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Dr. David Jhirad

Senior Energy Advisor

Office of Energy

U.S. Agency for International
Development

Room 508, SA 18

Washington, D.C. 20523

U.S.A.

Dear Dr. Jhirad:

Third Meeting of Energy Regsearch and
Development Advisory Committee (ERDAC) for PACER

The third meeting of ERDAC is scheduled to be held
on Tuesday, August 22, 1988 at 3 p.m. at the Department of
Non-Conventional Energy Sources (DNES), CGO Complex, Block
Mo. 14, Lodi Road, New Delhi 110 003. We have pleasure in
enclosing the notice and agenda papers for the meeting.

We request you to attend the meeting as an observer.
Kindly confirm your convenience.

With regards,

Youfs sincerely,

P.

Manager
PACER SECRETARIAT

Enclosures:



EROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH
(PACER)

TO ERDAC MEMBERS

NOTICE is hereby given that the Third Meeting of Energy Research
and Development Advisory ommittee (ERDAC) for PACER will be held
on Tuesday August 22, 1989 at 3.00 pm in the Department
of Non-Conventional Energy Sources, Ministry of Energy,
Government of India, Block No. 14. CGO Complex, Lodi Road, New

Delhi 110 003 to consider the eﬁclosed agenda.

Dr. J. Gururaja
MEMBER SECRETARY
ERDAC

August 11, 1989

Encl : Agenda



emphasis on system intquation and

engineering.

1

(vii) Upgradation of solar thermal technology

for water heating.
(viii) Application of solar thermal technology to
drying of coal in cement industry.
(ix) Small wind battery chargers (5W to 50W) .
(x) 6 to 8 W photovoltaic module light/battery.

(xi) Retrofitting of new and efficient

illumination systems.



PROGRAM FOR ACCELERATION QOF
COMMERCIAL ENERGY RESEARCH
(PACER)

Project Ideas for Developing Proposals

(1)

(ii),

(iii)

.(iv)

(v)

Development of cogeneration systems based
on existing open cycle DG and thermal power

generation facilities.

Conservation technologies based on process
control and heat recovery with emphasis on

suitable software development.

Processing of solid renewable fuels - e.g.
Agricoal - it involves shredding of
agrowaste, compaction, pyrolysis and
briquetting, to get a fuel with about 3000
to 4000 kcal/kg. It will be wuseful as

industrial/urban fuel.

Gasification systens generating fuel
for multiple _use with capacities upto

about 20 KW.

Production of liquid fuel viz. alcohol at

" village level.

ﬂvi)

Upgradation ~f technology related to
renewable fue . production, macﬁinery for

manufacture and utilisation equibment with
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PACER/ 39%4 % August 17, 1989

Shri S. Padmanabhan

Energy Specialist

U.S. Agency for International
Development

American Embassy

West Building

Chanakyapuri

New Delhi 110 021

Dear Shri Padmanabhan:
ERDAC/PRC Meetings for PACER

We have pleasure in enclosing the notice and agenda
papers of the ERDAC and PRC meetings scheduled to be held on
August 22, 1989 which may kindly be given to Dr. David

Jhirad on his arrival.
\
P. H.V(}ifi&@/

Manager
PACER SECRETARIAT

With regards,

Enclosurés:




ACTIONS TAKEN ON POINTS ARISING FROM MINUTES OF
4TH PRC MEETING HELD ON JUNE 28. 1989 AT ICICI. BOMBAY

Agenda Item 2(a) : PAIC

PACER Secretariat had discussions with proposers (Punjab
Agro Industries Corporation) and communicated the PRC's
observations. Proposers would be shortly submitting the

information requested.

Agenda Item 2(b) : SPIC Ltd, -
Dr. P. H. Vaidya had discussions with Dr. S.

Parthasarathy, Executive Director, SPIC who has agreed with
the suggestions of PRC., The scope of project has now been
revised suitably and the cost of non-project specific 1laboratory

equipment worth Rs 10 lacs will be financed by the proposers.

Agenda Item 2(c) : Nagadi Consultants Pvt. Ltd.

A sanction 1letter specifying terms and conditions has

been issued to the proposers.

Agenda Item 3 : Nipbkar Agricultural Research Institute (NARI)

The observations of the PRC were conveyed to the

proposers. PACER Secretariat had detailed disc' sions with the

proposers and have decided the precise -scope of the project and’

the revised estimated cost is Rs. 2.90 lacs.



Agenda Items 4 & 5 :

PACER Secretariat communicated the observations of PRC
to various proposes who had gsent profiles. Subsequently,
detalled applications were received from M/s. Fluidtherm
Technology Pvt. Ltd.., and Indira Gandhi Institute of Development
Research, whereas revised proposals/detailed applications are
awaited from Bharat Heavy Electricals Ltd., Bhopal, Total Energy

Systems, IIT, Bombay and Lawrence Berkeley Laboratory.



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

ERCGRAM FOR ACCELERATION QOF COMMERCIAL ENERGY RESBARCH
PACER)

Sth PRC Meeting
August 22, 1989
Confidential Agenda Jtem 5

Progress of projects under implementation
1.a) BEngineers India Limited (EIL) and HIndustan Zinc Limited (HZL)

At its 2nd meeting held on November 18, 1988, ERDAC
sanctioned conditional grant of Rs. 38 lacs to consortium of EIL
and HZL for undertaking project on development of optimisation
model for energy in milling operation in mineral processing. A
sanction letter dated December 30, 1988, covering main terms and
conditions of the assistance was issued to them. (EIL) conveyed

its acceptance of main terms and conditions on January 24, 1989.

EIL and HZL have drawn up a draft of memorandum of
understanding (MOU) for the proposed consortium project. At a
joint meeting of ICICI, EIL and HZL held on April 28, 1989 draft
agreement for PACER assistance as also draft memorandum
understanding between EIL and HZL were discussed. Both the
documents are expected to be signed after receiving concurence of

HZL which is awaited.

HZL 1is yet to accept the terms of sanction. PACER

‘Secretariat is actively pursting with HZL for the comments on the

terms of agreement and their acceptance.

Gk



b)

2.

a)

Thermax (Pvt) Ltd (TPL) and
Trinity Porge Pvt. Ltd. (TFL).

Disbursement of Rs. 4.17 1lac (more than 50% of the
sanction amount) was made and the proposers have made
substantial progress. The regenerative burner is being
installed at TFL's Ahmednagar works and will start

functioning by September 1989.

Research projects' undertaken by
Tata Energy Research Institute (TERI)

Project to evolve policy directions for smoothening
load duration curve in India.

PACER Secretariat diébursed Rs. 6.20 lacs (50% cost of
the project) and Rs. 8.50 lacs towards equipment such as
data loggers, meters necessary to carry out the research.
TERI in consultation with PACER Secretariat has
constituted an advisory group (consisting of Sarvashri

T.L. Sankar Chairman APSEB, R.S. Verma, Chairman HSEB,



b)

c)

.
W

P.  Abraham Chairman MSEB, Sethuraman, Chairman MPEB,

L.R. Suri Secretary General NCPU, Chikkoba, chief
Engineer/Planning TNEB) which would be consulted for
considering the on-going efforts of Deptt. of Power, and
other agencies. PACER Secretariat had discussions with
TERI at various stages. TERI has informed that the study
has commenced with field trials at Palawal Haryana.
Discussions were held with Haryana State Electricity
Board officials and Sonepat has been identified as
suitable 1location for final study in the state of
Haryana. Sample selection has already begun at Sonepat
Project on assessment of appliance effieciencies in
domestic gsector.

PACER Secretariat disbursed Rs. 6.90 lacs (50% cost of
project) and Rs.4.45 lacs towards equipment essential for
the project. 'PACER Secretariat had discussions with TERI
on the progress of the project. TERI has informed that
the work on project has commenced. A pilot survey has
been initiated 'for identifying appliances which make
significant coatribution to the 1load. The household
survey and efficiency measurements will start af£er
analys.ng pilot survey data for a few selected gadgets.
TERI would be submitting the progress report on the

project shortly.

Project for working out strategies for indigenisation of
grid connected wind Electric Generators in India.

PACER Secretariat disbursed Rs. 1.155 lac (50% of cost of

project) to TERI towards the project. TERI has contacted

0"



a)

b)

c)

d)

project.

[

manufacturers of electric generators fibre glass
components, gears as also fabricators of steel components
to assess which components of wind electric generators
can be manufactured indigenously. The main points
emerging out of the discussion of representatives of TERI
with various manufacturers contacted in connection with
the project are as follows :

Import duty needs to be imposed on WEG so that indigenous
products can compete with foreign machines.

Electricity Act needs to be altered to allow for
generation of electricity by private sector.

Supporting structures (Towers) need be gisen the same
setatus as transmission line towers. This would reduce
the cost of land occupied by a windfarm.

Optimization of design of rotor is one of the R&D
problems which needs to be pursued in order to reduce
cost.

As on June 30, 1989 TERI has incurred Rs. 77,750 on
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3th PRC Meeting
Confidential August 22, 1989
SUMMARY OF EVALUATION OF PROPOSALS {BY PACER SECRETARIAT)
COMMENTS ON SUITABILITY BASED ON SPECIFIED CRITERIA
INNO- BUSINESS OVERALL
VATIVE ATTRACTIVE- PROPOSERS' SUPPORT
S.NO. PROPOSAL PROPOSER (S) COST CONTENT RELEVANCE NESS STRENGTH COST WORTHINESS
(Rs.lacs)
CONSORTIUN PROPOSALS
1. Development of Fluidtherm 82.00 Good Yes Good Good Reasonable 8
continous fluid- Technology ’
ized bed furnaces Pvt. Ltd _
for heat treatment IIT., Madras
TI Diamond

Chain Ltd.

e
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NOTE ON "PROGRAMME FOR INTERACTION OF PLANTERS AND
ENERGY RESEARCHERS (PIFER)"

The plantstion {industry, particularly in the
north -east snd southern parts of the countpry has been
facing eevere competition in the international market.
Production costs in the rlentation industry have been
increasing in a manner that has eroded India'e
competitive position 1in the world market., A major
component of total production costs is the cost of
energy use at various stages of the process in producing
marketable outputs from commercial plantations. In order
to promote efficient use of energy and bring sbout
improvements in the efficiency of plantation operatione
in the country, &8 Plantere Energy Network (PEN)
involving approximately 50 plantation organisations was
estsblished in 1986. Technical support for this network
has been provided by the Tata Energy Research Ingtitute

and the Madurail Kamaraj Univeresity.

1

In the project now proposed, a systematic
appyoach in bringing about technology upgradation
related to energy use in plantation industries will be
adopted including disseminastion of information 6n
improved technology, regular monitoring of energy
consumption in plantation units and effective
interaction among the planters, researchers and the
academic community to ensure sattainment of the
obJectives of higher energy efficiency. The proposed
project would be implemented by the Planters Energy
'Network with technical assistance from the Madurai
Kamaraj University and the Tata Energy Research

Institute.

13



2)

3)

4)

5)

EROGRAM FOR ACCELERATION QF

{PACER)

COMMERCIAL ENERGY RESEARCH
CER

3RD ERDAC MEETING
AUGUST 22. 1989

EROPOSALS LIKELY TO MATERIALISE IN NEXT SIX MONTHS

CONSORTIUM PROJECTS

DEVELOPMENT OF
CONTROL SYSTEM’
FOR COGENERATION
- PACKAGE BASED
ON PHASED OUT
AERO-ENGINES

DEVELOPMENT OF
DESICANT COOLING
SYSTEM

R&D OF INDUS-
TRIAL AND
DOMESTIC GAS
FLOW METERS
AND DOMESTIC
MULTIFUEL GAS
STOVE

DEVELOPMENT OF

ENHANCED 3 TON

PAYLOAD BATTERY
BUS

DEMONSTRATION OF
A 4 MWE CO-GENER
ATION PLANT BASED
ON CONTROLLED
COMBUSTION TECH-
NOLOG' EMPLOYING
PADDY STRAW/HUSK
AS FUEL

PROPOSER (8)

LOTUS ENERGY
SYSTEMS PVT.
LIMITED
NATIONAL
AERONAUTICAL
LABORATORY
HINDUSTAN
AERONAUTICS
LTD.

METALLURGICAL
AND ENGINEERING
CONSULTANTS (I)

LTD. BOKARO
STEEL PLANT

TOTLL ENERGY
SYSTEMS

BHARAT HEAVY
ELECTRICALS
LIMITED

PUNJAB AGR

INDUSTRIES

CORPORATION
LTD.

PRM ENERGY

SYSTEM INC.
ICB LTD.

LIKELY
PROJECT
COST

¢ Es"is'?

lac

10.00

11.00

6.00

/52,00

1000.00%%

PACER
CONTRIBUTION

"k in lacs)

5.00%

5.50

3.00 *

26.00

450.00



SR.
NO.

6)

LIKELY

PROJECT
PROPOSAL PROPOSER(8) COST
Tttt TTTTTTTTTT (B ix

lacs
DEVELOPMENT OF SURYOVONICS 260.00
PHOTOVOLTAIC LTD. POWER
SYSTEMS FOR PACKS PVT.
VARIOUS RURAL LTD.
APPLICATION POLYENE GENERAL

(LANTERN, STREET INDUSTRIES PVT.
LIGHTING & WATER LIMITED
PUMPING)

RESEARCH PROJECTS

STUDY OF COCOCNUT I.I.T. BOMBAY 68.00
RESIDUES FOR

ENERGY USAGE

IN THE FORM OF GRANT

SUBJECT TO DOWNWARD REVISION

PACER
CONTRIBUTION

130.00
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THE PRINCIPLE

Fluidisation occurs when a stream of air or gas is
passed upward through a bed of finely divided
particles At a certan velocity, the particles separate
and float on a cushion of the fluidising air or gas.
When the velocity is increased, bubbles form and as
they rise through the bed, they cause rapid mixing of
the particles in all areas of the bed

When fluidised, the bed behaves just like a liquid. It IS
buoyant and light objects float while heavy objects
sink. When heated the fludised bed becomes an
excellent media for heat transfer.

In the heating context, alumina I1s used as the
fludising media. Mixtures of Air, Ammonia, Nitrogen,
LPG and many other gases are used as the fluidising
gas as well as the heat treating atmosphere. The gas
reactions take place in the bed itself without need for
a gas generator.

An alloy retort 1s used as the container and a special
alloy distributor system ensures uniform fluidisation.

o Ey
A 2Ty

-
Vw3l lkaawaia

The bed is heated by gas or electricity externally and
in some cases internally. The components are
immersed into the bed and lifted out when the
treatment cycle is complete, usually with the help of a
hoist.

CUSTOMER SUPPORT

FLUIDTHERM maintains a production scale fluidised
bed heat treating laboratory where customer trials
and process developments are continually performed
and made available to clients before and long after a
sale 1s made. The amazing flexibiity of the fluidised
bed is exploited and experiments in alternate
atmospheres, metals and processes are performed
and clients are informed of the latest processing
techniques.

Clients can run samples or even production lots to
optimise their process parameters. Customised
processes are developed on request for specific
products/applications. It is this commitment to
research & development that gives both us and our
clients the competitive edge.

{
W\



OF FLUIDTHERM FLUIDISED BED FURNACES

LOW OPERATING COSTS

The high heat transfer rate (4 to 25 times faster
than convection/radiation furnaces) cuts down
cycle times. Larger tonnage can be nrocessed in
smaller furnaces. When not in use the furnace can
be switched off and need not be idled. When off
even overnight, the bed retains most of its heat
and only needs incremental heating the next day.

The need for effluent treatment and disposal does
not arise and pre/post cleaning expenses raduce.
All these and other features like low maintenance,
no fume handling, lower LPG storage, no gas
generator etc., combine to yield an operating cost
per kilo that 1s 50% to 70% of conventional heat
treating equipment.

LOW MAINTEMANCE

FLUIDTHERM Fluidised Bed Furnaces are rugged
workhorses designed to operate in hostile
environments. There are no moving parts like fans
conveyors etc as in atmosphere fu- 1aces and
hence no attendant maintenance problems.
Separate gas generators are not required.
Periodic furnace burnouts are not needed. Soot
formation does not pose praoblems as the soot
deposits on the particles and 1s burned off at the
bed surface The alumina particles are inert and
do not require rectification, regeneration or
monitoring. The many features built into
FLUIDTHERM Fluidised Bed Furnaces make them
one of the most maintenance free equipment
available.

CLEANING

Precleaning and drying of components required for
processing In atmosphere and salt bath furnaces
are not required when using Fluidised Bed
Furnaces. Oil and moisture on the components
and jig simply vaporise without the hazard of
explosion. Post treatment cleaning is also greatly |
reduced. Some alumina adheres to threads, blind
holes and the like but these are easily washed or
blown off.

QUALITY

The high degree of temperature uniformity
(+3°C,Typ.) causes extremely uniform heating of
all components, even in very dense loads.
Distortion i1s reduced by tne bed buoyancy and
uniform heat up from surface to core.

During case treatments, non uniform case depths
do not occur. The component surfaces are
continually exposed to fresh reactive gas under
pressure and are gently scrubbed by the particles
which also remove carbon build up on edges and
corners. Dense loads can be processed without
much care in component positioning and spacing.
Once the parameters are set, consistent quality
is obtained, batch after batch—for as long as the
process Is operated.

POLLUTION FREE

Fluidised Bed Furnaces are not poisonous, do not
attract the provisions of health and pollution laws
and are extremely safe for those operating them.
Effluent treatment and disposal equipment are not
required.

LOW CAPITAL COST

FLUIDTHERM Fluidised Bed Furnaces cost less
than equal capacity, vacuum, sealed quench & pit
type furnaces and even salt baths (when effluent
treating and safety equipment costs are added).
One furnace performs many processes so
additional furnaces for specific low volume
applications are not required.

EASE OF OPERATON

Fluidised Bed Furnace operation is extremely
simple and safe. It involves only setting the
desired temperature and gas flow (done
automatically in certain models) and immersing
the components. At the end of the cycle, the
components are lifted out and the furnace is
swicched off while waiting for the next batch. The
lack of any type of hazard makes operator training
very simple.

FLEXIBILITY

TEMPERATURE FLEXIBILITY
FLUIDTHERM Fluidised Bed Furnaces can be operated at any temperature from sub zero to

1200°C, and have rapid heat up and cool down ability.

ATMOSPHERE FLEXIBILITY

The fluidising gases which are also the heat treating atmosphere do not reside in the furnace. A
fresh gas stream replaces the existing atmogphere completely within seconds. Consequently it is
possible to change process atmospheres—batch to batchl



%m WHICH OTHER SINGLE FURNACE CAN YOU ¢ ¢ &

CARBURISE, CARBONITRIDE, NITRIDE, NITROCARBURISE, OXYNITRIDE
AND NEUTRAL HARDEN, TEMPER, STEAM BLUE, BLACK OXIDE
AS WELL AS NORMALISE, ANNEAL, MARQUENCH, PREHEAT, AGE, HOMOGENISE, STRESS

RELIEVE, QUENCH
PERFORM TOOL STEEL TREATMENTS, THERMAL SHOCK TESTING, PLASTIC AND PAINT

STRIPPING. ETC ETC.?
iR A FLUIDTHERM FLUIDISED BED FURNACE YOU CAN

* TEMPER and NITROCARBURISE in the morning, CARBONITRIDE and NEUTRAL HARDEN in the
afternoon, CARBURISE in the evening and NITRIDE overnight.

% Perform partial ‘tip only' treatments.

* Process different size components in the same batch.
* Process different case depth jobs in the same batch
* Preheat and harden in the same furnace

* MARGQUENCH or AUSTEMPER in a second furnace.

* Do midcycle hardness and case depth checks.

BATCH AND

CONTINUOUS
FURRNACES

FAA PR T e A
NG R S
K i -

f= B
Wtk Y
A :5 "‘"%—hi T

L.
LS o



APPLICATIONS

SOME COMMON HEAT TREATMENT PROCESSES

NEUTRAL HARDENING
The heat transfer rate from the fludised bed to the immersed components is
very much more rapid than convection/radiation furnaces. Consequently shorter AT T T1
cycle times are required. A small furnace can output as much as larger 10— =T
conventional furnaces. The components are quenched in existing quench ; 500 I CONVENTIONAL
systems, whether it be water, oil, polymer or even another fluidised bed. For 2 > 2 1 11 [rusnace
finished components, clean surfaces are obtained by fluidising with pure nitrogen § ::: (" |HeaT UP RATES OF | |
or commercial nitrogen with hydrocarbon additions. Where nitrogen cannot be | # || | 16mm dia steel bars
used argon and other suitable gases are used. In cases where metal 1s to be 00 4
removed after treatment, air 1s used as the atmosphere. Remember that as the L L
cycle is short, very little decarb/scale occurs as compared to other furnaces. TIME SECONDS
Where production quantities do not justify a second preheating furnace, 800
preheating can be done in the same hardening furnace. Components are 00 l ] I I l
immersed when the bed is at a lower temperature and after recovery both the | ,, o W= e e o T
bed and the jobs are taken rapidly to hardening temperatures. It has been seen g 50 P> < am
that when tool and other steels are wrapped in stainless steel foil, surface finish | § < L\ ~__|
equal to that obtained in vacuum furnaces can be obtained in Fluidised Bed § >N \\FLUIDISED BED
Furnaces also. B :: o'

N-WATER ~p—T—F
CARBURISING/CARBONITRIDING TR e st

The carburising process I1s much faster in Fluidised Bed Furnaces for a variety of

reasons. Firstly the time taken to heat the load is very much lower than in
conventional atmosphere furnaces. Secondly Fluidised Bed Furnaces can operate { €00
at much higher carbon potentials (1.6%WtC,Typ). At these levels soot formation] | --=-~ Atmosghere Furnace Gas
would damage conventional furnaces but in Fluidised Bed Furnaces the soot e o & hours
merely deposits on the particles and is burned off at the bed surface. Thirdly the 200 F

use of higher temperatures without grain growth 1s possible. Distortion 1s

reduced by.the buoyancy and temperature uniformity of the bed. Boost/Diffuse [z
carburising can be performed with high potential during boost and inert 2
600 I
atmosphere during diffuse. § Fludised bed carburmsed
The consistency of quality is very high. Under or over carburisation does not 8t 850°C for 1 5 hours N

occur as the component surfaces are continuously exposed to fresh reactive
atmosphere and are gently scrubbed by the particles which also contribute to 500
the uniformity of gas composition. Absolutely uniform case depths can be
obtained even in dense loads, in any part of the work basket. Equalising grain 820 st rehandensd from B20°C
refinement or lower temperature quenching can be done In the same cycle. 400 s
Various atmospheres can be used such as LPG +AIR, N2 + Methano! +LPG, DEPTH_BELOW SURFACE mm

N2z ~+LPG, N2 + Methanol etc.

NITRIDING/NITROCARBURISING & OXYNITRIDING

Any mixture of ammonia and other gases such as nitrogen, carbon dioxide, oxygen & hydrocarbons can be used
for nitriding type processes in Fluidised Bed Furnaces. The relative concentrations can be adjusted to control
the phases formed at the case, the white layer and the compound zone. Properties imparted by various
proprietory processes can be easily duplicated and customised treatments for specific components and
applications can be developed.

TEMPERING

Temperature uniformity, so critical for quality tempering and solution treatment i1s what makes the
FITUIDTHEHM Fluidised Bed Furnace the best available choice for these processes. Precise controllability and a
wide temperature range enables the processing of most metals and secondary hardening of tool steels. i
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. The retort is made In heavy

. A novel retort support

. The lift and swing lid can

FEATURES THAT MAKE THEM SUPERIOR, RELIABLE AND

A sturdy shell and thick
deckplate resist damage due to
impact and heavy loads.
Removable panels allow quick
and easy maintenance of heating
elements.

. Low thermal inertia ceramic

fibre insulation enables the
furnace to respond quickly to
different temperature settings.

section superalloy, chosen for
maximum high temperature
strength and resistance to
thermal cycling.

The unique FLUIDTHERM 1
muitilayer alloy distributor
system (patent applied for} is
designed to produce uniform
fludisation and requires no
adjustment.

mechanism, prevents retort

MAINTENANCE FREE

distortion and elongation.

also open straight up (ke a

suitcase lid). Lined with ceramic
fibre, It incorporates an exhaust
duct and a rotating wind screen.

Heaters are metaliic or SiC,
designed for safe surface
loading. Anchoring, in the case of
metallic elements is by a special
rigid design that insulates the
elements frorn the shell, both
thermally as well as electrically.

. The work support 1s of rugged

construction and 1s designed for
long life under constant
maximum loading. A protective

OPTIONS

8 ECONOPULSE—
@ microprocessor flow adjuster
that reduces gas consumption
by upto S0%.

8 AUTOCARB—a control package
for ‘hands off' control of
carburising and other surface
treatments.

B AUTOPACK—an add-on module
that converts manual models
into automatic models.

8 HUMIDIFIER—for steam blueing
and colour firishing.

FLUIDTHERM Fluidisad Bed
Furnaces are modular in design. A
basic furnace can be purchased and
modules for extra treatment
capabilities, controls and automation
can be added on at a later date. All
furnaces are supplied with free
gtanding control and gas panels.

FLUIDTHERM Fluidised Bed
Furnaces undergo a full systems
check at the plant before despatch.
They are generally fully assembled
and need only utility connection to
become fully operative.
Commissioning can be done In-
house or with the help of
FLUIDTHERM engineers.

SFLUIDTHERM

TECHNOLOGY [PILTD .
132, llt Main Road, Industrial Estate,

barrier 1s incorporated to trap
falling parts.

Ambattur, Madras - 600 058.
Ph: (044) 656789 & 655375
TIx: 041-22068



AN INTRODUCTION TO FLUIDISED BED HEAT TREATING

BASICS: Fluidisation is a method of making a ‘bed’ of sand
like particles behave like a liquid. This is done by passing a
stream of air or gas upward through the particle (eg. alumina)
bed. When heated, the flurdised bed becomes an excellent
media for heat transfer to products that are immersed into it
(Fig.1). The four main bencficial properties of the fluidised
bed when used as a heat treatment furnace are:

1) High Heat Transfer Rate
2) High Temperature Uniformity
3) High dcegree of Flexibility

4)  Its Physical State, of being dry, clean and non-toxic at
all temperatures.
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F16.1- SCHEMATIC OF BASKET BEING IMMERSED INTO A
FLUIDISED BED
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The heat transfer rate in fluidised bed furnaces (FBF/c) is
comparable to that obtained in salt bath furnaces and is very
much faster than atmosphere convection furnaces (Fig.2).

