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This document includes:

a)

b)

Comments and Recommendations from the Fund Secretariat for the first and last
project proposals listed below (Comments and Recommendations from the Fund
Secretariat for the remaining project proposals listed below will be subsequently
submitted); and

The following project proposals:

. Modification of CFC-12 Mobile Air Conditioning Manufacturing for
HFC-134a (Subros Limited)

. Application Development for the conversion of CFC-11/Polyvol Systems
to low/non-ODS formulations {Manali Petrochemical Ltd.)

. Applications Development for the conversion of CFC-11/Polyol Systems
to low/non-0ODS formulations (UB Petroproducts Lid.)

. Replacement of CFC-11 blowing agent in polyurethane (PU) systems
with low and non-ODS materials (Expanded Incorporation)

. IICT, Hyderabad, Basic Data Development - HFC-134a Process.
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PROJECT EVALUATION SHEET
COUNTRY OR REGION: India
PROJECT TITLE: Modification of CFC-12 Mobile Air Conditioning

Manufacturing for HFC-134a

BUDGET: Us $1,710,000
INCREMENTAL COSTS: US $1,710,000
ODS PHASE-OUT: 84 MT CFC-12
COST EFFECTIVENESS": US $20.36 per Kg. ODP saved
PROJECT DURATION: 2 years
IMPLEMENTING AGENCY: The World Bank

NATIONAL COORDINATING AGENCY: Ministry of Environment and Forests (MOEF)

TECHNICAL REVIEW COMPLETED: YES _X. _ NO _

S AT’S CO

1. This project involves the modification of mobile air conditioner production facilities for
the development and production of HFC-134a MACs for the company’s export market. This
project includes changes in both production equipment and compressor design modifications.
The conversion of the production line will benefit the second phase of the project which will
concern the phase-out of all compressors for the domestic market.

2. The total project cost is US $2,313,600 which includes US $302,860 of operational
costs. Since Nippodenso Company Ltd. of Japan owns 26 per cent of the company, the
incremental cost request has been modified according to the Committee’s guidelines on
transnational corporation ownership.

3. Since the implementation schedule indicates that equipment ordering and technology
transfer began in the second quarter of 1993 and was completed in the third quarter, it is
assumed that part of this request is for retroactive financing.

Determined as the ratio of incremental costs to the estimated annual saving of ODP ($/0DP ). For
CFC-11, ODS=0DP
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SECRETARIAT’S RECOMMENDATION

4. The Secretariat recommends final approval of this project for the amount requested,
US $1,710,000 with the understanding that cost estimates included herein will be reassessed
during the final appraisal and the Executive Committee is so informed.
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PROJECT EVALUATION SHEET
COUNTRY OR REGION: India
PROJECT TITLE: IICT, Hyderabad, Basic Data Development -

HFC-134a Process

BUDGET: US $1,400,000
INCREMENTAL COSTS: US $1,400,000
ODS PHASE-OUT: nfa
COST EFFECTIVENESS: n/a
PROJECT DURATION: 2 years
IMPLEMENTING AGENCY: The World Bank/IDBI

NATIONAL COORDINATING AGENCY: Ministry of Environment and Forests

TECHNICAL REVIEW COMPLETED: YES _X NO

SECRETARIAT’S COMMENTS

1 India Institute of Chemical Technology (IICT), Hyderabad, has developed a chromia-
based catalyst and a two-stage process for HFC-134a production. This project would design and
construct a pilot facility for the development and testing of the production of HFC-134a based
on indigenous technology. The plant would have the capacity of producing 30 tonnes of
HFC-134a per year. The intent of the project is to test HFC-134a production process to enable
IICT to transfer the basic design, technology, and engineering process to other companies in the
country at no charge, and to other developing countries on most favourable and non-commercial
terms.

2, Three local major manufacturers of CFCs have agreed to adopt IICT technology for the
production, on a commercial scale, of HFC-134a.

3. The proposal was submitted to the World Bank. An OORG production sector expert
reviewed the proposal, and raised several technical issnes. IICT responded to most of the
reviewer’s comments. However, the reviewer stated that technology could be transferred at a
lower cost than the proposed project. He pointed out that it was likely to be more cost-effective
to adapt existing technology to local conditions than to start from the developmental stage as
proposed in this project.
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SECRETARIAT’S RECOMMENDATIONS

4. The project is not eligible for funding because it seeks to establish a new production
facility, albeit on a pilot scale, and not to replace an existing plant.

5. However, if the Government of India makes a commitment not to request funding for

licensing of technology to the existing four producers of CECs, the project might prove
cost-effective.

6. The Secretaniat therefore recommends that the project be disapproved on eligibility
grounds, or deferred pending clarification from the Government of India regarding 2 above.

7. The Secretariat further recommends that a strategy paper on all issues relating to
production of substitutes should be developed.



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

COUNTRY India

SECTORS COVERED Refrigeration and Aily Condictioning {Automotive
Air Conditioning}

QDS CONSUMPTION

IN AFFECTED SECTOR 282 MT in 1992

PROJECT TITLE Modification of CFC-12 Mobile Air Conditioning
Manufacturing for HFC-134a

PROJECT DURATION 2 years

PROJECT IMBACT g4 MT ODS

Unit Abatement Cost (UAD) $4.3 per ODP weighted kg. of CFC-12

PROPOSED BUDGET Incremental Capital Cost $2,010,740
Incremental Operating Cost $ 302,860
Total Project Cost $2,313,600

PROPOSED OTF GRANT $1,710, 000

IMPLEMENTING Subros Limited

ENTERFRISE

IMPLEMENTING AQGENCY The World Bank/IDBI

NATICONAL COORDINATING Migistry of Environment and Forests (MOEF)

AGENCY

[—-E_....... s T = ——— o o s e s ........
FROJECT SUMMARY

This Project will phase out chloroflucrocarbons {(CFC-12) used in
Aucomotive Air Conditioning Systems, In Phase I of this project, Subros
will modify its production capability enough to supply its export market
ﬁ with HFC-134a compresgssors., This Phase will therefore regquire changes in
production equipment as well as compressor design modifjications. The
incremental capital cost for these items is the subject of this
proposal.. Phase IT will be devoted to phase-out of CFC-12 from all
compressors for the domestic market. The schedule has been planned to
accommodate the phage-out envisaged in the India Country Program. Many
of the costs involved in the Phase I propesal will alse provide for some

I of the Phase II activities. A separate proposal will be gubmitted for
Phage II.

TECHNICAL ASSESSMENT: This subpreject has been reviewed and supported by
the.QORE technical reviewer, Mr. 5. Qulouhoijian. His comments are
attached.

T = e o




-2 -

PROJECT OBJECTIVE. The project objective is to facilitate the phase out of CFC-
12 used as refrigerant in the Automotive Air Conditioning Systems by producing

compressor designed for use of HFC-134a in coordinacion with model changes by car
manufacturers.

SECTOR BACRGROUND (modified as per draft India Country Programmme - July 1993)

The Automobile Industry in India underwent major growth in the early 1980°g
with the start-up of manufacturing facilities for late model cars. To provide
Automotive Alr Conditioning Systems for these cars, SUBROS LIMITED, India started
production with foreign ceollaboration. India has a tropical climate coupled with
heavy traffic and pollution conditions in the metropolitan cities and also poor
rural road conditions. All these result in a lot of discomfort while travelling,
due £¢ high temperature, humidity, dust and pollution etc. It is estimated that
during the yvear 1983-94 a total of approx. 105,000 Air Conditioning units shall
be ingtalled in India {including vehicles manufactured for export) and another
176,000 units may require frash refrigerant charging. The total consumption of
CFC-12 during 199%93-94 is estimated to be 281 MT at cone kg. per vahicle.

ENTERPRISE BACKGROUND. Subros Limited, India, is manufacturing Automotive Air
Conditioning Systems in technical collaboration with M/s. Nippondenso Company
Limited, Japan. Total Capital Investment of the Company is about U337 million
and expected turnover duving the financial year 1%$93-94 is likely to be USS40
millions. Subros employs 400 people, is the largest manufacturer of Automotive
Air Conditioning Systems in India and is the original egquipment supplier to:

1) M/s. Maruti Udyosy Limited {Subsidiary of M/s Suzuki Motor Company,
Japan) ~ for their total reguirement for domestic and export markets; and

2)  Other leading manufacturers like M/s. Engg. & Locomotive Co. Limited
and M/s. Premier Automobiles Limited,

Subrog has a modern manufacturing facility located at Noida (3¢ Kms. from New
Delhi}. All the critical manufacturing equipment, instruments and tooling eto.
have been imported from M/s. Nippondense Company, Japan, who have trained Subros
engineers, Some of their engineers are based at Subros to provide day to day
input for making their products of international gquality standards., Heeping in-
line with the Montreal Protocol Agreement, of which Japan alse is a signatory,
M/s. Nippondenso Company, after extensive research and tests, developed the
technology for use of alternate refrigerant HFC-134a. Subros plans to phase out

the use of CFC-12 with technology available from M/s. Nippondenso Cowpany, Japan
and adopt HFC-134a based technology.

Subros manufactured 31,000 units during FY 1392-32. During the yvear 1983-
94, it is expected that Subros shall wmanufacturs and supply 50,000 Air
Conditioning Systems both for domestic and export market. Considering the
caantity of refrigerant required is one kg. per vehicle, approx. 50 MT of CFC-12
shall be consumed for Automotive Air Conditioning Systems supplied by Subros.
Approximately 35 MT is used for recharging. In the years 1834-159%3% an average
of 100 MT/vyear is expected to be consumed. Subros is the original equipment
supplier of Automotive Air Conditioning Systems to M/s. Maruti Udyog Limited
{MUL) , both for their domestic and export markets. At present M/s Maruti Udyoyg
lelted is exporting their existing wodel of 800 CC (LHD) cars to varicus
countries for which Air Conditioning Systems are supplied by Subros. During mid
1993, M/s. Maruti Udyog Limited shall bhe launching a new model of car primarily
designed for sxport market. It is expected that during 19%4-%5, MUL shall
require a total of 12,000 units for export market. M/s. Nippondenso, Japan has
projected a demand for supply of 11,000 retrofit Compressors (for use with HFC-

134a} per annum from 1384-95 onwards for export market to their wvarious
subsidiary companies.
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PRCJECT DESCRIPTION. The project involves:
{a) Transfer of Technology from M/s. Nippondenso Company Limited, Japan:
(b} Setting up infrastruccture required for new production lines;

{c) Procurement of imported and indigencus equipment, toolings,
instruments etc, Lor new production lines and modification of existing
production lines; and

{d) Training of Subreos wmanpower at Nippondenso, for changeover
implementation and subsequent production.

The project will result in phasing out a total of 100 MT CFC-12 used for the
initial charge and service.

JUSTIFICATION FOR SELECTION OF ALTERNATE TECHNOLOGY. Alternats technology based
on refrigerant HF(C-124a is being adopted for the following reasons:

{I} HFC-134a has been accepted world wide as replacement for CFC-12 for
uge in refrigeraticn and air conditioning applications including
Automotive Air Conditicning Systems because of its good thermodynamic
properties, zero ODP and non-flammability. Also, refrigerant HFC-134a has
been recognised worid-wide as the refrigerant of choice.

{I1} M/s. Nippondenso Company, Japan, Subres collaborators, have carried
put extensive rasearch and testing using HFC-134a and have accordingly

developed the technology. M/s. Nippondensc have agreed to transfer the
technology free of charge.

PROJECT COSTS. Unless otherwise noted, all costs in this section are economic
rather than financial costs.

Total Sub-Project Cost: The total capital cost is US$2,010,740. Since
there are no non-ODE capital costs associated with this project, the total
project cost equals ODS reduction portion of the overall project. This project
will not provide Subros with any additiconal revenue, Major components included
in the capital cost are, costs for infrastructure, additional preoduction and
tegting lines, transfer of technology, training etc,

Qperating Costs: The incremental operating costs for this project are
estimated to be US5302,860.

Unic Abatement Cogt {UAC). The UAC for Phase-~I of the project ig US54.3
per ODP weighted kilogram of CFC-12. This number is derived from annualised
incremental capital cost of US$2,64.260 first year incremenral operating cost of
5695, 544 and savings of 83.6 MT (weighted} of CFC-12 pey annus.

Proposed OTF Grant. The proposed OTF grant of US$1.71 millions for Subros
is galculated by multiplying the total ODS reduction project cost of US$2, 313,600
by the percentage of ownership of the company by Indian owners {i.e. 74%).

FINANCIAL AND ECONOMIC ANALYSIS

. Economig Rabte of Return (ERR). Since the project entails initial capital
and incremental operating cost only, the ERR is undefined and is not calculated.

Financial Rate of Return. (FRR}. Since total incremental cost over 15
years is estimated to be US$302,860. Assuming that Subros receives a grant of
Us%1.71 million and since the enterprise has a cash flow in the first year
followed by recurring cost, the preject is equivalent to borrowing money rather

than making an investment. Thus, as there is only a net recurring cash out flow
every year, FRR is not calculated.



Implementation Schedule

SL Activity 1993 1934
NO
Quarter Quarter
I IT ITI v I IT ITI IV

01.z | Techneology Transfer L] =< »—
4
0z, Fund receiving <-->
03. Infrastructure

Provision
04. Equipment Ordering C—=-=—==>
05. Training <-=>
06. Setting up <->

production Lines
07. Trial Production
08. Mass Production {(As per the country policy to be

4 announced)

09. Supply of Domestic

Market

REQUIRED REGULATORY ACTICNS. No regulatory actions other than routine

permission, are required to implement this project.

Direct Project Impacts. This project will phase out 85 MT per year of CFC-
12 {1992 basis) egquivalent to ODP weighted savings of 85 MT.

Indirect Project Impacts. This project will have no impact on performance
or gquality. However, since the cost for Phase-II has not been included in this
project and shall be worked out separately, it is not possible to furnish the
impact on price of Rutomotive Air Conditioning Systems for domestic market.

ENVIRONMENTAL IMPACT. This project is not expected toc have any adverse
Environmental impact at the factory level.

