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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 Tianiin 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 wvarious rigid PUF
operations.



This particular project is designed to phaseout the use of CFCs in
the production of flexible PUP (180 t/y in 1951). The company has
evaluated the different available technologies for this purpose
during a study tour in December 1992, in the USA. The technologies
gelected reflect not only the particular eguipment on site, but
also the fact that Tianjin will be China's dissemination center for
CrRC free technology in flexible PUF, and should be able to
demonstrate more than one technology. The fact that the company
cperates three production lines allows to do so without excessive
incremental costs.

For itg traditional £foam line (MS Foam line, named after the
manufacturer of the eguipment), Tianjin has selected the use of
methylene chloride, in combination with softening additives and
extended range polyols. For itg "Vertifoam" Lines, the company has
selected the YEnvirocure" 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 sSystem. Workers exposure will be limited through the
improvement of the exhaust system.
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MLI is leading a coalition of ministries in the implementation of
the phaseocut 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 develcopments 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
gubmitted a project for the phaseout of CFCs in polyol blends, and
will £follow shortly with projects £for its wvarious rigid PUF
operations.



This particular project is designed to phaseout the uge of (FCg in
the production of flexible PUF (180 t/y in 19%%1). 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 g#o without excessive
incremental costs.

For its traditional foam line {(MS ¥Fpam 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

MLYI 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-FUF in China. Tianjin, with three production units for this type
of foam, is uniquely gualified for this purpose. Representatives
of Tianijin 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 0ODS phaseout in this sub-sector.

Tianjin will install under this project different technologies and
laboratory equipment, that will allow the complete phaseocut of CFCs
in ity 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)

1. PROJECT OBJECTIVE

The obijective 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 ¢,
PUF), followed by CFC-12 (2,173 t, EPB/PE). HNo other 0ODE 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 enterprigses and smaller township or private
enterprises. Production and process information from state
enterprises is well docunented. However information on the rest of
the industry is less reliable. More detailed information about the

sector is provided in the following table:

Categories oDs Production Plants
Subcategories {t) (t) (range)
Extruded PS/PE 2,173 13,000 30- 50
Flexible Polyurethane 2,000 50,000 50-100
Pipe Insulation 600 4,000 10~ 20
Sprayed PUF 600 4,000 50-200
Appliance Foams 5,000 40,000 40~ 70
PUF Panels 7,400 52,000 20~ 50
Total Rigid PUF 13,600 100, 000 120-340
163,000 200-490

The Chinese Foam Industry
Selected Industry Data (1991)




Government and industry are committed to sharply reduce, and
vltimately eliminate CFC utilization. MLI is responsible for the
phaseout coordination in all focam 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.:

Ministry of Chemical Industry (MCI),
Ministry of Commerce {MQOC),
Ministry of Aerospace Industry (MAI},

Ministry o©f Machinery and Electronics Industry
(MMEI)®,

o000

Complete phaseout for non-refrigeration foams 1s 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 %/v is
forecasted.

3. ENTERPRIZE BACKGROUND

Tianjin Polyurethane Plastic Product Factory {("Tianijin®) is one
of the leading enterprises in the foam sector in China. The
company counts more than 700 emplovees, from which about 50
constitutes the technical staff. The production program
includes the manufacture of polyols, elastomers, polyether
polyol Dblends, 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:

' P"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
clasgified 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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continuous flexible foam lines,
continuous panel line,
continuous pipe insulation line,
unit for in situ foaming.

0000
ok pet bt 00

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

PRODUCTION PRODUCT CFC USE
(TONS) {TONS)
2,000 Polvether Polyol, -

500 Polyester Polyol, -
3,000 Polyether Blends’ 120
4,000 Flexible PUF, i8¢0

600 R-PUF Panels, 75

80 R-PUF Pipe Insulation, 15
20 R-PUF In Situ Foaming, 5
1,000 PU Elastormers -

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 phaseocut 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 for this purpose
during a study tour in December 1992, in the USA. The technologies
selected reflect not only the particular egquipment on site, but
also the fact that Tianjin will be China's dissemination center for
CFC free technology in flexible PUF, and should he sbhle 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 chlorife, in combination with softening additives and
extended range polyols. 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/v 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 will be limited 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 o¢f 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 limit 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

5



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 T“Envirocure" system. The excellent
accessibility will facilitate installation and keep the related
costs down. An backup generator has to be installed to aveid {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 eguipment can be used later to
support phaseout proijects at other facilities under guidance of a
national expert located at the Tianiin facility.

Safety and production training is scheduled to follow installation,
prior and during start-up. Start-up will bhe 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 expecteé costs of investment and
related activities:

ITEM DESCRIPTION SUBTOTAL TOTAL
(USD) {UsD)
0010 VERTIFOAM MODIFICATIONS. i v ivvivcnnvasnresenses 783,750
0011 Envirocure installation.......712,500
{includes license)
0012 Freight, Installation,
£S5 = o vil ' o R 71,250
0020 ME LINE MODIFICATIONS....icuivennacnn seexsesea125,000
0021 Ventilation and Recovery
Systenm {(Includes
Installation)..........s.......80,000
0022 Polyol Storage and
Metering System....... .o n ... 25,000
0023 Additive Storage and
Metering System................ 20,000
0030 TESTIRG. ..t aronncansnne tessasessasesnenaa20,000
G031 Misc. Testing Eguipment...... ..20,000
0040 START-UP .t svtrnenasanrensnarnncsassarsssssssns.d1,500
0041 Trial Materials.......c. . ... 25,000
0042 Training.....covravnecosenn 216,500
0050 CONTINGENCY AND ROUNDING. ... cicvvvsnnseanssass209,750
TOTAL 1,080,000



Supporting documentation is provided in annex-2 and annex-2,

6.2 INCREMENTAL RECURRING COSTE/SAVINGS

The expected annual operating costs will differ only marginally
from the current costs:
MS Foaming Unit Now 36 t CFC-11 @ 2,500...... (UsSD 90,000)
- New 33 t MC @ 1,200...... .Usb 39,600
- Recovery of 10 Tt MC.......... {UsD 12,000}
Incremental Costs (Savings) (USD 62,100)
Vertifoam Unit Now 144 t CFC-11 @ 2,500..... (USD 360, 000)
New 141 t TDI @ 2,000,....... LUSD 423,000
Incremental Costs {Savings) UsSD 63,000
Balance 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
existing.

6.3 UNIT ABATEMENT COSTS

to be non

aj} OnS Reduction Project Costs Usp 1,080,000
b) Annual Incremental Costs {Benefits) UsD -
c} Project Useful Life 10 years
a) 0ODS Reduction/Y {Base 1991) kg 186G, GGG
Unit Abatement Costs [{a/c¢ + b)/4] UsD/kg/y 0.60

7. FINANCING PLAN

The company requests reimbursement of the full proje
the amount of USD 1,080,000.

ct costs in



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 Tianijiin. UNDP-ENR will provide technical assistance
during project execution.

8.2 BCHEDULE

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

TIME FOR COMPLETION
Q1 02 Q3 Q4 Q5 Q6

TASK

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

M8 Unit
Preparation of Tenders x
Purchase Orders x
Arrival of Equipment XX
Installation, Start-up XXX

Testing Equipment
Preparation of Tenders
Purchase order(s)
Arrival, Installation p 1

E

Training x

Trials with Additives and
ER Polyeols (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 profect. OPS
procures currently similar projects elsewhere.

OPS would be assisted by the local UNDP office and receive
technical assistance from UNDP-ENS.



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 growih in the Chines market, this figure has to be
increased by at least 6% for every subsequent year.

10. ANNEXES

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

Annex-2: Detailed Budget Proposals.

Annex~3: Price Documentation.

FOAMS /UNCHO307.CLI
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CFC REPLACEMENT TECHNOLOGIES
IN
FLEXIBLE POLYURETHANE FOAMS

1. INTRODUCTION

The PUF industry and its suppliers have heen for more than
five years involved in efforts to reduce or to eliminate
the use of CFCs in the manufacture of flexible
pelyurethane 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 purpese of flexibie PUF
blowing decreased in 1991 to less than 300,000 1lbs, 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,

¢ Environmentally acceptable,
© Economically:-viable.

Not all technologies that are currently applied meet these
criteria, especially the environmental acceptability.
These technclogies 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
gxisting experience.



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 (TDI1).

Auxiiiary 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/TRI reaction. Excessive
heat can lead to scorch or even auto-ignition of the foam
during the manufacturing process and subseqguent curing.

The use of ABAs allows to:

¢ Soften the foamn,
0 Decrease the reacticn 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

0 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 tc 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
fpllows:

o Conservation

o Alternative blowing agents

o Chemical modifications

© Alternative manufacturing technolcogies.



3.1 CONSERVATION

Conservation technigues are undergtood to reduce the use
of CFCs through;

¢ Best management practices
o Reformulation
o Recovery/recycling.

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

o Use closed loop unleading systems,

o Do not flush with CFCs’

o Avoid the use of CFCs for viscosity adjustments’
© Minimize the TDI 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. 1t is particularly used in areas where the use of MC
is restricted. However, MCF is clasgsified as an ogzone
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 141lb on industrial scale in the near future.



Acetone

Acetone is reported fully capable in replacing CFC-11.
Precautions must be taken in view of its flammability.
Only about 60 % is nesded compared to CFC-11. Capital
outlays and licence fees will put the costs close or egual
to those of MC.

AB Technoloay

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
replacemnent of CFCs is not feasible. Substantial equipment
adjustments are needed and monitoring on C0 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 0of the flexible PUF production process. These
additives are currently exclusively softening
techneleogies, and do not aliow 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



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

The 1990 Clean Airxr 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
enissions 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:

¢ Incineration,
o Liguid Adsorption, or
o Carbon adsorption

are 111 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 egven
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 t¢o 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, B5 % recovery of
ABA was reported (4). On industrial scale, recovery of Mc
in the same range (80-90%) and elimination of measurable
emissions of TDI are reported.

The E-MAX process is offered under licence by

Unifoam AG
P.O0.Box 118

2180 Hillegom, NL
PH 31-2520-78777
FX 31-2520-20555

ENVIRO-CURE

The Enviro-Cure process 1s 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.




Enviro~Cure achieves this through an enciosed conditioning
area, designed to rapidly cool foam biocks. The process is
reported to be successfully adapted to all Vertifoam unitsg
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 conseguences of the utilization of this
process are not vet clear. In states where proposed
reguiations may well forbid the use of auxiliary blowing
agents altogether, the inventor claims significant
rotential savings compared to the alternative of raising
the density. Compared to the use o0f 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
Btockport SK7 SNU, UK

PH 44-61-456~0095

FX 44-61-456-2001

"RAPID COOLING" PROCESS

Similar to the Envirco-Cure process, the "Rapid Cocling®
process is designed to compleéetely eliminate the need of
auxiliary blowing agents, without sacrificing guality or
product range. To achieve this, a two stage cocling device
is directly attached to the foam production tunnel,
replacing the conventional curing/cooling area.

Significant reformulation is required to implement
softening technigues and to make up for reduced
crosgslinking, related to the elimination of unreacted TDI
in the initial phase of the cooling. This reformulaticn
process is not vet 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.



"Rapid Cure" is offered under licence by

General Fpam Division cof PMC, Inc.
West 100 Century Road

Paramus, NJ 07652, USA

PE 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 gystem 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:

0 No need for auxiliary blowlng agents to achleve
softness,

o Significant lower iscocyanate emissions,
o Rapld curing,
o Lower exotherm, allowing higher water formulations.

This technology is for ths first time presented in the USA
in late 1992 (7). A thorough judgment is not vet 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

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

"VACUUM FOAM"

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. Regults are not yet available.




Further information is available from

Beamech Group Ltd.

Tenax Road, Trafford Park
Manchester, M17 1JT, UK
PH 44-61-848B-~0316

FX 44-61-~873-7718

In summary, 1t can be concluded that the emerging "second
generation” technologies show great promise. The
technologlies are new. Essential data and sufficient
industrial experience are not vet available.

3'
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EVALUATION CHART
CFC ELIMINATION TECHNOLOGIES FOR FLEXIBLE POLYURETHANE SLABSTOCK

EVALUATION

TECHNOLOGY REMARKS
1 2 3 4 5 6 7 8

Recovery/Recycling + + At -] - + |+/-] + NR| expensive

Methylene Chloride 4] + ++] F+l+/-] 4 4 R

Methyl Chloroform + e/ jf=] ] we ] o+ NR| ©ODS

Acetone + + +4le/=] = 4| + CR! explosive

HCFC 123 + + - ++] -~1 + |4/~ NE! ODS

HCFC 141B + + - ++] —-=| + [+/-] NR] ODS

AB Process + 4= + (4] - i+ 4 CR} CO gas

Extended Range Polyols /= /=] + $4+f4/=14/~1 CRI (1)

Additives + + + + ¥/ + CRI (1)
—-E—Max LR EAEE W B + {+/=-| NR| expensive

Enviro-Cure +/-1 + + 1+/=] ++| ++}| + CR| (23

Rapid Cure - + + [+/-1 ++] ++|+/-INYR}] (3)

Waterlily (MDI) - 707 ? + [+/=1+/=INYR} (3)

Vacuum Foam - 717 7] 0% ? 1 = [NYR} (3)

R: recommended. NR: not recommended. CR:

maturity

e W& #a &w

o L) NI e

processing
operating costs
investment coste

5: environment/safety
6: efficiency
7: avallability

8: overall evaluation

conditionally recommended.
NYR: not yet recommended.

Remarks: (1) No compiete 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 vertifecam units, that would require
separate curing tunnels. The costs for two units would exceed one
miliion 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. Thig would cost LST 475,000 (USD 712,500}, This
translate in the following budget:

O One dual purpose EnviroCure unit Usn 715,500
o Freight, Insurance Uusp 15,000
e Diesel generator (local) usp 20,000
o) Accumulating conveyor usp 16,250
o Installation {local, with supervision
from Cannon-Viking) Uysp 20,000
TOTAL UsSDp 783,750
0020 MS LINE MODIFICATIONS

The conventional line or M8 lipe {(from the manufacturer: Martin
Sweets) cannot be tied in to the envirocure system. Methylene
chloride (MC} is the most economic sgolution for this unit. In
addition, for gualities 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. Tianijin 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 One multi purpose tester usp 21,727
O One Laboratory foaming unit Usp 10,000
o Miscellaneous small testers UsSD 10,0001

TOTAL ' 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) 8 USD 1.00.......... usp 30,000
0 3 t Softener {Goldschmidt, Union

Carbide, Arco) 8 USD 7,00........... USDh 21,000

TOTAL USD 51,000

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

Training costs include an international consultant:

o Air ticket UsD 4,000
o 18 Days € 575 UsD 10, 350
o Subsistence, terminal expenses uysp 1,800
o] Training aids Ush 350

TOTAL usp 16,500

Tianjin will carry the costs related to their employees.

