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This document includes the following project proposals which have been grouped by 
sector. The agency responsible for the implementation of the project is also indicated. The 
project proposals are presented in the order indicated below. 

Foam 

• Conversion to CFC-free Technology in the Manufacture of Flexible 
Polyurethane Foam (Slabstock) at Yifeng Polyurethane Plastic Plant 

• Conversion to CFC-free technology in the manufacture of Flexible 
(Slabstock) Polyurethane foam at Liangzhu 

• Conversion to CFC-free Technology in the Manufacture of flexible 
Polyurethane Foam (Slabstock) at Penglai 

• Conversion to CFC-free technology in the manufacture of Flexible 
(Slabstock) Polyurethane foam at Zhenjiang 

• Conversion to CFC-free technology in the manufacture of flexible PUF 
products at Daimei 

• Elimination of CFCs in the Manufacture of EPS/PE Sheets/Nettings at 4 
Companies (Tianjin Gangda, J.I.P. Buotou, Cangzhou, Handan No.7) 

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

World Bank 

World Bank 

World Bank 

World Bank 

UNDP 

UNDP 

UNDP 
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Refrigeration 

• Elimination of CFCs in the Manufacture of Domestic Refrigerators at 
Guagdong Kelon 

• Elimination of CFCs in the Manufacture of Domestic Refrigerators at 
Changsha Zhongyi Group 

• Conversion of domestic-refrigerator and freezer factories to phase out 
CFC-12 and CFC-I I by hydrocarbons isobutane and cyclo-pentane at 
Hangzhou Xiling Holdings Company 

• MAC Compressor Factory Production Conversion from CFC-12 to HFC­
l34a MAC Compressor at Shanghai Ek Chor General Machinery Co. 
Ltd. 

• MAC Factory Production Conversion from CFC-12 to HFC-l34a MAC 
System at Yueyang Hengli Air Conditioning Equipment Co. Ltd. 

• MAC Compressor Factory Production conversion from CFC-12 to HFC-
134a MAC Compressor at Guangzhou Haohua Automobile Parts Co.Ltd. 

• MAC Co. Production Conversion from CFC-12 to HFC-l34a MAC 
System at Shanghai Automobile Air Conditioner Co. (SAAC) 

UNDP 

UNDP 

UNIDO 

World Bank 

World Bank 

World Bank 

World Bank 



MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

PROJECT COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING: 

COST EFFECTIVENESS: 

IMPLEMENTING E1''TERPRISE: 

COORDINATING NATIONAL BODY: 

IMPLEMENTING AGENCY: 

People's Republic of China 

YIFENG Conversion to CFC-free Technology 
in the Manufacture of Flexible Polyurethane 
Foam (Slabstock) 

Foamed Plastics 

l7,773t CFCs (=ODP) 1991 

Phaseout of 60t CFC 11 per year 

One year 

10 years 

Investment Costs US$ 271,500 
IO% contingency 27,150 
Incremental Operating cost 45,000 
Total Incremental Investmt. Cost 343,650 
33% foreign ownership () 13,400) 
OTF amount @ 67% ownership US$ 230,250 
3% Financial Agency Fee 6,900 
Proposed OTF Grant US$ 237,100 

US$ 237,100 

Unit Abatement Cost: US$1.S0/kg./year 
Grant Effectiveness: US$3.84/kg 

Yifeng Polyurethane Plastic Plant 

National Environmental Protection Agency 

The World Bank 

PROJECT SUMMARY 
Yifeng Polyurethane Plastic Plant is a joint venture which produces polyurethane flexibel foam slabstock, 
using CFC- I I as a blowing agent. The prupose of this project is to phaseout the CFC-! I usage through a 
combination of methylene chloride and fast cure. The project includes equipment to support this 
conversion, provisions for technology transfer as well as process and safety training. 
TECHNICAL ASSESSMENT: This project has been reviewed and is supported by Dr. Mike Jeffs, 
OORG Expert for the foam sector. His comments have been incorporated in this summary. 
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PROJECT OF THE GOVERNMENT OF CHINA 

YIFENG CONVERSION TO CFC-FREE TECHNOLOGY 

6/2/95 

IN THE MANUFACTURE OF FLEXIBLE POLYURETHANE FOAM (SLABSTOCK) 

l. PROJECT OBJECTIVE 

The objective of this project is to phaseout the use of CFCs in the manufacturer of flexible-PUF 
at Yifeng. 

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

Categories 
Subcategories 

Extruded PS/PE 
Flexible Polyurethane 

Pipe Insulation 
Sprayed PUF 
Appliance Foams 
PUF Panels 

Total Rigid PUF 
TOTAL 

ODS 
(t) 

2,173 
2,000 

600 
600 

5,000 
7,400 

13,600 
17,773 

The Chinese Foam Industry 
Selected Industry Data (1991) 

Production Plants 
(t) (range) 

13,000 30-50 
50,000 50-100 

4,000 10-20 
4,000 50-200 

40,000 40-70 
52,000 20-50 

100,000 120-340 
163,000 200-490 

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

• Refrigerating foams 
• Non-refrigerating foams 

Other ministries are involved in the refrigeration foams, i.e.: 

• Ministry of Chemical Industry (MCI), 
• Ministry of Internal Trade (MIT), 
• China Aerospace Industry Cooperation (CAIC), 
• Ministry of Machinery Industry (MMI), 
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Complete phaseout for non-refrigeration foams is targeted for the year 2000. Refrigerating 
foams are expected to be CFC free from the year 2005. Uninhibited use of CFCs in foams for 
domestic refrigeration is expected to lead to an increase during 1991-1995 by 8% per year, and 
after 1995 by 3% per year. For other foams, a groY.th rate of 6% per year is forecasted. 

3. ENTERPRISE BACKGROUND 

Yifeng Polyurethane Plastic Plant was established in 1989 by Beijing Fenghuang Fashion 
Company (52%), Beijing Planning Committee Investment Company ( 15%) and Hongkong-based 
Wanfeng LTD. (33%). The company employs 110 workers. Sales in 1993 were 37 million 
RMB. The company produces flexible PUF slabstock and products thereof mainly for the textile 
industry (shoulder pads, laminates). In addition raw blocks are sold. 

For its flexible-PUP slabstock production the plant operates a Vertifoarn production line 
(Cannon Viking, round/square convertible, 1989). Capability of production is 3,000 t. 
Production in 1993 was 2,500 tons, for which 60 t CFC-11 was used. For 1994 a production of 
3,000 t and a consumption of 110 t CFCs is expected. 

4. PROJECT DESCRIPTION 

Under this project Yifeng will phaseout the use of CFC through a combination of methylene 
chloride (MC) and accelerated curing. The project includes equipment needed for the MC 
retrofit and two vacuum tables (for round blocks and for square blocks) for the accelerated 
cooling technology. An external expert will provide the design for local production, supervise 
the installation, start-up and production trials and will provide training on how to operate the 
installation without undue fire and exposure risks. 

5. TECHNOLOGY 

5.1 OVERVIEW AND SELECTION 

There are numerous options to replace CFCs in the manufacture of flexible PUF slabstock. 
These are described and reviewed in UNEP's "Technical Options Handbook" for foamed 
plastics. Yifeng management attended a seminar organized by NCLI, NEPA and the World 
Bank. Subsequently MC was selected as the preferred option, based on technical as well as 
economic considerations. However, the local available MC causes severe scorching in low 
density/high water formulations. An accelerated cooling system to mitigate this effect is 
therefore selected as complementary technology. 

5.2 IMPACT ON PRODUCTION PROCESS 

The use of methylene chloride (MC) requires the installation of a non-corrosive, chemical 
resistant storage and metering system as well as sufficient ventilation in production and curing 
area to limit workers exposure to an acceptable level. 

The installation of an accelerated cooling (AC) system will reduce the need for curing space. 
The available space is sufficient and suitable in location to house the required twin-system (the 
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plant produces square and round blocks, for which different vacuum tables are needed). A 
backup generator has to be installed to avoid fire risk in case of a power outing. 

Safety and production training is required following installation, prior and during start-up. The 
plant intends to have most of the equipment locally manufactured. Drawings and specifications 
will be provided by an external process expert who also will supervise installation, start-up, 
production trials and process/safety training. 

6. PROJECT COSTS 

The incremental investment costs of $298,650 include capital investment of the forced cooling 
system, MC storage/metering system, trial production, safety and training, and I 0% contingency 
(Annex l). 

The incremental operating costs of US$45,000 represent net present value of!OC for four years 
discounted at I 0%. Details are provided in Annex 2. 

Total OTF grant request of US$237, I 00 includes the incremental investment costs, incremental 
operating cost, excluding 33% of incremental investment cost representing foreign ownership, 
I 0% contingency and a 3% financial agency fee. 

7. FINANCING PLAN 

The company requests a grant for the part of the project costs that reflect the Chinese 
shareholdership of 67% at US$230,250. Including 3% financial agency fee, the total grant 
request amounted to US$237, I 00. The enterprise is responsible to provide counterpart funding 
of US$! 13,400 ( $343,650- $230,250), representing the difference between total incremental 
investment costs and the requested OTF grant. 

8. COST EFFECTIVENESS 

The unit abatement cost calculated over a 10 year life span of the project is US$1.5 per ODP 
weighted kg of CFC 11 phased out. This has been derived from the incremental annualized 
capital costs ofUS$271,500 and net annualized recurrent operating costs ofUS$45,600 (first 
year), for the phaseout of about 60 ODP weighted MT of CFC! I. The grant effectiveness is 
$3.84/kg. 

9. PROJECT IMPACT 

This project will result in the elimination of the use of annually a minimum of 60t CFC-I 1. It 
applies economically feasible and environmentally acceptable technology. No regulatory permit 
is required for its use. 
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10. PROJECT IMPLEMENTATION 

Following date of approval, the schedule below will apply: 

TASK 

Fastcure/MC 
Specifications 
Preparation of tenders 
Purchase Order 
Installation, Start-up 

Training 
Trials 
Commissioning 

ANNEXES 
Annex l: Incremental Investment Costs 
Annex 2: Incremental Operating Costs 
Annex 3: Cost Effectiveness Calculation 
Annex 4: OORG Technical Review 

Ql 

X 

X 

X 

TIME FOR COMPLETION 
Q2 Q3 Q4 QS 

X 

X 

xx xx 
X 

Q6 
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INCREMENTAL CAPITAL COSTS 

Forced Cooling System {two units, for round and square blocks, 
including feed conveyors, installation 

MC Storage/metering system 

Trials (6 foam types, 3 trials/type@ 5 minutes 
@ USS 100.001 minute chemicals, 112 recovered through 
usable foam) 

Safety: Electrical Generator 
Airflow Meter 
MC Monitor 

US$20,000 
US$ 5,000 
US$ 2,000 

Training, Technology Transfer (includes provision ofFC 
construction drawings and construction Supervision) 

Subtotal 

I 0% Contingencies 

Incremental Capital Costs 

REMARKS: 

6/2/95 

ANNEXl 

US$ 160,000 

USS 30,000 

US$ 4,500 

US$ 27,000 

US$ 50,000 

US$271,500 

27,150 

USS 298,650 

I. The forced cooling system has been costed by a US civil engineer. It includes two 
cooling converyors, one for round blocks and one for square blocks, US$ 70,000 each, 
and a selective feed converyor system, US$ 20,000. It is intended to have this 
equipment locally made, under technical supervision. The same installation from a 
reputable international equipment supplier, such as Cannon-Viking will cost about US$ 
200,000, excl. feed conveyors. 

2. The electrical generator is needed because breakdown of power would casue fire dager 
in the production. 

3. The foam needs to have a minimum airflow of about 5 mlsec (ASTM test) to be 
successfully cooled. An airflow meter is therefore included in the budget. The need has 
been established during the implementation of the Tianjing demonstration project. 
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ANNEX2 

INCREMENTAL OPERATING COSTS 

ASSUMPTIONS 

ITEM PRICE 
(US$/T 

CONSUMPTION (TN) 
BEFORE AFTER 

JNFORMA TION 
SOURCE 

CFC-l l 
MC 
TIN 
ENERGY (/KWH) 
PRODUCTION 

1,400 
950 

8,000 
0.07 

2,000 

INVESTMENT IN EQUIPMENT : 
CFC/MC RATIO 

YIELD LOSS 
MAINTENANCE 

90 

10 

2,300 

US$190,000 
1.00/0.90 

3/2/1/0%/y on 50% of production I/ 
5% of equipment investment 

83 
11.25 

60,000 
2,300 

!Cl 
Recipient 
Goldschmidt 
Power Cy. 
Recipient 

TI1e recipient may use softner or l 00% water in certain formualtions. While softener will not 
substantially change operating costs, the use of water will but is to the benefit of the receipient 
and therefore not incremental. 

INCREMENTAL OPERATING COSTS (SAVINGS) CALCULATION (000 US$) 

COST ITEM 1995 1996 1997 1998 TOTAL 

BASELINE 
CFC-JI 126 126 126 126 
TIN 80 80 80 80 
TOTAL 206 206 206 206 

POST-PROJECT 
MC 78.9 78.9 78.9 78.9 
TIN 90 90 90 90 
INCR. YIELD LOSS 69 46 23 0 
INCR. ENERGY 4.2 4.2 4.2 4.2 
INCR. MAINTENANCE 9.5 9.5 9.5 9.5 
TOTAL 251.6 228.6 205.6 182.6 
!OC (SA VINOS) 45.6 22.6 (0.4) (23.4) 

DISCOUNT FACTOR 0.91 0.83 0.75 0.68 

NPVoflOC 42.4 18.8 {0.3) (15.9) 45.0 

11 500/o of the production will use MC 
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ANNEX3 

COST EFFECTIVENESS CALCULATION 

I. Unit Abatement Cost 

a. 

b. 

C. 

d. 

e. 

Incremental Capital Costs 

Incremental Operating Costs (first year) 

Project Useful Life 

ODS reduction per year 

Capital Recovery Factor 

Unit Abatement Cost [(a* e)+b]/d 

2. Grant Effectiveness 

a. 

b. 

OTF Grant requested 

ODS phaseout per year 

Grant effectiveness 

M:1Projects\0DS31PS\Yfeng-FM.doc 

: US$ 271,500 

: US$ 45,600 

10 years 

60,000 kg 

0.16275 

: US$ l.50/kg/year 

: US$ 230,250 

60,000kg 

: US$ 3.84/kg 
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MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

PROJECT COVER SHEET 

COUNTRY People's Republic of China 

PROJECT TITLE Conversion to CFC-free technology in the manufacture 
of Flexible (Slabstock) Polyurethane foam at Uangzhu. 

SECTOR COVERED Foamed Plastics 

ODS USE IN SECTOR 17,773 MT CFCs (=ODP}, 1991 

PROJECT IMPACT 120 MT CFC-11 {base 1994) 

PROJECT DURATION 1.5 years 

PROJECT ECONOMIC LIFE 10 years 

TOTAL PROJECT COST Incremental Capital Costs 
10% contingency 
Incremental Operating Savings 
Net Incremental Investment Costs: 
Financial Agent Fee 
Proposed OTF grant 

US$170,300 

: US$170,000 
17,000 

{21,700} 
165,300 

5000 
: US$170,300 

PROPOSED OTF FINANCING 

COST EFFECTIVENESS Unit Abatement Costs: US$ 0.36/kg/year 
Grant Effectiveness: US$ 1. 38/kg 

IMPLEMENTING ENTERPRISE Liangzhu Foam Plastic Plant, Hangzhou, China 

CO-ORDINATING NATIONAL BODY: National Environment Protection Agency 

IMPLEMENTING AGENCY The World Bank 

PROJECT SUMMARY 

This project will phase out 120 MT of CFC-11 in 1he production of flexible slabstock polyurethane foam at Liangzhu 
Foam Plastic Plant, Hangzhou, by converting from CFC-11 to Methylene Chloride as an auxilliary blowing agent 
The project requires storage and metering system for methylene chloride, improved ventilation and safety systems, 
technical support for converting the formulations and process and safety training. 

TECHNICAL ASSESSMENT: This project has been reviewed and Is supported by Dr. Mike Jeffs, OORG 
Expert for the foam sector. 
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1. PROJECT OBJECTIVE 

The objective of this project is to phase out the use of CFC-11 in the manufacture of flexible 
polyurethane slabstock foam at Liangzhu Foam Plastic Plant at Hangzhou, China. 

2. SECTOR BACKGROUND 

The Chinese Foam Industry consumed about 17,773 MT CFCs in 1991 (Ref. China Country 
Program). CFC-11 was the dominant substance (15,600 MT) followed by CFC-12 (2173 MT, in 
EPS EPE foams). No other ODS was used in statistically significant amounts, although some 
MCF may have been used in adhesive applications. Furthermore, some MCF and CFC-113 may 
have been used as mold release agents. Production is divided between generally larger state­
owned enterprises and mostly smaller township or private enterprises. The table below provides 
more detailed information. 

The Chinese Foam Industry- Selected Data (1991) 

Categories/Subcategories ODS Production No.of 
(MT) (MT) Plants 

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

Flexible Polyurethane Foam 2,000 50,000 50-100 

Rigid Polyurethane Foam 

Pipe Insulation . 600 4,000 10- 20 

Sprayed PUF 600 4,000 50-200 

Appliance Foam 5,000 40,000 40- 70 

PUF Panels 7,400 52,000 20- 50 

Total 13,600 100,000 120-340 

TOTAL 17,773 163,000 200 -490 

The National Council of light Industry (NCLI) is responsible for the phaseout co-ordination in all 
the foam categories. The other ministries/agencies involved are as under : 

• Ministry of Chemical Industry (MCI) 
• Ministry of Internal Trade (MIT) 
• Ministry of Machinery Industry (MMI) 

The Ministerial responsibility is divided into two areas : 
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• Refrigerating Foams 
• Non-Refrigerating Foams 

Complete phase-out of CFCs for non refrigerating foams is targeted for the year 2000. 
Rfrigerating foams are expected to be CFC-free by the year 2005. 

3. ENTERPRISE BACKGROUND 

Liangzhu Foam Plastic Plant is located at Hangzhou. The enterprise produced about 1100 MT of 
flexible slabstock PU foam in 1994, consuming about 120 MT of CFC-11. The enterprise is state-­
owned. The production facility includes a Beamech Vertifoam plant. The enterprise used eight 
formulations, four for round buns and four for square blocks. They also produced both adhesive 
and flame laminated foams with high molecular weight polyethylene film. The 1994 sales were 
RMB 19 million (US$ 2.25 million). 

4. PROJECT DESCRIPTION 

In this project Liangzhu will phase out the use of CFC-11 in its production of flexible slabstock PU 
foam, by converting to Methylene Chloride as the auxilliary blowing agent. 

Methylene Chloride alone, however is not a sufficient replacement for CFC-11 at present, for low 
density flexible foams. Use of Methylene Chloride alone results in higher exotherm. thereby 
adversely affecting the foam quality and also constitutes a fire hazard, exposing the workers to fire 
risk. The modifications required to implement the use of Methylene Chloride are as under : 

a) Increased/improved process ventilation. 
b) Installation of tire safety equipment. 
c) Reformulation. 

The project budget includes cost of an international foams process expert assist Liangzhu in 
making the necessary formulation adjustments and provide adequate safety training. 

5. JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY 

There are numerous options of replacing CFCs in the production of flexible slabstock 
polyurethane foams. They can be categorized as under : 

• Conservation 
CFC reduction through better housekeeping/management, reformulation, 
recovery/recycling. 

• Alternative blowing agents 
Methylene Chloride, HCFCs, Acetone, AB technology. 

• Alternative Chemistry 
Extended Range Polyols, Softening additives. 
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• Alternative Manufacturing Technologies 
EnviroCure, E-Max, Rapid Cure, Waterlily, Vacuum Foam etc. 

The enterprise has opted for alternative blowing agent pathway and to an extent alternative 
chemistry (introduction of softening additives). Methylene Chloride constitutes the most 
economical solution. With the implementation of adequate safeguards, methylene chloride can 
also result in an environmentally acceptable solution. Methylene Chloride alone however, is not 
appropriate for manufacturing foams with very low densities (below 20 kgtm\ 

Trial runs with methylene chloride with increased water levels are found to give satisfactory 
results, in a cost effective manner without unacceptable losses in performance and processing. 
However, a precondition is a well planned reformulation program to implement adjustments in the 
amounts of blowing agent and catalyst. 

Further, workplace concentrations of methylene chloride have to be limited to acceptable industrial 
hygenic standards. Methylene Chloride is a highly volatile chlorinated substance with a relatively 
low acute toxicity. The volitility can trigger high concentrations in the air. The substance is 
classified by the USEPA and the International Agency for Research on Cancer (IARC) as a 
probable human carcinogen. The U.S. Occupational Safety and Health Administration has set a 
time weighted average (TWA) 8-hour level of 500 ppm. In several other industrialized countries 
the level is even more strict (upto 50 ppm). Careful handling is therefore required to avoid 
exposure. Examples of safety measures include proper encapsulation of the production units, 
ventilation of production/storage areas, safety training of personnel and industrial hygiene 
monitoring. 

6. PROJECT COSTS 

The investment costs of US$ 187,000 include capital investment in metering/storage system for 
methylene chloride/softener, ventilation and safety equipment, trials, technical assistance and 
training, and 10% contingency. The breakdown of these is provided in Annexure 1. 

The incremental operating savings of US$ 21,700 represent net present value of incremental 
operating costs/savings for four years of operation and do not reflect growth. Details are provided 
in Annexure 2. 

The total OTF financing requested is US$ 170,300 representing the above costs, and inclusive of 
3% financial agency fee. 

7. COST EFFECTIVENESS 

7.1 UnitAbatementCost 

The unit abatement cost calculated over a 10 year life span of the project is US$ 0.36 per ODP 
weighted kg of CFC-11 phased out. This has been derived from the incremental annualized 
capital costs of US$ 170,000 and net annualized recurrent operating costs of US$ 15,goo(first 
year), for the phase-out of about 120 ODP weighted MT of CFC-11. The cost effectiveness of this 
project is in line with or better than other similar projects. 
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7.2 Grant Effectiveness 

The grant effectiveness (ratio of the total OTF grant requested and the minimum ODS phased out 
in the first year of operation post-project) works out to US$ 1.381kg, which is well within the 
threshold values stipulated by the Fund Secretariat 

8. REQUIRED REGULATORY ACTION 

This project utilises environmentally acceptable and economically feasible technology and does 
not require any specific regulatory pennits or action. 

9. RESULTS 

This project will eliminate the use of 120 MT of CFC-11 in the first year of implementation. 

10. SCHEDULE 

TASK Q1 

1. a) MLF Approval 
b) ProcurementPreparation 
c) Vendor Selection 

2. a) Transportation, arrival 
and customs clearance 

b) Installation and plant 
modifications. 

3. a) Machine Start-up 
b) TrialsfTraining 
c) Certification 

ANNEXURES 

Annexure 1 : Capital Costs 
Annexure 2 : Incremental Operating Costs 
Annexure 3 : Cost Effectiveness Calculation 
Annexure 4 : OORG Technical Review 

X 

Q2 Q3 Q4 Q5 Q6 

X 
X 

X 

X X 

X 
X X 

X 
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ANNEXURE 1 

Capital Costs 

1. Metering and storage system for Methylene Chloride 

2. Metering and storage system for softener 

3. Ventilation System 

4. Fire safety equipment 
(Water lances, sprinklers, pumps, piping) 

5. Trials 

6. Technical assistance for formulations and safety 

7. Process and safety training 

Subtotal 

Contingencies,@ 10% 

: US$ 30,000 

: US$ 15,000 

: US$ 30,000 

: US$ 40,000 

: US$ 20,000 

: US$ 20,000 

: US$ 15,000 

: US$ 170,000 

: US$ 17,000 

612/95 

=---==========---==------=============================== 
Incremental Capital Costs : US$187,000 

---- --=--=======================-=========--==== 
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Assumptions 

1. CFC-11 Price 
2. Methylene Chloride Price 
3. Price of Softening Additive 
4. Price of Amine Catalyst 
5. Cost of non-CFC formulation 
6. CFC : MC Ratio 
7. Total production 

7 

ANNEXURE2 

Incremental Operating Costs 

: US$ 1.30/kg 
: US$ 0.80/kg 
: US$ 3.00/kg (Required 5 MT/y post-project) 
: US$ 3.75/kg (Required 2 MT/y post project) 
: US$ 2.00/kg 
: 1: 0.9 
: 1100 MT 

6/2/95 

8. Yield loss (post-project) 
9. Production affected by yield loss 

: 1st year 3%, 2nd year 2%, 3rd year 1%, 4th year 0% 
:75% 

10. Increased Energy Consumption : 50,000Kwh 
11. Energy Costs : US$ 0.1/Kwh 
12. Maintenance Costs : 5% of equipment costs 
13. Net investment on equipment : US$170,000 (Ref. Annexure 1) 
14. No growth considered. 

Baseline 

Cost of 120 MT CFC-11(US$): 156,000 156,000 156,000 156,000 

Total (US$) 156,000 156,000 156,000 156,000 

--------------------·--·--------
Post-Project 

Cost of 108 MT MC (US$) 
Cost of Yield Loss 
Cost of Increased Energy 
Cost of Increased Maintenance 
Cost of Softening Additive 
Cost of Amine Catalyst 

Total (US$} 

Net Incremental Costs (US$) 
Discount Factor 

NPV@ 10% (US$) 

For 4 years (US$), rounded : 

0.91 

86,400 
49,500 

5,000 
8,500 

15,000 
7,500 

171,900 

15,900 
0.83 

14,469 

(21,700) 

86,400 86,400 86,400 
33,000 16,500 0 

5,000 5,000 5,000 
8,500 8,500 8,500 
15,000 15,000 15,000 
7,500 7,500 7,500 

155,400 138,900 22,400 

(600) (17,100) (33,600) 
0.75 0.68 

(498) (12,825) (22,848) 

---··· 
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1. Unit Abatement Cost 

A. Incremental Capital Costs 

8 

ANNEXURE3 

Cost Effectiveness Calculation 

B. Incremental Operating Costs {First year) 

: US$170,000 

: US$ 15,900 

C. Project Useful Life 

D. ODS reduction per year 

E. Capital Recovery Factor 

UNIT ABATEMENT COST [{AXE)+ BJ/ D 

2. Grant Effectiveness 

A. OTF grant requested 

B. ODS phased per year 

: 10 years 

: 120,000 kg 

: 0.16275 

: USS 0.36/kg/y 

: US$ 165,300 

: 120,000 kg 

6/2/95 

---------------------------
GRANT EFFECTIVENESS [A/BJ : US$1.38/kg 

M:\ProjectslODS3\PSll.zhu-FM.doc 
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CHINA - LIANGZffiT FOAM PLASTIC PLANT 

TECHNOLOGY 

The e:aterprise is proposing to convert its fillltible polyurethane slabstock production from the use 
of CFC 11 to methylene chloride a.s the auxiliary blowing agent. 

Methylene chloride is widely used in the industzy to repla.ce CFC 11. It generally provides an 
economic solution to meet the technical needs of the product. Other technologies were also 
coD$idered. 

The enterprise 'Will use extemal. experts (not identified) to oversee the conversion. 

ENVIRONMENTAL ISSUES 

Methylene chloride bas a very low ODP and is not a controlled substance. 

The main issue relates to the provision of a safe working environment. The enterprise proposes 
a range of equipment and training and necessary training to manage this issue. 

PROJECT COSTS 

The project cost efiectiveness is well within the EC's proposed limit for this category. 

The capital. and other one-off items are justified. The operating cost calculation indicates a net 
saving over four years. 

IMPLEMENTATION TIMEFRAME 

Acceptable. 

R'ECQMM'ENDATION 

Approved. 

23/S/95 



MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

PROJECT COVER SHEET 

COUNTRY 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOT AL PROJECT COST: 

PROPOSED OTF FINANCING: 

COST EFFECTIVENESS: 

IMPLEMENTING ENTERPRISE: 

People's Republic of China 

Conversion to CFC-free Technology in the 
Manufacture of flexible Polyurethane Foam 
(Slabstock) 

Foamed Plastics 

17,773t CFCs (=ODP), 1991 

Phase-out 70t CFC-11 per year (base 1993) 

One year 

10 years 

Incremental Investment Cost: US$ 291,500 
JO% contingency 29,100 
Incremental operating costs 19,600 
Net incremental investmt. cost 340,200 
Financial Agent Fee: 10.200 
Proposed OTF grant US$ 350,400 

US$ 350,400 

Unit Abatement Cost: US$ 1.04/kg/year 
Grant Effectiveness: US$ 4.861kg 

Penglai Polyurethane Plastic Factory 

COORDINATING NATIONAL BODY: National Environmental protection Agency 

IMPLEMENTING AGENCY: The World Bank 
PROJECT SUMMARY 

The project will phaseout 70MT (base 1993) CFC-l l used to produce polyurethane flexible foams through the 
use of water/methylene chloride blowing agent and an accelerated cooling system at the Penglai Plastic Plant, a 
I 00% state owned enterprise. The project request is only for incremental capital costs and covers an accelerated 
curing system, a metering and storage system for methylene chloride, improved ventilation, safety and safety 
training. The project will be completed within one year of authorization. 
TECHNICAL ASSESSMENT: The project has been reviewed and supported by the OORG technical reviewer, 
Dr. Mike Jeffs. His comments are attached Project costs have been adjusted to below cost effectiveness 
guidelines (funding for incremental operating costs are included), 
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1. PROJECT OBJECTIVES 

The objective of this project is to phaseout the use of CFCs in the manufacture ofF-PUF 
at Penglai Polyurethane Plastics Plant. 

2. SECTOR BACKGROUND 

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

Categories 
Subcategories 

Extruded PS/PE 
Flexible Polyurethane 

Pipe Insulation 
SprayedPUF 
Appliance Foams 
PUF Panels 

Total Rigid PUF 
TOTAL 

ODS Production 
(t) 

2,173 
2,000 

600 
600 

5,000 
7,400 

13,600 
17,773 

The Chinese Foam Industry 
Selected Industry Data (1991) 

(t) 
13,000 
50,000 

4,000 
4,000 

40,000 
52,000 

100,000 
163,000 

Plants 
(range) 
30-50 
50-100 
10-20 

50-200 
40-70 
20-50 

120-340 
200-490 

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

• Refrigerating foams 
• Non-refrigerating foams 

Other ministries are involved in the refrigeration foams, i.e.: 

• Ministry of Chemical Industry (MCI) 
• Ministry oflntemal Trade (MIT), 
• China Aerospace Industry Cooperation (CAIC), 
• Ministry of Machinery Industry (MMI), 
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Complete phaseout for non-refrigeration foams is targeted for the year 2000. 
Refrigerating foams are expected to be CFC free from the year 2005. Uninhibited use of 
CFCs in foams for domestic refrigeration is expected to lead to an increase during 1991-
1995 by 8%/y, and after 1995 by 3% per year. For other foams, a growth rate of6% per 
year is forecasted. 

3. ENTERPRISE BACKGROUND 

Penglai Polyurethane Plastic Plant ("Penglai") was established in 1984. The company 
produces and converts flexible PUF slabstock and produces flexible PUF molded parts 
for the matrass, furniture and transportation sectors. 

For its F-PUF slabstock production the plant operates a vertifoam production line 
(Cannon-Viking, round/square convertible, 1991 ). Capability of production is about 
3,000t. Production in 1993 was 1,000 tons, for which 70 tons CFC-11 was used. For 
1994 a production of2,000t and a consumption of 140t CFCs is expected. 

In the F-PUF molded production, where 2 high pressure Cannon foam dispensers are 
employed for a production of 500t, no CFCs are used anymore. 

4. PROJECT DESCRIPTION 

Under this project Penglai will phaseout the use of CFC through a combination of 
methylene chloride (MC) and accelerated curing. The project includes equipment needed 
for the MC retrofit and two vacuum tables (for round blocks and for square blocks) for 
the accelerated cooling technology. An external expert will provide the design for local 
production, supervise the installation, start-up and production trials and will provide 
training on how to operate the installation without undue fire and exposure risks. 

5. JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION 

There are numerous options to replace CFCs in the manufacture ofFPUF slabstock. 
These are described and reviewed in UNEP's "Technical Options Handbook" for foamed 
plastics. 

Penglai management attended a seminar organized by NCLI, NEPA and the World Bank 
under a grant of the MLF. Subsequently MC was selected as the preferred option, based 
on technical as well as economic considerations. However, unstable quality of the local 
made chemicals sometimes causes scorching in low density/high water formulations. An 
accelerated cooling system to mitigate this effect is therefore selected as complementary 
technology. In low density/supersoft foams MC extracts too much heat energy from the 
system, causing processing problems. This will be mitigated through the use of a 
softening agent which will reduce the MC content in these formulations while 
maintaining the softness. 
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6. PROJECT COSTS 

Investment costs of US$340,200 include capital investment of forced cooling system, MC 
storage and metering system, ventilation system, trial production, safety and training, and 
I 0% contingency. See breakdown in Annex l. 

Incremental Qperatjng costs of $19,600 represent net present value oflOC for four years 
discounted at 10%. Details are in Annex 2. 

RE:Quested Funding: The proposed OTF grant for Penglai is US$350,400 and was 
calculated as follows: sum of investment costs, 10% contingency, incremental operating 
costs and 3% financial agency fee. 

7. FINANCING PLAN 

I 00% of project cost is to be covered by the grant. 

8. COST EFFECTIVENESS 

The unit abatement cost calculated over a 10 year life span of the project is US$ 1.04 per 
ODP weighted kg of CFCl 1 phased out. This has been derived from the incremental 
annualized capital costs ofUS$291,500 and net annualized recurrent operating costs of 
US$25,600 (first year), for the phaseout of about 70 ODP weighted MT of CFCl 1. The 
grant effectiveness is $4.86/kg. 

9. PROJECT IMP ACT 

This project will result in the elimination of the use of annually a minimum of 60 tons of 
CFC 11, based on 1993 consumption. It applies economically feasible and 
environmentally acceptable technology. No regulatory permit is required for is use. 

The use of methylene chloride (MC) has an insignificant impact on the environment. The 
average atmospheric lifetime is about 6 months but can be as low as 2 months in 
industrial areas. Because of this relatively short lifetime MC has a negligible oz.one 
depletion potential (0.007). Also, methylene chloride does not significantly contribute to 
acid rain, smog (POCP: 0.9) and global warming. 

Water borne concentrations of methylene chloride will, based on the high volatility, 
quickly be reduced (90-95 % reduction within 0.5-1.5 hours (1)). Both aerobic and 
anaerobic biodegradation have been demonstrated (1,2). As a consequence, very low 
concentrations of MC are present in the hydrosphere, and indeed often cannot be 
detected. 
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Sufficient ventilation is required in production and curing area to limit workers exposure 
to an acceptable level (50ppm is recommended). The accelerated cure unit needs back-up 
power to avoid situations that could lead to self ignition of the foam. 

Safoty, production and emergency response training is required following installation, 
prior and during start-up as well as on a recurrent base. The project should be closed with 
a post-audit. assuring compliance with the recommended safety features. 

Indirect Project Impact: The project will not influence quality and price of the 
products. 

10. PROJECT IMPLEMENTATION 

Management: The National Environmental Protection Agency will oYersee the 
successful implementation of this project. The project will be carried out at the Penglai 
Plastic Factory. 

Schedule 

TASK 

Fastcure 
Purchase order 
Arrival, Customs clearing 
Installation, Start-up 

Vertifoam 
Preparation of Tenders 
Purchase Orders 
Arrival of Equipment 
Installation, Start-up 

Training 

Trials 

Commissioning 

ANNEXES 
Annex 1: Incremental Capital Costs 
Annex 2: Incremental Operating Costs 
Annex 3: Cost Effectiveness Calculation 
Annex 4: OORG Technical Review 

TIME FOR COMPLETION 
QI Q2 Q3 Q4 Q5 Q6 

X 

xx 
X 

X 

X 

xx 
XXX 

X 

X xx 

X 
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BREAKDOWN OF CAPITAL COSTS 

Forced Cooling System (two units, for round and square blocks, 
including feed conveyors, installation 

MC Storage/metering system 
Ventilation improvements 
Trials (6 foam types, 3 trials/type@ 5 minutes 

@ US$ 100.00/ minute chemicals, l/2 recovered through 
usable foam) 

Safety: Electrical Generator 
Airflow Meter 
MC Monitor 

US$ 20,000 
US$ 5,000 
US$ 2,000 

Training, Technology Transfer (includes provision ofFC 
construction drawings and construction Supervision) 

Subtotal 

I 0% Contingencies 

I nctremental Capital C-Osts 

REMARKS: 

6/5/95 

US$ 160,000 

US$ 30,000 
USS 20,000 

US$ 4,500 

US$ 27,000 

US$ 50,000 

US$291,SOO 

29,100 

US$ 3:Z0,600 

ANNEX I 

I. The forced cooling system has been costed by a US civil engineer. It includes two cooling 
converyors, one for round blocks and one for square blocks, US$ 70,000 each, and a selective 
feed converyor system, US$ 20,000. It is intended to have this equipment locally made, under 
technical supervision. The same installation from a reputable international equipment supplier, 
such as Cannon-Viking will cost about US$ 200,000, excl. feed conveyors. 

2. The electrical generator is needed because breakdown of power would casue fire dager in the 
production. 

3. The foam needs to have a minimum airflow of about 5 mlsec (ASTM test) to be successfully 
cooled. An airflow meter is therefore included in the budget The need has been established 
during the implementation of the Tianjing demonstration project. 
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ANNEX2 

INCREMENTAL OPERA TING COSTS 

ASSUMPTIONS 

ITEM PRICE 
(US$1T 

CONSUMPTION (TIY) 
BEFORE AFTER 

INFORMATION 
SOURCE 

CFC-11 
MC 
TIN 
ENERGY (/KWH) 
PRODUCTION 

1,400 
950 

8.000 
0.07 

2,000 

INVESTMENT IN EQUIPMENT 
CFC/MC RA TIO 
YIELD LOSS 
MAINTENANCE 

70 

8 

1,000 

US$ 190,000 
1.00/0.90 
3/2/1/0%/y on 50%, ofproduction 11 

5% of equipment investment 

63 
9 

60,000 
1,000 

ICI 
Recipient 
Goldschmidt 
Power Cy. 
Recipient 

The recipient may use softner or l 00% water in certain formualtions. While softener will not substantially 
change operating costs, the use of water will but is to the benefit of the receipient and therefore not 
incremental. 

INCREMENTAL OPERA TING COSTS (SAVINGS) CALCULATION (000 US$) 

COST ITEM 1'195 1996 1997 1998 TOTAL 

BASELINE 
CFC-ll 98 98 98 98 
TIN 64 64 64 64 
TOTAL 162 162 162 162 

POST-PROJECT 
MC 59.9 59.9 59.9 59.9 
TIN 72 72 72 72 
!NCR. YIELD LOSS 42 28 14 0 
INCR. ENERGY 9.5 9.5 9.5 9.5 
INCR. MAINTENANCE 9.5 9.5 9.5 9.5 
TOTAL 187.6 173.6 159.6 145.6 
IOC (SA VIN GS) 25.6 11.6 (2.4) (16.4) 

DISCOUNT FACTOR 0.91 0.83 0.75 0.68 

NPVoflOC 23.0 9.6 (1.8) (11.2) 19.6 

11 500/0 of the produclion will use MC 
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ANNEX3 

COST EFFECTIVENESS CALCULATION 

I. Unit Abatement Cost 

I. Unit Abatement Cost 

a. Incremental Capital Costs 

b. Incremental Operating Costs (first year) 

c. Project Useful Life 

d. ODS reduction per year 

e. Capital Recovery Factor 

Unit Abatement Cost [(a• e) + b}ld 

2. Orant Effectiveness 

a. OTF Orant requested 

b. ODS phaseout per year 

0 rant effectiveness 

M:\Proje:cts\ODS3\PS\Plai~FM.doc 

: US$29 I ,S00 

: US$25,600 

: IO years 

: 70,000 kg 

: 0.16275 

: US$I.04/kg/year 

: US$340,200 

70,000 kg 

$4.86/kg 
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JECBNPLQGX 
'Ibe emeipri.6 ii pi:aposillg to coaw:rt it& p«>dllclioA offltlllible slabstock: foam. mim. a tedmology 
bued on CFC 11 to snethyle.lle chloride. 

Methylene cblor.iGI' tecboo~ is widllly UHCl iinbe mdumy to replaee CPC 11. It scmenlly 
providll1s a,, eoA ,n1, &a1u1:ioil to melt thetedmiral ncedl of the produl:t. Othertacbaologies ate 
c:omideRl:L 'Ibe eniorpriJe has c:onccms regarding tbe quality oftbe locally available methylcllle 
chloride u,t "®MqltllllZl.y an ~ eooJiq 'l)'8ICm is proposed. In addition, ~ SC1ftmiD.1 
as-twill be required to produce low clezui.rJ foams of'the requind aoftness. 

The enterprise ,vill 11H eictemal expcns (not identified) to OYetaea the COIMll'lion. 

ENYJBQN'MENJ,Y.l§§UES 

Mcdl.y.leu chlori4e hl&a a VflfY low ()l)p IDd ia not a.~ IIUbstam:e. 

Tbemaio.ilalerelata to theprovisionof'a aafework:iJul CIIViromneDt. 'Ibeeaterprise propo,sos 
a range of e,pnprnem and miaing and nacess,rytraialllg t(I rnanqe tbl.s iauo. 

?BOJIO COSTS 

Tlle GOit ~ c S 6.4/q ODS iajust above die BC lillli1: otS 6.2/lrg Wllua lllfilty rellad 
items are separalCld out. 'Ibe eqwpmmt and odle<" ~GOl&I arejW'tiW 

The opcratina COit e&lal!ati"A mdi.c:ates vay low illcrcmlll.1al colt& wllidl will IIOt be claimed 

OO!·JiMPITATJQN TIMV!tHePi 

BECPMMINP&TJQN 

Approved. 
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MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

COUNTRY 

PROJECT TITLE 

SECTOR COVERED 

ODS USE IN SECTOR 

PROJECT IMPACT 

PROJECT DURATION 

PROJECT ECONOMIC LIFE 

TOTAL PROJECT COST 

PROPOSED OTF FINANCING 

COST EFFECTIVENESS 

IMPLEMENTING ENTERPRISE 

PROJECT COVER SHEET 

: People's Republic of China 

: Conversion to CFC-free technology in the manufacture 
of Flexible (Slabstock) Polyurethane foam at Zhenjiang. 

Foamed Plastics 

17,773 MT CFCs (=ODP) 1991 

150 MT CFC-11 (base 1994) 

1.5 years 

10 years 

Incremental Capital Costs 
10% contingency 
Incremental Operating Savings 
Net Incremental investment cost 
Financial Agent fee, 3% 
Proposed OTF grant 

US$279,200 

: US$ 250,000 
25,000 
(3,900) 

271,100 
8,100 

: US$ 279,200 

Unit Abatement Costs : US$ 0.461kg ODP per year 
Grant Effectiveness : US$ 1.811kg 

Zhenjiang # 5 Plastic Factory, Zhenjiang Jiangsu 

CO-ORDINATING NATIONAL BODY: National Environment Protection Agency 

IMPLEMENTING AGENCY The World Bank 

PROJECT SUMMARY 

This project will phase out 120 MT of CFC-11 in the production of flexible slabstock polyurethane foam at 
Zhenjiang # 5 Plastic Factory, by converting from CFC-11 to Methylene Chloride as an auxilliary blowing 
agent The project requires storage and metering system for methylene chloride, improved ventilation and 
safety systems, technical support for converting the formulations and process and safety training. 

TECHNICAL ASSESSMENT: This project has been reviewed and is supported by Dr. Mike Jeffs, OORG 
Expert in the foam sector. 
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1. PROJECT OBJECTIVE 

The objective of this project is to phase out the use of CFC-11 in the manufacture of flexible 
polyurethane slabstock foam at Zhenjiang # 5 Plastic Factory, at Zhenjiang Jiangsu, China. 

2. SECTOR BACKGROUND 

The Chinese Foam Industry consumed about 17,773 MT CFCs in 1991 (Ref. China Country 
Program). CFC-11 was the dominant substance (15,600 MTI followed by CFC-12 (2173 MT, in 
EPS/EPE foams). No other ODS was used in statistically significant amounts, although some 
MCF may have been used in adhesive applications. Furthermore, some MCF and CFC-113 may 
have been used as mold release agents. Production is divided between generally larger state­
owned enterprises and mostly smaller township or private enterprises. The table below provides 
more detailed information. 

The Chinese Foam Industry- Selected Data (1991) 

Categories/Subcategories ODS Production No. of 
(MTI (MT) Plants 

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

Flexible Polyurethane Foam 2,000 50,000 50-100 

Rigid Polyurethane Foam 

Pipe Insulation 600 4,000 10- 20 

Sprayed PUF 600 4,000 50-200 

Appliance Foam 5,000 40,000 40- 70 

PUF Panels 7,400 52,000 20- 50 

Total 13,600 100,000 120 • 340 

TOTAL 17,773 163,000 200 -490 

The National Council of Light Industry (NCLI) is responsible for the phaseout co-ordination in all 
the foam categories. The other ministries/agencies involved are as under : 

• Ministry of Chemical Industry (MCI) 
• Ministry of Internal Trade (MIT) 
• Ministry of Machinery Industry (MMI) 
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The Ministerial responsibility is divided into two areas : 

• Refrigerating Foams 
• Non-Refrigerating Foams 

Complete phase-out of CFCs for non refrigerating foams is targeted for the year 2000. 
Rfrigerating foams are expected to be CFC-free by the year 2005. 

