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

Project presented by UNDP

1.

ODS-free cleaning equipment manufacturing centre for phasing out ODS
consuming solvents across China

Projects presented by the World Bank

1.

2.

Zhongshan Fine Chemical Aerosol Filling Center (CFC-12 Substitution Project)
CFC-12 to HCFC-22 plant conversion (Shanghai Chlor-Alkali Chemical Co.)

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

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

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

Engineering assistance for conversion of refrigerator manufacture to a ternary

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

Engineering assistance for conversion of refrigerator manufacture to use of

HFC-152a refrigerant using conventional compressors (Wanbao Electric
Appliance Industrial Corp.)

Engineering assistance for conversion of refrigerator manufacture to
HFC-152a/HCFC-22 blended refrigerant in conventional compressors (Chang
Ling (Group) Co. Ltd.)
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PROJECT EVALUATION SHEET
COUNTRY OR REGION: China
PROJECT TITLE: ODS-Free Cleaning Equipment
Manufacturing Centre for Phasing Out ODS
Consuming Solvents Across China
BUDGET: US $1,446,542
INCREMENTAL COSTS: US $524,734
COST EFFECTIVENESS: N/A
PROJECT DURATION: Two years
IMPLEMENTING AGENCY: UNDP
NATIONAL COORDINATING AGENCY: National Environment Protection Agency
TECHNICAL REVIEW COMPLETED: YES _X  NO_
SECRETARIAT’S COMMENTS
1. The project will provide for installation of a manufacturing facility of ODS-free cleaning

equipment. The Manufacturing Centre is a part of the national strategy to replicate the
demonstrated technology and equipment in an economical, expeditious manner. It is expected
that within 3 years approximately 800 enterprises will be converted to non-ODS processes using
the equipment manufactured at this centre.

2. The project is eligible for funding from the Multilateral Fund. When the manufacturing
equipment centre is brought on-line, then the equivalent CFC equipment manufacturing capacity

will be shut down.

3. The total project expense is estimated to be US $1,446,542.

4. The requested amount of US $524,734 will cover the cost and installation of imported
equipment.

SECRETARIAT’S RECOMMENDATION

1, The requested incremental costs of US $524,734 are recommended for approval provided
that any further project proposals in the solvent sector in China will be considered within the
context of this project.
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: China

PROJECT TITLE: Zhongshan Fine Chemical Aerosol Filling
Center (CFC-12 Substitution Project)

BUDGET: Capital Cost: US $8,359,000
Incremental recurring

savings: US $6,759,000

Financial agent fee: US$ 48,000
Total: US $1,648,000

INCREMENTAL COSTS: US $1,648,000

ODS PHASE-OUT: Estimated 6,590 tonnes of CFC-12 annually
in 1996

COST EFFECTIVENESS!: US $0.24/kg of CFC-12 phased out

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. Zhongshan Fine Chemical Industrial Limited is a state-owned enterprise that deals with
aerosol products and fine chemicals.

2. The project proposal is to establish chemical facility to produce 5000 tonnes per year of
dimethyl ether (DME), a substitute propellant for CFC-12; to retrofit three automatic and two
semiautomatic filling machines; to construct buildings and provide quality control and safety
equipment and training; and to provide facilities for storage, transportation and distribution.

3. The project estimates to phase out 6,590 tonnes of ODS annually in 1996.
4. Since the enterprise is not a producer of controlled substances, cost of production of

their substitutes is not regarded as incremental cost (Indicative List of Categories of Incremental
Costs, paragraph 2 (1)).

Determined as the ratio of incremental costs to the estimate annual saving of ODP ($/0ODPy,).
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5. The only component of the project that is incremental is the retrofit of the existing filling
lines.

6. Cost of production of DME will become eligible if an equivalent capacity producing
CFC-12 is closed.
SECRETARIAT’S RE ATIO

1. The project raises the issue of eligibility. Production of substitutes without termination
of production of equivalent capacity of ODS is not eligible for funding.

2. If the Government of China will commit to the closure of CFC-12 production capacity
equivalent to that of dimethyl ether, the project would become eligible for funding.

3. The Secretariat therefore recommends to defer the consideration of the proposal pending
clarification from the Government of China.
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: China

PROJECT TITLE: CFC-12 to HCFC-22 Plant Conversion at
Shanghai Chior-Alkali Chemical Co.

BUDGET: Capital Cost: US $8.935 million
Operational Cost: US($2.566 million)
Total: US $6.369 million

INCREMENTAL COSTS: US $6.369 million

ODS PHASE-OUT: Substitute for 7000 tonnes per year of CFC-12

COST EFFECTIVENESS: US $0.94/kg of ODP phased out

PROJECT DURATION: 2.5 years

IMPLEMENTING AGENCY: The World Bank

NATIONAL COORDINATING AGENCY: National Environmental Protection Agency

and Ministry of Chemical Industry

TECHNICAL REVIEW COMPLETED: YES _X _NO_

SECRETARIAT’S COMMENTS

1. This proposal is submitted to the Committee for "preliminary, provisional review with
regard to methodology and assumptions for calculating incremental costs”. However, the World
Bank is requesting permission to proceed with further development of the project and for
resolution of the outstanding differences between the Bank and the Chinese authorities regarding
calculation of project incremental costs.

2. A technical review is included in the project summary.

3. The Secretariat reviewed the project summary taking into consideration the Indicative
List of Categories of Incremental Costs, Decisions IV/30 and V/8 of the Meeting of the Parties,
Executive Committee guidelines, and China’s Country Programme.

4. Based on the Secretariat’s review, pertinent comments were communicated to the World
Bank, to which the Bank responded.

5. The project is proposing to replace the existing production of CFC-12 (capacity of 7000
metric tonnes per year) with new production facilities to produce 5000 metric tonnes of HCFC-
22 per year at Shanghai Chlor-Alkali Chemical Co. The World Bank estimated the incremental
costs of the project to be US $6.369 million.
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6. Consideration of this project should be taken within the context of three additional
projects listed in China’s Country Programme for the production of HCFC-22 at an additional
estimated cost of US $5 million.

7. The project eligibility is not in doubt. However, it should be considered within a
strategy for the chemical production sector in order to avoid the possibility of double counting,
redundancies and future liability to the Fund since HCFC-22 is a controlled transitional
substance.

SECRETARIAT’S RECOMMENDATIONS

I. Based on the above, the following recommendations are proposed for consideration of
the Executive Committee:

(@ To indicate to the Government of China that conversion of CFC-12 to HCFC-22
is a legitimate activity under the Multilateral Fund; however, given the special
nature and size of the chemical production sector in China, the Executive
Committee will authorize the implementing agencies to work with the
Government of China to elaborate an integral strategy for a phase-out in the ODS
production sector in China.

(b) To request the implementing agencies to work with the Fund Secretariat, with the
possible collaboration of some ODS producers in Article 5 countries, to
recommend to the Executive Committee before its next meeting specific policy
guidance and a credible methodology of calculating incremental costs.

(c) To defer a decision on permission to proceed on the submitted proposal until (a)
and (b) above are addressed.
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PROJECT TITLE:

BUDGET:

INCREMENTAL COSTS:
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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

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

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

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

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

(Table attached)

a) US $1,400,000 (100 tonnes of ODS phase-out)
b) US $1,570,000 (108 tonnes of ODS phase-out)
c) US $1,442,000 (60 tonnes of ODS phase-out)
d) US $1,010,000 (70 tonnes of ODS phase-out)
e) US $1,360,000 (80 tonnes of ODS phase-out)
f) US $860,000 (70 tonnes of ODS phase-out)
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COST EFFECTIVENESS!: a) N/A
b) US $14.5/kg
) US $24.0/kg
d) US $14.4/kg
e) US $17.0/kg
f) US $12.3/kg
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 _

SECRETARIAT’S COMMENTS

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

2. Although there are 70 domestic refrigeration production lines and 16 compressor
producers in China, five of the six projects account for 27 per cent of the actual 1993
refrigerator production in China as reported by the World Bank.

3. All six projects are in line with China’s Country Programme. They may be viewed as
demonstration projects to evaluate CFC-12 conversion technologies to HFC-134a, HFC-152a
and two blends.

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

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

6. Phase I of Hua Yi project (project c)) has been completed. The World Bank has
requested 15 per cent contingency cost for all activities.

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

Determined as the ratio of incremental costs to the estimated annual saving of ODP ($/ODPy,).
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8. However, it should be noted that ail 5 refrigerator projects do not propose testing
associated with non-CFC blown insulating foam. In the event that this testing will be done at
a later stage, additional testing equipment would certainly be requested.

9. 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.

10.  Shanghai Shangling General Refrigerator Factory (Project b)) is requesting a service
truck at a cost of US $100,000 to service the new HFC-134a refrigerators. The incrementality
of this cost item is in doubt.

11.  None of the five refrigerator production projects (b-f) mentions whether the existing
CFC-12 lines will be scrapped, modified or converted. A decision in this regard will impact
the calculation of the incremental costs of each of these projects.

12.  From comparison with similar projects approved by the Executive Committee, the
number and cost of test equipment is very high.

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

14,  All six projects were reviewed by an independent reviewer. The World Bank has
responded to comments provided by the Fund Secretariat.
SECRETARIAT’S RECOMMENDATION
The Secretariat recommends approval of all six projects on the following conditions:
1. The projects will 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.

2. Testing of appliances must be rationalised. Either the testing equipment requested in
these projects should be used for the other enterprises or centralized testing centres should be
established within 4-5 existing R & D institutes.

3. Incremental operating costs of the six projects should be accurately estimated.

4, Incremental capital costs should be in line with similar projects aiready approved by the
Executive Committee.

5. Based on the above, the World Bank should submit revised costs of all six projects as
pertinent.
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PROJECT COVER SHEET

COUNTRY OR REGION: China

SECTOR COVERED: Primary Sector: Solvents

ODS CONSUMPTION IN AFFECTED

SECTORS 3306 tonnes of ODP in 1991
PROJECT TITLE: ODS - FREE CLEANING EQUIPMENT

MANUFACTURING CENTER FOR
PHASING OUT ODS CONSUMING
SOLVENTS ACROSS CHINA

PROJECT DURATION.: Two years from funding availability

PROJECT IMPACT: Rapid and accurate replication and
placement of non-ODS technologies
as they are transferred from
developed countries to China.

PROPOSED BUDGET: Total Proj Expense : US $1,446,542
Requested funding: US $ 524,734

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY: NEPA THROUGH MEI

PROJECT SUMMARY
The China Country Programme addresses the rapidly growing solvent sector
by employing a strategy of subsectoral demonstration projects, followed by
replication. With an estimated 3000 lines consuming ODS in.cleaning
processes throughout China, the China Country Programme has included an
Equipment Manufacturing plan to minimize the phase out cost.
It is the intent of this project to install manufacturing capability for ODS -free
cleaning equipment in No. 2 Institute. ODS-Free Equipment manufacturing
at this site will replace equivalent ODS equipment manufacturing capacity
currently scattered across China.



PROJECT OF THE GOVERNMENT OF CHINA

ODS - FREE CLEANING EQUIPMENT MANUFACTURING
CENTER FOR PHASING OUT ODS CONSUMING SOLVENTS
ACROSS CHINA

1.Project Objective

The objective of this project is to provide for cost effective installation of
replacement cleaning lines across China by manufacturing and then offering
low cost, no-ODS cleaning equipment to Chinese firms

The project will use demonstrated technology and equipment and will
demonstrate that the replication of ODS free cleaning processes can be
accomplished at considerable savings to the Multilateral fund.

2.Sector Data

The Cina Country rrogramme states that total 1991 ODS consumption in
China was 48,239 tonnes with an ODP (ozone-depleting potential) value of
60,352 tonnes. China has forecast that unconstrained ODS consumption
would by year 2010 result in ODS consumption of 229,318 tonnes with a
ODP value of 292,714 tonnes with resulting severe damage to the global
ozone layer.

ODS consumption in the solvents sector in 1991 amounted to 4,947 tonnes
with a combined ODP value of 3,306 tonnes. This combination reflects the
weighted average of a 0.8 ODP value for CFC-113 (91%) and a 0.1 ODP
value for methy! chioroform (3%). There are 3,200 middle and small-sized
enterprises using ODS-based cleaning processes in China at present. With
unconstrained consumption, ODS consumption in this sector by year 2010
would reach 53,571 tonnes growing at over 14% per annum over the period
1991-2010. It is thus critical that ODS consumption in this sector be
reduced as soon as possible. This is technologically feasible since
alternative processes exist. The main issue is to determine, and then
deploy, the cleaning processes, or alternative technologies, most feasible for
the many different factory applications throughout China.



3.

3.1

Background

Sectoral Needs and Strategy

A maijor, high growth area in China is the solvents sector, as described
above. China has defined its strategy in its Country Programme, and is in the
process of implementation of each of the elements of that strategy. Key
demonstration projects in each of several major applications, or subsectors,
followed by rapid deployment and replication of the demonstrated
technology, is deemed necessary for successful completion of the solvents
sector overal! strategy. For rapid deployment and replication to be
successful, i.e.,a cost effective phase out, two additional elements are
deemed essential, both of which have also been described as part of the CP
solvent sector strategy:

a)

b)

An equipment manufacturing line to produce cleaning equipment for
the replication in an economical, expeditious manner.

An Applications Deployment Center {ADC) for evaluating the cleaning
process options for the replication plants, where samples from the
factories will be cleaned in various processes, and the appropriate
process and equipment specified for those applications.

In China, with such a significant number of enterprises spread over
such a vast geography, with a significant language barrier in the
ordering and installation of equipment - especially in the remote areas,
the process of phase out on a plant by plant basis could be very
inefficient and therefore, costly., China has existing CFC solvent
equipment manufacturing capacity that is dispersed across China.
China Electrical Engineering Design Institute (CEEDI) estimates that
the number made is between 200 and 300 per year, depending on the
ratio of batch and continuous units made. Just under two hundred
additional are imported per year. The CFC based equipment
manufactured across China today, essentialy as an "ad hoc" product,
is made to meet local needs and generally does not adhere to.
international guidelines as to to emission control, soivent containment,
freeboard, etc. It is normally custom made by many various machine
manufacturing factories which are engaged in production of other,
non-solvent, various general equipment products. The new
replacement technology machines will be dealing with flammable and
harsh/corrosive chemicals, and adherence to international quidelines is
felt to be an essential need.

It is the intent of this project to set up an equipment manufacturing
line in China that will eliminate virtually all of the aforementioned
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barriers to an efficient and cost effective phase out of ODS in the
solvent sector. China is committed to the plan that, when the
equipment manufacturing line is brought on line, then the equivalent
CFC equipment manufacturing in the various factories will cease, and
there is expected to be no Incremental costs associated with the
replacement of this capacity. Thus the CP strategy for a cost
effective and efficient phase out can be achieved.

Enterprise Background

No. 2 institute has the expertise and the capacity, and also necessary
means of studying and making cleaning systems, to satisfy various
needs of the enterprises. |t is believed to be the correct choice to set
up the equipment manufacturing line in No. 2 institute.

No.2 institute is located in Heping South Road, Hexi District, Taiyuan
City, about 5 kms away from downtown. Taiyuan City has all
convenient means of communication and transportation. The institute
occupies a total area of 95,000m2 and has sufficient water and
power supply. Being the premier electronic process technology
institute in electronics industry, the institute is mainly engaged in
process technology development and electronics industrial process
management. It was founded in 1962 and, during the past 30 years,
has brought to market hundreds of research outcomes in the fields of
automation technology, PC application, precision machining
techniques, thermal processing, electronic assembly process, powder
metallurgical technology and metal surface denaturation, etc..

In the 60’s, it developed the first wave soldering machine and the
first manufacturing line for producing C-type ferrite-core and Ta
capacitor, followed by production lines of magnetic-rod loudspeaker as
well as a semiautomatic line for B/W TV sets. In the 80’s, it was
assigned the research work of chip component mounting and
soldering technology and equipment, and turned out a number of
high-tech results represented by laser soft brazing machine and
process, impurity alarm in cleaning process and an IR reflow machine,
opening new prospects in the area of SMT technology for China.

The institute covers a wide area - 9.6 hectares with dozens of
one-floor buildings and several multi-storey buildings. The
manufacturing line will be located on the first floor of No. 8801
Building, a new five story structure with a building area of 6,463m2,



located northwest of the main entrance and now under construction,

The institute now has:
staff 703
in which technical personne! 321
(including senior engineers 63}

key equipment 95pcs
key instrument 370pcs
mini-computer 20
mobile vehicles 25
books and reference materials 25,000volumes
site ground area 95,000m2
building area 27,000

original value of fixed assets RMB 13,980,000

4. Project Description

As mentioned above, the first floor of a newly finished building will be
converted to include a cleaning equipment manufacturing tine that is capable
of fabricating 6 types of cleaning system - ultrasonic, centrifugal, brush,
spray and immersible and associated accessories and both in-line and batch
systems of each type. The line should have a capacity of 300 batch units
manufactured per year. With this capacity, it will take 8 years to fuifill the
overall objective of conversion of China to non-ODS processes.

It has been decided that the batch system will be the typical product as
there are more medium-size and smail-size firms than large ones, while the
in-line system will be also necessary to satisfy large firms’ needs. In this
aspect, the overseas mature water spray type in-line system will be in the
first place for consideration.

batch system 270pcs

in-line system 10pcs ({ equivalent to 30 batch units)

The line will include sheet cutting, flattening, pressing, sheet bending,
coldworking, benchworking, welding, surface treatment and assembly in
conjunction with in-process inspection.

The process flow will be as follows: preparation - sheet cutting -
machining -
inspection - surface treatment {electroplating, painting , etc) - inspection -
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assembly {mounting and wiring) - on-line unit debugging -perforcemance test
- packing & storage

b. Technology

The plant will use standard metal working and equipment fabrication
techniques. Work areas within the manufacturing shop, to be set up, are
as follows: benchworking, metalworking, machining, welding, surface
preparation and coating, and the assembly area - which will consist of
electric wiring, test and debugging, final assembly, and packing.

There is a significant amount of equipment already available at the institute

which can be utilized for the purpose of the additional manufacturing line. It
is estimated that the project would utilize 22 pieces of equipment from the

Institute, but would require the addition of new pieces, many of them to be
imported.

The institute, at present, has a 2t steam boiler and 2 hot water heating
boilers with a capacity of 2b0Kcal/h each, which will be the source of hot
water (95-70!f) supply to the new building. No.8801 Building will have
216m2 of air-conditioned area where t=20degrees, +/-1, RH=60%,
+/-5% and mechanical exhaust system and scrubber will be installed.

The existing water source is sufficient to supply the max. 4.3m3/h additional
consumption. There will be waste treatment plant or recycling unit for the
effluent discharged from cleaning system debugging procedure.

Existing compressors supply compressed air at the point-of-use. The
compressor in the painting area has enough spare capacity to satisfy
0.3m3/min in the new painting area. And a new compressar will be installed
in the new building to meet 7.8m3/min consumption of the line.

The installed power capacity will be 310KW for the power consumed. There
will be both radial and trunk systems for power distribution. There will be a
separate feed line for power supply and lighting.

The equipment to be produced will utilize proven and credible international

equipment technology and design, and will be based upon agreements with
foreign equipment makers for the use of their technology.

6. Project Costs



The detail of the investment cost is described below, The investment cost
requested of the Multilateral Fund has been determined to be US $524,734.
The investment cost of the remainder of the project, to be bourne by the
Government of China has been determined to be $US 921,808. There are
no costs included in this project for patents or agreements, other than the
technology transfer costs.

6.1 Some Explanations

1) The foreign exchange rate will be TUS$ to RMB 8.7, as issued by the
State Foreign Currency Administration.

2} The imported equipment will be at CIF price and be exempted from-
duties and taxes on added value pursuant to certain rules. But the local
support cost in RMB such as company commission, banking charges and
local transport expenses and miscellaneous expenses shall be included.

3) The local source equipment will be priced with reference to ex-factory
price with 6% of transport and miscellaneous expenses.

4} The installation cost for foreign and local source equipment will be
separately calculated and cover both installation and debugging as well.

5) Building engineering cost is estimated for converting an area of 1,436
m2 while and external construction cost covering piping and cabling ,etc. is
estimated at RMB 150,000.

6) The charges for feasibility study and design will be as stipulated in " The
Charging Criteria for Engineering Design" issued by the State Planning
Commission in 1984.

7) The additional power capacity required will be 240KVA and Taiyuan City
regulates RMB 290/KVA for the additional power demand.

8) Insurance expense for construction period shall be 0.35% of the total
cost of construction, equipment procurement and installation.

9} The cost for trial run, hospitality, office and domestic appliance shall be
borne by the owner.

10} Cost for preparation work shall be 10% of the total investment both in
US$ and RMB.

11) Calculation’s indicated a sum of RMB 176,000 of the interest of loan in
construction period,the yearly interest rate being 10.98%.

6.2 Project Economics

Annex 1 contains the list of equipment needed for the project. Annex 2
contains the project calculations, showing total project costs as well as the
breakdown of the components and also the split between the MLF and the
Government of China. Annex 3 shows the calculation basis for determining
the cost of manufacture, the price comparisons between international and



local production, the profit to be deducted from the project, and the net
calculations showing the basis for the request to the Multilateral Fund.

8. Financing Plan

From the MLF $§ 524,734
From Chinese Government $ 921,808
TOTAL $1,446,542

9. Environmental, Health and Safety

in debugging operations, city water will be used. The few printed circuit
boards cleaned in debugging will have minimal impact on waste water
effluent concentrations as they join the other site efluent streams. In any
event, where organics or alkaline cleaning agents are used, the former will
be recycled inside the area, while the tatter will be treated in an enclosed
system to minimize the discharge. Organic fumes released in the painting
area are anticipated to be minimal. Water based acrylics will be
investigated. To minimize noise in the fabrication areas, low noise
equipment will be given priority in the selection process, and vibration
isolation mountings will be specified as preferred. MHlumination of 150 -
300Lx will be provided in compliance with national rules. Housings, covers,
and wire guards will be installed on all drives, and reliable grounding will be
installed throughout the manufacturing area.

Fire protection and explosion proof design will be initiated in the coating
area. Indoors there will be a security pipeline, hydrant, and portable dry
powder extinguishers placed appropriately throughout the area. Outdoors,
there will be a water supply pipeline, an encircling access road for fire engine
response, and a fire engine available with water delivery capability of 25
L/sec.

10 Project Impact

As a result of this project, Number 2 Institute will address the needs of the

Country of China for

1. rapidly producing and distributing standard cleaning equipment, based on
non-0ODS cleaning technology, thereby overcoming the substantial
infrastructural difficulries associated with distribution throughout the



various provinces

training indigenous users in the startup and operation of the equipment,
thereby overcoming the difficult language problem

providing high quality, low cost equipment at a substantial savings to
both the country and to the Multilateral Fund. The phase out plan is
that, in 3 years, approximately 800 enterprises will be converted to non-
ODS processes. Thus in the 3 year period, the project is expected 1o
avoid an approximate cost of US$ 52 million to be requested from the
Multilateral Fund.
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Number 2 Institute Equipment Manufacturing

CAPACITY - UNITS/YEAR

BATCH UNITS

IN - LINE UNITS

270

10

ESTIMATE OF MFG COSTS

MAJOR MATERIALS
SUPPORT MATLS
PACKING MATLS
LABOR

FUEL & UTILITIES
OVERHEAD

TOTAL

AVG COST/UNIT (RMB,
AVG COST/UNIT (§)

AVG PRICE ($)

AVG PROFIT, §
AVG PROFIT, RMB

PROFIT/YR, $
GROSS PROFIT/YR, |
TAXES

NET PROFIT

48568
5583

6320

738
6418

$206,552
1797000
413310
1383690

INT'L PRICE LOCAL PRICE

70,000
110,000

AVG 71429

(1000) RMB

5348
4350
240
648
731
2282
13599

=13,599,000/280

Project
SAVINGS/YR
5977 64,023
15586 94,414
6320 65,108
RMB VALUE 8.7

-----—--— THIS IS THE PROFIT USED TO CALCULATE

THE NET BENEFITS PER YEAR

USE PROFIT FROM CALCULATIONS ABOVE

REQUEST TO MLF
4 YEARS PROFIT =
NET GRANT =

TOTAL PROJECT CAPITAL REQUIRED, 3US
TOTAL MLF GRANT REQUESTED, 3US

EQPTMFG2 . XL3

$1,179,090
$654,356 -----------—— net present value of 4 years' profit = 4 X (0.792) X
$524,734
1446542
524734

206552

W

2/8/94



SUOBAL CENTRE FOR PROCESS HAN@E

P.O. Box 553 W. Q. Kenyon
Mantchanin, DE Tat. 302-65245587
18710-0553 usa Fax: 302-65248701
- . - - — -
10 C.J.NORRIS (UNDP) DATE. 10 FEB., 1994

FROM: W.G. KENYON {CONSULTANT)

SUBJECT: PROJECT TECHNICAL REVIEW ‘
| have reviewed the Solvent Project, "ODS-Free Cleaning Equipment Manutacturing

Center for Phasing Out ODS Consuming Solvents Across China* prepared by CEEDI,
ME} and UNDP personnel.

Technical Soundness
This project is designed for rapid, successful, cost effective degloyment df non-ODS
cleaning equipment throughout China after evaiuation of the various altetnatives, The
vast geographic area of China, combined with multiple languages, make$ the ordering
and servicing of equipment from external vendors difficuit. L manutagture of
proven equipment designs, both batch and in- -line, will provide rapid deployment of
non-ODS equipment in the solvent sector thrOUQhout China, while provi

fraining materials and manuals to ensure meeting the phase oqt goals in the Country
Programme Since it is essentlai that proven de3|gns be empltgﬂed maxi

cooperation with a developed nation equipment manufacturer with indusfry-proven
designs.

Safety

The manutacture of cleaning equipment requires many standart procedutes for
cutting, bending and welding sheet metal and piping. In additidn, electri
plumbing operations and painting must be carried out. Safe practice pr
all of these operations are readily avaitable, especially from thelmore he
regulated devetoped countries. [t is expected that such safe pr ctices willl be foliowed,

aqueous technology employs hydrocarbon substances which h&ve flamm
combustibility potential. The use of established equipment designs ensur

chemicat misting will be controlled or blanketed, depending on {he equipment design.

Environmental
"Wet testmg of each piece of equipment is reqmred prior 1o shipment to the point of
use. This is accomplished by actually running the chemistry in the cleani
equipment and cleaning the parts to be manutactured. Thus wakte stre

agqueous treatment is already available at the #2 Institute site. In |addmon
meets all applicable workplace regutations tor light and ventllan?



"ODS-Free Cleaning Equipment Manufacturing Center” PHOJ.‘ REV,, PAGE 2/2

metal components in the removed flux residues or with the the non-elecfronics parts
being cleaned. Semi-aqueous solvents are hydrocarbons; they are nommally
incinerated for disposal. They also have VOUC potential. Whild VOCs ar¢ not
regulated in developing countries, they may be a tuture concetn.

Aqueous technology has the potential for the detergents to cofnplex wﬂ% the heavy

Cost Effectiveness |

The project addresses cost effectiveness, pointing out the unigue opportinity for local
equipment manufacture at the #2 institute Project Site to simulfaneously pccelerate the
phase-out in China while potentially saving the MLF a projectad USD 10p,000,000.
From an investment standpoint, less than USD 2,000,000 in ital inv
produce more than USD 50,000,000 return in 3 years. This sayings can pe used to
accelerate QDS phase-outs in other developing countries who|{pearhaps do not have
the manufacturing base and central planning advantages posspssed by China.

Recommendations
it is recommended that this project be approved with the stipuljion that (at (east

initially) proven equipment designs from developed country sources be manufactured,
thus maintaining the momentum of the ODS phase-out, '



PROJECT COVER SHEET

COUNTRY: The People’s Republic of China
PROJECT TITLE: Zhongshan Fine Chemical Aerosol Filling Center CFC-12
Substitution Project)
SECTOR COVERED: Aerosol
ODS USE IN SECTOR: CFC-12 consumption was 9420 tons in 1992
PROJECT IMPACT.: Phase out CFC-12 6.590 tons annually in 1996,
PROJECT DURATION: 2 years
PROJECT ECONOMIC LIFE: 10 vears
TOTAL PROJECT COST: USS 8.359 million Capital Costs
USS 6.739 million incremental recurrent savings
PROPOSED OTF FINANCING: USS 1.6 million
IMPLEMENTING ENTERPRISE: Zhongshan Fine Chemical Industrial Limited
COORDINATION NATIONAIL BODY: National Environment Protection Agency

IMPLEMENTING AGENCY: World Bank

PROJECT SUMMARY

The project converts aerosols with 100% CFC propellants to non CFC. Dimethyl Ether {DME)
was selected as propellent. due to non availability of clean LPG in Guangdong Province. After project
completion, output of DME will be 5000 tons annually, which can substitute for 6590 tons CFC. This
project is listed in China's ODS CP, and will be carried out during 1994/95. In foreign aerosol industry,
except for LPG. DME is in the second position for substitution for CFC and technology is available. The
enterprise plans to take available technology of making DME by methanol from South-West Research
[nstitute. Based on facilities for making DME, the project can not only meet requirements of conversion
of enterprise itself. but also serve local smail enterprises in can-filling lines with competitive iow costs
by establishing aerosol filling center. Thus it will promote substitution CFC throughout southern China,
and reduce CFC losses prevelant in many small existing fillers. For those enterprises with modern filling
facilities. the enterprise can supply suitable DME at a low price. DME manufacturing facilities will be
in Zhongshan city. According to CP. estimated consumption of CFC-12 used in China aerosol industry

will be 23.600 tons in 1996, by implementation of this project, consumption of CFC-12 will be reduced
by about 25-30% in 1996.

TECHNICAI, ASSESSMENT: The project has been reviewed and supported by the
Bank’s alternate OORG technical reviewer, Harry McCain. His comments are
attached.




PROJECT OBJECTIVES.

Project objectives include: 1) setting up facilities for manufacturing
S000 tpy DME; 2) setting up aerosol filling center, with capacity of 35 million
cans/year; and 3} phasing out about 6,500 tpy CFC use in aerosol industry.

SECTCR BACKGRQUND

China's aerosol industry developed late, its products are now only about
1% in the world, but with a population of 1.1 billion people there is a huge
potential market. Along with the boost of domestic economy, demand have been
increasing rapidly in recent years. National consumption of CFC propellant was
7090 tons in 1991, and increased to 9720 tons in 19%2. According to CP, in case
of no substitution, consumption will increase to 23,580 tons in 1996. To meet
requirement of environment protection, CFC substitution and conversion
engineering of aerosol industry in China now becomes a top priority. This
project along with previously approved projects in Shanghai and Tiangjing, will
account for about 80% of projected consumption. There are 56 factories which
produce aerosols in Guangdong Province, with CFC consumption of 3,620 tons in
1992. According teo investigation, the consumption in Guangdong will reach to
more than 6,000 tons in 1996. Most of these aerosol factories will be supported
by the southern filling center.

ENTERPRISE BACKGROUND

Zongshan Fine Chemical Industrial Limited (Zongshan) is a comprehensive
state-owned enterprise which deals mainly with aerosol products, aerosocl cans
{including valves) and fine chemical products. The enterprise owns a net fixed
asset of US$ 7.6362 million, and in 1%92 its gross industrial output is
US564.27385 million. The project sponsor is a 100% state-owned enterprise.

The enterprise has developed aerosol products since 19%82. In 1992, the
annual output of aerosols reached 48.8 million cans, which was about thirty
percent of national output. There are more than twenty kinds of products

spreading widely in domestic market. In 1992, the consumption of CFC-12 was 2250
tons, in which about 70% is hairsprays and air fresheners. There is an aeroscl
technology developing centre in the enterprise as the scientific research
organization to develop new products, while the manufacturing technologies mainly
developed by the enterprise itself.

PROJECT DESCRIPTION

This project covers the facilities for making 5000 tons DME from methanol
annually, an aerosol filling center of 35 million cans annual filling capacity,
and a set of public utilities of water, electricity, steam, cool and compressed
air. Accessory egquipments include warehousing, distributicn, transportation,
quality contrel, fire contrcl systems of DME. The enterprise has signed an
agreement on technology of making DME by methancl with South-West Research
Institute of the Ministry of Chemical Industry to take over its scientific
research result and designs for this project. By using this technelogy, the
conversion of methanol can reach 70%, the purity of DME can reach more that $9%,



which approaches the foreign technical level cof the same product. The finished
product of separated and refined DME can have a purity of over 99.9%, thus
suitable to be used as aerosocl propellant. The preliminary design of DME
facilities has passed provincial evaluation, the construction design is also
nearly completed. There are altogether 81 sets of equipments under the design,
of which 17 sets are standard type, 62 sets are non-standard type, and 2 sets are
specified equipments. Technology and equipment are from China, the main hardware
of computer system shall be imported from USA and Japan. DME ocutput of the
facility is 5000 tons annually, of which 3094 tons shall be applied to f£ill 35
million cans of aercsols. Among them, the enterprise itself will turn out 20
million cans, the remaining 15 million cans will be for other enterprises. The
remaining 1906 tons of DME will be scld to other companies.

In order to phase out all CFC uses in the company, there are five automatic
filling lines and four semi-automatic filling machines to be retrofitted.
However, in this project, only the investment required for retrofitting three
automatic filling machines {each with capacity of 40-50 cans per minute) and two
semi-automatic filling machines (each with 10 cans/minute) is included. The
investment needed for cthe other equipment will be sclved by the company
themselves as a constriction for the world oczone layer protection programme.
The content of recrofitting includes the installation of gassing room in
accordance with the fire proof reguirement, the installation of safety devices
as detection., wventilation, alarming and fire extinguishing etc. Besides those,
all gaskets are to be changed to suit the DME characteristics as well as power
and lighting tc be retreofitted in accordance with safety standards. This project
is to be situated in Qiwan District, east of Zhongshan City.

JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION

LPG is more frequently used in aerosols than other CFC alternatives for its
reasconable price and easy source of supply. However, in Guangdong province, the
investigation shows that LPG is not so satisfactory as to both its quality and
quantity. In respect of quality, the total sulphur and sulphur as thiols within
local LPG are respectively about 200ppm and 20ppm. It also contains ethylene and
many kinds of bad smell impurities, making it hard to take normal refining
process to get the ideal result; in respect of quantity, in contrast with one
million tons of annual practical demand of LPG for ¢ivil usage, LPG annual output
of two main refineries of the province cannct yet reach 200,000 tons, which is
a big shortage in quantity. It is noted that LPG in neighbor provinces is also
insufficient. The local price of imported refined grade LPG in effect reaches
high to RMB 8,000 per ton, and the supply is not stable.

With the exception of LPG, DME stands in the second place in quantity as
the aerosol CFC alternative. The world‘s annual output of DME exceeds 170,000
tons, among which nearly half are supplied to the aerosol industry. DME is
applied in aerosols with the evident advantages as follows:

1} Since DME and water are highly miscible, it is easy to develop water based
preducts to decrease VOC value for purpose of environmental protection.
To decrease flammability of aercsols by increasing its water content.

2)



3} DME is soluble in either peolar or non-polar solvent, so it is ideal to be
used in multi-component formula to increase product quality. Supply of
methanel is 1locally available, thus since local supply of LPG is
difficult, it's feasible to base the project on DME.

Zhongshan , sponsor of this project, has been in the field of developing
and producing fine chemical products for 28 vyears. The project adopts
transferred technology of making DME from methanol by South-West Research
Institute of Ministry of Chemical Industry to turn out DME of aerosol use
purpose. DME purity of finished product is to be not less than 99.9%, with
impurities methanol less than 200 ppm, water less than 200 ppm and thiols less
than lppm. Under present procduction scale, it is estimated that the enterprise
can already make small benefit on a selling price of RMB 7,500 Yuan {a bit lower
than price of imported refine grade LPG). Thus the project is feasible in view
of economy and techneclogy. The project is an effective way for Guangdong
province to improve its circumstance of LPG shortage by using DME as CFC
propellent alternative. By the time the project put into operation, it will
complement and support the LPG-use filling centers in Shanghai and. Tianjin.

PROJECT COST

Capital Costs. The investment cost is USS8.359 million, according to detailed
investment cost in annex A},

Incremental Costs. The project will generate revenue, and the operating
costs and benefits have been taken into consideration in determining incremental
costs. Given the profit of the substitution as given in the feasibility report
(Appendix B), and estimation of cost, tax and profit of different products
(Appendix C in feasibility report), discount rate of 12%, construction period of
two years and econcmic lifetime of 10 years, the internal rate of return can be
calculated. The internal rate of return is calculated, respectively, without any
grant {FRR of 8.3%) and with a grant of US$ 1.6 million to give a FRR of 12% as
shown in annex B. The project shows a net value of US$ 6.759 million within its
lifespan on 10 years. Thus, the incremental c¢osts for the project is egual to:

Capital costs Us$ 8.359 million
Net presentvalue of cperating benefits US$ 6.759 millicon
Incremental costs Uss 1.6 million

FINANCING PLAN

ODS investment cost of the project is US$ 8.359 million, plus the interest
of US$ 0.5973 million during construction (interest rate is 9.696), total
investment shall be US$8.9563 million, including US$1.5934 million in direct
foreign exchange.

The total investment of US$ B.359 million is to be collected by three ways:
US$1.600 million for OTF grant, US$ 0.684 million raised by the enterprise
itself, and USS €.075 million from domestic loan. As to the domestic loan, The
Pecople’'s Construction Bank of China, Zhongshan Branch has already promised to



provide an initial amount of US$3.932 million for this project. Additional loans
will be obtained and confirmed during subproject appraisal by the FA.

PROJECT Management

The Naticnal Bureau of Environment Protection will act as the project
supervisor. Zhongshan Fine Chemical Industrial Limited is responsible to carry
out this project. The South West Research Institute of the Ministry of Chemical
Industry shall provide technical support. Implementation will take two years.

PROJECT BENEFITS

1) DME manufacturing facility with DME capacity of 5,000 tons/annum, and annual
ODS reduction of 6,590 tons;

2) The filling center can eliminate environmental pollution caused by heavy
leakage of small enterprises due to their backward equipment, and save
significant expenditure for small enterprises' conversion to non CFC propellant.