Changes in Project Scope and Costs Due to OORG Comments. Project costs was
reduced as a result of earlier OORG review. Enterprise will make the maximum
use of Japanese engineers already at site due to other work. However, this
factor was already taken into account to determine training and technical

assistance level required. All equipment wil be procured internatiocnally to
optimize costs.



Project Coat Eatimate

“_Egpital cost usg
Compresser Assembly 512,484
Tube liguid 198,027
Hoges 158,181
§ Task Receiver 113,472
Condenser Evaporator 351, 584
i Compressor parts machinery 497,708
Training 38,258
Technology 9,590
Consultancy &, 000
I Total cost 2,034,708
“ Less residual value 23,966 i
Capital cost | 2,010,740 mmmﬂ
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SIMONE MANAGEMENT INC.

743215 Went Cheater Plke
Upper Darby, PA 19082
(215) 352-4600

DATE: Auguast 9, 1993

TO1 Don Brown Warld Bank
Proiject Manager Waghingeon, D.C. 20433
Agia Infermavion Center
Fax# Z02-4T7-661G

FROM: Bimon Oulcouhojian Faxt#t 215-352-1345 -
OORG Reviewver

SUBJECT: India -~ Review of Mbbile Air Conditioning Pro ject Proposal
Sub-Project Propesal For Tha Usc OFf Non-Gde Technology At
Subroa Limited, Tndig

MEBEACE) Modiflcation of CKCl2 Mobkile Alr Conditioning systems
manufacturing and compressors to HFCL34A, n non-ozone
daploting refrigerant,
Two phase project over o period of two vears,
Impact i8 84 metric tonn of ozona depleting substances.
Project cost $2313600.00
Grant OTF $17200.00 §%,7\2600”

RECCHMENDATIONS: On the whole, T support this proposai. The bank
should 1vuk at the possibility of reducing costs in both
travel and additional support Lo bring in engineers through
the utilization of the on site qualily controul engineers
that Nippondensc has there. There may be a rotaticn of
these personnel, who could be trained and retrain the staff
at Subros Limited.

Based on the information in cthe preposal, Subrog has a
medern plant and qualilied employees that could easily and
quickly make the necossary changes for tranwition t£o nom.
ozone depleting HFCLI4A refrigerant in Syestems and compressor
production. .

Thisg grant would accslerate the use of HFCLI4A comprosvsora
inte the region as Subros also exports systemam and paris.
The ciimate and temperaturc in India indicates a growth
market for moeblle alr conditioning systems, by their owmn
projections well over 110000 units in the nex! Few yenes,
This project will provide cash flov the €irst year. Thiy
proposal should be beneflicial to all parties and should he
a4 model program os Lt comea (o frulclon. ‘



&
SIMONE MANAGEMENT INC.

7425 Wast Chester Plke
Upper Darby, PA 19082
(215) 352-4600

Nippondenso certainly has a fine reputation in the ajir
conditioning industry mmintaining a leadership position
for its research and development programs, highest gualicy

products and engineering. They should be commended ror
offering this technology ror tranafer.

ENVIRONMENTAL IMPACT) Phaging out 84 mecric tons orf CFO Chrough
accelerated tranasition o 1343 in systems and comprassors
manuracetured by Subres. I see nothing in this proposal
with adverse environmental impact. I am sure proper
material safoty data information wili acecempany techneiogy
tranafesr; for example, proper handling orf synchetic
iubricants to avold skin concace.

Simon OQuiouhojian



THE HONTREAL PFROTOCOL ON

SUBSTANCES THAT DEPLETE THE OZONE LAYER

COUNTRY
SECTORES COVERED

oDg COMSUMPTION IN
AFFECTED SECTOR

PROJECT TITLE

PROJECT DURATION

PROJECT IMPACT
Unit Abatement Cost (UACH

PROJECT BUDGET

FROJECT OTF GRANT
IMPLEMENTING ENTERPRISE
IMPLEMENTING AGENCY

NATIONAL COORDINATING
AGENCY

PROJECT COVER SHEET

India

Foam Systems

1,200 Tonnes {1891}

Application Development f£or the conversion of
CFC-11/Polyol Systems to low/non-0ODS formulations

Phase T : Part A 1 vyears

Phase I : Part B 2 years

Phase II : To be determined later
488 MT ODS hy 1995

Not applicable to Phase I

Incremental Capital Cost 8729, 000
Incremental Operating Cost $100,000
Total Project Cast $82%,000

5829,000
MANALI PETROCHEMICAL LTD., MADRAS

The World Bank/IDBI

Ministry of Environment and Forests [MOEF)

infrascucture.

TECHNICAL ASSESSMENT:

attached.

This subprojec
by the O0RG technical reviewer, Mr. M. Jeffs.

PROJEBCT SUMMARY

Thig project will facilitate replacement of CFC-11 as the foam blowing
agent in polyurethane (PU) chemical systems manufactured at Manali
Petrochemicals plant near Madras. These systems have end-uses in rigid
insulation and flexible moulded foam mapufactured products. This
project will source commercially proven technology for PU chemical
systems containing low-ODP foam blowing agents. The technology will be
adapted to guit Indian customer needs & specific end-use regquirements
with modifications to Manali Petrochemical’s existing manufacturing

The technology for the PU chemical systems will be
cbtained from ARCO {(US) and Mitsui {Japan! under the terms of technology
transfer agreements currently being negotiated. This project will
provide a local source of sssential materials with which industry can
reduce CFC-11 ugage in India by about 1,200 MT per vear by 1596,

t has been reviewed and supported
His comments are ﬂ
R —
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PROJECT OBJECTIVES. The obijectives of this project are to establish a source of
proven tachnoelogy in polyurethane Chemical foam containing low and zers ozone
depletion potenctial {ODP) blowing agents. This project consists of two phases,
(I} formulation development of polyol systems and {II) manufacture and supply of
commercial guantities of the systems.

Phase I. FPormulation development mainly using indigenous material and small
guantities of imported material with emphasis on formulations using low or zero-
ODP gubstitutes such as HCFC-22, HCOFC-141b, HFC-134a, and hydrocarbons. Since

a single solution is unlikely in the foreseeable future, the study should include
at lsast the aforementioned chemicals,

Phage I7. Phase 1T will be submitted as a separate project when information from
Phase I enables better definition of scope and timing. It will cover the project
for manufacture and supply of commercial quantities of alternative gsystems for
raplacement of CPFC-11 in flexible moulded and rigid polyurethane formulations.

SECTOR BACKGROUND {modified based on draft India Country Programme - July 1993)

a} Flexible Moulded Foams (Automotive Sector). There are 8 major and 24 smaller
foam manufacturers operating in the moulded foam mector. All are suppliers to
the automotive industry. In 1891, all enterprises produced approximately 2,300
MT of foam using CFC-1l-based indigenous formulaticons including 160 metric tonnes
of CFC-13%. The largest manufacturer, Bharat Seats, produces nearly 50% of
conntry’s requirement of seats uging CFC-11 based imported polyol formulations
containing an additional 80 tons of CFC-11. Bharat now is changing to CFC-free
gystems. One more large enterprise for manufacture of seats is expected to go
into production by 19%4. By 1594, the reguirement of unctnstrained consumption
of polyol & isocyanate systems in automotive sector is expected to be of the
order of 4800 MT, which would lead to comsumption of 210 MT of CFC-11,

k) Rigid foam sector {Refrigeration). The domestic refrigerator industry of
India congumed approximately 578 MT of CFC-11 in 1992 for use in polyurethane
foaming operations. The production of refrigerators and freezers has increased
significantly in the past three years with two new companies entering the field.
In 19252 the production was approximately 1.4 million refrigerators per year and
it is expected to increase to 2.3 million refrigeratora by 1385. Domestic
refrigerators are relatively small in size (about 165 litres). Each refrigerator
uses approximately 3 kg. of foam, which requires about 450 grams of CFC-11 for
foam production alone. Recently large refrigerators. using approximately 5.5 kg.
of foam per refrigerator, have alsc entered the market. It is expected that by
the year 199%, the refrigerator sector alone will consume approximately 8,000 MT
of foam, which will reguire nearly B75 MT of CFC-11. The developnment of
alternative polyol/blowing agent combinations as soon as possible will have a
direct impact on these large, rapidly growing CFC conguming sectors,

ENTERPRISE BACKGROUND, Manalil Petrochemical Limited is located in Madras, India.
It is a 100% Indian owned company and employs about 350 pecople. The revenues in
1891, the first yvear of operation were approximately $16 million., Revenuesa grew
in 1992 to $22 million due to penetration of the import market and new sales in
flexible moulded and rigid insulation foams. In Decembexr 1990, Manali began
poelyol production at its Madrasg plant.. Technology was purchased from ARCO (USA)
on a one-time technology transfer agreement covering a broad range of polyether

and polyester polyol formulationg., A new technoleogy transfer agreement covering
CFC-free systems will need to be funded under Phase I.

Annual production capacity for polyols is 7,500 MT in two plants at the
Madrag site. Capacity utilization is about 25% but expected to reach 65-70% by
1998, Raw materialsg for manufacture of polyols, i.e. propylene and propylene
oxide ara also produced at the same location. Small quantities of polyol systems
are exported to Middle Hast and to Asian Countries. Manali‘s domestic market
share ig about 45% for flexXible wmoulded and arcund 50% for rigid grade polyol
formulations {(1993-94 expegtations as per Manali).
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FROJECT DESCRIPTION. The preject consists of two phases:

Phase I - Application development for conversion of CFC-11/polyol systems to
low/non-0D8 formulations; and

Phase Il - Establishment of manufacturing and supply capability for low/non-oDS
systems.

This project will source commercially proven technology for polyurethane
chemical systems containing low-ODP foam blowing agents. The technology will be
adapted at Manali to suit Indian customer needs and specific end-use requirements
with modifications to Manali‘s existing manufacturing infrastructure,

Phase I - Part A (Flexible Mouldsd Feams). In this part of the project, the
company would develop technology leading to production of polyurethane foams for
flexible moulded applications, which would be totally OFC free. Currently MPL
manufactures polyol formulations based on conventional technology. Current CFC
consumption rate is approximately 60 tonnes annually. MPL propouses to
manufacture polyol formulations for flexible moulded foams which can eliminate
use of CFC~11 with water-blown systems. These formulations will eliminate around
94 MT in 1994 and 140 MT in 1995% of CFC-11 in MPL sales to the automotive market.
For this puvrpese, the company proposes the following action:

EY Aoquire the technology at an estimated cost of $50,000 - $160,000 from
ARCO Inc. of USA through their application centre at Singapore.

b} Training of MPL chemists at Singapore, (20 man-days).

¢l ARCO Staff will work at MPL application centre to perfect formulation.

d} Carry out field trialsg at the foam manufacturers to gain acceptance and
feed-back.

rhase I - Part A Capital Costs (Anpex A) will cover purchase of technolegy, foam
producing equipment, foam testing equipment, travel and training.

Phase I Part B: {Rigid Foams)}. This part concerns reduction/phase out of CFC-11
in production of polyurethane foams in the refrigeration and PU foam insulation
sector. The main thrust of Part B is application development of Polyol
formulations for insulation foam. In this part of the sub-project, MPL proposes
to develop formulations to immediately achieve 50% CFC-11 reduction. This action
is not expected to need any significant redesign or capital expenditure., MPL
further proposes to support the Indian custemers with formulations containing
alternatives to CPCs, such as HCFC-22, HCFC-14lb, and ultimately achieve 100%
CFC-free gystems with candidates such as HFC-134a and/or cyclopentane. To
achieve thiz objective, the company proposes the following actions,

al Enter inte a technical consultancy agreement with Mitsul of Japan to
provide the technical guidance in development of rigid formulations. A
quotation from Mitsul of Japan is awaited. Estimated cost is $3100,000.

b} Purc¢hase required catalysts, chemicals and alternative blowing agents to
caryy out the experiments.

o) - Buy additional high pressure dispensing equipment and large life size
moulds to simulate operating conditions of refrigerator manufacturer.

The development of new formulations require special foam testing equipment.
Major pruperties need to be monitored and to be kept within precise acceptable
limits. The project also requires funding for extension of the present laboratory
space to accomodate this additional foaming and testing equipment. The
technology development also recquires the visit of foreign technology scurces i.e.
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experts from Mitsui of Japan. MPL expects to develop the formulations within a
period of twelve months, carry out laboratory trials and then field frials to
gain acceptance with the refrigerator mamufacturers. Afver successiul
development of rigid formulations, MPL will be in a position to supply
formulationsg for use by the refrigerator manufacturers prior to commencement of
commercial preduction. The incremental investment costs for manufacturing and
supplying these formulations will be presented as a separate project in Phase II.

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY:

PHASE-I: PART-A. World over the flexible moulded foams are produced using
different technologies either cold-cured based totally on MDI or hot-cured or
gemi-hot cured with TDI and a mixture of MDI and TDI. Considerable use is now
being made in developed countries using MDI/catalyst/water combinations to
raplace CFC-11 in flexible moulded foams. Since insulation performance is not a
facteor, such a system is both acceptable and less expensive for the consuming
enterprise. thisg technology cannct apply to rigid insulation focams, as
insulation values are poor. In the Indian context, the polyol industry is in
its infancy stage and would require exterpal assistance from a large “system
house® from abroad to provide techmical guidance and training to keep abreast
with the rest of the world. Since large userz2 of flexible moulded formulations
in India have already started specifying CFC-11 free foams, MPL must equip itself
with technology to produce the CFC-freae polyol formulations.

MPL also currently exports polyol formulations to Middle East and to Asia.
With the need for exporting CFC-free formulations, a technology tie up with a
renowned technology supplier is necessary {i.e. ARCO-USA). MPL feels that it
requires not only technical guidance in development of formulations but also
requires the additional egquipment listed in Phase-1 Part-A of Annex I of the
feagibility study (page 24) in addition to equipment they have already have for
testing foams. The majority of expenditure is towards purchasge of a bench
digpensing machine and larger size moulds to check flow characteristics of the
system due to increase in visdcosity in polyol with elimination of CFC diluent.

