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Flexible Polyurethane Foam 
One year 
Phaseout of the use of 180 tons/year 
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(slabstock) (F-PUF) at Tianjin 
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US$1,080,000 

IMPLEMENTING AGENCY , Ministry of Light Industry (MLI) 
UNDP (assisting) 

NATIONAL COORDINATING 
AGENCY 

National Environmental Protection 
Agency (NEPA) 

PROJECT DESCRIPTION 

MLI is leading a coalition of ministries in the implementation of 
the phaseout of CFCs in foams in China; the largest use sector of 
ODS (36.8%) with the highest ODP (29.4%). 

The Tianjin plant is selected by the ministry as a demonstration 
plant for the dissemination of ODS technology in the manufacture of 
F-PUF in China. Tianjin, with three production units for this type 
of foam, is uniquely qualified for this purpose. Representatives 
of Tianjin participated in a survey of technologies in December 
1992, and are informed on the latest developments in this area. 
The senior chemical engineer will also function as the designated 
national expert for ODS phaseout in this sub-sector. 

Tianjin will install under this project different technologies and 
laboratory equipment, that will allow the complete phaseout of CFCs 
in its flexible foam production. In addition, it will allow the 
company to demonstrate these technologies to other Chinese 
producers and to accommodate other companies in their phaseout 
efforts through test production and physical testing. 

Tianjin's management is dedicated to the phaseout of the use of 
CFCs at a pace as fast as feasible. The company has already 
submitted a project for the phaseout of CFCs in polyol blends, and 
will follow shortly with projects for its various rigid PUF 
operations. 



This particular project is designed to phaseout the use of CFCs in 
the production of flexible PUF (180 t/y in 1991). The company has 
evaluated the different available technologies far this purpose 
during a study tour in December 1992, in the USA. The technologies 
selected reflect not only the particular equipment on site, but 
also the fact that Tianjin will be China's dissemination center for 
CFC free technology in flexible PUF, and should be able to 
demonstrate more than one technology. The fact that the company 
operates three production lines allows to do so without excessive 
incremental costs. 

For its traditional foam line (MS Foam line, named after the 
manufacturer of the equipment), Tianjin has selected the use of 
methylene chloride, in combination with softening additives and 
extended range polyols. For its "Vertifoam" Lines, the company has 
selected the "Envirocure" process, a patented curing acceleration 
system, that allows the production of foam without any auxiliary 
blowing agent. 

The emission of methylene chloride will be reduced by an emission 
recovery system. Workers exposure will be limited through the 
improvement of the exhaust system. 
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F-PUF in China. Tianjin, with three production units for this type 
of foam, is uniquely qualified for this purpose. Representatives 
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1992, and are informed on the latest developments in this area. 
The senior chemical engineer will also function as the designated 
national expert for ODS phaseout in this sub-sector. 

Tianjin will install under this project different technologies and 
laboratory equipment, that will allow the complete phaseout of CFCs 
in its flexible foam production. In addition, it will allow the 
company to demonstrate these technologies to other Chinese 
producers and to accommodate other companies in their phaseout 
efforts through test production and physical testing. 

Tianjin's management is dedicated to the phaseout of the use of 
CFCs at a pace as fast as feasible. The company has already 
submitted a project for the phaseout of CFCs in polyol blends, and 
will follow shortly with projects for its various rigid PUF 
operations. 
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This particular project is designed to phaseout the use of CFCs in 
the production of flexible PUF (180 t/y in 1991). The company has 
evaluated the different available technologies for this purpose 
during a study tour in December 1992, in the USA. The technologies 
selected reflect not only the particular equipment on site, but 
also the fact that Tianjin will be China's dissemination center for 
CFC free technology in flexible PUF, and should be able to 
demonstrate more than one technology. The fact that the company 
operates three production lines allows to do so without excessive 
incremental costs. 

For its traditional foam line (MS Foam line, named after the 
manufacturer of the equipment), Tianjin has selected the use of 
methylene chloride, in combination with softening additives and 
extended range polyols. For its "Vertifoam" Lines, the company has 
selected the "Envirocure" process, a patented curing acceleration 
system, that allows the production of foam without any auxiliary 
blowing agent. 

The emission of methylene chloride will be reduced by an emission 
recovery system. Workers exposure will be limited through the 
improvement of the exhaust system. 
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PROJECT SUMMARY 

MLI is leading a coalition of ministries in the implementation of 
the phaseout of CFCs in foams in China; the largest use sector of 
ODS (36.8%) with the highest ODP (29.4%). 

The Tianjin plant is selected by the ministry as a demonstration 
plant for the dissemination of ODS technology in the manufacture of 
F-PUF in China. Tianjin, with three production units for this type 
of foam, is uniquely qualified for this purpose. Representatives 
of Tianjin participated in a survey of technologies in December 
1992, and are informed on the latest developments in this area. 
The senior chemical engineer will also function as the designated 
national expert for ODS phaseout in this sub-sector. 

Tianjin will install under this project different technologies and 
laboratory equipment, that will allow the complete phaseout of CFCs 
in its flexible foam production. In addition, it will allow the 
company to demonstrate these technologies to other Chinese 
producers and to accommodate other companies in their phaseout 
efforts through test production and physical testing. 



PROJECT OF THE GOVERNMENT OF CHINA 

TIANJIN CONVERSION TO CFC-FREE TECHNOLOGY 
IN THE MANUFACTURE OF FLEXIBLE POLYURETHANE FOAM (SLABSTOCK) 

l. PROJECT OBJECTIVE 

The objective of this project is (1) to phaseout the use of CFCs in 
the manufacture of F-PUF at Tianjin, (2) to demonstrate the 
technologies employed to other manufacturers and (3) to aid these 
manufacturers in their efforts to phaseout the use of CFCs in 
flexible polyurethane foam. 

2. SECTOR BACKGROUND 

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

Categories ODS Production 
Subcategories (t) (t) 

Extruded PS/PE 2,173 13,000 

Flexible Polyurethane 2,000 50,000 

Pipe Insulation 600 4,000 

Sprayed PUF 600 4,000 

Appliance Foams 5,000 40,000 

PUF Panels 7,400 52,000 

Total Rigid PUF 13,600 100,000 

TOTAL 17,773 163,000 

The Chinese Foam Industry 
Selected Industry Data (1991) 
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Plants 
(range) 

30- 50 

50-100 

10- 20 

50-200 

40- 70 

20- 50 

120-340 

200-490 



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

o Refrigerating foams. 
o Non-refrigerating foams 

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

0 

0 

0 

0 

Ministry 
Ministry 
Ministry 
Ministry 
(MMEI)', 

of Chemical Industry (MCI), 
of Commerce (MOC), 
of Aerospace Industry (MAI), 

of Machinery and Electronics Industry 

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

Uninhibited use of CFCs in foams for domestic refrigeration is 
expected to lead to an increase during 1991-1995 by 8 %/y, and 
after 1995 by 3 %/y. For other foams, a growth rate of 6 %/y is 
forecasted. 

3. ENTERPRIZE BACKGROUND 

Tianjin Polyurethane Plastic Product Factory ("Tianjin") is one 
of the leading enterprises in the foam sector in China. The 
company counts more than 700 employees, from which about 50 
constitutes the technical staff. The production program 
includes the manufacture of polyols, elastomers, polyether 
polyol blends, different types of polyurethane foams and 
products from flexible foams (rolls, sheets, etc). Major 
equipment is imported from abroad, and relatively new. Beside 
the installations for polyol and elastomer production, the 
company operates: 

"Refrigeration Foam• is defined as foam used for 
insulation purposes in cooling devices. The term is used in 
stead of the more usual distinction in "insulation" and 
"non-insulation• foam to accommodate to the existing 
ministerial responsibilities in China, where heating pipe 
insulation ("insulation" but not "refrigeration) is 
classified together with flexible and EPS/PE foams. 

'The Chinese Government is currently restructuring some of 
its Ministries. The list of Ministries and Associations 
involved may therefore change. This list will be updated as 
soon as new information is available. 
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o 3 continuous flexible foam lines, 
o 1 continuous panel line, 
o 1 continuous pipe insulation line, 
o l unit for in situ foaming. 

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

PRODUCTION 
(TONS) 

2,000 
500 

3,000 
4,000 

600 
80 
20 

1,000 

PRODUCT 

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

CFC USE 
(TONS) 

120 
180 

75 
15 

5 

The company has laboratories for product development and quality 
control on site. 

4. PROJECT DESCRIPTION 

Tianjin's management is dedicated to the phaseout of the use of 
CFCs at a pace as fast as feasible. The company has already 
submitted a project for the phaseout of CFCs in polyol blends, and 
wi 11 fol low shortly with projects for its various rigid PUF 
operations. 

This particular project is designed to phaseout the use of CFCs in 
the production of flexible PUF (180 t/y in 1991). The company has 
evaluated the different available technologies for this purpose 
during a study tour in December 1992, in the USA. The technologies 
selected reflect not only the particular equipment on site, but 
also the fact that Tianjin will be China's dissemination center for 
CFC free technology in flexible PUF, and should be able to 
demonstrate more than one technology. The fact that the company 
operates three production lines allows to do so without excessive 
incremental costs. 

For its traditional foam line (MS Foam line, named after the 
manufacturer of the equipment), Tianjin has selected the use of 
methylene chloride, in combination with softening additives and 
extended range pol yo ls. For its "Vertifoam" Lines, the company has 
selected the "Envirocure" process, a patented curing acceleration 

'Used in the production of rigid polyurethane foams. About 
25% or 700 t/y is used in own production. 
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system, that allows the production of foam without any auxiliary 
blowing agent. 

The emission of methylene chloride will be reduced by an emission 
recovery system. Workers exposure wi 11 be 1 imi ted through the 
improvement of the exhaust system. 

5. TECHNOLOGY 

5.1 SELECTION 

There are numerous options to replace CFCs in the manufacture of F­
PUF slabstock. As a preparation on the intended phaseout, 
representatives of the company visited the USA and reviewed not 
less than eight different technologies. The visit included a 
technology overview and discussions on selection criteria at a 
major chemical manufacturer (Dow Chemical) and a discussion with 
representatives of USEPA's Global Change Division with the same 
purpose. The findings of this tour, related to the different 
technologies, are attached to this proposal (annex-1). 

Tianjin selected the use of methylene chloride as the most economic 
solution for its traditional foam production line. The technology 
is intended to be implemented with safeguards for environment 
(emissions) and workers safety (exposure). 

In addition, the company intends to install the capability to use 
softening additives and extended range polyols. The costs of such 
installation are relatively moderate. It will allow the company to 
use these technologies for demonstration purposes as well as for 
partial replacement of methylene chloride in very sensitive 
formulations (low density, super soft). 

For its "Vertifoam" units, the company intends to install a 
combined "Envirocure" system ("combined", to avoid the costs of two 
separate installations). This patented system is now in production 
in about 10 facilities, mostly concentrated in the USA. It allows 
the production of a full range of foam qualities utilizing only 
chemical generated carbon dioxide as a blowing agent. The process 
requires licensing. 

5.2 PROCESS MODIFICATIONS 

The use of methylene chloride (MC) requires sufficient ventilation 
in production and curing area to limit workers exposure to an 
acceptable level. In addition, Tianjin intends to 1 imi t the 
emission of MC through the installation of a relatively simple 
recovery system intended for the production line only (about 40% of 
the total emissions). 

The use of softening additives and extended range polyol requires 
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only the installation of storage and metering equipment. The 
substances are non hazardous and no special safeguards are needed. 

The installation of a fast cure system will reduce the need for 
curing space. The available space is sufficient and suitable in 
location to house the "Envirocure" system. The excellent 
accessibility will facilitate installation and keep the related 
costs down. An backup generator has to be installed to avoid fire 
risk in case of a power outing. 

Some limited test equipment is needed to monitor the properties of 
the CFC-free foams. The same equipment can be used later to 
support phaseout projects at other facilities under guidance of a 
national expert located at the Tianjin facility. 

Safety and production training is scheduled to follow installation, 
prior and during start-up. Start-up will be supervised by the 
licensor (Envirocure) and an international foam expert (MC and 
additives). 

6. PROJECT COSTS 

6.1 TOTAL PROJECT COSTS 

The following is a summary of the expected costs of investment and 
related activities: 

ITEM 

0010 
0011 

0012 

0020 
0021 

0022 

0023 

0030 
0031 
0040 
0041 
0042 
0050 

DESCRIPTION SUBTOTAL 
(USD) 

TOTAL 
(USD) 

VERTIFOAM MODIFICATIONS ...................... 783,750 
Envirocure installation ....... 712,500 
(includes license) 
Freight, Installation, 
Start-up ....................... 71,250 

MS LINE MODIFICATIONS . .............. , , ...... . 125, 000 
Ventilation and Recovery 
System (Includes 
Installation) .................. 80,000 
Polyol Storage and 
Metering System ................ 25,000 
Additive Storage and 
Metering System ................ 20,000 

TESTING . ...................................... 20, 000 
Misc. Testing Equipment ........ 20,000 

START-UP .. .................................... 41,500 
Trial Materials ................ 25,000 
Training ....................... 16,500 

CONTINGENCY AND ROUNDING ..................... 109,750 

TOTAL 1,080,000 
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Supporting documentation is provided in annex-2 and annex-3. 

6.2 INCREMENTAL RECURRING COSTS/SAVINGS 

The expected annual operating costs will differ only marginally 
from the current costs: 

MS Foaming Unit Now 36 t CFC-11@ 2,500 ...... (USD 90,000) 
39,600 
12,000) 

New 33 t MC @ 1,200 ....... USD 
Recovery of 10 t MC .......... (USD 

Incremental Costs (Savings) (USD 62,100) 

Vertifoam Unit Now 144 t CFC-11@ 2,500 ..... (USD 360,000) 
New 141 t TDI@ 3,000 ......... USD 423,000 

Incremental Costs (Savings) 

Balance 

USD 63,000 

USD 900 

There are some changes in catalysts, catalysts and stabilizer 
levels and in energy use to be expected, that are not included in 
this calculation. These will go in both directions and not 
expected to cause major changes in operational costs. 

Therefore, incremental recurrent costs are assumed to be non 
existing. 

6.3 UNIT ABATEMENT COSTS 

a} 
b) 
C} 
d) 

ODS Reduction Project Costs 
Annual Incremental Costs (Benefits) 
Project Useful Life 
ODS Reduction/Y (Base 1991) 

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

7. FINANCING PLAN 

USD 1,080,000 
USD , 

10 years 
kg 180,000 

USD/kg/y 0.60 

The company requests reimbursement of the full project costs in 
the amount of USD 1,080,000. 
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8. PROJECT IMPLEMENTATION 

8.1 MANAGEMENT 

MLI, with assistance of UNDP-OPS will oversee the implementation of 
this project. The project will be carried out at the companies 
facilities in Tianjin. UNDP-ENR will provide technical assistance 
during project execution. 

8.2 SCHEDULE 

The following is developed for this project, following date of 
approval: 

TIME FOR COMPLETION 
TASK 

01 02 03 04 05 06 

Envirocure 
Purchase order X 
Arrival, Customs clearing xx 
Installation, Start-up X 

MS Unit 
Preparation of Tenders X 
Purchase Orders X 
Arrival of Equipment xx 
Installation, Start-up XXX 

Testing Equipment 
Preparation of Tenders X 
Purchase order(s} X 
Arrival, Installation X 

Training X 

Trials with Additives and 
ER Polyols (attendance of 
Chemical manufacturers) XXX 

8.3 PROCUREMENT 

UNDP'S Office for Project Services (OPS) has offered the Chinese 
government assistance with the procurement of this project. OPS 
procures currently similar projects elsewhere. 
OPS would be assisted by the local UNDP office and receive 
technical assistance from UNDP-ENS. 
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9. PROJECT IMPACT 

This project will result in the elimination of the use of annually 
180 tons CFC-11, based on 1991 consumption. In view of the current 
and expected growth in the Chines market, this figure has to be 
increased by at least 6% for every subsequent year. 

10. ANNEXES 

Annex-1: ·overview of Options for the phaseout of CFCs in the 
Manufacture of Flexible PUF (Slabstock). 

Annex-2: Detailed Budget Proposals. 

Annex-3: Price Documentation. 

FOAMS/UNCH0307.CLI 
5-10-93/REV 01 
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CFC REPLACEMENT TECHNOLOGIES 
IN 

FLEXIBLE POLYURETHANE FOAMS 

1. INTRODUCTION 

The PUF industry and its suppliers have been for more than 
five years involved in efforts to reduce or to eliminate 
the use of CFCs in the manufacture of flexible 
polyurethane foams. 

A flood of technologies are proposed over these years, 
allowing manufacturers in Europe and particularly in the 
USA to make significant progress in the phase-out of CFCs. 

The use of CFCs in the USA for the purpose of flexible PUF 
blowing decreased in 1991 to less than 300,000 lbs, or 
about 1 % of the total use of auxiliary blowing agents. 

In general, the following standards of acceptance are 
applied to proposed replacement technologies: 

o Proven technology, 
o Commercially available, 
o Acceptable processing, 
o Sufficient safe, 
o Environmentally acceptable, 
o Economically-viable. 

Not all technologies that are currently applied meet these 
criteria, especially the environmental acceptability. 
These technologies provide, however, sometimes an 
important interim function, and allow the industry to 
search for better solutions, while in the mean time 
progressing with CFC phase-out. 

This document is an attempt to summarize the industrial 
available and emerging technologies. It will describe the 
viability in the flexible PUF process and report on 
existing experience. 
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2. FUNCTION OF AUXILIARY BLOWING AGENTS 

The standard blowing agent for flexible polyurethane foam 
is carbon dioxide, formed in the reaction between water 
and toluene diisocyanate (TDI). 

Auxiliary blowing agents (ABAs) are used because there are 
limits on the foam properties that can be achieved with 
carbon dioxide as the sole blowing agent and because of 
the exothermic nature of the water/TDI reaction. Excessive 
heat can lead to scorch or even auto-ignition of the foam 
during the manufacturing process and subsequent curing. 

The use of ABAs allows to: 

o Soften the foam, 
o Decrease the reaction temperature, 
o Decrease the foam density. 

CFCs have for years functioned as the ABAs of choice. In 
view of the function of an ABA, it is clear that an ideal 
alternative should allow for the same or better 

o hardness variations, 
o decrease of the exotherm, 
o preservation of the existing density 

range. 

Flexible PUF can be categorized in molded foams and 
slabstock foams. Traditionally, densities of molded foams 
have been higher than slabstock foams, reducing the 
function of ABAs in molding to softening alone. this has 
greatly facilitated the options, and virtually eliminated 
the use of ABAs in this category. This document will 
therefore focus on Slabstock applications. 

3. SUMMARY OF ALTERNATIVES 

UNEP and USEPA have recently published excellent 
descriptions of most of the available alternatives 
alternatives to the use of CFCs in flexible PUF {1,2,3). 
The following is a summary of and an update on these 
technologies. These technologies can be categorized as 
follows: 

o Conservation 
o Alternative blowing agents 
o Chemical modifications 
o Alternative manufacturing technologies. 
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3.1 CONSERVATION 

Conservation techniques are understood to reduce the use 
of CFCs through; 

o Best management practices 
o Reformulation 
o Recovery/recycling. 

Proper housekeeping and prudent formulation management can 
save a plant unto 10 % of its use of CFCs. Some 
recommendations: 

o Use closed loop unloading systems, 
o Do not flush with CFCs' 
o Avoid the use of CFCs for viscosity adjustments' 
o Minimize the TD! index. 

Recycling/recovery is practiced in several plants in 
Europe on industrial scale. The ABA is first adsorbed to 
activated charcoal, and subsequently desorbed through 
steam or nitrogen regeneration. A precondition is a 
reduction of the process ventilation, which can lead to 
industrial hygienic problems. Recovery of curing emissions 
is not (yet) feasible, reducing the obtainable overall 
efficiency to less than 50 %. Investment and operational 
costs are high. 

3.2 ALTERNATIVE BLOWING AGENTS 

Methylene Chloride {MC) 
MC is currently in the USA and in the UK the preferred 
replacement technology. Recent regulations may limit in 
the future allowable emissions in the US, reducing the use 
potentially to an interim technology. Mc is capable to 
replace CFCs without any significant limitations at lower 
costs. 

Methylchloroform {MCF) 
More than 10 % of the ABA used in the USA is currently 
MCF. It is particularly used in areas where the use of MC 
is restricted. However, MCF is classified as an ozone 
depleting substance, and subject to future phase-out. It 
is therefore at most an interim solution. Costs are higher 
than MC, and processing is more difficult. 

HCFCs 
HCFC 123 and HCFC 141b have proven to be technical 
feasible alternatives. Availability and price have 
restricted the use to very limited applications. It is 
reported that at least one manufacturer in Europe will use 
HCFC 141b on industrial scale in the near future. 
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Acetone 
Acetone is reported fully capable in replacing CFC-11. 
Precautions must be taken in view of its flammability. 
Only about 60 % is needed compared to CFC-11. Capital 
outlays and licence fees will put the costs close or equal 
to those of MC. 

AB Technology 
This technology utilizes the reaction between TDI and 
formic acid to create an ABA, consisting of equal amounts 
of CO and CO2. As this reaction is exothermic, a complete 
replacement of CFCs is not feasible. Substantial equipment 
adjustments are needed and monitoring on CO is highly 
recommended. This technology is used in several European 
plants, but has found no acceptance in the US, due to 
safety concerns. 

3.3 CHEMICAL MODIFICATIONS 

Chemical modifications have been sofar successful applied 
in foam softening, but fallen short in density reduction. 

Extended Range Polyols 
These polyols are able to provide a larger range of foam 
hardness, and, in that way, able to partially replace 
CFC-11 as a softening agent. Some do also allow the use of 
lower TDI indexes, and will therefore lower the exotherm. 
This allows in addition a reduction of the foam density. 
However, a complete replacement of CFC-11, while 
maintaining the full production range is not (yet) 
possible. Additional metering systems and tanks are 
needed, and the price of the product is higher than 
conventional polyol. 

Softening Additives 
Several additives have been developed to modify the 
chemistry of the flexible PUF production process. These 
additives are currently exclusively softening 
technologies, and do not allow densities under 22 kg/m3. 

3.4 ALTERNATIVE MANUFACTURING TECHNOLOGIES 

Several interesting technologies have recently surfaced, 
that could be classified as "second generation" 
replacement technologies for the use of CFCs in flexible 
PUF (slabstock). 