Unit_Abatement Costs: = US$ ¢.1,kgODS/annum



Annex A

List of Investment Costs

Exchange Rate: US$ | =RMB 5.85 RMB 10000.00 uniz US$ 1000.00

Item RMB Foreign Currency Total
RMB Convertto | USS Convert RMB Convert
USS to RMB to USS

Civil Works
Land preparation 316.0 540 316.0 540
Civil construction 396.0 677 396.0 677
Public utilities
Utilities 188.1 322 100.1 322
Boiler 624 107 62.4 107
Cooling Station 35.0 94 55.0 94
DME equipments
Equipment 11542 1973 1125.1 1973
Instruments 10.00 17 332 194.2 204.2 349
Conversion of
aerosol filling
system
3 sets of 622 363.9 363.9 622
autofilling lines
2 sets of filling 105 61.4 614 105
machines
Liquid product
formulating
Tanks for storage 22.0 38 22.0 38
Tanks for 12.5 21 12.5 21
formulating
Measuring, 8.5 15 8.5 15
filtering
appliances, etc.
DME storage and

| distribution




Main equipment,
pipes, electric
apparatus

286.9

490

286.9

490

Conveying
system,
instruments.
valves

207

121.1

Transportation
appliance

DME truck(3)

131.0

-
td
=N

131.0

224

Methanol truck (6)

36.0

36.0

62

Crane (2)

6.0

6.0

10

Cargo truck (2)

6.0

10.0

17

Bus (1)

25.0

25.0

43

Lab QC Apparatus

Corrosion test &
auxiliary
instruments

90

52.7

S0

Other quality test
instruments

12.0

12.0

21

Safety facilities

Safety equipment

25.0

140

81.9

106.9

183

Water spray
system (2)

42.0

42.0

72

Transportation
expenses for
equipment import

Overseas
transportation

96

56.2

56.2

96

Domestic
transportation

45.0

77

45.0

77

Instaliation &
Comumnissioning

Installation

226.0

386

226.0

386




Commissioning by 60 35.1 351 60
foreign experts

Running test & 320 55 30 17.6 49.6 85
training

Engineering Costs

Design & 100.8 172 100.8 172
Technical

Assistance

Project 65.0 111 65.0 111
management

Sub-totat 3267.9 5586 1682 984.2 4252.2 7269
Other cosis

Floating rate 5% 163.4 279 84 49.2 212.6 363
Unpredicted 326.8 559 168 98.4 4252 727
expense 10%

Total 3758.1 6424 1934 1131.8 4890.0 8359

10



{1) Without grant

annex B

Calculation of Grant Amount to Yield 12% FRR

Unit: US$000.00
Year Investme Grants Sales Sales Operatio Operati | Net
nt Cost Revenue Tax n Cost on Cash
Benefit Flow
1 3760.7 0 o ¢ 0 0 (3760.7
}
2 4598.3 0 0 0 0 v (4598.3
H
3 o 0 268B60.7 4728.9 22717.9 {(578.1) {878 .1}
4 4] 0 38383.8 6755.7 30089.9 1538.1 1538.1
S 0 0 318383.8 6755.7 30089.9 1538.1 1538.1
6 0 o] 3g3gl.8 6755.7 30089.9 1538.1 1538.1
7 0 38383.8 6755.7 300892.9 1538.1 1538.1
8 0 0 38383.8 6755.7 30089.9 1538.1 1538.1
9 0 o 38383.8 6755.7 30089.9 1538.1 1538.1
10 0 0 38383.8 6755.7 30089.9 1538.1 1538.1
11 0 0 38383.8 6755.7 3gogg.9 1538.1 1538.1
12 (1003.1) 0 38383.8 6755.7 | 30089.9 1538.1 2541.2
Notes:
1. Sales revenue = revenue of products filled for the

enterprise + revenue of

products filled for cther enterprises + revenue of DME product for sale.

2. Sales revenue

= gquantity for market x selling price of each part.

3. Selling price of each part is in table 2-4 of Appendix C-2.

4. Operation cost

= sales total cost - depreciation cost



{(2}with grant Unit: US$ 000.00

Year Investme Grants Sales Sales Operati Operatil Net
nt Cost Revenue Tax on Cost on Cash
Benefit | Flow
1 3760.7 721.4 0 0 0 0 (3039.3
)
2 4598.3 878.6 0 0 0 0 (3719.7
}
3 ¢ 0 26868 .7 4728.9 22717.9 (578.1) (578.1)
4 0 G 38383.8 6755.7 30089.9 1538.1 1538.1
S 0 0 38383.8 6755.7 30089.9 1538.1 1538.1
&6 0 00 38383.8 6755.7 30089.9 1538.1 1538.1
7 0 0 38383.8 6755.7 310089.9 1538.1 1538.1
8 Q 8] 383B3.8 6755.7 30089.9 1538.1 1538.1
9 0 0 3ig383.8 6755.7 30089.9 15538.1 1538.1
10 0 0 38383.8 6755.7 30089.9 1538.1 1538.1
11 0 0 318383.8 6755.7 30089.9 1538.1 1538.1
12 0 0 38383.8 6€755.7 30089.9 1538.1 2541.2

Unit Abatement Costs: Unit abatement costs is calculated as follows:

A= C(F)={(QC-0S/R}
ODP
Within the formula
{1) C(F)—annual investment cocst

When investment cost = USS$S 8.359 million, economic lifetime= 1- years, discount
rate=12396:

C{F}=8359.0 x 0.1770= US$ 1,479.5 million

{2} OC—0S/R-the revenue in the first year of full operation
In this project, 0C-03/R= US%0.8026 million

{3) ODP-annual ODS reduction under full operation expressed on QDP
In this project, ODP=65390 tons

A= 1479.5-802.6

6590

= UUS$ 0.1/kgODS/annum
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November 22, 19933

TO 3 Jessica Poppele FAXs 202-477-5752
Ozone Ops Coordinator-Asia
Global Environment Coordination
Room 82-113 / Dept. 655-37

COPY TO H Tom Waltz FAX: 202-522-3258
Rm. $2-117
Montreal Protoceol

FROM : Harry B. McCain

SUBJECT s China Aerosol Project
China Aerosol Industry Southern Filling Center Project
(Zhongshan Fire Chemical Industrial Limited RAerosol CFC-12
Substitution and Conversion Engineering)

® SCOPE

The project under review covers the development of technology for CFC-12
phaseout of 6,590 tons annually (equivalent to 6,590 tons annually ODS use in
sector reduced) in the aerosol sector.

® RECOMMENDATION

The project is supported. Dimethyl ether (DME) is a valid alternative
propellant to CFC in the aerosol industry.

. RELEVANCE AND ADEQUACY OF INFORMATION PROVIDED

Information provided is comprehensive, complete and well set out to the
standards in keeping with producing aercsol grade DME which will serve the
Chinese aerosol industry well.

Exception: Under "List of Investment Costs", ltem 7, “Transportation
appliance, DME truck $274,000 U.S.":

c/Vf%L’ 0451.05,0[ f/jtops[[anfi . gnalz.l.itzia[ Cgenzéca[i
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A new truck (tractor) and tank (traller) for DME use in the U.8. costs
$130,000 delivered in the U.S. Therefore, the presented cost of $§274,000
U.5, seems very high indeed and should be reconsidered.

L ZTECHNICAL SOUNDNESS

The report is very extensive and well presented. However, the technical
information concerning the catalytic dehydration of methancl and the specific
use consideration for DME are implied rather than presented in detail. One
must perceive this report as a report primarily on costing, and one must
assume that the technical know-how for producing DME and using DME is well
understood by Zhongshan Fire Chemical Industrial Limited.

It is stated in the report that the source of methanol is locally
avallable. More detail is needed here. Is the local source basic, i.e., i8
it manufactured locally or is it imported and distributed locally?

Methanol is a world commodity whose price can fluctuate greatly
depending on worldwide demand. If methanol is not manufactured locally, it
is then subject to these price changes and can greatly affect the end cost of
DME. Therefore, one must insure that the local scurce of methanol, in what
cne assumes to be the Guangdong Province, is basic.

] LESSONS FROM EXPERIENCE

The Project Accomplishment Schedule, 24 months total, is very
optimistic. Forty eight months would be & more accurate figure. Example:
Building construction and equipment purchase and manufacture was given six
months for completion. However, there is a major chemical company in the
U.S. with an excellent reputation, basic in methanol with a catalytic
dehydrator for methanol in place, that has been trying for three years to
produce high quality DME and are to date unsuccessful. Producing DME is not
their problem; producing no-odor, high-purity DME is. Therefore, one must
surely be prepared for significant delays in the production of DME in China.

® ENVIRONMENTAL ISSUE
This project when completed will phase ocut 6,590 tons of CFC-12 annually
{equivalent to 6,590 tons annually ODS use in sector reduced).
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SAFETY ISSUES :
The safety issues regarding DME have been addressed in the report.
Bpecial considerations for handling which include electrical equipment and

the aggressive solvent characteristics of DME on elastomers were considered.

L COE8T EFFECTIVENESS

The project is very cost effective at a UAC of $0.1 USD/Kg/annum. This
figure may rise if project accomplishment schedule is extended beyond the
present two year estimate.

® OTHER
None




Project Cover Sheet

Country: People’s Republic of China

Project Title: CFC-12 to HCFC-22 Plant Conversion

Sector Covered: Chemical Production

Project Impact: Reduce 7,000 tons per year CFC-12. Increase

HCFC-22 5,000T/Y. ODP reduction 6,750T/Y

Project Duration: 2.5 vyears

Project Econcmic Life: 10 years

Total Project Costs: USS 8.935 millien

Proposed OTF Financing: UJSS 6.369 million (see below])

Implementing Enterprise: Zhangnair Chlor-Alkaii Chemical Co.
Coordinating Agency: NEPA/Ministry of Chemical Industry
Implementing Agency: World Bank

Project Summary. This project will simultaneously close an existing CFC-12

prlant with rated capacity of 7,000 tpy at Shanghai Chleor-Alkali Chemical Co
(SCAC) and replace it with a plant with rated capacity of 5,000 tpy HCFC-22.
Existing infrastructure will be kept. Technology and key equipment will be
imported. ODP reduction will be 6,750 tpy. This project reflects the Chinese
Government strategy in CP to phase ocut ODS, which is: conversion from using
ODS preoducts to ODS substitutes should be carried out smocthly by adopting
from high ODP substances, to low ODP substances, and then to substances
without ODP. China has chosen HCFC-22 as an important transitional substance.

The project is being submitted to MPEC at this stage for preliminary
provisional review with regard to methodology and assumptions for calculating
incremental costs. There is disagreement between SCAC/MCI and Bank cn
assumpticns that determine incremental ccsts, mainly on foregone producticn
level of CFC 12, producticn buildup of HCFC 22 and base year for discounting.
SCAC assumes higher levels of CFC 12 production foregone, lower preduction of
HCFC 22, discounts all recurring costs and benefits streams to the same year;
each leading to higher incremental costs. SCAC’s calculation of incremental
costs are presented herein as an alternate and advice from MPEC is being
solicited on how to resolve the differences.

Technical Assessment: A preliminary technical review has been undertaken
by the QORG reviewer, Mike Harris, and project is provisiconally supported as
presented. Feasibility report will be revised once firms bids are received
and recalculate capital costs and incremental costs. OORG comments will be
taken into consideration when project is resubmitted to MPEC for funding.



Project Objectives. The project objectives are to reduce annual production
capacity of 7,000 tons of CFC-12, and simultaneocusly increase HCFC-22
production capacity of 5,000 tpy to ensure that HCFC 22 product will be
available as a CFC substitute, in line with China‘’s ODS CP strategy. If
demand for HCFC-22 grows rapidly as projected in the CP, similar projects can
be carried out in other plants.

Sector Background. Currently, there are about 38 CFCs production facilities
in China. These enterprises are comprised of 13 large-scale state-owned
enterprises and about 25 small-scale collective enterprises. In 1931, total
production capacity was about 47,000 tons, including 7,000 tpy CFC 12 at SCAC.
Production capacity is expected to increase to about 74,000 in 1994 due to
several ongoing expansion projects that are being completed. They all employ
domestic, liquid phase technelegy, to produce CFCs with raw materials
purchased from domestic sources. However, most plants are not "swing" plants
and can only produce one type of CFC. The current CFC production capacity in
China cannot meet the demand of CFC 11 and 113, but there is an excess of CFC
12 capacity. Imported CFCs have occupied a large portion in CFC consumption
market, but that is expected to decrease rapidly over the next 2-3 years. In
1391, total cutput of CFC-12 was 21,900 tons. The imported amount was 1,100
tons and consumpticon was 23,000 tons. Unconstrained CFC market is forecast to

be 45,900 tons in 1996; 65,100 tons in 2000; 95,900 tons in 2005, and 138,500
tons in 2010.

Enterprise Background. SCAC is a large chemical producer in Shanghai, with
production facilities dating back to the mid 1960s; that have been continually
modernized and expanded since that time. SCAC was restructured as a separate
entity in 1992. Registered capital for the company amounts to 832 million
RMB. In 1991, SCAC had the largest CFC-12 production plant in China, with a
rated capacity of 7,000 tpy CFC 12. (In 1884 , there are two plants larger.)
Its total output in 1991 was 5,350 tons (highest production for any year),
which was one-fourth of toral national output in 1981. However, raw material
supply was a major constraint and SCAC commissioned a 10,000 tpy CTC plant in
1993 to remove the bottleneck. However, there is an emerging overall surplus
of CFC 12 capacity in China and the impact on output from SCAC in terms of
assessing future CFC 12 production levels is difficult to quantify.

Project Description. This project will adopt imported technology to produce
HCFC-22. Currently, HCFC-22 production at home and abroad all adopt the
liquid-phase halogen exchange process, which uses hydrogen fluoride (HF) and
chloroform (CHCl,, as a catalyst. Domestic techniques, due to reacticns
taking place in lower pressures, having higher consumption of raw materials,
power and catalysts, larger discharges of wastes and by-products. Foreign
technology, due to higher reaction pressure, has lower consumption and less
discharge of wastes and by-product HCl. Design will be provided by foreign
contractors and detail designs will be carried out by domestic contractors,
The HCFC-22 plant is made up of raw material supply, reaction and stripping,
HF removal and drying, product separation and rectification, and packaging
system. Key equipment,piping and instruments, will be imported and other
equipment and materials will be furnished by domestic suppliers. There are
about 140 total pieces of equipment HCFC-22 production process, of which, 29
pieces will be imported and 19 pieces will be from original CFC-12 plant. The
project will be implemented within existing battery limits of CFC-12



production plant that will be razed and same site will be used to erect the
HCFC 22 plant. The office, analysis room, maintenance workshop and other
installations of original CFC-12 plant will be used in the project. The raw
materials of HCFC-22 production, with exception cf chloreoform and sulphuric
acid, will be provided by raw material supply system of the CFC-12 plant.
Utilities and waste water treatment will also be from original CFC-12 system.

Rationale for CFC Subatitute Choice. Demand for products made of ODS in
China is far from being satisfied before 2010. Reductions of ODS production
and consumpticon should not harm normal industrial and consumer demands for
such products. Thus the conversion shculd be carried out smoothly by adopting
from high ODP substances, low substances, to substances without ODP. To speed
up phaseout process in the current circumstances of unfully-developed
technique to produce non-0DS substitute, China is going to choose transitional
substances specified in MP, especially HCFC-22 as the important transitional
substance in ODS phaseout process. Concerning demand for ODS substitute,
strategy of Chinese government is to mainly base upon development cf domestic
production. Meanwhile ODS reduction should be carried out simultaneously with
0ODS substitute production to meet domestic consumption. Developing production
capacity of HCFC-22 is imperative, so that State Plan can be carried ocut. HNo’
ideal substitute has been found which can completely replace CFC-12.
Substitutes with zero ODP value such as HFC-134a and HFC-152a require high
investment for capital construction, high selling price, and also have
problems such as greenhouse effect and high energy consumption of HFC- 134a
and inflammability of HFC-152a. China is a develeoping country, lacking
capital and techniques. It is impossible to complete development of ODS
substitute with zero ODP value and provide enough ODS substitute with zexo CODP
value as required in such a short time under Chinese conditions. Currently,
there are still some binary and trinary combination substitutes in
transiticnal substitutes developed both at home and abroad. Most of these
contain HCFC-22. Thus, development of HCFC-22 production capacity has
advantages for application of binary and trinary combination substitutes.

ODP value of HCFC-22 is only 5% of that of CFC-12. With mature
production process and low investment costs, unit ODS reduction cost would be
lower and profit would be higher. The price of HCFC-22 is only 1.5 times of
that of CFC-12, much lower than HFC-134a, so that HCFC 22 can be easily used
by the ceonsumer. According to the State Plan, requirement of HCFC-22 for
projects of small commercial compressor can be over 2,400 tpy CFC substituted.

Project Coata and Incremental Costs.

Incremental costs are based on compensation for premature closure of
the existing CFC 12 unit and incremental costs for the new HCFC 22 unit as
shown below {calculated at U3S$ = RMB 5.37):

HCFC 22 Unit

Capital costs for new plant Uss$ 8,535,060
Net incremental recurring benefits: -Us$ 5,041,000
Incremental costs due to HCFC 22 preducticn Uss 3,894,000




CEC 12 unit

Incremental costs from foregone production of CFC 12 would be added to the
above figure to arrive at the net incremental costs for the project as a
whole, as shown below. There is disagreement between the Bank and SCAC on
some of the assumptions that determine incremental costs, with the main
difference in level of foregone production for CFC 12, production buildup of

HCFC 22 and base year for discounting. Calculations are in annexes 2 and 3
and summarized below, in US$ millions:

SCAC Calculation Bank Calculatign
Capital Costs B.935 8.935
Incremental Costs HCFC 22 - 5,041 -5.661
Incremental Costs Lost CFC1l2 +5.020 +3.095
net overall incremental costs 8.914 6.369
Proposed OTF Grant: USS 6.406 million (to be recalculated once final
project capital estimates are available and assumptions are agreed). Please

note that the above figure 1s based on Bank assumptions as noted above. SCAC
figures give USS B8.914 as shown above and in annexes 2 and 3.

Unit Abatement Costs: to be determined
Financial and Economic Analysis: To be determined at appraisal.

Financing Plan: to be determined

Project Implementation. This project will be undertaken by the enterprise.
foreign company will provide techneclogy and basic design. The engineering
design of this project will be undertaken by the design department of SCAC
with the assistance of local engineering firms. Construction will be also be
handled by local firms. Constructicn time is 2 1/2 years and shown in the
_schedule on the following page. The CFC 12 unit will be closed after the
first 6 months to give a 2 year period when the factory will have nc sales
revenue of CFC 12 nor HCFC 22. This 2 year period contributes tothe high
incremental costs shown above.

Project Benefitsa

Direct Effects. When the project begins implementation, the domestic
production capacity of CFC-12 will be reduced by 7,000 tpy. When the project
has been completed, i.e HCFC-22 has been put into operation, HCFC-22 can be
supplied with 5,000 tpy, and ODP reduction is 6,750 tpy. Indirect Effects.

If demand for HCFC-22 grows rapidly, similar projects can be carried out in
other plants.



Task Q1 Q2 Q3 Q4 QS Q6 Q7 Q8 Q9 Q10
Basic xAX XX

Design x

Detailed XX XXX XXX

Design X

Equipment XX X% xxx | xxx | xx

Purchasing X X x

Construc- XXX XX XK XXX XXX XXX
tion x

Training XX XX

Test Run XX

Unit Abatement Cost:

C(F} +{0C-08)
A=0DP

where UAC = Unit abatement costs, $/kgODP/vear
C 0ODS reduction investment cost, including all initial one
time costs such as technology and training
F = Capital recovery factor; the annualized capital cost
charges, discounted at a standard rate of 10% per year over
the econcmic life of the investment

]

OC= Annual incremental operating costs in the first year of
full operation
0O8= Annual incremental cperating savings (0S) in the first full

vear of full operation
ODP= Annual ODS reduction at the first year of full operation
expressed in ODP units

Calculation of C{(F)

The annualized investment costs consider the total investment plus the
amount of interest that would be repaid over the life of the project if the
investment were a loan (the investment is a grant) and if the loan. were. repaid
in equal installment.

Result: to be determined after final capital ceosts and incremental costs are
determined
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Annex 1 Capital Costs (31,000)

Item Home ~ Abroad Subtotal

A. Equipment Cost 687.8 2,925.0 3,612.8

of which a-f

(a) Feedstock System {116.1)

(b) Reaction & (88.4)

Stripping system

{c) De-HF Drying (58.1)

System

{d) Separating & (80.2)

Rectifying System

{e}) Tall Gas Treatment (54.3)

& HCL System

(£) Packing System {290.7)

B. Civil 453.1 453.1
Construction

C. Equipment 1,065.1 1,065.1

Installation

D. Design/Technology 177.2 1575.0 1752.2

E. Training 60.2 68.6 128.8

F. Commissioning 646.5% 240.6 887.5
(of which a-c¢)

{a) Equipment (10.3) (224.0) (234.3)

{b) Trail Tests (174.6) (174.6)

(c} Others- {409.9) (15.8) (425.7)

G. Working Capital 140.6 140.6

H. Contingency 332.0 600.0 932.0

Subtotal 3562.9 5409.2 8§972.1

Residual Equipment 37.2 - 37.2

Value

Total 3525.7 5409.2 8834.9

Note:

The cost of others in startup includes:

a. Feasibility study fee,

amounting to US$ 52,630 have been deleted.

b Domestic costs for imported part {including fee for foreign trade

formalities, banking and finance,

customs supervision and

administrative formalities, and domestic transportation},
amounting to US$ 147,000 and inspection fee for imported

equipment, amounting to US$ 29,250.

c. Management of project implementing company, amounting to USS
185,820.

d. Project insurance, amounting to US§ 23,520.

e. Translation and copy for materials and drawings form home and

abroad, amounting to USS$ 40,050.




Annex 2

Review of Incremental costs for China- SCAC HCFC 22 Project

The Bank review of the SCAC HCFC 22 Project based on revised proposal
from SCAC (fax dated December 21,1993.) will consist of:

a) technical review including costs of HCFC 22 project; and
b) financial and economic analysis of eligible incremental costs for

closure of CFC 12 unit and for construction of HCFC 22 unit. For
purpose of this initial review (costs in US$ millions):

Capital costs $8.9879
Minus feasibility study fees .0530
Net capital cost 8.9349

{However, capital costs will change once firm estimates are available after
receipt of bids.)

As the Bank has agreed with SCAC and MCI, incremental costs should be based on
a six year period for foregone profits on CFC 12 closure and a 10 year
economic life for the HCFC 22 unit; price and cost data should based on 1991
figures; and a 12% p.a. discount rate used. (Even though the Bank has agreed
on the above assumptions, the Bank does not have precise guidelines from MPEC
on assessing incremental costs for production sector and any of these above
assumptions coculd be questioned by MPEC.)

As discussed with SCAC in Shanghai in December, the Bank does not agree with
the production levels for both HCFC 22 and for CFC 12 on which the incremental
costs as calculated by SCAC are based. The combination of low HCFC 22
production and high CFC 12 production overstates the incremental costs.

There is also a difference in calculation methodology. The Bank calculation
of incremental costs based on SCAC production level for HCFC 22 and CFC 12 as
shown in SCAC’s Annex 2 shows an incremental cost of:

Capital costs for HCFC 22 unit 5US 8.935 million

Net inc. benefits from HCFC 22 production -5US 5.041 million

Net inc. costs from lost CFC 12 production 5U0S 4.007 million
Net incremental costs S$US 7.901 million

The above figures are discounted to 1997 for the HCFC 22 component and te 1995
for the CFC 12 component. The SCAC figure for incremental costs is US$ B8.860
million, discounted to 1995 for both HCFC 22 and CFC 12. The difference
between the SCAC figure and the Bank figure is due to the different base years
for discounting. Since the CFC 12 plant closes in 1995 its incremental cost
should be discounted tc that year. Since the HCFC 22 unit starts operating in
1997, the operating costs and benefits should be discounted to 1997 to
determine the incremental costs for that unit. Thus, SCAC has not used the



correct years for discounting.

However, there are additicnal differences in determining the base line
for calculating incremental costs that need to be considered. A more
consistent and reasonable basis for calculating incremental costs, considering
both performance of SCAC and domestic demand for CFC 12, would be the
production levels in tons per year listed below under “Bank." The SCAC
production buildup is shown below and in annex 3 for comparison:



Year CFC_12 production HCFC 22 Production
Bank SCAC Bank SCAC
1985 6000 6000 0 0
1996 6000 6000 a 0
1997 6000C 6500 3000 1000
1998 6000 6500 4000 3500
1993 6000 7000 5000 4000
2000 6000 7000 5000 4500
2001 0 0 5000 5000
2002 0 Q 5000 5000
2003 0 0 5000 5000
2004 o] ¢ 5000 s000
2005 0 0 5000 5000
2006 0 0 5000 5000

The main difference in incremental costs will be the different
assumptions by SCAC and the Bank in buildup of production for HCFC 22 and

foregone CFC 12 production level, and discounting HCFC 22 to 1997 and CFC 12
to 1995.

Incremental costs calculated on above "Bank" basis will be:

capital costs for HCFC22 unit $US 8.935 miilion
net incremental benefits from production of HCFC 22 -5US 5.661 million
net incremental costs from lost CFC 12 production $US 3.095 million

net incremental costs $US 6.369 million

The SCAC HCFC 22 Project is being submitted to MPEC for review and
preliminary decision and guidance on the several assumpticns and methodology.
The Bank recommendation is be to base the incremental costs on the Bank
suggested production buildup or a preliminary funding level for incremental
costs of US$ 6.369 million. (Please keep in mind that the incremental costs
will change when the capital costs figures are revised.} SCAC calculated
incremental costs of USS 8.859 million with the main differences due to the
different assumptions as discussed above. MPEC should take both figures into
consideration in arriving at a recommended methodolegy and assumptions for
determining eligible incremental costs.



Annex 3 - Breakdown of Incremental Benefits
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(US$= RMB 5.7)

(SCAC Assumptions)

*

Factory price in 1391

Year CFC-12 HCFC-22 incremental
Benefits

Sale Total Annual Sale Total Annual

Price Annual | Sales Price Annuai Sales Uss 1.000}

Unit Produc | (US$ Unit Produc- } (US$

{(US$) -tion 1,000) (Us$) tion 1.000)

* {Units) * {Units}
1995 1347.4 | 6000 8084 -8084
1996 1347.4 6000 8084 -8084
1997 1347.4 6500 8757.43 | 2017.5 | 3000 6052.5 -2704.93
1998 1347.4 6.500 | 8757.43 2017.5 3500 7061.3 -1696.13
1999 1347 .4 7.000 | 9431.8 2017.5 } 4000 BOB7 -1361.8
2000 1347.4 7000 9431.8 2017.5 | 4500 9078.75 -353.05
2001 2017.5 5000 10087.5 10087.5
2002 2017.5 5000 10087.5 10087.5
2003 2017.5 | 5000 10087/.5 10087.5
2004 2017.5 5000 10087.5 10087.5
2005 2017.5 5000 10087.5 10087.5
2006 2017.5 5000 10087.5 10087.5

NPV = 3394.75
i = 12%
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QOORG Production Sector
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Telephone +44-928-513213
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To T Waltz World Bank +1-202-522-3258
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From Michael R Harris  Chair of Production Sector

Date 30 January 1994 Time

No. of pages including cover sheet THREE

R o e I T i
Cover Note

Tom: please find artached a revised version of tha Technical Opinion on the SCAC 22 praject.
Passing via my home this weekend I have found in my mail some suggested amendments to
the SCAC 22 TO from one of my experts. I append a revised version in case it is still not too
late ta use it instead of the original. The problem ia that everyone is go overloaded that mny
internal deadlines are not alweys metl!

PS. I also found in my mail a chaque in respect of tha hours warked in the UK. We're now up-
todate on historical travel expenses and remuneration. Thank you for your help.

Kind regards

The Ozorne Opererient Ressuacs Growp (CORGC) aparetes vraler the ouspioes of five Environsweed Grerep (L MNYOC) of The Waorld 8ank
Hasdquerters Washinaton D.C. 20433 USA. Toloshene -+ 1-202-477-17394. Teletaxr + 1:202-477-6391
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OORO Tochnioal Opinion: Production Working Group OOBE - Preduction Lectar -

Shanghai Chlor-Alkati Chemical Co Ltd (SCAC) - CFC-12 to HCFC-22 Conversion

Recormmendation

Tho project should be canditonally approved. At this stage a political decision is required and the
proposal as it stands is of sufficient merit to deserve moving to the next stage. Further information
required includes (priority items oaly):

(®) Process flow diagram and details of existing CFC-12 plant for comparison, to improve calculation
of ingremental cost, and to underpin the CFC-12 production estimates.

®) Explanation of the nccd for same 45 process equipment items (from a total of 142) not found on
some other operatinnal developed world HCPC-22 plants.

() A prcliminary hazard sudy (HAZOP-1 or similar),

(@ Explanation of tie unusual yields (low for HCFC-22, high for HCI) and high reliabdlity (95% -
despite several years of low occupacity) stated for the process.

(e) Quality {eg F" content) of HCI by-product, itx value and markets.

® Description of controls on cmisgions of HFC-23, a very powerful global warming gas.

Relevance and adequacy of information provided

The main items of information required are provided, gxcept for the major items listed above. It should be
noted that a major and complex chemical process project of this nature cannot be adequately assessed in an
opinion of this length, and that 2 large amount of further specific information would be required for a
capital proposal in the private scctor. However, much of this information will be both commercially
seaxidve and very specific w the particular plant and the pardeular technology supplier. No two HCFC-22
plants arc the same, not lcast because cach exists in & unique infrastructure of other plants and processes.
So far as is possible, the chosen wchnology (which will diffes in imporwant dewil from supplicr w supplier)
should be as close to the operating experience of SCAC in theix existing flnorocarbon operations - to
maximise re-use of equipment, and to facilitate the changeover to HCFC-22.

Much more detail will be required hefore final approvals are given to the specific project, but the
informadon available (plus that requested above) suffices for an initial ‘permission to proceed to the next
stage’.

Technical soundness

The technology considered involves the conversion of a liquid-phase (assumed) CPC-12 plant to a liquid-
phase HCFC-22 plant and is generically the only reasonable approach. Large differences exist as to
options for the demiled impiernentation of this conversion. The merits of each option will depead oa the
choice of wchnology supplicr visd-vis the details of the existing equipment and infrastrucre. The
technology is very well established and is commercially ready for transfer o an LDC. The technical risks
involved are low (as o the technology) and normal (as to implementing the technology on site and within
the domestic infrastructure).

Lessons from experience
This is a largely conventional project of a kind which is often undertaken for commercial reasons,

regardicss of environmentai cancams about CFCs. In the deveioped world, there has been considerable
maovement from CPC-12 0 HCFC-22 in imporant refrigeration applications (eg food chain refrigeration)

The Ozone Operation: Leouros Group (GORS) operates under the tess of the Envi W Group (ENVGC) of The Waorld Bank
Headguarkers: Washingion D.C, 20433 VSA. Tciophone +l-201—47? 1238, l’de&m +1e 202-&77689!

MRH/F4013014]1 M/SCACTEQ2.WPD
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for well-established technical reasons. By the same woken, the dowastream technology to use the HCPC-
22 product is well-csmablished and available.

Environmental issues

The key environmental issue is the vicw of the ECMF as © the desirability of funding a conversion from a
CFC to an HCFC given that the Copenhagen Amendments o the Protocol call for, an albeit long-term,
phase-out of HCFCs in the developed world, Decision V/8 of the Parties at their 5th meeting in Bangkok
(1993) requested "each Party ... w0 give consideration in selecting altermatives ... to economic aspects ...
taking into account ... all interim swps leading to final ODS climination”. The ECMF may feel that thcy
wish 10 consider the costs of eventual replacement of this nsw HCFC-22 plant by a non-ODS production
facility. The other major issue is the emission of HFC 23 from the process. No mention is made of
provision for its control, monitoring or minimigation - nar recognition that the problem exists. HFC 23 is
a persistent greenhouse gas with 2 GWP in excess of 12 (relative to CFC 11) and an atmospheric lifetime
of aver 300 years. Emissions arc likely to exceod 250 tonnes/year uniess tightly controlied - equivalent to
750 tafyr of CPC-12 or 12,000 te/yr of HFC [34a in GWP terms.

Safety issues

In ail fluorocarbon plants, HF is an important feedstock and & very hazardous material unless properly
handied and controlled. There arc aiso safety aspects to the composition of the mixture in the main reactor
vessel (R201) where special provision needs to be made to keep water levels low (1o avoid aquecus HF),
and to0 avoid the formation of "magic sacid” (HSbFy) buth of which will lead t severe corroion. There are
doubts as to the fail-safe operation of the vent scrubber (T502) in the event of chiorine break-through in
that no caustic absorption system is provided. These issues need addressing at the next stage.

Cost-effectiveness

The overall capital cost of the project is of the right order of magnitude at $8.86 million. However, from
the information provided, a cost estimate cannot be made o an accuracy of better than + $2 million.
Much depends on the detailed sizing of the process vessels, and the exeent to which itcms may indeed be
rec-uscd. Decmiled process diagrams would be required for this, and wiil depend on the detailed choice of
tcchnology and supplicr. At this stage there is litde purpose in atempting to refine or furtber validate the
cost-cstimate. This must be donc at the pre-sanction stige on the basis of detailed design, drawings and
sizings.

One gencral point must be made: some four dozen or so of the major items of equipment on the flowsheet
are not used on at least one major operational developed world plant. While a case could be mado that
perhaps cight to ten of thesc are desirable, there seems no good reason for the remainder. As equipment
items are not individually costed, it is not possible to state the capital saving implicit - but it could be on the
order of $300-400k.

Other

A significant factor in cajculating the incremental cost is the value of foregone CFC-12 sales. This is
based on annual production of 7,000 te (nameplate capacity of the latest plant expamsion in 1990/91}. Yet
the plant bas never operated above 5,350 tpa, and only at about 3,500 tpa in the last two years (1992/3) -
apparently because of CTC feedstock shortages. It remains to be seen whether the plant is capable of
7,000 tpa operation (equivalent to a surprising 95% reliability). It might also be asked why investments
were made in expamiing CFC-12 capacity in 1990/91 and CTC capacity in 1991/94 even though China
indicated in mid-1990Q its intention w ratify the Montreal Protocol, and actually ratified in mid-1991.
These recent investments in the production of CFC-12, and I3 feedstock CTC, have increased the
incremental costs of the project - which couid otherwise have beca based on 1989790 CFC-12
production/sales levels of some 3,750 te/yr saving some $5M/year (undiscounted).

MEHS401I0 14T HSCACTROZ. W PD



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 for conversion of compressor

manufacturing to HFC-134a rotary compressor designs.

PROJECT DURATION 2 years

PROJECT IMPACT Indirect - 100 MT CFC-12

PROJECT BUDGET Incremental Capital Cost - Phase 1 $ 1,130,000
Incremental Capital Cost - Phase 2 $ 230,000
Incremental Operating Cost 5 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 National Environmental Protection Agency (NEPA)

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

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

! 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.



PROJECT OBJECTIVES
The objective of this project is 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-11 CFC-12

Insulating Foamn - New Refrigerators 4600

Refrigerant - New Refrigerators 950

Refrigerant - Service Old Refrigerators 500

Totat - Domestic Refrigeration 4600 1450

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11% of the total CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant. new refrigerators accounted for a total of 5350 MT CFC usage. The remaining
500MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing
operations. .

At present, there are over 70 production lines for refrigerators in China with an annual capacity of 12 million
units annually. In additton, there are 16 production lines for compressors with an annual capacity of 16 million
units. Refrigerator production capacity utilization has been slighly below 50% . Actual production of new
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase
8% per year as economic conditions continue to improve and consumers acquire additionat discretionary
income. Currently, only (3% of housholds in China have a conventional refrigerator. A total of 39 million
units are estimated to have been in service at the 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 accomedate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technologies
defined in the long term. Starting in 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 {units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,060
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000

Note: Binary Blends are mixtures of HEC [52a and HCFC22, Ternary Blends also include HCFC 24

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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely related to those currently used for CFC-12 further potential savings are possible.
Hydrocarbon refrigerants may be considered for inclusion in the program as marture technoiogy becomes
available.

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

ENTERPRISE BACKGROUND

The Shanghai Refrigerator Compressor Co. Lid (SRC) factory is located in Shanghal and supplies a variety of
refrigerator compressors to Shanghai Shangling Refrigerator Co. Ltd., China Industry Co. Ltd.. Shanghai
Shanglu Electrical Appliances Co. Ltd.. and Beijing Xue Hua Electrical Appliances Group. In 1993, 550,000
compressors were produced (Table 3), about 10% of China's total requirement.

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

Actual Forecast
— e ———— ——— ~— —"'_'-——'—__‘__'-'_ﬂ
Year 90 91 92 93 94 95 96 97
Compressors 350 420 470 550 800 850 950 1160
Produced
(000 Units)

PROJECT DESCRIPTION.

The project will convert manufacturing of domestic refrigerator compressor manufacture from CFC12 designs

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

The project will be conducted in 2 Phases.

Phase [ Engineering, product development and testing under local conditions to integrate new

Mitsubishi technology and to establish basic data for full conversion of the factory to make the new rotary
COTPressors.

Phase Il Full conversion of the SRC factory to Mitsubishi HFC134a rotary compressor designs.

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY:

HFC134a has been accepied worldwide as the principal replacement for CFCI12 refrigerant in domestic
refrigerators. Its thermodynamic properties are similar to CFC12, it is non-flammable, non-toxic, and has a zero
ODP. SRC's program to convert their manufacturing facility to HFC134a designs, with the assistance of
Miisubishi, has made it the leading candidate for continued development of this technology.

PROJECT COST

The total project cost is estimated to be $1.360,000 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 order of magnitude estimate of these
costs 1s 1JS%2,000,000 for the first four years of operation, discounted at 10%. If these costs are passed on to
the users of SRC compressors, the net incremental operating costs for OTF fund will be negligible.

UNIT ABATEMENT COST (UAB)

Not applicable to compressors manufacture as CFC phaseout is determined to be as a result of appliance
manufacture.

PROPOSED OTF GRANT

The proposed OTF gran: request is USS$1,400,000 is based on 100% Chinese ownershhip of Shanghai
Refrigerator Compressor Co. Lid. and covers the incrememtal capital costs for Phases 1 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 appraisai.
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 pian
To be completed at the appraisal
PROJECT IMPLEMENTATION
Preject Schedule

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

SHANGHAI REFRIGERATOR COMPRESSOR
PROJECT COST SUMMARY

CAPITAL COSTS

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

TOTAL CAPITAL COSTS 1,360
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Annex B

SHANGHAI REFRIGERATOR COMPRESSOR

IMPLEMENTATION SCHEDULE?

From To

Phase 1

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

Purchase and Install New Equipment 3Q9%4 4Q94
Train Operators and Mechanics 3394 3Q9%4
Startup 4Q9%4 4Q94
Acheive Full Production Rate 1Q95 1Q98

Project schedule assumes ECMP approval of preject during (1Q94.
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Anmnex C

TECHNOLOGY TRANSFER AGREEMENT

On November 23, 1993, Shanghai Refrgerator Compressor Company and Mitsubishi Electric signed an
agreement for transfer of technology for manufacture of rotary compressors suitable for use of HFC134a,

The terms and conditions of this agreement include the following:

10 year term

4 compressor models

Annual update of latest Mitsubishi improvements on the 4 models
Designs modified 10 meet Chinese Standards

Technical assistance provided by Mitsubishi on request

The technology fee is 53,000,000, denominated in Japanese Yen (equiv. US$475,000)
Designs 20,000,000

Process Technology 25,000,000
Testing Technology 8,000,000



Conversion of Compressor Manufacturing from

CFC-12 to HFC-134a
at Shanghai Refrigerator Compressor Factory
Project Proposal by The World Bank, January 1994
@
Scope

The scope of this project is to convert the production of rotary compressors from CFC-
12 to HFC-134a. Assistance is provided from a developed country manufacturer
(Mitsubishi, Japan).

Recommendation

Approval

Relevance and adequacy of information provided

The original information supplied was only a project summary (which lacks some
relevant information) together with exptanatory remarks by the World Bank consultant.
In a first instance some questions were asked which were satisfactorily answered, so
altogether sufficlent information for a judgment is present.

The project proposal itself does not contain all relevant information.

Technical soundness

This project has a sound technical basis. The technology transfer from Mitsubishi,
Japan is essential. An adequate technology transfer can be expected also due to
successful cooperation between the two companies in previous projects.

| essons from experience

not applicable

Environmental and safety issues

HFC-134a is an acceptable way to reduce CFC-12 consumption.

Cost-effectiveness

No incremental operational costs are claimed in this phase. In a future phase it must be

decided who can claim for operational costs, the compressor producer or the users.
The costs being claimed are reasonable and in line with similar projects.

Janssen, M. J P. (OORG), Eindhoven, the Netheriands, 1994 02 09



Supplemental Comments of 6 China Refrigerant Projects

Overall Assessment

Shanghai Refrigerator Compressor Factory
HFC134a Mitsubiski Rotary Compressoss

1. The Shangling and Shanghai Compressor projects will rely heavily on Mitsubishi for
technology. As can be seen in the project summary discussion on Technology Transfer, the agreement
cost Shangling about $6,000,000 and includes full designs for 2 non-CFC model refrigrators based on
their rotary compressors. The technology agreement for compressors is an additional $430,000.