' Prices of the mini foam wmachine and the

miscellaneons test equipment are estimates.
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PROJECT OF THE GOVERNMENT OF CHIKA

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 phasecut 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 feoam industry consumed in 1991 17,773 tons CFCs (rei.:
Country Programme). CFC-11 was the dominant substance, followed by
CFC~12. No other 0DS 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. Mare
detailed information is provided in Table 1:

{ sub)category tons ODS type ODS
Extruded Polystyrene/ethylene 2,173 _ CFC~-12
Flexible Polyurethane 2,000 CFC-11
Rigid Polyurethane 13,600

Pipe Insulation 600 CFC-11
Sprayed PUR 600 CFC-11
Appliance Foams 5,000 CFC-11

CFC-11

Table 1. ODS consumption in the foam sector (1991)
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Hulton House Chester Road Hazel Grove Stockport SK7 SNU

Telephone 081-456 0095 Telex 665458 Fax 061-456 2001 FAX
Company Registration No. 1691576 ENGLAND MESSAGE
To: RAPPA, Atgtention: MR BERT VEENENDAAL
Fax No: 010-;1 219 326 6047 . Date: 7 May 1993
From: CHRIS FAWLEY Reference:  CE/VIM
Dear Bert

Thank you for your fax concerning the Enviro-Cure for Tianjin, however 1 think there is a little
onfusion conceming our offer of 27/4/93. This offer was for two Enviro-Cure tunnels (one round
and one rectangular) with combined ventilation units.

Qur discussions in Beijing centred around a single Enviro-Cure thnel which could be converted
relatively siroply into either a Round or Rectangular Enviro-Cure unit.  With this in mind our offer
of such 8 unit at £5¢g.475.000 including Supervision of Erection, Commissioning of Licence Fee but
excluding Airfare, hotel expenses and living expenses will still apply.

For budget purposes the freight and insurance quotation given on the 27 April of £8t2.10,000 will
still apply.

We trust the above clear up most aspects of the offer. As | am in Shanghai from the 20 May to
25 May, I may extend my stay in China to visit Tianjin to make sure our offer is compatible with
what they actually need.

In the event of further correspandence in the next two weeks, please contact Mike Cranshaw or Derek
Greenwood as | shall be overseas from 9 May onwards.

Please advise a5 to when a decision will be made on the offer.

Best regards
CHRIS FAWLEY

o Chew Hong - Cannon Asia
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(CE2NRTRIOIN Vlkmg Ltd L/

Hulton House Chester Hoad Hazel Grove Stockport SK7 5NU

Telephone 061-456 0095  Telex 665458 Fax 061-466 2001 FAX
Company Registration No, 1691576 ENGLAND MESSAGE
To: RAFPA Attention; MR B VEENENDAAL
Fax No: 0101 219 326 6047 Date: 27 April 1
From: MIKE CRANSHAW Reference: MWC/VIM
Dear Sir,

Re: TIANJIN, P.R.C,

We have pleasure in submitting our quotation for a cotobined round and rectangular Enviro-Cure Unit
for Vertifoam. This is described in the attached 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 $850,400 at an exchange rate 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 also includes the one-off licence fee
payment, '

With regard to freight and insurance 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 inforroation at this stage please do not hesitate to contact us,
With best regards

Yours sincerely

pr A
MIERE QmSﬁéW

[:FM; o AT
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SPECIFICATION
No. CV i

ENVIRO-CURE UNIT
for

VERTIFOAM RECTANGULAR FOAM BLOCKS
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Enviro-cure is a Process that has been patented by Crain Industries Inc., Technical Division, 2920
South Zero Street, Fort Smith, Arkansas 72906, U.S.A. It has been developed as a continuation of
the Veriifoam Process, which allows for full environmental contro! and the reduction, or elimination,
of the avxiliary blowing agents normally requiced in the manufacture of polyurethane foam.

The Enviro-cure system consists of a slatted conveyor to transport the blocks through an enclosuce,
three sets of fans to remove the bulk of the heat from the (oam blocks and a cooling system to reduce
the air temperature at certain limes in the Process. (Drawing 0.59671 refers).

FEED OR

This conveyor has two functions. The first {s to provide either part, or all, of the delay time
necessary to ensure that the block is not cured prematurely with ¢onsequential damage to the ceil
structure, and the seécond is to ensure that the blocks are butted together before entering the enclosure.

The blocks must be loaded, 25 ¢ms, apart, on to the infeed conveyor. This can be done either
manually, or automatically, by means of the optional accumulation conveyor.  If done manually, it
will be necessary to have a gravity roller conveyor in place of the accumulation conveyor.

EE 0-C

This unit is designed 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 construction consists of a rigid steel frame, which suppotts a set of slats that are bolted to two
widely spaced conveyor chain ciccuits. Each circuit is suppocied 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 s
applied directly 1o the top circuit of the chain run.

Special boxes construcied from sheet steel mounted on a rigid frame and f(itted with wear resistam
sealing strips ensure that the flow of air is applied to the foam block at the correct time and place.
ENVIRQ-CURE ENCLOSURE

The enclosure is constructed of sheet steel and hollow section, with access doors at esch side 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 Enviro-cure Process tequires polycthylene film on both sides of the foam to complete the seal
and to ensure the aic flow is always downwards thoough the block.

The plastic fim unwind mandrels are mounted on each side of the conveyor, and just peior to the

entrance to the enclosure. A vardable tension device is fitted-to the lower part of the mandref, whilst
the upper part is held with a quick release clamp.

ASTIC FILM REWIND

The polyethvlene film is rewound after the block emerges from the tunnel by means of a second pair
of mandrels, which are driven from independent AC geared motors via slipping cluiches.

CH N

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

Included with this equipment is 2 storage tank and a recirculating pump for the 50% Water/50%
Glycol required to remove the heat.

QUTEFEED CONVEYOR

This is a 2.75 metre (9 &) long gravity coller conveyor used 1o provide support for the blocks at the
end of the Enviro-cure conveyor.

ELECTRICAL CONTROLS

Various instruments-ace 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 contactors, circuit breakers, overloads, switches, etc., required for
the equipiment.
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OPTIONAL EXTRAS

1. tand erator

GOKVA diesel generator that is capsble of providing sufficient power to drive a Rectangular
Vertifoam and an Enviro-cure in the event of a mains power-cut.

2. Accumulating Conveyor

Its purpose is to deliver a foam block out of a Vertifoam elevator and lead on to the Enviro-
cure infeed conveyor, with a gap between the blocks.

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

3. ravity B nveyor - AInf

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

1.  Pipework between the chiller and the cooling circuit matrix local 1 the machine. (Chiller
position is flexibie).

2.  Siacks from the two main fans that penetrate the Tabric of the building.
3. Electrical connection between the chiller and the main panel.
4,  Exhaust system foc the generator,
5. Fuel tank and pipework for the generator.
"6, . Installation.
Commissioning.
8.  Foundation bolts,

Q. Civil work.

¥k E K K FE K kKK
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SPECIFICATION
No. CV 302

L
b3

ENVIRQ-CURE UNIT
for

VERTIFOAM ROUND FOAM BLOCKS
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INTRODUCTION

Enviro-cure is a Process that has been patented by Crain Industries Inc., Technical Division, 2920
South Zero Steeet, Fort Smith, Arkansas 72906, U.S.A. 1t has been developed as 2 continuation of
the Vertifoam Process, which allows for full environmental control and the reduction, or elimination,
of the auxiliary blowing agents normally required in the manufacture of polyurethane foam,

The Enviro-cure system consists of a slatted conveyor to transport the blocks through an enclosure,

three seis of fans 1o remove the bulk of the heat from the foam blocks and a cooling system 10 reduce
the air temperature at cerlain times 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 1o the cell structure.

; The blocks must be loaded, 25 cms. apart, on to the infeed conveyor. This can be done either
: manuaily, or automatically, by means of the optional sccurmmulziion conveyor. I done manually, it
‘ will be necessary 1o have a gravity roller conveyor in place of the accumulation conveyor.

- O A4

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

The construction consists of a rigid steel frame, which supports a set of slats that are bolted to two
widely spaced conveyor chain circuits.  Each circuit i5 supported by a chain wheel and shaft at each
end of the conveyor,

The drive is sitwated at the outfeed end of the conveyor, ensuring that the power of the motor is
applied directly to the top circuit of the ¢hain run,

Special boxes constructed from sheet steel mounted on 3 rigid frame and fined with wear resistant

sealing steips ensure that the flow of aic i$ applied to the foam black at the cocreet time and place.,
VIRO- QSURE

The enclosure is constructed of sheet steel and hollow section, with access doors ai ¢ach side and self

-adjusting sesling doors at each end. Ity function is 10 capture the conditioned air and control the
© curing enviconment inside the enclosure.
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CHILLER LINIT

This unit provides cooling water-at a tempecature of between 2-4°C. (34-39°F) which is circulated
to the matrix in the cooling Circuit of the Eaviro-cure.  The nominal size of the chiller is 10 tonnes.

Howsever, the 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 S0% Water/50%
Glycol required o remove the heat.

E——

QUTFEED CONVEYOR

This is a 2.75 metre (9 1.} fong gravity roller conveyor used to provide support for the blocks at the
end of the Enviro-cure conveyor.

ELECTRICAL CONTROLS

Various instruments are supplied to wonitor parameters such as the pressure and tempecature of the
air being circulated, so that the machine can be opecated in a safe manner.

The conwrol panel contains all the contactors, circuit breakers, overloads, switches, ele., required for
the equipment.



A

B R g YO ¥ )

[Epes———

SLATnA] CRNHON VIKING F-837 T-159 F-B18-011 27.04.93 12:43
nSERRALE e b L
Specification @ CV 302 op =

1.

OFTIONAL EXTRAS

Standby Gengrator

100KVA diesel generator that is capable of providing sufficient power to drive a Round
Vertifoam and an Enviro-Cure in the event of 2 mains power cut.

Accuppdating, Conveyor

Its purpose is to deliver a foam block out of a Vertifoam elevator and load on w the Enaviro-
cure infeed conveyor, 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 reomainder will stip at high speed, but drive at low speed.

Gravity Rotier Conveyor {infeed)

As a substitute for the accumulating conveyor, this {5 offered as an alternative support for the
biock when transferring from the Vertifoam to the infeed conveyor.
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CLUSION

I.  Pipework between the chilier and the cooling circuit matrix local to the machine. {Chiller
position is flexible).

2. Sacks from the two main fans that penetcate the fabric of the buiiding.
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.  Instaliation.

7. Commissioning.

8. Foundation bolts.

9, Civil work,

L 2 3 B S K R
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Coé Trial Irits

TH. GOLDESCHMIDT AG FAR EAST
ROOM 905 OCEAN CENTRE, HARBOUR CITY, CANTON ROAD, T8T, KLN.

TEL: 7358387 FAX: BR2-7302861 TELEX: 32175 TEGO KX
REP. NO.: EQAB5 /R DATE: 25-4-93

FROM: 0

FAX NO.: (22) 621577 TOTAL HO, OF PAGES </ 4

To: Tianiin Polyurethane Plastice Factory

Artn: Mr. Wen He Ping

We are pleased to gquote your enqguiry as follows:-

1) Ortegol 310

Qty : 1 MT

Packing : 200 kg/drum net
Price : . U8SDT.00/kg
Amount : usp?,000.,00

The above price is CNF Xingang

Total Amount

-w

UsDp7,000.00

Validity ' + 15 days from date of this isgsue.
Payment : econfirmed and irrevocable L/C
payable toc TH. GOLDSCHMIDT AG,
Goldachmidtstrasse 100, D~4300
Esgan 1, Germany.

Banker: Dautsche Bank, Esgen.

Note: please allow 15 days for
document prasentation and allow

"tranghipment”.
Manufacturer :  Th. Goldsgchmidt AG
Originju,éfy :  Germany
Port of Loading ¢ European port
Delivery :  prompt after receipt of workable L/C,

subject to vassel availability.

B.Rgde.
JONES WONG/TH. GOLDBCHMIDT A@ FAR EAST

e I A WL Tl | O -
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- ejf atochem EIf Atochem it o e o

: 2823,China Wotld Tower 1+ Jianguomenwal Avenue
INTO; ~ Beijing 100004,P. R. China Tol: 5053336
c Fax:5062560,5052561 Telex ;222225 SANCH CN -
‘ ¢ . , / ,
bt ead 1+ ean
TO: TAINJIN PU FOAM PLANT. FROM: EACL.

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

RE: REFERENCE PRICE FOR F-11.

e A oy o . Al oy S £ e pn o s prm M I T e AT e ek e v e T A BTy Y W gy AR s g M B TN T g Tt b e T T i e ) T W WY

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 I JUST CAN GIVE YOU A REFERENCE PRICE FOR F-11,
THAT 1§ USD 1500/MT CNF CMP. THIS PRICE JUST FOR YOUR
REFERENCE. '

BEST REGARDS.

ZHANG HUI LTANG.

AS

us
V24 ;,rv/ky t Tax asr e.vo [t

¢

RIRRAFE LS P RFRATERBERL

HFABIUTRA L S WA AKX 2823 € 96,5052836 405 ,5052560 4k, 222225 SANCH N
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SUNKYONG LTD.

Chttwer” F it Lo

BEJJING OFFICE
25/F ,CHINA WORLD TOWER, NQ. 1 JIAN GUD MEN WAL AVENUE BEIJING, CHINA,

TEL 505-2245/49  FAX:505-2260  TELEX: 210637  SK8J CN
FACSHMILE WOTE -
NO DATE 93 € 4
1Tl PAGES iNCLDG COVER
co. CTIANJIN PU PLASTIC | q Yirac G ca
DERT. FACTORY . DEPT, b ¢ &
TO FROM | | NAME ;f‘.<
NAME MR.SONG BAOYT
TEL.
FAX NO. MES NO.
RE ¢« TbhI 80/20

WE OFFER AS UNDER:

(A} ITEM : TDI B80/20
SHIPT: JUNE
QTTY : 20087
PRICE: USD1900/MT CNF XINGANG LD ,7, /#
PACKG: 210KGS IN STEEL DRUM f?
MAKER: KOREA PINE CHEMICAL CO.
(BB) RE FOREON #-11
GTTY 16 w7
PRICE : USD1S00/MT CHF XINGANG
REMARKS : SUBJECT TO OUR FINAL CONPIRMATION.
WATTTING YR REPLY. SUNKYONG,BEIJING
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Baexr MEMORANDDM
Veaernendcdaa i

FOARMS CONSULTANT UNDP Date . May 14, 1993

104 Fieldstone Drive Pages: 2

LaPorte, IN 46350 To  : UNDP/BPPE/ENR

PH: (213) 362-4450 Att : Mr. Frank J.P. Pinto
FX: (219} 326-6047

Subject: Tianjin Flexible Foawm 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.