PHASE-T : PART-B. In the rigid foam segtor, the options available to the company
have been scheduled as follows:

al Development of S50% CFC-11 free formulations.

o} Development of CFC-frae formulations with HCFC-22, HFC-141b, HCFC-134a,
and/or ¢yclopentane, whichever the market demands.

Mogt refrigerators wanufactured in India avre of small size (155 litres) and
moulds are not very intricate. MPL believes that by use of suitable enhancing
surfactants and blends of low viscosity pelyeols, it is possible to use water
blowing technigques to phase out 50% of CFC-11 used in the production of foams.
However, this activity would require technical guidance from external sources who
have already developed such formulations and testing for required properties.
Critical properties are thermal conductivity, ¢loged cell content, compression
strength, dimensional stability, flowability, filling characteristics,
flammability and adhesion to refrigerator liners. New formulations must replicate
properties of CFC-11 blown foams as closely as possible. Hence these
measurements are necessary on a realistically duplicated scale.

- The thermal conductivity will be higher due to the increased use of carbon
dioxide, which is also likely to result in reduction in compression strength and
also clozed cell content., Therefore, a "K* factor meter, Pycnometer, UTM and
rise rate meter would be required to test the properties of the foam. Detailed
explanation for requirement of the equipment is found in Amnnex V of the
feasibility study. Equipment at MPL is fully committed for testing existing
production of polyol systems and cannot be spared for carrying cut concentrated
development work. After the 50% CFC-11 tests MPL will continue its work to
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eliminate CFC completely and develop HCFC-22, HCFC-14l1lb or HFC-134a systems based
on more detailed discussions with the collaborators (MITSUL, et. al.). MPL plans
to procure the test equipment that coould also be used for this part of
application development work {100% CFC-11 phase out programme). No expenditure
for equipment is foreseen at that stage for use in deveiopment work using HCFC-
22, HCFC-141b or HFC-1l34a.

PROJECT COBT. Total Project costs as shown in Annex A, for both parts A and B
of Phase-~I is $823,000.

CAPYTAL CUST. As detailed in Anmex A, the total capital cost for this project
im $72%,000 and will be incurred in Phase-I.

QPERATING QOST. Phase-I Part-A and B, The project envigages only development
of systems and use of special chemicals, catalysts and blowing agents for
laboratory and field trials. Hence incremental operating cost towards this has
baen incorporated in Ammex II of the feasikily study. Along with this, the
manpower cost and the power cost during the period of development have been
congidered as operating cests. The Net Present Value {(NPV) operating costs for
the development work are as follows:

Phage-1I Part-A: $49,800
Phagse-I Part-B: $50,400
Total $100,200

Unit Abatement Cost (GAC). The Unit Abatement Cost {UAC) is not applicable for
this kind of applications development work as of now.

FINANCIAL AND ECONOMICAL ANALYSIS:

Beonomic Rate of Return (ERR}. The project is applied developmental work
and hence ERR of the project is undefined.

Finsncial Rate of Return (FRR}. The project is application development and
hence FRR 1s undefined.

Financial statuzs of the eanterprise. To be completed at appraisal iy IDBI.

Financing plan. To be completed at the appraisal by IDRI.,

Project Implementation. To be executed by IDBT.,

Proiect Schedules. Refer to Annex B

Changes in Project Scope and Cogts Due to OORG Comments. Technology
supply arrangements were better defined and project costs were lowerad

substantially after initial OORG review of the project. The project is supported
by the OORG reviewer.
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PROJECT COST SUMMARY

CRPITAL COSTS

uss
Phase I - Part A

Technology Transfer, Consultancy 97,000
and Training

114,000
Tegting Baquipment
2,000
Freight/Insurance/eto.
216,000
SUB~TOTAL
Phase I - Part B
122, 600
Technology Transfer, Consultation
and Training 16,000
Building Extension 337,000
Teating Eguipment 38,000
Freight/Insurance/etc. 512,000
SUB-TOTAL
PHASE I - TOTAL CAPITAL COBTS 729,000
OPERATING COSTS (NPV)
Phase I - Part A 50,0480
Fart B 50, 000
TOTAL OPERATING COSTS 100,000

TOTAL PROJECT CCSYT 828,00
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IMPLEMENTATION SCHEDULE

_ From To
Fhase T - Part A « Flexible Mouldaed
Formlations
without Blowing
Agents 40-'93 2H-'94
Technical assistance and visits 40-°93 2H~' 94
II Procurement 40Q~783 20194 "
Bench trials and testing 10-754 30Q-7094
Demongstration at MPL Lab. and at
cuzstomey location ZH-'54 -
“ Ready for commercial production
Bart B-1 -~ 50% CFPC Foam 40-793 2H~784
Formulabions
40~ 313 2H~f94
Teonical assistance and visits
20~'94 40-*94
Comstruction and procurement
_ 4Q-7 84 1Q-+9%
Bench trials and Testing
2Q- 98 -
Demo at MPL and customers
Commercial production
30-793 iQ-'94
Part B-2 - 100% CFC-1l Free
Formlationa 40-'83 30-794
DEM discssions to define needs 20-%4 20~-185
Technical Assistance and visits 25-19% 40-~755
Bench trials and testing 40«98 -
Demo at MP Lab of new technology
Commercial production




MANALT PHTROCHEMICAL LTD. MADRAS, INDIA

sgopa

The project under review covers the development of technology
suitable for the Indian market in the fields of:

a) CFC~free systems for flexible moulded foams for the automotive
gachtor.

b) CFC 1l reduced and CFC~free systems for rigid insulation foams
for the domastic refrigerator secter.

It is the reviewer's understanding that other actions in which
MANALI is engagad in, such as flexible slabstock, intagral skin,
gensral insuliaticn (building) and structural foams, are gutside
the scope of this project. '

Recommendation

The project is supported, As discussed in ‘the saction on
"cachnical soundness® the time of phasing in HCFC/HFC technology
for the rigid applicaticn and the choice of tachnology post
treduced CFCM" will have to be daecided as the projact develops.

This is the most comprehensive and best prepared project that
this reviewer has seen.

Fe i s

Tecunology and technical support for this project is te be
obtzained from two (Arco Chemical and Mitsul) of the world leaders
in the field.

For the flexible moulded application the proposad route is
understcod to be based on MDI/water blown technelogy, in line
with ganaral world trends.

For the rigid refrigerator application the project envisages the
development of 50% reduced CFC 11 formulaticns followed by CFC-
free formulations. The project plan calls for the narket
introduction of the CFC~-free formulations only six months after
the 50% reduced formulations., Bacause of the rapid implementation
of Cre-free formulations in other markets, The Bank will be
reviewing policy on the technologies tc be supported during 19383
and this project should take nocte of any conclusions reached. The
only way to progress towards ODS elimination during a period of
technological changs is cover several bases and constantly review
‘technological choices as time passes. Twenty-twenty vision will
be evident in hindsight.

It is noted that equipment capable of handling low beiling
blowing agents sugh as HCFC 22 and HCF 134a is included in the

quotations.
ﬁ/ZOb
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The raviewer repeats earlier comments that HCFC 22 alene ig
considered to be unsuitable for this application because of rapig
loss of insulation value through diffusion ocut of the foam, Therse
is an incresasing interest in cyclopentana technolegy in the
refrigerator sector and further eguipment and procedures would
be necessary te handle this flammahle blowing agent.

Lessop from experience

This project shows the benefit of interchange between the project
developers and reviewer during tha earlier stages of project
development.

Envircnmental Tssuas

Tha exacutlion of the project should considar the time scale over
which 50% reduced CFC 11 formulations are used when proven
technology will be available in the short term for complste CFC
replacement by either HCFC or zero ODP technology.

The centre of zerc OLP rigid foam technoleogy 1s currently Europe
and other technoclogy partners might be required for this stage.

fe sSsSues

The issues raised at an earlier stage appear to ha adegquately
addressed in Appendix ITI. It is recommended that these ara
incorporated Iin the main project and referred to undar

weraining®.

£faet

The project's effectiveness can be expressed as 1.7 $/kg of ODS
phased out althcugh this analysis does not takae intc account
additional costs incurred at the preoduction at MANALL or at the
downstrean production stage (foam or refrigerator factor). The
figure expressed above is highly effactive compared with the bulk
cf fgam projscts.

Qther

No additiconal ¢commants,

CORG MD 152



THE MONTREARL PROTCCOL ON
SUBSTANCES THAT DEPLETE THE OZONE LAYER
FROJECT COVER SHEET

COUNTRY India

SECTORS COVERED Foam systems.

Ons CONBIMPTION IN

AFFECTED SECTOR 1,282 rons of CFC-11 (1391}

FROJECT TITLE Applications development for the conversion of
CPC-11/poliyol syYgtems to low/non-0DS
formulations.

PROJECT DURATION Phase I : 1 year {1994}

Phase II : 2 years (133%5-358&}

PROJECT IMPACT 705 MT ODS in the periocd 19%4-94

Unit Abatement Cost {UAC) Not Available

FPROPOSED BUDGET Incremental Capital Cost §824,000
Incremental Cperation Cost $3105,4000
Total Proiect Cost $823, 000

PROPOSED OTF GRANT $838,000

IMPLEMENTING ENTERPRISE UB Petroproducts Litd.

IMPLEMENTING AGENCY The World Bank/IDBI

NATIONAL COORDINATING Ministry of Environment and Forests (MOEF)

AGENCY

PROJECT SUMMARY

This prodject aims at replacing CFC-11 as the blowing agent in
polvurerhane rigid insulation and flexible moulded foams with low/zero
ODS alternatives. UB Petroproducts manufacture polyurethane chemical
systems for these foam applications. The project will bz implemenred in
two phaases.

Phase I will involve: a) socurcing of appropriate technology, bl
establishment of test facilities which include "high pressure’ foaming
equipment, and ¢} evaluation of non-CPFC altermates for sach end-uss,
Phase II will include: al customer trials/testing/training of non~-CrPC
systems, and b} commercial producticen of formulated polyols. Technology
will be cobtained from Enichem {(Italy) for systems based on low QDP CFC-
alternates. This technology will then be adapted to sult Indian
customer needs & specific end-use requirements. The project will permit
phasing cut 705 MT of CFC-11 in manufacturing polyuretbane foams duxing
the period 19%4-96.

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported
by OORG technical reviewar Mr. M. Jeffs., His comments are attached.
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PROJECT OBJECTIVES. The objectives of this project are to provide polyols needed
to replace CFC-11 as the blowing agent with low ODP alternates by: i) modifying
the chemical system 1i.2., polyel + catalyst + iscoynate and testing it
extensively to make it suitable for use with CFC-alternatve; and ii) Providing on-

site demonstration capability to encourage a more rapid conversion to non-CFC
blowing agents.

SECTOR BACKGROUND. (updated based on draft India Country Program - July 1993)

The consumption of CFC-11 in India for foam blowing was estimated at 1,282 Mt in
1991. This is expected to increase to 1,581 Mt in 1993, At present, there are
two major and three smaller polyurethane system manufacturers in the country.
UB Petroproducts Ltd. had approximately 14% share of the marker in 19%2. The
major sectors using CFC-11 for foam blowing are:

Percent CPC-11 OTY {MT}
(19971)
Rigid Insulation Foam:
Insulation thermoware 17.5%% 225
refrigerator/appliance
insulation 39% 500
Ganeral Insulation
{Spray, slab panels,
in-situ etc.) 19,.5% 250
Flexible slabstock foams 1% is
Flexible moulded foams 12 5% LE0
Integral skin fcams 1.5% 20
Phenolic Foams 1% 18
Extruded polyolefinic foams 5.5% 70
Misc. 0.5% i
1.282

The Indian foam industry is still in its infancy, and if CFC-11 usage is not

constrained, the projected growth in CFC-11 use in the foam sector is expected
to be as follows:

Year 1992 19393 1994 19595 1986 1997
QTY (MT) 1396 1581 1790 2027 2298 2572 {Updated)
ENTERPRIEE BACKGROUND. UB Petroproducts Limited currently manufactures

polyurethane chemical systems (Polyoel + Isocyanate) with and without CFC-11 for
the following end-uses:

1} Insulated thermoware;

2) General Insulation applications: Sprays, slabs, pipe-sections, eto;

1) Flexible moulded foams for automotive and furniture applications; and
4} Integral skin foams.

It also supplies systems for domestic refrigerator insulation. However, these
systems are supplied without blowing agent - the addition of which is done by the
refrigerator manufacturer at their works. UB Petroproducts Limited commenced

manufacture of CFC-11 basged products in 198982, Previocusly. the local demand was
being met by imports.

Production Capacity
For Polyols : &,000 MT/Annum

{Note: Only Polyols are manufactured locally, isocyanate component being imported
and then supplied to end-usersj. :
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Current (19893) capacity utilization is at about 25% since the enterprise is still
virtually in a start-up mode. Capacity utilization is expected to increase to
about 55 Lo 60% in § years - mostly at the expense of imports. Corraesponding to
the production of formulated polyols, the consumption of OD§ is expected to be:

ANNUAL ODE CONSUMPTION (MT CFC-11i}

(Current/Projected)
1992 1233 1394 1585 1996 1897
DIRECT 57 250 i35 413 463 511
INDIRECT 10e 214 282 340 3gy 418
Technology Source. Existing technelegy for conventional CFC-11 based
polyurethane systems has been procured from Enichem, Italy.
Cwnership. 0% - Indian {UB Group, Tamil Nadu Govt., Public);: 10% - Foreign

(Bnichem, Italy?}

PROJECT DESCRIPTION. The project will aim at developing peolyurethane foam
systems (Formulated Polyol + Isocyanate) that can be used with C¥C-alternate
blowing agents with low CDP’s. This will, in turn, enable the reduction in usage
of CFC-i1 for polyvurethane foam blowing. Part of the reduc¢tion will be in
consumption of CFC-11 at UB Petroproducts itself {direct) and partly, by
reduction at customers’ works {indirect).