2. The basic questions posed to Shangling and Shanghai Compressor wer, "is Mitsubishi
producing similar refrigerators and compressors in Japan today?" *Is the technology commercially
proven?” Shangling will consult with Mitsubishi and prepare a formal response for inclusion in the
feasibility studies for Shangling and Shanghai Compressors.

3 We felt that the onginal quote of $375,000 for a calorminete was too high and $200,000 was
agreed to for the project.

4. Overall Assessment - the project feasibility study i1s adequate. The project scope definition and
costs 13 comparable to other similiar projects which have been reviewed and approved. The support of
Mitsubishi is essenual for project success. Clanfication of the state of HFC134a rotary compressor -
development in Japan is needed to resolve outstanding questions on commerciality of the technology.

5. Recommendation - OORG to support the 2 projects (Shangling and Shanghai Compressor)

on the basis that the Shangling project 1s included in the China CP Action Plan and the data is
needed to assist selection of the best refngerator/compressor technology for broad application in
China. The Shangling project would be moot without approval of the Shanghai Compressor project.
As HFCl34a technology is currently the world standard CFCI2 replacement, China must fully
understand the wmpact of this technology on their industry to remain competitive 1t the world markets,
particularly if they choose 10 adopt a different technology. —



To- Niss Helen Chan Fax«1-202-477-1273
Froc: Shangbai Refrigerxtor Cogpressor Co.lLtd.

Additional Remarks For SRC Project

1. Noise and Vib ration equipmant

As the pressurs ratio of suction to discharging and oil cirenit ars
differenf between HFC(34s and CFC12 during compressor running, so
noise end vib ration of compressor is alsg different, .

1). Noise is tested after the equipment filled with HFC1342 reach
o steady runaing. But the existing equipment in the company is
only suit for CFC12, 80 it can not be used for BFC134s.

2). Noise equipment is placed in the noise elimination room. Anothes
noise elimination room will be set up necessarily for HFC134g
compressor, 80 the equipment will be set up at the same time.

3). The CFC12 compressor will be produced for eeveral years, ii is
impossible to remove the existiag CFC12 system. Sa thsa noi se
and vib ration equipments for both CFC12 snd HFCi34a will he
sxisted aimultaneously for several yeare.

2. The besis of §5 USD ﬁer compressar (for 1000 compressors}

In fact the cost of existing CFC12 compressor in the company is 39
USD (the domestic ssle price is 49 USD, which can net be compared
with the nationaol priee). For trial production, the cost will be
higher than 40 USD (in¢luding some special ressons, such as material,
higher reject rate and design fee, ete.). So the compamy will Dbear
gome portiog of cost by itself except 36 USD per comperssar applied
from The World Bank
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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

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 Manufacture to
HFC-134a refrigerant with Rotary Compressors.

2 years

108MT CFC-12

Incremental Capital Cost - Phase 1 $ 920,000
Incremental Capital Cost - Phase 2 $ 600,000
[ncremental Operating Costs 0

Total Project Cost $ 1,520,000
51,570,000

Shanghai Shangling General Refrigerator Factory (SSGRF)

The World Bank

National Environmental Protection Agency (NEPA)

This project will lead to replacement of CFC-12 refrigerant in household refrigeratory manufactured
by Shanghai Shangling General Refrigerator Factory with HFC-134a . In Phase | of the project,
detailed engineering, product development and lab and field testing of 500 units produced under
factory conditions, will be conducted to define firm project scope and costs for full conversion of the
factory output to HFC134a refrigerant during Phase 2. The results of Phase 1 will be compared with
similar projects using alternative refrigerants before proceeding with Phase 2. Net incremental
operating costs for the conversion will be defined during Phase 2 and presented in a separate Phase 3
project at a future date. A separate project will be defined for replacement of CFCs used in
refrigerator insulating foam, pending definition of the best available technology.

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

PROJECT SUMMARY

1

in the estimates of incremental capital costs,

The OTF grant is based on 100% Chinese ownership and includes a 3% financial agent fee. A 15 % contingency is included



PROJECT OBJECTIVE

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

SECTOR BACKGROUND
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 consurned 6050 MT CFCs, 11% of the total CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant, new refrigerators accounted for a total of 5530 MT CFC usage. The remaining

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

At present, there are over 70 production lines for refrigerators in China with an annual capacity of 12 million
units annually. In addition, there are 16 production lines for compressors with an annual capacity of 16 million
units. Refrigerator production capacity utilization has been slighly below 50% . Actual production of new
refrigerators in China has averaged 5.7 million units annuaily since 1990, Production is expected to increase
8% per year as 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 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-
CDS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitionat
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technelogies
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:



Projects included in China Refrigerant Program
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Table 2

Refrigerant Compressor Technology Prod. Capacity
Source (units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocaring Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000
Note: Binary Blends are muxtures of HEC 1523 and ; Termary Blends also include HCTC 124

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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant optiens 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 reiated to those currently used for CFC-12 further potential savings are possible.

Hydrocarbon refrigerants may be considered for inciusion in the program as mature technology becotmes
avatlable.

The development program is designed to obtain actual data upon which to identify the best technology mix with
which to achieve a complete ODS phaseout by the 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.

ENTERPRISE BACKGROUND

SSGRF produces refrigerators, air conditioners, microwave ovens and other domestic appliances. The factory is
located in the Pudong special development area of Shanghai and covers 17,000 sq. meters. The location entitles
.the company to import foreign made components duty free.

A total of 2600 employees are engaged in refrigerator production on one production line imported from
Mitsubishi (Japan}. The line is capable of producing 500,000 refrigerators annually based on 2 shift operation.
Eight models are produced with about 1% exported.

In 1992, Shangling produced 11% 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 SSGRF

l Actual Forecast i

Year 80 91 92 93 94 95 96 97

Refrigerators 280 320 360 480 520 600 600 600
Produced

(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, SSGRF has been engaged on a collaborative venture with SRCC to produce a
prototype HFC134a refrigerator equipped with a rotary compressor. This work has been supported by the Power
Machinery Engineering Department of Xi’an Jiaotong University, Shanghai Research Institute of General
Machinery and Shanghai Organic Chemical Research Institute.

Work compieted to date includes the following:

0 Performance and material compatibility testing with HFC134a in SRCC rotary compressors.
0 Identification and testing of suitable lubricants
O Lab testing of SSGRF refrigerators equipped with the SRCC rotary compressars.

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 parts schedule, assistance with achieving quality control, and testing
of SSGRF's test manufactured refrigerator units The agreement includes technology transfer for both CFC and
non-CFC refrigerators (Annex C).

PROJECT DESCRIPTION.

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

Phase | Engineering, product development and testing under local conditions to establish basic data for
full conversion to HFC-134a and for comparison with results of similar programs using alternative refrigerants.

Phase [1 Fuill conversion of the SSGRF facilities to HFC-134a refrigerant

During Phase 1, over 300 refrigerators will be produced under factory conditions to prove the viability
of refrigerant circuit designs 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 foreign 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 SSGRF to the
use of HFC-134a refrigerant with a rotary style compressor. Based on the feasibility study results, a detailed
cost estimate will be prepared and project planning will be revised to accomodate Phase 1 findings before
commencing with Phase 2.

Phase 2 will implement the full conversion of SSGRF refrigerator facilities to HFC134a refrigerant
over 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 CFC12 refrigerant in domestic
refrigerators. Its thermodynamic properties are similar to CFC12, it is non-flammable, non-toxic, and has a zero
ODP. SSGRF's program to develop the use of HFC134a in refrigerators of its design, with the assistance of
Mitsubishi, has made it the leading candidate for continued development of this technology for comparison with
other technolgies as defined in the China Country Program.

PROJECT COST

The total project cost is estimated to be $1,520,000 including a 15% contingency to cover supplemental scope
development as the project matures, price escalation, and other unforseen costs.

A breakdown of incremental capital costs included in the OTF grant request is given in Annex A.
INCREMENTAL OPERATING COST

Incremental operating costs will be defined in Phase 2 of this project. An OTF grant request will be made based
on Phase 2 results. An order of magnitude estimate of these costs is US$3.300,000 for the first four years of
operation, 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 15% contingency cost and a 3% fee

for the financial agent adrninistering 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 appraisak-
Financing plan
To be completed at the appraisal
PROJECT IMPLEMENTATION
Project Schedule

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

SHANGHAI GENERAL REFRIGERATOR FACTORY
PROJECT COST SUMMARY

(00QUSSE)
Phase I -
Controlled Ambient Test Room 70
Data Acquisition System 57
Technology Transfer Agreement 430
Test manufacture 500 Refrigerators 80
(@US$ 160 per unit)
Testing of Trial Manufactured Units 33
Consulations and Training 100
Feasibility Study Preparation 30
SUB-TOTAL 800
Phase 11
Refrigerant Charging Machine 50
Leak Detectors & Instruments 60
80 Vacuum Pumps for In-Line Testing 110
Calorimeter for Quality Control 200
Sprecial Service Unit for HFC134a Refrigerators 100
SUB-TOTAL 520
Contingency (15%) ) 200

OTAL INCREMENTAL CAPITAL COST 1,520




Annex B

IMPLEMENTATION SCHEDULE’

From To

Phase 1

Install Test Room and Data Systemn 3Q9%4 40Q95
Train Technicians and Engineers 1Q%4 20Q%4
Test Manufacture 500 Refrigerators 3Q9%4 3Q94
Conduct Lab Tests 40Q94 3Q95_
Conduct Field Tests 1Q95 3Q95
Prepare Feasibility Study 2Q95 2Q9s5
Phase 2

Convert Manufacturing to HFC-134a 4Q95 4Q97

Project schedule assumes ECMP approval of project during 1Q94.
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Annex C
TECHNOLOGY TRANSFER AGREEMENT

On March 18, 1993, Mitsubishi Electric Corporation and Shanghai Shangling General
Refrigerator Factory (SSGRF) concluded a technical collaboration agreement for manufacture
of refrigerators by SSGRF in China. Under the terms of this agreement, Mitsubishi will
provide SSGRF with technical support for manufacturing 2 CFC models as well as designs,
drawings and specifications for manufacture of 2 non-CFC refrigerator models in SSGRF
facilities. Testing of non-CFC refrigerators by Mitsubishi is also included.

The agreement will be valid for 7 years and requires a payment of 640,000,000 japanese yen
on the following payment schedule.

1993 - 40,000,000
1994 - 70,000,000
1995 - 90,000,000
1996 - 110,000,000
1997 - 110,000,000
1998 - 110,000,000
1999 - 110,000,000

As the agreement covers technical support for CFC and non-CFC foams and refrigerants, the
portion applicable to various activities was estimated as follows:

85% to support existing CFC refrigerator manufacture.
7.5% to support technology transfer for non-CFC refrigerants.
7.5% to support technology transfer for non-CFC refrigerator foam.

The porticn of the technology transfer agreement attributable to refrigerant circuit design for
HFC-134a refrigerant in this project is therefore 48,000,000 yen (US$430,000)



Conversion of Refrigerator Manufacturing from CFC-12 to HFC-134a
at Shanghai Shangling General Refrigerator Factory (SSGRF)
Project Proposal by The Worid Bank, January 1994

@
Scope

The scope of this project is to replace CFC-12 by HFC-134a in the Shanghai
Shangling refrigerator factory. This is a proven technology and back up is provided
from a developed country manufacturer (Mitsubishi Japan).

Recommendation
Approval
Rel q  Inf i )

The original information supplied was only a project summary (which lacks some
relevant information) together with explanatory remarks by the World Bank consultant.
In a second stage, after a preliminary review, a satisfactory response was given to
outstanding issues by the Shangling company. Altogether sufficient information for a
judgment is present.

The project proposal itself does not contain all relevant information.

Technical soundness

This project has a sound technical basis. The technology transfer from Mitsubishl,
Japan is essential. Rotary compressors will be obtained from the Shanghai Refrigerator
Compressor Company who request for funding itself and is also supported by
Mitsubushi, Japan. it can be expected that the technology transfer will be adequate and
that the project can be completed successfully.

Lessons from experience

not applicable

Environmental and safety issues

HFC-134a is an acceptable way to reduce CFC-12 consumption.

Cost-effectiveness

No incremental operational costs are claimed in this phase. Therefore no cost-
effectiveness can be discussed.
The costs being claimed are reasonabie and in fine with similar projects.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 1994 02 09



Supplemental Comments of 6 China Refrigerant Projects
Overall Assessment

Shangling
HFCI134a Refrigerators using Mitsubishi Rotary Compressors

1. The Shangling project will rely heavily on Mitsubishi for technology. As can be seen in the
project summary discussion on Technology Transfer, the agreement cost Shangling about $6,000,000
and includes full designs for 2 non-CFC model refrigrators based on their rotary compressors. There
os a separate technology agreement for compressors between Shanghai Compressor Factory and
Mitsubishi. We debated how much of the technology transfer agreement cost shoud be allocated to
this project and concluded 7.5% on the basis that $430,000 would be in line with similar agreements
elsewhere. Transfer of technology from Mitsubishi has started.

2. The basic question posed to Shangling was, "is Mitsubishi producing similar refrigerators in
Japan today?" "Is the technology commercially proven?" Shangling will consult with Mitsubishi and
prepare a formal response for inclusion in the feasibility study.

3. Two cost items in Phase 2 were extensively discussed - a calorimeter and a service unit.
The calorimeter is claimed to be necessary to assure quality control of incoming compressors from
Shanghai Refrigerator Factory. I questioned if this was really necessary. We

also felt that the original quote of $375,000 was too high and $200,000 was agreed to for the
project.

Shangling have a policy of servicing ali of the refrigerators they produce. They state the $100,000
service facility in Phase 2 is to provide the necessary capital equipment to permit servicing of the
HFC134a refrigerators that they will produce as well as the CFC12 units still in service.

4. The work plan does focus on the "Criteria" for appliance development. There was
considerable debate on the 48 degree temperature which was specified for the controlled ambient test.
{This same question arose from Hua Yi, Wanbao, Chang ling, and Shanglu). The claim is that 48
degrees is to hot for the refrigerators made in China -- their National Standard for testing is 32 to 38
degrees depending on model type. Kuijpers has been requested to review this issue and advise if
lower temperatures can be accepted for meeting the "Criteria”.

5. Overall Assessment - the project feasibility study is adequate. The support of Mitsubishi is
essential for project success. Clarification of the state of HFC134a rotary compressor development in
Japan is needed to resolve outstanding questions on commerciality of the technology.

6. Recommendation - OORG to support the project on the basis that it is included in the China
CP Action Plan and the data is needed to assist selection of the best refrigerator technology for broad
application in China. As HFC134a technology is currently the world standard CFC12 replacement,
China must fully understand the impact of this technology on their industry to remain competitive in
the world markets, particularly if they choose to adopt a different technology.
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Further Exzplanation For Some Quotation
under the Project. of
Conversion of Refrigerator Manufacturing
from CFC-12 to HFC-1342 at Shanghai Shangling
| General Refrigeratar Factcry (SSGRF)

1. In China, it has become a custom that a
quality test of some or all of the products
shounld be carried out before they used upon new
products, although those tests haver been made
by the manufactures before the prodacts gét to
the markef. - ,

The calorimeter for <compressor owned by
Shanghai Refrigerator Compressar Co., Ltd. is
used tao i1ts limit, so it is impossible for the

equipment to be used -~ by OSSGRF anymere,

1



Furthermore, the <calerimeter for compresser
using CFC-12 can not be wused for compressor
with HFC-184a. In this case, 2 new calorimeter
for compressor mast be bought to ensure the
'qﬁality of the HFC-1342 refrigerator.

2. It is indiceted in the provisions of the
technical centract signed between Shangling and
Mitsubishi that

(1) The cost qf sending‘Jap;ﬁese technicians to
China,incln&ing.the“éost of technical guide and
traffic, should be paid by Shangling.

8. Payment to every Jdapanese techniciaa feor
everyday is 50, 000 yen.

b. Traffic fee for every technician every
toar is 170, 000 yen. .

It takes a Japanese technician US§ 500 a day
and US$ 60,000 altogether for three personms in
40 days.

(2) Payment for the cost of sending Chinese
technicians abread to receive technical
training. It is estimated of as mneh as US$
40, 000 for three persons in 44 days abroad, if
every one takes US$S 300 per days.

All this money 1is exclusive of the total
technical contract cost of §40 million yen,
Shangling must pay this UB3 100,000( US$S 60. 000

"+ TUS$§ 40,000 ) extrez expenses.

2
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3. In our project feasibility study, we hﬁve
explained that service becomes more’ and more
important ~for tke refrigerator manufactory inm
China. The existing service system c¢an only
service CFC-12 refrigerators but not HFC-134a
‘omes. On the other hand; becaunses the -existing
service system isn’t sdapted HFC-134a, - it can’t
service CFC-12 refrigerators and HFC-1342 ones
alternately. Thus, in order to ~ensure the
service of hoth Shangling CFC-12 refrigerators
and HFC-134a ones, we wish this investment
can be supported by OORG.

4. In SSGRF, there are +two test. production
phases before 2 new model puit intoc operation.
One is model test phase, it uses to check
vhether the perfcrmande of the new refrigerator
achieves the goal of design. The other is test
prodection, it uses to check whether the
equipment and technological process are adapted
to produetion. When test . production, the.
equipment and insfruments 1invested must be
adjust and tested. So the producing linme can't
run normally and Shangling will exert a
tremendous influence on the profit. Om the base
~of two days calculating, Shangling will suffer
heavy losses of 700, 000 yuman (US380, 000). That
means US$ 160 per refrigerator. _ |

Iz fact, this wexpense 1is ceost. ¢f test
prodactiion.

-

8007 RTL8S8E TZ 988 $8:60 ¥@. 20/80



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 Engineering Assistance for Conversion of Refrigerator Manufacture to

HFC134a Refrigerant with Tecumseh designed HFC134a compressors.

PROJECT DURATION 2 years

PROJECT IMPACT 60 MT CFC-12

PROJECT BUDGET Incremental Capital Cost - Phase 1 $ 575,000
Incremental Capital Cost - Phase 2 $ 825,000
Incremental Operating Cost $ 0
Total Project Cost $1,400,000

PROPOSED OTF GRANT!' 31,442,000

IMPLEMENTING ENTERPRISE Hua Yi Electrical 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 HFC134a refrigerant using new
reciprocating compressors manufactured by Hua Yi in a new facility. Retroactive financing of Phase
1 of the project (detailed engineering, product development and lab and field testing of 500 units
proeduced 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 wiil be defined during Phase 2 and presented in a
separate Phase 3 project at a future date. A separate project will be defined for replacement of CFCs
used in refrigerator insulating foam, pending definition of the best available technology.

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

! The OTF granc 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. "



PROJECT OBJECTIVES

The objectives of this project are to establish a phased introduction of technology for use of HFCI34a in
domestic refrigerators equipped with new reciprocating compressors and produced by Hua Yi. The project will
develop reliable data for comparison with other refrigerant projects . The results of this project will be evaluated
and considered for adoption by similar refrigerator operations throughout 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
L______l*—m—____—Lm—__m_———
Total - Domestic Refrigeration 4600 1450

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11% of the total CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used 1o generate the
insulation foam in refrigerator cabinets (4600 MT}. Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant. new refrigerators accounted for a total of 5550 MT CFC usage. The remaining
300MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing
operations..

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

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



-3-
Tabie 2

Projects included in China Refrigerant Program

Refrigerant Compressor Technology Prod. Capacity
Source {units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000
Note: Binary Blends are mixwures of AFC 1322 and HCFCJD, Temary Blends also include HCFC 124

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 imports is estimated to be US$530-100 million at current marker 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 fubricants closely related to those currently used for CFC-12 further potentia! savings are possible.
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
available.

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

ENTERPRISE BACKGROUND

Hua Yi Electrical Appliance General Co. is located in Jingdezhen and produces household electric appliances,
air conditioners and freezers. A toral of 310 employees are engaged in refrigerator production on one production
line imported from Merioni (Ttaly) in 1985. The line is capable of producing 300,000 refrigerators annually
based on 2 shift operation. Sixteen models are produced with export of about 10% of the refrigerators
produced..

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
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Table 3
Actual and Forecast Refrigerator Production at Hua Yi
Actual Forecast
__ S

Year 90 91 92 93 94 95 96 97
Refrigerators 120 150 200 200 200 200 250 300
Produced

(000 Units)

PROJECT DESCRIPTION.

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

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

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

During Phase 1, 4000 refrigerators have been produced under factory conditions to prove the viability
of manufacturing refrigerators safely and reliable under local conditions. Five models were fully tested by
Kirby(Austrailia) and permission to proceed with full scale production was granted. At the conclusion of Phase
1, a feasibility study was prepared for the full conversion of Hua Yi refrigerator manufacturing and is being
used to guide project compietton,

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY:

HFC134a has been accepted worldwide as the principal reptacement for CFC12 refrigerant in domestic
refrigerators. Its thermodynamic properties are similar to CFC12, it is non-flammable, non-toxic, and has a zero
ODP. Hua Yi has completed startup of 2 compressor manufacturing line to produce HFC-1342 compressors
based on Tecumseh designs. These compressors are 10 used to make new HFC134a model refrigerators, with
the assistance of Kirby (Australia). Hua Yi experience with startup and operations during 1994 will provide
valuable data for continued development of this technology and for comparison with other technolgies as defined
in the China Country Program.

PROJECT COST -

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

INCREMENTAL OPERATING COST

[ncremental 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 1$$6,300,000 for the first four years of
operation, discounted at 10%. '



UNIT ABATEMENT COST (UAB)

$41.33 per kg CFC-12

PROPOSED OTF GRANT

The proposed OTF grant request is US$1,442,000 is based on 100% Chinese (state) ownershhip of Hua Yi
and covers the incremental capital costs for Phases 1 and 2 of the project , including a 15% contingency cost

and a 3% fee for the financial agent administering the project.

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

The ERR for the project will be determined during project appraisal.
Financial Rate of Return (FRR)
The FFR for the project will be determined during project appraisal.
Financial status of the enterprise
To be completed at appraisal
Financing plan
To be completed at the appraisal
PROJECT IMPLEMENTATION
Project Schedule

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

HUA YI
PROJECT COST SUMMARY

(000USS)
Phase I -
Technology Transfer Fee 300
Testing of Refrigerators by Kirby 10
Training of Engineers 66
Preparation of Feasibility Study 30
Test Manufacture of 510 Refrigerators 94
(@ US$18S5 per umit)
SUB-TOTAL 500
Phase I I
3 Refrigerant Charging Machines 195
4 Halogen leak Detectors 28
30 Vacuum pumps 72
2 Vacuum Dehydrators 200
1 Helium Leak Detector 90
Controiled Ambient Test Room 100
Operator and Mechanic Training - 35
SUB-TOTAL 720
Contingency (15%} 180

TOTAL CAPITAL COSTS 1,400
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Annex B

HUA YI
IMPLEMENTATION SCHEDULE®

From To
Phase 1 (complete)
Test Manufacture 4000 refrigerators 3Q93 1Q%4
Prepare Feasibility Report for Phase 2 3Q293 4Q93
Phase 2
Purchase and instali equipment for mass 1Q% 3Q%
production of HFC134a refrigerators
Startup 3Q94 4Q94
Achieve full phaseout of CFC12 refrigerant 4Q94 4Q94

Ptoject schedule assumes ECMP approval of project during 1Q9%4,
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Annex C

TECHNOLOGY TRANSFER AGREEMENT

On 15 June 1992, Hua Yi Electric Appliance General Co signed an agreement with James
N. Kirby Pvt. Ltd. for transfer of technology with which to develop a HFC134a refrigerator.

the memorandum of understanding for this agreement covered three elements:
Technical assistance for developing HFC134a refrigerators US$300,000

Testing of HFC134a compressors withHua Yi cabinets US$ 10,000
Training of Hua Yi Technical Personnel US$ 66,000



Conversion of Refrigerator Manufacturing from

CFC-12 to HFC-134a at Hua Y1 Refrigerator Company .
Praject Proposal by The World Bank, January 1994

Scope

The scope of this project is to convert the Hua Yi refrigerator factory from CFC-12 to
HFC-134a. The selected technology is a proven technology and a partner in the
devetoped world (Kirby, Australia) assists in the conversion process. This project is in
an advanced state as Hua Yi already produced 4000 appliances with HFC-134a. Part
of the funding requested can be considered retroactive financing.

Recommendation
Approval, see remarks below.
Relevance and adequacy of information provid

The original information supplied was only a project summary (which lacks some
relevant information) together with exptanatory remarks by the World Bank consuitant.
In a second stage, after a preliminary review, supplementary information was given by
Hua Yi. Altogether sufficient information for a judgment is present.

The project proposal itself does not contain all relevant information.

T ica ess

This project has a sound technical basis. The Hua Yi company has already performed
a pilot production using HF C-134a with successful resulfs. The compressors applied
are produced by the Hua Yi company itself which started HFC-134a compressor
production in May '93. Compressor manufacturing technology was obtained from
Kirby, Australia. The status of the compressor production is such that a reliable supply
for the refrigerator project can be assumed.

Lessons from experience

not applicable

Environmentai and safety issues

HFC-134a is an acceptable way to reduce CFC-12 consumption.

Cost-effectiveness

No incremental operational costs are claimed in this phase yet. Therefore no cost-
effectiveness can be discussed.
The costs claimed are high but reasonable and in line with simiiar projects.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 19384 02 09




Supplemental Comments of 6 China Refrigerant Projects

Overall Assessment

Hua Yi
HFC134a Refrigertors - Kirby Technology

1. The work plan does focus on the "Criteria* for appliance deveiopment. There was considerable
debate on the 48 degree temperature which was specified for the controlled ambient test (This same
question arose from Wanbao, Chang Ling, Shangling, and Shanglu). The ciaim is that 48 degrees is to
hot for the refrigerators made in China — their National Standard for testing is 32 to 38 degrees
depending on model type. Kuijpers has been requested to review this issue and advise if lower
temperatures can be accepted for meeting the "Critena”.

2. Hua Yi has produced over 4000 refrigerators to date in proving the manufacturing technology
obtained through Kirby. Testing work on these units has led Kirby to grant approval to proceed with
full scale production. Consequenuy, Phase 1 is complete and the funding request 1s for

RETROACTIVE financing of the cost of the work that otherwise would have been tunded
through the OTF.

3 The project feasibility study 13 compiete and thorough and will be 1n hand by Jan 22.

4 Hua Y1 was requested to prepare a separate project proposal to cover their HFC134a
compressor plant incremental costs. Hence, costs and discussions relative to the compressor
plant are not included i this project summary.

5 Overall Assessment - The project 1s well prepared and has no sigmficant tlaws.

6 Recommendauon - *'RG to support the project on the basis that the work included in the
project 1s more than 5(%% compiete and is well supporied by international technojogy suppiiers

tKirby-Tecunseh) and the project 1t 13 included in the Chuna CP Action Plan. Data from the Hua Y
15 needed to assist selection of the best retngerator technology tor broad application in China.
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‘SUPPLEMENT STATEMENT TO THE FEASIBILITY STUDY ON
CONVERSION OF REFRIGERATOR MANUFACTURE FROM CFC-12 TO HFC~134A AT
' HUA YI REFRIGERATOR FACTORY

According - to the comments made by Mr.lanssen,M.J].P.(OORG)
Feb.2,3994, we prepared the supplement statement as follows,;
1. In October,y99y, Hua Yi Electrical Appliaace General Compa
signed with James N. Kirby Pty. Ltd. a contract that introdu
manufacture technology aand production line of ‘new reciprocati

compressor applying HFC-j34s from Tecumseh Product Company ( t
g. S.A.). The ingtallatina nnd sent’ ., ., —mpuoascu cyuipment beg:
in May of 1993, and in the September first batch of new compress:

were assembled with imported pump kits. By the end of last year, a.
the erection and testing of production lines have been completed ar
5000 finished products came out of the lines. Now the new plant h;
been put into production. The plaming capacity in j99g4 shall
400, 008, half of which are used to match the refrigerator produce
at Hua Yi and the remaining half will be exportied to internations
market such as Netherland and Turkey and so on. Reliability test fc
HFC-134a compressor had been doae by Kirby, plcase see details i
AnneX 1. '

2. The capacity of Hua Yi’s project is 300,000 instead of 200.,000.7
ambient controlled test room and vacuum dehydrator are necessary t
be set up and purchased in order to guarantee the product quality,
because moisture absorption of HFC—1342 is very high and it shoul
be mucth wmore—sirsictly to HFU—[34a& thaa to CFGC—}2 In respect o
residue moisture and and contamination.

3. Unit price of USDygs5 claimed for §jg refrigerators is the E

Factory Price. Actually, the production cost of omse. refirgerator
{ the cost of raw material and compomeants ) is USD(72. Though i
looks higher than traditional product, some of the main parts shoul
be replaced and ¢cost much more than before, for exampte. HFC-1342,
new compressor and special dryer and etc...By the end of last yecar,
4000 HFC-134a refrigerators have been produced by Hua YI and bee
put Into demostic market for trial sales. Hua Yi put forward

request of OTF grant for only 510 refrigerators which amounts to b
USDgg, go0, after Mc.Charles Catanach kindly .advised that it is ao
suitable to exceed the figure of sp@ in Hus Yi’s proposal q@
refrigerator test manufacture. If possible, Hua Yi sincerely hop:
MPEC could consider the test manufacture fees as per actual figure o

2
4000. 2



4090. ' ' ' w
4. The quotation of USDgg,00n for helium leak detector includes th
cost of recovery system. Helium (eak detector model no,ECOTEs5qgg i
made by Leybold. Ltd.( Germany ), it ceosts about USD3s5, ppgsset.
Please see dotails ia Anmex 2. ‘ '

Should you have any question need our explaination durin
the project review and appraisal, please do not hesitate to advis
us as soon as possible.

Hua Yi Electrical Appliance General Company



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

COUNTRY The Peopie’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 Enginnering Assistance for Conversion of Refrigerator

Manufacture to a Ternary Blend Refrigerant (MP-39) using
conventional compressors.

PROJECT DURATION 2 years

PROJECT IMPACT 70 MT CFC-12

PROJECT BUDGET Incremental Capital Cost-Phase 1 $ 540,000
Incremental Capital Cost-Phase 2 5 440,000
Incremental Operating Costs 3 0
Total Project Cost $ 980,000

PROPOSED OTF GRANT! $1,010,000

IMPLEMENTING ENTERPRISE Shanghai Shanglu Electrical Appliances Co. Ltd.

IMPLEMENTING AGENCY The World Bank

NATIONAL COORDINATING AGCY National Environmental Protection Agency (NEPA)

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
developed in cooperation with DuPont China Limited and the Shanghai General Mechanical Institute.
In Phase 1 of the project, detailed engineering, product development and lab and field testing of 500
units produced under factory cenditions, will be conducted to define firm project scope and costs for
full conversion of the factory output to HCFC22/HFC1522/HCFC124 ternary blend refrigerant (MP-
39) 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 CECs used in refrigerator insulating foam, pending
definition of the best available technology.

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

! The OTF grant is based on 100% Chinese ownership and includes a 3% financial agent fee. A 15% contingency is included

in the estimates of incrementzl capital costs,



PROJECT OBJECTIVES

The objectives of this project are to establish a phased introduction of technology for use of
HCFC22/HFC152aHCFC124 ternary blend refrigerant (MP-39) in domestic refrigerators produced by Shanglu
as to develop reliable data for comparison with other alternative refrigerants . The results 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 500

Total - Domestic Refrigeration 4600 1450 |

In 1992, the Chinese domestic refrigeration sector consumed 60350 MT CFCs, 11% of the total CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant, new refrigerators accounted for a total of 5350 MT CFC usage. The remaining
500MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing
operations. .

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

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non-
ODS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technologies
defined in the long term. Starting in 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 (units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000
Note: Binary Blends are mixtures of HEC 1522 and HCEC22, Ternary Blends also mclude HOFC 123

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 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 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 further potential savings are possible.

Hydrocarbon refrigerants may be considered for inclusion in the program as marture technology becomes
available.

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

ENTERPRISE BACKGROUND

Shanghai Shanglu Electrical Appliances Co. Ltd. is located in Shanghai on the site of the former Shanghai
Refrigerator factory and was set up in 1979. A total of 2,238 employees are engaged in production of
refrigerators, freezers, and other household appliances, There are 4 refrigerator lines capable of producing
400,000 refrigerators on a two shift basis. Three primary models are produced 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 19%0-1997
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Table 3
Actual and Forecast Refrigerator Production at Shangiu

' l Actual l Forecast

———_"7‘_—_——7!__—!'_
Year 90 91 92 93 94 95 96 97

Refrigerators 160 185 220 270 320 400 500 500
Produced
(000 Units)

PROJECT DESCRIPTION.

The project will accomplish 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 basic data for
full conversion to HCFC22/HFC152/HCFC124a (MP-39) ternary blended refrigerant and for comparison with
results of similar programs using alternative refrigerants.

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

During Phase 1, 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 aliernative under consideration is the use of blended refrigerants which can function effectively in
conventional CFCI12 style refrigerator compressars. The HCFC22/HFC152a (binary blend) and MP-39 (ternary
blend) are a leading condidates because standard CFC-12 compressers 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 CEC-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 1 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 wiil be determined during project appraisal.
Financial Rate of Return (FRR)
The FFR for the project will be determined during project appraisal.
Financial status of the enterprise
To be completed at appraisal
Financing plan
To be completed at the appraisal
PROJECT IMPLEMENTATION
Project Schedule

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

SHANGHAI SHANGLU ELECTRICAL APPLIANCES
PROJECT COST SUMMARY

(000USS)
Phase I -
Technology Transfer Fee 100
Refrigerant Charging Machine 60
Qil Charging Machine 70
Process Control Instruments 79
Data Logging Facility 50
Components for 510 refrigerators 82
(@ US$161/unit)
Refrigerator Testing Cost 8
Training & Technology Study in US 21
SUB-TOTAL 470
Phase I 1
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
Compressor Tests with MP-39 2Q93 4Q93
Test Manufacture 10 MP-39 Refrigerators 2Q94 2Q9%4
(5 Hua Guang;5 Yuan Dong Compressors)
Controlled Ambient Tests 2Q%4 2Q9%4
Prepare Report for Expert Review 3Q94 3Q94
Test Manufacture 500 MP-39 Refrigerators 4Q94 4Q9%4
Prepare Feasibility Report for Phase 2 4094 4Q94
Phase 2
Purchase and install equipment for mass 1Q95 2Q95
production of MP-39 refrigerators
Startup 2Q95 2Q95
Achieve full phaseout of CFCI12 refrigerant 3Q95 4Q95

Project schedule assumes ECMP approval of project during 1Q94.
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Annex C

TECHNOLOGY TRANSFER AGREEMENT

On 18 January 1994, Shanglu signed an agreement with Du Pont China Limited, for transfer
of technology with which to convert Shanglu CFC12 household refrigerator manufacturing
facility to use of DuPont MP39 refrigerant (a HFC152a/HCFC22/HCFC124 ternary blend)
The memorandum of understanding for this agreement covered three elements:

Application Technology US$ 63,000
Technical Evaluation of Components US$ 20,000
Training, Consultation and Expense US$ 17,000

The materials required for the Phase 1 testing program will be provided free of charge by
DuPont.



Conversion of Refrigerator Manufacturing from CFC-12 to MP-39
at Shanghai Shuanglu Electrical Appliances (SSEA)
Project Proposal by The World Bank, January 1994
)}

Scope

This project aims at the conversion from CFC-12 to MP-39 at the Shuanglu refrigerator
factory. MP-39 is a ternary blend (ODP 0.03) developed by Du Pont. The application
of MP-39 has been investigated by the Shuangiu company itseff in cooperation with
the Shanghai General Mechanic Institute.

Recommendation

Approval, provided the iimited test series on 10 appliances planned at the start of the
project will be completed successfully.

Rel | adequacy of informati ded

The original information supplied was only a project summary (which lacks some
relevant (nformation) together with explanatory remarks by the World Bank consultant.
In a second stage, after a preliminary review, additional information was given including
the full feasibility report and details of the agreement with Du Pont. Al this information
together forms sufficient basis for a judgment.

The project proposal itself has serious shortcomings considering relevant
information.

Technical soundness

Up to now, the Shuanglu company performed only a limited amount of test work
applying the MP39 alternative (on one appliance only) and relies therefore strongly ot
the Du Pont company. Du Pont has a vast experience in applying this blend which
experience is transferred following the technology transfer agreement signed by both
parties.

A test series on a limited number of appliances (10) Is planned at the start of the
project where gurability and performance must be demonstrated before starting the pilot
production of SO0 appliances.

There is no cooperation with the compressor manufacturers. |n fact tests are planned
with compressors from two different suppliers. Therefore no guarantee of that side can
be expected.

As in fact indicated by the Shuanglu company itself, the status of the technology is not
so advanced that the pilot production of SO0 appliances can be started at once, but a
limited test series is planned before.

Lessons from experience

not appiicable



Environmental issues

The MP39 blend still has a low ODP but s an acceptable transitional substance to
reduce the CFC-12 consumption.

Safely jssues
MP39 is not flammabie nor toxic and is classified as a safe refrigerant.
Cost-effectiveness

No incremental operational costs are claimed in this phase yet (the claim is that the
blend is cheaper and will remain cheaper than HFC-134a). Therefore no cost-
effectiveness can be discussed.

Though MP39 is supposed to be a cheap and easy transition substance still
considerable costs originate from the conversion process. For the Shuanglu project
this Is mainiy due to the necessity of new refrigerant charging stations (as for HFC-
134a) and to the installation of cil-charging machines for the new alkyl-benzene oit
(which the compressor manufacturers cannot charge). The fact that a new ol is used
was not even mentioned in the project proposal. Other costs claimed are reasonable.
Summarizing, the totat costs claimed for this project are lower than for comparable
HFC-134a projects but not te the order which might be expected.

Other

In the project summary it is stated that after phase 1 (pilot production and fieid test of
500 appliances) the resuits will be compared with similar projects before proceeding to
phase 2. However, it is doubted whether this procedure is very realistic. Already in
phase 1 large investments are made, maybe not specifically in hardware but in
technology deveiopment, transfer, training eic. Another aspect is the funding itself.
The question is: would this company be funded again for conversion to HFC-134a if
after phase 1 it appears that the biend alternative is not so successful ? In other words,
once the decision is made for funding this aiternative, it is a final decision.

Janssen, M.J.P. (OORG), Eindhoven, the Netheriands, 1994 02 10



Supplemental Comments of 6 China Refriperant Projects

Overall Assessment

Shanghai Shanglu
DuPont MP39 Blend

1. Test work at Shanglu includes one model BCD-185 refrigerator at Shanglu which has been
runming since August 1992 on MP39 (so far there have been no problems, however, critical
measurements on compressor wear have not been made by Shanglu); first stage efficiency test (MP35
power consumption 5% higher than CFC-12), capacity test (MP39 7% higher than CFC-12}, pull
down test (MP39 pull down speed slightly faster than CFC12). While test work shows no real
problems, additional supporting test work needs to be revealed through the technology suppiier to
demonstrate the viability of this technology over a suitable range of operaung conditions.

2. Shangiu did not provide quotations for major equipment. There ts a possibility that they may
have these before the January 22 when I leave China. I plan to visit their factory on the 22nd and will
expect them to have more quotes at that time.

3 Shanglu have not provided details of their technology agreement but agreed to do so before

Jan 22nd. Shanglu was also requested to provide an updated version of thewr Feambility Study on the
22nd.

