: (1) Interest eamed on funds deposited in the Bank's
Ozone Projects Trust Fund are retained by the Bank and credited to the MLF; and (2) Disbursements
for IOT are paid out over time against actual expenditures, rathcrthanasalmp sum up-front paymest.
To miaimize the risk of windfall profits accruing to an , disbursements are made based on actual
production costs and benefits after project completion and are eloseiy related to non-0DS produstion

levels actually achieved. For these reasons, basing grant requests on discounted costs results in

insufficient funding for futuce years. Therefore, I0C requests in these and future projects will not be
discounted.

Should consideration of these two points, compensation for reduced cash flow (lost profits) as

1OC and non-discounting of 10C, be deferred, we ask thet the two Chins halon projee proposals be
considered within the existing eligibility guidefines.



THE MONTREAIL PROTOCOL OH
BUBSTANCES THAT DEPLETE THE OZONE LAYER
PROJECT COVER SHERET

COUNTRY : People’s Republic of China
PROJECT TITLE: Halon 1211 Production Closure
SECTOR COVERED: Fire Fighting Industry (Halon)

ODS USE IN SECTOR {1982} 12,500 MT ODP (4,000 MT Halon 1211 & 50 MT 1301}

PROJECT IMPACT: Phass out 1,200 MT QUP per year {400 MT Halonm 1211)
FPROJECT DURATION: & Monthe
PROJECT COST: Incremental Cost: Uss 775,000
Contingency: Usg 35,000
Financial Agent Fee: U8 24,000

PROPOSED OTF FINANCING: Uss 838,000

COHT EFFECTIVENESS (OAC): U85 0.70/Kg ODP/Year

IMPLEMENTING ENTERPRISE: Tongxiang Chemical Pertilizer Factory
COORDINATING MINISTRY: Ministry of Public Security

IMPLEMENTING AGENRCY: 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 QDP
in China. The proiject involves dismantling of present Halon

1211 production fagilities in Tongxiang Chemical Fertilizer Factory
and demolishing the Halon 1211 workshop bulldings 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 algoe to be made according to
Chinese law and local government regulaticns.

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

The cbjective of this project is to eliminate annual production of 400 MT Halon
1211, about 10% of China’s total Halen 1211 preduction, by dismantling and demolishing
the Halon 1211 production facilities at Tongwxiang FPertilizer Factory.

SECTOR BACKGROUND

Bacazuse halon extinguishants have unique properties, such as cleanliness, non-
conducting, efficient, low toxiecity, 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 cowmputer rooms, telecommunication centers, central contrel
rooms, avchives, 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 1982, about 4,000 tong of Halon 1211 and 50 tonsg of Halon 1301 were consumed
in producing firs fighting eguipment in China. There are about 25 facilities in China
of varying sizes producing Halon, Most ave in the small-scals sector. Anmmaal
production of Halon 1211 of Tongxiang Chemical Fertilizexr Factory alone is 400 tons
which accounts for about 10 % of China’'s total annual production of Halon 1211.

ENTERPRISE BACKGROUND

Zheiiang 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, 40 engineers, 62 techunicians and 8335 workers. The
Halon 1211 production facilities wers completed in 1986 with & total investment of
1,08 million Yuan. An area of 1,400 8g.M of workshop buildings were built to
accommodate the production eguipment. 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
haleon production is 400 MT per yvear and a total of 1,764 tons of Halon 1211 have been
produced in seven years since June, 1586. The factory has achieved good esconomic and
sovial benefits, and the profit has steadily incrsased over the past three vears.
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 teo this factory is of
great gignificance to the factery's overall firancial profitabilicy.

Therefore, in view of the economic development of the enterprige, it is
reluctarnt to shut down its Halon 1211 productien 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 MP5) jointly decided
to gshut down halon preduction 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 reguesting 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
cloging its production workshop, dismantling production facilities, and demolish
workshop buildings and warshouses of 1,460 Sg. M. According to Chinese regulations,
the annual depreciation of the industrial facilities is 6%, 5o the lifetime of current
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production facility is 18 years. The factory was compissioned in June 1986. Assuming
January 19%5 as the olesure date, the facilities would be 8.5 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,
producticn of Halon 1211 will be immediately stopped. Within 6 months from the date
of receiving OTF fund, the Halon 1211 preoduction facilities will be digmantled and
the workshop building as well as related warehouses will be demolished as thase
favilities can not be used for any other purpose. The halon unit ococupiesg a
relatively small portion of the facteory premises and there are no present plans to
uste the site for other purposes.

JUSTIFICATION FOR SHUT DOWN Halcon 1211 PRODUCTION 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 CDP.
Thus the environmental impact of this project is of great significance. Also, gince
Beijing Fire Fighting Equipment Factory is going teo produce ABC dry chemical powder
to replace Halon 1211, future demand for haleon in portable extinguishers can be mat.
ARC powder extinguishers can put out Class A, B and € fires and electric fires and
the extinguishing performance of an ABC powder extinguisher exceeds a halen
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. 8ince the factory is
claiming foregone profits for the remaining life of the factory, the depreciated value
of the facilities would be zere and nothing is c¢laimed 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 wmarket for them. Existing
halon producers already have thelr own coylinders and would not purchase additional
cylinders from Tongxiang. Furthermore, the wvalue of used coylinders is too
insignificant to warrant its inclusion in the calculation.

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

1. gCost of dipmantling halon production facilities and workshop buildinge:

The facilities will be dismantled/demolisghed and the site cleared. Therse will
be a small amount of scerap value for materials as shown below:

Table 1: Breakdown of Cost of Demolishing and Dismantling

e e |

A
K Items of The Cost Us 3

Cost of Demolishing existing workshop building/warehouse 8,095
Cost of Dismantling existing halon production facility 5,780
Less: Scrap value of squipment/spares £,455

TOTAL 7,420
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2. Fipancial logges €o the factory from stopping halon production:
Table 2: BAverage Annual Profit in the Past 3 Years
(uss)
Year Produc- Sales In- Factory Sales Taxes to Profit
tion/MT come /USD Cost/USD | Cost/USD | State/USD {UsSD}
1991 350,00 942,330 167,898 _21,584 29,6137 123,000
1292 i67.60 999,626 785,082 17,250 A4,772 153,000
1993 368.00 1,600,747 798,847 23,102 34,81% 147,000
Average Annual Profit of The Halon 1211 Production 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 reguesting a compensation
of US5663,337. This amount is calcoulated by discounting the average profit of
U85141, 000 by 12% for €.5 vears (Annex 3).

3. Compensgation to the gtaff 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 ingomes, according
to local government reguirement, should be no less than the factory worker’s 1953
average monthly income level of 751.51 Yuan (3$86.88/wonth). Thus the total salary
compensation for staff and workers isg:

50 men x USSH6.88/mo. x 24 mos. = USS 104,256

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

4. ©Qthery Cosgtsg:

A 5% contingency (US539,000} was included to cover any unforseen rigks of the
further losses of the enterprise caused by closing of halon production. An additicnal
USS$Z24, 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.

Regquested Funding. The proposed OTF grant for Tongxiang is USS838,000 and was
calculated as sum of the following: (1} demolition cost of USS7.420, {2} profit loss
of US%663,337, (3} salary compensation of US3104,256, and {4) other cost of US4£3,000
{eontingencey and financial agent fee).
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ANNEX 1
BEreakdown of Project and Finanaing
Us$
Srememmeaa————— Lo o S— e
\ ITEME OF THE COST AMOUNT
NPV of Existing Facilities and buildings 80
Cost of Dismantle Equipment and Demolishing the Buildings 5 7,420
Profit Reduction Due To The Shut Daown of the Halon Production $663,337 !
Salaries of staff & Worksrs of balon production for two years $104,256
u Subtotal of the Prpiect Het Cost (PNC) {(rounded) $775, 000 i
I Contingency: 5% of PNC (rouanded} 5 39,000
Subtotal 5814, 009
Financial Agent Fee: 3% of PNC $ 24,000
Proposed OTF Grant . $838,000
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ANKEX 2

Caleulation of Unit Abatemant Cogt

Since this project is different from other production facility conversion
project which will have incremental cost after the conversion, thisg project is the
closure of the facility to stop the ODS production. The calculation method and
egquation 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)/0DP, US$/Kg ODP/Yr

== 838,000/1,200,000 Kg ODP/Yr == $0.70/Kg ODB/Yr
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ANNEX 3

Caloulation of Compensation for Profit Loss

The total.amount of compensation for profit loss is:
== @gumf{ [1- 12%]"%"}p + p/2{gex]™"
Where: ¢ is total amount to be compensated for 6.5 years of profit losges;
P is avg annual after-tax-profit of halon production during past three yvears;

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

For this proiect, P == $140,812
n == 6.5 vears
Thus: C == @sum{{1- 12%]"*M}p + p/2(1-12%]%"¥

== $140,812 x 4.7108 == 3Z683,337

HM:\Projeces\ODS3IABS\Tongxiang



11.JUN’34 13:41 ICT KLER MIKE HARRLS TEG W cniolw Fecr o

LORE - Production Sectar

SUBJECT: OORG TECHNICAL OPINION - TONGXIANG HALON 1211 PLANT
CLOSURE PROJECT

Scope

The project is the first plant closiere prajicot submitted to the QORG production sector.
Tt iovolves the closure, without replacement, of a 400 te Halon 1211 plant at the Zhejiang
Tongxiang Chemical Fertiliser Factory, with an associated ODS abatement of 1200
ODP-tonne per year for some § years.

Rec iendation

The praject is recommended for approval subject to satisfactory clarification of certain
points, and amendment of the Unit Abatement Cost (UAC) from 30.52/0DP-tonne {0
$0.70/Q0DP-taonne (see below).

RBelcvance/Adequacy of Information Provided

The information is adequate for a final recommendation. It should, however, be recognised that
there are congiderable, if unavoidable, uncertainties arcund seme of the key assumptions - in
particular those regarding social costs and those relating to the market price of FHalon 1211,

Technical Soundness

1. The propesal appears to miscalculate all OTYP-depondent figures. The ODPs to be used
should be thoge in Annexe I of the Montreal Protocol, ie 8.0 for Halon 1211 and 10.0 for Ilalon
1301. Using thc correct ODP values leads to the following quantitative changes in figures cited
on the Project Cover Sheet:

. ODS use in sector = (4000 * 3) + (60 * 10) = 12,500 ODPte (not 16,800 ONP-te)
- Project Impact = 400 * 8) = 1200 ODP-tefycar for 6 years (not 1600 ODP-tefyry)
Cast Effectiveness — US $0.70/0DP-kg/yr {rior $0.62/0DP-ky/yr)

Accordingly the relative UAC should bo judged on the basis of the $0.70 figure vs other calls on
finance for China. Howevaer, the project can still be approved even on this less favourable basis.

2. The Bank's comment (Chan, 15 April 1994) that the remaining life {z bettexr calculated as
8.0 years, not 6.5 years, is vaiid and supported go far as the chemical plant is concerned.

3. The proposal is to demolish warshouses which are claimed Lo be just 8.5 years old and o
bave a 16 year life, While a 15 year lifc is reasonable for a chemical plant, & much lenger life -
perhaps 30 years would have been expectod for warehouses. As the IIalon 1211 plant represents
such a sroall proportion of the overall site it scems very unusual that the warehouse buildings are
doemed redundant, especially against the background of & rapidly growing econamy.
Clarification should be sought,

4. The propasal claims that the steck of Halon 1211 cylinders ig of no terminal value and will
have to be digpeved of, This iz very surprising as the reduction in Halon 1211 preduction at this
plant represents only 10% of national Halon 1211 production. The availability of additional
cylinders would normally represent a real bencfit to the remaining producers. It is also pogsible
to use these cylinders for other gases of approximately similar (or lower) vapour preysure and/or

Tha Orone Cinsrations Raseucew Group {ORG) epovetor wader i of dew Envi Groug (ENVOC) of The World Bonk
Headquarters: Waortkinglon (.8, 20433 USA. Tolopbane + 1-7004677.1204, Teluime w -302.472-4391
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in particular for the recovery and reeycling of Halon 1211 itself (which would otherwise be likely
to require purchase of new cylinders as material for recycling or recycled material would need to
be seproguted from virgin product, A realistic residual value shwuld therefore be applied to the
eylinder stock, )

5. Apuxt from the above comments, the project appears technically and environmentally
sound and cogt-effective. There are no unusual associated risks, and no special training should
be required.