0o The final project write-up, prepared with the help of
UNDP,

o Quotations on essential eguipment to be purchased,

0 Discussions with the companies that own and distribute

the underlying technology for the main part {(Envirocure}
of the proiect.

1. CHOICE OF TECHNOLOGY

de agree with Tianiin'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 0DS
replacement efforts in flexible PUF. It was therefore preferable--
and on long term cost effective for the <¢ountry program-—to
establish more than one technology at Tianjin. With the need to
retrofit three machines and the <choice of three different
technologies:

o3 Acecelerated Curing.,
0 Methvlene Chloride,
e} Extended Range Polvols/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 mi¥} 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.

b



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 i{wo nunits reguired 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 aire somewhat poorly documented. The main barrier seems
to be the transiation of the guotations 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 ijustified by the future need to assist
cother 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. WHe eaxpect 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 naticnal expert for flexible foams. This
project will provide Mr. Song with considerable training and
experience at n¢ additional costs.

We recommend this project for approval.



The Montreal Protocol on
8ubstances that Deplete the Ozone Layer

CHINA - BECOND MULTICOMPORENT
0D8 PHABEOQOUT INVESTMENT PROJECT

1. Background. At its Eighth Heeting in March 1993, the Exscutive
Committee (EC} granted “"permissgion to proceed" for China‘s "50% Reduced CFC
Foam Project” (50% Foam Project), comprised of 13 components with requested
total incremental cost of USS7,678,000. The EC noted that "permiesion 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
responsaes to EC and Ozone Operations Resource Group {(DORG) gueries.

2. The 50% Foam Project, at a funding level of US$1,878,000', was approved
at the EC’e Sixth Meeting in June 1992, However, the submission had been
based on preliminary and incomplete cost data and analysis, and in particular
did not consider recurring costg under prices prevailing in China. The
Chinesge enterprises were requeésted to re-submit each of the components after
addresging issues raised in the OORG and EC review, with special attention to
full justification for funding requests, including both inveatment and
recurring costa/benefits.

3. buring hApril 24-27, 1993, the OORG foam expert, Dr. HMichael Jeffs, held
discussions with 10 of the 13 enterprises participating in the 50% Poam
Project in Beijing (detailed guesticnnaires were left for the remalning three
enterprises}. These discussions incliuded the scope of projects, costs, and
the eligibility of requested funding. The enterprise representatives agreed
to eliminate expenses which did not meet eligibility eriteria. Dr. Jeffs
clarified that the projects invelving production of polyel were necessary to
reduce CFC~11l, that proposals did not invelve expansion of existing production
capacity, and that chemical prices were reasonable based on prevailing
conditions in China and & review of world prices. 3As several substantial
igsues for the Yantai project component were unresolved, it was®agreed that
NEPA would exclude the component from this submisaion, but would ¢larify 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
compenents in accordance with Dr. Jeffs’ comments. Project incremental costs
were calculated by the Bank, using the agreed methoedclogy based on cost and
price information provided by NEPA and agreed to by the Bank and OORG. Bank
consultants concurred that the guantities and composition of raw materials
used the basis for recurring incremental cost caloulations for the
refrigerator/panel components are consistent with amounts uged for produgtion
of similar products in Japan and Burope. Due to the apparent profitability of
rew polyel and blended polyol production at one raw material asupplier
{8hanghai #6}, the project component ig ineligible for grant financing. Thus,
the revised gubmission includes 11 of the original 13 project components
(Yantai and Shanghai #6 are excluded).

5. Funding Request. This submission amends the World Banks’s FProgress
Report to the 10th Meeting of the Executive Committee regarding the project
submission for China to congider final approval of the 11 component *50%
Reduced CFC Foam Project® and requestes, in addition to the $1,878,000 already
approved for this project (June 19923, $4,058,000 in incremental costs froom
the Fund. This additional funding request is based on a total grant reguest
of §5,936,000 in eligible incremental coats, including §3,07%,000 in requestaed
investment costs, 52,083,000 in recurring incremental costs net of benefits,
and $744,000 contingency. A Project Summary for the complete Project is
attached ag well as 11 Project Summaries, one for each project component. A
15% contingency was added to the overall Preiject, and is ewxcluded from the 11
component project summaries.

b Bxeluding $480,000 subproject component ienaferessd 1o UNDP,
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Dear Mr.Brown:

Thank you for your attsched proposal, we agree that you
submit the 50% Reduced CFC Foam Project for additional funding
requesting & 4,058,000 for 11 subcomponents. If possible we
hopethattheYantmwdﬁhanghm;;ﬁmbeommenis will be
dxwussadlatm-me:dertcfa.dhtata the submission io the

Attached is the dmft Financial Agency Agreement between
NEPA and CIB and the draft sgreement between NEPA and MOF
for your reference.

Sincerely yours

el & M""' o



Ms. J. Poppele

The 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

QJindao Haier

Xinfei

Shuangyan

Chengde

Dalian

I confirm that I support these projects. During appraisal the following points should be

taken into consideration:

- 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.

Yours since $iy

Dr, G. M_ F. Jeffs - OORG MD 152
ICI Polyurethanes



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET
COUNTRY: CHINA
PROJECT TITLE: 50% Reduced CFC Foam
SECTOR COYERED: Rigid Polyurethane Foam
ODS CONSUMPTION
IN SECTOR (1991): 13,000 MT CFC-11 (13,000 MT ODP)
PROJECT DURATION: 4 years
PROJECT IMPACT: Phase out 372 MT CFC-11 (372 MT QDP)
TOTAL PROJECT COST: US$ 7,165,000
of which costs provided by enterprises: USS 2,003,000
PROPOSED OTF GRANT: US$ §,936,000
of which capital costs: 0U583,079,000
of which recurring incremental costs net bepefits:  US$2,083,000
of which 15% contingency: US$ 774,000

COST EFFECTIVENESS:  $4.60/kg ODP/year’

IMPLEMENTING ENTERPRISES:
Design Institutions: Liming Research Institute
510 Research Institute of the Ministry of
Aeronautics and Aerospace
Chemical Producers: Shenyang Petrochemical Plant
Wuxi KZ Foam Factory
Tianjin PU Plastics (also user)

Four Refngerator Factories (Users): Shengling
Qindao Haier
Xin Fei
Shuang Yan
Three Panel Manufacturers (Usersy: Tianjin PU Plastics
Chengde Commercial Machinery
Dalizn

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

IMPLEMENTING AGENCY: World Bank

! For crow-couniry comparisons, ¢apital comts requesied from OTF were aanuatized over 4 years uwsing 10% discount 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
manufscturers. In addition, the project will adapt three domestic polyol suppliers to the production of
material compatible with the reduced CFC formulation. The reduced CFC foam formulation will be phased
in at the seven manufacturers resulting in & phassout of 372 tons of CPC-11 per year at full production.
Daomestic production of HCFCs in China is at laboratory capacity and will not be industrially spplicable for
several years. Reduced CFC foam formulations bave 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 199%.
50% of consumption went to rigid PU panel production, 30% to household refrigerators, 10% to other
refrigeration equipment, 6% for in-situ gpraying and 4% to making pipe sieeves. MLI predicts that ip 1996 the
consumption of CFC-11 in household refrigerators wiil reach 8,500 tons, panels will reach 11,200 tons, in-site
spraying will achieve 1,400 tons, and pipes will be 1,000 tons for a total of 22,100 tons in the sector,

|

PROJECT OBIECTIVES

The objectives are to:

1) Adopt a CFC foam formulation at three panel manufzcturers snd four household refrigerator
factories to demonstrate the commercial applicability of low CFC formulations as an interimn 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.

EROI C

The use of reduced CFC foam formulations 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 Minisiry of Aeropautics and
Aerospace (MAA) have deveioped polyols compatible with reduced CFC foam formmlations. 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 & 50% reduced
CFC formaula. Thus, the major impact of this project will be to transform the whole rigid insulation foam
industry by addressing the supply issue.

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



The Beijing Household Eleetrical Appliances Research Center (BHEARI), will serve as 1 testing,
evaluation and promotion canter for reduced CFC technology. ICI, an multinational chemical manufacturer, has
equipped the center with foam testing equipment. A UNDP-supported project will provide further technical
training to BHEARI. The center will conduct performance tests 1o ensure product quality, set appropriate
standards, provide technical assistance to factories, and promote results among all refrigerator manufacturers,

PROJIECT COST D NTAL 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 Jow CFC formulation, Incremental operating costs/benefits
reflect increased quantities for certain foam raw materials (MDI) and increased prices/costs for others
{polyol/blended 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 USS 5.082 million. The project
sponsors have limited their grant request to US$ 3.079 million, mainly forsign 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 incresse in chemical price could be passed on under market conditions in Chins. The
Bank concurs with this judgement and confirms that there 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-11 required, discounted at 12% over a four
year period. As China's domestic production capacity for CFC-11/12 is sufficient to meet projected demand
through 1997, CFC-11 prices were held constant to reflect expected local conditions. For Project components,
recurring costs are considered through 1997 under the presumption that enterprises will subsequently switch to s
non-CFC blowing agent as non-CFC technology becomes commercially available in China.

The total grant request {(incremental cost) for the 11 components including captial costs, recurring
incremental costs net of benefits, and 15% contingency is USS 5.936 million. Of this, USS 2.083 million is
requested for recurring incremental costs net of benefits for four years.

FINANCIAL AND ECONOMIC YSIS

The internal rates of return calculated in financial and ecopomic terms for the components to this
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,

BROIE B ATION

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



PROIECT RESULTS

“This project will remove 372 tons of CFC-11 per year in the fourth year of project implementation
when all componeats have nesched full production. In addition, this project ensures & stable locsl supply of key
foam raw muterials compatible with low CFC foam formulations which will facilitate wide spread application of
the reduced CFC foam technology.

HNIC SSESSM

Support for this project was given by the QORG reviewer, Dr. Michsel Jeffs. A copy of his review ig
attached.

ip\db c#foam50.593
19-May-93



50% REDUCED CFC FOAM PROJECT - TABLE 1

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

oDs Total Local Foreign OTF
Phased Out Investment (US$1,000) (US$1,000) Investment
Per Year {US$1,000) Requent
(mt) (US$1,000)
Design Insetitutes:
Liming 0 594 90 504 504
510 0 an 66 305 305
Raw Materials:
Shenyang 0 485 NA NA 485
Wuxi o 741 423 318 3ie
[Tianjin]
Panel:
Chengde 32 143 26 117 117
Dalian 14 294 96 198 198
Tianjin 31 310 NA NA 306
Refrigerator:
Qindao 61 294 100 194 229
Xinfei 103 464 300 164 164
Shangling 103 684 413 271 271
Shuangyan 28 702 520 182 182
SUB-TOTAL 372 5082 3079
(Contingency 15%) 762 462
GRAND TOTAL 372 5844 3541
PRICE ASSUMPTIONS (in USS$/kg):
General: 1.
Refrigerant: 1. Baseline blended polyol range: 2.454 - 2.714
2. Project blended polyol range: 2.636 - 3.067
Panel: 1. Baseline blended polyol: 2.727
2. Project blended polyol range: 2.818 - 2.909
3. Baseline polyol: 2.065
4. Project polyol: 2.182

NPV

4 Year

Cost
(US$1,000)

-333
-51

46
77
144

312
878
687
323

2083
312

2395

Proposed
Total
OTF
Pinanclng
{US$1,000)

504
308

152
267

163
275
450

541
1042
958
505

5162
774

5936



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE QZONE LAYER

PROJECT COVER SHEET
COUNTRY: Chins
PROJECT TITLE: Liming Research and Development of Polyol and Blended
Polyol Production Techniques for 50% Reduced CFC Foam
SECTOR COVERED: Rigid Polyurethane (PU) Foam
QDS USE IN SECTOR: 13,000 MT CFC-11 in 1991 (13,000 MT ODP)
PROJECT IMPACT: Facilitate domestic production of polyols compatible with
50% reduced CFC foam
PROJECT DURATION: 2 years
PROJECT ECONOMIC LIFE: 4 years
TOTAL PROJECT COST: US$ 90,000  Capital Costs Provided by Enterprise
' US$ 504,000  Capital Costs Requested from OTF
Uss 0  Recurring Incremental Costs'
PROPOSED OTF FINANCING: USS$ 504,000
IMPLEMENTING ENTERPRISE: Liming Chemical Research Institute (LCRI)
NATIONAL COORDINATING BODIES: Ministry of Light Industry (MLI) and the National

Euvironmeatal Protection Agency (NEPA)

IMPLEMENTING AGENCY: The World Bank

! Net present valuo of incremental costs for the first four years discounted at 12%. Because LCRI is » research institute and
does not sell products on the open market, there are no recurring incremental costs/savings for this project.

1



IMARY

This project will enhance production techniques of polyether polyol feedstock snd subsequent biended polyol
compatitle with reduced CFC foam formulations at the Liming Chemical Research Institute (LCRI). LCRI will
refine presest laboratory scale production technigues for reduced CFC compatible polyols and establish & pilot
production facility to produce hoth the new polyols and blended polycl. 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 emerping alternative technologies in China’s
targest CFC use sector (in both percent ODS and ODP). This project is included in Chinz'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 2 pilot plant for domestic production of 50% reduced CFC
cotnpatible polyols; (ii) establish a pilot plant for blended reduced CFC compatible polyols; end (iii) adapt pilot
production techniques to industrial scale production of reduced CFC foam polyols and polyol blends,

ENTERFRISE BACKGROUND

LCRI is a comprehensive PU foams research institute under the Ministry of Chemical Industry (MCT). The
Department of Polyurethane Development was established to enhance China’s domestic production of PU foam
feedstocks and has consistently produced proditcts comparable to those from developed countries. LORI bas
developed Isboratory scale production of polyols compatible with 50% reduced PU insulation and blending
processes which have produced finished PU foams roeeting pational standards.

FROJECT 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 svailable in China. LCRI bas successfully
developed polyels 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.



This project consists of the following eight stages:

STAGE 1; LCRI will refine synthesis techniques for polyols and blended polyols compatible with
reduced CFC foams. Synthesis techniques compatible with industrial manufacturing processes will be
developed.

STAGE 2: LCRI will establish 200 MT capacity pilot plants for the manufacture of polyether polyols
compatible with reduced CFC foam formulation and the blending of these polyols. Trial production
will begin.

STAGE 3; LCRI will optimize polyol formulation and adjust the polyol blending process so that
foaming characteristics, finished foam properties, repeatability of production and blending processas,
and the blended polyol shelf life will achieve the level of 50% reduced CFC formulations curreatly
manufactured in developed countries. Finished rigid PU foam products will also be tested for quality.

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

STAGE 3; This stage will cccur simultaneously with Stage 4. Foreign and local experts will be
brought to LCRI to further optimize industrial scale production methods. The experts will also assist in
training SPF’s staff for the frial runs,

STAGE 6; LCRI will begin work on the manufacture of polyols and blended polyols compatible with
reduced CFC foam for uss in cold storage, ice cupboards, snd panel insulation.