Phase I (1994} of the proiect envisages the following steps:

1} From Eaichem (Italy), transfer commercially proven technologies for
CFC~alternate based systems. These would apply to rigid insulation foams
and to COy/water systems for flexible moulded foams;

2) Establish high pressure foam machinery & test facilities;

3} Evaluation of these alternate technologies and choice of appropriate
blowing agents for each end-use application; and

4} Production of suitable base polyols, testing/characterization at the
enterprise and at customer logations, and adaptation of gystems to
specific customer needs.

In view of the diversity of applications that use UB's products, it is considered
necessary to have a rangs of different systems to choose from. Howaver, they need
to be thoroughly evaluated with variocus blowing agent candidates.

Phase II (1985-95) of the proiject will consist of:

1} Trials/testing at customers end; adaptation of low-0DP blowing agent
technology to specific customer needs/requirements;

2) Train customer’'s technicians and provide assistance in equipment
modificacicon; and

3} Commergial production of formulated polyols.

JUSTIFICATION FOR SQURCE OF TECHNQLOGY. The proposed source of technology is
Enichem {Italy). They have provided conventional CFC-based system technology for
the current range of UR Petroproducts products, and ag such are familiar with
their product range and Indian manufacturing conditions. They are amongst the
world leaders in PU systems/intermediates and have ongoing active research
programs on CFC-replacements in foam blowing applications. Many of their CFO-
reduced systems are being used successfully in Western Europe. UB Petroproducts
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wiil, on sourcing technolegy from Enichem, have the benefit of the latest and
most appropriate technology for low CDP blowing agents when the actual transfer
of the technology takes place.

JUSTIFICATION FOR TECHNQLOGY SELECTION:

For Flexible HMouldsd Foams: Proven CFC-free technologies based on TDT-
isovyanates are currently used in W. Europe without any significant compromise
on dengities or performance. This will be the first area of concentration for
UB petroproducts - constitutes about 50% of the market - for adopting technology
under Indian conditions. MDI based water systems will be tested and introduced
next. All approaches are cost-effective, being approximately the same as current
systems. The rationale for selection of technologies is ocutlined below:

For Rigid Foam Systems: Seven altermate routes are being congidered for
evaluation - under Indian conditions.

13 Reduced {(50%) CFC-11 systems have been widely used and proven in Western
Europe and developed countries for the last three vears. The key benefits
are the minimal engineering changes required for the conversion. This
will enable an immediate reduction in CFC-11 usage, thus providing some
time for implementing more lasting solutions.

2} HCFC-22 based systems - HCFC-22 is commercially available in India and

promises some price stability. The factors would enable quick
introduction/changeover from CFC-11.

3} HCFC-22/142 blends - Industry reports have suggested that systeme based on
these blends have displayed properties that are superior to HCOFC-22 based
systems - both in terms of processing and properties. Hoth HCFC-22 and
HCFC-22/142b based systems require high pressure technolegy, and as such
can be viewed as intermediate step to using HFC-134a - ODP=0 (which also
requires high pressure technology).

4} HORC-141b - use of HCFC-141b as a drop-in replacement to CFC-1l iz clouded
by ites as-yet incomplete toxicity studies, flammability and the possible
need for changes in auxiliary materials (e.g. liners) used in insulation
applications, Once toxicity issues are clear, it may be considered for
applications where use of high pressure technolegy is precluded,

) HCPC-123 - Apart from toxicity, it is a very promising plugin replacement
for CFC-11. Its use would be of interest to small industries where

investments of the order of those required for high pressure machines may
not be possible.

&1 €0, - Thig will be a solution for applications where XK wvalues and
dimensions are not the constraining factors.

7} Pentane - As one of the Indian appliance manufacturers is considering
pentane as an alternative, this route would also be evaluated.

PROJECT O08T., The total project incremental costs for Phase I were calculated
at Uss929,000. Since there are no non-0DS investment cogsts assogiated with this
project, the total project cost is also the incremental cost.

CAPITAL CO8STS. Capital costs of US$824,000 include:

&} capital investments in polyel/system ctesting and characterization,
facility for high pressure polyol blending, and polyol plant modifications

b Preliminary trial costs at customer’s premises
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The details of capital costs are included in Annex 1.
cime costs.

All these are one-
INCREMENTAL OPERATING COSTS: PHASE 1 ONLY. Operating costs vary from year to
year based on c¢hanges in propertions and prices of blowing agents, polyol and
isocyanate. Given a discount rate of 10%, the net present value of incremental
operating costs for the first four years is USS105,000. Only systems which

involve direct usage of CFC-11 at UB Petroproducts have been considered for these
calculations.

PROPOSED OTF FURDING. The proposal requests U55836,000 as a grant for the
project.

PINANCIAL AND ECONOMIC ANALYSIS. Economic Rate of Return (ERR): Since the
project inveolves one time capital cost and recurring operating cost, the ERR is
undefined. Financial Rate of Return {FRR]): Since the project invelved one time
capital cost and recurring operating cost, the FRR is undefined.

EEQUIRED REGULATORY ACTIONS: See general comments on taxes angd duries.

Changes in Project Scope and Costs Due to OORG Comments. Costs were reduced
substantizlly as a result of initial, detailed review by the OORG expert. The
enterprise gave a better explanation of market position and technology employed.
UE has an established technology agreement with Enichem and this would continue
az long as the company thinks it is appropriate. Competition would be provided
from other sources. The schedule for phasing in rigid foam applications can not
be given until, the refrigeraticn sector phase out plan is better developed.
These latter points will be reviewed during subproject appraisal. The revised
projects is supported by the OORG reviewer.



Annex
Capital cost estimates Phase I
Uss
Technology transfer fees 200,000 ‘
Polyol testing/characterization 65,857 I
“ System testing/characterization 370,358 |
Production fagilities 128,492
Materials/testing/characterization £9,300
costs
K;Tatal {r&nngﬁgi 824,000




UD. . PEYRODPRODUCTH ., MADRAR. TMDIA

REQRN

Tha proijsct under raview covers the davelopment of technoclogy for
cFc 11 redugtion and elimination in the peolyursthane rigid
insulating foam and flexible moulded foam. The Lfirst phase under
raviaw aovers the steps up to and including proving trials at
oustomers’ Tagilitlas.

RECQMMRNDATION

The project ia supported. As in other projacts now undergoeing
the review process — the choice and timing of technologieas to be
implemented for rigid insulating foams need to be determined ac
a later stags in tha projesct. These should be in line with
guidajiines to ba davelcoped by The Dank.

Information 1s conmprshensive and well set out to the high
standard which should now be the norm. Thers should be sone
further tachnology exemplification as noted in the next section.

TECHENICAL. AOUNDNESL

The technology and tachnical support is provided by Enichem, one
of the Leaders in the f£isld. However, lt would he benericial tao
UB Petroproducts 1f they were exposed to technolagy Ifrom
competitive suppllers.

For flexible mouldad foams CFc-free technology (s not Fully
explained for thae TDI~based aystems. Thore are escoveral
tachnologiea which the snterprise could use,

™he cholice for MDI-basad flexibls foam systams is givaen,

Por riglq foams ssveral tachnologies arc listed, including
raduced CIC 11 systems. The proposed timatable far phasing in
the varlous technologies ghould be given, Because 0ol the rapia
implementation of CFC~free technologies in other markets, Tha
Bank will be reviewing palicy on the fechnologies to be supported
for rafrigerator insulation during 1923 and the project should
take note of the guidelines to be davaloped. The review may salso
sa axtended to othar asCctors.

A

A N



Thae project envigages the evaluation of saveral options and this
is 2 sound way to progress at a time of rapid tachnolegical

change,

The followirg commants are offgred on soms of the technolngieﬁ‘
ilstad :

* HCFC 22 taechnology is not considered suitable except in
thosa applications, such as steel-faced panels, where
protection against rapid thermal conductivity ageing is
providaed. Plastic panels (liners), as in refrigerators,
are not suitabla.

* The project dascription sbhould clarify exactly that
prassurised klowing agent addition facilities (eg. Easy
Froth} are required for blowing agents which boil at low

tenperatures.

+ The raviewer conaiders that ths toxicalogy ilsasues which
ralated to HCPC l4lk are now resclved.

+ HCPC 123 should nat bhe considered sincae its OEL
{occupational axposure limit) is considered to be 5 ppm by
savaral potential suppliers - this should constituta an
unneceassary health risk as othar, cheaper, alternatives are
available.

LEsgoN FROM DIPEIISNCE

The project shows progress along the learning cuxve.

RONMENT. Iss

Az notad, the project in its execution phase should follow a
rapid path to low or zere OUS taechnologies, always provided that
there are proven technologiass. Reduced CFC 11 is, at besat, a
shart term stop~gap maasure.

AFETY I8s8yurs

The portable usa of cyclopentane i1s notaed and there must Dbe
adeguate training i1f this opticn is followed through. Further
capital expenditura should be reguired in addition. The sum
involved would not be trivial.



SOOI H¥FECTIVENEIS

It is noted that additional expenditure is regquired over and
ahova thae technology feae for foreign experts, prosumably from
Enicham, to wvisit Indix. Nevarthaless, the project is cecat
effactivae at § 1.2/kg of ODS phased ocut. 7Tkis figure depends on
the growth rates being achleved which includae tha capture of
market share by the entarpriss and does not include production
costs a8t UB Petroproducts or its down strasam customers.

OTHERS

Hons.

ot



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

in

COmPIRY India

SECTORS COVERED Foamed plastics

QDS CONSUMPTION IN

AFFECTED SECTCOR 1,282 MT of CFC-11 {1991}

PROJECT TITLE Replacement of CFC-11 blowing agent
polyurethane {(PU) systems with low and nen-ODS
macerials.

PROJECT DURATION Phase 1 -~ 30 months
Phase II - 18 months

BROJECT IMPACT 456 MT ODS annually

Unit Abatement Cost (UAC) Phase I is for development and demonstration

PROPOSED BUDGET Phase I Incremental Capital Cosc $505, 000
Fhase Il Incremental Capital Cost $114,000
Total Project Cost 5613, 000

PROPOSED OTF GRANT 5619, GO0

IMPLEMENTING ENTERPRIESE Expanded Incorpeoration

IMPLEMENTING AGENCY The World Bank/IDBI

NATIONAL COORDINATING Ministyy of Enpvironment & Forests {MOEF)

AGENCY:

PROJECT SUMMARY

tn Phase 1 of this project Expanded Incorporation will install
laboratory & testing equipment and establish demonscration facilities
for applications develepment in close cooperation with Indian Foam
procegsors. The enterprise will use its cown in-house technology to
develop new polyols & systems for the production of ODS-free rigid
polyurethane {(PU} foams under Indian conditions. ‘This preoject will
enhance the early phase-out of CFC-11 consumption in Rigid PU Foams used
in household refrigeration insulation, thermowares, sandwich panels and
general insulation rigid PU foams manufactured by varicus companies
using polyols supplied by Expanded Incorporation. In the second phase
cf the project, Expanded Incorporation will facilitate the phase out of
CFC-11 congumption by manufacturing proprietary blended polvol
formulations for use with new alternative blowing agents. After the
application technology is established, the enterprise will wodify
present polyols suitable for CPC-free rigid foams using alterpative
blowing agents and also modify and relocate the blending plant to
manufacture CFC-free blended polyols.

TECHNICAL ASSESSMENT: This subproject has been reviewed and supported
by OORG technical reviewer Mr. M. Jeffs. His comments are attached.
e i

|

‘r
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PROJECT OBJECTIVE. The obijectives of this project are not only to eliminate CpFo-
11 from pre-blended polyvel systems manufactured by Expanded Incorporation but
also to promote the phase out of CFC-11 ac end users end by developing new
polyols and gsystems for processors who normally make their own blends.

SECTOR BACKGROUND, (Updated based on draft India Country Programme - July 1993)
The Indian foam industry consumed 1,282 tonsg of CFC-11 in 1931.
Table«1

{(metric tons)
ODS Consumption in Foams, 1591

Category Cre-11 CFC-12 CFC-113
Polyurethane Foams (PUF) 16C
Flexible PUF 35
Flexible Slabstock Poams 978
Rigid PUF
Refrigerator Insulation 500
General Insulation 250
Thermoware 228 20
Integral Skin Foams
Phenolic Foams i5 15
Thermoplastic Foams 70 280
HMisc, 7
Total 1,282 280 15

Uncongtrained demand would lead 0 an expected ODS use of about ten times the
current consumption in year 2010. The sector consists of abour 225 enterprises.
Absut 15% of these companies are large or medium sized and have relatively
sophisticated manufacturing equipment. The remaining enterprises coperate small
scale units and are tec¢hnically and chemically unsophisticated. The support of
the chemical suppliers will be crucial in reaching and educating this group.

ENTERPRISE BACKGROUND, Established in 1983 M/s. Expanded Incorporation, a 100%
Indian owned company, has been first o produce rigid Polyurethane Foam chemical
systems in India. Dependent eatirely on itg own in-house technology, the company
has been highly successful in developing and manufacturing of various types of
Polycls & formulations for such diverse industries as refrigerators, building
roof spray, and packaging. With an annual preoduction capacity of 2,400 MT of
systems, the plant is located at Hew Bombay (10 Km North of Bombay) employing a
staff of 50, skilled & semi-skilled personnel. This is the only plant in India,
designed to produde polyurethane polyols, {based on propylene oxide), polyaster
polyels and amine polyols. As per Expanded Incerporation, it enjoys s market
share of 45% based on Indian production., It also exports its polyols to Middle

East countries. The enterprise has already initiated work on new polyols to be
used with locally available HCOFC-22 in place of CFC-1l.