Lessons from Experience
As developed world halon producers have recently closed Halon 1211 plants there is experience
available, and there ix also coet information available. Haa this boen sought? The present project

wﬁiﬁmmim}.mmfetthe closure eft&eremmngﬁa}m 1211 production facilities in
China in due course.

No special iszues.
Costeffectiveness
The UAC, even when amended, appears to be attractiva.

Other

1. The Project Cover Sheet cites project duration as 8 months, This is the correct duration
for the physical demolition aspect of the project - although proposal claims social coxts for a period
of up to 24 menths, Disbursement patterns will determine whether the administrative cosly of
project raonitoring are incurred for 6 months only, or for 1 longer period.

2. Data cited in the 'Sector Background' is at variance with that in the NEPA/UNDP Mission
Repart (UNDP Project Nr CPR/89/029) which cites the Ministry of Public Security (MPS) as giving
the number of halon factories in China as 3040, not 25 as in Lhe present praposal. The figuwre is
impertant in determining the ultimate cost to the MLF of closing ol the plants and should be
clarified.

4. The samc NEPA/LUINDP reference cites (Project No. ht' - Bejjing Fire Fighting Equipment
Mgnufacture) an eliminating 500 te of Halon 1211 by convervion to ABC Powder at a cost of
2470k. This iz rather less than the present project which is for closwre anly - with no investment
in replacements. It is possible that the NEPA/UNDP reference iz fo the muanufacture of
extinguishers Grather than extinguishagnt), but in such case it is not clear that there is sny
associated reduction in Halon 1211 production in a rapidly growing market direct ODES abatemeant
from the NEPA/UNDP project may be nil. Clarification is needed. Oloser correlation between
UNDF and World Bank projects would be helpful, especially if it were within an overull country
plan for the slimination of Halon production and (ultimately) use.

12
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PROJECT SUMMARY

The most common aliernacive propeliant, HAPs (hydrecarbon aerosol propellant) is not a viable alsernative
in Guangdong Province, where imported material is very expensive and no feedstock exists suitable for
purification {see section ony "JUSTIFICATION FOR ALTERNATE TECHNOLOGY SELECTION" for a
full explanation). This project will substitute CFCs for imported dimethyl ether (DMEY} in a total of
35,000,000 acrosol cans per yvear, 20,000,000 of Zhongshan’s brands and 13,000,000 for other marketers
by offering filling center services to companies that are now filling small quantities of aerosols with CFCs
and cannot convert 1o a {lammable propellant.

“ The slight operating savings obtained in the substitution will be appertioned 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 amouni of grant requested. The other two-
thirds of savings will go 10 the independent marketers as an incentive to bring their preducts to the filling
center.

This project is included in the "China Country Program for ODS Phaseout” Chercafier referred to as
{"C.C.P"), and its implementation is required to climinate 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.

g maaree—

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 southern 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 devetoped 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
10 9.720 tons In 1992, According to the C.C.P. consumption will increase to 23,584 tons in 1996 if no
substitution oceurs.

To combat this and comply with the requirements of environmental protection, it is necessary
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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ENTERPRISYE, BACKGROUND

Zhongshan Fine Chemical Industrial Limited is a comprehensive state-owned enterprise which
deals mainly with aerasol products, acrosol cans (including vaives) and fine chemical products. In 1993,
its gross industrial ourpur is US$64.497 miilion.

The enterprise started to develop acrosol 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 20835 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 technoelogy 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 {ill 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 1o 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 ail 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 comtribution 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 propeilant, HAPs (hydrocarbon aerosol propellant) is not a viable
alternative in Guangdong Province. This was established during the initial survey (Leo Laine, "Report
of the UNDP Mission to China-Aerosols,” December, 1991) and subsequently supported by work done

by Mr. Raimo Multala aned Mr. Geno Nardini, aerosol consultants to the World Bank, and is elaborated
in Annex 1.
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With HAPs discarded for the above stated reasons, DME is the most viable alternative io allow
Zhongshan to fulfill its role as the filling center for the southern region of China.

DME has a distinet quality advantage over HAPs and it is known that clients that fili 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 Chipa, 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:

D 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 drasticaily the
flammability of the finished aerosol.

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

4) DME has a siightly 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, Sterilanis,
and Miscellaneous Uses and Carbon Tetrachioride as an approved alternate substance,
although normaily HAPs are recommended as the principal alternate.

PROJECT COST

The total preject 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 vears
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$51,000 (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.
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Reguested Funding. The proposed OTF grant for Zhongshan is US31,744,000 and was calculated
as the sum of the following: (1) investment cost, (2} plus 5% contingency, minus (3) incremental

operating benefit, The resulting total project cost was increased by 3% to account for the financial agent
fee. '

OWNERSHIP

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

UAC = (30.01)

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 aeroscl 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 alcobolic solvent, as a
preparation of solving the potential VOC problems in future China,
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ANNEX 3
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:

(D Hair Sprays, 10,000,000 cans per year.

Base line US$0.593/can (see appendix B-1)
Project US$0.560/can
Incremental benefits = 10,000,000x(0.560-0.593) US$-330,000

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

Base line US$0.477/can
Project US$0.456/can
Incremental benefits = 10,000,000x(0.456-0.477) US$-210,000

Filling service for small enterprises:'

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

Base line US%0.593/can
Project US$0.560/can
Incremental benefits =7,500,000x(0.560-0.593)x1/3 US$- 82,500

{4 Air Fresheners, 7,500,000 cans per year.

Base line US$0.477/can
Project US$0.456/can
Incremental benefits =7,500,000x(0.456-0.477)x1/3 UJS$- 52.500
Total incremental benefits 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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ANNEX 4
BREAKDOWN OF PROJECT COST AND FINANCING
Incremental investment cost UU8$3,332,000
Contingency (15%) US$ 500.000
) Subtotal incr, investment cost U58§3,832,000
Sources of financing:
OTF Grant US8$1,693,000
Counterpart financing 1S$2.139,000 US$3,832,000
Less: Incremental operating benefits US$2,.136 000
Subtotal project cost 831,693,000
Financial agent fee (3%) 8} 51,000

Proposed OTF Grant US$1,744,000
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JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY

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 reguire 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 proiect would be incremental, increasing the grant request to an
unacceptable amount.

CO, is already being used as a propellant in small amounts, and its use cannot be increased due
to its poor qualities as an acrosol 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
appeats 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 itnported DME, which originated from Taiwan.

Even if direct import were artanged, 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:

)] 35,000,000 units ai an average of BO 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 tank farm area, and an
investment of another $2,000,000.00.

4) Both of these invesiments wotld become obsolete and largely unrecoverable as soon as
propellant production begins in the southern region.
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Taking into account the need to amortize this direct investment, plus the cost of the HAPs
trom 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.

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.

Given the known risk of obsolescence of this type of invesiment, neither the company nor
the provincial government would approve it.
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Unit: USZ000.00

Serial Na, Item of Engineering or expense Total’

1 Civil works '

Civil construction 170
2 Public utilities

Water, electricity, Compressed air 180
3 Conversion of aerosol fiiiiné system

3 sets of auto~filling tlines 812

2 sets of filling machines 155
4 Liguid product formulating

Tanks for storage 38

Tanks for formulating 21

Measuring, filtering appliances,etc, is
5 DME storage station

Main equipment, pipes. electric 490

apparatus

fonveving system, instruments, valves 207
) Transportation appliance

Cylinder transporting truck (3 51

Fork truck 2) 40

frane ) 16

fargo truck A 17
7 Lab QU Apparatus x

Corrosicn te;t 4 auxtliary

instruments 70

Other quality test instruments 21
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8 Safety facilities
Safety equipment 183
Water spray system ’ 72
Transportation expenses for
? equipment jmport ‘
Overseas transportation . 41
Domestic transportation 22
14 Installation & Commissioning
Installatiaon 261.3
Commissioning by foreign experts 60
Running test & training _ 58
11 Engineering Costs
Design & Technical Assistance 50
Froject management 55
Sub-—tatal 3332.3
12 Other costs
Floating rate 534 166.6
Unpredicted expense 1034 333.2
Total 3832.1
% The (filling center will provide service for wmany small
enterprises, the product varieties are very much with small
capacity. The quality centrot for anmterial before and after

propellant filling is very laportant. DME water formulation will

cause special corrosion issues on the can wall, therefore the

JC apparatus and corrosion test instrument are necessary,

Lab
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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:

(D Hair Sprays, 10,000,000 cans per year.

Base line US$0.593/can (see appendix B-1)
Project US$0.560/can
Incremental benefits = 10,000,000x(0.560-0.593) US$-330,000

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

Base line US$0.477/can
Project US$0.456/can
Incremental benefits =10,000,000x(0.456-0.477) USS$-210,000

Filling service for small enterprises:’

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

Base line US$0.593/can
Project US$0.560/can
Incremental benefits =7,500,000x(0.560-0.593)x1/3 US$- 82,500

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

Base line US$0.477/can
Project US$0.456/can
Incremental benefits =7,500,000x(0.456-0.477)x1/3 USS- 52.500
Total incremental benefits 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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Beoefits Estimation For Aerosol Products
Ustng DME as CFC Alternative
Comparision of Halespray Formules
Fermala with CFC
Name of Unit price of Composition | Quantity Cost
raw material used
raw material (US S ~kgd (36> (g can) | C<USE ~can) ,
ES—z2 12.82 7.00 20.51 0.263
AMP—a5 6.84 B6.30 n.88 8. 006
Ethanot g.658% 52.40 153.53 1. 689
Others 48. 89 9.30 .88 0. 043
CFC i.64 410. 900 117. 20 g.19%2
Total 104. 00 293.00 0.593
Formula with DME
Name of Unit price of Composition fluantity Cost
raw material used
raw material CUS S kg o463 (g can) | <USE ~can)
E3~—22 12.82 7.0 19. 48 4. 250
AMP — 95 6.84 0.33 0.432 g.004
Ethanot 0.58 56.34 142.54 0.083
Others 48,89 6.33 0.83 0. 041
Corrossion
resistant 42.91 0.30 0.76 $.033
material
DME .61 35. 40 88.55 0.142
Price diffe-
rence of 0. Q0%
valve gasket .
Total 100. 040 253.00 g.560

By comparision.

that of CFC by 0.593~0.560=US$50.033 per can.

expense of formula with DME is ilower than
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Formula with CFC
Name of Unit price of Composition | Quantity Cost
raw materiat usod
raw material (US S kg (%6) (g cany | (U8 ~can)
Fragrance
38. 48 1.35 3.89 g.150
essence
Ethano! .58 51.465 148.75 - 9.086
Others Z2.56 7.00 20.16 0.0652 !
CEC 1.64 40. 08 115, 20 g.189
Total 106G, 00 £88.00 0.477
Formula with DME
Name of Unit price of Composition Quantity Cost
raw material used
raw material cUS 3 ~kg> {36 (g.~ can) | €US S ~can)
Fragrance
38. 456 i.50 3.78 J.145
essence
Ethanol 6.58 55.50 139.86 8.081
Others 2.56 7.70 19. 40 g.as0
Corrosion
resistant 42.91 $.30 g.76 0.033
material
DME 1.61 35.00 58. 20 N.142
BPrice
difference of g.480%
valve gasket
Total 180 252.00 0.4%6

By comparision.

the cost of formula with DME is

that of CFC by 0.477 —0.456=US50.021 per can,

lower than

The capacities of the ahove hairspray and air freshener are

both 300ml. By using DME as the composition instead of CFC,

averagety USX0.027 will be saved for each can:

€0.033+0.021)52=U5%0.027
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Mr. Don Brewm
Ms. Helen Chan — EA2IE (Room 4-7102) PAX: 202-477-1173
Operations ~ ladusctry & Bnergy (Asia)
THE UORLD BANE / IFC /7 M.I.C.A.
Washiggton, D.C. 20433

RE: QN ~ shan Asraoso]l Rrofsct.

Daaxy Mr. Brown & Ma. Chan:

Thank you for recaining our sarvices in the sbove-captioned matter. 1 have

carefully reviewved ths FAXed 3l-page reports, and find substantisl agreensmt
with the adjsccival and pumericsl pressntations. As 3 vesult, I see ng par—
suasive or subataative reason to desy the requsstad funding.