3. ENTERPRISE BACKGROUND 

Zhenjiang # 5 Plastic Factory is located at Zhenjiang Jiangsu. The enterprise produced about 
2700 MT of flexible slabstock PU foam in 1994, consuming about 150 MT of CFC-11. The 
enterprise is state-owned. The production facility comprises of separate buildings. One building 
houses a Laaderberg Maxfoam plant producing square blocks and another has a Viking Vertifoam 
plant producing round buns. Curing area is common to both plants and is in another building. 

4. PROJECT DESCRIPTION 

In this project Zhenjiang will phase out the use of CFC-11 in its production of flexible slabstock PU 
foam, by converting to Methylene Chloride as the auxilliary blowing agent. 

Methylene Chloride alone, however is not a sufficient replacement for CFC-11 at present, for low 
density flexible foams. Use of Methylene Chloride alone results in higher exotherm, thereby 
adversely affecting the foam quality and also constitutes a fire hazard, exposing the workers to fire 
risk. The modifications required to implement the use of Methylene Chloride are as under : 

a) lncreased!improved process ventilation. 
b) Installation of fire safety equipment. 
c) Reformulation. 

The project budget includes cost of an international foams process expert assist Zhenjiang in 
making the necessary formulation adjustments and provide adequate safety training. 

5. JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY 

There are numerous options of replacing CFCs in the production of flexible slabstock 
polyurethane foams. They can be categorized as under : 

• Conservation 
CFC reduction through better housekeeping!management, reformulation, 
recovery!recycling. 

• Alternative blowing agents 
Methylene Chloride, HCFCs, Acetone, AB technology. 

• Alternative Chemistry 
Extended Range Polyols, Softening additives. 
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• Alternative Manufacturing Technologies 
EnvlroCure, E-Max, Rapid Cure, Waterlily, Vacuum Foam etc. 

The enterprise has opted for alternative blowing agent pathway and to an extent alternative 
chemistry (introduction of softening additives). Methylene Chloride constitutes the most 
economical solution. With the implementation of adequate safeguards, methylene chloride can 
also result in an environmentally acceptable solution. Methylene Chloride alone however, is not 
appropriate for manufacturing foams with very low densities (below 20 kg/m3). 

Trial runs with methylene chloride with increased water levels are found to give satisfactory 
results, in a cost effective manner without unacceptable losses in performance and processing. 
However, a precondition is a well planned reformulation program to implement adjustmerrts in the 
amounts of blowing agent and catalyst. 

Further, workplace concentrations of methylene chloride have to be limited to acceptable industrial 
hygenic standards. Methylene Chloride is a highly volatile chlorinated substance with a relatively 
low acute toxicity. The volitility can trigger high concentrations in the air. The substance is 
classified by the USEPA and the International Agency for Research on Cancer (lARC) as a 
probable human carcinogen. The U.S. Occupational Safety and Health Administration has set a 
time weighted average (TWA) 8-hour level of 500 ppm. In several other industrialized countries 
the level is even more strict (upto 50 ppm). Careful handling is therefore required to avoid 
exposure. Examples of safety measures include proper encapsulation of the production units, 
ventilation of production/storage areas, safety training of personnel and industrial hygiene 
monitoring. 

6. PROJECT COSTS 

The investment costs of US$ 275,000 include capital investment in metering/storage system for 
methylene chloride/softener, ventilation and safety equipment, trials, technical assistance and 
training, and 10% contingency. The breakdown of these is provided in Annexure 1. 

The incremental operating sayings of US$ 3,900 represent net present value of incremental 
operating savings for four years of operation and do not reflect growth. Details are provided in 
Annexure2. 

The total OTF financing requested is US$ 279,200 representing the above costs, inclusive of 3% 
financial agent fee. 

7. COST EFFFECTIVENESS 

7.1 UnitAbatementCost 

The unit abatement cost calculated over a 10 year life span of the project is US$ 0.46 per ODP 
weighted kg of CFC-11 phased out. This has been derived from the incremental annualized 
capital costs of US$ 250,000 and net annualized recurrent operating costs of US$ 28,550 (first 
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year), for the phase-out of about 150 ODP weighted MT of CFC-11. The cost effectiveness of this 
project is in line with or better than other similar projects.· 

7.2 Grant Effectiveness 

The grant effectiveness (ratio of the MLF grant requested and the minimum ODS phased out in 
the first year of operation post-project) works out to US$ 1.81/year which is well within the 
threshold values stipulated by the Fund Secretariat. 

8. REQUIRED REGULA TORY ACTION 

This project utilises environmentally acceptable and economically feasible technology and does 
not require any specific regulatory permits or action. 

9. RESULTS 

This project will eliminate the use of 150 MT of CFC-11 in the first year of implementation. 

10. SCHEDULE 

TASK Q1 

1. a) MLF Approval 
b) ProcurementPreparation 
c) Vendor Selection 

2. a) Transportation, arrival 
and customs clearance 

b) Installation and plant 
modifications. 

3. a) Machine Start-up 
b) Trials/Training 
c) Certification 

ANNEXURES 

Annexure 1 : Capital Costs 
Annexure 2 : Incremental Operating Costs 
Annexure 3 : Cost Effectiveness Calculation 
Annexure 4 : OORG Technical Review 

X 

Q2 Q3 Q4 QS Q6 

X 
X 

X 

X X 

X 
X X 

X 
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1. Laaderberg Machine 

6 

ANNEXURE1 

Capital Costs 

a. Metering and storage system for Methylene Chloride 
b. Metering and storage system for softener 
c. Ventilation System 
d. Fall Plate modifications 

2. Viking Machine 

a. Metering and storage system for Methylene Chloride 
b. Metering and storage system for softener 
c. Ventilation System 

3. Fire safety equipment 
(Y'Jater lances, sprinklers, pumps, piping) 

4. Trials 

5. Technical assistance for formulations and safety 

6. Process and safety training 

Subtotal 

Contingencies, @ 10% 

==============================-=== 
Incremental Capital Costs 

; US$ 30,000 
: US$ 15,000 
: US$ 30,000 
: US$ 5,000 

: US$ 30,000 
: US$ 15,000 
: US$ 30,000 

: US$ 40,000 

: US$ 20,000 

: US$ 20,000 

: US$ 15,000 

: US$ 250,000 

: US$ 25,000 

6/5/95 

------ ------------
: US$ 275,000 

-------- ---------------- -------------- ========= ======--=--= 
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ANNEXURE 2 

6/5/95 

Incremental Operating Costs 

Assumptions 

1. CFC-11 Price 
2. Methylene Chloride Price 
3. Price of Softening Additive 
4. Price of Amine Catalyst 
5. Cost of non-CFC formulation 
6. CFC : MC Ratio 
7. Total production 
8. Yield loss (post-project) 
9. Production affected by yield loss 

10. Increased Energy Consumption 
11. Energy Costs 
12. Maintenance Costs 
13. Net investment on equipment 
14. No growth considered. 

Baseline 

: US$ 1.30/kg 
: US$ 0.80/kg 
: US$ 3.00/kg (Required 7 MT/y post-project) 
: US$ 3.75/kg (Required 3 MT/y post project) 
: US$ 2.00/kg 
: 1: 0.9 
: 2700 MT 
: 1st year 3%, 2nd year 2%, 3rd year 1%, 4th year 0% 
:50% 
: 60,000 Kwh 
: US$ 0.1/Kwh 
: 5% of equipment costs 
: US$ 250,000 (Ref. Annexure 1) 

Cost of 150 MT CFC-11(US$): 195,000 

1fill2 

195,000 195,000 195,000 

Total (US$) 195,000 195,000 195,000 195,000 

Post-Proiect 

Cost of 135 MT MC (US$) 108,000 108,000 108,000 108,000 
Cost of Yield Loss 64,800 43,200 21,600 0 
Cost of Increased Energy 6,000 6,000 6,000 6,000 
Cost of Increased Maintenance 12,500 12,500 12,500 12,500 
Cost of Softening Additive 21,000 21,000 21,000 21,000 
Cost of Amine Catalyst 11,250 11,250 11,250 11,250 

Total (US$) : 223,550 201,950 180,350 158,750 

Net Incremental Costs (US$) 28,550 6,950 (14,650) (36,250) 
Discount Factor 0.91 0.83 0.75 0.68 

NPV@ 10% (US$) 25,980 5,768 {10,988) (24,650) 
--- ,. _________ 

For 4 years (US$), rounded (3,900) 

------------- __ .,.,..,. .. _______________ 
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ANNEXURE 3 

Cost Effectiveness Calculation 

1. Unit Abatement Costs 

A. Incremental Capital Costs 

B. Annualized Incremental Operating Costs 

C. Project Useful Life 

D. ODS reduction per year 

E. Capital Recovery Factor 

UNIT ABATEMENT COST [ (A X E) + BJ / D 

2. Grant Effectiveness 

A. OTF Grant Requested 

B. ODS phased out per year 

GRANT EFFECTIVENESS [A / BJ 

M:\Proje(:ts\OOS3\P$\Zhenj-FM.doc 

: US$ 250,000 

: US$ 28,550 

: 10 years 

: 150,000 kg 

: 0.16275 

: US$ 0.46/kgly 

: US$ 271,100 

: 150,000 kg 

: US$ 1.81/year 

6/5/95 
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ti 
CHINA - Z!f!i;JIANG NO 5 PLASTIC FACTORY 

TECHNOLOGY 

The enterprise is proposing to convert its two production lines for flexible polyurethane slabstock 
foam from CFC 11 to methylene chloride as an auxiliary blowing agent. 

Methylene chloride is widely used in the industry to replace CFC 11. It generally provides an 
eco.nomfo solution to meet the technical needs of the product. Other technologies were also 
considered. 

The enterprise will use external e:x:perts ( not identified) to oversee the conversion. 

ENVIRONMENTAL ISSUES 

Methylene chloride has a very low ODP and is not a controlled substance. 

The main issue relates to the provision of a safe working environment. The enterprise proposes 
a range of equipment and training an,:1 nettssary training to rnaoagP- tllis issue. 

PROJECT COSTS 

The project cost elrectiveness is well within the EC's proposed limit for this category. 

The capital and other one-off items are justified. The operating cost calculation indic.tes a net 
saving over four years. 

JMJ>I EMENTATIQN TIMEFRAME 

Acceptable. 

RECOMMENDATION 

Approved. 

/5195 
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CHINA 

DAIMBI-Conversion to CFC-free 
technology in the manufacture of 
flexible PUF products 

Foamed Plastics 

17,773 MT CFCs (=ODP} in 1991 

77 t of CFC-11 (1994 consumption) 

18 months 

10 yea.rs 

USD 490,000 capital Costs 
USD 126,000 Operating Costs 

USD 370,000 (60% local ownership} 

Unit Abatement Cost: USD 1.98/kg/y 
Grant Effectiveness: USD 5,57/ltg/y 

Ministry of Machinery Industry 
{MMI) 

National Environmental Protection 
Agency {Nli:l?A} 

UNDP 

December 1994 

PROJECT SDMMUY 

This project will eliminate the use of about 77 t of CFC•ll in the 
production of flexible :b<»I: foam, cold & hOt cured molded PUF 11nd 
integral skin molcU.ngs, at DAIMEI POLYURETHANE co. LTD., by 
converting to Methylene Chloride (Flexible Slabstock), 
Water/Additive (Cold and hot cured moldings} and n-Pentane 
(integral Skin moldings}. The proposed costs will provide for 
equipment, trials, teclmiaal assistance for formu1ations and 
process/ safety t'.t'aining. This proj eet replaces Yanfeng as a 
demonst'.t'ation project for CFC-f'.t'ee aut01110tive foams. While 
applying for this project, the Chinese Government will withdraw the 
Yanfeng project, that, after the firm entered a JV with Ford, will 
phaseout tbe use of CFCs by its own fin$11Cial and technical means. 

PDP.IRED BY; 
REV1BWED BY: 

Bert Veenendaal 
Dr. Huhert Creyf 



PROJBC'l' 011' 'l'D GOVBRNHBH'f OF CHI:NA 

DAIMBX - CONVERSION i'O Cl"C-l'RBB 'fBCBl!iOLOGY IN THE 
MI.Ntli'AC'tDltE 01!' FLEXIBLE PUF PRODUCTS 

1. 1'llOJBC'J: OBJBC'l'IVS 

The objective of this project is {i} to phase out the use of CFC-11 
in the manufacture of flexible and semi-rigid polyurethane foam at 
Daimei Polyurethane Co, Ltd. and (ii) to £unction as a 
demonstration project for the illlpleaent.ation of non-ODS technology 
in the Chinese automotive trim industry. 

2. SBC'l'OR B&CKGROUND 

The Chinese Foam Industry consumed about 17,773 M'1' CFCS in 1991 
(Ref. China Country Program). CPC-11 was the dominant substance 
(15,600 M'l') followed by CFC-12 (2173 MT, in EPS EPE foams). The 
table below provides more detailed information. 

'!'he Chineee roam Induat:cy- Selected kta (1991 l 

Categories/Subcategories ODS Produotian No. of 
(M.T} (M.T) Plants 

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

Flexible Polyu;cethane roam. 2,000 50.000 i;o - 100 

Rigid Polyu:eethane l?0.\1111 

Pipe IlllllulaUon 600 1,000 10 - 20 

Sprayed PU1 600 4,000 so - 200 

AppUanoe roq 5,000 40,000 40 - 10 

Pll1' Panels 7,400 52,000 20 - 50 

'l'otal 13,600 100,000 120 - 340 

TODL 17,773 163,000 200 - -&90 

The National Council of Liqht Industry (NCLI) is responsible for 
the phaseout co-ordination in all the foam categories. The other 
ministries/agencies involved are as under: 

if, Ministry Of Chemical Itu:lustry {MCI) 
* Ministry of Internal Trade (M.IT) 
* Mini11try of Machinery Industry (MMI) 

The Ministerial responsibility is divided into two areas; 

* Refrigerating Foams 
* Non-Refrigerating Foams 
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Complete phase-out of CFCs for non refrigerating foams is targeted 
for the year 2000 and for refrigerating foams by the year 2005. 

3. ENTERPRISE BACKGROUND 

'l'he Daimei Polyurethane CO. Ltd. is located in Nizi town in Daishan 
County, in the Zhejiang province, in coastal East China. The 
company was set up in 1982. The comp.my has about 400 employees of 
which 30 are engineers. The 111anufacturing facilities are located in 
an area of about 35,000 sqm, of which 15,000 sqm is covered by 
buildings. The company has M operating joint venture with a 
Hongkong based company {who has. 40% holding). The COJIIPany 
manufactures flexible slabstock PUF, hot cure molded seats, cold 
C\lred autOlllotive seats and integral skin prOducts such as steering 
wheels, seats, knobs, headrests etc. The company consumed about 77 
t of CFCs in all the above operations and about 2,300 t of foam in 
1994. 

4. PROJEC'f DESCRIP'l'ION' 

under this project, Damei will phaseout the use of ozone depleting 
substances in its various foam manufacturing operations. The scope 
of the project as a demonstration project is to apply where 
possible permanellt technologies with minimum implications on the 
operating costs. 

The chosen technologies and related activities are as follows: 

a) Flexible Slabstoclt Foam: Dai111ei operates a locally procured 
box foam machine. It will phase out the usli! of CFC-11 in iti. 
production of flexible slabstock PU foam, by converting to 
Methylene Chloride as the aux.:i.liary blowing agent. 'l'his would 
involve costs for provision of ventilation, a methylene chloride 
pump, trials, technical assistance for formulation and for 
safety/process training. 

b) Bot cured Mol4ings : The CFC-11 will be replaced by water based 
system in conjunction with additives. The increased viscosities 
will require the use of high pressure foam dispenser in place of 
the present low pressure unit. The current high pressure unit for 
integral skin foams will be used for this purpose. Provision for 
cost of trials, technical assistance for formulation and process 
training will be required. 

c} Cold Cured Moldings ; The CFC-11 will be replaced by water based 
system with modified polyol. The company already has a high 
pressure machine, hence only costs of trials, training &nd 
technical assistance would be involved. 

3 
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d) lntqral Skin Moldi'DGS: Cl'C-11 will be replaced by n-pentane. 
'l'he company already bas a h.i.gh pressure machine for this production 
line and will relocate this unit in the hot cured foam production. 
A new high pressure foam dispenser suitable for the use of 
flammable liqi;tids is foreseen in conjunction with auxiliaries, such 
as a pre.mixer, buffer !llld storage tanks, and safety related 
investments such as ventilation, grounding and a hydrocarbon 
sensing syste111. In addition, trials, technical assistance and 
training will be required. 

The project will function as a demonstration project for CFC-free 
manufacturing technologies in automotive foams. Originally, 
Yanfeng in Shanghai was selected for this purpose and a grant of 
USD 670,000 was aPProved (14th BxCom), HO!lil9Ver, this company 
antered a joint venture with Ford and has retracted from its 
agreement to act as a demonstration project, with includes the 
willingness to share the experience acquired under this project 
with other companies. The Govenwent will therefore withdraw the 
Yanfeng project and submit the Damei proposal as a substitute. 

5. 'l'BCBHOLOGY 

There are numerous technologies to replaee the use of CFCs in 
flmcibl.e PUll' bozf'C!lllllil. Available replacements fall into the 
following cateqories: 

o Alternative blowing agents 
o Alternative chemistry 
o Alternative manufacturing technologies 

Methylene chloride has been chosen as the most economic 
alternative. The relatively high densities do not require any 
supporting technologies. 

ODS phaseout technologies for flaillle PU molded foams are for all 
practical purposes restricted to water based teehnologies, 
sometimes complemented with (premixed) additives, specifically in 
the case of hot cured foams. 

ODS phaseout technologies for irri:egral akin foams are: 

Low ODS Technologies {"Interim") > HCFC-22 
> BCFC-141b 

ODS free technologies ("Permanent") > Pentane 
> RFC-l34a 
> Water Based 

The company has selected n-pentane as replacement in this 
application. Water ])ased technQlogy has not yet bean introduced by 
chemical suppliers in China and HFC-134a would increase the 
operating costs to an unacceptable level. 

4 
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6, PROJBCT COS'l.'S 

6.l, CAPITAL COSTS 

---~-------------------------------•--------------•~--------~---w Description Cost(USD) 
Itein Group Safety 

a} liJlptpek PUf 30,000 

Methylene Chloride Pwllp/Hoses 5,000 
Ventilation 10,000 
Fire Safety provisions 5,000 
Trials 5,000 
Training/Teclmical Assistance 5,000 

:bl Bot Cured Molding• 35,000 

Relocation Foam Dispenser 20,000 
Trials 5,000 
Technical assistance/training 10,000 

cl Cold Cured Moldings 15,000 

Trials 5,000 
Technical assistance/training 10,000 

d) Integral akin l1PWiAn 365,000 

Pentane Foam Dispenser 155,000 45,000 
Pre-blender with Buffer Tank 85,000 25,000 
Pentane Tank 30,000 30,000 
Ventilation 20,000 20,000 
HC Sensing System 35,000 35,000 
Grounding 5,000 S,000 
Trials s,ooo s,ooo 
Tec:hnieal assista.nce/training 20,000 
Safety Audit 10,000 10,000 

-----------------------------------------------------------------Contingencies (10%) 45,000 17,000 

-----------------------------------------------------------------
TOTAL tffClmMD'l'AL CAPITAL COST 490,000 

Prices for equipment are taken from similar projects, where 
possible from the reS11lts of recent competitive bidding. 

5 
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6.2. OPERATING COS'l'S/BENEPITS 

The details of operating costs/benefits for all the above 
mentioned production lines is described hereunder 

a) Flezible Slabatock FOUi 

Before. 
After 

: 20 t CFC-11 (USD 1.4/kg) : USD 28,000 
16 t MeCl (USO 0.95/kg) : USD 17,100 

--------------------------------------------------Net Incremental Operating Savings (A) : USD (10,900) 

---------------------------------------------------
J:!) Hgt Cured Mgldipqs 

Before : 44 t CFC-11 (USD 1.4/kg) : USO 61,600 
150 t TOI {USO 2.50/kg) : USD 375,000 

After : 194 t TDI (USO 2.50/kg) . USO 485,000 . 
4 t Additive (USO 7.5/kg} . USO 30,000 • 

---------------------------------------------------Net Incremental Operating Costs (B) 

c} CQld. Cured Moldings 

Before 

Afte:i: 

: 5 t CFC-11 (O'SD 1.4/kg} 
18 t MDI (USO 2.50/kg) 

: ZS t MDI (USO 2.50/kg} 

: USO 78,400 

: USO 
: USD 
: USD 

7,000 
45,000 
62,500 

---------------------------------------------------Net Incremental Operating Costs (C) : USD 10 1 500 

dl Integral Skin M91dipqs 

Befo:i:e 
After 

: 8 t CFC-ll (USD 1.4/kg) : USD 101 400 
: 6 t n-pentane (USD 0.8/kg): USD 4,800 

---------------------------------------------------Net Incremental Operating Savings (D}: USD (5,600) 

----------------~----------------------------------
lnci.-emental Operatirt9 Costa (A+B+C+D}: USD 72,400 

-----------------------------------------------
Net present Value (2yi 101) (X 1.74)) USD 126,000 

---------------------------------------------------
Chemical prices are obtained from several companies and chemical 
suppliers and standardized for UNDP and World Bank projects in the 
foam industry that are prepared for the 17th EXCOl!l 

6 
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6. 3. COS'f Bll"P'BC'l'l'.VBNBSS 

a. 
b. 

Unit Abatement CO&ta 

ODS Reduction Capital Costs 
Annual incremental costs 

219 326 6047 P,08 

c. 
d. 

: US$ 490,000 
US$ 72 1 400 
0.1627S capital Recovery Factor(lOy/10%) : 

ODS Reduction/year : 77,000 kg 

Unit Abatement Coats [{(a(c) + b})/d] :US$ 1.98/kg/y 

6.3.2 Grant Bffectivenua 

According to a decision taken at the 16th ExCom, the cost 
effectiveness of projects submitted to the 17th h:Com should not 
exceed certain established thresholds. The cost effectiveness has 
been defined as the complete costs (before substraction of foreign 
owned shares) minus safety related ite!IIS (:l.n case of the use of 
pentane), divided by the ODP/y saved. 

e.. 
b, 
c. 

Project Costs 
Safety related Costs 
ODS phased out 

: US$ 
: US$ 
: kg 

616,000 
187,000 
77,000 

------------------------------------------------------Gflmt Sffect:Lveneaa [ (a•b)/c l : t1S$ 5.51/ktJ/Y 
-------------------------------------------------------

The applicable thresholds are: GENERAL FOAMS 
FLEXIBLE POLYURETHANE 
INTEGRAL SKIN 

9,53 
6.23 

16.86 

The project thus qua.lifies from a view of grant effectiveness. 

7. FIHIKCIAL PLAH' 

~he enterprise requests a grant covering 60% of the total 
increaental cost as calculated under 5.1 and 5.2, which represents 
the local share: 

us, 370,000 
=========== 

8. l"ROJBC'1' IMPAC'l' 

This project will eliainate the use of 77 t of CFC-11 in the first 
year after implli111191ltation. The project employs COIDlllercially viable 
and environmentally acceptable technology. 

7 
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9. SCDDULB 

- Q1 

1,a} Kl.!' .llpproval 
b) Proo=-ent 

Preparation 
c) Vend.Or Selection 

2 .a) 'l'raneportati.on, 
u:dva.l <and. OUllt<llllll 
C:l.ea.'8.llCe 

b) i:nstallati.on and 
plant lllOdili.Cation. 

3.a) Machine Start-up 
b) 'l'rial.11/'l'raining 
o I Certification 

Annex: 'l'echnic::al Review 

Q2 1:13 

:It 

X 
X 
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Q4 QS Q6 

X 

X lC. 

lt 
X X 
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... \UNDP\CHINA\DAIMEI.WPD 
950619/CC/BV/004 

TOTAL P.09 
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National Council of Light Industry 
(NCLI) 
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PROJECT SUMMARY 

In China, about 100 enterprises manufacturing extruded PS/PE 
foam sheet have been identified. Currently, predominantly CFC-
12 is used as blowing agent. Under this project, 4 enterprises 
will switch to the use of butane as alternative blowing agent. 
Butane is highly flammable and its usage requires extensive 
safety measures. The process conversion to butane will include 
retrofitting of existing extruders, installation of butane 
storage tanks, building modifications, exhaust and ventilation 
systems and • gas detection systems. Technology transfer and 
trials are also essential elements of the conversion. 

Prepared by: Mr. Ko Swee Hee 
Reviewed by: Mr. Denis Knaus 



PROJECT OF TBE GOVERNMENT OF CHI:NA 

ELIMINATION OF CFCs IN THE MANUFACTURE OF EXTRUDED 
POLYSTYRENE/POLYETHYLENE FOAM SHEETS AT 4 ENTERPRISES 

1. PROJECT OBJECTIVE 

The objective of this project is to phaseout the use of CFCs in 
the manufacture of extruded polystyrene foam sheet at 4 
enterprises across China. 

2 . SECTOR BACKGROUND 

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

Categories ODS Production 
Sub-categories (t) (t) 

Extruded PS/PE 2,173 13,000 

Flexible Polyurethane 2,000 50,000 

Pipe Insulation 600 4,000 

Sprayed PUF 600 4,000 

Appliance Foams 5,000 40,000 

PUF Panels 7,400 52,000 

Total Rigid PUF 13,600 100,000 

TOTAL 17,773 163,000 

The Chinese Foam Industry 
Selected Industry Data (1991) 

Plants 

(range) 

30- 50. 

50-100 

10- 20 

50-200 

40- 70 

20- 50 

120-340 

200-490 

Government and industry are committed to sharply reduce and 
ultimately eliminate CFC utilization. The National Council of 

2 



Light Industry (NCLI) is responsible for the phaseout 
coordination in all foam categories and has, as part of the 
Country Programme preparation, worked out a detailed phaseout 
strategy. This strategy has just been updated. 

The proposed sub-projects in this proposal have been developed as 
part of a MLF funded instructional workshop program, implemented 
through The World Bank. The stated goal of this program is to 
develop a minimum of five ODS phaseout projects after each 
workshop. So far, 30 project requests have been logged after 
just two workshops. The next and last workshop will be held in 
February 1995. 

3. ENTERPRISE BACKGROUND 

The following 4 enterprises are covered by this project: 

ENTERPRISE CFC TONNES LOCAL SHARE 

TIANJIN GANGDA 55 100% 

J.I.P. BUOTOU 90 100% 

CANGZHOU 75 100% 

HANDAN NO.7 50 100% 

TOTAL: 270 

More information on the individual enterprise is provided under 
the respective sub-project in the annexes. 

4. PROJECT DESCRIPTION 

The total CFC consumption of the four enterprises amounted to 
270 tonnes in 1994. In line with China's plan to eliminate ODS 
consumption, the enterprises have selected, after technical and 
economic evaluation of the various available options, butane as 
the replacement of choice. Under the project, existing extruders 
will be retrofitted and the production areas will be adapted to 
meet the butane usage requirements. Butane storage tanks and the 
required safety systems to mitigate fire and exposure hazards 
from the use of butane will be installed, as well as improved 
exhaust and ventilation systems. Extensive safety and production 
training will also be provided by an external process expert. 

3 



5. TECHNOLOGY 

5.1 OVERVIEW 

There are several options to replace CFCs in the production of 
XPS/XPE foam sheet, such as: 

o Atmospheric gases (Nitrogen; Carbon Dioxide); 
o Hydrocarbons (LPG; butanes; pentanes); 
o HCFCs (·22; -142b); 
o HFCs (·134a; -152a). 

5.1.1 ATMOSPHERIC GASES 

NITROGEN GAS is inert, nontoxic and noncombustible, but 
asphyxiant. The use is burdened by a low solubility in the resin 
and a relatively high density of the end product. New resin 
developments may make the use of nitrogen a more viable in the 
future. 
BERSTORFF TECHNOLOGY is based on a mixture of nitrogen and 
alcohol. This technology exhibits undefined risks in toxicity and 
fire. The resulting product has also a higher density. 
CARBON DIOXIDE GAS is an asphyxiant, high energy consuming and 
moderately toxic gas. Carbon dioxide as a co-agent is proven 
technology. The use of only CO2 in EPS sheet is patented and 
requires licensing. 

5.1.2 HYDROCARBONS 

N·PENTANE, BUTANE, ISOPENTANE AND ISOBUTANE are proven 
replacements. The technology is cost effective and results in 
product of acceptable quality. However, the flammability of 
hydrocarbons requires stringent safety precautions in the 
manufacturing process, resulting in the need for retrofitting. In 
addition, hydrocarbons are petrochemically reactive and 
contribute to the formation of atmospheric zone. 
LIQUIFIED PETROLEUM GASES (LPG) has also been proposed as 
replacement for CFC-12 in PE/PP and PS foam industry. LPG is 
however toxic, flammable and not generally accepted for food 
packaging. If used, molecular sieves as purifier/deodorizer and 
a buffer agent for boiling point stabilization will be required. 

5.1.3 HYDROCHLOROFLUOROCARBONS 

HCFC-22 is non-flammable, low in toxicity, thermal and chemical 
active, has been proven effective. The compound has however an 
ODP, and only qualifies as an interim replacement. HCFC-142b can 
be used alone or in combination with HCFC-22 to reduce the 
flammability. The price penalty is however considerable and 
equipment has to be modified to cope with the moderate 
flammability and the modified diffusivity of the compound. 

4 



5.1.4 HYDRO FLUOROCARBONS 

HFC-134a is non-flammable, low in toxicity and with no ODP, is 
just recently introduced in the market. The current pricing will 
prevent utilization in the very cost sensitive food serving and 
packaging applications. The utilization of HFC-134a in foam 
competes with the utilization as a refrigerant in appliances and 
automotive air conditioners. HFC-152a is low in toxicity, 
moderate flammable and possesses no ODP. It appears to be a long 
term alternative. The compound's flammability will required 
modification of production 
equipment. 

5.2 SELECTION 

The use of butane has been selected to replace CFCs in the 
conversion because it is 

o a proven technology in processing and product 
performance, 

o environmentally acceptable, 
o low in toxicity, 
o adaptable to the existing equipment, 
o cost effective 

A draw back is its high flammability, requiring stringent safety 
precautions. Also, butane is currently only available with a 
maximum purity of ranging from 60 to 80% which will affect the 
quality slightly. The enterprises are all aware of this and will 
address both issues during project implementation. 

5.3. REQUIRED MODIFICATIONS 

The use of LPG/butane will require substantial changes in the 
production and storage facilities. The possible changes or 
modification may include : 

o Plant Exhaust System 
* The plant/warehouse air must be moving at all times. 
* Exhaust ducts or fans mounted at floor level and 

parallel to the foam extruder line. 
* Exhaust ducts or fans to draw fresh air across the 

plant floor area in the foam storage area. 
* The plant and warehouse air should be changed hourly. 
* The exhaust fans do not need explosion proof motors. 

o Ceiling Fans/Blow-down Fans 
* Production area and the warehouse should have ceiling 

fans spaced 10-13 meter apart. 
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* Fans should run continuously and will keep the air 
circulating to prevent pockets of butane build up in 
the building. 

o Foam Storage Area 

0 

* Air must be moving at all times by using fans and wall 
mounted exhaust fans at floor area. 

* Fans spaced 10 -13 meter apart with louvered openings 
located on the wall opposite the exhaust fans. 

* Exhaust ducts to draw fresh air across the plant floor 
in the foam storage area. 

* Polyethylene bags used to wrap rolls should be 
perforated to allow butane to flow out of and fresh air 
to flow in. Diameter of holes is about 10 to 15 mm and 
spaced about 150 to 200 mm apart. Furthermore, 
polyethylene bags should be anti-static. 

* Stack rolls on pallets to circulate air around the roll 
more easily. 

Butane Sensing 
* Permanent 

following 
butane: 

Equipment 
monitoring device to be installed at the 
locations to detect possible presence of 

bulk storage tank 
high pressure pump 
die-head of extruder 
reclaim grinder/recycling machine 
foam storage area. 

* Portable gas detecting system to monitor the butane 
throughout the plant. 

o Bulk Storage Tank 
* Installation and location of bulk storage tank are 

subject to compliance with the local rules and 
regulations. The recommended design pressure for a 
hydrocarbon tank is 250 psi, this will allow storage of 
propane which exerts the maximum vapor pressure. 

* Low pressure pump, high pressure pump and deodorizer to 
be included in this area. 

* Standard safety features pertaining to the use of 
hydrocarbons, such as piping system, pressure relief 
and return system, pressure gauge and switch, water 
sprinkler system, fire fighting equipment etc to be 
considered while design for the bulk storage tank area. 

o The whole plant must have sufficient fire extinguishers, of 
which some are trolley mounted and most are handheld. Both 
CO2 or powder type of fire extinguishers are acceptable. 
Static eliminators should be installed at winding section to 
arrest static current from the roll. 
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o In line with the above-mentioned modifications on equipment 
and safety requirement, the following process adjustment are 
required: 
* addition of anti-shrinkage and buffer agent to improve 

cell size and to control diffusion, 
* Readjustment of heaters and extrusion pressure to 

achieve the correct density and to reduce fire 
hazard, 

* addition of anti-static agent to further reduce fire 
hazards from spark generation. 

Users of hydrocarbons are subject to stringent fire regulations. 
The appointment and training of a company safety expert is 
strongly recommended. The emission of hydrocarbons is currently 
not regulated in China, nor are restrictions expected in the 
foreseeable future. 

ALL SAFETY l?RECAUTIONS MUST CONFORM TO TRE REQUIREMENTS 
OF RELEVANT LOCAL, PROVINCIAL AND STATE AUTHORITIES 

6. PROJECT COSTS 

6.1 INCREMENTAL CAl?ITAL COSTS 

For the conversion of the manufacturing process to use of butane, 
the following cost elements may be involved: 

Equipment retrofitting: 
motors & accessories 
mechanical adjustments 
Engineering/labor fees 

Building modification: 
Fire deflecting walls 
Separation walls 
Separation of the Control Room 

Relocation costs, 
Dismantling and re-assembling of extruder(s) or 
thermoforming equipment from current location to another 
within the same plant or to a new location (cost of the new 
location are not included) 
loading and unloading (requiring the use of crane-lift) of 
extruders 
Transportation cost 

Trials and production training: 
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Technology transfer and safety training 

The consolidated project cost of these 4 sub-projects is 

USD 1,881,100 
============= 

A summary of the incremental capital costs for the 4 sub-projects 
is presented in Table 1 below. 

TABLE 1: SUMMARY OF INCREMENTAL CAPITAL COSTS(USD} 

TABLE 1: SUMMARY OF IRCREMENTAL CAPITAL COSTSIVSDI 

HP Pump{ Miscellaneous 
Ente,pri,e Tank Retrofit Metering Sprinkler Equipment Safety TT 

60,000(1) 70,000 75,000 30.000 8,500 139.000 20.000 
Twi~nGangda 

80,000(2) 80.000 100.000 30.000 52.500 143,500 20.000 
Cangzhou 

85,000(2) 120,000(5) 175,000 30.000 52.500 158,500 20,000 
J.I.P. Buotou 

50,000 80,000 75.000 30.000 68.500 117,500 20,000 
Handan No. 7 

275,00 ~50.000 425,000 120.000 182,000 559,000 80,000 
Totm 

8 

Cont. Totm 

40.000 443.000 

50,000 556 

64,000 705,000 

44,000 485,000 

1998,000 2,189,000 



6.2 INCREMENTAL OPERATING COSTS 

The costs and availability of CFCs in China varies from place to 
place and can be very high in remote areas. On the other side, 
facilities in such areas have no problems to include such costs 
in their prices as the very location provides also a real sales 
protection. The calculation of incremental costs/benefits 
(IRC/IRB) with standardized chemical prices would change 
competitive positions dramatically. Although butane is cheaper 
than CFC·12, additional recurring costs on account of additives, 
extra maintenance, safety training and monitoring, higher 
insurance etc., are expected. These additional costs in the case 
of these four enterprises are negligible and no incremental 
operating cost is requested. 

6.3 COST EFFECTIVENESS 

6.3.l Grant Effectiveness 

a) 
b) 

MLF Grant: 
ODS phased out: 

Grant Effectiveness [a/bl: 

6.3.2 Unit Abatement Costs 

a) 
bl 
cl 
d) 

Project Costs: 
Annual Incremental Costs/Benefits: 
Capital Recovery Factor (10%): 
ODS Reduction/yr: 

Unit Abatement Costs [(a*c + b)/d]: 

7 . FINANCING PLAN 

US$ 2,189,000 
270,000 kg 

USD8.l/kg 

USD 2,189,000 
USD 0 
0.16275 
kg 270,000 

USD 1.32/kg/y 

The total incremental costs being requested for the 4 sub­
projects amounts to USD 2,189,000. 

8. PROJECT IMPLEMENTATION 

8.1 Management 

UNDP will oversee the successful implementation of the sub­
projects and will provide technical assistance during project 
execution. 

8.2 SCHEDULE 

The following implementation schedule is applicable to all 
the 4 enterprises. 
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I TASK I Ql I Q2 
I 

Q3 
I 

Q4 
I 

QS l Q6 
. 

Project Preparation 

Specifications X 

Tenders, Selection xx X 

Purchase Orders X X 

Site preparation X 

Building Adaptations xx 

Civil Works XXX 

Tanks Installation X xx 

Equipment Changes XXX 

Start-up, Trials, xx X 
Training 

Commissioning X 

9. REQUIRED REGULATORY ACTION 

The enterprises will check with local authorities on fire 
regulations and will comply fully with national and local safety 
regulations and standards. 

10. PROJECT IMPACT 

These projects will eliminate the use of a total of 270 tons of 
CFCs upon project completion. The projects employ commercially 
viable and environmentally acceptable technology. 

11. ANNEXES 

Annex 1: Sub-project No. 1: TIANJIN GANGDA 
Annex 2: Sub-project No. 2: CANGZHOU 
Annex 3: Sub-project No. 3 : BUOTOU 
Annex 4: Sub-project No. 4: HANDAN # 7 
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Annex 1 
PROJECT COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USED IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMl:C LIFE: 

TOTAL PROJECT COST: 

PROPOSED MLF GR.ANT: 

COST EFFECTIVENESS: 

NATIONAL EXECUTING AGENCY: 

NATIONAL COORDINATING BODY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

CHINA 

TIANJIN GANGDA PLASTICS CO. 
Elimination of CFC-12 in the 
Manufacture of EPS Foam Sheet 

Foamed Plastics 

17,773 t CFCs (=ODP) in 1991 

55 t CFC-12/y (1993 consumption) 

18 months 

10 years 

Capital cost: USD 443,000 
(incremental capital cost) 

USD 443,000 

USD 8.0/kg (Grant Effectiveness) 
USD 1.31/kg/y (Unit Abatement Cost) 

China National Council of Light 
Industry (NCLI) 

National Environmental Protection 
Agency (NEPA) 

UNDP 

December 1994 

PROJECT SUMMARY 

TIANJIAN GANGDA PLASTIC CO. Ltd. is a state-owned enterprise which 
is directly under the supervision of Tianjin State-operated Farm 
Management Bureau. Under this project, Kangda will eliminate the 
use of 70 t of CFC-12 by using butane as a substitute. The project 
includes the costs of retrofitting the existing extruder, other 
butane equipment and safety equipment, technology transfer and 
trials. 

Prepared by: Ko Swee Hee 
Reviewed by: Dr. , UNDP Technical Reviewer 
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PROJECT OF THE GOVERNMENT OF CHXNA 

TIANJIN GANGDA - CONVERSION TO CFC-FREE TECHNOLOGY IN 
THE MANUFACTURE OF EXTRUDED POLYSTYRENE FOAM SHEETS 

1. PROJECT OBJECTIVE 

The project will eliminate the use of 70 t/yr of CFC-11 in the 
manufacturing of extruded polystyrene foams at Tianjin Gangda. 

2. ENTERPRISE BACKGROUND 

TIANJIN GANGDA was established in 1992 as a state-owned enterprise 
under the supervision of the Tianjin State-operated Farm management 
Bureau. The enterprise is located about 12 km to the southwest of 
Tianjin. The existing extruder together with the vacuum forming and 
recycling machines is located in a single storied building which is 
suitable to implement the conversion to butane. The factory employs 
about 100 workers. Raw materials and CFCs usage were as follows: 

1992: 300 t of resin, 30 t CFC-12; 
1993: 500 t of resin, 55 t CFC-12; 
1994: 650 t of resin, 70 t CFC-12. 

3. PROJECT DESCRIPTION 

Under this project, TIANJIN GANGDA will phase out the use of CFC-12 
in its XPS foam sheet production through substitution by butane as 
replacement. Butane is available in China with purity degree 
ranging from 60-80% which is still acceptable as blowing agent in 
this industry. "MERCAPTAN" is added into butane to ease detection 
of butane presence. This requires deodorizing as well as strict 
control on variation in volatiles by adding buffering agent. The 
project includes modification of existing extruder, fire safety and 
alarm system in the production area and warehouse to mitigate fire 
and exposure hazard from the use of butane. Extensive production 
and safety training and technology transfer to the plant operators 
will be provided through an external process specialist. 



4. PROJECT COSTS 

4.1. CAPITAL COSTS 

0 

0 
0 

0 

0 

0 

0 

0 

0 

Description 

1 butane bulk tank 
Extruder retrofitting (1 set) 
High pressure pump/metering system 
Cast heaters with EX terminal box 
Sprinkler system 
Fire safety & Alarm systems 

Exhaust Fans (38 pcs) 
Exhaust hood 
Industrial blowdown fans (38) 
Gas sensing/detection system (6) 
Portable gas detector (1) 
Fire extinguishers 

Trolley mounted (6) 
Handheld ( 15) 

Antistatic blowers and bars (2) 
Emergency spot light (6) 
Relocation of Electrical Wiring 
Explosion-proof lights (48 pc) 
Fire doors 2-sided open (8 pc) 

Clothing 
Technology transfer/training 
Contingency/rounding 
TOTAL INCREMENTAL CAPITAL COST 

4.2. OPERATING COSTS/BENEFITS 

45,000 
5,500 

21,000 
25,000 

4,000 
15,000 
12,000 

3,000 
6,000 
4,000 
3,000 
4,000 
3,000 

Cost(USD) 

60,000 
70,000 
75,000 

8,500 
30,000 

135,500 

4,000 
20,000 
40,000 

443,000 

Before (CFC-12): 55 t@ US$ 1,550/t = US$ 85,250 

US$ 60,500 
8,250 

After (Butane): 55 t@ US$ 1,100/t = 
Additives: 275 kg@ US$ 30/kg = 
Maintenance/Training 

& monitoring:5% of project cost= 
Sub-total: 
Net Incremental Operating Cost: 

22,040 
US$ 90,790 

US$ 5,540/yr 

The net cost is negligible and it is not being requested. 

4.3. COST EFFECTIVENESS 

4.3.1 Grant Effectiveness 

a. MLF Grant US$ 443,000 
55,000 kg b. ODS phased out 

Grant Effectiveness [ a/b] :US$ 8.0/kg 
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4.3.2 Unit Abatement Cost 

a. ODS Reduction Capital Costs 
b. Annual incremental costs 
c. Capital Recovery Factor(l0y/10%) 
d. ODS Reduction/year 
Unit Abatement Costs [{(a(c) + b})/dl: 

5. FINANCIAL PLAN 

US$443,000 

0.16275 
kg 55,000 

US$/kg/y 1.31 

The enterprise requests a grant covering the total incremental cost 
of US$ 443,000 as calculated under 3.1 

6. PROJECT IMPACT 

This project will eliminate the use of at least 55 t of CFC-12 in 
the first year of implementation. The project employs commercially 
viable and environmentally acceptable technology. 

7. ANNEXES 

Annex 1A: Technical Review 



JUN-13-1995 14:17 ENVIRO-TEK P.02 

Annex 1, Tianjin Gangda: page 1 of2 
June 13, 1995 

TECHNICAL REVIEW 

l. Country: 
China 

2. Project Title: 
Elimination of CFC-12 in the manufacture of polystyrene foam sheet at TIANJIN 
GANGDA PLASTICS CO. 

3. (§ub) Sector: 
Foamed Plastics. 

4. CP,.Relationshi1,1: 
The CP of China targets for a total CFC phase out by the year 2000. The 
responsible body is the National Council of Light Industry (NCLI} with the 
involvement of the National Environmental Protection Agency (NEPA). 

5. Technology: 

5.1 HYDROCARBON 
N-BUTANE is proven replacements for CFC-12 in the manufacturing of 
polystyrene foam sheet. The te;chnology is cost effective and results in 
product of acceptable quality. However, the flammability of hydrocarbons 
requires stringent safety precautions in the plant, manufacturing process, and 
post cx:uusion conversion resulting in the need for retrofitting. The la.ck of 
good management and maintenance at the typical Chinese plant makes using 
100% hydrocarbon, as a foam blowing agent, a potentially dangerous 
situation. 

5.2 CARBON DIOXIDE GAS BLENDED WITH N-BUTANE 
Blending CARBON DIOXIDE GAS with N-BUTANE is a proven 
replacements for CFC-12 in the manufacturing of polystyrene foam sheet. 
The technology is cost effective and results in product of acceptable quality. 
The blend reduces significantly, the fire hazard associated with using a 100% 
hydrocarbon as a polystyrene foam. blowing agent and is the most sensible 
and safest choice for China. The process is patented and requires licensing. 