4. The work plan which Shanglu developed is somewhat optimistic but does focus on the
"Cntena" for appliance development. There was considerable debate on the 48 degree temperature
which was specified for the controtled ambient test. {This same question arose from Wanbao, Chang
Ling, Shangling, and Hua Y1) The claim 1s that 48 degrees 1s to hot for the retrigerators made in
("hina -- thetr National Standard for testing is 32 to 38 degrees depending on model type. Kuijpers has

been requested to review this 1ssue and advise if lower temperatures can be accepted tor meeting the
""ntena”

S The assumption was made that since Shanglu will purchase standard compressors contatng
standard munerat o1l. and that the purpose ot Phase 1 1s to test manutactuning under iocal conditions.
the Shanglu project must oniv meet the “C"ntena” fur Tesung of Appliances (but not those Cnitena tor
Compressor ManutactureThis 15 a kev pomt for the Wanbao. Shangling. (Thane Lutg projects as well).
{ompressor testing 15 o be done by compressor manufacturers (¢ 2. Shangnal Compressor.Hua Y1) as
necessarv 1o meet the compressor “Critera’

3 A major 1ssue (o he resoived tor the Shanglu project 1s the proot of compressor testing with
AMP39 under refnigerator conditions Shanglu does not have this expentenice vet. DuPont. as the pnmary
supphlier of technelogy tor dus project. should be requested to provide documentation of testing work
with MP39 which meet the "Criteria” requrements. Since the "Cntena” are prmanly designed to
prove manufacturing proceduwes. @t would appear that a revision or addendum to the "Crtenia” shouid

he deveioped for consideratuon not oniv on the Shanglu project but also tor the Wanbao and Chang
Ling projects. -

B The 1ssue of reingeran: cost does not appear to be sigminicant Apparently. the prices for
ITFC1S82a, HOFCIT, and HETC 20umported) will all be the same 1n the tuture and witl be about 2x
those for CFCI 2 today but $1-2 per kg below HF("134a. This means that blends wiil be compentively
priced. As demand increases. local blending facilities will be created to reduce shupping costs.



8. Overall assessment - MP39 technology has the potential to be a low cost and quick way to
phaseout CFC12 in refrigerator manufacture because: MP39 can be used in the same compressor as
CFC12, energy efficiency is slightly (2-3%) better, MP39 is non-flammable; ICI makes a competitive
product; transformation of manufacturing only requires improved blend handling and testing facilities
for quality control. MP39 is also a possible retrofit for repair of old refngerators once CFC12
supplies dry up.The major fauit at this time is the limited testing work which has been performed to
assure commercial viability.

9. Recommendation - Strengthen technology agreement. Request strong support from DuPont,
possibly including financial and technical support of Phase 1. Upgrade documentation of prior testing,
quotations ete. prior to project submission to ECMF. OORG to support the project on the basis that it
is included in the China CP Acticn Plan and the data is needed to assist selection of the best
refrigerator technology for broad application in China.

s

i



TO: GENERAL ABBOCIATION OF LIGHT IMOUSTRY
GC: NATIONAL ENVIRONMHENT PROTECTION ABENCY:
RE? MP3I9 CONVERSION PROJELT

" ki S fk —— T, W, e . S S A S g —

IN RESPONSE TO THE OORG COMMENTS OF FEB. 2 ON THE PROPOSED PROJECT
FOR CONVERSION OF REFRIGERATOR MANUFACTURE FROM CFC42 TQ MP39

AT BHANGHAI SHUANGLU ELECTRICAL APPLIANCE (SSEA)s FOLLWING WRITEUP
ARE TO ADDRESS THE CONCERNS AND IBEBUES:

MP37 AS A NEAR DROP-IN REFRIGERANT ALTERNATIVE T0 CFC12 I8 IDENTIFIED
BY ASHRAE STANDARD 34 WITH ASHRAE REFRIGERANT NO. 4014 AND

SAFETY CLASSIFACTION Ai/Ad. IT I8 ALBO LISTED IN U.5 EPA .

“SNAP? PROGRAM AND HAS BEEN INCREASINGLY APPLIED IN RETROFITTING

EXIBTING 8YRTEMS REFRIGERATED 8Y CFC12 IN U.S.,

AUSTRILIA, AND AND OTHER ASIA PACIF:(C GCOUNTRIES.

WE AWARED AS EARLY AS JUNE 1992, DUPONT HAD WORKED WITH BEIJING
HOUBEHOLD ELECTRICAL APPLIANCE RESEARCH INSTITUTE (BHEARI),
FORMER MINISTRY OF LIGHT INDUBTRY(HLI) DEBIGNATED NATIUNAL GENTRE
FOUR HOQUBEHOLD REFRIGERATOR TESTING AND RUALIFICATION,s INITIATED
TEST OF UBING MP3? ON THREE CHINA STANUARD REFRIGERATORS

LBRAND “ZHONGYI" BCD482 ) WITH NO CPTIMIZATIONS. THE CONCLUEIOR
INDICATES “MP3%9 REFRIGERATOR DULY MEETE THE STATE STANDARD

GB 8059.2 UNDER THE CRITERIAS FOR CODLINE (PULL DOWN) SPEED,
EMERGY CONSUMPTIONs FREEZER/FRESHER TEMPF. NOISE, VIBARATION

ETC.” (TEST REPORT ARE AVAILABLE}.

ON aUG. 1992, WE WORKED WITH SHANGHAI MACHNICAL RESEARCH INSTITUTE.
UNDER DUPOQONT SPECIALISTS ON SITE GUIDANCE, RETROFITTED A STANDARD
SHUANGLU REFRIGERATOR. THE OPERATION PERFORMANCE IS ALMOST IDENTICAL
TO THE TRIAL RUN AT BHEARI. THE TEST WAE AGAIN RUN WITHOUT ANY
QPTIMIZATION BUT WITH COMPARABLE PERFORHANCE TO THE ORIGINAL

CFC12 BYSTEM.

VIEWING THE APPLICATION TECHNOLOGY PROCEDURES/PROCESS OF MP39

A8 ALTERNATIVE ON EXISTING CFC12 CONSUMING REFRIGERATURE OEVELOPED :
Y DUPONT AND DOMESTRATED ON OUR PREDOMINENT NATIONAL STANDARD
REFRIGERATORB, WE PURSUED FURTHER TO COCPERATE WITH DUPONT AND
HAVE BEEN ABSURED BY DUPONT WITH TECHNICAL ASSISTANCE AND SUPPORT
COMMITTED TO FACILITATE OUR CONVERSION THROUGHQUT THE PROJECT
IMPLEMENTATION PERIOD. THEREFORE, MP39 APPLICATION TECHNOLOQGY
INCLUDING RETROFITTING EXSITING SYS., MODIFICATION AND OPTIMIZATION,
RECOVERY AND SERVICE TECHNOLOGY ARE NECESSARY.

USING MP39 AMONG OTHER THINGS LIKE SAFETY, COMPATIBILITY, STABLITY.

15 ITS EXCEPTIONAL ADVANTEGY THAT COMPRESSOR CAPACITY RELIABILITY

AND OURIBILITY ARE MAINTAINED. THIS IS BECAUSE ESSENTIAL THERMAL

FHASICAL PRORERTY AND PRESSURE OF MP3% I8 ALMOBT PRECIBE TQ

CFC12 AND THE TYPICAL TEET CONDUCTED PABSBED 500 HOURS DURABILLITY

TEST IN SMALL HERMETIC COMPREBBORS AS WELL AB HIGH FRESSURE _

COMPRESSORS IN U.E. DEMOBTRATED ALSO BY OUR RETROFITTED REFRIGERmTOR

THAT HAS BEEN RUNNING NORMALLY UP TO DATE BINCE AUG. 1992. HORLDWIDE,
1T I8 PRACTICALLY PROVED BY MANY BYBTENGS NOW REFRIGERATED UBING

MP39, INCLUDING DUPRONT, COPLAND. TRANE. COCA 0OLA. MCDONALD



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 Engineering Assistance for Conversion of Refrigerator Manufacture to

use of HFC-152a Refrigerant using conventional compressors.

PROJECT DURATION 2 years

PROJECT IMPACT 8¢ MT CFC-12

PROJECT BUDGET Incremental Capital Cost - Phase 1 $ 520,000
Incremental Capital Cost - Phase 2 $ 800,000
Incremental Operating Cost $ 0
Total Project Cost $1,320,000

PROPOSED OTF GRANT! $1,360,000

IMPLEMENTING ENTERPRISE Wanbao Electrical Appiiance Industrial Corporation

IMPLEMENTING AGENCY The World Bank

NATIONAL COORDINATING

AGENCY National Environmental Protection Agency (NEPA)

PROJECT SUMMARY

This project will phase out chiorofluorocarbons (CFC’s) used in household refrigerators manufactured
at the Wanbao Electrical Appliance Industrial Corporation. The project comprises two phases and will
convert the production line to refrigerators using HFC-152a as the new refrigerant. The first phase
will provide for product development using CFC alternatives and will identify all equipment and
process changes needed to implement the alternative technology. Part of this phase associated with the
use of an alternative refrigerant is already under way. The project is based on a collaboration between
the Power Engineering Department of Xi'an Jiactong University, the Shanghai Jiaotong University,
and the Wanbao company. -

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

! The OTF 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.



PROJECT OBJECTIVES

The objectives of this project are to phase out CFC-12 through use of HFC152a in household refrigerators
produced at Wanbao and to develop reliable data for comparison with other phaseout alternatives. The project

provides for the purchase of equipment and the training necessary to facilitate an effective transition 10
HFC-152a refrigerant.

SECTOR BACKGROUND
Table-1

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

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

At present, there are over 70 production lines for refrigerators in China with an annual capacity of 12 million
units annually. In addition, there are 16 production lines for compressors with an annual capacity of 16 million
units. Refrigerator production capacity utilization has been slighly below 50% . Actual production of new
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase
8% per year as economic conditions continue to improve and consumers acquire additional discretionary
income. Currently, only 13% of housholds in China have a conventional refrigerator. A total of 39 million
units are estimated to have been in service at the beginning of 1993. Refrigerator life averages abour 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 Country
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technologies
defined in the long term.

Starting in 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:




-3.
Table 2

Projects included in China Refrigerant Program

Refrigerant Compressor Technology Prod. Capacity
Source (units/yr)
Shangling HFC-134a Rotary Mitsubishi 504,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000

Note: Binary Blends are mixmures of HFC 1322 and T7; Ternary Blends also include HOFC 124
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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely related to those currently used for CFC-12 further potential savings are possible.
Hydrocarbon refrigerants may be considered for inciusion in the program as mature technology becomes
available.

The development program is designed to obtain actual data upon which to identify the best technology mix with
which to achieve a complete ODS phaseout by the 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.

ENTERPRISE BACKGROUND

The Wanbao company is located in Guangzhou. Guangdong province. There are 1,800 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 are located in Guangzhou, Guangdong province. As
a group corporation, it produces regrigerators, freezers, air conditioners, compressors, washing machines, rice
cookers and other electrical appliances. It has six refrigerator production lines. These are capable of producing
1,200,000 refrigerators in two shifts. Approximately 40% of production is exporied (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 vear capacity on 2 shift opertion) to HFC152a refrigerant. All such refrigerators are for domestic use only.
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Table 3
Actual and Forecast Refrigerator Production at Wanbao

Actual Forecast
Year 90 91 92 93 94 95 96 97
Refrigerators 360 300 250 180 250 300 350 400
Produced
(000 Units)

For the past three years Wanbao and Xi’an Jiaotong University have been engaged on a collaborative venture to
develop a refrigerator using HFC-152a. Energy savings in the region of 5% compared to an identical modei
CFC-12 refrigerator can be achieved with minimal changes made to the refrigerarion circuit. The following
items of work have been completed and a report is being prepared for evaluation by an independant expert:

*Appliance testing of 20 refrigerators

*Compatibility testing of lubricants, drier and compressor materials.

*A batch of 120 refrigerators using HFC-152a has been made and sold into the market.
After 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 stations and safety equipment, HFC-152a is moderately flammable. The safety
equipment is required for monitoring concentration levels and safe handling and storing of HFC-152a. Safety
considerations also demand that the production line be modified to aveid inadvertant HFC152a combustion.
Underwriters’ Laboratories (UL) have tested Wanbao refrigerators. Their informal report is that these will
satisfy UL 250. A draft proposat for "A2" category (covering HFC-152a) refrigerant use in domestic
refrigerants has been prepared by them.

PROJECT DESCRIPTION.

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

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

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

Phase 1

During Phase |. compressor oil testing studies will be completed and the condensor,evaporator and
capillary tubes will be redesigned to achieve optimum performance with HFC152a. A test manufacturing run of
500 prototype refrigerators will be made to prove the viablility of the refrigerant circuit designs and the
manufacturing process. Existing test facilities will be used for local testing. The USEPA will provide special
assistance for testing the safety of the manufactured units in the US. The remaining refrigerators will be
subjected to field tests. Consuliations will be arranged with local and foreign experts (Underwriters Laboratory)
to train Wanbao engineers and technicians in safe handling practices and facilities for use of HFC152a in the
factory. At the conclusion of Phase 1, a feasibility study will be prepared for full conversion of refrigerator
manufacturing at Wanbao to the use of HFC-152a. Based on the feasibility study results, a detailed cost estimate
will be prepared and project planning will be revised to accomodate Phase 1 findings before commencing with



Phase 2

Phase 2 will implement the full 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 could be achieved by comparison with CFC-12 sysiems have been borne out by
test results. Independent laboratory tests corroborate Wanbao’s tests which showed a 5% improvement in
energy efficiency associated with the use of HFC-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 to the circuit of 2 CFC-12 refrigerator for it to be used, and
it is compatible with mineral oil lubricants and standard compressor materials.

*[t possesses zero ODP and a low GWP (.055 to .068 ).

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

PROJECT COST

The total project cost is estimated to be $1,320,000 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 US51,400.000 for the first four years of
operation, discounted at 10%.

UNIT ABATEMENT COST (UAB)

$10.29 per kg CFC-12

PROPOSED OTF GRANT

The proposed OTF grant request is US$1.360,000 is based on 100% Chinese ownershhip of Wanbao and

covers the incremental capital costs for Phases-1 and 2 of the project , including a 15% contingency cost and a
3% fee for the financial agent administering the project.



FINANCIAL AND ECONOMICAL ANALYSIS:
Economic Rate of Return (ERR)
The ERR for the project will be determined during project appraisal.
Financial Rate of Return (FRR)
The FFR for the project will be determined during project appraisal.
Financial status of the enterprise
To be completed at appraisal
Financing plan
To be completed at the appraisal
PROJECT IMPLEMENTATION
Project Schedule

The project implementation schedule is presented in Annex B.



WANBAO
PROJECT COST SUMMARY

(000USS)
Phase 1
Compressor Testing 12
Purchase Safety and Process Equipment for Test
Manufacture Run
1 Refrigerant Charging Machine 100
2 Halogen Leak Detector 32
2 HFC152a Monitor/Alarm system 16
1  Vacuum Pump 9
Ventilation equipment 47
Explosion Proofing 22
Fire Fighting Facilities 21
Test Manufacture 500 HFC152a Refrigerators 90
(@%180 per unit)
Prepare Test Reports and Feasibility Study 30
Safety Training for Technical Staff 21
SUB-TOTAL 450
Phase 1 [
Additional Manufacturing Equipment
1 Refrigerant Charging Machine 100
2 Halogen Leak Detector 82
13 HFC152a Monitor/Alarm system 104
I Vacuum Pump 9
Ventilation equipment 95
Explosion Proofing 44
Fire Fighting Facilities 45
Conveyor 141
Safety Training for Operators and Mechanics 56
Overseas - Consultations and Inspection 24
SUB-TOTAL 700
Contingency (15%) 170

TOTAL CAPITAL COSTS 1,320

‘Annex A
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Annex B

WANBAO
IMPLEMENTATION SCHEDULE?

From To
Phase 1
Compressor Tests with HFC152a 1Q%4 2Q94
Prepare Report of Test Work to date for Expert 1Q%4 2Q94
Review
Purchase Safety and Process Equipment for Test 2Q9%4 3Q94
Manufacturing
Safety Training for Technical Staff 2Q%4 3Q94
Test Manufacture 500 HFC152a Refrigerators 2Q9% 3Q%
Prepare Feasibility Report for Phase 2 3Q9% 3Q94
Phase 2
Purchase and install equipment for mass 4Q94 2095
production of HFC152a refrigerators
Safety Training for Operators and Mechanics 2Q95 4QQ95
Startup 2Q95 2Q95
Achieve full phaseout of CFC12 refrigerant - 4Q95

Project schedule assumes ECMP approval of project during 1Q94.




Conversion of Refrigerator Manufacturing from
CFC-12 to HFC-152a at Wanbao Electrical Appliance Corporation
Project Proposal by The World Bank, Jantary 1994

®
Scope

The scope of this project is to convert one of the Wanbao production lines to the
application of HF C-152a thereby eliminating CFC-12. The products are planned to be
used in the domestic market only. The technology for this alternative has been

developed by the Wanbao company itself in cooperation with the Xi'an Jiaotong
University.

Recommendation

Approval

Relevance and adequacy of information provided

The original information supplied was only a project summary (which lacks some
relevant information) together with explanatory remarks by the World Bank consuitant.
In a second stage, after a preliminary review, supplementary information was given by
the Wanbao company. Altogether sufficient information for a judgment is present.

The project proposal itself does not contain alf relevant information.,

Technical soundness

The Wanbao company has chosen an alternative which is not being applied elsewhere
and therefore had to do its own development in cooperation with the Xi'an Jiatong
University. No real cooperation with @ compressor manufacturer is reported. Extensive
tests with the-blénd are being reported (among them a successful fleld test of 120
appliances) and possible problems have been addressed like the application of mineral
oit 1. The information supplied gives confidence that the status of the technolagy is
advanced enough to start a pilot production.

L S expenence
not applicable

Environmental issues

HFC-152a is an acceptable way to reduce CFC-12 emission.

1t is stated that evaporators/condensers are gaoing to be redesigned to get optimal performance with
HFC-152a. Howevaer, the tests performed up to now were carried out with the current design. Due to
the low salubitity of HFC-152a in mineral oil the oil return from the circuit is more criticial than for CFC-
12. Due to this aspect redesigns of the evaparator/condenser could be dangerous and must be done
with care,



Safety issues

HFC-152a is flammmable and therefore special hrovisicns need to be made to the
production line. Standard and guideiines are in development. Safety in servicing is
addressed and inciuded in training programs.

Cost-effectiveness

No incremental operational costs are claimed in this phase yet (they must be lower
than for HFC-134a projects). Therefare no cost-effectiveness can be discussed.

The costs claimed for safety measures in the production lines are reasonable
(approximately 400,000 USD plus additional training). Due to the characteristics of the
local production line extra indirect safety costs originate (in this case the addition of a
conveyer of 141,000 USD). Further costs claimed are reasonable and In line with
similar projects.

The total cost of the HFC-152a project Is very similar to the costs of HFC-134a
projects mainly due to the safety investments which are counterbalanced by the
technology transfer fee in HFC-134a projects.

Other

In the project summary it is stated that after phase 1 (pilot production and fleld test of
500 appliances) the resuits will be compared with similar projects before proceeding to
phase 2. However, it Is doubted whether this procedure is very realistic. Already in
phase 1 large invesiments are made, maybe not specificaily in hardware but in
technology development, transfer, training etc. Ancther aspect is the funding itself.
The question is: would this company be funded again for conversion to HFC-134a if
after phase 1 it appears that the HFC-152a aiternative is not so successful ? in other
words, once the decision is made for funding this alternative, it is a final decision.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 1994 02 10



Supplemental Commenty of 6 China Refrigerant Projects

Overall Assessment

Wanbao
HFU152a Refrigerators

1. Wanbac has conduced a limited number of tests with HFC152a and expects to complete
testing by June 1994. (The test runs started in June 1990).They also have made 120 refrigerators
which are now about 1 year into their field test. Wanbao does not have external technology support
but feels confident that their expertise in the field should be adequate as there are no changes needed
in compressor design to accomodate HFC152a. They will simply use a slightly larger compressor than

they would have used ordinarily to cormpensate for a 10% loss in cooling capacity. (This of course
adds to the incremental operating cost)

2. Test data included in the feasibility study have shown no degradation of mineral oil when

compared to a CFC12 umut under the same conditions. HFC152a, however, 1s sigmficantly less soluble
than CFC12 1in the oil (1-1.5% vs 4.4%)

3. Wanbao have considered using PAG lubricants but see no advantage over mineral oil at this

ume. Test work has all been done with mineral o1l in compressors from both Wanbao and Tianjin
Haihe.

L3 Wanbao plan to modify their condensors and evaporators to optimize the refrigerant circuit.
Testing to date has been on older designs. It was suggested that the trail run of 500 refrigerators be
made with the newly designed condensors and evaporators.

3 The Feasibility Study is well prepared but is missing a reasonable quotation for a refrigerant
charging machine. The quote they did have was 3X that for charging non-tlammable refrigerants. This
appeared excesstve and they will get a new guote As a temporary measure. the price of a charging
machine for "flammable” [{FC152a was estimated at $100.000. Suggested altemative vendors were
given to Wanbao, but it will take 1-2 weeks to get revised quotations.

S The work plan does focus on the "Cnteria® for appliance development. There was considerable
debate on the 48 degree temperature which was specitied for the controtled ambient test. (This same
question arose from Hua Yi. Chang Ling, Shangling, and Shangiu). The claum 1s that 48 degrees 1s to
hot tor the retngerators made i Chuna -- their National Standard for testing 13 32 to 38 degrees
depending on model tyvpe. Kuypers has been requested to review thus 1ssue and advise 1if lower
temperatures can be accepted for meeting the "Critena’.

6 The cost to make refngerator manufacture sate for handling tlammable refrigerants is a
siguficant factor in the cost of capital equipment, trarung of technical statf. training of operators and
mechanics and uming project implementation. [ do not thunk that these quesuons are tully appreciated
by anvone at the present time. We should anticipate a rather slow project implementation.

7 As more different refnigerants are added to the “suite” of refngerants in use in China, the
question of refrigerator service will become acute. China will need to develop appropriate standards

for identification of what type (“class") of refrigerant 1s in use and what servicing procedures should
be used. .



8. Wanbao has indicated project support will be obtained from the USEPA and UL. My
information suggests that this support will be limited to testing some of the early Wanbao refrigerator

production to receive safety approval for sales in the US. Currently, about 80% of their exports are to
the US.

9. Oveall Assessment - The project is well prepared and documented (with the exception of the
refngerant charging machine quote) Prior testing work is barely adequate in the absence of an
international technology supplier. The work plan meets the "Critenia” for testing appliances.

10. Recommendation - Ammend documentation of prior testing, quotations etc. prior to project
submission to ECMF. OORG to support the project on the basis that it 15 inciuded in the “; o
Action Plan and the data is needed to assist selection of the best refrigerator technology for broad
application in China.
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TO: WORLD BANK (001-202-477-1273) ERGY OPERATIONS

ATTN: MS HELEN CHAN CHINA AND MONGOLIA |§9ﬂ Ovision
joatly

CC: NEPA (01-8328013) DATE REC™ 8 128’"

ATTN: R RS  ARERL0DSK) FORWARZZL 4 I ClUAN

FROM: WANBAO —

FAX: 86-20—4#13034 ————

DATE: FEB 8,19%4

RE: CLARIFICATION OF WANBAO PROJECT CONTROL NO. fz’ﬁ

Comments from OORG noted. Below is our clarification.

1. Wanbao Group has about 20 subsidiaries. Its product lines
include many kinds of household appliances with the refrigerator
capacity of 1,200,000 units. The production line to be converted
for using HFC-152a has a capacity of 400,000 units in 2 shifts.
(Therefore the production capacity in the project summary should
be corrected as 400,000 units. All description and figures in the
FS and PS5 are for the excuting subcompany only except otherwise
specified.) Other 2 production lines are in another =subsidiary
which produces fridges mainly for export. This latter company has
discussed with Fectrolux for the conversion of 134a technolegy
because its large numbers of fridges are exported to the USA. But
this latter project has not decided yet. Besides, there are other
3 factories producing fridges of them 2 has temporaryly stopped
operating.

Wanbao o9roup invested a lot of money in other products in
recent years that caused reduction of fridge output. Another
reason for fridge output reduction is the decrease of domestic
market demand. Wanbao group strategically scheduled more fridges
for export to compensate domestic maeket demand. But these export
fridges are made in another s¢bcompany. W¥anbao’s (this project)
actual production in 1993 is im 1 shift only for above reasons.

2. wWanbao has conducted a lot of tests with 152a. Some test
reports given by independent laboratories are attached to FS.  Up
to now we are not quite clear on the point of "expert review". on
what level that the experts are considered to be qualified,
international, npaticnal, provincial or other? ¥We need indication
about this. We think most fundamental tests has been conducted
and we are aware that some more additional tests need be
condudcted in the future. which are described in FS and PS.

3. It is ture that redesigning of condensors and evaporators is
nat certainly necessary. Our tests are based on unmodified
condensors/evaporators and nearly satisfied results have heen
obtained. Yet the performance of HFC-152a is not exactly the same
ag that of CFC-12. If we modify the condensors/evaporators, mare
favorable results may possibly be obtained, especially in the
aspect of energy saving. We think epergy saving is very important



to customers.

4. There will be a marking on the cabinet indicating the
refrigerant used in the unit and guideline will be given to the
service men. These will be included in training progras.
Standards for application of 152a will be developed when
iaplesenting the project.

5. The export fridges are made by another subcompany of the
group which is considering to convert to 134a technology for the
reason of USA market. The 152a project is to make fridges mainly
domastic market. The deadline for comments on Ul draft proposal
is May 5, 1993, thus we think the UL draft proposal has pow
become effective (not quite sure, will check). However, even more
flammable hydrocarbons are considered to be used as refrigerant,
we think the less flammable HFC-152a will eventually be sure to
be accepted. And we undertake the fridgea using 152a will firat
get approval by UL if we want them to be exported to USA.

6. The safety measures are key points of the project. We think
higher costs on safety measures than other projects are
reasonable. On the other hand, the technical transfer costs of
the project are less than other projects. And the incremental
operating cost of the project is less, too.

7. The quotation we have got for charging machines is USD
439,000 for 2 (USD 219.500 for each). We noticed that the price
is higher than that of ordinary cones. It was said that this is
because of 152a’s {lammability that the machines suitable for
152a have not been existing and wany modifications have to be
done. W¥We will, however., inquire other coampanies to seek less-
expensive ones, and are very much interested in if the World Bank
Consultants or Q0RG could help us to find the wachines with lower
orice. At the moment, we assume that they could be found with the
price of USD 100,000 for each and USD 200,000 for two.

8, To use 152a as non-0DS refrigerant is mainly developed by
our own. We have invested & lot of resources and conducted many
tests on this project. We are also aware that there are still a
lot of work need to be done. But as an enterprice, we could not
afford to do everything on our own. We need support from outside.
Ve need to be clear if MPEC will sopport the projexct developed
by our own.

9. Feasibility Study (revised on Jan 28, 1994) on both paper
and disk has been submitted to ¥World Bank, which we think has
been well received. We think you will know more detailed
situation about this project when you read it.

Thanks and Best Regars

for



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 Engineering Assistance for Conversion of Refrigerator Manufacture to
HFC152a/HCFC22 Blended Refrigerant in Conventional Compressors
PROJECT DURATION 2 years
PROJECT IMPACT 70 MT CFC-12
PROJECT BUDGET Incremental Capital Cost - Phase { $ 645,000
Incrementat Capital Cost - Phase 2 $ 335,000
Incremental Operating Cost 3 0
Total Project Cost 3 980,000
PROPOSED OTF GRANT! 3 860,000
IMPLEMENTING ENTERPRISE Chang Ling (Group) Co. Lid.
IMPLEMENTING AGENCY The World Bank
NATIONAL COORDINATING
AGENCY National Environmental Protection Agency (NEPA)

PROJECT SUMMARY

This project will lead to replacement of CFC-12 refrigerant in househeld refrigerators manufactured
by Chang Ling with a blended refrigerant consisting of HFC152a and HCFC22. Technology has been
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 units produced under factory
conditions, will be conducted to define firm project scope and costs for full conversion of the factory
output to HFC152a/HCFC22 blended refrigerant during Phase 2. The results of Phase 1 will be
compared with similar projects using alternative refrigerants before proceeding with Phase 2. Net
incremental operating costs for the conversion will be defined during Phase 2 and presented in a
separate Phase 3 project at a future date. A separate project will be defined for replacement of CFCs
used in refrigerator insulating foam, pending definition of the best available technology.

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

! The OTF grant is based on 00% Chinese ownership. A 3% financial agent fee and 2 15% contingency is included in

the estimates of incremental capital costs. Chang Ling will self finance $150,000 of Phase 2 the capital cost for plant renovations.



PROJECT OBJECTIVES

The objective of this project is to establish a phased introduction of technology for use of HFC152a/HCFC22
blended refrigerant in domestic refrigerators produced by Chang Ling. The results of this project will be
evaluated and considered for adoption by similar refrigerator operations.

SECTOR BACKGROUND

Table-1
CHINA - ODS Consumption in Domestic Refrigeration, 1992
(metric tons)
CFC-11 CFC-12
Insulating Foam - New Refrigerators 4600
Refrigerant - New Refrigerators 850
Refrigerant - Service Old Refrigerators 500
Total - Domestic Refrigeratton 4600 1450

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

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

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

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non-
ODS 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 concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technologies
defined in the long term. Starting in 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:



-3
Table 2

Projects included in China Refrigerant Program

Refrigerant Compressor Technology Prod. Capacity
Source (units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000
'ote: Binary Blends are mixwures of RFC [52a and HCFC22; Temnary Blends also inciude HCFC 124

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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely related to those currently used for CFC-12 further potential savings are possible.
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
available.

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

ENTERPRISE BACKGROUND

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

A 1otal of 1,200 employees are engaged in refrigerator production on one production line imported from
Merioni (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 about 3% of the refrigerators produced.

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

Chang Ling is committed to phaseout all CFCs used in refrigerator manufacture before 1997,
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Table 3
Actual and Forecast Refrigerator Production at Chang Ling

Actual Forecast
L
1 - 1 1 . |
Year 90 91 92 93 94 95 96 97

Refrigerators 210 260 270 397 450 600 600 600
_ Produced
(000 Units)

Since 1990, Chang Ling and Xi'an Jiaotong University have been engaged in a collaborative venture 1o develop
a refrigerator based on HFC1522/HCFC22 refrigerant. Phase 1 type activities completed to date include:
calorimeter testing of 9 compressors using the blend, appliance testing of 20 refrigerators, and compatibility
testing of lubricants, driers and compressor materials. Advantages of the blended refrigerant were found to be
minimal engineering changes to compressors and refrigerators and higher energy efficiency. Ongoing work is
focused on optimization of the refrigerator-compressor system.

PROJECT DESCRIPTION.

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

Phase I Engineering, product development and testing under local conditions to establish basic data for
full conversion to HFC152a/HCFC22 blended refrigerant and for comparison with results of similar programs
using alternative refrigerants.

Phase [I Full conversion of the Chang Ling factory to HFC152a/HCFC22 blended refrigerant

During Phase [, 500 refrigerarors will be produced under factory conditions to prove the viability of
manufacturing refrigerators safely and reliable under local conditions. Technical collaboration will be sustained
with Xi'an Jiaotong University. At the conclusion of Phase |, a feasibility study will be prepared for full
conversion of refrigerator manufacturing at Chang Ling using HFC1522/HCFC22 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 commnencing with Phase 2.

Phase 2 will implement the full conversion of Chang Ling refrigerator facilities to HFC152a/HCFC22
blended refrigerant

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY

While 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 niot available.

One such alternative under consideration is the use of blended refrigerants which can function effectively in
conventional CFC12 style refrigerator compressors. The HFC152a/HCFC22 biended refrigerant is a leading
condidate because of refrigerant availability at a resonable cost compared to CFC12 and because of a slight
tmprovement in energy efficiency. Chang Ling has pieneered this application and is well positioned to
implement the project successfully.



PROJECT COST

The total project cost is estimated o 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$1,300,000 for the first four years of
- operation, discounted at 10%.

UNIT ABATEMENT COST (UAB)

$ 9.87 per kg CFC-12

PROPOSED OTF GRANT

The proposed OTF grant request is US5860.000 is based on 100% Chinese (state) ownershhip of Chang Ling
{Group) Co. Ltd. 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. Chang Ling will self finance

$150,000 of the Phase 2 costs covering plant renovations.

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.
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CHANG LING
PROJECT COST SUMMARY

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

SUB-TOTAL 560
Phase I I
1 Refrigerant Charging Machine 75
Reorganization of Production Line including 175%
Ventilation and Fire Protection
7 Halogen Leak Detectors 40
13 Blend Recovery Units 20

SUB-TOTAL 310

Contingency (15%) —v 110
TOTAL CAPITAL COSTS 980

: US%150.000 10 be self financed by Chang Ling (Group) Lid.

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 2Q94 2Q9%4
Prepare Feasibility Study for Phase 2 3Q94 3Q9%4
Phase 2
Purchase and Install equipment for mass 4Q94 1Q95
production of Blend Refrigerators
Test Manufacture 2000 refrigerators on full scale | 2Q95 2Q95
production line
Increase Production Rate to achieve complete 4Q95 40Q96
phaseout of CFC12 refrigerant use

Project schedule assumes ECMP approval of project duning 1Q94.




Annex C

TECHNOLOGY TRANSFER AGREEMENT

Chang Ling (Group) Co. Ltd. (formerly Shaanxi Refrigerator Factory)(Chang Ling)) and
Xi'an Jiaotong University (XJU) have reached the following technical and safety system
coordination agreement for producing refrigerators using HFC152a/HCFC22 blended
refrigerant.

In a previous agreement (Dec. 26,1990) XJU transferred to Chang Ling technology
applicable to use of the HFC152a/HCFC22 blend in refrigerator service. In this agreement
XJU will provide additions technology and testing services to assist Chang Ling with the
following activities:

Production of 500 refrigerators
Design of facilities for mass production
Safety analysis of project plans and facilities
Training of operators and mechanics
XJU will be responsible for ensuring the reliability and reasonability of all project plans.

A one time fee of $50,000 will be charged for the above services.

The term of the agreement will conclude in December 1995.



Conversion of Refrigerator Manufacturing from CFC-12 to
HFC-152a/HCFC-22 blend

at Chang Ling Refrigerator Company at Baoji
Project Proposal by The World Bank, January 1994

Scope

The scope of this project is to convert the Chang Ling household refrigerator factory
from CFC-12 to the binary blend HFC-152a/HFCF-22 using conventional
compressors. The technology for this altemative has been developed by the company
in cooperation with the Xi'an Jiatong University.

Recommendation
Approval

Relevanc d adequacy of informati vid

The original infformation supplied was only a project summary (which lacks some
relevant information) together with explanatory remarks by the World Bank consulitant.
In a second stage, after a preliminary review, supplementary information was given by
the Chang Ling company. Altogether sufficient information for a judgment is present.
The project proposal itself does not contain all relevant information.

Technical soundness

The Chang Ling company has chosen an aiternative which is not being applied
elsewhere and therefore had to do its own development in cooperation with the Xi'an
Jiatong University. Also the compressor manufacturer (Yuan Dong Co., Xian)
participated in this development and guarantees their CFC-12 compressors with the
HFC-152a/HCFC-22 blend.

Extensive tests with the blend are being reported and possible problems have been
addressed like the application of mineral oil and the higher discharge temperature. For
the latter problem accelerated life time tests for the compressor are still being
scheduled. The tests performed and information supplied gives confidence that the
status of the technology is advanced enough to start a pilot production.

L essons from experience

not applicable

Environmental issues

The blend HFC-152a/HCFC-22 still has a low ODP and is therefore a transitional
supstance only.

Safety issues



The blend applied is flammable and therefore special provisions need to be made to the
production line.

In China a National Standard on the application of flammable refrigerants is scheduled
to come out which should give guidelines and must address the problem of
distinguishing appliances with different refrigerants.

Cost-effectiveness

No incremental operational costs are claimed in this phase yet (they must be lower
than for HFC-134a projects) Therefore no cost-effectiveness can be discussed.

The costs claimed for safety measures in the production lines are reasonable
(approximately 400,000 USD). Also the other costs claimed are reasonable and In line
with similar projects.

Other

In the project summary it is stated that after phase 1 (pilot production and field test of
300 appliances) the resuits will be compared with similar projects before proceeding to
phase 2. However, it is doubted whether this procedure is very realistic. Already in
phase 1 large investments are made, maybe not specifically in hardware but in
technology development, transfer, training etc. Another aspect is the funding itseif.
The question is: would this company be funded again for conversion to HFC-134a if
after phase 1 it appears that the blend altemnative is not so successfu! 7 In other words,
once the decision is made for funding this alternative, it is a final decision.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 1994 02 09



Supplemental Comments of 6 China Refrigerant Projects
Overndl Assessment

Chang Ling
HFC152a/HCFC22 Binary Blend Refrigerant

1. Chang Ling has conduced extensivie tests with HFC152a/HCFC2Z in cooperation with Xi'an
J1aotong Univ (XTU) starting in 1989. They clatm the test work is now complete (3 years of data) but
is all in Chinese. They are summanzing these tests for inclusion as an annex to their feasibility study.
This will be in hand by Jan 22. The next step will be to make 500 refrigerators on their main
manufacturing line for field testing. Chang Ling does not have external technology support but feels
confident that their expertise in cooperation with XJU should be adequate as there are no changes
needed in compressor design to accomodate the HFC152a/HCFC22 blend.

2. Chang Ling do not plan to modify their condensors and evaporators 1o optimize the
refrigerant circuit. They are planning to evaluate a replacement for mineral oil as the discharge
temperature for the blend is higher than that for CFC12 and o1l degradation may result over a long
penod of tume.

3 The work plan does focus on the "Critena” for appliance development. There was considerable
debate on the 48 degree temperature which was specified for the controlled ambient test. (This same
question arose from Hua Yi, Wanbao, Shangling, and Shanglu). The claim is that 48 degrees is to hot
for the refnigerators made in China — their National Standard for testing 15 32 to 38 degrees depending
on model type. Kuijpers has been requested to review this 1ssue and advise if lower temperatures can
be accepted for meeting the "Critena”.

4 Even though the addition of HCFC22 to HFC152 reduced flammability. the binary blend
which Chang Ling plan to use (80/20 HFC152a/HCFC22} is still flammable. The cost to make
refrigerator manufacture safe for handling flammable refrigerants is a sigruficant factor in the cost of
capital equipment. traming of techmical staff. traiming of operators and mechanics and timing project
impiementation. [ do not thunk that these questions are fully apprectated by anyone at the present time.
We should anticipate a slower project implementation than has been suggested by Chang Ling. )

3 Chang Lug 1s commiuted to a lull phaseout of CFCs in their line of retngerators hy 1997,
This 1s an admirable goal and deserves support. however. caution shouid be exercised on the
{lammability 1ssue. Chang Ling will commut 8130.000 of their {funds to Phase 2 of this project to
encourage 1ts progress and support.

6 As more different refngerants are added to the "swte” of refrigerants 1n use in Chuna, the
question of refngerator service will become acute. China wall need to develop appropriate standards
tor 1dentification of what tvpe ("class”) ol retngerant 1s in use and what servicing procedures should
be used.

-

Qveall Assessment - The project 1s well prepared and documented The work plan meets the
"Critena” for tesung appliances.

g Recommendation - Ammend documentation of pnor testing pror to project submission to
ECMF. QORG to suppon the project on the basis that it is tncluded in the Chuna CP Action Plan and
the data 1s needed to assist selection of the best refrigerator technology tor broad applicauon in China.
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1. ChangLings blend technology |was approved by expert
group organized by tho related goverment scuenuho
agency : Ii : '
The Ei glish tranalatiori cop’Y of “Evaluated Certiﬂcato;
of Science and Technology gi/-\chievernent ofproject”are
attachqd this time.

The c'hnese copy wes mvofveH in the feasbility study.%

. M :
2. Yuan El?ong compressor Manufac*' e Co. Xlan, Sheanxi
provnn(}e China, is the Ieadng compressor supplier of
Chang :Ling. : |
Aocorcjtng to the Goverment‘;arrangement of Shaanxl
Provnnca, the two compeny cooperate on blend tednobgv.,
Yuan Dong Co. fully guarantee lhe Justification that its!
CFC- 12 compressor d«rectlv use Iblend !