Many common replacement technologies are: 

o Environmentally challenged (Methylene Chloride, 
Methyl Chloroform, Acetone, HCFCs), 

or 
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o Not capable to a full replacement (extended range 
polyols, additives). 

The 1990 Clean Air Act Amendments in the USA have 
intensified the focus on emissions from auxiliary blowing 
agents, and the need to control these. This, in turn, 
brings up the problem of the fugitive emissions. Fugitive 
emissions are 45-70 % of the total emissions from the 
manufacture of flexible PUF (slabstock). Capture and 
treatment of these emissions in a traditional plant 
setting seems technical challenging, and most likely cost 
prohibitive. Traditional technologies, such as: 

o Incineration, 
o Liquid Adsorption, or 
o Carbon adsorption 

are ill suited for the treatment of low concentration, 
high volume areas like the storage and curing rooms, from 
which these emissions typically originate. 

The "second generation" technologies allow the integration 
of the curing area in the emission control, or even 
eliminate the use of auxiliary blowing agents altogether. 

E-MAX 
The E-Max process combines the production and curing steps 
by encapsulating the developing bunstock in a mold as the 
foaming mixture 1s introduced to the foam line. The foam 
mold allows for all emissions from the process to be 
controlled and collected, utilizing only low air flows. 
There is currently one pilot unit in Europe and one full 
scale plant in the USA. On pilot scale, 85 % recovery of 
ABA was reported (4). On industrial scale, recovery of Mc 
in the same range (80-90%) and elimination of measurable 
emissions of TOI are reported. 

The E-MAX process is offered under licence by 

Unifoam AG 

ENVIRO-CURE 

P.O.Box 118 
2180 Hillegom, NL 
PH 31-2520-78777 
FX 31-2520-20555 

The Enviro-Cure process is designed to eliminate the need 
of an auxiliary blowing agent for cooling purposes and, 
for that matter, for density reduction. The remaining 
function of an auxiliary blowing agent--softening of the 
foam--can relative easily be eliminated by chemical 
softening techniques. 

- 5 



Enviro-Cure achieves this through an enclosed conditioning 
area, designed to rapidly cool foam blocks. The process is 
reported to be successfully adapted to all Vertifoam units 
of one company in the US (5). One unit is currently in 
construction at a varimax plant of the same company. 
The process is patented, and its use will induce a licence 
fee of 1.5% of the chemical costs. 

The economic consequences of the utilization of this 
process are not yet clear. In states where proposed 
regulations may well forbid the use of auxiliary blowing 
agents altogether, the inventor claims significant 
potential savings compared to the alternative of raising 
the density. Compared to the use of methylene chloride, 
the process will generate higher chemical costs, in 
addition to capital and operating costs, but provide space 
savings related to the elimination of the need for a 
curing area. 

The feedback from future licensees will be needed to allow 
for a complete evaluation of the merits of this process. 

The Enviro-Cure process is offered under licence from 
Crain Industries by 

Canon Viking Ltd. 
Hulton House-Chester Road-Hazel Grove 
Stockport SK7 SNU, UK 
PH 44-61-456-0095 
FX 44-61-456-2001 

"RAPID COOLING" PROCESS 
Similar to the Enviro-Cure process, the "Rapid Cooling" 
process is designed to completely eliminate the need of 
auxiliary blowing agents, without sacrificing quality or 
product range. To achieve this, a two stage cooling device 
is directly attached to the foam production tunnel, 
replacing the conventional curing/cooling area. 

Significant reformulation is required to implement 
softening techniques and to make up for reduced 
crosslinking, related to the elimination of unreacted TDI 
in the initial phase of the cooling. This reformulation 
process is not yet completed for all foam grades. 

The "Rapid Cure"process is patented, and the employment 
will induce yet undisclosed licence fees. The chemical 
costs are reported to be very close to those of methylene 
chloride blown foams (6). Capital cost range around 
$ 500,000. 

The process is sofar applied in one facility. No licences 
are granted as of yet. 

- 6 



"Rapid Cure" is offered under licence by 

General Foam Division of PMC, Inc. 
West 100 Century Road 
Paramus, NJ 07652, USA 
PH 1-201-262-7500 
FX 1-201-262-3159 

"WATERLILY" TECHNOLOGY 
Development is in progress to produce MDI-based flexible 
slabstock. One manufacturer has started in 1992 to offer 
such a system in Europe. It is too early to evaluate 
response from manufacturers and users. MDI-technology is 
already successful applied in the flexible molding area. 

Some interesting environmental features are: 

o No need for auxiliary blowing agents to achieve 
softness, 

o Significant lower isocyanate emissions, 
o Rapid curing, 
o Lower exotherm, allowing higher water formulations. 

This technology is for the first time presented in the USA 
in late 1992 (7). A thorough judgment is not yet possible, 
but it appears that this technology is not yet capable to 
produce the very low densities without unacceptable 
sacrifices to physical performance. 

"Waterlily" technology is offered by 

"VACUUM FOAM" 

ICI Polyurethanes 
Everslaan 45 
B-3078 Everberg 
PH 32-2-758-9300 
FX 32-2-758-9894 

It is well known that the blowing efficiency increases 
with decreased atmospheric pressure. This allows at higher 
altitudes the manufacture of lower density foams with 
less, or no, auxiliary blowing agents. This principle can 
be applied at lower altitudes by encapsulation of the foam 
production line and subsequent reduction of the process 
pressure. One production unit, utilizing this principle, 
in currently in operation. Results are not yet available. 
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Further information is available from 

Beamech Group Ltd. 
Tenax Road, Trafford Park 
Manchester, Ml7 lJT, UK 
PH 44-61-848-0316 
FX 44-61-873-7718 

In summary, it can be concluded that the emerging "second 
generation" technologies show great promise. The 
technologies are new. Essential data and sufficient 
industrial experience are not yet available. 
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EVALUATION CHART 
CFC ELIMINATION TECHNOLOGIES FOR FLEXIBLE POLYURETHANE SLABSTOCK 

E VA LU AT I O N 
T E C H N O L O G Y REMARKS 

1 2 3 4 5 6 7 8 

Recovery/Recyciing + + +/- - + +/- + NR expensive 

Methylene Chloride ++ + ++ ++ +/- + ++ R 

Methyl Chloroform + +/- +/- ++ -- +/- + NR ODS 

Acetone + + ++ +/- - ++ + CR explosive 

HCFC 123 + + - ++ -- + +/- NR ODS 

HCFC 141B + + - ++ -- + +/- NR ODS 

AB Process + +/- + +/- - +/- + CR co gas 

Extended Range Polyols +/- +/- +/- + ++ +/- +/- CR ( 1) 

Additives + + + + ++ +/- + CR (1) 
-

S:-Max +/- +/- +/- -- + + +/- NR expensive 

Enviro-Cure +/- + + +/- ++ ++ + CR (2) 

Rapid Cure - + + +/- ++ ++ +/- NYR (3) -
Waterlily {MDI) - ? ? ? + +/- +/- NYR (3) 

Vacuum Foam - ? ? ? ? ? - NYR (3) 

R: recommended. NR: not recommended. CR: conditionally recommended. 
NYR: not yet recommended. 

1: maturity 
2: processing 
3: operating costs 
4: investment costs 

5: environment/safety 
6: efficiency 
7: availability 
8: overall evaluation 

Remarks: (1) No complete replacement (yet) possible. To be used in 
conjunction with other technologies. 

(2) Suitable for Vertifoam. Not yet proven for other 
manufacturing processes. 

(3) Insufficient industrial experience. 

UNEP.59/921218/DRAFT 



ANNEX-2 

TIANJIN FLEXIBLE FOAM 
EXPLANATIONS TO THE BUDGET 

0010 VERTIFOAM MODIFICATIONS 

Tianjin has two parallel vertifoam units, that would require 
separate curing tunnels. The costs for two units would exceed one 
million. dollar, and was seen as unacceptable high. Combination of 
certain functions brought the price down to USD 950,000, which was 
still considered too high. The concept is now to have one dual 
purpose unit. This would cost LST 475,000 (USD 712,500). This 
translate in the following budget: 

o One dual purpose Envirocure unit 
o Freight, Insurance 
o Diesel generator (local) 
o Accumulating conveyor 
o Installation (local, with supervision 

from Cannon-Viking) 

TOTAL 

0020 MS LINE MODIFICATIONS 

USD 715,500 
USD 15,000 
USD 20,000 
USD 16,250 

USD 20,000 

USD 783,750 

The conventional line or MS line (from the manufacturer: Martin 
§_weets) cannot be tied in to the envirocure system. Methylene 
chloride (MC} is the most economic solution for this unit. In 
addition, for qualities that are difficult to make with MC as well 
as for demonstration purposes, the capability for extended range 
polyols and softening additives will be installed. To control MC 
emissions the ventilation and encapsulation needs some upgrading. 
Also, a standard model activated charcoal recovery unit is 
foreseen. Tianjin has not yet supplied backup documentation for 
these items. By American/European standards, the prices are low, 
but only Chinese labor and equipment is involved. The costs are 
understood as a "not to exceed": higher costs will be absorbed by 
the enterprize. 



0030 TESTING EQUIPMENT 

Tianjin has requested the purchase of; 

0 

0 
0 

One multi purpose tester 
One Laboratory foaming unit 
Miscellaneous small testers 

TOTAL 

USD 21,727 
USD 10,000 
USD 10,000' 

USD 41,727 

Although this equipment is needed for testing of the new foams as 
well as for assistance for other projects, Tianjin will profit from 
it for ongoing production as well. It is therefore proposed that 
only about half will be budgeted (USD 20,000) and that the 
enterprize will carry the rest. 

0040 START-UP 

Tianjin intends to purchase extended range polyol and softening 
agent for trials: 

o 30t ER Polyol (Dow)@ USD 1.00 .......... USD 30,000 
o 3 t Softener (Goldschmidt, Union 

Carbide, Arco)@ USD 7,00 ........... USD 21,000 

TOTAL USD 51,000 

The resulting foam will have--even if not up to specification--some 
residual value. proposed is therefore to budget only 50% of these 
purchases as costs (USD 25,000). 

Training costs include an international consultant: 

0 Air ticket USD 4,000 
0 18 Days@ 575 USD 10,350 
0 Subsistence, terminal expenses USD 1,800 
0 Training aids USD 350 

TOTAL USD 16,500 

Tianjin will carry the costs related to their employees. 

Prices of the mini foam machine and the 
miscellaneous test equipment are estimates. 





PROJECT OF THE GOVERNMENT OF CHINA 

PREPARATION PROGRAM FOR THE ELIMINATION OF THE USE OF CFCS IN 
THE MANUFACTURE OF FOAMS 

1. PROJECT OBJECTIVE 

The objective of this project is (1) to collect information needed 
to prepare for a complete phaseout of the use of CFCs in foamed 
plastics in the Chinese industry, (2) to prepare a strategy and (3) 
to prepare a detailed action plan for such a phaseout, based on the 
information collected. 

2. SECTOR BACKGROUND 

The Chinese foam industry consumed in 1991 17,773 tons CFCs (ref.: 
Country Programme). CFC-11 was the dominant substance, followed by 
CFC-12. No other ODS was used in statistical significant amounts, 
although some MCF may be used in glue applications. Furthermore 
some MCF and CFC-113 may be used in mold release agents. More 
detailed information is provided in Table 1: 

(sub)category tons ODS type ODS 

Extruded Polystyrene/ethylene 2,173 CFC-12 

Flexible Polvurethane 2,000 CFC-11 

Rigid Polyurethane 13,600 

Pipe Insulation 600 CFC-11 

Snraved PUR 600 CFC-11 

Appliance Foams 5,000 CFC-11 

PUF Panels 7,400 CFC-11 

TOTAL 17,773 

Table 1. ODS consumption in the foam sector (1991) 

2 
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Hulton House .Chester Road Hazel Grove St-0ckport SK7 SNU 
Telephone 061-456 0095 Telex 665458 Fax 061-456 2-001 
Company Registration No. 1691'57,6 ENGLAND 

To: B.A.P.P.A. Attention: 

Fax No: OlQ l 2]~ ~26 §047 . Date: 

From: Q!RIS I:A WLEY Reference: 

Dear Bert 

FAX 

MESSAGE 

MR Bf;RT VI;;~fil:!l.lAAL 

7 May 1993 

CFfYJM 

Thank you for your fax concerning the l!nvlro-Cure for Tianjin, however I think there is a little 
onfusion concerning our offer of 27/4/93. This offer was for two l!nviro-Cure tunnels (one round 
and one rectangular) with combined ventilation units. 

Our discussions in Beijing centred around a single l!nviro-Cure tunnel which could be converted 
relatively simply into either a Round or Rectangular Enviro-Cure unit. With this in mind our offer 
of such a unit at £Stg.475.000 including Supervision of Erection, CommLssioning of Licence Fee but 
excludini; Airfare. hotel expenses and living expenses will still apply. 

For budget purposes the freight and insurance quotation given on the 'Z7 April of £Stg.10,000 will 
still apply. 

We tru/lt the above clear up most a.spects of the offer. As I am in Shanghai from the 20 May to 
25 May, I may extend my Stay in China to visit Tianjin to make su,;e our offer is compatible with 
what they actually need. 

In the event of fu.rlher corre.1pondence in the next two weel<:s, please contact Mike Cranijhaw or Derek 
Greenwood as I shall be ovmeas from 9 May onwards. 

Please advise as to when a declsiQn will be made on the offer. 

Best regard3 

{?/4~ 
CHRIS FAWLEY 

cc Chew Hong • Cannon Asia 
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Viking Ltd - I /11 
t1MJ-c~J-o,.(.,v,.,.t-G 

Hulton House Chester Road Hazel{;rove Stockport SK7 5NU 
Telephone 061-456 0095 Telex 665458 Fax061-456 2001 
Company Registration No, 1691576 ENGLAND 

To: 

Fax No: 

From: 

Dear Sir, 

g.A.P.A 

010·1 219 326 6047 

MIKE CRANSHAW 

Re: IJ;d.NflN. P.R.C. 

Attention: 

:Date: 

Reference: 

FAX 

MESSAGE 

MR B VEENENDAAL 

27 April 1993 
MWC/VJM 

We have pleasure in submitting our quotation for a combined round and rectangular Enviro-Cure Unit 
for Vertifoarn. This is described in the altllehed specifications nos CV301 and CV302. Please note 
that the air chiller unit and fans will be common to both units. 

The total price is £594,000 F.0.B. U.K Port which converts to US $950,400 at an exchange rare of 
US $1.6 = £1. We will need to confirm the exact US $ price to you closer to the order. 

The price quoted includes for 4 weeks of supervision of erection and commissioning but excludes the 
cost of airfare and land hotel and living expenses. The price abo includes the one•off licence fee 
payment. 

With regard to freight and insunmce to Tianjin we estimate this will be between £10,000 and £12,000 
and we would confirm this at time of order. 

Should you require any further information at this stage please do not hesitate to contact us. 

With best rega«ls 

Yours sincerely 

rr ~ 
MIKE CRANSHAW 
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Enviro-cure is a Proce.~s that has been patented by Crain Industries Inc .. Technical Division, 2920 
South Zero Street, Fort Smith, Arl:an.sas 72906, U.S.A. It has beesl developed as a continuation of 
the Vertifoam Process, which allows for full environmental control and the reduction, or elimination. 
of the auxiliary blowing agents normally requi(t!d in the manufacture of polyurethane roam. 

The Enviro-cure system ooru,iSt.~ of a slatted conveyor to tnmspon the blocks through an enclosure, 
three sets of fans to remove the bulk of tl1e heat from the foam blocks and a cooling system to reduce 
the air temperawre at certain time:, in the Process. (Drawing 0.59671 refers). 

CNFEED CONVEYOR 

This conveyor has two functioos. The first is to provide either pan, or all, of the delay time 
necessary to ensure that the block is not cured premawrely with consequential damage to the cell 
structure, and the second is to ensure that the blocks are butted together before entering Ille enclosure. 

The blocks must be loaded, 25 ems. apart, on to the il\feed conveyor. This can be done either 
manually, or automatically, by means of the optional accumulation conveyor. [f done manually, it 
will be necessary to have a gravity roller conveyor in place of the accumulation conveyor. 

THE ENVIRO-CURE CONVEYOR 

This unit is de.5igned to resist the forces imposed by the vacuum generated by the fans, transport the 
block through the enclosure via the two sets of sealing doors and provide an even flow of air through 
the polyurethane block. 

The constructioi;i consists of a rigid steel frame, which supports a set of slats thaI are bolted to two 
widely spaced conveyor cliain circuits. Each circuit is supported by a chain wheel and shaft at each 
end of the conveyor. 

The drive is situated at the outfeed end of the conveyor, ensuring that the power of the motor is 
applied directly to the top circuit of the chain run. 

Special boxes comtrueted from sheet steel mounted on a rigid frame and fitted with wear resistant 
sealing strips ensure that the flow of air is applied to the foam block at the correct time and place. 

!;:NVIRO-CURE ENCLOSURE 

The enclosure is constructed of sheet steel and hollow section, with acce.~s doors at each ~ide and self 
adjusting sealing doors at each end. Its function is to capture the conditioned air and control the 
curing environment inside the enclosure. 
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The Envin'H:llre Proces~ -requires polyelhylene film on both sides of the foam to complete the seal 
and to eosure· the air flow is always downwards through the block. 

The t)la.~tic flim unwind mandrels are mounted on each side of the conveyor, and just prior to the 
entrance to the 'OOC!osufe. A valiable tension devh::e is :fitoo(ko the lowel' part of the mandrel. whilst 
the upper part is held with a quick release damp. 

PLASTIC FILM REWIND 

The polyethylene fi\m is rewound after the block emerges from the tunnel by means of a second pair 
of mandrel~. which are driven from independent AC geared motors via slipping clutches. 

CHlLLER UNIT 

This unit provides cooling waw at a temperature of between 2-4°C. (34-39°F.) which is circulated 
to the matrix in the cooling circuit of the Enviro-cure. The nominal size of the chiller is 10 t◊nnes. 
However, the final sizing will depend on local temperature and humidity conditions, with a 
consequential price adjustment. 

Included with !his equipment is a storage tank and a recirculating pump for the 50% Water/50% 
Glycol required to remove the heat. 

OUTFEEQ CONVEYOR 

This is a 2. 75 metre (9 ~-) long gravity roller conveyor used to provide support for the blocks at the 
end of the En viro-cure co,weyor. 

ELECTRICAL CONTROLS 

Various lnstruments·are supplied to monitor parameters such as the pressure and temperature of the 
air being circulated, so that the machine can be operated in a ufe manner. 

The control panel contains alt the c<mblCtors, circuit breakers, overloads, switches. etc., required for 
the equipment. 
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60KVA diesel generatoc that is capable of providing sufficient power to drive a Rectangular 
Venifoam and an Enviro-cure in the ev~t of a mains power·cut. 

2. Accumulating CQllvJ!yor 

Its purpose is to deliver a foam block out of a Vertifoam elevator and load on to the Enviro­
cure in feed conveyoc, with a gap between the blocks. 

The first part of the conveyor will run at two speeds to assist the unloading of the elevator. 
whilst the remainder will slip at high speed. but drive at low speed. 

3. Gravity Roller Conveyor (Inf:«dl 

As a substitute for the accumulating conveyor. this is offered as an alternative support for the 
block when transferring from the Venifoam to, the infeed conveyor. 
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EXCLUSIONS 

1. P\pewOt'k between the <:hiller and the oooling circuit matrix 1-ocal to the machine. (.Chiller 
position is flexible). 

2. Stacks from tire two main fans.that.penetrate lhe fabric of the building. 

3. Eleckical ronnection between the chiller and the main panel. 

4. Exhaust system for the g<!lle('atOf. 

5. Fuel tank and pipewori< for the generator. 

6. . Installation. 

~ Commissioning. I. 

8. Foundation bolts. 

9. Civil work. 
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Envfro-cure is a Process that has been patented by Crain !ndu~trles Inc., Technical Division, 2920 
South Zero Street, Fort Smith. Arkansas 72906, U.S.A. It ha.~ been developed a.~ a continuation of 
the Vertifoam Process. which allows for full environmental control and !he reduction. or elimination, 
of the auxiliary blowing agents normally required i.n the manufacture of polyurethane foam. 

The E!lviro-cure system consisL~ of a slatted conveyor to transport the blocks through an enclosure, 
three sets of fans to remove the bulk of the heat from the foam blocks and a cooling system to reduce 
the air temperature at certain time.~ in the Process. (Drawing 0.59672 refers). 

INFEED CONVEYOR 

This conveyor is to provide either part, or all, of the delay time necessary to ensure that the block 
is not cured prematurely with consequential damage to the cell structure. 

The blocks must be loaded, 25 ems. apan, on to the infe<!d conveyor. This can be done either 
manually, or automatically, by mean.\ of the optional accumulation conveyor. lf done manually, it 
will be necessary to have a gravity roller conveyor in place of the accumulation conveyor. 

THE ENVIRO-CURE CONVEYOR 

Th.is unir is designed to resist the. forces imposed by !he vacuum generated by the fans, transport the 
block through the enclosure via the two sets of sealing doors and provide an even flow of air through • 
the polyurethane block. 

The constn.iction oonsist.~ of a rigid steel frame, which support.~ a set of slats that are bolted to two 
widely spaced conveyor chain circuits. Each circuit is supported by a chain wheel and shaft at each 
end of the con vey,ir. 

The drive is situated at the outfeed end of the conveyor. ensuring that the power of the motor is 
applied directly to the top circuit of the chain run. 

Special boxes construcled from sheet steel mounted on a rigid frame and fittro with wear resistant 
sealing strips ensure that the flow of air is applied to the foi!m block at the correct time and place. 

ENVIRO-CURE ENCLOSURE 

The enclosure is C(>n.~tructed of sheet steel and hollow section, with access doors at each side and self 
• adjusting sealing doors at each end. Its function ~~ to capture the conditioned air and control the 
curing environment inside the enclosure. 
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This unit provides coolins water at a temperature of between 2-4°C. (34-39° F) which is circulated 
to the matrix in the cooling <:ircuit of the Enviro-cure. The nominal size of the chiller is 1-0 tonnes, 
How.ever, che final sizing will depend on local temperature and humidity conditions, with a 
consequential price adjustment. 