PROJECT DESCRIPTION. In Phase I of this project Expanded Incorporation will set
up an applicarcion technology ¢entey gince it is very important and compulsory for
a Polyol manufacturing enterprise in Iandia to promote & establish CFC-free
technology among end-users of polyol systems. This application technology center
will be installed in a separate building attached to the present plant where
development, testing, tyials & demonstration of CFC-free foam gystems will be
carried out as per end-usersz requirement under local conditions. New polyolsg
suitable for blowing agents such as HCFC-22, ECF(-141h, cyclopentane, and HCFC-
134a will be evaluated. In phase I, following successful development tyrials and
testing of ODS-free rigid foam systems, the existing base pelyol plant will be
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modified by installing necessary equipment to produce new base polyols suitable
for the production of CFC-free rigid feoams. Since the elimination of CFCs from

blended polyols systems is entirely dependent on phase out programg of final foam
processors, the enterprise will first modify & reinstall one of the three
existing blending stations in a new building block. Subsequently, the other rtwo
blending stations will be modified for total phase cut of CFC from blended polyol

systams manufactured at Expanded Incorporation. Expanded Incorporation will
incur costs for the following:

PHASE-I
I} Ppurchase Laboratory scale autoclave reactor.

II} Importing the Cannon high pressure foaming machine and Multi ‘Easy
Froth' polyocl pre-blender.

ITI} Purchage testing eguipment

vy Importing the mold and fixtures for small domestic refrigerators and
fabricate other small trial mould and fixtures.

vy purchase of plot & construction of a small building block.

vI} Testing, trials, demonstrations ete.

PHASE-IT

I} Modification and relocation of present pre-blending plant

II) Recurring operating costs.

Each of thesge project elements is explained and justified in detail below.
New Polyols & systems will be developed in the laboratory and small quantities
cf new modified polyols {E0O+PO based} will be produced in a laboratory scale
auvtoclave reactor. Subsegquently the formulations will be tried on high pressure
foaming machine employing alternative blowing agents {(including gaseous blowing
agents) . Multi Easy Froth will be used for pre-blending as the same is versatile
enough to use different blowing agents including cyclopentane.

These foaming equipment will be used for demonstration & training purposes.
Meolds & fixtures will be used to evaluate and demonstrate the application
technology. Demongtrations will be made to manufacturers of refrigerators,
thermoware, sandwich panel and other insulation applications. Some simple molds
will be fabricated in-house and a small fixture for domestic refrigevator will
be purchased. So far testing of foam properties is done in outside laboratories
bhecause such testing equipments is not available at Expanded Incoyporation. This
process iz laboricus & time consuming. Three main testing devices namely,
thermal conductivi€y meter, universal testing machine and closed cell content
meter will be installed in the laboratory for spot evaluations, testing &
demonstration of resultant CFC-free foams. Additional floor space will be
constructed on adjacent land to install all the equipment involved in Phase-I.
Also a small ethylene oxide tank needed for the second stage of plant
modification will be installed on this additional space. The modified pre-

blending stations will be relocated there. The additional construction will not
increase plant capacity.

JOSTIFICATION POR ALTERNATIVE TECHNOLOGY SELECTION. In the rigid polyurethane
foam sector there is still uncertainly throughout the world on the selection of
a permanent zalternative to CFC-11, However there are currently three main
opticns for CFCO-free systems in rigid PU insulation foams.
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a. CFC-31 »  50% CFC-1l or HCFC-i4lb
k. CFC-11  » HUOFC-22 or HCOFC-22/142b, a3 neay to mud-te-m then HEC-134a
L CFC~11 > Pentane or Cyclopentane.

In additicon, compounds such as perflourocalkanes, HCFC-1I3, flusrinated ethers and
2 - chleoropropans, have been suggested, but are immature 1o technology. have
limited availability or are toxicolegically guestionable. Option a) alsoe called
the "liquid® solution employs techrnology that is closely related to existing one.
The final step in this process is not yvet decided although HFC-134a and hydro-
carbons are possibilities. The second option, the "gas® solution, utilizes a
gasecus mixture of blowing agents, it requires high pressure equipment, and
sometimes extensive adjustments in formulation and handling. The final step in
this process 1.3 seen as the introduction of {gaseous] HF('s, Hydrocarbon
(Cyelopentane) technology was introduged recently in Germany. Its flammabilivy
characteriscics require major attention for safety conditions and require
extensive upgrading of facilities. Insulation quality is still an open gquestion.

The acceptability of altexrnatives by the end processors will be decided by
easy availability of loesl rew macerials and production technolegy at sconomical
cost, simple designed molds, fixtures and peripheral eguipments (as there are
large number of small processors), and very importantly for Ioreign partners of
local companies on whose recommendations the local companies will adopt certain
suggested alternatives. 50% CPC readuction adopted by some developed countries
in initial stage of CFC phase out 1ls not very attractive under Indian conditions
as major changes will be c¢alled for in final product design and may prove
expensive. In this case there is alsc a disadvantage of not keing recognized as
100% CFC-free products. In view of the diverse selection of alternative blowing
agents Expanded Incorporation will develop and manufacture polyols to be used
with HCPC-22 asg this :3 available locally and can ke adopted economically for
less critical foams particularly in thermowares. The enterprise will also

manufacture blended polyol systems using HOFC-141k and coyclopentane as an
alternative blowing agent.

PROJECT COSTS. Total Project Cost. As described below and detailed in the
Annex 1 the total project cost is USS61Y,400.

Iinvestment Cost. As shown in the Annex i the total invesoment cost for this
project g USS5619.400 and will be incurred in Phase-I = Phase-II. Major
components <f the costs include costs for construction of a separate building for
application technolegy works, purchase of high pressure macnine & pre-blending
unit, testing equipments, trial moulds & fixtures in Fhase-T. The total
investment cost to be incurred in Phase~II is US5114,400.

Operating Cost. Incremental operating cost will be involved only in Phase-II,
but nog in Phase-I because full scale production of CFC-free blended Polyol
syatems will not have ccourred until commissioning of Phase-II. The incremental

operating cost is not included as part of this project. Incremental operating
cost will be reexamined at a later date.

Unit Abatement Cost (TAC). The early phase of this project consists of only
development trials and demonstrations as there will be no ODS savings in the
first year of the project the unit abatement cost 1z undefined.

Proposed OTF Grant. [US$619%,400 is requested in OTF financing based on 100%
Indian ownership of Expanded Incorporation amnd the fact that no incremental
savings are avallable. The reguest solely reflects the total capital costsg
ingurred during Phase-~I & II. Financing for the opersting ¢osts may be requested
from the multilateral fund at a later date.

Economic Rate of Return {ERR). Since the project entaills an initial investment
only with no cash f£low, the ERR for the preject is undefined.

Financial Rate of Return. Financial rate of return is undefined at present.



IMPLEMENTATION SCEHEDULE

PEASE ACTIVITY YEAR 1 YEAR 2 YEAR 2 YEAR 4
1 Hutlding Constracuon XXXX

{ Equipmems & Machinery Purchase XX

{ Deveiopment & Testing X XXXX

I Trial & demonsratons XX XX

i Plant Modifications XXXX XX

H Production of modified polyols & System X XXX

with aligmatives
Npte: X Represents one quarter of the year.

Regquired Regqulatory Actions. The following regulatory action is required for the
successful implemencation of this project:

Negessary permission and NOC will be granted to install Ethvlene Oxide
storage tank adiacenr to the present plant.

Direct Project Impact. The direct project impact will be realized during Phase
II aftey Phase I only. By the end of Phase II an annual average of at least 72
ODP weighted MT of CFU-11 will be eliminated as a result of replacing CFC-11 with

alternace blowing agent in blended polyol systems wmanufactured at Expanded
Incorporation.

Indirect Project Impact. The impact of the Phase I will be realized at the foam
processors level as a result of direct efforts put in by Expanded Incorporation

during Phase I & II. An estimated annual average of 384 ODP weighted MT of COFC-11
is likely to be eliminated.

Environmental Asssassment. This project will not result in any additional
emissions, effluents or wastgs being produced at Expanded Incorporstion plant.
Installation of Ethvlene Oxide storage tank in Phase II will require clearsnce
from environment & explosive departmencs of Government of India.

Changes in Froject Scops and Cost Dus to OORG Comments.
uses ethyvlene oxide in the formulation.
rechnology on this. EQ
including Mitsui {Japan).

The technology employed
The enterprise is developing its own
is used by several other international suppliers,
The design includes safety provisions to handle ED.



BREAK DOWN OF INCREMENTAIL INVESTMENT C0O37TS

PHASE I

1}
a)
=}
<l
d}

e}

£)

gl
h

i)

2)

b)

)

One time cost for application technology centre.

Plot & building construction
Laboratory autoclave reactor
High prassure foaming machine
Cannon multi easy froth preblender

Fixture & meld for 165 ltr. domestic
refrigerators

Other molds & fixturas
Thermal conductivicy meter
Universal testing machine
Closed cell content egquipment

Sub Teotal

One time development testing demonstration and training costs:

Development & testing trials

Number of man days 500
Cost per man day Uss 40
Material ¢ost Us$4000
Sub Total
Demonscrations
Number of man days 150
Cost per man day uss 50
Material cost US$L00Q0
Sub Total

Training of personnels

Fumber of man days 100
Cost per man day Uss 120

5ub Total

Total Investment Cost For Phase~I

uss
106,000
1z,000

142, GO0

70,000

58,000
10,000
27,9060
16,000
10,500

451, 500

24,000

17,500

42,000

505,000

ANNEX 1



PHASE
1)
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)

d}

2)

al

b}

Total

TOTAL

ANNEX 1 {(contd.}

BREAK DOWN OF INCREMENTAL IHNVESTMENT COSTS

11

One time eguipment modifications costs

Bthylene Oxide storage tank (7500 Kgs)
Piping, Strugture piping valves, Pumps

Blending station (3 nos.; Modifications
Erection cost

Sub Total
One time production trial and training costs

Production trial

Number of production batches 2

Material quantity per batch MT 1

Average material cost per MT

Cost per ton Us% 2,500
Sub Total

Training of persomnels

Number of man days 140

Cost per man day Uss 10
Sub Total

Investment Cost For Phase~[T

PROGSECT INVESTMENT COST {rounded}

usg

30,000
45,000

26,000
7,060

108,000

5,000

1,400
114,400

§19,.000



@ Polyurethanes Dr. Mike Jeffs

Intemational Envirarimenntyl
TELEFAX Aftairs Manager

Evorsiasn 45

. 8-3078 Everoerg
Mr. N. Hadjitarkhani Baloium
7@ The World Bank olgh

Talgphone (02) 758 93394
Telax 26332 (CIEVE B
Telefax (02) 758 8694

16th Septenmbar, 1993

I have resviewed the further information supplied by EXPANDED
CORDPORATION and am now satisfied that the enterprise has done its
homework and thoroughly investigated the issues related to the
use of EO0. I therefore support the project.

Thank you for the additicnal information on UR Petroproducts.

Best regards,

g
GMFI/kd
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Thank you very much for vour fax of 10th

August. Serry tet
dalay in reply as I waa out ¢of station.

I am happy to note that our proiect may be supported by GORG
Reviewar. I would like to answer the 2 guestions as under 1.

1. REASON FOR USING ETHYLENE OXIDE: As mentionsd briefly in our
prolect respert Paga No.20, Para ll, we propose to produce

polyether Polyel basad on Propylene Oxide + EBthylene Oxidg ...
copolymer. At pressnt wve are producing Polyather Polyol. "
baged on Fropylens Oxida only. However, the new Polyol will

have 80 tu 30% Propylene Oxide and 10 to 20% B:nylene Oxiéa.

Ethylene Oxide ~ Propylene Oxide cv.apolymer based polyola: :
altera the viscosity of the Polyol ané hence improves the i
solubility of BCFC's. Also watar miscibility of E.O. contairn- . 5 %
ing Polyol improves osubstantially, wvhich will enable tdé. ’
produce formulation <ontalining high wacer percentage. Because -
ef ®.0. enducing primary Hydroxyl Sroup the rvsactivity of
the Polyol improves, which we feel would be advantageous,

where the curing of the foam may ke littls poor due to thﬁ
presance of alternative blaulng agent.

RS R

Ragarding the hazardoue nature. of E.0. we are fully aware’
of the fire properties and axplosive properties of the damed.
Bven P.O. that we are using at present is equally haz&réﬁua
and we have been handling the same in our plant. “g
«;w:;

Avvuwerdiug Lo 4y hnaswladgs uhafm ora fow companies in £ he o
world manufacturing B.0./P.C. coupolymers Polyols £or Rigid

foam. One such colpany L1s Mitasui Toatsu Chemical I;’;cu.
from Japon.

. ‘3
3
Z. As for the Technology: wWe have based our project entirel§st

on our own inhouse devalopments and it does not envisade.'v
any technology transfer from ocutside. A3 such the cost fopnil"™

techaology transfer, tralning, visits, atce. has not baﬁn:%
takaen. :

Cnntdcoozfﬂ-'ﬁ
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- g - Continuation . Sheot

Looking at the presently known alternative blowing agent,
wa do not anticipate any need of Technology Tranefer. _
' - Gdat
I hepa the above statements clarifles two guestions mentioned ﬂ”:'
in your fax.
I must thank you for all the help yvou providad ua in prepa-
ration and submission of sur project. o
\ ’ ;:-‘f}.
Hopa to ses you in SPI Conferanca in October. C T
With regards.
%
52
- MURBESH RHUTS
.
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@ Polyurethanes Dr. Mike Jeffs

Imemational Envicorimental

TELEFAX Affairs Managser
EVBS%E?'S &45}39
Mr. N. Hadjitarkhani - veroerg
To The World Bank Belgium

Telephone (02) 758 9364
Telex 26332 ICIEVE B
Talelax (02) 758 5854

14th September, 1992

EXF

This is to follow up the comments in my OORG review on this

enterprise (dated sth August 1993) and subseagquent letfer (dated
1sth August 1593).

. I hava nc objection to their proceeding without buyingein
technology. Their efforts would probably be backed up by
thelr isccyanate suppliers.

. My letter of 16/8/93 already commented on their reasons for
the use of E0 - this is the secongd time that I have
recaived thelr fax dated 12th August 1993. The guestion I
asked in reply was -~ has the enterprise tested their theory
on the benefits of using EO ?