STAGE 7: LCRI will conduct life test research on foam products manufactured with the reduced CFC
compatible polyol and blended polyol. Formulations will be sdjusted 1o achieve product quality in
developed countries.

STAGE 8: LCRI will expand research and development of CFC-free foamn technologies. Research will
focus on industrial scale manufacturing techniques for non-QDS blowing ageats.

PROJECT COST
Sumunary of Project Costs: The total project incremental cost of US$594,000, of which US$504,000 is the

total requested from OTF as grant, was calculated as the economic capital costs. There are no recurring
incremental cosls or benefits considered as LCRY will provide the technology to polyol manufacturers with so
license fee.

Capitat Costs; Capital costs of U3$594,000 include capital investment in production line equipment, training,
raw materials, utilities, test instruments for assessing the integrity of products and processes, and costs
associated with transferring technologies developed by the project to commercial manufachirers. Costs for
foreign consultants sre &lso 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.

Incrementa!l Recurrent Costs/Benefits; Because LCRI is a research institute snd does not sell products on the
open market, there are no recurring costs/benefits for this project.



Muansgement: The Ministry of Light Industry and National Eavironmental Protection Agency will oversee the
successful implementation of this project. The project will be carried out at Liming Chemical Research
Institnte.

Schedule:

TASK 1393 1994 1995 1996

Dresign quality control
aquipment

fnmali quality coatrol x x
Equipmens

Run guality control system x x x x x x x x x x

Popularize wechniques X x x x x

e ——

Arrenge & carry out X x X
trxining (foreign expen)

teaining (domestic expert)

lm&c&mcﬂ x X x X X

RESULTS: This project will result in the development of industrial scale synthesis tachniques for polyether
polyois and blended polyol compatible with 50% 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 biended polyol compatible with reduced CFC foam
technology, facilitating the adoption of reduced CFC foams.
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$US = RMB 5.5

RMB {,000

STAGE 1: Synthesis Techniques - Requested from OTF

NT FOR LYGL
Reactor
Reactor
Gauge Tank
Polymerizing Reactor
Refining Roacior
Storage Tank |
Storage Tank 2
Filter
Vacuum Pump 1
Vazuum Pamg 2 (2)
Baffer Tank €3)

RAW MATERIALS FOR TRIAL RUNS
New Polyol
Blended Polyol

New Polyol
Blenidadd Polyol

New Polyol
Blerded Folyol

EXFERIMENTAL COSTS
New Polyol
Blended Polyol

New Polyol
Blendet Polyol

SUBTOTAL - Reguested from OTF

il

47
47

99

t

Uss 1,000

Pl
42

L e - B - S T

[¥ N+

i44



BEMB 1.000 Us3 1,000

STAGE 2; Tris) Production - Requested from OTF
L WER
New Polyol 1 0
Blended Polyol 4 1
TRAINING
New Polyol 15 i1
Blended Polyol 112 0
EXPERIMENTAL COSTS
New Poiyol 28
Blended Polyol 55 10
DEPRECIATIONS
New Polyol 36 &
Blended Polyol 2 4
SUBTOTAL - Requested from OTF 333 60
STAGE 3: Testing Products « Requesied from OTF
Text Instruments
vV.P.C 8 16
TClosed Cell Meter 34 &
Ds.C. 550 100
SUBTOTAL - Requested from OTF 673 122

STAGE 4: Trial Production at Chemical Manufacturery - Regquested from OTF

Equipment HX) 18
Raw Materials, Fuel & Power 120 22
Transporation 50 9
Labor 40 1
SUBTOTAL - Requested from OTF 330 60
STAGE 35: Technical Exchange & Consuliants - Requasted from OTF

Traiting (2) 195 35
SUBTOTAL - Requested from OTF s 35



STAGE & - Requested from OTF
Technigues for Cold Storage, Ice
Cupboard sand Fanel Insulstion

SUBTOTAL - Requested from OTF

STAGE 7 - Requesed from OTF
50% Beduced Foums Life Test Rescarch

SUBTOTAL - Requested Irom OTF

STAQE 8 - Provided by instimte
Research & Development of CFC-free
Foam Technologica

SUBTOTAL - Provided by Institute

185

165

30

53

53
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THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET
COUNTRY: China
PROJECT TITLE: No. 510 Research Institute Research and Development of
Polyol and Blended Polyol Production Techniques for 50%
Reduced CFC Foam
SECTOR COVERED: Rigid Polyurethane Foam

QDS USE IN SECTOR:

PROJECT IMPACT:

PROJECT DURATION:
PROJECT ECONOMIC LIFE:

TOTAL PROJECT COST:

PROPOSED OTF FINANCING:
IMPLEMENTING ENTERFRISE:

NATIONAL COORDINATING BODIES:

IMPLEMENTING AGENCY:

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

Facilitate domestic production of polyols compatible with
50% reduced CFC foam

2 years

4 years

USS 66,000 Capital Costs Provided by Institute
US$305,000 Capital Costs Requesied from OTF
Uss 0 Recurring Incremental Costs'
US$305,000

No. 510 Research Institute {510) of the Ministry of
Aeronautics and Aerospace (MAA)

Ministry of Light Industry (MLI) and the Nationai
Environmental Protection Ageacy (NEPA)

The World Bank

} Net present value of incremental costs for the first four years discounted at 12%. Because 510 iy & rescarch institute and
does not sell products on the open market, there are no recurning incromental costs/suvings for this project.

i



PROJECT SUMMARY

This project will enbance production techniques for polyether polyol feedstock and subsequent blended polyol
compatible with reduced CFC foam formulations at the No, 510 Research Institute (510) of the Ministry of
Aeronautics and Aerospace Industry (MAA). 310 will refine present laboratory scale production techniques for
reduced CFC compatible polyols and establish a pilot production facility to produce both the new polyols and
blended polyol. The project will study polyol and blended polyol formulations applicable to housebold
refrigeration, insulation panels, and in-situ spraying, a5 well &5 research on non-ODS foaming techniques, After
the pilot production line is optimizad, this technology will be transferred to comumercial manufacturers/suppliers
of blended polyois.

This project will optimize and facilitate the implementation of emerging salternative 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.

FROQJECT 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 scale
production; and (iif) transfer reduced CFC polyol and blended polyol technologies to commercial
manufacturers/suppliers.

ENTERPRISE BACKGROUND

510 is a comprshensive research institute for vacuum and low temperature applications under MAA. In 1990,
510 developed laboratory scale production of 50% reduced CFC compatible polyols and blended polyol for use
in household refrigeration, panel insulation, and in-situ spraying. The quality of finished products made with
these polyols was tested at & variety of factories, and all resuits met national standards.

FROJECT DESCRIPTION

The use of reduced CFC foam formulations is impedad by a lack of domestic raw material suppliers.
Specifically, reduced CFC compatible polyols are not comumercially available in China. This project will
facilitate domestic production of polyols compatible with 50%-reduced CFC foam by refining laboratory scale
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 characteristics, finished foam properties, repeatability of
production aad bleading processes, and the blended polyol shelf life io achieve the level of 50% reduced CFC
formulations currently manufactured in developed countries. The training included in this project consists of on-
site direction from foreign and domestic experts,

PROJECT COST
Sumimary of Project Costs: The total project incremental cost of 1J83371,000, of which US$305,000 is the

total requested from OTF as grant, was calculated as the economic capital costs. There are no recurring
incremental costs or benefits to be considered.

Capital Costs: Capital costs of US$371,000 include capital investment in formulstion equipment, training, raw
materials, technical exchange, industrial process simulation equipment, and costs associated with irial



production. This project requests US$305,000 from OTF for capital costs. The enterprise will provide
US$66,000 for counterpart financing for the project.

e YITE g pfits; Because 510 is m research institute and does not sell products on the
open market thm are no reczzmng costs/benefits for this project.

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 the No. 510 Research Institute of
the Ministry of Aeronautics and Aerospace.



TASK 1993

1994

1995 1686

!
| IO R R
Projoct planning x

Procure equipment x

Perfect low-LFC x
formulation for refrigeratons

Design snd insull
simuistion sysem

Procure other prajact
equipment

Arrange & carty out
training (foreign experts)

Armange & carry out
tsining {domestic exparis}

Opiimize low-CFC form-
wlation for sandwich pape!

Optimize low-CFC form-
ulaticn for in site spraying

Trial production

Production sppraissl

Technology wanafer

Worker teaining

e e o )
S



RESULTS: This project will develop indusirial scale synthesis techniques for polyeiher pulyols and biended
polyol compatible with 50% reduced CFC-11 foams for application in household refrigeration, panel insulation,
and in-sits spraying. The project will provide China with & sourve of domestic feedsiock polyols and blended
polyol compatible with reduced CFC foam technology, facilitating the adoption of reduced CFC foams.



ANNEX 1: Breakdown of Investrment Costs
S$US = RMB 5.5

EME { 000 USS 1,000
EQUIPMENT
Provided by Instifute
General
Hydrmoxyl Contont Melor 3 a5
Visconmetes 2 a3
Acid Content Meter 3 0.5
Quick Division Equipment 4 a7
Cohesion Meter 28 5
Air-Foam Osmonis Meter 35 10
Hygrosepopy Testing Equipmant 28 5
For In-8itu Formuistion
Little Spraying Machine %3 i5
Requested from OTF
General
Water Content Meter 5 {
Heat Transter Coofficient Meatzr 33 6
Closed cell content meler 28 5
Gas Chromatograph 110 0
Unsveraal Testing Machine £3 12
Microphotography Equipment 344 63
Combustion-Lihatrustion Meler 69 13
Industrial Process Simulation Fquipment
Seoall High Pressure Foaming Machine 172 3
#old Control Microcomputer 193 35
Flow Index Meter kil 6
Foam Gel Curve Meter i3 15
Design costs 06 41
SUBTOTAL - Provided by Institute 206 37
SUBTOTAL - Requested from OTF 1421 258
RAW MATERIALS
Provided by lastitute
Polyol 8 3
Catalysts 2% 3
Surfaciants 2 3 5
Requested from OTF
Polyols 28 5
Catzlyms it 5
Surfactants 28 3
SUBTOTAL - Provided by Institute 84 15
SUBTOTAL - Reguested from OTF 84 15
SUBTOTAL - Provided by Institute 2 4
SUBTOTAL - Requested from OTF 176 32
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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 ENTERFRISE:

NATIONAL COORDINATING BODIES:

IMPLEMENTING AGENCY:

China

Shenyang Production of Blended Polyol for 50% Reduced
CFC Foam

Rigid Polyurethane Foam
13,000 MT CFC-11 in 1991 (13,000 MT ODF)

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

2 years

4 years

Us$ 0 Capital Costs Provided by Enterprise

USS 485,000 Capital Costs Requested from OTF

USS (333,000)  Recurring Incremental Costs Net of
Benefits'

Us$ 152,000

Shenyang Petrochemical Factory {(SPF)

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

The World Bank

! Net present value of incremental costs net of benefits for the fiest four years discounted at 12%.

|



FROJECT SUMMARY

This project will convert an existing 2,000 MT facility for the production of polyol and blended polyol
feedstocks compatible with 5% reduced CFC foam at Sheayang Petrochemical Factory (SPF). The blended
polyol will be sold to 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 inciuded 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 facilities for industrial scale domestic production of 50%
reduced CFC compatible polyols and blended polyol; and (it} make such polyols domestically available to local
refrigerator factories,

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

EROJECT DESCRIPTION

The use of reduced CFC fourn formulations is impeded by a lack of domestic raw tuaterial 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 polyols. SPF will re-tool existing polyol and blended polyol operations 1o establish
2,000 MT production capacity of polyol and blended polyol compatible witk low CFC foam, train workers,
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 & new raw materisl for polyel production.
Storage facilites are also required to streamline blended polyol operations.

PROJECT COST
Summary of Project Costs: The total project incremental cost of U5$152,000, which is the eatire amount

requested from OTF as grant, was calculated as the economic capital costs requested from the OTF minus the
net incremental recurring benefits for four years discounted at 12%.

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

Incremental Recurrent Costs/Benefits: The net incremental operating benefits of USS 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 primanly to the profits accrued from the sale of the polyols and blended polyols.



ment; The Ministry of Light Industry and National Environmental Protoction Agency will oversee the
m&sﬁai zmpizmiznm of this project. The project will be carried out &t Shenyang Petrochemical Factory.

TASK 1993 1994 1995 1996

Project planning X

Eguipment inssllaton and x
fraining

Frist run x

Production X x x x X x x b 4 1 % x

L TP Tl

RESULTS: This project will develop industrial capacity production of polysther polyols and their blends which
are compatible with 50% reduced CFC-11 foams. The project will provide China with a source of domestic
feadstocks for polyols and polyol blends compatible with reduced CFC foum technology, facilitating the
adoption of reduced CFC foams.