There are a f#v arsas vhars the raport sulfscs 3 bit from cxissicn, and sces
of these invalva vary racent activicies thac may not s genarsl knowladge am

They do not altsr the basic thrust smd conclusisns of tha Tepore, but

should be considered by the appropriations committes for this iavestment pre-
jocr. I would 1ike co recice tham as follows:

The project is designed to phase ocut 4,087 ronnss of CICe sammsally, by
replacing chass propellants wvith dimsthyl ethar (IME).

The Guangdong Provincs congumed 3,620 tonses of CFC in 1992,
The uninhibdiced growth rats of CFC use for ssrosols in Cuengdong is:

1891 2,638 tonnes
1992 3,620 coanes (17.22 of FP.R.CHENNE:
1993 §,958 tonnas
1994 6,418 connas
1995 7.510 tonnes
1996 4,771 tonman

* The projactions sssume Guangdong consumptios
would Temain etatic at 37.2%5 of P.R.CMINA.

The time for projesct complation is escimsated at two years, or mid-1996.

It follows that DME ceuld chen replsce 4,087 toptas of CWCa, or abowe 46.82
of the projected Cuangdong Frovince CIFC requirements at vhat zims. This
would require most of the Guangdong CFC consumers to remsdn in that modae.

There way be a concern that Zhongehsn Jine Chemical Industrial Limiced, as the

most conspicuous present CPFC conmumer, might hive preferzed access o lower
cost DME, end rhus sn economic adventage ovax tha 57 wach smaller £illexw in

the Province. Theme fillsrs would have 2o ¢ontinus seli-filling.

The vriter has & lettar from Aastar {(ales i Cuangdoag) stating that aemmeml
unit producrion ta P.R. of CHIMA will incrasse from 218 wmilllon in 1993 ®e
&t leaast 500 million in 1996. This harmonises with tha shews tonnage figawes.

The amount of DME handled 1in Guanglong would be equivalest te 4,067 towwe
of CFC, or 2,800 tonnes of hydrocarbom (HAP) par yesr. 1 do nor see smy
figure for tha proposed cutput of the actual DME macerial.
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The output 18 presumad tc bs in the peneral arss of 3,300 cemmss par yaaw.

Congidering the haiy spray — by fat the largest cosmstic seyesol prodeet
in P.R,CEINA — propellant usages rangs fyom:

40 to 651 C¥C
30 to 632 Imk
20 to 311 Ha®

If tha cost of the propsllant is lsss than that of athansl (¥he major selwent)
then there will be x tandeocy to use more propellanc.

In Nerth Aserica the list price for BEAF is currently $0.483/kg. Discowsts
are always afforded to larger customers. The propessd ceet of IME in
Gusngdong is listed at $1.610/kx. 7This masns that BAP (North Americs) will
sosc abour 302 as much as DHE in F.R. of CEINA, and still Jless with dizsowemes.

If P.R. of CEINA plans to purchass shout 3,300 temnes of rawDME per yesx
frow Tsiwan, the reaport should indicata 1f Taiwan has this ssount of ezewse
capacity availabls.

The "boilerplate capacity” of cha BP.R. aof CRINA stozrsge and bendling plase is
unknowd, but considaring tha rapid expetsion of the ssrosel industry thews,

a substantial excess ehould be installed — bayond the 3,500 tonnes or se
par year. This would also presumably coms from Taiwan, 1if they have that
capaciry. In my judgement, Doth Cuspgdong and Taiwen should havs the ability
to supply over 6,000 tounes by 1936. Ths teport is silemt in this area.

The produccion losa of chemicals spd propelisnt is not discuesed {3 the
report, except to pote that a gresat loss of {FC propellamte is discharged
into the air by cthe clder machinss in uss by sost ssaller asroscl filless.

Because of ita extramaly high solvency, asd moderate-co-Righ presaurs, cha
produccion loms — sometimes callad “shriaksge™ —- of IR is Inown to amesed
losses of HAPs, and to considerably excead losses of CFCs. In 2 waell ¢owrrol-
lad opasration, with good mainrsnsncs of gassers. propellsac pumps and piping.
DME praoduction lossss averags about 11I. Whare asrosol cans Tecelve ralat=
ivaly small amounts of DME, the production loases csn rum sven higher.

Chamical losses svarags about 27 for large tuns and 41 for mmall ones. Nmbh
of this is related o ovear~filling cass and cleanwup of equipment after
completion of a production rum.

In the hair spray amd air frechener wcemples of pages 16 smd 17 of the vepare
there is ne sention of propellant losses. Houwver, sincs compariacns ars
being mads, and losses will occur fox beth CFC and DME filliznge. the effest
becomes differxsntial, end would sct to dscrsass the differvace of sbout

$0.03 per can to batvesn §0.01 to $0.02 per can — depending wpon the ehew-
acteristics of the production pumps, pipimg snd chargisg equipment.

It is presumed that the puricy of the Taiwen DME sazarial is zow well zesund
and found accapcable; e.g. sssentially frss of methanol, watery and odecimiing
chemicals., It is sotad that pure IME bas & chemical (etbarxwal) odor thaw 1a

wmany times stromger then that of purified HAPs, but only elightly wors xhes
CFC-11.
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f. It is vated thar DNE has just one pxwasures i.4l kg/cw® w2 21.1°C. Om she
other hand, the HAP nixtures cst havs pressorss rapgivg from 1.17 to 7.0
kg/cm® ar 21.1%C. As & resuls, DMK may bs sontrs-indicsaced for certain

products, since as anti-pexwpirants.

In some cssas the woderate to high pressure of DME may be moderated by we-
ing it in conjunction with cartain octhar prepellsuts, or with solvants. This
formularion approach will axtend ice spplications acmewtisr.

. Bacauce it is soluble in both olls end watszr, UNE is generully oot & goed
propellant cholee for foam systems, such as mousse and shave cresm prodwets.
Exceptiond exist, byt saveral times as such DUME may be requizred 25 (s meandad
in the case of HAPa. This isx dus to solvent vapor deprassancy affsccs,

Watar<based products, such as window cleansrs, starches, fabric finfahas,
oven clesners, disiufectant/dacdoramt clamnsrz and wost air frasheanars dmpand
upon the crestion of s top layar of imsoluble HAP oz ths water-dased comcenc-
rate. These products will not functiom proparly with INME decsuss it is smi~
uble in these concamtrates,

H. A @ajor Joint Vesnture (JV) has been sigusd by thesa psrtiss, including s
arace—-ownad Zin Development Company (Shanghal), which will aet te placa a wajwy
hydrocarbon purificacion plant in the Pudong asector of Shanghei ~~ some 3 km.
from dockesida. The cutput of thia factlicy will bs mized butsnss xnd propeos,
ar blends, vhich will hsve purities and very low oders fully cowparsble to the
best product of North Amarica and Westam Euraps.

The availabilicy of euch FAR materisle ia Guangdong wmay de conditiomal om
the needs of che gensrsl Shanghsl/Umiifis cosmopolitan arsas, the abilicy to sisly
deodorized product by lso-conecainars by ses, or the ability to sbip decdoriemd
or slightly reodorizead (7 ppwm mercaptan) prodwet by railrosad. The planz will
be operaticnsl ia late 1995,

1. The reporr {pags 6) indicates that the “huge safety system™ required fevr a
HBAP storage of 233 tonnex — of 432,000 licers — would cost $3,900,000 umdew
Chinese law, In tha U.S. cthis would equate to ths use of fowr 110,000 lices
(32,00 U.5.Gallon) standard horicontal storage tasks, plaosd in ac sarch-bosusml
csarch-basin ares that 18 also fitted vith intensivs sprsy "weter carmona™ amd &
flanmable gas sutosatic ssnsing syetesm. Idsally, the etorsge arms shonld he
fenced, kapt fres of plant growth or other cowbustibles, and pesitioned at lamwt
16 @ from the nearest property line, road, path or ocher bulldimg. The vafwey
system alone would not norwally sxcesed $230,000 in cost. if iastallsd i Vewek
America.

WK W W e e e

This compleres ths intyoductory sumsary snd cemmsotary. Purzher informmtiem
will now ba presanted uaing the Oxone Operstions Rssource Cremp (QORG) Fxaminmd
Technical Opinion formats, as recelved from Mx. Ceno Mardini for this puspwse.

0,0.8.6. TECENICAL NKEVLEN AND OPYWION
7.0.0K1HA - ZABGHRAN AKNBSOL PROJECT

L The projsct uader reviev covers the devalopmant and techmology for
the justificstion of replacements of CFC propsllants in a major sector of
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the P.R. of CHEIMA. The alternative techaslogy undsr considasetiss is thae
installation of a fully protected storage araa for tha disburvemsat of dimsshyd
ather (PHE) propellant, and the upgrading of facilitiss to handle rhis ¢Llesme
able liquified gas during the charging of sexescl dispensers. Ralated costa
deal with safety equipmsut, anslytical reguirements, workezr training snd se
forth,

RECOMMEXDATION

The proposed projeact is fully supportad. The progran sbheudd
be relatively sasy to put info lsmplementation oo the basis of the Zhongsham
Fine Chemical Industrisl Limited company's already esteasive espertise in the
storage and utilizatios of asroscl propellaats. Additionally, the tachaolegy
for handling potsentially flsmasble servsol prepallancs 1s wsll kmown to them,
as well as racher fully decumented in mumarous techaical articlas, iaduscry
recommendations and regulations worldvide. Specific axparts ars available s
Zbhongshan upon thaiy radquest.

HEecommendations for furthar study or consdderation ars preceated 10 tha imtwads
UcCory commantary. Bowever, they do not mitigats, or datzuet frem, chs soouph~
ability of the pressnt report.

RELEVANCE AND ADBQUACY OF LWWOWNATION PREWNTEED 11, tnfarmavfon i judged to

be subsrantially complete and comprshaasivs. It 18 perfectly ralevant to tha
proposed project and parsussively acrgues flor approval,

Upon completion, the 58 asrosol fillers in Guangdong Previsce ~ represencing
sbout 17T of the P.R. of CHINA total ssroscl industry st this tims — would hawe
a cholcq betveen using dimechyl sther (IME) and carbon dicxide (C0;) gases &
asroscl propallanes. Thars would be & smal]l sconomic incemtive fox f£illers te
reduce or terminate theiz uas of CFC propsllaate.

Allovances should be made ar che storage sits for future expemsion, scecoridng
to the needs of a rapidly expaundisg aerosol imdustry, ths possibility of pre-
ducing DME (or tefining it)., and the possibility of providing & atorags cemsew
for purified hydrocarbon (HAF) propalisnts that will be sourced in Shenghal.

IECUNICAL SOMMMESS  shongshan Fine Chamical Industrisl Limited is chviowaly
quite familiar with the technical rsquirements involved. Thie is dewmonstrsemd
in the sophistication of their vreports. They have deen in repsatsd contact wich
major suppliers of asrosol productics equipment, vho 2lso supply gessing hewsms

or gassiug areas for the safe handling and £illing of potsutially flsmmable pumes.

The convarsion vequiramsents in going frem CFC to DME propellamts appesrs te m
well recognirad and underatosd.

The propossd timatabls for che convexrsiou process appesrs reaseashls, with s
correct sequance and periodicicy of all developmental stages. I noce that Wl
are no specific allocacions for the time requiresd to gain veriows suvircessend.
safety, regulatory and political approvals, but parhaps thess periods ars woulbnd
{nte the fabzic of ths PERT plan undar othsr titles or haadings.

Given the apparent dedication to correct sud sppreopriate engimeering praccisem,
tratning of awployees and adherance to svallable safaty manuals for operatdim
safecy should not be a concern except in tha arxsz of preventative ssintanamem.

The basic cechunology is very safs, when utilized in & propex faskion.

o
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Approximately € billion ssrcsols ars preduted werldwide with potantially
flanpable propsllants. About 14T of thews pache ucilize dimechyl ssherx.
While hazardous svents undeniably occur, thay da eo with extrwms rarity.