This yields high production output from comparatively small
FBF/cs. Also as the cycle is shorter the energy consumed is
corrcspondingly lower.

The high degree of temperature uniformity is caused by the
turbulent motion of the hur  aumber of particles that travel to
all comers of the bed. As a matter of fact, thermocouples
themselves are calibrated in fluidsed bed furnaces. A

temperature uniformity frequently in the order of +/- 2°C
yields consistent quality in terms of uniform hardness and case
depth in all parts of even heavily loaded work baskets.

Flexibility comes from the ability to operate the same furnace
at any temperature between ambient and upto 1200°C. Also
any mixture of air or gas (heat treating atmospheres) can be
used for fluidising.

Ccuseyuently, the same furnace can be used for any and all
heat trea’ment processes.

An added advantage is the fact that a new gas stream
completely replaces the existing gas stream within seconds.
Hence itis possible to change processes batch after batch, such
as carburising the first batch, carbonitriding or hardening the
second, tempering or nitriding the third and so on.

Physically, the fluidised media, (alumina in heat treating) is
dry at all temperatures. Though it looks and behaves like a
boiling salt bath the particles are always separate and dry.
Consequently, unlike the salt bath the FBF/c can be operated
at any desired temperature without solidification or
vapourization. Also when not actually operating, the FBF/c
can be simply switched off without fear of solidification or
sintering,

Arising out of the above four properties are the following
advantages.



1) Low operating cost due to the high heat transfer rate,
the ability to switch off when not operating without
major loss of temperature, the ability to process large
tonnages in a sma'i furnace, a reduction in pre/post
cleaning expenses and the complete absence of effluent
disposal, scparate gas gencrators etc. Unlike salts,
aluminais not ‘consumed’ and except for minor dragout
losses it is used over and over again,

The Government of India has recognised the FBF/c as
an encrgy saving device and has given users the twin
incentives of Zero Sales Tax and 100% Depreciation.

2) Low maintenance, as there are no moving parts in the
furnace and no ancillary equipment such as gas

generators, etc.
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3) Low capital cost as the FBF/c is constructed similar to
the pit type or externally heated electric salt bath furnace
(Fig.3).

4) Ease of operation, as the FBF/c is loaded and unloaded
Just like a salt bath,

5) Non polluting, as the particles are entirely non-toxic.
There is no disposal like for salt and sludge. It is also
safer for opcrating personnel who need not be exposed
to cyanide fumes and salt splashes.

6) Reduction in cleaning requirements which are quite
extensive in the case of components treated in salt baths.

PROCESSES: A single fluidised bed heat treatment furnace
has the ability to handle many gas streams. A typical unit uses
Air (from a blower), LPG (from domestic cylinders), Nitrogen
& Ammonia (from standard cylinders or generators). Typical

LPG | AIRR | NITROGEN | AMMONIA
Carburising » " *
Carbonitriding * * *
Nitriding * *
Nitrocarburising " * hd
Neutral hardening *
Tempering *
Other neutral
treatments hd
Other non neutral )
treatments -

combinations of these gases for various treatments are shown
below.

In addition, two or more processes can be combined in the
same cycle. One example is carburising, cooling and
rehardening (grain refining) in a single cycle. Here the
products are cooled in a neutral atmosphere after the
carburising phase and are then quenclhied from the relevant
hardening temperature, This saves alot of production time and
avoids separate rehardening of components. Another example
is the ability to combine tempering and blucing or nitriding
and blackening in the same cycle by altering the fludising gas
fora portion of the cycle. In umes of shortage of certain gases
orliquids, other atmospheres can be used without stopping the
production. A Methanol/Nitrogen mixture can replace the
LPG/Air mixture for carburising. Duning neutral hardening
100% Nitrogen somecumes with additon of 2% LPG or
Hydrogen (to overcome impurities) is used. It is also possible
to use LPG/Air mixtures to provide ncutral atmospheres of
different carbon concentrations.

RAPID CARBURISING: A FBF/c has a carburising rate
very much faster than salt baths or atmosphere furnaces (pit,
sealed quench etc), (Fig.4). The carburising time depends
upon the temperature and the carbon potential of the
aimosphere. It 1s not generally possible to maintain in excess
of 1.2% carbon n salt baths or atmosphere furnaces as
undesirable cyamide fumes (in the case of saltbaths) and heavy
sooting (in the case of pit and sealed queach furnaces) would
occur. Consequently, the carbon potential has to be kept low
and the cycle proceeds for a given time.

In a FBF/c however, it 1s possible to operate at a very high
carbon potential. Soot forms but unlike in atmosphere
furnaces, there is no effect on either the process or the furnace.
The millions of particles in the fluidised bed prevent soot
deposition on the components or the retort and the soot is burnt
off at the surface of the bed. Soot * burnt out’ as in sealed
quench furnaces is not required.

Nitriding and nitrocarburising are performed easily in the
FBF/c with Ammonia, Nitrogen and LPG mixtures. With the
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waste disposal, metal recovery, foundry & chemical
engineering.

use of certain gases and polymer quenches it is possible to
perform ferritic oxynitrocarburising and to duplicate many
proprictary salt bath processes such as Tufftride and Sursulf*.
This process provides resistance to wear, corrosion, scuffing,
galling, cold welding and improves fatigue strength.

The high degree of temperature uniformity cnables quality
tempering as well as solution treating of aluminium alloys.
Tempering can be done at various temperatures, from 160°C
to 750°C in the same fumace. Tempering can be combined
with blueng and blackening in a single cycle.

Fluidised bed furnaces are also used very cffectively for
Marquenching & Austempering (Fig.5). They have th:2
added advantage that unlike salt baths, the furnace for
marquenching can also be used for tempering, nitriding,
preheating etc.

Continuous fluidised bed furnaces are also made in various
designs. For conunuous hardening, carbonitriding, etc. of
small parts, a rotary retort (scroll type) furnace is popular, For
continuous carburising and hardening of large components, a
rectangular FBF/c is used where the components move along
the length while suspended from overhead chain conveyors or
walking becam mecchanisms. Fluidised beds are also very
popular choices for continuous Patenting and Annealing of
wires and strips (Fig.6).

FUTURE PROSPECTS: Rescarch work is currently being
carried out influidised bed boronising, CVD coatings as well
as in oxidation and reduction of fine particles and ores apart
from a number of other applications in steam generation,
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For further informationon FLUIDTHERM FLUIDISED BED
HEAT TREATING TECHNOLOGY & FURNACES,
please contact:

Fluidtherm Technology (P) Ltd
No.132, ITI Main Road

Ambattur Industrial Estate ;
MADRAS 600 058
INDIA.

Phone:  (044) 656789, 655375, 656264
Tix: 041-22068 IFNW IN

* Trade names of Mis Degussa and H.E.F. respectively.



ACTION TAKEN ON POINTS ARISING FROM THE MINUTES
OF SECOND BRDAC MEETING BZLD ON NOVEMBER 18, 19838

Identification of select group of
technologies of interest to PACER

PACER Secretariat had several meetings with officials at
DNES and other institutions in the field of energy such
as TERI, NPC, IIT and CSIRs etc and has identified some
project ideas for developing proposals. PACER
Secretariat would survey available 1literature and
identify the areas in which development work would be
necessary and prepare detailed proposals for entrusting
to suitable entrepreneurs through the mechanism of

Request for Proposal.

Publishing of information on
Proposals cleared by PRC/ERDAC.
Press releases on the proposals cleared were issued and
are proposed to be issued from time to time after the

meetings of ERDAC.

Proposal for solar Pond for low grade heat proposed

by Karnataka State Council for Science and Technology
and Deejay Hatcheries, Bangalore :

PACER Secretariat is pursuing the proposal with
suitable entrepreneurs. PACER ~ Secretariat has
established an active interaction with IREDA. The

proposals for consortium R&D and research study sent by

IREDA are under consideration.
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a)

(1)
3]
e

Proposal from Engineers India Ltd

and Hindustan Zinc Ltd. (RIL/H2ZL)

_PACER Secretariat had several meetings with officials of
EIL and HZL to clear various issues relating to the
development project. The draft agreement for PACER
assistance has been discussed and the proposers are

expected to sign the agreement shortly.

Proposal from Thermax (Pvt) Ltd and
Trinity Porge Pvt. Ltd. (TPL, TFL).

Disbursement of Rs. 4.17 1lac (more than 50% of the
sanction amount) was made and the proposers have made
substantial progress. The regenerative burner is being
installed at TFL's Ahmednagar works and will start
functioning by September 1989. "

A

Research projects undertaken by TERI

Project to evolve policy directions for smoothening
' load duration curve in India.

PACER Secretariat disbursed Rs. 6.20 lacs (50% cost of
the project) and Rs. 8.50 lacs towards equipment such as
data 1oggeps, meters necessary to carry out the research.
TERI in consultation with PACER  Secretariat has
‘constituted an advisory group (consisting of Sarvashri

T.L. Sankar Chairman APSEB, R.S. Verma, Chairman HSEB,



b)

P. Abraham Chairman MSEB, Sethuraman, Chairman MPEB,

“'L.g. Suri Secretary General NCPU, . .Chikkoba, chief

Bndineer/Planning TNEB) which would be consulted for
considéring the on-going efforts of Deptt. of Power, and
other agencies. PACER Secretariat had discussions with
TERI at various stages. TERI has informed that the study
has commenced with field trials at Palawal Haryana.
Discussions were held with Haryana‘ State Electricity
Board officials and Sonepat has been identified as

Al

suitable location for final study in the state of

" Haryana. Sample selection has already begun at Sonepat

Project on assessment of appliance effieciencies in
domestic_sector.

PACER Secretariat disbursed Rs. 6.90 lacs (50% cost ot
project) and Rs.d4.45 lacs téwards equipment essential for

the project. PACER Secretariat had discussions with TERI

“on the progress of the project. TERI has informed that

the work on project has commenced. A pilot survey has
been initiated for identifying appiiances which make

significant contribution to the load. The household

' survey and efficiency measurements will start after

analysing pilot survey data for a few selected gadgets.

TERI would be subnitting the progress report on the

project shortly.

2 7x
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'éiojeét for working out strategies for indigenisation of

+ - grid connected wind Electric Generators in India.

" PACER Secretariat disbursed Rs.1,1550050% of cost of

¢
i

¢
¢

project) to TERI towards the project. TERI has contacted

manufacturers of electric generators fibre glass

I3

components. Gears as also fabricators of steel
c;mponents to assess which components of wind electric
generators can be manufactured indigeneously. The main

pdints emerging out of the discussion of representatives

" of TERI with various manufacturers contacted in

i)

connection with the project are as fullows :

a) Import duty needs to be imposed on WEG 80 that
indigeneous products can compete with foreign
machines '

b) - Electricity Act needs to be altered to allow for
generation of electricity by private sector.

" ¢) Supporting structures (Towers) need be given the

(2

same status as transmission line towers. This
would reduce the cost of land occupied by a
windfarn.

.d) . Optimization of design of rotor is one of the R&D
problems which needs to be pursued in order to
reduce cost.

st

A8 on June 30, 1989 TERI has incurred Rs.. 77,750 on

broject.
Progress in respect of PACER Conference.

In view of the comments of ERDAC, suggesting substantial
pruning of PACER budget, the Scope of Work of Hagler and
.Bailey as also o0Oak Ridge National Laboratory was

reviewed in consultation with the Secretary, _ERDAC.

4
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PACER Conference is now scheduled to be held on February
2-3, 1390. The details have been given under agenda

item 7 of the third meeting of ERDAC.

>7



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED
PROGRAM FOR ACCELERATION OF COMMERGIAL ENERGY RESEARCH

3RD ERDAC MEETING

AUGUST 22, 1989

CO-OPERATION BETWEEN PACER SECRETARIAT AND IREDA

As you may be aware, PACER and IREDA are providing
different financial instruments for development of
technologies/products related to generation, use and conservation
of energy in its various forms and applications. In order that
the two entities work with adequate co-operation/co-ordination
which enables each of them to serve its aims and objectives
better, there has been frequent interaction between the two
organisations during the last few months. As a result, the

following ideas/actions have emerged:

= PACER Secretariat would participate in seminars and workshops
on new and renewable sources of energy organised by IREDA
Jointly with local institutions. Quite a few of them have

been lined up for the next few months.

- IREDA has been directing potential consortium R&D proposals as
also research study projects to PACER Secretariat and would
continue to do so in future. A 1list of such proposals
received by PACER Secretariat is enclosed. These proposals

are at various stages of formulations/suitable modifications.

= Both, PACER Secretariat and IREDA, would continue to have

ongoing dialogue for identification and formulation of

suitable projects/proposals.



Sr.
No.

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH

(PACER)

PROPOSALS RECEIVED FROM IREDA

Proposal

CONSORTIUM PROJECTS

SOLAR POWERED STEAM
GENERATING SYSTEM FOR
PROCESS INDUSTRIES

DEMONSTRATION OF SOLAR
POND FOR LOW GRADE
HEAT

BUILDING OF PROTOTYPE
10 RVA, 440 V AERO-
TURBINE

UTILISATION OF SOLAR
ENERGY FOR HATCHERY

RESEARCH PROJECTS

TECHNOLOGY OPTIONS FOR
SOLAR THERMAL SYSTEMS
IN INDIA

ESTIMATION OF EXPORT
DEMAND POTENTIAL FOR
RENEWABLE SOURCES OF

ENERGY IN THE DEVELOPING

COUNTRIES

Proposer

KARNATAKA STATE
COUNCIL FOR SCIENCE
AND TECHNOLOGY

DEEJAY HATCHERIES (P)

LTD.

KARNATARKA STATE COUNCIL
FOR SCIENCE AND TECHNOLOGY

MANAMAR ENGINEERS &
CONSULTANTS
CEC PVT. LTD.

J.G. AND MEHTAB
HATCHERIES PVT. LTD.

DR. RAO ASSOCIATES

ANDHRA UNIVERSITY

Likely
Project
Cost

(Rs lacs)

18.00

3.30

2.75

25.00

56.00
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PROGRAM FOR ACCELEkAIION OF COMMERCTAL ENERGY RESEARCH

(PACER)

Third Meeting of Energy Research

and Development Advisory Committee (ERDAC)
on August 22, 1989 at 3.00 p.m.
at Conference Room, DNES, New Delhi

AGENDA
To confirm the minutes of the Second Meeting of ERDAC

held on November 18, 1988 at New Delhi.

To consider the consortium’' proposals for financial

assistance. T

To note consortium proposal approved by Peer Review

Committee g

To note Research project probosals approved by Paer

Review Committee.

To note the status of proposals selecred for formulation

by Peer Review Committee.

To note the proposals not qualifying for assistance under

PACER.

To review the progress of preparation for"the PACER

Conference.

To review the promotional activities.

“To consider budget for PACER for 1989-90.

Any other item(s) with thé permission of the Chair.



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH
(PACER)

3rd ERDAC Meeting
August 22 ., 1989

Co e Agenda Item 1

Minutes of Second Meeting of Energy Resecarch and
Development Advisory Committee held on November 18, 1988

(copy enclosed) .



The second meeting of the ERDAC was held in DNES
under the Chairmanship of Dr.Maheshwar Dayal, Secretary,
Department of Non-Conventional Energy Sources,  .(DNES),..
Ministry of Energy at 2.30 p.m. on November 18, 1988. The

following attended the meeting:

1. Dr. Maheshwar Dayal " Chairman
Secretary, DNES .

2. Dr. J. Gururaja " Member
Adviser, DNES , Secretary

3. Shri s. S. Betrabet . Member

Adviser - Technology LT
ICICI, Bombay

4. Dr. R. K. Pachauri < Member
Director, TERI,
New Delhi . "

5. Shri V. Raghuraman - e . Member

Director (FE)
National Productivity Council, .o I
New Delhi

6. Shri L. R. Suri ) o Member
Secretary General . L e oL,
National Council of Power
Utilities, New Delhi

'
‘., Baw o o

Also present were:

l. Dr. P. H. Vaidya )
Manager, ICICI ) A . ty 00
Bombay )
53] ) £ [ PTIN < ‘
2. Shri V. M. Deodhar ) PﬁbER Secretariat
officer, ICICI o, ‘): - i¥e R ' N
Bombay )
)
3. Shri S. S. Tamhane )
Cfficer, ICICI )
Bombay )



4. Shri A, .J. Advdni.' "¢ 'I0 ) .
Regional Manager R S
IR FEC LI ICICI
5. Shri B. Grover ) New Delhi
)

Officer

6. Shri J. R. Meena ‘ D
Principal Scientific .
Officer, DNES Tk

7. {Mr. R. W. Beckman
Director
Office of Technology
Development & Enterprise

lae

3 - ~

USAID, New Delhj .

8. Shri S. Padmanabhan
Energy Specialist

9. Shri M. I. Beg ~ Representing

Chief Engineer, Shri J.K. Bhasin:
Planning, CEA " Member, Planning,
CEA ’

10. shri C. P. Malhotra
Chief (Finance & Personnel)
IREDA
New Delhi

Shri V. Bakthavatsalam, Managing Director; ' Non-
Conventional ~Energy Development Corporation of An&ﬁra“
Pradesh Limited, Shri J.K. Bhasin, Member, Planning, CEA,
Shri S. J. Coelho, Managing Director, Ahmedabad Electricity .
Company Limited, Shri K. C. Lahiri, General Manager, Bharat
Heavy Electricals Limited, Shri Dhruv M. Sawhney, Chairman,
Energy and Energy Conservation Committee, Confederation of
Engineering Industry, Shri Kamlesh Sharma, Joint Secretary,
Department of Economic Affairs, and Dr. S. P. Sukhatme,
Professor, Mechanical Enqineering Department, Ind%an

Institute of Technology, Bomﬁay could not attend the meeting.
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Dr. Maheshwar Dayal welcomed the members and the
invitees to the second ERDAC Meeting. Before taking up
items included in the Agenda, the members reviewed. the
progress in implementation of PACER since the First ERDAC
Meeting held in’Febfuary 1988 when following observations

were made :

1) PAéﬁR has generated encouraging response with over 90
enquiries and 20 project profiles in the pipeline.
PACER Sec;etariat has been interacting with the
potential applicants. Nearly 50% of the profiles are in

the area of renewable energy sources.

2) PACER Secretariat, in consultation with Peer Review
Committee (PRC) has established criteria and procedure

for evaluation of proposals.

3) 8Since PACER's thrust is on consortium/contract R&D
projects which is new to the 1Indian entrepreneurs,
formulation of such projects requires considerable
effort both on the part of entrepreneurs and PACER
Secretariat. It would be worthwhile for PRC and PACER
Secretariat to identify a select group of techologies of

- interst to -PACER and write proposals on the basis of
which bids could be invited for commercial development
of the selected technologies from prospective
entrepreneurs/institutions. This could be a very
innovative method of developing need based technologies
in the energy sector as it would build a competitive

element in the developmental effort. In this context,

L
p
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need for acquiring expertlse in the identification of

N sob i Lot sty nogt

technologles and for draw1ng up Request for Proposals

5 ' " - -L(
(RFP) was highlighted.
- A s { ’ ‘
4) It may be useful to publish information on the proposals
. cleared by ERDAC/PRC so that potential entrepreneurs

would be enthused to take advantage of the scheme.

Agenda Item 1 :

The Committee confirmed the Minutes of the First

Meeting of ERDAC held on February 16, 1988 at New Delhi.

The Committee reviewed action taken by  PACER
Secretariat on the points arising from the Minutes of the
+ First ERDAC Meeting based on the note placed on the table.
The Chairman referred to the project on Solar Pond for 1low
grade heat proposed by Karnataka State Council for Science
and Technology and Deejay Hatcheries, Bangalore received
"through 1Indian Renewable Energy Development Agency Ltd.
 (IREDA) ,+ which was discussed at the First PRC Meeting held
-on July 19, 1988 and considered non-supportworthy. He was
'of the view that the project is quite innovative and
‘deserves support. The Committee considered the scope of the
‘concept for wider application in rural economy and directed
PACER Secretariat to get the proposal re-formulated duly
- incorporating the consortium approach for consideration by

PRC in due course.



It was also agreed to scruitinize proposals which
IREDA may have from time to time and consider them for
assistance under PACER. Some of the IREDA proposals may
require appropriate re-moulding to meet PACER's criteria for

funding.

H t c oposals for
mm& o oc e“;_r:%t_t’.n:_ommmw

2 (a) Development of optimisation model for enerqgy
congervation in milling operation in mineral processing

The Committeé' agreed with the recommendation of the
Peer Review Committee to provide to the consortium of
Engineers India Limited (EIL) and Hindustan Zinc
Limited (HZL) a conditional grant of Rs. 38 lacs. The
project was approved on the following main terms and

conditions :

1. Before availing of the conditional grant, ‘the proposers
shall enter into a Memorandum of Understanding

specifying their mutual rights and obligations to the
satisfaction of ICICI.

2. The proposers agree to make payments to ICICI of twice
the amount of conditional grant disbursed as a
negotiated percentage of revenues arising from the

project on commercialisation.

33 (a) Machingry or equipment purchased in whole or in part
with the conditional grant shall belong to the
proposers but shall nonetheless be clearly

“identified and used only for the proposal purposes,

¢

unless ICICI otherwise permits in writing.

A



(b) The proposers shall not sell, give on lease, licence
to conduct, mortgage, charge or otherwise dispose
off the said machlnery or equlpment except w1th the

prior permission in writing from: ICICI

Teandd . 4 : . . 3 - b

SRS YERIL shall bring in Rs. '12 lacs and HZL sﬁall'bring in

Rs. 46 lacs to meet a part of the cost of the project in

t
i« -

@ manner and schedule to be finalised in consultation

. ~
. v e

with ICICI.

hod RURINY N v f M B - -~ =y
‘5. The proposers undertake ‘to brifig ih additional funds in
P4 consultation with and in a form acceptable to ICICI to

meet any shortfall that may arise in Einahcing the

. -
VS . a

prpjgct and/qr other rgquiremegts.

-

-

%" ‘' The®- proposers shali‘utilise the conditional grant only

: . - {~~ s 7 B N
ed: in accordance with the Approved Proposal Budget 'to be

finalised in consultation with ICICI.

7.’ The proposers ' agree to appoint key pé%édgs for

(£

implementation of ‘the project in  consultation with

an: 3 . L A - T T
- ICICI.

T - f

8. ICICI and its authorised representatives reserve the
sright to carry out technical, finahcial and iegéi

“+' inspections during the implementation of the project.

» - +
U -0, L e SR IR J o v

9:”‘The proposers shall keep ICICI informed about the

L

progress of the project by submitting periodic reports

in a form and substance to the satisfaction of ICICI.

A
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2 (b) Development and Demonstation of Regenerative Burner

1

e ‘ The Committee agreed with the recommendation of
Peer Review Committee to° provide to Ehe Consortium of
Thermax (P) Ltd. (TPL) and Trinity Forge Pvt. Ltd. ’(TF) a

conditional grant of Rs..8 iﬁcs. The proééct was dpprovéd on

the following main terms and conditions:

1. Beifore availing of the conditional grant, the proposers
shall enter into a Memorandum of Understanding
specifying their. mutual rights and obligations to the

satisfaction of ICICI.

2. The proposers agree to make payments to ICICI of twice
the amount of conditional grant disbursed as a
negotiated percentage of revenues arising from the

project on commercialisation.

3. (a) Land, machinery or equipment purchased in whole or
in part with the conditional grant shall belong to
.the proposers but shall nonetheless be clearly

[A]

identified and used only for the proposal purposes,

unless ICICI otherwise permits in writing.

(b) The proposers shall not sell, give on lease, licence
.to conduct, mortgage, charge or otherwise dispose
off the said machinery or equipment except with the

prior permission in writing from ICICI.

4. TPL shall bring in Rs. 8 lacs to meet a part of the cost of

the project in a manner and schedule to pe finalised 1in

consultation with ICICI.
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The proposers shall utilise the conditional brant‘ only

in accordance with the Approved Proposal Budqetcxgg‘ be

finalised in consultation with ICICI. . S e

. - LETY [ N Wt
The proposers agree to appoint key ‘persdhs for
implementation of the project ‘in %bnsﬁltatidh “with

ICICI.

ICICI and its authorised representatives reserve the
‘'right to carry out technical, financial and legal

inspections during the implementation of the project.

The proposers shall keep ICICI informed about the
progress 'of the project by submitting periodic reports

in a form and substance to the satiefaction of ICICI.

..1‘

Agenda Item 3: To consider the the Research Projects

for fipancial assistance

The Committee considered the revised proposéle from

Tata:Energy Research Institute (TERIY p1éced on the table.

a)’

Cost of the

~

Proposal e érogoser{‘ Research Project
(Rs lacs)
Project to evolve Tata Energy 21.00
policy directions Research Institute
for smoothening * - - New Delhi

the load duration
curve in India

1l
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" .The Committee discussed the proposal at length and

1o

agpeed‘ with the need to undertake the same.. . While
discussing the S8cope and problems associated with the
;Project, the Fom@ittee noted that appropriate meters were
not available in India for menitoring peak load and there
were sever&l non-technological issues involved in
implementation of the polic¢cy for mitigating peak 1load
shortages. Dr. Pachauri (in his capacity as Director, TERI)
agreed with the Commi;tee's suggestion to conduct a survey
of the on-going efforts of the Department of Power and other
agencies such as CPRI, CEA etc., and formulate the exact
scope of the project including its duration in consultation
with an advisory group formed for the purpose by TERI.
Similarly, it was agreed to associate a manufacturer and a

utility with the pilot project.

The Committee agreed with the recommendation of the
Peer Review Committee to entrust the Project to Tata Energy
Research 1Institute on Project to evolve Policy Directions
for Smoothening the Load Duration Curve in India subject to
the condition that the cost and duration of the Project
would be reviewed and finalised by PACER Secretariat in
consultation with Secretary, ERDAC, after recasting and
compressing the proposal taking into account existing
studies and efforts. PACER Secretariat would also draw up
comprehensive terms of reference for the proposed Project.

Cost of the

Proposgal Proposer Research Project
(Rs lacs)
b) Project for assess- Tata Energy 20.07
ing Appliance Research
Efficiencies in Institute

the Domestic Sector
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The Committee agreed with the recommendation of the
‘Peer Review Committee to eﬁfrﬁbt tﬁé”'brgﬁéct to TERI.
However, ' the project cost would be worked out in
consultation with Secretary, ERDAC after further scrutiny by
the PACER Secretariat based on the discussion on the ‘scope

of work and the duration of the project.