Included with this equipment is a storage tank and a recirculating pump for the 50% Water/SO% 
Glycol required to remove the hoot. 

OUTFEED CONVEYOR 

This is a 2. 75 metre (9 ft.) long gravity roller conveyor used to provide support for ,he blocks at the 
end of the Enviro-cure conveyor. 

ELECTRICAL CONTROLS 

V ari(>us instruments are supplied to monitor parameters such as the pressure and temperature of the 
air being circulated. so that the machine can be operated in a safe manner. 

The control panel contains all the cootactors, circuit breakers, overloads, switches, etc., required for 
the equipment. 
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OPTIONAL EXTRAS 

I. Standby <knerat<>r 

l OOI<V A die.~el generalnr that is capable of providing sufficient power to drl ve a Round 
Vcrtifoam and an Envim-cure in the event of a mainsi)Ower cut. 

2. Accumulati!lS Conveyor 

3. 

Its purpose is tn deliver a foam block out of a Vertifoam elevalor and load on to the Envim­
cure infeed conveyor, with a gap between the blocks. 

The firnt part of the conveyor will run at two speeds to assist the unloading of the elevat.oc, 
whilst the remainder will slip at high speed, but drive at low speed. 

Gravity Roller Conveyor (lnfeedl 

As a substitute for the accumulating conveyor, this is offered as an alt~ative support for the 
block when transferring fmm the Vertifoam to the infeed oonveyor. 
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l. Pipework between the chiller and the cooling circuit matrix local to the machine. (Chiller 
position is flexible). 

2. Stacks from the two main fan.~ that penetrate the fabric of the bvilding. 

3. Electrical connection between, the chiller and the main panel. 

4. Exhaust system for the generator. 

5. Fuel tank and pipework for the generator. 

6. Installation. 

7. Commissioning. 

8. F<>undation boli~. 

9. Ci vii work. 
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TH. GOLDSCHMIDT AG FAR EAST 

ROOM 905 OCEAN CEN'l'RE, HARBOUR CITY, CANTON ROAD, TST, KLN. 
TEL: 7358387 fAX: 852-7302861 TELEX: 32175 TEOO HX 

ur. 110. : _ _.F...,0""4=8=5 ... I_...R""L ___ _ DATE: 29-4-93 
FROM: ___ .,.,...,,...,......,.,,..,..,,c:-::,---
!'AX NO.: _ __._.,, ... ~ .... ) ........ 62._1._.5""7.,.Z __ 

TO: 
TOTAL,,.-,N.,-,0-.-,0,..F_P_A_G_ES__,,.Z,../'"'4,.... 

To: Tianjin Polyurethane Plastics Factory 

Attn: Mr. Wen He Ping 

We are pleased to quote your enquiry as follows:-

1) Ortegol 310 

Qty 
Packing 
Price 
Amount 

1 MT 
200 kg/drum net 
USD7,00/kg 
USl)7,000.00 

The above price is CNF Xingang 

Total Amount 

Validity 

Payment 

Manufacturer
1 

Origin.• .. ,i.r; 

Port of Loading 

Delivery 

B,Rgds. 

USD7,000.00 

15 days from date of this issue. 

confirmed and irrevocable L/C 
payable to TH. GOLDSCHMIDT AG, 
Goldachmidtstrasse 100, D-4300 
Essen 1, Germany. 

Banker: Deutsche Bank, Essen. 

Note: please allow 15 days for 
document presentation and allow 
"tranahipment". 

Th. Goldschmidt AG 

Germany 

European port 

prompt after receipt of workable L/C, 
subject to vessel availability. 

JONES WONG/TH. GOLDSCHMIDT AG FAR EAST 
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2823,Chlna World Tower 1,!ll!uguomenwal A~uo 

Bei.ii11S 100004,P.R-China Tel,5053336 

· elF atochem 
~ 

C k_ ~'~i,s°?~• ~ex,zzz22SSANCHCN 

TO: TAINJIN J.'U FOAM PLANT . FROM : f'.ACL . 

ATTN: MR.SONG BAO YI. FAX'NO.: 022-621577. 

RE: REFERENCE PR I CE FOR F-1 l .· 

-----------------------------~---------~----------------------
MR. SONG WE ARE VERY SORRY TO INFORM YOU THAT AT PRESENT WE. 

CAN"T SUPPLY YOU WITH F-11. BECAUSE WE HAVE NO AVAILABILITY 

OF F-11, HERE l JUST CAN GIVE YOU A REFERENCE PRICE FOR F-11, 

THAT IS USD 1500/MT CNF CMP. THIS PRICE J'UST FOR YOUR 

REFERENC!l. 

BEST REGARDS. 

ZHANG HUI LIANG. 

~nt*~f=f1t~ tfl (jFfi~* a'.J;lt·JR~ffl~ 
~G :t- ,t ® f1tl- 7'. ~ 1 .'~ IS '1f :k..OC 2sz:; '.t '4t. w, 5053336 -/½ ~: 5052560 >I!, 4t: 222226 SANCH CN 



TO 

C I. ..L-~ ~ I'· /-1. r.,,<.,,.,, 
::»UNKYONG LTD. SE JING OFFICE 
25/f- ,CHINA WORLD TOWER, NO. 1 ,JIAN GU) MEN WAI AVENUE,BEIJING,CMINA, 
TEL 505-2245/49 PAX: 505-2250 TELE ; 210637 SK8J CN 

FACSIMILE NOTE 

TIANJIN PU PLASTIC 

FACTORY. 

TTL l) PAGES INCLDG COVER 

DEPT. 

CO. 

DEPT 

NAMc 
FROM NAME 

MR.SONG BAOYI 

RE : TDI 80/20 

WE OFFER AS UNDER: 

(AA) ITEM : TDI 80/20 

SHIPT: JUNE 

QTTY: 200MT 

!'RICE: USD1900/MT CNF Xl'.:NGANG 

l'ACl<G: 210KGS IN STEEL DRUM 

MAKER: KOREA FINE CHEMICAL CO. 

(BB) RS FOREON F-ll 

0TTY : 1() MT 

PRICE: USD1500/MT CNF XIN~ANG 

TH. 

MES NO. 

4St:J '·J" /If 
1- r,-.x_. ~so 

REMARKS: SUBJECT TO OUR FINAL CONF!RM,TlON. 

WAITTING YR REPLY. SUNKYONG,BElJING 



ii Bert MEMOR;..NDUM~ 
Veeen-endaal I 

I FOAMS CONSULTANT UNDP Date May 14, 1993 
I 104 Fieldstone Drive Pages: 2 

LaPorte, IN 46350 To UNDP/SPPE/ENR 
PH: (219) 362-4450 Att Mr. Frank J.P. Pinto 
FX.: (219} 326 6047 

subject: Tianjin Flexible Foam Project 

We have reviewed the information provided for the project 

"Tianjin Conversion to CFC-free Technology in the Manufacture 
of Flexible Polyurethane Foam." 

This information was comprised of: 

o The original project write-up, 
o The final project write-up, prepared with the help of 

UNDP, 
o Quotations or. essential equipment to be purcPaSAd, 
o Discussions with the companies that own and distribute 

the underlying technology for the main part (Envirocure) 
of the project. 

1. CHOICE OF TECHNOLOGY 

We agree with Tianjin's choice of ODS- phaseout technology, and, as 
a matter of fact, have closely cooperated in the decision process 
to this choice. The choice should be seen under the Chinese 
decision to establish the Tianjin factory as the center of ODS 
replacement efforts in flexible PUF. It was therefore preferable-­
and on long term cost effective for the country program--to 
establish more than one technology at Tianjin. With the need to 
retrofit three machines and the choice of three different 
technologies: 

o Accelerated Curing, 
o Methylene Chloride, 
o Extended Range Polyols/softening additives. 

it is possible to provide China with a wide array of different 
technologies that all have their merit in specific circumstances 
(i.e. the type of production equipment, the product mix) without 
sacrificing the cost effectiveness of this particular project in an 
unacceptable way. The unit abatement costs of just 0.60 USD/kg/y 
show this. 



2, PROJECT COSTS 

2,1 TOTAL PROJECT COSTS 

We had several discussions with Crain Industries--the owner of the 
technology--and with Canon-Viking--the exclusive manufacturer and 
distributor of the technology, These discussions have brought the 
costs, of the Envirocure equipment down from originally USD 
1,125,000 to USD 712,500, The cost reduction was obtained by 
combination of the two units required into one multiple purpose 
unit, and by Canon-Viking's willingness toa absorp the related 
additional engineering costs. 

The costs components that are related to locally purchased 
equipment a,e somewhat poorly documented, The main barrier seems 
to be the translation of the quotations into the English language, 
These cost components constitute however the smaller part of the 
project. In addition, the amounts submitted are in international 
context very competitive, 

we feel the laboratory costs justified by the future need to assist 
other plants in their phaseout projects. 

2,2 INCREMENTAL RECURRING COSTS 

Originally Tianjin calculated considerable recurring incremental 
costs. We have recalculated these. and found some misconceptions 
in the product formulations. We expect no, or unsubstantial extra 
costs, have, however added in the project costs some assistance to 
help the company in reformulating their products. 

The senior engineer from Tianjin, Mr. Song Mao Ling, is recommended 
by us to MLI as a future national expert for flexible foams. This 
project will provide Mr. Song with considerable training and 
experience at no additional costs, 

We recommend this project for approval. 



The Montreal Protocol on 
Substances that Deplete the ozone Layer 

CHINA - SECOND MULTICOMPONENT 
ODS PHASEOUT INVESTMENT PROJECT 

1. Background. At its Eighth Meeting in March 1993, the Executive 
Committee (EC) granted •permission to proceed" for China's "50\ Reduced CFC 
Foam Project" (SO\ Foam Project), comprised of 13 components with requested 
total incremental cost of US$7,678,000. The EC noted that •permiasion to 
proceed" would in no way prejudice the final approval of the funding level 
when the World Bank would re-submit the project with the information 
requested, including individual Project Summaries for each component, and 
responses to EC and Ozone Operations Resource Group (OORG) queries. 

2, The 50\ Foam Project, at a funding level of US$1,878,0001, waa approved 
at the EC's Sixth Meeting in June 1992. However, the submission had been 
based on preliminary and incomplete coat data and analysis, and in particular 
did not consider recurring costs under prices prevailing in China. The 
Chinese enterprises were requested to re-submit each of the components after 
addressing issues raised in the OORG and EC review, with special attention to 
full justification for funding requests, including both investment and 
recurring coats/benefits. 

3. During April 24-27, 1993, the OORG foam expert, Or. Michael Jeffs, held 
discussions with 10 of the 13 enterprises participating in the 501 Foam 
Project in Beijing (detailed questionnaires were left for the remaining three 
enterprises). These diacuasiona included the scope of projects, costs, and 
the eligibility of requested funding. The enterprise representatives agreed 
to eliminate expenses which did not meet eligibility criteria. Or. Jeffs 
clarified that the projects involving production of polyol were necessary to 
reduce CFC-11, that proposals did not involve expansion of existing production 
capacity, and that chemical prices were reaaonable based on prevailing 
conditions in China and a review of world prices. As several substantial 
issues for the Yantai project component were unresolved, it was•agreed that 
NEPA would exclude the component from this submission, but would clarify the 
project scope and justify its eligibility in accordance with MP financing 
guidelines for future consideration. 

4. NEPA, working with the participating enterprises, coordinated with 
World Bank staff to complete individual project summaries for all project 
components in accordance with Dr. Jeffs' comments, Project incremental costs 
were calculated by the Bank, using the agreed methodology based on cost and 
price information provided by NEPA and agreed to by tne Bank and OORG, Bank 
consultants concurred that the quantities and composition of raw materials 
used the basia for recurring incremental cost calculations for the 
refrigerator/panel components are consistent with amounts used for production 
of similar products in Japan and Europe. Due to the apparent profitability of 
new polyol and blended polyol production at one raw material supplier 
(Shanghai #6), the project component is ineligible for grant financing, Thus, 
the revised submission includes 11 of the original 13 project components 
(Yantai and Shanghai #6 are excluded). 

5. Funding Request. Thia submission amends the World Banks's Progress 
Report to the 10th Meeting of the Executive Committee regarding the project 
submission for China to consider final approval of the ll component "50\ 
Reduced CFC Foam Project• and requests, in addition to the $1,878,000 already 
approved for this project (June 1992), $4,058,000 in incremental costs from 
the Fund. This additional funding request is based on a total grant request 
of $5,936,000 in eligible incremental coats, including $3,079,000 in requested 
investment costs, $2,083,000 in recurring incremental costs net of benefits, 
and $744,000 contingency. A Project Summary for the complete Project is 
attached as well as 11 Project Summaries, one for each project component. A 
15\ contingency was added to the overall Project, and is excluded from the 11 
component project summaries. 

Excluding $480,000 tubproje<:t .::omponcut 1tan1ferttd 10 UNDP. 



CHINA NATIONAL lffNVJRDNMEJ:1/"TAL PROTEC!l'ION AGENCY 
No. us ,Xlz;hlm"'1llei Nm:udaojico, B<:ijiagl000SS, Th" Pcopl.,, s R.cpubllc of Cblna 

FAX 'I'RANSMJSSION 

Sign and 1- Jt'.Z ¾ 7. v 
To, 

natc M 7' z o ,, I If j J 
From: • . 

Name m,._ On114(,/ ~ Name u'J(l Bu-M :.,.J, 
0eptf,&u1-,- f'orttri,t ¥ Orplli%atiol1 t>ept: 1 001 M 61 ii€ 

aty/Conntry kl:,j 8,.,./4 ti s.,4 Fax No. !~'I lo/ :3 
Fax No. ( >C)) 417e-6GJ:V Tel 8s:+99U~9(0 f 

Total Nwnbcr ot Pa~c:ludlng This Cover Page) 

Dear Mi:..B...rewn: 

Thank you for your att.a.ched proposal, we agree that you 
submit the 50°/4 Reduced CFC Foam Project for additional funding 
requesting· 4, 4,058,000 for ll subcomponenta. J£ po!!Bihle we 
hope that the Yantai and Shanghai #13 subcompaoent-s will be 
discussed later in order to facilitate the eul:mrlasion to the 
next MFEC meeting. 

Attached ia the draft l?insncia] 4¼ency Agreem,;m.t between 
l);"EP A and CIB and the draft t,.greem.m.t between NEPA and MOF 
for your :re!'e..,imce. 

Since.rely yours 

Wu Baoz.honfi 
NEPA 



Ms. J. Poppele 
Toe World Bank 
Ozone Operations Coordinator 
Environment Department 
GECD 
1818 H Street, N.W. 
Washington, D.C. 20433 
USA 

Dear Jessica: 

18th May, 1993 

I have reviewed the 50% reduced CFC Foam sub-projects for the following enterprises: 

Liming Research Institute 
510 Research Institute 
Shenyang Petrochemical Plant 
Wuxi Foam Material Factory 
Tianjin PU (Polyols and panels) 
Shangling 
Qindao Haier 
Xinfei 
Shuangyan 
Chengde 
Dalian 

I confirm that I support these projects. During appraisal the following points should be 
taken into consideration: 

Yours si 

guidelines for training programmes should be established and adhered to -
also training programmes aboard are not required; 

trial production runs for Liming and Tianjin should be capped at $25,000 
and $50,000 respectively; 

equipment procurement should be based on competitive quotations, 
especially the viscosity meter for Qindao Haier and DSC for Liming; 

storage tanks for Shuangyan need justification. 

Dr. G. M. F. Jeffs • OORG MD 152 
ICI Polyurethanes 



TIIE MONTREAL PROTOCOL ON 
SUBSTANCES TIIAT DEPLETE TIIE OZONE LAYER 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS CONSUMPTION 
IN SECTOR (1991): 

PROJECT DURATION: 

PROJECT IMPACT: 

TOTAL PROJECT COST: 

PROPOSED OTF GRANT: 

COST EFFECTIVENESS: 

PRQJECT COVER SHEET 

CHINA 

SO% Reduced CFC Foam 

Rigid Polyurethane Foam 

13,000 MT CFC-I I (13,000 MT ODP) 

4 years 

Phase out 372 MT CFC-11 (372 MT ODP) 

US$ 7,165,000 
of which costs provided by enterprises: 

USS S,936,000 
of which capital costs: 
of which recurring incremeotal costs net benefits: 
of which 15 91i contingency: 

$4.60/kg ODP/year' 

US$ 2,003,000 

US$3,079,000 
US$2,083,000 
US$ 774,000 

IMPLEMENTING ENTERPRISES: 
Design Institutions: 

Chemical Producers: 

Liming Research Institule 
5 IO Research Institute of the Ministry of 
Aeronautics and Aerospace 
Shenyang Petrochemical Plant 
Wuxi KZ Foam Factory 
Tianjin PU Plastics (also user) 

Four Refrigerator Factories (Users): Shanglins 
Qindao Haier 
Xin Fei 
Shuang Yan 

Three Panel Manufacturen (Usen): 

NATIONAL COORDINATING Ministry of Light Industry (MLI) and the 

Tianjin PU Plastics 
Chengde Commercial Machinery 
Dalian 

AGENCIES: National Environmental Protection Agency (NEPA) 

IMPLEMENTING AGENCY: World Bm 

1 For crou,.c:ountty comparison,~ capltal coltl requested from OTF were annualiztd. over 4 yean ufina 10~ ditcOUnl rate, 



PROJECT SUMMARY 

This project will demonstrate the commercial applicability of 50% reduced foam technology in 
polyurethane (PU) insulation foam applications by converting four refrigerator and three panel 
manufacturers. In addition, the prc:rlect will adapt three domestic polyol supplien1 to the production of 
material compatible with the reduced CFC fonnulation. The reduced CFC foam formulation will be phased 
in at the seven manufacturers resulting in a phaseout of 372 tons of CFC-11 per year at full production. 
Domestic production of HCFCs in China is at laboratory capacity and will not be industrially applicable for 
several years. Reduced CFC foam formulations have been applied commercially in Europe and other areas 
as short term CFC reduction measures. 

SECTOR BACKGROUND 

Consumption of CFC-11 in rigid PU insulation applications in China was about 13,000 tons in 1991. 
50% of consumption went to rigid PU panel production, 30!1\ to household refrigerators, 10% to other 
refrigerstion equipment, 6% for in-situ spraying and 4!11, lo making pipe sleeves. MU predicts that in 1996 the 
consumption of CFC-11 in household refrigerators will reach 8,500 tons, panels will reach 11,200 tons, in-situ 
spraying will achieve 1,400 tons, and pipes will be 1,000 tons for a total of 22,100 tons in the sector. 

PROJECT OBJECTIVES 

The objectives arc to: 

1) Adopt a CFC foam formulation at three panel manufacturers and four household rcfrigerator 
factories to demonstrate the commercial applicability of low CFC formulations as an interim measure 
for China's rigid PU insulation applications; and 

2) Using locally developed technologies, convert three domestic polyol manufactures to produce polyol 
and blended polyol compatible with the reduced CFC formulations. 

PROJECT DESCRIJ>TION 

The use of reduced CFC foam fonnulations is impeded by a lack of domestic raw material suppliers, 
by concerns about long-term foam stability, and by higher price. This Project will remove these barriers by 
demonstrating the new technology at several manufacturers and by converting domestic materials producers to 
the production of compatible materials. 

The Liming Research Institute and the 510 Research Institute of the Ministry of Aeronautics and 
Aerospace (MAA) hsve developed polyols compatible with reduced CFC foam fonnulations. These institutes 
will transfer their new polyol technology to Wuxi KZ Foam Factory, Shenyang Petrochemical Plant, Tianjin PU 
Plastics and other domestic polyol/blended polyol producers. About 75 % of the polyether polyols used in China 
arc produced locally. However no local producers can yet produce a polyol compatible with a SO% reduced 
CFC fonnula. Thus, the major impact of this project will be to transfonn the whole rigid insulation foam 
industry by addressing the supply issue. 

Four refrigerator plants and three panel manufacturers will adopt the reduced foam formulation. 
Conversion will include trial runs to optimize formula and blowing technique, training, batch production and full 
scale conversion. Factories will use domestic raw materials to demonstrate their performance. The new foam 
fonnulation will be used with existing foam blowing equipment. 



The Beijing Household Electrical Appliances Research Center (BHEARI), will serve as a testing, 
evaluation and promotion center for reduced CFC technology. !Cl, an multinational chemical manufacturer, bas 
equipped the center with foam testing equipment. A UNDP-supported project will provide further technical 
training IO BHEARI. The center will conduct performance tests to ensure product quality. set appropriate 
standards, provide technical assistance to factories, and promote results among all refrigerator manufacturers. 

PROJECT COSTS AND INCREMENTAL COSTS 

Project costs are given in the attached table, which notes price assumptions for the old chemicals and 
projected prices for chemicals compatible with the low CFC formulation. Locremental operating costs/benefits 
reflect increased quantities for certain foam raw materials (MDI) and increased prices/costs for others 
(polyollblended polyol). Fifteen percent (15 %) of the total project incremental cost requested from the OTF 
was added as contingency, 

Capital costs for the 11 components, foreign and domestic, total US$ 5.082 million. The project 
sponsors hsve limited their grant request to US$ 3.079 million, mainly foreign exchange costs. There are no 
taxes included in the capital cost estimates. Incremental costs for the chemical producers were determined on 
the basis that only a small increase in chemical price could be passed on under market conditions in China. The 
Bank concurs witb lhis judgement and confirms that !here is no double counting of eligible incremental costs in 
the aggregate projects. 

Incremental operating costs/benefits are based on the incremental price of chemicals, the incremental 
quantity of chemicals consumed and the relevant quantity of CFC-I! required, discounted al 12 % over a four 
year period. As China's domestic production capacity for CFC-11/12 is sufficient to meet projected demand 
tbrough 1997, CFC-11 prices were held constant to reflect expected local conditions. For Project components, 
recurring costs are considered through 1997 under !he presumption !hat enterprises will subsequently switch to a 
non-CFC blowing agent as non-CFC technology becomes commercially available in China. 

The total grant request (incremental cost) for !he 11 components including captial costs, recurring 
incremental costs net of benefits, and 15% contingency is US$ 5.936 million. Of lhis, US$ 2.083 million is 
requested for recurring incremental costs net of benefits for four years. 