. ]
l

2.1 Yuan Qong Co. Xian. :
2.1.1 Yuan bong compressor: range |from 1/8HP to 1/3HP
rec:procamg type. ;
2.1.2 productlon capacity 6500003etslyear.
2.1.3 Yuan Dong compressor QDB2GA)| QD75GA have been fully :
tested -wnth using b!end as ren!gerant _
English | translation copy of{l the test report are .
attacheq this time. I' '

!.
||
|

LR e AmEm s bk

:_ a |
3. Higher discharge temperatwe, rhinersl ol
| : |

3.1 Dischargé temperature i
when Jse blend, compressor’rs dischargdtemperature
raises e'a little  compared with tPa of using CFC-12.
Surposeithe increase At

8.1.1 DUPONT, CO. U.S.A report ;'
Aoooncrng DUPONT'S report(U S. A* for SUVA MP39. At==+13°C
about and they clam that there |is no problem for the |

compressor made within the near#t decads to do with.
3.1.2 owr test| report : i!

I

I T
] : e
1

I
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|
1
1

! !

The diffferent of the c,ompress!qr type. the different of':

the At ; | |

ASPERA ATRA | A8

(italy) : | ’
QD‘I5GA i At=+5°C

(Y Dong Co. Xlan, China)l
3.1.3 Above al, we think |t can be ]accepted
3.2 Mnezq ol :
By fully tested, we ara conf‘qent enough that eXlst
compressor ol is compatbler with blend. We have
dlsrnanﬂed one prototype comp[r!eseor that had run oyer‘
one year, we find no change of its minenal oil, nor thaf=
compressor parts. |l
3.3 Accelerated Life time test '|
We slchadu!e to carrv out ithis test according to;

M e M ke e e et

CRIT EF‘LA and compressor standard [
Start Date : 2?/2/94 !
Duration months 1

Coooperator: YLM Dong Co. :
E X‘m Jiao Tong University '

Yuan Dongs tost reporls of its CFC- 12;
compressor QD'?SGA directly use blend§

! altached this tmé. the resut is okay.
Refrigerator prototypes using hlend have well operate!
for 3 years without any problellr? '

|
!

| | ¥ o
4. Flammabiity | §
| z il
In Appendrx 2.f. of owr feasibul" study, there ere
full test reports to show bler{d s flammability being. in|
safoety ‘level and weakest compared with HFC-152a's.
For slnble customer refrrgeratqr using blend, flammabllrty
isn't ' exist. n :
4.2 Flammabmy Guidines of blendl using appliances ar}df
the way to distnguish  them from others will be§
sccordence with the Natonal éndard scheduled to he !

i




5.1
6.1.1

5.1.2

5.1.3
5.2
5.2.1

[N o T RO

i . :
made iout by NEPA and NCLI. fecently.
i : |
lnvest'ment '

i LT T

Backgli'ound of the 160 USD/umt for 500 refrigerators,
In item 6.3 of feasbiity stygy
6.3 '{;‘vOO sets refrigerator  with blend:
;ﬂeid test fee plus ”ncraamental
;:ost of production are 20000 USD. -
Thet is: 40 USD/unit : ' o
in ltem 8.4 of feasbinty studv i
6.4 ?‘ecfuncal pzeparatlon fee, cost of prototypes,i
tset fees, des:gmng feeof safety systemand cost forI
$tandard making out, tou}lv 60000 USD o
That is: 120 USD/unit; _ }
40+12F!"160 USD/unit
Blend | supply and recovery factfty o
In Ite 5.1 NO.4 of feasub:ﬁpw study. we totalh‘r
need Is set recovery equment
For 500 blend refrigeafor test production, {phase l) '

Y S

.
!

only 2 s6t were nedded. one for production line, _the_
other [for repairing  center. f! :
91500 USD/unit ' 2_')f<1500=3000 UsSD

522In|tem53 NO.3 ';

5.3

Mlcro—mass flow meter. and pur?p set (supply pump) wa
need 4 sots ;
1. lt' was used to pump the l-gFC 152a and HCFC-22 tntci
blend changing Machine accuratly and individually. |
2. A;s one each changing machtne for preduction Imeancj
repairhg fine, and two #Jpplv pumps for each. . so
total 4 set were needed II

3. 8250 USD/set 4X8250=33000 USD

|
5.2.3 Total: 3qoo+33000-3eooo uso -, |
' : : f

Speqal introduction

1. 1GQ USD/Unit for 500 refriéeratlon

2. 36000 USD supply pnd rec¢\/erv facility

The above data were surnmanzbd by W.B., expert M,
| . o .
i ' A
i ‘
| |
i

1 . oo . H
! . ! i
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PROJECT COVER SHEET

COUNTRY: The People’s Republic of China
PROJECT TITLE: Zhongshan Fine Chemicai Aerosol Filling Center CFC-12
Substitution Project)
SECTOR COVERED: Aerosol
ODS USE IN SECTOR: CFC-12 consumption was 9420 tons in 1992
PROJECT IMPACT: Phase out CFC-12 6,590 tons annually in 1996.
PROJECT DURATION: 2 years
PROJECT ECONOMIC LIFE: 10 vears
TOTAL PROIJECT COST: LSS 8.359 mullion Capital Costs
USS 6.759 million incremental recurrent savings
PROPOSED OTF FINANCING: USS 1.6 million
IMPLEMENTING ENTERPRISE: Zhongshan Fine Chemical Industrial Limited
COORDINATION NATIONAL BODY: National Environment Protection Agency

IMPLEMENTING AGENCY: World Bank

PROJECT SUMMARY

The project converts aerosols with 100% CFC propellants to non CFC. Dimethyl Ether (DME)
was selected as propelient, due to non availability of clean LPG in Guangdong Province. After project
completion, output of DME will be 5000 tons annually, which can substitute for 6590 tons CFC. This
project is listed in China's ODS CP, and will be carried out during 1994/95. In foreign aerosol industry,
except for LPG, DME is in the second position for substitution for CFC and technology is available. The
enterprise plans to take available technology of making DME by methanol from South-West Research
Institute. Based on facilities for making DME., the project can not only meet requirements of conversion
of enterprise itself, but also serve local small enterprises in can-filling lines with competitive low costs
by establishing aerosol filling center. Thus it will promote substitution CFC throughout southern China,
and reduce CFC losses prevelant in many small existing fillers. For those enterprises with modern filling
facilities, the enterprise can supply suitable DME at a low price. DME manufacturing facilities will be
in Zhongshan city. According to CP, estimated consumption of CFC-12 used in China aerosol industry
will be 23,600 tons in 1996, by implementation of this project, consumption of CFC-12 will be reduced
by about 25-30% in 1996.

TECHNICAL ASSESSMENT: The project has been reviewed and suppcrted by the
Bank’s alternate OORG technical reviewer, Harry McCain. Higs comments are
attached.




PROJECT OBJECTIVES.

Project objectives include: 1} setting up facilities for manufacturing
5000 tpy DME; 2} setting up aerosol filling center, with capacity of 35 million
cans/year; and 3) phasing cut about 6,900 tpy CFC use in aerosol industry.

SECTCR BACKGROUND

China’'s aerosol industry developed late, its products are now only about
1% in the world, but with a population of 1.1 billion people there is a huge
potential market. Along with the boost of domestic ecconomy, demand have been
increasing rapidly in recent years. National consumption of CFC propellant was
7090 tons 1in 1991, and increased to 9720 tons in 1992. According to CP, in case
of no substitution, c¢onsumption will increase to 23,580 tonms in 199%6. To meet
requirement of environment protection, CFC substitution and conversion
engineering of aercsol industry in China now becomes a top priority. This
project along with previously approved projects in Shanghai and Tiangjing, will
account for about 80% of projected consumption. There are 56 factories which
produce aercsols in Guangdong Province, with CFC ceonsumption of 3,620 tons in
1992. According to investigation, the consumption in Guangdong will reach to
more than 6,000 tons in 1996. Most of these aerosol factories will be supported
by the socuthern filling center.

ENTERPRISE BACKGROUND

Zongshan Fine Chemical Industrial Limited (Zongshan) is a comprehensive
state-owned enterprise which deals mainly with aerosol products, aerosol cans
{including valves) and fine chemical products. The enterprise owns a net fixed
asset of US§ 7.6362 million, and in 1992 its gross industrial output is
US$64.2735 million. The project sponsor is a 100% state-owned enterprise.

The enterprise has developed aercsol products since 13%82. 1In 1992, the
annual output of aerosols reached 48.8 million c<ans, which was about thirty
percent of national output. There are more than twenty kinds of products

spreading widely in domestic market. 1In 1992, the consumption of CFC-12 was 2250
tons, 1in which abeout 70% is hairsprays and air fresheners. There is an aerosol
technolegy developing centre in the enterprise as the scientific research
organization to develop new products, while the manufacturing technologies mainly
developed by the enterprise itself.

PROJECT DESCRIPTION

This project covers the facilities for making 5000 tons DME from methanol
annually, an aercscl filling center of 35 million cans annual £illing capacity,
and a set of public utilities of water, electricity, steam, cool and compressed
air. Accessory equipments include warehousing, distribution, transportation,
quality control, fire control systems of DME. The enterprise has signed an
agreement on technolegy of making DME by methanol with South-West Research
Institute of the Ministry of Chemical Industry to take over its scientific
regearch result and designs for this project. By using this technology, the
conversion of methancl can reach 70%, the purity of DME can reach more that 99%,



which approaches the foreign technical level of the same product. The finished
product of separated and refined DME can have a purity of over 99.9%%, thus
suitable toc be used as aeroscl propellant. The preliminary design of DME
facilities has passed provincial evaluation, the construction design is also
nearly completed. There are altogether 81 sets of equipments under the design,
of which 17 sets are standard type, 62 sets are non-standard type, and 2 sets are
specified equipments. Technology and equipment are from China, the main hardware
of computer system shall be imported from USA and Japan. DME ocutput of the
facility is 5000 tons annually, of which 3094 tons shall be applied to f£ill 35
million cans of aerosols. Among them, the enterprise itself will turn ocut 20
million cans, the remaining 15 million cans will be for other enterprises. The
remaining 1306 tons of DME will be sold to other companies.

In order t¢ phase out all CFC uses in the company, there are five automatic
filling 1lines and four semi-autcmatic filling machines to be retrofitted.
However, in this project, only the investment required for retrofitting three
automatic filling machines (each with capacity of 40-50 cans per minute) and two
semi-automatic filling machines {(each with 10 cans/minute) is included. The
investment needed fcr the other equipment will be sclved by the company
themselves as a constriction for the world czone layer protection programme.
The content of retrofitting includes the installation cf gassing rooem in
accordance with the fire proof requirement, the installation of safety dewvices
as detection, ventilation, alarming and fire extinguishing etc. Besides those,
all gaskets are to be changed to suit the DME characteristics as well as power
and lighting to be retrofitted in accordance with safety standards. This project
ls to be situated in Qiwan District, east of Zhongshan City.

JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION

LPG is more frequently used in aeroscls than other CFC alternatives for its
reasonable price and easy source of supply. However, in Guangdong province, the
investigation shows that LPG is not so satisfactory as to both its quality and
quantity. In respect of gquality, the total sulphur and sulphur as thiols within
local LPG are respectively about 200ppm and 20ppm. It also contains ethylene and
many kinds of bad smell impurities, making it hard to take normal refining
process to get the ideal result; in respect of quantity, in contrast with one
million tons of annual practical demand of LPG for civil usage, LPG annual ocutput
of two main refineries of the province cannot yet reach 200,000 tons, which is
a big shortage in quantity. It is noted that LPG in neighbor provinces is also
insufficient. The local price of imported refined grade LPG in effect reaches
high tc RMB 8,000 per ton, and the supply is not stable.

With the exception of LPG, DME stands in the second place in quantity as
the aeroscol CFC alternative. The worlid’s annual output of DME exceeds 170,000
tons, among which nearly half are supplied to the aerosol industry. DME is
applied in aerosols with the evident advantages as follows:

1) Since DME and water are highly miscible, it is easy to develop water based
products to decrease VOC value for purpose of environmental protection.
2) To decrease flammability of aerosols by increasing its water content.



3} DME is soluble in either polar or non-polar solvent, so it is ideal to be
used in multi-component formula to increase product guality. Supply of
methanol is 1locally available, thus since 1local supply of LPG is
difficult, it‘s feasible to bhase the project on DME.

Zhongshan , sponsor of this project, has been in the field of developing
and producing fine c¢hemical products for 28 years. The project adopts
transferred technology of making DME from methanol hy South-West Research
Institute of Ministry of Chemical Industry to turn out DME of aeroscl use
purpose, DME purity of finished product is to be not less than 99.9%, with
impurities methanol less than 200 ppm, water less than 200 ppm and thiols less
than lppm. Under present producticn scale, it is estimated that the enterprise
can already make small benefit on a selling price of RMB 7,500 Yuan (a bit lower
than price of imported refine grade LPG). Thus the project is feasible in view
of economy and technology. The project 1s an effective way for Guangdong
province to improve its circumstance of LEG shortage by using DME as CFC
propellent alternative. By the time the project put into cperation, it will
complement and support the LPG-use filling centers in Shanghai and Tianjin.

PROJECT COST

Capital Costs. The investment cost is US$8.359 millicn, according to detailed
investment cost in annex A},

Incremental Costs. The project will generate revenue, and the operating
costs and benefits have been taken into consideration in determining incremental
costs. Given the profit of the substitution as given in the feasibility report
(Appendix B), and estimation of cost, tax and preofit cof different products
(Appendix C in feasibility report}!, discount rate of 12%, construction period of
two years and economic lifetime of 10 years, the internal rate of return can be
¢alculated. The internal rate of return is calculated, respectively, without any
grant (FRR of 8.3%) and with a grant of US$ 1.6 million to give a FRR of 12% as
shown in annex B. The project shows a net value of US$ 6.75% million within its
lifespan on 10 years. Thus, the incremental costs for the preoject is equal to:

Capital costs US$ 8.359 million
Net presentvalue of operating benefits UsSg 6.759 million
Incremental costs Uss 1.8 million

FINANCING PLAN

ODS investment cost of the project is US$ 8.35% million, plus the interest
of USS 0.5973 million during construction (interest rate is 9.696), total
investment shall be US$8.9563 millien, including US$1.934 million in direct
foreign exchange.

The total investment of USS$ 8.359 million is to be collected by three ways:
US$1.600 million for OQTF grant, USS 0.684 million raised by the enterprise
itself, and USS 6.075 million from domestic loan. As to the domestic lcan, The
People’s Construction Bank of China, Zhongshan Branch has already promised to



provide an initial amount of US$3.932 million for this project. Additiocnal loans
will be obtained and confirmed during subproject appraisal by the FA.

PROJECT Management

The National Bureau of Environment Protection will act as the project
supervisor. Zhongshan Fine Chemical Industrial Limited is responsible to carry
cut this preject. The South West Research Institute of the Ministry of Chemical
Industry shall provide technical support. Implementation will take two years,

PROJECT BENEFITS

1) DME manufacturing facility with DME capacity of 5,000 tons/annum, and annual
ODS reduction of 6,590 tons;

2) The filling center can eliminate environmental pollution caused by heavy
leakage of small enterprises due to their backward equipment, and save
significant expenditure for small enterprises’ conversicn to nen CFC propellant.

Unit Abatement Costs: = USS 0.1,kgODS/annum




Annex A

Exchange Rate: US$ 1=RMB 5.85

List of Investment Costs

RMB 10000.00 unit US$§ 1000.00

Item RMB Foreign Currency Total

RMB Converito | US$ Convert RMB Convert

USss to RMB to US3

Civil Works
Land preparation 316.0 540 316.0 540
Civil construction 396.0 677 396.0 677
Public utilities
Utilities 188.1 322 100.1 322
Boiler 624 107 62.4 107
Cooling Station 350 94 55.0 94
DME equipments
Equipment 11542 1973 1125.1 1973
Instruments 10.00 17 332 1942 204.2 349
Conversion of
aerosol filling
system
3 sets of 622 363.9 363.9 622
autofilling lines
2 sets of filling 105 61.4 61.4 105
machines
Liquid product
formulating
Tanks for storage 22.0 38 22.0 38
Tanks for 12.5 21 12.5 21
formuiating
Measuring, 8.5 15 8.5 15
filtering
appliances, etc.
DME storage and
distribution




Main equipment,
pipes, electric
apparatus

286.9

490

286.9

490

Conveying
system,
instruments,
valves

207

121.1

121.1

Transportation
appliance

DME truck(3)

131.0

131.0

Methanol truck (6)

36.0

36.0

Crane (2)

6.0

6.0

Cargo truck (2)

6.0

10.0

Bus (1)

25.0

25.0

Lab QC Apparatus

Corrosion test &
auxiliary
instruments

50

52.7

52.7

30

Other quality test
instruments

12.0

12.0

21

Safety facilities

Safety equipment

25.0

140

81.9

106.9

183

Water spray
system (2)

42.0

42.0

72

Transportation
expenses for
equipment import

Overseas
transportation

96

56.2

56.2

96

Domestic
transportation

45.0

77

45.0

77

Instailation &
Commissioning

Installation

226.0

386

226.0

386




Commissioning by

60 35.1 35.1 60
foreign experts
Running test & 32.0 55 30 17.6 49.6 85
training
Engineering Costs
Design & 100.8 172 100.8 172
Technical
Assistance
Project 65.0 111 65.0 111
management
Sub-total 3267.9 5586 1682 984.2 4252.2 7269
Other costs
Floating rate 5% t63.4 279 84 49.2 2126 363
Unpredicted 326.8 559 168 98.4 425.2 727
expense 10%
Total 3758.1 6424 1934 1131.8 4890.0 8359

10



annex B

Calculation of Grant Amount to Yield 12% FRR

(1) Without grant Unit: US$000.C0
Year Investme Grants Sales Sales Operatio Operati | Net
nt Cost Revenue Tax n Cost on Cash
Bentefit Flow
1 3760.7 0 0 0 0] v (3760.7
)
2 45%88.3 0 o ¢ 0 0 (4598.3
)
3 0 o 26860.7 4728. 22717.9 (578.1) (578.1)
4 o 0 318383.8 6755. 300859.9 1538.1 1538.1
5 0 o 38383.8 £755. 30089.9 1538.1 1538.1
6 e 0 lg38l.8 6755, 30088.9 1538.1 1538.1
7 Q 38383.8 6755, 30089.92 1538.1 1538.1
8 0 0 38383.8 6755. 3¢089.9 1538.1 1538.1
g 0 0 38383.8 6755. 30089.9 1538.1 1538.1
10 0 G 38383.8 6755. 30089.9 1538.1 1538.1
11 0 0 38383.8 6755. 30089.9 1538.1 1538.1
12 (1003.1) 0 318383 .8 6755, ip08s.9 1538.1 2541.2
Netes:
1. Sales revenue revenue of products filled for the enterprise + revenue of

products filled for other enterprises + revenue of DME product for sale.

2. Sales revenue

quantity for market x selling price of each part.

3. Selling price of each part is in table 2-4 of Appendix C-2.

4. Operation cost

sales total cost - depreciation cost



{(2)with grant Unit: USS$ 000.00

Year Investme Grants Sales Sales Operati Operati Net
nt Cost Revenue Tax on Cost cn Cash
Benefit | Flow
1 3760.7 721.4 0 0 0 0 {3039.3
)
2 4598, 3 878.6 0 0 0 0 (3719.7
)
3 0 0 26868.7 4728.9 22717.9 {(578.1) (578.1)
4 0 Q 38383.8 6755.7 30089.9 1538.1 1538.1
5 o o 38383.8 6755.7 30089.9 1538.1 1538.1
& 0 0o 3Bg383.8 6755.7 30089.9 1538.1 1538.1
7 C 0 38383.8 6755.7 310089.9 1538.1 1538.1
8 a a 218383 .8 6755.7 30089.9 1538.1 1538.1
2 o o] 38383.8 6755.7 30089.9 15538.1 1838.1
10 0 0 38383.8 6755.7 3Q085.9 1538.1 1538.1
11 0 0 3g383.8 6755.7 10089.9 15328.1 1538.1
12 0 0 3i8383.8 6755.7 30089.9 1538.1 2541.2

Unit Abatement Costs: Unit abatement costs 1s calculated as follows:

A= C{F}=(0C-085/R)
QODP
Within the formula
(1} C{F)—annual investment cost
When investment cost = USS 8.359 million, economic lifetime= 1- years, discount
rate=1296:

C{F})=8359.0 x 0.1770= US$ 1,479.5 million

{2} OC—0S/R—the revenue in the first year of full operaticn
In this project, OC—O0S/R= USS$0.8026 million

(3) ODP—annual ODS reduction under full operation expressed on ODP
In this project, CDP=6590 tons

o
1

1479.5-B02.6
6590

= US$ 0.1/kgODS/annum
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November 22, 1993

TO : Jessica Poppele FAX: 202-477-5752
Ozone Ops Coordinator-Asia
Global Environment Coordination
Room §2-113 / Dept. 655-37

COPY TO : Tom Waltz FAX: 202-522-3258
Rm. 82-117
Montreal Protoceol

FROM 3 Harry B. McCain

SUBJECT $ China Aerosol Project
China Aerosol Industry Southern Filling Center Project
(Zhongshan Fire Chemical Industrial Limited Aerosol CFC-12
Substitution and Conversion Engineering)

® SCOPE

The project under review covers the development of technology for CFC-12
phaseout of 6,590 tons annually (equivalent to 6,590 tons annually ODS use in
sector reduced) in the aerosol sector.

L RECOMMENDATION
The project is supported. Dimethyl ether (DME) is a valid alternative

propellant to CFC in the aerosol industry.

o RELEVANCE AND ADFEQUACY OF INFORMATION PROVIDED
Information provided is comprehensive, complete and well set out to the

etandarde in keeping with producing aeroscl grade DME which will serve the
Chinese aerosol industry well.

Exception: Under "List of Investment Costs", item 7, “"Transportation
appliance, DME truck $274,000 U.S.":

=1 9’4’ Herosol fptopz[[ants o Ondustrial Chemicals
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A new truck (tractor) and tank (trailer) for DME use in the U.S. costs
$130,000 delivered in the U.S. Therefore, the presented cost of §274,000
U.8. seems very high indeed and should be reconsidered.

° ZECHNICAL SOUNDNESS
The report is very extensive and well presented. However, the technical

information concerning the catalytic dehydration of methanol and the specific
use consideration for DME are implied rather than presented in detail. One
must perceive this report as a report primarily on costing, and one must
assume that the technical know-how for producing DME and using DME is well
understood by Zhongshan Fire Chemical Industrial Limited.

It is stated in the report that the source of methanol is locally
available. More detail is needed here. Is the local source basic, i.e., is
it manufactured locally or is it imported and distributed locally?

Methanel is a world commodity whose price can fluctuate greatly
depending on worldwide demand. If methanol is not manufactured locally, it
is then subject to these price changes and can greatly affect the end cost of
DME. Therefore, one muet insure that the local source of methanol, in what
one assumes to be the Guangdong Province, 1s basic.

e LESSONS FROM EXPERIENCE
The Project Accomplishment Schedule, 24 months total, is very

optimistic. Forty eight months would be a more accurate figure. Example:
Bullding construction and equipment purchase and manufacture was given six
months for completion. However, there ie a major chemical company in the
U.S. with an excellent reputation, basic in methanol with a catalytic
dehydrator for methanol in place, that has been trying for three years to
produce high guality DME and are to date unsuccessful., Producing DME is not
their problem; producing no-odor, high-purity DME is. Therefore, one must
surely be prepared for significant delays in the production of DME in China.

[ ENVIRONMENTAL ISSUE
This project when completed will phase out 6,590 tons of CFC=-12 annually

(equivalent to 6,590 tons annually ODS use in sector reduced).
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SAFETY ISSUES :

The safety issues regarding DME have been addressed in the report.
Special considerations for handling which include electrical equipment and
the aggressive solvent characteristics of DME on elastomers were considered.

® COST EFFECTIVENESS
The project is very cost effective at a UAC of $0.1 USD/Kg/annum. Thie

figure may rise if project accomplishment echedule ie extended beyond the
present two year estimate.

i OTHER

None



PROJECT COVER SHEET

COUNTRY OR REGION: China

SECTOR COVERED: Primary Sector; Solvents

ODS CONSUMPTION IN AFFECTED

SECTORS 3306 tonnes of ODP in 1991
PROJECT TITLE: ODS - FREE CLEANING EQUIPMENT

MANUFACTURING CENTER FOR
PHASING OUT ODS CONSUMING
SOLVENTS ACROSS CHINA

PROJECT DURATION: Two years from funding availability

PROJECT IMPACT: Rapid and accurate replication and
placement of non-ODS technologies
as they are transferred from
developed countries to China.

PROPOSED BUDGET: Total Proj Expense : US $1,446,542
Requested funding: US $§ 524,734

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY: NEPA THROUGH MEI

PROJECT SUMMARY
The China Country Programme addresses the rapidly growing solvent sector
by employing a strategy of subsectoral demonstration projects, followed by
replication. With an estimated 3000 lines consuming ODS in cleaning
processes throughout China, the China Country Programme has included an
Equipment Manufacturing plan to minimize the phase out cost.
It is the intent of this project to install manufacturing capability for ODS -free
cleaning equipment in No. 2 Institute. ODS-Free Equipment manufacturing
at this site will replace equivalent ODS equipment manufacturing capacity
currently scattered across China.



PROJECT OF THE GOVERNMENT OF CHINA

ODS - FREE CLEANING EQUIPMENT MANUFACTURING
CENTER FOR PHASING OUT ODS CONSUMING SOLVENTS
ACROSS CHINA

1.Project Objective

The objective of this project is to provide for cost effective installation of
replacement cleaning lines across China by manufacturing and then offering
low cost, no-0DS cleaning equipment to Chinese firms

The project will use demonstrated technology and equipment and will
demonstrate that the replication of ODS free cleaning processes can be
accomplished at considerable savings to the Multilateral fund.

2.Sector Data

The Cina Country rrogramme states that total 1991 ODS consumption in
China was 48,239 tonnes with an ODP (ozone-depleting potential) value of
60,352 tonnes. China has forecast that unconstrained ODS consumption
would by year 2010 result in ODS consumption of 229,318 tonnes with a
ODP value of 292,714 tonnes with resulting severe damage to the global
ozone layer.

ODS consumption in the solvents sector in 1991 amounted to 4,947 tonnes
with a combined ODP value of 3,306 tonnes. This combination reflects the
weighted average of a 0.8 ODP value for CFC-113 {31%) and a 0.1 ODP
value for methyl chloroform (9%). There are 3,200 middie and small-sized
enterprises using ODS-based cleaning processes in China at present. With
unconstrained consumption, ODS consumption in this sector by year 2010
would reach 53,571 tonnes growing at over 14% per annum over the period
1991-2010. It is thus critical that ODS consumption in this sector be
reduced as soon as possible. This is technologically feasible since
alternative processes exist. The main issue is to determine, and then
deploy, the cleaning processes, or alternative technologies, most feasible for
the many different factory applications throughout China.



3.

3.1

Background

Sectoral Needs and Strategy

A major, high growth area in China is the solvents sector, as described
above. China has defined its strategy in its Country Programme, and is in the
process of implementation of each of the elements of that strategy. Key
demonstration projects in each of several major applications, or subsectors,
followed by rapid deployment and replication of the demonstrated
technology, is deemed necessary for successful completion of the solvents
sector overall strategy. For rapid deployment and replication to be
successful, i.e.,a cost effective phase out, two additional elements are
deemed essential, both of which have also been described as part of the CP
solvent sector strategy:

a)

b)

An equipment manufacturing line to produce cleaning equipment for
the replication in an economical, expeditious manner.

An Applications Deployment Center (ADC)} for evaluating the cleaning
process options for the replication plants, where samples from the
factories will be cleaned in various processes, and the appropriate
process and equipment specified for those applications.

In China, with such a significant number of enterprises spread over
such a vast geography, with a significant language barrier in the
ordering and installation of equipment - especially in the remote areas,
the process of phase out on a plant by plant basis could be very
inefficient and therefore, costly. China has existing CFC solvent
equipment manufacturing capacity that is dispersed across China.
China Electrical Engineering Design Institute (CEEDI) estimates that
the number made is between 200 and 300 per year, depending on the
ratic of batch and continuous units made. Just under two hundred
additional are imported per year. The CFC based equipment
manufactured across China today, essentialy as an "ad hoc" product,
is made to meet local needs and generaily does not adhere to
international guidelines as to to emission control, solvent containment,
freeboard, etc. It is normally custom made by many various machine
manufacturing factories which are engaged in production of other,
non-solvent, various general equipment products. The new
replacement technology machines will be dealing with flammable and
harsh/corrosive chemicals, and adherence to international guidelines is
felt to be an essential need.

It is the intent of this project to set up an equipment manufacturing
line in China that will eliminate virtually all of the aforementioned



3.2

barriers to an efficient and cost effective phase out of ODS in the
solvent sector. China is committed to the plan that, when the
equipment manufacturing line is brought on line, then the equivalent
CFC equipment manufacturing in the various factories will cease, and
there is expected to be no Incremental costs associated with the
replacement of this capacity. Thus the CP strategy for a cost
effective and efficient phase out can be achieved.

Enterprise Background

No. 2 institute has the expertise and the capacity, and also necessary
means of studying and making cleaning systems, to satisfy various
needs of the enterprises. It is believed to be the correct choice to set
up the equipment manufacturing line in No. 2 institute.

No.2 institute is located in Heping South Road, Hexi District, Taiyuan
City, about 5 kms away from downtown. Taiyuan City has all
convenient means of communication and transportation. The institute
occupies a total area of 95,000m2 and has sufficient water and
power supply. Being the premier electronic process technology
institute in electronics industry, the institute is mainly engaged in
process technology development and electronics industrial process
management. It was founded in 1962 and, during the past 30 years,
has brought to market hundreds of research outcomes in the fields of
automation technology, PC application, precision machining
techniques, thermal processing, electronic assembly process, powder
metallurgical technology and metal surface denaturation, etc..

In the 60’s, it developed the first wave soldering machine and the
first manufacturing line for producing C-type ferrite-core and Ta
capacitor, followed by production lines of magnetic-rod loudspeaker as
well as a semiautomatic line for B/W TV sets. In the 80’s, it was
assigned the research work of chip component mounting and
soldering technology and equipment, and turned out a number of
high-tech results represented by laser soft brazing machine and
process, impurity alarm in cleaning process and an IR reflow machine,
opening new prospects in the area of SMT technology for China.

The institute covers a wide area - 9.6 hectares with dozens of
one-floor buildings and several multi-storey buildings. The
manufacturing line will be located on the first floor of No. 8801
Building, a new five story structure with a building area of 6,463m2,



located northwest of the main entrance and now under construction.

The institute now has:
staff 703
in which technical personnel 321
(including senior engineers 63}

key equipment 95pcs
key instrument 370pcs
mini-computer 20
mobile vehicles 25
books and reference materials 25,000volumes
site ground area 95,000m2
building area 27,000

original value of fixed assets RMB 13,980,000

4. Project Description

As mentioned above, the first floor of a newly finished building will be
converted to include a cleaning equipment manufacturing line that is capable
of fabricating 6 types of cleaning system - ultrasonic, centrifugal, brush,
spray and immersible and associated accessories and both in-line and batch
systems of each type. The line should have a capacity of 300 batch units
manufactured per year. With this capacity, it will take 8 years to fuifill the
overall objective of conversion of China to non-ODS processes.

It has been decided that the batch system will be the typical product as
there are more medium-size and small-size firms than large ones, while the
in-line system will be also necessary to satisfy large firms’ needs. In this
aspect, the overseas mature water spray type in-line system will be in the
first place for consideration.

batch system 270pcs

in-line system 10pcs [ equivalent to 30 batch units)

The line will include sheet cutting, flattening, pressing, sheet bending,
coldworking, benchworking, welding, surface treatment and assembly in
conjunction with in-process inspection.

The process flow will be as foliows: preparation - sheet cutting -
machining -
inspection - surface treatment (electroplating, painting , etc) - inspection -
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assembly {(mounting and wiring) - on-line unit debugging -perforcemance test
- packing & storage

5. Technology

The plant will use standard metal working and equipment fabrication
techniques. Work areas within the manufacturing shop, to be set up, are
as follows: benchworking,metalworking, machining, welding, surface
preparation and coating, and the assembly area - which will consist of
electric wiring, test and debugging, final assembly, and packing.

There is a significant amount of equipment already available at the institute
which can be utilized for the purpose of the additional manufacturing line. It
is estimated that the project would utilize 22 pieces of equipment from the

Institute, but would require the addition of new pieces, many of them to be
imported.

The institute, at present, has a 2t steam boiler and 2 hot water heating
boilers with a capacity of 250Kcal/h each, which will be the source of hot
water (95-70!f) supply to the new building. No.8801 Building will have
216m2 of air-conditioned area where t=20degrees, +/-1, RH=60%,
+/-5% and mechanical exhaust system and scrubber will be installed.

The existing water source is sufficient to supply the max. 4.3m3/h additional
consumption. There will be waste treatment plant or recycling unit for the
effluent discharged from cleaning system debugging procedure.

Existing compressors supply compressed air at the point-of-use. The
compressor in the painting area has enough spare capacity to satisfy
0.3m3/min in the new painting area. And a new compressor will be installed
in the new building to meet 7.8m3/min consumption of the line.

The installed power capacity will be 310KW for the power consumed. There
will be both radial and trunk systems for power distribution. There will be a
separate feed line for power supply and lighting.

The equipment to be produced will utilize proven and credible internaticnai

equipment technology and design, and will be based upon agreements with
foreign equipment makers for the use of their technology.

6. Project Costs



The detail of the investment cost is described below. The investrment cost
requested of the Multilatera! Fund has been determined to be US $524,734.
The investment cost of the remainder of the project, to be bourne by the
Government of China has been determined to be $US 221,808. There are
no costs included in this project for patents or agreements, other than the
technology transfer costs.

6.1 Some Explanations

1} The foreign exchange rate will be TUS$ to RMB 8.7, as issued by the
State Foreign Currency Administration.

2} The imported equipment will be at CIF price and be exempted from
duties and taxes on added value pursuant to certain rules. But the local
support cost in RMB such as company commission, banking charges and
local transport expenses and miscellaneous expenses shall be included.

3} The local source equipment will be priced with reference to ex-factory
price with 6% of transport and miscellaneous expenses.

4) The installation cost for foreign and local source eguipment will be
separately calculated and cover both installation and debugging as well.

5) Building engineering cost is estimated for converting an area of 1,436
m2 while and external construction cost covering piping and cabling ,etc. is
estimated at RMB 150,000.

6) The charges for feasibility study and design will be as stipulated in " The
Charging Criteria for Engineering Design" issued by the State Planning
Commission in 1984.

7) The additional power capacity required will be 240KVA and Taiyuan City
regulates RMB 290/KVA for the additional power demand.

8) Insurance expense for construction period shall be 0.35% of the total
cost of construction, equipment procurement and instailation.

9) The cost for trial run, hospitality, office and domestic appliance shall be
borne by the owner.

10) Cost for preparation work shall be 10% of the total investment both in
US$ and RMB.

11) Calculation’s indicated a sum of RMB 176,000 of the interest of loan in
construction period,the yearly interest rate being 10.98%.

6.2 Project Economics

Annex 1 contains the list of equipment needed for the project. Annex 2
contains the project calculations, showing total project costs as well as the
breakdown of the components and also the split between the MLF and the
Government of China. Annex 3 shows the calculation basis for determining
the cost of manufacture, the price comparisons between international and



local production, the profit to be deducted from the project, and the net
calculations showing the basis for the request to the Multilateral Fund.

8. Financing Plan

From the MLF $ 5h24,734
From Chinese Government $ 921,808
TOTAL $1,446,542

9. Environmental, Health and Safety

In debugging operations, city water will be used. The few printed circuit
boards cleaned in debugging will have minimal impact on waste water
effluent concentrations as they join the other site efluent streams. In any
event, where organics or alkaline cleaning agents are used, the former will
be recycled inside the area, while the latter will be treated in an enclosed
system to minimize the discharge. Organic fumes released in the painting
area are anticipated to be minimal. Water based acrylics will be
investigated. To minimize noise in the fabrication areas, low noise
equipment will be given priority in the selection process, and vibration
isolation mountings will be specified as preferred. lllumination of 150 -
300Lx will be provided in compliance with national rules. Housings, covers,
and wire guards will be installed on all drives, and reliable grounding will be
installed throughout the manufacturing area.

Fire protection and explosion proof design will be initiated in the coating
area. Indoors there will be a security pipeline, hydrant, and portable dry
powder extinguishers placed appropriately throughout the area. Outdoors,
there will be a water supply pipeline, an encircling access road for fire engine
response, and a fire engine available with water delivery capability of 25
L/sec.

10  Project Impact

As a result of this project, Number 2 Institute will address the needs of the

Country of China for

1. rapidly producing and distributing standard cleaning equipment, based on
non-0DS cleaning technology, thereby overcoming the substantial
infrastructural difficulries associated with distribution throughout the



various provinces

training indigenous users in the startup and operation of the equipment,
thereby overcoming the difficult language problem

providing high quality, low cost equipment at a substantial savings to
both the country and to the Multilateral Fund. The phase out plan is
that, in 3 years, approximately 800 enterprises will be converted to non-
ODS processes. Thus in the 3 year period, the project is expected to
avoid an approximate cost of US$ 52 million to be requested from the
Multilateral Fund.
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Number 2 Institute Equipment Manufacturing Project

W\

CAPACITY - UNITS/YEAR

INT'L PRICE LOCAL PRICE SAVINGS/YR
BATCH UNITS 270 70,060 5977 64,023
IN - LINE UNITS 10 110,000 15586 94,414
AVG 71429 6320 65,108
ESTIMATE OF MFG COSTS (1000) RMB
RMB VALUF 8.7
MAJOR MATERIALS 5348
SUPPORT MATLS 4350
PACKING MATLS 240
LABOR 648
FUEL & UTILITIES 731
QVERHEAD 2282
TOTAL 13599
AVG COST/UNIT (RMB 48568 =13,599,000/280
AVG COST/UNIT (%) 5583
AVG PRICE (%) 6320
AVG PROFIT, $ 738
AVG PROFIT, RMB 6418
PROFIT/YR, & $206,552 -----ooeeee THIS IS THE PROFIT USED TO CALCULATE
GROSS PROFITIYR, | 1797000 THE NET BENEFITS PER YEAR
TAXES 413310
NET PROFIT 1383690
USE PROFIT FROM CALCULATIONS ABOVE
REQUEST TO MLF $1,179,090
4 YEARS PROFIT = $654,356 e net present value of 4 years' profit = 4 X (0.792) X 206552
NET GRANT = $524,734
TOTAL PROJECT CAPITAL REQUIRED, 3US 1446542
TOTAL MLF GRANT REQUESTED, $US 524734

EQPTMFG2 .XL3

2/8/94



SLOBAL GENTRE FOR PROCESS CHANGE

P.O. Box 5a3 W.lG. Kenyon
fMontchanin, DE Tal: 302-65245597
19710-05563 USA Fak: 302-6525701

5
|

- — . . ‘
10 C.J.NORRIS (UNDP) DATE: 19 FEB., 1994

, |
FROM: W.G. KENYON (CONSULTANT)

SUBJECT: PROJECT TECHNICAL REVIEW |

I have reviewed the Solvent Project, "ODS-Free Cleaning Eqdipment Manufacturing
Center for Phasing Out ODS Consuming Solvents Across Chinla" prepared by CEED!I,
ME! and UNDP personnel. '

Technical Soundness

This project is designed for rapid, successful, cost effective degloyment df non-ODS
cleaning equipment throughout China after evaiuation of the various altetnatives. The
vast geographic area of China, combined with multipte languages, makes the ordering
and setvicing of equipment from external vendors difficuit. L manufa¢ture of
proven equipment designs, both batch and in-line, will provide rapid deployment of
non-QDS equipment in the solvent sector throughout China, while providing trained
personnel for troubleshooting and maintenance. Close coopergtion with the

cooperation with a developed hation equipment manufacturer
designs.