Cost of the.

T Proposal Proﬁosér Research Project
. . D (Rs lacs).
'¢) Project for work- Tata Energy ) J2.31

ing out strategies Research .
for indigenisation Institute

of grid connected

wind electric

generators in India

The Committee agreed with the recommendation of the
Peer Review Committee to entrust to Tata Energy Research
Institute, the Project for working out strategies for
indigenisation of grid connected wind electrig generators in
India at an estimated cost of Rs. .2.31 lacs from. PACER
funds. The assistance would be in.the form of grant and
PACER Secretariat would dray up comprehensive terms of

reference for the proposed project. o

Agenda Item 4: To note the current status of proposals
selected for formulation by Peer Review
Committee

The Committee noted the current status of 12

I

proposals (placed on the table) selected for formulation by
§roc .

PRC at its First Meeting held on July 19, 1988.

The Chairman emphasised the need for informing

ERDAC, from time to time, a 1list of rejected proposals so
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that if any worthwhile/innovative project is . rejected by
PRC/PACER Secretariat, the same could be. retrieved for
development after reformulation as necessary.

ti
Agenda Item 5: mwigﬁs%?uwm

The Committee agreed to authorise PRC to approve
projects involving PACER contribution not exceeding Rs 10
lacs per project in the form of conditional grant/grant. It
was further agreed that PACER Secretariat would inform the

members of ERDAC about such approvals by PRC.

Agenda Item 6: Lgizsggy__hg Rrogress in respect of the
EI_QP.QLQM_Q_EQL_E_

The Committee approved the proposal to hold the
PACER 'COnference in March/April 1989 as indicated in the
note. The Committee also considered the proposal for
engaging the services of Oak Ridge National Laboratory
(ORNL) and Hagler, Bailly & Co. 1Inc. (H&B) to provide US
component of the Conference at an outlay of US § 83,000 and
US § 133,000 out of PACER funds towards the assignment to
ORNL and H&B, respectively, and another US $ 123,000 from
S&T/EY for certain additional services from ORNL. ERDAC
‘appreciated the interest taken by S&T/EY in the Conference.
While it approved the proposal, in principle, ERDAC desired
substantial pruning of the PACER budget and towards this
objective considered it advisable to increase reliance on

published/freely available information of relevance to ‘the



12

Conference. The Committee also saw scope for a revision in
the cost of the H&B services, if necessary, by reallocating
some of the functions to ORNL and suitable Indian
institutions. The Committee authorised PACER Secretariat to
finalise the arrangements and budget, in consultation with

Secretary, ERDAC.

mgm!ansm.'l_ To note reimbursement of costs of PACER
Secretariat

The Committee noted ICICI's proposal to charge PACER
project a sum of Rs 5 lacs per year towards reimbursement of
cost of the PACER Secretariat with effect from September 1,

1987.

Agenda JItem 8: Any other items with the permission of the
C

(a) Meeting with US experts and visits to Institutions in
US of relevance to PACER

The Committee approved the proposal of the meeting
with US experts for ensuring proper coordination between
research papers on the Indian and US sides and visits to
institutions in US of relevance to PACER by the Secretary,
ERDAC, (Dr. J. Gururaja), the ICICI member on ERDAC (Shri S.
S. Betrabet), Manager, PACER Secretariat (Dr. P. H. Vaidya)
.and representative of Tata Energy Research Institute at an
estimated cost of Rs 3.35 lacs. The Committee noted that the
proposed visit of the team would help build up expertise
‘into RFP process as also into other aspects relating to
implementation of PACER with special reference to consortium

and contract research.
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(b) Proposal from Lotus Energy Pvt. Ltd. (Lotus) and
National Aeronautical Laboratory (NAL) for development

of gas turbine co-generation plant from used aero-engine.

!

(¢) Proposal from Orien Engineers (P) Ltd., Hindustan
Aluminium Corporation Ltd. and 1Institute of Gas
Technology for development of fluidised bed technology

suitable for low grade Indian coal.

y

(d) Proposal from Punjab Agro Industries Corporation Ltd.
(PAIC) and PRM Energy Systems (PRM) on pilot~cum-
demonstration plant for generation of power and steanm

from agro-residues.

The Committee noteqd the outline of the above

Proposals (b, ¢ and d) which were under formulation.

The Meeting concluded with a vote of thanks to the
Chair,
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PROGRAM FOR

Confidential
Consortium

Proposal

a) Development of
500 KWe biomass
gasifier based
power generation
system

b) Development and
demonstration of
solid polymer ele-
trolyte fuel cell
stacks in the

ranye of 1-5 KW

Development of
continuous type
fluidised bed heat
treatment furnaces

c)

(PACER)

ACCELERATION OF COMMERCIAL ENERGY RESEARCH

3rd ERDAC Meeting

Proposer (s)

Ankur Energy and 29.00
Development

Alternative

Ankur Sciencific

Energy Techho-

logies Pvt. Ltd.

SPIC Ltd. 210.00
SPIC Science
Foundation

Fluidcherm 82.00
Technology (P) Ltd '
IIT. Madras

TI Diamond Chain Ltd.

* subject to review and recommendation by
Peer Review Committee at its 5th Meeting
-»cheduled at 11.30 a.m. on August 22, 1989

Augqust 22, 1989
Agenda Item 2

Proposals for Financial Assistance

BACER
contribution
) (Rs. lacs)

14.50

100.00

41.00*



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH

{PACER)
3rd ERDAC Meeting
August 22, 1989
Confidential Agenda Item 2(a)

MEMORANDUM FROM PACER SECRETARIAT
ON THE PROPOSAL OF
ANRUR ENERGY & DEVELOPMENT ALTERNATIVE (BARODA)
AND

T ——— T ————— O ————————  SEY————  S———

Project Title ¢ Development of a 500 KWe power generation
systems based on biomass gasification

Principal Proposer ¢ Ankur Energy & Development Alternative
' Rs lac .
Project cost : 29.00
Means of financing ¢ Proposers contribution:
Ankur Energy and Development
Alternative (ANKUR) 5.00

Ankur Scientific Energy PR
Technologies (P) Ltd.

(ASCENT) 9.50
PACER contribution ,
conditional grant 14.50
Project Conept : ANKUR and ASCENT propose to undertake

Development of a 500 KWe gasifier system
based on biomass gasification technology.
The proposed system would be coupled
with a 50 KW or a 100 kw DG set for the
proof of concept testing for future scale

up. It would employ microprocessor
controls and a turbocharyed engine. The
air flow pasgssage/tuyers would be

developed by ANKUR which would be
responsible for design, data collection,

e
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processing and other support activities

whereas ASCENT would undertake
fabrication, testing and subsequent
manufacturing. The proposed gasifier

would be Dbased on wood chips from a
supporting eneryy plantation of fast
growing plant species. The biomass
gasifiers wupbto the range of 1 MWe are
exXpected to be viable especially for the
remote regions. They can be connected
with grid or be used for generation of
Power for captive use by medium size
process industries. Development of such
power generating systems may be taken up
in association with an end user as a
“sequel to the present R&D project.

Project Schedule ! R&D project : September 1989 - March 1992
(2 1/2 years)
Commercial : March 1992 - onwards
project

1

The above proposal of ANKUR and ASCENT was reviewed at
the thira PRC meeting. The PRC agreed to recommend the proposal
for consideration and approval of ERDAC subject to the condition
that GEDA (or any suitable entity/organisation) be jincluded- ag
end user member in the consortium to undertake the project. The
committee observed that the scope of proposed project could
be limited to development gasifier of 500 KWe capacity and
establishment of its successful operation. This aspect of
development work may not require a DG set. The committee also
indicated that alternative of having (2x250) KWe DG sets vis-a-
vis (1x500) KWe DG set may be examined by the proposers for

subsequent demonstration and commercialisation.

The PACER Secretariat had conveyed the comments of PRC to
the proposer who agreed to incorporate suitable changes in the

Project. The revised bproposal is now placed before ERDAC for its

consideration and approval.



A consortium consisting of Ankur Energy & Development
Alternative (ANKUR) and Ankur’ Scientific Energy Technologies Pvt.
Ltd. (ASCENT) Baroda proposes to undertake a project for . the
Development of a 500 KWe power generation system based on biomass
gasification. The estimated cost of the project is Rs 29.00 lacs.
To meet a part of this project cost ANKUR has approached ICICI
(PACER Secretariat) for a conditional grant of Rs 14.50 lacs out
of the funds available under the Program for Acceleration of

Commercial Energy Research (PACER).

A. BACRKGROUND OF CONSORTIUM MEMBERS

i) Ankur Energy & Development Alternative (ANKUR) is a
proprietory engineering and consultancy crganisation promoted
in July 1986 by Dr. B.C. Jain a well known expert on non-
conventional energy sources (see annex A for bio data). It
is engaged in design and consultancy in the field of energy
with focus on energy efficiency improvement and Renewable
sourpes of energy such as solar, biomass, wind. ANKUR has
completed vafious consultancy assighments for c¢lients from
priyate industries, state nodal agencies, c¢entral government
and some international organisations. ANKUR has been chosen to
execute a countrywide demonstration programme of biomass
gasifiers in the 3.5 to 100 kw range. For the period ended June
30, 1987 ANKUR's turnover was Rs 8 lacs on which it earned an
operating profit of Rs 1.2 lacs. All the products/studies
offered by ANKUR are based on R&D work. ANRUR is engaged
presently in carrying out techno-economic feasibility study for |

50

setting up a 500 kw biomass gasifier based power plant.
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ii) Ankur Scientific Energy Technologies PQf. Ltd. (ASCENT) a
company incorporated in Octobef 1986 by Dr. B.C. Jain, Managing
Director, is engaged in manufacture of various renewable eneryy
devices including biomass gasifiers and solar water heaters.
It’ is jointly financed by Gujarat State Financial Corporation
(GSFC) and IREDA. It has a manufacturing plant at village
Gothda, taluka savli a backward area of Gujarat. ASCENT has
supplied 148 gasifiers of capacities ranging from 3-100 kw.
ASCENT developed the 100 kw gasifier in collaboration with
ANKUR and is one of the two manufacturers of biomass gasifier

based power plants of that capacity in India.

ASCENT has a laboratory, a 48 kw gasifier for carfying out
experiments and an energy plantation with 3000 plants - of
various fast growing species for carrying on R&D work.
ASCENT's sales for the 17 months period ended January 31,
1989 amounted to Rs 33 lacs on which it earned a profit of Rs

6 lacs before depreciation.

Both the consortium members have qﬁalified_ engineers and
biodata of key persons who would work on the proposed R&D
project is enclosed in Annex A. A Memorandum  of
Understanding pinpointing the responsibilities and sharing of
benefits of the projgct and other terms would be prepared

shortly.

¢\
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B. STATEMENT OF THE PROBLEM

Biomass gasification is known to mankind since ages. Coal
briquettes cowdung, char etc. have been used conveniently.
However, efficient wuse of such biomass required a great deal of
technological innovation. Gasification of biomass must be
supported with proper plantation, else it is likely to 1lead to
deforestation. Biomass gasifiers are presently being used mainly
for smaller capacity pumps and other electrical equipment. | Grid
connected or decentralised power supply has not been tried at a
major level, In view of this a complete system consisting of
biomass gasifier, power generating equipment, transmission and
stabilising equipment together with energy plantation to supply
biomass is necessary. Biomass gasification power plant is
expected to be a viable proposition upto 1 MW capacity. Beyond
this capacity the gasifier based power plants have some limitations
at present level of technology. These are on account of flow
distribution at the large sized throat of the gasifier and the dual

fuel engine limitations. However technology is developing fast and

gasifiers are expected to be viable upto 3 MW range shortly.

Work done 'gg far: ASCENT has standardised the design of its

gasifiers upto a capacity of 40 KW and has supplied 145 gasifiers
of various capacities in 3-40 KW range. It has also supplied a
40 KW gasifier based power plant for Grid applications to
Maharashtra Energy Development Agency (MEDA) recently. ASCENT
has developed a 100 KW gasifier which is a pioneering work, two
such gasifiers are in operation in the north eastern states.

)
¢

4
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However it is in process of stabilising the design
specifications. ANKUR is presntly conducting a techno-economic
feasibility study for establishing 0.5 MW power plant based on

biomass gasification in Gujarat.

C. TECHNICAL PROPOSAL

It is proposed to design and develop a 500 KWe capacity
wood gasifier. The proposed gasifier will be integrated with
a 125-500 ha energy plantation of fast growing varieties of
plants 1like Acacia Nilotica (Babul), Eucalyptus, Prosopis
Juliflora etc. The gasifier will be a down draft type enploying,
microprocessor based controls for load and wood sensing and
controlling production accordingly and for facilitating automatic
start/stop operation. At this stage the diesel generator would
not be included in the project but would be contributed by the
end user such as Gujarat Energy Development Agency/Gujarat
Electricity Board. The proposed gasifier which is scaled up five
times over the present capacity of 100 kw would involve changes
in the design of throat, air passage/tuyers and would include
separate ignition port. It will also include a microprocessor
based control system which would facilitate i) automatic start
and shutdown ii) 1load and wood sensing for oxidation and
reduction monitoring. It is proposed to compress the gas-air
mixture prior to entering the engine by means of a turbo-charger.
With these changes and innovations the proposed gasifier is

expected to achieve a diesel replacement of the order of 70-75%,



an overall efficiency of about -25%, a biomass consumption of 1.2
3 s
kg/kwh, gas of calorific wvalue 1000 KCal/NM and containing
3 , o
less than 50 mg/NM of tar and particulate matter. The details

of technology are enclosedgin'hnnex B.

1

The' propoéed work would be cérried'ouﬁ according to the

following stages.

i) Designing of the gasifier and subsystem from the funclamental

considerations.

ii) Fabrication of a prototype and proof-of-concept tests in the

laboratory. 3

iii)Data analysis, prototype modifications and  extended

laboratory testing of the gasifier.

[ ,

iv) Development of a micro brocessor based automatic contol system.

L

v) Testing of the control éystem with the gasifier prototype.

The proof-of-concept experiments would enable tests of
proper distibution of air flow and ability to produce relatively
clean gas. Additional important steps would involve development

of appropriate biommass preparation and conveyance systems.

The gasifier after stabilising its performance c¢an be

used for other applications as well e.g. thermal operations.

53
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D. LEMENTATION PLAN

The project would be gubdivided in two groups of activities
a) Design, data collection and dnalysis and detailed engineering
work which will be taken up by ANKUR b) Fabrication, erection
and commissioning which require engineering skills would be taken
up at ASCENT. The two teams being under same management would
work closely and undertake jointly some activities such as
trials, testing etc. More specifically ANKUR would undertake the
study on techno-economic feasibility of the 500 kw gasifier based
power plants. It would also assess the market and potential of
energy plantations In India. ASCENT will manufacture the
gasifiers on the specifications decided jointly. ASCENT will

market the gasifier after successful demonstration.

To facilitate a faster proof-of-concept testing, a
prototype without cooling, cleaning subsystem and automatic
controls would be first fabricated on which proper air
distribution, guality of gas produ ed, selection of materials

would be established.

3

Based on the activities/stages mentioned earlier, pfoposers
have estimated that the project woﬁld be combleted in a period of
two and a half years time. A bar chart of activities is
enclosed in Annex C. In the proposed project the stress would be
on designing/testing of the gasifier portion. The gasifier would
then be tested with a part load in power mode (say 50 KWe 1i.e.

10% of gasifier capacity). The field trials of complete power

generation system of matching capacity connected to the power

P

A\
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grid would commence after the completion of the present project

(i.e. after 2 1/2 years), When, an end user would be jinducted

into the R&D consortium.

E. COST OF PROJECT

The overall cost of the project is estimated at Rs 29.00

lacs as follows :

(Rs lacs)
Iten Year 1 Year 2 Year 3 Total
{6 mths)
.1) Equipment 6.50  1.50 - 8.00
2) Salaries, wages and overheads 3.06 3.38 1.85 8.29
3) Materials, stores and 3.20 2.60 1.00 6.80
consumables

4) Travel 0.20 0.30 ¢.20 0.70
5) Data processing & consultants 0.40 0.80 0.40 1.60
6) Other expenses 1.36 0.83 G.%5 2.54
7) Genegal and administative 0.38 0.24 0.45 1.07

" Total . 15.10  9.65  4.25 29.00

Equipment includes microprocessor based control system,
biomass preparation and handling system dynamic mackinery and
miscellaneous measuring instuments like turbine flow meter,

gaschromatograph, tar measurement devices/data lociger.

Materials and stores include §5-310 and MS sheets, purchased

items like drives, diesel 0il, charcoal etc.

3
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Salaries are_ for one project manager,' two ‘engineers, two
supervisors, and wages are for 2 each of skilled and semi

skilled operators.

Consultants' charges would be for microprocessor based systenm
design. The travel does not include any foreign component.

Other expenses include contingencies.

F. FINANCIAL PLAN

The cost of project i.e. Rs 29.00 lacs would be shared as

under:
(Rs lac)
ANKUR 5.00
 ASCENT 9.50
Conditional grant from
PACER 14.50
29.00
Contribution from ANRUR and ASCENT:

Though both the members of consortium are relatively new, their
Operations are profitable and financial position is sound.

Proposers would bring in their contribution to the project

financing in form of equity/quasi equity fundsg.
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Conditional grant from PACER:

The proposers of the consortium R&D project have
regquested sanction of a conditional grant of Rs 14.50 lacs 6ut of
the PACER fund. The Conditional grant will be repayable after
successful commercialisation of the product. Payﬁents to PACER
will be a negotiated percentqgage of revenue arising from the
project on commercialisation and limited to a maximum of 200 per

cent of the PACER Contribution towards the project cost.

G. PROSPECTS

ANKUR group is one of the two manufacturers of gasifiers of
100 kw capacity at present. It has already established 2 such
gasifiers in India whereas the other manufacturer lLas yef not
entered in the naryet. Thus they are leaders in the technology
in 1India, with the proposed development this unique position is
likely to be strengthened. The product is especially useful fof
areas which are remote and where laying of power grid is
difficult. This is particularly so in the north vastern states
where ASCENT has installed many gasifiers. Based onh the
experience gained on 48kw unit set up for captive use ASCENT has
proposed several new features in the proposed product which would
help making the product more reliable. Moreover the ¢overnment
policy 1is now to encourage the cultivation of energy plantations
and hence the overall prospects for the proposed product are
bright. The product (gasifier) could be used.for various thermal
applications as well. Proposers have estimated that pfoduct life
cycle of this type of technological device is about seven years.
By the end of this period major technological changes or

significant product innovation would rasult. 557/§
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H. BUSINESS PLAN . L N
The DG set would contrigute to 60% of the cost 6f the

complete power generation system. Hence the profitability is a
great deal dependent on this factor. Proposers estimate that the
price of 500 kw gasifier would be Rs 35 lacs. The prices of 100
KW gasifier units at present are Rs & lacs. Though with rise in

capacity the per KW price of the Gasifier system (GS) is expected
to come down, the 500 RW GS will enploy a microprocessor basgd
control system which is not included in the 100 RW unit. Besides
this, the engine is turbo charged as compared to being naturally
aspired. Proposers are already in the market as suppliers of
gasifiers, hence they exXpect to get a substantial market share in
the 0.5 MW range. The projected sales and profitability is given

in Annex-D.

The proposers feel that following factors are likely to

contribute significantly to marketing of 500 KW biomass gasifier

based power generation systemst

a) prevailing shortages of electricity;

b) shorter gestation periods for the system;
¢) low investment per unit installed capacity;
d) competitive power generation costs:

e) savings in petoleum products;

f) ease of start-up and continuous operations.

2!



I. STRATEGIC ANALYSIS

The proposed R&D \project was énalysed in terms of
business attractiveness and consortium strength factors. The
details analyses 1is enclosed in Annex BE. As indicated by
Business attractiveness score of 40 and consortium fit score of
44 giving a total of 84 the project has a high potential of
technology success and commercial viability. The total score is
indicated by $§ on the idedtity chart in Annex E (contd.).

¢

RECOMMENDATION

The proposers are technically and financially sound and
have 1in a short period established their names in the business.
They have already carried out, similar R&D projects and
successfully commercialised products. The proposed product
involves a guantum jump over present technology. ' The product is
likely to be well received and Government may also extend support
for the product., . We recommend providing a conditional grant of
Rs 14.50 1lacs to meet 50% percent cost of the proposed R&D
project availablé under Program for Acceleration of Commercial

Energy Research (PACER) on following main terws and conditions.

1. Before availing of the conditional grant, the proposers

shall enter into a Memorandum of Understanding

specifying their mutual rights and obligations to the

satisfaction of ICICI.



The proposers agree to make payments to ICICI of twice
the amount of condltlonal grant disbursed as a
negotiated percentage of revenues arising from' the

commercialisation of the project.

a) Land, machinery or equipment purchased in whole or
in part with the conditional grant shall belong to
the proposer but shall nonetheless be clearly
identified and used only for the proposal purposes,

unless ICICI otherwise permits in writing.

b) The proposer shall not. sell, give on lease, licence

to conduct, mortgage, charge or otherwise dispose
off the said land, machinery or equipment except

with the prior permission ih writing from ICICI.

The proposers shall bring in Rs 14.50 lacs to meet a part of

the cost of the project in a manner and schedule to be

_ finalised in.consultation with ICICT.

3

The proposers undertake to bring in additional funds in

consultation with and in a form acceptable to TICICI to meet.

any shortfall that may arise in financing the project and/or

other requirements.,

The' proposer shall utilise the conditional grant only in
accordance with the Approved Proposal Budget to bé finalised

in consultation with ICICI.
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The proposer agrees to appoint key persons for

t

implementation of the project in consultation with ICTCI.

ICICI and its authorised representatives reserve the right
to carry out technical, financial and 1legal inspections

during the implementation of the project.

The proposer shall keep ICICI informed about the progress of
the project by submitting periodie reports in a form and

substance to the satisfaction of ICICI.



Name

Qualifications

Positions held

Hame

Qualifications

M.S. Masters in Mech. Engyg. and

[y
)]

Annex A
(Ref. paged )

ANKUR - ASCENT

Dr. B.C. Jain

B.E.(Mech) B.ITs Pilani and M.I.T. U.S.A.
Management D.Sc¢. Mech. Engy.

1986 -~ onwards -~ President ANRUR and
Managing Director ASCENT /

1981-1986 General Manager (R&D) with
Jyoti Limited, Vadodara

1977-1981 Various positions with Jyoti
Ltd. in R&D divisien.

Founder president of Renewable Energy
Equipment Manufacturer's Association
(REEMA)

Abhai Deo Singh Chanhan
B.E Electrical Engg. B.H.V.

Sr. Consultant - ANRUR - 1988 onwards
1985-88 Chief Executive -~ CPEC Ltd.
Bombay (Associate of Voltas Ltd.)

1982-85 Group General Manager Jyoti Ltd.

1965-82 Flant Manager Jyoti Switchgear:
Ltd.

1959-65 Senior nmnanufacturing engineer
Bharat Heavy Electricals Ltd. Bhopal

1954-59 Asst. Engineer Chambal Hydro
Project (M.P.)
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Annex B
(Ref. page ¥)

ANKUR - ASCENT

Details of Technology

All the material resulting from the bioloéical sources
is generally treated as bjomass Biomass is- basically complex
molecular formation of carbon, Hydrogen, Oxygen, Nitrogen,
phosphourus, sulphur etc. When the biomass is heated in absence
of oxygen first the volatiles evaporate formjng gaseous phase
compounds, These, vapours help in breaking down molecules of
complex ' nature into smaller organic chains. At & still higher
temperature called pPyrolysis temperature the bigger molecules
break and gases §uch as methane, carbon monoxide and even
hydrogen are liberated. Finally all the biomass excepting tar
gets gasified. However, to achieve this ideal process external
heat would be necessary; to achieve Fhis some of the biomass is
allowed to burn liberating heat and oxides of carbon. When thesg
gases pass over further biomass they get reduced to carbon
monoxide and methane., This results in low calorific gases.
This type of gasification is called Air/oxygen gasification. A
similar effect can be obtained with stean.

Air gasifiers are most common as they are very simple
type of reactors. ‘Figure 1 describes a typiéal down draft
gasifier system.~ Similarly up draft or cross draft gasifiers are
also available. Gasifier is a fuel specific reactor and
different biomass would require separate design. Gasification is

very efficient way in tapping enerqgy from bjomass 75-80 percent
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of biomass stored energy gets converted into gases. . The

efficienéy of gasifier system is therefore controlled by the user

system.
For the 500 RWe gasifier based power plants various new
i
features are envisaged. The engine would be turbo-charged
instead of being naturally aspired. The microprocessor based

control system would be controlling the feed rate depending on
load sensing, it would facilitate auto start and shut down etc.
The gasifier would have throat of SS 310 welded to M.S. separate
ignition ports would also be installed. It is expected to have
biomass consumption of 1.2 kga/kwh and .70-75% replacement og
diesel. The gas will have a calorific value of 1000 kcal/nm

and less than 50 mg/nm tar and particulater.