Je
GM¥FJ/kad

1AM MESSADE W INTERGED OMLY Z0R THE KDWIDUAL OM ENTITY TO WARCH (T M ANDRESED. £ fAp SR MRGepud, artiurial, BTy work (. of Tess smret Ihemmsn
i B et K dacieide Uhiek apwitenbie e, £ yau we NOT te Inkersding FENT, of ot wrek - L ™~ o % TR, You e

Faraiey priind Tl sy o seweirsiity et o WU oy & 10 BSely W o Fme vl Y g S T, PR Sy L ST ity D W Sl TP
A I ki LA I SRS 5 A O e R Deus awlere. Tt pees?
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PUE handon Enaier



BXPANDED IXCORPOBATION, HEW BOoMBAY, INDTX

BCOPE

The project under review covers the development ¢of technology for
CFC 11 reducrion and elimination in the rigid insulating foan
sactor, modifications to production plant and production trialis.

RECOMMENDATION

The project l1s supported provided that the reviewer receives
Justification for thae EDO facilities included for Phase II and
aggurance that +the Enterprise does not need Lo purchase
technology. As for other projects, consideration should be given
to the phasing in of appropriate technologies and there should
be in line with Guidelines to ke developed by The Bank.

Generally goed but clarification required, see rphotecopiad
attachment, on whar is meant, in this instance, by "Phase 17,

TECHNICAL SOUNDNESS

The enterprise 1is te rely on its own technology. WwWhilst this
approach can be cest affective (no license fee), thars is nmuch
to be galned by adapting technology developed in cther markets
+to Tndizn conditions. Tha raviewer appreciates that the
anterprise has achieved a prominent positlion in the market and
is alrsady undertaking davelopmant programmas with HCFC 22.

The tachnclogy optiaons listed are scound. As in other projects,
it is appropriate to questien the tiring and use of reduced CFC
11 technology when zero CFC coptiocns are gaining prominence. This
will be the subject of guidelines to be developed by The Bank in
1993 and this prodect during its executlien should take account
of these recommendations. The enterprise ig, by its remarks,
aware of some of these considerations.

The enterprise should note the limitations of HCFC 22 technology
in terms of rapid ageing of thermal conductivity unless the foam
is protected by impermeable barriers such as steel sheets, for
exanmpla, as in sandwich panels.

The use of E0 ia praposad. This is uncommon for rigid feam
applications and there should be justification given for its use.



LEBSON FROM RIXPEMRINNCE

This is the first occagion that the reviewar had baeen this
project and it would have been beneficial ts have had an
opportunity to gquary itams at a "draft® stage.

ENYIRONMEBENTAL JIHHUHS

As noted above, the technolegy chicice decisions at tha exscution
staga should follow a rapid pakh €o the zero CFC stage — provided
that the tachnelogies are proven.

SAFETY ISSURS

If the enterprise follows uUp on cycoplentane tachnology then
safsty~relatad training is considered tc be essential. In this
instance it is recommended that know-how now baing accumulated
in W. Eurcpe i3 sought. Tha use of this blowing agant rsguiras
nodificationas to the dispensing equipment and 3igs which are
already catered for in the common cquotatieon.

£ORT FEYFECTIVENESS

The cost effectiveness is 1.35 $/kg which compares well with
other projects in thls category but this dees not include any
costs incurred in the oparations cf the entarprisas’ customars.
The c¢ost effectiveness Iinproves to 1.10 S$/kg 1if the EO
installiaticn is not requirad.

OTHER

0lg147

GMPJI/kd/6/8/93



1 PAXYAVARAN,

NEWA DELHI
gy s W
Totephons :

Telex : WHALES OB IM
Fax 2 4360678
ANIL AGARWAL

wefvre g or dwmw
DEPUTY SECRETARY (OXONE) GOVELNMENT OF

DA
MINISTRY OF ENVIRONMENT & FPORBSTS

IO auferer s, slo o afo winvw
ZZ' i;zyfgizs 1e-1 - PARYAVARAN HHAWAN, C.0.0. COMPLEX
* o ’ e wst oy, O Pywl-110003

LODL ROAD, NEW DELHI110003
Pear Dr, El Arini,

Pleases find snclosed a copy of sub prolect proposal from
1ICY, Hydsravbad for development of basic data for design of a
commarcial HFC~13%4a plant with 2000 TPY capacity ( OTF grant USs
1,400,000) along with OORG comments received from the World Bank.
tThe claritications on thase comments have besen incorporated in
the ‘proposal. We are given to inderstand that thae World Bank 1s
not  in a position to pres. . this project to ths Executive
Committee because of negative comments of their CORG reviewer.

The Government of India has approved this project Tor the
following reasons:

This project proposal is for ths developmant and
commercialisation o©f technology for HFC-134a production for
replacement CFC-12. IICT has developed s chromia bassd catalyst
and a two stage process Of HFC-134a production in 2 banch scale
study. MNow they want to design, srect and operate a prototype
plant of 30 TPY capatity based on the knowhow developsd by them
indigenously. They will transfer the bacic design so davalopad
along with =ngineering package and technology for the commareisl
production of HFC-134a to units in the country without any
charge. IICT has already established linkage with the two najor
CFC manufacturers viz., Havin Fldorine industries and SRF. The
ehird major CFC manufacturer, Gujarat Fluoro Carbons and few
othars have also approached IICY for collaboration., The YICT s
also prepared to tranafer the technology on to units in other
devaelioping countries on most favourable and non-comnercial terms.

Sams other ralavant facts are also given below:
ad IICT have bsen engaged in development of CFC substitute
since L9%91. This is an indigenous effort of dovelopment of
technolegy for the HFC~134a production and commercialisation,
which the country will adopt and absorb with indigaenous know how.

b) Three major manufactursrs of CFCs have agreed to adopt TICT
tochnology for HFC-134a production on commesrcial scale.

LY
+
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c) The co%t of this technology transfer f
be substantially lower than the cost of teg
a developad country.

or comparcial use will
thnology transfer Trom

d) The cost of this technology to be uzdd on prototyps "pilot

plant of SKg/hr HFC<134a production is US$|2.00 million which is
much lowar than tha licenme foe proposed fdr import of technology
by an Indian company at the cost of USS 5.40 million, which doms
not include othor costs. This proves the fecessity and advantage
of having countries indigenous technology.

involving ssrious chemical sngineering prodess conditions, It 4s
ailso aware of the critical role played by the catalyst to be usad
in thair process of manufacture of HFC-U%4a so also of the

severe operating conditions and materials gt construction used in
the process.

a) IICT has excellent track record in :3vakoping t&aﬁﬁélmgiwa

) frocess sataty centre of IICT is an i
devalopment for HFC~134a. The centre revi

environmental aspect at varisous stages of
dasign of commarcial plant.

ws all the safety and

ntegral part of process
jrncnss davelopment and

q) The byporduct HFC«125 and HFC- 143a lare wvalue added cﬁb
subgtitutes having zero CDP and ara useful {in Blends. HCL is also
a valus added byproduct which will have outisets as rew material.

HOFC-1122 is the only byproduct which is itoxic., This will be
destroved by chemical treatment.

k3 The veant gases consisnting of organics and inorganics will be
incinerated and scrubbed. Thus the IICT have taken cars of the
anvironmental impact/polliution as per the law of the land.

i3 This projsct when implemantsd wil Be  an indigenous
technology davelopmant not only for the Indian Ghemical
industries but also for thes other developing countries. ThRis may

alse provide experisnce and knowledge for Haveloping technology
for othar HFC in the country. -




T

Wae shall request you to kindlyl] take steps for presentation
‘of this proposal in ths naxt meestingl of the Executive Committes

"4in HNovember, 1993, If we are requirhd to tske any action for
this, kindly lat us knou. S

With warm ragards,

Yours ainceraly.

g SO .

( ANIL AGARWAL )

Lr. Omar E. El Arini,
Chiet Officer,

The Multinational Fund for the Implementation
of the Montreal Protocol,
1800 Mo Gill Collage ave, Z7tH Floor,
Montreal, Quebsc,
CanADA H3a 375,

Fasx: 1={514)-282 00&8

ce to: Mr. Sidney Thomas,
Industry Unit Chief
Indla Department
The World Bank
Fax :« (202) 477 7352
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THE MONTREAL PROTOCOL ON

SUBSTANCES THAT DEPLETE THE QZ0NE LAYER
PROJECT COVER SHEET

COUNTRY ¢ India
SECTORS COVERED: CFC Producers
0DS CONSUMPTION IN 2@49 MT CFCs (1881}

AFFECTED SECTOR:

PROJECT TITLE: Baglc Dats Development - HFC~134a

Proceas
PROJECT DURATION: 2 Years
PROJECT IMPACT: indirect - 2040 MT 0ODS

PROPOSED BUDGET: Incremental Caplital Cost $1,400, 908

Incremental Dperation

Cogt 2
Tetal Project Cost $5,400, 000
PROPOSED OTF GRANT: $1,400, 800 (
IMFLEMENT ING ENTERPRISES: indian Institute of Chesical
Technology
IMPLEMENT ING AGENCY: The VUcrid Bank/JDBY

NATIONAL COODINATING AGENCY: Ministry of Environment & Forests
(MOEF)

PROJECT SUMMARY

This OTF request is for funding of 8 § kg/hr prototype plant
in which to develop basic data for design of a cowmercial HFC-
i34a plant with a 2868 TPY capaclty. 1ICT have developed =
catalyst and have demonstrated a process for preparstion of HFC-
134a on a bench on these: technologies and will be equipped to
sgcure the necessary basic data for a 55:1 sgale up to commercial
sized facilities. Upon conmpletion of the prototype piant
operation and data coltlection, basic data will be asgembled in 2
format suitable for transfer to & commercial producer.




PROJLECCT OBJECTIVE

N

The objective of this project is to facititate
commercialization of an indfgenous HF(-134a process in [ndia.

XoW

SECTOR BACKGROUND

india‘'s commercial and retall RAMAC indugstry consumed 17598
tonnes of CFC-12 in 198081; unconstralned demand {s projected to
be 3725 tonnes {n the vear 1987, The Indian foam industry
consumed 288 tonnes of CFC-12 in 19891 and the vwnconsirained
demand ig projected to be 5BY tonnes by the year 18897, Thus, the
present congumption of 2039 tonnes by these twoe sectors is
projected to continue fo grow to 4308 tonnes of CFC-12 by 1897
unlegs refrigerant and foam needs in these sub sectors are
supplied with alternative chemicals such as HFC~134a and HCFC-22.

ENTERPRISE BACKGROUND

TICT 1is a premier and multi-~discipliinary institute, under
CSIR, engaged in the development and transfer of technologies
for a wvariety of chemicals like drugs, pesticides and organic
intermediates. 1ICT, during 1its B& years of existence, hayg
gained expertise to develop technologles for high-tech and
complex prouducts and has *o its credit techaclogies for cyanuric
chloride, ehlorpyriphos .D-based chenmicals and a variety of
drugs, which are transferred to and conmmercialized by the
industry. The Institute has schools of international repute in
the areas of organic sgynthesis and catalysis and has well
experlienced chenical and nmechanical engineering groups that
prowvide the vital inputs for the developnent and
commercialtization of a technology. The institute enjovs a good
rapport and coperation with the chewical industry, which sponscors

and supports technology developmental activities of the
Institute.

1ICT has developed the processa know-how and & proprigtary
catatyst for the preparation of HFC-134a on bench scale and is
fully equipped to design, erect and operate the proposed
prototype plant and to develop and assemble the necessary basic
data and technology for transfer to Indian industry.

VORK OH HFC-134a AT LICT

Genegls

Much before India signed Montreal Protecol, CSIR decided to
undertake comprehensive studies on GLUBAL CHANGE as part
International Geosphere and Biosphere programmss. The project
undertaken by CSIR envisaged studies on CFC substitutes and
alterate technologles, greenhouse gases and warming, sea level
monitoring, air sea interaction UV-B and temperature effects and
mathematical wmodelling for global change to be carried out by
different constituent laboratoreis of CSIR. [ICT was made the
naedal laboratory for CFC alternatives. Even at that stage ¢t was
recognised that it wouild be imperative for the country- to have
it own technologies for different CFC substitutes and the 11C€T

was assigned tha task of developing technologies for CFC
substitutes.

of
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Status of work at IICT :

In pursuance of dectigion of CSIR., 1ICT initiated work on CFC
substitutes in 1991, Considering the potential of HFC-1348 sas
most likely substitute for CFC-12 and the gsubstantial qguantities
of CFC-12 consumed by the Indian industries among the C(CF(s, it
was decided to undertake developaent of technology for HFC-134s
on priority basis, ‘Lo be followed by other substitutes,

1ICT inftiated exploratory work on HFC-134s in 1881, In the
meantime, special facilities were set up whiach incliude &
specially dosigned separate building and special equipment.
Knowing the hazards in handling HF, special facilities were
erected to initiate bench scale experiments.

A bench scale unit was designed, fabricated/procured and
installed for experimental work. After experimental work. LICT
has developaed process on the bench scale and also a proprietsry
catalyst for the preparation of HFC-134a.

Details of process worked out at [ICT and other

relevant
information are given in the following paragraphs.

PROCESS DESCRIPTION:

a) The process for HFC-134a consists of two steps.

fn step one trichlorocethylene and anhyvdrous HF
mixed in & definite mole ratio in wvapor phase,
preheated and passed over a chroﬁig based catalyst to
obtain & preduct wmlixture from which HCFC-~133a and
unreacted HF are recovered by fractional disttiTation.
The mixture of HCFC-133a and HF is repienished with
additional amount of HF, preheated and vssced over a
chromia based c¢atalyst to obtain a3 product mixture
which {s then subjected to a seriez of fractiocnal
distillations to obtain HFC-$34a which iz purified by
chemicsl treatoment to yvield product of required

specifications for use as a refrigerant. Uncoanverted
HCFC~133a and HF are recyled.

are

The chemistry of the process is represented in the
following equationss

cl H : F
A F HF/Catalyst A%
C =€ | =eceee—ce——— > F = € —— CHy ~— Ci1 + 2HC]
4 A\ VYapour Phase /
[ i F
F F
\ HF /Catalyst A"
Fee € === QHp -~ €l ~r~r—o—meoemm—e > F--C ~»~ CHy -~ F + HCI
! Vapour Phase a

F F



PRODUCT SFPECIFICATION

Process development by the [ICT {3 expected to give

product
of following specifications.