Safety

The manufacture of cleaning equipment requires many stand procedules for
cutting, bending and welding sheet metal and piping. [n additian, electrical wiring,
plumbing operations and painting must be carried out. Sate practice progedures for
all of these operations are readily available, especially from themore heavily
regulated developed countries. [t is expected that such safe practices willl be followed,
especially if they are part of the workmanship standards supplied by one gr more oi
the developed countries equipment manufacturers, Equipment!for the usg of semi-
aqueous technology employs hydrocarbon substances which have flammability or
combustibility potential. The use of established equipment designs ensures that the
appropriate safeguards are designed into the PRC-manufacture equipmant. Thus,
chemical misting will be controlled or blanketed, depending on Whe equipment design.

Environmental ‘
"Wet testing” of each piece of equipment is required prior to shipment to thie point of
use. This is accomplished by actually running the chemistry in the cleaning '
equipment and cleaning the parts to be manufactured. Thus wakte stre will be
generated which must be treated on site. It is the evaluator's ungerstandirig that
aqueous treatment is already available at the #2 Institute site. Inaddition, |
meels all applicable workplace regutations for light and ventilatipn.
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Aqueous technology has the potential for the detergents to cofnplex withl the heavy
metal components in the removed flux residues or with the thd non-electronics parts
being cleaned. Semi-aqueous solvents are hydrocarbons; they are normally
incinerated for disposal. They also have VOC potential. Whita VOCs are not
regulated in developing countries, they may be a future concetn.

Cost Effectiveness ‘

The project addresses cost effectiveness, pointing out the unigue opport§nity for local
equipment manufacture at the #2 institute Project Site to simullaneously pccelerate the
phase-out in China while potentially saving the MLF a projectad USD 10p,000,000.

accelerate ODS phase-outs in other developing countries who|perhaps do not have
the manufacturing base and central planning advantages poss i

Recommendations

it is recommended that this project be approved with the stipulation that (at |east
initially) proven equipment designs from developed country soyrces be manufactured,
thus maintaining the momentum of the ODS phase-out. '



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

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 Manufacture to
use of HFC-152a Refrigerant using conventional compressors.

2 years

80 MT CFC-12

Incremental Capital Cost - Phase | $ 520,000
Incremental Capital Cost - Phase 2 $ 800,000
Incremental Operating Cost 3 0
Total Project Cost $1,320,000
$1,360,000

Wanbao Electrical Appliance Industrial Corporation

The World Bank

National Environmental Protection Agency (NEPA)

and the Wanbao comparny.

This project will phase out chlorofluorocarbons (CFC’s) used in household refrigerators manufactured
at the Wanbao Electrical Appliance Industrial Corporation. The project comprises two phases and will
convert the production line to refrigerators using HFC-152a as the new refrigerant. The first phase
will provide for product development using CFC alternatives and will identify all equipment and
process changes needed to implement the alternative technology. Part of this phase associated with the
use of an alternative refrigerant is already under way. The project is based on a coilaboration between
the Power Engineering Department of Xi’an Jiaotong University, the Shanghal fiaotong University,

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported by the OORG
technical reviewer, Martien Janssen. His comments are attached together with supplementary
information pertaining 1o the review.

PROJECT SUMMARY

1

in the estimates of incremental capital costs.

The OTF grant is based on 100% Chinese ownership and includes a 3% financial agent fee. A 15% contingency is included



PROJECT OBJECTIVES

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

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 5060
Total - Domestic Refrigeration 4600 1450

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

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

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

Starting in 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 (units/yr}
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000
Note: Binary Blends afe mixmires of 3Z2aan 71, Ternary Blends also include HOFC 124

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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely related to those currently used for CFC-12 further potential savings are possibie.
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
available.

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

ENTERPRISE BACKGROUND

The Wanbao company is located in Guangzhou, Guangdong province. There are 1,800 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 are located in Guangzhou, Guangdong province. As
a group corporation, it produces regrigerators, freezers, air conditioners, compressors, washing machines, rice
cookers and other electrical appliances. It has six refrigerator production lines. These are capable of producing
1,200,000 refrigerators in two shifts. Approximately 40% of production is experted (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 Wanbac’s 6 production lines (400,000 units
per year capacity on 2 shift opertion) to HFC152a refrigerant. All such refrigerators are for domestic use only.
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Table 3
Actual and Forecast Refrigerator Production at Wanbao

l Actual Forecast ‘

- 1 T 1 T _ 1T 71T _ 71T 71

Year 90 91 92 93 94 95 96 97
Refrigerators 360 300 250 180 250 300 350 400
Produced

(000 Units)}

L.

For the past three years Wanbao and Xi’an Jiaotong University have been engaged on a collaborative venture to
develop a refrigerator using HFC-152a. Energy savings in the region of 5% compared to an identical model
CFC-12 refrigerator can be achieved with minimai changes made to the refrigeration circuit. The following
items of work have been compileted and a report is being prepared for evaluation by an independant expert:

*Appliance testing ot 20 refrigerators

*Compatibility testing of lubricants, drier and compressor materials.

*A batch of 120 refrigerators using HFC-152a has been made and sold into the market.
After 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 stations and safety equipment. HFC-152a is moderately flammable. The safety
equipment is required for monitering concentration levels and safe handling and storing of HFC-152a. Safety
considerations also demand that the production line be modified to avoid inadvertant HFC152a combustion.
Underwriters’ Laboratories (UL) have tested Wanbao refrigerators. Their informal report is that these will
satisfy UL 250. A draft proposal for "A2" category (covering HFC-152a) refrigerant use in domestic
refrigerants has been prepared by them.

PROJECT DESCRIPTION.

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

Phase | Engineering, product development and testing under local conditions to establish basic data for
full conversion to HFC-152a and for comparison with resulits of similar programs using alternative refrigerants.

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

Phase 1

During Phase 1, compressor oil testing studies will be completed and the condensor,evaporator and
capillary tubes will be redesigned to achieve optimum performance with HFC152a. A test manufacturing run of
500 prototype refrigerators will be made to prove the viablility of the refrigerant circuit designs and the
manufacturing process. Existing test facilities will be used for locai 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 arranged with local and foreign experts (Underwriters Laboratory)
to train Wanbao engineers and technicians in safe handling practices and facilities for use of HFC152a in the
factory. At the conclusion of Phase |, a feasibility study will be prepared for full conversion of refrigerator
manufacturing at Wanbao to the use of HFC-152a. Based on the feasibility study resulis, 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 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 could be achieved by comparisen with CFC-12 systems have been borne out by
test results. Independent laboratory tests corroborate Wanbao’s tests which showed a 5% improvement in
energy efficiency associated with the use of HFC-152a vs CFC-12, Other principal reasons for using this blend
are as follows:

*HFC-152a is readily available in China

*Qnly minor modifications need be made to the circuit of a CFC-12 refrigerator for it to be used, and
it is compatibie with mineral oil lubricants and standard compressor matenials.
p p

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

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

PROJECT COST

The total project cost is estimated to be $1,320,000 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 inciuded 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$1,400,000 for the first four years of
operation, discounted at 10%.

UNIT ABATEMENT COST (UAB)

$10.29 per kg CFC-12

PROPOSED OTF GRANT

The proposed OTF grant request is US$1,360,000 is based on 100% Chinese ownershhip of Wanbao and

covers the incremental capital costs for Phases-1 and 2 of the project , including a 15% contingency cost and a
3% fee for the financial agent administering the project.



FINANCIAL AND ECONOMICAL ANALYSIS:

Economic Rate of Return (ERR)
The ERR for the project will be determined during project appraisal.
Financial Rate of Return (FRR)
The FFR for the project will be determined during project appraisal.
Financial status of the enterprise
To be completed at appraisal
Financing plan
To be completed at the appraisal
PROJECT IMPLEMENTATION
Project Schedule

The project implementation schedule is presented in Annex B.



WANBAO
PROJECT COST SUMMARY

(0O0USS)
Phase I
Compressor Testing 12
Purchase Safety and Process Equipment for Test
Manufacture Run
1 Refrigerant Charging Machine 100
2 Halogen Leak Detector 82
2 HFC152a Monitor/Alarm system 16
1 Vacuum Pump 9
Ventilation equipment 47
Explosion Proofing 22
Fire Fighting Facilities 21
Test Manufacture 300 HFC152a Refrigerators o0
(@$180 per unit)
Prepare Test Reports and Feasibility Study 30
Safety Training for Technical Staff 21
SUB-TOTAL 450
Phase I 1
Additional Manufacturing Equipment
1 Refrigerant Charging Machine 106
2 Halogen Leak Detector 82
13 HFC152a Monitor/Alarm system 104
I Vacuum Pump 9
Ventilation equipment 95
Explosion Proofing 44
Fire Fighting Facilities 45
Conveyor 141
Safety Training for Operators and Mechanics 56
Overseas - Consuitations and Inspection 24
SUB-TOTAL 700
Contingency (15%) 170

TOTAL CAPITAL COSTS 1,320

‘Annex A
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Annex B

WANBAQO
IMPLEMENTATION SCHEDULE?

From To
Phase 1
Compressor Tests with HFC152a 1Q9% 20Q94
Prepare Report of Test Work to date for Expert 1Q%4 2Q9%4
Review
Purchase Safety and Process Equipment for Test 2Q9%4 3Q94
Manufacturing
Safety Training for Technical Staft 2Q9%4 3Q%
Test Manufacture 500 HFC152a Refrigerators 2Q94 3Q%4
Prepare Feasibility Report for Phase 2 3Q%4 3Q%4
Phase 2
Purchase and install equipment for mass 40394 2QQ95
production of HFC152a refrigerators
Safety Training for Operators and Mechanics 2Q095 4Q95
Startup 2Q95 2Q095
Achieve full phaseout of CFCI12 refrigerant - 4Q95

Project schedule assumes ECMP approval of project during 1Q94.




Conversion of Refrigerator Manufacturing from
CFC-12 to HFC-152a at Wanbao Electrical Appiiance Corporation
Project Proposal by The World Bank, January 1994
®
Scope

The scope of this project is to convert one of the Wanbao production lines to the
application of HF C-152a thereby eliminating CFC-12. The products are planned o be
used in the domestic market only. The technology for this alternative has been
daveloped by the Wanbao company itself in cooperation with the Xi'an Jiaoctong
University.

Recommendation

Approval

Relevance and adequacy of information provided

The original information supplied was only a project summary (which lacks some
relevant information) together with explanatory remarks by the World Bank consuitant.
In a second stage, after a preliminary review, suppiementary information was given by
the Wanbao company. Altogether sufficient information for a judgment is present.

The project proposal itself does not contain all relevant information.

Technical soundness

The Wanbao company has chosen an aiternative which is not being applied elsewhere
and therefore had to do its own development in cooperation with the Xi'an Jiatong
University. No real cooperation with a compressor manufacturer is reported. Extensive
tests with the-blend are being reported (among them a successful field test of 120

appliances) and possibie problems have been addressead like the application of mineral
oit 1. The information supplied gives confidence that the status of the technolagy is
advanced enough to start a pilot production.

S erience
not applicable

Environmental issues

HFC-152a is an acceptable way to reduce CFC-12 emission.

V1t is stated that evaporators/condensers are going to be redesigned to get optimal performance with
HFC-152a. However, the tests performed up to now were carried out with the current design. Due to
the low solubility of HFC-152a in mineral oil the oil return from the circuit is more criticial than for CFC-
12. Due to this aspect redesigns of the evaparator/condenser could be dangerous and must be done
with care.



Safety issues

HFC-152a is flammabie and therefore special provisions need to be made to the
production line. Standard and guidelines are in development. Safety In servicing is
addressed and included in training programs.

Cost-effectiveness

No incremental operationat costs are claimed in this phase yet (they must be iower
than for HFC-134a projects). Therefore no cost-effectiveness can be discussed.

The cosis claimed for safety measures in the production lines are reasonable
(approximately 400,000 USD plus additional training). Due to the characteristics of the
locat production line extra indirect safety costs originate (in this case the addition of a
conveyer of 141,000 USD). Further costs claimed are reasonable and in (ine with
similar projects.

The totai cost of the HFC-152a project is very similar to the costs of HFC-134a
projects mainly due to the safety investments which are counterbalanced by the
technology transfer fee in HFC-134a projects.

Other

In the project summary it is stated that after phase 1 (pilot production and field test of
500 appliances) the resuits wili be compared with similar projects before proceeding to
phase 2. However, it is doubted whether this procedture is very realistic. Already in
phase 1 large investments are made, maybe not specifically in hardware but in
technology development, transfer, training etc. Another aspect is the funding itself.
The question is: would this company be funded again for conversion to HFC-134a if
after phase 1 it appears that the HFC-152a aiternative is not so successful ? In other
words, once the decision is made for funding this aiternative, it is a finat decision.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 1994 02 10



Supplemental Comments of 6 China Refrigerant Projects

Overall Assessment

Wanbao
HFU152a Refrigermors

1. Wanbao has conduced a limited number of tests with HFC152a and expects to complete
testing by June 1994, (The test runs started in June 1990). They also have made 120 refrigerators
which are now about 1 year mto their field test Wanbao does not have external technology support
but feels confident that thewr expertise in the field should be adequate as there are no changes needed
in compressor design to accomodate HFC152a. They will simply use a slightly larger compressor than
they would have used ordinarily to compensate for a 10% loss in cooling capacity. (This of course
adds to the incremental operating cost)

2. Test data included in the feasibility study have shown no degradation of mineral oil when
compared to a CFC12 umt under the same conditions. HFC152a, however, 1s significantly less soluble
than CFC12 in the o1l (1-1 5% vs 4.4%)

3 Wanbao have considered using PAG lubricants but see no advantage over mineral oil at this
time. Test work has all been done with mineral o1l in compressors from both Wanbao and Tianjin
Haihe.

4 Wanbao plan to modify their condensors and evaporators to optimize the reffigerant circuit.
Testing to date has been on older designs. It was suggested that the trail run of 500 refrigerators be
made with the newly designed condensors and evaporators.

3 The Feasibility Study 1s well prepared but 1s missing a reasonable quotation tor a refrigerant
charging machine. The quote they did have was 3X that for charging non-tlammable retrigerants. This
appeared excessive and they will get a new quote. As a temporary measure, the price of a charging
machine for “{lammable” [TFC152a was esumated at $100,000. Suggested alternative vendors were
given to Wanbao, but 1t will take 1-2 weeks to get revised guotations.

S The work plan does focus on the "Cnteria” tor appliance development. There was considerable
debate on the 48 degree temperature which was specified for the controlled ambient test. (This same
question arose trom Hua Yi, Chang Ling, Shangling, and Shanglu). The claun 1s that 48 degrees 1s to
hot tor the retngerators made mn China -- their National Standard for testing 1s 32 to 38 degrees
depending on model tvpe Kuijpers has been requested to review thus 1ssue and advise 1if lower
temperatures can be accepted for meeting the "Critena”.

6. The cost to make refrigerator manufacture safe for handling flammable refngerants 1s a
stgmificant tactor in the cost of capttal equipment, traimng of techrucal staff. traiming of operators and
mechamics and uming project implementation. [ do not think that these quesuons are tully appreciated
by anyone at the present time. We should anticipate a rather slow project implementation.

7 As more different refrigerants are added to the "suite” of refrigerants in use in Chuna, the
question of refrigerator service will become acute. China will need to develop appropnate standards
for identification of what type (*class”) of refrigerant is i use and what servicing procedures should
be used. '



8. Wanbao has indicated project support will be obtained from the USEPA and UL. My
information suggests that this support will be limited to testing some of the early Wanbao refrigerator
production to receive safety approval for sales in the US. Currently, about 80% of their exports are to
the US,

9. Oveall Assessment - The project 1s well prepared and documented (with the exception of the
refngerant charging machine quote) Prior testing work is barely adequate in the absence of an
international technology supplier. The work plan meets the "Criterta” for testing appliances.

10. Recommendation - Ammend documentation of prior testing, quOTalions eic. prior to project

Nt mdddae

Action Plan and the data is needed to assist selection of the best refrigerator technology for broad
application mn China.

—_—T

o
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RE: CLARIFICATION OF WaNBao PROJECT  CONTROLNO,  “H3

Comments from QORG noted. Below is our clarification.

1. Wanbao Group has about 20 subsidiaries. 1ts product lines
include wmany kinds of household appliances with the refrigerator
capacity of 1,200,000 uwnits. The production line to be converted
for using HFC-152a has a capacity of 400,000 units in 2 shifts.
(Therefore the production capacity in the project summary should
be corrected as 400,000 units. All description and figures in the
FS and PS are for the excuting subcompany only except otherwise
specified.) Other 2 production lines are in another subsidiary
which produces fridges mainly for export. This latter coepany has
discussed with Bectrolux for the conversion of 134a technology
hecause its large numbers of fridses are exported to the USA. But
this latter project has not decided yet. Besides, there are other
3 factories producing fridges of them 2 has teaporaryly stopped
operating.

Wanbao group invested a lot of mwoney in other products in
recent years that caused reduction of fridge output. Another
reason for fridge output reduction is the decrease of domestic
market demand. Wanbao group strategically scheduled more fridges
for export to compensate domestic maeket demand. But these export
fridges are made in another so¢bcompany. Wanbao's (this project)
actual production in 1293 is in 1 shift only for above reasons.

2. Wanbao has conducted a lot of tests with 152a. Some test
reports given by independent laboratories are attached to FS. Up
to now we are not quite clear on the point of "expert review". on
what level that the experts are considered to be qualified,
international, mDational, provincial or other? ¥e need indication
about this. We think most fundamental tests has been conducted
and we are aware that some more additional tests need be
condudcted in the future., which are described in FS and PS.

3. It is ture that redesigning of condensors and evaporators is
not certainly necessary. Our tests are based on unkodified
condensors/evaporators and nearly satisfied results have been
obtained. Yet the performance of HFC-152a is not exactly the same
as that of CFC-12. If we modify the condensors/evaporators, more
favorable results may possibly be cbtained, especially in the
aspect of energy saving. We think energy saving is very iamportant




to customers.

4. There will be a marking on the c¢abinet indicating the
refrigerant used in the unit and guideline will be given to the
service men. These will be included in training prograa.
Standards for application of 1528 will be developed when
implementing the project.

5. The export fridges are aade by another subcompany of the
group which is considering to convert to 134a technology for the
reason of USA market. The 1328 project is to make fridges mainly for
domastic market. The deadline for comments on UL draft proposal

is May 5, 1893, thus we think the UL draft proposal has Dow
become effective (not quite sure, will check). However, even more
flammable hydrocarbons are considered to be used as refrigerant,

we think the less flammable HFC-152a will eventually be sure to

be accepted. And we undertake the fridges using 152a will first

get approval by UL if we want them to be exported to USA.

6. The safety mpeasures are key points of the project. We think
higher <costs on safety measures than other projects are
reasonable. On the other hand, the technical transfer costs of
the project are less than other projects. And the incremental
operating cost of the project is less, too.

7. The aquotation we have got for charging wmachines is USD
439,000 for 2 (USD 219,500 for each). We noticed that the price
is higher than that of ordinary ones. It was said that this is
because of 152a‘s flammability that the machines suitable for
152a have not been existing and wany modifications have to be
done. We will, however, inquire other companies to seek less-
expensive ones, and are very much interested in if the World Bank
Consultants or QORG could help us to find the machines with lower
price. At the moment, we assume that they could be found with the
price of USD 100,00¢ for each and USD 200,000 for two.

8, To use 152a as non-0DS refrigerant is mainly developed by
our own. We have invested a lot of resources and conducted many
tests on this project. We are also aware that there are still a
lot of work need to be done. But as an enterprice, we could not
afford to do everything on our own. We need support from outside.
¥e need to be clear if MPEC will sopport the projexct developed
by our own.

9. Feasibility Study (revised on Jan 28, 1994) on both paper
and disk has been submitted to World Bank, which we think has
been well received. VWe think you will know more detailed
situation about this project when you read it.

Thanks and Best Regars



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

COUNTRY The Peopie’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 Enginnering Assistance for Conversion of Refrigerator

Manufacture to a Ternary Blend Refrigerant (MP-39) using
conventional compressors.

PROJECT DURATION 2 years

PROJECT IMPACT 70 MT CFC-12

PROJECT BUDGET Incremental Capital Cost-Phase 1 $ 540,000
Incremental Capital Cost-Phase 2 $ 440,000
Incremental Operating Costs 3 0
Total Project Cost $ 980,000

PROPOSED OTF GRANT! $1,010,000

IMPLEMENTING ENTERPRISE Shanghai Shanglu Electrical Appliances Co. Ltd.

IMPLEMENTING AGENCY The World Bank

NATIONAL COORDINATING AGCY National Environmental Protection Agency (NEPA)

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
developed in cooperation with DuPont China Limited and the Shanghai General Mechanical Institute.
In Phase ! of the project, detailed engineering, product development and lab and field testing of 500
units produced under factory conditions, will be conducted to define firm project scope and costs for
full conversion of the factory output to HCFC22/HFC152a/HCFC124 ternary blend refrigerant (MP-
39) during Phase 2. The results of Phase I will be compared with similar projects using alternative
refrigerants before proceeding with Phase 2. Net incremental operating costs for the conversion will
be defined during Phase 2 and presented in a separate Phase 3 project at a future date. A separate
project will be defined for replacement of CECs used in refrigerator insulating foam, pending
definition of the best available technology.

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

t The OTF grant is based on 100 % Chinese ownership and includes a 3% financial agent fee. A 15% contngency is included

in the estimates of incremental capital costs.



PROJECT OBJECTIVES

The objectives of this project are to establish a phased introduction of technology for use of
HCFC22/HFC152aHCFC124 temary blend refrigerant (MP-39) in domestic refrigerators produced by Shanglu
as to develop reliable data for comparison with other alternative refrigerants . The results of this project will be
evaluated and considered for adoption by similar refrigerator operations in China.

SECTOR BACKGROUND
Tabie-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 total CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant, new refrigerators accounted for a total of 5550 MT CFC usage. The remaining
500MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing
operations..

At present, there are over 70 production lines for refrigerators in China with an annual capacity of 12 million
units annually. In addition, there are 16 production lines for compressors with an annual capacity of 16 million
units. Refrigerator production capacity utilization has been slighly below 50% . Actual production of new
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase
8% per year as economic conditions continue to improve and consumers acquire additional discretionary
income. Currently, only 13% of housholds in China have a conventional refrigerator. A total of 39 miliion
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-
QDS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional
substitute techaologies 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 (units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000
ote:fmar?ﬁfenﬁ?are mixtures of HEC [32a and BCFC22; Ternary Blends also include ACFC123.

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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely related to those currently used for CFC-12 further potential savings are possible.
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
available.

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

ENTERPRISE BACKGROUND

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

l Actual I Forecast l

Year 90 91 92 93 94 95 96 97
Refrigerators 160 185 220 270 320 400 500 500
Produced

(000 Units)

PROJECT DESCRIPTION.

The project will accomplish 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 basic data for
full conversion to HCFC22/HFC152/HCFC124a (MP-39) ternary blended refrigerant and for comparison with
results of similar programs using alternative refrigerants.

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

During Phase 1, 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 1 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 (ternary
blend) are a leading condidates because standard CFC-12 compressors can be used without design modifications
and because of a slight improvement in energy efficiency when compared to 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 Shangiu  and
covers the incremental capital costs for Phases t and 2 of the project , including a 15% contingency cost and a

3% fee for the financial agent administering the project.

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

The ERR for the project will be determined during project appraisal.
Financial Rate of Return (FRR)
The FFR for the project will be determined during project appraisal,
Financial status of the enterprise
To be completed at appraisal
Financing plan
To be completed at the appraisal
- PROJECT IMPLEMENTATION
Project Schedule

The project implementation schedule is presented in Annex B.
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Annex A
SHANGHAI SHANGLU ELECTRICAL APPLIANCES
PROJECT COST SUMMARY
(000USS)
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 82
(@ US$161/unit)

Refrigerator Testing Cost 8
Training & Technology Study in US 21

SUB-TOTAL 470
Phase 11
4 Refrigerant Charging Machines 240
2 Oil 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
Compressor Tests with MP-39 2Q93 4Q93
Test Manufacture 10 MP-39 Refrigerators 2Q94 2Q94
(5 Hua Guang;5 Yuan Dong Compressors)
Controlied Ambient Tests 2Q94 2Q9%4
Prepare Report for Expert Review 3Q9% 3Q94
Test Manufacture 500 MP-39 Refrigerators 4Q94 4Q94
Prepare Feasibility Report for Phase 2 4Q0%4 4Q%4
Phase 2
Purchase and install equipment for mass 1Q95 2Q95
production of MP-39 refrigerators
Startup 2Q95 2Q95
Achieve full phaseout of CFCI12 refrigerant 3Q95 4Q95

Project schedule assumes ECMP approval of project during 1Q%4.
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Annex C

TECHNOLOGY TRANSFER AGREEMENT

On 18 January 1994, Shanglu signed an agreement with Du Pont China Limited, for transfer
of technology with which to convert Shanglu CFC12 household refrigerator manufacturing
facility to use of DuPont MP39 refrigerant (a HFC152a/HCFC22/HCFC124 ternary blend)
The memorandum of understanding for this agreement covered three elements:

Application Technology US$ 63,000
Technical Evaluation of Components US$ 20,000
Training, Consultation and Expense US$ 17,000

The materials required for the Phase 1 testing program will be provided free of charge by
DuPont.



Conversion of Refrigerator Manufacturing from CFC-12 to MP-38
at Shanghai Shuangiu Electrical Appliances (SSEA)
Project Proposal by The World Bank, January 1994
2]

Scope

This project aims at the conversion from CFC-12 to MP-39 at the Shuanglu refrigerator
factory. MP-39 is a temary blend (ODP 0.03) developed by Du Pont. The application
of MP-39 has been investigated by the Shuanglu company itself in cooperation with
the Shanghai General Mechanic institute.

R al

Approval, provided the limited test series on 10 appliances planned at the start of the
project will be completed successfuily.

Rel  ad informati ded

The original information supplied was only a project summary (which lacks some
relevant Information) together with explanatory remarks by the World Bank consultant.
in a second stage, after a preliminary review, additional information was given including
the full feasibility report and details of the agreement with Du Pont. Al this infarmation
together forms sufficient basis for a judgment.

The project proposal itself has serious shoricomings considering relevant
information.

Technical soundness

Up to now, the Shuanglu company performed only a limited amount of test work
applying the MP39 alternative (on one appliance only) and relies therefore strongly on
the Du Pont company. Du Pont has a vast experience in applying this blend which
experience is transferred following the technology transfer agreement signed by both
parties.

A test series on a limited number of appliances (10) is planned at the start of the
project where durability and performance must be demonstrated before starting the piiot
production of S00 appliances.

There is no cooperation with the compressor manufacturers. In fact tests are planned
with compressors from two different suppliers. Therefore no guarantee of that side can
be expected.

As in fact indicated by the Shuanglu company itseif, the status of the technology is not
so advanced that the pilot production of S00 appliances can be started at once, but a
limited test series is planned before,

Lessons from experience

not applicable



Environmental issues

The MP38 blend still has a low ODP but Is an acceptable transitional substance to
reduce the CFC-12 consumption.

Safety issues

MP39 is not flammable nor toxic and is classified as a safe refrigerant.
Cost-effectiveness

No incremental operational costs are claimed in this phase yet (the claim is that the
blend is cheaper and will remain cheaper than HFC-134a). Therefore no cost-
effectiveness can be discussed.

Though MP38 Is supposed to be a cheap and easy transition substance stil
considerable costs originate from the conversion process. For the Shuangliu project
this is mainly due to the necessity of new refrigerant charging stations (as for HFC-
134a) and to the instaliation of oii-charging machines for the new alkyi-benzene oii
(which the compresseor manufacturers cannot charge). The fact that a new oil Is used
was not even mentioned in the project proposal. Other costs claimed are reasonabie.

Summarizing, the total costs claimed for this project are lower than for comparable
HFC-134a projects but not to the order which might be expected.

Other

In the project summary it is stated that after phase 1 (pilot production and field test of
500 appliances) the results will be compared with similar projects before proceeding to
phase 2. However, it is doubted whether this procedure is very realistic. Already in
phase 1 large investments are made, maybe not specifically in hardware but in
technology development, transfer, training etc. Another aspect is the funding itsslf.
The question is: would this company be funded again for conversion to HFC-134a if
after phase 1 it appears that the blend alternative is not so successful ? In other words,
once the decision is made for funding this alternative, it is a final decision.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 1994 02 10



Suppiemental Comments of 6 China Relrigerant Projects

Overall Assessment

Shanghai Shanglu
DuPont MP39 Blend

1. Test work at Shanglu includes one model BCD-185 retrigerator at Shangiu which has been
rurming since August 1992 on MP39 (so far there have been no problems, however, critical
measurements on compressor wear have not been made by Shanglu), first stage efficiency test (MP39
power consumption 5% higher than CFC-12); capacity test (MP39 7% higher than CFC-]2), pull
down test (MP39 pull down speed shightly faster than CFC12). While test work shows no real
problems, additional supporting test work needs to be revealed through the technology supplier to
demonstrate the viability of this technology over a suitable range of operating conditions.

2. Shanglu did not provide quotations for major equipment. There 15 a possibility that they may
have these before the January 22 when | leave China. [ plan to visit their factory on the 22nd and wiil
expect them to have more quotes at that time.

3 Shangiu have not provided details of their technology agreement but agreed to do so before
Jan 22nd. Shanglu was aiso requested to provide an updated version of their Feamibility Study on the
22nd

4. The work plan which Shanglu developed 1s somewhat optimistic but does focus on the
"Cntena” for appliance development. There was considerable debate on the 48 degree temperature
which was specified for the controlled ambient test. {This same question arose from Wanbao, Chang
Ling, Shangling, and Hua Y1) The claim s that 48 degrees 1s to hot for the refrigerators made n
China -- thetr National Standard for testing 15 32 to 38 degrees depending on model type. Kuypers has
been requested to review this issue and advise if lower temperatures can be accepted tor meeung the
"ritena”.

5. The assumption was made that since Shanglu will purchase standard compressors containng
standard muneral o1l. and that the purpose ot Phase | 15 1o test manutacturing under local conditions.
the Shanglu protect must oniv meet the "tTritena” tor Tesung of Appliances tbut not those Cnitena for
"ompressor Manutacture]This s a kev poun for the Wanbao, Shanghing. Chang Luig projects as weil).
t'ompressor Eesting 15 (o be done by compressor manulacturers (¢.g. Shanghar Compressor.Hua Y1) as
necessary 1o meet the compressor “ritena’

£ A major 1ssue 10 he resolved for the Shangiu project is the proot of compressor testing with
NP39 under refngerator conditions Shanglu does not have this expenence yet. DuPont, as the pnimary
suppiter of technotogy tor dus project should be requested to provide documentation of testuig work
with MP39 which meet the "Cntena” requirements. Since the "(CCritenia” are pnmanly designed to
prove manufacturing procedwes. 1t would appear that a revision or addendum to the "Critenia” should
be developed for considerauon not oniy on the Shanglu project but also for the Wanbao and Chang
Ling projects. =

B The i1ssue ol retngeram cost does not appear to be significant  Apparently. the pnces tor
HFC152a, HCFC22! and HOTC) 24unported) will all be the same in the tuture and will be about 2x
those for CFCI12 today but $1-2 per kg below HF(Z134a. This means that blends will be competitively
priced. As demand increases. local blending facilities wiil be created to reduce shupping costs.



8. Overall assessment - MP39 technology has the potential to be a low cost and quick way to
phaseout CFC12 in refrigerator manufacture because: MP39 can be used in the same compressor as
CFC12, energy efficiency is slightly (2-3%) better, MP39 is non-flammable; IC] makes a competitive
product; transformation of manufacturing only requires improved blend handling and testing facilities
for quality control. MP39 is also a possible retrofit for repair of old refnigerators once CFC12
supplies dry up.The major fault at this time is the limited testing work which has been performed to
assure commercial viability.

9. Recommendation - Strengthen technology agreement. Request strong support from DuPont,
possibly including financial and technical support of Phase 1. Upgrade documentation of prior testing,
quotations etc. prior to project submission to ECMF. OORG to support the project on the basis that it
is included n the China CP Action Plan and the data is needed to assist selection of the best
refrigerator technology for broad application in China.

Y . - ;
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Tos GENERAL ABBOCIATION OF LIGHT INDUBTRY
GC3 NATIONAL ENVIRONMENT PROTECTION AGENCY
REt MP3I9 CONVERSION PROJECT

i oy e T S Y e Y i S T A S S e W ——

IN RESPONSE TO THE OORG COMMENTS OF FEB., 2 ON THE PROPOSED PROJECT
FOR CONVERSION OF REFRIGERATOR MANUFACTURE FROM CFC42 TO MP39

AT GHANGHAI SHUANGLU ELECTRICAL APPLIANGE (S8EA). FOLLWING WRITEUP
ARE TO ADDRESE THE CONCERNS AND IBBUESH

MP3%? AS A NEAR DROP-IN REFRIGERANT ALTERNATIVE T6 CFC12 18 IDENTIFIED
BY ASHRAE STANDARD 34 WITH ASHRAE REFRIGERANT NG. 4044 AND

SAFETY CLASSIFACTION Ai/A4. IT IS5 ALBO LISTED IN U.B EPA

“SNAP” PROGRAM AND HAS BEEN INCREASINGLY APPLIED IN RETROFITTING

EXIBTING SYSTEMS REFRIGERATED BY CFC12 IN U.S8., '

AUSTRILIA, AND AND OTHER ASIA PACIF:IC COUNTHIES.

WE ANARED AS EARLY AS JUNE 1992y DUPONT HAD WORKED WITH BEIJING
HOQUSEHOLD ELECTRICAL APPLIANCE REGEARCH INSTITUTE (BHEARI}.
FOQRMER MINISTRY OF L1GHT INDUBTRY(MLI) DEBIGNATED NATIQNAL CENTRE
FOR HOUBEHOLU REFRIGERATOR TESTING AND RUALIFICATION: INITIATED
TEST OF UBING MPIF ON THREE CHINA STANUDARD REFRIGERATORS

LBRAND “ZHONGYI” BCD182 )} WITH NO CPTIMIZATIONS. THE CONCLUSION
INDICATES “MPI% REFRIGERATOR DULY MEETE THE STATE BTANDARD

GB 8059.2 UNDER THE CRITERIAE FOR COOLING (FULL DOWN) BPEED,
ENERGY CONSUMPTION, FREEZIER/FRESHER TEMP. NOISE, VIBARATION

ETC.” (TESBT REPORT ARE AVAILABLE}.

ON AUG. 1992y WE WORKED WITH SHANGHAI MACHNICAL RESEARCH INSTITUTE.
UNRER DUPONT SPECIALISTS ON EITE GUIDANCE, RETROFITTED A STANDARD
SHUANGLU REFRIGERATOR. THE OUPERATION PERFORMANCE 15 ALMOST IDENTICAL
TO THE TRIAL RUN AT BHEARI. THE TEST WAS AGAIN RUN NITHOUT ANY
OPTIMIZATION BUT WITH COMPARABLE PERFORMANCE TO THE OQRIGINAL

CFC12 BYSTEM.

VIEWING THE APPLICATION TECHNOLGGY FROCEDURES/PROCESE OF MPJI9

AS ALTERNATIVE ON EXISTING CFC12 CONSUMING REFRIGERATORE DEVELOPED :
- 5Y DUPONT AND DOMESTRATED ON OUR PREDOMINENT NATIONAL STANDARD 2
REFRIGERATORB. WE PURSUED FURTHER TO COOPERATE WITH DUPQONT AND
HAVE BEEN ASSURED BY DUPONT WITH TECHNICAL ABSISTANCE AND GBUPPORT
COMMITTED TO FACILITATE OUR CONVERSION THROUGHOUT THE PROJECT
IMPLEMENTATION PERIOD. THEREFORE, MP39 APPLICATION TECHNOLOGY
INCLUDING RETROFITTING EXSITING BYS., MOODIFICATION AND OPTIMIZATION,
RECOVERY AND SERVICE TECHNOLOGY ARE NECLESBARY, _

USING MP39 AMONG OTHER THINGS LIKE SAFETY, COMPATIBILITYs STABLITY.

IS ITS EXCEPTIONAL ADVANTEGY THAT COMPRESSOR CAPACITY RELIABILITY

AND DURIBILITY ARE MAINTAINED. THIS 1§ BECAUSE ESSENTIAL THERMAL

FHASICAL PROPERTY AND FRESSURE OF MP39 18 ALMOST PRECIBE TO

CFGC12 AND THE TYPICAL TEST CONDUCTED PABBED 500 HOURS DURABILITY

TEST IN SMALL HERMETIC COMPREBBORS AS WELL A8 MIGH FRESSURE

COMPRESSORS IN U.B. DEMOSTRATED ALSO BY OUR RETROFITTED REFRIGERATOR

THAT HAS BEEN RUNNING NORMALLY UP TO DATE BINCE AUG. 1992. HORLDWIDE,
IT I8 PRACTICALLY PROVED BY MANY BYSTEMS NOW REFRIGERATED UBING

MP39, INCLUDING OUPONTs COPLAND. TRANE. COCA COLA. MCDONALD



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 Engineering Assistance for Conversion of Refrigerator Manufacture to

HFC134a Refrigerant with Tecumseh designed HFC134a compressors.

PROJECT DURATION 2 years

PROJECT IMPACT 60 MT CFC-12

PROJECT BUDGET Incremental Capital Cost - Phase 1 $ 575,000
Incremental Capital Cost - Phase 2 3 825,000
Incremental Operating Cost 3 0
Total Project Cost 31,400,000

PROPOSED OTF GRANT!' $1,442,000

IMPLEMENTING ENTERPRISE Hua Yi Electrical 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 HFC134a refrigerant using new
reciprocating compressors manufactured by Hua Yi in a new facility. Retroactive financing of Phase
1 of the project (detailed engineering, product development and lab and field testing of 500 units
produced under factory conditions) is being requested. A firm project scope and detailed costs for full
conversion of the factory output 1o 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 a future date. A separate project will be defined for replacement of CFCs
used in refrigerator insulating foam, pending definition of the best available technology.

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

: The OTF grant is based on 100% Chinese ownership and includes a 3% financial agent fee. A 15% contingency is included

in the estimates of incrememntal capital costs.



PROJECT OBJECTIVES
The objectives of this project are to 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 will
develop reliable data for comparison with other refrigerant projects . The results of this project will be evaluated
and considered for adoption by similar refrigerator operations throughout 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
O S . E O —
Total - Domestic Refrigeration 4600 1450

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11% of the total CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant, new refrigerators accounted for a total of 53550 MT CFC usage. The remaining
500MT in the sector replaced refrigerant in the fleet of existing CFCI12 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. [n 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 miilion units annually since 1990. Production is expected to increase
8% per year as economic conditions continue to improve and consumers acquire additional discretionary
income. Curreatly, only 13% of housholds in China have a conventional refrigerator. A total of 39 million
units are estimated to have been in service at the beginning of 1993. Refrigerator life averages about 20-25
years during which refrigerant is replaced every eight years.

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non-
ODS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve, Transitional
substitute technologies wiil 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 (units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000
NaFEmary Blends are mixrures of HFC 1522 and HLCFC22: Temary Blends alse mclude HCEPC 124

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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely related to those currenily used for CFC-12 further potential savings are possible.
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
available.