The gasifiers are quick start equipment which c¢an be
started with in 5 minutes. Thus they can readily supply power in
case of failure. Turn down ratio (Maximum : winimum gas
generation rates at which gasifier can be operated reasonably
efficiently without sacrificing gas quality) is expected to be of
the order of 3-5. Gasifier based power plants ave expected to
exhibit higher reliability and all components being indiéenous

" the fabrication/procurement is easier.
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{Annex D)
Ref. Page 12

ANKUR = AS<ENT

Profitability Estimates

(Rs.lac)
Year Year Year Year Year
1 2, 3 4 3

Sales Value . 140.0 210.0 280.0 350.0 245.0
Materials, Stores, 105.0 157.5 210.0 262.5 183.8
Components .
Utilities ' "o1.4 2.1 2.8 3.5 2.5
Salaries & Wages 4.2 ' 6.3 8.4 10.5 7.4
Repairs and maintenance 0.6 0.6 0.6 - 0.6 0.6
Factory Administration 5.6 . 8.4 11.2 14.0 9.9
and overheads .
Royalty ‘ 4.% ‘6ﬂ3 ’ 8.4 .10.5 7.4
Selling expenses 2.8 4;2, 5.6 7.0 © 4.9
Misc. expenses 4.0 4.0 4.0 4.0 4.0
Total Cost 127.8  189.4  251.0 312.6 2205
Profit before depreciation -
and Interest 12.2 20.6 - 29.0 37.4 '24.§

Interest 3.5 4.6 5.8 . 6.9 5.2

Depreciation 2.0 2.0 2.0 2.0 2.0
Operating Profit __;f;" :I;TS -;IT;T( -;;?5- . 17.3
Taxation 4.0. 8.4 = 12.7 17.1 11.6

Profit after Tax 2.7 5.6 8.5 11.4 5.7

Net cash accruals 8.7 11.6 L4:5 17.4 11.7

I
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ANKUR-ASCENT

Strategic Analysis

t

The success of any R&D project on commercialisation is a
very critical matter for the decision making by the top
management. If a reasonable estimate’ of probability of
commercial success of an innovative product is available before
commiting large amount of funds on the R&D project, the decision
making is g¢reatly faciliated. This\is possible to a certain
extent by analysing certain factors pertaining to the proposed
buginess iteslf and to the strength/fit of the consortium which
would undertake the development. We discuss below 6 factors
gach from both these class of factors to assess the probability

of commercial sucess.
Business Attractiveness factors Score

a) Sales/profit Potential

The product 1is 1less capital intensive as
compared to other conventional ways. The profit
is expected to be 5.10% of the sales which is a

realistic estimate. . 6/10

S) Growth Rate
Due to government policy of promoting non
conventional energy sources and development of
wastelands and encouragement to growing of
energy plantation the market is expected to

grow at a very high growth rate. 8/10 é{



c)

a)

e)

£)

Conmpetitor Analysis

Apart from ANKUR there is\ only a single
manufacturer capable of prgducing gasifiers in
100 kw range and no installation has beeﬂ

reported by them. Thus the capability oﬁ the

competitorq if any to successfully develop 500 °

RWe gasifier power plant seems to be limited.

Opportunity to Resturcture the Industry

If we consider gasifier manufacturing as an
Industry the proposed development will lead to
a quantum Jjump 1in technology devglopment.
However in the power generation Industry 500 KW
capacity plant will hardly make a sizeable

contribution.

Risk Distribution

The gasifier proposed has apart ' from power
generation, several useé such as thermal
applications, wuse in vehicles and use as

¥

synthesis gas.

Special Factors

Shortage of power and government;s efforts to
tap every alternative source in 8th plan, short
gestation periods, saving of petro prooducts,
significant potential for employment generation
etc. are special factos which favour the
pfoduct.

Total Business Attractiveness score

8/10

5/10

7/30

40/60



a)

b)

c)

Consortium Fit Factors

Capital Requirements

;n the power generation context the projects<

-

are generally found to be capital intensive.
The per kilowatt capital cbst of the proposed
technological route (for 100 kw capacity)
favourably compares with even super thermal (Rs
6,000/kw as  against Rs  12,000/kw for
Superthermal). The member organisations are
pfofessionally managed and have sound financial
position to meet RE&D project cost as well as

commercialization project cost.

Marketing Capabilities
ANKUR and ASCENT have successfully marketed

similar products of lower capacities,.
Therefore the marketing of the new product

would not pose any difficulty.

Manufacturing Capability

ASCENT has a well eduipped workshop where it

bresently manufacturers gasifiers upto 100  kw'
range Hence the proposed product would . be
easily produced with the sane production

facilities, . ’

- 7/10

7/10

‘8/10

/‘I |



d)

e)

f)

Technology Base

The proposed product is completely technology
based product and the proposers have a team of
professionals with sound technical knowledge
and experience in the developmenp of such
products. Hence the proposed development work
is expected to be successful.

Raw Materials

The product is completel} made from indigenous
and asily available raw materials. Thus the
manufacture even on commercial scale would not
pose any problem relating to raw material

availability.

Skills Availability

Proposers have personnel with managerial

capability supported by a sound team of
professionals from various fields. Hence the
project coordination, administration and
implementation would be effectivély carried

out.

Total consortium fit socre

Total score

7/10

8/10

7/10

44/60

84/120

The total score of'84 is indicated with a § on the identity

chart As it is much above the cut off point

iof 70

the

proposed development has higher probability of commercial

Success and il is profitable to invest fund in the R&D project.

71
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ANKUR AND ASCENT

IDENTITY CHART

Attractiveness
score

120 LA R I R R S Y *

Fitness
score

LR IR B P I N R R 120

* * * *
110 F e e ———— M e * 110
* #* * #*
100 W e e e e e o L e T * 100
* * * * #* *
?0 ¥ e a Fm—————— Hm—————— Hm—————— R * 90
* * *  $n * *
80  #————eee L — L e — L * ee
* #* * * #* * *
70 *===*=======*=======*=======*=======*=z=====*===*———~7Q—Cuf t3
* » * * * * *
L e T A L . T * &0
* » * * * #* * *
5@ LAt LT T BT L D T T -, fm———— e Rrmm———— W=t 50
* #* * * * * * *
4Q L e e L L TEE W e o ———— *, 40
* * * * * * .
3a e L . e L Fm— #* —#* 3a
* #* * * * *
20 L il e, L et T L * 20
* * * *
10 o Y * 10
* #* * *
] LI R B NIRRT LR IR IR I A A I Q
- *
A.Business Attractiveness Pts B.Consortium Fit ’ -8
1.Sales/profit potential é 1.Capital needs 7
2.Growth rate 8 2.Marketing strength 7
3.Competitor analysis 8 3.Manufacturing strength 8
4. Industry restructure S 4.Technology base 7
S.Risk distribution 7 S.Raw materials availability 8
6.Specialc factors é 6.8kills availability 7
- * *
40 44
-3 4 =H‘
* Out of a tatal of 40 possible points. Total score 84
: == )



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH

(PACER)
3rd ERDAC Meeting
August 22, 1989
Confidential : | Agenda Item 2(b)

MEMORANDUM FROM PACER SECRETARIAT
ON THE PROPOSAL OF
SOUTHERN PETROCHEMICAL INDUSTRIES CORPORATION LIMITED

(SpIC)
AND

SPIC SCIENCE FOUNDATION (SSF)

PROJECT TITLE : Development and demonstration
of 8golid polymer electrolyte
fuel cells (SPEFC) stacks in the
range of 1 to 5 kw.

Southern Petrochemical
Industries Corporation Ltd.
97, Mount Road,

Madras 600 032

PRINCIPAL PROPOSER

PROJECT COST

Rs. 210 lacs

MEANS OF FINANCING (Rs. in lacs)

.

Proposer's contribution

- SPIC 110
PACER contribution |

- Conditional Grant 100

210
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PROPOSAL

The consortium of SPIC and SSF propose to develop and
demonstrate solid polymers électrolyte fuel ceil (SPEFC)i staék
of 5 kw capacity. The demonstration unit would be set up in the
existing chloralkali unit of SPIC at Manali near M&dras, where
supply of hydrogen as the source of energy would be available on
continuous basis. The consortium R&D project envisages
establishing use of right type of indigenous electroactive carbon
material for electrodes, exploring feasability of using the
polymer electrolyte in solid forﬁ vis—-a=-vis in its 1ligquid form
suffused in a suitable microporous medium, acheiving optimum
electrocatalyst loadng in electrodes as also current density 'and

acheiving cell potential of 0.7 volt.

The R&D consortium would have a suitable consultancy
arrangement with Dr. Subramanian Srinivasan of Centre for
Electrochemical Systems and Hydrogen Research (CESHR) Texas A & M

University (TAMU) of USA.’

PROJECT SCHEDULE

R&D Project ¢ ,October 1989 - September 1992
Commercialisation P April 1994 onwards
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The above proposal of‘SPiC and SSF for the development
and demonstration of SPEFC stacks in the range of 1 KW to 5 KW
was reviewed at the fourth PRC Meeting. The PRC decided to
recommend the proposal(for apppova; to ERDAC subject to fol}owinq

observations:

‘i) Tﬁe‘”brbposai includes establishment of a full fledged
electrochemical laboratory. The laboratory equipment
which is general and non project-specific may be
removed form the scope of the project, with a
consequential reduction in the cost of R&D project;

and

i)’ Scope for materials development in the proposed

project may be explored.

The PACER Secretariat had discussion with the proposers
on the issues raised by the Peer review Committee. A summary of
discussion is contained in the letter dated July 7, 1989 from Dr.
S. Parthasarathy (Executive Director: R&D-SSF), a copy of which
is enclosed vide Appendix. The proposal incorporating the
hecessary changes is now placed before ERDAC for ' its

consideration and approval.



A. PROPOSERS/MEMBERS OF THE CONSORTIUM

SPIC : Principal Proposer

\

SPIC was 1ncorporated in 1969 Iadd " commenced its
commercial, préduction in 1975:ét Tutiborin, 'Tamil Nadu. At
present i1ts Tuticorin plant has manufacturing facilitiles for
3,52,000 tonnes/annum of ammonia, 5,12,000 tonnes/annum of urea ,
1,43,600 tonnes/annum of P205 equivalent phosphatic fertilisers
(diammonium phosphate), 1,50,000 tonnes/annum of sulphuric acid,‘
52,800 tonnes/annum of phosphoric acid and 2,560 tonnes/annum of'
Almunium f£luoride. Over a period of time, SPIC diversified its
activities in technical services (SPIC maintenance organisation),
shipping (with acquisition of chemical carriers) and heavy
chemicals through take over of chloralkali wunit (200 tpd

of caustic soda of Kothari Industrial Corporationn at Manali near

Madras.

Bzsides, SPIC has promoted new companies in joint sector
with Tamil Nadu Industrial Development Corporation (TIDCO) viz
Tuticorin Alkali chemicals Limited (for manufacture of 66, 000.
tonnes/anaum each of soda ash and ammonium chloride) and Tamil
Nadu Petro products Limited (for wmanufacture of 50,000
tonnes/annum of ‘Linear alkyl benzene at Manali). SPIC also
promoted SPIC Electronics and Systems Limited to manufacture IC
packaging units, computer tapes, diskettes anmd jumbo rolls at
Maraimalainagar near Madras, and Manali Petrochemicals Limited to
manufacture Propylené oxide, Propylene glycol and Polyol at
Manali. SPIC has plans to enter drugs and pharmaceuticals éield

and to set up aromatics complex at Manali. iQQ



For the year ended on December 31, 1987, SPIC earned
operating profit of Rs. 6 crores on turnover of Rs 390 crores.
For the period of 15 months ended March 31, 1989 the company's

turnover is estimated at Rs 560 c¢rores.

SPIC has an in-house R&D department since 1979 at
Tutieorin. It has successfully developed and enmployed processes
for environmental pollution abatement through stripping of
ammmonia from cooling tower blowdown and hydrolysis of urea
iﬂ plant effluent by using biological organisms and electrolytic
process for chromates removal from effluents for which SPIC was
given R&D award by Feritilisers Association of 1Indie. It is
also setting up another in-house R&D laboratory recognised by
DSIR for research in drugs and pharmaceuticals at Maraimalainagar
near Madras. Besides, SPIC 1lends further support to and has
sponsored R&D projects at IIT Madras, Anna Univefsity and Central
Leather ~ Research Institute at Madras in the fields of

agrochemicals and bio technology.

SPIC Science Foundation (SSF) : Co=proposer
SSé was promoted in 1986 by SPIC Ltd and its group
companies as an antonomous body registered under Tamil Nadu
Societies Registration Act, 1975 with a view to promoting
gocientific research in the following areas :
(i) Molecular bio-sciences and biotechnology
(ii) Agrochemicals
(iii) Energy technology
{iv) Drugs and Pharmaceuticals

(v) Materials technology

‘{vi) Electronics and communications 4é>(
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SSF 1is recognised by Department of Scientific and
Industrial Research (DSIR) as a Scientifc and Industrial Research
Orgénisation and hence is entitled to suitable exemptions in
respect'of import duties. It has rented premises of 6,500 sq ft.
for laboratories and 2,500 sq. ft. for officers in Madras. While
a part of the laboratory faciliities is already installed and
commissioned, the balan;e equipment and instruments have either

arrived or are in various stages of procurement.

t

During the year ended March 31, 1989, SSF incurred an
expenditure of about Rs, 113 lacs mainly on account of
infrastructural facilities (Rs 10 lacs), indigenous 1laboratory
equipment (Rs 7.7 lacs), imported laboratory equipment (Rs 64
lacs), revenue and other recurring expenditure (Rs.26 lacs) and
contributions towards research projects awarded to | other
institutions (Rs. 5.3 1lacs). This was financed entirely by

grants from SPIC Ltd.

SSF has developed energy efficient process for )makinq
bricks from gypsum obtained as a by-produc; in Tuticorin plant.
While the results are encouraging, it 1is yet to be
commercialised. In the agrochemical field, SSF has improved
production process of fungicides viz. Thiram and Ziram and the
same 1is being tried out on pilot plant scale. As regards
bio-technology it 1is working on micropropagation of roses and
regeneration of plantlets embryo tissues of rice and  has
&eveloped a vermiculite based rhinobial inoculant for Jequme seed

treatment.



Recently, SSF has been sanctioned a conditional grant of
us §$ 500,000 vunder PACT program of "ICICI for R&D project on
genetic improvement of plantation crops,in collaboration with DNA

plant technology Corporation of New Jersey, USA.

SSF 1is governed by a Governing Council comprising 17
members eight of whom are drawn from SPIC Limited, and one eacﬁ
from TIDCO Ltd., Industries Department of the State Goverument,
Central Leather Research Institute (CLRI) and Central
Electrochemical Research Institute (CERI). Others include Dr.
Anand M. Chakraborty (University of 1Illinois, College of
Medicine, Chicago, USA)L Dr. B.D. Tilak (Indian Institute of
Education, Pune), Dr. M.S. Valiathan (Director, Sri Chitra
Titunal Institute for Medical Sciences & Tech., Trivandrum) Dr.
Subramaniam Srinivasan (Dy. Director, (ESHR, TAMU, USA) and Shri
B.R. Sreenivasamurthy who is the Member-Secretary of SSF. The

Governing Council is chaired by Shri M.A. Chidanbaraw.

For the proposed project SSF would have a consultancy
arrangement with Dr. Subramaniam Srinivasan of Center for
electrochemical Systems and - Hydrogen Research (CESHR), Texas A&M
University, USA. The university chartered the CESHR in 1986 to
develop hydrogen technologies and electrochemical systems (fuel
cell and batteries) for enhanced energy conversion efficiences.
A number of well known business organisations, institutes and
Department of energy in USA have sponsored research at CESHR. In
1983, as part of National Science Foundations Industry -
University Co-operative Program, the Hydrogen Research Centre was

established and the same has lnow become a part of the CESHR.

e
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Recently Dr. S. Srinivasan and Prof J. Appleby (of CESHR) and
their co-workers have achieved high power densities with 1low
catalyst loading in SPEFC. Dr. S. Srinivasan is a member on the
Governing council of SSF and is also their consultant. Thus the
proposed consultancy arrangements collakoration would enable SSF
to be in touch with the latest developments in thé field as also
avoid duplication of R&D efforts in developing a commercially

viable SPEFC stack.

B. STATEMENT OF THE PROBLEM

It is well known that the conventional route of
generating electrical energy is thrdugh conversion of
chemical/nuclear energy of a fossil fuel/processed fuel into
thermal energy which in turn is converted into mechaical and
electrical energy. The above route of energy coversion is
employed in thermal and nuclear power plants as also in all heat
engines. The maximum amount of useful power that can be obtained
in the above fashion is governed by the efficiencies at each

conversion step. Since the above conversion processes occur at

substantially different levels of temperaturses, the carnot

limitation on efficiencies reduces the net available energy in

the form of electricity considerably.

5

In a copventional power plant, éhe Sverall efficlency
achieved at best is about 30%. Begides, in India, the
transmission and distribution losses are about 18-20%. With the
dwindling resources of fossil fuels and rising costs of
extraFting them from earth, technologies for efficient conversion

of chemical energy of thece fuels into electrical enerqy are

1
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being investigated. Begides, in view of substantial
transmission and distribution losses involved in extensive grid
network to meet localised small loads, suitable cost—effectiye
technology for decentralised power generation facilities are

being explored.

A fuel cell produces electricity by an electrochemical
reactioﬁ between hydrogen (which may be pure or may be sppplied
by a hydrocarbon ‘fuel) and oxygen (of air). It 1is ‘an
electrochemical device comprising an anode, a cathode and an
electrolyte. The chemical energy of the fuel which is fed
continuously is directly and efficiently converted into 1low
voltage direct current (D.C.) electrical enerqy. This 1low
voltage of D.C. power output can be suitably enhanced by
connecting number of fuel cells in series or parallel arragement.
Unlike other batteries, the fuel cell does not consume its
electrode, instead it uses fuel and.oxidant fed continuously from
outside the cell. Thus the fuel cell neither requires combustion
nor any moving parts in the energy conversion process. One of
the major advantages of the device is that the electrochemical
oxidation can be carried out isothermally and hence the' carnot

limitation on efficiency does not' apply.

The fuel cell technology is being developed to employ a
variety of fuel such as hydrogen, methanol, ethanol, natural gas,
fuel oil, biogas etc. which can be utilised directly or
indirectly after processing. A typical fuel cell power plant
would consiet of a fuel processor, a fuql cell stack/subsystem, a

power conditioner and subsystems for thermal and water



management. The power conditioner converts D.C. into alternating
current . (A.C.) and thermal management system utilises the heat
generated during the electrochemical process so as to increase
the efficiency of overall system. A fuel cell generates
electricity at 40% efficiency and with proper heat recovery
systems the overall efficiency of the fuel cell plant could be

70% to 80% as against 30% to 35% efficiency of the conventional

thermal/nuclear power plants. However, the design problems

associated with achieving above 1levels of efficiencies and
reliability of 1its operation on continuous basis over a
reasonably longer period of time are being studied and tackled

world over.

The fuel cell stack is considered as the heart of the
fuel cell power plant. In view of the resources available with
the SSF (both financial and technical),, it has decided to
concentrate on develping reliable, cost effective and efficient

fuel cell stack which requires maximum developmental input.

Annexure A provides information on various types of fuel
cells and the work being done in the field in India. Anong the
various fuel cells, the Phosphoric Azid Fuel Cells (PAFC) are in
the most advanced stage of development. and some studies are being
done on alkaline fuel cells. Since alkaline fuel cells aré
sensitive to presence of traces of oxides.of carbon in ' the
processed fuel and air, 1its scope for commercial applications
seems limited. With the development of a new polymer membrane by
DuPont, USA the feasibility of developing a Solid Polymer

Electrolyte Fuel Cell (SPEFC) appears to have considerably
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enhanced. While SPEFC bqlongs to low temperature range category
of fuel cells as PAFC and Alkaline fuel cells, the SPEFC are
expected to generate higher voltage and current density as
compared to PAFC. Therefore, SSF has focussed it R&D efforts on
developing a prototype SPEFC stack of 5 KW capacity for

demonstration.

The need for developing a matching fuel processor is
obviated by ensuring a continous supply of pure hydrogen at
SPIC's existing chloralkali unit (capacity = 200 tpd of caustic

soda) at Manali where the SPEFC would be installed for

demonstration.
The éaustic soda manufacturing process generates
Hydrogen and Chlorine gases as by-products. About 2.5 tonne of

Hydrogen and 88 tonnes of Chlorine are generated per 100 tonnes
of caustic soda manufactured. It may be noted that a part of the
Hydrogen and Chlorine are used for making Hydrochloric acid
whereas surplus Hydrogen is used as fuel in caustic soda fusion
process and the rest is flared up in most of the wunits. Even
after using hydrogen for making hydrochloric acid and other
requirement, about 40% of the hydrogen generated is available.
This surplus pure hydrogen can directly be employed as fuel for
SPEFC which 1in turn would generate DC power output. It is
proposed that this DC power could be used as such in the
electrolytic process of caustic soda manufacture. Thus there is
no need for a power conditioner (to conver DC power output into
AC power) either. Therefore, the present project propcsal limits

its scope to the development of only SPEFC stacks.

9



On the basgis of the state of art, SSF has inferred that

ii would have to address itself to the following issues and

problems in developing commercially viable SPEFC stack :

(1) Achieving high power density by reducing kw/kg ratio,
increasing the current density (Amp./sq. em) and cell
potential. It would also involve trying out light weight
component materials and reducing the number of auxillary

subsystems and their weights.

(ii) Optimum operating conditions in terms of temperature

and pressure and tackling thermal and water management.

(iii) Dealing with stability of materials particularly when the

fuel cell system is under no-load.conditions and elevated

temperatures. |

(iv) Researching different preparations of the membrahe in
order to reduce its cost without sacrifiéiﬁg technical

performance.

C. TECHNICAL PROPOSAL _
SPIC® and SSF jointly propose to develop SPEFC in the

range of 1-5 KW and demonstrate the same at the exisﬁinq chlor-
alkali wunit of SPIC at Manali near Madras. The development of
SPEFC would mainly involve (1) performance study of an imported
prototype (3KW size) with the help of pure hydrogen available at
chlor-alkali plant and simulated reformed gas, 2) components
characterisation, (3) degign and fabrication of single fuel

cell, bipolar plate and electrodes etc. and (4) assembly and

testing multicell stack of 500 watts to 5 kw in steps. Critical'

g
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problems proposed to be addressed during the development include

electrode k;ﬁetics, thermal and water management and stability of

materials.

SSF proposes ' to import two SPEFC stacks from USA for
performance study and component characterisation. Performance
study would be conducted at the laboratory of SSF using ﬁydroqen
from Manali plant stored in hydrogen storage units (based on
hydrides). The performance tests would include folloying steps
study of 1) output as a function of current density and evaluate
the efficiency, (2) open and closed circuit voltage as a
function of temperature (3) response to fluctuating 1loads, (4)

performance variation over period of time (3 years) and (5)

compare cost of power with other options.

SSF would commence fabrication of test electrodes and
single cell after gathering data on physico-chemical
characteristics of various components including membranes;
Single cell would be evaluated' for various performance
characteristics such as voltage, current density and stability
of cell over long duration using hydrogen and air as reactants.
The cell performance would be studied with varying catalyst

(platinum) 1loading and optimum platinum loading would be arrived

at.

After optimising the performance of single cell,
fabrication of bipolar  (plates and electrodes with larger areas

as also fabricationkof multicell stack would comnence.

(gc{i-


http:fabrication.of

Design * and fabrication of multicell stack would involve
incorporation of locally available materials to the extent
possible for elecﬁrodes and bipolar plates with a view to
reducing cost. Performance evaluation would be conducted at

chlor-alkali plant as also life time studies would be carried

out.

D. E ATION PLAN :
The proposed development project would be jointly

undertaken by SPIC and SSF. As detailed above, fuel cells
development work would be carried out by SSF while personnel at
chlor-alkali plant would provide need based support for trials

and demonstration.

SSF proposes to acquire various equipment and laboratory
instruments for the development work which mainly include
automated rolling mill (laboratory type), sintering over, hot
press, CNC machines (milling), grooving machine, calendering
machine, induction furnace, electrochemical impedance measurment
systen, test rié for fuel cells testing, reference electrodes and

otheg electrochemicai apparatus.

The developnent activities at SSF would be carried out by
3 scientists (Ph.Ds), 8 engineers (chemical - 3, mechanical - 2,
electrical - 1, electronics - 1, and electrochemical - 1), 4
research associates 4 Technicians and 3 other supporting staff
and would be co-ordinated by Dr. S. Parthasarathy. Dr.
Supramaniam Srinivasan, Deputy Director, Centre for

Electrochemical Systems énd Hydrogen Research, Texas, USA would

q J
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associate with the project as a consultant and visit SSF for
providing guidance in specific problem areas. Scientists and
engineers from SSF would also be trained at CESHR. Resume of key

pbersonnel involved in the project are provided in Annexure - B .

Implementation of the R&D project is expected to commence
from October ‘1989 and last for about 3 years, till September

1992.

E. COST QOF PROJECT

The cost of development project is estimated at Rg.210

lacs spread over the implementation period of 3 years as

follows:
(Rs. in lacs)
Item Year I Year IT  Year III  Total
1. Equipment-imported 88.0 - - 88.0
-indigenous 2.0 ) 9.0 3.0 14.0
2. Salaries, wages & X ,
overheads 17.5 18.1 18.6 54.4
3. Materials, stores &
consumables 5.0 6.0 5.5 16.5
4. Travel - Foreign 2.0 1.0 - 3.0
-~ Domestic 1.0 1.0 - 2.0
5. Data processing, ‘
Books/Journals/Patent/ ‘ .
literature 5.0 ' 3.0 2.0 10.0
6. Subcontracts 2.0 2.0 2.0 6.0
7. Consultancy '
- Foreign 2.0 2.0° 2.0 . 6.0
= Indian 0.6 0.6 0.6 1.8
8. Others (training
expenses) 3.0 0.5 - 3.5
9. General and Admi-
nistration éxpenses 3.0 1.0 1.0 5.0
131.1 44.2 34.7 210.0

ESEas= ERasn _—EREs SETsSRmo
.



Imported equipment provide. for cif cost of laboratory
instruments and devoices for testing such as custom built test
rig, differential scanning calorimetry system, reverse osmosis
unit, high vaccum unit, polorographs etc., and 2 nos. prototypes
of SPEFC fuel cells of 3 kw each. While the R&D project would
also need an electrochemical impedence measurement system, it
would have a longer life and would find multiple uses outside the
scope of this project. Therefore, it wonld be financed
exclusively. by the proposers. The imports will not attract
customs duty. The indigineous equipment provide for clean room
facility, storage devices, heat exchangers and processing
equipment like rolling mill, calendering machine, CNC maéhine,
microcatalytic reactors, furnaces, salaries and wages are based
on requisite manpower to be engaged in different categories

during the implementation period.

\

There would be a team of 4 senior engineers, 4 junior
engineers, 3 scientists, 4 Researcp Agsociates, 4 techqicians and
other suppof£ing staff. Maferials, stores and consultants
provide for chemicals, catalysts, electrodematerials, bipolar
plate etc. Travél expenses include foreign and domestic travels
of scientists/technologists and consultants. Suitable provisions

are made for data processing, books, journals etc.

Subcontracts would take into account testing services at
IIT, CLRI and other institutes/laboratories. Consultancy charges
provide mainly for services to be rendered by S§. Srinivasan and
towards exploring possibilities/prospects for the technology in
likely market segments of India. Suitable procession 1is made

towards training needs of technical personnel.