Appgarance colourless and transperent
Purity 89. 8% minimun

Residue on 2.0015 wt % maximum
eveopration

Acidity . B.,8801 wt % maximum

{as HCIH)

Vater 3.881% maximum

Product quality will be adjusted to suit the requiresentis of
refrigeration Industry under Indian conditions.

BYPRODUCTS @

For 1 kg of HFC-134a produced the follo-il 7 byproducts are

formed: P
1. HFC-125 - #.18 - B.22 kg
2. HFC~143a - 8.12 - 2.18 kg
3. HCFC~1122 - @#.11 -~ #.15 kg
4, HC1 - 2.52 kg

All byproaducts are gases at ambient temperature.

i) HFC-125 and HFC-143a are value added CFC substitutes
having zero ODP and are useful in blends.

iy HC1 s a value added graéudt which has outlets as raw
materiai

iii) HCFC~1122 is highly toxic and will! be destroved by
chemical treatment

EFFLUENTS

Vent gases consisting of organics and in-organics will be
incenerated and scrubbed.

RAV HATERIALS:

Trichloroethyiene and hydrogen flourfde are the raow
materisals in the process. Both the raw materials are
indegenously manufactured and avalilable . Mador

manufscturers are:



e igpreeeee— FG R+ Chemplast

HF & Navin Flourine Industires,
SRF and TANFAL

Presently TCE 13 produced by cheasplast in lialted quantities.
However, incourse of the workshop organized by the Dzone cell of
Ministry of Environment & Forests in Hew Delh!{ on 12~13  July
1883, Chemplast Iinformed theilr Intentions to Incresse thelr

production capaclity for TCE to meet the requirements of HFC
manufacture.

Chromia based catalyst is used In the process. Commercial
preparation and supplies of the catalyst can be made by the
catalyst manufacturers In the country like ACC or UCIL.

PROJECT DESCRIPTION

1iCT will design, erect and operate a prototype plant of 5
kg7zhr (36 TPY) capacity, based on the know-how alresdy developed
at the bench scale. Subsequentiy, IICT will transfer the

technology, along with engineering package, for commercial plants
to be set~up by the industry.

JUSTIFICATION FOR ALTERNATE TECHNOLOGY SELECTION

india (s a signatory to the Montreal Protocol and (it is
committed to phaseout production and use of ozone depleting
substances (0DS), such as CFC-12. A country program has been

developed which identifies HFC~134a as a primary alternative for
replacement of CFC-12.

Names of the existing manufacturers of CFC in India, their

plant capacity and quantities manufactured {n 1881 are given
below:

- W W s e e ey e e e e M e e e b e e e e e e e e e e ek e e W A A e e e e B T e T e e e e

Manufaturer Capaocity Production

: mt in 1090%

m tonnse
1. Navin Fluorine Industries 1588 3114
2. SRF Ltd. 1éop0 164
3. Guiarat Fluorocarbons 13880 1288
4, Aegis Chemical Industries 128¢ 364

Limited '

5. Mettur Chemical Industriag 2Eae Z2is
8, Hindustan Fluoroc Carbons 1265 443

Ltd., (Produces HCFC~12}

A A O _ O W A e A T R Teb Mmoo e M e W W R M e A S T S R S W R R R S TR TR A e W T A e A e e e
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it is fumpersative that technology be w«ade available to
satisfy the needs—of ladian—Industry throughout the transi{tion to
non-0B8 technoloegies, particularly in the refrigerator and foam
fndugtries. The proposed prototype plant will produce 38 TPY of
HFC-1345 for testing purposes and will demonstrate the technology

upon which industry can evaluate pians for commercial production
of HFC-134a.

LINKAGES WITH POTENTIAL MANUFACTURES OF HFC~-134a:

*

Existing eanufacturers of CFCs will obviocusiy be the most
iikely manufacturers of HFC-134a {in India, because of their
marketing network and contacts for the refrigerant gases and
availablility of raw material {(HF) as in the case NFI and BERF.
IICT has already established linkages with the two major
manufacturers In the country viz. Mavin Fluorine industries and

ERF through sponsorship contacts for bench scale development of
process know-how for HFC~134a.

The third major manufacturer, Gujiasrat Flurocarbons, hags also

approached 1ICT for collaborstion., Parties, other than the
existing manufacturers have also approached [ICT for the
technology.

SUPPORT FROM THE GOVERNMENT DEPARTMENT.

Consldering the significance and need for indigenous
technology. Depariment of Science and Technology, Govi. of India
providing funds to the tune of Rs,75.88 (akshs to [ICT for
development and eventual release for commercial exploitation of
technelogy for HFC-134a., Alseo, the Hinistry of Environment and
Forest, Governement of India has also agreed for funding support

of Rs.20 Lakhs to [1CT for the development work at {ICT on the
project.

PROJECT COST

The total cosi for the proposed prototype plant ic US 3 1.9
million. A grant of US % 6.5 aillion is to be provided from
funds c¢ommitted by Government Departments, CSIR and Indian
fndustry. The net capital cost of the project is % 1.4 mitlion.

BENEFITS

The project resulits In the production of 30 TYP of HFC~134a
in the proposed prototype plant and the transfer of technology to

industry for commercial production of HFC-134a. Thus, the direct
benefits of the project are:

it production of 3¢ TPY of HFC-134a in the prototype plant

i1} transfer of technology for commercial production of HFC-
134a to the Indian chemical industry as welt as to other
developing countries.
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iil) making avallable an aiternative chemical fHFC-134n}) to
the RLAC and foam industries that presently use CFC'g.

iv! enable the fulfiliment of the national! commitment of
phasing out the consumpticon of CFC's.

v} provide experlence and knowledge and infrastructure for
developing technologles for other HFCs.

vi) develop wexpertise for evaluation of proposals by
multinationals to construct simitar faciiities in India.

LOCAL OWNERSHIP FRACTION

11CT is a constituent of CSIR, which is an autonomous body
of the Government of India. There Is no foreign equity or
participation and the institute meets its finaneial requirements

from the CSIR grants and the earnings made by way of technology
transfer and collaborative arrangements with the industry.

UNIT ABATEMENT COST (UAC)

Based on one-to-one relationship between OD® reduction and
ODP of CFC-12, UAC works out to be US & "S.@/kg ODP/year for the
prototype plant.

FINANCIAL INTERNAL RATE OF RETURN (FRR} AND ECONOMICAL INTERNAL
RATE OF RETURH (ERR}

As there is no revenue generated by the proposed project,
and ERR and FRR can not be calculated.

FINAHNCIAL HEALTH OF EMTERPRISE

1ICT recelved an annual grant of about US & 3.7 million for
the financial year 1882-83 and the Institute earned about US ¢

1.8 milliion by way of transfer of technologies and collaborative
arrangements with the industry.

FIMNANCIAL PLAN

An OTF grant in amount of US ¢ .4 million i sought from
the miltilateral fund in additon US ¢ 8.5 million will be met

from the funds already committed by the Government Departwments,
indian industry and CSIR.

PROJECT IMPLEMENTATION

1ICT will implement the project and MOEF & CSIR will overses
the implementation of the project, The project plang are:



SCHEDULE ~Q‘

. Bitart Complete
Design of the prototype . - - —-
plant - Juliy 83 Jan 94
Erection - Jan B4 July B4
Startup - July 954 Aug 894
Collection of basic data
for design of commercial pliant - Sept B4 Apr 85
Demonstration runc - Jan 85 Apr 85
Documentation - Dec B85

ENVIRONMENTAL [MPACT

All wastes and other unused materials generated during the

prototype plant testing will be colliected and disposed in the

treatment facilities. The byproducts -and effluents have been

described along with the process det: "'



INDIAN INSTITUTE OF CHEMICAL TECHNOLOGY

HYDERABAD

Annexure-| WC_,J

PROJECT: PROTOTYPE PLANT (5 Kg/hr) FOR HFC-134a

STORAGE TAHNKS

i. ST-181
2. ST-102
3&
4, ET~201
5. §T-282
6. ST-283
7. ST-381
8. ST~362
LTORS
1. R-1&1
2. R-201
VAFOURISERS
i, E-1i&1
2. E-182
3. E-281
REBOILERS
1. Rb-14d1
2. Rb-1g2
3. Rb~-201
& Rb~202
5. Rb-223
HEATERS
1. E~193
2. E~202
COOLERS
i. E-i@4
2. E~283
3. E-30¢1

BREAK-UP OF CAPITAL COST

e e b e A W e . W e AL R W W n e W R R W A WG TER T M WY W W e e e e e e e m we e e e e e g e e e e aee e e S B e W e

TCE Storage
Anhydrous H F
Nitrogen Cylinder
Anhydrous H F

Product Storage~-134a
Byproduct Storage-125
Alkall Storage Tank

Effluent Tank

Reactor for 133a
Reactor for 1343

TCE Vapouriser
H F Vapouriser
#H F Vapouriser

Preheater for TCELHF

Preheatery

Reaction Mixture
Cooler

Product Cooler
Effluent Cooler

88316
HDPE

2 Nos Ni/Monel
2 Nos Nl /Monel

Monel
Monge!
Monet

Monel
Monel
Monel
88~-316
£5-3148

Monel
Honel

Monel

HMonei
85-3186

Lakhs

W n
H %



CONDEMHSERS

.
G
1. E-185 Condenser for T-1#1 Hastelloy C 15.9
2. E-186 Condenser for T-i02 Hastelloy C 16,0
3. E-204 Candenser for T-281%1 Hastelloy C© 15. 9
4, E-2Ze5 Condenser for T-282 Hasteiloy C 15.¢2
S. E-2886 Condanser for T-283 $8-318 3.¢
TRAY TYPE DISTILLATION COLUMNS
1. T-181 Cs/ag pachk 1.5
2, T-182 Cs/ss pack 1.5
3. T-2081 Cs/ss pack 1.5
4. T-282 Cs/ss pack 1.5
5. T~-223 Cs/s5s8 pack 1.5
PACKED TOVERS
i. T~321 Scrubber N FRP g.5
2. T-382 Scrubber FRP .5
Fabricated Eqpt. Total = 227.5
PUMPS
1. P-1@1 TCE Metering Pump
2. P-1¢2 Anhydrous H F Metering Pump
3. P-281 Anhydrous H F Metering Pump
4. P-3£1 Alkali Pump {(Centrifugal}
Total = 180.9
COMPRESSORS
1. C-181
2. C-2e1 Total = 19.9
INCINERATOR
1. I~281 19.9
MIXER
i. Hi-101 1.¢
Vendor ltems Total = 31.8
Piping & Instrumentation = 8.2
Utilities = 6¢.@
Erection & Commissioning = 6.8
Tatal = 17€.9
TOTAL COST = IND Rs.42B.5 lakh :
US % 1.4 wmillion (IND Rs.38.5 = £ ©S5 %]}

lmportant Notes:

.

121

Import componen
sfter evaluatio

te perform the required duties.

{1} Costs indicated are estimated,
revision on receipt of quotation.
also be arrived at

L owilt

n of indigenous

subject to

offers and
suitabiliity of equlpments/component offereaed
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COMMENTS ON COMMENTE Of THE OZONE OPERATIONS RESOURCE GROUP-

1.

PRODUCTION SECTOR ON IICT PROPOSAL ON HFC—-134a TECHNOLOGY.

L3

Couments on recommendetions of DORG.

The proyect (propussi iy is digapproved by the (IUKRE an the
grounds that the project is to duplicate the work completed
in  the developed world and technology i1is  available for

transfer at costs believed to be substantially lower than
the project cost.

Pesirability of having own capability and techwnology for
strategic materials is always a complex issue. @ country
has to take its own stand on the necessity or otherwise for

having indegenous technology taking various considerations
inta account.

HFCs have been found as the most likely
CFCs. 1ICT has undertaken develeopment of technolaogy for
HFC—13%4a an  priorvity basis, as i1t has alrveady been
established as a substitute for CFC-42 but IICT plans to
develope technologies for other HFCs & HEFC's also which
have either been found or being euplored as substitutes for
ather [CF(ls, The sexpertise gained and infrastructural
facilities established in course of development work on
MFC—-134a will facilitate development of other HLO's  andg
HCFC s like HWFC—15%2a, HCFC=-141b MFC-147a ,HOFC~-14020 (HOCFO -
123, WFC-123 ,HOFC--124 ,HCFC-23 (HFE- 7 identified as CFC
substitutes in various sectars, lne proposed pilot plant
for HFO-134a rcan be used, with minor wmodifications and
adiustment, for development of technology far HFC~-152a,
anather promising substitute for CFC-12,  Thouwgh, at the
outget, the proposal looks confined for HFC-134a2, but it
wouwld enable the country to have eupertize and swkill to
develeop whole range of fluro-hydrocaerbons, which are tound
to becoms essential for many ssctors 10 the countrvy. In ths
apsences of such experiise ang infrastructural facilities the
crountry will have fto alwave depend sither on continuous
import of these chemicals or transfer of technology on
prodguct to product basis, or sven repeated  import of
tachnuliogy on party to party basis.

substitutes for

Time i1 alse on ths =zide of India, as the country has
gufficient time to develop its own technology and start
commercial production for HFC-134a in time %0

caemmence
phasing out of CFC-12. There is no pressing need  ta
immediatlely start eanufacture of HFC-134a, where vime

required for development phase can be afforded.

The basis of <etatement that the cost of transfer of
technology will be gubstantially lower than the project cost
{by TI0T! i3 guestionable. On the contrary, ICT fiemly
hbelieves that in addition to cbvious advantages the cost of
indegenous development of technology will be subsfantially

lower, than the cost of fransfer of technology from
developed world.
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The cost of development oi technology four HWFC-1342 on pilot
plant (5 kg/hr} at IITT 1o cstimated at UGS $2.688 wmillions.
On the otlher hand, It . dorstood Ffriey reliable source,

that a proposal submitted by an Indian company for import of
tachnology envisages licence fee alone at US 45.808 millions.