The aquipment visualized by Zhongshas is state-of-the-art, such as gaseazs,
detectors and so foreh. It is regardad as sssential for tha comwersion pre~
cess — to virtually eliminate hazards, prevent propellsat seepage ince the
atmosphers, provida positive primary and back-up controls sad minimize those
factory coste that relats to over-filling, lios dovn-time sod quality problemm.

LESSOMS YROM EXFRRIENCE Tha proposead pregram would lamn on teckmology thas

is alzeady wsll davalopad throughout ths world. 4As a gensralised stacement,
any facility thar can store or fill EiPs inte asroscl cats cem 4o the s

for DME, No particular extra safsty measurez ara Toquirad. I i» actually
“safer™ than HAP% in some ways: for inscascs, about twice as mmch gus msust be
released into a fixed smcount of air for the gas/air mixzurs to becoms hazsydems.

A substantial number of P.R. of CHINA fillers currently prodwes BAF saresols
on a routine, day-to-day baais. I Leve not hesrd of say safety-velated pred~
lems at thesa plants. Seainars beld psricdically by the Matiosal Asrcsol
Assoclaticn (of China) address safecy isevas as a primary topic. Lasat year
The WVorld Bank psrticipated on & major weminsar in Baijing,. vhare major artemt-
ion vas given to filler safety considerationas.

ENVIROWMENTAL

15U The protection of tha alightly chinned stratospharic
ozone layer is the ultimare eavironmentel luswe underlyisg this souwversion pae
jeace. The relesss of CFCs also sigopificantly prosotes global warming as wall.
IME (and HAPs) do net causa sither of chess major problems whean they ecucsr the

atmosphere.

On the other hand, DME (and rhe HiPs) zxe aild volatils orgesic compounds, asp-
shle of transisucly producing axcass trapospharic osone over bhesvily urbanised
areas. This {2 28 sxtramaly minor problam comparsd to tha othar Twa, and an
easy tride-off, evan for eaviroumeotal gruwwps. P.R. of CHINA may give morw
atrencion to the VOO issue in several yesrs, bur at this time 12 is no sors thms
a Teformulation exarcire, sven in ths most sdvanced countrias.

No other eaovirowssural issuse aze 1svolved in chauging from CFCE o DME,

SAVETY ISSUES These havs busn covared ss parts of forugeiag categoriss.

When things are done correctly, by trained peveonnel, using prepar aquipmmat,
the operatiens with DME will be quits safa. Ths grogras vissalised by Zhomgahen
capturas these precastionary slemsnis,

~EFVECTIVERESS

COST The proposal address cost sffectivenses, swdi shows that
this is & significant factor. The lowsr cost of DNE ascxeswls (emmparad To €BE
types) is s definice sdvantage, and is nsed 48 an sconamically erimmted neae-
ive o induce fillers ro reduce or eliminate their curreat use of C¥Ce. The
immediate goal if Co replacs some 4,067 metyric tonnes of CPCs, which is cexvelitly
a2 najor undertaking. Ihe fisancial ssrisates provided ia rha repozt havs besm
revisvad and found to be acceprable, bssed on sxperience in equivalent arsas.

The Zhongshan figures are contingent upom fully realising the cimstable amd sha
various costs. Certain aspects, such as inflation snd tazatiom, can only be

astimated or taken At face wvalue.

Submictad,

Johnsen, PhJB.

Prasident




China’s Response t¢ MPEC Recommendations
Six Domestic Refrigerator Sector Projects

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

Shanghai Refrigerator Compressor Co. Lid.
Shanghai Shangling General Refrigerator Factory
Hua Yi Electrical Appliance General Co.
Shanghai Shanglu Electrica Appliances Co. Lid.
Wanbao Electric Appliance Industrial Corp.
Chang Ling (Group) Co. 1Ltd.

Recommendation 1: Refrigerator Sector Strategy

"The [six] projects would form the basis for a sectoral strategy to phaseout CFCs in some 86
related enterprises/lines in China. The 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 importance to the selection of proper technical directions for the sector in order
to eliminate ODS use economicaily 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 information to address

selection of optimal technologies and will reduce the total cost for eliminating CPC use in the
manufacture of its refrigerators.

Three basic technologies are considered in the six projects included in China’s demonstration
Prograrm.

HFC134a- an internationally popular fully non-ODP 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 gquickly 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. '

HFC152a- 2 non-ODP approach which shares some of the characteristics of Blends but one where
the refrigerant must be treated as a flammabie substance. China has commercial quantities of HFC152a
available for use thus relieving supply concerns associated with Blends and HFC134a. Compressors do

not require redesign. The costs and implications of adopting this technology require demonstration in
China.



China has decided (o impiement 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 dissernination of technology and recommendations to all other (approx. 80) enterprises
in the sector. 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 experis. The sector
strategy also includes plans, criteria and priorities for the phaseout of CECs 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: 1) 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 contro! 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 suech equipment is no longer needed to support their non-CFC development programs.

Becommendation 3: Incremental Operating Cosis

"Incremental operating cosis of the six projects should be accurately estimated”

The incremental operating cost estimates included in the six projects were based on curremt
projections of unit cost increases at each enterprise and the forecast annual preduction during the first full
year of project impiementation. These annualized costs were discounted at 10% f{or the succeeding three
years. A request for funding of incremental operating costs was not included in the OTF grant request
for two reasons: 1) operating data from the six projects will be necessary to accurately estimate such costs,
and 2) the guidelines for calculation of such costs are currenily 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 projecis.



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER
PROJECT COVER SHEET

COUNTRY The People’s Republic of China

SECTORS COVERED Domestic Refrigeration

ODS CONSUMPTION IN 3300 MT CFC-11 (1991

AFFECTED SECTOR 1500 MT CFC-12 (1991)

PROJECT TITLE Application development f{or conversion of compressor
manufacturing 1o HFC-134a rotary compressor designs.

PROJECT DURATION 2 years

PROJECT IMPACT Indirect - 100 MT CFC-12

PROJECT BUDGET Ineremental Capital Cost - Phase | $ 1,130,000
Incremental Capitat Cost - Phase 2 $ 230,000 -
Incremental Operating Cost $ 0
Total Project Cost $ 1,360,000

PROPOSED OTF GRANT! 51,400,000
IMPLEMENTING ENTERPRISE  Shanghai Refrigerator Compressor Co. Lid,
IMPLEMENTING AGENCY The World Bank

NATIONAL COORDINATING
AGENCY Matienal Eavironmnental Protection Agency (NEPA)

fF e et b ngny bt

PROJECT SUMMARY
This project will result &0 the annual production of up 1o 500,000 high efficiency rotary HFC134a
compressors 1o supply the needs of the Shanghai Shangling Generat Refrigeration Factory and others
as they introduce HFC134a refrigerant into their line of refrigerators. Technology will be obtained
from Mitsubishi (Japan) under the terms of an existing technology wansfer agreement. In Phase 1 of
the project, detailed engineering, product development and lab and feld testing of 1000 units produced
1‘ under factory conditions, will be conducted 1o define firm project scope and costs for full conversion
of the factory output to HFC134a refrigerant during Phiase 2. The results of Phase 1 will be compared
with similar projects using alternasive refrigerants before procesding 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
refrigeraror insulating foam, pending definition of the best available technology.

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported by the QORG

technical reviewer, Martien Janssen. His comments are attached together with supplementary
information pertaining to the review,

=

! The OTF grant is based oa HO0% Chiness ownsrship and includes a 3% financisl sgent fec. A 15% contingency Is included
in the estimates of incromental capial costs, T



PROJECT OBJECTIVES

The objective of this project 15 to provide an indigenous source of Mitsubishi HFC134a rotary compressors for

use with new model refrigerators based on HFC134a refrigerant at Shanghai Shangling General Refrigerator
Factory.

SECTOR BACKGROUND

Table-1
CHINA - ODS Consumption in Domestic Refrigeration, 1992

{metric tons)

CFC-{1 CFC-12

Insulating Foam - New Refrigerators 4600 -
Refrigerant - New Refrigerators 250
I Refrigerant - Service Old Refrigerators 500
Total - Domestic Refrigeration 4600 —_i- 14350

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCq, 11% of the total CFC
consumption in the country. The major CEC application was CFC-1{ blowing agent used to generate the
insulation foam in refrigerasor cabinets (4600 MT}. Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant. new refrigerators accounted for a total of 3550 MT CFC usage. The remaining

SCOMT in the sector replaced refrigerant in the fleet of existing CFC12 cefrigerators during servicing
operations. .

Al present, there are over 70 production lines for refrigerators in China with an annual capacity of 12 million
units annually. o addition. there are 16 production lines for compressors with an annual capacity of 16 millien
units. Refrigerator production capacity utilization has been slighly befow 50% . Acwal production of new
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase
8% per year 25 economic conditions continue 1o 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 23-25
years during which refrigerant is replaced every eight years.

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologiss for non-
ODS foams and refrigerams, and compressor designs 10 accomadate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Sirategy as defined in the China Country
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evelve. Transitional
substitute echnologies will be evaluaied in the medivm term (1997-2000) and fully non-QODS wechnologies
defined in the long term. Siarting in 1994, a comprehensive program for refrigerant selsction will be carried out

in a series of applications development projects using the leading candidate refrigerants - HFC-134a ; HFC-152a
. Blends. These projects are summarized in the following table:



Table 2

Prajects included in China Refrigerant Program

Refrigerant Compressor Technology Prod. Capacity
' Source {unitsfyr) ]
“ Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HF(C-134a Reciprocating Kirby 300,000 !]
Shangly Ternary Blend Reciprocating DuPont 400,000 “
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HEC-132z Reciprocating Wanbao 400,600 l
Mote: dinary DleAds are sUxurgs of AFC1a2a ang RUFL 22, 1emary Dends alse molude HUFL (24 i

While HFC-134a 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 substantial quantities of these costly ingredients to sustain production. The net incremental operating
cost to China for these impons is estimated 1o be USS50-100 mitlion at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and temary blends, most of
which could be blended domestically using trported HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely related to those currently used for CFC-12 further potenfial savings are possible.

Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
availabie.

The developmeni 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 vear 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.

ENTERFRISE BACKGROUND

The Shanghai Refrigerator Compressor Co. Lid (SRC) factory is located in Shanghat and supplies a variety of
refrigerator compressors (0 Shanghai Shangling Refrigerater Co. Lid., China Industry Co. Lid.. Shanghai
Shanglu BElectrical Appliances Co. Lid., and Beijing Xue Hua Elecirical Apphances Group. In 1983, 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.



Table 3
Actual and Forecast Refrigerator Compressor Production at Shanghai Refrigerator Compressor Co.

Actual Fareeast
Year 20 at 92 93 04 G5 ) 97
Compressors 250 420 470 530 800 850 930 1100
Produced
{000 Units)

PROJECT DESCRIPTION.

The project will convert manufacturing of domestic refrigeraior compressor manufacture from CFC12 desigas

to an newly developed rotary compressor suited to HFC134a refrigerani at Shanghai Refrigerator Compressor
Co.

The project will be conducted in 2 Phases,

Phase | Engineering, product development and testing under local conditions to integrate new
Mitsubishi technology and to establish basic data for full conversion of the factory o make the new rogary
COMPTEssOrs.

Phase I Full conversion of the SRC factory to Mitsubishi HFC 1342 rotary compressor designs.

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNCLOGY:

HFC134a has been accepted worldwide as the principal replacement for CFCI2 refrigerant in domestic
refrigerators. [ts thermodynamic properties are similar 1o CFCIZ, it is non-flammable, nos-toxic, and has a zero
GDP. SRC's program 1o conven their manufacturing facility to HFC134a designs, with the assistance of
Mitsubishi, has made it the leading candidate for continued development of this technology.

PROJECT COST

The 1otal project cost is estimated o be 51,360,000 inciuding a 15% contingency o cover supplemental scope
development as the project matures. price escalation,currency fluctuations, and other unforseen costs.
A breakdown of incremenial capital costs included in the OTF grant request is given in Annex A.

INCREMENTAL OPERATING COST

Incremental operaiing 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 {our years of operation. discounted at 10%. If these costs are passed on to
the users of SRC compressors, the net ipcremental operating costs for OTF fund will be neglizgible.

UNIT ABATEMENT COST (UAB)

Not apphicabie 10 compressors manufacture as CFC phaseout is determined 1o be as a resuit of appliance
manufaciure.