6. ENVIRONMENTALIMPACT: 
N-BUTANE emissions contribute to the formation of smog which can be reduced 
by utilizing carbon dioxide as a partial replacement for these gases. 

7. PROJECT COSTS: 
The incremental costs as presented are acceptable, as are the incremental operating 
savings and is based on other field visits where the scope of the safety 
modifications required to retrofit the plant and process equipment was significant. 
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Annex 1, Tianjin Gangda: page 2 of2 
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The cost to the :MLF elimination of 1 kg. of ODS is USDS.00 /kg 

s. IMPLEMENJ:ATIQN: 
The time frame of the project is teasible. 

9. RECOMMENOA TIONS: 
The project should be accepted as written, however, if possible the carbon 
dioxide/n-butane should be used to reduce the safety risks encountered when using 
l 00% n-butane. 

Prepared by Dennis A. Knaus, UNDP Foam Sector Consultant 



Annex 2 
PROJECT COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USED IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED MLF GRANT: 

COST EFFECTIVENESS: 

CHINA 

CANGZHOU FOREIGN TRADE PACKAGING CO. 
Elimination of CFC-12 in the 
Manufacture of EPS Foam Sheets. 

Foamed Plastics 

17,773 t CFCs (=ODP) in 1991 

75 t of CFC-12 (1994) 

18 months 

10 years 

US$ 556,000 Iner. Capital Cost 

USD 556,000 

Unit Abatement Cost - US$ 1.2/kg 
Grant Effectiveness - US$ 7.4/kg 

NATIONAL IMPLEMENTING AGENCY: China National Council of Light 

NATIONAL COORDINATING BODY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

Industry (NCLI) 

National Environmental Protection 
Agency (NEPA) 

UNDP 

December 1994 

PROJECT SUMMARY 

Cangzhou Foreign Trade Packaging Co. ("Cangzhou") is a state-owned 
enterprise directly under the supervision of Foreign Trade Economic 
Relations Bureau of Cangzhou city. Under this project, Cangzhou 
will phase out 75 t of CFC-12 by converting to butane. The project 
includes retrofitting of existing extruder, installation of butane 
tank, safety equipment and training, technology transfer and 
trials. 

PREPARED BY: Ko Swee Hee 
REVIEWED BY: Dr. 



PROJECT OF THE GOVERNMENT OF CHINA 

CANGZHOU - CONVERSION TO CFC-FR.EE TECHNOLOGY IN THE 
MANUFACTURE OF EPS FOAM SHEETS 

1 . PROJECT OBJECTIVE 

The project will eliminate the use of 75 t/yr of CFC-12 in the 
manufacture of EPS foam sheets at CANGZHOU Company. 

2. ENTERPRISE BACKGROUND 

CANGZHOU was established in 1991 as a state-owned enterprise under 
the direct supervision of the Foreign Trade Economic Relations 
Bureau. It is situated in the Cangzhou City in Hebei Province. 
The existing production area including the extruder, the vacuum 
forming machine and the recycling machine is in a building that 
adjoins the worker's hostel, which will not be safe when the 
changeover to butane is implemented. The company has therefore 
decided to relocate its production area to another building within 
the same premises, where this project will be implemented. The 
company employs about 80 workers in a three shift operation. The 
raw material and CFCs usage was as follows: 

1992: 480 mt of resin, 50 t CFC-12 
1993: 600 mt of resin, 75 t CFC·12 
1994: 600 mt of resin, 75 t CFC-12 

3. PROJECT DESCRIPTION 

Under this project, CANGZHOU will phase out the use of CFC·l2 in 
its EPS foam sheets production through replacement by butane. 
Butane is available in China with purity ranging from 60·80% which 
is still acceptable as blowing agent in this industry. "MERCAPTAN" 
is added into butane to ease detection of butane presence, thus 
requiring deodorizing as well as strict control on variation in 
volatiles by adding buffering agent. The project includes 
modification of existing extruder, fire safety and alarm system in 
the production area and warehouse to mitigate fire and explosion 
hazard from the use of butane. Extensive production and safety 
training and technology transfer to the plant operators will also 
be provided through an external process specialist. 



4. PROJECT COSTS 

4.1. CAPITAL COSTS 

Description 

o 2 butane bulk tank (5 t) 
o Sprinkler system 
o Extruder retrofitting (2 sets) 
o High pressure pump/metering systems{2l 
o Cast heaters with EX terminal box 
o Fire deflection wall (10m) 
o Equipment Relocation 
o Fire safety & Alarm systems 

Exhaust fans (14 pcs) 
Ventilation ducting (32m) 
Industrial blow down fans(22 pc) 
Gas sensing/detection system(? pt) 
Portable gas detector 
Fire extinguishers 

* Trolley mounted(S) 
* Handheld (20) 

Antistatic blowers and bars (2) 
Emergency spot light (6) 

o Clothing 
o Technology transfer/training 
o Contingency/rounding 

TOTAL INCREMENTAL CAPITAL COST 

4.2. OPERATING COSTS 

Before (CFC-12): 75 t@ US$ 1,550/t = 

After (Butane): 75 t@ US$ 1,100/t 
Additives: 375 kg@ US$ 30/kg = 
Maintenance/Training 

& monitoring: 5% of project cost= 
Sub-total: 
Net Incremental Operating Cost: 

45,000 
15,000 
22,000 
35,000 

4,000 

6,500 
2,000 
6,000 
4,000 

Cost (USD) 

80,000 
30,000 
80,000 

100,000 
8,500 
4,000 

40,000 
139,500 

4,000 
20,000 
50,000 

556,000 

US$ 116,250 

-CS$ 82,500 
11,250 

23,400 
Z::S$117,150 
;:s$ 900/yr 

The net cost is negligible and it is not being req~ested. 

4_3. COST EFFECTIVENESS 

4.3.l Grant Effectiveness 

a. MLF Grant 
b. ODS phased out 

Grant Effectiveness [ a/b J 

US$ 556,000 
75,000 kg 

US$ 7.4/kg 



4.3.2 Unit Abatement Costs 

a. ODS Reduction Capital Costs 
b. Annual incremental costs 
c. Capital Recovery Factor(l0y/10%) 
d. ODS Reduction/year 

Unit Abatement Costs [{(a(c) + b})/dl 

5. FINANCING PLAN 

US$ 556,000 

0.16275 
kg 75,000 

US$ 1.2/kg 

The enterprise requests a grant covering the total incremental 
costs of USD 468,000. 

6. PROJECT IMPACT 

This project will eliminate the use of 75 t of CFC-12 in the first 
year after implementation. The project employs commercially viable 
and environmentally acceptable technology. 

7. ANNEXES 

Annex-2A: Technical Review 
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TECHNICAL REVIEW 

l. Country: 
China 

2. Project Title: 
Elimination of CFC-12 in the manufacture of polystyrene foam sheet at 
CANGZHOU FOREIGN TRADE PACKAGING CO. 

3. (Sub) Sector: 
Foamed Plastics. 

4. CP-Relationship: 
The CP of China targets for a total CFC phase out by the year 2000. The 
responsible body is the National Council of Light Industry (NCLI) with the 
involvement of the National Environmental Protection Agency (NEPA). 

5. Technolon: 

5.1 HYDROCARBON 
N-BUTANE is proven replacements for CFC-12 in the manufacturing of 
polystyrene foam sheet. The technology is cost effective and results in 
product of acceptable quality. However, the flammability of hydnx:aroons 
requires stringent safety precautions in the plant, manufacturing process, and 
post extn.Ision convel'$ion resulting in the need for retrofitting. The lack of 
good management and maintenance at the typical Chinese plant makes using 
I 00% hydrocarbon, as a foam blowing agent, a potentially dangerous 
situation. 

S.l CARBON DIOXIDE GAS BLENDED 'WITH N-BUTANE 
Blending CARBON' DIOXIDE GAS with N'-BUTANE is a proven 
replacements for CFC-12 in the manufacturing of polyStyrene foam sheet. 
The technology is cost effective and results in product of acceptable quality. 
The blend reduces significantly, the fire hazard associated with using a 100% 
hydrocarbon as a polystyrene foam blowing agent and is the most sensible 
and safest choice for China. The process is patented and requires licensing. 

6. ENVIRONMENTAL IMPACT: . 
N-BUTANE emissions contribute to the fonnation of smog which can be reduced 
by utilizing carbon dioxide as a partial replacement for these gases. 

7. PROJECT COSTS: 
The incremental costs as presented are acceptable, as are the incremental operating 
savings and is based on other field visits where the scope of the safety 
modifications required to retrofit the plant and process equipment was significant. 



JUN-13-1995 14!18 ENVIRO-TEK P.05 

Annex 2, Cangzhou Foreign Trade Packaging: page 2 of2 
June 13, 1995 

The cost to du:: MLF elimination ofl kg. of ODS is USD7-40 /kg 

S. IMPLEMENTATION: 
The time frame of the project is feasible. 

9. RECOMMENDATIONS; 
The project should be accepted as written, however, if possible the carbon 
dioxidehH)utane should be used to reduce the safety risks encountered when using 
100"/4 n-butane. 

Prepared by Dennis A. Knaus, UNDP Foam Se<rtor Consultant 



Annex 3 
PROJECT COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USED IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED MLF GRANT: 

UNIT ABATEMENT COST: 

GRANT EFFECTIVENESS: 

CHINA 

JOINT INDUSTRIAL PLASTIC PRODUCTS 
CORPORATION, BUOTOU - Elimination of 
CFC-12 in the Manufacture of XPE 
Foam Netting 

Foamed Plastics 

17,773 MT CFCs (•ODP) in 1991 

90 t CFC-12/y (1994) 

18 months 

10 years 

Iner. Capital Cost USD 705,000 

USD 705,000 

US$1.27/kg/yr 

USD 7.8/kg (Grant Effectiveness) 

NATIONAL IMPLEMENTING AGENCY: China National Council of Light 
Industry (NCLI) 

NATIONAL COORDINATING BODY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

National Environmental Protection 
Agency (NEPA) 

UNDP 

December, 1994 

PROJECT SUMMARY 

The Joint Industrial Plastic Products Corporation (J.I.P BOUTOU), 
Botou City, is a state-owned enterprise directly under the 
supervision of the Light Industry (Textile) Bureau of Botou city. 
It produces PE foam netting, using CFC-12 as a blowing agent. The 
purpose of this project is to phase out the CFC-12 usage through 
butane. The project provides incremental capital and operating 
costs for conversion, safety and training, and will result in 
eliminating the use of 90 t of CFC-12. 

PREPARED BY: Ko Swee Hee 
REVIEWED BY: Dr. UNDP Technical Reviewer 



PROJECT OF THE GOVERNMENT OF CHINA 

JIFPC, BUOTOU - CONVERSION TO CFC·FREE TECHNOLOGY IN THE 
MANUFACTURE OF EXTRUDED POLYETHYLENE FOAM NETTING 

l. PROJECT OBJECTIVE 

The project will eliminate the use of 90 t/yr of CFC-l2 
manufacture of extruded polyethylene foam netting at 
Industrial Plastic Products Corporation, Buotou. 

2 . ENTERPRISE BACKGROUND 

in the 
Joint 

The Joint Industrial Plastic Products Corporation (JIP BUOTOU) was 
established in l99l as a state enterprise under the direct 
supervision of the Light Industry (Textile) Bureau of Botou City. 
The enterprise is situated in Botou City in Hebei province. The 
existing five extruders are housed in the same building as the 
other plastic blow molding/film extruders. It will not be safe to 
implement the conversion in these premises. Hence the company will 
relocate the extruders to another building in the plant where the 
conversion to CFC free technology will take place. The company 
currently employs 40 workers in three shifts. Its raw materials 
and CFCs usage is as follows: 

l992 
l993 
1.994 

300 t of resin, 90 t CFC-1.2 
300 t of resin, 90 t CFC-1.2 
300 t of resin, 90 t CFC-1.2 

3. PROJECT DESCRIPTION 

Under this project, JIP BUOTOU will phase out the use of CFC-1.2 in 
its PE foam netting production through replacement by butane. 
Butane is available in China with purity ranging from 60-80% which 
is still acceptable as blowing agent in this industry. "MERCAPTAN" 
is added into butane to ease detection of butane presence, thus 
requiring deodorizing as well as strict control on variation in 
volatiles by adding buffering agent. The project includes 
modification of existing extruders, fire safety and alarm system in 
the production area and warehouse to mitigate fire and explosion 
hazards from the use of butane. Extensive production and safety 
training and technology transfer to the plant operators will also 
be provided through an external process specialist. 



4. PROJECT COSTS 

4.l. CAPITAL COSTS 

Description 

o 2 butane bulk tanks 
o High pressure pump/metering systems (5) 
o Cast heaters with EX terminal box 
o Extruder retrofitting (5) 
o Fire deflection wall (10 m) 
o Equipment relocation 
o Fire safety & Alarm systems 

Exhaust fans (18 pcs) 
Exhaust hood 
Industrial blow down fans (18) 
Gas sensing/detection system (5) 
Portable gas detector (1) 
Fire extinguishers 

* Trolley mounted (4) 
* Handheld (12) 

Antistatic blowers and bars (2) 
Emergency spot light (5) 

o Sprinkler System 
o Clothing 
o Technology transfer/training 
o Contingency/rounding 

TOTAL INCREMENTAL CAPITAL COST 

4.2 

Before (CFC-12): 90 t@ US$ l,550/t = 

After (Butane) : 
Additives: 
Maintenance: 
Add'l Safety 

90 t@ US$ 1,100/t = 
450 kg@ US$ 30/kg = 
5% of project cost= 

Training & monitoring: 2% of project 
Sub-total: , 
Net Incremental Operating Cost: 

cost 

Cost(USDJ 

85,000 
175,000 

8,500 
120,000 

4,000 
40,000 

154,500 
22,000 
25,000 
18,000 
35,000 
4,000 

6,000 
2,000 

40,000 
2,500 

30,000 
4,000 

20,000 
64,000 

USD 705,000 

OPERATING COSTS 

US$ 139,500 

US$ 99,000 
13,500 
22,765 

9,106 
US$144,37l 

US$ 4,871/yr 

The net cost is negligible and it is not being requested. 

4.3 COST EFFECTIVENESS 

4.3.l. Unit Abatement Costs 

a. 
b. 
c. 
d. 
Unit 

ODS Reduction Capital Costs 
Annual incremental costs 
Capital Recovery Factor(l0y/10%) 
ODS Reduction/year 
Abatement Costs [{(a(c) + b})/dl 

US$ 705,000 

0.16275 
90,000 kg 

US$/kg/y 1.27 



4.3.2 Grant Effectiveness 

a. MLF Grant 
b. ODS phased out 
Grant Effectiveness [ a/b] 

5. FINANCING PL.l\N 

US$ 705,000 
90,000 kg 

US$ 7.8/kg 

The enterprise requests a grant of US$ 705,000 covering the total 
incremental costs as calculated under 3.1 above. 

6. PROJECT IMPACT 

This project will eliminate the use of 90 t of CFC-12 in the first 
year after implementation. The project employs commercially viable 
and environmentally acceptable technology. 

7. ANNEXES 

Annex-3A: Technical Review 
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1. Country: 
China 

Annex 3, Joint Industrial Plastic Products: page l of2 
June 13, 1995 

TECHNICAL REVIEW 

2. Project Title: 
Elimination of CFC-12 in the manufacture of polyethylene foam netting at JOINT 
INDUSTRIAL PLASTIC PRODUCTS CORPORATION, BUOTOU. 

3. (Sub} Sector: 
Foamed Plastics. 

4. CP-Relationship: 
The CP of China targets for a total CFC phase out by the year 2000. The 
responsible body is the National Council of Light Industry (NCLI) with the 
involvement of the National Environmental Protection Agency (NEPA). 

S. Teclinology: 

5.1 HYDROCARBON 
N-BUTANE is proven replacements for CFC-12 in the manufacturing of 
polyethylene foam netting. The technology is cost effective and results in 
product of acceptable quality. However, the flammability of hydrocarbons 
requires stringent safety precautions in the plant, manufacturing process, and 
post extrusion conversion resulting in the need for retrofitting. The lack of 
good management and maintenance at the typical Chinese plant makes using 
100% hydrocarbon, as a foam blowing agent, a potentially dangerous 
situation. 

5.2 CARBON DIOXIDE GAS BLENDED WITH N-BUTANE 
Blending CARBON DIOXIDE GAS with N-BTITANE is a proven 
replacement$ for CFC-12 in the manufacturing of polyethylene foam netting. 
The technology is cost effective and results in product of acceptable quality. 
The blend reduces significantly, the fire hazard associated with using a l 00% 
hydrocarbon as a polyethylene foam blowing agent and is the most sensible 
and safest choice for China. The process is patented and requires licensing. 

6. ENVIRONMENTAL IMPACT: 
N-BUTANE emissions contn"bute to the formation of smog which can be reduced 
by utilizing carbon dioxide as a partial replacement for these gases. 

7. PROJECT COSTS: 
The incremental costs as presented are acceptable, as are the incremental opera.ting 
savings and is based on other field visits where the scope of the safety 
modifications required to retrofit the plant and process equipment was significant. 
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The cost to theMLF elimination ofl kg. of ODS is USD7.80 /kg 

8. IMPLEMENTATION: 
The time frame of the project is feasible. 

9. RECOMMENDATIONS: 
The project should be accepted as written, however, if poSStl>le the carbon 
dioxide/n-butane should be used to reduce the safety risks encountered when using 
100% n-butane. 

Prepared by Dennis A. Knaus, UNDP Foam Sector Consultant 



Annex 4 
PROJECT COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USED IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED MLF GRANT: 

COST EFFECTIVENESS: 

NATIONAL EXECUTING AGENCY: 

NATIONAL COORDINATING BODY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

CHINA 

HANDAN NO.7 - Elimination of CFC-12 
in the Manufacture of EPS Foam sheet 

Foamed Plastics 

17,773 t CFCs (=ODP) in 1991 

60 t of CFC-12 (1994) 

One year 

10 years 

Incremental Capital Cost USD 485,000 

USD 485,000 

USD 8. l/kg (Grant Effectiveness) USD 
1.31/kg/y (Unit Abatement Cost) 

China National Council of Light 
Industry (NCLI) 

National Environmental Protection 
Agency (NEPA) 

UNDP 

December, 1994 

PROJECT SUMMARY 

HANDAN NO.7 is a state-owned enterprise which produces EPS Foam 
Sheets, using CFC-12 as a blowing agent. The purpose of this 
project is to phaseout the CFC-12 usage through a conversion to 
butane. The project contains capital cost for conversion, safety 
and training. 

Prepared BY: Ko Swee Hee 
Reviewed BY: Dr. 



PROJECT OF THE GOVERNMENT OF CHINA 

HAND.AN N0.7 • CONVERSION TO CFC-FREE TECHNOLOGY IN THE 
MANUFACTURE OF EXTRUDED POLYSTYRENE FOAM SHEET 

1. PROJECT OBJECTIVE 

The project will eliminate the use of 60 t/yr of CFC-12 in the 
manufacture of extruded polystyrene foam sheet at Handan No. 7. 

2. ENTERPRISE BACKGROUND 

HANDAN-7 was established in 1988 as a state enterprise under the 
supervision of the Handan Plastics Industry Corporation of Hebei 
Province. The factory is located in the city of Handan. The 
existing extruder and the recycling machine are located in a 
building that adjoins other buildings. This would be unsafe once 
the conversion to butane is implemented. The company has therefore 
decided to shift its production to a new location within the same 
premises, where conversion can take place safely. 

HANDAN-7 employs about 21 workers for its production.CFC 
consumption since 1991 is as follows: 

1992: 90 t of resin, 45 t CFC-12 
1993: 120 t of resin, 50 t CFC-12 
1994: 130 t of resin, 60 t CFC-12 

3. PROJECT DESCRIPTION 

Under this project, HANDAN-7 will phase out the use of CFC-12 in 
its XPE/XPS Foam Sheet through substitution by butane technology 
as replacement. Butane is available in China with purity degree 
ranging from 60-80% which is still acceptable as blowing agent in 
this industry. "MERCAPTAN" is added into butane to ease detection 
of butane presence. This requires deodorizing as well as strict 
control on variation in volatiles by adding buffering agent. The 
project includes modification of existing extruder, fire safety and 
alarm system in the production area and warehouse to mitigate fire 
and explosion hazard from the use of butane. Extensive production 
and safety training and technology transfer to the plant operators 
will be provided through an external process specialist. 



4. PROJECT COSTS 

4.1. CAPITAL COSTS 

Description 

o Butane bulk tank 
o High pressure pump/metering system 
o Extruder retrofitting 
o Cast heaters with EX terminal box 
o Construct fire-proof pump room 
o Relocation of equipment 
o Sprinkler system 
o Fire safety & Alarm systems 

Exhaust Fans {14) 
Exhaust hood 
Industrial blow down fans (16) 
Gas sensing/detection system (4) 
Portable gas detector (1) 
Fire extinguishers 
* Trolley mounted (4) 
* Handheld (8) 
5 Antistatic blowers 
Emergency Spotlight (5) 

o Technology transfer/training 
o Clothing 
o Contingency/rounding 

TOTAL INCREMENTAL CAPITAL COSTS 

4.2. OPERATING COSTS/BENEFITS 

Before (CFC·l2) :60 t@ US$ 1,550/t = 

After (Butane): 60 t@ US$ 1,100/t 
300 kg@ US$ 30/kg = 

5% of project cost= 
Training 

Additives: 
Maintenance: 
Add' l Safety 
& monitoring 

Sub total: 
Net Incremental Operating Cost: 

17,000 
5,000 

16,000 
35,000 
4,000 

8,000 
1,000 

25,000 
2,500 

Cost(USD) 

50,000 
75,000 
80,000 

8,500 
20,000 
40,000 
30,000 

113,500 

20,000 
4,000 

44,000 

485,000 
=======. 

US$ 93,000 

US$ 66,000 
9,000 

21,700 

US$ 96,700 
US$ 3,700/yr 

The net cost is negligible and it is not being requested. 

4.3. COST EFFECTIVENESS 

4.3.l Grant Effectiveness 

a. MLF Grant 
b. ODS phased out 
Grant Effectiveness [ a/b) 

US$ 485,000 
Kg 60,000 

US$ 8.1/kg 



4.3.2 

a. 
b. 
C. 
d. 
Unit 

Unit Abatement Costs 

ODS Reduction Capital Costs 
Annual incremental benefits 
Capital Recovery Factor(lOy/10%) 
ODS Reduction/year 
Abatement Costs [{(a(cl + b})/dl 

5. FINANCDiG PLAN 

OS$485,000 

0.16275 
60,000 kg 

US$/kg/y 1.31 
--------==---

The enterprise requests a grant of US$ 485,000 covering the total 
incremental cost as calculated under 3.1. 

6. PROJECT IMPACT 

This project will eliminate the use of 60 tons of CFC-12 in the 
first year after implementation. The project employs commercially 
viable and environmentally acceptable technology. 

7. ANNEXES 

Annex-4A: Technical Review 
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TECHNICAL REVIEW 

I. Country: 
China 

2. Project Title: 
Elimination ofCFC-12 in the manufacture of polystyrene foam sheet at HANDAN 
NO. 7. 

3. {Sub} Sector. 
Foamed Plastics. 

4. CP-Retationship: 
The CP of China targets for a total CFC phase out by the year 2000. The 
respollli.ble body is the National. Council of Light Industry (NCLI) with the 
involvement of the National Environmental Protection Ag~ (NEPA). 

5. Technolon:; 

5.1 HYDROCARBON 
N-BUTANE is proven replacements for CFC-12 in the ma.nufacturing of 
polystyrene foam sheet. The technology is cost effective and results in 
product of acoeptable quality. However, the flammability of hydrocarbons 
requires stringent safety precautions in the plant, manufacturing process, and 
post extrusion conversion resulting in the need for retrofitting. The lack of 
good management and maintenance at the typical Chinese plant makes using 
100% hydrocarbon, as a foam blowing agent, a potentially dangerous 
situation. 

5.2 CARBON DIOXIDE GAS BLENDED WITH N-BUTANE 
Blending CARBON DIOXIDE GAS with N-BUTANE is a proven 
replacements for CFC-12 in the manufacturing of polystyrene foam sheet. 
The technology is cost effective and results in product of acceptable quality. 
The blend reduces significantly, the fire hazard assQciated with using a 100"/4 
hydrocarbon as a polystyrene foam blowing agent and is the most sensible 
and safest choice for China. The process is patented and requires licensing. 

§. ENyIRONMENTAL IMPACT: 
N-BUT ANE emissions contribute to the formation of smog which can be reduced 
by utilizing carbon dioxide as a partial replacement for these gases. 

7. PROJECT COSTS: 
The incremental oostS as presented are acceptable, as are the incremental operating 
savings and is based on other iield visits where the scope of the safety 
modifications required to retrofit the plant and process equipment was significant. 
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The cost to the MLF elimination of l kg. of ODS is USD8. l 0 /kg 

8. IMPI.EMENTATION: 
The time frame of the project is feasible. 

9. RECOMMENDATIONS; 
The project should be accepted as written, however, if possible the carbon 
dioxide/n-butane should be used to reduce the saiet.y risks encountered when using 
l 00% n-buta.ne. 

'Prepared by Demus A. Knaus, UNDP Foam Sector Coosultant 

TOTAL P.09 



PROJECT COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

TOTAL PROJECT COST: 

FORMER COMBINED MLF GRANT: 

REVISED COMBINED MLF GRANT: 
PROJECT COST REDUCTION: 

COST EFFECTIVENESS: 

China 

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

Foamed Plastics 

17,773 tonnes CFCs (=ODP) in 1991 

130 tonnes/yr CFC-11 (1993 consumption) 

HI months 

US $ 965,000 incremental capital cost 
US $125,000 incremental recurrent cost 
US $1,090,000 total incremental cost 

US $1,150,000 reflecting national ownership 
(UNDP US 690,000 + World Bank US $460,000) 
US $9 l 4,500 reflecting national ownership 
us $235,500 

US $L77/kg/yr (unit abatement cost) 
US $7. 03/kg/yr (grant effectiveness) 

NATIONAL IMPLEMENTING AGENCY: National Council of Light Industry 

COORDINATING NATIONAL BODY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

National Environmental Protection Agency (NEPA) 

UNDP 

3 June l 994/ l 0 June 1995 

PROJECT SUMMARY 

Tilis combined project will phaseout CFC-1 l use in rigid PU foam production using pentane. At the I 0th ExCom Meeting 
(June 1993), the World Bank received approval for a 50%, CFC-free project budgeted at US $460,000 to eliminate 31 ODS 
tonnes in polyol blending (CPR/FOA/10/INV/46). At the 13th ExCom Meeting (July 1994), UNDP received approval for 
a 100% CFC-free project at the same plant budgeted at US $690,000 to eliminate an ad<litional 100 ODS tonnes in rigid 
PUF using pentane (CPR/FOA/13/INVn4). Subsequently, the company decided to adopt the 100% CFC-free technology 
for a combined operation costing US $914,500 that will eliminate 130 tonnes of CFC-11 at a savings of US $235,000. 
This reflects the 100% local ownership of the pipe and box insulation and laboratory and blen<ling facility and 75% local 
ownership of panel production. The combined project will be implemented by UNDP. The World Bank will transfer 
US $253,685 ($224,500 + support costs) to UNDP and will return the remaining US $206,315 to the Multilateral Fund. 



PROJECT COVER SHEET 
COlJN'l'RY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 
PROJECT IMPACT: 

PROJECT DURATION: 
PROJECT ECONOMIC LIFE: 

TOTAL PROJECT.COST: 

PROPOSED MLF GRANT: 
COST EFFECTIVENESS: 

NATIONAL IMPLEMENTING 
AGENCY: 
NATIONAL COORDINATING 
BODY: 
IMPLEMENTING AGENCY: 

APPRAISAL DATES: 

CHINA 

Elimination of CFCs in the Manufacture 
of Domestic Refrigerators at GUANGDONG 
KELON 

Domestic Refrigeration 

8,490 tons of CFC-11/12 (1993) 
767.2 t/y CFCs (1994) 656.6 t/y CFC-11 

110.6 t/y CFC-12 

1.5 years 
10 Years 

USD 9,160,100 
(USD 6,740,100 Incremental Capital Cost 

USD 980,000 Incremental Recurrent Cost 
USD 1,440,000 Costs by Kelon) 

USD 7,720,100 
USD 5.87/kg/y (Grant effectiveness) 
USD 4.19/kg/y (Unit abatement cost) 

National Council of Light Industry 
(NCLI/Household Electrical Appliances) 
National Environmental Protection 
Agency (NEPA) 
UNDP 

July/October 1994, April 1995 

PROJECT SUMMARY 

Guangdong Kelon Electrical Holding Company LTD ("KELON") is one 
of China's largest manufacturers of domestic refr1gerators. It 
is a fully Chinese-owned enterprise manufacturing domestic 
refrigerators and air-conditioners. Under this project, Kelon 
will phaseout the use of 760 tons of CFCs in the production of 
refrigerators by switching to the use of cyclopentane as the 
replacement blowing agent for cabinet and door insulation, and to 
iso-butane as refrigerant. Funds requested will be used to 
retrofit the three existing production lines in a way that will 
satisfy international safety standards, to cover the cost of 
technology transfer, testing, pre-production trials and training, 
as well as 6-month incremental operational costs resulting from 
the conversion to the new technology. 

PREPARED BY: Mr. Tommy Lauridsen/Bert Veenendaal (Foam) 
Mr. Roger Hodson (Refrigerant) 
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REVIEWED BY: Dr. Mike Jeff (Foam) 
Dr. L.J.M. Kuijpers/J.M.P. Jhanssen (Refrigerant) 
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PROJECT OF THE GOVERNMENT OF CHINA 

ELIMINATION OF CFCs IN THE MANUFACTURE OF 
DOMESTIC REFRIGERATORS AT GUANGDONG KELON 

1. PROJECT OBJECTIVE 

The objective of this project is to phase out the use of 760 tons 
of CFCs in the manufacture of domestic refrigerators at the 
Guangdong Kelon Electrical Holding Company. 

2. SECTOR BACKGROUND 

China's Country Programme (CP) for the Phase-out of Ozone 
Depleting Substances (ODS) under the Montreal Protocol was 
approved at the 9th meeting of the Executive Committee of the 
Multilateral Fund {MLF) in March 1993. 

"OZONE PROTECTION IN CHINA - a Strategic Study on the phase-out 
of CFCs in the Domestic Refrigeration Sector in the People's 
Republic of China", prepared by The Office of Household 
Electrical Appliances Industry of National Council of Light 
Industry, in cooperation with the China Household Electrical 
Appliances Association (December 1994), provides data on ODS 
consumption. In 1993 it is estimated that 6,740 tons of CFC 11, 
and 1,580 tons of CFC 12 were consumed in the manufacture of new 
domestic refrigerators and freezers. A further 170 tons of CFC 
12 were consumed in recharging refrigerators and freezers 
following repairs and service operations. This consumption of 
ODS in the domestic refrigeration sector is estimated to 
represent some 12% of total ODS consumption in China in 1993. 

China has 240 million households but the total existing 
refrigerator population is estimated at only 43 million. Annual 
production of domestic refrigerators and freezers is growing at 
an average rate of 16% per annum, and it reached 8.1 million 
units in 1993. Export increases even faster. In 1993, China 
exported 450,000 refrigerators, which is double compared to 1991. 

There are an estimated 100 domestic refrigerator and freezer 
production lines with a production capacity of 15 million units 
per annum. Most of the refrigerator production lines were 
imported from Italy, Germany and Japan in 1908's. Much of the 
demand for compressors is satisfied by 16 local compressor 
production lines with an annual capacity of 13 million units. 
Production of refrigerators and freezers was as follows: 

1990: 5.l.6 million units 
1991: 5.49 n " 
1992: 6.23 " " 
1993: 8.1 " " 
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The high production growth rates and the low level of 
refrigerator ownership, coupled with the relatively high existing 
level of ODS consumption, means that the domestic refrigeration 
sector has a high priority in China's.ODS phase-out strategy. 
Uninhibited growth would result in an estimated consumption in 
the year 2000 of 11,000 tons per year of CFC 11 and 2,600 tons 
per year of CFC 12 for the manufacture of domestic refrigerators 
and freezers in China. 

CFC-11 consumption has been increased proportionally and reached 
6,740t in 1993. With the high market potential of refrigerators 
and freezers, the consumption increase will remain strong if no 
mitigating measures are applied. 

Complete phaseout for the domestic refrigeration sub-sector is 
targeted for the year 2005. Approval of this project by the MLF 
in 1995 should result in the elimination of the CFCs used in the 
manufacture of domestic refrigerators at Guandong Kelon by early 
1997 and will make a significant contribution to China's overall 
ODS elimination programme. 

3. ENTERPRISE INFORMATION 

3.1 General Background 

Guandong KELON was formed in 1983 as a Township Enterprise and is 
presently one of the largest manufacturers of domestic 
refrigerators in China with a market share of about 12%. In 1994 
the company produced over 900,000 units of refrigerators and in 
1995 a production figure of 1·1.2 million units is expected. The 
company employs about 4,500 workers, has over 950 million RMB in 
assets and belongs to the 500 largest companies in China. Its 
production program includes direct cooling refrigerators, no 
frost refrigerators, window type air conditioners and split type 
air conditioners. Models are supplied with both 110V/60Hz and 
220V/50Hz. About 10% of the production is targeted for export. 

Factory #1 has one door insulation station, one cabinet 
insulation station with 10 fixtures and one premix/compounding 
station. All foaming units are from Cannon. All fixtures and 
molds are electrically heated. 

Factory #2 has three door insulation stations, five cabinet 
insulation stations with a total of 30 fixtures, two premix 
stations and compounding stations. All fixtures and molds are 
electrically heated. 

The refrigeration equipment includes Leybold vacuum pumps 160+ 
units) and three charging units, Agramkow accumulator, halogen 
testing units. Annex-1 provides the present layout of the two 
production lines. 
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3. 2 Company Data 

FULL NAME: Guandong Kelon Electrical Holding Co. 
Ltd. 

NAME OF CONTACT 

ADDRESS: 

TEL/FAX: 

% ARTICLE 5 OWNERSHIP: 
CONSUMPTION (1994): 

NUMBER OF MODELS: 
PRODUCTION FOR 1994: 
NO. OF PRODUCTION LINES: 
COMPRESSOR SUPPLIERS: 

Ms. Huang Xiao Chi 
Vice Chief Engineer 
No. 8 Ronggang Road 
Rongqi, Shunde 
Guangdong, China 
86 765 6621876 
86-765-6621260 
100% China owned 
649 t/y CFC-11 (for 
111 t/y CFC-12 (manufacturing) 
8 
909,605 
3 
Matsushita {Japan) 60% 
Embraco (Brazil) 20% 
Unidad (Spain) 20% 

3.3 Information on ownership 

According to the Enterprise and confirmed by NEPA, the company is 
100% China owned. 

3.4 Description of the Kelon refrigerator 1110dels 

The following tables provide a summary of the refrigerator 
production and CFCs consumption by KELON during the 12 month 
period from 1 January to 31 December 1994. 

Table l: CFC·ll Consumption 

Model No. Production Wt of l?UF Total of PUF 
Volume 

BCD103 124,613 3.553 442,750 
BCD165 273,507 4.91 1,342,919 
BCD193 92,321 5.81 536,385 
BCD203 194,089 6.11 1,185,884 
BCD216 60,017 6.32 379,307 
BCD190W 145,087 5.68 824,094 
BCD210W 10,040 5.90 59,236 
BCD190B 10,051 5.68 57,090 

909,605 4,827,665 
units 

CFC·ll used: 4,827,665 x 0.136 656,562 kgs 
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Table 2: CFC-12 Consumption 

Model Descripti Capacity Productio R12 kgs 
No. use on Litres n charge 

Volume kgs 

BCD103 DD 103 124,613 0.100 12,461 
BCD165 DD 165 273,507 0.110 30,086 
BCD193 DD 193 92,321 0.120 11,078 
BCD203 DD 203 194,089 0.140 27,173 
BCD216 D;) 216 60,017 0.140 8,402 
BCD190W DD NF 190 145,087 0.130 18,861 
BCD210W DD NF 210 10,040 0.135 1,355 
BCD190B DD 190 10,051 0.120 1,206 

Total or Weighted Average 909,605 0.122 110,622 

Key: SD=Single door, DD=Double Door, Frz=Freezer, NF-No Frost 

4. PROJECT DESCRIPTION 

Under this project KELON will phase out the use of CFCs in the 
production of domestic refrigerators. The replacement technology 
of choice for production of insulation foams for its refrigerator 
cabinets and doors will be cyclopentane, and for refrigerant is 
iso-butane. The project has been selected by NCLI's Household 
Electrical Appliances Office (REA) as one of three demonstration 
projects for the application of these technologies on domestic 
refrigerators in China. 

4.1 Replacement of CFC-11 by Cyclo-pentane 

KELON' s two foam production lines will be retrofi.tted to allow 
the use of a flammable substance as a blowing agent. This 
includes replacement of the dispensers, installation of water 
heating for the fixtures and emission control for the 
fixture/door-mold stations. A third line has been eliminated. 
The two premix stations will be modified through installation of 
static premixers and buffer tanks for the polyol/cyclopentane 
blend and connected to outside storage tanks for cyclopentane. 
All critical areas will be connected to two gas sensing and alarm 
systerns--one for each plant and connected to a recorder/printer, 
allowing for retroactive fault-analyses. 

The conversion will be implemented on a turn-key basis by the 
equipment supplier, with the necessary civil works (including 
ventilation and piping systems) and fire protection systems being 
done by KELON under the guidance of the equipment supplier. In 
addition, under a Technology Agreement with Liebherr covering the 
conversion to iso-butane refrigerating system, Liebherr will also 
assure overall project responsibility to ensure that appropriate 
safety measures are adopted for the cyclopentane conversion as 
well. A UNDP-appointed cyclopentane specialist will also 
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provide continuous backstoppping to KELON in carrying out its 
responsibilities and will oversee the overall project 
implementation. Process and safety training for staff and 
personnel will be provided by the equipment suppliers. 
Additional training, if required, will be provided by the 
cyclopentane specialist and by the UNDP safety expert. 
Incremental recurrent cost for six months is also included. 

4.2 Replacement of CFC-12 by Iso-butane (R600a) 

KELON currently uses·CFC-12 as refrigerant for its refrigerators. 
Successful completion of the project will see KELON using 
isobutane as the refrigerant for the majority of its 
refrigerators. For certain export markets, KELON is required to 
switch to HFC-134a; this conversion will be financed by KELON 
from its own resources and is not included under this project. 

KELON has 3 refrigerator production lines. Since the 
refrigerator models are not interchangeable, all 3 lines will 
need to be changed to the use of isobutane. 

The conversion to isobutane requires the use of isobutane 
compressors which are able to use conventional mineral oils. Re· 
design of the refrigeration system is required to cater for the 
difference in the thermodynamic performance of isobutane versus 
CFC 12, prototyping, testing and optimization of each 
refrigerator model, followed by pilot scale manufacture and 
further testing before full scale conversion of production 
facilities to allow the use of isobutane as refrigerant. The 
conversion will result in changes in manufacturing procedures, 
including different safety needs for which production line 
supervisor and operator training will be required. 

The different properties of isobutane, in particular the 
flammable nature of the refrigerant and the need to avoid cross 
contamination with CFC 12 and the phased nature of the conversion 
of refrigerator production from CFC-12 to isobutane, means that 
new refrigerant charging and leak detection equipment will be 
required. Additional ventilation will be needed to allow for the 
flammable nature of isobutane. There will also be a need for the 
installation of appropriate gas leak detectors and safety alarm 
systems which will shut down the production if an escape of gas 
occurs. The technology change of which this project will impact 
on is given later. Operational costs for six months are 
requested. 

The two system conversions (foam and refrigerant) co using 
hydrocarbons (cyclopentane and isobutane) will be supervised by 
Liebherr under a Technical Agreement with KELON. Liebherr will 
supply the isobutane refrigerant technology, and will collaborate 
closely with Leybold/Agramkow for the necessary charging 
equipment and safety measures. This Agreement also includes 
safety certification (by TUV/Germany). 

The impact of the tecnology change in the existing production 
process is described in 5.2.3. 
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5. TECHNOLOGY 

5.1 CFC-11 Rep1acement 

5.1.1 Overview 

There are currently two main directions in the development of 
CFC free foam systems for domestic refrigerators 

CFC 11 > partial water/HCFC 141b >? 
CFC 11 > cyclopentane 

In addition vacuum panels are have been introduced on a limited 
scale but the technology is currently still in commercial 
development, expensive and limited available. The first option 
employs technology that is closely related to the existing one. 
The final step to non-ODS technology in this process is not yet 
decided. One potential solution is the use of liquid HFCs such 
as HFC-356 or HFC-245 derivatives, but full water blown foam with 
improved cell structure remains an option. The second option has 
recently been introduced commercially in Europe. Cyclopentane is 
flammable and this means a careful review of manufacturing 
operations with respect to the safe handling of a highly 
flammable/explosive foam blowing agent. Its use may not be a 
practical option in the existing work environments of some 
enterprises. In addition, cyclopentane is not everywhere 
available. 

5.1.2 REQUIRED MODIFICATIONS 

The use of cyclopentane (CP) will require substantial changes in 
the production and storage facilities based on the highly 
flammable/explosive character of the substance. The adherence to 
the strictest safety standards available, such as EN, NFPA or 
other internationally recognized standards is required for UNDP 
implemented projects. These standards classify explosive zones 
("EX areas") generally in three categories: 

Zone o 

Zone l 

Where a constant amount of highly flammable/ 
explosive liquids or gases can be expected. 
Areas inside CP pipes and tanks are Zone O 
(level, pressure and temperature controls). 
Materials used have to be explosion proof 
IEX) and grounded. 

Where from time to time highly flammable 
liquids or gases can be expected; 
Areas in and around molds and fixtures are 
Zone 1. Materials used have to be EX-e, -d 
or -ia and grounded. Zone-1 can generally be 
reclassified to Zone 2 by applying sufficient 
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Zone 2 

ventilation. 

Where only by accident or scheduled 
maintenance highly flammable/explosive gases 
can be expected. Tank storage areas, premix 
stations and foam dispensers are generally 
Zone 2. Materials required are EX•n or with 
IP54 sealing. Grounding to avoid spark 
building triggered by differences in 
electrical potential, is required. 

Other requirements related to the use of CP are: 

o The installation of containment around CP storage 
tanks; 

o Installation of premix equipment·-CP cannot purchased 
pre-blended; 

o Antistatic clothing and shoes in Zone 0/1 areas; 
o Installation of CP gas sensors in all EX areas, 

connected to a central panel and an automatic 
recorder/ printer; 

o A portable gas detector to monitor CP concentrations 
throughout the plant according to an approved 
monitoring plan; . 

o An approved preventive maintenance system and emergency 
response plan; 

o Training for production and maintenance personnel in 
the safe handling of CP; 

o Process Safety Audits (PSAs) by a UNDP appointed 
independent contractor prior, during and after 
implementation. 

In line with the above-mentioned modifications on equipment and 
safety, process adjustments are required to cope with the lower 
insulation value, higher core temperatures and longer aging times 
related to the use of CP. 

THE USE OF CYCLOPENTANE MUST CONFORM TO THE SAFETY 
REQUIREMENTS OF RELEVANT LOCAL AND STATE AUTRORJ:TJ:ES 

5.1.3 SELECTION 

Kelon has considered all main options to replace CFC·ll. The 
company has produced at its own expenses a pilot series with 
reduced CFC. The technology interfered with the production line 
productivity because of longer curing times. Adjustments would 
have been possible but costly. The company stopped the 
evaluation after it decided not to pursue an interim solution. 

The HCFC-22/·142b has not been pursued because (i) this option is 
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seldom used anywhere and technology transfer may be problematic, 
Iii) HCFC-142b will not be produced in China, making pricing and 
supply uncertain and (iii) the technology constitutes an interim 
solution. 

HCFC-14lb has not been pursued because of (i) potential liner 
problems and (ii) its interim character. 

Cyclopentane has been investigated extensively through in house­
production and laboratory-trials as well in a seminar with ICI­
Singapore and discussions with Cannon, the supplier of most of 
the current equipment and partner in the project development. 
despite some challenges in energy efficiency and process safety, 
KELON has selected this technology as being currently the most 
suitable non-ODS option for domestic refrigerators. 

5.2 CFC-12 Replacement 

5.2.l Overview 

Both HFC-l34a and hydrocarbon are now accepted as CFC 
replacements for the manufacturing of domestic refrigerators. 
Iso-butane is the selected technology in this project proposal 
for the reasons given under 4.2 above. Iso-butane technology in 
the enterprises in the article 5 countries is dependent on a 
formal Technology Agreement with a technology partner who is 
already manufacturing domestic refrigerators using iso-butane on 
a commercial scale. The selected technology partner in this 
project is Liebharr in Germany who are already using iso-butane 
for most of their production of domestic refrigerators in 
Euirope, except for no frost models. Safety issues associated 
with the use of iso-butane refrigerant will be addressed under 
this Technology Agreement. Suitable compressors are available 
from a number of other suppliers. 

Presently, pure isobutane is not available in china in 
commercial quantities. Therefore, in the initial stages it will 
be necessary to import iso-butane of the appropriate quality and 
several suppliers have been identified. The question of local 
manufacture is being addressed locally. 