F. MEANS OF FINANCING

The estimated project cost of Rs.210 lacs is proposed to

3 ] ~
.

be financed as follows :

(Rs. in lacs)

Proposers contribution

- SPIC " 110.0
PACER Contribution ‘
- Conditional Grant 100.0
210.0

Proposers contribution:
SPIC has been providing funds to SSF in form of qrant, so
far. For the proposed project SPIC would contribute grant of

Rs.110 1lacs over the implementation period of 3 years to meet a

part of the cost of the project.

Conditional grant under PACER:

The proposers of the consortium R&D project have
requested ICICI to provide conditional grant of Rs. 100 lacs out
of the funds available under PACER to meet a part of the cost of
the project. The conditional grant will be repayable on
succaessful commercialisation of the product. Payment. to PACER
will be by way of a negotiated percentage of revenue arising from
the project on commercialisation and limited to a maximuwm of 200%

of the PACER contribution towards the project cost.

G. PROSPECTS

Hydrogen is a clean, renewable, non-polluting, energy -
efficient fuel. Hydrogen can be used in the near-term as an

energy supplement and in the long term as a medium of energy

ot



energy supplement and in the long term as a medium of energy
storége and transportation. Hydrogen, as a fuel produced from

water, doesn't increase the " greenhouse effect."

Hydrogen can be burnt like fossil fuels in heat engines,

but 1is almost as inefficient in this mode of utilization.

, Hydrogen is the only fuel that can be readily used in fuel cells.

Fuel cells, which are electrochemical energy converters, are
twice as efficient as combustion engines in converting hydrogen

to electrical energy.

Hydrogen produced from renewables (solar energy and
water) is'costly compared to today's fossil fuels. But extensive
and continued R&D can provide technical progress to lower costs,
especia{ly when adding the.environmental benefits associated with

¢

non-polluting hydrogen fuel.

¥

The proposed R&D project aims at developinduuse of pure
hydrogen 8o as to convert it efficiently into electrical’ energy
in a commercially viable manner.- As mentioned earlier, chlor-
alkali industry provides substantial quantities of spare pure
hydrogen as the right fuel which needs no processing. It alone
holds promise of generating 25 MW power through the use of spare
hydrogen and same energy worth about Rs.18 crores/annum after
taking into account the fuel value of hydrogen. In this context
it is evident that chloralkali industry offers adequate market
for sizeable commercial exploitation of fuel‘ cell stack

technology without fuel processing and power conditioning



systems. It may be noted that SPEFC stack life is expected to be

about 40,000 hours and hence it is required ta replace about

every 5 years.

It is estimated that with successful commercialisation
anddlarger scale production of SPEFC stacks, the capital cost of
the stack would be around Rs.10,000/kw. Assuming that its 1life
would be 40,000 hours of operation and that it would generate
18.6 kwhr/kg of hydrogen, for a chloralkali unit the cost of
power would be around Rs.0.45/kwhr, without assigning any price

to surplus hydrogen otherwise being flared away.

After successful commercialisation of SPEFC stacks as
above’ and reasonably long and satisfactory commercial experience
of the fuel cell stacks technology, SSF might undertake
development of the other auxiliary systems fuel processor, power
‘conditioner and heat recovery systems - for Lan independent

decentraliséd power generating plant in future.

It is estimated that even with a fuel cell power plant
working on natural gas as fuel, the cost of power would be
comparable with that of the Diesel Generating Set power and

certainly far cheaper than the solar photovoltaic power.

Thus fuel cell technology has bright prospects and the
approach of SSF in particular, in developing first SPEFC stack

‘alone, holds good promise.



H. BUSINESS PLAN

The commefcial project for manufacturghpf SPEFC satacks
would be wundertaken by SPIC Ltd. - either b§ a new division
under the management of the same conpany or by a seperate company
to be promoted by SPIC. The manufacturing capacity proposed for
the commercial project would be SPEFC stacks equivalent to
aggregate power generation capacity upto 5 mw/annun. Its
capital cost is likely to be of the order of about Rs. 5 crores.
It is expected to operate at 40% (2 mw), 60% (3 mw) and 80% (4
mw) of the SPEFC stacks manufacturiny capacity during the first,
second and third year of commercial operations, respectively.
Assuming selling price of SPEFC stacks @ Rs.10,000/kw capacity,
SPIC would effect sales of Rs. 2 crores, Rs. 3 crores and Rs. 4
crores in corresponding years. The commercial operations would
incur 1losses in the first year but is exected to earn marginal
operating profit in the ggcond year (Refer anexure - C).
Assuming payments to PACER @ 6% in sales, the obligations in
respect of the conditional grant are expected to be discharged

during the first ten years of commercial operations.

I. STRATEGIC ANALYSIS ’

The proposed project has been analysed 1in terms of
business attractiveness and consortium strength factors. The
‘details of analysis are provided in Annexure - D. It may be
observed that the business attractiveness score is 39 while the
cortinum fitness score is 43 each out of the possible 60 points
score, The aggregate score works out to 82 points out of 120
points which is above cut off point at 70. The aggregate score
indicates gouod success potential for the proposed development

project.
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the cost of the proposed development project out of the funds
available under the Program for Acceleration of Commercial Energy

Research (PACER) on the following wmain terms and conditions :

1. Before availing of the'conditional grant, the proposers shall
(a) enter into' a Memorandum of Understanding specifying
their mutual rights and obligations to the satisfaction of
ICICI, and (b) enter into a suitable consultancy arranaemept
with s. Srinivasan of Center for Electrochemical systems and
Hydrogen Research, Texas A&M University to the satisfaction

of ICICI.

2. The proposers agree to make payments to ICICI of twice the
amount of conditional grant disbursed as a negotiated
percentage of revenues arising from the project on

commercialisation.

5. (a) Machinery or equipment purchased in whole or in part with
the conditional grant shall belong to the proposers but
shall  nonetheless be clearly identified:and used only
for the proposal purposes, unless ICICI otherwise permits

in writing.

(b) The proposers shall not sell, give or lease, licence to
conduct, mortgage, charge or otherwise dispose of the
said machinery or equipment except with the ‘ prior

permission in writing from ICICI.

4. The proposers undertake to bring in additional funds in
consultation with an in a form acceptable to ICICT to meet
any shortfall that may arise in financing the project and/or

other requirements.

\
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SPIC shall bring in Rs. 110 lacs to meet a part of the cost
‘l i

of the pro:ect in a manner and schedulp to be flnaliSud in

consultation with ICICI.

The proposers shall utilise the conditional grant only in
¥
accordance with the Approved Propdsal Budget to be finalised

in consultation with ICICT.

The proposers agree to appoint key persons for implementation

of the project in consultation with ICICT.

' TCICI and its authorised representatives reserve the right to

carry out technical, financial and legal inspections during

the implementation of the project.

The proposers shall keep ICICI informed about the progress of
the project by submitting periodic reports in a form and

substance to the satisfaction of ICICIT.

(W



RECOMMENDATION

We recommend providing to the consortium of Southern

Petrochemical Industries Corporation Ltd. and SPIC Science

Foundation a conditional grant of Rs.100 lacs to meet a part of

74



APP ONAA X
Tel Off 447573/445113
Telex. 041-7121 & 8735 SPIC IN
APFENDIX Telegrams: 'SOUTHPETRO'

S™i1e  spic science Founpation

Dr S PARTHASARATHY . A
hambers’, lird Fioor,
EXECUTIVE DIRECTOR (R&D) o Gt Chnnrroers' id Floor

T. Nagar, Madras - 600 017.
July 7, 1989

\
Dear Dr Vaidy%:/

From our discussions yesterday, we are happy to note that there is a
positive response from the peer Review Committee and they have
raised two points regarding our project, namely overall cost of the
project and materials development, as a part of the project. With
reference to these, our observations are as follows:

Overall cost of the project with special reference to possible
reduction in cost:

As you would recall, the project proposal submitted by us on | 8-5-89
envisaged a total cost of Rs 219.53 lakhs. After discussions with
your technical group in PACER Secretariat, a reduction of Rs 9 lakhs
was made, by pruning down to the maximum extent the revenue items
for the project.

We once again make it clear that every item of expenditure listed
under project cost E(a) Annexure A, pages 26, 27 and 2R are specific
to the project and absolutely essential for successful completion of
the project. We have ensured that no infrastructural facilities

or the instruments not related to the project are included in the
Fuel Cell Project Budget. We are making substantial investments

in laboratory infrastructure and general purpose instruments, apart
from our matching contribution to Fuel Cell (R&D) Project.

The only item of laboratory instrument which is of general nature,which
will have long hife and will be of use in other projects, is EG&G
Princeton Applied Research, Model - Electro Chemical Impedance
System described in pages 37, 38, 39, 40 and 4] of our PACER

Grant Application. The cost is US $ & »y360 which is about Rs 10 lakh
as of today. We propose to have this instrument purchased from our
own resources and make available for this project. Thus, the PACER
support required will be only Rs 100 lakhs. This is in deference to
your desire to reduce project cost.

Materials Development:

The goals envisaged in the proposal for 'Research and Development
and Demonstration of SPE Fuel Cell and Knowhow for Production
of 5 KW Fuel Cell Power Sources', make it clear that we will be
developing a device namely the SPEFC Electrochemical Stack for
utilising bye-product hydrogen and making DC power, with substan-
tial lowering of amount of platinum necessary as electro catalyst
and thus reducing the cost of the final product. The SPEFC uses a

Contd.



Continuation Sheet

-

Z-

Solid Polymer Electrolyte which is a proton conducting membrane, which
is presently available from companies like Du Pont of USA. Side by
side with our R&D Project, we propose to develop competitive substi-
tutes for this 1tem. We are definitely hopeful of developing relevant
polymer materials for the purpose, which will be useful not only for
SPEFC application but for a variety of other applications.

Electron conducting and corrosion resistant light weight bi-polar plate
material development will also be undertaken as a part of our R&D
endeavour.

The varieties of carbon available in our country offer a challenge to
our R&D Scientists to prepare an efficient and cost effective electrode
for use 1n the SPEFC.

I hope from the foregoing, 1t will be clear that the project provides
for substantial efforts in material development which will have a

very wide application in our country. As far as the cost is concerned,
any further reduction from the proposed shifting of Rs 10 lakhs to

the Co-Sponsor will not be feasible without affecting the objectives
of the project or compromising the thoroughness of investigation.

Dr S Parthasarathy

Thanking you,

To

Dr P H Vaidya

PACER Manager

ICICI,

1 63 Backbay Reclamation
Bombay 400020

b



Annxeure - A
(Ref. Page No.18)

SOUTHERN PETROCHEMICAL INDUSTRIES CORPORATION LIMITED
AND
SPIC SCIENCE FOUNDATION

(Informatjon on various types of fuel cells

and work being done in the field in India)
Fuel cells can be classified on the bases of combination
Af tféé of fuel and oxidant, methéd of fueling =~ direct or
inéireét/ type of electrolyte and the temperature of operation.
In a ‘direct fuel cell, the fuel used is readily oxidised
Ielectrochemiéally and fed directly to thé fuel cell.. In ‘the
indirect system, a hydrocarbon fuel or mixture of such fuels is

first processed in a s1bsystem (viz. fuel processor) to an easily

oxidisable hydrogen rich gas which in:turn is fed into the cell.

Fuel cells can be classified by combining the electrolyte
system with operating temperature " based upon the thermal

capability of the electrolyte as follows :

4

| Operating temperature - Electrolyte

- Alkaline fuel cell
(65 deg ¢ - 160 deg ¢)

- Solid Polymer
electrclyte fuel cell
(upto 120 deg c)

.., Low-Temperature range

L
'

- Phosphoraic acid
fuel cell (175 deg c -

P N e R R N NPV AP Y S PYEN

200 deg c)
} I .~
. High temperature range Molten Carbobnate fuel cell _
’ ’ v (600 deg ¢ - 700 deg c)
Very high temperature Solid oxide fuel cell
range (over 750 deg c)

The cells that are being most extensively developed
are those that use hydrogen as the fuel and oxygen (pure) or

oxygen in air as the oxidant. qr//(



A2

pevelopment work done/being done in India

A few groups of scientists/technologists uave been
working on different aspects of fuel cell technology using
different configurations of electrodes, catalysts, fuels,
‘electrolytes at various research institutes/universities/R&D
divisions of industrial organisations since mid seventies.
These include Central Fuel Research Institute (CFRI) at Dhanbad,
Indian Institute of Technology at Kharagpur, Indiaa Institute of
Science at Bangalore, Central Electrocheriical Research Institute
at karaikudi, Tata Institute of Fundamental Research at Bombay,
University of Delhi, Indian Institute of Technology at Delhi and
Tata Energy Research Institute at Delhi. while most of the
above groups limited their scope of activity to studying and
researcing electrochemistry and certain components of the system,
none of then has taken up a comprehensive development project, to

make a commercially viable fuel cell stack.

A gfoup of engineers/technologists has been working on
developing a phosphoric acid fuel cell (PAFC) stack for over a
perioéd of three years at Corporate R&D Centre of Bharat Heavy
Flectricals Limited at Hyderabad. It is understood that they
have achieved capability for manufacturing PAFC stack upto 100
watts apd are in the advanced stage of devgloping PAFC stack for

about 500 watts.

However, no substantive work is reported to have been

undertaken to develop SPEFC stacks.



Annexure - B

SOUTHERN PETROCHEMICAL INDUSTRIES CORPORATION LIMITED

Designation

Educational
Background

Experience.

AND

SPIC SCIENCE FOUNDATION

Resume of Dr. S. Parthasarathy

Executive Director (R&D)

M.A., M.Sc., I.R.A.S.
Ph.J. (Chemistry)
F.R.C.S. (London)

1)

2)

3)

4)

5)

6)

7)

8)

Studies undertaken on proton
ionisation of dicarboxylic acids,
Ionic interactions in electrolyte
solutions.

Thermodynamic investigations of
ionic solutions with reference to
alkaline earth cations.

Developed magnesium cuprous
chloride batteries.

Developed magnesium - silver -
chloride sea-water activated
batteries.

Development of process for
chloromethylation of styrene-
divinyl benzene co-polymer beads.

Development of process know-how and

project engineering for production

of power sources for under-water -
applications.

Manufacture of computer magnetic
tapes.

Has vast experience in the field of
finance and management also.

91*
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B2

Resume of Dr. Supramanium Srinivasan

Designation

Educa’ ional

Qualifications

Research
Experience

Deputy Director

Centre for Electrochemical Systems
and Hydrogen Research

Texas A&M University

Texas,

U.SQA.

Ph.D. (Physical Chemistry)

Regearch Areas

Electrod Kinetics

1980-88

1974-80

4

1966-73

'1963-66

- Electrocatalysis
Bioelectrochemistry
Fuel cells
Batteries

Staff member at Los Alamos
National Laboratory Group
leader, Electrochemical
Technology Group, Brookhaven
National Laboratory

Associate Professor of
Electrochemistry in Surgical
Research

Downstate Medical Centre,
SUNY

Post Doctoral Research
Associate University of
Pennsylvania



Degsignation

Educational
Qualifications

Experience

B3

Resume of Gopalkrishnamurthy

Senior Manager
Energy Division
SPIC Science Foundation

B.Tech (Chem.), IIT, Madras
M.E. (Chem.) Jadavpur University

1968-74 : Scienvist, Propulsion Division

National Aeronautical Labora-
tory, Bangalore

1974-79 : Engineer, Propellent Engg.
Division, ISRO, Trivandrum
1979~-84 : Senior Scientist, R&D

SPIC Ltd.

Worked on following projects :

Development of gypsum bricks from
byproduct Phosphogypsum.

Development of high energy fuelfor
4th stage of SLV-3

Development of Hypergolic fuel for

use in after burner in GNAT
engines.

ol *
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Designation

Educational
Qualifications

Experience

B4

Resume of V. Venkitakrishnan

Senior Manager (R&D)
SPIC Science Foundation

B. Tech. (Chem.), IIT, Madras

Joined SPIC Ltd. as  Engineering
Management Service Trainee. Has varied
experience including process de:ign of
chemical plants and equipment,
commisgsioning of chemical plants,
pilot plant experiments etc.
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Designation

Educational
Qualifications

Post Doctoral

Research Experience

B5

o

Dhathathreyan

Senior Scientist, Energy Division
SPIC Science Foundation

M.Sc. (Chemistry)
Ph.D. {Chemistry)

1982-84

1984-85

1985-87

1987-89

University of Goettinger,
W. Germany

University of Groningen,
Holland

University of Calgary,
Canada

Max Planek - Institute,
Goettingen, W. Germany
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SOUTHERN PETROCHEMICAL INDUSTRIES CORFPOLATIOL LIMIT kD

PROVECTION OF OPERATING RESOLTS AYTER CORMKRCIALISATION

AND

SPIC_SCIENCE FOUKDATI ON

ANNEIVRS € - (Bs. [N Lakks)

ANNEXULRE 'C!

ThAk
LY l 4 § { § b 1 ¢ ' U (1
1, SALES QUARTITT IW AN 0 4N M A0 00 40 400 400 400 31O
LR IS, 000 S00.00 0.0 400.00 400.00 400.00 400.00 400.00 400.00 #M0.00 $700.00
R
2 UTIRIALS STORES/COKPONEN 6000 90.00 120.00 120.00 120.00 12000 120.00 120.00 120.00 120.00 1110.%0
.0
. QLITILITIES @SV OF SALES  10.00  15.00 2000 2000 2000 2000 20.0 2000 2000 20.00 185.00
"o
{. SALARIES & WAGES 0.5 W0 N0 BK0 L0 0K 2% LK 6.0 N0 .
( 150 & 18000.8) 0.0
o. ENPAIRS & MAINTENANCT %000 30.00 30.00 .00 .00 .0 .00 80.00 N0 3.0 0.0
.0
6. FACTORT SUPERVISION/AMR 7.0 7.0 7.0 7.0 700 7.0 .00 00 L0 .00 70.00
0.00
1. BOTALTT 63 SALES - B0 20 240 240 240 2.0 2.0 4.0 20.00 2100
(GRANT OF 210LACS WILL
BE ERPAID) ' 0.00
8. SILLING LIPRNSES 0.0 1000 1000 1000 100 100 1000 1000 1000 10.00 100.00
0.00
§. IMGLT a. Tennloants  52.00 5200 49.00 0.0 2% 20 0% % LY - K
bW lom1Bs .00 900 600 5.0 000 SM0 .0 9H0 40 - 8.
0.00
10 DEPRECIATION X3 %50 %N 050 %50 %50 %50 %50 M50 %50 .00
1. TOTAL PRODOCTION COST  202.00 29150 33.00 2250 6.3 319.60 3630 L0 5.0 2050 386.00
12 OPEUATING PROFITSALOSS -2.00 250 6200 6150 1000 8040 8370 8.0 $L.10 10050 $14.00
1. BAD SSF KIPRNSES - WO 240 2.0 2400 40 - - - 110.00
14. FROFIY (PB1) 2.0 (150 .00 4050 .70 6.0 8370 09.00 M0 10250 S04.00
15, PROVISION FOR TALATION - - B 280 2480 220 0.8 N 08 .39 B.W
16. PROFIY (PAT) 20 -ILN O 100 000 A8 220 0.5 4K 0% .20 2.0
17, WY CASE ACCURDAL AN B0 NN R0 6.3 610 1. MM BN I 6.0
(PAY + DPRECTATION)
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Annexure - D

SOUTHERN PETROCHEMICAL INDUSTRIES CORPORATION LIMITED

AND
SPIC SCIENCE FOUNDATION

STRATEGIC ANALYSIS

!

Business Attractiveness

Sales/Profit Potential

Projected sales and profitability estimates are
based on potential of hydrogen available at Chlor-
alkali plants only. These est.motes indicate
adequate returns. However,there is good potential
for fuel cells based on natural gas.

Growth Rate

The growth rate would depend upon adaptbility of
technologyto employing other sources of fuel,
asalso various applicatiuons of SPEFC. The growth
rate foreseable is conservatively estimated at 6%
per annum.

Competitor Analysis

At present, no company in the country is
manufacturing SPEFC or no institution has reached
advanced stage of development of the same. The
other companies would enter into the field of
manufacture of fuel cells depending upon the
success of the technology.

Opportunity to Restructure the Industry

If SPEFC technology or fuel cell technoology
becomes viable nd successful then there is
possibility of wider spplications of fuel cells.

Risk Distribution

SPEFC would find applications in railway
signalling, telecommunications, navigational aids,
electric vehicles, tractors, rural electrification.
SPIC enisages development of phosporic acid fuel
cells at a later stage.

6. Special Factors

Commercial manufacture of fuel cell would .not
require special infrastructure. Manufacture of fuel
cell is not an energy intensive process.

5/10

6/10

6/10

7/10

7/10

8/10

39/60

N\
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D2

CONSORTIUM STRENGTH (OR FIT) FACTORS

Capital Requirements

Manufacture of SPEFC on commercial scale would
require capital of the order of Rs 6 crores which
SPIC can raise comfortably. :

Marketing Capablity

SPIC has existing marketing network for its
groupcompanies including SPIC Electronics, which
would play a key role in marketing fuel cells.

Manufacturing Capability

SPIC has existing workshops formaintenance of its
plants. SPIC would set up separate facilities for
manufacture of fuel cellis. Co e

Technolgqy Base o (" .
SPIC has strong technological base. - )

Raw Material

Most of the components of fuel cell would be
manfactured indigenously except .: membrane
(electrolyte). : :

Skills Availability

SPIC and SSF have necessary technical and
managerial skills. Association of Dr. Srinivasan
would be helpful.

Total: Score

8/10

7/10

6/10

8/10

6/10




ANNEX D (Contd.)
(Ref. Page 29)

SOUTHERN PETROCHEMICAL INDUSTRIES CORPORATION LIMITED

AND
SPIC SCIENCE FOUNDATION

IDENTITY CHART

Attractiveness Fitness
gcore score
120 k % k &k & % & A kK R X R kK &k kK K &k Kk & & &k k Kk Kk % 120
* * * ' * '
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* * * * * * !
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* * * *
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® ® ® *
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A.Business Attractiveness Pts B.Consortium Fit Pts

- S T D S S S M G Y G G - G T S G G G G S A =D E— A W v S G G . G - S G D D S G G G G WD e

l1.S5ales/profit potential 5 l.Capital needs 8
2.Growth rate 6 2.Marketing strength 7
3.Competitor analysis ) 6 3.Manufacturing strength 6
4.Industry restructure 7 4.Technology base 8
5.Risk distribution 7 5.Raw materials availability 6
6.Specific factors 8 6.5kills availability 8

% 1
39 43
) Total score 82
* Out of a total of 60 possible points. 6\



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED
EROGRAM FOR ACCELERATION OF COMMSRCIAL ENERGY RESEARCH
{PACER)

3rd ERDAC Meeting
Augusgt 22, 1989
Confidential Agenda Item 2 (¢)

MEMORANDUM FROM PACER SECRETARIAT
ON THE PROPOSAL OF
FLUIDTHERY TECHNOLOGY PRIVATE LIMITED,
INDIAN INSTITUTE OF TECHNOLOGY, MADRAS
AND
I1 DIAMOND CHAIN LIMITED

Development of energy efficient
continuous type fluidised bed heat
treatment furnaces.

EROJECT TITLE

Fluidtherm Technology Private Limited
132, III Main Road

Ambattur Industrial Estate

Ambattur

Madras 600 058

ERINCIPAM, PROPOSER

Rs. 82 lacs

EROJECT COST

MEANS OF FINANCING

(Rgs. in lacs)
Proposer's Contribution

~ Fluidtherm Technology Pvt. Ltd. 41
PACER contribution

- Conditional Grant 41



EROPOSAL = SUMMARY

The Consortium of Fluidtherm Technology Pvt. Ltd.
(FTPL) , Madras, Indian Institute of Technology, Madras (IITM) and
™I ﬁiamoﬁd Chain Limited, (TIDC), Madras proposes to undertake
projeét fo develop energy efficient continuous type Fluidised Bed
(FB) furnaces for various heat treatment applications. The
proposal envisages mainly development of 3 different types of
continuous FB furnaces viz a) continuous Sealed quench furnace,
b) Rotary retort furnace and c¢) End heating furnace. These
furnaces are not manufactured in the country and have following
features: 1) higher thermal efficiency, 2) Smaller in size 3)
Shorter start-up time and 4) Lower initiail capital cost as also
maintenance cost. The design, development and fabrication would
be co-ordinated by FTPL while IITM would help in defining
process parameters for various heat treatment processes. Rotary
retort furnace would be set up and demonstrated at the premises
of TIDC (user) while the other two furnaces will be installed at

the premises of FTPL.

PROJECT SCHEDULE

Development of Furnaces : October 1989 - November 1991

Commercialisation ¢ December 1991 onwards

I(ﬂ



A.  MEMBERS OF THE CONSORTIUM

Fluidtherm Technology Private Limited
(Principal Sponsor) :

FTPL, a private limiped company promoped by N. Gopinath
in 1985, 1is engaged in the manufacture and marketing of batch
type fluidised bed (FB) furnaces of various sizes ranging from §
kg/batch to 1500 kg/batch at Madras, for applications such as
heat treatment of gears and automobile components and tools and
mouids as well as oxidation of superconducting materials. FTPL
has 8o far supplied more than 20 FB furnaces to various
organisations including Mahindra and Mahindra Ltd., Hindustan

Motors Ltd., Premier Automobiles Ltd. ete.

As at Juné 30 1989 the equity capital of FTPL was Rs 4
lacs and reserves and surplus stood at about Rs 21 " 'lacs. The
total income of FTPL during lé months period ended January 31,
1989 amounted to Rs. 86 lacs (Rs 54 lacs on annualised basis) on
which it earned operating profit of Rs.11 lacs (Rs 7 lacs on
ennualised basis). During the five months ended June 30, 1989
FTPL's turnover was Rs 53 lacs on which it earned operating
profit of Rs 8 lacs indicating gubstantial improvement in its
operations. ‘For the period of 14 months ending March 31.. 1990
the company's turnover is estimated at Rs. 175 1lacs with

operating profit of Rs. 39 lacs.
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In July 1985 FTPL developed and fabficated a laboratory
scale furnace unit and adapted FB for heat treatments such as
carburising, nitriding etc. The first full-scale commercial FB
furnace was launched in May 1987, Thereafter FTPL has developed
. and commercialised FB furnaces for plastic and paint stripping
and thermal shock testing as also equipment such as gquench
cooling curve test facilities, silicon carbide heaters and
methanol/acetone vapourisers. Details of products and processes

developed and commercialised by FTPL are provided in

- Annexure = A,

Manufacture of important subassemblies and final assembly
of the furnaces .as also testing is carried out at the
establishment of FTPL. FTPL has two work sheds with total area
of more than 800 sq. mts at Ambattur Industrial Estate, Madras
where facilities for welding., metal working, material handling
(automated pulleys) etc have been provided. The other

subassemblies and parts are procured from local fabricators.