PROPOSED OTF GRANT

The proposed OTF grant request is USS1 400,000 is based on H00% Chinese ownershhip of Shanghai
Refrigerator Compressor Co. Lid. and covers the incremental capital costs for Phases { 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)

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.



Annex A

SHANGHAI REFRIGERATOR COMPRESSOR
PROJECT COST SUMMARY

CAPITAL COSTS
US$
Phase I -
Technology Transfer Fee 475
Calorimeter 200
Noise and Vibration Sensors & Instruments 50
Data Logger 180
Components for 1000 Compressors 35
(@ USS35 per compressor)
Training of Technicians in Japan 20
Foreign ansuliations 20
SUB-TOTAL 980
Phase 11
Oil Charging System 150
Operator Training at SRC 30
Installation and Commissiomning 20
SUB-TOTAL - 200
Contingency (15%) 180

TOTAL CAPITAL COSTS 1,360
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Annex B

SHANGHAI REFRIGERATOR COMPRESSOR

IMPLEMENTATION SCHEDULE?®

v T ——

From To

Phase 1

Purchase Equipment for Test Manufacture 194 3Q94
Modify Production Line for Test Manufacture 1Q94 2Q94
Trainr Technical Personnel 1Q94 20094
Make 1000 New Rotary Compressors 20094 2Q9%4
Test Compressors 3Q94 3Q94
Prepare Phase 2 Feasibility Study 3Q94 3Q94
Phase 2

Purchase and Install New Equipment 3Q94 4394
Train Operators and Mechanics 3Q94 3Q94
Startup 4394 4Q54
Acteive Full Producton Rate 1Q95 1098

Project scheduke assumces ECMP approval of project duning 1094,




THE MONTREAL PROTOCOL ON

SUBSTANCES THAT DEPLETE THE OZONE LAYER
PROJECT COVER SHEET

COUNTRY The People’s Republic of China
SECTORS COVERED Domestic Refrigeration

0DS CONSUMPTION IN 3300 MT CFC-11 (1991
AFFECTED SECTOR 1500 MT CFC-12 (1991)

PROJECT TITLE Engineering Assistance for Conversion of Refrigerator Manufacture to

HFC-134a refrigerant with Rotary Compressors.

PROJECT DURATION 2 years

PROJECT IMPACT H8MT CFC-12

PROJECT BUDGET Incremental Capital Cost - Phase 1§ 920,000
Incremental Capital Cost - Phase 2§ 600,000 -
Incremental Operating Costs 0
Total Project Cost 5 1,520,000

PROPOSED OTF GRANT! $1.570,000

IMPLEMENTING ENTERPRISE Shanghai Shangling General Refrigerator Factory (SSGRF)

IMPLEMENTING AGENCY The World Bank
NATIONAL COORDINATING
AGENCY Mational Environmental Protection Agency (NEPA)
“ PROJECT SUMMARY
This project will lead 1o replacernent of CFC-12 refrigerant in household refrigeratory manufactured

I by Shanghai Shangling General Refrigerator Factory with HFC-134a . In Phase 1 of the project,

detailed engineering, product development and 1ab 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 HFC134a refrigerant during Phase 2. The results of Phase | 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 reviewer, Martien Janszen. His comments are attached together with supplementary
information pertaining 1o the review. —J!

hariast i

n TECHNICAL ASSESSMENT: This subp;oject has been reviewed and supporied by the OORG

! The OTF graac is based on 100% Chincse ownership and inciudes 2 3% financial agent fee. A 15% contingency is included
in the estimates of incremental capial costs. o



PROJECT OBJECTIVE

The objective of this project are to establish a phased introduction of proven and useful technology for HEC-
134a refrigerant  in rotary compressors in China. The resubts of this project will be evaluated and considered for
adoption by similar refrigerator operations in China.

SECTOR BACKGROUND
Table-1

CHINA - ODS Consumption in Domestic Refrigeration, 1992

{metric tons)

CFC-11 CFC-12
Insulating Foam - New Refrigerators 4600
Refrigerant - New Refrigerators 950
Refrigerant - Service Old Refrigerators 560
Total - Domestic Refrigeration 4600 1450

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11% of the wral CFC
consumption in the countrv. The major CFC application was CFC-11 blowing agent used o 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 2 total of 5550 MT CFC usage. The remaining

S00MT in the sector replaced refrigerant in the fleet of exisdng CFC12 refrigerators during servicing
operations. .

At present, there are over 70 production lines for refrigerators in China with an annoat capacity of 12 million
units annuaily. 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 1o increase
8% per year as economic conditions continue 0 irmprove and consumers acquire additional discredonary
income. Carrently, 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
vears during which refrigerant is replaced every eight years,

Phaseout of CFC usz 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 mechanica! performance. The National Strategy as defined i the China Country
Program wilt concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional

substitute technologies will be evaiuated in the medivm term (1997.2000) and fully non-ODS technologies
defined in the long term.

Starting in 1694, 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-152a ; Blends.
Thess projects are summarized in the following table:
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Table 2

Projects included in China Refrigerant Program

Refrigerant Compressor Technology Prod. Capacity T’
Source {units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HF(-134a Reciprocating Kirby 300,000
Shanglu Temary Blend Reciprocating DuPont 400,000 i
ﬂ Chang Ling Binzry Blend Reciprocating Chang Ling 00,000 '
Wanbao HFC-152a Reciprocating Wanbao 400,000 I
Sote: Brnary Blonds are Misfures of Bre 1 63a2ad HOTC 33, Ternary Dlena: also malnde HOPL 174

White HFC-1343 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 nesd
to import substaniial quantities of these costly ingredients 1o sustzin production. The net incremental operating
cost to China for these imports is estimated to be USS50-100 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 refrigeratts may be considered for inclusion in the program as mature technology becomes
available.

The development program is designed to obtain actual dara upon which 1o identify the best technology mix with
which ro achieve a complete ODS phaseout by the vear 2000, considering all issues and parameters including
adoption of safety standards for flammable refrigerants and establishing indigenous capacity for new
refrigerants, Wubricants, and blowing agent.

ENTERPRISE BACKGROUND

SSGRF produces refrigerators, air conditioners, microwave ovens and other domestic appliances. The factory is

located in the Pudong special development area of Shanghat and covers 17,000 sg. meters. The location entitles
the company 1o unport foreign made components duty free.

A total of 2600 employees are engaged in refrigerator production on one preduction 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 1% exporied.

In 1992, Shangling produced 11% of the refrigerators sold in China. Actual and forecast production are
iliustrated in Table 3 for the period 199G-1997



Tahbie 3
Actual and Forecast Refrigerator Production at SSGRF
Actual Forecast

m “_“‘""“““‘WJ
Year 90 91 92 93 94 95 o6 97
Refrigerators 280 320 360 480 520 600 600 500
Produced

i {000 Units)

SSGREF first produced refrigerators designed by Mitsubishi in 1986 and subsequently developed its own designs
based on use of Mitsubishi designed rotary compressors produced by the Shanghai Refrigerator Compressor
Company(SRCC). Since 1991, S8GRF has been engaged on a collaborative venture with SRCC (o produce a

prototype HFC 1342 refrigerator equipped with a rotary compressor. This work has been supported by the Power
Machinery Engineering Department of Xi’an Jiactong University, Shanghai Research Institute of Gencral
Machinery and Shanghai Qrganic Chemical Research Instinute,

Work completed to date includes the following:

O Performance and material compatibility testing with HFC134a in SRCC rotary compressors.
0] Identification and {esting of suitable tubricants
O Lab testing of SSGRF refrigerators equipped with the SRCC rotary compressors.

In March 1993, 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 pans 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 Ch.

PROJECT DESCRIPTION.

The project will accomptish phaseout of CFCI2 used as refrigerant in domestic refrigerators produced
by SSGRF in two phases.

Phase [ Engineering, product development and testing under local conditions 10 establish basic data for
full conversion to HFC-1342 and for comparison with resulis of similar programs using allemnative refrigeranss.

Phase I Full conversion of the SSGRF facilities o HFC-134a refrigerant

During Phase 1, over 500 refrigerators will be produced under factory conditions to prove the viability
of refrigerant circuit desigrs provided by Mitsubishi. Testing facilities to be installed at SSGRF will include a
controlled ambient test room and a data acquisition system for monitoring refrigerator performance under test
conditions. Consultations will be arranged with local and foveign experts to  instruct SSGRF engineers and
technicians in the design, testing and manufacturing procedures for non-CFC refrigerants. At the conclusion of
Phase 1. a feasibility study will be prepared for full conversion of refrigerator manufacturing at $SGRF to the
use of HFC-134a refrigerant with a rotary style compressor. Based on the feasibility study results, 2 detailed

cost estimate will be prepared and project planning will be revised 10 accomodate Phase 1 findings before
commencing with Phase 2.

Phase 2 will implement the full conversion of SSGRF refrigerator facnlmes to HFC 1344 refrigerant
aver a period of 4 years,
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JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY
HFC134a has been accepted worldwide as the principal replacement for CFCI2 refrigerant in domestic
refrigerators. [ts thermodynamic properties are similar to CFCI12, it is non-flammable, non-toxic, and has a zero

ODP, §SGRF’s program 10 develop the use of HFC134a in refrigerators of its design, with the assistance of

Mitsubishi, bas made it the leading candidate for continued development of this technology for comparison with
ather technolgies as defined in the China Country Program.

PROJECT COST

The total project cost is estimared to be $1,520,000 inciuding a 15% contingency to cover supplemental scope
development as the project matures, price escalation, and other unforseen costs.
A breskdown 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 resulss. An order of magnitade estimate of these costs is USS3.300.000 for the first four-years of
operation, discounted at 10%.

UNIT ABATEMENT COST (UAB)

$13.48 per kg CFC-12

PROPOSED OTF GRANT

The proposed OTF grant request is US$1,570,000 is based on 100% chinese ownershhip of SSGRF and covers
the incremental capital costs for Phases | and 2 of the project |, including a 13% contingency cost and a 3% fee
for the financial agent administering the project.

FINANCIAL AND ECONOMICAL ANALYSIS:
Economic Rate of Return {FRR)}

The ERR for the project will be determined during project appraisal.
Financial Raie of Return (FRR)

The FFR for the project will be determined during project appraisal.
Financlal status of the enterprise

Tao be completed at appraisak
Financing plan

To be complered at the appraisal

PROJECT IMPLEMENTATION

Project Schedule

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

SHANGHA! GENERAL REFRIGERATOR FACTORY
PROJECT COST SUMMARY

{OOOUSS)
Phase [ -
Controlied Ambient Test Room 70
Data Acquisition System 27
Technology Transfer Agreement 430
Test maaufacture 500 Refrigerators 80
{@USS 150 per pnit)
Testing of Trial Mapufactured Units i3
Consulations and Training 100
Feasibility Study Preparation 0
SUB-TOTAL 800
Phase 1 [
Refrigerant Charging Machine 50
Leak Detectors & Instruments &0
80 Vacuum Pumps for In-Line Testing 110
Calorimeter for Quality Control 2060
Spreciat Service Unit for HFC134a Refrigerators 100
SUB-TOTAL 520
Contingency (15%) ] 200

OTAL INCREMENTAIL CAPITAL COST 1,520




IMPLEMENTATION SCHEDULE?
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Annex B

“ From To u
ﬂ Phase 1 “
[nstall Test Room and Data System 3094 400935
Train Technicians and Engineers 1Q94 2094
Test Manufacture 500 Refrigerators 3Q94 3094
Conduet Lab Tests 4094 3093
Conducr Fleld Tests 1005 3095
Prepare Feasibility Study 2095 2095 H
Phase 2
Convert Manufacturing to HFC-134a 4Q95 497

Project schedule assumes ECMP approval of project during 1094,



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER
PROJECT COVER SHEET

COUNTRY The People’s Republic of China
SECTORS COVERED BPomestic Refrigeration

ODS CONSUMPTION IN 3300 MT CFC-11 (1991}
AFFECTED SECTOR 1500 MT CFC-12 (1991

PROJECT TITLE Engineering Assistance for Conversion of Refrigerator Manufacture to

HFCl34a Refrigerant with Tecumseh designed HFCI34a compressors.