Annex I: Breakdown of Investrnent Costs
$US = RMB 5.5

RME 1.000 D53 1.000

PQLYOL PRODUCTION EQUIPMENT - Requested from OTF

Raw Material Sworage Tank 25 5

Reactor 100 ig

EO Gauge Tank 15 3

Refining Reactor 100 18
Decolorizing Reactor 30 5

v.p.O. : 90 16
SUBTOTAL - Requested from OTF 36D 65

15

Additive Gaugs Tank 56 L)
Closed Cell Content Meter 335 &
SUBTOTAL - Requested from OTF 165 30
ENGINEERING - Requested from OTF
Equipment Insalistion 47 b
St up Cons 26 5
Design 2 ¢
Commisioning 50 8
Consultants 25 5
Training 70 13
SUBTOTAL - Requested from OTF 270 50 -
TRIAL PEODUCTION - Requesied from OTF 1873 340
SUBTOTAL - Requested from OTF 1873 340

[ 1

2668 485

2568 485




Annex 2: Breakdown of Incremental Recurring Costs/Benefits

Table 1: BASELINE PRODUCTION COSTS FOR POLYOL
YEAR COST PER TON POCLYOL ANNUAL TOTAL
PRODUCTION COST
INITIATOR ALKYLENE CATALYST NEUTRALIZING {TONS) U S$)
CXIDE AGENT
1994 109.09 1090.91 7.27 41.81 1,000 1,249,000
1995 109.09 1090.91 1.27 41.81 1,600 1,999,000
1996 109.09 1090.91 7.21 41.81 2,000 2,498,000
1997 109.09 1090.91 7.27 41.81 2,000 2,498,000
NPV GRAND 6,074,000
TOTAL
Table 2: PRODUCTION COSTS FOR POLYOL WITH PROJECT
YEAR COST PER TON POLYOL ANNUAL TOTAL

PRODUCTION COST

INITIATOR ALKYLENE CATALYST NEUTRALIZING (TONS) (U SS) ’
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 25591 1057.36 7.27 41.81 2,000 2,725,000
1997 255.91 1057.36 1.27 41.81 2,000 2,725,000
NPV GRAND 6,625,000
TOTAL




Amnex 3: Breakdown of Incremental Benefits

SELLING
PRICESTON
BLENDED
POLYOL
(Uss)

BLENDED
POLYOL
PRODUCTION

{TON)

(U

PRICE/TON
BLENDED
POLYOL
{Us$)

BLENDED
POLYOL
PRODUCTION

(TON}

uss

1994 24545 1000 2,455,000 2636.4 1,000 2,636,000

19935 24543 1800 3,927,000 2635.4 1,600 4,218,000 21,000
1996 2454.5 2000 4,509,000 8364 2,000 3,270,000

1997 2454.5 2000 4,509,006 K 2636 .4




SUMMARY OF INCREMENTAL COSTS/BENEFTTS

Polyol ti

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

TOTAL INCREMENTAL COSTS:

SUMMARY OF INCREMENTAL BENEFITS

Bolyol Production

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

TOTAL INCREMENTAL BENEFITS:

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

Oid Blended Poiyol: Us$ 2.727
New Blended Polyol: US$ 2.909

MDI: Uss 2.727

6,074,000
6,625,000

551,000

11,936,000
12,820,000

884,000



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 ENTERPRISE:

NATIONAL COORDINATING BODIES:

IMPLEMENTING AGENCY:

China

Wuxi Production of Bleaded Polyol for 530% Reduced CFC
Foam

Rigid Polyurethane Foam
13,000 MT CFC-11 in 1991 (13,000 MT CDP)

Impiement Jarge-scale commercial production of biended
polyols compatible with 50% reduced CFC foam

2 years

4 years

U5$ 423,000  Cepital Costs Provided by Enterprise

USS 318,000  Capital Costs Requested from OTF

USS {51,000  Recurning Incremeatal Costs Net of
Benefits'

US$ 267,000

Wuxi KZ Foam Factory (WKZ)

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

The World Bank

! Net present value of incremental costs net of bencfits for the first four years discounted at 12%.
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PR T ARY

This project will convert & 5,000 MT facility for the production of blended polyol feedstocks compatible with
50% reduced CFC foam at Wuxi KZ Foam Factory (WKZ). The bleaded polyol will be sold to 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 QDS and ODP). This project is included in Chipa’s Country Program which was
finalized in January 1993 and approved at the Ninth Meeting of the Executive Committee in Montreal, March
1993,

PR B

The objectives of this project are to: (i) convert production facilities to industrial scale production of 50%
reduced CFC compatible blendad 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 commercizl biended polyol producers in Chuna, WEKZ's production line has
an snnual production capacity of 5,000 MT with current production of 700 MT. The factory has entered into s
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 resulis of their
cooperative research,

PR ESCRIFTI

The use of reduced CFC foam formulations is impeded by a lack of domestic mw material suppliers.
Specifically, reduced CFC compatible polyols are pot comnwercially 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-biend reactor facility and renovate their existing
line for production of blended polyol for production of bleaded polyol compatible with low CFC formulation.
The pre-blend resctor is required as the new process includes addition of viscosity reducing sdditives.
Equipment retrofits will improve control over 50% compatible feedstocks. After the conversion, which will
take 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 cousists of on-site direction from domestic experts, as well as training
throughout China.

PROIECT COST
Summary of Project Costs: The total project incremental cost of US$690,000, of which US3$267,000 is the

total requested from OTF as a grant, was calculated as the economic capital costs minus the net incremental
recurring beanefits for four years discounted at 12%.

Capital Costs: Capital costs of US$741,000 include the cost of new equipment and equipment retrofits,
installation, raw materials, trial runs, quality control squipment, training, and other costs for 4 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 Costs/Benefits; The net incremental operating benefits of US$ 51,000 are equal to the




net present value of the first four yesrs of incremental operating benefits net costs, These bepefits are due
primanly to the profits scerued from the sale of the polyols and blepded polyols,

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

Schedule

1997

Project planning X

Capital consruction & x
equipment talistion

Training x

Triat production x X

Produse 900 MT polysther x x x x
with 50%

Produce 1,500 MT % x x x
polyether with 0%

i
Produce 3,000 MT x X x %
polysther with 50%

Produce 5,000 MT x
polysther with 50%

RESULTS: This project will develop industrial capacity production of polyether palyols and their blends which
are compatible with 50% reduced CFC-11 fogms. The project will provide China with & source of domestic
feedstocks for polyois 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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$US = RMB35.5

RME 1,000 Us$ 1,000
EQUIPMENT
Provided by Enterprice:
Fark Machine 46 7
Storage Container (30m™ 150 27
Maamirement Pot [Im®) 36 6
Air Compressar 40 ¥
Groove-Wheeled Machine 250 46
Trock 60 10
Whaeled Machine 120 22
Requested from OTF:
Machine Pumps (15) 120 22
Control lnstrment (2) 80 15
Burdeu Pitcher (for intermediate storage)(6} 42 3
Computer Control Sysiem 200 36
Storage Containee ($0um) 200 ki
Polymerization Vesse] 180 33
Measurement Pot (2m”) 60 10
Neutralization Vessel 40 7
Filter 150 7
Film Evaporator 120 n
Condeaser 20 4
SUBTOTAL - Provided by Enterprise 690 125
SUBTOTAL - Requested from OTF 1212 220
QUALITY CONTROL INSTRUMENTATION - Requested from OTF
Viscosimeter 5 1
Controlled Temperature Gil Bath 6 1
Hydroxyl Conient Meter 5 1
Hygroscopicity Mater 4 1
Acidity Meter 3 1
Universal Testing Machine 63 iz
Therma! Conductivily Meter 38 K
Desiccating Equipment 10 2
Lidle Foaming Machine 44 g
Maolds (1 g 2
Age Tesing Equipment pii] 4
Personal Computer i5 3
SUBTOTAL - Requested from OTF 222 43
ENGINEERING - Provided by Eaterprise
Equipmest Instalistion 350 &4
Design 170 3
Waler Systiam Modificstion pi] 4
Electrical Sysem Modification it 4
Boiler Room Modification 28 4
SUBTOTAL - Provided by Enterprise 580 107




NEW FACILITIES - Provided by Eaterprise
Land
Product Storage Building
SUBTOTAL - Provided by Eaterprise

TRAINING (25} - Requested from OTF

TRIAL RUNS - Requested from OTF

TRIALS AT REFRIGERATOR FACTORIES - Requested from OTF
DEYELOPMENT - Requesied from OTF

SUBTOTAL - Requested from OTF

450
150

1050

140

s

35

310

o

B EB



Annex 2: Breakdown of Incremental Recurring Costs/Benefits

YEAR COST PER TON POLYOL ANNUAL
FRODUCTION
POLYOL CFC-11 CATALYST COST OF SILICA {TONS)
PRODUCTION OIL
1994 100% 434 s 380 54 %00 2,038,000
1995 1009 436 75 330 264 1500 3,321,000
1996 1009 436 175 240 264 3000 §,372,000
1997 1009 436 175 207 264 5000 10,455,000
YEAR COST PER TON POLYOL ANNUAL TOTAL COST
PRODUCTION
POLYOL CEC-11 CATALYST COST OF SILICA (TONS) {uss)
PRODUCTION OIL
1994 !303 175 200 460 418 900 2,300,000
1995 1303 178 200 399 418 1500 3,743,000
1995 1303 175 200 9 418 3000 7,158,000
1997 1303 173 200 244 413 3000 11,725,




Annex 3: Breakdown of Incremental Benefits

[ NPV OF 1,948,000 i
| BENEFITS |



SUMMARY OF INCREMENTAL COSTS

Blended Polyol Production (NPV of Costy 1994-1997)

Baseline Blended Polyol Subtotal: 15,647,000
Blended Polyol With Project: 17,584,000
TOTAL BLENDED POLYOIL. INCREMENTAIL COSTS: 1,937,000

SUMMARY OF INCREMENTAL BENEFITS

lended Polvol Producti Vo ts 1094.1
Baseline Blended Polyol Subtotal: 17,953,000
Blended Polyo! With Project: 19,941,000

TOTAL BLENDED POLYOL INCREMENTAL BENEFITS: 1,988,000

RAW MATERIJAL PRICES (per kg)

Old Blended Polyol: USS 2.455
New Blended Polyol: 1iS$ 2.727



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET
COUNTRY: China
PROJECT TITLE: Chengde Conversion to 50% Reduced CFC Foam in Iosulation Panel
and In-Situ Foaming Formulations
SECTOR COVERED: Rigid Polyurethane Foam
ODS USE IN SECTOR: 13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP
PROJECT IMPACT: Phase out 32 MT CFC-11 per year'
PROJECT DURATION: 4 years
PROJECT ECONOMIC LITE: 4 years
TOTAL PROJECT COST: US$ 26,000 Capital Costs Provided by Enterprise

US$117,000 Capital Costs Requested from OTF
US$ 46,000 Recurring Incremental Costs®

PROPOSED OTF FINANCING: US$163,000

IMPLEMENTING ENTERPRISE: Chengde Commercial Machinery Company {CCMC)

NATIONAL COORDINATING ,

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

IMPLEMENTING AGENCY: The World Bank

! In the first year of full production.

* Net present value of incremental costs for the first four years discounted st 12%,

1



PROJECT SUMMARY

This project will convert a 160,000 m? capacity rigid PLJ insulation panel production line and in-situ spray operations
at Chengde Commercial Machinery Company (CCMC) to the use of 530% reduced CFC foaming techniques. This
project will facilitate the implementation of mature technologies in China’s largest CFC use sector {in both percent
QDS and ODP). This project is included in China's Countey Program, which was finalized in Jaouary 1993 and
approved at the Ninth Meeting of the Execative Committee tn Montreal, March 1993,

PR BIECT

The objectives of this project are to: (i} convert CCMC’s 160,000 m® capacity production line to the production of
rigid PUJ insulating panels manufactured with 30% reduced CFC foam; and {ii) convert CCMC’s in-situ foaming
operations for use with 50% reduced CFC foaming techniques.

E PRISE BACKGRO

CCMC is an enterprise under the Ministry of Comumerce and has ao sonusl production capacity of 160,000 o for
rigid PU insulation panel ag well as over 100,000 n” annual capacity for in-situ foaming operstions. Production
totaled 180,000 m? of foam in 1992, consuming 400 tons CFC-11, up from 100,000 m* m 1991. CCMC exports
products to countries in Europe, Asia, and Africa. CCMC’s rigid PU insulating panel production line was imported
from Finland and West Germany. CCMC bas been repeatadly honored for its comprehensive financial, engineering,
and manufacturing masagement performance and for the quality of its products. Standard techniques are used for
production of sandwich panels and spray foam operations. Cold storsge facilities are the most common end-use.
Customers select spray or panel application depending on individual requirements.

PR DESCRIPTION

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

PROJECT COST

Summary of Project Costs: The total project incremental cost of US$189,000, of which 175$163,000 is the total
requested from the OTY 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$143,000 include the cost of test instruments, installation, trial runs, training,
and other costs for & 160,000 m? capacity rigid PU insulstion panel production line and 4 100,000 m® capacity in-situ
foaming production line using 50% reduced CFC-11 foaming technology. US$26,000 will be provided by the
enterprise and US$117,000 is requested from the OTF for capital costs.

Incremental Recurrent 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 st 12%. These costs are due
primarily to increases in operating costs resulting from higher prices of certain foar raw materials (new poiyol and
blended polyol), and increased quantities of others (isocyanate).



P ' E ATI

Management: The Ministry of Light Industry and National Environmenial Protection Agency will oversee the
successful implementation of this project. The project will be carried out at Chengde Commercial Machinery

Compatiy.
Schedule;

{F_M’mm s rvvemmene
TASK 1993 1994 1995 1996 1997 Ei

Project planaing

Asrange & carry out x X x
trasning (foreign sxpert)

Procure & instalt x x
equipment

Trial runs x *

ﬁ Trial production X

Solve problems found X x
ﬁ with raw material

manufactiurer

Produce 65,000 m* with x
naw materisl

Produce 85,000 ur with x X % x
H new material

Froduse 102,000 af with x % x %
new malcrisl

e S

Full groduction of x
260,000 m* with new
muterisl

RESULTS: This project will result in the phaseout of 32 MT of CFC-11 in the first year of full production.



TEST DISTRUMENTS - Provided by Enterprise
Acidity Meter
Magneatic Heating and Stivring Machine
Thermal Conductivity Meler
Viseosily Meter
Consiant Tempersture and
Humidity Control Box

Transporation Costa
SUBTOTAL - Provided by Enterprise
TRIAL PRODUCTION - Requested from OTF
Lost Panel Production

(38 % of 200 a¥/day for § days)
Los Io-Sitw Production

(30 % of 120 of/dsy for § days)
Trial Product Testing

SUBTOTAL - Requested from OTF

TRAINING - Requented from OTF

SUBTOTAL - Requested from OTF

COMMUNICATIONS - Reguested from OTF

SUBTOTAL - Requested from OTF

TOTAL- Provid Enterpris
TOTAL - Requested from OTF

RAND TOTAL

145

3

103
39

B owi e e

wn

26

10

10

& E®



Annex 2: Breakdown of Incremental Recwrring Costs/Benefits

100% CFC USAGE
{panel & in situ}
Baseline Assumptions 1994 1995 1996 1997
Prices:
CFC-11 255 255 255 2.5%
Polyol 292 276 27 176
MDI 273 2713 273 13

Blended "old” polyol  2.727 273 273 213

Compesition of Mixture:

CFC-11 {16%) 00838 009 Q.05 0.0%
Polyol (84 %) 0.447 (.45 0.45 .45
MDI 0.468 {0.47 0.44 0.44
Component Weight Per o’ (kg):
CFC-11 0.25 0.25 0.25 023
Polyol 1.30 1.3¢ 1.30 1.30
MDI 1.36 3.33 313 3.33
a; Per m*: 2.51 2.91 2.81 2.91
Production {1,000 m*): 65 85 102 260
Cost:
CFC-11 $0.63 0.63 .53 0.63
Polyol $3.59 3.59 3.59 3.59
MDI $3.72 3.2 3.72 3.72
Total Cost/n* £7.94 $794 §$794 §$194
TOTAL OPERATING
COSTS ($1,000) $516 $675  S810 82,065 52,888



50% Foam Assumptions

CFC-11
Polyol
MDI

Blended "new™ polyol

CFC-11 {90%)

Polyol (9%}

MDI
Component Weight Per m? (kg):

CFC-11

Poiyol

MDI
Kg Foa er m*:
Production {1,000 m*;
Qgggt:

CFC-11

Polyol

MDi

Total Cost/m®
TOTAL OPERATING

COSTS ($1,600)

TONS CFC-11 PHASED
OUT PER YEAR

1994

2.545
2.843
2.73

2.82
0.043

0.437
0.520

0.125
1.273
i.514
2.91

65

$0.32
£3.62
34.13

$3.07

50% CFC USAGE

1995

2.545
2.84
2.713
2.82
0.04

0.44
0.52

0.13
.27
1.51
291
85

0.32
3.62
4.13

$3.07

10

19%6

2.345
2.84
2.73
2.82
6.04

0.44
0.52

Q.13
1.27
1.51
2.91
102

.32
3.62
4.13

$8.07

$823

1997

2.545
2.84
2.73
2.82
0.04

0.44
0.52

0.13
1.27
1.51
291
260

0.32
362
4.13

$8.07
$2,098 $2,934

32



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 ENTERFPRISE:

NATIONAL COORDINATING BODIES:

IMPLEMENTING AGENCY:

* In the first year of full production.