FTPL 1is managed by a Board of Directors comprising §
members with N. Gopinath as Chairman. Gopinath (37) a
graduate in commerce, has over 13 years of experience 'n the heat
treatment industry in the field of manufacturing, marketing,
errection and commissioning. The day to day activities of FTPL
are carried out by 5 Managers., 12 Engineers, 10 techpicians and
10 other supporting staff under the overall guidance of N.

Gopinath.



Indlan Institute of Technology, Madras :

(Co-sponsor)

The Indian Institute of Technology, Madras (IITM).
established in 1959 has a number of well equipped laboratories in
the fields of Science and Technology and activities of the
Institute encompass chiefly 13 departments and a few advanced
research centres. The Institute has a Centre for 1liaision with
outside ' agencies for 1Industrial Consultancy and sponsored
research activities, which provides gpecialised assistance to
industry. Each assignment is routed through the concerned

department.

Dept. of Pfoduction Engg. and machine tools section of
IITM headed by Dr. R. Krishnamurthy, will be associated in the
development work. Dr. Krishnamurthy (48) has doctorate in the
field of surface engineering and has over 28 years of experience
in industry as also in teaching and consultancy. ﬁe has

published number of papers in the field.

Dept. of Production Engg. is currently engaged in over 12
assignments from companies such as Widia, Fluidtherm, etc. FTPL
at present is developing ‘bdronising proéess in FB furnaces' with
IITM. This process imparts very high surface wear resistance and
hardness and is employed for tools and dies. IITM has identified
process parameters of the process and trials are conducted at

FTPL on laboratory scale continuous sealed quench furnace. The



metallographic inspection and other tests such as friction and
wear characteristic of boride layer testing are conducted at IITM
and changes in process parameters are suggested to improve and

refine the process.

T1 Diamond Chain Limited (TIDC) : '

(Co-sponsor)

TIDC, a subsidiary of Tube Investments of India
Limited, has facilities at Ambattur, Madras for manufacture of
industrial roller chains. TIDC has collaboration with Diamond
Chain Company, USA. As on December 31, 1987 the equity share
capital of TIDC was Rs. 68 lacs and reserves and surplus stood at
Rs. 318.70 lacs. 'The sales turnover of the company for the year
ended December 31, 1987 was Rs. 1128.5 lacs on which it earned an
operating profit of Rs. 45 lacs. TIDC is managed by a Board of
Directors consisting of 7 members including M.V. Arun;chalam as
Chairman. The company has ongoing relations with FTPL and is
interested in development of continuous rotary retort FB furnace
which would be useful for heat treatment of various components of

chains such as roller pins, bushes, connecting links etc.

B. STATEMENT OF THE PROBLEM

Heat treatment of metallic components is an essential
step 1in metallurgical and mechanical industries to get required

structures and properties. Success of heat treatment operations



depends upon stringent control over atmosphere as well as
temperature. Fluidised bed offers a better solution to this
problem as it fulfills most of the requirements. Fluidised beds
have excellent heat transfer characteristics and offer precise
temperature control and temperature uniformity. These advantages
led to development of fluidised bed (FB) furnaces in early 70's
mainly in Russia and East Europe. The development of FB furnaces

further picked up after oil crisis.

The FB furnaces can be used for varigﬁs heat treatments
processes such as hardening, tempering, marqguenching, wire
patenting, tool steel processing, carburising, nitriding etc.
The details of the principle of operation of FB furnace and its
advantages are explained in Annexure —- B. Comparison of power
consumption in FB furnace with that in conventional furnace is

provided in Annexure - C

The FB furnaces can be categorised on various bases such
as a) continuous and batch type, b) externally heated, submerged
combustion type, internal combustion type ¢) electrically
heated, oil/gas fired, biomass fired, wood waste fired etc.
Batch type furnaces in general are used fo; smaller production
scales ie upto 100 kg/hr whereas continuous type of furnaces are

used for high production volumes.

L



FB furnaces have been developed and commercialised in a
few advanceq countries. At present FTPL is the only company in
India to develop, design and manufacture ‘batch type' FB
furnaces. The indigeneously manufactured continuous FB furnaces
are not available in the country at present. The continuous FB
furnaces are preferred over conventional furnaces mainly for

their following advantages over conventional ones :

a) Its thermal efficiency is higher than . that of

conventional furnace.

1

b) The size of continuous FB furnace is almost 1/3rd of

Lo that of conventional continuous furnace

L

c) It ;akes a shorter start-up qime and attains steady

state faster.
d) The initial capital cost is lower

e) It is more versaltile and flexible as ;t can be used

¥

for variety of applications.

On the -basis of its experience in development and
commercial production of batch type FB furnaces, FTPL ' proposes
now to undertake development of continuous type of FB furnaces

for heat treatment.

The main: problems to be tackled in succfessiul
development of continuous FB furnace include, stability of

fluidised bed, design of transportation system process control

\



instrumentation, prepared atmosphere systems and heating systems.
These problems also exist in case of development of FB furnaces
such as sealed quench furnaces, oil fired furnaces, c¢oil wire
furnaces, rotary and oscillating hearth furnaces. It may be
noted that transfer of technology or know-how for manufacture of
these furnaces would require payment of 1large sums to the
collaborator as fees and royalty of about Rs. 50 lacs for each
typ: of furnace. Thus indigenous development of these furhaces

would be a significant achievement.

Hor't done so far : As a part of experimental set up for study on
flu .dised bed boronising, FTPL has developed laboratory scale
con:inuous FB furnace with ‘transportétion hood". The hood is
use:l for transfer of components heated in laboratory scale FB
furnhace to quench tank under inert atmosphere. The hood moves
on 1ollers over a guide plate. The FB furnace, quench tank and
transportation hood together constitute continuous FB furnace.
FTPL has initiated conceptual design work of proposed furnaces to

be developed.

C. IECHNICAL PROPOSAL

FTPL and IITM jointly propose to develop continuous FB
furnaces for heat treatment. FTPL would design, fabricate, test
and commigsion the furnaces whereas IITM would provide necessary
support for development of heat treatment processes on continuous
FB furnaces. TIDC would provide necessary facilities and
support for demonstration of one of the fufnace prototypes (i.e.

rotary retort type).
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The project envisages design, development and
faubrication of following 3 different types of continuous FB

furnaces :

a) sealed quench furnace:
b) ) rotary retort furnace: and
c) end heating furnace (for forging application)

Additionally FTPL proposes to develop and fabricate few
other subsystems such as travelling hood, oscillating
hearth/fixture, endogas generator, quench vestibule, quench
tanks and indirect oil heating subsystems. With these
subsystems, FTPL can demonstrate 3 more types of furnaces as

follows :

a) batch mode of operation of sealed quench furnace
b) oil fired furnace -

c) oscillating hearth furnace ..

The specifications of each of the furnace .prototype to

developed are given in Annexure - D.

The development of continuous type FB furnaces would
involve development of various furnace support systems which

include :

i) Computerised process control systems
ii) Prepared atmosphere systems

iii) Transportation systems



a) Travelling hood
b) Quench vestibule

¢) . Walking beam and
d) Scroll

iv)  Alumina recovery/cleaning systems and

.oy Heating systems

The main features and other details of development of

each support system are provided in Annexure = E

FTPL alongwith IITM would refine various heat treatment
processes for application in continuous FB furnaces. IITM would
provide support for defining process parameters as also it
would help standardising process by metallurgical analysis of
heat treated componments(test samples). IITM would provide its
repor; on micro hardness profile, metallographic examination,
consistency of results over number of trials as also with respect

to location of charge in the fluidised bed.

In order to further enhance the usefulness of continuous
FB furnaces, FTPL also standardise processes for Ferro Oxy
nitrocarbonising which imparts corrosion resistance to the heat
treated components. FTPL proposes to undertake the above powers
development is association with College of Engineering, Pune.
As regards quenchiné in continuous FB furnaces, FTPL would seek
consultancy services from R.W. Reynoldson, an Australian citizen

experienced in Kinetics of heat transfer in FB furnaces.



The majin gtages in development of these furnaces
include :

This would mainly involve identifying various process
parameters to be achieved in each furnace and deciding
specifications of standard components and subsystems.
Detailed drawings would be prepared for various

subsystems.

b) Planning of procurement and production of materials:

A detailed plan for procurement of standard components and
subcontracted items would be prepared. The schedule for
inhouse fabrication of important components and final

assembly and testing would be finalised.

-

¢) Subagsembly contracting: The procurement plan would be
executed by g¢giving contracts to various suppljers.

fabricators to get materials.

d) Assembly: Assembly of each furnace would be carried out
by FTPL at its factory. It would involve welding of
various components and subassemblies and other related

work.

e) Testing and commissioning: This is the most important
step wherein each furnace wonuld be tested and
commissioned after its assembly. IITM would play major

role by specifying process parameters and assessing

&



success of process. Components will be tested after heat
treating them in trial runs. Necessary modifications in
furnace hardware would be carried out before final

commissioning.

FTPL would instal and commission rotary retort furnace at
the premises of TI Diamond Chain Limited and it would be
available for demonstration to prospective buyers. The other

types of furnaces would be demonstrated at the premises of FTPL.

D.  IMPLEMENTATION PLAN

The proposed project would be carried out jointly by FTPL
and IITM. As detailed above FTPL would mainly carry out design
and fabrication of furnaces whereas IITM would provide necessary

support in testing heat treated components and advising on

process parameters, A bar chart representing plan of
implementation is provided in Annexure - F. The development

project would be completed in 26 months after its commencement.,

The fabrication of important components such as diffuser
and final assembly would be carried out at the)establishment of
FTPL where necessary facilities have besn provided. IITM has
well equipped laboratory with most modern testing equipment for

X-Ray diffraction and metallography.

The project would be carried out by 2 design engineers, 1
Process metallurgist, § technicians and 1 materials officer under

the overall guidance of N. Gopinath and §. Dilip, Director.



Dilliﬁ is a metallurgical engineer and has 13 years of experience
in production activity of which 7 years in production of heat
treatment equipment. The activities at IITM would be coordinated
by Dr. R. Krishnamurthy who would be assisted by 1 M. Tech.

student.

E. COST OF THE PROJECT

The cost of the proposed scheme is estimated at Rs 82

lacs as follows which would be incurred over a period of 26

months.

(Rs, in lacs)

Years
2 3 Total
L {2 months)
Equipment )
- Furnace prototypes ' 20.90 - 3.60 - 28:90
- Attachments - 1730 2.00 - . 19.30
(subassemblies) o - . .
- Laboratory equipment 9.30. . - ' ‘:; ) 9.30
Salaries and wages "~ 2.60 2.60 0.50 5.70
Materials, stores and "4.35 ' 5315 0.30 | 6.80
other consumables Ce = , .

Utilities | . 0.50 .. 0.50 © 0.50  1.50
Travel o .0.20 1.80 0.50 . 2.50
Data processing ' ., 0.50 0.50 - 1.00
Consultancy . ' 3.00 - - 3.00
Others 1.80 1.80 0.40 4.00

60.45 19.35 2.20 82.00

——————————————————————————————— -~



Equipment inciude 3 FB furnace prototypes (namely
continuous sealed quench furnace, end heating furnace and rotary
retort), subassemblies/attachments (in order to demonstrate heat |
treatment processes and other types of furnaces e.g.oscillating
hearth furnace would be demonstrated by developing oscillating
fixture) and laboratory equipment. Laboratory equipment mainly
includes micro hardness tester, oscilloscope, orsat apparatus, a

laboratory model high temperature furnace etc.

Salaries and wages are provided for 2 senior engineers,
1 metallurgist, 1 materials officer and 5 technicians.
Materials, atores and consummables include alumina, gases,
methanol, gquench oil, salts, electrodes for welding and jigs and
tools. Utilities have been considered for  manufacture,
commissioning, demonstration and trials. Travel accounts for
foreign and domestic travel. Foreign travel expense of Rs. 2
lacs account for 2 trips to USA for meeting with consultants and

1 trip each to Far east and USA for promotion of products

totaling to 35 mandays.

Consultancy is sought in areas of (a) Heat transfer
while quenching in fluidised beds and (b) Ferritic oxy
nitrbcarburising an application area in these furnaces. A few

consultants have been identified all over the world and the
estimate herein is based on the general figure for metallurgical

consultancy of US$ 25 per working hour. The terms of reference

|¢



considering Fluidtherm's design strength will be restricted to

basic concept and after treatment analysis of results (trouble

shooting). The estimate is for 100 full time consultant days.

F. MEANS OF FINANCING

The cost of the proposed development project estimatéd

at Rs. 82 lacs 1s proposed to be financed as follows :

(38. in lacs)

Proposer's contribution

= Fluidtherm Technology Pvt. Ltd. 41.0
Conditional Grant under PACER 41.0
82.0

Contribution from FTPL : During the 5 months period ended June

30, 1989 FTPL's cash accrgalé amounted to Rs. 8.40 1lacs. | The
cash accruals of FTPL during the‘naxt two years of operatiéééiare
expected to be about Rs. 40 lacs and Rs. 60 lacs. Based on these
projections the company is expected to meet ’its contribution
through cash accruals. We propose to stipulate a condition that
FTPL would contribute to the proposed projéct in the form
of interest free unsecured loan, in the event of shortfall in

cash accruals.



Conditional Grant under PACER @ It is proposed to provide
conditiopal grant of Rs. 41 laés out of funds available under
PACER. The conditional grant will be repayable after successful
commercialisation of the continuous FB 'Furnaces. Payments to
PACER will be a negotiated percentage of revenue arising from the
project on commercialisation including job work and limited to a
maximum of 200 per cent of the PACER contribution towards the
project cost. The proposers would also pay 50% of the revenue
earned by selling prototypes developed under the project toward
repayment of conditional grant. We are qtipula;ing sultable

conditions in this regard.

G.  PROSPECTS

) At present there are only 6 major manufacturers,of‘ FB
furnaces in the world including FTPL. ‘Others include Schwing, W.
Germany; Procedyne Corpn., USA; Fluidfire, U.K.: CanBEng,
Canada and Komastu, Japan. Thus FTPL is the only manufacturer of
FB furnaces in India. The cost of an imported FB furnace is
almost 2 to 3 times that of FTPL's equivalent furnace. (eg for a
particular type of batch type FB furnace Procedyne Furnace Rs.
14.50 lacs - 1985 prices, Schwing Furnace Rs. 23.61 lacs - 1986
_ prices and Fluidthesm Rs. 7.87 lacs - 1989 prices). The FTPL
would have price advantage over imported FB furnaces. It may be

noted again that products of FTPL are exempted from sales tax as

also 100% depreciation can be claimed in the year of instailation

as they are classified as energy saving devices.

ds(
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ﬁéaﬁ tre;tment process is an important step in
ﬁanufactdfe of automobile components or parts of machine tools to
get certain propertigs in metal. Heat treatment furnaces are
esséntial equipment in automobile industry (and automobile
ancilliaries), machine tool industry, plastic industry, tool and
die industry and engineering industry in general. The typical
components which can be heat treated in continuous FB furnaces
include gears, crank shafts, valves, engine components,
fasteners, turbine components, press tools, extruders, die

casting moulds and cutting tools.

In the recent years automobile industry has grown
rapidly. The average growth rate of automobile industry is
expected to be about 10% during the eight plan period. With the
implementation of phased indigenisation programme to be
undertaken by various automobile manufacturing units and its
ancilliaries there would be increasing demand for energy
efficient continuous fluidised bed furnaces. In addition it
would be economical for such units to go for continuous type of
heat treatment furnaces as the rate of production in these

units would be higher.

It is expected that the energy consumption in case of the
proposed furnaces to be developed under the project would be
significantly 1lower as compared to conventional furnaces for

similar heat treatments (please refer to Annex-C).
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Based on growth in automobile industry and other
industries mentioned above there would be good demand for heat
treatment equipment. FTPL proposes to manufacture and market
rotary retort, oscillating hearth, sealed quench, end heating,

gas fired continuous FB furnaces in that order after development.

H.  BUSINESS PLAN

FTPL proposes to manufacture various typeé of
continuous FB furnaces after their development using existing
manufacturing facilities, at Madras. FTPL proposes to
manufacture 10, 13, 18 and 22 continuous FB furnaces in the 1st,
2nd, 3rd and 4th year of commercial operations respectively, FTPL
would require additional investment of Rs. 65 1lacs for
commercialisation, of which Rs. 35 lacs would be required to
build an additional workshed together with necessary equipment on
existing plot and Rs. 30 lacs would be required for increase in
working capital. The company proposes to raise suitable ternm

loan from Bank to meet a part of the cost of the commercial

project.

The operating results and profitability in respect of
commercialisation of continuous !'3 furnaces by FTPL are provided
in Annexure - G. The turnover of continous FB furnaces is
expected to increase from RS. 100 lacs in the 1lst year to Rs. 350
lacs in the 4th year of commercialisation. The project is
expected to earn operaing profit of Rs.18 lacs in the 1lst year of

operation which would increase to Rs. 43 lacs in the 4th year of

operation. '?



In addition to the above FTPL expects to sell some of

the prototypes of continuous FB furnaces after their development
and successful demonstration to interested users under the
project. The company 1is expected to pay 50% of the income
derived from above sale towards repayment of the conditional
grant. The company also proposes to undertake job orders for
heat treatment of various components during the course of
demonstration of these furnaces. These two aspects have‘not been
taken into account for projecting operating results of the

commercial project.

I. STIRATEGIC ANALYSIS , Lo

The proposed project has been analysed in terms of
business attractiveness and consortium strength factors. The
details of analysis are provided in Annexure- H . It may be
observed that the business attractiveness score is 42 while the
consortium fit score is 45 each out of the possible 60 points
score. The aggregarte gscore works out to 87 points wilch is
above cut-off points of 70 points. The aggregate score indicates

good success potential for the proposed development project.

RECOMMENDATION

FTPL is the first company to develop and manufacture
batch type continous fluidised bed furnaces for heat treatment

and various other applications in the country. The company has



good track record of development. It has .ongoing projects for
development of processes with IIT, Madras. The proposed
development project of FTPL would result into development and
commercialisation of more versatile energy. efficient heat

treatment furnaces at economically attractive cost.

We recommend providing to consortium of FTPL, IITM and
TIDC a conditional grant of Rs. 41 lacs to meet a part of the
cost of proposed development scheme out of funds available under
the Program for Acceleration of Commercial Energy Research

(PACER) on the following main terms and conditions :

1. Before availing of the conditional grant, the proposers
shall enter into a Memorandum of Understanding specifying
their mutual rights and obligations to the satisfaction

of ICICI.

2. The proposers agree to make payments to ICICI of twice

the amount of conditional grant disbursed

(a) as a negotiated percentage of revenues arising from
the project including job work on commercialisation

and/or

(b) by way of paying 50% of the revenue earned by selling

prototype furnaces developed under the project,



, {(a) Mdchinery or equipment burchased in whole or in part

with the conditional grant shall belong to the
proposers but shall nonetheless be clearly identified
and used only for the proposal purposes, unless ICICI

otherwise permits in writing.

{b) The proposers shall not sell, give on lease, licence
to conduct, mortgage, charge or otherwise dispose
off the said machinery or equipment except with the

prior permission in writing from ICICI.

The proposer shall bring in Rs 41 lacs by way of cash
accruals/interest free unsecured loans to meet a part of
the cost of the project in a manner and as per a schedule

to be finalised in consultation with ICICI.

The proposers undertake to bring in additional funds in
consultation with and in a form accepable to ICICI to
meet any shortfall that may arise in financing the

project and/or other requirements.

The proposers shall utilise the conditional grant only in

accordance with the Approved Proposal Budget to be
finalised in consultation with ICICI.

The proposers agree to secure pérticipation of TI Diamond

1

Chain JLimit;d in the form of specific facilities and

A
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support required for carrying out the demonstration of

rotary retort FB furnace at their premises as indicated

in the proposal.

The proposers agree to appoint key persons for

implementation of the project ihlconsultation with ICICI.

ICICI and its authorised representatives reserve the
right to carry out technical, financial and legal

inspections during the implementation of the project.

The proposers shall keep ICICI informed about the

progress of the project by submitting periodic reports in

‘a form and substance to the satisfaction of ICICI.



ELQIQE&E&Q IECHNOLOGY PRIVATE LIMITED,
INDIAN INSTITUTE OF TECHNOLOGY, MADRAS

(List of products/processes developed and

AND
TI DIAMOND CHAIN LIMITED

Annexure - A

commercialised by FTPL)

Page 4)

(Ref.
S, Product/
No Process QQEE.EElSL.&JQ
1. Fluidised Bed May
Batch Type 1987
furnaces
2. In line/batch Early
vapour 1986
Degreasers
3. Methanol/Acetone Mid
Vaporiser 1987
a. Quench cooling Mid

curve test

equipment

1987

No. of
units gold

22

(Rs.

Sale

in lacs)

80

12°

2.5.



Annexure - B

'ELUIDTHERM TECHNOLOGY PRIVATE LIMITED,
INDIAN INSTITUTE OF TECHNOLOGY, MADRAS
AND

II DIAMOND CHAIN LIMITED

(Details of principles of operation of
FB furnaces and advantages of using FB furnaces)

(Ref. Page 8)

The Principles of operation of FB furnaces :

Fluidisation occurs when a stream of air or gas is
passed upward through a bed of finely divided particles. At a
certain veloecity, the particles separate and float on a cuﬁhion
of the fluidising air or gas. When the velocity ig increased,
bubbles form and as they rise through the bed, they cause rapid

mixing of the particles in all areas of the bed.

When fluidised, the bed behaves' just like a liquid. It
is buoyant and light objects float while heavy objects sink.
When heated the fluidised bed becomes an excellent media for heat

transfer.

Aluminia is used as the fluidising media, Mixtures of
Air, Ammonia, Nitrogen, LPG and many other gases are used as the
fluidising gas as well as the heat treating atmosphere. The gas
reactions take place in the bed itself withoﬁt need for a gas

Jenerator,
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~ An alloy retort is used as the container and a special
alloy distributor system ensures uniform fluidisation. The bed

is heqted by gas or electricity externally and in some cases

internally. The components are immersed into the bed and lifted.

out when the treatment cycle is complete, wusually with the help

of a hoist.

VA ES

LOW OPERATING COSTS

The heat transfer rate (4 to 25 times faster than
convection/radiation furnaces) cuts down cycle times. Larger
tonnage can be processed in smaller furnaces. When a FB furnace
is not 1in use it can be switched off even overnight, the bed
retains most of its heat and only needs incremental heating the
next day. Therefore its idling is unnecessary which in turn
results in saving of energy.

The need for effluent treatment and disposal does not
arise and precleaning expenses reduce. All these and other
features 1like 1low maintenance, no fume handling, 1lower LPG
storage, no gas generator etc., combine to yield an operating
cost per kilo that is 50% to 70% of conventional heat treatment

equipment (See enclosed cost sheet). "



I B4 ¢
which also remove carbon build up on edges and corners. Once the

parameters are set, consistent quality is obtained, as long as

the process is operated.

EOLLUTION FREE

Fluidised Bed Furnaces are not poisonous, do not attract
the provisions of health and pollution laws and are safe for
those operating them. Effluent treatment and disposal equipment

are not required.

LOW CAPITAL COST

Fluidised Bed Furnaces cost less than equal cap;city,
vacuum, sealed quench and pit type furnaces and even salt baths
(when effluent treating and safety equipment costs are added) .
One furnace performs many processes hence additional furnaces for

specific low volume applications are not required.

EASE OF OPERATION
Fluidised Bed Furnace operation is simple and safe. It

involves only setting the desired temperatﬁre and gas flow (done

automatically in certain models) and immersing the components, .

At the end of the ¢ycle, the components are lifted out and the

furnace is switched off wWhile waiting for the next batch.

The advantages of fluidised bed furnaces over

. conventional furnaces can be summarised as follows :

1. High heat transfer rate - hence shorter cycle time and |

faster attainment of steady state.

”f)L



LOW MAINTENANCE

There are no moving parts like fans,conveyors, etc. as in
conventional furnaces and hence no attendant maintenance
problems. Soot formation does not pose problems as the soot
deposits on the 'particles are burnt off at the bed surface. The
alumina particles are inert and do not require rectification,
regeneration or monitoring. Such features built into Fluidised

Bed Furnaces make them maintenance free equipment.

CLEANING

Precleaning and drying of components required for
processing in atmosphere and salt bath furnaces are not required
when wusing Fluidised Bed Furnaces. 0il and moisture on the
components and jig simply vaporise without the hazard of
explosion. Some alumina which adheres to threads, blind holes

and the like can be easily washed or blown off.

QUALITY

The high degree of temperature uniformity (+3 C. )
causes extremely uniform heating of all components, even in very
dense loads. Distortion 1is reduced by the bed buoyancy and

uniform heating of components,

During case treatments non uniform case depths do not
occur. The component surfaces are continually exposed to fresh

reactive gases under pressure and are scrubbed by the particles



. BEF
Flexibility to sawitch on/off - hence no ‘idling' energy
consumption, as there is high heat retention;

The same fprnace can be used for variety of heat treatments:

High degree of temperature uniformity;

t

Minimum downtime, as, no precleaning and minimum post
cleaning: f

There is no loss of material due to scaling:
Lower running and maintenance cost; and

There are no furnace burnouts as also there are no explosion:
hazards; ' ’



Epclocure 4o Anneaw-R

FLUIDTHERM TECHNOLOGY PRIVATE LIMITED
REAT

TREATMENT
FURNACE
COMPONENT WEIGHT
FIXTURES WEIGHT

START UP TIME
RECOVERY TIME
TREATMENT TIME

DURING RECOVERY
DURING BOOST

DURING DIFFUSE
COST CLASSIFiCATON

L T

COST SAEET

et B e GG = - - e

CARBURISING
MODEL 1000.60/90 (CN) Max Temp 1050 Deg C

225 KGS / LOADS .COMPONENTS : GEARS
75 kGS TEMPERATURE : 950 Deg C
GAS FLOW RATE : 11M3/Hr

1.5 Hours (after night shut down)

0.75 Hours
BOOST - 1.50 Hours
DIFFUSE - 1.0 Hour

FLUIDISING GAS
“TOTAL CYCLES/DAY = 4

Costs are divided Into varlable costs and fixed costs

A. VARJABLE COST
a. furnace Start up

(Cost of heating up the furnace

to operating temp - Once a day) . -

b. Processing Cost

Durlng Recovery and Treatment

Electricity
Gas

B. FIXED COSTS (3 shifts basis)
c. OxTde Consumption
d. Jigs and FliIxtures

e. Maintenance

f. Wages
g. Depreclation

* TOTAL ROAD / DAY
TOTAL COST / KG

NOTE :

at the Fluldiherm Plant worklin

TOTAL LOAD/DAY = 900 KGS
1 N2 - 100%
: AlIR - 86.0%
LPG - 14.0%
N2 - 100%
- ('n R'o’
48.40
- 300.00
- 906060
- 51.00
/ - “om
- 197.08
- A 26.w
.- s 350.00
1921.08
900 KGS.
Rs.2.13

Above figures are on the basis of actual trlals conducted

for 2 shifts only. If operated

for 3 shifts the varlabie costs and the tonnage wlll rise and the
revised cost per kilo processed wlll be Rs.1.86/Kg

.\5({) r



FLUIDTHERM TECHNOLOGY PRIVATE LIMITED

INPUT FORMULAE AND ASSUMPTIONS

b.