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

ENTERPRISE BACKGROUND

Hua Yi Electrical Appliance General Co. is located in Jingdezhen and produces household electric appliances,
air conditioners and freezers. A total of 510 employees are engaged in refrigerator production on one production
line imported from Merloni (lItaly} in 1983. The line is capable of producing 300,000 refrigerators annually
based on 2 shift operation. Sixteen models are produced with export of about 10% of the refrigerators
produced..

In 1992, Hua Yi produced 6% of the refrigerators scld in China. Actual and forecast production are iltustrated
in Table 3 for the period 1990-1997
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Table 3
Actual and Forecast Refrigerator Production at Hua Yi

Actual ’ Forecast '

1 T 1 ]

Year 90 91 92 93 94 95 96 97
Refrigerators 120 150 200 200 200 200 250 300
Produced

(000 Units)

PROJECT DESCRIPTION.

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

Phase [ Engineering, product development and testing under local conditions to establish basic data for
full conversion to HFC134a refrigerant has been completed. A feasibility study for full conversion of Hua Yi
refrigerator manufacturing to HFC134a has also been completed.

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

During Phase 1, 4000 refrigerators have been produced under factory conditions to prove the viability
of manufacturing refrigerators safely and reliable under local conditions. Five models were fully tested by
Kirby(Austrailiay and permission to proceed with full scale production was granted. At the conclusion of Phase
1, 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:

HFC134a has been accepted worldwide as the principal replacement for CFCI12 refrigerant in domestic
refrigerators. Its thermodynamic properties are similar to CFC12, it is non-flammable, non-toxic, and has a zero
ODP. Hua Yi has completed startup of a compresser manufacturing line to produce HFC-134a compressors
based on Tecumseh designs. These compressors are to used to make new HFC134a model refrigerators, with
the assistance of Kirby (Australia). Hua Yi experience with startup and operations during 1994 will provide
valuable data for continued development of this technology and for comparison with other technolgies as defined
in the China Country Prograrm.

PROJECT COST -

The total project cost is estimated to be $1,400,000 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 pperating 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$6,300,000 for the first four years of
operation, discounted at 10%. :



UNIT ABATEMENT COST (UAB)

$41.33 per kg CFC-12

PROPOSED OTF GRANT

The proposed OTF grant request is US$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% 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.
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Annex A
HUA YI
PROJECT COST SUMMARY
(000USS)
Phase I -
Technology Transfer Fee 300
Testing of Refrigerators by Kirby 10
Training of Engineers 66
Preparation of Feasibility Study 30
Test Manufacture of 510 Refrigerators 54
(@ US$185 per unit)

SUB-TOTAL 500
Phase I I
3 Refrigerant Charging Machines 195
4 Halogen Leak Detectors 28
30 Vacuum pumps 72
2 Vacuum Dehydrators 200
1 Helium Leak Detector 90
Controlled Ambient Test Room 100
Operator and Mechanic Training - 35

SUB-TOTAL 720
Contingency (15%) 180
TOTAL CAPITAL COSTS 1,400
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Annex B

HUA YI
IMPLEMENTATION SCHEDULE®

From To
Phase 1 (complete)
Test Manufacture 4000 refrigerators 3Q93 1Q9%4
Prepare Feasibility Report for Phase 2 3Q093 4Q93
Phase 2
Purchase and install equipment for mass 1Q9% 3Q94
production of HFC134a refrigerators
Startup 3Q94 4Q94
Achieve full phaseout of CFCI12 refrigerant 4Q94 4Q94

Project schedule assumes ECMP approval of project during 1Q94.
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Annex C

TECHNOLOGY TRANSFER AGREEMENT

On 15 June 1992, Hua Yi Electric Appliance General Co signed an agreement with James
N. Kirby Pvt. Ltd. for transfer of technology with which to develop a HFC134a refrigerator.

the memorandum of understanding for this agreement covered three elements:
Technical assistance for developing HFC134a refrigerators US8$300,000

Testing of HFC134a compressors withHua Y1 cabinets US$ 10,000
Training of Hua Yi Technical Personnel US$ 66,000




Conversion of Refrigerator Manufacturing from
CFC-12 to HFC-134a at Hua Yi Refrigerator Company.
Project Proposal by The World Bank, January 1994
®
Scope

The scope of this project is to convert the Hua Yi refrigerator factory from CFC-12 to
HFC-134a. The seiected technology is a proven technology and a pariner in the
developed world (Kirby, Australia) assists in the conversion process. This project is in
an advanced state as Hua Yi already produced 4000 appliances with HFC-134a. Part
of the funding requested can be considered retroactive financing.

Recommendation
Approval, see remarks below.
Releva dequacy of information provided

The original information supplied was only a project summary (which lacks some
relevant information) together with explanatory remarks by the World Bank consuitant.
In a second stage, after a preliminary review, supplementary information was given by
Hua Yi. Altogether sufficient information for a judgment is present.

The project proposal itself does not contain all relevant information.

Technical soundness

This project has a sound technical basis. The Hua Yi company has already performed
a pilot production using HFG-134a with successful results. The compressors applied
are produced by the Hua Yi company itself which started HFC-134a compressor
production in May '93. Compressor manufacturing technotogy was obtained from
Kirby, Australia. The status of the compressor production is such that a reliable supply
for the refrigerator project can be assumed.

L.essons from experience

not applicable

Environtental and safety issues

HFC-134ais an acceptable way to reduce CFC-12 consumption.

Cost-effectiveness

No incremental operationat costs are claimed in this phase yet. Therefore no cost-
effectiveness can be discussed.
The costs claimed are high but reasonable and in line with similar projects.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands. 1994 02.09



Supplemental Comments of 6 China Refrigerant Projects

Overall Assessment

Hua Yi
HFT134a Refrigerators - Kirby Technology

1. The work plan does focus on the "Criteria” for appliance deveiopment. There was considerable
debate on the 48 degree temperature which was specified for the controlled ambiemt test. (This same
question arose trom Wanbao, Chang Ling, Shangling, and Shangiu). The claim 1s that 48 degrees 1s 10
hot for the refrigerators made in China -- their National Standard for testing 1s 32 to 38 degrees
depending on model type. Kuijpers has been requested to review this 1ssue and advise if lower
temperatures can be accepted for meeting the "Criteria".

2. Hua Y1 has produced over 4000 refrigerators to date in proving the manufacturing technology
obtained through Kirby. Testing work on these units has led Kirby to grant approvai to proceed with
full scale production. (Consequenuy, Phase i is complete and the funding request is for
RETROACTIVE financing of the cost of the work that otherwise would have been tunded

through the OTF.

3 The project feasibility study 13 complete and thorough and will be in hand by Jan 22.

4. Hua Y1 was requested to prepare a separate project proposal to cover theirr HFC134a
compressor plant incremental costs. Hence, costs and discussions relative to the compressor
plant are not included 1 this project summary.

5 Overall Assessment - The project 1s well prepared and has no sigmficant tlaws.

& Recommendation - «"ORG to support the project on the basis that the work included m the
protect 1s more than 3% complete and 1s well supported by intemational technoiogy suppliers
1Kirby-Tecunseh) and the project :t 15 mciuded 1 the China CP Action Plan. [Data from the Hua Y
15 needed to assist selecuon of the best refngerator technology tor broad application m (Clhuna.
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DATE, FEB.1,:

- SUPPLEMENT STATEMENT TO THE FEASIBILITY STUDY ON
CONVERSION OF REFRIGERATOR MANUFACTURE FROM CFC~12 TO HFC~{34A AT
' HUA Y1 REFRIGERATOR FACTORY

According  to the comments made by Mr.Jlanssen,M.J. P, (OORG)
Feb.2,3994, we prepared the supplement statement as follows,
1. In October, 991, Hua Yi Electrical Appliaace General Compa
signed with James N. Kirby Pty. Ltd. a contract that introdu
manufacture technology and production tine of wnew reciprocati

compressor applying HFC-j34a from Tecumseh Product Company ( t
[.J' S-A-). The ingtailstina and aaac=- -8 mpuarcu csyuipment beg:
in May of 1993, and in the September first batch of new compresss

were assembled with imported pump kits. By the end of last year, a.
the erection and testing of production lines have been completed ar
5000 finished products came out of the lines. Now the new plant hq
been put into production. The planing capacity in jg99q shall ¢
400, pop, half of which are used to match the refrigerator produce
at Hua Yi and the remaining half will be exported to internations
market such as Netherland and Turkey and so on. Reliability test fc
HFC-)34a compressor had been dome by Kirby, plcase see details i
Anneg -

2. The capacity of Hua Yi’s project is 3g9p,000 instead of 200,000.7
ambient controlled test room and vacuum dehydrator are necessary 1t
be set up and purchased in order to gusrantee the product quality,
because molisture absorption of HFC~134a is very high and it shout
be much wore—iriictly to HFU—[34a tham to CFC-{2 in respect o
residue moisture and and contamination.

3. Unit price of USDygs claimed for 53p refrigerators is the E

Factory Price. Actually, the productioa cost of one refirgerator

{ the cost of raw material and components ) is USDi72. Though i
looks higher than traditional product, some of the msin parts shoul
be replaced and cost much more than before, for example HFC-(34a,
new compressor and special dryer and etc...By the end of last year,
40606 HFC-)34a refrigerators have been produced by Hua Yi and bee
put into demostic market for trial sales. Hua Yi put forward

request of OTF grant for only 519 refrigerators which amounts to b
USD94, 000, after Mr.Charles Catanach kindly .advised that it is ao
suitable to exceed the figure of 539 in Hua Yi’s proposal fp
refrigerator test manufacture. If possible, Hua Yi  sincerely hop:
MPEC could consider the test manufacture fee as per actual figure o

4000.



4000. | -
4. The quotation of USDgp,q000 for helium leak detector includes th
cost of recovery system. Helium leak detector model no.ECOTEsgqg |
made by Leybold. Ltd.( Germany ), it costs about USD3s5, pggprset.
Please see details in AnneXx 2. _

Should you have any question need our explaination durin
the project review and appraisal, please do not hesitate to advis
us as soon as possible.

Hua Yi Electrical Appliance General Company



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

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 Manufacture to
HFC-134a refrigerant with Rotary Compressors.

2 years

108MT CFC-12

Incremental Capital Cost - Phase 1§ 920,000
Incremental Capital Cost - Phase 2 $ 600,000
Incremental Operating Costs 0

Total Project Cost % 1,520,000
$1.570,000

Shanghai Shangling General Refrigerator Factory (SSGRF)

The World Bank

National Environmental Protection Agency (NEPA)

This project wiil lead 10 replacement of CFC-12 refrigerans in househoid refrigerator§ manufactured
by Shanghai Shangling General Refrigerator Factory with HFC-134a . In Phase 1 of the project,
detailed engineering, product development and lab and field testing of 500 units produced under
factory conditions, will be conducted to define firm project scope and costs for full conversion of the
factory output to 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 ASSESSMENT: This subproject has been reviewed and supported by the OORG
technical reviewer, Martien Janssen. His comments are attached together with supplementary
information pertaining to the review.

PROJECT SUMMARY

1

in the estimates of incremental capitaj costs.

The OTF grant is based on 100% Chinese ownership and includes a 3% financial agent fee. A 15% contingency is included



PROJECT OBJECTIVE

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

SECTOR BACKGROUND
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
e e S —
Total - Domestic Refrigeration 4600 1450

In 1992, the Chinese domestic refrigeration sector consumed 6050 MT CFCs, 11% of the total CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant, new refrigerators accounted for a total of 5530 MT CFC usage. The remaining
500MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing
operations..

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

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non-
CDS 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 concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technologies
defined in the long term.

Starting in 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

Refrigeramt Compressor Technology Prod. Capacity
Source (units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000
ote: Binary Blends are mixmures ol BFG 1523 ang ; Ternary Blends also include HCFC124

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 imports is estimated to be US$50-100 million at current market prices. Less costly
reirigerant options would be HFC-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 further potential savings are possible.
Hydrocarbon refrigerants may be considered for inciusion in the program as mature technology becomes
available.

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

ENTERPRISE BACKGROUND

SSGRF produces refrigerators, air conditioners, microwave ovens and other domestic appliances. The factory is
tocated in the Pudong special development area of Shanghai and covers 17,000 sq. meters. The location entitles
_the company to import foreign made components duty free.

A total of 2600 employees are engaged in refrigerator production on one production line imported from
Mitsubishi (Japan). The line is capable of producing 500,000 refrigerators annually based on 2 shift operation.
Eight models are produced with about 1% exported.

In 1992, Shangling produced 11% 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 SSGRF

' Actual | Forecast

1 T T T .1 -1 71T .71

Year 90 S1 92 93 94 95 96 97
Refrigerators 280 320 360 480 520 600 600 600
Produced

(000 Units)

SSGRF first produced refrigerators designed by Mitsubishi in 1986 and subsequently developed its own designs
based on use of Mitsubishi designed rotary compressors produced by the Shanghai Refrigerator Compressor
Company(SRCC). Since 1991, SSGRF has been engaged on a collaborative venture with SRCC to produce a
prototype HFC134a refrigerator equipped with a rotary compressor. This work has been supported by the Power
Machinery Engineering Department of Xi’an Jiaotong University, Shanghai Research Institute of General
Machinery and Shanghai Organic Chemical Research Institute.

Work completed to date includes the following:

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

In March 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 parts schedule, assistance with achieving quality control, and testing
of SSGRF’s test manufactured refrigerator units The agreement includes technology transfer for both CFC and
non-CFC refrigerators {(Annex C).

PROJECT DESCRIPTION.

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

Phase I Engineering, product development and testing under local conditions to establish basic data for
full conversion to HFC-134a and for comparison with results of similar programs using alternative refrigerants.

Phase Il Full conversion of the SSGRF facilities to HFC-134a refrigerant

During Phase 1, over 300 refrigerators will be produced under factory conditions to prove the viability
of refrigerant cireuit designs 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 foreign 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 SSGRF to the
use of HFC-134a refrigerant with a rotary style compressor. Based on the feasibility study results, a detailed
cost estimate will be prepared and project planning will be revised to accomodate Phase 1 findings before
commencing with Phase 2.

Phase 2 will implement the full conversion of SSGRF refrigerator facilities to HFC134a refrigerant
over 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 CFC12 refrigerant in domestic
refrigerators. Its thermodynamic properties are similar to CFC12, it is non-flammable, non-toxic, and has a zero
ODP. SSGRF’s program to develop the use of HFC134a in refrigerators of its design, with the assistance of

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

PROJECT COST

The total project cost is estimated to be $1,520,000 including a 15% contingency to cover supplemental scope
development as the project matures, price escalation, and other unforseen costs.

A breakdown of incremental capital costs included in the OTF grant request is given in Annex A.
INCREMENTAL OPERATING COST

Incremental operating costs will be defined in Phase 2 of this project. An OTF grant request will be made based
on Phase 2 resuits. An order of magnitude estimate of these costs is US$3.300,000 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 1 and 2 of the project , including a 15% contingency cost and a 3% fee

for the financial agent administering the project.

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

The ERR for the project will be determined during project appraisal.
Financial Rate of Return (FRR)
The FFR for the project will be determined during project appraisal.
Financial status of the enterprise
To be compieted at appraisak
Financing plan
To be completed at the appraisal
PROJECT IMPLEMENTATION
Project Schedule

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

SHANGHAI GENERAL REFRIGERATOR FACTORY
PROJECT COST SUMMARY

(000USS)
Phase I -
Controlled Ambient Test Room 70
Data Acquisition System 57
Technology Transfer Agreement 430
Test manufacture 500 Refrigerators 80
(@US$ 160 per unit)
Testing of Trial Manufactured Units 33
Consulations and Training 100
Feasibility Study Preparation 30
SUB-TOTAL 800
Phase 1 1
Refrigerant Charging Machine 50
Leak Detectors & Instruments 60
80 Vacuum Pumps for In-Line Testing 110
Calorimeter for Quality Control 200
Sprecial Service Unit for HFC134a Refrigeraters 100
SUB-TOTAL 520
Contingency (15%) ) 200

OTAL INCREMENTAL CAPITAL COST 1,520
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Annex B

IMPLEMENTATION SCHEDULE®

From To

Phase 1

[nstall Test Room and Data System 3Q%4 4Q95
Train Technicians and Engineers 1Q9% 2Q94
Test Manufacture 500 Refrigerators 3Q94 3Q9%4
Conduct Lab Tests 4094 3Q95
Conduct Field Tests 1Q95 3Q95
Prepare Feasibility Study 2Q95 2095
Phase 2

Convert Manufacturing to HFC-134a 4095 4Q97

2 Project schedule assumes ECMP approval of project during 1Q94.
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Annex C
TECHNOLOGY TRANSFER AGREEMENT

On March 18, 1993, Mitsubishi Electric Corporation and Shanghai Shangling General
Refrigerator Factory (SSGRF) concluded a technical collaboration agreement for manufacture
of refrigerators by SSGRF in China. Under the terms of this agreement, Mitsubishi will
provide SSGRF with technical support for manufacturing 2 CFC models as well as designs,
drawings and specifications for manufacture of 2 non-CFC refrigerator models in SSGRF
facilities. Testing of non-CFC refrigerators by Mitsubishi is also included.

The agreement will be valid for 7 years and requires a payment of 640,000,000 japanese yen
on the following payment schedule.

1993 - 40,000,000
1994 - 70,000,000
1995 - 90,000,000
1996 - 110,000,000
1997 - 110,000,000
1998 - 110,000,000
1999 - 110,000,000

As the agreement covers technical support for CFC and non-CFC foams and refrigerants, the
portion applicable to various activities was estimated as follows:

85% to support existing CFC refrigerator manufacture.
7.5% to support technology transfer for non-CFC refrigerants.
7.5% to support technology transfer for non-CFC refrigerator foam.

The portion of the technology transfer agreement attributable to refrigerant circuit design for
HFC-134a refrigerant in this project is therefore 48,000,000 yen (US$430,000)



Conversion of Refrigerator Manufacturing from CFC-12 to HFC-134a

at Shanghai Shangling General Refrigerator Factory (SSGRF)
Project Proposat by The World Bank, January 1994

@
Scope

The scope of this project is to replace CFC-12 by HFC-134a in the Shanghatl
Shangling refrigerator factory. This is a proven technology and back up is provided
from a developed country manufacturer (Mitsubishi Japan).

Recommendation
Approvai
Rel inf . ided

The original information supplied was only a project summary (which lacks some
relevant information) together with explanatory remarks by the World Bank consultant.
In a second stage, after a preliminary review, a satisfactory response was given to
outstanding issues by the Shangling company. Altogether sufficlent information for a
judgment is present.

The project proposai itself does not contain all relevant information.

Technical soundness

This project has a sound technical basis. The technology transfer from Mitsubishi,
Japan is essential. Rotary compressors will be obtained from the Shanghai Refrigerator
Compressor Company who request for funding itself and is also supported by
Mitsubushi, Japan. It can be expected that the technology transfer will be adequate and
that the project can be completed successfully.

Lessons from experience

not applicable

Environmental and safety issues

HFC-134a is an acceptable way to reduce CFC-12 consumption.

Cost-effectiveness

No incremental operational casts are claimed in this phase. Therefore no cost-
effectiveness can be discussed.
The costs being claimed are reasonable and in line with similar projects.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 1994 02 09



Supplemental Comments of 6 China Refrigerant Projects
Overall Assessment

Shangling
HFC134a Refrigerators using Mitsubishi Rotary Compressors

1. The Shangling project will rely heavily on Mitsubishi for technology. As can be seen in the
project summary discussion on Technology Transfer, the agreement cost Shangling about $6,000,000
and incindes full designs for 2 non-CFC model refrigrators based on their rotary compressors. There
os a separate technology agreement for compressors between Shanghai Compressor Factory and
Mitsubishi. We debated how much of the technology transfer agreement cost shoud be allocated to
.this project and concluded 7.5% on the basis that $430,000 would be in line with similar agreements
elsewhere. Transfer of technology from Mitsubishi has started.

2. The basic question posed to Shangling was, "is Mitsubishi producing similar refrigerators in
Japan today?" “Is the technology commercially proven?" Shangling will consult with Mitsubishi and
prepare a formal response for inclusion in the feasibility study.

3. Two cost items in Phase 2 were extensively discussed - a calorimeter and a service unit.
The calorimeter is claimed to be necessary to assure quality control of incoming compressors from
Shanghai Refrigerator Factory. I questioned if this was really necessary. We

also felt that the original quote of $375,000 was too high and $200,000 was agreed to for the
project.

Shangling have a policy of servicing all of the refrigerators they produce. They state the $100,000
service facility in Phase 2 is to provide the necessary capital equipment to permit servicing of the
HFC134a refrigerators that they will produce as well as the CFC12 units still in service.

4. The work plan does focus on the "Criteria" for appliance development. There was
considerable debate on the 48 degree temperature which was specified for the controlied ambient test.
(This same question arose from Hua Yi, Wanbao, Chang ling, and Shanglu). The claim is that 48
degrees is to hot for the refrigerators made in China -- their National Standard for testing is 32 to 38
degrees depending on model type. Kuijpers has been requested to review this issue and advise if
lower temperatures can be accepted for meeting the "Criteria”.

5. Overall Assessment - the project feasibility study is adequate. The support of Mitsubishi is
essential for project success. Clarification of the state of HFC134a rotary compressor development in
Japan is needed to resolve outstanding questions on commerciality of the technology.

6. Recommendation - OORG to support the project on the basis that it is included in the China
CP Action Plan and the data is needed to assist selection of the best refrigerator technology for broad
application in China. As HFC134a technology is currently the world standard CFC12 replacement,
China must fully understand the impact of this technology on their industry to remain competitive in
the world markets, particularly if they choose to adopt a different technology.

\/ i .
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Further Explanation For Some Quotation
under the Project of
Conversion of Refrigerator Manufacturirg
from CFC-12 to HFC-134a at Shanghai Shangling
| General Refrigeratar Factory (SSGRF)

1. In China, it has become a <custom that a
quality test of some or all of the products
should be carried out before i{hey used upon zew
products, although those tests have been made
by the manafactures before the products get to
the market.

The calorimeter for compressoer owned by
Shanghai Refrigerator Compressor Co., Ltd. is
uged to its limit, so it is impossible for the
eqﬁipment to be nsed by SSGRF anymore.



Forthermore, the calerimeter for compfessor
using CFC-12 can not be used for compresser
with HFC-134a. In thiis case, 2 new calorimeter
for compressor muast be bounght to ensure the
ﬁﬁality of the HFC-134z refrigerator.

2. It is indicated in the provisions of the
technical contract signed between Shangling and
Mitsubishi that

(1) The cost of sending Japanese technicians to
Ching, including the"éost of technical gnide and
traffie, should be paid by Shangling.

2, Payment to every Japanese techniciaan for
eieryday is 50,000 yven.

b, Traffic fee for every technician every
tour 1s 170, 000 yen. .

[t takes a Japanese technician US$ 500 2 day
and US$ 60,000 altogether for three persoms in
40 days.

(2) Payment for the cost of sending Chinese
technicians abroad to receive technical
training. It is estimated of as much as TUS3
40, 000 for three persons in 44 days agbroad, if
every one itakes USS 300 per days.

All this money 1is exclusive of the total
technical contract cost of §40 million Fen.
Shangling must pay this US$ 100,000¢ US$S 60. 000

"+ TUS$ 40,000 ) extrz expenses.

13
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3. In our project feasibility study, we hﬁve
explained that service becomes more and more
important " for tke refrigerator manufactory in
China, The existing service system <can only
service CFC-12 refrigeratfors but net HFC-134e
“ones. On_.the other hand, becauses the -existing
service system isn’t sdapted HFC-134z, - it can’
service CFC-12 refrigerators and HFC-1342a ocnes
alternately. Thus, in order to ~ensure the
service of both Shangling CFC-12 refrigerators
and HFC-134a cnes, we wisk this investment
can be sumpported by OORG.

4, In SSGRF, there are twoe test production
phases before & new model put into operation.
One is model test phase, it uses to¢ check
whether the performanﬁe of the new refrigerator
achieves the goal of design. The other is test
productiom, it uses to check whether the
equipment and technological process are adapted
to produection. When test production, the.
equipment and instruments invested must be
adjust and tested. So the producimg line cen't
run normally and  Shangling will exert a
tremendous influence on the profit. On the base
~of two days calculating, Shangling will suffer
heavy losses of 700, 000 yuan (US380, 000). That
means US$ 160 per refrigerator. ) |

In fact, this expense is cost. of test

prodnction.

900 (R 8TL9588 TZ 988 $9:60 V6. 20/80



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 for conversion of compressor

manufacturing to HFC-134a rotary compressor designs.

PROJECT DURATION 2 years

PROJECT IMPACT Indirect - 100 MT CFC-12

PROJECT BUDGET Incremental Capital Cost - Phase 1 $ 1,130,000
Incremental Capital Cost - Phase 2 $ 230,000
Incremental Operating Cost 3 0
Total Project Cost $ 1,360,000

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

NATIONAL COORDINATING
AGENCY National Environmental Protection Agency (NEPA)

PROJECT SUMMARY
This project will result in the annual production of up to 500,000 high efficiencv rotary HFC134a
compressors to supply the needs of the Shanghai Shangling General 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 technoiogy transfer agreement. In Phase 1 of
the project, detailed engineering, product development and lab and field testing of 1000 units produced
under factory conditions, will be conducted 1o define firm project scope and costs for full conversion
of the factory output to HFC134a refrigerant during Phase 2. The results of Phase 1 will be compared
with similar projects using alternative refrigerants before proceeding with Phase 2. Net incremental
operating costs for the conversion will be defined during Phase 2 and presented in a separate Phase 3
project at a future date. A separate project will be defined for replacement of CFCs used in
refrigerator insulating foam, pending definition of the best available technology.

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

! The OTF grant is based on 100% Chinese ownership and includes 4 3% financial agent fee. A 15% contingency is included

in the estimates of incremental capital costs,



PROJECT OBJECTIVES
The objective of this project is 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-11 CFC-12

Insulating Foamn - 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 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 173
grams CFC-12 refrigerant. new refrigerators accounted for a total of 5550 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 lines for compressors with an annual capacity of 16 million
units. Refrigerator production capacity utilization has been slighly below 50% . Actual production of new
refrigerators in China has averaged 5.7 million units annually since 1990. Production is expected to increase
8% per year as economic conditions continue to improve and consumers acquire additional discretionary
income. Currently, only 13% of housholds in China have a conventional refrigerator. A total of 39 million
units are estimated to have been in service at the beginning of 1993. Refrigerator life averages about 20-25
years during which refrigerant is replaced every eight years.

Phaseout of CFC use in the domestic refrigerator sector will require integration of new technologies for non-
QDS foams and refrigerants, and compressor designs to accomodate the new refrigerants while sustaining
energy efficiency and overall mechanical performance. The National Strategy as defined in the China Country
Program will concentrate initially on reducing CFC use by 50% as new foam technologies evolve. Transitional
substitute technologies will be evaluated in the medium term (1997-2000) and fully non-ODS technologies
defined in the long term. Starting in 1994, a comprehensive program for refrigerant selection will be carried out
in a serics 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 {units/yr)
Shangling HFC-134a Rotary Mitsubishi 500,000
Hua Yi HFC-134a Reciprocating Kirby 300,000
Shanglu Ternary Blend Reciprocating DuPont 400,000
Chang Ling Binary Blend Reciprocating Chang Ling 400,000
Wanbao HFC-152a Reciprocating Wanbao 400,000

Note: Binary Blends are mixmres of HFC 1322 and | 77 Ternary Blends alse include HOFC124
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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of
which could be blended domestically using imported HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely related to those currently used for CFC-12 further potential savings are possible.
Hydrocarbon refrigerants may be considered for inclusion in the program as mature technology becomes
availabie.

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

ENTERPRISE BACKGROUND

The Shanghai Refrigerator Compressor Co. Lid (SRC) factory is located in Shanghai and supplies a variety of
refrigerator compressors to Shanghai Shangling Refrigerator Co. Ltd., China Industry Co. Ltd., Shanghai
Shanglu Electricai Appliances Co. Ltd., and Beijing Xue Hua Electrical Appliances Group. In 1993, 550,000
compressors were produced (Table 3), about 10% of China’s totai requirement.

SRC has 2600 employees including 260 professional engineers. In addition 1o refrigerator compressors, SRC
also makes air conditioning compressors and other refrigerating equipment.
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Table 3
Actual and Forecast Refrigerator Compressor Production at Shanghai Refrigerator Compressor Co.

Forecast

94 95 96 97
Compressors 350 420 470 550 800 850 950 1100
Produced
{000 Units)

PROJECT DESCRIPTION.

The project will convert manufacturing of domestic refrigerator compressor manufacture from CFC12 designs
to an newly deveioped rotary compressor suited to HFC134a refrigerant at Shanghat 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 estabiish basic data for full conversion of the factory to make the new rotary
COMPTESSOTS.

Phase II Full conversion of the SRC factory to Mitsubishi HFC134a rotary compressor designs.

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY:

HFC134a has been accepted worldwide as the principal replacement for CFC12 refrigerant in domestic
refrigerators. Its thermodynamic properties are similar to CFCI12, it is non-flammable, non-toxic, and has a zero
ODP. SRC’s program to convert 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 totai project cost is estimated to be §1,360,000 including a 15% contingency to cover suppiemental 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

[ncremental operating costs will be defined in Phase 2 of this project. An order of magnitude estimate of these
costs is US$2,000,000 for the first four years of operation, discounted at 10%. If these costs are passed on to
the users of SRC compressors, the net incremental operating costs for OTF fund will be negligible.

UNIT ABATEMENT COST (UAB)

Not applicable to compressors manufacture as CFC phaseout is determined to be as a result of appliance
manufacture.

PROPOSED OTF GRANT

The proposed OTF grant request is US$1,400,000 is based on 100% Chinese ownershhip of Shanghai
Refrigerator Compressor Co. Ltd. and covers the incremental capital costs for Phases | and 2 of the project ,



-5 -
including a 15% contingency cost and 2 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.
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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
(@ US$35 per compressor)
Training of Technicians in Japan 20
Foreign Consultations 20
SUB-TOTAL 980
Phase 1 I
Qil Charging System 150
Operator Training at SRC 30
Instatlation and Commissioning 20
SUB-TOTAL . 200
Contingency (15%) 180

TOTAL CAPITAL COSTS 1,360




Annex B

SHANGHAI REFRIGERATOR COMPRESSOR

IMPLEMENTATION SCHEDULE®

From To

Phase 1

Purchase Equipment for Test Manufacture 1Q94 3Q9%4
Maoadify Production Line for Test Manufacture 1Q9%4 2Q%4
Train Technical Personnel 1Q9% 2094
Make 1000 New Rotary Compressors 2Q94 2Q%4
Test Compressors 3Q9%4 3Q94
Prepare Phase 2 Feasibility Study 3Q9%4 3Q9%4
Phase 2

Purchase and Install New Equipment 3Q9%4 4Q94
Train Operators and Mechanics 3Q9% 3Q9%4
Startup 4Q94 4Q9%4
Acheive Full Production Rate 1Q95 1Q98

Project schedule assumes ECMP approval of project during 1Q94,
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Annex C

TECHNOLOGY TRANSFER AGREEMENT

On November 23, 1993, Shanghai Refrgerator Compressor Company and Mitsubishi Electric signed an
agreement for transfer of technology for manufacture of rotary compressors suitable for use of HFC134a.

The terms and conditions of this agreement include the following:

10 year term

4 compressor models

Annual update of latest Mitsubishi improvements on the 4 models
Designs modified to meet Chinese Standards

Technical assistance provided by Mitsubishi on request

The technology fee is 53,000,000, denominated in Japanese Yen (equiv. US$475,000)
Designs 20,000,000

Process Technology 25,000,000
Testing Technology 8,000,000



Conversion of Compressor Manufacturing from

CFC-12 to HFC-134a

at Shanghai Refrigerator Compressor Factory
Project Proposal by The World Bank, January 1984

()]
Scope

The scope of this project is to convert the production of rotary compressors from CFC-
12 fo HFC-134a. Assistance is provided from a developed country manufacturer
(Mitsubishi, Japan).

Recommendation

Approval

Relevance and adequacy of information provided

The original information supplied was only a project summary (which lacks some
relevant information) together with explanatory remarks by the World Bank consuitant,
In a first instance some questions were asked which were satisfactorily answered, so
altogether sufficlent information for a judgment is present.

The project proposal itself does not contain all relevant information.

Technical soundness

This project has a sound technical basis. The technology transfer from Mitsubishi,
Japan is essential. An adequate technology transfer can be expected also due to
successful cooperation between the two companies in previous projects.

L essons from experience

not applicable

Environmental and safety issues

HFC-134a is an acceptable way to reduce CFC-12 consumption.

Cost-effectiveness

No incremental operational costs are claimed in this phase. In a future phase it must be

decided who can ¢laim for operational ¢osts, the compressor producer or the users.
The costs being claimed are reasonable and in line with similar projects.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 1994 02 09



Supplemeirtal Comments of 6 China Refrigerant Projects
Overall Assessment

Shanghal Refrigerator Compressor Factory
HFC134a Mitsubiski Rotary Compressors

1. The Shangling and Shanghai Compressor projects will rely heavily on Mitsubish: for
technology. As can be seen in the project sumnmary discussion on Technology Transfer, the agreement
cost Shangling about $6,000,000 and includes full designs for 2 non-CFC model refrigrators based on
their rotary compressors. The technology agreement for compressors is an additional $430,000.

2. The basic questions posed to Shangling and Shanghai Compressor wer, "is Mitsubishi
producing similar refngerators and compressors in Japan today?” *Is the technology commercially
proven?" Shangling will consult with Mitsubishi and prepare a formal response for inclusion m the
feasibility studies for Shangling and Shanghai Compressors.

3 We felt that the onginal quote of $375,000 for a calorminete was too high and $200,000 was
agreed to for the project.

4. Overall Assessment - the project feasibility study is adequate. The project scope definition and
costs Is comparable to other suniliar projects which have been reviewed and approved. The support of
Mitsubishi is essential for project success. Clanfication of the state of HFC134a rotary compressor
development in Japan 13 needed to resolve putstanding questions on comumerciality of the technology.

5. Recommendation - QORG to support the 2 projects {Shangling and Shanghai Compressor)

on the basis that the Shangling project 1s included in the China CP Action Plan and the data is
needed to assist selection of the best refrigerator/compressor technology for broad application in
China. The Shangling project would be moot without approval of the Shanghai Compressor project.
As HFC134a technology is currently the world standard CFC!2 replacement, China must fully
understand the impact ot this technology on their industry to remain compeutive i1 the world markets,
particularly if they choose 10 adopt a different technology PR
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To- Misy Heilen Chan Fax:1-202-477-1273
Froc: Shanghai Refrigerator Compressor Co.Ltd.

Additional Remarks For SRC Project

1. Noise and Vidb:ration equipment

As the pressure rxtio of suction to discharging amd oil ecireuit are

different between HFCl34a and CFCi2 during compressor runming, so

goise end vib ration of compressor is alsec different. ,

1}. Noise is tested after the equipment - filled with HFC134s reach
& steady rumning. But the existing equipment in the company is
only suit for CFC13,80 it can not be used for BFC134a.

2). Noise eguipment is piaced in the noise eliminstion room. Another
noise elimination room will be set up necessarily for HFCi34a
compressor, 66 the equipment will be get up at the same time.

3). The CFC12 compressor will be produced for several years, ii is
impossible to remove the existing CFC12 system. Se ths nai se
and vib ration egquipments for both CFC12 and HFC134a will hbe
sxisted simultaneously for several years.

2. The basis of 35 USD ﬁer compressor (for 1000 compressore)}

In fact the cost of existing CFCi2 compressor in the company 1is 39
USD (the domestic sale price is 45 USD, whick can not be compared
with the nationaecl price). For trial productien, the cost will be
higher than 40 USD (inelcding some special redsons, such as materizl,
higher reject rate and design fee,etc.). So the company will bear
some portiog of cost by itself except 36 USD per comperssor applied
from The World Baak
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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

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 Manufacture to
HFC152a/HCFC22 Blended Refrigerant in Conventional Compressors

2 years

70 MT CFC-12

Incremental Capital Cost - Phase {  $ 645,000
Incremental Capital Cost - Phase 2§ 335,000
Incremental Operating Cost $ 0
Total Project Cost $ 980,000

$ 860,000
Chang Ling (Group) Co. Ltd.

The World Bank

National Environmental Protection Agency (NEPA)

This project will lead to replacement of CFC-12 refrigerant in household refrigerators manufactured
by Chang Ling with a blended refrigerant consisting of HFC152a and HCFC22. Technology has been
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 units produced under factory
conditions, will be conducted to define firm project scope and costs for full conversion of the factory
output to HFC152a/HCFC22 blended 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 ASSESSMENT: This subproject has been reviewed and supported by the OORG
technical reviewer, Martien Janssen. His comments are attached together with supplementary
information pertaining to the review.

PROJECT SUMMARY

{

The OTF grant is based on t00% Chinese ownership. A 3% financial agent fee and a 15% contingency is included in

the estimates of incremental capital costs.  Chang Ling will self finance $150,000 of Phase 2 the capital cost for piant renovations.



PROJECT OBJECTIVES

The objective of this project is to establish a phased introduction of technology for use of HFC152a/HCFC22
blended refrigerant in domestic refrigerators produced by Chang Ling. The results of this project will be
evaluated and considered for adoption by similar refrigerator operations.

SECTOR BACKGROUND

Table-1
CHINA - ODS Consumption in Domestic Refrigeration, 1992
(metric tons)
CFC-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 total CFC
consumption in the country. The major CFC application was CFC-11 blowing agent used to generate the
insulation foam in refrigerator cabinets (4600 MT). Assuming an average refrigerator in China contains 175
grams CFC-12 refrigerant, new refrigerators accounted for a total of 5550 MT CFC usage. The remaining
500MT in the sector replaced refrigerant in the fleet of existing CFC12 refrigerators during servicing
operations. .

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

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

Shangling HFC-134a Rotary Mitsubishi 500,000

Hua Yi HFC-134a Reciprocating Kirby 300,000

Shanglu Ternary Blend Reciprocating DuPont 400,000

Chang Ling Binary Blend Reciprocating Chang Ling 400,000
i Wanbao HFC-152a Reciprocating Wanbao 400,000
Note: Binary Blends are mixwures of HFC152a and NGO FC22, Ternary Blends also mclude HCEC 124

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 fubricant 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 imports is estimated to be US$50-100 million at current market prices. Less costly
refrigerant options would be HFC-152a, which is produced in China, and binary and ternary blends, most of
which could be blended domestically using imporied HCFC124 if necessary. As HFC-152a based refrigerants
use lubricants closely retated to those currently used for CFC-12 further potential savings are possible.
Hydrocarbon refrigerants may be considered for inclusien in the program as mature technology becomes
available.

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

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

1525 engineers and technicians.

A total of 1,200 employees are engaged in refrigerator production on one production line imported from
Merloni (Italy) in 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
illustrated in Table 3 for the period 199Q-1997.

Chang Ling is committed to phaseout all CFCs used in refrigerator manufacture before 1997,
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Table 3
Actual and Forecast Refrigerator Production at Chang Ling

l Actual Forecast “

——————

Year 90 91 92 93 94 95 96 97
Refrigerators 210 260 270 397 450 600 600 600
Produced

(000 Units)

Since 1990, Chang Ling and Xi’an Jiaotong University have been engaged in a collaborative venture to develop
a refrigerator based on HFC152a/HCFC22 refrigerant. Phase 1 type activities completed to date include:
calorimeter testing of 9 compressors using the blend, appliance testing of 20 refrigerators, and compatibility
testing of lubricants, driers and compressor materials. Advantages of the blended refrigerant were found to be
minimai engineering changes to compressors and refrigerators and higher energy efficiency. Ongoing work is
focused on optimization of the refrigerator-compressor system.

PROJECT DESCRIPTION.

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

Phase I Engineering, product development and testing under local conditions to establish basic data for
full conversion to HFC152a/HCFC22 blended refrigerant and for comparison with results of similar programs
using alternative refrigerants.