China

Dalian Counversion to 50% Reduced CFC Foam in
Insulstion Panel

Rigid Polyurethane Foam

13,000 MT CFC-11 (13,000 MT GDS) in 1991 ODP
Phase out 14 MT CFC-11 per year'

2 years

4 years

USS 96,000 Capital Costs Provided by Enterprise
US$198,000 Capital Costs Requested from OTF
uss 77,000 Recurring Incremental Costs
US$275,000

Dalian Refrigeration Works (DRW)

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

The World Bank

! Net present value of incremental costs for the first four years discounted at 12%.

1



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 insulstion
panels using SO0% reduced CFC foam. This project will facilitate the implementation of mature technologies in
China’s largest CFC use sector (in both percent QDS and OQDP). This project is included in China's Country
Program, which was finalized in Jenuary 1993 and approved at the Ninth Meeting of the Executive Committee
in Montreal, March 1993,

PRO, IVE

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

ENTERFPRISE BACKGROUND

DRW is an enterprise under the Ministry of Machinery Building Industry (MEI) and is one of China’s 500
largest enterprises. DRW has an annual production capacity of 110,000 m? of rigid PU insulation pape! 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 repeatedly honored for its compreheasive financial, engineering,
and manufacturing management performance and for the quality of its products.

PROJECT DESCRIPTION

DRW will convert its 110,000 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
biended polyol, to demonstrate their performance. The training included in this project consists of on-site
direction from foreign chemical suppliers.

Production of models using reduced CFC foam will be pbased in over 1994-1997. Starting in 1997, 110,000 m*
of panels using 50% reduced foam will be manufactured, for annual ODS savings of 14 MT.

PROJECT COST

Summary of Project Costs: The total project incremental cost of US$371,000, of which US$275,000 is the
total requested from the OTF as grant, was caiculated as the economic capital costs plus the net incremental
recurning costs for four years discounted at 12%.

Capital Costs: Capital costs of US$294,000 include the cost of quality control instrumentation, installation,
trial runs, training, and other costs for a 110,000 m? capacity rigid PU insulation panel factory using 50%
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.

: o ’ ; enefits: The net incremental operating costs of US$77,000 sre equal to the net
present v;iu-e of the first fm&r years of incremental operating costs, discounted at 12%. These costs are due
primarily to incresses in opersting costs resulting from higher prices of certain foam raw materials (new polyol
and blended polyol}, and increased quantities of others {isocyanate),



sucmssfai :iemwzea of this project. The project will be carried out at Dalian Refrigerator Works.

1993

1994

1995

1996

: The Ministry of Light Industry and National Enovironmental Frotaction Agency will oversee the

import equipment

Insail new equipment

Arrange & carey o
training (Toreipn exporin)

Technaologicsl testing

Prosuce 90,000 wt of papel
per year

Produce 100,000 o of
panel per year

Produce 110,000 o of
psnel per yesr

RESULTS: This project will result in the phassout of 14 MT of CFC-11 in the first yvear of full production.



SUS = RMB 5.5

ENGINEERING DEVELOPMENT - Provided by snterprise
SUBTOTAL - Provided by Enterprise

EQUIPMENT
Provided by Enterprise:
Producuon Control Equipment
Acidity Meier
Magnetic Agitator
Flammubility Meter
Equipaws Transporution
Rexuented from OTF:
Foaming Equipment
Production Contrel Equipment
Rotstionsl Viscosity Meter
Heat Conductivity Meter

SUBTOTAL - Provided by Enterprise
SUBTOTAL - Requested from OTF

INSTALLATION - Provided by Enterprise
SUBTOTAL - Provided by Enterprise

TRAINING - Requested from OTF
SUBTOTAL - Requested from OTF

CONSULTANTS & ENGINFERING - Provided by Enterprise
SUBTOTAL - Provided by Enterprise

TRIAL RUNS
Provided by Eaterprise:
Quaiity Control Tests
Curing Measurss
Recquested from OTF:
Lon Production {500m™)
Raw Materiais Loss

SUBTOTAL - Provided by Enterprise
SUBTOTAL - Requested from OTF

EXAMINATION AND POPULARIZATION - Provided by Entarprise
SUBTOTAL - Provided by Enterprise

TQTAL - Provided by Enterprise
AL - R

GRAND TOTAL

1Y)
0
10
42
303

6
158

92
730

25
215

195
195

110
110

10
30

118

168

g

17

USE1.000

POt e B

i3
85

18
133

3
3

3
35

o

L g: hodl o4

B R



Annex 2: Breakdown of Incremental Recurring Costs/Benefits

Baseline Assum.ptif;ns

Prices:
CFC-11
Polyol
MDI

Blendsd “"old” polyoi

of Mi :
CFC-11 {16%)
Polyol (84%}
MDI

Component Weight Per m? (kg):
CFC-11
Polyol
MDI

K r m
Production {1,000 m?);
Cost:

CFC-11

Polyol

MDi

Total Cost/n®

TOTAL OPERATING
COSTS (§1,000)

100% CFC USAGE
1994 1995 1996
2.55 255 255
2762 276 2L78
273 273 273
2371 273 LTS
0.085 0909 0.09
0.447 043 045
0.468 047 (0.4
025 025 025
130 130 130
L3 333 333
2581 291 29
90 100 100
$0.63 0.63 0.63
$3.59 359 3.59
3.2 31 32
$7.94 §$794 $7.94
$718  $794  $79%4

1997

2.55
2.76
213
273
0.09

0.45
0.44

0.25
1.30
3.33
2.9
110

0.63
3.59
32

$7.94

$374 52,392



30% Foam Assumptions

CEC-11
Polyol
MDI

Biended "new” poiyol

Composition of Mixture:
CFC-11 (50%)
Polyol (9%)
MDI

et Weight Per m

T CFC-11
Palyol
MD1

Production (1,000 m¥):

CFC-11
Polyoi
MDI

Total Cost/m?

TOTAL OPERATING
COSTS ($1,000)

TONS CFC-11 PHASED
OUT PER YEAR

50% CFC USAGE

1994

2.545
2.945
2.73
291
0.043

0.437
0.52

0.125
1.273
1.514
2.91
9%
$0.32
$3.75
$4.13

$8.20

$738

i1

1995

2.545
2.54
2.73
2.91
0.04

0.44
0.52

0.13
1.27
.51
2.91
100

0.32
375
4.13

$8.20

$820

1996

2.545
294
2.73

2.91
0.04

0.44
0.52

0.13
1.27
1.51
2.91
100

0.32
3.75
4.13

$3.20

1997

2.545
254
2.73
2.91
0.04

0.44
0.52

0.13
1.27
1.51
2.51
110

0.32
3.75
4.13

$8.20

14



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET
COUNTRY: China
PROJECT TITLE: Tisnjin Conversion to 50% Reduced CFC Foam in Insulation
Panel
SECTOR COVERED: Rigid Polyurethane Foam
ODS USE IN SECTOR: 13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP
PROJECT IMPACT: Phase out 31 MT CFC-11 per year'

PROJECT DURATION:
PROJECT ECONOMIC LIFE:
TOTAL PROJECT COST:

PROPOSED OTF FINANCING:

IMPLEMENTING ENTERPRISE:

NATIONAL COORDINATING BODIES:

IMPLEMENTING AGENCY:

' In the first year of full production.

2 years

4 years

USS 4,000  Capital Costs Provided by Enterprise
USS$ 306,000  Capital Costs Requested from OTF
US$ 144,000  Recurring Incrementai Costs®

US$ 450,000

Tianjin Polyursthane Plastic Factory (TPU)

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

The World Bank

# Net present value of incremental costs for the first four years discounted at 12%.

I



PROJECT SUMMARY

Tisnjin Polyurethane Plastic Factory (TPU} manufacturers polyurethane (PU) foam raw materials and rigid PU
insulation panels. This project will converi TPU's operations to production of foedstocks compatible with low CFC
fosm formulations and products with reduced CFC, including 2000 MT capacity for polyol production, 3,300 MT
capacity for blended polyol and 250,000 m? capacity for panels. This project will facilitate the implementation of
mature technologies in China's largest CFC use sactor (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,

FROJECT OBJECTIVES

The objectives of this project are to: (i) convert TPU's 250,000 m® capacity production line to the production of
rigid PU insulating panels manufactured with 50% reduced CFC foam; and (i} convert TPU's 2,000 ton capacity
polyol production operations and 3,300 MT bleaded polyol operations 1o the production of materials compatible with
$0% reduced CFC foaming formulations.

ENTERPRISE BACKGROUND

TPU produces nigid PU pipe sleeves and sandwich panels. Annual insulation panel capacity is 250,000 ®. TPU
also produces polyol and blended polyol feedstocks for these products. Annual polyol capacity is 2,000 tons while
blended polyol capacity is 3,300 tons. TPU's products are sold sbroad to Hong Kong and Japan,

PROJECT DESCRIPTION

TPU will acquire production techeology for polyether polyols compatible with reduced CFC foam formulstions from
the Liming Cheniical Research Institute. "TPU will adapt this technology to their current polyol and blended polyol
production operations, perform trial runs, and finally convert to production of polyol and blended polyol compatible
with reduced CFC foum. This project will also convert TPU’s 250,000 m* capacity insulation panel production line
to the manufacture of rigid PU insulation panels with 50% reduced CFC-11 foam. The training included in this
project consists of on-site direction from foreign chemical suppliers aad domestic experts.

Tianjin will reach full production of models using rediuced CFC foam starting in 1994, 250,000 m? will be
manufactured, for aupual ODS savings of 31 metric tons.

FROJECT COST
Summary of Project Costs: The total project incremental cost of USS 454,000, of which US$ 306,000 is the total

requested from OTF as a grant, was calculsted s the economic capital costs plus the net increments] recurring costs
for four years discounted at 12%.

Capital Costs: Capital costs of USS 310,000 include the cost of test instrumeats, instatlation, trial runs, training,
and other costs for a 250,000 m* capacity rigid PU insulation pane! production line, 2,000 ton capacity polyol
production snd 3,300 tons blended polyol operaticns for 50% reduced CFC-11 foaming technology. This project
requests 306,000 from OTF for capital costs. The eaterprise will provide US$ 4,000 for counterpart financing for
the project.

e : . efits; The net incremental operating costs of US$144,000 are equal to the net
;srcsent valua of :he fimt four ym of incremental opemmg costs, discounted at 12%. These costs are primarily
due to increases in operating costs resulting from higher prices of certain raw materisls (pew polyol and bleaded
polyol}, and increased quantities of others {isocyanate). The incressed prices for new polyol and blended polyol



offsets all mmui opersting costs, 50 only operuting costs for the manufacture of panels with reduced CFC foam
formulation is consideret.

PROJECT IMPLEMENTATION

Management; The Ministry of Light Industry and National Enviroaments]l Protection Ageacy will oversee the
successful implementation of this project. The project will be carried out st Tianjia Polyurethane Plastics Faztory.



$amtall safery sysems

Training at Liming C.L

Trial production of new
type of polyether

type of polyether

Summary production of
polyether

Insirument instalistion and
wrial production

Arrange & carry ot
wniming (forvign experts)

ﬂ
r
E Experimenation with sew
ﬁ
H

Technical sumeowry for
panel production

Full production of 25,000
m* per year

s —

RESULTS: This project will result in the phassout of 31 MT of CFC-1] in the first year of full production.
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SAFETY EQUIPMENT - Requened from OTF

Automatic Fire Protection Sysem

Autorastic Cae Alarm Sysiam

Automatic Pressure and Explosion
Lontrol System

SUBTOTAL - Requested from OTF

COOLING EQUIPMENT - Requested from OTF
Cooling Mschine Redesign

SUBTOTAL - Requested from OTF

POLYOL, LINE REFORMING EQUIPMENT - Requested from OTF
Polymes Tank w/Tempensture Prensire Recording System
and Small Cooling Systecm
Microscsie Determination Instrument
Flame Photometer

SUBTOTAL - Requested from OTF

TRIAL PRODUCTION - Requested from OTF
Utilities

Worker Tezining

Equipment Clesning

Raw Matzrinl

SUBTOTAL - Requested from OTF

BMB 1,000

35

111

i1

111

aRe

111

20

L LA

[l

35



o D ION

C
Requested from OTF
Raw Materiala
Tesnting Fee
Provided by Enterprise
Salary

EQUIPMENT
Requested from OTF
Smull Foaming Machine (cannoa)
Heat Conducting Meter (domestic)
Closed Cell Contert Meter
Venical Flame Meter

SUBTOTAL - Provided by Enterprise
SUBTOTAL - Requested from OTF

TRAINING - Requested from OTF
SUBTOTAL - Requested from OTF

TRIAL PRODUCTION - Requested from OTF
One Week Loat Production (6000 m* mw materials)
Color Metal

Labor

Utilities

SUBTOTAL - Requested from OTF

USABLE VALUE
SUBTOTAL - Due back to OTF

TOTAL - Provided by Enterprise
T - m
GRAND TOTAL

110
33

275

17

501

111
111

523
198

-303
-303

g E®

W A 08 W

w0 A
-

155

-55
-55

E B



Annex 2: Breakdown of Incremental Recurring Costs/Benefits for Insulation Panels

100% CFC USAGE

Baseline Assumptions 1994 1995 1996 1997
Prices;
CFC-11 2.55 255 255 2.5%
Polyol 2.065 207 2207 107
MDI1 2.73 2.73 2,13 2.73
Blended “old" polyol 2.142 214 214 114
sition of Mixture:
CFC-11 (16%) 0.085 0.09 0.09 0,09
Polyol (84 %) 0.447 045 045 045
MDI 0.468 0.47 044 o4
Component Weight Per mv';
CFC-11 025 025 0I5 025
Polyol 130 130 130 130
MDI 1.36 3133 3133 333
F Used P 2 2.91 2.91 291 291
Production (1,000 m’): 250 250 250 230
Cost:
CFC-11 $0.63 063 063 043
Polyol $2.65 269 269 2.69
MDI1 $3.72 3. 3712 N
Total Cost per m’ $7.03 $7.03 $7.03 $7.03
TOTAL OPERATING
COSTS ($1,000) $1,759 $1,759 $1,759 $1,759 $5,342