PROJECT DURATION 2 years

PROJECT IMPACT 80 MT CFC-12

PROJECT BUDGET Incremental Capital Cost - Phase | 3 575,000
Incremental Capital Cost - Phase 2 $ 825,000
Incremental Operating Cost 5 o -
Total Project Cost $1,400,000

PROPOSED OTF GRANT! 51,442,000

IMPLEMENTING ENTERPRISE Hua Yi Eiectrical Appliance General Company

IMPLEMENTING AGENCY The World Bank

NATIONAL COORDINATING

AGENCY National Environmental Protection Agency {(NEPA)

" PROJECT SUMMARY

This project will convert the existing CFC12 refrigerator line to HFC!344 refrigerant using new
reciprocating compressors manufactured by Hua Yi in 2 new facility. Retroactive financing of Phase
1 of the project {detailed engineering, product development and 1ab 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 1. Net
incremental operating costs for the conversion will be defined during Phase 2 and presented in a
separate Phase 3 project at 3 future date. A separate project will be defined for replacement of CFCs
H 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 pertalning to the review,
e

! Fhe OTF grant is baszd on 0% Chinese ownaership and includes 2 3% financial agent fer. A 13 % contingency is included
in the estimates of noremental capitat costs. T



PROJECT OBJECTIVES

The objectives of this project are o establish a phased introduction of technology for use of HFC134a in
domestic refrigerators equipped with new reciprocating compressors and produced by Hua Yi. The project wilt
develop reliabie data for comparison with other refrigerant projects . The results of this project will be evaluated
and considered for adoption by similar refrigerator operations throughow China.

SECTOR BACKGROUND

Table-}
CHINA - ODS5 Consumption in Domestic Refriperation, 1992

{metric tons}

CFC-11 CFC-12
Insutating Foam - New Refrigerators 4600
Refrigerant - New Refrigerators 950
Refrigeramt - Service Old Refrigerators 500
Total - Domestic Refriperation 4600 1450

In 1992, the Chinese domestic refrigeration sector consumed 5050 MT CFCs, 11 % of the ol CFC
consumpiion in the country, The major CFC application was CFC-11 blowing agent used w0 generate the
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains [75
gramis CFC-12 refrigerant. new refrigerators accounted for a total of 3530 MT CFC usage. The remaining

S00MT in the secior veplaced refrigerant in the fleet of existing CFCI2 refrigerators during servicing
operations..

At present, there are over 70 production lines fot refrigerators in China with an annual capacity of 12 million
units annually, Tn addition, there are 16 production lines for compressors with an annual capacity of 16 million
units. Refrigerator production capacity wilization has been stighly below 30% . Actual production of new
refrigerators in China has averaged 5.7 million units annuaily since 1990, Preduction is expecied to increase
8% per year as economic conditions continue 10 improve and consumers acquire additional discretionary
income. Currently, ealy 13% of housholds in China have a conventional refrigerator. A total of 39 million

units are estimated to have been in service at the bepinning of 1993. Refrigerator life averages about 20-25
years during which refrigerant is replaced every eight years.

Phaseout of CFC use in the domestic refrigeraior sector will require integration of new technologies for non-
QDS feams and refrigerants, and compressor designs 1o accomodate the new refrigerants while sustzining
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country
Program will concentrate initiatly on reducing CFC use by S0% as new foam technologies evolve. Transitional
substitute techoologies will be evajuated in the medium term (1997-2000) and fully non-0ODS technologies
defined in the long term. Starting in 1994, 2 comprehensive program for refrigerant selection will be carried out
in a series of applications development projects using the leading candidate refrigerants - HFC-134a ; HFC-152a
; Bleads, These projects are surnmarized in the following rable:



Projects included in China Refrigerant Program

-a.

Table 2

Refrigerant Compressor Technology Prod. Capaciry
Source {unitséfyr}

Shangling HFC-134a Rotary Mitsubishi 500,000

Hua Yi HFC-134a Reciprocating Kirby 300,000 h
f

Shanglu Ternary Blend Reciprocating DuPont 400,000

Chang Ling Binary Blend Reciprocating Chang Ling 400,000 }

Wanbao HFC-132a Reciprocating Wanbac 400,000
NOLe: Brnary Bients are nuaiures of WG 1504 and RLFC21; Ternary Blends also wehws HUTG 124

White HFC-1344 has been the leading candidate refrigerant in developed countries, China doss not have
available capactty for production of HFC-134a | assoctated polyolester lubricant and dessicart and would need
to tmport substamial quantities of these costly ingredients to sustain production. The net incremental operating
cost 1o China for these imports is estimated to be US350-100 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 lubricams closely related 1o those currently used for CFC-12 finther potential savings are possible.

Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
avaitable.

The development program is designed 1o obiain 2ctual data upon which to identify the best technology mix with
which to achieve z complete ODS phaseowt by the vear 2000, considering all issues and paramerers including
adoption of safety standards for flammable refrigerants and establishing indizenous capacity for new
refrigeramts. lubricanss, and blowing agents.

ENTERPRISE BACKGROUND

Hua Yi Electrical Appliance General Co. is {ocated in Jingdezhen and produces household electric appliances,
air condutioners and freezers. A total of 310 employees are engaged in refrigerator production on one production
line wnported from Meviond (lialy) in 1985, The line is capable of producing 300,000 relrigerators annually

based on 2 shift operation. Sixteen models are produced with export of about 10% of the refrigeratons
produced..

In 1992, Hua Yi produced 6% of the refrigerators sold in China, Actual and forecast production are illustrated
in Table 3 for the period 1990-1997



Table 3
Actual and Forecast Refrigerator Production at Hua Yi
Actual l Forecast
o —— e e e e T "1"...."“....‘§

Year 90 91 92 93 94 93 96 97
i Refrigerators 126 i30 200 200 200 200 250 300

Produced

(D00 Uit

PROJECT DESCRIPTION.

The project will accomplish phaseout of CFCI2 used as refrigerant in domestic refrigerators produced by
Hua Y1 in two phases.

Phase | Engineering, product development and testing under local ¢conditions 10 establish basic data for
full conversion o HFC134a refrigerant has been completed. A feasibility study for full conversion of Hua Yi
refrigerator manutaciuring 10 HFC134a has also been completed.

Phase 11 Full conversion of the Hua Yi factory to HFC134a refrigerant

During Phase L, 4000 refrigerators have been produced under faciory conditions to prove the viability
of manufacturing refrigerators safely and reliable under tocai conditions. Five models were fully tested by
Kirby{Austrailia} and permission to proceed with full scale production was granted. At the conclusion of Phase

L, 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:

HF(C 1344 has been accepred worldwide as the principal replacement for CFCI2Z refrigerant in domestic
refrigerators. lts thermodyaamic properties are similar o CFC12Z, it is non-flammable. non-toxic, and has a zero
ODP. Hua Y1 has completed startup of a compressor manufacturing line 1o produce HFC-134a compressors
based on Tecumseh designs, These compressors are o used to make new HFC134a model refrigerators, with
the assiszance of Kirby (Australia). Hua Yi experience with starmap and operations during 1994 will provide

valuable data for continued development of this technotogy and for comparison with other technolgies as defined
in the China Country Program.

PROJECT COST

The total project cost is estimated o be $1,400,000 including a 15% contingency o cover supplemental scope
development as the project matures, price esealation, 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

fncremental 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 magniwde estimate of these costs is USS6.300,000 for the first four vears of
aperation, discounted at 10%. .



UNIT ABATEMENT COST (UAB)
$41.33 per kg CFC-12
PROPOSED OTF GRANT

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 | and 2 of the project | including a 15% contingency cost
and a 3% fec 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 enferprise
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.



PROJECT COST SUMMARY
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Annex A

HUA YI

Phase I -

Technology Transfer Fee

Testing of Refrigerators by Kirby
Training of Engineers
Preparation of Feasibility Study

Test Manufacture of 510 Refrigerators
(@ USS185 per unin)

SUB-TOTAL

Phase I I

3 Refrigerant Charging Machines

4 Halogen Leak Detectors

30 Vacuum pumps

2 Vacuum Dehydrators

1 Helium Leak Detector

Controlled Ambient Test Room

Operator and Mechanic Training -
SUB-TOTAL

Contingency (15%)

(00QUSS)

300
10
66
30

94

300

195
28
72

200
90

100
35

720

180

TOTAL CAPITAL COSTS

1,400
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Annex B

HUA Y1
IMPLEMENTATION SCHEDULE®

From To
Phase ! {complete)
Test Manufacture 4000 refrigerators 3Q953 1Q%4
Prepare Feasibility Report for Phase 2 3Q93 4Q93
Phase 2
Purchase and install equipment for mass 1Q94 3Q94
production of HFC134a refrigerators
Startup 3094 4Q9%4
Achieve full phaseout of CFC12 refrigeramt 4Q94 4Q94

Project schedube assumes ECMP approval of project duriag 1094,




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 COORDIMATING AGCY

e bbby

The People's Republic of China
Domestic Refrigeration

3300 MT CFC-11 {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 1 $ 540,000
Incremental Capital Cost-Phase 2 $ 440,000
Incremental Operating Costs z 0
Total Project Cost $ GR0,000
$1,010,000

Shanghei Shangls Electrical Appliances Co. Lid.

The World Bank

National Environmental Protection Agency (NEPA)

!1 B

information pertaining to the review.

PROJECT SUMMARY
This project will lead to replacement of CFC-12 refrigerant in household refrigerators manufactured
by Shanglu to a blended refrigerant consisting of HCFC22 and HFC152a. Technology has been
devcloped in cooperation with DuPont China Limited and the Shanghai General Mechanical Institute,
In Phase 1 of the project, detailed enginesring, product developme and lab and field testing of 500
units produced under factory conditions, will be conducted to define firm project scope and eosts for
full conversion of the factory output to HCFC22/HFC152a/HCFC174 ternary blend refrigecant (MP-
39) during Phase 2. The results of Phase 1 will be compared with similar projects using altemative
refrigerants before proceeding with Phase 2. Net incremental operating cosis for the conversion will
be defined during Phase 2 and presented in a separate Phase 3 project at a future date. A separate

Il project will be defined for replacement of CECs used in refrigerator insulating foam, pending
definition of the best avaiiable technology.

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported by the OORG
technical reviewer, Martien Janssen, His comments are autached together with supplementary

i

in the estimates of incremental capiwl eosts.

o

The OTF grant is based on 100% Chinese swnership and includes 3 3% financial agent fee, A 153% contingency is includad




PROJECT OBJECTIVES

The objectives of this project are to establish a phased introducton of technology for use of
HCFC22/MFC152aHCFC 124 1emary  blead refrigerant (MP-39) in domestic refrigerators produced by Shanghu

as to develop reliable data for comparison with other alternative refrigerants . The results of ihis project will be
evaluated and considered for adoption by similar refrigerator operations in China,

SECTOR BACKGROUND
Table-1

CHINA - ODS Consumption in Domestic Refrigeration, 1992

{metric tons}

CFC-11 CFC-12
Insulating Foam - New Refrigerators 4600 -
Refrigerant - New Refrigerators 950
Refrigerant - Service Old Refrigerators 500
Total - Domestic Refrigeration 4600 1450

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11% of the 1ol CFC
consumption in the coumry. 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 refvigerators accounted for a total of 5550 MT CFC usage. The remaining

SOOMT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing
operations..

At present, there are aver 70 production lines for refrigerators in China with an annual capacity of 12 million
uniis annuaity. 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 preduction 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 discrationary
income. Currently, only 13% of housholds in China have a conventional refrigerator. A total of 39 million

units are estimated t¢ have been in service at the beginning of 1993, Refrigerator life averages about 20-25
years during which refrigeran is replaced every eight years.