FINANCIAL AND ECONOMIC ANALYSIS 

The internal rates of return calculated in financial and economic terms for the components to Ibis 
subproject will be presented in the China Investment Banks's (CIB's) financial appraisal, which will also include 
the financial viability of the enterprises. A financing plan will be determined in the financial appraisal, and will 
include all sources, terms and conditions. 

PROJECT IMPLEMENTATION 

Project implementation will be coordinated by MU under the Project Management office in NEPA. 
Eleven enterprises from five ministries namely: MLI, The Ministry of Commerce (MOC), the Ministry of 
Chemical Industry (MCI), MAA and the Ministry of Machinery Building Industry (MM!), will participate in the 
Project. The ministry responsible for the institutes and factories falling under its jurisdiction will support their 
activities. Each enterprise will be responsible for actual subproject implementation. CIB will supervise 
procurement and disbursements, and be responsible for audit reports. NEP A/CIB will be responsible for 
quarterly progress reports during implementation. The project employs commercially available technology in 
China's largest CFC use sector with sufficient technical assistance to ensure project success. 



PROJECT RESULTS 

This projo<:t will nomove 372 tons of CFC-11 per year in the fourth year of project implementatioo 
when all oompooeots have reached full productioo. In addition, this project ensures a stable local supply of key 
foam raw materials compatible with low CFC foam formulatioos which will facilitate wide spn,ad application of 
the reduced CFC foam techoology. 

TECHNICAL ASSESSMENT 

Support for this project was given by the OORG reviewer, Dr. Michael Jeffs. A copy of his review is 
attached. 

jpldb c1r .. m.10..su 
19-May-93 



ODS 
Phased out 

Per Year 
(mt) 

Design Institutes: 
Liming 0 
510 0 

Raw Materials: 
Shenyang 0 
Wuxi 0 
[Tianjin] 

Panel: 
Chengde 32 
Dalian 14 
Tianjin 31 

Refrigerator, 
Qindao 61 
Xinfei 103 
Shangling 103 
Shuangyan 28 

SUB-TOTAL 372 
(Contingency 15\) 

GRAND TOTAL 372 

PRICE ASSUMPTIONS (in US$/kg): 

General: 

Refrigerant: 

Panel: 

501 REDUCED CFC FOAM PROJECT - TABLE 1 

Total Local Foreign OTF NPV Proposed 
Investment (US$1,000) (US$1, 00) Investment 4 Year Total 
(US$1,000) Refiest Cost OTF 

(US 1,000) (US$1,000) Financing 
(US$1,00) 

594 90 504 504 0 504 
371 66 305 305 0 305 

485 NA NA 485 -333 152 
741 423 318 318 -51 267 

143 26 117 117 46 163 
294 96 198 198 77 275 
310 NA NA 306 144 450 

294 100 194 229 312 541 
464 300 164 164 878 1042 
684 413 271 271 687 958 
702 520 182 182 323 505 

5082 3079 2083 5162 
762 462 312 774 

5844 3541 2395 5936 

1. Constant CFC-11 price 2.545 used for all price projections (China's domestic 
production capacity for CFC-11/12 is sufficient to meet projected demand through 1997). 

1. Baseline blended polyol range: 2.454 - 2.714 
2. Project blended polyol range, 2.636 - 3.067 

1. Baseline blended polyol1 2.727 
2. Project blended polyol range: 2.818 - 2.909 
3. Baseline polyol: 2.065 
4. Project polyol: 2.182 



THE MONTREAL PROTOCOL ON 
SUBS'l'ANCES THAT DEPLETE THE OZONE LA YER 

PROJECT COVEK SHEEI 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING: 

IMPLEMENTING ENTERPRISE: 

NATIONAL COORDINATING BODIES: 

IMPLEMENTING AGENCY: 

China 

Liming Reseai:ch and Development of Polyol and Blended 
Polyol Production Techniques for 5091i Reduced CFC Foam 

Rigid Polyurethane (PU) Foam 

13,000 MT CFC-I 1 in 1991 (13,000 MT ODP) 

Facilitate domestic production of polyols compatible with 
50 9li reduced CFC foam 

2 years 

4 years 

US$ 90,000 
US$ 504,000 
US$ 0 

US$ 504,000 

Capital Costs Provided by Enterprise 
Capital Costs Requested from OTF 
Recurring Incremental Costs' 

Liming Chemical Research Institute (LCRI) 

Minislty of Light lodustry (MU) and the National 
Environmental Protection Agency (NEPA) 

The World Bank 

1 Net present value of inen:mcntal costs for the fl.l'Sl four ycara dii<:ountcd at 12%. Because LCRI is a research institute and 
docs not sell produets on the open market, then: an: no n:curring incremental costs/savings for thiJ proje<:t. 

l 



PROJECT SUMMARY 

This project will enhance production techniques of polyether polyol feedstock and subsequent blended polyol 
compatible with reduced CFC foam formulations at the Liming Chemical Research Institute (LCRI). LCRI will 
refine present laboratory scale production techniques for reduced CFC compatible polyols and establish a pilot 
production facility lo produce both the new polyols and blended polyol. After the pilot production line is 
optimized, this technology will be transferred to commercial manufacturers/suppliers of blended polyols. 

This project will optimize and facilitate the implementation of emerging alternative technologies in China's 
largest CFC use sector (in both percent ODS and ODP). This project is included in China's Country Program, 
which was finalized in January 1993 and approved at the Ninth Meeting of the Executive Committee in 
Montreal, March 1993. 

PROJECT OBJECTIVES 

The objectives of this project are to: (i) establish a pilot plant for domestic production of 50% reduced CFC 
compatible polyols; (ii) establish a pilot plant for blended reduced CFC compatible polyols; and (iii) adapt pilot 
production techniques to industrial scale production of reduced CFC foam polyols and polyol blends. 

ENTERPRISE BACKGROUND 

LCRI is a comprehensive PU foams research institute under the Ministry of Chemical Industry (MCI). The 
Department of Polyurethane Development was established to enhance China's domeslic production of PU foam 
feedstocks and bas consistently produced products comparable to those from developed countries. LCRI bas 
developed laboratory scale production of polyols compatible with 50% reduced PU insulation and blending 
processes which have produced finished PU foams meeting national standards. 

PROJECT DESCRIPTION 

The use of reduced CFC foam formulations is impeded by a lack of domestic raw material suppliers. 
Specifically, reduced CFC compatible polyols are not commercially available in China. LCRI bas successfully 
developed polyols compatible with low CFC foam formulations. This project will demonstrate the new 
technology on the pilot level and facilitate the expansion of polyol production and blending processes to 
industrial capacity. The training included in this project consists of on-site direction from foreign chemical 
suppliers, and technical exchange with domestic experts. 

2 



This project consists of the following eight stages: 

STAGE I: LCRI will refine synlhesis techniques for polyols and blended polyols compatible wilh 
reduced CFC foams. Synthesis techniques compatible wilh industrial manufacturing processes will be 
developed. 

ST AGE 2: LCRI will establish 200 MT capacity pilot plants for lhe manufacture of polyether polyols 
compatible wilh reduced CFC foam fomrulation and the bleoding of lhese polyols. Trial production 
will begin. 

ST AGE 3: LCRI will optimi,:e polyol formulation and adjust lhe polyol blending process so that 
foaming clwacteristics, finished foam properties, repeatability of production and blending processes, 
and the blended polyol shelf life will acliieve lhe level of 50% reduced CFC formulations currently 
manufactured in developed countries. Finished rigid PU foam products will also be tested for quality. 

STAGE 4: LCRI will cooperate wilh the Shenyang Petrochemical Factory (SPF) to perform trial runs 
on SPF's production equipment. 

ST AGE S: This stage will occur simultaneously wilh Stage 4. Foreign and local experts will be 
brought to LCRI to further optimize industrial scale production methods. The eitperts will also assist in 
training SPF' s staff for the trial runs. 

STAGE 6: LCRI will begin work on the manufacture of polyols and blended polyol• compatible wilh 
reduced CFC foam for use in cold storage, ice cupboards, and panel insulation. 

ST AGE 7: LCRI will conduct life test research on foam products manufactured wilh the reduced CFC 
compatible polyol and blended polyol. Formulations will be adjusted to achieve product quality in 
developed countries. 

STAGE 8; LCRI will expand research and development of CFC-free foam technologies. Research will 
focus on industrial scale manufacturing techniques for non-ODS blowing agents. 

PROJECT cosr 
Summary or Proiect Costs: The total project incremental cost of US$594,000, of which US$504,000 is lhe 
total requested from OTF as grant, was calculated as the economic capital costs. There are no recurring 
incremental costs or benefits considered as LCRI will provide the technology to polyol manufactums wilh no 
license fee. 

Capital Costs: Capital costs of US$594,000 include capital investment in production line equipment, training, 
rsw materials, utilities, test instruments for assessing the integrity of products and processes, and costs 
associated with transferring technologies developed by lhe project to commercial manufacturers. Costs for 
foreign consultants are also included. This project requests US$504,000 from OTF for capital costs. The 
enterprise will provide US$90,000 for counterpart financing for the project. 

Incremental Recurrent Costs/Benefits: Because LCRI is a research institute and does not sell products OD the 
open market, there are DO recurring costs/benefits for this project. 
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PROJECT IMPLEMENTATION 

Management; The Ministry of Light Industry and Natioaal Environmental Protection Agency will oversee the 
successfi:11 implementation of this project. The project will be carried out at Liming Chemical Research 
Institute. 

Schedule: 

TASK 1993 1994 1995 1996 

3 4 I 2 3 4 I 1 3 4 I 2 3 4 

Project planning X X 

Inli1U•tioo of acw materia1a X X X 

0."'1' quality comrol X • 
equipment 

lnllallquality¢Olllrol X • 
equip....,. 

!um quality .-.cl •y,tem X X X X X X X • X X 

Popularize w::htuquca X • X X • 

Atn.nge &. carry out X X X 

uaWng {forci,n expert) 

Amnac & C.ut'l' - X X X • X 

lnilUIIJ (domutic •XPCrt) 

RESULTS: This project will result in the development of industrial scale synthesis 1'0Chn.iques for polyether 
polyols and hlended polyol compatihle with SO!iii reduced CFC-11 foams. The project will also develop 
methods for adapting this technology to a variety of refrigeration applications. The project will provide China 
with a source of domestic feedstocks for polyols and blended polyol compatible with reduced CFC foam 
technology, facilitating the adoption of reduced CFC foams. 
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ANNEX 1; Breakdown of Investment Costs 
$US= RMB S.5 

STAGE l: Synthm I1:<bniquES • Requ- from OTF 

EQUIPMENT FOR NEW POL YOL 
R.eaeior 
Reactor 
Oaui,Tanl: 
Polylll<lri:zinj R .. ,tor 

Reflflin, RMcior 
Storap Tank I 
Storag• Tanlc 2 
F"tlter 
Vacuum Pump 1 
Vacuum Pomp 2 (2) 
Buffer Tank 0) 

RAW MATERIALS FOR TRIAL RUNS 
Now Polyol 
llllmd<4Polyol 

TRAINING 
N..., Polyo! 
m-lod Polyol 

tVEL AND POWEil 
Nn; Polyol 
Blended Polyo! 

EXPERIMENTAL cosrs 
New Polyol 
Blended Polyol 

DEPRECJAJJONS 
New Polyol 
Blended Polyol 

SUBTOTAL • Requested from OTF 

RMB 1.000 

Ill 
233 
17 
9& 
33 
6 
10 
6 
4 
8 
33 

14 
28 

47 
47 

3 
4 

29 
60 

5 

US$ 1.000 

20 
42 
3 
18 
6 
I 
2 
1 
! 
l 
6 

2 
5 

8 
8 

5 
ll 

144 



STAGE l; Trial fn>dY<:liop - llequested from OTF 

fl/EL AND POWER 
New Pol)'OI 
llleode<! Polyol 

TRAINING 
New Polyol 
BlcndcdPolyol 

EXPER,IMENTAL COSTS 
N•w Polyol 
Blcod<l4 Polyol 

DEPRECIATIONS 
Ncw Polyol 
Blcod<l4 Polyol 

SUBTOTAL • Requested from OTF 

STAGE J: JeJtjrtg Productt " llcquelled from OTF 

T..,1nstn,....., 
V.P.0, 
CloHd.CeUMeter 
D.S.C. 

SUBTOTAL· Requested from OTF 

RMB 1,000 

4 

75 
112 

2ll 
55 

36 
22 

333 

89 
34 
sso 

673 

STAGE 4~ Trial Produslion •t Chefflical Maquf•cturert ~ RequcAed from OTP 

Equipment 
Raw MateriatJ, Fud & Power 
T nuupotl.ltioa 
Labor 

SUBTOTAL· Requested from OTF 

JOO 
120 
50 
60 

330 

STAGE Si Technical Exchange & Consuttanr.a ~ Rcqueaed from OTF 

Trailling (2) 195 

SUBTOTAL· Requested from OTF 195 

6 

USS l.000 

0 
I 

13 
21 

5 
10 

6 
4 

60 

16 
6 
100 

122 

18 
22 
9 
II 

60 

35 

35 



ST AGE 6 • llcqucllted from OTF 
Technique:. for Cold Storase, ke 165 30 

CUpboard and Plnel lnwlation 

SUBTOTAL· Requested from OTF 165 30 

STAGE 7 ~ Rcqucttcd from OTF 
SOt, R.edU<:od Foam Life Teat Rcaun:b 292 53 

SUBTOTAL • Requested from OTF 292 53 

STAOE g • Provided by lmtilUIC 

RoMateh.& Dcv~mcotofCFC~ftee 
Foam T""hoologie.l .95 90 

SUBTOTAL • Provided by Institute 495 90 

TQIAI, • &:ll!ided I!! wtitu!~ fil 2!! 
TOTAL • Requested from OTF 2772 ~ 

GRANDTOIM lliI ~ 
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THE 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: 

IMPLEMENTING ENTERPRISE: 

NATIONAL COORDINATING BODIES: 

IMPLEMENTING AGENCY: 

China 

No. S 10 Research Institute Research and Development of 
Polyol and Blended Polyol Production Techniques for SO% 
Reduced CFC Foam 

Rigid Polyurethane Foam 

13,000 MT CFC-11 in 1991 {13,000 MT ODP) 

Facilitate domestic production of polyols compatible with 
SO% reduced CFC foam 

4 years 

US$ 66,000 Capital Costs Provided by Institute 
US$30S,OOO Capital Costs Requested from OTF 
US$ 0 Recurring Incremental Costs' 

US$30S,OOO 

No. SI 0 Research Institute (S 10) of the Ministry of 
Aeronautics and Aerospace (MAA) 

Ministry of Light Industry (MLI) and the National 
Environmental Protection Agency (NEPA) 

The World Bank 

1 Net present value of incremental costs for the first four ycap dlw:,unted at 12%. Because 510 is a taearch institute and 
docs not sell products on the open market, there arc- no recuning incremental costs/savings for this projc.ct. 



PROJECT SUMMARY 

This project will enhance production techniques for polyether polyol feedstock and subsequent blended polyol 
compatible with reduced CFC foam formulations at the No. 510 R..-rch Institute (510) of the Ministry of 
Aeronautics and Aerospace Industry (MAA). 510 will refine present laboratory seale production techniques for 
reduced CFC compatible polyols and establish a pilot production facility to produce both the new polyols and 
blended polyol. The prqject will study polyol and blended polyol formulations applicable to household 
refrigeration, insulation panels, and in-situ spraying, as well as research on non•ODS foamin11 techniques. After 
the pilot production line is optimized, this technology will be transferred to commercial manufacturers/suppliers 
of blended polyols. 

This project will optimize and facilitate the implementation of emerging alternative technologies in China's 
largest CFC use sector (in both percent ODS and ODP). This project is included in China's Country Program, 
which was finalized in January 1993 and approved at the Ninth Meeting of the Executive Committee in 
Montreal, March 1993. 

PROJECT OBJECTIVES 

The objectives of this project are to: {i) refine formulation of polyether polyols and blended polyol suitable for 
household refrigeration, panel insulation, and in-situ spraying; (ii) adapt laboratory techniques to industrial seale 
production: and (iii) transfer reduced CFC polyol and blended polyol technologies to commercial 
manufacturets/suppliers. 

ENTERPRISE BACKGROUND 

510 is a comprehensive research institute for vacuum and low temperature applications under MAA. In 1990, 
510 developed laboratory scale production of S0lll'i reduced CFC compatible polynls and blended polyol for use 
in household refrigeration, panel insulation, and in-situ spraying. The qoality of finished products made with 
these polyols was tested at a variety of factories, and all results met national standards. 

PROJECT DESCRIPTION 

The use of reduced CFC foam formulations is impeded by a lack of domestic raw material suppliers. 
Specifically, reduced CFC compatible polyols are not commercially available in China. This project will 
facilitate domestic production of polyols compatible with S0lll'i-n,duced CFC foam by refining laboratory seale 
domestic production techniques and adapting these techniques to industrial scale production. 

Trial production at commercial chemical plants will be included to optimize industrial production techniques. 
Trial production runs will also evaluate foaming chanocteristics, finished foam properties, repeatability of 
production and blending processes, and the blended polyol shelf life lo achieve the level of 50111, reduced CFC 
formulations currently manufactured in developed countries. The training included in this project consists of on• 
site direction Crom foreign and domestic experts. 

PROJECT cosr 
Swnmary of Project Costs: The total project incremental cost of US$371,000, of which US$30S,OOO is the 
total requested from OTF as grant, was calculated as the economic capital oosts. There are no recurring 
incremental costs or benefits to be considered. 

Capital Costs; Capital costs of US$371,000 include capital investment in formulation equipment, training, raw 
materials, technical exchange, industrial process simulation equipment, and costs associated with trial 
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production. This project requests US$30.S,OOO from OTP for capital costs. The enterprise will provide 
US$66,000 for counterpart financing for the project. 

lnc;remental Recurrent Costs/Benefits; Because SlO is a """""1'Ch institute and doeo not sell products on the 
open market, there are no recurring costs/benefits for this project. 

PROJECT IMPLEMENTATION 

Management; The Ministry of Light Industry and National Environmental Protection Agency will over.iee the 
successful implementation of this project. The project will be carried out at the No. 510 Research Institute of 
the Ministry of Aeronautics and Aerospace. 
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Schedule; 

TASK 1993 1994 !99S 1996 

3 • I 2 l • 1 2 3 4 1 l 3 • 

Projcet p1anning X 

Procure equipment X 

Perfc<t low-CFC X X 

formulation for rcfri,cn.ton 

Deoignand"""'" X 

aimulatioa.-,um 

Ptocutc other proje.ct X 

equlpmeot 

Artanae & can, out X 

tnlnin., (forei,n upeN) 

Arm>ao dr. cony oot X 

lnining (domollllc •-) 

ClpllmiZ< low-CFC ro.,,.. X X 

u1ation f'ot andwich pane.I 

Oplimlz< low-CFC fonn- X X 

uhtion for in aile tpr11ying 

Trial produolioo X 

Produc:tioa appl'1lll&I X 

T«h"""'ff - X X 

Worker tn.inina X 
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RESULTS: This project will develop industrial scale synthesis techniques for polyether polyols and blended 
polyol compatible with 50 % reduced CFC- I I foams for application in household refrigeratioo, panel insulation, 
and in-situ spraying. The project will provide China with a, souree of domestic feedstock polyols and blended 
polyol compatible with reduced CFC foam technology, facilitating the adoption of reduced CFC foams. 
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ANNEX l: Breakdown of Investment Costs 
$US= RMB S.5 

EQUIPMENT 
Prorided by -

Hydroxyl Content Meter 
V~o,imttu 
Acid Conwll Meter 
Quiek: DlvislOn F.quipmcm 
Cohuion Meter 
Air-Foam OlmO.IU Meter 
HygroscpopyTeating Equipment 

For Jn:SibJ Fqqnuiation 
Little Spnying Maclline 

~fromOTF 

~ 
Water Content Meter 
Heal Tru,fer Coe.fficicnt M-ot4:r 
Clotod uU ~ontent. meter 
Gu Chromacognpb 
Univcraal Tcstin.& MacbiM 
Micn,pho<oaraphy Equipnwlll 
Combwt.km-Obatruclion MclOt 

Industrial Ptoecsp Simultt½m Equjprpept 
SmaU HiB!> Pffllute Foaming- Machine 
Moot Control Microcomputer 
Flow lndcx Meter 
Foam Gel curve Me:ter 
Deaia:ncoata 

SUBTOTAL • Provided by Institute 
SUBTOTAL • Requested from OTF 

RAW MATERIALS 
Promled by lmdtute 

Polyola 
Catalyata 
Surfacianta: 

Request,d from OTF 
Polyolt 
Catalyu 
SurfactanLI 

SUBTOTAL • Provided by Imtitute 
SUBTOTAL • Requested rrom OTF 

TRAINING AND TECHNICAL EXCHANGE 

SUBTOTAL - Provided by Institute 
SUBTOTAL • Requested rrom OTF 

RMB 1,000 

3 
2 
3 
4 
28 
55 
28 

83 

5 
33 
28 
110 
68 
344 
69 

171 
193 
35 
133 
226 

206 
1421 

28 
28 
28 

28 
28 
28 

84 
84 

22 
171i 

6 

US$ 1,000 

0.5 
0.3 
0.5 
0.7 
5 
10 
5 

15 

I 
6 
5 
20 
12 
63 
13 

31 
JS 
6 
25 
41 

37 
258 

5 
5 
5 

5 
5 
5 

15 
1S 

4 
32 



TRIAL PRODUCTION· Prorided by lmotute 
Polyobl'n>duotioa 
Bl<nd..i Polyol l'n>duotioa 
Rodu<ed CPC Pormula!ioo T .. 