Phase {1 Full conversion of the Chang Ling factory 1o HFC152a/HCFC22 blended refrigerant

During Phase 1, 500 refrigerators will be produced under factory conditions to prove the viability of
manufacturing refrigerators safely and reliable under local conditions. Technical collaboration will be sustained
with Xi’an Haotong University. At the conclusion of Phase I, a feasibility study will be prepared for full
conversion of refrigerator manufacturing at Chang Ling using HFC152a/HCFC22 refrigerant. Based on the
feasibility study results, a detailed cost estimate will be prepared and project planning will be revised to
accomodate Phase 1 findings before commencing with Phase 2.

Phase 2 will implement the full conversion of Chang Ling refrigerator facilities to HFC152a/HCFC22
blended refrigerant

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY

While HFC134a has been accepted worldwide as the principal replacement for CFCI12 refrigerant in domestic
refrigerators, aiternative 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 HFC152a/HCFC22 blended refrigerant is a leading
condidate because of refrigerant availability at a 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
implement the project successiully.



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

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

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

UNIT ABATEMENT COST (UAB)

% 9.87 per kg CFC-12

PROPOSED OTF GRANT

The proposed OTF grant request is US$860,000 is based on 100% Chinese (state) ownershhip of Chang Ling

{Group) Co. Ltd. and covers the incremental capital costs for Phases 1 and 2 of the project , including a 15%

contingency cost and a 3% fee for the financial agent administering the project. Chang Ling will self finance

$150.000 of the Phase 2 costs covering plant renovations.

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 wiil be determined during project appraisal.
Financial status of the enterprise
To be completed at appraisal
Financing plan
To be completed at the appraisal
PROJECT IMPLEMENTATION
Project Schedule -

The project implementation schedule is presented in Annex B.
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CHANG LING
PROJECT COST SUMMARY

Phase I o (000USS)
Technology Transfer Fee 50
1 Refrigerant Charging Machines 75
Analytical and Special Test Equipment 75
Safety Control and Alarm Equipment 191
Blend Supply and Recovery Facility 36
Ventilation and Fire Safety Improvements 33
Test Manufacture of 500 Refrigerators 80
(@US$ 160 per unirt)
Preparation of Phase 2 Feasibility Study Report 20

SUB-TOTAL 560
Phase 1 1
I Refrigerant Charging Machine 75
Reorganization of Production Line including 175?
Ventilation and Fire Protection
7 Halogen Leak Detectors 40
13 Blend Recovery Units 20

SUB-TOTAL 310

Contingency (15%) 110
TOTAL CAPITAL COSTS 980

4
-

US%150,000 to be self financed by Chang Ling {Group) Ltd.

Annex A



Anmnex 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 2Q94 2Q94
Prepare Feasibility Study for Phase 2 3Q9%4 3Q94
Phase 2
Purchase and Install equipment for mass 4Q9%4 1Q95
production of Blend Refrigerators
Test Manufacture 2000 refrigerators on full scale | 2Q95 20395
production line
Increase Production Rate to achieve complete 4Q95 4Q96
phaseout of CFC12 refrigerant use

Project schedule assumes ECMP approvai of project during 1Q%.
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Annex C

TECHNOLOGY TRANSFER AGREEMENT

Chang Ling (Group) Co. Ltd. (formerly Shaanxi Refrigerator Factory){(Chang Ling)) and
Xi’an Jiaotong University (XJU) have reached the following technical and safety system
coordination agreement for producing refrigerators using HFC152a/HCFC22 blended
refrigerant.

In a previous agreement (Dec. 26,1990) XJU transferred to Chang Ling technotogy
applicable to use of the HFC152a/HCFC22 blend in refrigerator service. In this agreement
XJU will provide additions technology and testing services to assist Chang Ling with the
following activities:

Production of 500 refrigerators
Design of facilities for mass production
Safety analysis of project plans and facilities
Training of operators and mechanics
XJU will be responsible for ensuring the reliability and reasonability of all project plans.

A one time fee of $50,000 will be charged for the above services.

The term of the agreement will conclude in December 1995.



Conversion of Refrigerator Manufacturing from CFC-12 to

HFC-152a/HCFC-22 blend

at Chang Ling Refrigerator Company at Baojti
Project Froposai by The World Bank, January 1994

Scope

The scope of this project is to convert the Chang Ling household refrigerator factory
from CFC-12 o the binary blend HFC-152a/HF CF-22 using conventional
compressors. The technology for this altemative has been developed by the company
in cooperation with the Xi'an Jiatong University.

commendatio
Approval

Relevanc dequac i i id

The original information supplied was only a project summary (which lacks some
relevant information} together with explanatory remarks by the World Bank consultant.
in a second stage, after a preliminary review, supplementary information was given by
the Chang Ling company. Altogether sufficient information for a judgment Is present.
The project proposal itself does not contain all relevant information.

Technical soundness

The Chang Ling company has chosen an altemative which is not being applied
elsewhere and therefore had to do its own development in cooperation with the Xi'an
Jiatong University. Also the compressor manufacturer (Yuan Dong Co., Xian)
participated in this development and guarantees their CFC-12 compressors with the
HFC-152a/HCFC-22 blend.

Extensive tests with the blend are being reported and possible problems have been
addressed like the application of mineral oil and the higher discharge temperature. For
the latter problem accelerated life time tests for the compressor are still being
scheduled. The tests performed and information supplied gives confidence that the
status of the technology is advanced enough to start a pitot production.

Lessons from experience

not applicable

Environmental issues

The blend HFC-152a/HCFC-22 &till has a low ODP and is therefore a transitional
substance only.

Safety issues



The blend applied is flammable and therefore special provisions need to be made to the

production line. _
in China a National Standard on the application of flammabile refrigerants Is scheduled

to come out which should give guidelines and must address the problem of
distinguishing appliances with different refrigerants.

Cost-effectiveness

No incremental operationat costs are claimed in this phase yet (they must be iower
than for HFC-134a projects) Therefore no cost-effectiveness can be discussed.

The costs claimed for safety measures in the production lines are reasonable
(approximately 400,000 USD). Also the other costs claimed are reasonable and In line
with similar projects,

Other

In the project summary it is stated that after phase 1 (pilot production and field test of
S00 appliances) the results will be compared with similar projects before proceeding to
phase 2. However, it is doubted whether this procedure is very realistic. Already in
phase 1 large investments are made, maybe not specificaily in hardware but in
technotogy development, transfer, training etc. Ancther aspect is the funding itself.
The question is: would this company be funded again for conversion to HFC-134a if
after phase 1 it appears that the blend alternative is not so successful 7 In other words,
once the decision is made for funding this alternative, it is a final decision.

Janssen, M.J.P. (OORG), Eindhoven, the Netherlands, 1994 02 09



Supplemental Comments of 6 China Refrigerant Projects

Overnil Assessment

Chang Ling
HIC152a/HCFC22 Binmry Blend Refrigerant

1. Chang Ling has conduced extensivie tests with HFC152a/HCFC22 in cooperation with Xi'an
Tiaotong Umv (XJU) starting 1n 1989. They claim the test work is now complete (3 years of data) but
13 all in Chinese. They are summarizing these tests for inclusion as an annex to their feasibility study.
This will be in hand by Jan 22. The next step will be to make 500 refrigerators on their main
manufacturing line for field testing. Chang Ling does not have extemal technology support but feels
confident that their expertise in cooperation with XJU should be adequate as there are no changes
needed in compressor design to accomodate the HFC152a/HCFC22 blend.

2. Chang Ling do not plan to modify their condensors and evaporators tc optimize the
refrigerant circuit. They are planning to evaluate a replacement for mineral oil as the discharge
temperature for the blend s higher than that for CFC12 and o1l degradation may result over a long
period of time.

3. The work plan does focus on the "Critena" for appilance development. There was considerable
debate on the 48 degree temperature which was specitied for the controlled ambient test. (This same
question arose from Hua Y1, Wanbac, Shangling, and Shanglu). The claim 1s that 48 degrees 1s to hot
for the refngerators made in China - their National Standard for testing 1s 32 to 38 degrees depending
on model type. Kuijpers has been requested to review this issue and advise 1if lower temperatures can
be accepted for meeting the "Critenia”.

4. Even though the addition of HCFC22 to HFC152 reduced flammability, the binary blend
which Chang Ling plan to use (80/20 HFC152a/HCFC22) 1s sull flammable. The cost to make
refrigerator manufacrure safe for handling tlammable refngerants is a sigruficant factor 1n the cost of
capital equipment. traming of technical staff. traming of operators and mechanics and timing project
unplementation. [ do not think that these questions are fully appreciated by anyone at the present time.
We should anticipate a slower project implementation than has been suggested by Chang Ling.

3 Chang Ling 1s committed to a (ull phaseout of CFCs in thewr line of refrigerators by 1997.
This 1s an admirabie goal and deserves support. however. caution should be exercised on the
flammability 1ssue. Chang Ling witl commuit $3130.000 of their tunds to Phase 2 of this project to
ercourage its progress and support.

& As more different refmgeranis are added to the "swute” of refrigerants in use mn China, the
question of refngerator service will become acute. China will need to develop appropriate standards
for 1dentitication of what type {"class") of refngerant 15 1n use and what servicing procedures shoutd
be used.
B Oveall Assessment - The project 15 well prepared and documented. The work plan meets the
"Critena® for tesung appliances.

g Recommendation - Ammend documentation of pnior testing  prior to project submisston to
ECMF. OORG to support the project on the basis that 1t 15 included in the China CP Action Plan and
the data 1s needed to assist selectuion of the best refrigerator technology for broad apphicauen in China.
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1. Channgngs blend technology | was approved by expert
grouq organized by the related goverment scieritifii?‘
egency. o e
The Epglish transiation copY of “Eveluated Certificote; v a
of Sclence and Technology giAchievement ofproject”are '
attachqd this time. | :
The tl:hlnese copy was invoiveH in the feesbiity  study.
2. Yuan l'?ong compressor jM'anufac#I e Co. Xian, Sheanxif '
provinée, China, is the leadhg'Trcompressor supplier of . :
Cheng Ling. | j
According to the Goverment‘,arrangement of Shaanx:
Provmce, the two compeny cooperate on blend technology. | |
Yuan Dong Co. fuly guarantee l;he Justification that ltS;
CFC- 13 compressor drectly use. iblend. ?

1

i

: |
2.1  Yuan Qong Co. Xien. ! ’ o
2.1.1 Yuan Dong compressor range |from 1/8HP to 1/3HP
reciproci:athg type. j :
2.1.2 production capacity 650000sets/yeer. :
2.1.3 Yuan D;ong compressor QDBZGAJ QD75GA have been fully
tested ‘wnh using blend as refrrgerant. |
Englsh | translation copy of|/ the test report are !
attachaq this time, : ) o

3.  Higher discharge temperatwe, Hmneral ol
i . u
}' : !
3.1 Discharge temperature .1
when J!se blend, compressorIF dischargatemperature
raises é little compared with tPat of using CFC-12.
Surpose the increase At ¥ i

B.1.1 DUPONT, CO. U.S.A report ||
I

Accondng DUPONT'S report(U.S.A)| for SUVA MP39. At=+0C
about and they clam that there lis no problem for the .
compressor made within the near $t decade to do with.

:+ 1.2 ow tesh report
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|
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(1tdly) i
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(Yusn Dong Co. XIan, Cl'ina)" ‘
Above all, we think |t can bellaccepted
Mhezq ol : b

By fulty tesled, we are conf‘ﬁient enough that exisf
oompree-sor ol is cornpatible, with blend. We have§
dsmant!ed one prototvpe comp ressor that had run  over,
one year, we find no change of; its minenal oil, nor the'
compressor parts. 1 :
Accelereted Life time itest a :
We schedule to carry out :thas test according to!
CRITEF‘IA and compreseor standard i

I t
v

Start Date : 2 12/94 ;
Duration  : 2 months
Coooperator: Lan Dong Co. :

. ¥

1

Xim Jiao Tong University
Yuan Dongs test reporls of its CFC-—12:

compressor QD'75GA directly  use blend:
: altached th:s urne, the result is okay. o
Refrlgerator prototypes using plend have waell operate§
for 3 years without anv problelj'l? - :

i
:

)

i
r 'l : 1
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Flamrnfabiiity
|
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In Appendnx 2.f. of ou' feasibuhlﬁr study, there are’:
full test reports to show bleqd's flammability being. in |
safety level and weakest compared with HFC-152a's.

For sln'gle customner refngerator using blend, flammablhty
isn't 'exrst H o
F!ammabﬂitv Guidlines of blend} using appliances and |
the way to distinguish the;T from others will beé
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5. Invest‘rnent t‘ ' : ' |
) i R &

5.1 Backgi'ound of the 160 USD/unlt for 600 refrigerators, | SR
5.1.1 In :te}n 6.3 of feasbiity stu;ly : 64
6.3 J."t(J() sets refrlgerator with blend: Jié

fleld test fee plus 'bncraamental i

gost of production are gOOOO USD. | g

Thet ls 40 USD/unit ! o
5.1.2 In ltem 6.4 of feasbilty study i
6.4 Techincal pzeparatlon fee, cost of prototypes,

[ £

rie

|standard making out, tot+ly 60000 USD
That is: 120 USD/unit; '|
5.1.3 4o+1zp =160 USD/unit ' |
5.2 Blend supply and recoverv facl?ty o
5.2.1In lem 5.1 NO.4 of feasubnhyy study. we totalh:r
need is set recovery equpmeqt :

For 500 blend refngeafor t%st production, (phase 1) ;

{set fee, desrgmng feeof safety systemand cost for ;Tf:
g

L M e e e 2 i e —— hn s b

TR e

only 2 sot were nedded. one 'for production line, the | =
other !for repairing  center. H . - iR
91500' USD/unit ' z><1500 3000 USD

522In|tem53 NO.3 . ‘i :
Mncro-—mass flow meter and pur?p set {supply pump) 'wé |
need 4 sots P e
1. lt' was used to pump the HFC -152a and HCFC-22 mtoI : '
blend changing Machine accuratlv and individually. |
2. Ap one each changmg mach;ne for preduction lineand:
répalmg fne, end two #Jpplv pumps for each. . so
total 4 set were needed Ii '
3. 8250 USD/set 4 X8250=33000 USD
5.2.3 Total: 3qoo+33000—3eooo usD -
5.3 Specnal introduction |
169 USD/Unit for 500 refrléeratlon | _ ‘
2 36000 USD supply pnd rec¢\/ery facility Cod E *f
The above data were summanzéd by W.B. oxpert  Mr.: ‘
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Project Cover Sheet

Country: People's Republic of China

Project Title: CFC-12 to HCFC-22 Plant Conversicn

Sector Covered: Chemical Production

Project Impact: Reduce 7,000 tons per year CFC-12. Increase

HCFC-22 5,000T/Y. ODP reduction &,750T/Y

Project Duration: 2.5 vyears

Project Economic Life: 10 vears

Total Project Costs: USs 8.935 million

Proposed OTF Financing: 5% 6.369 million isee below)

Implementing Enterprise: Shangnai Chlcor-Alkali Chemical Co.
Cocrdinating Agency: NEPA/Ministry of Chemical Industry
Implementing Agency: World Bank

Project Summary. This preoject will simultanecusly close an existing CFC-12

plant with rated capacity of 7,000 tpy at Shanghai Chlor-Alkali Chemical Co
{(SCAC) and replace it with a plant with rated capacity of 5, 000 tpy HCFC-22.
Existing infrastructure will be kept. Technclogy and key equipment will be
imported. ODP reducticn will be 6,750 tpy. This project reflects the Chinese
Government strategy in CP to phase cut ODS, which is: conversion from using
ODS products to ODS substitutes should be carried out smoothly by adopting
from high ODP substances, to low ODP substances, and then to substances
without ODP. <China has chosen HCFC-22 as an important transitional substance.

The project is being submitted to MPEC at this stage for preliminary
provisional review with regard to methodolegy and assumptions for calculating
incremental costs. There is disagreement between SCAC/MCI and Bank on
assumptions that determine incremental costs, mainly on foregone producticn
level of CFC 12, production buildup of HCFC 22 and base year for discounting.
SCAC assumes higher levels of CFC 12 production foregone, lower production of
HCFC 22, discounts all recurring costs and benefits streams to the same year;
each leading to higher incremental costs. SCAC’'s calculation of incremental
cecsts are presented herein as an alternate and advice from MPEC is being
sclicited on how to resolve the differences.

Technical Assesament: A preliminary technical review has been undertaken
by the OORG reviewer, Mike Harris, and project is provisicnally supported as
presented. Feasibility report will ke revised cnce firms bids are received
and recalculate capital costs and incremental costs. OORG comments will be
taken into consideration when project is resubmitted to MPEC for funding.



Project Chjectives. The project objectives are to reduce annual production
capacity of 7,000 tons of CFC-12, and simuitaneously increase HCFC-22
production capacity of 5,000 tpy to ensure that HCFC 22 product will be
available as a CFC substitute, in line with China‘s CDS CP strategy. If
demand for HCFC-22 grows rapidly as projected in the CP, similar projects can
be carried out in other plants.

Sector Background. Currently, there are about 38 CFCs production facilities
in China. These enterprises are comprised of 13 large-scale state-owned
enterprises and about 25 small-scale collective enterprises. In 1991, total
preduction capacity was about 47,000 tons, including 7,000 tpy CFC 12 at SCAC.
Production capacity is expected to increase to about 74,000 in 1994 due to
gseveral ongoing expansion projects that are being cempleted. They all employ
domestic, ligquid phase technology, to produce CFCs with raw materials
purchased from dcmestic sources. However, most plants are not "swing® plants
and can only produce cone type of CFC. The current CFC production capacity in
China cannot meet the demand of CFC 11 and 113, but there is an excess of CFC
12 capacity. Imported CFCs have cccupied a large portion in CFC consumption
market, but that is expected to decrease rapidly over the next 2-3 years. In
1991, total output of CFC-12 was 21,%00 tens. The imported amount was 1,100
tons and consumption was 23,000 tons. Unconstrained CFC market is forecast to
be 45,900 tons in 1996; 65,100 tons in 2000; 95,900 tons in 2005, and 138,500
tens in 2010.

Enterprise Background. SCAC is a large chemical producer in Shanghai, with
production facilities dating back te the mid 1960s; that have been continually
modernized and expanded since that time. SCAC was restructured as a separate
entity in 1992. Registered capital for the company amounts to 832 million
RMB. In 1991, SCAC had the largest CFC-12 production plant in China, with a
rated capacity of 7,000 tpy CFC 12. {In 1884 , there are two plants larger.}
Its total output in 1591 was 5,350 tons (highest production for any year),
which was one-fourth of total national cutput in 1991. However, raw material
supply was a major constraint and SCAC commissioned a 10,000 tpy CTC plant in
1993 to remove the bottleneck. However, there is an emerging overall surplus
cf CFC 12 capacity in China and the impact on cutput from SCAC in terms of
assessing future CFC 12 production levels is difficult to quantify.

Project Description. This project will adeopt imported technology to produce
HCFC-22. Currently, HCFC-22 production at home and abroad all adopt the
liquid-phase halocgen exchange process, which uses hydrogen fluoride (HF) and
chleroform (CHCl,, as a catalyst. Domestic techniques, due to reactions
taking place in lower pressures, having higher consumption of raw materials,
power and catalysts, larger discharges of wastes and by-preducts. Foreign
technelegy, due tc higher reaction pressure, has lower consumption and less
discharge of wastes and by-product HCl. Design will be provided by foreign
contractors and detail designs will be carried out by domestic contractors.
The HCFC-22 plant is made up of raw material supply, reaction and stripping,
HF removal and drying, product separation and rectification, and packaging
system. Key equipment,piping and instruments, will be imported and other
equipment and materials will be furnished by domestic suppliers. There are
about 140 total pieces of equipment HCFC-22 production process, of which, 29
pieces will be imported and 13 pieces will be from original CFC-12 plant. The
project will be implemented within existing battery limits of CFC-12



production plant that will be razed and same site will be used to erect the
HCFC 22 plant. The office, analysis room, maintenance workshop and other
installations of original CFC-12 plant will be used in the project. The raw
materials of HCFC-22 production, with exception of chloroform and suiphuric
acid, will be provided by raw material supply system of the CFC-12 plant.
Utilities and waste water treatment will also bhe from original CFC-12 system,

Rationale for CFC Substitute Choice. Demand for products made of ODS in
China is far from being satisfied before 2010. Reductions of ODS production
and consumption should not harm normal industrial and consumer demands for
such products. Thus the cconversien should be carried out smoothly by adopting
from high ODP substances, low substances, to substances without ODP. To speed
up phaseout process in the current circumstances of unfully-developed
technique to produce non-CDS substitute, China is going te choose transitional
substances specified in MP, especially HCFC-22 as the important transitional
substance in ODS phaseout process. Concerning demand for ODS substitute,
strategy of Chinese government is tc mainly base upon develcopment of domestic
production. Meanwhile CODS reductilicn should be carried cut simultaneously with
ODS substitute producticn to meet domestic consumpticn. Developing producticn
capacity of HCFC-22 is imperative, so that State Plan can be carried out. No’
ideal substitute has been fcound which can completely replace CFC-12.
Substitutes with zero CDP value such as HFC-134a and HFC-152a require high
investment for capital construction, high selling price, and alsoc have
problems such as greenhouse effect and high energy consumption of HFC- 134a
and inflammability of HFC-152a. China is a developing country, lacking
capital and technicques. It is impossible to ccomplete development of QDS
substitute with zero ODP value and provide enough ODS substitute with zero ODP
value as required in such a short time under Chinese conditions. Currently,
there are still some binary and trinary combination substitutes in
transiticnal substitutes developed both at home and akbroad. Most of these
contain HCFC-22. Thus, development of HCFC-22 producticn capacity has
advantages for application of binary and trinary combination substitutes.

ODP value of HCFC-22 is only 5% of that of CFC-12. With mature
production process and low investment costs, unit ODS reduction cost would be
lower and profit would ke higher. The price of HCFC-22 is only 1.5 times of
that of CFC-12, much lower than HFC-134a, so that HCFC 22 can be easily used
by the consumer. Acceording to the State Plan, requirement of HCFC-22 for
projects of small commercial compressor can be over 2,400 tpy CFC substituted.

Project Costs and Incremental Costs.

Incremental ccosts are based on compensation for premature closure of
the existing CPFC 12 unit and incremental costs for the new HCFC 22 unit as
shown below {(calculated at USS5 = RMB 5.37):

HCFC 22 Unit

Capital costs for new plant Us$s 8,935,000
Net incremental recurring benefits: -JS§ 5,041,000
Incremental costs due to HCFC 22 production Uss 3,894,000




CFC 12 unit

Incremental costs from foregone production of CFC 12 would be added toc the
above figure te arrive at the net incremental costs fcor the project as a
whole, as shown below. There is disagreement between the Bank and SCAC on
some of the assumptions that determine incremental costs, with the main
difference in level of foregqone production for CFC 12, production buildup of
HCFC 22 and base year for discounting. Calculations are in annexes 2 and 3
and summarized below, in USS millions:

SCAC Calculation Bank Calculation
Capital Costs 8.935 8.935
Incremental Costs HCFC 22 - 5,041 -5.661
Incremental Costs Leost CFC12 +5.020 +3.0895
net overall incremental <osts 5.914 6.369
Proposed OTF Grant: U85 6,406 million {to be recalculated once final

project capital estimates are available and assumptions are agreed). Please
nete that the above figure 1s based on Bank assumptions as noted above. SCAC
figures give USS$ 8.914 as shown above and in annexes 2 and 3.

Unit Abatement Costs: to be determined
Financial and Economic Analysis: To bhe determined at appraisal.

Financing Plan: to be determined

Project Implementation. This project will be undertaken by the enterprise.
foreign company will provide technology and basic design. The engineering
design of this project will be undertaken by the design department cf S5CAC
with the assistance of local engineering firms. Construction will be also be
handled by local firms. Constructicn time is 2 1/2 years and shown in the
_schedule con the following page. The CFC 12 unit will be closed after the
first &€ months to give a 2 year period when the factory will have no sales
revenue of CFC 12 nor HCFC 22. This 2 year period contributes tothe high
incremental costs shown above.

Project Benefits

Direct HEffects. When the project begins implementation, the domestic
production capacity of CFC-12 will be reduced by 7,000 tpy. When the project
has been completed, i.e HCFC-22 has been put into operaticn, HCFC-22 can be
supplied with 5,000 tpy, and ODP reduction is €,750 tpy. Indirect Effects.
If demand for HCFC-22 grows rapidly, similar projects can be carried out in
other plants.




Task Q1 Q2 Q3 24 Qs Qe Q7 Q8 Q9 Q10
Basic XXX XX

Design x

Detailed XX XXX KXX

Design x

Equipment xx xx XXX XXX XX

Purchasing X bd X

Construc- XXX XX XXX b oo d XXX XX
tion X

Training XX XX

Test Run XX

Unit Abatement Cost:

CIE}+10C-03

A=0DP
where UAC = Unit abatement costs, $/kgODP/year
C = ODS reduction investment cost, including all initial one
time costs such as technology and training
F = Capital reccovery factor; the annualized capital cost

charges, discounted at a standard rate of 10% per year over
the economic life of the investment

OC= Annual incremental operating costs in the first year of
full operation
0sS= Annual incremental operating savings (0S}) in the first full

vear of full cperation
ODP= Annual ODS reduction at the first year of full operation
expressed in ODP units

Calculation of C(F)

The annualized investment costs consider the total investment plus the
amount of interest that would be repaid over the life of the project if the
investment were a lean {the investment is a grant! and if the loan were repaid
in equal installment.

Result: to be determined after final capital costs and incremental costs are
determined



Annex 1 Capital Costs ($1,000)

Item Home ~ Abroad Subtotal

A. Equipment Cost 687.8 2,925.0 3,612.8

of which a-f

{a) Feedstock System {116.1)

(b) Reacticn & (88.4)

Stripping system

{(c} De-HF Drying {58.1)

System

(d) Separating & {80.2}

Rectifying System

(e) Tail Gas Treatment (54.3)

& HCL System

{f) Packing System (290.7)

B. Civil 453.1 453 .1
Construction

C. Equipment 1,065.1 1,065.1

Installation

D. Design/Technology 177.2 1575.0 1752.2

E. Training 60.2 68.6 128.8

F. Commissioning 646.9 240.6 887.5
(of which a-c)

{a) Equipment (10.3) (224.0) (234.3)

(b) Trail Tests {174.6) {174.6)

(c) Others* (409.9) {15.8} (425.7)

G. Working Capital 140.6 140.6

H. Contingency 332.0 600.0 932.0

Subtotal 3562.8 5408.2 8972.1

Residual Equipment 37.2 - 37.2

Value

Total 31525.7 5409.2 8934.9

Note:

The cost of others in startup includes:
a.
b.

Feasibility study fee, amounting to US$ 52,630 have been deleted.
Domestic costs for imported part (including fee for foreign trade
formalities, banking and finance, customs supervision and
administrative formalities, and domestic transportation),
amounting to US$ 147,000 and inspection fee for imported
equipment, amounting to US$ 29,250.

Management of project implementing company, amounting to USS
185,820.

Project insurance, amounting to US$ 23,520.

Translation and copy for materials and drawings form home and
abroad, amounting to USS 40,050.




Annex 2

Review of Incremental cosgsts for China- SCAC HCFC 22 Proiject

The Bank review of the SCAC HCFC 22 Project based on revised proposal
from SCAC (fax dated December 21,1993.) will consist of:

a) technical review including costs of HCFC 22 project; and
b} financial and economic analysis of eligible incremental costs for

closure of CFC 12 unit and for construction of HCFC 22 unit. For
purpose of this initial review (costs in US$ millions):

Capital costs $B.9879
Minus feasibility study fees . 0530
Net capital cost B8.9349

(However, capital costs will change once firm estimates are available after
receipt of bids.)

As the Bank has agreed with SCAC and MCI, incremental costs should be based on
a six year period for foregone profits cn CFC 12 clesure and a 10 year
economic life for the HCFC 22 unit; price and ceost data should based on 1991
figures; and a 12% p.a. discount rate used. (Even though the Bank has agreed
on the above assumptions, the Bank does not have precise guidelines from MPEC
on assessing incremental costs for production sector and any of these above
assumptions could be questiocned by MPEC.)

As discussed with SCAC in Shanghai in December, the Bank does not agree with
the production levels for both HCFC 22 and for CFC 12 on which the incremental
costs as calculated by SCAC are based. The combination of low HCFC 22
preduction and high CFC 12 production overstates the incremental costs.

There 1s also a difference in calculaticon methodology. The Bank calculation
of incremental costs based on SCAC production level for HCFC 22 and CFC 12 as
shown in SCAC’s Annex 2 shows an incremental cost of:

Capital costs for HCFC 22 unit 508 8.935 miilion

Net inc. henefits from HCFC 22 production -3U8 5.041 million

Net inc. cests from lost CFC 12 production 5US 4.007 million
Net incremental costs $US 7.901 million

The above figures are discounted to 1997 for the HCFC 22 component and to 1995
for the CFC 12 component. The SCAC figure for incremental costs is US$ 8.860
million, discounted to 1995 for both HCFC 22 and CFC 12. The difference
between the SCAC figure and the Bank figure is due to the different base years
for discounting. Since the CFC 12 plant closes in 1295 its incremental cost
should be discounted te that year. Since the HCFC 22 unit starts operating in
1937, the operating costs and benefits should ke discounted to 1%97 to
determine the incremental costs for that unit. Thus, SCAC has not used the



correct yvears for discounting.

However, there are additional differences in determining the base line
for calculating incremental costs that need to be considered. A more
consistent and reasonable basis for calculating incremental costs, considering
both performance of SCAC and domestic demand for CFC 12, would be the
production levels in tons per year listed below under "Bamk." The SCAC
production buildup is shown below and in annex 3 for comparison:



Year CFC 12 production HCFC 22 Production
Bank SCAC Bank SCAC
1595 6000 6000 0 0
1996 6000 5000 0 ¢
1997 60C0 6500 3000 3000
1998 6000 6500 40090 3500
1999 6000 7000 5000 4000
2000 6000 7000 5000 4500
2001 0 Q 5000 5000
200z o} 0 5000 5000
2003 0 o 5g0¢ 5000
2004 C 0 5000 5000
2005 0 0 5000 5000
2006 Q 8] 000 5000

The main difference 1n incremental costs will be the different
assumptions by SCAC and the Bank in buildup of production for HCFC 22 and

foregone CFC 1z production level, and discounting HCFC 22 to 1997 and CFC 12
rto 1995,

Incremental costs calculated on above "Bank" basis will be:

capital costs for HCFC22 unit 5US 8.935 million
net incremental benefits from production of HCFC 22 -5US 5.661 millicon
net incremental costs from lostc CFC 12 production SUS 3.095 miilion

net incremental costs SUS 6.369 million

The SCAC HCFC 22 Project is being submitted to MPEC for review and
preliminary decisicn and guidance on the several assumptions and methodology.
The Bank recommendation is be to base the incremental costs on the Bank
suggested production buildup or a preliminary funding level for incremental
costs of USS$ 6.36% million. (Please keep in mind that the incremental costs
will change when the capital costs figures are revised.} S8CAC calculated
incremental costs of USS 8.859 million with the main differences due to the
different assumptions as discussed above. MPEC should take both figures into
consideration in arriving at a recommended methodology and assumptions for
determining eligible incremental costs.



Annex 3 - Breakdown ¢f Incremental Benefits

_10_

(US$= RMB 5.7)

(SCAC Assumptions)

+*

Factory price in 1991

Vear CFC-12 HCEC-22 " Incremental |
Benefits
Sale Total Annual Sale Total Annual
Price Annual | Sales Price Annual Sales Uss$ 1.000}
Unit Produc | {USS$ Unit Produc- (USS
{US$) -tion 1,000} (US$) tion 1.000)
* (Units} * {Units)
1995 1347.4 | 6000 8084 -8084
1896 1347.4 [ 6000 | 8084 -8084
1997 1347.4 800 B757.43 [ 2017.5 | 3000 60b2.5 -2704.93
1998 1347.4 1 6.500 | 8767.43 | 2017.5 | 3500 7061.3 | -1696.13 |
1999 1347 .4 7.000 [ 9431.8 2017.5 4000 8087 -1361.8
2000 1347 .4 7000 9431.8 2017.5 | 4600 9078.75 -3563.05
2001 20175 5000 10087.5 10087.5
002 2017.5 5000 10087.5 10087.5
2003 2077.% 5000 10087.% 10087.5
2004 20175 5000 10087.5 10087.5
2005 2017.5 | 5000 10087.5 10087.5
72006 2017.5 | 5000 10087.5 | 10087.5
NPV = 3394.75
i = 12%
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No. of pages including cover sheet THREE
A

Cover Note

Tam: please find attached a revised varsion of tha Tachnical Opinion on tha SCAC 22 projact.
Passing via my home this weekend I have found in my mail some suggested amendments to
the SCAC 22 TO from one of my experts. [ append a revised version in case it is still not too
late to use it instead of the original. The problem is that everyone is so overloaded that my
internal deadlines are not always met!

PS. I also found in my mail a cheque in respect of the hours workad in the UK. We're now up-
todate on histarical travel expenses and remuneration. Thank you for your help.

Kind regards

The Ozone Operetions Rerewres Grous (OORG) sperates under the scere of the Envi ¢ Growp (CNVGE) of The World Bank
Hasdquurters: Washington D.C. 20433 USA. Tolephane + 1 -202-477-1 1234, Tolobmir + 12202-477-6371
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Shanghal Chior-Alkski Chemical Co Ltd (SCAC) - CFC-12 to HCFC-22 Conversion

Recormmendation

Tho project should be conditionaily approved. At this stage a political deciaion is requited and the
proposal as it stands is of sufficicnt merit to deserve moving to the next stage. Further information

roquired includes (priority items only):

(@) Process flow diagram and details of existing CFC-12 plant for comparison, to improve calculation
of incremental cost, and to underpin the CFC-12 production estimates,

o) Explanation of the nced for some 45 process equipment items (from a total of 142) not found on
some other operational developed world HCFC-22 plantz,

() A preliminary harard smdy (HAZOP-1 or similar).

(d) Explatation of the unusual yickis (low for HCFC»22, high for HCI) and high reliability (95% -
despite several years of low occupacity) stated for the procees.

(e) Quality (eg F content) of HCI by-product, its value and markets.

03] Description of controls on cmissions of HFC-23, a very powerful global warming gas.

Relevance and adequacy of information provided

The main items of information required are provided, gxcept for the major items listed above. It should be
noted that &8 major and complex chemical process project of this nature cannot be adequately assessed in an
opinion of this length, and that a large amoum of further specific information would be required for a
capital proposal in the private scetor. However, much of this information will be both commercially
sensitive and very specific 1 the pardeular plant and the partcular wechnology supplier. No rwo HCPC-22
plants arc the same, not lcast because cach exists in 8 unique infrastructure of other piants and processes.
So far as is possible, the chosen technology (which will differ in important dewll from supplicr w0 supplier)
should be as close to the operating experience of SCAC in their existing finorocarbon operations - to
maximise re-use of equipment, and to facilitate the changeover to HCFC-22.

Much more detail will be required hefors final approvals are given to the specific project, but the
information available (plus that requested above) suffices for an initial 'permission 10 proceed to the next
stage'.

Technical soundness

The technology considered invoives the conversion of a liquid-phase (assumed) CFC-12 plant w a liquid-
phase HCFC-22 plant and is genericaily the only reasonable approach. Large differences exist as to
oprions for the dewiled implementaton of this conversion. The merits of each opticn will depend on the
choice of technology supplicr vis-d-vis the details of the existing equipment and infrastructure. The
technology is very well established and is commercially ready for wansfer 0 an LDC. The technical risks
involved are low (as to the technology) and normal (as to implementing the technology on site and within
the domestic infrastructure).

Lessons from experience
This is a largely conventional project of a kind which is often undertaken for commercial reasons,

regardicss of environmentai concarns about CFCs. In the developed world, there has been congiderable
movement from CFC-12 0 HCFC-22 in important refrigeration applications (eg food chain refrigeration)

The Gizone Operations Beievres Greup (GORD) oparwive under the loes of the Ermrvi Group (ENVGL) of The World Bank
Headquarters: Wadhingten 0,C. 20433 USA. Tolephens +|-202-‘77-|m Talobhonts <+ 12024776371
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for well-established tcchoical reasons. By the same token, the downstream cchnology to use the HCFC-
22 product is well-cstahlished and available..

Environmentsl issues

The key environmental issue is the vicw of the ECMF as w the deajrability of funding a conversion from a
CFC to an HCFC given that the Copenhagen Amendments o the Protocol call for, an albeit long-term,
phase~out of HCFCs in ths developed world, Decision V/8 of the Parties at thelr Sth meeting in Bangkok
(1993) requested “each Party ... to give consideration in selacting altermativex ... to economic aspects ...
taking into account ... all interim steps leading w0 final ODS elimination”. The ECMF may feel that they
wish to consider the costs of eventual replacemsnt of this new HCFC-22 plant by a non-ODS production
facility. The other major issuc is the emission of HFC 23 from the process. No mention is made of
provision for its control, monitoring or minimisation - nor rcoognition that the problem exists. HFC 23 is
& persistent greeshouse gas with 2 GWP in excess of 12 (relative to CFC 11) and an atmospheric lifetime
of over 300 years. Emissions are likely to exceed 250 tonnes/year uniess tightly controlled - equivalent to
750 we/yr of CFC-12 or 12,000 te/yr of HFC 1342 in GWP terms.

Safety issues

In all fluorocarbon plants, HF is an important feedstock and & very bazardous material unless properly
handied and conwolled. There are also safety aspects to the composition of the mixmure in the main reactor
vessel (R201) where special provision nceds w be made to keep water levels low (to avaid aqueocus HF),
and w3 avoid the formation of “magic acid” (HSbFy buth of which will lead t severe corrosion. There are
doubts as to the fail-safe operation of the vent scrubber (T502) in the event of chlorine break-through in
that no caustic absorption system is provided. These issues nced addreasing at the next stage.

Cost-effectiveness

The overall capital cost of the project is of the right order of magunitude at $8.86 million. However, from
the information provided, a cost estimate cannot be made t an acouracy of better than +- $2 million.
Much depends on the deteiled sizing of the process vessels, and the cxtent to which itcms may indeed be
re-uscd. Detailed process diagrams would be required for this, and will depend on the detailed choice of
technology and supplicr. At this stage there is litle purpose in attempting to refine or further validat the
cost-cstimate. This must be done at the pre-sanction stage on the basis of dctailed design, drawings and
gizings.

One general point must be made: some four dozen or so of the major items of equipment oa the flowsheet
are not used on at least one major operational developed world plant. While a case could be madc that
perhaps cight to ten of these arc desirable, there seems no good reason for the remainder. As equipment
itemas are not individually costed, it is not possible to stte the capital saving implicit - but it could be on the
order of $300-400k.

Other

A significant factor in calculating the incremsntal cost is the value of foregone CFC-12 sales. This is
based on annual production of 7,000 t2 (namepiate capacity of the latest plant expansion in 1990/91). Yet
the plant has never operated above 5,350 tpa, and only at about 3,500 tpa in the last two years (1992/3) -
apparently because of CTC feedstock shortages. It remains to be seen whether the plant is capable of
7,000 tpa operation (equivaicat to a surprising 95% reliability). It might also be asked why investments
were made in expanding CFC-12 capacity in 1990/91 and CTC capacity in 1991/94 even though China
indicated in mid-1990 its intention to ratify the Monueal Protocol, and actually ratified in mid-1991.
These recent investments in the production of CFC-12, and its feedstock CTC, have increased the
incremental costs of the project - which could otherwise have been based an 1989/90 CFC-12
production/sales levels of some 3,750 te/yr saving some $5M/year (undiscounted).
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