HFC 152a might be considered as another candidate for CFC 12 
replacement in domestic refrigerators. However, HFC 152a is also 
flammable, the technology has not been developed commercially and 
there are some questions about its stability in refrigerator 
systems. Furthermore, compressors for use with HFC 152a are not 
commercially available. 

5.2.2 Selection 

KELON plans to convert all 3 refrigeration production lines to 
use isobutane; since they plan limited exports to USA and to 
Japan which will not accept refrigerators containing flammable 
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refrigerants, they will at their own expense modify a small 
production facility to enable HFC 134a to be used. The 
selection of isobutane has been achieved with the help of their 
technology partner, Liebherr, who has assisted with prototyping 
several of the Kelon refrigerator models, and the supplier of 
iso-butane compressor and raw materials, and the charging and 
leak detection equipment A'Gramkow in Denmark. This company has 
supplied most of the isobutane equipment in Europe and has 
trained local representation in China. This should ensure 
successful completion of the project. The two companies will 
oversee the safe installation of the new facility and ensure that 
the enterprise management are able to operate the factory safely. 

The reasons for KELON to choose isobutane are: 

a) Available technology and help from their technology partner; 
bJ Availability of suitable compressors which are potentially 

cheaper than HFC 134a compressors; 
c) Ability to use existing lubricants which are cheaper than 

those needed for use in a 134a compressor; 
d) Lower greenhouse warming potential than HFC 134a; 
e) Isobutane will be easier to produce in China than 134a; 
f) Initial tests with optimised isobutane refrigerators show 

that they are more energy efficient than the equivalent 
models operating on 134a. 

5.2.3 Impact on Production Processes 

Isobutane is flammable. It has also been the subject of 
toxicological testing and is considered safe in industrial 
applications provided the suppliers recommended exposure levels 
are not exceeded. At the present time, this means ensuring that 
exposure levels do not exceed 500 parts per million on an 8 hour 
time weighted average ·basis. This is 50% of the Occupational 
Exposure Limit (OEL). Threshold limit value for CFC 12. The 
additional ventilation requirements for the use of a flammable 
refrigerant will ensure that OEL figures are met. 

There will be an approximately 66% reduction in the mass charge 
of isobutane compared with CFC 12 for a refrigerator system of 
the same capacity. This is taken into account in the calculation 
of the incremental operational cost under 6.2.2. 

Isobutane can be used with existing mineral oil lubricants 
although there is a need to increase the viscosity compared to 
R12. The chemical stability of isobutane is well understood. 
The reduced charge compared to that of R12 means that more 
sensitive charging and leak testing equipment is needed. This 
requires that CFC 12 and isobutane handling equipment be 
carefully segregated. 
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Because careful use of flammable refrigerants is needed and 
system cleanliness is paramount to the successful manufacture of 
isobutane refrigerants, the enterprise will carefully need to re­
assess production procedures and re-train production personnel. 

The relevant existing equipment at Kelon on which the technology 
change to R600a will impact is as follows: 

2 R-12 Charging Machines Leybold FDI/4 (1990) 
1 R-12 automatic charging machine from To-Oli Kogyo Japan 
2 leak detectors Inficon HLD 3000 
2 leak detectors Inficon HLD 4000A 
4 leak detectors Toshiba HAL BF 

6 . PROJECT COSTS 

6.1 INCREMENTAL CAPITAL COSTS 

6.1.1 CFC-11 Replacement 

DESCRIPTION SUB-TOTAL 

Storage Tank (35 M3) .............. USD 25,000 
Underground Installation, complete .. USD 112,000 
Premix Station with Buffer Tank ..... USD 210,000 
CP Foam Dispensers (2) .............. USD 220,000 
Modifications Fixtures .............. USD 265,000 
Modifications Door Line ............. USD 135,000 
Safety Control Measures ............. USD 105,000 

TOTAL 

SUB-TOTAL FACTORY-I ...............................•• USD 1,072,000 

Storage Tanks ( 3 5 M3) ............... USD 25, ooo 
Underground Installation,complete ... USD 112,000 
Premix Station with Buffer Tank ..... USD 210,000 
CP Foam Dispensers (6) .............. USD 705,000 
Modifications Fixtures .............. USD 1,205,000 
Modifications Door Line ............. USD 205,000 
Safety Control Measures ............. USD 225,000 
SUB-TOTAL FACTORY- 2 ...........••.................... USD 2, 6 87, 000 

Installation, both Plants ........... USD 100,000 
Laboratory EX Proofing .............. USD 10,000 
Technology transfer/training ........ USD 30,000 
Trials ............................. USD 25,000 
Contingency ......................... USD 375,000 
TOTAL GENERAL COSTS . ...........................••... USD 540,000 

TOTAL INCREMENTAL CAPITAL COST ...................... USD 4,299,000 

Annex-2 provides more details. 
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6.1.2 CFC·l2 Replacement 

3 refrigerant Charging Machines 
Spares for charging machines 
3 sets 600a atmospheric monitors 
2 sets of spares (1 for each factory) 
3 helium recovery units 
9 mass spectrometer leak detectors 
2 standard leak kits 
Spare parts for detectors 
9 explosion proof vacuum pumps 

(rectification area) 
Installation costs 
Explosion-proof gas storage room, ventilation 

system and gas piping to production area 
11 EX-proof anti-static centrifugal style fans 
Liebherr agreement for prototyping 
Liebherr agreement for technology transfer 
Ultrasonic welding equipment 
Training trainers in Germany {1 M/M) 
Pilot service station maintenance kits (5) 
Production trials/technology transfer 
Contingencies (10% of capital cost) 

Sub-total Capital Cost for CFC 12 

TOTAL INCREMENTAL CAPITAL COSTS: 

USD 688,000 
USD 19,500 
USD 163,000 
USD 10,000 
USD 107,000 
USD 310,000 
USD 7,000 
USD 5,000 

USD 63,000 
USD 34,000 

USD 86,300 
USD 25,300 
USD 260,000 
USD 290,000 
USD 103,000 
USD 15,000 
USD 11,000 
USD 25,000 
USD 219,000 

USD 2,441,100 

USD 6,740,100 
============= 

In addition to the above-mentioned incremental capital costs, 
KELON is expected to finance from its own resources additional 
works and services related to this technology conversion. These 
amount to US$1,440,000 (Annex 2B refers). 

6,2 INCREMENTAL RECURRENT COSTS 

6.2.l Phaseout of CFC-11 

KELON will incur incremental recurrent costs related to higher 
densities needed to compensate for lower inherent insulation 
value of cyclopentane compared to CFC·ll as well as for higher 
material costs. Total cost increase for a production level as 
that of 1994 is USD 1,955,760. These costs are specified in 
Annex 3. KELON is requesting payment of incremental recurrent 
cost for six months amounting to US$ 980,000. 

=========== 
6.2.2 Phaseout of CFC-12 

The change from CFC 12 to iso-butane refrigerant will necessitate 
a change to a compressor with a larger capacity dµe to the 
different thennodynamic properties. For small capacity 
compressors (Kelon uses only 1/6 and 1/5 HP compressors), these 
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changes can usually be readily accommodated by the compressor 
supplier without any incremental cost. The same mineral oil 
lubricant will be used with iso-butane. While there are no 
actual compressor costings in the Chinese market to support this 
conclusion, it is confirmed by experience in Europe where iso· 
butane refrigerators are in commercial production. Given that no 
changes are envisaged to the filter dryer and capillary tube, 
then there are no incremental operating costs associated with the 
technology change from CFC 12 to iso-butane. 

There will be higher ongoing insurance, maintenance and training 
costs which will more than offset any incremental operating 
benefits that might accrue from a lower mass charge of iso-butane 
and a lower unit cost. 

6.3 TOTAL PROJECT INCREMENTAL COST 

Capital cost for replacement of CFC-11 
Capital Cost for Replacement of CFC-12 
Incremental operating cost of cyclopentane 

TOTAL INCREMENTAL COST 

6 . 4 PROJECT SAFETY RELATED COSTS (US$) 

Cyclo-pentane storage tanks 
Installations 
Premix stations with buffer tanks 
Modification to fixtures 
Modification to door line 
Safety control measures 
EX labotary 
Gas detection system for R600a 
EX R600a storage room 
EX fans 
Technology transfer 
EX Welding machine 

TOTAL: 

6,5 COST EFFECTIVENESS 

a) MLF grant 
b) Safety related costs 
c) ODP 
Grant effectiveness (a-b)/c 
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USD 
USD 
USD 

4,299,000 
2,441,100 

980,000 

USD 7,720,100 
=----==---=---

50,000 
224,000 
126,000 

1,470,000 
340,000 
330,000 
10,000 

163,000 
86,300 
25,300 

290,000 
103,000 

3,217,600 

USD 7,720,100 
USD 3,217,600 
Kgs 767,200 
USD 5.87/kg/yr 



6.6 UNIT ABATEMENT COSTS 

a) ODS Reduction Project Costs ............. USD 7,720,100 
bl Annual Incremental Costs ................ USD 1,955,760 
cl Capital Recovery Factor ....................... O .1627 5 
d) ODS Reduction/Y ........................... kg 767,200 
Unit Abatement Costs [{a{c) + b}/d] ..... USD 4.19/kg/yr 

7. FINANCING PLAN 

The company requests disbursement of the full project incremental 
costs amounting to US$ 7,720,100 which represents the full 
incremental capital cost and six months of incremental recurrent 
cost based on 1994 production volume. 

8. PROJECT IMPLEMENTATION 

8 . 1 MANAGEMENT 

IJNDP will oversee the successful implementation of this project 
and will provide technical assistance during project execution. 

8.2 IMPLEMENTATION SCHEDULE 

TIME FOR COMPLETION 
TASK 

Ql Q2 Q3 Q4 QS Q6 

Preparation 
Implementation Documents xx 
Equipment Specifications xx 

Procurement 
Contracting X X 

Site preparation 
Civil Works xx = = XXX 

Installation 
Equipment Arrival/clearance X 
Installation X X 
Dry/wet testing X XXX 
Reliability test 

Start-up 
Semi•Industrial Trials X X 
Safety inspection X 
Safety/Production Training X 
Mass Production Trials xx 
Verification Testing X 

Commissioning 
Certification of Completion X 
Handover Protocol X 
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9. PROJECT IMPACT 

This project will result in the elimination of the use of 
annually 767.2 tons CFCs, based on 1994 consumption figures. The 
project applies environmentally acceptable technology while 
providing adequate process safety and protection against worker's 
exposure. 

10. ANNEXES 

Annex-1: 
Annex-2: 
Annex-3: 
Annex-4 
Annex-5: 

Plant Layouts 
Detailed cost information 
Incremental recurrent cost 
Technology Agreement 
Technical Review 



ANNEX-2 

EQUIPMENT SPECIFIC A TIO NS 
KELON PROJECT 

A; FACTORY #1 

1. Cyclopentane Storage ............................. USD 165,500 

Storage Tank 35 m/3 ............... USD 
Containment ....................... USD 
Tank Assessories .................. USD 
Pump Group (3 pumps) .............. USD 
Installation (pipe, cables) ....... USD 
Connection to Premix Station ..... USD 

25,000 
25,000 
15,500 
63,000 
23,000 
14,000 

2. Cyclopentane Premix Station ...................... USD 210,000 

Premixer .......................... USD 200, ooo 
(incl 4 sensors, buffer tank) 
Ventilation, piping ............... USD 10,000 

3. Cyclopentane Foam Dispensers (retrofitting) ...... USD 220,000 

One 401 pentane dispenser ......... USD 115,000 
(with one MH; incl. 2 sensors; 
no need for stainless tanks) 
One 161 pentane dispenser ......... USD 105,000 
(with one MH; incl 2 sensors; 
no need for SS tanks) 

4. Water Heating, Fixtures .......................... USD 265,000 

10 Sets of Aluminum Plates 
incl. 2 temperature controls ..... USD 

Ventilation ....................... USD 
Electrical Modifications .......... USD 
Ventilation Enclosure (10 units) .. USD 

incl. ventilators 

80,000 
9,000 

35,000 
141,000 

5. Water Heating, Door Molds ....................... USD 135,000 

Incl. mixing head enclosure, mold 
enclosure, water heating, 
ventilation, installation 

6. Safety Related Equipment ......................... USD 105,000 

Vapor Control Cabinet Production .. USD 30,000 
incl. 2 ventilators@ 12,000 m3 

2 flow sensors 
13 gas sensors 

master control 
Vapor Control Door production ..... USD 25,000 



incl. 2 ventilators@ 5,000 m3 

1 flow sensor 
4 gas sensors 
master control 

Cables, Installation .............. USD 
One portable gas monitor .......... USD 
Alarm system, recorder/printer ... USD 
Electrical Grounding USD 

8,000 
5,000 

12,000 
25,000 

TOTAL CONVERSION COSTS FOR FACTORY #1 ...... USD 1,100,500 

Bi FACTORY #2 

1. Cyclopentane Storage ............................. USD 137,000 

Storage Tank 2 x 35 m/3 ........... USD 
Containment ....................... USD 
Tank Assessories .................. USD 
Pump Group (3 pumps) .............. USD 
Installation (pipe, cables) ....... USD 
Connection to Premix Station ..... USD 

25,000 
20,000 
13,000 
50,000 
15,000 
14,000 

2. Cyclopentane Premix Station ...................... USD 210,000 

Premixer .......................... USD 200,000 
(incl 4 sensors, buffer tank) 
Ventilation, piping ............... USD 10,000 

3. Cyclopentane Foam Dispensers (retrofitting) ...... USD 705,000 

3 401 pentane dispensers .......... USD 360,000 
(with 2MH; incl. 2 sensors; 
no need for SS tanks) 
l 401 pentane dispenser ........... USD 115,000 
(with lMH; incl. 2 sensors; 
no need for ss tanks) 
2 161 pentane dispensers .......... USD 230,000 
(with 3MH; incl 2 sensors, 
no need for ss tanks) 

4. Water Heating, Fixtures ........................ USD 1,205,000 

30 Sets of Aluminum Plates ........ USD 
5 Sets of Aluminum Plates 
incl. 5 temperature controls ..... USD 

Ventilation ....................... USD 
Electrical Modifications .......... USD 
Ventilation Enclosure (35 units) .. USD 
(incl. ventilators) 

475,000 

80,000 
130,000 
115,000 
380,000 



Water Installation ................ USD 25,000 

5. Water Heating, Door Molds ....................... USD 205,000 

Incl. mixing head enclosure, mold 
enclosure, water heating, 
ventilation, installation 

6. Total Safety Related Equipment ................... USD 225,000 

Vapor Control Cabinet Production .. USD 
incl. 2 ventilators@ 12,000 m3 

2 flow sensors 
13 gas sensors 

master control 
Vapor Control Door production ..... USD 

incl. 2 ventilators@ 5,000 m' 
1 flow sensor 
4 gas sensors 
master control 

Cables, Installation .............. USD 
One portable gas monitor .......... USD 
Alarm system, recorder/printer .... USD 
Electrical grounding .............. USD 

110,000 

30,000 

40,000 
5,000 

15,000 
25,000 

TOTAL CONVERSION COSTS FOR FACTORY #2 ...... USD 2,687,000 



ANNEX-3 

INCREMENTAL RECURRENT COSTS 
KELON PROJECT 

Kelon blends currently all the individual components of its 
polyurethane formulations, using domestic materials to the extend 
feasible. It intends to do so in the future, but has to co-blend 
several imported polyols to achieve satisfactory processing when 
using cyclopentane (CP). Also, catalysts and surfactant have to 
be changed. The current (CFC) formulation and the future (CP) 
formulation are attached and show a price increase for the 
resulting foam of USD 0.22/kg. 

In addition the foam density will have to be increased to achieve 
acceptable insulation performance. For costing purposes it has 
been agreed to use a 10% density increase although ,according to 
ICI recommendations, an increase of about 20% is needed. The 
lower amount is based on the expectation that Kelon will be able 
to optimize its formulations as it has done before for CFC-11. 

The following table shows the effect of the changes as mentioned 
on the annual costs for foam insulation. 

Before After 
(CFC-11) (cyclopentane) 

Price of Foam (USD/kg) 1.40 l..62 

Average Foam Use per Unit (kg) 5.80 6.40 

Production 1994 870,000 870,000 

Cost of Foam per year (USD) 7,064,400 9,020,160 

Difference After/Before (USD) 1,955,760 

For Six Months Only (USD) 977,880 

Rounded (USD) 980,000 

The company will opt for the disbursement of half a year operating cost, 
which amounts to USD 980,000 
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e Polyurethanes 

TELEFAX 

TECHNOLOGY 

CHINA - KfiLON 

Dr. Mike JeffS 
International Environmental 
Affairs Manager 

Evemlaan 45 
<>-""'18 Ewrb<ira 

The enterprl$e is proposing to convert the polyurethane rigid foa.m insulation used in the 
lllllllllfiM:tue of refrigerators to a technology based on cyclopentane. The project is concerned 
with the·enterprise's two existing production lines at Factories 1 and 2 

Cyclopentane technology is now well proven in several countries. It is widely used in the 
European Union and in Australia, New Zealand and in several developing countries. 

The ent.erprise has considered other teclmolosles, notably HCFC 141 b but also liquid HF Cs and 
full COz / water blowing. The lattA:r technology is not yet in use in this sector and the liquid HFCs 
are still Ullder development. Compared toHCFC 141b, cyclopcmane offers a zero ODP solution 
which can be used in the long term. 

ENVIRONMENTAL ISSUES 

The main issue concerns safe operation with highly flammable cyelopentane. The project proposal 
includes a full range of equipment to enable the enterprise to operate safely with this technology. 
Safety trail1ing will be carried out by the equipment supplier. The enterprise has also engaged 
LiebM!T of Germany to assure the safety of the conversion and its operation. Liebherr are the 
most experienced enterprise using cyclopentane, having converted to its use early in 1993. In 

. addition there will be assistance provided by a UNDP-appointed expert. 

Cyclopenta.ne has a zero ODP and a low GWP. 

The only other issue is for the enterprise to en.sure that it satiaties local regulations on VOC 
emissions. 

PROJECT COSTS 

The ovenll grant cost effectiveness, including the reftigerant elements, is within lhe EC's limits. 

The capital items proposed are all justified and appropriate to a project of this magnitude. 

The enterprise is requesting fi:m.ding to cover incremental operating costs for six months. This 
includes 11. foam density increase of 10%, complll'l!d to CFC 11-based foam (Annexe 3) which is 
now being experienced to obtain fuam of sufficient dimensional stability (and not to compensate 
for insulstion value as stated on P 12). The incremental cost calculation is transparent. 



-2-

IMPLEMENTATION TIMEFRAME 

This is generally acceptable. HoWl!!Ver, the six month period for equipment delivery for a project 
oftbis magnitude may be optimistic:: against current delivery times which are running at about 9-1 o 
months. 

RECOMMENDATION 

Approval. 

GMFJ/kd/12/6/95 



Country of origin: CHINA 

Projeet title: Elimination of CFCs in the Manufacture of Domestic Refrigerators at 
GUANGDONG KELON 

Sector/sub-sector Domestic refrigeration 

Relationship to country program (UNDP) 

Note 

T ec:hnology 

This review addresses onfy the refrigerant conversion part of the proj!llct, It 
does not address the pa,t related to the foam blowing agent convet'$ion. 

1. In this project, isobutane is selected as the alternative refrigerant for the replacement of CFC-
12. In domestic refrigeration, isobutane is an acceptable {nontransitional) technology to reduce 
CFC-12 consumption. 

2. KELON does have a technology transfer agreement with Liebherr, Germany. A copy of the 
agreement was included in the project documentation. Liebherr will deliver the know how 
regarding the modifications to tl'le production facilities and will assist in the necessary product 
development. Furthermore Liebherr will address all relevant safety issues associated with the 
application of lsobutane. Next to the Liebherr participation, support will be given by the 
equipment supplier, A'Gramkow. Due to these aspects, a successful project implementation 
can be expected. 

3. Due to the fact that KELON has a {small) export part to countries which do not accept 
flammable refrigerants in domestic appliances, a part of the future production will apply HFC-
1348. Costs associated with this conversion are incurred by the company. 

4. Part of the product range is of the No-Frost type (155000 units/y). At present, no commercial 
production of No-Frost appliances with isobutane takes place in the developed countries. From 
additional information supplied, it is concluded that these appliances will be produced using 
HFC-134a (Part of these appliances are also necessary for the export market discussed under 
item 3). 

5. The availability of !sobutane compressors is essential. The present compressor suppliers 
(Matsushita, Embraco and Undidad) will be able to deliver the compressors requested. 
Furthermore negotiations with other suppliers are currently going on. 

6. A supplier of isobutane, of the correct quality, has already been identified. 
7. The use of isobutane was preferred over HFC-134a due to the advantage in GWP and due to 

the fact that the company expects to have lower manufacturing costs in future with isobutane 
(which is questionable}. HFC-152a was considered but not selected due to the non-availability 
of compressors and possible stability issues. 

Environmental impact 
lsobutane has no ODP and a negligible GWP. Safety and health impacts during production are 
addressed properly with the proposed production line modifications. Redesign of the appliances 
related to safety is covered within the prototyping agreement with Liebherr. 

Project costs 
1. The 3 refrigerant charging units claimed are expensive (230,000 USD each). However, this 

price is based on demonstrated quotations. 
2. The number of mass spectrometer leak detectors claimed ls quite high (9). Addiuonal 

information supplied reveals that this is related to the production logistics where currently 3 
leak detection mechanisms are in operation on each production line which equates to 9 
sy$(ems. Changing the production logistics would probably be more cosily. 

3. Other equipment requested is essential and the costs are reasonable. 

C:".Tf.X'l"tlJNl):f'\CHTNAl.OOC 
Page2 

3UOWScrin~g S73~N3 



4. Tne technology transfer fee for Liebherr amounts to 75,000 OM (app. 50,000 USO) for the 
refrigerant part separately. Next to this, an agreement ror prololyping exists of 260,000 USO. 
The total of bOth (310,000) can be con!iidered as tachnlcal assistance. This total amount ls 
relatively high but acceptable. 

5. The oosts of training, ~ and trials are reasonable. 
6. No incremental operallonal costs are claimed. 
7. When the UAC value is calcufated for the refrigerant conversion part separately, a value of 3.e 

USO/kg/year is obtained, which Is low compared to other, domestic refrigeration, projects. This 
is mainly due to the fact that no incremental operatiOnal costa are daimed. The total of the 
incremental investmenta is relatively high. 

8. For the calculation of the cost effectiveness of the project, the safety CO$\$ are deduced from 
the incremental inve&tmenl costs. It is not dear which items from the incremental investments 
are brought under •safely costs'. However, even if no safety costs are deduced, the cost 
effecliVeness !hreshokl will not be exceeded for the total of the project (foam plus refrigerant). 

Implementation timeframe Reasonable 

Relevance and adequacy of inl'onmltion provided 
The project description together with information supplied by UNDP consultants constituted 

) sufficient Information for a judgement. 

Re<:ommendatlons Approval as proposed 

Janssen M.J.P ., Kuijpers LJ M., 
Sindhoven, The Nethef1ands, 9-June-1!1i15 T ecflnical University Eindhoven, NL 
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PROJECT OF THE GOVERNMENT OF CHINA 

ELIMINATION OF CFCs IN THE MANUFACTUR.E OF 
DOMESTIC REFRIGERATORS AT CHANGSHA ZHONGYI GROUP 

1. PROJECT OBJECTIVE 

The objective of this project is to phaseout the use of over 360 
tons of CFC-11/12 in the manufacture of domestic refrigerators at 
the Changsha Zhongyi Group Co. Ltd. 

2. SECTOR BACKGROUND 

China's Country Programme (CP) for the Phase-out of Ozone Depleting 
Substances (ODS) under the Montreal Protocol was approved at the 
9th meeting of the Executive Committee of the Multilateral Fund 
(MLF) in March 1993. 

"OZONE PROTECTION IN CHINA - a Strategic Study on 'the phase-out of 
CFCs in the Domestic Refrigeration Sector in the People's Republic 
of China", prepared by The Office of Household Electrical 
Appliances Industry of National Council of Light Industry, in 
cooperation with the China Household Electrical Appliances 
Association (December 1994), provides data on ODS consumption. In 
1993 it is estimated that 6,740 tons of CFC 11, and 1,580 tons of 
CFC 12 were consumed in the manufacture of new domestic 
refrigerators and freezers. A further 170 tons of CFC 12 were 
consumed in recharging refrigerators and freezers following repairs 
and service operations. This consumption of ODS in the domestic 
refrigeration sector is estimated to represent some 12% of total 
ODS consumption in China in 1993. 

China has 240 million households but the total existing 
refrigerator population is estimated at only 43 million. Annual 
production of domestic refrigerators and freezers is growing at an 
average rate of 16% per annum, and it reached 8.1 million units in 
1993. Export increases even faster. In 1993, China exported 
450,000 refrigerators, which is double compared to 1991. 

There are an estimated 100 domestic refrigerator and freezer 
production lines with a production capacity of 15 million units per 
annum. Most of the refrigerator production lines were imported 
from Italy, Germany and Japan in 1908's. Much of the demand for 
compressors is satisfied by 16 local compressor production lines 
with an annua::. capacity of 13 million units. Production of 
refrigerators and freezers was as follows: 

1990: 5.16 million units 
1991: 5.49 " " 
1992: 6.23 " " 
1993: 8.1 " " 
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The high production growth rates and the low level of refrigerator 
ownership, coupled with the relatively high existing level of ODS 
consumption, means that the domestic refrigeration sector has a 
high priority in China's ODS phase-out strategy. Uninhibited 
growth would result in an estimated consumption in the year 2000 of 
11,000 tons per year of CFC 11 and 2,600 tons per year of CFC 12 
for the manufacture of domestic refrigerators and freezers in 
China. 

CFC-11 consumpt~on has been increased proportionally and reached 
6,740t in 1993. With the high market potential of refrigerators 
and freezers, the consumption increase will remain strong if no 
mitigating measures are applied. 

Complete phaseout for the domestic refrigeration sub-sector is 
targeted for the year 2005. Approval of this project by the MLF 
in 1995 should result in the elimination of the CFCs used in the 
manufacture of domestic refrigerators at Changsha Zhongyi by early 
1997 and will make a significant contribution to China's overall 
ODS elimination programme. 

3. ENTERPRISE INFORMATION 

3.1 General Background 

Changsha Zhongyi Group was founded in 1980 when they imported two 
refrigerator production lines from Merloni in Italy to become one 
of the largest manufacturers of domestic refrigerators in China. 
In 1990, the Zhonygi group was formed. Production is steadily 
growing, from 380,000 refrigerators in 1993 and 416,000 in 1994. 
There are plans to import a third production line. The company 
also manufactures at an associate company other products such as 
freezers, air conditioners, drinking water fountains which use 
HCFC- 22, and sterilizers for towels. The company employs 2,100 
workers, 460 of them are engineers. It has more than 220 million· 
RMB in assets. Annex-1 provides a layout of the two production 
lines. 

3.2 Company Data 

FULL NAME: 
LOCAL OWNERSHIP: 
PLANT LOCATION: 
NAME OF CONTACT: 

ADDRESS: 

ZHONGYI Electrical Appliance Corporation 
100% 
Changsha, Hunan Province 
Mr. He Jian Zhong, Sr. Engineer 
Mr. Li Pei, Engineer 
381 LaoDong Road 
Changsha, Hunan Province, China 

TEL/FAX: 731-555-8123 Fax: 731-555-3188 
NUMBER OF MODELS: 6 refrigerators 
# PRODUCTION LINES: 2 
PRODUCTION FOR 1994: 416,000 
CONSUMPTION (1/1 - 31/12/94): 
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COMPRESSOR SUPPLIERS: Beijing Compressor 60% 
Wongsha 20% 
Aspera (Italy) 20% 

3.3 Description of the 6 models 

The following tables provide a summary 
production and CFC consumption by Zhongyi 
period from 1 January to 31 December 1994. 

of the refrigerator 
during the 12 month 

Table 1: CFC-11 Consumption 

Production 
Model No. Volume Wt of PUP Total PUF 

BCD182 160,000 4.73 756,800 
BCD218 160,000 6.1 976,000 
BCD240 45,000 8.27 372,150 
BCD200 32,000 6.5 208,000 
BCD183W 2,000 4.85 9,700 
BCD203W 17,000 6.2 - 105,400 

416,000 · Avg 5.84 kg 2,428,050 
CFC-11 = 2,428,250 x 0.126 = 305,934 kgs 

Table 2: CFC-12 Consumption 

Model No. Capacity Production 
use Description Litres Volume R12 Charge R12 (kgs) 

BCD182 DD Ref 182 160,000 0.115 18,400 
BCD218 DD Ref 218 160,000 0.135 21,600 
BCD240 DD Ref 240 45,000 0.150 6,750 
BCD200 DD Ref 200 32,000 0.145 4,640 
BCD183W DD Ref NF 183 2,000 0.145 290 
BCD203W DD Ref NF 203 17,000 0.150 2,550 

Total or Weighted Average 416,000 0.130 54,230 
Key: SD=Single Door, DD=Double Door, Frz=Freezer 

Table 3: Compressors 

Compressor Capacity in HP 
Model No. 

R12 Rl34a 

BCD182 1/6 1/6 

BCD218 1/5 1/5 

BCD240 1/4 1/4 

BCD200 1/5 1/5 

BCD183W 1/5 1/5 

BCD203W 1/4 1/4 
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Weighted Average $ 45.20 $ 49.20 
Price 

4. PROJECT DESCRIPTION 

Under this project ZHONGYI will phaseout the use of CFCs in the 
production of domestic refrigerators. The replac.ement technology 
of choice will be cyclopentane as blowing agent and HCFC-134a as 
refrigerant. The project is selected by NCLI's Household 
Electrical Appliances Office (HEA) as one of three demonstration 
projects for test application of this technology in China. 

4.1 Replacement of CFC-11 by Cyclopentane 

ZHONGYI' s two operational production lines, consisting of two 
Perros foaming units, one with seven and the other with ten 
j igheads, will be retrofitted to allow the use of a flammable 
substance as a blowing agent for production of insulation foams for 
refrigerator cabinets and doors. The third one, which is under 
construction, will be installed directly for the use of pentane and 
will be financed by the company. The retrofit includes replacement 
of the existing foam dispensers, installation of water heating for 
the fixtures and emission control for the fixture/door-mold 
stations. The two premix stations will be modified through 
installation of static premixers and buffer tanks for the 
polyol/cyclopentane blend and connected to an outside storage tank 
for cyclopentane. All critical areas will be connected to a central 
gas sensing, ventilation control and alarm system and connected to 
a recorder/printer, allowing for retroactive fault-analyses. 

The implementation of this component will be carried out on a turn­
key basis by the equipment supplier. Process & safety training 
will be provided by the equipment supplier. The necessary civil 
works on the ventilation and piping systems and fire protection 
systems will be done by ZHONGYI, under the guidance of the 
equipment supplier. In addition, a UNDP-appointed cyclopentane 
specialis:: will provide continuous back-stopping to ZHONGYI in 
carrying out its responsibilities and assist in overall project 
implementation. Incremental recurrent cost for six months is also 
included. 

4.2 Replacement of CFC-12 by HFC-134a 

The conversion from CFC-12 to HFC 134a requires the use of 134a 
compressors and associated new synthetic lubricants, re-design of 
the refrigeration system to cater for the difference in the 
thermodynamic performance of HFC 134a versus CFC 12, prototyping, 
testing and optimization of each model, and pilot-scale manufacture 
and testing before full-scale conversion of production to HFC 134a. 
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The conversion will result in changes in manufacturing procedures 
for which production lines supervisor and operator training will be 
required. 

The different properties of HFC 134a, the need to avoid cross 
contamination with CFC 12 and the phased nature of the conversion 
of refrigerator production from CFC 12 to HFC 134a, means that new 
system evacuation, refrigerant charging and leak detection 
equipment will be required. The technology change on which this 
project will impact is given under section 5. 

5. TECHNOLOGY 

5.1 OVERVIEW 

5. l.. l CFC-11 Replacements 

There are currently two main directions in the development of CFC­
free foam systems for domestic refrigerators: 

CFC 11 > partial water/HCFC 141b >? 
CFC 11 > cyclopentane • 

In addition vacuum panels are have been introduced on a limited 
scale but the technology is currently still in commercial 
development, expensive and limited available. The first option 
employs technology that is closely related to the existing one. 
The final step to non-ODS technology in this process is not yet 
decided. One potential solution is the use of liquid HFCs such as 
HFC-356 or HFC-245 derivatives, but full water blown foam with im­
proved cell structure remains an option. The second option has 
recently been introduced commercially in Europe. Cyclopentane is 
flammable and this means a careful review of manufacturing 
operations with respect to the safe handling of a highly 
flammable/explosive foam blowing agent. Its use may not be a· 
practical option in the existing work environments of some 
enterprises. In addition, cyclopentane is not everywhere available. 

5 .1. 2 SELECTION 

ZHONGYI has considered the two main options to replace CFC-11 in a 
feasibility study prepared early 1994. After discussions with 
chemical suppliers, equipment suppliers, the attendance of a 
seminar organized by HEA and advice of an external expert, ZHONGYI 
selected cyclopentane technology, the main reason being that 
ZHONGYI wanted a permanent replacement. 

5.1.3. REQUIRED MODIFICATIONS 

The use of cyclopentane (CP) will require substantial changes in 
the production and storage facilities based on the highly 
flammable/explosive character of the substance. The adherence to 
the strictest safety standards available, such as EN, NFPA or other 
internationally recognized standards is required for UNDP 
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implemented projects. These standards classify explosive zones 
("EX areas") generally in three categories: 

Zone 0 

Zone 1 

zone 2 

Where a constant amount of highly flammable/ 
explosive liquids or gases can be expected. 
Areas inside CP pipes and tanks are Zone o 
(level, pressure and temperature controls). 
Materials used have to be explosion proof (EX) 
and grounded. 

Where from time to time highly flammable 
liquids or gases can be expected; 
Areas in and around molds and fixtures are 
Zone 1. Materials used have to be EX-e, -d or 
• ia and grounded. Zone-1 can generally be 
reclassified to Zone 2 by applying sufficient 
ventilation. 

Where only by accident or scheduled 
maintenance highly flammable/explosive gases 
can be expected. Tank storage areas, premix 
stations and foam dispensers are generally 
Zone 2. Materials required are EX-nor with 
IP54 sealing. Grounding to avoid spark 
building triggered by differences in 
electrical potential, is required. 

Other requirements related to the use of CP are: 

o The installation of containment around CP storage tanks; 
o Installation of premix equipment- -CP cannot purchased 

pre-blended; 
o Antistatic clothing and shoes in Zone 0/1 areas; 
o Installation of CP gas sensors in all EX areas, connected 

to a central panel and an automatic recorder/ printer; 
o A portable gas detector to monitor CP concentrations 

throughout the plant according to an approved monitoring 
plan; 

o An approved preventive maintenance system and emergency 
response plan; 

o Training for production and maintenance personnel in the 
safe handling of CP; 

o Safety Audits by a UNDP appointed independent expert 
prior, during and after implementation. 

In line with the above-mentioned modifications on equipment and 
safety, process adjustments are required to cope with the lower 
insulation value, higher core temperatures and longer aging times 
related to the use of CP. 

THE USE OF CYCLOPENTANE MUST CONFORM TO THE SAFETY 
REQUIREMENTS OF RELEVANT LOCAL AND STATE AUTHORITIES 
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5.2 REPLACEMENT OF CFC-12 

5.2.1 Overview 

HFC 134a is universally accepted as a replacement for CFC 12 in the 
manufacture of domestic refrigerators. HFC 134a is widely 
available and the technology is mature, having already been 
introduced commercially in many developed countries. 

Hydrocarbon refrigerants are being used on a limited basis in at 
least one developed country. Safety issues associated with the use 
of flammable hydrocarbon refrigerants and the absence of suitable 
compressors on a commercial scale are major factors that need to be 
taken in full consideration when adopting this technology. 

China is also conducting experiments with other technologies such 
as HFC-152a which might be considered as another candidate for CFC-
12 replacement in domestic refrigerators. However, HFC-152a is 
also flammable, the technology has not been developed COilllllercially 
and there are some questions about its stability in refrigerator 
systems. Furthermore, compressors for use with HFC-152a are not 
commercially available. 

5.2.2 Selection 

The selected technology is HFC 134a and has been developed with the 
help of compressor and refrigerant suppliers and the Beijing 
Household Electric Appliance Research Institute. This should ensure 
satisfactory completion of the project. 

5.2.3 Impact on Production Processes 

HFC 134a like CFC 12 is non-flammable. HFC 134a has also been the 
subject of extensive toxicological testing and is considered safe 
in industrial applications provided the suppliers' recommended 
exposure levels are not exceeded. At the present time this means 
ensuring that exposure levels do not exceed 1000 parts per million 
on an 8 hour time weighted average basis. This is the same as the 
Occupational Exposure Limit (OEL). Threshold limit value for CFC 
12 and thus no changes from current practices are required. 

There will be an approximately 10% reduction in the mass charge of 
HFC 134a compared with CFC 12 for a refrigerator system of the same 
capacity. This is taken into account in the calculation of the 
incremental operational cost (see Annex 3). 

It is well understood that the chemical stability of HFC 
134a/synthetic lubricant systems in domestic refrigerators and 
hence the long term performance of the appliance is sensitive to 
moisture content and certain chlorinated impurities. This requires 
that CFC 12 and HFC 134a handling equipment be carefully segregated 
and it also calls for better evacuation of the system prior to 
refrigerant charging. 
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Because system cleanliness and moisture content is paramount to the 
successful manufacture of HFC 134a refrigerators, the enterprise 
will carefully need to re-assess production procedures and re-train 
produc~ion personnel as appropriate. Provision is made for this 
within the proposal. 

The relevant existing equipment at Zhongyi on which the technology 
change to 134a will impact is as follows: 

1 R-12 Charging Machine Gallileo Vacutec 
1 R-12 Merloni Progetti 5001187B automatic charging machine 

('.!.988 l 
1 R-12 Liebherr CFC 12 automatic charging machine 
43 Gallileo 2x5 Vacsound vacuum pumps 
2 2x5 Gallileo pumps on rectification line 
2 Liebherr automatic pre-vacuum stations 
2 Leybold HLD 3000 Leak Detectors 

6. PROJECT COSTS 

6.1 INCREMENTAL CAPITAL COSTS 

6.1.1 Incremental Costs related to CFC-11 Conversion 

TANK STORAGE, COMPLETE .............................. USD 132,000 

CENTRAL SAFETY CONTROL SYSTEM ....................... USD 150,000 

PRODUCTION LINE #1 ...•...•...•....••...•.....•.•••. • USD 951,000 
Premix Station with Buffer Tank ... USD 123,000 
2 CP Foam Dispensers {40+116) ..... USD 473,000 
Modifications Fixtures (7) ........ USD 255,000 
Modifications Door Line ........... USD 100,000 

PRODUCTION LINE #2 •...............•...•.•••..•••.••• USD 951,000 
Premix Station with Buffer Tank ... USD 123,00D 
2 CP Foam Dispensers (40+116) ..... USD 398,000 
Modifications Fixtures ............ USD 330,000 
Modifications Door Line ......... USD 100,000 

GENERAL COSTS ...................................... . USD 548,400 
Installation, both Lines .......... USD 100,000 

Training .......................... USD 50, 000 
Process Safety Audits ............. USD 25,000 
External Process Specialist ....... USD 25,000 
Production Trials ................. USD 100,000 
Contingency, Rounding ............. USD 248,400 

INCREMENTAL CAPITAL COST FOR CFC·ll: ........... USD 2,732,400 

(Annex·2 provides more detai s) 
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6.1.2 Incremental Capital Costs related to CFC-12 

2 Refrigerant Charging Machines 
4 new vacuum pumps with fittings 
Retrofitting of 39 vacuum pumps 
2 R·134a ectronic HLD4000c leak detectors 
Training 
Prototyping/pilot trials, reliability trial etc. 
Technology transfer/technical assistance 
Contingencies (10% of capital cost) 

Sub-total Capital Cost for CFC 12 

conversion 
US$ 

100,000 
15,000 
20,000 
14,000 
10,000 
40,000 
15,000 
21,400 

235,400 

TOTAL INCREMENTAL CAPITAL COSTS US$ 2,967,800 

6.2 INCREMENTAL RECURRENT COSTS/SAVINGS 

Incremental recurrent costs are requested for a period of six 
months based on 1994 production volume. Details are provided in 
Annex 3. The calculation is based on a six month period using 
production data based on January to December 1994 figures. This 
was done further to a decision at the 13th Executive Committee 
Meeting held in Montreal in July 1994. 

6.2.1 Phaseout of CFC-11 

ZHONGYI will incur incremental recurrent costs related to higher 
densities needed to compensate for lower inherent insulation value 
of cyclopentane compared to CFC-11 as well as for higher material 
costs. The incremental operating cost for six months based on 1994 
production volume amounts to US$ 415,000. These costs are 
calculated in Annex-3. 

6.2.2 Phaseout of CFC-12 

Costs tor materials (see Annex 3): US$1,022,100 

6.2.3 TOTAL INCREMENTAL OPERATING COST US$1,437,100 
=---=~--==---

6.3 TOTAL INCREMENTAL COST 

Capital cost for CFC-11 phaseout US$ 
Capital cost for CFC-12 phaseout 
Incremental operating cost for CFC·ll phaseout 
Incremental operating cost for CFC-12 phaseout 

TOTAL 
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2,732,400 
235,400 
415,000 

1,022,100 
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6.4 PROJECT COST EFFECTIVENESS 

6.4.1 COST EFFECTIVENESS 

Incremental costs 
Incremental capital costs 
Incremental safety costs 

Central safety control systems 
Foam dispensers 
Fixtures modifications 

Door-line modifications 

Safety audits 
Training 

US$ 4,404,900 
2,967,800 
1,173,000 

150,000 
173,000 
255,000 
330,000 
100,000 
100,000 
25,000 
40,000 

CE= (4,404,900-1,173,000)/360,230 m US$ 8.97/kg 

6.4.2 UNIT ABATEMENT COST 

a. Capital Investment Costs 2,967,800 
b. Incremental Operational Costs 1,437,100 
c. Capital Recovery Factor (10% p.a.) 0.16275 
d. ODS Reduction (ODP kgs) 360,230 

Unit Abatement Costs [{a(c} + b}/d] ..... USD/kg/y 5.3 

7. FINANCING PLAN 

The company requests disbursement of the full incremental costs of 
USD 4,404,900. 

8. PROJECT IMPLEMENTATION 

8.1 PROJECT MANAGEMENT 

UNDP will oversee the successful implementation of this project, 
and will provide technical assistance during project execution. 
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8.2 IMPLEMENTATION SCHEDULE 

TIME FOR COMPLETION 
TASK 

Ql Q2 Q3 Q4 Q5 Q6 

Preparation 
Implementation Documents xx 
Equipment Specifications xx 

Procurement 
Contracting X X 

Site preparation 
Civil Works xx XXX XXX XXX 

Installation 
Equipment Arrival/clearance X 

Installation X X 
Dry/wet testing X XXX 

Reliability test 
Start-up 
Semi-Industrial Trials X X 

Safety inspection X 
Safety/Production Training X 

Mass Production Trials xx 
Verification Testing X 

Commissioning 
Certification of Completion X 
Handover Protocol X 

9. PROJECT IMPACT 

This project will result in the elimination of the use of annually 
360 tons CFCs based on 1994 consumption. The project applies 
environmentally acceptable technology while providing adequate 
process safety and protection against worker's exposure. 