SUBTOTAL • Provided by Imtitute 

TOT AL • Pro:rided by Institute 
TOTAL • Requested rrom OTF 

GRAND TOTAL 

22 
22 
ll 

ss 

w 
lffl 

~ 

7 

4 
4 
2 

10 

~ 
JJ!S. 
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THE 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: 

TOT AL PROJECT COST: 

PROPOSED OTF FINANCING: 

IMPLEMENTING ENTERPRISE: 

NATIONAL COORDINATING BODIES: 

IMPLEMENTING AGENCY: 

China 

Shenyang Production of Blended Polyol for 50% Reduced 
CFC Foam 

Rigid Polyw:elbane Foam 

13,000 MT CFC-11 in 1991 (13,000 MT ODP) 

Implement large-scale commercial production of blended 
polyols compatible with SO Iii reduced CFC foam 

2 years 

4 years 

US$ 0 
US$ 485,000 
US$ (333,000) 

US$ 152,000 

Capital Costs Provided by Enterprise 
Capital Costs Requested from OTP 
Recurring Incremental Costs Net of 
Benefits' 

Shenyang Petrochemical Factory (SPF) 

Ministry of Light Industry (MU) and the National 
Env~tal Protection Agency (NEPA) 

The World Bank 

1 Net p,.,.ent value of incremental costs net of bencfiu for the flflt lour years discounted at 12%. 
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PROJECT SUMMARY 

This project will convert an existing 2,000 MT facility for lhe production of polyol and blended polyol 
feedstocks compatible with 50% reduced CFC fuam at Sbenyang Petrochemical Factory (SPF). Toe blended 
polyol will be sold lo domestic household refrigerator producers. 

This project will facilitate the development and implementation of emerging technologies in China's largest CFC 
use sector (in both percent ODS and ODP). This project is included in China's Country Program which was 
finaHU<I in January 1993 and approved at lhe Ninth Meeting of the Executive Committee in Montreal, March 
1993. 

PROJECT OBJECTim 

The objectives of this project are to: (i) convert facilities for industrial scale domestic production of 50% 
reduced CFC compatible po!yols and blended polyol; and (ii) make such polyols domestically available to local 
refrigerator factories. 

ENTERPRISE BACKGROUND 

SPF produces over 200 chemical products and is one of the primary commercial polyol producers in China. 
SPF's production line bas an annual po!yol production capacity of 15,000 MT, including 10,000 MT facility 
imported from Germany. Toe factory also oversees the Shenyang Polyurethane Research Institute which bas 
successfully developed industrially feasible production techniques for a variety of commercially significant 
feedstock po!yols. 

PROJECT DESCRIPI'ION 

Toe use of reduced CFC foam formulations is impeded by a lack of domestic raw material suppliers. 
Specifically, reduced CFC compatible polyols are not commercially available in China. For this project, SPF 
will adopt technology for the industrial scale synthesis of polyether polyols compatible with reduced CFC foam 
and the blending of these polyo!s. SPF will re-tool existing polyol and ble11ded polyol operations to establish 
2,000 MT production capacity of polyol and ble11ded polyol compatible with low CFC foam, train worlcers, 
conduct trial runs and scale-up to full production. 

Liming Chemical Research Institute will provide low CFC technology to SPF, and the conversion will take 
place over 1994-1996. The new technology requires the use of a new raw material for polyol production. 
Storage facilites are also required to streamline ble11ded polyol operations. 

PROJECT COST 

Summary of Project Costs; The total project incremental cost of US$152,000, which is the e11tire amount 
requested from OTF as grant, was calculated as the economic capital COSlS requested from the OTF minus lhe 
net incremental recurring benefits for four years discounted at 12 % . 

Capital Costs; Capital costs of US$485,000 include the cost of equipment, installation, raw materials, trial 
runs, quality control equipment, training, and olher costs for conversion of a 2,000 MT capacity reduced CFC 
compatible polyol and polyol blending production facilities. This project requests US$485,000 from OTF for 
capital costs. 

Incremental Recurrent Costs/Benefits; The net incremental operating benefits of US$ 333,000 are equal to 
the net present value of the first four years of incremental operating benefits net of costs. These benefits are 
due primarily to the profits accrued from the sale of the polyols and blended polyols. 
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PROJECT IMPLEMENTATION 

Management: The Ministry of Light Industry and National Environmental Protection Agency will ove"""' the 
-=ssful implementation of this project. The project will be carried out at Shenyang Petrochemical Factory. 

TASK 1993 1994 1995 1996 

3 4 I 2 3 4 I 2 3 ◄ I 2 3 4 

Ptojcel plamull,I • 

Equipment ..... nation and • 
lflining 

Trial run. X 

Produdion • • X X X X X X X X X 

RESULTS: This project will develop induslrial capacity production of polyether polyols and their blends which 
are compatible with SO% reduced CFC•l l foams. The project will provide China with a soun:e of domestic 
fuedstocb for polyols and polyol blends compatible with reduced CFC foam technology, facilitating the 
adoption of reduced CFC foams. 
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Annex l; Breakdown of lnvesbnent Costs 
$US= RMB5S 

PQLYOL PRODUCTION EQUIPMENT • Requ,sted from OTF 
Raw Matoritl Stonge Tant 
Reactor 
EO Gauge Tank 
Refining Reactor 
Decolorizina Reactor 
V.P.O. 

SUBTOTAL· Requested rrom OTF 

RMB 1.000 

25 
100 
15 
100 
JO 
90 

360 

BLENDED POLYOL PRODUCTION EOUIPMENT • Reque,t,d fl'Olll OTF 
Pol)'OI _,_ Tm ao 
Additive Gaup Taot 50 
Cto...iC.UC-Meu,r 35 

SUBTOTAL • Requested from OTF 

ENG1NEEIUNG • ~ from OTF 
Equipment J.nallllion 
Startup COit.i 
Deai,:n 

Commi•~ 
Con,ulttnta 
Tninin, 

SUBTOTAL • Requested rrom OTF 

TRIAL PRODUC'IJON • Roq.......S fmm (]ff 

SUBTOTAL • Reque:sted from OTF 

TOTAL • Proyided by Enterprise 
TOTAL • B&QJRSted from OTF 

GRAND TOTAL 

165 

47 
26 
52 
so 
25 
70 

270 

1873 
1873 

l! 
~ 

~ 

4 

US$ 1,000 

5 
18 
3 
18 
5 
16 

tiS 

15 
9 
6 

30 

9 
5 
9 
9 
5 
13 

so 

340 
340 

l! 
~ 

~ 



Annex 2: Breakdown or Incremental Recurring Costs/Benefits 

Table I: BASELINE PRODUCTION COSTS FOR POLYOL 

YEAR COST PER TON POLYOL ANNUAL TOTAL 
PRODUCTION COST 

INrrIATOR AIJCYLENE CATALYST NEUTRALIZING (TONS) (US$) 
OXIDE AGENT 

1994 109.09 1090.91 7.27 41.81 1,000 1,249,000 

1995 109.09 1090.91 7.27 41.81 1,600 1,999,000 

1996 109.09 1090.91 7.27 41.81 2,000 2,498,000 

1997 109.09 1090.91 7.27 41.81 2,000 2,498,000 

6,074,000 

1 
Table 2: PRODUCTION COSTS FOR POL YOL WITH PROJECT 

YEAR COST PER TON POLYOL ANNUAL TOTAL 
PRODUCTION COST 

INrrIATOR AIJCYLENE CATALYST NEUTRALIZING (TONS) (US$) • 
OXIDE AGENT 

1994 255.91 1057.36 7.27 41.81 1,000 1,362,000 

1995 255.91 1057.36 7.27 41.81 1,600 2,180,000 

1996 255.91 1057.36 7.27 41.81 2,000 2,725,000 

1997 255.91 1057.36 7.27 41.81 2,000 2,725,000 

6,625.000 1 
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Anneit 3: Breakdown of lncnmental Benefils 

YEAII. BASELINE WrI1l INCREMENT AL 
PROTECT lll!NEFITS 

SEU.ING ANNUAL ANNUAL SEU.ING ANNUAL ANNUAL (US$) 

PRICE!I'ON BLENDED SALES PRICE!I'ON BLENDED SALl!S 
Ill.ENDED l'OLYOL BLENDED POLYOL 
POLYOL PROt>UcnON POLYOL PRODUCTION 

(US$) (l'ON) (US$) (US$) (TON) (US$) 

1994 2454.S 1000 2,455,000 2636.4 1,000 2*636.000 111,000 

1995 2454..S 1600 3,927,000 l636.4 1,600 4,118,000 291,000 

1996 2454.S 2000 4,909,000 2636.4 2,000 5,272,000 364,000 

1997 1454.S 2000 4~909,000 :!636.4 2.,000 s,2n.ooo 364,000 

814,000 
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SUMMARY OF INCREMENTAL COSTS/BENEFITS 

Polyol Productiop 

Baseline (NPV of Costs 1994-1997): 
With Project (NPV of Costs I 994-1997): 

TOT AL INCREMENT AL cosrs: 

SUMMARY OF INCREMENTAL BENEFITS 

Po!vol Production 

Baseline (NPV of Benefits 1994-1997): 
With Project (NPV of Benefits of 1994-1997): 

TOTAL INCREMENTAL BENEFITS: 

TOTAL INCREMENTAL cosrs NET OF BENEFITS; 

RAW MATERIAL PRICES (per kg}; 

Old Polyol: US$ 2.000 
New Polyol: US$ 2.355 

Old Blended Polyol: US$ 2. 727 
New Blended Polyol: US$ 2.909 

MDI: US$ 2.727 

7 

6,074,000 
6,625,000 

SSl,000 

11,936,000 
12,820,000 

884,000 

(333.000\ 



THE 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: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING: 

IMPLEMENTING ENTER.PRISE: 

NATIONAL COORDINATING BODIES: 

IMPLEMENTING AGENCY: 

China 

Wuxi Production of Blended Polyol for 50% Reduced CFC 
Foam 

Rigid Polyurethane Foam 

13,000 MT CFC-II in 1991 (13,000 MT ODP) 

Implement large-scale commercial production of blended 
polyols compatible with 50% reduced CFC foam 

2 years 

4 years 

US$ 423,000 
USS 318,000 
US$ {SI ,000) 

US$ 267,000 

Capital Costs Provided by Enterprise 
Capital Costs Requesled from OTP 
Reeurring Incremental Costs Net of 
Benefits' 

Wuxi KZ Foam Factory (WKZ) 

Ministry of Light Industry (MLI) and the National 
Environmental Protection Agency {NEPA) 

The World Bank 

1 Ncl present value of incremental costs net of benefits for the fU'St four yean diBoountcd at 12%. 
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PROJECT SUMMARY 

This project will convert a 5,000 MT facility for the production of blended polyol feedstocks compatible with 
50% reduced CFC foam at Wiui KZ Foam Factory (WKZ). The blended polyol will be sold to domestic 
household refrigerator producers. 

This project will facilitate the developmeot and implementation of emerging technologies in China's largest CFC 
use sector (in both percent ODS and ODP). Th.is project is included in China's Country Program which was 
finalized in January 1993 and approved at the Ninth Meeting of the Executive Committee in Montreal, March 
1993. 

PROJECT OBJECTIVES 

The objectives of this project are to: (i) convert production facilities to industrial scale production of 50% 
reduced CFC compatible blended polyol; and (ii) make such blended polyols domestically available to local 
refrigerator factories. 

ENTERPRISE BACKGROUND 

WKZ produces rigid polyurethane foam materials for household refrigeration, panel insulation, and in-situ 
spraying and is one of the primary commercial blended polyol producers in China. WKZ's production line bas 
an annual production capacity of 5,000 MT with current production of 700 MT. The factory bas entered into a 
cooperative relationship with the No. 510 Research Institute of the Ministry of Aeronautics and Aerospace to 
field test emerging reduced CFC compatible polyol technology. This project will build upon the results of their 
cooperative research. 

PROJECT DESCRIPTION 

The use of reduced CFC foam formulations is impeded by a lack of domestic raw material suppliers. 
Specifically, reduced CFC compatible polyols are not commercially available in China. For this project, WKZ 
will adopt technology for the industrial scale synthesis of polyether polyols compatible with reduced CFC foam 
and the blending of these polyols. WKZ will build a new pre-blend reactor facility and renovate their existing 
line for production of blended polyol for production of blended polyol compatible with low CFC formulation. 
The pre-blend reactor is required as the new process includes addition of viscosity reducing additives. 
Equipment retrofits will improve control over SO" compatible feedstncks. After the conversion, which will 
lake place over 1994-1997, production capacity of the facility will be equal to the 5,000 MT existing capacity. 
The training included in this project consists of on•site din:<:tion from domestic experts, as well as training 
throughout China. 

PROJECT COST 

Summary of Project Costs: The total project incremeotal cost of US$690,000, of which US$267 ,000 is the 
total requested from OTF as a grant, was calculated as the economic capital costs minus the net incremental 
re<0urring benefits for four years discounted at 12 % . 

Capital Costs; Capital costs of US$741,000 include the cost of new equipmeot and equipmeot retrofits, 
installation, raw materials, trial runs, quality control equipment, training, and other costs for a 5,000 MT 
capacity reduced CFC compatible polyol blending line. This project requests US$318,000 from OTF for capital 
costs. The enterprise will provide US$423,000 for counterpart financing for the project. 

Incremental Recurrent C-Osts/Benefits; The net incremental operating benefits of US$ 51,000 are equal to the 
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net present value of the first four yea.rs of incremental operating benefits net costs. These benefits are due 
primarily to the profits accrued from the sale of the polyols and blended polyols. 

PROJECT IMPLEMENTATION 

Management: The Ministry of Light Industry and National Environmental Protection Agency will oversee the 
successful implementation of this project. The project will be carried out at Wuxi KZ Foam Factory. 

Schedule 

TASK 1993 1994 1995 1991; 1997 

3 4 I 2 3 4 I 2 3 4 I 2 J 4 1-4 

Proj,ct pla"""'i'. • 

Capil&I <:oo.,t.NCtion & X 

equipme:m uuttllatioo 

Ttaioin, X 

Trial productioo. X X 

Produce 900 MT polyether X X X X 

wilbSOl! 

Produc•l,SOOMT X X X X 

polyether with so,i; 

Produce 3,000 MT X • X X 

polyolllcr wilh .so,i; 

Produc• .S ,000 MT • 
polyetherwiih 50~ 

RESULTS: This project will develop industrial capacity production of polyether polyols and their blends which 
are compatible with SO% reduced CFC· I I foams. The project will provide China with a source of domestic 
feedstoclcs for polyols and polyol blends compatible with reduced CFC foam technology, facilitating the 
adoption of reduced CFC foams. This project will produce enough blended polyol to meet the demands of 
approximately one third of China's refrigerator factories. 
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Annex 1; Breakdown of Investment Costs 

$US= RMB5.5 

EQUJPMENJ' 
f'rorided by F.ni.,rprise: 

Fork Mtohitio 
S<orogo Conlaincr (30m'J 
M....,mneGl Pol (Im') 
Ai, Compieuor 
Oroove-Wboeltd Maohino 
TNCk 
Wheeled Machine 

ReqMiled ,....., OTF: 
Machlno Pump• (15) 
Coatrol lmlnimen1. (2) 
Burden Pitcher (for intermediate .ltorage)(6) 
Computer Conttol Syltem 
Swrase Cl,IJll,afflOr (50m') 
Pol:ymc~tion Veucl 
Meaau,om,ot Pol (2m') 
Ncutn:lizlf.ion VetMI 
f"1.hcr 
Film Evaporator 
Condcnacr 

SUBTOTAL • Provided by Enterprise 
SUBTOTAL• Requested from OTF 

QUALITY COl'{[ROL JNSTRVMENTATION • ~- rrom OTF 
V~mctcr 
Controlled Tempeni!Ure Oil Bath 
Hydroxyl Cooteot Me,., 
HylfOl,Copicity Meier 
Acidity MOier 
Uoivera.1 T.«in,- Mac:hioe-
1bennal Conductivity Meter 
Dttic:eatiaa: Equipment 
UUlo Foaming Machine 
Maida (3) 
Ai• TNlina Equipmeo< 
Pcnional Computor 

SUBTOTAL • Requested from OTF 

ENGINEERING - Pmrided by F.ate,prise 
llquipmoo<--.. 
0....,, 
Watu Sy- Modification 
Electric.al Syam Modification 
Boiler Room Modi(teaUOll 

SUBTOTAL • Provided by Enterprise 

4 

RMB 1.000 

40 
150 
30 
40 
250 
60 
120 

120 
80 
42 
200 
200 
180 
60 
40 
!SO 
120 
20 

690 
uu 

s 
6 
5 
4 
3 
63 
38 
10 
44 
9 
20 
IS 

222 

350 
170 
20 
20 
20 

S80 

1JS$ I.OOO 

7 
27 
6 
7 
46 
10 
22 

2l 
15 
8 
36 
36 
33 
10 
7 
27 
2l 
4 

125 
220 

I 
I 
I 
I 
I 
12 
7 
2 
8 
2 
4 
3 

43 

64 
31 
4 
4 
4 

107 



NEW FACILITIES • l'roridod 1,y Eaterprioe 
Load 2-ffi 4.! 

--Llnc &ildina 
.;so 82 

PN>duc• s.....,. &ildin,i: 350 6-4 
SUBTOTAL· Provided by Enterprise 1050 191 

TIWNlNG Cl5l • ~-OTF l<IO 25 

TRIAL RUNS·~,._ OTF 3S 6 

TRIALS AT REFRIGERATOR FACTORIES· Requested ,._ OTF 100 18 

DEVELOPMENT· Pqe ttf frvm OTF 35 6 

SUBTOTAL. Requested from OTF 310 ss 

TQIAI,. • Provided Ju: f;ntercrise ml! m 
IQIAL • Requested from QIF ~ 311 

GRAND TOTAL ~ w 
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Annex 2: Breakdown of Incremental Recurring Costs/Benefits 

Table I: BASELINE PRODUCUON COST FOR BLENDED POLYOL #I 

YEAR COST PER TON POLYOL ANNUAL TOTALCOST 
PRODUCTION 

POLYOL CFC-ll CATALYST COSTOI' SILICA (TONS) (US$) 
PRODUCTION OIL 

1994 1009 436 175 380 264 900 2,038,000 

1995 1009 436 175 330 264 1500 3,321,000 

1996 1009 436 175 240 264 3000 6,372,000 

1997 1009 436 175 207 264 5000 10,455,000 

ii I NPVTOTAL lS,647,000 

Table 2: PRODUCUQN COSTS FOR BLENDED POLYOL #1 WITH PROJECT 

YEAR COST PEil TON POLYOL ANNUAL TOTAL COST 
PRODUCTION 

l'OLYOL CFC·ll CATALYST COST OF SILICA (I'ONS) (US$) 

PRODUCTION OIL 

1994 1303 m 200 460 418 900 2,300,000 

1995 1303 m 200 399 418 1500 3,743,000 

1996 1303 115 200 290 418 3000 7,158,000 

1997 1303 175 200 249 411 5000 u;ns,ooo 

NPVTOTAL l7,S84,000 
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YEAR 

1994 

1995 

1996 

1997 

Annex 3: Breakdown of Incnrnental Benefits 

Tabl" ); INCREMENTAL BENEFITS FOR BLENDED POLYOL #I <REFRIGERATION} 

BASELINE - ANNUAL ll.ENDl!ll MTAL 
PIUC£li'ON POI.VOi, A!OO!AL 

·"""""' "'""""""" (1'0N) """"' l'Ol.YOL 
(USS) (USS) 

1455 900 2,210,000 

2455 1500 3,6'2,500 

2455 3000 7,365,000 

2455 5000 12,275,000 

WITH 
PROJECT 

SQ.LINO """1.!Al.llU!NllED 

"""""'" l'OLYOL 
lt.EN1)£l) nooucnotl(1'0N) 

POLYOL(ml) 

2n1 900 

2727 1500 

2727 3000 

2727 sooo 

7 

MTAL -INOOME 

-· 2.4S4,000 

·~®11000 

8,181,000 

13,635,000 

NPVOF 
lll!NEFrrS 

INCREMENT AL 
BENEFITS 

(US$) 

244,000 

4Q8,000 

816,000 

1,360,000 

1,918,000 



SUMMARY OF INCREMENTAL COSTS 

Blended Polyol Production <NPV of Costs 1994-1997} 

Baseline Blended Polyol Subtotal: 
Blended Polyol With Project: 

TOTAL BLENDED POLYOL INCREMENTAL cosrs: 

SUMMARY OF INCREMENTAL BENEFITS 

Blended Polyol Production /NPV of Benefits !994-1997) 

Baseline Blended Polyol Subtotal: 
Blended Polyol With Project: 

TOTAL BLENDED POLYOL INCREMENTAL BENEFITS: 

TOTAL INCREMENTAL COSTS NET OF BENEmS; 

RAW MATERIAL PRICES (per kg) 

Old Blended Polyol: 
New Blended Polyol: 

US$ 2.455 
US$ 2.727 

8 

15,647,000 
17,584,000 

1,937,000 

17,953,000 
19,941,000 

1,988,000 

!Sl.QQQ) 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOT AL PROJECT COST: 

PROPOSED OTF FlNANCING: 

IMPLEMENTING ENTERPRISE: 

NATIONAL COORDINATING 
BODIES: 

IMPLEMENTING AGENCY: 

1 In th• f,nt year or full production. 

PROJECT COVER SHEET 

China 

Cheng de Conversion to 50 % Reduced CFC Foain in Insulation Panel 
and In-Situ Foaming Formulations 

Rigid Polyurethane foain 

13,000 MT CFC-I J (13,000 MT ODS) in 1991 ODP 

Phase out 32 MT CFC-I I per year' 

4 years 

4 years 

US$ 26,000 Capital Costs Provided by Enterprise 
US$117,000 Capital Costs Requested from OTF 
US$ 46,000 Recurring Incremental Costs' 

US$163,000 

Chengde Coinmercial Machinery Company (CCMC) 

Ministry of Light Industry (MLI) and the National Environmental 
Protection Agency (NEPA) 

The World Bank 

'Net pre,ent value or incremental costs for the fint four years discounted at 12%. 
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PROJECT SUMMARY 

This project will convert a 160,000 m' capacity rigid PU insulation panel production line and in-situs-pray operations 
at Cbengde Commen:ial Machinery Company (CCMC) to the use of 50% reduced CFC foaming techniques. This 
project will facilitate the implementation of mature technologies in China's largest CFC use sector (in both percent 
ODS and ODP). This project is included in China's Country Program, which was finalized in January 1993 and 
approved at the Ninth Meeting of the Executive Committee in Montreal, March 1993. 

PROJECT OBJECTIVES 

The objectives of this project are to: (i) convert CCMC's 160,000 m2 capacity production line to the production of 
rigid PU insulating panels manufactured with 50\lli reduced CFC foam; and (ii) convert CCMC's in-situ foaming 
operations for use with 50\lli reduced CFC foaming techniques. 