C.

d.

e.
f.

h.

t.

3.
4,
5.
6.
7.
8.

FURNACE START UP = Start up time x Max KW x Electricity cost

2

START UP GAS = Since fluidisation by alr
. Blower Motor KW x Start up time

HEAT TREATMENT | =  ((Recovery time x Max KW) + (Soak time x
ELECTRICITY .1 Power loss Iin KW)) x Unit cost of electri-
clty.

HEAT TREATMENT = Flow per hour x Rate per CF x Hrs/Cycle
GAS

OXIDE CONSUMPTION = 3 Kgs x Rate/Kg
J1GS AND FIXTURES =  Rs.44/- per day

MA INTENANCE = 7% of Furnace Price
(Parts & Labour)
250 days / year
Wages - Hours per day x cost per hour
Depreciation =  Furnace Price
8 years x 250 days/year

Cost of Electrl- =  Re.1.00/KW hr

clty

Oxide Consumption =  0.5%/day

Cost of Jigs and = Rs.11000/year

Fixtures

Oxlide Rate/Kg = Rs.17.00
. Work days/year = 250 days

Depreclation = 8 years

Perlod

Nitrogen cost/ =  Rs.9.00

M3

Ammonia Cost/ = Rs.12.86

M3

I.PG Cost/M3 - Rs.20.00


http:Rs.20.00

1.
2-
3.

4.

Annexure - C

FLUIDTHERM TECHNOLOGY PRIVATE LIMITED,

INDIAN INSTITUTE OF TECHNOLOGY, MADRAS

2ND

TI DIAMOND CHAIN LIMITED

{(Comparison of power consumption between
Fluidised Bed Furnaces and Conventional Furnaces)

(Ref. Page 8)

COMPARISON OF POWER CONSUMPTION

Process under consideration :

Case depth

Sealed quench
Rotary scroll

End heating

1 MM.
(in KW/Kg.)
Fluidised Bed Conventional
0.65 1.60
0.84 1.57
0.80 2.60
0.30 2.20

Continuous gas carburising

Carburising

40



INDIAN

Types

CONTINUOUS FURNACE

IN CONTINUOUS MODE

(IN BATCH MODE)

ROTARY RETORT

(OSCILLATING
FIXTURE)

END HEATING
FURNACE

(OIL FIRING -
MODULE)

AND

Annexure - D

ELUIDTHERM TECHNOLOGY PRIVATE LIMITED,
INSTITUTE OF TECHNOLOGY, MADRAS

II DIAMOND CHAINS LIMITED

(Specifications of the Furnace Prototypes
proposed to be developed)

(Ref. Page 11)

[}
(o]
(ng
I
o
]
(1
1]
e
N
14

300 mm dia x
600 mm deep
4 chambers

300 MM X 600
X 1 chamber

450 mm dia

X 900 mmL

Retort x 2

(Hardening and
tempering)

Suits any one
chamber of the
continuous
furnace

50 mm diax300

eep

[}

Will be used on
Rotary retort
furnace with
retort removed

Batch/Hourly
Capacity

100 kg/hr.
carburising
0.6 mm

100 kg/batch

100 kg/hr

Hardening

2 mm thick
chain link
plates

25 Kg/hr.

of 2mm thick
chain link
plates

48 bars of
25 mm dia/
per batch.
Output 1 bar
every minute

can heat
upto 500 kg/
hr of 16 dia
bars

Temperature

1050 deg C

1050 deg C

950 deg C

950 deg C

1200 deg C
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Annexure - E

FLUIDTHERM TECHNOLOGY PRIVATE LIMITED,
INDIAN INSTITUTE OF TECHNOLOGY, MADRAS
AND

TI DIAMOND CHAIN LIMITED
(Main Features of Development of Support Systems)

(Ref. Page 11)

1. Computerised process control systems:

The process control can be basically done with the help
of Programmable Logic Controller (PLC) which consists of CPU and
input/output modules. The PLC controls the process on the basis
of pre-programmed path qf cgnﬁrol which is effected by sequential
switching of various output;j Tﬁe extension of this system is to
use a Personal Computer (PC-AT type) loaded with actual process
software. The programme for computer can be much more detailed
and flexible than PLC software, thus the scope of control is
vastly extended. The main area where the work is needed is
development interface between PC and PLC. The PC based control
system would be able to control operations including
loading/unloading of furnaces, switching furnace temperatures
with respect to process time, auto correction/compensation for

time 1lost due to interruptions, power failures etc. and data

logging.

2. Prepared Atmosphere Svstems:

The cost of Nitrogen, especially in 1low temperature

treatments is somewhat high and low cost systems currently

\40



available for conventional furnaces are sought to be adapted for
use for FB furnaces. In these cases, different gas mixtures are
used directly (such as Nitrogen/Methanol systems) or are used
after they have reacted in a separate gas generator (like Endogas

and Exogas - both mixtures of LPG and Air).

The development aspects for adapting this system for use
in FB furnaces includes vaporisation and super-heating of
directly used liquid/gas mixtures in equipment that do not cause
_séotiﬁg and which have an accurate flow and outlet pressure

céntrol.

Modification of standard endogas generator would be
carried out for following purposes :
(a) Trapping water vapour:
{b) Boosting pressure from 5 Kpa to 30 Rpa:;
(c) 1Installing cold gas atmosphere sensors and

(d) Developing soot traps.

3. Txansportation Systems:

ve

The project envisages development of following

transportation systems for continuous type FB tgrnaces':

(a) Travelling hood
(b) Quench vestibulg
(¢) Walking beam and
(d) scroll
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a) Travelling Hood: An inverted hood that travels on rails is
used for carrying components to furnace chambers and tanks.
Though similar system exists in case of plating plants,

certain modifications would be carried out for adopting it

for FB furnaces.

b) Quench Vestibule: In cases where cbﬁplete heat treatment

c¢ycle 1is carried out with one FB furnace and one quench tank,
then the travelling hood is not needed. FTPL proposes to attach
FB furnace and quench tank together and entire top portion to
cover with steel box (vestibule) with three doors. A pusher would
be synchronised with the furnace door which would be used to
transfer the components. The components would be transporte& in

vertically stored position (vertical repose) instead of

horizontal repose.

¢) Walking beam: This system is used in long rectangular

furnace wherein fixture which holds component is transported
with the help of walking beam mechanism. This system is
widely wused in conventiongl furnaces which would be modif{ed

to achieve 1ift of about 800 mm instead of 200 mm.

d) Scroll: This is a part of rotary retort furnace which is
partially submerged in FB. The components are conveyed from
one end to another with the help of hellical baffles. The
main developmental work involved is immersion of retort in

fluidised bed for faster heat transfer.

o1
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4. Alumipa Recovery/Cleaning Systems:
Components which have been processed in FB furnaces tend
to have alumina particles adhering to them. It is'necessary for
downstream processes to remove this alumina and also to recover

the removed alumina for re-use in the bed.

The first stage is the recovery of ‘drag out' alumina
from the quench oil or salt. This is sought to be achieved by
traditional filtration. The development aspect lies in that the
alumina particles are extremely tiny (o.lmm diameter) and on line
filtration will slow down the velocity of the oil flow (velocity
being critical for the process). This system has to be modified
for localised collection of alumina away from the main flow and a
batch wise independent filtration system. Prior to this, to
reduce the drag out itself, a simple cam operated Jjig: shaker
mechanism would be developed to shake to jig wile 1lifting the

charge so as to drop the drag out alumina into the bed.

5. Heating Systems:

-

Current FB furnaces employ indirect electric resistance
heating where the container is heated externally by electric

elements. The rationale for developing alternate systems are :

a) Reduction of input energy:;
b) Alternate heating sources (gas/oil) when electricity is

scarce.
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In the first system, the electric elements would be
immersed into the bed without increasing the diameter of the
chamber which will increase the gas flow considerably (thereby

offsetting the energy saving).

The second system is indirect oil heating. The main
problem in this system lies in that the sulphur in oil reacts
with the nickel in the container and melts it at very low
temperatures. Two alternate systems to overcome this would be
developed by way of special coatings and another by way of
disposable radiant tubes. The third system is of immersed oil
heating where an oil/gas burner fires directly into the bed.
This system is well known in heating of large chemical vats and
swimming pools and would be modified for use in FB furnaces. The
fourth and the most significant system is the use of LPG/air
mixtues for fluidisation which themselves combust i the bed for
heating up. Thus the total electrical energy is expected to
reduce by 66% as it is needed only to maintain the bed

temperature.



MONTHS

-'l IME

20

25

20

15

10

U O

Annexure F

FLUIDTHERM TECHNOLOGY PRIVATE LIMITED,

INDIAN INSTITUTE OF TECHNOLOGY, MADRAS

AND

TI DIAMOND CHAIN LIMITED

(Schedule of Implementation )

b

STAGES

DESIGNING
PLANNING

SUB CONTRACTING
ASSEMBLY

. TESTING
CommMmiSSIONING

oMb~

26
6
5
18
()
4
5
4
Yo - 3
5
4 3 2
£
2
3 4
Z 3 ' |
1 IR —
ROTARY  ENL SEAM-ED OlL FIRED FURNACE
REK%T HEATING ?gfr’;‘:gaus BNY oTHER SUB-ASSEMBLIES
OSCILLATING Sueet A

HEAQTH

PROTOTYPE S

QUENCH TANKS , VESTBULE |,

HoATING SYSTEMS

PROCESS CONTREL INSTRU-

-MENTATION

S0



2.
3.
4.
5.

6.

8.

9.

10.
11.
12.
13.
14.

15.

Anpexure=G

FLUIDTHERM TECHNOLOGY PRIVATE LIMITED,

INDIAN INSTITUTE OF TECHNOLOGY, MADRAS
AND
TI DIAMOND CHAIN LIMITED

(PROJECTIONS OF OPERATING RESULTS)

(Ref. Page 20)

(Rs. in lacs)

Years after commercialisation

(1) (2) (3) (4)
Sales (Quantity) (Nos.) 10 13 18 22
(Value) ' 100 150 200 350
Materials, Stores, components 58 87 116 221
Utilities 3 5 6 11
Salaries & wages 3 4 5 6
Repairs & maintenance 1 2 2 . 4
Factory supervision and . :

Admn. overheads 2 3 6 11
Selling expenses 7 11 14 25
Royalty @ 3% on sales ' 3 a 6 . 11
payable to PACER ’
Interest 11 17 16 19
Depreciation 7 10 10 10
Total production cost 95 143 181 328
Operating profit)loss 5 7 19 32
Provision for, taxation 1 2 10 17
Profit after taxation 4 5 9 15
Cash accruals (10 + 14) 11 15 19 25



An;;eguge-g

FLUIDTHERM TECHNOLOGY PRIVATE LIMITED,
INDIAN INSTITUTE OF TECHNOLOGY, MADRAS
AND
TI DIAMOND CHAIN LIMITED

STRATEGIC ANALYSIS

(Ref. page No.28)

The success of commercialisation of the technology
depends on proper demonstration in the proposed project. It is,
therefore, essential to assess the probability of successful
commerciallsation through analysis of various factors. We
provide analysis of 6 such factors each from two catagories
relating to (a) the type of business (b) fitness of consortium

to take up the project.

A. BUSINESS ATTRACTIVENESS

1. Sales/profit Potential

The internal rate of return works out to about 21% and
the proposed project would contribute significantly to i
the profit of the company. 8/10

2. Growth Rate

Considering growth in automobile industry and ancillary
industries as also indigenisation program of various
automobile manufacturers growth rate of 12-15% is
expected for heat treatment furnces. 7/10

3. Competitor Analysis

FTPL would be pioneer in commercialising the continuous
FB furnaces in the country. At present FTPL 1is the
only manufacturer of FB furnaces. It will, however
face competition from conventional furnace
manufacturers as also new FB furnace manufacturers, and
hence FTPL will have to make extra efforts for
marketing. 6/10
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Opportunity to Restructure the Industry

FTPL has already made significant progress in marketing
FB furnaces (Batch type) and will have dominant
position in the market for FB furnaces. FTPL will have
good opportunity to price other entrants in FB furnace
market.

Risk Distribution

Development of continuous FB furnaces would 1lead to
possibility of developing a set of new applications of
these furnaces as also other types of appliances (eg.
wire annealing furnaces).

Special Factors

At present FB furnaces are categorised as energy saving
devices and are exempt from sales tax and are eligible
for 100% depreciation.

CONSORTIUM STRENGTH (OR FIT) FACTORS

Capital Requirements

FB furnaces are mainly fabricated and then assembled.
Fabrication work is generally carried out through
vendors. Manufacture of continuous FB furnaces would
not require large investment and can be financed out of
FTPL's cash accruals.

Marketing Capability

FTPL has existing set up of marketing with 1 Marketing
Manager and 3 Sales Engineers and has representatives
in major cities in the country. The existing set would
be strengthen to market continuous FB furnaces.

Manufacturing Capability

FTPL has necessary facilities, and skills to
manufacture important (key) components of FB furnaces.
Other standard parts are made as per requirement
through local fabricators.

6/10

7/10

7/10

8/10
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Technology Base
FTPL constantly upgrade its skills in heat treatment

procers technology in association with IITM and college
of Engineering, Pune and other consultants.

Raw Materials Availability

Raw materials required to manufacture FB furnaces
include mild steels, alloy steel structural sections
(all fabrication items), standard electrical and
mechanical components such as solenoid valves, motors,
PLCs, etc. which are easily available.

Skills Availability

FTPL and IITM both have necessary managerial and
technical skills.

Total score

8/10

8/10

87/120



ANNEX H (Contd.)

(Ref. Page 20)

TECENOLOGY PRIVATE LIMITED,
m INSTITUTE OF zscmzox.ocv, NADRAS

1 QIHQ!D.QEAIH LINITED

IDENTITY CHART

Attractiveness \ Fitness
score score
120 * % % % & % % %k k k x x k x k h k k x k k x k x x 120
3 * ] %

110 =* * * * 110
% * * 3

100 * * TR P * 100
% % x ] * %

90 % * ~=% -k B D * 90
% * *3 ] X %

80 * * x * - 80
* % * k % % * %

70 kzackocszscskzas=ccak Roo=== =% Azzuk--==T70~-Cut off
% X x X % X X %

60 * * % * 60
% % X X X ] X %

50 Kemmkemeoeea K * x Koo Kk 50
X x x x * X ] ]

40 Keeemmeeme x — * D * 40
% % * * % ]

30 = * * * T — * 30
] * * % % %

20 * * * * 20
% X N *

10 * & * * 10
% * * % ;

0 Xk k k k k & k k kX kX k kK kX kX kX kX X kX kX h X k kX %k % 0
A.Business Attractiveness Pts B.Consortium Fit Pts
1.S5ales/profit potential 8 1l.Capital needs 17
2.Growth rate 7 2.Marketing strength 8
3.Competitor analysis 6 3.Manufacturing strength 7
4.Industry restructure 6 4.Technology base 8
5.Risk distribution 7 S.Raw materials availability 8
6.Specific factors 8 6.Skills availability 7

X *
42 45
Total score 87

* Out of a total of 60 possible points.



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESSEARCH

(PACER)
3rd ERDAC Meeting
August 22 , 1989
Confidential Agenda Item 3
Congortium proposals approved by PR
Project PACER
Proposal Proposer(s) cost contribution
(Rs. lacs) (Rs. lacs)
a) Development of Nagadi Consultants 8.00 4.00
Combustion Control (P) Ltd.
System for
Optimal utilisa- Micro Controls
tion of fuel in T.I. Cycles of
industrial India Ltd.
furnaces/boilers

by continuous
Oxygen monitoring

A brief summary of the project ié'enclosed



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

ERQGRAM FOR ACCELERATION OF SOMMERCIM., ENERGY RESEARCH

{PACER)
4th ERC Meeting
June 28, 1989
Sonfidential Adenda Item 2(¢)

MEMORANDUM FROM PACER SECRETARIAT
QN THE PROPOSAL OF
MICRO CONTROLS
AND
IL CYCLES

PROJECT TITLE ¢ Development and demonstration of

low cost combustion control system
based on oxygen sensing.

PRINCIPAL PROPOSER ! Nagadi Consultants Private
Limited

PROJECT COST ¢ Rs. 8.0 lacs

MEANS OF FINANCING : (Rs. in lacs)

Proposer's contribution

- Nagadi consultants 3.5 °

- Micro Controils 0.5
4.0
PACER cogtg;butigg
=~ Conditional Grant . 4.0
8.0



B

PROPOSAL ,

The consortium of Nagadi Consultants Pvt. Ltd., (NC),
Madras, Micro Controls (Micro), Madras and TI Cycles (TIC)
Madras proposes to develop and demonstrate low cost combustion
control sgystem (CCS) based on continous oxygen sensing with the
help of 2zirconia sensor system. The CCs proposed to Il.e
developed would continously monitor level of oxygen in the flue
gases and would regulate air-fuel mixture of the burners, thereby
ensuring efficient combustion and fuel saving (more than 5% ).
The proposed CCS can be retrofitted onto existing burners in
boilers or furnaces, as also in new burners. Combustion Control
Systems available at present in the market are in the nature of
complete automation systems of boilers or furneces based on
Programmable 1logic controllers (PLC's), costs of which range

from Rs. 5 lacs to Rs. 12 lacs, whereas the proposed CCS is

exXpected to cost between Rs. 0.8 to Rs 0.9 1lac. The proposed

CCS would have electronic circuit based on 8085 microprocessor
instead of PLC based design. Its circuit will be developed by
Micro Controls and the system will be demonstrated on the boiler

at TI Cycles.

BRQIECT SCHEDULE
R&D Project - August 1989 - February :1990
Commercialisation = March 1990 - onwards



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH

Confidential

(PACER)

Research project Proposals approved by PRC

Proposal

a) Technoeconomic
Feasibility
broject for
setting up a
10 MWe biomass
based electric
Power Station in
a taluka in
Maharashtra

b) Optimal utilisa-
tion of natural
gas in India

¢) Research Project
on Fuel substitu-
tion by natural
gas in transport
sector

A brief

summary of each of the

-Project

Proposer(s) cost

(Rs. lacs)
Nimbkar 2.90
Agricultural
Resgsearch
Institute
I.J. Raju & 4.32
Associates
Indira Gandhi 4.00

Institute of
Development
Research

project 1is

enclosed.



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED
PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH

(PACER)
th PRC Meeting
June 28, 1989
Confidential Agenda Item 3

MEMORANDUM FROM PACER SECRETARIAT

ON THE PROPOSAL OF

NIMBKAR AGRICULTURAL RESEARCH INSTITUTE

(Research Project)

The Nimbkar Agricultural Research Institute (NARI) ,
Phaltan, Dist. Satara, Maharashtra, a registered society, 1is
engaged in research in the fields of energy, agriculture and

forestry. NARI proposes to undertake a reséarch project to study

techno-economics of setting up a 10 MWe biomass based electric

power station on co-operative basis in a Taluka in Maharashtra.

The total cost of the research project is estimated at Rs. 2.90
lacs and NARI has requested for a grant of equal amount under the
Program for Acceleration of Commercial Enerygy Research (PACER) .
We propose to provide NARI a grant of Ra. 2.90 lacs out of PACER

— Sa— e Amm— —— —

funds.



BACKGROUND

NARI was set up in 1968 to undertake reserch in the
fields of agriculture, forestry aﬁd solar, wind and biological
energy. NARI, an independent public foundation, is registered
under Societies Registration Act Till 1981, the work conducted
at the institute was in the area of agricultural researgh, and
thereafter, research in other areas was commenced. The basic
philosophy of the inst{ppte ig to gplve the problems of rural

areas with the use of modern science and technology.

The institute is ‘housed in buildings with total area of
1000 sq. metres and has about 50 hectares of farm attached to it
for research purposes, NARTI has laboratories in the areas of
alternative energy research, botany, chemistry, entomology, and
tissue culture. The Institute has a workshop, weather station
and computer inétallations. NARI has a liprary with over 45,090

t

books and 70 periodicals. .
]

The Institute is governed by a Governing Council and 1is

!

advised by a panel of distinguished scientists. . Annexure-A

provides 1list of membe{s of Governing Council and Research
Advisory Committee. The activities of the Institute are carried
out by 25 scientists (5 PhD, 9 M.Sc and 11 BSc) and about 25
other supporting ;taff under. the guidaﬁce of Dr. anil K.
Rajvanshi, Director. He is a post graduate mechanical engineer
from IIT, Kanpur and also has doctorate in mechanical enyginering
from University of Florida, USA to his credit. Prior to Joining
. NARI, he was Instructor at the Centre for Training in Alternative

Energy Technologies at University of Florida.



Research efforts of NARI in the field of alternate encrgy
are directed . towards solving the rural energy crisis. i'he
institute has developed a) wood stove cum cooker based on heat
pipe principle, b) 3-5 KWe wood ga;ifler for pumpset and power
generation c) 50 litres/day solar powered alcohol distillaticon
plant d) improved kerosene lantern etc. The institute has
collected weather data Encluding solar: radiation, wind
velocities, rainfall, relative humidity for its location since
1982, The institute has also developed high yielding varieties
of cotton, maize, sunflower, safflower and Sorghum. NARI has
made considerable efforts in the areas of tissue culture,

agrochemicals testing and pasture and sheep development.

NEED FOR THE RESEARCH PROJECT

Rural areas of India suffer from shortage of electric
power, In Maharashtra which has surplus e]ectric‘power, its
availability in rural areas is inadequate. Only 16-20% of total
rural households have electric connections, Besides the shortage
of power in rural areas, problem of high unemploymen£ also
persists. Hence there is a need for a scheme which could provide
electric power as well as employment.)One of the ways to overcome
the power crisis in rural areas is’to generate the power in these
areas itself, This can be achieved by using biomass (combustion

or gasification), solar, wind or such other sources of energy.

In Europe, USA and other developed countries wood fired
power plants of 1-50 MW capacities have been established for
which the technology has already been developed. There are more

than 100 power statinns running on wood in USA. Most of the wood
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fired plants are based on steam Rankine cycle. There are few
experimental plants which are running on gasification process but
the technology for gasification plants of power ratings of 500 KW
and above is still not proven one. Hence, it is envisaged that
the 10 MW power plant could be based on steam Rankine cycle using

wood combustion route.

There was an attempt for producing power from wood and
wood-waste, however, the programme failed because . of
unavailability of sufficient biomass. This was primarily because
of poor survival rate of seedlings. Thus there is a need to
study soil conditions for plantations of species of biomass for

production of biomass.

All the recent efforts in the .development of energy
technologies for rural areas have heen focussed towards an
individual village as a single unit. However, power generation
at village level, is not economically viable. It is, therefore,
envisageé to study economics for power generation from wood
biomass, considering taluka as a base unit for considering power
needs of total taluka. In the past also co-operative sugar
factories in taluka have provided successful examples apart from

providing employment opportunities for sugarcane growers.

Data on electric energy consumption for taluka in
Maharashtra show that 5-10 MW power station can supply all its
needs of electrical energy of a taluka. NARI has caried out
techno-economic analysis for 5 MW wood fired plant which is based
on available published data and literature. The salient features

and conclusions of the analysis are provided in Annexure - B.



The' analysis hag 3 major components which include biomass,

production,‘power plant and environmental considerations,

The techno-economic analysis for the 5 MW wood fired
plant, however, was not based on (3) survey of any particular
‘area/location specifically identified for setting up such a
.plant, (b) discussion with loeal farmers and () study of soi}]
conditions angd water availabiliﬁy in specific location, NARI,
Fecently, held discussions with Maharashtra State Electricity
Board (MSEB) and officials of a co-operative"society for: setting
up a 10 MW wood fired plant in taluka in Maharashtra ang there
has been a general agreement among these officials that such a
Project could be undertaken, At present there is no power plant
based on biomass combustion in the order of 10 Mw in the
country. Considering the size of such plant there 1s a need for

carrying out 5 techno~economic analysis before setting up the

plant.
RESEARCH PROJFCT PROVOSAL

NARI proposeg to gndertake research project to study
techno-economicsg of setting up a 10 MWe biomass based electric
power station on Co-operative basis in a taluka in Maharashtra.
The project mainly involves identification of suitable location
based on soi}] conditionsg, availability of water and willingness
of local farmers for growing biomass, ident1fication of USA based
supplier of power plant, identification of Jocal fabricators for
manufacture of certain equipment under the quidance of power
plant supplier company and working economi feasibility for the

Project. )



Major steps involved in the project are as follows

a) Discussions with manufacturers of wood fired p.ants
froml usa regaréing setting up 10 MW power plant in
‘India on turnkéy basis and later on trangfér o.f

technology. A two member team from NARI would visit

USA for the purpose and would finalise the supplier

of the power plant. ‘ - x

T

b) Finalisation of Indian?lgqqlﬁ;.;abricators for
) manufacture of peripheral equipment as per the
specification to be probided by the supplier of the

power plant.

c) Discussions with officials of MSEB to ' decide
modalities of purchase of electricityfrom power

station,

d) Deciding species of biomass to be planted andﬁ
discussions with local farmers for planting fast

growing biomass species.

e) Analysis of availability of water from irrigation
canal as also exploiting various mechanisms of water

conservation methods for growing large plantations.

f) WOfklng out the ‘cost of sgtting up the power plant,
operating results cash flows and viability indicatoré
based on data collected during visits and
discussions. Preparation of techno-economic
feasibility report to set up 10 MW power plant based (7
on biomass combustion in the form of co-operative \b

 apncietv.
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NARI envisages publishing papers based on the research
prbject. It is expected to generaée discussion on kpollcy issues
related to thermal power stations based on wood biomas produced
under definite plantation programme. It is also expected that the
report prepared by NARI may be useful to DNES, Planning
Coﬁmission, MSEB, Ministryof Energy, Government of Maharashtra,
World Bank etc. Power plant based on wood biomass (10 MWe) may
be set ur in taluka in western Maharashtra provided the

techno-economic feasibility report shows strong viabiity.
\

The project would be carried out under the overall
guidance of Dr. Rajvanshi by 2 Scientists (1 Engineer and 1
Research Assistant) and other supporting staff. The proposed
project would be completed with 12 months after commencement.
The terms of reference indicating scope of the research project,
schedule of assignment, compensation etc. for undertaking the

project are provided in Annexure - C.