Phaseout of CFC use in the domestic refrigerator sector will require integration of new itechnologies for non-
QDS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Sirategy as defined in the China Country
Program will concentrate iniaally on reducing CFC use by 50% as new foam technologies evolve. Transitional
substitute technologies will be evainated in the medium term (1997-2000) and futly non-ODS technologies
defined in the long teem. Staning in 1994, a comprehensive program {or refrigerant selection will be carried ou

in & senies of applications development projects using the leading candidate refrigerants - HFC-134a ; HFC-152a
: Blends, These projects are summarized in the fotlowing table:
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Table 2
Projects included in China Refrigerant Program
Refrigerant Compressor Technology Prod. Capacity
Source (unitsfyr)
| Shangling HFC-1342 Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Biend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000 |
Xote: Bty Hiends are mixmres of HFC 1572 and HOFL22: Tomary Blends also mciude HLFL 134 =

While HFC-1342 has been the leading candidate refrigerant in developed countries, China does not have
available capacity for production of HFC-134a | associated polyolester lubiricant and dessicant and would need
to import subsiantial quantities of these costly ingredients to sustain production. The net incremental operating
cost to China for these imports is estimated 10 be US350-100 million at current market prices. Less costly
refrigerant options would be  HF(C-152a, which is produced in China, and binary and temary 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 funther potential savings are possible.

Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
avatlable,

The development program is designed to obtain acual 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 flanunable refrigerants and establishing indigenous capacity for new
refrigeramts, lubricants, and blowing agents.

ENTERPRISE BACKGROUND

Shanghai Shanglu Electrical Appliances Co, Lid. 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 preduction of
refrigerators. freezers, and other household appliances, There are 4 refrigerator lines capabie of producing

400,000 refrigerators on a two shift basis. Three primary models are produced with export of about 5% of the
refrigerators produced..

In 1992, Shanglu produced 7% of the refrigerators 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 Shangiu

l Actual \ Forecast

Year 90 91 92 93 94 95 % 97
Refrigerators 160 185 220 270 320 400 500 500
Produced

(000 Units)

PROJECT DESCRIPTION.

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

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

Phase [I Full conversion of the Shanglu factory to MP-39 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. At the conclusion of Phase 1, 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 | 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/HFC152a (binary blend) and MP-39 (temary
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 CFC12 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 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$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 GRANT

The proposed OTF grant request is US$1,010,000 is based on 100% chinese ownershhip of Shanglu  and

covers the incremental capital costs for Phases | 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 enlerprise

To be completed at appraisal
Financing plan

To be compieed a( the appraisal

PROJECT IMPLEMENTATION

Project Scheduie

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

SHANGHAI SHANGLU ELECTRICAL APPLIANCES
PROJECT COST SUMMARY

(0DOUSY)
Phase I -
Technology Transfer Fee 100
Refrigerant Charging Machine 60
Oil Charging Machine 70
Process Control Instruments 79
Data Logging Facility 50
Components for 510 refrigerators 32
(@ US$161/unit)
Refrigerator Testing Cost 8
Training & Technology Study in US 21
SUB-TOTAL 470
Phase I [
4 Refrigerant Charging Machines 240
2 Qil Charging Machines 140
SUB-TOTAL 380
Contingency (15%) ) 130

TOTAL CAPITAL COSTS 980
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Annex B

SHANGHAI SHANGLU ELECTRICAL APPLIANCES
IMPLEMENTATION SCHEDULE®

| From To
Phase 1 i
Compressor Tests with MP-39 2093 4093
Il Test Manufacture 10 MP-39 Refrigerators 2Q94 20294
{5 Hua Guang;5 Yuan Dong Compressors)
Controlled Ambient Tests 2Q%4 2094 |
Prepare Report for Expert Review 3094 3094
Test Manufacture 500 MP-39 Refrigerators 4094 4Q94 ;
Prepare Feasibility Report for Phase 2 494 4Q94
Phase 2
Purchase and install equipment for mass 1Q95 2Q95
it production of MP-39 refrigerators
Startup 2Q95 2Q95
Achieve full phaseout of CFC12 refrigeram 3Q95 4Q95

Project schedule assumes ECMP approval of project dudng 1G94,



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER

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

and the Wanbao company.

This project will phase out chlorofluorocarbons {(CFC's) used in household refrigerators manufacrared
at the Wanbao Elecirical Appliance Indusirial Corporation. The project comprises two phases and will
ﬂ convert the production line to refrigerators using HFC-152a as the new refrigerant. The first phase

PROJECT COVER SHEET

The People’s Republic of China
Domestic Refrigeration

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

Engineering Assistance for Conversion of Refrigerator Manufacwre 1o
use of HFC-152a Refrigerant using conventional compressors.

2 years

80 MT CFC-12

Incremental Capital Cost - Phase 1 $ 520,000 _
Incremental Capital Cost - Phase 2 $ 800,000
Incremental Operating Cost 5 0
Total Project Cost 51,320,000
$1,360,000

Wanbao Electrical Appliance Industrial Corporation

The World Bank

National Environmental Protection Agency (NEPA)

o ———

PROJECT SUMMARY

will provide for product development using CFC altemmatives and will identify all equipment and
process changes needed to implement the altemative 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 Jisotong University, the Shanghai Jaotong University,

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

s it

H

n the estimsies of incremenial capiial costs.

S ——

The OTF grant is based on 100% Chinese ownership and inciudes 2 3% financial agent fee, A 15% contingency @5 included



PROJECT OBJECTIVES

The abjectives of this project ars to phase out CFC-12  through use of HFC132a in household refrigerators
produced at Wanbao and to develop reliable data for comparison with other phasecut aliematives. The praject

pravides {or the purchase of equipment and the training necessary to facilitate an effective transition to
HEC-152a refrigerant.

SECTOR BACKGROUND
Table-1

CHINA - ODS Consumption in Domestic Refrigeration, 1992
{metric tons}

CFC-11 CEC-12
Insulating Foam - New Refrigerators 46600
Refrigerant - New Refrigerators 959
Refrigerant - Service Old Refrigerators 500
Total - Domestic Refrigeration 4600 1450

Ia 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11% of the wtal CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used (o generate the
insuiation foam in refrigerator cabinets (460G MT). Assuming an average tefrigerator in China contains {75
grams CFC-12 refrigerant. new refrigerators accounted for a total of 5530 MT CFC usage. The remaining

S00MT 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 Jines for compressors with an annual capacity of 16 million
units. Refrigerator production capacity unlization has been stighly below 30% . Actual production of new
refrigerators in China has averaged 3.7 million units annually since 1990. Production is expected to increase
8% per year as economic conditions continue to improve and consumers acquire additional discretiouary
income. Currently, only 13% of housholds in China have a conventional refrigerator. A towl 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
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Couniry
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional

substitute technologics will be evaluated in the medium term {1997-2000) 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-152a | Blends,
These projects are summarized in the following table:
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Table 2

Projects included in China Refrigerant Program

Refrigerant Compressor Technology Prod. Capacity
Source (unitstyr}
Shangling HFC-134a Rotary Mitsubishi 500,000 B
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Biend Reciprocating Chang Ling 400,000
I Wanbao HFC-152a Reciprocating Wanbao 400,000
| o -
Notr: Hinary Biends are quxiures of HI< {542 and 1Z; Terary Blends also include HCFCTZd

While HFC-134a has been the leading candidate refrigerant in developed countries, China does not have
available capacity for production of HFC-1345 | assoclated polyolester lubricant and dessicant and would need
o umport substantial quantities of these costly ingredienis 1o sustain production. The net incremental operating
cost to China for these imponis is estimated 1o be US350-100 million ar current markes prices. Less costy
eafrigerant options would be HF(-152a, which is produced in China, and binary and temary blends, most of
which could be blended domestically using imponted HCFC124 if necessary.  As HFC-152a based refrigerants
use labricants closely related o 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 ¢ 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

The Wanbac company 15 located in Guangzhou, Guangdong province. There are {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 in 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 arc located in Guangzhou, Guangdong province. As
a group corporation, it produces regrigecators, 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 exported (80% of all refrigerators
exported 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 convert one of Wanbao’s 6 production lines (400,000 units
per yvear capacity on 2 shift opention) 10 HFC152a refrigerant. All such refrigerstors are for domestic use only,
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Table 3
Actual und Foreeast Refrigerator Production at Waabao
Actual Forecast
Year 90 a1 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 X{an Jiaotong University have been eagaged on a collaborative venture to
develop a refrigerator using HFC-152a. Energy savings in the region of 3% compared to an identical model
CFC-12 refrigerator ean be achieved with minimal ¢hanges made to the refrigeration circuit, The following
dems of work have been completed and a repon is being prepared for evaluation by an independant expert:

*Appiiance testing of 20 refrigerators
*Compatibility testing of lubricants, drier and compressor materials,

*A bateh of 120 refrigerators vsing HFC-152a has been made and sold into the market.
Afier 1 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 extra charging siations and safety equipment. HFC-1522 is moderately flammable. The safety
eguipmeni is required for monitoring concentration levels and safe handling and storing of HFC-152a. Safety
counsiderations also demand that the production line be modified to avoid inadvenant HFC1522 combustion.
Underwriters' Laboratonies (UL) have ested Wanbao refrigerators. Their informal report is that these will

satisfy UL 230. A draft proposal for "A2" category (covering HFC-152a) refrigerant use in domestic
refrigeranis has been prepared by themn.

PROJECT DESCRIPTION.

The project will accomplish phaseout of CFC12 used as refrigerant in domestic refrigeratars produced by
Wartbao in two phases,

Phase 1 Engineering, product development and testing under local conditions o estabiish basic data for
full conversion to HFC-152a and for comparison with results of simitar programs using alternative refrigerants.

Phase {1 Full conversion of the Wanbao factory to HFC-152a refrigeram

Phase 1

During Phase i, compressor oil testing studies wiil be completed and the condensor evaporator and
capitiary tubes will be redesigned w achieve optimum performance with HFCI52a. A west manufacturing un of
500 prototype refriperators will be made to prove the viablility of the refrigerant circuit designs and the
manufacturing process. Existing test facilines will be used for local testing. The USEPA will provide special
assistance for testing the safety of the manufactured units in the US. The remaining refrigerators will be
subjected to field tests. Consultations will be arranped with local and foreign expernts (Underwriters Laboratory}
10 train Wanbao engineers and technicians in safe handling practices and facilides for use of HFC132a in the
factory. Al the conclusion of Phase 1, a feasibility study will be prepared for {ull conversion of refrigerator
manufacluring at Wanbao to the use of HFC-1524. Based on the feasibility study results, a detailed cost estimate
will be prepared and project planning will be revised w accomodaie Phase | findings before commencing with



Phase 2

Phase 2 will unplement the foll conversion of Wanbao refrigerator facilities to HFC152a 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 coutd be achieved by comparison with CFC-12 systems have been borne out by
test results. Independent laboratory wests corroborate Wanbao's tests which showed a 3% improvement in

energy efficiency associated with the use of HFC-152a vs CFC-12. Other principal reasons for using this blend
are as follows:

*HFC.152a is readily available in China

*Only minor modifications need be made 1o the circuit of a CFC-12 refrigerator for it to be used, and
it is compatible with mineral oil tubricants and standard compressor materiats.

*[: possesses zero ODP and a low GWP 055 1o .068 ). -

*Being a domestic Chinese development, replication to other enterprises onte the technology is proved
will be considerably cheaper than piecemeal importing of foretgn HFC-134a technology.

PROJECT COST

The total project cost is estimated 1o be §1,320,000 including 2 15% contingency to 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 grami 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 resulis. An order of magnitude estimate of these costs is US31,400.000 for the first four years of
operation. discounted at 10%.

UNIT ABATEMENT COST (UAB)
510.29 per kg CFC-12
PROPOSED OTF GRANT

The proposed OTF grant request is US31,360.000 is based on 10(3% Chinese ownershhip of Wanbao and

covers the incremenial capital costs for Phases-! and 2 of the project |, including a 15% contingencey cost and a
3% fee tor 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 appraisal
Financing plan
To be completed at the appraisal
PROJECT IMPLEMENTATION
Project Schedule

The project implementation schedule is presented in Annex B,



PROJECT COST SUMMARY

WANBAO

Phase {
Compressor Testing

Purchase Safety and Process Eguipmeat (or Test

Manufacture Run
I Refrigeramt Charging Machine
Z Halogen Leak Detector
2 HFEC152a Monitor/Alarm system
1 Vacuum Pump
Ventilation equipment
Explosion Proofing
Fire Fighting Facilities

Test Manufacrure 500 HFC152a Refrigerators
{@$180 per unit)

Prepare Test Repoerts and Feasibility Swudy
Safery Training for Technical Staff

SUB-TOTAL

Phase I [
Additional Manufacturing Equipment
i Refrigerant Charging Machine
2 Halogen Lezk Detector
13 HFC152a Monitor/Alarm sysiem
! Vacvum Pump
Ventijation equipment
Explosion Proofing
Fire Fighting Facilities
Conveyor
Safety Training for Operators and Mechanics
Overseas - Consultations and [nspection

SUB-TOTAL

Contingency (15%)

{00083}

12

10
82
16

9
47
22
21

90

30
21

450

100
82
104

95
44
45
141
56
24

700

170

TOTAL CAPITAL COSTS

1,320

Annex A
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Annex B

WANBAOQ
IMPLEMENTATION SCHEDULE?