10. ANNEXES 

Annex-1: 
Annex-2: 
Annex-3: 
Annex-4: 

Plant Layout 
Detailed incremental capital costs information 
Incremental recurrent costs 
Technical Review 
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EQUIPMENT SPECIFICATIONS (FOAM) 
ZHONGYI PROJECT 

A: GENERAL EQUIPMENT 

1. Cyclopentane Storage ............................. USD 137,000 

Storage Tank 35 m/3 ............... USD 
containment ....................... USD 
Tank Assessories .................. USD 
Pump Room (3 pumps) ............... USD 
Pipe installation Tank/Pumps ...... USD 
Electrical Installation ........... USD 
Connect:ion to Premix Stations ..... USD 

25,000 
20,000 
13,000 
50,000 

8,000 
7,000 

14, 00.0 

2. Safety Control System . ........................... USD 150,000 

One Gas Alarm & Ventilation 
Control System with: 

11 Sensors Cabinet station-1 
6 Sensors Door Station -1 

15 Sensors Cabinet Station-2 
6 Sensors Door Station-2 
6 Sensors Premix/Storage .... USD 106,000 

Venti:ation flow switches ......... USD 14,000 
Installation ........................... 30,000 

B: PRODUCTION LINE #1 

1. Cyclopentane Pre:E!!iX Station ...................... USD 123,000 

1 Pentane Prernixer 15 1/rnin ....... USD 
1 Buffer Tank, 2001 with pump ..... USD 
Pipe Connections .................. USD 
Ventilation ....................... USD 
Electrical Panel, Installation .... USD 
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2. Cabinet Station .................................. USD 535,000 

One 801 CP Foam Dispenser ........ USD 285,000 
(2 MH; normal tank; transfer 
wagon & rail system) 

House for 7 Cabinets .............. USD 
Fixture Enclosures (7) ............ USD 
Ventilation ....................... USD 
Water heating panels, including 

temperature control .............. USD 
Electrical Modifications .......... USD 
Electrical Grounding .............. USD 

50,000 
28,000 
50,000 

80,000 
25,000 
17,000 

3. Door Station ..................................... USD 288,000 

One Pentane Foam Dispenser 321, 
Standard Tank, incl piping ...... USD 

Housing for heating Zone .......... USD 
Water heating, incl Housing ....... USD 
Water installation ................ USD 
Electrical Modifications .......... USD 
Electrical grounding .............. USD 
Enclosure of Foam Area ............ USD 
Automatic Mixhead moving System ... USD 
Ventilation,incl. Installation .... USD 

B: PRODUCTION LINE #2 

188,000 
6,000 

15,000 
9,000 

12,000 
7,000 

11,000 
15,000 
25,000 

l. Cyclopentane Premix Station ................. • ..... USD 123,000 

l Pentane Premixer 15 1/min ....... USD 
l Buffer Tank, 2001 with pump ..... USD 
Pipe Connections .................. USD 
Ventilation ....................... USD 
Electrical Panel, Installation .... USD 

80,000 
20,000 
10,000 

8,000 
5,000 

2. Cabinet Station ................................. . USD 540,000 

One Pentane Foam Dispenser 401 
Standard Tank, incl. piping ..... USD 

Housing for 10 Cabinets ........... USD 
Enclosure for fixtures ............ USD 
Ventilation ....................... USD 
Water Panels/temperature control .. USD 
Electrical Modifications .......... USD 
Electrical Grounding .............. USD 
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210,000 
65,000 
40,000 
65,000 

100,000 
30,000 
30,000 



4. DoorStation ..................................... USD288,000 

One Pentane Foam Dispenser 321, 
Standard Tank, incl piping ....... USD 

Housing for heating Zone .......... USD 
Water heating, incl Housing ....... USD 
Water installation ................ USD 
Electrical Modifications .......... USD 
Electrical grounding .............. USD 
Enclosure of Foam Area ............ USD 
Automatic Door handling System .... USD 
Ventilation,incl. Installation .... USD 

188,000 
6,000 

15,000 
9,000 

12,000 
7,000 

11,000 
15,000 
25,000 

TOTAL CONVERSION COSTS FOR LINE 1 & 2 ....... USD 2,184,000 



ANNEX-3 

lNCREMENTAL RECURRENT COSTS 

ZHONGYI PROJECT 

1. Conversion from CFC-11 to Cyclopentane 

Zhongyi buys polyol with all components blended in it except CFC-
11. It intends to do so in the future. The new foam formulation 
will show a slight increase in unit price. 

In addition, the foam density will have to be increased to achieve 
acceptable insulation performance. For costing purposes it has 
been agreed to use a 10% density increase. 

The following table shows the effect of the changes as mentioned on 
the annual costs for foam insulation. 

Before After 
{CFC·1l) (cyclopentane) 

Price of Foam (USD/kg) 2.18 2.22 

Average Foam Use per Unit (kg) 6.75 7.42 

Production Oct. 93 through Sep. 470,000 n.a 
94 

Cost of Foam per year (USD) 6,916,050 7,742,028 

Difference Before/After (USD) 825,978 

For Six Months Only (USD) 412,989 

Rounded (USD) 415,000 

The company will opt for the disbursement of half a year operating 
cost, which amounts to: OSD 415,000 



l. 

2. 

3. 

4. 

5. 

2. Conversion from CFC-12 to HFC-l34a 

CFC 12 HFC 134a Diff. 

Refrigerant 
a. Price/kg of refrigerant 2.4 8.0 5.6 

(see note below) 
b. Kg of 

refrigerant/refrigerator 0.130 0.117 0.013 
average 

c. No. of refrigerators 416,000 416,000 416,000 
produced 

Cost of refrigerant = 129,792 389,376 259, 584 

Compressors 
a. Cost of compressor 45.2 49.2 4.0 
b. No. of compressors 416,000 416,000 416,000 

Cost for compressors = 18,803,200 20,467,200 1,664,000 

Condensers No change No change 0 
a. Cost per condenser 
b. No. of condensers 

Cost for condensers = 0 

Filter Dryer 
a. Cost per filter dryer 0.64 0.76 0.12 

(average) 
b. No. of filter dryers 416,000 416,000 

Cost for filter dryers = 266,240 316,160 49,920 

Capillary tubes 
a. Cost per capillary tube 0.70 0.87 0.17 -

(average) 
b. No. of capillary tubes 416,000 416,000 

Cost for capillary tubes• 291,200 361,920 70,720 

INCREMENTAL OPERATIONAL COST FOR 1 YR (1+2+3+4+5): US$ 2,440,224 
INCREMENTAL OPERATIONAL COST OF SIX MONTHS: USS 1 1 022.1i2 
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e Polyurethanes 

TELEFAX 

CHINA· ZHQNGYI 

TECHNOLOGY 

Dr. Mike Jeffs 
International Environmental 
Affairs Manager 

Even,laan 45 
Cl -MTA C:vof'h~o 

The enterprise is proposing to convert the polyurethane rigid foam insulation used in the 
manufacture of refrigerators to a technology based on cyclopentane. The project is concerned 
with the enterprise's two existing production lines each of which has cabinet and door 
manufacturing capability. The entecprise is installing a third production line to operate with 
cyclopem:ane at its own expense. 

Cyclopentane technology is now well proven in several countries. It is widely used in the 
European Union and in Australia, New Zealand and in several developing countries. 

The enterprise has considered other technologies, notably HCFC 141 b but also liquid HFCs and 
full CO2/ water blowing. The latter technology is not yet in use in this sector and the liquid HFCs 
are still under development. Compared to HCFC 14 lb, cyclopentane offers a zero ODP solution 
which can be used in the long term. 

ENVIRONMENTAL ISSUES 

The main issue concerns safe operation with bighly flsrnrnable cyclopentane. Toe project proposal 
includes a iul1 range of equipment and measures, such as safety audits, to enable the enterprise 
to operate safely with this technology. This includes the necessary detection and ventilation 
equipment. The training will be carried out by the equipment supplier backed up by a UNDP• 
appointed expert experienced in such technology. 

Cyclopentane has a zero ODP ~nd a low GWP: 

The only other is$ue is for the enterprise to ensure that it satisfies local reguiations on VOC 
emissions. 

PROJECT COSTS 

The overall grant cost effectiveness, including the refrigerant elements, is within the EC's limits. 

The capital items proposed are alljus1ified and appropriate to a project of this magnitude. 

The enterprise is requesting funding to cover incremental operating costs for six months. This 
includes a foam density increase of 10% compared to CFC 11-based foam (Annexe 3) which is 
now being experienced to obtain foul of sufiicient dimensional stability (and not to compensate 
for insulation value as stated on P 10). The incremental cost calculation is transparent. 
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IMPLEMENTATION TlMEFRAME 

This is genmlly acceptable. However, the six month period £or equipment delivery for a project 
of this magnitude may be optimistic Ilia.inst currmt delivuy ti!llei which are running at about 9-1 O 
months. 

RECQMMENPATIQN 

Approval. 

GMFJ/kd/12/6195 



Country of origin: CHINA 

Project title;. Elimination of CFCs in the Manufacture of Domestic Refrigerators at 
CHANGSHAZHONGYIGROUP 

Sector/sub-sector Domestic refrigeration 

Note This review addresses only the refrigerant conv""5ion part of the project. it 
does not address the part related to the foam blowing agent conversion. 

Technology 
• In this project, HFC-134a is selected as the alternative refrigerant for the replacement of CFC-

12. In domestic refrigeration, HFC-134a technology is a proven and acceptable (nontransitionaQ 
technology to reduce CFC-12 consumption. 

• ZHONGYI does not have a formal technology transfer agreement. However, the technology will 
be developed (and has been developed) with assistance from the compressor suppliers and the 
refrigerant supplier. Furthermore. assistance is given by the Beijing Household Electric 
Appliance Research Institute. Next to this, provisions for external support are present. 
Altogether, a successful project implementation can be expected. 

• Other technologies than HFC-134a were considered (hydrocarbons, HFC-152a) but were not 
selected because of the state of develoF,ment, safety issues and the lack of commercially 
available compressors. From the zero ODP technologies HFC-134a is one of the most.cost 
effective solutions. 

Environmental impact 
HFC-134a has an ODP of zero and a GWP of 1300 compared to carbon dioxide (100 year time 
horizon). For domestic refrigeration a GWP of this magnitude is acceptable. 

Project costs 
• The equipment requested is essential for the conversion process and the associated costs are 

reasonable. 
• The costs of training, testing, trials and technical assistance are reasonable. 
• Incremental operational costs are claimed for half a year. 
• The different items claimed in the incremental operational costs calculation are reasonable. The 

total incremental operational costs per unit amounts to 4.9 USD which is reasonable. 
• When the UAC value is calculated for the refrigerant conversion part separately, a value of 19.5 

USO/kg/year is obtained, which is in line compared to other, similar, projects. 

Implementation timeframe 
Relevance and adequacy of information provided 
Recommendations 

Janssen M.J.P., 

Reasonable 
Reasonable 
Approval as proposed 

Kuijpera LJ.M., 
Eindhoven, The Netherlands, 9-June-1995 Technical University Eindhoven, NL 
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Project Proposal for the Multilateral Fund for the Implementation of the 
Montreal Protocol Financing 

COUNTRY People's Republic of China 
Conversion of domestic refrigerator and freezer factories to phase out 

PROJECT TITLE CFC-12 and CFC-11 by hydrocarbons isobutane and cyclo-pentane at 
Hangzhou Xiling Holdings Company 

SECTORS COVERED Domestic. Refrigeration: refrigerators and freezers 

ODS USE 1N SECTOR 
1706 MT of CFC-12 as refrigerant and 6740 MT of CFC-11 as foam 
blowing agent annually 

PROJECT IMPACT 
Phase out of an annual consumption of 60 MT of CFC-12 (ODP = 60 Mn 
and of 300 MT of CFC-11 (ODP = 300 MTI, total 360 MT of ODS/ODP 

PROJECT DURATION 36 months 

PROJECT ECONOMIC LIFE 10 years 

TOTAL PROJECT COST 
100 per cent incremental investment cost and 6 months of incremental 
operating cost 

Incremental investment (capital} cost US$ 3,999,000 

10 per cent contingency US$ 399,900 
PROPOSED MF FINANCING Incremental operating cost for 6 months US$ 951,210 

13 per cent agency overhead US$ 695,514 
Total cost of project US$ 6,045,624 

OWNERSHIP STRUCTURE 100 per cent Chinese 

UNIT ABATEMENT COST (Please see Annexes 3 and 7.b) 

COST-EFFECTIVENESS 
14,86 US$/kg of ODS phased out (5,350, 1101360,000=14,86) 

WITH SAFETY SYSTEMS 
COST-EFFECTIVENESS 6.52 US$/kg of ODS phased out (Please see Annex 7.a, 
WITHOUT SAFETY SYSTEMS 2,348,1101360,000=6.52) 

COUNTERPART ENTERPRISE Hangzhou Xiling Holdings Company 

IMPLEMENTING AGENCY UNIDO 

COORDINATING MINISTRY 
China National Council of Light Industry through China Household 
Elecllical Appliances Association 

NATIONAL COORDINATING National Environmental Protection Agency (NEPA) of China 
AGENCY 

PROJECT SUMMARY 
Following the request of the Government of the PR China and based on the strategy study of elimination of ODS 
in the refrigeration sector, a project has been developed to replace CFC-12 by isobulane as refrigerant and CFC-11 
by cyclo-pentane as foam blowing agent at three refrigerator and freezer manufacturing factories of the Hangzhou 
Xiling Holding Co. 

lsobutane as refrigerant and cyclo-pentane as foam blowing agent have been selected on the basis of 
environmental and technological reasons such as zero ODP, near zero GWP, its increasing international 
acceptance, availability of well-<leveloped technological safety standards, etc. 

This project covers the conversion of the refrigerant and the foam blowing agent. The upgrading of repair and 
maintenance services is expected to be the subject of an another project. 

The project wilt phase out 360 MT of ODS (CFC-12 as refrigerant and CFC-11 as foam blowing agent) annually 
used for the production of domestic refrigerators and freezers in the three factories of the Hangzhou Xiling 
Holdings Company. The project is considered to be one of the pilot projects for the application of hydrocarbons 
as remgerant and foam blowing agent in the household refrigerator and freezer manufacturing factories in China. 
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CHINA: HANGZHOU XILING REFRIGERATOR FACTORY CONVERSION. 2 

l. Background 

l.l Refrigeration sub-sector 

The sub-sector for domestic refrigeration in China covers today approximately 70 refrigerator 
and 30 freezer manufacturing companies having a total consumption of 8,446 MT of CFC's in 1993. The 
total annual production capacity is approximately 15 million units. The Hangzhou Xiling Holdings 
Company is the fifth largest firm in the Chinese refrigerator and freezer market. It has a market share 
of about 7 per cent. 

1.2 Company background 

Hangzhou Xiling Holdings Company comprises of three factories which are all located in 
Hangzhou. The company started to manufacture home appliances, e.g. refrigerators, in 1973. Up to 
now, approximately 1,200.000 refrigerators and freezers have been manufactured. The three factories 
are specialized and contribute to the total output as follows (see also Exhibit 1): 

Factory I: 
This factory is the largest within the company and is manufacturing the models: BC106, BC122, 
BCD175, and BCD192. The annual output in 1994 is 220,000 units. 

Factory n (physically located adjacent to Factory I); 
This factory is the second largest having an output of 150,000 units in 1994. It manufactures 
exclusively the models BCl 58 and BO188. 

Factory m (located at 5 km from Factories I and Ill: 
The 1994 production ofthis factory will reach 110,000 units, mainly the models BD106, BC122, 
andBCD258. 

Exhibit l. Total production of refrigerators and freezers, and total consumption of CFC's in 1993 at 
Hangzhou Xii.Ing Holding Co. 

No. Model name Factory Total output, Consumption of CFC-11 Consumption of CFC-12 
units kg/unit Total, MT kg/unit Total, MT 

1 BC122 I, Ill 103,507 0.61 63.139 0.14 14.491 

2 80106 I, Ill 103,507 0.92 95.226 0.15 15.526 

3 BC158 II 31,502 0.94 29.612 0.14 4.410 

4 BCD175 I 18,619 0.58 10.799 0.14 2.607 

5 BC0192 I 10,794 0.61 6.584 0.14 1.511 

6 B0188 II 19,976 1.45 28.965 0.14 2.797 
7 80130 II 16,779 1.02 17.115 0.15 2.517 

8 BC130 Ill 7,977 0.62 4.946 0.14 1.117 
9 B0128 Ill 7,977 0.93 7.419 0.15 1.197 
10 Othera I, Ill 30,532 0.72 21.983 0.14 4.274 

Total 351.170 285.788 50.446 
Total amount of CFC's consumed(•) 300.000 60.000 . () The difference in consumption figures results from losses dunng the production processes, and from use 

of refrigerant for repair work. 

flle=xiling_ 1.2051 dat .. 94-12-09 version=2.5ireleas0"95-05-29 



CHINA: HANGZHOU XILING REFRIGERATOR FACTORY CONVERSION. 3 

Based on a licence agreement signed in 1985 with the Genmm company Liebherr·Hausgeraete 
GmbH, comprehensive investments were made to modernize and to enlarge the production capacity. 
Most or the production facilities were installed between the years 1988 and 1992. The total capital 
value of the Hangzhou Xillng Holdings Company is RMB 240 million which corresponds to US$ 28.2 
million. The total production capacity is approximately 500,000 refrigerators and freezers annually. 
The market value of annual production is RMB 650 millioh (USS76.S million). The target for the year 
2000 is to reach an annual sales figure of RMB 2 billion (USS235.3 million). 

Actually, 50 different models of refrigerators and freezers are manufactured on four assembly 
lines. Referring to Exhibit 1. seven models accounted for about 305,000 units (87 per cent) in 1993). 
The Company mainly manufactures for the domestic market. The exports were less than 10,000 units 
in 1993. The CFC-12 consumption in 1993 was 60 MT. It is expected that about 90 MT of CFC-12 will 
be needed in 1994. 

As already mentioned, the average age of the production equipment is six years, and the 
expected lifetime will be 15 years. Four high pressure foaming machines delivered by Hennecke, 
Germany in 1989, and Cannon, Italy In 1992 are operated using CFC-11 to produce the Insulation foam. 
Plugs.jigs, and fiJ..'tures for cabinet and door foaming were designed by Liebherr, Hennecke and, partly, 
by the Company itself. Vacuum pumps (partly Liebherr patented design) may be used for the non-CFC 
production after retrofitting (however, some new vacuum pumps ¼ill additionally be needed). Leak 
detectors designed by Liebherr and by Chinese institutes will have to be completely replaced. New 
charging equipment will be needed for the hydrocarbon technology. 

The company has its own research and development department. Special test facilities have to 
be provided to help the company to respond to new demands resulting from the use of the hydrocarbon 
technologi-·. 

The company is manufacturing refrigerators and freezers of high quality. A three-year warrantee 
Is provided. So far, during the warrantee period, and on the average, about 2,600 units had been 
repaired. This number corresponds to Jess than 1 per cent of the total number of units that were sold 
over the same period. 

1.3 Consumption of ODS 

According to the Country Programme, the total ODS consumption in the sub-sector in 1993 is 
6,740 MT of CFC-11 and 1,706 MT of CFC-12 which adds up to a total of 8,446 MT of ODS. The quantity 
of CFCs consumed at the manufacturing processes at the Company can be seen from Exhibit 1. The 
total consumption of CFC-11 was 300 MT in 1993. In the same year, 60 MT of CFC-12 was used. 

1.4 Conversion strategy 

As explained in Exhibit I, the total output of refrigerators and freezers in 1993 was 
approximately 350,000 units. While the total capacity is 500,000 units/year, it is expected that the 
production will reach 480,000 units in 1994. Therefore, the consumption of CFC·ll and CFC-12 will 
reach around 400 MT /year and 90 MT /year, respectively. However, 1993 production figures were used 
in the design of the project. 

The refrigeration sector strategy prepared hy the China Household Electrical Appliances 
Association (CHEAA) and !he China National Council for Light Industry (CNCLI) has been presented to 
the Executive Committee of lhe Multilateral fund at its Sixteenth Meeting. According to that study, it 
was decided to use isobutane in order to replace CFC-12 as refrigerant at the Hangzhou Xiling Holdings 
Company. The foam blowing agent CFC· 11 will be replaced by cyclo-pentane. 
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CHINA: HANGZHOU XILING REFRIGERATOR FACTORY CONVERSION. 

The company Llebherr-lnremational AG, Switzerland, visited the Hangzhou Xiling factories to 
discuss the required changes in the design of products and in the manufacturing process. The ideas 
developed by Uebherr·lntemationaJ have been taken into consideration in this project document. 
Liebherr· International A.G. presented a written declaration to transfer know-how to the Harigzhou 
Xiling Holdings Company during all phases of the conversion process from using CFCs to the 
alternatives isobutane as refrigerant and cyclo-pentane as foam blowing agent. 

The three factories show great similarity in product design and production methods. The 
specialization of each of the three factories has already been outlined in Section 1.2 "Company 
background". 

4 

Due to the fact that a great number of different models of refrigerators and freezers have to be 
analyzed with respect to the redesign of the electric equipment and the size of the compressor and 
evaporator (larger outet dimension of tbe compressor and smallet quantity of refrigetant charged into 
the refrigeration cycle), a time period of 4 years will be taken into account to implement the project and 
to convert all models step by step from the application of CFC-12 to the use of isobutane, and from the 
application of CFC· 11 to the use of cyclo•pentane. Comprehensive field tests are considered to be 
necessary to prepare the customers to accept the new refrigerant. 

1.5 Used technologies 

As already mentioned isobutane as refrigerant and cydo--pentane as foam blowing agent will be 
used. All components needed for the refrigeration cycle like compressor (specific models are imported 
in small quantities). evaporator, condenser, dryer which are compatible with isobutane and mineral oil 
(already used togethet with CFC-12) are available on the Chinese domestic market if the Jimpeta 
Compressor Co. will start to manufacture hermetic compressor designed for the application of 
isobutane. 

Chemicals like refrigerant and foam blowing agent will most probably be manufactured 
domestically, while materials like plastic for inner liner (ABS, HIPS) and foam components (polyuretane 
and isocyanate) are imported. For the project, HFC-134a and R-600a (isobutane) were considered as 
possible refrigetant alternatives (see Exhibit 2). 

Exhibit 3 explains that by using R600a as refrigerant the COP may become highet compared 
-.ith CFC-12 and HFC-134 a. Precondition is that the refrigerator cabinet and the refrigetation cycle as a 
whole will be optimized. This is a time and money consuming procedure. Exhibit 4 shows that a larger 
compressor is necessary having approximately twice the theoretical displacement compared with a 
compressor used for CFC· 12. This may result in larget outside dimensions of the compressor case. 

As concerns CFC-11 the only acceptable alternative to replace it is the use of cydo-pentane. 
Cydo-pentane has a zeto ODP and a zero GWP. The ovetall heat transfer coefficient is nearly the same 
compared with CFC· 11 which means that no changes in the cabinet design and insulation thickness are 
necessary. 

1.6 Ownership and licences 

The Hangzhou Xiling Holdings Company is a completely state owned factory. 

Licences for some of the refrigerator and freezer models have already been contracted in 1985. 
The original models were later on adapted to the market demands and customer habits. 

It is a part of this project that the specific know-how for the application of isobutane and cyclo­
pentane will be provided by the Liebherr Hausgeraete Company, Germany, or other experienced 
international companies which already use the isobutane and cydo-pemane technology. 
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CHINA: HANGZHOU XILING REFRIGERATOR FACTORY CONVERSION. 5 

Exhibit 2. Alternative refrigerants to replace CFC· 12 

Refrigerant Assessment Consequences 

lsobulane • Inflammable and explosive in certain limits of . Special inlraslruclure needed. Technology and specific 
mixrure with ar. know-how avaiable which guarantees safe conditions . ODP=0 . during manu!aclure, repair and service. Special service . High Coefficient of Pertonnance (COP) which technology must be applied. Relatively easy fll 
means lower energy consumption (see Exhibit 1). implement Changes in product design and 

• GWP near zero . manufacb.lring technology are necessary (larger 
compressor). 

HFC-134a • OOP=0 . Produot design except the cooling circuit can stay the 

• lower Coefficient of Performance compared to same. Increased manufacturing process conlrol 
CFC-12 and isobutane expressed by a higher requi'ed. Specially high cleanliness necessary. 
consumption of energy (see FJQ. 1). Components affected by the relligerant must be lree of 

mineral oil. 

Exhibit 3. Coefficient of Performance (COP) Exhibit 4. Volumetric cooling capacity 

•-"'' :......--~.--~.--~-/ 
CFQ.12 Hl'C-13-k RG0011 

-d-

1.7 Future developments 

Due to the fact that the company has nearly reached their production limits of the facilities 
available no production increase is planned for the next two years. Following the conversion to 
isobutane the production will again be increased up to 800,000 units annually in the year 2000. For this 
reason new production facilities will be built, the finances of which do not form a part of the present 
project in any way. 

It has to be mentioned as well that servicing and repair of refrigerators and freezers charged 
with isobutane as refrigerant is not considered in this project. It is, however, strongly recommended to 
develop a solution for a servicing and repair technology in the frame of a separate project. This could 
be done by UNIDO upon request of the government of the PR China. 
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CHINA: HANGZHOU XILING REFRIGERATOR FACTORY CONVERSION. 6 

2. Project objectives 

Four main objl'Ctives for the project were outlined: 

(I) Complete elimination of the use of CFC-12 as refrigerant for all models of refrigerators 
and freezers by the utilization of the refrtgerant isobutane. By this step 60 MT of CFC-12 
consumed in 1993 or 90 MT of CFC-12 consumed in 1994 and in the following years will 
be phased out annually. 

(ii) Complete elimination of the use of CFC·ll as foam blowing agent for all models of 
refrigerators and freezers by the utilization of cydo-pentane. By this step, 300 MT of 
CFC-11 consume_d in 1993 will following the conversion be phased out. 

(iii) The same production costs and the same high quality level must be guaranteed following 
the implementation of the project. 

(iv) The Hangzhou Xlling project is considered to have the character of a pilot project in the 
PR China. Following this project further Chinese refrtgerator and freezer manufacturers 
will based on the experiences with the project be converted to the use of hydrocarbons 
as refrtgerant. 

3. Project description 

The three factories of the Hangzhou Xiling Holdings Company have decided to replace 
refrtgerant CFC·l2 with the hydrocarbon isobutane and foam blowing agent CFC· 11 with the 
hydrocarbon cydo·pentane. 

Through the project assistance will be provided to enable: 

a) Transferring the know-how. 

b) Redesigning, prototype manufacruring and testing of refrigerators and freezers in the 
laboratory as well as in the field. 

c) Modifying and/or reconstructing the production facilities according to safety 
requirements (storage tank for larger quantities of hydrocarbons, because it is expected 
that delivery of hydrocarbons upon short notice cannot not be guaranteed in the near 
future). 

d) Redesigning and adapting the present production machinery and equipment wherever 
technically and economically feasible. 

e) Procuring new machinery and equipment. 

O Installing, commissioning and starting-up of the new machinery and equipment. 

g) On-the-job-training of the operators and maintenance crews. 

The guarantee for the safe operation of the production facilities will be ensured by certificates 
provided by nationally and internationally authorized autholities (such as TUY certificate provided by 
the German authorities), by the transfer of know-how, and training of the management, technical staff 
and workers. 
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CHINA: HANGZHOU XILING REFRIGERATOR FACTORY CONVERSION. 

4. Inputs 

The incremental investment costs resulting from the redesign of the different models of 
refrigerators and freezers, equipment to be replaced as well as new equipment are listed in Annex 1. 

4.1 Refrigeration system and cabinet redesign 

7 

The application of isobutane and cyclo-pentane at the Hangzhou Xiling factories has been 
decided upon in the Refrigeration Sector Strategic Study mentioned before. This study was presented to 
the Sixteenth Meeting of the Executive Committee of the Multilateral Fund. 

As already mentioned, the three factories of the Hangzhou Xiling Holdings Company utilize the 
technology transferred from the Liebherr Company, Germany. The new hydrocarbon technologies are 
available from the same source. as well as from a number of other technology suppliers. The 
hydrocarbon technologies and the possible risks involved are well known and appropriate measures will 
be taken against accidents. The technology is approved by many European refrigerator and freezer 
manufacturers. Special experience is available with respect to safety aspects in connection with the use 
of isobutane as refrigerant and cyclo-pentane as foam bloWing agent. 

Advantages of the use of isobutane are: 

• Mineral oil may be used comparable with the quality of the oil used with the CFC-12 
technology. 

• The quantity of refrigerant charged lnto the refrigeration cycle is one third only 
compared with the CFC-12 technology. 

• Lower energy consumption compared With the HFC-134a technology which means a 
higher value of the coefficient of performance, COP (COP= refrigeration capacity /energy 
input). 

Disadvantages of the isobutane technology are: 

• A compressor with a higher theoretical displacement is needed resulting from the lower 
density of the refrigerant. This may result ln larger outside dimensions of the 
compressor and resulting in possible changes of the cabinet design especially the place 
where the compressor is regularly situated. 

• Resulting from the inflammability and the small charge of refrigerant, the refrigeration 
cycle must guarantee a very small leak rate(< 0.3 gr/year) in order to ensure a lifetime of 
the appliance of about 15 years. Therefore, ultra -high-frequency welding equipment is 
needed to close the charging tube on the compressor folloWing refrigerant charging. 
Further, it Is desirable to use the helium leak test technology to detect small leaks. 

• Hydrocarbons need special storage facilities and special protected areas for the charging 
equipment together With a ventilation system including isobutane sensors which start 
the ventilation system when the concentration of isobutane in the air reaches the lower 
set limit. but stops operation of the whole assembly line in case that an upper limit is 
exceeded. 

• The refrigerator and freezer cabinets have to be redesigned in order to install electric 
switches outside the cabinet and to omit the electric heating systems used to avoid the 
formation of frost at the door frame, as usually employed in freezers. 
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• Handling and storing of hydrocarbons (cyclo-pentane and isobutane) requires a special 
safety philosophy. Safety philosophy in this respect does not only cover a series of 
individual measures, but must be a concept which includes the technology, product and 
equipment design, safety precautions, and training of the staff. Only a few experienced 
companies in Europe have the know-how and are willing to transfer the know-how based 
on a mutual agreement. Without a full re~ponsibility of an experienced partner for the 
conversion process, the application of isobutane cannot be recommended. 

Therefore the following changes and measures have to be taken into account: 

Transfer of know-how by an experienced refrigerator and freezer manufacturer which 
has already converted its own production to isobutane and cyclo-pentane technologies. 

Redesign of the refrigeration cycle and the cabinet. 

• Utilization of hermetic compressors developed for the use of isobutane. 

A project in parallel is being prepared and will be implemented to convert the production of 
hermetic compressors from the application of CFC-12 to isobutane. The project is connected 
with Jiaxipera Compressor Manufacturing Company in China. In case that the above project will 
be delayed the compressors needed by Xiling Holdings Company have to be imported from 
abroad. 

4.1.1 Model evaluation and field test 

As already mentioned the utilization of isobutane as refrigerant requires the redesign of each 
individual refrigerator model, field tests and model evaluation. The redesign of a model available 
consists of an analysis regarding thermodynamics and as a second step an analysis with respect to 
safety measures. The following steps have to be considered: 

I) Theoretical analysis of all components of the refrigeration cycle with respect to changes 
resulting from the use of isobutane instead of CFC-12 (compressor, evaporator, 
condenser, capillary tube, filter/dryer, piping). 

ii) Redimensionlng of the components where necessary. Especially the evaporator and the 
capillary tube have to be redesigned taking into account the lower density of isobutane. 
With respect to safety the inner volume of the evaporator has to be minimized to ensure 
that the quantity of the isobutane charged into the refrigeration cycle will be as small as 
possible. 

ill) Redesign of the refrigerator cabinet especially the place where the compressor is 
regularly situated resulting from larger outside dimensions of the isobutane refrigeration 
compressor. 

iv) Redesign of the refrigerator cabinet and the refrigeration cycle taking safety measures 
into consideration: 
• installation of all electric switches (thermostats, switch for inner lighting, electric 

frame heating system to omit the formation of frost) outside the cabinet. 
• redesign of the piping system to reduce the number of joints to be welded. 
• redesign of the piping system to ensure that pipes and joints are always outside 

of the thermal insulation of the cabinet. 

In order to facilitate efficient redesign work of the Company, some test equipment will 
be provided to complement the present testing capabilities. 
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v) Building of prototypes 

vi) Testing of prototypes (measuring the inside temperature of the cabinet, the energy 
consumption during 24 h, the relative running time). 

vii) Evaluation of prototypes. 

viii) Redesign the models in those cases where the test results evaluated are unsatisfactory. 

ix) Field test of new refrigerators. 

x) Preparation of the redesigned and tested model for mass production. 

The steps mentioned above are considered ,1,ithin the project regarding the funds and 
appropriate time needed for implementation. 

4.2 Equipment changes or modifications 

Considering the present lay out of production lines in the Hangzhou Xiling factories, the 
following points should be taken into account: 

a) Assembly of the refrigeration circuit 

The list of required equipment is given in Annex 5, 

retrofitting and/or adaptation of present vacuum pumps 

9 

installation of helium leak test equipment including helium recovery system and 
storage 
installation of new charging equipment including storage facilities (underground 
container, equipment to decant isobutane from the large container to small 
movable cylinders used at the charging machine) 
installation of safety control system including isobutane detectors, a ventilation 
system, and protective walls to avoid that isobutane leaks may flow away into 
uncontrolled areas 
installation of ultra-high frequency welding equipment to dose the charging pipe 
following refrigerant charging 
installation of high voltage testing facllity to test insulation in order to avoid 
sparks 

b) foaming of the refrigerator cabinet and of the door 

Toe technology is well established to manufacture PUR insulation foam by using cyclo• 
pentane as the foam blowing agent. However, following should be considered: 

high pressure foaming machines have to be used in order to achieve an 
acceptable foam quality and insulation effectiveness (already available but must 
be adapted to the use of cyclo·pentaneJ 
premixing stations have to be installed to ensure the mixing of cydo-pentane 
withpolyol 
storage tanks for cyclo-pentane have to be added to the installation 
cyclo-pentane sensors have to be installed on critical parts of the equipment in 
order to avoid that in case of leaks explosive mixtures of air and cydo-pentane 
,-ilJ be formed 
exhaust and ventilation systems have to be installed which starts operation in 
case that critical mixtures of air and cydo-pentane v.ill be formed 
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all parts of the equipment specially the foaming jigs and fixtures have to be 
grounded to avoid the appearance of static electricity 
the whole pipe system including storage tanks and mixing units have to be 
pressurized with nitrogen gas in order to avoid the formation of explosive 
mt,..1:ures inside the system 
it is recommended to fill the gap between inner liner and refrigerator cabinet 
before the injection of the liquid foam material with nitrogen to avoid the 
formation of an explosive air-cyclo-pentane-mixture 
the control panel has to be redesigned taking into consideration the changes and 
modifications in the foam blowing procedure as described above. 

4.3 Preparation for the mass production 

The conversion process of the current refrigerator and freezer models to the utilization of 
isobutane as refrigerant covers all activities to make sure that the new models are on the same level of 
functionality, quality and reliability as the original. Several stages in this process have to be considered: 

• design, calculation and drafting (the company already uses CAD technology) 
• prototype production 
• functionality and performance testing 
• production simulation and trial runs 
• field tests for functionality, safety and reliability 
• conversion of the trial production to mass production 
• safety training and training on-the-job of the staff 
• external problem solVing consultancy 

The individual steps and the expected time frame are outlined in the work plan given in 
Annex 2. 

4.4 Conversion 

Exhibit S provides an overview concerning the facilities available to manufacture the ei.'J)ected 
variety and quantity of appliances as analyzed for the year 1993. 
Exhibit 5. Overview of production facilities available at the Xilin.g CoDIJ)ally 

TotaJ Faclory I Fac11l!y II Faclory [II 

Number of models of relligerato<S and freezers manufacrured 14(') 5 5 

Number of assembly lines 4 1 2 

6 

1 

Number of sets of plugs, jigs. and 1ixrures 48 12 16 16 

Number of foaming machines {high pressure) 4 2 1 1 

Number of vacuum pumps 49 5(k) 24 20 

Number of leak deteclors 7 3 2 2 

Number of charging machines 5 2 2 1 

capacity of units to be manufaclured 480,000 220,000 150,000 110,000 

c•J the total number of 14 models results from the fact that the same models are manufactured in different 
factories (see Exhibit 1). 

r•J special types 
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S. Project implementation 

The project Will be coordinated by the China National Council of Light Industry through China 
Household Electrical Appliances Association. The project Will be implemented by UNIDO. UNIDO as the 
implementing agency has the appropriate experience and capabilities for the successful implementation 
of projects on the enterprise level. Upon the approval by the Executive Committee of the Multilateral 
Fund for the Implementation of the Montreal Protocol, the project's fund will be transferred to UNIDO. 
A respective project allotment document will then be issued by UNIDO financial section. Any 
substantive alterations of the project will be subject to approval by the Chinese Government and the 
ExCom of the Multilateral Fund. 

Annex 2 shows a draft work plan, as already mentioned. 

The following companies amongst others are able to transfer specific know-how: 

1. AFROS CANNON SpA 
Via Galileo Perroris 6 5 
1-21042 Caronna Pertusella(VA) 
Italy 

2. dkk Gesellschaft fuer Entwicklung und Projektmanagement mbH 
August-Bebel-Strasse 24 
0·0943 S Scharfenstein 
Germany 

3. FORON Haushaltsgeraete GmbH 
Arnsfelder Strasse 4 
D-09518 Niederschmiedeberg 
Germany 

4. Liebherr-Hausgeraete GmbH 
Postfach 1161 
0·88411 Ochsenhausen 
Germany 

5. Maschinenfabrik Hennecke GmbH 
Polyurethan-Anlagentedmik 
Birlinghovener Strasse 30 
D-53754 Sankt Augustin-Birlinghoven 
Germany 

6. Project cost 

The grant requested presents the incremental costs as additional cost that the factories incur in 
taking the action to phase out ODS, and such defined as the difference between the actual cost of the 
phase out activity and the baseline cost. The baseline cost is the cost that companies incur when 
staying at the same level of operation, without phasing out ODS. 

Costs of conversion of the production facilities eligible for grant financing comprise the 
following elements: 

a) Incremental investment cost (capital cost) 
bl Incremental operating cost (recurrent cost) 
c) Contingency. 
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Cost for transport and insurance of capital equipment is included in the budgeted allocations. In 
the prtces the estimated labour cost for increased handling and quality control are included. taxes and 
duties are excluded. A discount rate of 10 per cent is used throughout the project. 

6.1 Baseline cost 

These cost are assumed to be zero. Although the Hangzhou Xiling Holdings Company is 
planning to extend their production facilities in order to respond to the increasing demand from the 
market, these extended capacities are not involved in the grant requested. This request is based on the 
capacities and production levels as analyzed during January 1993 and December 1993. No 
decommissioning of existing production capacities is foreseen because the foaming machines will be 
adapted to the application of cyclo-pentane. The charging machines used for CFC· 12 are not up-to-date 
and will be scrapped. • 

6.2 Incremental Investment costs 

Incremental investment cost will cover capital investment cost for the modification of the 
refrigerator and freezer models, for the modification of the manufacturing facilities, materials, new 
machinery, installation. commissioning, training, and consultancy (see Annex 1). 

6.3 Incremental operating costs 

Recurrent incremental costs are partly dependent on the price difference between the refrigerant 
and foam blowing agent to be phased out, other new and/or additional components and inputs of the 
production. In this project document it iS proposed to proVide the Hangzhou Xiling Holdings Company 
recurrent costs for a period of six months. 

Exhibits 6 and 7 show the incremental operating cost per unit resulting from the modifications: 

Exhibit 6. Incremental operating cost resulting from the substitution of CFC· 12 by isobutane 

Incremental 
Modification Description cost/unit, 

US$ 
lsobutane Compressors are manufactured domestically. Smaller quanlities of 3.00 
compressor compressors for special conditions are imported from Matsushita, Japan. It is 

estimated that the purchase price will be higher compared with the price of a 
CFC-12 compressor of the same capacity (350 RMB = 44 US$ for the model 
Y6P mostly used at company) 

lsobutane Charge reduced by 66 per cent due to lower density ( .. ) -0.03 
refrigerant(') 
Incremental reftineration circuit cost difference, US$ 2.97 

*) The average charge of the refrigerant CFC-12 is 0.12 kg per unit. 

' Refrigerant Ch..-ge/unit, kg Priceil<g, US$ CosVunit, US$ 

CFC-12 0.12 2.6 0.312 

lsobulane 0.04 7.0 0.280 
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Exhibit 7. Incremental operating cost resulting from the substitution of CFC-11 by cyclo-pentane 

R-11 C-pentane 

wt by% Price $/kg Cost.$ wt by% Price $/kg Cost,$ 

Polyol+MDI 86 2.50 2.15 94 2.50 2.35 

Blowing agent 14 3.00 0.42 6 4.00 0.24 

Cost of !he mixture, $/kg 2.57 2.59 

Mixture consumption per 6.00 6.90 
unit refrigerator, kg 

Total foam cost per unit,$ 15.42 17.87 

Incremental foam cost difference, $/unit 2.45 

The total per unit incremental operating costs are given in Exhibit 8 below, 

Exhibit 8. Per unit incremental operating costs 

Type of incremental operating cost Cost/unit US$ 

Cost resulting from the conversion of the refrigerant 2.97 

Cost resulting from the conversion of the foam blowing agent 2.45 

Total 5.42 

The incremental operating costs are shown in Exhibit 9. The calculation of Exhibit 9 are based 
on the production level of 1993. 

Exhibit 9. Incremental operating cost 

Refrigerator and freezer units manufactured annually 351,000 

Per unit incremental operating cost US$ 5.42 

Total annual incremental operating cost US$ 1,902,420 

The amount for six months of operation (lo be paid to the Factory) US$ 951.210 

6.4 Contingency 

Ten per cent contingency fund is included in the total project budget. This fund is proposed to 
cover unforeseen expenses which might be incurred during project implementation, purchase of small 
testing instruments, miscellaneous expenses, etc. 

6.5 Total cost of project 

Total cost of the project is given in Exhibit 10 below. 
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Exhibit 10. Total cost of the project 

Incremental investment cost US$ 3,999,000 

Contingency (10 per cent) US$ 399,900 

Subtotal . US$ 4,398,900 

Incremental operating cost for 6 months US$ 951,210 

Agency overhead (13 per cent) US$ 695,514 

Total cost of the project US$ 6,045,624 

Unit Abatement Cost of ·rhe project is calculated in Annex 3. 
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Annex I 

Investment cost 

Item Desaiplion of actMty Qty 
Unit Price, 

Total, US$ 
US$ 

STEP 1:MODIFICATION OF THE REFRIGERATOR CABINET AND REFRIGERATION CYCLE TO THE UTILIZATION OF ISOBUTANE 

1.1 Analysis and redesign of one model under lhe super;ision of an international 1 200,000 200,000 
company (cost breakdown for one model ill given below) 

Know-how transfer and training of Chinese staff in model redesign 50,000 

Supervisor mission; including fees, subsislenoe allowance, ar ticket 20,000 

Preparation of model for testing (5 units) 20,000 

Experimental analyses, functional testing, measuring energy 30,000 
oonsumption 

Field test and feedbacl< 20,000 

Final evaluation and redesign of the model 30,000 

Preparation of !he final model for mass production including safety 30,000 
cetlilication by international and national aulhorities 

Total redesign oosts for one model 200,000 

1.2 Redesign of !he remaining 5 models by Hangzhou Xiling Co. 5 30,000 150,000 

1.3 Testing equipment 1 15,000 15,000 

Tola! of STEP 1 365,000 

STEP 2: MODIFICATION OF THE REFRIGERANT ASSEMBLY LINE; ADOITIONAL EQUIPMENT FOR THE APPLICATION OF 
ISOBUTANE (DETAILS OF THE APPROPRIATE EQUIPMENT NEEDED ARE OUTLINED IN ANNEX 5) 

2.1 Preparation of the mass production on Assembly line I 

2.1.1 Replacement of lhe old vacuum pumping unit (Liebherr design) by one special high- j 65,000 65,000 
speed vacuum system 

2.12 lsobutane charging station including retigerant supply pump j 115,000 115,000 

2.1.3 lsobulane quacruple leak detector 1 33,000 33,000 

2.1.4 Safety system, including ventilation system 1 60,000 60,000 

2.1.5 Uhsonio welding equipment 1 40,000 40,000 

2.1.6 Helium leak detection system including He charging, detection and OOOO'iflr'/ 1 97,000 97,000 

2.1.7 Safety !raining of lhe staff 1 10,000 10,000 

Tota! for Assembly Line I 420,000 

2.2 Preparation of lhe mass production on Assembly line II, including !he safety !reining 420,000 
of the staff (Same oonditions as Assembly Line Ill 

2.3 Preparation of the mass production on Assembly fine Ill, including the safely lraining 355,000 
of the staff (the available vacuum pumps may be used without modllications, lherefore 
the amount ill reduced by US$ 65,000) 

2.4 Preparation of the mass production on Assembly line IV, including lhe safety !raining 355,000 
of lhe staff {Same conditions as Assembly Line Ill) 
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llem Description of ac!Mly Qty 
Unil Price, 

Total, US$ US$ 

2.5 storage tank for isobutane, one tank to serve all factories (10 m' tank including safety 1 50,000 50,000 
package and lransport equipment barrels, for distribution inside factory to ch..-gers al 
!he assembly tines) 

TotalSTEP2 1,600,000 

Total STEP 1 and STEP 2 1,965,000 

STEP 3: MOOIFICATION OF THE FOAMING EQUIPMENT FOR THE FOAM INSULATION USING CYCLo-PENTANE AS FOAM 
BLOWING AGENT INSTEAD OF CFC-11 

3.1 Foaming installation designed and oons1ructed by Hennecke, Germany (Schematic 
flow diagramme of !he installation ·1s given in Annex 4.b) 

3.1.1 Modification of the foaming installation for cabinets: 1 200,000 200,000 
a) relrofit unit HK 650 
b) day tank 250 I for cyclo-pentane and polyol mixture 
c) oonlrol unHor cyolo-pentane 
d) additional heat exchanger for cyolo-pentane 
e) Pentamat premixing unit for cabinet and doors 
l} PPT-oonlrol untt for the cabinet plant 

3.1.2 Modification of the foaming installation for doors 1 100,000 100,000 
a) retrofit unil HK 650 
b) day tank 250 J for cyclo-pentane and polyol mix111re 
c) oonlrol unit for cyclo-pentane 
d) additional heat exchanger for cyclo-pentane 
e) PPT -oonlrol unit for the door plant 

3.1.3 ~ntane detection system (2 sets, one each for cabinet and door plant) 2 50,000 100,000 

3.1.4 Exhaust system for cyolo-pentane 2 50,000 100,000 
a) exhaust system for fixtures (plugs and jigs) 
b) exhaust system for the wet pl.VI of the door plant 
c) exhaust system for the wet part of 1he cabinet plant 

3.1.5 Fre protection system 2 30,000 60,000 

3.1.6 ~g, oommissioning and stat-up 1 100,000 100,000 

3.1.7 Certification of the plan! refiabilily and safety (such as TUV certificate) 1 50,000 50,000 

3.1.8 Training of the staff 1 20,000 20,000 

SUb-lDtal for Hennecke foaming equipment 730,000 
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Item Description of ootivity Qty 
Un~ Price, 

Total, US$ US$ 

3.2 Foaming installation de$igned and constructed by Afros CANNON, Italy (The 
schematic drawing of !he machine is given in Annex 4b) 

3.2.1 Premixing unit •Multi-Easy Frott,• (2 unit for 2 foaming machines located in different 2 100,000 200,000 
factories) 

3.2.2 Relrofilling unit PENTA MODULE 100 (2 units for !he 2 foaming machines) 2 82,000 164,000 

32.3 Safety package including exhaust system, cyclo-peolane sensors, fire protection 2 155,000 310,000 
system and !he safety cel'tificate (such as TUV) 

3.2.4 Engineering, construction and SlaJ:1-IIP 2 30,000 60,000 

Sub-total for Afros Cannon foaming equipment 734,000 

3.3 storage facility for cyclo;:,entane 

3.3.1 Cenlralized storage facility for cyclo-pentane for Facillries I and II (tank, 30 m' 1 70,000 70,000 
capacity, including all piping and nilrogen pressurization) 

3.3.2 Pumping system to load and unload 1he tanker truck and storage tank, including 1 10,000 10,000 
transport cylinders (for F acmes I and IQ 

3.3.3 Cyclo-pentane tank for F acfOly Ill ( 10 m' oapacily, including piping, nilrogen 1 50,000 50,000 
pressurization and pumping sel-ups) 

Total for o-pentane sklrage facility 130,000 

3.4 Jigs and fix1lJres for tial production (one set of cabinet and door jigs and fixtures for 1 120,000 120,000 
onemodeij 

3.5 Redesign of jigs and fixlllres for doors end cabinets ( 48 sels, at US$ 5,000/s&Q 48 5,000 240,000 

3.6 Training of 1he staff of 1he Une plants (3 technicians for 15 days. ar ticket etc.) 3 10,000 30,000 

Totalo!STEP3 1,984,000 

International oonsulling serw:es 50,000 

GRAND TOTAL 3,999,000 
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Annex2 

Work plan for the conversion of the refrigerant CFC· 12 TO Isobutane and of the foam blowing 
agent CFC-11 to Cyclo-pentane 

# Activity 
Second year Third year 

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

1 Preparation of detailed work plan 

2 Initial training of the management 

3 Redesign of the first models 

4 Prototype testing 

5 Selection of equipment 

6 Purchase, installation and commissioning 

7 Trial production 

8 Reliability t85t 

9 Final redefinition of models 

10 Full conversion of production facilities and 
slllrt of mass manufacture of all models 
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Annex3 

Calculation of unit abatement cost 

Unit Total amount Share of MF 

A ODS phase out 

A1 Average use of CFC-11 and CFC-12 per year MT 360.0 

A2 ODP of CFC-11 and CFC-12 1.0 

A3 ODP weighted CFC-11 and CFC-12 phase out (A1l<A2) MT 360.0 

M TotalODP weighted pha$e out MT 360.0 

B Annualized capital cost 

B1 Total investment cost including 10% contingency US$ 4,398,900 4,398,900 

B2 Equipment life years 10 10 

83 Discount rate % 10 10 

B4 /(11!1ualized capital cost {B1.x0.1627) .. • I US$ ' ;j~1~.1c91 715,701 
; '' 

.; . 