50% Foam Assumptions

Prces:
CFC-11
Polyol
MDi

Blended "new" polyol

CFC-11 (90%)
Polyol (9%)
MDI

CF(C-11
Polyol
MDI

Total Cost/Unit

TOTAL OPERATING
COSTS (§1,000)

TONS CFC-11 PHASED
OUT PER YEAR

50% CFC USAGE

1994

2.545
2.181
2.73
2.21
0.043

0.437
0.520

0.125
1.273
1.514
2.91
250
$0.32
$2.78
$4.13

$7.22

$1,806

31

1995

2.545
2.18
2.73
2.2%
.04

.44
0.52

G.13
1.27
1.51

2.91

0.32
Z.78
4.13

$7.22

51,806

k31

1996

2.545
2.18
2.73
2.21
0.04

0.44
a.52

0.13
1.27
.51

2.51

0.322
2.78
4.13

$1.22

$1,806

3

1997

2.545
2.18
2.73
2.21
0.04

0.44
0.52

.13
L27
.51

291

0.32
2.78
4.13

$ra2

$1,506

k1

55,485



Annex }: Breakdown of Incremental Costs/Benefits for Polyol

YEAR COST PER TON POLYOL ANNUAL TOTAL
PRODUCTION COST
INITIATOR | ALKYLENE { CATALYST | NEUTRALIZING (TONS) (Us$)
OXIDE AGENT
1994 629 1400 15.5 20.5 800 1,652,000
1995 629 1400 15.5 20.5 80Q . 1,652,000
ft 1996 629 1400 15.5 20.5 BOO 1,652,000
1997 629 | 1400 15.5 20.5
R N COS ) O
YEAR CosT PER TON POLYOL wmaﬁo N ngg[..
ﬁ INITIATOR | ALKYLENE CATALYST NEUTRALIZING ({TONS) (Us$)
OXIDE AGENT
| 1994 673 1470 16.5 22.5 800 1,746,000
1595 673 1470 16.5 22.5 800 1,746,000 I
1995 673 470 16.5 22.5 800 1,746,000 l
1997 673 1470 16.5 22.5 800 1,744 .00G

| NPV GRAND TOTAL COSTS 286,000 f

5.303.000




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

PRSI L e ———— —
YEAR BASELINE WITH INCREMENTAL
- PROJECT BENEFITS (US$)
SELLING TOTAL ANNUAL SELLING TOTAL ANNUAL
PRICE/ton ANNUAL SALES PRICE/ton ANNUAL SALES
PRODUCTION PRODUCTION
(Us$) (ton) (USS) s (loa) (Us$)
1994 2065 800 1,652,000 2182 800 1,745,600 93,600
1995 2065 800 1,652,000 2182 800 1,745,600 93,600
1996 2065 800 1,652,000 212 800 1,745,600 93,600
1997 2065 800 1,652,000 2182 800 1,745,600 93,600
e ey e ————————— e
NPV 286,000
GRAND
TOTAL
BENEFTTS

10



SUMMARY OF INCREMENTAL COSTS

Basoline:

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

With Project:

Rigid PU Panels (NPV of costs/benefits 1994-97):

Blended Polyol (NPV of costs/benefits 1994-97):

TOTAL INCREMENTAL COSTS/BENEFITS:
Rizid PU Panel
Blended Polvol

SUMMARY OF INCREMENTAL BENEFITS

Baseline: Blended Polyol
With Project: Blended Polyol

TOTAL INCREMENTAL BENEFITS:

GRAND TOTAL COST/BENEFTT:

RAW MATERIAL PRICES (per kg)

Old polyol: USS 2,065
New polyol:  USS 2.182
MDI: USS 2.727
CFC-11: US$ 2.545

5,342,000
5,018,000

5,485,000
5,303,000

144,000
286.000

5,018,000
5,303,000

286,000

144,000

i1



THE MONTREAL FROTOCOL ON

SUBSTANCES THAT DEPLETE THE OZONE LAYER

COUNTRY:
PROJECT TITLE:

SECTOR COVERED:

ODS USE IN SECTOR:
PROJECT IMPACT:
PROJECT DURATION;
PROJECT ECONOMIC LIFE:

TOTAL PROJECT COST:

PROPOSED OTF FINANCING:

IMPLEMENTING ENTERFRISE:

NATIONAL COORDINATING
BODIES:

IMPLEMENTING AGENCY:

' In the first year of full production.

PROJECT COVER SHEET

Chins

Qindac Haier Conversion to 50% Reduced CFC Foam in Freezer
Cabinets

Rigid Polyucethane Foam

13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP
Phase out 61 MT CFC-11 per year'

2 years

4 years

US$ 65,000 Capital Costs Provided by Enterprise
US5229,000 Capitat Costs Requested from OTF
US$312,000 Recurring Incremental Costs?
US$541,000

Qindao Haier Refrigerator Factory (QHRF)

Ministry of Light Industry (MLI) and the National Eavironmental

Protection Agency (NEPA)

The World Bank

3 Net present value of incremeatsl costs for the first four years discounted at 12%.
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PROJECT SUMMARY

This project will convert a 200,000 unit capacity production line at Qindso Haier Refrigerstor Factory (QHRF)
to the production of refrigerators using 50% reduced 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, whick was finalized in Junuary 1993 and approved st the Ninth
Meseting of the Executive Committee in Montreal, March 1993,

PROJECT OBIECTIVES

The objective of this project is to convert & 200,000 unit capacity production line at QHRF to the production of
refrigerators using 50% reduced CFC-11 foam.

ENTERPRISE BACKGROUND

QHRF iz one of China’s largest housshold refrigerator manufacturers with production capacity of 600,000, The
factory's facilities consist of three refrigerator production fines with three foaming lines. Eighty-three percent
of QHRF's products are distributed in Northeast China and the remuiniog 17% are exported t0 more than 30
countries in Burope, North America, and Southeast Asin. QHRF has produced some madels {mainly for
export) with reduced CFC formulations since 1991 using vmporied materials. QHRF has won the national gold
medal for light industrial products for five consecutive years.

PROJECT DESCRIFTION

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

Qindao will reach full production of models using reduced CFC foam starting in 1994, 200,000 units will be
manufactured, for anoual ODS savings of 61 MT.



PROJECT COST

Summary of Proiect Costs; The total project incremental cost of US$606,000, of which US$541,000 is the
total requestad from the OTF as grant, was calculated as the economic capital costs plus the net incremantal
recurring costs for four yeams discounted at 12%.

Capital Costs; Capital costs of U§5294,000 include the cost of new equipment, training, and other costs for
converting & 200,000 unit capacity refrigerator line for use with 50% reduced CFC-1] foaming technology.
This project requests 1US$229,000 from OTF for capital costs. The enterprise will provide US$65,000 for
counterpart financing for the project.

n 8] Reey t Costs/Benefits: The net incremental operating costs of 1I5$312,000 are equal to the
net preswt value of thz first four ym 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
gnd 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 projest will be carried out at Qindao Haier Refrigerstor Factory.

Arrsnge and carry out X X
tenining {foreign expert)

ﬂ Importation negotiations x ' E

Produce 200,000 x x x x x X x x X x x x

veftigoeatons per year oo
origionl produstion line

RESULTS: This project will result in the phaseout of 61 MT of CFC-11 in the first year of full production.



“SUS = RMB 5.5

UALT L IN
Provided by Enterprise
Thermal Conductivity Meter

Recguesied from OTF
Mointure Mater
F-L Sclerometer
Closed Celt Content Meter (2}
Surface Thermometer (T)
Viscosity Mster
CFC Leak Detection Meter

SUBTOTAL - Provided by Enterprise
SUBTOTAL - Requested form OTF

INSTALUATION - Requested from OTF
SUBTOTAL - Requested from OTF

TRAINING - Requested from OTF
Foreign Expenta (5 person/months in China)

SUBTOTAL - Requested from OTF

T - vi E ri
TOTAL - Requested from OTF
GRAND TOTAL

EMB 1,000

358

55
10

526
33

358
815

B

413

413

6%

g
13

114
10

€5
149

5

75

B B



Annex 2: Breakdown of Incremental Recurring Costs/Benefils

Net Present Value of First Four Years

Baseline Assumptions

Prices:
CFC-11
Polyol
MDI

Blended "Old" PolyoliCRC

Composition of Mixture:
CEC-11 (25%)

Polyol (75%)
MDI

Component Weipht Per Unit :
CFC-11

Polyol
MDI

Kg Foam Used Per Upit;
Production {1.000 units):

Lost:
CFC-11
Polyol
MDI
Total Cost/Unit
TOTAL OPERATING
COST (31,000)

100% CFC USAGE

1994 1995 1996 1997

255 255 255 255
2,425 243 243 243
2713 273 21 273
2435 246 246 245
0.13% 014 G114 014

0.418 042 042 042
G442 044 044 (.44

0.58 058 0.58 0.58
175 L7 175 LTS
185 333 333 3113
419 419 419 419

200 200 200 200

$1.49 149 149 149
$425 425 425 425
$5.05 505 505 5.05

$10.79 $10.79 $10.79 $10.79

$2,158 $2,158 $2,158 $2,158

$6,555



50% Foam Assumptions

jCes:
CFC-11
Polyol
MDi

Blended "New" Polyol

Compasiti ixture:
CFC-11 (14%}
Polyol (86%)
MDI

Component Weight Per Unit (kg):

CFC-11
Polyol
MDI

Kg Foarn Used Per Unit:

Cost; -
CFC-11
Polyol

MDI
Total Cost/Unit

TOTAL OPERATING
COSTS (81,000}

TONS CFC-11 PHASED
OUT PER YEAR

1994

2.545
2957
2.73

2.73
0.067

0.413
0.520

0.279
1.711
2,158
4.15
200
$0.71
472
$5.88

$11.30

52,261

61

50% CFC USAGE

1993

2.545
2,76
2.73

2.73
6.07

0.41
0.32

0.28
1.71
2.16
4.15
200

0.71
4.7
5.88

$11.30

$2,261

61

1956

2.545
2.76
2.73

2.73
0.07

0.41
0.52

0.28
L
2.16
4.15
200

(Vg |
4.72
5.88

$11.30

£2,261

61

1997

2.545
2.76
2.73

2.73
0.07

0.41
0.52

0.28
1.71
2.16
4.15
200

0.71
4.72
5.28

$11.30

§2,261

61

%;m



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEFLETE 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 ENTERFRISE:

NATIONAL COORDINATING BODIES:

IMPLEMENTING AGENCY:

' In the first year of full production.

China

Henan Xinfei Conversion to 50% Reduced CFC Foam in
Refrigerators

Rigid Polyurethane Foam

13,000 MT CFC-11 (13,000 MT ODS) in 1991 ODP
Phase out 103 MT CFC-{1 per year

2 years

4 years

US$ 300,000 Capital Coste Provided by Enterprise
US$ 164,000 Capital Costs Requested from OTF
US$ 878,000 Recurring Incremental Costs®
581,042,000

Hepar Xipfei Electric Appliance Group (HXEAG)

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

The World Bank

7 Net present value of incremental costs for the first four years discounted &t (2%,

!



PR ARY

This project will convert a 400,000 nnit capacity facility &t Henan Xinfei Electric Appliance Group (HXEAG) to
the production of household refrigerators to the use of 50% reduced 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 finalized in January 1993 and approved at the Ninth
Meeting of the Executive Committes in Montreal, March 1993,

PR BIECTIVES

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 50% reduced CFC-11 foam.

ENTERPRISE BACKGROUND

HXEAG produced over 150,000 refrigerator/freezer units in 1991, 230,000 in 1992 and expects to produce 400,000
units in 1993. HXEAG is the only modern 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 has been awardsd many prizes from both the provincial and central governments
for the quality of its products.

PROIECT DESCRIPTION

HXEAG will convert its 400,000 unit capacity assembly line to the production of refrigerators with 50% reduced
CFC-11 foam. Conversion cost include funds for quality control instruments, trial s to optimize formula and
blowing technique, and batch production. Factories will use domestic raw materials to demonstrate their
performance. The new foam formulation will be used with existing foam biowing equipment. The training for this
project includes on-site direction from foreign chemical suppliess,

Production of models using reduced CFC foam will be phased in over 1954-1996. Starting in 1996 400,000 uaits
will be manufactured per year, for annual ODS savings of 103 MT.

FROJECT COST

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

Capital Costs: Capital costs of US$464,000 include the cost of quality control instrumentation, installation, trial
runs, training, and other costs for & 400,000 unit capacity household refrigerator factory using 0% reduced CFC-11
foaming techoology. This project requests US$164,000 from OTF for capital costs. The enterprise will provide
US$300,000 for counterpart financing for the project.

Incremental Recurrent Costs/Benefifs: 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 (sew polyol and
blended polyol), and increased quantities of others (isocyanate),




PROJECT IMPLEMENTATION

Mansgement: The Ministry of Light Industry and Matiosal Eavironmeatal Protection Agency will oversee the
successful implementation of this project. The project will be carmied out at Hesan Xinfei Electric Appliances
Group.

hedule:
TASK 1993 1994 13505 1596

tmmm f ——
Project pianaing X

Arrange & ceery ot X
trxining {foceign expert)

“ Training (domemic expert) x 1 x | ﬁ

Produce 10,000 refrig. with x x
new malecisle

Produse 150,000 refrig. x X x X
with new masterisle

Froduce 200,000 refrig. x % % x
with new materials

Technpical wnining {foreiga X X
Lxpern
® i
Produse 400,000 refrig. ) % X x %
with aew materials
e i : S — 1

RESULTS: This project will resulit in the phaseout of 103 MT of CFC-11 in the first year of full production using
the reduced CFC-11 foam technology.