ENTERPRISE BACKGROUND 

CCMC is an enterprise under the Ministry of Commerce and has an annual production capacity of 160,000 ui' for 
rigid PU insulation panel as well as over 100,000 m' annual capacity for in-situ foaming operations. Production 
totaled 180,000 m2 of foam in 1992, consuming 400 tons CFC-11, up from 100,000 m' in 1991. CCMC experts 
products lo countries in Europe, Asia, and Africa. CCMC's rigid PU insulating panel production line was imported 
from Finland and West Germany. CCMC bas been repeatedly honored for its comprehensive financial, engineering, 
and manufacturing management performance and for the quality of its products. Standard techniques are used for 
production of sandwich panels 11nd spray foam operations. Cold storage facilities are the most common end-use. 
Customers select spray or panel application depending on individual requirements. 

PROJECT DESCRWfION 

CCMC will convert its 160,000 m' capacity production line to the manufacture of rigid PU insulation panels with 
50\lli reduced CFC-11 foam. CCMC will also convert its 100,000 m2 capacity in-situ foaming operations to the use 
of 50 \Iii reduced CFC technologies. Conversion costs include new foaming equipment, testing instruments, trial 
runs, and training. however, OTF financing requests are limited to trail production, testing and training costs. 
CCMC will use domestic raw materials to demonstrate their performance. This project includes on-site training 
from foreign chemical suppliers and United Nations experts. CCMC's production line 11nd in-situ foaming 
operations will be converted over lhe period 1994-1997, resulting in annual ODS savings of 32 MT per year in the 
first year of full production. 

PROJECT cosr 
Swnmary of Project Costs: The total project incremental cost of US$189,000, of which US$163,000 is the total 
requested from the OTF as grant, was calculated as the economic capital costs pl us the net incremental recurring 
costs for four years discounted at 12 \Iii. 

Capital Costs: Capital costs of US$l43,000 include lhe cost of test instruments, installation, trial runs, training, 
and other costs for a 160,000 m1 capacity rigid PU insulation panel production line and a 100,000 m1 capacity in-situ 
foaming production line using 50\lli reduced CFC-II foaming technology. US$26,000 will be provided by the 
enterprise 11nd US$ll7,000 is requested from the OTF for capital costs. 

Incremental RecurTent Costs/Benefits: The net incremental operating costs of US$46,000 are equal to the net 
present value of the first four years of incremental operating costs, discounted at 12 %. These costs are due 
primarily to increases in operating costs resulting from higher prices of certain foam raw materials (new polyol and 
blended pclyol), and increased quantities of others (isocyanate). 
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PROJECT IMPLEMENTATION 

Management; The Ministry of Light Industry and National Environmental Protection Agency will oversee the 
successful implementation of this project. The project will be carried out at Cbengde Commercial Machinery 
Company. 

Schedule; 

TASK 1993 1994 1995 1996 1997 

3 4 I 2 3 4 I 2 3 4 I 2 3 4 1-4 

l'!oje<tplllnninl( X 

Amm,gc & i;an-y OW X X X 

tninm, (foreign oxpcrt) 

Proeu.rc & install X X 

equipment 

Trial runt X X 

Trial production X 

Solve problem, f<>wid X X 

with raw material 
manufacturer 

Prodigc 65,000 rd- with X 

new mawrial 

Produce 85,000 al with X X X X 

new mat.crial 

Prod- 102,000 m' with X X X X 

new material 

FuU productioc of X 

260,0(X} ff(' with nc.w 
material 

RESULTS: This project will result in the phaseout of 32 MT of CFC-II io the first year of full production. 
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Annex l; Bmkdown !lf ln•esbnmt !;j!lit,i 
$US= RMB.S . .S 

Pill 1,000 USS 1.000 

TEST INSTRUMENTS. Provided bt Em<mri .. 
Acidity Meter lO 4 
Ma,Mt.ie Heating and Stirring Machine 20 4 
Thermal Conductivity Me&er 40 1 
Vlteotity Meter 10 2 
Conant Temperature &nd 

Humidity Control Box 30 5 
TOlll.lpOtlatioo C.... 25 4 

SUBTOTAL • Provided by Enterprise 14S 26 

TRIAL PROOUCl10N • Rcquet<ed from OTF 
Lolt Panel Produclioo 

(1lO !I of 200 rrflday for S uy•) 320 SB 
Loll lrrSiw Production 

(80 !I of 120 rrfluy for S uy1) 105 19 
Trial Product Teolina 39 7 

SUBTOTAL • Requested from OTF 464 84 

TRAINING ~ Requelled from OTF 127 23 

SUBTOTAL • Requested from OTF U7 23 

COMMUNICATIONS~ Rcqucltcd from arF 55 10 

SUBTOTAL· Requested from OTF ss 111 

TQTAL- Provided !.!I Entroiris~ ill M 
TQT AL • Requested from OTF ~ ll1 

GRANDTQTAL m ill 
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Annex 2: Breakdown or Ina-einental Recurring Costs/Benefits 

Net Present Value or First Four Years Incremental Operating Cost Djscounted at 12% $4§.253 

100% CFC USAGE 
(panel & in situ) 

Baseline Assumptions 1994 1995 1996 1997 

Prices: 
CFC-11 2.55 2.55 2.55 2.55 
Polyol 2.762 2.76 2.76 2.76 
MDI 2.73 2.73 2.73 2.73 

Blended "old" polyol 2.727 2.73 2.73 2.73 

Comoosilil!II gf Mixture: 
CFC-11 (16%) 0.085 0.09 0.09 0.09 
Polyol (84 %) 0.447 0.45 0.45 0.45 
MDI 0.468 0.47 0.44 0.44 

Qlmoonent Weight Per m' <kg): 
CFC-11 0.25 0.25 0.25 0.25 
Polyol 1.30 1.30 1.30 1.30 
MDI 1.36 3.33 3.33 3.33 

Kg Foam Used Per m1
: 2.91 2.91 2.91 2.91 

Production O ,000 m1
): 65 85 102 260 

Cost: 
CFC-11 $0.63 0.63 0.63 0.63 
Polyol $3.59 3.59 3.59 3.59 
MDI $3.72 3.72 3.72 3.72 

Total Cost/m' $7.94 $7.94 $7.94 $7.94 

TOTAL OPERATING 
COSTS ($1,000) $516 $675 $810 $2,065 $2,888 
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SO% CFC USAGE 

50 % Foam Assumptions 1994 1995 1996 1997 

~ 
CFC-II 2.545 2.545 2.545 2.545 
Polyol 2.845 2.84 2.84 2.84 
MDI 2.73 2.73 2.73 2.73 

Blended •new" polyol 2.82 2.82 2.82 2.82 

Com1!Qsiti211 Qf Mill!!~: 
CFC-11 (90%) 0.043 0.04 0.04 0.04 
Polyol {9%) 0.437 0.44 0.44 0.44 
MDI 0.520 0.52 0.52 0.52 

Comoonent Weight Per m' !klil; 
CFC·II 0.125 0.13 0.13 0.13 
Polyol 1.273 1.27 1.27 1.27 
MDI 1.514 1.51 1.51 I.St 

Kg Foam Used Per m2
: 2.91 2.91 2.91 2.91 

Production (1.000 m'l; 65 85 102 260 

Qi§!;. 
CFC-11 $0.32 0.32 0.32 0.32 
Polyol $3.62 3.62 3.62 3.62 
MDI $4.13 4.13 4.13 4.13 

Tola! Cost/m1 $8.07 $8.07 $8.07 $8.07 

TOTAL OPERATING 
cosrs (St,ooo) $S24 $686 $823 $2,098 $2,934 

TONS CFC-11 PHASED 
OUf PER YEAR 8 10 13 32 
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THE MONTREAL PROTOCOL ON 
SUBSrANCES THAT DEPLETE THE OZONE LAYER 

PROJECT COVER SHEET 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED OTF F1NANCING: 

IMPLEMENTING ENTERPRISE: 

NATIONAL COORDINATING BODIES: 

IMPLEMENTING AGENCY: 

' In the firn year of full production. 

China 

Dalian Conversion to 50% Reduced CFC Foam in 
Insulation Panel 

Rigid Polyurethane Foam 

13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP 

Phase out 14 MT CFC-I I per year' 

2 years 

4 years 

US$ 96,000 
US$l98,000 
US$ 77,000 

US$27S,OOO 

Capital Costs Provided by Enterprise 
Capital Costs Requested from OTF 
Recurring Incremental Costs' 

Dalian Refrigeration Worics (DRW) 

Ministry of Light Industry (MLI) and the National 
Environmental Protection Agency (NEPA) 

Tue World Bank 

'Net present value of incremental costs for the first four yun discounted at 12". 
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PROJECT SUMMARY 

This project will phase out 44 tons of CFC-11 by converting a 110,000 m' capacity rigid polyurethane insulation 
panel manufacturing facility at Dalian Refrigerator Works (DRW) to the production of rigid PU insulation 
panels using SO% reduced CFC foam. This project will facilitate the implementation of mature technologies in 
Cbina's largest CFC use sector (in both percent ODS and ODP). This project is included in China's Country 
Program, which was finali.z.ed in January 1993 and approved at the Ninth Meeting of the Executive Committee 
in Montreal, March 1993. 

PROJECT OBJECTIVES 

The objective of this project is to convert DRW's 110,000 m1 capacity production line to the production of rigid 
PU insulating panels manufactured with 50% reduced CFC foam. 

ENTERPRISE BACKGROUND 

DRW is an enterprise under the Ministry of Machinery Building Industry (MEI) and is one of Cbina's 500 
largest enterprises. DRW bas an annual production capacity of 110,000 m1 of rigid PU insulation panel and is 
one of the largest suppliers of rigid PU insulation panel in China. DRW's rigid PU insulating panel production 
line was imported from Japan. DRW has been repeat.edly honored for its comprehensive financial, engineering, 
and manufacturing management performance and for the quality nf its products. 

PROJECT DESCRJ,Pl'ION 

DRW will convert its I 10,000 m' capacity production line to the manufacture of rigid PU insulation panels 
with 50% reduced CFC-11 foam. Conversion cost include funds for new foaming equipment, quality control 
instruments, trial runs, and training. DRW will use domestic raw materials, including a special flame-resistant 
blended polyol, to demonstrate their performanu. The training included in this project consists of on-site 
direction from foreign chemicsl suppliers. 

Production of models using reduced CFC foam will be phased in over 1994-1997. Starting in 1997, 110,000 m' 
of panels using SO% reduced foam will be manufactured, for annual ODS savings of 14 MT. 

PROJECT COST 

Swnmary of Project Costs; The total project incremental cost of US$37 l ,OOO, of which US$27S ,000 is the 
total requested from the OTF as grant, was calculated as the economic capital costs plus the net incremental 
recurring costs for four years discounted at 12 % . 

Capital Costs: Capital costs of US$294,000 include the cost of quality control instrumentstion, installation, 
trial runs, training, and other costs for a 110,000 m2 capacity rigid PU insulation panel factory using SO% 
reduced CFC-11 foaming technology. This project requests US$198,000 from OTF for capital costs. The 
enterprise will provide US$ 96,000 for counterpart financing for the project. 

!ncranental Recun;ent Costs/Benefits; The net incremental operating costs of US$77,000 arc equal to the net 
present value of the first four years of incremental operating costs, discounted at 12 %. These costs arc due 
primarily to increases in operating costs resulting from higher prices of certain foam raw materials (new polyol 
and blended polyol), and increased quantities of others (isocyanate). 
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PROJECT IMPLEMENTATION 

Management; The Ministry of Light Industry and National Environmental Protection Agency will oversee the 
successful implementation of this project. The project will be carried out at Dalian Refrigerator Works. 

Schedule: 

TASK 1993 1994 l99S 1996 1997 

3 4 I 2 3 4 I 2 3 4 I 2 3 4 1-4 

Proj<cl planning X 

Import equipment X 

Ina.all new e.quipmeal • • 

Atranae .ft. C&fT)' out X • X 

t.rainin, (f'ontrn expert.a) 

Techooloe~t teltin, X • 

Produ~, 90.000 Dr of paocJ X • X X 

per year 

Produc• 100,000 m' of X X X • X X X X 
panel por ye.ar 

Produce 110,000 m' of X 
panel per ye.u 

RESULTS: This project will result in the phaseout of 14 MT of CFC·! I in the first year of full production. 
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Annex I; Bmkdrom or Investment Cost• 
SUS• RMB S.5 

E~Gll'it'££RJNG 0£\fELQf'MEl~ff ~ Provided by 4n&.e.tpriM 

SUBTOTAL • l'r-oYided by Enterprise 

EOLJJ'MEST 
Prorided by EaterpriH: 

Production C-ontn>t Equipmcm: 
Acidity McLtt 
Ma1nctic: Aeitator 
Flammability Meter 

Equ.iqmcm T ransporution 
R.........,r,-OTF: 

Foafflina £quipmtJ» 
Produ,c\i:()Q Control Squipmeal 

ROi&Uonal Vi1eotity Mctc:r 
Heat Coodu4::tiviiy Merer 

SUBTOTAL • Pr-orided by Enterprise 
SUBTOTAL. Requested rrom OTF 

INSTALLATION - Provi4<d by Etiurpri,. 

SUBTOTAL • Provided by Enterprise 

TRAINING • 1toquc...i &om OTl' 
SUBTOTAL· Requested from OTF 

CONSULTANTS & ENG)t:fl!ERlNG • Providc4 by &IOrprilC 
SUBTOTAL • Provided by Enterprise 

TRIAL RUSS 
Prond..iby~ 

.,_.lily C°"""' Tuu 
CU.rin, MMAINI& 

Roquesud from OTF: 
Loa Prodw:tion (SOOm') 
Ra..., Material, Lou 

SUBTOTAL • Provided by Enterprise 
SUBTOTAL • Requested from OTF 

EXAMJNA TION AN)) l'Ql'ULARIZA TION • Provi4<d by Etiurp,;. 
SUBTOTAL • Provided by Enterprise 

TOT AL • Proyjded by Enterprise 
TOTAL • ReaJK:Sted from OTF • 

GRAND TOTAL 

4 

RMB 1,000 

!O 

10 

20 
20 
10 
42 

303 

69 
351 

92 
730 

llS 
215 

195 
195 

110 

110 

10 
50 

Ill 
30 

60 
168 

30 

30 

ill 
Im 

im 

USS l 000 

2 

2 

• 
4 
2 
s 

55 

ll 
65 

18 
133 

39 

39 

Jl 
35 

20 

20 

2 
9 

25 
5 

11 
30 

6 

' 
2§ 
ill 

~ 



Annex 2: Breakdown of Incremental Recurring Costs/Benefils 

Net Present Value of flrst Four Years Inaemental Operating Cost Djscounted at 125 $76,613 

100% CFC USAGE 

• Baseline Assumptions 1994 1995 1996 1997 

Prices; 
CFC-11 2.55 2.55 2.55 2.55 
Polyol 2.762 2.76 2.76 2.76 
MDI 2.73 2.73 2.73 2.73 

Blended "old" polyol 2.727 2.73 2.73 2.73 

Comoo§i!i!ID o[ Mi1ture: 
CFC-11 (16%) 0.0&5 0.09 0.09 0.09 
Polyol (84%) 0.447 0.45 0.45 0.45 
MDI 0.468 0.47 0.44 0.44 

Qlmoo11lllll W!!Jght P~c m2 !:tgl: 
CFC-11 0.25 0.25 0.25 0.25 
Polyol 1.30 1.30 1.30 1.30 
MDI 1.36 3.33 3.33 3.33 

Kg Foam Used Per m': 2.91 2.91 2.91 2.91 

Production O ,000 m"l; 90 100 100 110 

~ 
CFC-11 $0.63 0.63 0.63 0.63 
Polyol $3.59 3.59 3.59 3.59 
MDI $3.72 3.72 3.72 3.72 

Total Cost/ml $7.94 $7.94 $7.94 $7.94 

TOTAL OPERATING 
cosrs ($1,000) $715 $794 $794 $874 $2,392 
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SO~ CFC USAGE 

501' Foai:n Assump!iou 1994 1995 1996 1997 

~ 
CFC-11 2.S4S 2.S4S 2.S4S 2.S4S 
Polyol 2.94S 2.94 2.94 2.94 
MDI 2.73 2.73 2.73 2.73 

Blended 'new• polyol 2.91 2.91 2.91 2.91 

Comoositiog 2f Mixtu[!l: 
CFC-II (90!1.) 0.043 0.04 0.04 0.04 
Polyol (9 !Ii) 0.437 0.44 0.44 0.44 
MDI 0.S2 0.52 0.S2 0.52 

Qimoonyt Weilll!t Per m• !l!;e}: 
CFC-11 0.125 0.13 0.13 0.13 
Polyol 1.273 1.27 1.27 1.27 
MDI l.Sl4 I.SI I.SI 1.51 

Kc fl>am Used Per m>: 2.91 2.91 2.91 2.91 

Producti()JJ fl.000 m2); 90 100 100 110 

~ 
CFC-II $0.32 0.32 0.32 0.32 
Polyol $3.75 3.75 3.15 3.75 
MDI $4.13 4.13 4.13 4.13 

Total C.ost./rrr $8.20 $8.20 $8.20 $8.20 

TOTAL OPERATING 
COSTS (St,000) $738 $820 $820 $901 $2,468 

TONS CFC-11 PHASED 
OUT PER YEAR 11 u u 14 
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THE 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: 

IMPLEMENTING ENTERPRISE: 

NATIONAL COORDINATING BODIES: 

IMPLEMENTING AGENCY: 

l In the FU'lll yc,or or run production. 

China 

Tianjin Conversion to 50111\ Reduced CFC Foam in Insulation 
Panel 

Rigid Polyun,lhane Foam 

13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP 

Phase out 31 MT CFC-11 per year' 

2 years 

4 years 

US$ 4,000 
US$ 306,000 
US$ 144,000 

USS 450,000 

Capital Costs Provided by Enterprise 
Capital Costs Requested from OTF 
Recurring Incremental Costs' 

Tianjin Polyun,lhane Plastic Factory ('('PU) 

Minisuy of Ught Industry (MLl) and the National 
Envitonmeotal Protection Agency (NEPA) 

The World Bank 

' Net pre.sent value of inc"'mcnl&l costs for the first four ycan dilcountod at 12,.. 



PROJECT SUMMARY 

Tianjin Polyurethane Plastic Factory (l'PU) manufacturers polyurethane (PU) foam raw materials and rigid PU 
insulation panels. This project will convert TPU's operations to production of feedstoeks compatible with low CFC 
foam formulations and products with reduced CFC, including 2000 MT capacity for polyol production, 3,300 MT 
capacity for blended polyol and 250,000 m1 capacity for panels. This project will facilitate the implementation of 
mature technologies in China's largest CFC use sector (in both percent ODS and ODP). This project is included 
in China's Country Program, which was finalized in January 1993 and approved at the Ninth Meeting of the 
Executive Committee in Montreal, Much 1993. 

PROJECT OBJECTIVES 

The objectives of this project are to: (i) convert TPU's 250,000 m1 capacity production line to the production of 
rigid PU insulating panels manufactured with S0\ili reduced CFC foam; and (ii) convert TPU's 2,000 ton capacity 
polyol production c,perations and 3,300 MT blended polyol openttions to the production of materials compatible with 
50$ reduced CFC fusming fommlstions. 

ENTERPRISE BACKGROUND 

TPU produces rigid PU pipe sleeves and sandwich panels. Annual insulation panel capacity is 250,000 rrr. TPU 
also produces polyol and blended polyol feedstocks for these products. Annual polyol capacity is 2,000 t.ons while 
blended polyol capacity is 3,300 tons. TPU's products arc sold abroad to Hong Kong and lap.an. 

PROJECT DESCRIPTION 

TPU will acquire production technology for polyethec polyols compatible with reduced CFC foam formulations from 
the Uming Chemical Research Institute. TPU will adapt this technology to their CWTeat polyol and blended polyol 
production operations, pecform trial runs, and finally convert to production of polyol and blended pol yo I compatible 
with reduced CFC foam. This project will also convert TPU's 250,000 m1 capacity insulation panel production line 
to the manufactun, of rigid PU insulation panels with SO$ reduced CFC·l l foam. The training included in this 
project consists of on-site direction from foreign chemical suppliers ·and domestic experts. 

Tianjin will reach full production of models using teduced CFC foam starting in 1994. 250,000 m1 will be 
manufactured, for annual ODS savings of 31 metric tons. 

PROJECT cosr 
Smnmary of Project Cosls; The total project incremental cost of US$ 454,000, of which US$ 306,000 is the total 
requested from OTP as a grant, was calculated as the economic capital costs plus the net incremental recurring costs 
for four years discounted at 12\ili. 

Capital Costs; Capital costs of US$ 310,000 include the cost of test instruments, installation, trial runs, training, 
and other costs for a 250,000 m' capscity rigid PU insulstion panel production line, 2,000 ton capacity polyol 
production and 3,300 tons blended polyol operatioos for 50\lli reduced CFC·ll foaming technology. This project 
requests 306,000 from OTP for capital costs. The enterprise will provide US$ 4,000 for counterpart financing for 
the project. 

Incremental Recurrent Costs{Benefjts; The net incremental operating costs of US$144,000 are equsl to the net 
present value of the first four years of incremental operating costs, discounted at 12,ii. These costs are primarily 
due to increases in opentting costs resulting from higher prices of certain raw materials (new polyol and blended 
polyol), and increased quantities of others (isocyanate). The increased prices for new polyol and blended polyol 
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offsela aU mc,,,menla1 open.tine CO&ls, so ooly operating costs for lhe manufacture of panela wilh reduced CFC foam 
formulation ia considered. 