C ..... . ~nuaUncrem,ntal cost 
.. ti$$ ,1~20 951,210 .. t::::= 

D Unit Abatement cost 

D1 Annualized capital cost per kg of ODS eliminated US$/kg 1.99 1.99 
{B4/(A4x1000}) 

D2 Annual incremental recurrent cost per kg of ODS US$/kg 528 2.64 
eliminated (C/(A4x 1000)} 

03 .••... ·, li!'1it abatement cost (D1+D2) US$1kg . ··;;, 7'.27 4.63 
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Annex4.a 

Schematic flow diagramme of the foam blowing equipment designed by Liebherr, Germany 
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Annex4.b 

Schematic flow diagramme of the foaming machine delivered by Afros Cannon, Italy 

Flow Dia gramme of CP Foaming Installation 
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Annex 5 

Flow diagramme showing the specific equipment needed to charge refrigerators and freezers with 
isobutane on the assembly line 

REFRIGERATOR OR FREEZER ASSEMBLY LINE 

legend: 

VENTILATED ANO 
PROTECTED AREA 

1,2,3 Vacuum pumps and vacuum testing units, II Helium charging unit. 
5 Helium leal: detector, 6 Helium recovery unit, 6a Helium tanl:, 
7 High tension testing equipment 8 Combined vacuum pump and 
isobutane charging unit 9 Ultra-high frequency welding unit 
10 lsobutane leak testing unit 
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Annex6 

Information package on Hangzhou Xiling Holding Co. 

The following selected data were collected from a questionnaire prepared by UNIDO and mailed 
to the Hangzhou company before the formulation mission. The answers were discussed and verified 
during the formulation mission. 

Ouesl!c-n An,_ 

1 Which type ofprodicts are manutactu.red? Hooseh<ld refrigeration and rommerc•ll remgeralion 

2 How many J)el:!lle are employed') 850 in manvfaciuring, 50 in service shq:)s 

3 What~ the inslalled capacrty? 500,001 uru1s anntJa!ly 

4 Ac!ual produclion 1993 360.000 units: 100-4 480,000 units 

5 Company's market share? aw,oxima!ely 7 % 

6 Percemage of the total prodiction manufactured fur fhe 10,000 units 
export? 

7 Produc1Jon target for the year ';ff.1J> 800,000 uni1s 

8 Quantity of refrigerant used annually? 1994: 400 MT R11, 00 MT R12 

9 Is the proruciion under IICef\Ce? ~ Haosgerae!e GmbH, Ge!many 

10 For how lllll!l'/ Y""I' has the oompan;, been on the market? more then 20 years 

11 Hes any othem!rigerant lhan R 12 been used? R500 !WO )'EOlS ago 

12 ~ martt alhances have been made smce 1980? appo,xima!ely 1,001,00l uruts 

13 How man-, prodJctioo fines are: in ~liori? 4 

14 Averag,. ago of lhe prowctioll Imes? 6yea,s 

15 How many dfferent models are made? 6 refrigerafor models, 3 ~..,., models. 1 no-frost hezer model 

16 Has there been any •~• cha<ge reoo:tion cl no 
r~ 

17 Ar•-marwfactured lo<aliy or ,mported? 30% kx:ally, 611 ... -..,icallf. 5% im!)ol1ed --Japan) 

18 Componen1 clean"- requirements? Blowing ni1"'1gen throughp,pes, closedpipeoods 

19 How great m the percentage of app;,a.- whi<:h do not 2% 
pass the final funcliooality les!'I 

20 Which test faciities are availrbte? Climatic-. capacity measuring ~I. """'9Y consumption measuring _,,en, 

21 Extreme <lesigrt temperatures? -18 oC138 oC ambient temperature 

22 WhiGII 1)1)<, of sta!ldards are ,wied for performance ISO and na6onal standards 
testing? 

23 - is se,vice perionned? One servrce shop in the-· 300 -•t,Jp$ outside 
24 life e,pectancy of the applia"""? 10yea,s 

25 How much refrigerant $ used fo< seMcing 180 kg per year 

26 Which types of systems are _iced by !he shops? Ev«y1!tiog 

27 Are~ brought lo lhe Soop$ by 1he <:US!omers? yes, mostly 

28 Quatification of semce shop man? Experience and tr1lioing ooce wery year 

29 Is legal ,eq.;irements necessary lo run a repair shop? Not ye!, but will become -
30 How many vacuum pumps are operaledi' ,12 vacuum pumps, and 2 machines designed by Liebherr 

31 Degree or <iyrles> inside the relrigef!ll!On cycle? 130mgwarer 

32 Vacuum pressure achieved wilhm the cycle? 13Pa 

33 Whal is the time the vacuum IS hold wilhin the cycle? 25 min with vacwm pumps, 1 5 min with llebhetT ~t 

34 How many leek detectors are available 6 

35 Type of leak lest equipmenl? 5 Lie!:lllerr made units, 1 Chma made un,ts (19'33/ C0-100l) 

36 Numbef of chatgmg stations 5 .. 1, two from liebhen, ooe Japaflese mcx.lel 

file=xifing_ 1.205 idate--12-09 -=2.s I retea-95-05-29 
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Annex 7.a 

Calculation of cost of safety system 

tt<mno 
Hem llC00f<ing to Description of activity Total, US$ 

Annex 1 

1 1.1; 1.2 Analysis and redesign ol 6 refrigerator models (difference to HCFC-134a 350,000 
refrigerator design) 

2 2.12 lsobutane charging station (difference to HCFC-134a charging station) 115,000 

3 2.1.4 Safety system, including ventilation system 60,000 

4 2.1.5 Ultrasonic welding equipment 40,000 

5 2.1.6 Heuum leak detection and recovery 97,000 

6 2.1.7 Safety training of the staff 10,000 

7 22 Appropriate cost for assembly line II 322,000 

8 2.3 Appropriate cost for assembly fine Ill 257,000 

9 2.4 Appropriate cost for assembly line IV 257,000 

10 2.5 Storage tank for isobulane 50,000 

11 3.1.1 Modification of the foaming installation for cabinets 200,000 

12 3.1.2 Modification of the foaming installation for doors 100,000 

13 3.1.3 C-pentane detection system 100,000 

14 3.1.4 Exhaust system for cycl0-J)8ntane 100,000 

15 3.1.5 Fire protection system 60,000 

16 3.1.6 Certification of the plant reliability 50,000 

17 3.2.1 Premixing installations "Multi-Easy Froth' 200,000 

18 3.2.2 Retrofitting units: PENTA MODULE 100 164,000 

19 3.2.3 Safety packages 310,000 

20 3.3 Storage facility for cyclo-pentane 130,000 

21 3.6 Training of the staff 30,000 

TOTAL EXPENDITURE FOR SAFETY 3,002,000 

-.ng_1.205ldate=94-12-09 vers1on=2.s1..iease--95-05-29 



CHINA: HANGZHOU XILING REFRIGERATOR FACTORY CONVERSION. 25 

AnneX7.b 

Calculation of unit abatement cost excluding safety systems 

' Untt Total amount Share of MF 

A ODS phase out 

A1 Average use of CFC-11 and CFC-12 per year MT 360.0 

A2 OOP of CFC-11 and CFC-12 1.0 

A3 ODP weighted CFC-11 and CFC-12 phase out (A 1 xA2) MT 360.0 

A4· Total ODJ> weighted phase out 
. . 

MT 360.0 

B Annualized capital cost 

B1 Total investment cost US$ 4,396,900 1,396,900 
Cost of safety system (re: Annex 7.a) -3,002,000 

Investment cost without safety system 1,396,900 

B2 Equipment life years 10 10 

B3 Discount rate % 10 10 

i:: . ~nualiZed capital cost (B1xG.1627;} • . •. . ·< .. OS$ ut,21i1 ~.276 • . . .. i .--- ,---.,. ·." .. 
,AnnQlll'lnmmental cost . .• OS$ 1,902;421! 11\1.,210 """ - __ ::":: _, : -_;:,:-;,_:,--

• •• 
D Untt Abatement cost 

01 Annualized capttal cost per kg of ODS eliminated US$/kg 0.63 0.63 
(B4/(A4x1000)) 

02 Annual incremental recurrent cost per kg of ODS US$/kg 5.28 2.64 
eliminated (C/(A4x 1000)) 

o~,:- Unitabatllment cost(DHD2) ·•• ... ,,- "' 
US$1kg 4,43 it . ( <i\ 2.50 -_. X. _: .• _.. 

file=lciling_ 1.205idate=94-12-09 version=2.5lre!ease=95-05-29 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

CHlNA ODS PHASE OUT PROJECT 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR (1994): 

PROJECT IMP ACT: 

PROJECT DURATION: 

PROJECT COST: 

PROPOSED OTF GRANT: 

COST EFFECTIVENESS (CE): 

IMPLEMENTING ENTERPRlSE: 

COORDINATING AGENCY: 

IMPLEMENTING AGENCY: 

PROJECT COVER SHEET 

The People's Republic of Chica 

Automobile Air Conditioner (MAC) Compressor Factolj' Production 
Convemonfrom CFC-12 to HFC-l34a MAC Compressor 

Automobile Air Conditioning (MAC) 

1,278 MT ODP (1,278 MT CFC-12) 

Phase out 361 MT ODP per year from 1996 to 1999 
(including complementary SAAC project) 

18 months 

Incremental Investment Cost 
15% Contingency: 
lncremental Operating Cost: 
Less: scrap value 
Net incremental investmt cost 
3% Financial Agency 
Proposed OTF grant 

USS 961,000 

US$ 858,600 
USS 128,800 

0 
( 54,000) 
US$ 933,000 

28.000 
USS 961,000 

Unit Abatement Cost: USS5.29/kg/Year 
Grant Effectiveness: US$7.13/kg 

Shanghai Ek Chor General Machine,y Co. Ltd. (Ek Chor) 

National Environmental Protection Agency (NEPA) 

The World Bank 

PROJECT SUMMA.RY 

This project will, together with Shanghai Automobile Air Conditioning Factory's heat eicchanger production 
convemon project, eliminate 361 MT ODP per year (361 MT CFC-12) in China. The existing CFC-12 MAC 
compressor production line will be replaced by HFC-134a MAC compressors production. This requires 
compressor redesign and additional production equipment for the factory. This project, part of China's MAC 
sector's strategy to cease CFC-12 use in new equipment by 2,005, may act as a demonstration project for other 
MACS producers in China. 

Technical Assessment: The project has been reviewed and supported by the OORG technical reviewer, Mr. Bob 
Proctor. His comments are attached. A review of the technical competence of the enterprise will be carried out 
during appraisal of the project. 
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PROJECT OBJECTIVE 

The objective of this project is to convert the factory's production of CFC-12 automobile air conditioner compressor 
to HFC-134a MAC compressor, and thereby, together with Shanghai Automobile Air Conditioner Factory. phase 
out 361 MI' of CFC-12 consumption per year as part of the overall country ODS phase out strategy. 

SECTOR BACKGROUND 

The development of China's MACS industry started in the late S0's, rather later than elsewhere. China's current 
production is less than l % of MACS production worldwide. Since China is the World's most populous country 
with over 1.1 billion inhabitants and living standards are rising fast, the potential MACS market is huge. Recent 
expansion of MACS production has reflected this. 1992 MACS production was only 180,000 units, but rose to 
265,000 units by 1994. Toe total national ownership of MACS systems by end 1994 was estimated at l.49 million 
and the total annual CFC-12 use (for service and new system charge) was about 1,278 tones. 1995 production of 
MACS equipped vehicles is estimated at 265,000 . CFC-12 usage associated with this is 1,510 tones. 

China plans to cease production of CFC-12 based MACS and completely phaseout use of CFC-12 in the sector by 
2005. This strategy is described in the China Country Program. Table 1 below gives the statistics and prediction of 
China's CFCs consumption associated with MACs ownership and production from 1991 to 2005. 

In 1994, 392 tones of CFC-12 were used for the initial charge of MACS and 886 tones for service. 140,000 of the 
265,000 total MACS made in 1994 were manufactured by Ek Chor. Annual amount of CFC-12 used as for 
charging new MACS using Ek Chot's compressors was 168 tones. 

Table 1: Statistics and Prediction of China's MAC Production, Ownership and CFCs Consumption 
From 1991 • 2005 

(1,000 Vehicle) 

•• ' ·18'.ij]~¾fif1~:.:·WN&t~it1AUtdmobile···i~li}nW.~tt#:t~%i~lt:: ··,~-::;:;:~:Mtr·.,:fMAC • • CFCs Consumption lMTI 
Year Ownershin Production Imoort Retired Ownership Production New MAC Service TOW 
1991 8,000 710 98 500 100 180 320 500 
1992 6.920 1.060 211 760 180 296 477 773 
1993 8,120 1,300 314 1,110 230 356 676 1,032 
1994 9,540 1,340 283 250 1490 270 392 886 1.278 
1995 11.150 1,610 300 300 1.920 265 342 1168 1.510 
1996 12.940 1,840 350 400 2,410 320 413 1,479 1,892 
1997 14,900 2,110 400 600 3,110 480 634 1857 2,491 
1998 17.150 2,400 450 800 3,820 650 858 2.276 
1999 19.000 2,700 500 1,000 4,850 820 1,102 2,862 
2000 20.000 3.000 500 2.000 5.950 1,110 1.497 3,506 
2005 9,500 1,680 2,288 5,584 

INTEGRATED SECTOR APPROACH TO PHASEOUT 

Four projects are being submitted that will between them phaseout 70 percent of the CF-12 used in new MACS in 
China. All these are based on lhe adoption of HFC-134a to replace CFC-12. They are EK Chor (MACS 
compressor}, Shanghai Auto Air Conditioner Corporation (condenser), Guangzhou Haohua (compressor) and 
Yueyang Hengli (bus MACS and auto MACS condensers). These are two fundamentally different approaches 

3,134 
3.964 
5,003 
7,872 
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involved in the Chinese approach to conversion of the automotive MACS industry. Both are based on the need to 
produce HFC-134a MACS with an equivalent performance in -terms of capacity and efficiency as the CFC-12 
MACS currently produced. They are not the result of customer demands, but the minimum essential features to 
convert to HFC-134a MACS system. 

(a) The performance and efficiency should be equivalent to the current CFC-12 systems 

(b) The external dimensions of automotive MACS condensers should be no greater than those 
currently supplied. This is because of the limited space available for installation in a car's 
engine compartment. Use of a larger condenser would involve re-<lesign by the vehicle 
manufacturer who would probably source his condensers elsewhere if his existing supplier could 
not meet this requirement. This involves the practicalities of installing a MACS in a given 
vehicle. It is not a customer requirement for an enhanced product. 

EK Chor lll.1llre compressors that are used exclusively by Shanghai Santana on VW and Audi 
cars. Santana source their condensers from SAAC and Yueyang. Some are of the serpentine 
type (from SAAC) and some are still of the finned copper tube variety (from Yueyang). Haohua 
supplies a number of different customers in Southern China who buy their condensers from a 
variety of sources. 

Both Haohua and EK Chor are licensees of the Sanden Corporation of Japan and currently 
produce the same 5 cylinder CFC-12 compressors. EK Chor have not been able to conclude a 
deal to purchase new HFC·134a compressor technology from Sanden, despite trying. Haobua 
has been in production only since 1993 (and who retain close links with Sanden) have been able 
to conclude a technology transfer deal. This technology is for Sanden's new 7 cylinder HFC-
134a designs developed from their CFC-12 compressor which Sanden considers obsolete. 
Haohua's project is thus based on the purchase of manufacturing rights for Sanden'• new 
compressor range. 

EK Chor have been in the MACS business since 1991, and unlike Haohua are well equipped 
with world class test facilities and excellent development engineers. Their approach is to 
modify the existing Sanden 5 cylinder CFC-12 compressor for use with HFC-134a. Because the 
compressor swept volume remains lhe same, systems using this compressor must be equipped 
with larger capacity condensers to offset the loss of system performance experienced when a 
CFC-12 system is directly retrofitted with HFC-134a. EK Chor compressors are supplied 
exclusively to Shanghai Volkswagen who source their condensers from SAAC. Thus, the SAAC 
project involves production of increased capacity condensers to matcli EK Cbor's compressors. 
These two components are necessary in order to produce a MACS with equivalent capacity and 
efficiency to their present CFC-12 MACS. 

All projects are being optimized in regard to technology source and costs, use of local 
technology and equipment where appropriate and reuse of existing equipment wherever 
technically feasible. Components that (might) relate to product upgrade and/or capacity 
expansion are being funded by the enterprises. This overall approach to the MAC sector will 
result in the lowest cost of transforming China's MAC sector to use of HFC 134a and represents 
the lowest possible request for assistance from the Multilateral Fund. 

ENTERPRISE BACKGROUND 
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ENTERPRISE BACKGROUND 

Shanghai Ek Chor General Machinery Co. Ltd. (Ek Chor} is belongs to the Shanghai Municipal Automobile 
IndusUy Corporation. Ek Chor introduced Sanden MAC compressor technology and equipment in 1991 with a 
production capacity of 200,000 units per year. Actual production of MAC compressor in 1993 was 140,000 units 
which accounts 61 ¾ of the national total MAC production. Ek Chor's products are mainly supplied to Shanghai 
Santana Automobile Factory, Beijing Cherokee, Changchun Audi 100, Jetta and other small and !llediurn sized 
vehicle producers. 

There are 310 staff at Ek Chor, including 16 senior engineers and graduate 34 engineers. Total factory area of Ek 
Chor production workshop and office building is 25,000 m1 which accommodate the following 5 separate 
production lines: MAC Compressor machining line, Clutch Machining line, MAC Compressor Assembly line, 
Clutch Assembly and General Assembly. There are several administrative departments at Ek Chor: Product R & D 
Dept, Manufacturing Dept, Production Planning Dept, Quality Control Dept., Chief Engineer's Office, 
Accounting Dept., Marketing Dept., etc. Currently, the factory produces MAC compressor, together with 
Shanghai Automobile Air Conditioner Co. Ltd. (SAAC} has charged 168 tons of CFC-12 in 1994, or 42.9 % of 
sector's total consumption for new MAC CFC-12 use in China. 

Existing compressors are produced according to international standards as prescribed by the Sanden Corporation.. 
Quality control is carried out by the Shanghai Municipal Auto Industry Corporation. Ek Chor produces only for the 
domestic Chinese market. Local ownership fraction is 50 percent, with the remaining 50% being owned by Thai 
partners. The enterprise is thus 100¾ owned by parties from Article 5 countries and should be eligible for 100% 
funding from the Multilateral Fund. 

PROJECT DESCRIPTION 

The project involves: 

l} Modification of existing Sanden designed compressor for use with HFC-134a. 

2} Import key HFC-134a MAC-compressor manufacruring equipment and instrument, retooling the present 
facilities and equipment and convert SD-5 CFC-12 MAC compressor production line with the annual 
capacity of 200,000 Units (double shift) to production of the modified HFC-134a compressor. Production 
capacity y,iJl be unchanged. 

3} The complete elimination of 16.5 MT of ODS cleaning agent of trichloroethane by employing aqueous 
based component cleaning technology 

4) Training 

Two types of training is involved, namely: 

i} Instruction in operation and maintenance of new machinery - 45 mandays of foreign engineers 
on site (USSS0,000) 

ii) Overseas training.• 75 mandays of Ek Chor staff'. 

The former (i} is required to ensure that introduction of the new machinery is as trouble-free as possible. 
This item covers installation and commissioning of new equipment in addition to instruction of SEGM's 
operatives. 
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The allowance made for (ii) recognizes the fact that Ek Chor are re-designing the compressor themselves 
and will need to be able to seek information and engineering support from overseas sources. MACS 
compressor technology has been imported into China and mastered to some degree by Chinese companies 
like EK Chor. However the real centres of expertise are abroad. This project is thought to be within the 
technical competence of EK Chor. The opportunity to consult with overseas experts will be an important 
factor in successful implementation. 

During the first year of project implementation, Ek Chor will reduce the present CFC-12 SD-5 MAC compressor 
production and associated CFC-12 consumption by 50%. Complete elimination of CFC based production will be 
achieved 18 months later on project completion. 

Note: Compressors will be produced according to relevant SAE/ISO standards. They will be equipped with 
couplings compatible with HFC-134a charging hoses to prevent use of CFC-12 in the MACS on whieh they are 
used. 

JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION 

HFC-l34a based technology has been selected for the following reasons: 

1) Because of its good thermodynamic properties, zero ODP and non-flammability, HFC-134a has been 
recognized worldwide as the most appropriate replacement for CFC-12 in Automobile Air Conditioning 
systems. 

2) The production technology for HFC-134a MACS is already well developed in industrial countries. 

3) Supplies of domestically produced HFC-134a should be available in China from 1998. 

TECHNOLOGY SOURCES AND AVAILABILITY 

The existing Sanden MAC compressor production line was purchased from Sanden (Japan) in 1990. SEGM have 
not succeeded in reaching an agreement with Sanden for a license to produce Sanden's new HFC-134a compressQr 
design for a reasonable cost Thus the enterprise has decided to modify Sanden's CFC-12 design for HFC-134a use. 
The tools and equipment which constitute the bulk of the investment cost of this project are concerned with 
production of this modified design. 

The design modifications involved are considered to be within the technical competence of EK Chor. 

Since the new compressor will have the same swept volume as the old CFC-12 compressor, it must be used in 
conjunction with a larger capacity condenser in order that the final system has the same capacity as the existing 
CFC-12 MACS. These will be provide by the Shanghai Air Conditioner Corporation (SAAC) and Yuuyang who 
are presenting associated projects to produce higher capacity Multiflow condensers. EK Chor sell all their 
compressors to customers who source all their condensers from SAAC. EK Cher's customers have pronounced 
themselves satisfied with this approach to producing HFC-134a MACS. 

PROJECT COSTS 

The total project cost of US$5,166,700 equals the ODS reduction portion of the overall project {investment cost 
plus net incremental operating cost less salvage value of redundant equipment). This project will not provide Ek 
Chor with any incremental revenues, but will result in incremental operating costs. (However, a portion of 
investment cost, plus incremental operating costs will be funded by the enterprise). 
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Incremental investment cost ofUS$987,400 {including 15% contingency) is for purchase of additional equipment 
needed for the conversion of production to replace the present standard Sanden CFC-12 SD-5 MAC compressor 
"ith the version modified for HFC-134a use. A considerable amount of existing equipment will be re-used for the 
new production. Ek Chor is a Sino-Thai joint venture and thus should be eligible for 100% funding from the 
Multilateral Fund. 

A significant amount of existing production equipment mil be re-used on the new production. The original 
purchase cost of this equipment detailed in Annex 6 was US$ 36,784,500. 

Net incremental Operating Cost of US$952,000 p.a. at full output comprises increased component and material 
costs associated with production of the new design. The compressor body is of special alloy; HFC-134a compau"ble 
seal material and lubricant are mor expensive and higher system pressure dilferences mean that re-enforced 
bearings have to be employed. These costs are partly offset by a saving made by the use of an improved casting 
technique. Annex 3, Table l gives details of these costs. The Incremental Operating Costs for the project based 
on a 4 year project life are US$2,843,500. However funding for Incremental Operating Costs is not being 
requested. 

Salvage value of the replaced existing equipment is $54,400 

Requested Funding The proposed grant for Ek Chor is US$96l,000 and was c:alculated as follows: 15% 
contingency was added to the incremental investment cost and the salvage value deducted from that. A financial 
agent fee of 3% was added to the resulting figure to give the grant amount requested from the Multilateral Fund. 

PROJECT IMPLEMENTATION: 

-~·•· Bit .. , . 
: ''Ii(I 2';~: 
Negotiate X X 
Order 
Order 
F..auio. 
Initial 
Dcsion 
Inst. 
Desim 
Order 
Domestic 
F,-uio. 
Install. & 
Trainin~ 
Trial Run 

Management: 

. ..... .tnontbsY _.., • . ·:, i . 
3·\' ·4'. S. 6".> 7!" B·· . ·9 • "10•: ·11. ll 13 14 15 16': '17 
X 

X X 

X X X 

X X X X 

X X X 

X X X X X X X X X X 

X 

Auto Industry Dept. of Ministry of Machine Industry will o,·ersee the successful 
implementation of the project. The project will be implemented at Shanghai Ek 
Chor General Machlne,y Co. Ltd. (Ek Chor). 

11 
18:W. 

X 
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Project Director: 
Project Manager: 
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Mr. Dong Rongyong, General Manager of Ek Chor. 
Mr. Qin Kecheng. Deputy Chief Engineer of Ek Chor. 

June 6, 1995 

ENVIRONMENTAL CONSIDERATIONS 

An environmental assessment is carried out by Shanghai Municipal Environmental Protection Bureau (EPB). The 
project will meet standards and regulations stipulated by the Shanghai EPB. No new pollutants will be generated 
from the production. 

PROCUREMENT: 

Imported and domestic equipment needed are shown in Table l of Annex I. Contracts will be awarded after 
evaluation and comparison of quotations solicited from at least 3 qualified suppliers. The choice of procurement 
agency will be discussed and selected after appraisal. 

REQUIRED REGULATORY ACTIONS 

A preferential duty making HFC-134a at least as cheap as CFC-12 is required for as Jong as CFC-12 is available, 
since CFC-12 can be used in HFC-l34a MACS actually \\ith a slightly improved performance. 

PROJECT RESULTS 

Direct Project Impact: 

Indirect Project Impact: 

After completion in 1996, this project mil over 4 years from 1996 - 1999, 
eliminate an average of361 Tones ofCFC-12 p.a.(361 Tones ODP). 

Since IOC's are not being requested, the effect on product price is 
unpredictable. Implementation of this project is not expected to create any 
workforce redundancies. This may serve as a demonstration project to other 
enterprises. 
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Table 1: Cost Breakdown of Equipmeot required for 
Production of the Modified HFC-134a Compressor {USS) 

>.,.-
~-:?~:--,:;:·:;. Cciiliiliineots: Ji•)Hf ~ '-.-: ;::~ Otv·· 

Piston rine: inserter 1 
Compressor Piston Jannine: machine l 
Assembly HFC-l34a charoine: machine 1 

HFC-134a leak sniffer 
P AG oil chargine: machine l 

Clutch assemblv Press for rotor bearine: l 
Clutch Drawin11: die for rine: 

Machining Blankine: die 
Ji11: for rotor 

Swash Jie: for oress assembling 
Plate & shaft Die casting die 

Jie: for fonnine: oil wavs 
Front Housing Front housine: iie: 

Castin2 die 
ODS free cleaning Replace trichloroethane by using aqueous based 
solution <vstem 

Weldine: furnace for aluminum bodv 
Receiver Dryer Dies for aluminum bodv: Blanking die 

Equipment & Housing Dies for aluminum hntlv Drawin2 die 
Jie: for aluminum bodv 

Instln & debug from foreign eqmt.supplier: 4 men 
Technical X 25 day/man X $500/man.day 

Training 
Overseas training: 5men x 15man/day x 
Sl50/man.dav 
International travel fare for Ek Chor staff: 5 men x 
$2,000 
Subtotal: (rounded) 
Contine:encv (15%) (rounded) 

Total (rounded) 

June 6, 1995 

ANNEX I 

Total cost! •·•·Remarksi/l: 
29 200 Imnnrted 
99,600 Imnnrted 
75.000 Imnnrted 
1.000 Imnorted 
93,200 lmnnrted 
22,500 Imnnrted 
11.000 China 
2.000 China 
2,700 China 
700 China 

3,000 China 
800 China 

1,500 China 
3.100 China 

200,000 

160.000 
25,000 
42,000 
15.000 
50,000 

. 

11,250 

10,000 

858,600 
128.800 
987.400 
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Table l: Cost Breakdown of Equipment required for 
Production of the Modified HFC-134a Compressor (USS) 

Self Financed by Ek Chor 

June 6, 1995 

ANNEX! 

ijftmttCOffifiO'DeiitS:Mt*!f~t; :'.t:t~~tt,%i~t¥t~~~iffiflti6ht@tif&iit~~i1iil~~ {~Ot~u rTfltal :f81itj} Hlteiiifiatt 
castint: dies (3 set) l 435.000 Tmnnrted 

Cylinder block Pressure castine machine (700 MT\ 1 635,900 Imnnrted 
Die casting Equipment Honint: stone 20 76.300 Imnorted 

Jiit & tool for cvlinder block & housinit 2.000 China 
HFC-134a Rllcoveiv/recvc1ing Machine l 59,000 
Subtotal: • - 1~208.800 
Contin""'n'°" US%) (rounded) 181,400 
Total: 1.390.100 
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ANNEX2 

Table 1: Scrap Value or the Equipment to be Replaced 

~~,,rtllt1\t~ilt~:r m[:~~l1ifl&: );f~l:i~:;-it NPV(S)t. 
-~'.::!If~\ti:~f(ff_: .~~:'~~i.:.~i!f :;\ii!, ~~:i~~~l~i¾t~~ 

Piston rin£ inserter l set 12/21/1988 2,140.000 5.136 500 1.200 
Piston Lannin£ Machine l set 12/21/1988 7,300,000 17.520 800 3.500 
CFC-12 char"" machine 1 set 12/21/1988 6 823.000 16,375 800 3,300 
CFC-12 unit l set 12/21/1988 4 376000 10 500 500 2.500 
Oil chare:e machine l set 12/21/1988 6,823,000 17.520 500 3,500 
Press for Rotor Bearing l set 12/21/1988 1,645,000 3.969 300 800 
Die castin£ machine I set 12121/1988 43,423,000 104,215 1,500 18,000 
Castine: dies 3 set 12/21/1988 31.884 000 76,521 1,500 15,000 
Honin£ stone No.230 5 set 12/21/1988 280,000 672 200 200 
Honing stone No.500 5 set 12/2111988 280,000 672 200 200 
Drawing die for 1 set 12121/1988 3,228,000 7,747 1,000 3,500 
rin!!IEC-130 
Drawing die for l set 12/21/1988 3,228,000 7,747 1,000 3,500 
rinufRC-132 
Component washing 1 set 12/21/1988 13,394,000 32,145 1,000 6,000 
machine 
Deereaser l set 12/21/1988 4,980.000 11,925 1.000 4.000 
Sub total: 312,664 10,800 65.200 
Total scrap value of redundant equipment: Scrap value minus dismantle 65,200 • 10,800 = 54,400 
cost: 

Note: The present value of the equipment has been depreciated for 7 years. 
The scrap value of redundant equipment is deducted from funding request of the enterprise. 
The original equipment cost was calculated at a US Dollar/Yen rate of 125 Y = SUSI 
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ANNEX 3 

Table 1: Incremental Operating Cost After Conversion (USS) 

:1r4&1fi~½~~:1~i~;~~~ill~11~t1 f~;;E;~;;~::.r~1fZ,~;j\;l:f:,: ,,,~~lU:~~~11111~1 

Description Material used Unit Material Unit Price 
Price Used 

Lubricant Mineral oil 0.03 s thetic oil 0.28 
Sealant NBR 0.77 HNBR 1.60 

Standard 10.35 13.75 
7.S 

0 

Incremental Operating Costs (based on 50 % production in 1996) are shown below: 

1996 $476,000 
1997 $952,000 
1998 $952,000 
1999 $952,000 

SUS 2,843,500 Discounted at 10% 

~~:~t:litli:St~~;~ 
0.25 
0.85 
3.4 
4.9 

-2.6 
6.8 
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ANNEX4 

BREAKDOWN OF PROJECT COST AND FINANCING 

858,600 128,800 987 400 
1,208 800 181,400 1 390,200 
2 187 600 329 200 2 377 600 

Incremental Investment Funding Requested from Multilateru 858,600 128,800 987,400 
Fund 

uested from Fund 0 
Annex 2: Table 1 54 400 

933,000 
28,000 

961 000 

Note: MP funding is 40.16 % of incremental capital cost minus the salvage value of the redundant equipment 
No incremental operating costs are being claimed. 

Total Project Costs 

Total Investment Costs 
4 yr. Incremental Operation Costs 
Salvage Value Redundant Equip. 

Total 

US$ 2,377,600 
US$ 2,843,500 
(US$ 54,400) 

USS 5,166,700 
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Calculation of Unit Abatement Costs and Grant Effectiveness 

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

Where: 

A Unit Abatement Cost, Skg /GDP.year 

June 6, 1995 

ANNEX5 

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

F = 

oc = 

OS = 

Capital recove,y factor, the annualized capital cost charges, discounted at a standard rate of 10% per 
year over the economic life of the investment (F = 0.1627 for 10 years) 

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

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

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

The incremental operating cost in the first year of full operation of this project, together with SAA C's MAC 
condenser production conversion project, is $952,000 + 126,000 = $1,078,000 

The investment cost ofthls project, together with SAAC's MAC condenser production conversion project, is 
(including 15% contingency): 

USS 2,377,600 (Ek Chor)+ US$2,733,400 (SAAC) = S5,lll,0OO 

and the economic life is 15 years. Then: 

C(F) =$5,111,000 • 0.1627 = 831,560 

UAC= 
USS83 l,560 + (USSl,078,000 • 0) 

361,000 kg ODP 
= USSS.29/ kgODP.year 

Note:This calculation is based on total project costs. lfthe self financed portions are removed, the UAC falls to 
about US$3.06/ODP.Year. 

Grant Effectiveness = 
USS933,000 (Ek Chor)+ USSl,642,300 (SAAC) 

361,000 kg.GDP 
= USS 7.13/ kg ODP 
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ANNEX6 

Justification of Equipment 

Piston Ring Inserter 

The piston ring on the new compressor will be of a different type to accommodate the higher pressure differences 
in the HFC-134a compressor. 

Piston Lapping Machine 

The assembled pistons have to be lapped to the cylinder surface. The fact that piston and ring design is different 
makes a new piece of equipment necessary. 

HFC-134a Charging Machine 

The existing charging machine is used for product quality control and is not capable or economic modification. 

Oil Charging Machine 

Poly Alkyl Glycol (PAG) lubricant is used in place or mineral oil in MACS. This is acutely eygroscopic. 
Contamination with minute quantities of residual oil can have disastrous consequences. PAG oil is incompatible 
with some gasket and sealing material used on mineral oil charging machines. These are generally not capable of 
economic modification. 

A new P AG oil charging machine is therefore required. 

Casting Dies and Jigs and Tooling for Compressor Body 

These are required in connection with production of the modified body design. 

Honjng Stone 

New stones for honing the cylinder bores are required because of the change in material of the compressor bodies 

Press for Rotor Bearing 

The use of a reinforced bearing or different design to the original requires the use of a new machine to press fit the 
bearing into the rotor. 

Clutch Machining Tools 

New jigs and dies are required because of the re-<lesign of the clutch components. 

Swash Plate Tools 

These are required because of design modifications to the compressor. 
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Front Housing Tools 

These are required because of design modifications to the compressor. 

Receiver Drier Tools 

June 6, 1995 

The new drier body must be constructed from Aluminum in place of steel because of the corrosion problems 
associated with HFC-134a systems using PAG lubricant 

Brazing Furnace 

The aluminum construction of the new receiver drier requires the use of a brazing furnace in its manufacture. 

Aqueous based Component Cleaning Equjpment 

Existing equipment uses trichloroethane, an ODS. Component washing equipment must be completely replaced 
with an environmentally friendly aqueous based system 
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Table 1: List of Equipment to be Re-used by Ek Chor after Con,·ersion 

\;""- - ·~ .. 
• Original Valu.ec ~~~~;Ir ~l~~;~tMI::;~l; ... . 

•{ ····•· st i(JYY'·i•. >··/ • :,.-, -.,:.\;• ., 

l Piston swa!!intr machine, C-1-0206 11,704.000 3,611,200 7 vears 
2 Parts washintr machine. C-1-0239, 1 set 13.394.000 4,018.200 7.,.,,,,. 

3 Planet plate swalrlni: machine. C-1-0289 l set 12,461,000 3,738.300 7 vears 
4 Valve nlate assemblv machine. C-1-0292 I set 8,700,000 2.010.000 7,,...,. 

5 Toraue and dead centre measure machine C-l.0346 I set 10,216,000 3,084,800 ?vears 
6 f'vlinder head bolt tie:hten machine, C-1-0352 1 set 2,920,000 876,000 7 ..,..,.,.. 

7 U-nut tie:hten machine C-1-0471, 1 set 3,924 000 1,177.200 7vears 
8 Air 2a1> cbeckine: machine. C-1-0478 I set 5.729,000 1,718.700 7vears 
9 Sin!!le purnose machine, C-2-0597 2 sets 10,580,000 3,174,000 7vears 
10 4-=indle drilline: machine, C-2-0640 1 set 11,179,000 3,353,700 7 "'""'S 

11 6-rnindle drillinl!'. machine, C-2-0669 1 set 6,168,000 1,850,400 7vears 
12 Multi-mindle driller. C-2-0684 1 set 6 212,000 1,863,600 7 vear< 
13 2-<nindle hornine: machine, C-2-0743 1 set 20,456,000 6,136,800 7vears 
14 Imnre1m•tion =uiomenL C-2-0750 I set 23,845,000 7,159,600 7vears 
15 Preheat&. heat oven C-4-1904, I set 7,6S3,000 2,295.900 7 vear< 

16 NC Lathe rr C-20), C-5-0903, l set 23,089,000 6,926,700 7 VPO« 

17 NC Lathe IT C-15), C-S-09038, l set 24,000,000 7.200.000 7 v,,,-,.. 

18 Crank nress 150 ton, C-1-0471. C-5-0952, l set 15,320,000 4,596,000 7vears 
19 NC Lathe IT C-10). C-5-0965, l set 16.830,000 5.049,000 7 ..,..,. ... 

20 Knuckle ioint press 400 ton, C,o-1014, I set 29,609,000 8,882,700 7 ""'"' 
21 Calorie Meter, C-8-2258, I set 38,380,000 11,484,000 7,,_,s 

Total 302,369,000 
USS 36,784,500 

M,\Projects\ODSJIPSIEKCHO-MC.do< 
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COUNTRY OF ORIGIN: THE PEOPLE'S REPUBLIC OF CHINA 

PROJECT TITLE: AUTOMOBILE AIR CONDITIONER (MAC) COMPRESSOR 
FACTORY PRODUCTION CONVERSION FROM CFC-12 TO 
HFC-134a MAC COMPRESSOR. 

IMPLEMENTING ORGANIZATION: 
SHANGHAI EK CHOR GENERAL MACHINERY CO. 
LTD. (EK CHOR) 

SECTOR: AUTOMOBILE AIRCONDITIONING (MAC) 

RELATIONSHIP TO THE COUNTRY PROGRAM: 

This project proposal appears to be compatible with a total 
program focused at the elimination of the use of CFC-12 as a MAC 
refrigerant. 

TECHNOLOGY: 

The technology uses HFC-134-a as a refrigerant, which is 
considered the lowest technical risk and the most environmentally 
sound replacement available. The standards and specifications 
have been established and published by recognized international 
technical associations. 

The redesign of the compressor is a relatively high risk 
undertaking, but feasible. The general technology required when 
converting a compressor from CFC-12 to HFC-134a refrigerant is 
known but the task of implementing it is significant. 

ENVIRONMENTAL IMPACT: 

The reduction in CFC emissions projected in the proposal 
are reasonably attainable. 

Trychloroethane cleaning is replaced with an aqueous wash. 

PROJECT COSTS: 

The technical training costs are not within the OORG guide 
lines however they appear reasonable considering the undertaking 
and are less than typical license agreements. 

The other projected costs appear reasonable. 



Page 2 OF 2, Shanghai Ek Chor General Machinery Co. Ltd. (Ek 
Chor) proposal review. 

Recommendations: 

The reviewer recommends approval of this proposal with the 
acknowledgement that some costs do not meet the guide lines and 
the risk is higher than it would be if a licensing arrangement 
was used. 

The reviewer recol!llllends verification of the technical 
competence of the enterprise prior to launch of the project. 

OORG REVIEWER 

REVIEW DATE--------------------------------June 8, 1995 



Ozone Operations Resources Group 
(OORG) 

TECHNICAL REVIEW 

L Country of origin: 

2. Project title: 

Peoples Republic of Chlna. 

Phase out of TCA in each of four plants used for 
the manufacture of refrigerator parts. 

3. Sector Covered: Solvent uses in metal parts manufacture. 

Data not available. 3a ODS use in sector: 

4. Relationship to 
country programme 

Phase out of 37 tonnes of 1,1,1,TCA in four 
separate plants. 

5, Technology: 

a) 

b) 

c) 

The use of aqueous washing in place of trichloroetliane 
vapour degreasing is becoming the most popular technology 
change in this sector. It is environmentally sound and very 
safe. 

The technology is not transitional, as it does not 
depend upon a solvent or chemicals which might face 
future bans. 

Feasibility of transfer to the country concerned 

i) There is no formal technology transfer as the proje.ct 
is basically the delivery and installation of fow: aqueous 
parts cleaning lines. The supplier does propose 
assistance with installation and Start up supervision 
which must, by definition, include some training 

ii) There is no licensing agreement. 

iii) Consideration of other technologies is not 
described. The choice of technology, however, 1s 

logical for the type of production. 



iv) Complete data is not provided for this proposal, only 
the cost of the plant for each manufacturing centre. 
(Incremental operating costs and operating savings are 
not available.) Thus only an estimate of UAC can be 
given. Assuming that there would be a saving on 
solvent costs hut an increase in energy costs including 
drying the pans gives an approximate UAC of about 
$3. 7 per ODP Kg. 

6. Environmental Impact: 

(a) 

(b) 

The ODP of the substitute aqueous system is zero. 
There will however an increase in indirect GWP owing 
to the increase in energy consumption in all of the main 
process areas. 

There is no specific Health and Safety risk 
associated with aqueous cleaning systems. Normal • 
factory safety shouJd be applied. 

7. Project costs: 

(a) All the cost components identified in the project are 
essential to the conversion; it is not possible, with the 
information available, to determine whether the current 
production rate will be maintained. 

(b) None of the cost components would be expected to be present 
in the existing facility. The substitution of an aqueous 
cleaning system for a TCA vapour degreaser is a 
fundamental change requiring complete re-equipment. 

(c) Cost of equipment. 

(i) The base line costs are addressed properly. 

(ii) The decision to replace all of the existing equipment is 
consistent with the complete change in technology .. 