EQUIPMENT - Requested from OTF
LANZEN Mold

Thermai Conductivity Meter
Universal Test Inmirument
Compreasion Strength Meter

SUBTOTALIL - Requested from OTF
EQUIPMENT - Provided by Entecprise

Isoc yansie Chiorine Meter
lsc yanale Acidity Metar

SUBTOTAL - Provided by Enterprise

INSTALLATION - Provided by Enterprise
LAB EXFANSION - Provided by Enterprise
SUBTOTAL - Provided by Enterprise

TRAINING - Requested from OTF

TRIAL RUNS
Requested from OTF
Materials Costs

Provided by Eatesprise

Temt Comtn

SUBTOTAL - Requested fram OTF
SUBTOTAL - Provided by Enterprise

AL-R f
TOTAL- Provided by E :
GRAND TOTAL ]

RME 1,000

34
158
83
48

503

0
19

10

35

3

1595

1595

557

42

31

%

73
2950

B ER



Annex 2: Breakdown of Incremental Recurring Costs/Benefits

180% CFC USAGE

Baseline Assumptions 1984 1995 1996 1997
Prices:
CFC-11 2.50 250 250 250
Polyol 243 243 2431 243
MDI 296 296 296 296

Blended "Old™ Polyol/CFC 2,454 2.45 24F 245

Composition of Mixture:

CFC-11 (25%) 0139 0.4 014 014
Polyol (75%) 0.418 042 0.42 0,42
MDI 0.442 044 0.4 044
Component Weight Per Unit (kg);
CFC-11 052 0352 052 052
Polyol 1.5 1.57 1.57 1.57
MDI 1.66  3.33 3.33 3.33
Kg Fos er Unit; 317 376 31 376
Eroduction (1,000 units): 150 200 400 400
Cost: .
CFC-11 $1.31 131 13t L3
Poiyol $3.82 3.82 382 3.8
MDI $493 493 493 493
Total Cost/Unit $10.06 $10.06 $10.06 $10.06

TOTAL OPERATING
COSTS (51,000) $1,509 32,012 $4,025 $4,025 $8,374



50% Foam Assumptions

CFC-11
Polyol
MDI

Blended "New" Polyol

CFC-11 (14%)
Polyol {86 %)
MDI

Component Weight Per Unit kgl

CFC-11
Polyol
MDI

Kg Foam Used Per Unit:
Broduction (1,000 ynits);
Cost:

CFC-11

Polyol

MDI

Total Cost/Unit

TOTAL OPERATING
COSTS ($1,000)

TONS CFC-11 PHASED

OUT PER YEAR

50% CFC USAGE

1994

2.500
1.658
.97
1.64
0.067

0.413
0.320

0.266
1.635
2.039
3.96
150
$0.67
34,35
$6.11

$16.12

$1,667

39

1993

2.500
2.66
2.97
2.64
0.07

0.41
.52

0.27
163
2.06
3.96
200

0.67
4,35
6.11

$11.12

52,223

52

1996

2.500
2.66
2.97
2.654
0.07

0.41
0.52

0.27
1.63
2.06
3.96
400

0.67
4.35
6.11

$11.12

$4,446

103

1997

2.500
.66
.97
2.64
0.07

0.41
0.52

0.27
1.63
2.06
3.96
400

0.67
433
6.11

$it.12

$4,446 $9,252

103



THE MONTREAL PROTOCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET

COUNTRY: Chins

PROJECT TITLE: Shangling Conversion to 50% Reduced CFC Foam in
Refrigerators

SECTOR COVERED: Rigid Polyurethane Foam

ODS USE IN SECTOR: 13,000 MT CFC-11 (13,000 MT QDS} in 1991 ODP

PROJECT IMPACT: Phase out 103 MT CFC-11 per year

PROJECT DURATION: 2 years

PROJECT ECONOMIC LIFE: 4 years

TOTAIL PROJECT COST: US$ 413,000 Capital Costs Provided by Enterprise

US$ 271,000 Capital Costs Requested from OTF
US$ 687,000 Recurring Incremental Costs

PROPOSED OTF FINANCING: USS 958,000
IMPLEMENTING ENTERPRISE: Shanghai Shangling General Refrigerator Factory (SSGRF)
NATIONAL COORDINATING BODIES: Ministry of Light Industry (MLI} and the National

Eavironmental Protection Ageacy (NEPA)

IMPLEMENTING AGENCY: The World Bank

“ In the fiest year of full production.

1 Net present value of incremental costs for the finst three years discounted at 12%.

1



FRQIECT SUMMARY

This project will convert a 400,000 unit capacity proguction line at Shanghai Shangling General Refrigerator
Factory (8S5GRF) to the production of household refrigerators using 50% reduced CFC-11 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 at the Ninth Mesting
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 SS5GRF to the production of
household refrigerators using 50% reduced CFC-i1 foam.

ENTERFRISE BACKGROUND

$8GRF's is one of China’s largest household refrigerstor 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 has been
swarded many prizes from both the provincial and central governments for consistently exceeding unational
product standards.

PROJECT DESCRIFTION

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 matedials. Couversion cost include funds for new foaming equipment
and modification of existing equipment, lost productivity during conversion, and batch production. SSGRF will
us¢ w 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 chemical suppliers.

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

FROJECT COST

Summary of Project Costs: The total project mncremental cost of US$1,371,000, of which US$958,000 is the
total requested from the OTF as grant, was caleulated 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, tnal ruas,
training, and other costs for a 400,000 unit capacity household refrigerator factory using 50% reduced CFC-11
foaming technology. This project requests USE271,000 from OTF for capital costs, The enterprise will
provide US3413,000 for counterpart financiag for the project.

eI - Benefity; The net incremental operating costs of US$687,000 are equal to the net
pmseat vzlue of fhe ﬁrst thm years of incremental operating costs, discounted at 12%. These costs are due
primarily to increases in operating costs resulling from higher prices of certain foam raw materials {new polyol
and blended polyol), and increased guantities of others (isocyanate).
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Management: The Ministry of Light Industry and National Eavironmental Protection Agency will oversee the

successful implemeatation of this project. The project will be carried out at Shanghai Shangling General

Refrigerator Factory.

Schedule

I Project planning x

Importation acgoliation

Armaage & carry out

sining (forsign experts)

i
g Install new cquipment

Siability testing of new
alerisis

Trial s

toiad runs

Solvs problems found on

Produce 100,000
refnigeraloss with pew
| mwierisls per year

Produce 306,000
refrigersion with new
materials per year

Full production of
400,000 refrigerators
with new matzrisls per
year

e

e

-

RESULTS: This project will result in the phaseout of 103 MT of CFC-11 in the first year of fuil production.



Annex 1: Breakdown of Investment Costs

EQUIPMENT
Provided by Esterprise
New Moids
Auxilisry Foaming Machine
Domestic [nstruments
Freight and Insurance

Rexquested from OTF

Thermal Conductivity Meier

Infrared Toeemal Phacomerer

Measuring Insttuments for Closed
Hoiz of Foama

Aging Test Instrument for
Phastic Foam

Water Absorbiag Test Instrument for
Rigid Plasic Foam

Universal Test Machine

SUBTOTAL - Provided by Enterprise
SUBTOTAL - Requested from OTF
TRIAL RUNS - Provided by Enterprise
SUBTOTAL - Provided by Enterprise

TRAINING - Requesied from OTF
SUBTOTAL - Requested from OTF

$US = RMB 5.5
RMB 1,000
1100

550
275

338
674

4%

1997
1238

275
275

247
247

2212

3758

Us

100
58
13

65
123

h& 83

B FE

i



Annex 2: Breakdown of Inremental Recuwrring Costs/Benefits

100% CFC USAGE

Baseline Assumptions 1994 1995 1996 1997
Prces:
CFC-11 25% 255 255 255
Polyol 27 2.1 AT M
MDI 273 0273 2B 273
Bleaded “Old™ Polyol/CFC 2714 2 271 2
Compaositi f Mixture:
CFC-11 (25%) 0,139 014 014 014
Polyol (75%) 0418 042 042 042
MDI1 0442 0.4 04 044
Component Weight Per Upit (kg):
CPRC-11 052 052 052 052
Polyol L37 L5357  1L.57 157
MDI 1.66 333 333 3133
Kg Foam Used Per Unit: 376 3,76 316 AW
Productiog {1 upits): 100 100 306 400
Cost:
CFC-11 $1.34 134 134 134
Polyol $4.36 436 436 4.36
MDI $4.54 4,54 454 454
Total Cost/Unit $10.23 $10.23 §10.23 310.23
TOTAL OPERATING
COSTS (51,000) $1,023 $1,023 $3,06% $4,093 $6,515



50% CFC USAGE

50% Foam Assumptions 1994 1995 1996 1997
Prices:
CFC-11 2.545 2.545 2.545 2.54%
Polyol 3.072 307 3.07 3.07
MDI 2.73 2.73 273 2,73
Blended "New" Polyol 3.0 300 300 300
Composition of Mixture:
CFC-11 {14%) 0.067 0.07 0.07 007
Polyol (86 %) 0.413 0.41 0.41 0.41
MBP1 0.520 0.52 052 0.52
ent Wei e it :
CFC-11 0.266 027 0.27 027
Polyol 1.634 1.63 1.63 1.63
MDD 2058 206 206 206
am Used it 3.96 1.96 396 1.9
Production (1,000 umits): 100G 100 300 400
Cost:
CFC-11 068 068 (068 0.68
Palyol £5.02 502 s02 50
MDI £35.61 561 5.61 5.61
Total Cost/Unit $11.31 $1L.31 $11.31 $11.31

TOTAL OPERATING
COSTS (51,000 $1,131 $1,131 353,393 84,54 57,202

TONS CFC-11 PHASED
OUT PER YEAR 26 %6 78 103



THE MONTREAL PROTOCOQL ON
SUBSTANCES THAT DEPLETE THE QZONE LAYER

PROJECT COVER SHEET

COUNTRY: China

PROJECT TITLE: Shuangyan Conversion to 50% Reduced CFC Foam in
Refrigerators

SECTOR COVERED: Rigid Polyurethane Foam

0ODS USE IN SECTOR: 13,600 MT CFC-11 (13,000 MT ODS) in 1991 QDP

PROJECT IMPACT: Phase out 28 MT CFC-11 per year'

PROJECT DURATION: 2 years

PROJECT ECONOMIC LIFE: 4 years

TOTAL PROJECT COST: UUS8$520,000 Capital Costs Provided by Eaterprise

US$182,000 Capital Costs Requested from OTF
US5$323,000 Recurring Incremental Costs®

PROPOSED OTF FINANCING: US$505,000
IMPLEMENTING ENTERPRISE: Shuangyan Geaerul Refrigerator Factory (SGRF)
NATIONAL COORDINATING BODIES: Ministry of Light Industry (MLI} and the Naticoal

Environmental Protection Agency (NEPA)

IMPLEMENTING AGENCY: The World Bank

' In the first year of full production.

? Net preacat value of incremental costs for the first four years discounted at 12%.

l



PROJECT SUMMARY

This project will convert its 250,000 unit capacity facility at Shuangyan General Refrigerstor Factory (S8GRF)
for the production of household refrigerators using 50% reduced CFC-11 foam. This project will facilitate the
implementation of mature technologies in China’s largest CFC use sector (in both percent ODS snd ODP). This
project is included in China’s Country Program, which was finalized in January 1993 and approved st the Ninth
Meeting of the Executive Committee in Montreal, March 1993.

PROJECT OBJECTIVES

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

ENTERFRISE BACKGROUND

SGRF’s production line has an annual production capacity of 250,000 units and was imported from Sharp
Corporation, Japsn. SGRF has boen 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 units in
1992 and is expected to be 80,000 units in 1993.

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

PR D I

SGRF will convert its refrigerator 250,000 capacity refrigerator assembly line for the production of five
refrigerator models with 50% 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
praject 1.08:1.0), will be based on technology developed by the 510 Research Institute. Conversion cost
include funds for quality control imstruments, trial runs to optimize formula and blowing technique, and batch
production. This project will further demonstrate the performance of 510°s reduced CFC formulation based on
domestic raw materials, The training included in this project consists of on-site direction from foreign expeits.

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

PROJECT COST

Summary of Project Costs: The total project incremental cost of 1S$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 at 12%.

Capital Costs; Capital costs of US$702,000 include the cost of quality control instrumentation, installation,
trial runs, training, and other costs for 2 250,000 unit capacity household refrigerator factory using 50%
reduced CFC-11 foaming technology. This project requests US$182,000 from OTF for capital costs. The
enterprise will provide US8$520,000 for counterpart financing for the project.

erits Y dene The net incremental operating costs of US$323,000 are equal to the
net presem value of ﬁw 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},



R
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Management: The Ministry of Light Industry and Mational Environmental Protection Agency will pversee the
successful implementstion of this project. The project will be carried out st Shuangyan General Refrigerator

Factory.

ule:

e

TASK

Project planmning

1993

§954

1998

1996

1997

Procure equipment

Install squipment

Begin production with
n W matecisls

Arrapge and carry oul

I training {foreign expert)

Produce 80,00¢
refrigerston per year

Finish tesling spplication
of new materials i
refrigerstons

Produce 100,000
refrigerators per year

RESULTS: This project will result in the phaseout of 28 MT of CFC-11 in the first year of full production.
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$US = RMB 5.5
NT RME 1,000 185 1,000
Rw from OTF-
Storege Tanks (2} 482 g8
Closad Celi Mewer 14 &
Thermal Conductivity Meter 207 k1
Personai Comguter 131 20
SUBTOTAL - Requested from OTF 8313 152
N
Providod by Eaterpcise 2350 5
TRAINING - Requested from OTF 185 10
SUBTOTAL - Provided by Enterprise 2360 520
SUBTOTAL - Requested from OTF 165 30
- vi 1 i 2860 29
TOTAL - Requested from OTF 298 18
GRAND TOTAL 2838 02



Annex 2: Breakdown of Incremental Recurring Costs/Benefits

s Four Yes

100% CFC USAGE

{Constant CFC Price)

Baseline Assumptions 1994 1895 1966 1897
Prices:

CFC-11 255 255 255 255

Polyol 2,425 243 243 243

MDi 273 273 L1y L1

Blended "Old" Polycl/CFC 2455 246 2.4 246
Cormposition of Mixture:

CFC-11 (25%) 0.13% 0.14 0.14 0.14

Polyol (75%) 0418 042 042 042

MDI 0.442 044 044 044
Component Weight Per Uit (kp):

CFC-11 05 05 0.5 0356

Polyol 1.68 1.68 1.68 ].68

MDI 1.78 333 333 3.33
Kg Foam Used Per Unit: 403 403 403 4.03
Production {1,000 units): 80 80 106 100
Cost:

CFC-11 $1.43 1.43 1.43 1.43

Polyol $4.08 408 408 408

MDI $4.85 485 485 485

Total Cost/Unit $10.37 $10.37 $10.37 $10.37
TOTAL OPERATING COSTS (51,000} $829 $829 51,037 $1,037 $2,798



50% CFC USAGE

50% Foam Assumptions 1994 1995 1996 1597
Prices:
CFC-11 2.545 2545 2545 1545
Polyol 27157 218 276 LT6
MDI 273 293 273 273
Blendad "New™ Polyol 273 273 273 L73

Composition of Mixture:

CFC-11 {14%) 0067 007 0407 007
Polyol (86%) 0.413 041 0.41 .41
MDDl 052 052 052 0.5
Com t Weight Per Unit :
CFC-11 0.285 028 028 0.28
Polyol 1.750 175 1.75 1.75
MDI 2208 226 220 2.20
Kg Foam Used Per Unit: 4,24 424 424 4.24
Produgction (1,000 units): 30 80 100 100
Cost:
CFC-1t $0.73 0.73 0.73 0.73
Polyol $4.82 4.82 4.82 4.82
MDI $6.01 5.01 6.01 6.01
Total Cost/Umt $11.56 $11.56 $11.56 $£11.58
TOTAL OPERATING
COSTS (51,000) $928 3928 $L,156 81,156 3,121

TONS CFC-11 PHASED
OUT PER YEAR 2 2 28 28