From To
Phase 1
Compressor Tests with HFCI52a 1Q94 2094
Prepare Report of Test Work to date for Expert 1Q94 2Q%4
Review
Purchase Safety and Process Equipment for Test 2Q94 3Q94 -
Manufacturing
Safety Training for Technical Staff 2Q94 3Q94
Test Manufacture 500 HFC152a Refrigerators 2094 3Q94
Prepare Feasibility Report for Phase 2 3094 3Q94
Phase 2
Purchase and install equipment for mass 4094 20385
production of HFC152a refrigerators
Safety Training for Operators and Mechanics 2Q95 4Q95
Startup 2Q95 2095
Achieve full phaseout of CFCI2 refrigerant - 4Q95

Protect schedule sxsumes ECMP approval of project dustag 1G94,




THE MONTREAL PROTOCOL ON

SUBSTANCES THAT DEPLETE THE OZONE LAYER

COUNTRY
SECTORS COVERED

ODS CONSUMPTION IN
AFFECTED SECTOR

PROJECT TITLE

PROJECT COVER SHEET

The People’s Republic of China
Domestic Refrigeration

3300 MT CFC-11 (1891)
[500 MT CFC-12 {1991)

Engineering Assistance for Conversion of Refrigerator Manufacture 1o
HFC1522/HCFC22 Blended Refrigerant in Conventional Compressors

PROJECT DURATION 2 years

PROJECT IMPACT 70 MT CFC-12

PROJECT BUDGET Incremental Capital Cost - Phase |  § 645,000
Incremental Capital Cost - Phase 2§ 335,000
Incremental Operating Cost 5 0
Total Proiect Cost $ 980,000

PROPOSED OTF GRANT!
IMPLEMENTING ENTERPRISE

IMPLEMENTING AGENCY

$ 860,000

Chang Ling (Group) Co. Lid.

The World Bank

NATIONAL COORDINATING

AGENCY National Environmental Protection Agency (NEPA)

]

This project will lead to replacement of CFC-12 refrigerant in household refrigerators manufacrured
u by Chang Ling with z blended refrigerant consisting of HFC152a and HCFC22, Technology has been

PROJECT SUMMARY

developed locally in cooperation with Xi’an Jiaotong University, In Phase 1 of the project, detailed
engineering, product development and lab and field testing of 500 vnits produced under factory
conditions, will be conducted to define firm project scope and costs for full conversion of the factory
“ output to HFC152a/HCFC2? blended refrigerant during Phase 2. The results of Phase { will be

compared with similar projects using alterative 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
F used in refrigerator insulating foam, pending definition of the best available technology.

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

s
e i

¢ The OTF grant is based on 100% Chinese ownership. A 3% financial agent fee and 2 13% contingency is included in

the estimates of incremenl capital cosis.  Chang Ling will seif finance $150,000 of Phase 2 the capial cost for plant renovations.



PROJECT OBJECTIVES

The objective of this project is 1o establish a phased introduction of wehnology for use of HFCI522/HCFC?22

blended refrigerant in domestic refrigerators produced by Chang Ling. The results of this project will be
evaluated and considered for adoption by simifar refrigerator operations,

SECTOR BACKGROUND

Table-{
CHINA - ODS Consumption in Domestic Refrigeration, 1992
{metric tons)
CFC-11 CFC-12
Insulating Foam - New Refrigerators 4600 -
Refrigerant - New Refrigerators 950
Refrigerant - Service Oid Refrigerators S00
| e e b ]
To1al - Dormnestic Refrigeration 4600 i 1450

In 1992, the Chiaese domestic refrigeration sector consumed §050 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 4 total of 55350 MT CFC usage. The remaining

500MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing
operaiions. .

AL present, there are over 70 production lines for refrigeraiors in China with an annual capacity of 12 million
units annually. In addition, there are 16 production lines for compressors with an anmaal capacity of 16 million
units. Refrigerator production capacity utilization has been stighly below 30% . Actual production of new
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected {0 increase
8% per year as economic conditions continue to improve and consumers acquire additional discretionary
income. Currenty, 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 duting which refrigerant is replaced every eight years.

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non-
QDS foams and refrigerants, and compressor designs 1o accomodate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country
Program will coneentrate initially on reducing CFC use by 50% as new foam sechnologies evoive. Transitional
substifute technologies will be evaluated in the medium term (1997-2000) and feily non-ODS technologies
defined in the fong term. Siarting in 1994, a comprehensive program for refrigerant selection wili be carried out
in 2 series of applications development projects using the leading candidate refriperants - HFC-134a ; HFC-152a
: Blends. These projecis are summarized in the following able:



Projects included in China Refrigerant Program
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Table 2

Refrigerant Compressor Technology Prod. Capacity
Source {unitsiyr}

Shangling HFC-134a Rotary Mitsubishi 300,000 i
Hua Y1 HFC-134a Reciprocating Kirby 300,000

iF il
Shanglu Ternary Blend Reciprocating DuPont 400,000

{
Chang Ling | Binary Blend Reciprocating Chang Ling 400,000
Wanbao HF(C-152a Reciprocating Wanbao 400,000

TR Emar; Blends are mixaires of OFC Lo2a and HOFC 22, Temary Biends also include HCFC 134 .

While HFC-134a has been the leading candidate refrigerant in developed countries, China does not have
available capacity for produciion of HFC-134a | associated polyolester lubricant and dessicant and wonld need
to impon substantial quantities of these costly ingredients 10 sustain production. The net incremental operating
cost to China for these imports is estimated to be US350-100 million at current market prices. Less costly
refrigerant options would be  HFC-152a, which is produced in China. and binary and termary blends, most of
which could be blended dormestically using imporred HCFC124 if necessary.  As HFC-152a based refrigerants
use tubricants closely related to those currently used for CFC-12 further patential 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 o identify the best technology mix with
which 1o achieve a complete ODS phaseowt by the yvear 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

Chang Ling (Group} Co. Lid. is located in Baoji city in a large milizary complex which preduces household

electric appliances, wextile, mititary and domestic elecironics. U is a large company with 4 research institutes and
15215 engineers and technicians.

A total of 1,200 employees are engaged in refrigerator production on one production line imponted from
Mertoni (ltaly) in 1987. The line is capable of producing 400,000 refrigerators annually based on 1 shift
operation. Thirty models are produced with export of abour 3% of the refrigerators produced.

In 1992, Chang Ling produced 6% of the refrigerators sold in China. Actual and forecast production are
iliustrated ins Table 3 for the period 1990-1997.

Chang Ling is committed to phasesut all CFCs used in refrigerator muanufaciure before 1997,
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Table 3
Actual and Forecast Refrigerator Production at Chang Ling
Actual Forecass
Year 20 1 92 93 94 95 6 97
Refrigerators 210 260 270 357 450 560 600 600
Produced
{000 Unitsy

Since 1990, Chang Ling and Xi'an Jiaotong University have been engaged in a collaborative veanure o develop
a refrigerator based on HECI152aHCECLY refrigerant. Phase 1 type activities completed to date include:
calorimeter testing of 9 compressors using the blend, appliance testing of 20 refrigerators, and cornpatibility
testing of lubricants, driers and compressor materials. Advantages of the blended refrigerant were found o be

minimal engineering changes to compressors and refrigerators and higher enecpy efficiency. Ongoing work is
focused on optimization of the refrigerator-compressor system.

PROJECT DESCRIPTION.

The project wili accomplish phasecut of CFCIZ used as refrigerant in domestic refrigerators produced
by Chang Ling in two phases.

Phase | Engineering, product development and testing under local conditions to establish basic data for
full conversion to HFC1522/HCFC22 blended refrigerant and for comparison with results of similar programs
using altemative refrigerants,

Phase II Full conversion of the Chang Ling factory to HFC1522/HCFC22 blended refrigerant

During Phase 1. 500 refrigerators will be produced under factory conditions to prove the viability of
manufacturing refrigerators safeiy and reliable under local conditions. Technical collaboration will be sustained
with Xi'an Jiaotong University, At the conclusion of Phase 1. a feasibility study wiil be prepared for full
conversion of refrigerator manufacturing at Chang Ling vsing HFCI1322/HCFC22 refrigerant. Based on the

feasibility study ressits, a detatled cost estimate will be prepared and project planning will be revised 10
accamodate Phase | findings before commencing with Phase 2.

Phase 2 will implement the full conversion of Chang Ling sefrigerator facilities to HFC1328/HCFC22
blended refrigerant

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNGLOGY

While HFC134a has been accepred worldwide as the principal replacement for CFCI2 refrigerant in domestic
refrigerators, alternative refrigerants have found appiication in China where indigenous sources of HFCl34a
refrigerant and polyolester tubricant are noi available.

One such aliernative under consideration is the use of blended refrigerants which can function effectively in
conventional CPCI2 style refrigeratwor compressors. The HFC152a/HCFC22 blended refrigerant is a leading
condidate because of refrigeran: availability st 2 resonable cost compared to CFC12 and because of a slight

improvement in energy efficiency. Chang Ling has pieneered this application and is well positioned to
tmplement the project successiully,



PROJECT COSY

The total project cost is esnmated to be 3980,000 including a 15% contingency to 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 gramt request is given in Annex A,

INCREMENTAL OPERATING COST

[ncremental operating costs will be defined in Phase 2 of this project. An OTF grant cequest will be made based

on Phase 2 results. An order of magnide estimate of these costs is USS$1,300,000 for the first four years of
operation, discounted at 10%,

UNIT ABATEMENT COST (UAB)
5 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 Ling
{Group) Co. Lid. and covers the incremental capital costs for Phases { and 2 of the project . including a 15%
contingency cost and 2 3% fee for the financial agent administering the project. Chang Ling will self finance
$150,000 of (he Phase 2 costs covering plant renovations.

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

The ERR for the project will be deter;;:ined during project appratsal.
Financial Rate of Return (FRR)
The FFR for the project will be determined during project appraisal.
Financial status of the enierprise
To be completed at appraisal
Financing plan
To be completed a1 the appraisal
PROJECT IMPLEMENTATION
Project Schedule -

The project implementation schedule is presented in Annex B



CHANG LING

PROJECT COST SUMMARY
Phase 1 (000USS)
Technology Transfer Fee 50
1 Refrigerant Charging Machines 75
Analytical and Special Test Equipment 75
Safety Controt and Alarm Equipment 191
Blend Supply and Recovery Facility 36
Ventilation and Fire Safety Improvements 33
Test Manufacture of 500 Refrigerators 80
(@USS 160 per unit)
Preparation of Phase 2 Feasibility Study Report 20
SUB-TOTAL 560

Phase [ §
I Refrigerant Charging Machine 75
Reorganization of Production Line including 175%
Vemtilation and Fire Protection
7 Halogen Leak Detectors 40
13 Blend Recovery Units 20

SUB-TOTAL 310
Contingency (15%} 110
TOTAL CAPITAL COSTS 980

LIBE1 50,000 w be sell ficanced by Chang Ling (Group) Lud.

Annex A
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Annex B

CHANG LING
IMPLEMENTATION SCHEDULE’

From To

Phase 1
Run compressor tests with Blends 1989 1Q91
and performance tests on 20 refrigerators
containing HFC152a/HCFC22 blend
Test Manufacture 500 Blend Refrigerators 2094 2094
Prepare Feasibility Study for Phase 2 3Q94 30%4
Phase 2
Purchase and Install equipment for mass 4Q94 1Q95
production of Blend Refrigerators
Test Manufacture 2000 refrigerators on full scale | 2Q95 2095
production line
Increase Production Rate 1o achieve compiete 4Q95 4Q96
phaseout of CFC12 refrigerant use

ik W—

Project schedule aisumes ECMP approval of project daring 1094,