(iii) All the requests for equipment are consistent with 
the project plan. 

(iv) There is little opportunity for re-use of existing equipment. 



(v) The fate of any scrapped equipment is not described. 

(vi) NA. 

(vii) No information is provided concerning changes in production 
capacity, the proposal is confined to a description and 
specification for the aqueous cleaning systems alone. 

(d) Appropriateness of training and related costs, if any. 

e) 

There is a proposal from the supplier to provide start up training 
and operator instruction. 

Operating costs 

(i) Operating costs arc not included in the proposal. 

(ii) No information is provided concerning operating savings or 
energy savings. The project proposal is confined to the 
specification of the cleaning units alone. 

8. Implementation timeframe. 

The timeframe proposed is feasible. 

9. Recommendations 

(a) Approval as proposed. Q ill , 

OORG Technical reviewer: ..... B.H.Baxter ... ~~ 

Date Review completed: ... 6.6.95 ...................... . 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

CHINA ODS PHASE OUT PROJECT 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE 1N SECTOR (1994): 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT COST: 

PROPOSED OTF GRANT: 

COST EFFECTIVENESS (CE): 

IMPLEMENTING ENTERPRISE: 

COORDINATING AGENCY: 

IMPLEMENTING AGENCY: 

PRQ.JECTCOVERSHEET 

The People's Republic of China 

Automobile Air Conditioner (MAC) Factory Production Conversion from 
CFC-12 to HFC-l34a MAC System 

Automobile Air Conditioning (MAC) 

1,278 MT ODP (1,278 MI' CFC-12) 

Pbaseout434MI' ODP peryea.rfrom 1996 to 1999 
(Of which 274 MI' ODP depends on complementlUy Haohua Projed.) 

Two Years 

lncremental Investment Cost: 
Contingency: 
lncremental Operating Cost: 
Less: Salvage value 
Net lncremental Investment Cost: 
3% Financial Agency Fee 
Proposed OTF grant: 

USSl,821,000 

USS 1,601,800 
US$ 241,200 

0 
{ 81.000) 
USSl,768,000 

53,000 
USSl,821,000 

Unit Abatement Cost: US$3.38/Kg ODP/Year 
Grant Effectiveness: US$9 .17 /Kg ODP 

Yueyang Hengli Air Conditioning Equipment Co. Ltd., Hunan 

National Environmental Protection Agency (NEPA) 

The World Bank 

PROJECT SUMMARY 

This project will efuninate 434 MT ODP per year (218 MT CFC-12) in Chiaa. The CFC-12 MAC condenser and bus condenser 
& evaporator prnducticn line will be replaced by HFC-l 34a MAC condenser and bus condenser lines. Modification of 
compressor and •oodenser &; evapcratm: as well as additional imported equipment for the factory is required. Alter new 
production lines are completed,434 MT ofCFC-12 use can be eliminated annually. The project will be part of China's MAC 
industry sector's CFC-12 phase out trategyto cease CFC-12 use in new equipment by 2005. 

Technical Assenment: The project has been reviewed and supported by the OORG technical reviewer, Mr. Bob Prnctor. ffis 
comments are attaclM:d. Training eosts have been reduced in acrordance with OORG guidelines. 
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PROJECT OBJECTIVE: 

The objective oflhls project is to convert the factory's production ofCFC-12 bus Mobile Air Conditioning Systems (MACS) 
production (i.e. comprising compressor, condenser and evaporator) and MAC condenser to HFC-134a MACS, and thereby 
phase out 434 Mr of CFC-12 consumption per year from 1996 • 2000 as part of the counuy's overall ODS phase out 
suategy. 

SECTOR BACKGROUND 

The development of China's MACS indusuy started in the late SO's, ra1her later than elsewhere. China's cmrent production 
is less than 1 % of MACS production worldwide. Since China is the World's most populous COUllliy with over 1.1 billion 
inhabitants and living standards are rising fast. the potential MACS marl<et is huge. Recent expansion of MACS production 
has reflected lhls. 1992 MACS production was only 180,000 units, but rose to 270,000 units by 1994. The total national 
inventOiy of MACS systems by end 1994 was estimated at 1.49 million and the total annual CFC-12 use (for service and 
new system charge) was about l,27S tonnes. 1995 production of MACS equipped vehicles is estimated at 265,000. CFC-12 
usage associated with the MACS sector in 199S is estimated at 1,510 tonnes. 

China plans to cease production of CFC-12 based MACS and completely phaseout use of CFC-12 in the sector by 2005. This 
strategy is described in the China Count,y Program. 

In 1994, 392 tones ofCFC-12 were used for the initial charge ofMACS and 886 tonnes for service. 

About 2,000 bus MACS and 50,000 automobile MACS were manufactured by Yueyang Hengli and current consumption is 
139 tonnes. Auto MACS were assembled using compressors produced by Hao Hua of Guangzhou. Table 1 below gives 
estimated of China's MAC production, ownership, actual and estimated future unconstrained CFC-12 consumption: 

Table: Statist!c:s and Prediction of Cldaa's MAC Production and CFC-11 Consumption 1991- l00S 

.·• ·· ··· • · • Automobile • ,:.:. •<. ,· , <+MAC· -·: -: CFCs Coosumntlnn fM'IT 

Year Ownership .Procluctioll. • .• 
•·•l'.11~; 

lletired • .. ()wu~c. Production New • ...•.. Semce, Total,< 
.. .. •. •... ": ... -_ ·-:· .•• i• ., • ·•·· MAC··. . .. ·•• .. • .·.• .:.· 
1991 8000 710 98 500 100 180 320 500 
1992 6920 1 060 211 760 180 296 4TI m 
1993 8120 1.300 314 1 110 230 356 676 1 032 
1994 9 <YI\ 1340 283 250 1490 270 392 886 1,278 
1995 11150 1610 300 300 1920 265 342 1,168 1 510 
1996 12 940 1.840 350 400 2,410 320 413 1.479 1,892 
1997 14 900 2,110 400 600 3,110 480 634 1,857 2.491 
1998 17.150 2400 450 800 3.820 650 858 2.276 3,134 
1999 19,000 2.700 500 1,000 4.850 820 1,102 2.862 3.964 
2000 20.000 3,000 500 2.000 S.950 1.110 1.497 3.506 S.003 
2005 9.500 1.6&0 2.288 5,584 7.8?2 

INTEGRATED SECTOR APPROACH TO PHASEOUT 

Four projects are being submitted that will between them phaseout 70 percent of the CF-12 used in new MACS in China. 
All these are based on the adoption ofHFC·134a to replace CFC-12. They are EK Chor (MACS compressor), Shanghai 
Auto Air Conditioner Corporation (condenser), Guangzhou Haohua (compressor) and Yueyang Hengli (bus MACS and 
auto MACS condensers). These are two fundamentally different approaches involved in the Chinese approach to conversion 
of the automotive MACS indusuy. Both are based on the need to produce HFC-l34a MACS with an equivalent performance 



3 
ODS ill - YUEY ANG June 12, 1995 

in terms of capacity and efficiency as the CFC-12 MACS currently produced. They are not the result of customer demands, 
but the minimum essential features to convert to HFC-134a MACS system. 

(a) The pelformance and efficiency should be equivalent to the current CFC-12 systems 

(b) The external dimensions of automotive MACS condensers should be no greater than those currently 
supplied. This is because of the limited space available for installation in a car's engine companment 
Use of a larger condenser would involve re-<lesign by the vehicle manufacturer who would probably source 
bis condensers elsewhere if bis existing supplier could not meet this requirement This involves the 
practicalities of installing a MACS in a given vehicle. It is not a customer requirement for an ~-Dbanced 
product 

EK Chor make compressors that are used exclusively by Shanghai Santana on VW and Audi cars. 
Santana source their condensers from SAAC and Yueyang. Some are of the serpentine type (from SAAC) 
and some are still of the finned copper tube variety (from Yueyang). Haohua supplies a number of 
different customers in Southern China who buy their condensers from a variety of sources. 

Both Haohua and EK Chor are licensees of the Sanden Corporation of Japan and currently produce the 
same 5 cylinder CFC-12 compressors. EK Chor have not been able to conclude a deal to purchase new 
HFC-134a compressor technology from Sanden. despite trying. Haohua has been in production only since 
1993 (and who retain close links with Sanden) have been able to conclude a technology tranSfer deal. This 
technology is for Sanden' s new 7 cylinder HFC-134a designs developed from their CFC-12 compressor 
which Sanden considers obsolete. Haohua' s project is thus based on the purchase of manufacturing rights 
for Sanden's new compressor range. 

EK Chor have been in the MACS business since 1991, and unlike Haohua are well equipped with world 
class test facilities and excellent development engineers. Their approach is to modify the existing Sanden 
5 cylinder CFC-12 compressor for use with HFC-134a. Because the compressor swept volume remains the 
same, systems using this compressor must be equipped with larger capacity condensers to offset the loss of 
system pelfonnance experienced when a CFC-12 system is directly retrofitted with HFC· 134a. EK Chor 
compressors are supplied exclusively to Shanghai Volkswagen who source their condensers from SAAC. 
Thus, the SAAC project involves production of increased capacity condensers to match EK Chor's 
compressors. These two components are necessary in order to produce a MACS with equivalent capacity 
and efficiency to their present CFC-12 MACS. 

All projects are being optimized in regard to technology source and costs, use of local technology and 
equipment where appropriate and reuse of existing equipment wherever technically feasible. Components 
that (might) relate to product upg:rade and/or capacity expansion are being funded by the enterprises. This 
overall approach to the MAC sector will result in the lowest cost of transforming China's MAC sector to 
use ofHFC 134a and represents the lowest possible request for assistance from the Multilateral Fund. 

ENTERPRISE BACKGROUND 

Yueyang Hengli Refrigeration Equipment Co. Ltd. (Yueyang) is belongs to Yueyang Municipal Industry Bureau, and comes 
under the control of the China National Automobile lndustzy Corporation (CNAIC). The enterprise is the only factory to 
manufacture the large bus MAC compressor and bus MACS in China and accounts for 95 % of the nation's total. It is also 
one of the largest MACS manufacturers in China and was listed as one of 500 largest industrial enterprises of China in 1993. 
The factory has a MACS and Refrigeration Research J.nstitute, and a Central Laboratozy for developing and testing all 
components used in MACs. 
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Yueyang Hengli inlrodw::ed Konvekta (Germ) and Bock {Germ) heat exchanger and compressor lecbnology in 1986. 
Production facilities were installed with a total design capacity of 250,000 units p.a. (S,000 Bus MACS, 40,000 medium 
sized and special purpose vehicle MACS, 225,000 automobile MACS). 1993 production was 2,000 bus MACS. and 
50,000 auto MACS. Total factory 1994 CFC consumption was 139 tonnes. 

In 1994, Bus MACS production climbed to 40,000 units and auto MACS production reached 60,000 units. 

Yueyang Hengli's products are mainly supplied to North Vehicle Manufacturing Co., China No. 2 Automobile Industry 
Corporation, No. l Automobile Industry Corporation and other small, medium and lsrge sized vehicles producers. 

There are 2,000 staff and woibrs at Yueyang Hengli Co. Ltd., of whom 400 are technicians including 33 senior engineers 
and 128 graduate engineers in various tecboical disciplines. 

Componems an, manufactured. according lo Konvekla and Bock standards and quality is monitored by the China National 
Automobile Industry Corporation (CNAIC). Yueyang's products are sold only in the domestic msrlcet. The entetprise is 
100 Ii Chinese owned. 

PROJECT DESClUPITON 

The project consists of the following components: 

i) Impmv!ilP'!lt ?{ Casting Facilities 

Bec•use system pi,,ssures may be higher in an HFC-1348 system, elements of the compressor body need to be 
suengthened. These are the cylindec heads and end plate currently produced in cast iron on site rether than in 
aluminium as stipulated in the Bock design. This is due to the limilalions of Yueyang's contractor's easting 
facilities. 

The east iron components bave not been entimy successful and Yueyang will telre this oppoffllllity to modify their 
production process to conform lo the Bock design requirement. Since this arguably constitutes a product upgrade, 
Yueyang have opted lo finance this from entexprise sources. 

ii) Modification of Bus MACS Condenser and Production 

Owing to the phenomenon of copper plating that has been observed on HFC-134a MACS systems employing 
copper tube condensers, condensers for HFC-1348 bus MACS will be made from Aluminium tube. Special 
Aluminium brazing equipment is required (see Annex 6). 

iii) Increase of Condemer Capacity 

When HFC-1348 is used in an unmodified CFC-12 MACS, the system suffer.; a loss in capacity of about S % • This 
is due to the different thermodynamic cbaracteristics ofHFC-134a Mlich give rise lo a higher system pressure ratio 
which reduces the volumetric efficiency of the compressor and thus the flow rate of refrigerant around the system. 

This can be compeoseted by increasing the heat exchanger capacities in order to reduce the pressure ratio to those 
found in CFC-12 systems. Increase in condenser capacity is most effective in doing this. This approach has the 
added advantage of reducing pressure levels in the system to those associated with CFC-12 and thus preventing 
exposure of system components such as the compressor to higher pressures 
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iv) Conversion of Automobile MACS Condenser Production 

Some "-OOdensers are supplied lo clients using EK Chor auto MAC compressors. These require condenser< ,,f 
increased capacity lo restore system capacity (as deocribed above for Bus MACS) but unchanged physical 
dimensions because of the space constrsints in automobile MAC instsllations. This is achieved by replacing the 
present copper lube deaigns with ru,w multiflow condenser technology. 

Mulliflow condensers are made from aluminium awl. therefore the problem of copper plating in HFC-134a MACS 
using copper condensers descn1>ed earlier is also avoided. 

This project component requires: 

a) The purchase of Mulliflow Condenser technology 

b) Re-equipping the present auto MAC condenser production lo produce the Multiflow type condensers. 

v) I@bnical Toiuing 

Staff trsining is requi~ lo successfully implement production of Multiflow condensers. This consists of two 
types: 

i) Training on service and i,,stallalion of bus MACS. $130 per operative bas been allowed for this which will 
provide over 1 month's training and is considered ample. 

ii) Overseas training. Optimising the bus MACS for HFC·l34a use is coosidered within the technical •.ompetence 
of Yueyaug. The opportunity to consult with foreign experts will be an important element in successful praject 
implementation, and a far more cost effective option than purchase of foreign technology. 

vi) Replacement of Existing Trichloroethane Component ct ... ning 

Trichloroethane is an ODP. The existing system will be replaced with an environmentally friendly aqueous based 
system. This will eliminate 7 lomies of Trichloroethane use per year. 

vii) SAE/ISO st8lldards will be employed throughout manufacture and service. This will ~ leakage by improving 
system reliability. Interchangeability with foreign produced components will also be • benefit of this. Use of couplings 
compatible with HFC-134a charging hoses will prevent system from being charged with CFC-12. 

,JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION 

HFC-134a based technology bas been selected for the following reasons: 

1) Because of its good thermodynamic properties, zero ODP and non-flammability, HFC•l34a has been recognized 
worldwide as the most appropriate replacement for CFC-12 in Automobile Air Conditioning systems. 

2) The production technology for HFC-134a MACS is already well developed in industrial countries. 

3) Supplies of domestically produced HFC-134a should be available in China from 1998. 
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TECHNOLOGY SOURCES AND AVAILABILITY 

The present Yueyang Hengli MAC compiessor and MACS manufacturing technology and key production equipment were 
imported from Konvekta and Bock in 1986. Well known MAC Multi-Flow Condenser manufacturers, such as TCI, 
McKellica. Emerson & Renwick USA, Inc. (E&R USA, Inc.), and Fin Machine Inc. have expressed their willingness to 
transfer their HFC-134a MACS manufacturing iecbnology and lo convert Yueyang Hengli's present CFC-12 Auto MAC 
condenser production line lo HFC-134a compatible Multiflow condenser production. 

Tbe deal for production equipment and technology transfer offered by Fin Machine has been provisionally selected and has 
been used in cost compilation for this project (Annex 1). 

PROJECT COSI'S 

Total project cost of US$3, 765,400 equals the ODS reduction portion of the overall project (investment cost plus net 
incremental operating cost minus scmp value of abandoned equipment and excluding financial agent fee). This project will 
not provide Yueyang with any incremental revenues, but will result in in~remeotal operating costs (Annex 3). 

Ingemental investment cost ofUS$1,849,000 (including 15% contingency) is for purchase of additional equipment needed 
for the conversion of production lioe to replace: 1). Present CFC-12 bus MAC compressors by HFC-134a MAC 
compressors, and 2). Pn,sent CFC-12 MAC fin&. tube condenser by Fio Machine Inc. (Annex 1: Tables 1 & 2). Most 
equipment for production of present CFC-12 compressors and MAC can also be used for production of HFC-134a bus MAC 
compressors and automobile MACS. 

Tbe present value of this equipment detailed in Annex 6 is US$1,875,600. 

Net in=woo'!! Operating Cost of US$516,400 are due to the conversion of production lioe lo replace CFC-12 bus MAC 
compressors, bus and car MAC system. As HFC-134a bus MAC compressors and MAC system require different some 
materials aod components to those used io CFC-12 MACS, the unit cost of production will be increased by approximately 
US$80/uoit and car MAC system will be US$0.40/uoit (Annex 2: Table 1), thus the production cost of the HFC·l34a MAC 
compressors aod systems are increased about US$172,900 year. This gives Incrernen,.I Operating Costs of $516,400 for a 
4 year period. However, funding for incremental operating costs is nor being requested. 

Salvage value of replaced equipment of$81,000 is deducted from the incremental investment cost. 

Reguested Funding Tbe proposed OTF grant for Yueyaog Heogli is US$1,821,000 and was calculated as follows: 
incremental investment costs, net of salvage value of redundant equipment after conversion, add 15 % contingency and a 3 % 
financial agency fee. 
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PROJECT IMPLEMENTATION: 

. 

. 

1 
Ne2otiate Order X 
Order F.nnin. 

Initial Desiim X 
Inst.Desi1m 
Order China &m. 

Install.& 
Trainm2 
TrialRun 

Management: 

Project Director: 

Project Engineer: 

••.• •• Schedule (months} 
. ;} ...... . ·•• . 

• •••• 
•. -"' - ~,,- -- -- : - . -- --- --- -

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
X 

X 
X X 

X X X 
X X X X X X 

X X X X X X 

X X 

The Dept. of Auto lndustzy of Ministry of Machine Industzy (MM]) will oversee the successful 
implementation of the project. The project will be carried out al Yueyang Hengli Refrigeration 
Equipment Co. Ltd .. 

Mr. Peng Heyi, General Manager of Yueyang Hengli Refrigeration Equipment Co. Ltd. 

Mr. Yi Shuqing, Chief Engineer of Yueyang Hengli Refrigeration Equipment. Co. Ltd. 

ENVIRONMENTAL CONSIDERATIONS 

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

HFC-134a is a powerful greenhouse gas, though with a lower GWP than the CFC-12 which it replaces. Improved product 
design and installation and service practices will educe emissions as far as possible. 

PROCUREMENT 

Imported and domestic equipment 1lllClded are shown in Table l and Table 2. (Annex 1) Contracts will be awarded after 
evaluation and comparison of quotations solicited from al least 3 qualified suppliers. The choice of procurement agency will 
be discussed al appraisal .. 

REQUIRED REGULATORY ACTIONS 

A preferential duty making HPC-134a at least as cheap as CFC-12 is required for as long as CFC-12 is available. CFC-12 
can be uaed in MACS designed for HFC-134a and actually gives a slightly improved performance. Such a duty is presently 
being studied by MMBI and NEPA 

In addition, anticipated legislation will make use of CFC-12 in new MACS illegal from end 2005. Use of CFC-12 as a 
refrigerant will be completely phased out from start 2005. 
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PROJECT RESULTS 

Direct Project Impact: 

Indirect Project Impact 

8 
June 12, 1995 

Allnual use of 434 tonnes of CFC-12 will be eliminated, along with 7. 1 tonnes of 
Trichloroethane, 

Since IOC' s are not being requested, the effect on product price is unpredictable. Implemeotati<m of 
this project is not expected to create any workforce redundanci--s. It is not anticipated that this 
technology will be replicated ":> other enterprises.. 
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Components 
.. 

Multi Flow 

Condenaer 

Technical 

Trainin2 

Table 1: Cost Breakdown of Factory Conversion for HFC-134a 
MFC Condenser Production (US$) 

Description .• .. Qty 
' 

.. 
. . . .· 

Medi.um volume fin machine 
One set of Multi-Flow fin tooliu 
Fullv Automatic Matrix Core Builder 
One aet of toolin• for Core Buildet 
Extruded Uncoil and cut off Machine l 
Technolo= lffirulfer -cka- l 
Comolctc aet of oress toolin• for MFC header olatc l 
Installation. commissionin2 and a..--.nntnce 

Packam•o freiebt Shmnine &: Insurance for ~uinment 
Fo,clgn Expcns Supcivise the installation in sito: 4 men x 12 days x 
SSOO/man.dav 
Publici2cloutresch prognm: Train SCt'Vi<cmen/user: 4 worlahop x 30 
menlworkshon x $130/workshon.man 
Sublolal: 
Contin..,.,cv (15%) 
TOT AL /rounded) 

June U, 1995 

ANNEXl 

Total · ··Remark,· 
Cost·! ,i. 

195.000 Fm Machine 
9.000 . 

250.000 . 
25,000 . 

200000 . 
50000 . 
40000 . 
10,000 . 
10 000 . 
24,000 

15,600 

828.600 
124.300 
952.900 
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Table 2: Cost Breakdown of The Faetory Connrsion for HFC-134a Bus MAC 
Compressor, Condenser & Evaporator Production (US$) 

Bua MAC 
Compressor 

BuaMAC 
Condmaer and 
Evaponl!or 

Non ODS 
WU 

Training 

maeblne 1 
In Machine 1 

machine for HFC • 134& bus MAC 1 
2 
3 

PllUe out 7 T of lricbloroclhanc 111C by using &qUCOUII wuh process l 

Publicizeloutroach prognm/Tlllin service: 4 wbhp x 30 mcn/~p x 
S .man 

Table 3: Cost Breakdown of The Additional Equipment for HFC-134a 
MAC Produdion (US$) 

FINANCED BY YUEYANG 

Bus MAC 420,000 

10000 
1000 
90850 
12.000 China 

432 600 Cam.law 
2100 
15 000 

200,000 import 

15,600 

719150 
116 870 

8!>6000 

US Vista Co. 

Foundry Workshop r:.:========='-------!-.!.-+---+-'5::.,00=,65::::0,:__+------I 
Renovation Com 177,750 

Rear 39 350 

193.250 
1,481.000 
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Table 4: Salvage Value of lhe Redundant Equipment($) 

.Co. mpooeat.• · ..• ·.·•·.·. . ) • • ·• Remarks, ,.t .• •· EqiupmemJ)esuipU!>ll Original· Present '1'11iUC Salvage 
.· .... < ..• ••.· ·.••.• .. •• •· '. ... - -._-.'-,:","'.::_;/._,::- .• • -_ .. _.;- ririre-·, •. value 

Obsolete Ji<,• fi:x!ures and die, $24,000 $15.000 $1,000 
Comprcooor part Obaolctc Compreuor cylinder $300,000 $18,000 S3,000 

machinin• ""1110 
Convctt to R-22 use Grinder $25,000 $12.000 $12.000 
Obaolctc Low l'""'•urc casting $35,000 $20,000 $10,000 

machine 
Ma<,runing equip...- Obaelelc Cylinder head easting die $150,000 $100,000 $2,000 

(2 fft) 

Obsolete End nlall, C&Slin• die I?\ $35,000 $25000 $1000 
Comprcaaor Convctt to R-22 use CFC-12 e••....: •• maohine $40 000 $18 000 $11,000 
Asacmbly Convctt to R-22 use Oil oharomg ma.chine $45,000 $20,000 $13,000 
EquiPmcnt Paltially eenvert to CFC-12 eemprco,,,r $150,000 $60,000 $10,000 

odtcruac tcstin• stand 
MAC system production Pamally eenvctt to CFC-12. MAC seft pipe $250,000 $120,000 $15,000 

odtcru,e sealin• machine 
equip...- Triohlorocthane clwung $150,000 $100,000 $3,000 

maohine 
Grand total: $910.000 $81.000 
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ANNEX 2 

Table I: Incremental Operating Cost After Conversion 
(US$) 

Wben Usill• CFC-12 ; When ,..: •• HFC-134a • Incremental Productlo11 • • 
Dcseriplion Material U.mc Material U.ni.te 

used Used 
Bus MAC Lubricant Mineral oil 1.49 PAG 4.24 

lubricant 
Compressor Sealant NBR 4.60 HNBR 7.30 

Bcarin"s Standard 19.00 Reinforced 29.00 
Bus MAC Jh, ...... valve 56.00 62.00 

condcoer& Tubc:H.-surc 12M 100.00 12M 125.00 
eva....,..rator Tube:L.-surc 12M 110.00 12M 140.00 

Net Unit IOC for Bus Sv.t-
Subtotal of bus MAC unit: 

CarMAC I E-. valve I 13.24 I 13.33 
condenser I Materials 62.78 I I 63.09 

Net Unit IOC for Auro MACS 
Subtotal of car MAC •-•m: 

I Total incremental fi-atl•• tOSI: 

Incremental Operating Costs (based on SO% production in 1996) are shown below: 

1996 $86,450 
1997 $172,900 
1998 $172,900 
1999 $172.900 

$US516,400 Discounted at 10% 

cost after c:oliverilcin. 
<>' . 

2.75 X 2,000 = 5,500 

2.70 X 2.000 - 5 400 
10.00 x 2,000 = 20 000 
6.00 X 2 000 - 12.000 

25 .00 X 2.000 - 50000 
30.00 X 2.000 = 60.000 
82.45 
82.45 X 2.000 - 1 <2.900 
0.09 X 50,000 = 4,500 
0.31 X 50,000 = 15 500 
0.40 
0.40 x 50.000 = 20 nnn 

172 unn 

·•· 

/ 
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ANNEX3 

BREAKDOWN OF PROJECT COST AND FINANCING 

. · . •···· •• - Investment Cost -.. . · . Investment Contin2eocv .··••·• •.• Total 
[mnnrtcd MAC condenser oroduction ~nuiomcnt (Annex 1: Table 1) 828,600 124.300 952900 
Imported bus MAC compressor/condenser/evaporator equip. (Annex 1: n9,150 116,870 896,000 
Table 2) 
Sub-total of im=rted uroduction =uiument {Annex 1: Table 1 & Table 2) 1.607.800 241 200 1.849.000 
Self financed acceu:orv l"L1Uioment (Annex 1: Table 2) 1.287,750 193,250 1 481.000 
Subtotal: 2 895,500 434,400 3.330.000 
Less: Entemrise fundin• {Additional accessarv =uiument Annex 1: Table 2) fl 287 750) 1193 250\ {1.481 000) 

Less: Salvage value of Redundant equipment after conversion (Annex 1: (81,000} 
Table 4) 
Incremental investment cost oronnsed for OTF financine I 768 000 

II. Incremental o--ratine cost nronnsed for OTF fmancine 0 

Ill. I Financial A•ent Fee 13 % l 53,000 
I Total lnrooosed ODS Grant) 1,821,000 

Note: O1F proposed funding equals: 57.2 % of incremental capital cost minus the salvage value of redundant equipment 
& 0% of incremental operating costs. 

Total Project Costs 

Total Investment Costs 
4 yr. Incremental Operation Costs 
Salvage Value Redundant Equip. 

Total 

USS 3,330,000 
USS 516,400 

(81,000) 

USS 3,765,400 
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ANNEX 4 

Calculation of Unit Abatement Cost and Grant Effectiveness 

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

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

C = ODS n:duction investment CO!'t. including aU initial one time costs such as technology and 
training the annualized capital cost charges 

F = Capital recovery factor, the annualized capital cost charges, discounted at a standard rate of 
10"/4 per year over the economic life of the investment 

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

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

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

The investment cost of the Yueyang project is (incl. 15% contingency): 

$1,018,300 (MAC)+ $1,009,000 (bus MAC)+ $1,481,000 (self funded for bus MAC)~ $3,508,300 

The annual incremental operating cost is also divided into two parts: I) MAC condenser• $152,900 
2) bus MAC· $20,000 

The economic life is 10 years. 

The ODS elimination of Yueyang is divided into two part: l) will be contingent upon Haohua's project 
implementation, and 2) Bus MAC production conversion will be realized by Yueyang factory alone. Then 

C(F) = {($2,969,600/Haohua + $3,329,900/Yueyang) X 0.1627 = $1,024,930 

1,024,930 + {[$270,000IHH + $152,900/YY bus MAC+ $20,000/YYMAC] • 0} 
UAC= --------------------- = USSl.38/kgODP/year 

[274,000 (Haohua + Yueyang MAC)+ 160,000 (Yueyang bus MAC)] kg ODP 

Grant Effectiveness= [USSl,768,000 (Yueyang) + US$2,212.000 (Haohua)]/434,000 kg ODP 
= USS9.17/ kgODP/Year 
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ANNEXS 

Equipment Justification 

Auto MACS Qpleng Production 

The equipment detailed in Table 1 (Anne,;; 1) w minimum inventory requin,d production of the new condenser design 
according to the teclmology suppliers, Fin Machine Inc. 

Bus MACS System Production 

HFc-134p P•uing & BYl"i'l"PPr Machine 

HFC-134& is not compatible with some materials used in such equipment designed for CFC-12, and charge levels a:re 
differenl to CFC-12 systems. The existing machine is not capable of economic modification. A new piece of equipment is 
required. 

HFC-134• I rak Detector 

CFC-12 leak detectors a:re not capable of detecting HFC-134a. The existing leak deteetor used in prodnction must 
thetefore be replaced by HFC-134a specific deteetors. 

PAO Oil Charging M/ffibiP'l 

Poly Alkyl Glycol (PAO} lubricating oil is used in place of rnineru oil on MACS. This is acutely hygroscopic and requires 
special charging equipment. The existing mineral oil charging machine is not capable of economic modifiealion. 

Inert Gas Welding Macbjne 

This is required to form the aluminium condenser outlet tube to the drier inlet. This was not required previously when the 
condenser was made of copper tube and brazing in atmospheric air was sufficient. 

Alumjnjum Tube Brnrin g Eauinrnoot 

A brazing furnace is required to join aluminium fins to aluminium heat exchange tubing. 

Aqueous based Component Qaning Eqµtpment 

The existing equipment uaes Trichloroethane, an ODS. Component washing equipment must be completely replaced by an 
environmentally friendly system. 
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ANNEX6 

List of the equipment that will be re used by Yueyang: 

-·?:. ;., .. _,, •• ,'.·:.,:,.: d ,, ••. • .... • 11'.riui-t .• -,·: Ori1>inal Value Current Value··. ·•• Atm:i >'• ,Rffllllrksi• 
Bus MAC Vertical Machinine Centre 2 X $500,000 2x $485.000 1 Vear MEZAK 

Tool & dies for VMC $100,000 $95,000 • • 
Compressor #1 Jie borine machine $58.000 $40,000 3 vear Chinese 

#2 ii2 borine machine $64,000 $44.000 • . 
Machines Sub total: $1,222.000 $1.149 000 
MAC Fin.....,.. $521,000 $235.000 5 vear U.S. 

Sinole end tube exrnmder $129,300 $58,000 • U.S . 
Coodenser Tube bender $59,000 $29,400 • U.S . 

U """"" tube bender $57.500 $29.000 . U.S . 
EquiplDl!llt Dimension Calibrator $42,000 $23,500 • U.S . 

Fin nress with dies $551 000 $223,500 • German 
Tube exolllllier/Dia 1 o& 12 $105.000 $47,000 • German 
Tube end former $51,000 $23,500 • Gennan 
Fin centre dies $80,000 $37,000 . 
Cleamne machine $38,200 $17,600 . German 
Sub total: $1,635,100 $726,600 

Total US$2.857 .100 US$1.857 .600 

M:\Projcds\ODS3\PSIY)'lnll-MC.do< 
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COUNTRY OF ORIGrN: THE PEOPLE'S REPUSLIC OF C~INA (page l of ll 

PROJECT TITLE: AUTOMOBILE AIR CONDITIONER (MAC) FACTORY 
PRODUCTION CONVERSION FROM CFC-12 TO HFC-134A 

IMPLEMENTING ORGANIZATION: 
YUBYANG HENGLI AIR CONDITIONING 
EQUIPMENT CO. LTD., HUNAN 

SECTOR: AUTOMOBILE AIRCONDITIONING (MAC) 

RELATIONSHIP TO THE COUNTRY PROGRAM: 

This project proposal appears to be compatible with a total 
program focused at the eli~ination of the use of CFC-12 as a MAC 
refrigerant. 

TECHNOLOGY: 

The technology uses HFC-134a as a refrigerant, which is 
considered the lowest technical risk and the most environmentally 
sound replacement available. Standards and specifications have 
been established and published by recognized international 
technical associations. This proposal incorporates Konvekta and 
Bock standards, as well as SAE standards. 

This proposal proceeds from copper tube condensers to 
aluminum tube, multi flow condensers as recommended by the OORG 
guide lines. 

ENVIRONMENTAL IMPACT: 

The reduction in CFC emissions projected in the proposal 
are reasonably attainable. The proposal includes replacing 
trichloroethane vapor degreasing with an aqueous based system. 

PROJECT COSTS: 

The technical training costs do not meet the OORG guide 
lines, (Report 11 January 1995). 

RECOMMENDATIONS: 

This reviewer recommends approval of this proposal provided 
the training costs are made compatible to the OORG guidelines. 

The reviewer sugge£tS 
training costs. 

REVIEWER------------

REVIEW DATE------------------------June 8, 1995 
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CHINA ODS PHASE OUT PROJECT 

COUNTRY: 

PROJECT TITLE : 

SECTOR COVERED: 

ODS USE 1N SECTOR (1994): 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT COST: 

PROPOSED OTF GRANT: 

COST EFFECTIVENESS (EC): 

IMPLEMENTING ENTERPRISE: 

COORDINATING AGENCY: 

IMPLEMENTING AGENCY: 

PROJECT COVER SHEET 

The People's Republic of China 

Automobile Air Conditioner (MAC) Compressor Factory Production 
conversion from CFC-12 to HFC-134a MAC Compressor 
Automobile Air Conditioning (MAC) 

1,278 MT ODP (1,278 MT CFC-12) 

Phase out 274 MT ODP per year 
(including complementary Yueyang Project) 

18Months 

Incremental Investment Cost: 
15% Contingency: 
Incremental Operating Cost: 
Less: Salvage value 
Net Incremental Investment Cost 
3% Fmancial Agency Fee 
Proposed OTF Grant 

US$ 2,278,400 

Unit Abatement Cost: US$2.98/kg/Year 
Grant Effectiveness: USSS.07/kg 

USSl,961,700 
294,300 

0 
< 44,000) 
USS2,212,000 

66400 
US$2,278,400 

Guangzhou Haohua Automobile Parts. Co. Ltd. (Haohua) 

National Environmental Protection Agency (NEPA) 

The World Bank 

PROJECT SUMMARY 

This project will eliminate 274 MT ODP per year (274 MT CFC-12) in China. CFC-12 MAC compressor 
production line will be replaced by HFC-134a MAC compressor production. A license to produce a new HFC-
134a compressor and additional imported production equipment is xequired. After the new production line is 
completed, 274 MT ofCFC-12 use will be eliminated annually. The project will be part of China's MAC industry 
sector's CFC-12 phase out strategy to cease CFC-12 use in new equipment by 2005 

Technical Assessment: The project has been reviewed and supported by the OORG technical reviewer, .Mr. Bob 
Proctor. His comments are attached The project costs have been reduced in accordance with OORG guidelines. 
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PROJECT OBJECTIVE: 

To convert current CFC-12 MACS compressor production to HFC-134a compressor production. 

SECTOR BACKGROUND 

The development of China's MACS industry started in the late 80's, rather later thsn elsewhere. China's current 
production is less !ban l % of MACS production worldwide. Since Chins is the World's most populous coUll!ty with 
over l. l billion inhabitants and living standards are rising fast, the potential MACS market is huge. Recent expansion of 
MACS production bas reflected this. 1992 MACS production was only 180,000 units, but rose to 270,000 units by 
1994. The total national ownership of MACS systems by end 1994 was estimated at 1.49 million and the total annusl 
CFC-12 use (for service and new system charge) was about 1,278 tones. 1995 production of MACS equipped can is 
estimated at 265,000. CFC-12 usage associated with this is 1,510 tones. 

Chins plans to cease production of CFC-12 based MACS and use of CFC· 12 in the sector by 2005. This stmegy is 
described in the China Country Prognun. 

In 1994, 392 tones of CFC-12 were used for the initial charge of MACS and 886 tones for service. 60,000 of the 
270,000 total MACS made in 1994 were manufactured by Guangzhou Haohua Auto. Parts Co. Ltd. Haohua's 1994 
consumption of CFC-12 (both new MAC and service change) was 79 tones. 

Table 1: Statistics & Prediction of China's MAC Production and CFC-12 Consumption 1991 • 2005 

11,000 Vehicle) . ... 
•. · • Automobile> ..... .• .'t'.i •'• <>MAC . >• .. • • ··. •• • CFCs Consumntlen IM'n • 

Year Owncrsh•n Production lm=rt Retired Qwne-hm Production New MAC Service Total 
1991 8.000 710 98 500 100 180 320 500 
1992 6.920 1.060 211 760 180 296 477 m 
1993 S.120 1300 314 l.110 230 3S6 676 1032 
1994 9.540 1.340 283 250 1.490 270 392 886 1,278 
1995 11.150 1.610 300 300 1.920 265 342 l 168 1.s10 
1996 12.940 1.840 350 400 2.410 320 413 1479 1892 
1997 14900 2.110 400 600 3.110 480 634 1857 2491 
1998 17150 2,400 450 800 3,820 650 858 2.276 3.134 
1999 19 000 2 700 500 1 000 4.850 820 1,102 2.862 3.964 
2000 20.000 3.000 500 2.000 S.950 1,110 1 497 3,506 5.003 
2005 9 500 1,680 2.288 5,584 7,872 

INTEGRATED SECTOR APPROACH TO PHASEOUT 

Four projects are being submitted that will between them phaseout 70 percent of the CF-12 used in new MACS in Chins. 
All these are based on the adoption ofHFC-134a to replace CFC-12. They are EK Chor (MACS compressor). Shanghai 
Auto Air Conditioner Corporation (condenser), Guangzhou Haohua (compressor) and Yueyang Hengli (bus MACS and 
auto MACS condensers). These are two fundsmentally different approaches involved in the Chinese approach to 
conversion of the automotive MACS industry. Both are based on the need to produce HFC-134a MACS with an 
equivalent performance in terms of capacity and efficiency as the CFC-12 MACS currently produced. They are not the 
result of customer demands, but the minimum essential features to convert to HFC-134a MACS system. 

(a) The performance and efficiency should be equivalent lo the current CFC-12 systems 
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(b) The external dimensions of automotive MACS condensers should be no greater than those cum,ntly 
supplied. This is because of the limited space available for installation in a car's engine compartment. 
Use of a larger condenser would involve re-<lesign by the vehicle manufacturer who would probably 
source his condensers elsewhere if his existing supplier could not ~t this requirement. This involves 
the pnu:ticalities of inslalling a MACS in a given vehicle. It is not a customer requirement for an 
eubenced product. 

EK Chor make comptesSOrs that are used exclusively by Shanghai Santana on VW and Audi cars. 
S1111tana source their condensers from SAAC and Yueyang. Some are of the serpentine type (from 
SAAC) and some are still of the finned copper tube variety (from Yueyang). Haohua supplies a 
number of different customers in Southern China who buy their condensers from a variety of sources. 

Both Haohua and EK Chor are licensees of the Sanden Corporation of Iap1111 and currently produce the 
same 5 cylinder CFC-12 compressors. EK Chor have not been able to conclude a dw to pwcliase new 
HFC-134a compressor technology from Sanden, despite trying. Haohua has been in production only 
since 1993 (and who retain close links with Sanden) have been able to conclude a technology transfer 
dw. This technology is for Sanden's new 7 cylinder HFC-134a designs developed from their CFC-12 
compressor which Sanden considers obsolete. Haohua' s project is thus based on the purchase of 
manufacturing rights for Sanden's new compressor r1111ge. 

EK Chor have been in the MACS business since 1991, and unlike Haohua are well equipped with 
world class test facilities and excellent development engineers. Their approach is to modify the 
existing Sanden 5 cylinder CFC-12 compressor for use with HFC-134a. Becanse the compressor swept 
volume remains the same, systems using this compressor must be equipped with larger capacity 
condensers to offset the loss of system performance experienced when a CFC-12 system is directly 
retrofitted with HFC-134a. EK Chor compressors are supplied exclusively to Shanghai Volkswagen 
who source their condensers from SAAC. Thus, the SAAC project iovolves production of increased 
capacity coudenser.s to ma.lch EK Chor's compressors. These two components a.re necesssry in order to 
prodw:e a MACS with equivalent capacity and efficiency to their present CFC-12 MACS. 

All projects are being optimized in regard to technology source and costs, use of local technology a,rul 
equipment where appropriate and reuse of existing equipment wherever technically f~ble. 
Components that (might) relate to product upgrade and/or capacity expansion are being funded by the 
enterprises. This overall approach to the MAC sector will result in the lowest cost of transforming 
China's MAC sector to use ofHFC 134a and represents the lowest possible request for assistance from 
the Multilateral Fund. 

ENTERPRISE BACKGROUND 

Guang.hou Hao Hua Automobile Parts Co. Lid. (Hao Hua) belongs to the Industry Bureau of Panyu City, Guangdoog 
Province and comes under the control of the China National Automobile Industry Corporation. Haohua introduced a 
Sanden MAC comptesSOr production facility in 1991 with an annual production capacity of 100,000 units .. Hao Hua's 
products are mainly supplied to Guangzhou Peugeot Automobile Factory, China No. 2 Automobile Corp., Dongfeng 
Automobile Corp. and other small and medium sized vehicle producers. 

There are 320 staff at Hao Hua, including, 6 senior engineers and 32 graduate engineers. The total factory area of Hao 
Hua is 25,000 M2 which =rnmod•tes 5 separate productio.u lines for the following operations: MAC Compressor 
rn•cbining line, Qutcli Machining line, MAC Compressor Assembly line, Clutch Assembly and General Assembly. 
MACS using Hao Hoa compressors used 79 tones of CFC-12 in 1994, or 10% of the sector total. 
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The Products are produced according to international standards stfpulated by the Sanden Corporation. Quality control is 
carried out by the China National Automobile Industry Corporation. Haobua produces only for the domestic Chinese 
market and is 100% Chinese owned. 

PROJECT DESCRIPl'ION 

The project involves: 

1) The traosfer of HFC-134a MAC compressor technology from Sanden, Japan; (This is the only option open to 
Haohua); 

2) The import of key HFC-134a MAC compressor 111J111ufacturing equipment, retooling of some existing 
equipment, conversion of SD-5 CFC-12 MAC compressor production line with the annual capacity of 100,000 
Units (single shift) to SD-7Hl5 HFC-134a MAC compressor production line of the same capacity; 

3) The complete "!irninali® of 6.S tones of triebloroethane (an ODS) by adopting aqueous based component 
cleaning technology. 

4) Training of production teclmicians by Sanden, and training of service network staff in techniques of servicing 
HFC-134a MACS. 

During the second year of project implernemalion, Hao Hua will reduce the present CFC-12 SD·S MAC compressor 
production and CFC-12 consmnption by 509'. Complete elimination of CFC based production will be achieved 18 
months later on praject completion. 

JU!mFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION 

HFC-134a based technology bas been selected for the following reasons: 

1) HFC-134a has been recogniz.ed worldwide as the most appropriate replacement for CFC-12 in Automobile Air 
Conditioning systems. It possesses good thermodynamic properties, zero ODP and is non-flammable. 

2) The production teclmology for HFC-l34a MACS is already well developed in industrial colllllries. 
3) Supplies of domestically produced HFC·l34a should be available in China from 1998. 

TECHNOLOGY SOURCES, AVAILABILITY AND JUSTIFICATION FOR SD-7 COMPRESSOR SELECTION: 

l) Technology availability; Since the Sanden SD-5 series production line was imported in 1992, transition to the 
new 7 cylinder SD-7H series is the most cost effective route for conversion to non-CFC technology. An 
agreement has been reached in principle with the Sanden Corporation to supply this technology for a reasonable 
sum. Sanden is only offering the 7 cylinder SD-7H compressor. The 5 cylinder model is considered obsolete 
by Sanden. Haohua lacks the facilities and expertise to convert the existing 5 cylinder design for HFC-134a use. 

The existing production line is highly automated and specific to the Sanden compressor. Adoption of any other 
proprietary compressor tecbnology would involve the purchase of an entire new production facility. Investment 
would be of the order of that made in 1992 for purchase of the original line (about USD 4.4m). 
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A significant amount of existing equipment can be used for the new production. Equipment is being re-used 
wherever possible by the use of e.g. new dies (seeTable l of Annex 6). 

2) Substitution of CFC-12 by HFC-134a in an unmodified CFC-12 MACS results in a loss of capacity of about 
5%. This loss of capacity can be restored by either by employing a larger capacity compressor, or increasing the 
capacity of the system condenser. 

3) 

Not possessing the expertise and test facilities of EK Chor, Haobua will produce the 7 cylinder compressor. 
This will involve some circuit re-design, e.g., using larger condensers to reduce the excessive high side 
pressures ihat would result if the larger compressors were used directly on circuits design for CFC-12. This 
design will be the responsibility of the vehicle manutiicturers supplied by Haohua. Th- have all declared 
themselves satisfied with this approach. 