PROJECT JMDJ:MENTATJON 

Management; The Ministry of Li1ht Indu.stl'}' and National. Enviromnealal Proli:ction Agency will oversee lhe 
successful implementation of this project. The project will be carried out at Tianjin Polyurelbane Plastics Factory. 
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Schedule 

TASK 1993 1911,4 1995 1996 

J 4 I l 3 4 I 2 3 4 I l J 4 

l'roje<t pl•nnioa • 

lmportatioa MJo&iationa • 

lmtall ufcty sylltetm • 

T......., at~ C.I. • 

Trial production of new • 
type of polyether 

E,q,erimemat.ioG wilh MW • 
type of po!ycthu 

Summary producl.ioo of • 
po!ye1Mr 

lnstrumcnc: imtaU.ttioo and • 
uial production 

~ .t. •• .,,. ""' • 
tnolaina (foreip experu) 

Technical.._ for • 
panel produ<lioa 

Full production of 2.S~OOO • • • • • • • • nr per year 

RESULTS: This project will result in the phaseout of 31 MT of CFC-I I in the first year of full production. 
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Anneg ti Breakdown of ln•!'5tment Co.m 
$US - RMB S.S 

L PQLYOL CONVERSION 

V,FETY EQUIPMENT • it.qu•awl from OT!' 
Auu,matic Fu-e Pt,:;ic.ocuotl Sy1tem 
Au&omatic: Oat Alarm Syum 
AulOmaUo Pnuun aod l!xplotioo 

Coalrol SyMm 

SUBTOTAL • Requested from OTF 

COOLING EOUtl'Ml!lfl" • Roque....i hm OT!' 
Coolifla M1chine Redcoip 

SUBTOTAL - Requested from OTF 

eQ"YQI. b!l!E IY;;FO!,Mll';!g !lQUIPMENT • Roqu.....i from OT!' 
Polymer Tank wffemp.1"11::Uff ~NUn R4ConlUJI Sy.um 

aod Smoll C<><lllnc Sy-
MicroclM Dot.=l"ffli.M.lioQ ~ 
Fl.--, 

SUBTOTAL - Requesled from OTF 

TRIAL PRODUCIJOJ'I • a.q..- 6om OT!' 
Utiliiiff 
Worker Trsinina: 
E,juipmen< ci..ninc 
RA:w M11erial 

SUBTOTAL - Requested from OTF 

5 

RMB J.000 

ss 
ll 

ll 

111 

111 

111 

21 
21 
ss 

111 

21 
41 
11 
105 

192 

USS 1 000 

20 

20 

20 

s 
s 
10 

20 

s 
9 
2 
19 

35 



n. RIGID PANEL PRODUCTION 

l!&§E6J!CH AND 12EVELO!ME!![ 
R~frvmOTF 

bw Materiali 
Teain, Feo 

Prorided by Eat,rpri&e 
Salary 

EQU)PMEfil 
~frumOTF 

Small Foamina Machine (cannon) 
Heat Cooduetina Meter ( domellic) 
CloMd Cell Coa&eat Mcaer 
Vertical Flame Me&er 

SUBTOTAL - Provided by Enterprise 
SUBTOTAL • Requested from OTF 

TI\AIN]NO - Requc....S &om OTP 
SUBTOTAL - Requested from OTF 

TRIAL ffl912YCTJON - Reque....i &om OTP 
Ono Week ~ Production (6000 m2 r.w maccria11) 
Color Meul 
Labor 
Utililie• 

SUBTOTAL - Requested from OTF 

USABLE VALUE 
SUBTOTAL • Due back to OTF 

TOTAL • Provided by Enterprise 
TOTAL· Requested from OT[ 

GRAND TOTAL 

6 

110 
33 

22 

275 
44 
22 
17 

22 
501 

Ill 
111 

521 
191 
21 
911 

853 

-303 
-303 

u 
l.eZ 

lZll! 

20 
6 

4 

50 
I 
4 
3 

4 
'1 

20 
20 

96 
36 
5 
II 

155 

-S5 
-55 



Anna 2: Breakdown of Incremental Recuning CostsfBenefits for Insulation Panels 

Net Present Value or Fiat Four Yf3!ll fnmmenta1 operating Cost Discounted at ll'J!, 143,683 

100% CFC USAGE 

Baseline Assumptions 1994 1995 1996 1997 

~ 
CFC-11 2.55 2.SS 2.5S 2.SS 
Polyol 2.065 2.07 2.07 2.07 
MDI 2.73 2.73 2.73 2.73 

Bleoded 'old" polyol 2.142 2.14 2.14 2.14 

Comoosi!i2!! of Mi1tum: 
CFC-11 (16 !Iii} 0.085 0.09 0.09 0.09 
Polyol (84 llli} 0.447 0.45 0.45 0.45 
MDI 0.468 0.47 0.44 0.44 

~mponent W~illi!t em; m'; 
CFC·ll 0.25 0.25 0.25 0.25 
Polyol 1.30 1.30 1.30 1.30 
MDI 1.36 3.33 3.33 3.33 

Kg Foam Used Per m': 2.91 2.91 2.91 2.91 

Production C 1,000 m2
}: 250 250 250 250 

Cost: 
CFC·ll $0.63 0.63 0.63 0.63 
Polyol $2.69 2.69 2.69 2.69 
MDl $3.72 3.72 3.72 3.72 

Total Cost per m2 $7.03 $7.03 $7.03 $7.03 

TOTAL OPERATING 
cosrs <St,ooo) $1,759 $1,759 $1,759 $1,759 $5,342 
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50,; CFC USAGE 

so,; Foam A&RIIDP"OIIS 1994 1995 1996 1997 

~ 
CFC-11 2.545 2.545 2.S4S 2.545 
Polyol 2.181 2.18 2.18 2.18 
MDI 2.73 2.73 2.73 2.73 

Blended •new• polyol 2.21 2.21 2.21 2.21 

Comrositiog of Millll!ll!; 
CFC-11 (90") 0.043 0.04 0.04 0.04 
Polyol (9") 0.437 0.44 0.44 0.44 
MDl 0.520 0.52 0.52 0.52 

~mR2Dmil wggg Ea: 'Ill·;, 
CFC-11 0.125 0.13 0.13 0.13 
Polyol t.273 1.27 1.27 1.27 
MDI 1.514 I.SI I.St I.SI 

Kg Foam Used Perm': 2.91 2.91 2.91 2.91 

Product jog ! 1.000 m'); 250 2SO 2SO 250 

~ 
CFC•ll $0.32 0.32 0.32 0.32 
Polyol $2.78 2.78 2.78 2.78 
MDI $4.13 4.13 4.13 4.13 

Total Cost/Unit $7.22 $7.22 $7.22 $7.22 

TOTAL OPERATING 
COSTS ($1,000) $1,806 $1,806 $1,806 $1,806 $5,485 

TONS CFC-11 PHASED 
OtrrPERYEAR 31 31 31 31 
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AnnG 3: Breakdown or Incremental C~ts for Pol:,ol 

TabJe I: BASELINE PRODUCTION COSTS FOR POLYOL 

YEAR COST PER TON POLYOL ANNUAL TOTAL 
PllOOt/crtON COST 

INITIATOR AI.KYLENE CATALYST NEtlTII.ALIZINO (TONS) (USS) 
OXIDE AGENT 

1994 629 1400 lS.S 20.S 800 1,652,000 

1995 629 1400 IS.5 20.S 800 . 1,652,000 

1996 629 1400 IS.S 20.S 800 1,652,000 

1997 629 1400 IS.S 20.S 800 1,652,000 

s.o,s.ooo 1 
Table 2; PRODUCTION COSTS FOR POLYOL WITH PROJECT 

YEAR COST PER TON POLYOL ANNUAL TOTAL 
PRODUCTION COST 

INITlATOII. ALKYLENli CATALYST NIWl'RALIZINO (TONS} (USS) 
OXIDE AGENT 

1994 673 1470 16.S 22.S 800 1,746,000 

1995 673 1470 16.S 22.S 800 1.746,000 

1996 673 1470 16.S 22.S 800 1,746.000 

1997 673 1470 16.S 22.S 800 1,746,000 

I __ NPV_c_OSTS_TOT_AL __ ~s_.1_0_1._ooo __ l · 

I NPV GRAND TOTAL COSTS 286,000 I 
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YEAR 

1994 

1995 

1996 

1997 

Table 3; BASELINE AND WITH PROJECT SALE PRICE FOR BLENDED POLYOL 

BASELINE 
-

SELLINO TOTAL ANNUAL 
PRICE/IOII ANNUAL SALES 

PRODUCTION 

(USS) (IOn) (USS) 

2065 BOO 1,652,000 

2065 800 1,652,000 

2065 800 1,652,000 

1065 800 1,652,000 

WITH 
PROJECI' 

SELLINO TOTAL 
PRICE/IOQ ANNUAL 

PRODUCTION 

(USS) (!OIi) 

2112 BOO 

2182 BOO 

2111 BOO 

1111 BOO 

10 

ANNUAL 
SALES 

(USS) 

1,745,600 

1,745,600 

1,745,600 

1,745,600 

NPV 
ORAND 
TOTAL 

BENEFITS 

INCREMENTAL 
BENEFrrs (USS) 

93,600 

93,600 

93,600 

93,600 

286,000 



SUMMARY OF INCREMENTAL COSTS 

Baseline: 

Rigid PU Panels (NPV of C061.S/benefits 1994-97): 
Blended Polyol (NPV of costs/benefits 1994-97): 

With Project: 

Rigid PU Panels (NPV of costslbeoefits 1994-97): 
Blended Polyol (NPV of CQsts/beoefits 1994-97): 

TOTAL INCREMENTAL cosrstBENErns: 
Rjgid PU Panels 
Blended f91ml 

SUMMARY OF INCREMENTAL BENEFITS 

Baseline: Blended Polyol 
With Project: Blended Polyol 

TOTAL INCREMENTAL BENEFITS; 

GRAND TOTAL COSTIBENEDI: 

RAW MATER.JAL PRICES (per k&l 

Old polyol: 
New polyol: 
MDI: 
CFC-11: 

USS 2.065 
USS l.182 
USS 2.727 
US$ 2.545 

II 

5,342,000 
5,018,000 

5,485,000 
5,303,000 

144.000 
286,000 

5,018,000 
.S,303,000 

286,000 

144.000 



THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED OTF F1NANCING: 

IMPLEMENTING ENTERPRISE: 

NATIONAL COORDINATING 
BODIES: 

IMPLEMENTING AGENCY: 

1 In lhc fint yar of full production. 

PROJECT COVER SHEET 

China 

Qindao Haier Conversion to 501' Reduc..t CFC Foam in FTCC1'lT 
Cabinets 

Rigid Polyurethane Foam 

13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP 

Phase out lil MT CFC-I I per year' 

2 years 

4 years 

US$ 65,000 Capital Costs Provided by Enterprise 
US$229,000 Capital Costs Requested from OTF 
US$312,000 Recurring Incremental Costs' 

US$S41,000 

Qindao Haier Refrigel'lltor Factory (QHRF) 

Ministry of Light Industry (MLI) aad the National Environmental 
Protection Agency (NEPA) 

The World Bank 

'Net prcaent value o( inor<:mental costs for the fint four yeara dilcountcd al 12~. 

I 



PROJECT SUMMARY 

This project wiU convert a 200,000 unit capacity production line at Qind.ao Haier Refrigerator Factory (QHRF) 
to the production of refrigerators using 50% reduced CFC-11 foam. This project will facilitale the 
implementation of mature technologies in China's largest CFC use sector (in both percent ODS and ODP). This 
project is included in China's Country Program, which was finalized in January 1993 and approved at the Ninth 
Meeting of the Executive Committee in Montreal, March 1993. 

PROJECT OBJECTIVES 

The objective of this project is to convert a 200,000 unit capacity production line at QHRF to the production of 
refrigerators using SO% reduced CFC-11 foam. 

ENTERPRISE BACKGROUND 

QHRF is one of China's largest household refrigerator manufacturers with production capacity of 600,000. The 
factory's facilities consist of three refrigerator production lines with three foaming lines. Eighty-three perceot 
of QHRF's products are distributed in Northeast China and the remaining 17% are exported to more than 30 
countries in Europe, North America, and Southeast Asia. QHRF has produced some models (mainly for 
export) with reduced CFC formulations since 199 l using imported malerials. QHRF bas won the national gold 
medal for light industrial products for five consecutive years. 

PROJECT DESCRIPrION 

QHRF will convert a 200,000 unit capacity assembly line to the production of three refrigerator models, BD-
194, BD-132, and BD-92, using 50% reduced CFC-11 foam. The annual production for each model is 20,000, 
30,000, and 50,000 units respectively. QHRF has been producing some models with reduced CFC foam 
formulations since 1991. This project will extend use of reduced CFC formulations to whole production. 

Conversion will consist of prototype evaluation, batch production, trial runs, and finally full-scale production. 
Conversion cost include funds for new foaming equipDIIIDt, training, and test instruments. Training for this 
project includes on-site training by both foreign chemical manufactures and domestic experts. QHRF will use 
domestic raw malerials to demonstrste their performance. 

Qindao will reach full production of models using reduced CFC foam starting in I 994. 200,000 units will be 
manufactured, for annual ODS savings of 61 MT. 
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PROJECT COST 

Swnmary of Project Costs; The total project incremental cost of US$606,000, of which US$54 l ,OOO is the 
total requested from the OTF as gnu,t, was calculated as the economic capital costs plus the net incremental 
recurring costs for four years discounted at 12%. 

Capital Costs; Capital costs of US$294,000 include the cost of new equipment, mining, and other costs for 
converting a 200,000 unit capacity refrigerator line for use with 50 % reduced CFC-11 foaming technology. 
This project requests US$229,000 from OTF for capital costs. The enterprise will provide US$6S,OOO for 
counterpart financing for the project. 

Inrnroental Recurrent Costs/Benefits: The net incremental operating costs of US$312,000 are equal to the 
net present value of the first four years of incremental operating costs, discounted at 12<Jli. These costs are due 
primarily to increases in operating costs resulting from higher prices of certain foam raw materials (new polyol 
and blended polyol), and increased quantities of others (isocyanate). 

PROJECT IMPLEMENTATION 

Management: The Ministry of Light Industry and National Environmental Protection Agency will oversee the 
successful implementation of this project. The project will be carried out at Qindao Haier Refrigerator Factory. 

Schedule; 

TASK 1993 1994 1995 1996 

3 4 1 l 3 4 I 1 3 4 I 2 3 4 

Project plonni11,11 X 

lmponatlon .. 8- X 

Atrtnge and cury out X X 

tnining (foreign expert) 

Produc:c 200,000 X X X X X X • X X • • X 

rcfri~ per year on 
OfiainaJ production line 

RESULTS: This project will result in the phaseout of 61 MT of CFC-11 in the first y- of full production. 
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Annex I; Bn,a,kdown or Investment Coots 
$US= RMB S.5 

QUALITY CONTROL INSTRll11fE,"!TS 
Prorided by F.aterprise 

Thermal CondU<-tivity Meter 

Requaat fram OTF 
M~reMeter 
F·L S.lommoter 
Cloaecl C.U C•""'"' Mcl<r (l) 
Surface Thermometer (2) 
Viecolity Meter 
CFC Leu: Ootoctioc Meter 

SUBTOTAL· Provided by Enterprise 
SUBTOTAL • Requested form OTF 

JljSTALLATION • R~ from OTF 
SUBTOTAL • Requested from OTF 

TRAINING· R~ mm. OTF 
Fo,.;p Expcrta (5 P"n<>nimonlNI ill China) 

SUBTOTAL • Requested from OTF 

TOTAL • Provided by Enterprise 
TOTAL • Requested from OTF 

GRAND TOTAL 

4 

I\MI l.000 

35& 

6 
55 
70 
3 
626 
55 

358 
815 

21 
28 

413 

413 

JSl! 
mi 

1W 

US$ J.000 

65 

1 
10 
13 
1 
114 
10 

6S 
149 

5 
s 

75 

75 



Annex 2: Breakdown of Incremental Recurring Costs/Benefits 

Net Present Value of First Four Years lnmmental Operating Cost Discounted at 12% $311,672 

100% CFC USAGE 

Baseline Assumptions 1994 1995 1996 1997 

Prices: 
CFC-II 2.55 2.55 2.55 2.55 
Polyol 2.425 2.43 2.43 2.43 
MDI 2.73 2.73 2.73 2.73 

Blended •oJd" Polyol/CFC 2.455 2.46 2.46 2.46 

Comw;iii!i21! of Mixture: 
CFC-II (25 % ) 0.139 0.14 0.14 0.14 
Polyol (75%) 0.418 0.42 0.42 0.42 
MDI 0.442 0.44 0.44 0.44 

Comeon!lllt W~&ht Per Unit (ke}: 
CFC-II 0.58 0.58 0.58 0.58 
Polyol 1.75 1.75 l.75 I. 75 
MDI 1.85 3.33 3.33 3.33 

Kg Foam Used Per Unit: 4.19 4.19 4.19 4.19 

Production (I ,000 units}: 200 200 200 200 

CFC-11 $1.49 1.49 1.49 1.49 
Polyol $4.25 4.25 4.25 4.25 
MDI $5.05 5.05 5.05 5.05 

Total Cost/Unit $10.79 $10.79 $10.79 $10.79 

TOTAL OPERATING 
COST ($1,000) $2,158 $2,158 $2,158 $2,158 $6,555 

s 



SO% CFC USAGE 

50 % Foam Assumptioos 1994 1995 1996 1997 

Pnces: 
CFC-11 2.545 2.545 2.545 2.545 
Polyol 2.757 2.76 2.76 2.76 
MDI 2.73 2.73 2.73 2.73 

Blended "New" Polyol 2.73 2.73 2.73 2.73 

Coml!osjtj211 2{ Mixture: 
CFC-11 (14%) 0.067 0.07 0.07 0.07 
Polyol (86%) 0.413 0.41 0.41 0.41 
MDI 0.520 0.52 0.52 0.52 

C2m112nent Weii:ht Pee Unit (!,Ill: 
CFC-11 0.279 0.28 0.28 0.28 
Polyol 1.711 1.71 1.71 1.71 
MDI 2.155 2.16 2.16 2.16 

Kg Foam Used Per Unit: 4.1S 4.IS 4.IS 4.1S 

Production {1,000 uruts): 200 200 200 200 

Cost: -
CFC-11 $0.71 0.71 0.71 0.71 
Polyol $4.72 4.72 4.72 4.72 
MDI $5.88 S.88 S.88 S.88 

Total c.ost/Unit $11.30 $11.30 $11.30 $11.30 

TOTAL OPERATING 
COSTS ($1,000) $2,261 $2,261 $2,261 $2,261 S!i,Soo 

TONS CFC-11 PHASED 
OUT PER YEAR 61 61 ,1 61 
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THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT cosr: 

PROPOSED OTF FINANCING: 

IMPLEMENTING ENTERPRISE: 

PROJECT COVER SHEET 

China 

Henao Xinfei Conversion to 50 % Reduced CFC Foam in 
Refrigerators 

R.ig;d Polyurethane Foam 

13,000 MT CFC-I I (13,000 MT ODS) in 1991 ODP 

Phase out 103 MT CFC-I I per year 

2 years 

4 years 

USS 300,000 Capital Costs Provided by Enterprise 
US$ 164,000 Capilal Costs Requested from OTF 
USS 878,000 Recurring Incremental Costs' 

USSl,042,000 

Honan Xinfei Electric Appliance Group (HXEAG) 

NATIONAL COORDINATING BODIES: Ministry of Light Industry (MLI) and the National 
Environmental Protection Agency (NEPA) 

IMPLEMENTING AGENCY: The World Bank 

1 In the first yc:ar of full production. 

' Net present value of incrcment&l oosts for !he fast four ycan dis<:ounted at 12 % . 



PROJECT SUMMARY 

This project will convert a 400,000 unit capacity faciiity at Henin Xinfei Electric Appliance Group (HXEAGJ to 
tbe production of household refrigerators to the use of 50 % reduced CFC-I I foam. This project will facilitate the 
implementation of mature technologies in China's largest CFC use sector (in both percent ODS and ODP). This 
project is included in China's Country Program, which was finalized in January 1993 and approved at the Ninth 
Meeting of the Executive Committee in Montreal, March 1993. 

PROJECT OBJECTIVES 

The objective of this project is to convert HXEAG's 400,000 unit capacity production line to the production of four 
household refrigerators models for use with SO% reduced CFC· 11 foam. 

ENTERPRISE BACKGROUND 

HXEAG produced over 150,000 refrigerator/freez.er units in 1991, 230,000 in 1992 and expects to produce 400,000 
units in 1993. HXEAG is the only modem household refrigerator manufacturer in Henan province. HXEAG's 
production line has an annual production capacity of 400,000 units and was imported from IRE Co., Italy and went 
into production in 1989. HXEAG bas been awarded many pri%e8 from both the provincial and central governments 
for the quality of its products. 

PROJECT DESCRIPTION 

HXEAG will convert its 400,000 unit capacity assembly line lo the production of refrigerators with 50 % reduced 
CFC·! I foam. Conversion cost include funds for quality control instruments, trial IUDS to optimize formula and 
blowing lecbnique, and batch production. Factories will use domestic raw materials to demonstrate their 
performance. The new foam formulation will be used with existing foam blowing equipment. The training for Ibis 
project includes on-site direction from foreign chemical suppliers. 

Production of models using reduced CFC foam will be phased in over 1994-1996. Starting in 1996 400,000 units 
will be manufactured per year, for annual ODS savings of 103 MT. 

PROJECT COST 

Summary of Project Costs: The total project incremental cost ofUS$1,342,000, of which US$1,042,000 is the 
total requested from the OTF as grant, was calculated as the economic capital costs plus the net incremental 
recurring costs for four years discounted at 12 % • 

Capital Costs: Capital costs of US$464,000 include the cost of quality control instrumentation, installation, trial 
IUDS, training, and other costs for a 400,000 unit capacity household refrigerator factory using 50% reduced CFC·l I 
foaming technology. This project requests US$164,000 from OTF for capital costs. The enterprise will provide 
US$300,000 for counterpart financing for the project. 

Im;amental Rec;urrent Costs/Bendits: The net incremental operating costs of US$878,000 are equal to the net 
present value of the first four years of incremental operating costs, discounted at 12%. These costs are due 
primarily to increases in operating costs resulting from higher prices of certain foam raw materials (new polyol and 
blended polyol), and increased quantities of others (isocyanate). 
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PROJECT IMPLEMENTATION 

Managpnertt: The Ministry of Light Industry and National Environmeutlll Protection Agency will oversee the 
successful implemeintation of this project. The proJ..at will be carried 0111 at Henan Xinfei Electric Appliances 
Group. 