This. . -licence—Ffee-will be¢ exilusive of ogther charges like

cost of training, consultation which are generally charged
extra. Moreover, the licence fee will be anly for one plant
tor to one licences) and other parties will have to go for
frash licencing at sieilar costs.

1t 1is therefore considered imperative that India developes
its own technology for HFEC-1324a and other CFC substitutes to
be gelf reliant in these essential chemicals.

Comments by OQORSE on relevance and adequacy of information
provided:

it is noted with pleasure that DORG found fthe information
given in the prooposal waeg relevant and well presented,
However, OORGE found fundamental and technicial information

lacking far making technical evaluation. it may be
mentioned in this regard, that proposal sias prepared on &
proformz  prescribed and provided to LICT. Also, the

propesal was prepared in consulation with 2 consultant  from
World Bank and no defescicency was pointed out.

ISCT will be ¢': ' o provide all  the non-classified
technical inform. . 1 fo assist ODRG in making assessment of
the proposal. fs degsired, details on process, including

besic chemistry, raw materials, co-products and by-products,
catalyst,y specific effluent disposal procgsses are given in
Annexure—1I. Flant lavout-line diagram, function af the

capital items in the process, materials construction are
given in Annewxure—I1.

Comments by QDRE on technical spundness:

The comments by O0ORS recognises the choice of alternate
(HFL~134a) as appropriate and relevant to India and the nesd
for its domestic production. Hopuwever QORG desired that the
need for development of techoology by India, or at least a
lowest incremental cost option compared with acquisition by
import of technolooy be demonstrated. These lssues have
been discussed in comments on recommendations of the QUORG.
It is reitrated that it will be advantageous to Indizx to
develop its awn  technologies for HFC-134= ard o
substitutes. Alsn, such a course ¢ill be cost effective.

I pregard to the statement of Mr. B.O. Bosaliz, Ewxecutive
Vice—~President of Navin Fluorine Industries gquoted by 0ODORG
it may be wmentioned that Navin Fluorine Industries has
entered into a contract about a vear back with IILT foar the
development of technology for HFC-134a on bench scale. In a
recent dialogus, the gparty has shown interest in
continuation of thelir association on pilot plant

sfudies.
This may bz noted from the quotation given in his

statement
to “Business India®, Mr. Gosalia has not specified the
souUrce af technaology for  theie proposed plant for

subetibtutes.
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Lomments Dy Wil o lessons from experience.

Necessity and advantages of having own technology have beeno
digrussed. The ﬁi?west tncremantal cost ig fitiecly iz U

[
achieved by develd ing indegencus experiance and expertise.

It is observed,y, in many cases, thal tThe plant designs
provided by MNCO  from developing countreis are capital
intensive larger in capacity and are required to be moditfied
to suit industrial practices and skill prevalent and
available in India. Most appropriate, cost effective and
optional plant design for Indian conditions can be achieved
through closer and coantinaed interaction of plant design

_engineers with process development group throughout the

various developsent phases. Such are interaction andg
resultant optimal design of the plant will be possible if
the technology is developed indigenously.

IICT has excellent track record in developing technologies
invalving severe process conditions and evaluation and
selection of most appreopriate materials of constructions.
Development of technology and plant design for cyanuric
chloride, sodium azide, a number of organophosphorous
pestirides are some 0f the recent examples.

IICT 1s  fully aware to the critical role played by the
catzlvst in  the process and alsoc of the severe pperating
coenditions and materials of construction wused in the
Drocess. TIET has a full fledged Catalyst Di . o manned
by nighly gualified and professional stafty. With the
expertise availalble within the IICT and other groups in the

country, all the problems associated with the catalyst will
atlequately be taken care of.

Coamments by DORE on snvironment and safety issues.

PFrocezry Tafety Centre of IICT is an integral part of process
developmsnt for HFC-1Z4a. The centre reviews all the safety

and environment aspecfs at wvarigus stages of ProCess
developmant and design of commercial plant. TICT will
incorperate 2ll the safety aspects in  the technology

afferesd,

HEZ1 obtained in the process 18 2 salesble product and will
be disposed accordingly.

Cost gffectiveness.

The issue of effectiveness of cost of indegendus development
against the acgquisition of techneology has already been
discusedarnd demonstrated that development of technology
indegenously will be cast effective.

As stated in the proposal, the cost of pilot plant indicated

are estimated, subject to revision on receipt of guotations
fram the suppliers. :



——e—prfremtentg o mabing the

gther commente,

i!éf ig than! Tl Lo ODORE fov its compliments i regard to
skillyg and reputation of JICT. ITICY would wish to use its
expertise in developing technologies for gncential

counitry self reliant in coritical
areas.
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¢ QURG - Production Sactor

QORCQ Production Sector

¢fo IC1 Klea PO Box 13 The Heath Runcorn WAZ 4Qf England
Telsphone +44-928-513213

Fax Covor Shoot : Fax  +44-828.541418
To Naimeh Hadjitarkhani  World Bank +1-202-477-7352
Don Brown World Bank +1-202.477-6619
Cc Tom Waltz World Bank +1-202-676-0483
From Michae! R Harris Chair of Production Sector
Date 12 August 1¥93 J Time
No. of pages following cover sheat ONE

Cover Nate

Pleaso find stteched somo supplementary comments on the ITCT (Indis) proposc:. I have
now received the opinions of further engineering experts.

The ¢verall conclusions are unchangsd, but I hopa thai the rdditional commen?t w2
helpful.

Km.d regargs




OORG - Production Baotar

BUBJECT: INDIA - IICT: Baslc Data Developmant - HFC 184a Procers

1. Confirmation that it is Impogaible to make any real technicul assessment on the basis

of the data provided. .

2. COverall conty seem reasonsble but:

{8} minimal provision for civil and structural works; perhaps thes: are included
in existing asscts?

Y eraction costy seem very low, even on the basis of Indian labour coste.

{c) apparent major imbalance betwaen Plant Item costa ($867,000) and Piping and
Instrumentation costa. There seems to be little provision for the sophisticated
instrumentation likely to bo required for procsss contrel - all the more so a8
this 18 apparently intendsd &s & plant for process charactarization and
Gevelopment which would normally be expected to require extensive data

logging.

3. There are poss..ie explanations of some of the apparent discrepancies ur-der (2) above.
Provision of & full costing - including items which already exist or for which funding
is not requested - would allow a better sssesement.

4.

Howaver, it may not be worth pursuing this further for the general resaons stated In
the formal assessment of 8 August.

Michael R Harris (Dr)
OORG Production Sector
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OORG Production Sactor

cla ICl Klea PO Box 13 The Heath Runcorn WAZ 4QF England
Toloaphone +44-928.513213

Fex Cover Bhest Fox +£4-928-51141E2
Ta Naimeh Hadjitarkhani  World Bank -+ 1-202-477.7352
Doen Brown World '8ank + 1.202-458.2709
Cc Tom Waltz World Bank + 1-202-676-0483
From ‘ Michael R Harrls  Chair of Production Sector
Date 8 August 1993 Time
Ne. of pages following cover sheet TWO
Covoe Noba

This is & preliminary wssessmant to meet your extremaly short deadline. Froposals
ralating to production mattors are both technically complax and raise meny fundamentsal
imsuan. Wea could parve tho spplicants botter given just s little more time for s more
consldered appraisal of profecte, Perhaps we could discuss thizs when we meet.

In the maantime, could gomeone plesns provids me with:

- tha Indicntive List of Cafégﬂriaa of Incremental Cost.

- the Draft India Country Program - July 1883. (I have the sarlier Touchs Ross
Eurveys).

Kind rezards

That Orone Opsrwtons Rasourcu Grosp (DOQET] aperates wnder tha owicer of e Environment Group {EMYGE) of The Workd Bank
Huadauwrtern Waoakingtoa §,0 20433 1522, Teophons + 10024070734, Telafou -+ 205 477.4381

A TLLIF TN L YRS M O
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SUBJECT: INDIA - IICT: Baslc Duata Devolopment - HFC 134a Procest
The following is the preliminary tochnical opinion of the OORG Production Secior.

1. RECOMMENDATION

Tho prajoct is disapproved. There ls ingufficient information to meke any in-depth
judgemont. The project appears to duplicate work long since completed in the developed
world and available for technology transfer at costs believed to be subetantially lower than
tho praject cost. Technology fransfer would also provide Indla with proven information much
more repidly. There is someo evidonco that at laast one indigenous producer is alresdy at a
moaro advenced stage of development of a practical procees end has plans to exploit it. Similar
projocts have been daveloped and then abandoned in other LDCas anice it was recognisad that
technology could be acquired more cheaply and quickly from developed world sources. The
test quantities of HFC 134a produced are too mmall to make per st any impact on Indian
consumption of ODSa and are more cheaply available as imports without prejudice to future
domestic production of the product.

2. RELEVANCE AND ADEQUACY OF INFORMATION PROVIDED

Only a preliminary judgement can be formod on the basis of the informstion provided. The
informeticn given is relevant and well presanted. However, - are large, and
fundementsal, areas of tachnical information which are not provided at atl. For example:

grocoasias) to be investigated - basic chemietry, rew meteriels, co-producte and by-
=cducts, catalyst (generic dsscription).

- plant layout - line diagrem, function of the capitsl itams in tre process{ee), materials
of construction (critical), specific effluent disposal procaeses.

3. TECHNICAL SOUNDNESS

Tac gzneral choice of alternate technology (HFC 134a) i€ appropriate and relevent to Indien
uctr industry needs. There is o good case for domeetic production of HFC 134a st & future
dete - probably before the end of the decads. However, thare iz & need to demonstrate that
ab initlo development of basic process technology iz necessary, or at least & lowest incrsmantel
cort optlen compared with acquisition. Technology currently available from the davalaped
wor.d is gt least flve years in advence of this stege of Investigation. It is likely to bz cheapes
tc ezt thie tachnology to indigenous conditions than to start again from the beginning. In
the meantime there is no evidence that there is, or will be, any ghortage of HFC 134a to
Indizn ugars during thae, period prior to the establishment of commercial-scale indigenous
mroduction. Finally, there is some evidence thet at least one indigencus producer has elready

deveicped HFC 1348 producticn technology to e more edvanced stege then would bs the
outcomoe ¢f the prezent proposall.

! Mr B C Gosalla, Exocutiva VP of Navin Fluorine Industrier, quoted in "Bucinaces Indie” {2-15 Augurt 1593, p931
“We are planning a 3,000 tpa plant to manufacture the whole range of subdtitutes ... whethaer thase products wilf L
avallable in 1995 or 1998 depends anfiraly on what our customers want and the prevailing duty structure®. Ha is
further quoted as vaylng tha plont can be constructed in two years, will ba viable at 300 tpa provided itr peoducts

=ajoy a 609 duty pratection. Navin has imported HFC 1240 ond distributad sempler 1o ali the major refrigeration
manvufacturars to anable them to Inlate RED far a changeoaver.

The Qzone Omarationm Lescurce Group (OORD) operates urder the aveprces of thae Envicon ent Grown (ENVGC) of The Workd Bank
Headquartery: Wautngton 0.0 20431 USA. Talephone + 1.207477-1234, Teishm +~ 702.477-4391
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4. LESSONS FRROM EXPERIENCE

An gtntod nbovae, there is considarable experisnce inn the daveloped world of & variety of
processas for the manufacture of HFC 134a. At laast two competing proceascs are available
for technology transfer. HCT has an excelient roputation and is already waeil placed to work
with indigenocus producars to assoes the merits of these technolegies. The lowest incremeantal
cost {s Iikely to be achieved by uaing available experience,

Thera is concarn that the proposal may not take account of available sxparience of difficulties
af catalyst performance in respect of product vield snd selectivity, nor of the unexpectedly
sovere gperating conditions which place spocisl demands on materials of construction.

b. ENVIRONMENTAL AND SAFETY ISBUES

There are several potentisl hazardous weats strasams to connmidar - atcarding to the process
adopted. This ia not addressed, snd it I8 not ¢lear from the propossl whether exiating
treatment facilities would guffica, Therse are several potentlial harardous intermediates to
congider - according to the procens adopted. This is not addressed; operating procedursz and
materialz of construction will be important. Moeet processes produce an HCL gide-stream.
According to circumstances this maey be saleable or incur & dispossl cost. Thin should he
addressed. Advice on these matters would be avallable, on the basis of actual oparating
experiencs, from at least some of the potantial technology suppliacs.

€. COST-EFFECTIVENESS

»8 sugygestad sbove, the proposal does not at first sight sappesr tc represent the lowest
inremental cost approach to resolving India's needs. The sctual costz presented are not
unreasonable, assuming that indigenous labour cosis are minimal. The capital costs are
probably alightly on the low side given the likely need for somae items to use relatively costly
alloys toc handle highly aggressive process strenms, but are of the right order of magnitude.
In a process rescarch project of this type a large proportion of the costz will be for ekilled
manpowar. These costs will bo relatively very low in Indla and are, in any case, not included
in the proposal costing. Howwver, therse resources are slso valuable to India and may botter
be employed in working with doveloped world tochnology providerz and domestic producers
to assess and choose foreign technology, and then to adapt it to domestic circomstances and
install eppropriately for domestic production. This routs is likely to provide India more

chesply and mare quickly with indigenous production of HFC 134a and o reduce the pericd
of dependence ori imparts from the developed worid

7. OTHER

It is sepzrataly proposed that OORG should appoint someone from IICT to its Production
Sector Workgroup. This-waz intendsd to maintain neutrality as between the four or five
domestic fluorocarbon producers and yet provide a touchstone for “ground truth” in gasessing
proposals from India and other LD, In this connection there would be vaiue to India and
to tha DORG if the Workgroup were not called upon to assess in detail a proposal from IICT.
ICT's akillz and reputation are very high, ond may be batter employed in assoasing mora

“market roady”™ proposals than in revisiting the moro basic aspects of the relevant process
chemistry and technology.

OCORG Praduction Sector would nevertheless be happy to re-examing the present propasal if the

important missing information were provided and an economic case mode for lowfes:
incremental cost,
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