Hao Hua have opted for the first course because their compressors are used with condensers supplied by a 
variety of suppliers. Not all of these will be able to supply condensers of sufficiently increased capacity and 
unchanged external dimensi,ms -the essential requirement of all automobile producers. 

Improvement jn Production Technotogy The current compressor consists of an aluminum body and cast iron 
cylinder liner. The new design involves integral casting of the compressor body in wear resistant alloy. This 
will be carried - on new vacuum casting equipment. This is considered an improvement in production 
technology and is therefore being financed from enterprise's own sources. 

Note: Compressors will be produced according to SAE/ISO standards. They will be equipped with couplings compatible 
with HFC 134a charging hoses to prevent use ofCFC-12 in the MACS on which they are used. 

PROJECT cosrs 

Total project cost of US$3,620,200 equals the ODS reduction portion of the overall project (investment cost plus net 
incremental operating cost and minus equipment scrap value but excluding the financial agent fee). This project will not 
provide Hao Hua with any incremental revenues, bul will result in incremental operating costs. 

Inctemeptal jnvestmept cost of US$2,799,000 including 15 % contingency to purchase additional equipment needed for 
the conversion of production line to replace present SD-5 CFC-12 MAC compressors with CD-7H15 HFC-134a MAC 
compressors (Annex 1: Tables 1 & 2), Some equipment for production of SD-7 CFC-12 compressors can also be used 
for production of SD-7H1S HFC-134a MAC compressors (Table 1 Annex 6). 

Salvage value of the replaced existjng egujpment of $44,000 will be deducted from the project cost, although these equip. 
can not be used for HFC-134a MAC compressor production, but some items can still be used elsewhere (Annex 1: Table 
3). MMI will ensure during implementation Iba! this equipment is not used for the production of CFC-12 MACS 
compressors. 

Net incremental Operating Costs of US$270,000 p.a. comprise increased material costs associated with the production of 
then- design. The compressor body material is of special alloy; HFC-134a compatible seal material and lubricant are 
more expensive and higher system pressure differences mean that re-enforced bearings have to be employed. These costs 
are detailed in Table Annex 3 and amount to a unit incremental production cost of US$4.50 giving an annual Incremental 
Operating Cost of $270,000. This gives a Incremental Operating Cost for a 4 year project life of US$ 865,200. 
However, funding for incremental operating costs is not being requested. 

Requested Funding The proposed OTF grant for Hao Hua is US$2,278,400 and was calculated as follows: eligible part 
of total investment cost of Sl,961,700, IS% contingency of $294,300, minus the salvage value of$44,000 of the existing 
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equipment which will no longer be used for the HFC-l34a MAC production, and zero portion of incremental operating 
cost of $945,000. The resulting OTF request of $2,212,000 was then increased by 3 % to account for financial agent fee 
to arrive at IOlal proposed OTF grant of US$2,278,400. 

PROJECT IMPLEMENTATION: 

. / ... . . --,,,_,:··: ·=':=.::·. :,:i 

1 2 3 4 
CD CH Die X X X X 
castin• 
Cylinder X X X X 
block MFG 
Clutch n>tor X X X X 
MFG 
Cylinder X X X X 
bead MFG 
Front house X X X X 
MFG 
Planet plate X X X X 
MFG 
Comprcasor 
asscmblv 
Clutch 
assemblv 
QC equip 

Training 

Trial run 

Management: 

Project Director: 

Project Manager: 

.. . -:-.:'.-: : <-- J'ro •res.Jive Schedule lMODtbs) · • • • • .. / • •• •• •••• >>. 
s 6 7 8 9 10 11 12 13 14 IS 16 17 18 
X X X X X X X X X X 

X X X X X X X X X X 

X X X X X X X X 

X X X X X X X X 

X X X X X X X X 

X X X X X X X X 

X X X X X X X X X X X X 

X X X X X X X X X X X X 

X X X X X X X X X X X X 

X X X X X X 

X X X 

The Dept. of Auto Industry of Ministry Machine Industry (MMI) will oversee the 
suc;:asful implementation of the project. The project will be implemented al 
Guangzhou Hao Hua Automobile Parts Co. Lid. (Hao Hua). 

Mr. W1111g Kuntang, General Manager of Hao Hua. 

Mr. Sheng Li, Chief Engineer of Hao Hua. 

ENVIRONMENTAL CONSIDERATIONS 

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

PROCUREMENT: 

Imponed and domestic equipment needed are shown in Table l and Table 2. Contracts will be awarded after evaluation 
and comparison of quotations solicited from at least 3 suitable suppliers. The choice of procurement agency will be 
discussed and selected after appraisal. 
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REQUIRED REGULATORY ACTIONS 

A preferential duty making HFC-134a at least as cheap as CFC-12 is required for as long as CFC-12 is available, since 
CFC-12 can be used in HFC-134a systems and gives a slightly improved performance. 

PROJECT RESULTS 

Direct Project Impact: 

274 tones of CFC-12 will be eliminated (274 ODP tones) per year along with 6 tones of 
trichloroethane from 1996 to the year of 2000. CFC-12 savings will rise to 300 tones p.a. after 
2000. 

Indirect Project Impact: 

Since IOC's are not being requested, the effect on product price is UDpredictable. Implementation of 
this project is not expected to create any workforce redundancies. It is not anticipated !hat this 
boclmology will be replicated to other enterprises. 
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Table 1: Cost Breakdown of Equipment and Instrument for 
SD-ffl15 HFC-134a MAC Compressors Production (US$) 

Componenls . . Dei;cription Total cost 
-·. __ ;.-;· • .. .. . 

Tecbn. Transfer HFC-l34a MAC comnressor nrod. tech. 400,000 
Double piston ring inserter 33,000 

Compressor Assembly 

Equipment 
PAG oilc machine 78,500 
Leak detector (sniffer) (8 set) l.000 
Modi"' conrod swash nlate clinch machine 84,200 
retoolin• iie, and other n fixtures 82,000 

Non-ODS cleanine ""Uin. Install •nueous based cleanine ....,,;nment 200,000 
MC330 cvlinder borine machine 449,200 

Compressor component P200-45 honine machine,,.. 193,400 
Machining Comnressor block die n sets) 138,400 

Front housinl! die (6 sets) 252,000 
Foreign experts 11Upervise the installation in sito: 

Technical 4 men x 12 days x $500/man.day 24,000 

Training 
Train service center staff & major users and 
publicizing CFC-free tll:chnology: 4 wbhp x 50 
men/wksbo x $130/men.wbhi, - ~ $26,000 26,000 
Subtotal: froondedl 1,961,700 
Contineencv (15 % ) 294,300 

Total 2.256,000 

June 12, 1995 

ANNEX I 

! Remarks •••. ·•·· ·• .. 
. ' • 

.•.· 

Int'l bid 

Domestic made 
conmetitive bid 
Domestic made 
Domestic made 
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ANNEX 1 

Table - 2: Cost Breakdown of The Additional Equipment and Instrument for 
SD-7HlS HFC-134a MAC Compressors Production (US$) 

(Funded by Enterprise) 

.. Components .... . .. Description ; 
'' :<::·.··:. ,-

Total cost Remarks•· /i 
\ > .. .,., ..... ;• ;;; • ·•· . -.. --.),_ ·. .·•· •• . ·• • ... ·. .. 

Compressor Front bousin2 nressure castin2 die (4 set) 168,000 Domestic made 
Component Swash nlare castin" die 35.000 Domestic made 
Manufacture Drive shaft castin2 die 39.000 Domestic made 
P.auipment Moditv swash plate <rear cuttin11 machine 25,000 domestic made 
Auxiliary Alumirum, aoodizing equipment 110,200 surface treatment 

Equipment 
Elec•rnnhoresis ,,.;,..tin" ""Uioment 95,000 reinforcini, anti-<:arrosion 
Subtotal: (rounded) 472.200 
Contin2eocv (IS \Iii) 70,800 

Total 543,000 

Table -3 Salvage Value of the Replaced Existing Equipment and Instrument for 
SD-7HlS HFC-134a MAC Compressors Production (US$) 

. '::// . 

Description Purchase Date Original Price Present Value{$) Salvage Valu! ($) .. ••.• -, />" ·_; __ "' • ' ' ·. .·• .. . . -·.: . '·---. 

Hal=en leak detector Julv 28. 1989 950.000JY 4.700 0 
Piston rini, inserter Julv 28. 1989 2,030,000 JY 10,500 10,SOO 

ssor bodv dies Auoust. 1991 $42.000 29,000 1,000 
Front housin11 cast die Aum,ct 1991 $41,000 28,000 1,000 
Oil charein" machine Julv 28, 1989 6,757.000 JY 33,800 $31,000 
Sundry fittings, dies, and July 28, 1989 850,000 JY 3,800 500 
fixtures 

Total: (rounded) 109.300 $44.000 
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ANNEX2 

Table 1: Annual Incremental Operating Cost After Conversion 
(US$) 

· .. · .. .. Whea UslngCFCs12 When Using HFC·l34a IncrementaH'roductioo 
: ',,' ·: - -,.>_ . .. --:. :· >'-- ; __ :--;', ;, /':.,c,:,,:::-c--·- . .,. . •.. ·.·••• • Cost After Q)nversiim i . • 

Descriotion Material Used Unit Price Material Used Unit Price 
Lubricant Mioenll oil 0.03 PAG 0.28 0.25 

Lubricant 
Sealant NBR 0.77 HNBR 1.60 0.85 

Standard 10.35 Reinforced 13.75 3.40 
Total 81111ual incremeotal ~ratine cost ner unit: 4.50 

NOTE: Include increased cost of body material 

Incremental Operating Costs (based on 30,000 units or 50% production level in 1996) and 60,000 units in 1997, 
1998 and 1999 is shown below: 

1996 -$135,000 
1997 -$270,000 
1998 -$270,000 
1999 -$270.000 

$945,000 

$865,200 Discounted at 10%. 
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ANNEX3 

BREAKDOWN OF PROJECT cosr AND FINANCING 

I Investment Cost · .. Im•esbnent Contingency Total· 
. Cost . • : ·' 

MAC comnress<>J" -uioment <Annex l: Table H l 961,700 294,300 2,256,000 
Self financed accessorv ""Uioment (Annex I: Table 2) 472,200 70,800 543,000 
Subtotal: 2.433,900 365,100 2,799,000 

Less: Self financin" hv entemrise (Annex 1: Table 2\ 472,200 70,800 54~ 000 
II Less: The salvage value of the Replaced Equipment (Annex i4.Q:QQ 

1: Table 3\ 
Incremental investment cost nmnnsed for OTP financin2 2,212,000 

III Incremental Onentin2 Cost for OTF financin2 0 
Subtotal: 

IV Financial A """I Fee (3 % l 66,400 
Total furo--i ODS Grant} 2.278.400 

Note: MP funding is 80% of incremental capital cost minus the salvage value of the redundant equuipment. No 
incremental operating costs are being claimed. 

Total Project Costs: 

Total Investment Costs 
4 years Incremental Operating Costs 
Salvage value of redundant equipment 

Total 

US$2,799,000 
865,200 

( 44,00Q) 

US$3,620,200 
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ANNEX4 

Calculation of Unit Abatement Coots and Grant Effectiveness 

UAC = {C(F) + (OC--0S)}IODP 

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

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

p = Capital reoove,y factor, the llllllualized capital cost charges, discounted at a standard rate of 
10 \Iii pet year over the economic life of the investment 

OC = The annual incremental operating costs io the first year of full operation. 

OS = The annual incremental operating savings of revenue in the first year of full operatioo. 

ODP = The annual ODS reduction at the first year of full operation e._pressed in ODP writs. 

The investment cost of the project is US$2,212,000 (iocl. 15 \Iii contingency e.nd minus salvage value of the replaced 
equipment) aod the economic life is 15 years. 

Since the Alimioalion of 274 MT of ODP is contingent upon Yueyang MAC condenser project implementation, so the 
total iovestment of the elimination of 274 MT of ODP should be: 

$2,212,000 (Haohua) + $1,018,300 (Yueyang MAC condenser) = = $3,230,300 

Theo: 
C(F) == $3,230,300x0.1627= $525,570 

The incremental operating cost of the 79 MT's ODP elirninatioo should also include Yueyang's coodenser production 
conversion project, thus: 

$270,000 (Haohua) + $20,000 (Yueyaog MAC cond..,_) =$290,000 

US$52S,S70 + {US$290,000 - 0) 
UAC == ---------- = USS2.98/kg ODP/Yea.-

274,000 kg ODP 

Grant Effectiveness = 
US$2,212,000 

= US$8.07/kg 
274,000 kg ODP 

(See also complementary Yueyaog Project). 
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ANNEXS 

Equipment Justi.flcation 

Double Piston Rmg Inserter 

Piston dilll'Dlller is smaller 011 the new 7 cylirulel' compressor tban on the old S cylinder model. A new device is 
required for the automatic assembly of piston rings onto the piston. 

Oil Cbargjng Machine 

Poly Alkyl Glycol (PAG) lubricant is used in place of mineral oil on MACS. This is acutely hygroscopic and 
incompatible wilh some gasket and sealing materials used on mineral oil charging machines. These are generally not 
capable of economic modification. 

A PAG oil charging machine is therefore required 

Leak Detectors 

CFC-12 leak detectors are not capable of detecting HFC-134a. 

The existing 8 CFC-12 leak detectors used in production must therefore be replaced by HFC-134a specific detectors. 

Swash Piate Pjston Rod Clinch MJwbiu 

Dimensions of both conrod and swash plate are changed in the new design. The existing equipment is not capable of 
being modified according to the suppliers, Sanden Corporation. 

A new 11111Chine is therefore required 

Retooljng Jjgs and Fixtures 

ln order that existing equipment may be re-used to produce the new design, jigs must be re-made and equipment 
retooled. 

Cylinder Boring Machine 

Because •be cylinder bore diameter is changed on the new compressor, a new boring machine is required. The 
existing machine is not capable of being modified according to the suppliers, Sanden Corporation. 
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Honin&Macbine 

A new cylinder honing machine is required for the same reasons as the cylinder boring machine above. 

Compressor Die Block 

The compn:ssot body components are completely re-designed in the new HFC•l34a compn,ssor. The acquisition of 
new dies are necessary lo produce these and enable the existing die casting equipment lo be used lo produce the new 
design. 

Front Hcmsipg pie Set 

Justification fur this is the same as that for the comp-.or die block. 

Aqueous based Compopept arening Equipment 

Existing equipment uses trichloroethane, an ODS. Component washing equipment must be completely replaced with 
an environmentally friendly aqueons based systiem. 
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ANNEX6 

List of Equipment to be Re-used by Haohua after Conversion 

EQUlPMENT Quaatity Origiaal Price -- . 
•. . 

MC Machinin2 Center 4 set DM2, 750.347 
402 CNC Lathe 3 set DM!,117,500 
W206 CNC Lathe 7 set SFl.105.240 
M130 1 set AS2,S49,000 
M0300HiehF t"lnencbine Machine l set FRFl,064,0SO 
TND CNC 360 Lathe 3 set RMB2,200,000 China 
'TH5640 MC 4 RMB2,7S0.000 
1,315 Broacbine Machine 1 set RMB2S0,000 China 
Piston Swamt" Machine 1 set JYll,576,000 Sanden 
Planet Plate Swamno Machine l set JY12,294 000 Sanden 
Mainline Convevor with shelf for oart of manual assemb!v I set JY13, 771.400 Sanden 
Torm•~ and dead center measurine machine I set JYl0,165,000 Sanden 
Pumrnno test machine l set JY 5.053,000 Sanden 
Finish line convevor 1 set JYl0,529,000 Sanden 
Sall snrav tester l set JY 1,621,000 Sanden 
Endurance leSI bench for comnressor 3 set JY 9,366,000 Sanden 
Noise test bench for comnressor l set JY 4,726,500 Ja""n 
Resin cJoaoin" machine 1 set JY 4,324,000 Janan 
CNCmacbine 3 set JY70,SOO,OOO Jaoan 
Die for slittin" I set JY 6,276.000 Jaru,n 
Preheat and Heat Oven 1 set JYl,171,600 Janan 
Armature caulkine: machine I set JYS,503,000 J•nan 

M,\Proj..a\ODSJ\PS\lhoh-MC.doc 
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COUNTRY OF oaIGIN; THE PEOPLE'S REPUBLIC or CHINA (page 1 of 2l 

PROJECT TITLE: AUTOMOBILE AIR CONDITIONER (MAC) COMPRESSOR 
FACTORY PRODUCTION CONVERSION FROM CFC-12 TO 
HFC-134A MAC COMPRESSOR AUTOMOBILE AIR 
CONDITIONING (MAC) 

IMPLEMENTING ORGANIZATION: 

SECTOR: 

GUANGZHOU HAOHUA AUTOMOBILE PARTS CO. 
LTD. (HAOHUAl 

AUTOMOBILE AIRCONOITIONING (MAC) 

RELATIONSHIP TO THE COUNTRY PROGRAM: 

This project proposal appears to be compatible with a total 
program focused at the elimination of the use of cic-12 as a MAC 
refrigerant. 

TECHNOLOGY: 

The technology uses HFC-134a as a refrigerant. which is 
considered the lowest technical risk and the most environmentally 
sound replacement available. Standards and specifications have 
been established and published by recognized international 
technical associations. 

This proposal is to replace the current five cylinder CFC-12 
Sanden designed compressor automated manufacturing facility with 
a new HFC-l34a Sanden designed seven cylinder compressor 
manufacturing facility. The proposal states, the technical 
support or competence needed to modify the current compressor is 
not available at the enterprise or from Sanden. 

ENVIRONMENTAL IMPACT: 

The reduction in CFC emissions projected in the proposal are 
reasonably attainable. 

The proposal includes elimination of trichloroethane vapor 
degreasing and installation of an aqueous based cleaning process. 

PROJECT COSTS: 

Technology transfer costs and technical training c~sts 
exceed the OORG guidelines, (Report 11 January 1995) 

IMPLEMENTATION TIME FRAME: 

The proposed implementation time frame is reasonab1a. 
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Page 2 of 2 for Guangzhou Haohua automobile parts Co. LTD. 
(Haohua) proposal review. 

RECOMMENDATIONS: 

The reviewer recommends approval of this project proposal 
provided the costs can be revised to the OORG recommended 
guidelines. 

OORG RBVIEWER----------­

DATE OF REVIEW------------------------JUNE 8, 1995 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LAYER 

CHJNA ODS PHASE OUT PROJECT 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR (1994): 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT COST: 

PROPOSED OTF GRANT: 

COST EFFECTIVENESS (CE): 

IMPLEMENTING ENTERPRISE: 

COORDINATING AGENCY: 

IMPLEMENTING AGENCY: 

PROJECT COVER SHEET 

The People's Republic of China 

Automobile Air Conditioner (MAC) Co. Production Conversion from 

CFC-12 toHFC-134aMAC System 

Automobile Air Conditioning (MAC) 

1,278 MI' ODP (1,278 MI' CFC-12) 

Phaseout 361 Mr ODP per year from 1996 to 1999 
(including complemenwy SEGM Project) 

Two Years 

Incremental Investment Cost: 
15% Contingency: 
Incremental Operating Cost: 
Less: Salvage value 
Net Incremental Investment Cost 
3% Financial Agency Fee 
Proposed OTF Grant 

US$ 1,691,600 

USSl,476,800 
USS 221,500 

0 
( 56,000) 

USSl,642,300 
49 300 

USS 1,691,600 

Unit Abatement Cost: US$5.29/ Kg/Year 
Grant E!Iectiveness: USS 7.131kg 

Shanghai Automobile Air Conditioner Co. (SAAC) 

National Environmental Protection Agency (NEPA) 

The World Bank 

PROJECT SUMMARY 

This project, together with Shanghai Ek Chor General Machineiy Co. Ltd (SEGM) compressor conversion 
project, will eliminate 361 Mr ODP per year (361 Mr CFC-12) in China. This project concerns the production of 
a higher capacity condenser to complement the HFC-134a compressors produced by SEGM Redesign of MAC 
condensers and the acquisition of some new production equipment is involved . Aller the new production facilities 
are complete, an average of361 MI' ofCFC-12 use will be eliminated annually from 1996 to 1999. The project 
may act as a demonstration project for other MACS producers in China. 

Technical Assessment: The project has been reviewed and supported by the OORG technical reviewer, Mr. Bob 
Proctor. His comments are attached. Project costs have been revised in accordance with the OORG recommended 
guidelines. 
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PROJECT OBJECTIVE: 

The objective of this project is to convert SAAC's productlon of CFC-12 automobile air conditioner system to HFC· 
134a systems, and thereby phase out 361 MT ofCFC-12 consumption per year from 1996 to 1999 as part of the 
overall country ODS phase out strategy. 

SECTOR BACKGROUND 

The development of China's MACS indUStry started in the late 80's, rather later than elsewhere. China's current 
productlon is less than 1% of MACS production worldwide. Since China is the World's most populous counlly 
with over 1.1 billion inhabitants and living standards are rising fast, the potential MACS market is huge. Recent 
expansion of MACS production has reflected this. 1992 MACS production was only 180,000 units, but rose to 
270,000 units by 1994. The total national inventozy of MACS systems by end 1994 was estimated at 1.49 million 
and the total annual CFC-12 use (for service and new system charge) was about 1,278 tones. 1995 production of 
MACS equipped cars is estimated at 265,000. CFC-12 usage associated with this is 1,510 tones. 

China plans to cease production of CFC-12 based MACS and completely phaseout use of CFC-12 in the sector by 
2005. This strategy is described in the China Counlly Program. 

In 1994, 392 tones ofCFC-12 were used for the initial charge of MACS and 886 tonnes for service. 140,000 of the 
270,000 total MACS made in 1994 were manufactured by SAAC. Annual amount of CFC-12 used as for charging 
new MACS using these MACs, together with Ek Chor compressors, was 168 tonnes. 

Table 1: 
2005 

Statistics and Prediction or China's MAC Production and CFC-12 Comsumption 1991 -

(I 000 Vehicle) . 
• /•Ac -~\TX\"::'\·/ ••ift1/Automobile , •·· -- ·-:,· -MAC ... • CFCs Consumotion rM-rts 

Year Ownershio Production Imnnrt Retired Ownershio Production New MAC Service Total 
1991 8,000 710 98 500 100 180 320 500 
1992 6,920 1.060 211 760 180 296 477 773 
1993 8,120 1,300 314 1,110 230 356 676 1,032 
1994 9,540 1,340 283 250 1,490 270 392 886 1,278 
1995 11,150 1,610 300 300 1,920 265 342 1,168 1.510 
1996 12.940 1,840 350 400 2,410 320 413 1,479 1,892 
1997 14,900 2,110 400 600 3,110 480 634 1,857 2,491 
1998 17,150 2,400 450 800 3,820 650 858 2.276 3.134 
1999 19,000 2,700 500 1,000 4.850 820 1,102 2,862 3,964 
2000 20,000 3,000 500 2,000 5,950 l,l!O 1,497 3.506 5,003 
2005 9,500 1,680 2,288 5,584 7,872 

INTEGRATED SECTOR APPROACH TO PHASEOUT 

Four projects are being submitted that will between them phaseout 70 percent of the CF-12 used in new MACS in 
China. All these are based on the adoption of HFC-134• to replace CFC-12. They are EK Chor (MACS 
compressor), Shanghai Auto Air Conditioner Corporation (condenser), GWlllgzhou Haohua (compressor) and 
Yueyang Hengli (bus MACS and auto MACS condensers). These are two fundamentally different approaches 
involved in the Chinese approach to conversion of the automotive MACS industry. Both are based on the need to 
produce HFC-134a MACS with an equivalent performance in terms of capacity and efficiency as the CFC-12 
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MACS currently produced. They are not the result of customer demands, but the minimum essential features to 
convert to HFC-134a MACS system. 

(a) The performance and efficiency should be equivalent to the current CFC-12 systems 

(b) Toe external dimensions of automotive MACS condensers should be no greater than those 
currently supplied. This is because of the limited space available for installation in a car's 
engine compartment. Use of a larger condenser would involve re-design by the vehicle 
manufacturer who would probably source his condensers elsewhere if his existing supplier could 
not meet this requirement. This involves the practicalities of installing a MACS in a given 
vehicle. It is not a customer requirement for an enhanced product. 

EK Chor make compressors that are used exclusively by Shanghai Santana on VW and Audi 
cars. Santana source their condensers from SAAC and Yueyang. Some are of the serpentine 
type (from SAAC) and some are still of the fumed copper tube variety (from Yueyang). Haohua 
supplies a number of different customers in Southern China who buy their condensers from a 
variety of sources. 

Both Haohua and EK Chor are licensees of the Sanden Corporation of Japan and currently 
produce the same 5 cylinder CFC-12 compressors. EK Chor have not been able to conclude a 
deal to purchase new HFC-134a compressor technology from Sanden, despite trying. Haohua 
has been in production only since 1993 (and who retain close links v.~th Sanden) have been able 
to conclude a technology transfer deal. This technology is for Sanden's new 7 cylinder HFC-
134a designs developed from their CFC-12 compressor which Sanden considers obsolete. 
Haohua's project is thus based on the purchase of manufacturing rights for Sanden's new 
compressor range. 

EK Chor have been in the MACS business since 1991, and unlike Haohua are well equipped 
with world class test facilities and excellent development engineers, Their approach is to 
modify the existing Sanden 5 cylinder CFC-12 compressor for use with HFC-134a. Because the 
compressor swept volume remains the same, systems using this compressor must be equipped 
with larger capacity condensers to offset the loss of system performance experienced when a 
CFC-12 system is directly retrofitted with HFC-134a. EK Chor compressors are supplied 
exclusively to Shanghai Volkswagen who source their condensers from SAAC. Thus, the SAAC 
project involves production of increased capacity condensers to match EK Chor's compressors. 
These two components are necessary iu order to produce a MACS with equivalent capacity and 
efficiency to their present CFC-12 MACS. 

All projects are being optimized iu regard to technology source and costs, use of local 
technology and equipment where appropriate and reuse of existing equipment wherever 
technically feasible. Components that (might) relate to product upgrade and/or capacity 
expansion are being funded by the enterprises. This overall approach to the MAC sector will 
result in the lowest cost of transforming China's MAC sector to use of HFC 134a and represents 
the lowest possible request for assistance from the Multilateral Fund. 

ENTERPRISEBACKGROU1''D 

Shanghai Automobile Afr Conditioner Co. (SAAC) is belongs to China Nation.al Aviation and Aeronautics 
Industry Corporation. SAAC introduced a Sanden MAC technology production facility in 1991 with a production 
capacity of 200,000 units per year Actual production of MAC unit in 1994 was 140,000 units accounting for 61 % 
of the national total MAC production. SAAC's products are mainly supplied to Shanghai Santana Automobile 
Factory, Beijing Cherokee, Changchun Audi 100, Jetta and other small and medium sized vehicles producers. 
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Products aremanufacturd according to intemation.al standards as prescribed by the Sanden Corporation. Quality is 
monitored by the Shanghai Municipal Automobile Industry Corporation. SAAC's MACC system is sold only on 
the domestic Chinese market. The local ownership fulction is 100 percent. 

PROJECT DESCR.Il'TION 

The project involves: 

1) Design of a new Multiflow type condenser to repla<:e the existing se,pentine design, such that the capacity 
of a given condenser capacity is increased whilst exten!al dimeosions are unchanged. SAAC existing 
designs are optimized for existing heat transfer requirements, therefore improved multiflow technology is 
required. 

2) Acquisition of appropriate heat exchanger productioo equipment to enable Multiflow type condensers to be 
produced. Production capcity of the modified condenser production facility will be unchanged at 200,000 
units p.a. Much existing production equipment will be re-used. The purchase value of this equipment 
detailed in Table 1 Annex 7 was US$ 5,208,400. 

3) Eliminate 7 MT of ODS cleaning agent of trichloroethane by using an acqueous based system. 

4) Training technical staff at Sanden for implementation of these conversion project and subsequent production 
of CFC-free MAC units. 

The generous allowance of $177,500 comprises two categories of training: 

i) Foreign expert help 

ii) Overseas training of Chinese operatives 

The former (i) is required to provide expert help in des.i,gn modifications to the condenser. (ii} enables 
SAAC to seek information and engineering support abroad. Both these reco,gnise the fact that (as with 
SEGM) the product is being re-designed by the ente,prise itself and help should be given to ensure that this 
is successfully carried out. 

This approach is thought to be far more cost effective than the purchase of a manufacturing licence. 

JUSTIFICATION FOR ALTERNATIVE TECHNOLOGY SELECTION 

HFC-134• based technology has been selected for the following reasons: 

l) Because of its good thermodynamic properties, zero ODP and non-flammability, HFC-134a has been 
recognized worldwide as the most appropriate replacement for CFC-12 in Automobile Air Conditioning 
systems. 

2) The production technology for HFC-134a MACS is alreany well developed in industrial cotllltries. 

3) Supplies of domestically produced HFC-134a should be available in China from 1998. 

4) SAAC has carried out testing to investigate whether increasing fin density of their existing serpentine 
design can incresse the capacity of their condensers. Their conclusion is that it can not and that the 
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e:tisting fin density is optimum. Increasing width of serpentine tube will increase overall depth of 
condenser which is unacceptable. 

TECHNOLOGY SOURCES AND A VAILAl!ILITY 

SAAC U$$l to supply complete MACS systems to local auto manufacturers using compressors produced by Shanghai 
EK Chor (see next). This company will produce compressors compatible for HFC-134a use, but with the same swept 
volume as the old CFC-12 models. Due to the higher pressw:e ratio ofHFC-134a compared to CFC-12, the system 
capacity and efficiency will be reduced be<:ause of the reduction in compressor volumetric efficiency. This loss is 
most effectively compensated by increasing the system condenser capacity. Owing to space conslrllints in the engine 
compartment of the small cars produced by their clients, SAAC are obliged to produced a condenser of higher 
capacity but of the same physical size as their present one. 

Multi Flow condenser technology is widely acknowledged to be the most effective form of condenser for MACS. Its 
use in the context is justified and does not constitute a prcduct upgrade. 
The special heat exchange tubing required for Multi Flow condenser can be bought on the open marlcet in China. A 
suitable condenser design will be developed using th.is tubing and without the need to buy a production licence from 
a foreign supplier. SAAC possess world class test facilities and first rate design technicians. The principle of Multi 
Flow condensers is in the public domain. A design that does not infringe patent rights can easily be developed. 

PROJECT cosrs 

The totaJ project cost of US$3,0S3,600 equals the ODS reduction portion of the overall project (investment cost 
plus net incremental operating cost and excluding financial agent fee). This prcject will not provide SAAC with any 
incremental revenues, but will result in incremental operating costs. 

Investment cost of US$2,733,300 including purchase of additional equipments needed for the conversion of 
production line to replace present CFC-12 MAC system with HFC-134a parallel flow condenser and 15% 
contingency (Annex 1: Tables l and 2). Some equipment for production of CFC-12 system can also be used for 
production ofHFC-134a MAC system. 

Net incremental Operating Cost for 3'h years of US$376,300 (discounted at 10%) are due to the conversion of 
production line to replace CFC-12 MAC condenser. The HFC-134a MAC condenser uses different materials giving 
rise to an increase of appro:timately US$0.90/unit (Annex 3: Table 1). 

Annual IOC is $126,000 for production of 140,000 units. 

Requested Funding The proposed grant for SEGM is US$1,691,600 and was calculated as follows: lS!!i 
contingency was added to the incremental investment cost and the salvage value deducted. A financial agent fee of 
3 % was added to the resulting figure to give the grant amount requested from the Multilateral Fund. 

PROJECT IMPLEMENTATION 

~ urionths) ·· .. co . ~ •·· 

,,, .-,, J/; 4;.;; ... s ,-0·. 6?' ;7 :.->'. ;g ,,; 9 .. • 10 II 12 13 14 • 15 16 11, !S ·;· 
NcPntiate Order X X 
Order ...... ,it,, X X 
Initial Dcsi-- X X X 
Inst. Desi-- X X X X X 
Order Domestic X X X 
J:',mio. 

Inst.all. & Trainin• X X X X X X X X X X 
Trial Run X X 
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Project Supervision: 

Project Director: 

Project Manager: 

6 June 7, 1995 

Tho Dept. of Auto Industry of Ministry of Machine Industry (MMI) oversee 
implementation of lhe project. at Shanghai Automobile Air Conditioning Co. 
Ltd. (SAAC). 

Mr. Zhang Zheohuan, Deputy Director of SAAC. 

Mr. Shao Hemin, Chief Engineer of SAAC. 

ENVIRONMENTAL CONSIDERATIONS 

An Environmental A.ssessement is be carried out by Shanghai Municipal Environmental Prote<:tion Bureau (EPB). 
The project will meet standards and regulations stipulated by lhe Shanghai EPB. No new pollutants will be generated 
from lhe production. 

PROCUREMENT 

Imported and domestic equipment needed are shown in Table 1 and Table 2. Contracts will be awarded after 
evaluation and comparison of quotations solicited from at least 3 qualified supplier The choiuce of procurement 
agency will be discussed and selected after appraisal. 

REQUlRED REGULATORY ACTIONS 

A preferential duty making HFC·l34a at least as cheap as CFC-12 is required for as long as CFC-12 is available, 
since CFC-12 can be used in HFC-134a MACS actually wilh a slightly improved performance.. 

PROJECT RESULTS 

Direct Project Impact: 

Indirect Project Impact: 

On completion in 1996, this project will, within 4 years from 1996 • 1999, 
eliminate an average of 361 Toooes of CFC-12 per year (361 Tonoes ODP). 

Since ICC's are not being requested, the effect on product price is unpredictable. 
Implementation of lb.is proejct is not expected to create any workforce 
redundancies. This may serve as a demonstration project to other etitetprisa. 
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Multi Flow 

Condenser 

ODS free cleaning 
solution 

Technical Training 

Table • 1: Cost Breakdown of Equipment and Instrument for 
HFC-134a MAC Condensor Production Conversion (USS) 

HFC-134a leak detector 
Replace Trichlorethane equipment with Acqueous based process 

• sta overseas training: 30 man x 15 day/man x 
$150/man.da 
International travel fare for Chinese staff: 30 man x $2, 000/man 

Table • 2: Cost Breakdown of Equipment and Instrument for 
HFC-134a l\fAC Condensor Production Conversion (US$) 

(Enterprise Self Financed) 

Jwte 7, 1995 

ANNEX! 

120,000 
100 300 
54,000 
70,000 
56,000 

554 000 
120,000 
25,000 

200,000 

50.000 
67,500 

60,000 
1,476,800 

221,500 
1698300 

,,.::,}. -:: -,,, - ., ,::1:r:r: •.•·•.···· (tiDescriotion\..\t~ · .< :. SAAC Estimation ••• '"' 
Flux caintin2 eouioment 400,000 

Parallel Flow Condenser Assemblv line ii•, fixtures and die 100.000 
Ar2on weldinl! ,.,,uioment 400,000 
Subtotal 900,000 
Contin2encv (15 % l 135,000 

Total:(rounded) 1,035,000 



ODS 3 - Shanghai SAAC 

MAC Condenser 

production 
ui ment 

Grand total: 

Description 

8 June 7, 1995 

ANNEX2 

Table 1: Salvage Value or Redundant Equipment($) 

$5 000 
$30 000 
$3,000 

$15 000 
$150,000 $100,000 $3 000 

Table 2: Incremental Operating Cost After Conversion 
(US$) 

$56 000 

\When Using • HFC-134a • • • Incremental Production 

Material 
Used 

cost 

Unit Price 

90.05 

Unit Price 

90.95 
0.90 

Incremental Operating Costs (Based on 70,000 units or 50% present production level in 1994, and 140,000 units 
in 1997, 1998, and 1999) is shown below (without discounting): 

1996 • $63,000 
1997 -$126,000 
1998 -$126,000 
1999 -$126.000 

Total $441,000 

US$376,300 (Discounted at 10%) 

Note: Production increases are forecast as follows: 

1996 180,000 
1997 200,000 
1998 200,000 
1999 200,000 

The current production level of 140.000 units p.a. has been used as the basis for the calculation of annual 
Incremental Operating Cost. 
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ANNEX4 

BREAKDOWN OF PROJECT cosr AND FINANCING 

1,476 800 221500 1,698,300 
Domestically pure accessory equipment (Annex 1: 900,000 135,000 1,035,000 
Table 2 
Subtotal: 2,376 800 356,S00 2,733 300 

Less: Self financing by enterprise (Domestically purchased (900,000) (135,000) (1,035.000) 
Acces ui ment Annex 1: Table 2 
Less: Salvage value of the replaced existing equipment (-56.000) 
Annex 2: Table 1 

I 476 800 221,500 1642 300 
0 

m Finan 49,300 
1,691,600 

Note: Funding requested from Multilateral Fund:60 % of incremental capital costs minus salvage value of the 
redundant equipment. No incremental operating costs are requested. 

Project Costs 

Incremental Investment Costs 
Incremental Operating Costs 
Scrap Value Redundant Equip. 

Total 

$US 2,733,300 
$US 376,300 
$US (56.000) 

$US 3,053,600 
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Cost Effectiveness Calculation 

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

Where: 

A = Unit Abatement Cost, $kg /ODP.year 

ANNEX 5 

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

annualized capital cost charges 

F = Capital recovery factor, the annualii.ed capital cost charges, discounted al a standard rate of 10% per 
year 

over the economic life of the investment (F = 0.1627 for 10 years) 

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

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

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

The incremental operating cost in the first year of full operation of this project, together with SAAC's MAC 
condenser production conversion project, is $952,000 + 126,000 = $1,078,000 

The investment cost of this project, together with SAAC's MAC condenser production conversion project, 
is (including 15% contingency): 

US$ 2,377,600 (Ek Chor) + US$2,733,400 (SAAC) = $5,111,000 

and the economic life is 10 years. Then: 

C(F) =$5,111,000 * 0.1627 = 831,560 

US$831,560 + (USSl,078,000 • O) 
UAC = -------- = US$S.29 kg/ODP.year 

361,000 kg ODP 

Note: This calculation is based on total project costs. If the self financed portions are removed, the UAC 
falls to about US$3.06/ODP.Year. 

Grant Effectiveness = US$933,000 (Ek Chor) + US$1,642,300 (SAAC) = 7.13kg ODP 

361,000 kg ODP 
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ANNEX!i 

Justification of Equipment 

Fin Center Roll Die 

The new Multiflow condenser has a completely different design to the former serpentine type. The extended 
heat transfer surface is provided by aluminium strips folded in concertina fashion and inserted between the 
crossflow tubes. 

This die enables existing equipment to form this infill. 

!SO Tonne Press 

This is required for the simultaneous froming of multiple opernings in the header and collector vessels on 
the multiflow condenser to accomodate the heat exchanger tubes. Higb positional and dimensional accw:acy 
is needed in order that the clearances at the tube/tank joins be tight enough for brazing to be carried out. 
This powerful press is consequently required. 

Tanlc hole. Inlet/outlet. Slot die 

These are all used for forming holes in the tank and header of the new design. The old design was of a 
completely different type and did not require forming of these holes. 

Core Assemblv Machine 

This is required for assembly of the heat exchange matrix. 

Tube End Polisher 

The Header and Tank are formed from tubing. This is required to prepare the tubing ends for bruing 
endc:aps. 
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ANNEX7 

Table 1. Equipment to be Re-Used by SAAC 

1~ • ··w~«UZ:liftitf4WRl•t¥£ •;~eva1irern•· ·{ '.!R~i[~J~t 
AC Side ""nel & head Press (60 TI $63,000 3 Years lmnnrted 

Condenser Frame Press $82,000 • • • 
Condenser Dioital ControlJed Tube Bender $374.000 • • • 

Di<>ltal Controlled Maclllne $200.000 • • . 
Millin2 Maclllne $230,000 • • • 

Equipment Tube End Fonner $177.000 • • • 
Lockrock Furnae $3,200.000 • • • 
SnntWelder $72.000 • • • 
Fin Centre Assembly Machine $5.208.400 • • • 
Paintin" Line $54,000 . . • 
Total: $5.208.400 • • • 

M:\Projcea\ODSJ\PS\SMC·MC.doc 
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COUNTRY OF ORIGIN: THE PEOPLE'S REPUBLIC OF CHINA 

PROJECT TITLE: AUTOMOBILE AIR CONDITIONER (MAC) CO. 
PRODUCTION CONVERSION FROM CFC-12 TO HFC-134A 
SYSTEM 

IMPLEMENTING ORGANIZATION: 

SECTOR: 

SHANGHAI AUTOMOBILE AIR CONDITIONER CO. 
(SAAC) 

AUTOMOBILE AIRCONDITIONING (MAC) 

RELATIONSHIP TO THE COUNTRY PROGRAM: 

This project proposal appears to be compatible with a total 
program focused at the elimination of the use of CFC-12 as a MAC 
refrigerant. 

TECHNOLOGY: 

The technology uses HFC-134a as a refrigerant, which is 
considered the lowest technical risk and the most environmentally 
sound replacement available. Standards and specifications have 
been established and published by recognized international 
technical associations. 

A need for the addition of multiflow condenser production 
capability to the existing aluminum serpentine production 
capability has been studied by the enterprise and they have 
determined this is the only way available to them to recover the 
performance lost when the refrigerant is changed from CFC-12 to 
HFC-134a. 

The OORG guide lines cover conversion from copper tube 
condensers to aluminum, but do not require multiflow where 
aluminum serpentine capability exists. 

ENVIRONMENTAL IMPACT: 

The reduction in CFC emissions projected in the proposal 
are reasonably attainable. 

Trichlorethane cleaning is replaced by an aqueous based 
process. 

PROJECT COSTS: 

The projected technical training costs significantly exceed 
the guide lines published in the OORG report 11, January 1995. 



page 2 of 2, Shanghai Automobi1e Air condition~r Co. {SAAC) 
proposal review. 

RECOMMENDATIONS: 

the Based on the analysis of their data by the enterprise 
reviewer recommends approval of the proposal providing th.~e-­
projected costs are brought within th-mORG recommen':,>"·-J~ 
guidelines. 

OORG REVIEWER--------­

REVIEW DATE------------------------------June 8, 1995 



Ozone Operations Resources Group 
(OORG) 

TECHNICAL REVIEW 

1. Country of origin: Peoples Republic of China. 

2. Project title: Plwse out of TCA in each of four plants used for 
the manufacture of refrigerator parts. 

3. Sector Covered: Solvent uses in metal parts manufacture. 

Data not available. 3a ODS use in sector: 

4. Relationship to 
country programme 

Phase out of 37 tonnes of 1,1,1,TCA in four 
separate plants. 

5. Technology: 

a) 

b) 

c) 

The use of aqueous washing in place of trichloroe1.ha.11e 
vapour degreasing is becoming the most popular technology 
change in this sector. It is environmentally sound and very 
safe. 

The technology is not transitional, as it does not 
depend upon a solvent or chemicals which might face 
future bans. 

Feasibility of transfer to the country concerned 

i) There is no formal technology transfer as the projc-.ct 
is basically the delivery and installation of four aqueous 
parts cleaning lines. The supplier does propose 
assistance with installation and Start up supervision 
which must, by definition, include some training 

ii) There is no licensing agreement. 

iii) Consideration of other technologies is not 
described. The choice of technology, however, 1s 

logical for the type of production. 



iv) Complete data is not provided for this proposal, only 
the cost of the plant for each manufacturing centre. 
(Incremental operating costs and operating savings are 
not available.) Thus only an estimate of UAC can be 
given. Assuming that there would be a saving on 
solvent costs hut an increase in energy costs including 
drying the parts gives an approximate UAC of about 
$3.7 per ODP Kg. 

6. Environmental Impact: 

(a) 

(b) 

The ODP of the substitute aqueous system is zero. 
There will however an increase in indirect GWP owing 
to the increase in energy consumption in all of the main 
process areas. 

There is no specific Health and Safety risk 
associated with aqueous cleaning systems. Normal • 
factory safety should he applied. 

7. Project costs: 

(a) All the cost components identified in the project are 
essential to the conversion; it is not possible, with the 
information available, to determine whether the current 
production rate will be maintained. 

(b) None of the cost components would be expected to be present 
in the existing facility. The substitution of nn aqueous 
cleaning system for a TCA vapour degreaser is a 
fundamental change requiring complete re--equipment. 

(c) Cost of equipment. 

(i) The base line costs are addressed properly. 

(ii) The decision to replace all of the existing equipment is 
consistent with the complete change in technology .. 

(iii) All the requests for equipment are consistent with 
the project plan. 

(iv) There is little opportunity for re-use of existing equipment. 



(v) The fate of any scrapped equipment is not described. 

(vi) NA. 

(vii) No information is provided concerning changes in production 
capacity, the proposal is confined to a description and 
specification for the aqueous cleaning systems alone. 

(d) Appropriateness of training and related costs, if any. 

e) 

There is a proposal from the supplier to provide start up training 
and operator instruction. 

Operating costs 

(i) Operating costs arc not included in the proposal. 

(ii) No information is provided concerning operating savings or 
energy savings. The project proposal is confined to the 
specification of the cleaning units alone. 

8. Implementation timeframe. 

The timeframe proposed is feasible. 

9. Recommendations 

(a) Approval as proposed. Q Ai) , 

OORG Technical reviewer: ..... B.H.Baxter ... ~ 

Date Review completed: ... 6.6.95 ...................... . 