Schedule: 

TASK 1993 1994 1995 1996 

J 4 1 l J 4 1 2 l 4 1 2 l 4 

Project pJannin, • 

Atnn,e & carry out • 
tninin, (forci1n expert) 

Tnininc (domeU: expert) " • 

Produce 10.(X)() tcff\l. wi.l.h • • 
new mat.uiala 

Produce 150,000 refria. • • • • 
,wM MW mat.erialt 

Produce: 200,000 refriJ, • • X • 
with new material, 

Te.:hniul ttainina {foteip • X 

expert) 

Produ« 400,000 req. • X X • 
with oew mar.eriala 

RESULTS: This project will result in the phaseout of 103 MT of Cl'C-11 in the first year of full production u.,mg 
the reduced CFC-II foam technology. 
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AnneJ5 I; Bmkdown of Invesbnent Cos1:s 
SUS= RMB5.5 

EQUIPMENT • Rcque....i &om O'!l' 
LANZENMold 
Thsnnal Conductivity M•1et 
Ul'UW:na! Tc• hwtn,men& 
ComprcNiOa Slffnl'l,h Meter 

SUBTOTAL • Requested from OTF 

EOUJPMENT • Ptt,vidod by E,u,orpritt 
lsocy&na1& Chlorine M•etr 
I,ocy.aoaLC Acidity Meter 

SUBTOTAL· Provided by Enterprise 

[N§TALJ.ATION - Provided by EncerpriN 

LAB EXPANSfON ~ PtQ-.,ided by Ent.e:rprite 

SUBTOTAL • Pro'fided by Enterprise 

TRAINJNQ • Rcquc""4 from cm: 

TlllA1. RUNS 
Reque,R,tdf.-OTF 

Materials Cotta 
l'rfflled..,. ~ 

TdCO&I 

SUBTOTAL • Requested from OTF 
SUBTOTAL • Provided by Enterprise 

TOTAL- Requested from OTF 
TOTAL· Provided by Enterprise 

GRAND TOTAL 

4 

RMI 1,000 

3◄ 
JS& 
63 
◄8 

S03 

20 

10 

35 

lll 

173 

1595 

404 
1595 

m 
ill!! 

m:z 

US$ 1,000 

6 
65 
ll 
9 

91 

2 
2 

4 

l 

4 

6 

31 

290 

73 
290 



Annex 2: Breakdown of Incremental Recurring Costs/Benefits 

Net Present Value of first Four Years Incremental Operatim Cost Discounted at 12% $877.530 

100% CFC USAGE 

Baseline Assumptions 1994 1995 1996 1997 

Prices: 
CFC-11 2.S0 2.50 2.50 2.50 
Polyol 2.43 2.43 2.43 2.43 
MDI 2.96 2.96 2.96 2.96 

Blended "Old" Polyol/CFC 2.454 2.45 2.45 2.45 

Comoosi,jon of Mi3ture: 
CFC-II (25%) 0.139 0.14 0.14 0.14 
Polyol (75%) 0.418 0.42 0.42 0.42 
MDI 0.442 0.44 0.44 0.44 

ComllS!nent Weight Per Unit tl;g}; 
CFC-11 0.52 0.52 0.52 0.52 
Polyol 1.57 1.57 1.57 1.51 
MDI 1.66 3.33 3.33 3.33 

Kg Foam Used Per Unit: 3.76 3.76 3.76 3.76 

Production {1,000 unjts): 150 200 400 400 

Cost: 
CFC-11 $1.31 1.31 1.31 1.31 
Polyol $3.82 3.82 3.82 3.82 
MDI $4.93 4.93 4.93 4.93 

Tot.al Cost/Unit $10.06 $10.06 $10.06 $10.06 

TOTAL OPERATING 
COSTS ($1,000) $1,509 $2,012 $4,025 $4,025 $8,374 

s 



SO~ CFC USAGE 

SO% Foam Assumptioos 1994 1995 1996 1997 

~ 
CFC-11 2.500 2.500 2.500 2.500 
Polyol 2.658 2.66 2.66 2.66 
MDI 2.97 2.97 2.97 2.97 

Blended "New· Polyol 2.64 2.64 2.64 2.64 

t2mnositi2D of h:li!ll!mi 
CFC-II (14%) 0.067 0.07 0.07 0.07 
Polyol (86%) 0.413 0.41 0.41 0.41 
MDI 0.520 0.52 0.52 0.52 

Q;imoo11ent WeiKhl Per Unit !luil: 
CFC-II 0.266 0.27 0.27 0.27 
Polyol J.635 1.63 J.63 l.63 
MDI 2.059 2.06 2.06 2.06 

Kg Foam Used Per Unit: 3.96 3.96 3.96 3.96 

Production (l.000 units): ISO 200 400 400 

Cost: 
CFC-11 $0.67 0.67 0.67 0.67 
Polyol $4.35 4.35 4.35 4.35 
MDI $6.11 6.11 6.11 6.11 

Total Cost/Unit $11.12 $11.12 $11.12 $11.12 

TOTAL OPERATING 
COSTS ($1,000) $1,'67 $2,223 $4,446 $4,446 $9,252 

TONS CFC-11 PHASED 
OUT PER YEAR 39 52 103 103 
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THE 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: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING: 

IMPLEMENTING ENTERPRISE: 

NATIONAL COORDINATING BODIES: 

IMPLEMENTING AGENCY: 

1 In the Cltlt year of full production. 

Chin& 

Sbangling Conversion to SO% Reduced CFC Foam in 
ReVigetators 

Rigid Polyurethane Foam 

13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP 

Phase out 103 MT CFC-11 per year' 

2y-

4 years 

US$ 413,000 Capital Costs Provided by Ente,prise 
US$ 271,000 Capital Costs Requesl...t from OTF 
US$ 687,000 Recurring lllcremental Costs2 

US$ 958,000 

Shanghai Shangling General Refrigerator Factory {SSGRF) 

Ministry of Light llldustry (MLI) and the National 
Environmental Protection Agency (NEPA) 

The World Bank 

'Nel present value of incremental cosu for the Cltlt thn,c: yean discounted 11 12'11. 
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PROJECT SUMMARY 

This project will convert a 400,000 unit capacity prO\fuction lin~ at Shanghai Sbangling General Refrigerator 
Factory (SSGRF) to the production of household refrigerators using 50% reduced CFC-I I foam. Production of 
units with low CFC foam will be phased in over four years. This project will facilitate the implementation of 
mature technologies in China's largest CFC use sector (in both percent ODS and ODP). This project is 
included in China's Country Program which was finalized in January 1993 and approved al the Ninth Meeting 
of the Executive Committee in Montreal, March 1993. 

PROJECT OBJECTIVES 

The objective of this project is to convert a 400,000 unit capacity production line at SSGRF to the production of 
household refrigerators using 50% reduced CFC-11 foam. 

ENTERPRISE BACKGROUND 

SSGRF's is one of China's largest household refrigerator manufacturers, producing 320,000 units in 1991 and 
350,000 in 1992, consuming about 210 tons of CFC-11. SSGRF's production line was imported from 
Mitsubishi Electronics (Japan) and has an annual production capacity of 400,000 units. SSGRF bas been 
awarded many prizes from both the provincial and central governments for consistently exceeding national 
product standards. 

PROJECT DESCRIPl10N 

SSGRF will convert its 400,000 unit capacity assembly line to the production of refrigerators with 50% reduced 
CFC-11 foam. Conversion will consist of prototype evaluation, batch production, trial runs, worker training, 
and finally full-scale production. SSGRF will renovate the mixing head on its existing HP foaming machine to 
produce quality foam with low CFC foam materials. Conversion cost include funds for new foaming equipment 
and modification of existing equipment, lost productivity during conversion, and batch production. SSGRF will 
use raw materials produced by the Shanghai No.6 Plastics Factory to demonstrate their performance. The 
training included in this project consists of on-site direction from foreign cliemical suppliers. 

Production of models using reduced CFC foam will be phased-in over 1994-1997. In 1997, 400,000 units will 
be manufactured for 1111 annual ODS saving of 103 metric tons. 

PROJECT COST 

Swnmary of Project Costs: The total project incremental cost of US$1,37l,OOO, of which US$958,000 is the 
total requested from the OTF as grant, was calculated as the economic capital costs plus the net incremental 
recurring costs for four years discounted at 12 % . 

Capital Costs; Capital costs of US$684,000 include the cost of new equipment, equipment retrofits, trial runs, 
training, and other costs for a 400,000 unit capacity household refrigerator factory using SO% reduced CFC-11 
foaming technology. This project requests US$271,000 from OTF for capital costs. The enterprise will 
provide US$413,000 for counterpart financing for the project. 

Incremental Recum:nt Costs/Benefits; The net incremental operating costs of US$687 ,000 are equal to the net 
present value of the first three years of incremental operating costs, discounted at 12 % . These costs are due 
primarily to increases in operating costs resulting from higher prices of certain foam raw materials (new polyol 
and blended polyol), and increased quantities of others (isocyanate). 
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PROJECT IMPLEMENTATION 

!\fanagement: The Ministry of Light Industry and National Environmental Protection Agency will oversee the 
successful implementation of this project. The project wiU be carried out at Shanghai Sbanghng General 
Refrigerator Factory. 

Schedule 

TASK 1993 1994 1995 1996 1997 

3 4 I 2 3 4 I 2 3 • I 1 3 4 I 

Project plannina' X 

Importation MJotiatiou X 

Aznn,ac &. i:arry out X 

ldining (foni,en expert,) 

lnAall new equipment • 
Stability t.cttin& of new X • • 
materillt 

Trial mna • 
Solve probicma fou..nd on • 
trial t'\U\I 

Produce 100,000 X X X X • 
tefriaeraton With MW 

material• per year 

Produce 3001000 X X • • 
tefrigeratot'l with MW 

material, per yur 

Full production of X 

400,000 n:f'riecnuon 
with new material• per 

)'Uf 

RESULTS: This project will result in the phaseout of 103 MT of CFC-11 in the first year of full production. 
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Annex 1: Breakdown of ln•esbQent Costs 
$US= RMB 5.5 

EQUIPMENT 
l'nmded by F,111,rpriR 

New Mold1 
Auxiliary Founing ~chine 
Domesti.; lnltrumenu 
Freight and l.n,unmce 

~fromOTF 
Thuma) Conductivity Meter 
lnfratcd TIH:tmal Phacomeu:t 

Moa111rine lnatrumenu for C1oted 
Hole of Foem.11 

Aging Tclt Irutrument fo, 
Plutic Foam 

w ... , ~ Tclt Irutrument for 
~PlulicF .. m 

Uni<JUru.l Teti Machioe 

SUBTOTAL - Provided by Enterprise 
SUBTOTAL - Requested from OTF 

T1l,IAL RUNS • Provided by Eni.rpriae 

SUBTOTAL - ProYided by Enterprise 

TRAlNING • ltcqucau,d from OTF 
SUBTOTAL - Requested from OTF 

TOTAL - Pro'l'ided by Enterprise 
TOTAL - Requested from OTF 

GRAND TOTAL 

RMB 1,000 

1100 
550 
275 
72 

358 
674 

48 

48 

48 
63 

1997 
1239 

275 
275 

247 
247 

4 

US$ t.000 

200 
100 
50 
13 

65 
123 

9 

9 

9 
11 

363 
2U 

50 
so 
45 

45 

fil 
ill 



, .. Annex l: Breakdown of Jncremental Reau-ring Costs/Benefits 

Net Present Value of F1rst Four Yau:s Inm,mental Operating Cost Djscounted at 12% $§86,860 

100% CFC USAGE 

Baseline Assumptions 1994 1995 1996 1997 

~ 
CFC-11 2.55 2.55 2.55 2.55 
Polyol 2.770 2.77 2.77 2.77 
MDI 2.73 2.73 2.73 2.73 

Bleoded "Old" Polyol/CFC 2.714 2.71 2.71 2.71 

Composition of Mixture: 
CFC-11 (25%) 0.139 0.14 0.14 0.14 
Polyol (75%) 0.418 0.42 0.42 0.42 
MDI 0.442 0.44 0.44 0.44 

Comoonent WeiKl!t Per Ullit (kg): 
CFC-11 0.52 0.52 0.52 0.52 
Polyol 1.57 1.57 1.57 1.57 
MDI 1.66 3.33 3.33 3.33 

Kg Foam Used Per Unit: 3.76 3.76 3.76 3.76 

Production /1.000 units): 100 100 300 400 

~ 
CFC-11 $1.34 1.34 1.34 1.34 
Polyol $4.36 4.36 4.36 4.36 
MDI $4.54 4.54 4.54 4.54 

Total Cost/Unit $10.23 $10.23 $10.23 $10.23 

TOTAL OPERATING 
cosrs (St,0001 $1,013 $1,023 $3,069 $4,093 $6,515 
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SO% CFC USAGE 

50 % Foam Assumptions 1994 !99S 1996 1997 

~ 
CFC-II 2.545 2.545 2.545 2.545 
Polyol 3.072 3.07 3.07 3.07 
MD[ 2.73 2.73 2.73 2.73 

Blended "New" Polyol 3.00 3.00 3.00 3.00 

Cgmoosjtio!l gf Mixtur,: 
CFC-II (14%) 0.067 0.07 0.07 0.07 
Polyol (86%) 0.413 0.41 0.41 0.41 
MDI 0.520 0.52 0.52 0.52 

~moogent Wci1illl Pe[ Ullit Gs1il: 
CFC-11 0.266 0.27 0.27 0.27 
Polyol 1.634 1.63 1.63 1.63 
MDI 2.058 2.06 2.06 2.06 

Kg Foam Used Per U!lit; J.96 3.96 3.96 3.96 

Productjog <1,000 units}: 100 100 300 400 

~ 
CFC-II $0.68 0.68 0.68 0.68 
Polyol $5.02 5.02 5.02 5.02 
MDI SS.61 S.61 S.61 S.61 

Total Cost/Unit $11.31 $11.31 $11.31 $11.31 

TOTAL OPERATING 
COSTS ($1,000) $1,131 $1,131 $3,393 $4,524 $7,202 

TONS CFC-11 PHASED 
OUT PER YEAR lo 78 103 
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THE MONTREAL PROTOCOL ON 
SUBSTANCES THAT DEPLETE THE OZONE LA YER 

COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSED OTF FINANCING: 

IMPLEMENTING ENTERPRISE: 

PROJECT COVER SHEET 

China 

Sbuangyan Conversion ID 50% Reduc..d CFC Foam in 
Refrigerators 

Rigid Polyurethane Foam 

13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP 

Phase out 28 MT CFC-II per year' 

4 years 

US$520,000 Capital Costs Provided by Enterprise 
USS182,000 Capital Costs Requested from OTI' 
USS323,000 Recurring Incremental Costs' 

US$505,000 

NATIONAL COORDINATING BODIES: 

Sbuangyan General Refrigerator Factory (SGRF) 

Ministry of Light Industry (ML!) and the National 
Environmental Protection Agency (NEPA) 

IMPLEMENTING AGENCY: The World Bank 

1 In the fll'lt year of full pro<luotion. 

'Net present value of increment.ti cow for the lint four yean diacounllod at 12". 



PROJECT SUMMARY 

This project will convert it.s 250,000 unit capacity facility at Shuangyan General Refrigerator Factory (SGRF) 
for the production of household refrigerators usmg 50% rei!uced CFC· 11 foam. This project will facilitate the 
implementation of mature technologies in China's largest CFC use sector (in both percent ODS and ODP). This 
project is included in China's Country Program, which was finaliz.ed in January 1993 and approved at the Ninth 
Meeting of the Executive Committee in Montreal, March 1993. 

PROJECT OBJECTIVES 

The objective of this project is to establish• 100,000 unit capacity production line at SGRF for production of 
five household refrigerators models using 50% reduced CFC· 11 foam. 

ENTERPRISE BACKGROUND 

SGRF's production line has an annual production capacity of 250,000 unit.s and was imported from Sharp 
Corporation, Ia pan. SGRF has been awarded many prizes from both the provincial and central governments for 
consistently exceeding national product standards. 1991 production was 80,000. It reached 100,000 unit.sin 
1992 and is expected to be 80,000 unit.sin 1993. 

A limited number of SGRF's refrigerators are sold abroad lo the newly independent states of the former USSR, 
Afghanistan, and Hong Kong. 

PROJECT DESCRIPfION 

SGRF will convert its refrigerator 250,000 capacity refrigerator assembly line for the production of five 
refrigerator models with SO% reduced CFC-11 foam. The 50% foam formulation, which requires a smaller 
increase in the amount of MDI required for reduced CFC formulations (traditional 1.3: 1.0 MDI:polyol, this 
project 1.08: 1.0), will be based on technology developed by the 510 Research Institute. Conversion cost 
include funds for quality control instruments, trial runs to optimize formula and blowing technique, and batch 
production. This project will further demonstmte the performance of Sl0's reduced CFC formulation based on 
domestic raw materials. The training included in this project consists of on-<lite direction from foreign experts. 

Production of low.CFC foam units will be 80,000 in 1994-95 and increase to 100,000 for 1996-97, for annual 
ODS savings of 28 MT. 

PROJECT cosr 
Summary of Proiect Costs: The total project incremental cost of US$1,025,000, of which US$505,000 is the 
total requested from the OTF as grant, was calculated as the economic capital costs plus the net incremental 
recurring costs for four years discounted al 12 \iii. 

Capital Costs; Capital costs of US$702,000 include the cost of quality control instrumentation, installation, 
trial runs, training, and other costs for a 250,000 unit capacity household refrigerator factory using SO% 
reduced CFC·l 1 foaming technology. This project requests US$182,000 from OTF for capital costs. The 
enterprise will provide US$520,000 for counterpart financing for the project. 

Incremental Recurrent Costs/Benefits: The net incremental operating costs of US$323,000 are equal to the 
net present value of the first four years of incremental operating costs, discounted at 12%. These costs are due 
primarily to increases in operating costs resulting from higher prices of certain foam raw materials (new polyol 
and blended polyol), and increased quantities of others (isocyanate). 
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PROJECT IMPLEMENTATION 

Management; The Ministry of Light Industry and National Environmental Protection Agency will oversee the 
successful implementation of this project. The project will be carried out at Shuangyan Geoeral Refrigerator 
Factory. 

Schedule: 

TASK 1993 1994 1995 1996 1997 

3 • I 2 3 • I 2 J • I 2 3 4 I 

Project planning • 

Procure o.qulpment X 

Inttall oquipnlCDl • 

Bc,cin produc:tion 'Wicb. • • 
new material& 

Am.nzc and urey out X • 
tt1.lnin, (forei&o expert) 

Produ<:c80,000 X • • X X X 

r:frigeratota per year 

Finiab teltin, applicatioa X X 

of MW maLCri•i• in 
Rfriae,aton 

Produc& 100t000 • • • • X 

refrigen&on per yur 

RESULTS: This project will result in the pb"""°ut of 28 MT of CFC-11 in the first year of full production. 
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Annq 1; Breakdown of Investment CG.$ts 
$US D RMB S.5 

t;Q!;]PW:NT ,I Q!1AIJD: !;ONTRO!, 
Requested ,,_ OT!' 

S"'nge T•ob (2) 
Clo&o!d Cell Meler 
Thet"ffllil Conductivity M~t 
Pc:nonal Col'l"l{)uter 

SUBTOTAL. Requested from OTF 

DYAL l'.B!ll!lltll2!'1 RIJNS 
Prorided by ~ 

TRAISING ~ ReqaelCed frem OTF 

SUBTOTAL • Provided by Enterprise 
SUBTOTAL· Requested from OTF 

TOTAL • Provided by Enterprise 
TOTAL • Requested from OTF 

GRAND TOTAL 

RMB 1,000 

4&2 
l4 
207 
110 

833 

2360 

!65 

2860 
165 

~ 
m 
lli4 

4 

USS 1.000 

81 
6 
Jg 
20 

152 

520 

30 

s:zo 
30 



Annex 2: Breakdown of Incremental Recurring Costs/Benefits 

Net Present Value of First Four Years Incremental Operating Cost Discounted at 12% $323.124 

100% CFC USAGE 
(Constant CFC Price) 

Baseline Assumptions 1994 1995 1996 1997 

Prices: 
CFC•ll 2.55 2.ss 2.55 2.SS 
Polyol 2.425 2.43 2.43 2.43 
MDI 2.73 2.73 2.73 2.73 

Blended "Old' Polyol/CFC 2.455 2.46 2.46 2.46 

Qim!!Qliilion of Mixture: 
CFC-11 (25%) 0.139 0.14 0.14 0.14 
Polyol (75%) 0.418 0.42 0.42 0.42 
MDI 0.442 0.44 0.44 0.44 

Comr;!Qnent Weight Pll[ Unit (kg}: 
CFC·ll 0.56 0.56 0.56 0.56 
Polyol 1.68 1.68 1.68 t.68 
MDI 1.78 3.33 3.33 3.33 

Kg Foam Used Per Unjt: 4.03 4.03 4.03 4.03 

Production <1,000 units): 80 80 100 100 

Cost: 
CFC-ii $1.43 1.43 1.43 1.43 
Polyol $4.08 4.08 4.08 4.08 
MDI $4.85 4.8S 4.8S 4.85 

Total Cost/Unit $10.37 $10.37 $10.37 $10.37 

TOTAL OPERATING COSTS ($1,000) $829 $829 $1,037 $1,037 $2,798 
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50~ CFC USAGE 

50% Foam Assumptions 1994 1995 1996 1997 

~ 
CFC-11 2.545 2.545 2.545 2.545 
Polyol 2.757 2.76 2.76 2.76 
MDI 2.73 2.73 2.73 2.73 

Blended "New• Polyol 2.73 2.73 2.73 2.73 

Composition of Mixturn: 

CFC-11 (14%) 0.067 0.07 0.07 0.07 
Polyol (86 % ) 0.413 0.41 0.41 0.41 
MDI 0.52 0.52 0.52 0.52 

Coml!Qll~t Wei&l:!t Per Ugjt !l!;g}: 
CFC-11 0.285 0.28 0.28 0.28 
Polyol 1.750 1.75 1.75 1.75 
MDI 2.205 2.20 2.20 2.20 

Kg Foam Used Per Unjt: 4.24 4.24 4.24 4.24 

Production O ,ooo units): 80 80 100 JOO 

Cost: 
CFC-I I $0.73 0.73 0.73 0.73 
Polyol $4.82 4.82 4.82 4.82 
MDI $6.01 6.01 6.01 6.01 

Total Cost/Unit $11.56 $11.56 $11.56 $11.56 

TOTAL OPERATING 
COSTS ($1,000) $915 $915 $1,156 $1,156 $3,121 

TONS CFC-11 PHASED 
OUT PER YEAR 22 28 
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