The total cost of the project is estimated at Rs 2.90
lacs comprising salaries and wages of Rs 0.85 lac, expenses on
travel of Rs 1.45 lacs, data processing Rs~’0.15 lacs,
miscellaneous expenses Rs 0.20 lac and expenses of organising

workshop Rs. 0.25 lac.
NARI has requested for grant of Rs 2.90 lacs under PACER.
RECOMMENDATION

NARI is & reputed research institute carrying out its
activities in the fields of renewable energy, agriculture, and

forestry. The proposed research project would help arriving at
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a decision for setting up 10 MW based on biomass combustion power
plant on cooperative basis. The above plant, if set up, would be

the first of its kind in India.

We recommend to: provide NARI a grant of R; 2.90 lacs out
of PACER. Funds to undertake the research project to study
techno-economics of setting up a 10 MWe biomass based electric
power station in a taluka in Maharashtra. The research project
would be carried out as per the Terms of Reference mentioned 'in

the Annexure = C.
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Annex - A

AGRICULTURAL RESFARCH INSTITUTE

(List of Members of Governing Counecil and

Research Advisory Committee)
Gaverning Conncil

B. V. Nimbkar, President

Dr. A. K. Rajvanshi, Director °
Dr. (smt.) N, Nimbkar, Dirpcﬁér
Dr. A. D. Karve

Y. A, Nimbalkar

Kum. C. Nimbkar

A. B. Patel

[

Research Advisory Commjttee

Dr. Cc. R. Bhatia, Head
Nuclear Agriculture Division
Bhabha Atomie Research Centyre
Bomhay

Dr. A, R. .'nsh:i *
Ex-Deputy Director General

Indian Counecil of Agricultural Research
New Delhi

Dr. A. D. RKarve, Head
Agricultural Research Sectior
Hindustan Lever Limited
Bombay

Dr. Avinash RKulkarni .
Managing DirectorlLitex Ltd.
Pune

Dr. K. S. Rao

Director

Guiarat Enerqy Development Aqency
Vadodara '

Pr. G, R, Shah ,

Former Project Coordinator

Central Food Technological Research Insritute
Bombay

(éL\L



10.

11.

Annasaheb Shinde

Fx-Minister of Strate for Adqriculture
Government of Tndia and

a progressive aqricnlturist, Ahmednagar

Dr. A.P.B. Sinha

Scientist 1n Nirertor's Grade
National Chemical Laboratory
Pune

Dr. S. P. Sukhatme

Professor

Department of Mechaniral Fngineering
Indian Institute of Technalogy
Bomhav

Dr. B. D. Tilak

chief Coordinator

CASTFORD

Pune and

Honorary Advisor in Science & Technology
to the Government of Maharashtra

Dr. N. G. Perur

Vice Chancellor

Mahatma Phule Agricultural University
Rahura

Dist. Ahmednagar

Vice Chancellor or his noninee
shivaji University
Kolhapur



Annexnre - B

MIUBKAR AGRICULTURAL RESEARGH (NST)TUPE

¥

s of conclusions of techno-econonic analysis
S5 MW wood fired Power station .

Energy self sufficient talukas or tehsils provide LA
mechanism by which rural energy demand can be met and the
standérd,of living of rural ropulation can be raised, Producing
electric power from a power plant in the range of 5-j0 MW using

wood as a source is a possible solution to creating enerqy self

sufficiency on taluka basis, !

-~

To produce § My e!ec;ric power it would require 2,350 ha
of iand under fast growing' species of trees.,  An, average wood
vields of 50 tons (dry weight) /ha /3 Year cycle has heen assumed
from the Plantations, The power pPlant will r?quirn ahout 39,000

tons of dry wood/yvear and wonld cost Rs 12.5 erores.

The estimates of costing of electirc power for thig rnlant
reveal that it g Possible to produce electririty at Rs 0.92 ’kwhyr
with wand Price at Rs 0.57kg., This is based on assunpt ion  of

avajlability of soft  lnans at 7¢ interest fop financiﬁq the

L3

scheme. , ‘ ’

¢

It ig envisaged that the charter of this power station,

will be similar to that oﬁ‘existing Sugarcane cooperatives in
Maharashtra. Thus, the mechanisp of harvesting wand,

i

transportation and  payment ‘to the farmors will be on  similar

lines.

\

1R



Conclusions of the Study

1.

It is technologically feasihle and economically viable to
produce power from wood for rural areas. The steam PRankine
cycle technology is well established and can be taker up

easily for rural India.

The power plant may be a cooperative one and nay have similar

charter as that of existing sugar cooperatives in state of

Maharashtra.

The cost of power produced works out in the range of Rs 0.8
to Rs 0.92/kwhr for wood price of Rs 0.4 to Rs 0.5/kg. This

pricing is based on loan availability at 7%.

The social, economic and environment] benefits of the power
production from this scheme are numerous and warrants setting

up one such plant on a priority basis.



Ahnexure - C
allexXure -

NIMBKAR AGRICULTURAL RESEARCH/INSTITUTE

Terms of reference for undertaking research project to study
techno-economicg of setting up a 10 MWe Biomass based

_-——--————————-—-——-——_-——-u——-—-———-—-————--—————--———-.——————

Scope of the Project
Nimbkar Agricultural Research Institute (NARI) would

carry out'the project onthe following broad guidelines:

1. Discuss with manufacturers of bower plants based on wood
and wood-waste (about 10 Mw size) from Usa for setting up
similar power station in rural area. Discussions wil1
also cover pollution control problens, possibility of
manufacturing peripheral equipment in India;

2. Discuss with 1local Indian vendors possibility of

I

fabrication of Peripheral equipment as per specifications

§ L

of collaborator;

¥

3. Discuss with MSEB possibility of purchase of power from

co-operative.

‘4. Discuss with local farmers and decide on species of fast

growing biomass for pblantation,

v/

5, Analyse water availability both from irrigation canal and
evolve various mechanisms for conservation of water for

growing large pblantations:

6. Organise a workshop whereat the draft report on the
research project would be presented ang discussed before

preparation of final report.



Final recommendations would be in the nature of techno-
economic feasibility rgport for setting up of 10 MW power station
on co-operative basis. , ‘

2. Schedule of Assignment

NARI would subnit draft report omne year after

commencement of project. After incorporating suggestions made by

TICICI, NARI would provide final report within 3 months after

receipt of comments from ICICI.

3. Copies of Report o
NARI would submit 10 copies of draft report and 10

copies of the final report;

4. Assistance : | LT .
ICICI would provide a grant of Rs 2.90 1lacs to NARI
for undertaking the project and prepare the reports. NARTI would
bear any increase in cost of the project. .
5. Schedule of Payment
- upto 50% of the total grant would be péyable Qt thg time

of commencement of project. . , . .

- upto 80% of the total grani would be payablé on submission
of draft report to the satisfaction of ICICI (Interim
disbursement may be considered based on the progress made

by NARI) and

- balance grant ;would be payable on gubmission of final

report to.the satisfaction of ICICI.



5. Reporting Requirement
NARI would provide quarterly progress reports to ICICT on

the lineslof the format to be given by ICICI.

6. In the event of NART not being able to complete the
project or abandoning it for any reason whatsoever, all the data

collected by NARI shall be handed over to ICICI.

7. (a) ° Any publication of data or other information derived
from the work hereunder, or any publication related to the work,

shall contain the following legend or its approved equivalent :

"the work on which this (Article/Publication) is based was
supported by a grant from ICICI pursuant to the Agreement
between ICICI and United States of America for Program for
Acéeleration of Cohmercial Energy Rresearch. The views and
information contained herein are those of the authors and not
necessarily those of ICICI. ICICI assume no liability for
the contents of this document by virtue of the suppert

given."

(b) Should ICICI agree to NART making available copies
of the Report to third parties at a price, the sale proceeds
thereof would be shared between NARI and ICICI on mutually agreed

terms.



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCLERATION OF COMMERCIAL ENERGY RESEARCH
(PACER)

' ' 5th PRC Meeting '
August 22, 1989

c ide : Agenda Item 3 (a)
MEMORANDUM FROM PACER SECRETARIAT

ON THE PROPOSAL OF
I.J.RAJU & ASSOCIATES

(Revised Proposal for Research Project)

A research project proposal of I.J. Raju and Associates
(IJR), New Delhi on ‘optimal utilisation of natural gas in India'
was discussed at the second meeting of Peer Review Committee
(PRC) held on October 27, 1988. PRC indicated that IJR‘ may
submit the revised proposal for the research project explaining
the precise scope of the research project in view ﬁf the various
studies being carried out by Planning Commissioin, ONGC and other
government institutions/agencies. Similarly the project should
address itself to specific areas keeping in mind the need for
identifying appropriate technologies and end users of gas. PRC
also indicated that i% may be necessary to identify end users

of 'such a research project. )

At its 3rd meeting held on March 27, 1989 PRC considered
revised proposal of IJR and its comments were as follows :
PRC agreed with recommendation of PACER Secretariat to

place the proposal of I.J. Raju and Associates before ERDAC for

@



consideration and approval for a suitable amount of grant for
the research project on optimal utilisation of natural gas 1in
India, subject to examination of cost of broject and scope of the

study taking into consideration the time frame of 20 years for

projections.

PACER Secretariat subsequently codveyed decision of PRC
tb IJR as also it held discussions with the consultant. The
research project proposal of IJR after incorporating changes
keeping in mind observations made by the PRC is now again placed

before PRC for its consideration and approval.

IJR, now, proposes to undertake & -research project on

optimal utilisation of natural gas in India which includes study

of factors affecting development of market for use of gas in
various sectors and status of technology and capabilities of
equipment manufacture for utilisation of natural gas. The
projection of availability of natural gas would be worked out
with respect co time frame of 20 years. The total cost of the
research project is estimated at Rs 4.32 lacs and IJR has

requested for gfant of an equal amount under the Programme for

Acceleration of Commercial Research. We propose to provide IJR a

dgrant of Rs 4.32 lacs out of PACER funds.

R Cee— E——— G e TM————

BACRKGROUND

IJR was promoted in 1987 by I.J.Raju (Raju), a chemical
engineer and other professionals for undertaking consultancy
assignments and 'providing advisory services in the fields of
management and fechnology. IJR provides a range of consultancy

services including identification of business opportunities,

4



techno-economic viability studies, financial management,
organisational structure, marketing and distribution, industrial

engineering etc.

Raju _is a post graduate.chemical engineer and fellow of
management (IIM, Calcutta) and has professional consultancy
experience of over 14 years. Prior to promotihg IJR he was
General Manager of management consultancy division of S.B.
Billiﬁoria & Co. The activities of IJR are carried out by a team
of 7 experienced professionals including Raju. IJR also avails

services of outside technical experts on project to project

basis.

IJR has carried out about 20 consultancy assignments for
various organisations in India and abroad. Some of the clients
of IJR include Ballarpur Industries Limited, Triveni Engineering
Works Ltd., Luz International Inc. USA and World Bank. The
assignments carried out by IJR in the area of energy include cost
benefit analyses of solar thermal power projects in Punjab and
Gujarat, potential and economics of gas turbine in India, market
survey for industrial steam turbine, etc. We have gone through

some of these studies and are satisfied about IJR's capabilities.

NEED FOR RESEARCH PROJECT

Reserves of natural gas in the copntry increased rapidly
after the discovery of oil and gas in Bombay high. The gas
reserves increased almost 16 times from 68 billion cubic metres
(bem)  in 1974 to 1,100 bem in 1988 whereas production of natural
gas increased only 7 times from 2,040 million cubic metres (mcm)

to 14,400 mem in the corresponding years.

ila



In the recent years, considerable analysis has been
carpied out on e;onomics of utilisation of natural gas only in
fﬁe utility and fertiliser sectors. As a result, government
policies for utilisation of natural gas have undergone a gradual
transformation. While the priority for use of heavier fractions
of natural gas as feed stock for petrochemicals and LPG remains
unchanged, the priorities for the use of lean gas (i.e. methane
rich gas) which constitutes about 75% by volume of natural gas,
have been changed. It is well accepted by now that utility power
generation using natural gds as fuel in combined cycle plants is
economical option and has high priority. The above change was a’
result of various studies conducted by Government as well as
private agencies. Such studies provide a background for
carrying out analyses in other sectors such as transportation,
domestic, non utility power generation, co-genration, etc. The
need for conducting study by an independent consultant on

optimal utilisation of natural gas in India has also been

indicated in various seminars.

In view of the above there is a need to carry-out a study
on optimal utilisation of natural gas with respect to‘ various‘
parameters which include a) possibility of utilisation of natural
gas in different sectors apart from utility and fertilizers, b)
availability of new reserves of gas and depletion of gas after
use in the next few years, ¢) evaluation of alternatives for
local utilisation against transmission of gas, d} economic
cost-benefit analysis and e) identification of technologies
required for use of natural gas. The need for such study has
primafily been felt because of certain drawbacks in the
.methodologies 6f earlier gas utilisation studies and improper

assessment of economic value of gas. (Z



EROPOSAL

. IJR earlier, in September 1988, submitted proposal to
conduct a reséarch project on optimal utilisation of natural gas
in 1India. The scope of the research project envisaged in the
original proposal included review of availability of gas over the
next 10-15 years, identification of extent of potential use of
gas in various sectors, developing methodology for aeconomic cost-
benefit analysis, analysis of economics of wutilisation and
conducting sensitivity analysis of optimal utilisation
pattern. The proposal was discussed at the second meet?ng of the

PRC held on October 27, 1988, The comments of PRC on the

proposed IJR were as follows :

(1) It would be necessary to collect more information about
similar studiies being conducted in other organisations such

as ONGC, Planning Commission etc.

(2) The study should address itself to specific areas keeping in

nind the need for identifying appropriate technologies and

end users of gas.

(3) Though such a study by a private consultant could be useful,
it would be necessary to reformulate its scope and ascertain
properly the methodology to be adopted and also possible

users of the study.

[

PRC directed PACER Secretariat to discuss the proposal with

the proposer and place before the next PRC, the “revised

version in the light of the above observations.

Accordingly, IJR submitted a revised proposal to

undertake research project on optimal utilisation of natural gas

\
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in 1India. The scope of the revised research project also
includes, in addition to the scope envisaged in original
proposal, analyses of impediments to development of
commercial markets for use of gas in non-utility power
generation, co-~generation, industrial, transport and domestic
sectors, analyses of capabilities of indigenous technology and
equipment manufacture for use of natural gas in above sectors
based on detailed field survey including study of managements'
attitude for such use, analyses of investment required to develop

gas markets in the above decentralised sectors.

As indicated at 3rd PRC meeting the projections of
availability of natural gas as also other estimates would be

worked out with respect to time frame of 20 years.

The research project would be carried out in one phase as
against in two phases as envisaged earlier. The project involves
substantial increase in fiwld work from 22 man days to 90 man
days and would cover about 100 different organisations instead of
26. The research project is expected to require 145 man days of
the project leader and 230 man days of a consultant. The project
would be conducted within 6 months after its commencement and
draft report yould be presented at a workshop to be organised‘as
part of the project. IJR would submit final report 1 month after
receipt of comments on draft report. A steering committee may be
set up to finalise the exact scope of ‘the project, detailed
methodology and planning of the study, to review the progress of
the project and to discuss and finalise the draft report.

Annexure A provides data on the revised research project

proposal.



The total cost of undertaking the research project is
estimated at Rs 4.52 lacs which includes professional fee of Rs
3.17 lacs and out of pocket expenses of Rs 1.15 lacs. The

" details of the estimates of costs are provided in Annexure - B.

The terms of reference indicating scope of the project,
schedule of assignment, compensaton etc. for undertaking the

project are given in Annexure c.

. The outcome of the research project is expected to be
used as an input for discussions and formulation of policies on
utilisation of natural gas in future. The report on the project
may be useful to various government agencies, ONGC, GAIL, and
various industry associations such as FICCI, ASSOCHAM, CEI etc.
The report based on the research project is expected to provide

basis for debate and analysis on the subject.



RECOMMENDATION

We recommend t6 provide IJR a grant of Rs 4.32 lacs out of
PACER Funds to undertake the research project on optimal
utilisation of natural gas in India.. The project would be

carried out as per the Terms of Reference mentioned in Annexure C.



. Data on the Revised proposal
to conduct research project on

Annexure - A

' optimal utilisatiop of natural gas

Man-days efforts .
- Project leader
= Consultants

Total time required
(weeks)

No of organisations
to be contacted

Manpower requirement

~ Project leader

-~ Consultants
Total cost of research
project : (Rs)

=~ Professional fee

- workshop and out of pockef
expenses )

Total

Revised

145
230
24

100

3,17,000
1,15,000



I. J. BAJU & ASSOCIATES

(Details of Cost Estimates)

A. Man-Day Costs
‘ Estimated Man-Days

Project Leader Consultant
° Detailed planning of the study .
(Delhi) : 3 6
° Initial discussion with PACER
Secretariat (Bombay) 2 2
° Secondary Research
- Delhi 8 15
- Outside Delhi 2 5
(Dehradun, Bombay)
° Development of Methodology &
Framework for Economic
Analysis (Delhi) 10 10
° Collection of Technical & Cost Data
and Discussions with the various
Organisations & Field Survey .
- Delhi 10 ‘ 20
- Qutside Delhi 20 40

(Bombay, Ahmedabad, Baroda, Madras,
Rajahmundry, Hyderabad, Kanpur, Dehradun, etc.)
(60 interviews by a team of 2 persons)

° Data Analysis (Delhi) 20 oLt 40
'~° Draft Report Preparation (Delhi) 10 . , 20
° Dis~ussion & Presentation of .

Draft Report (Delhi/Bombay) . 5 L 10
°  Additional Analysis (Delhi) 10 15
° Report Finalisation (Delhi) 5 ‘ '12
o Contingencies (Delhi/Others) 15 . 30

° Project Coordination (Delhi) 10 -



Proposal Preparation &

Pre-study effort (Delhi) 15 5
Total (Delhi) 115 180
(Outside Delhi) 30 , 50

(Total) 145 230

Man-Day Costs

Man-days Man-day rate Cost

Rs. Rs.
Project Leader 145 1000 145000
Consultant . 230 750 172500
Total Rs. 317500
Say Rs. 317000/-

(Though our man-day rates were revised upwards from April 89, we
are using the same rates as indicated by wus in our original
proposal of September 1988 and thus this study will be carried out
by uc on cost bagsis without any profit margins because of our
interest in this subject).

B. Out-of-Pocket Expenses

i) Travel Cost

No. of
man visits Cost
Rs.
Visits to Bombay for discussions with
ICICI during the study & secondary
Data Collection . . 4 10,000
Travel for Data Collection &
Discussions during field survey '
-~ Dehradun 2 1,000
-~ Bombay/Ahmedabad/Baroda 2 7,000
- Madras/Rajahmundry/Hyderabad 2 8,000
- Kanpur/Lucknow 2 2,000
-~ Others 2 3,000
31,000

Say  Rs. 30,000



ii)

iii)

iv)

v)

v'i )

B3

Out Station Stay Coust

No. of man days
ey -~ of oustation- stay

® Visits {for Bombay for meeting
with ICICI 4

® Field Survey outside Delhi 60
(60 interviews @ 2 interviews ‘
per day by a team of 2
consultants)

° Secondary Data Collection

outside Delhi 7
° Discussion of Draft Report
at Bombay bl
® Others & Contingency _4
Total 80
Average cost of stay per
man day stayed outside Delhi Rs. 600 per
(Lodging, Boarding, Conveyance man day
etc.)

Total cost of outstation stay

Local conveyance in Delhi including
visits to Ghaziabad, Faridabad etc. '
Rs. 800 per man month x 12-1/2 man mohths

i

Report Preparation ( 5 copies of * = =~ .
Draft Report & 10 copies of Final Report)

Typing " Rs. 4,000/-
° Photostat & Binding Rs. 3,000/~
° Presentation Material Rs. 3,000/~

Computer Time

Miscellaneous (Telex, STD Telephone,
Books etc,),

Cost
Rs.

48,000

10,000

10,000

!

10,000
7,000

Tota} Rs. 1,15,000




C.

B4

TOTAL COST '(Man-day Costs & Out-of-Pocket Expenses)

- A,

.B'

Man-day Costs

Out of Pocket Expenses

i)

" 1)

1ii)
iv)
v)

vi)

QOutstation Travel costs

Outstation stay cost
Local Conveyance
Report Preparation
Computer Time

Miscellancous

Rs.

130;000/-
© 48,000/~
10,000/~
10,000/~
10,000/~

7,000/«

Total (A & B) Rs. &,32,000

Rs. '

i

3,17,000

1,15,000

(Rupees Four lakh thirty two thousand only)

g7 M
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Annexure - C

I. J. RAJU & ASSOCIATES

| Texrms of Reference for undertaking the research project

on optimal utilisation of natural gas in Ipdia

1. Scope.of the research project:

The consultants (IJR) would carry out the project and prepare

a report incorporating following aspects:

i)

ii)

’

Review of availability of natural g¢gas in the next 20

years and indicate locations of gas reserves. This review
would include aspects such as’ present and future
availability of gas in the country, present commitments
of gas, present and proposed netwrok for transmission and
distribution of gas, compositions and calorific values of
gas from various parts of the country, avallability of
lean gas after extracting LPG and petrochemical feed

stocks and transportation costs of gas.

’

Identify the extent of potential use of gas in vari?us
gectors. This would call for review of likely demand for
gas for installed capacities of various possible user
sectors, production technologies available with user
sectors to use gas, availability of alternative

feedstock, feasibility and hence potential for use of gas

in user sectors.



3 €2 ¢

iii) Economic analysis including evaluation of extent to which
the output of the user sectors are tradeable or non-
tradeable, devising methodology to arrive at economic

Vvalues of g¢as usg in wvarious sectors, working out
economic cost from the nation's poipt of view, study of
trends in international prices of gas and other fuels,
study of life-cycle economic costs of alternative
methods of production in various user sectors working out
imputed economic values of gas in user sectors, cost of
transmission and distribution, arriving at economic
policy for wutilisation of gas and sengsitivity analysis
and study of cost associated with development of a
national gas grid. The economic analysis would also
focus on likely scenario of gas fields and transmission

net-works.

2. Schedule of assignment:

The consultants would submit the draft report within 6 months
after receipt of sanction letter. The draft report would be

bresented at a workshop to be organised as part of the project,

Final report would be submitted 1 month after receipt of comments

on draft report from PACER Secretariat.

3. Copies of the report:

The consultants would submit}lo,copies of the draft report

and 10 copies of the final report.

4. Compensation:

The consultants would charge a sum of Rs 1,72,500 towards

compensation for undertaking the study.



Schedule of Payment

~Upto 50% of the total compensation would be payable

at the time of commencement of the project.

-Upto 80% of the total compensation would be payable
on submission of draft report to the satisfaction of
ICICI (Interim disbursements may be considered based
on the progress reports submitted , by the

consultants)

- balance 20% of the total compensation would be
payable on submission of final report to the

satisfation of ICICI.

5. In the event of IJR not being able to complete the
project or abandoning it for any reason whatsoever, all

the data collected by IJR shall be handed over to ICICI.

6.(a) Any publication of data or other information derived from
the work hereunder, or any publication related to ‘the
work, whall contain the following legend or its approved

equivalent :

"the work on which this (Article/bublication) is based
was supported by a grant from ICICI pursuant to the

Agreement between ICICI and United States of America for

Program for Acceleration of Commercial Energy Research. .

The views and information contained herein are those of

the authors land not necessarily those of ICICI. ICICI



(b)

assume no liability for the contents of this document by

virtue of the support given."

Should ICICI agree to IJR making available copies of the

- Report to third parties at a price, the sale proceeds

thereof would be shared between IJR and ICICI on mutually

agreed terms.



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH
(PACER)

5th PRC Meeting

August 22, 1989
Confidential Agenda Item 3(b)

MEMORANDUM FROM PACER SECRETARIAT
ON THE PROPOSAL OF
INDIRA GANDHI INSTITUTE OF DEVELOPMENT RESEARCH

(Proposal for Research Project)

Indira Gandhi Institute of Development Research (IGIDR),
Goregaon, Bombay, set up by the Reserve Bank of India (RBI)

conducts studies on various issues of significance to economic

development. IGIDR proposes to undertake 4 research project on
fuel substitution by natural gas in the transport sector. The

total cost of the research project is estimated at Rs.4 lacs and
IGIDR has requested for a grant of equal amount under the Program
for Acceleration of Commercial Energy Research (PACER).. We
Propose Lo provide IGIDR a grant of Rs. 4 lacs out of funds

available under PACER.

BACKGROUND

IGIDR, a registered society set up by RBI in 1987, as part
of the commemoration of RBI“s golden jubilee, for the study of

issues relating to economic development aims at promoting the

i
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study of and conducting research on development (its economic,
technological, social, polifical and ecological aspects) with a
broad perspective, to gain insight into the process of

development and alternative policy options.

IGIDR is locared at Goregaon, a western suburb of Bombay,
on a 1l4 acre site. The institute“s campus is spacious and
impressive. It consists of office buildings for research and
administrative staff, seminar rooms of different seating
capacities, an auditorium with 500 seats, a library, a computer
centre, a cafetaria and housing for staff. The campus also has a
guest house cum hostel for visiting scholars and students.
IGIDR™s library has a collection of over 4,500 books and it
subscribes to about 200 periodicals/journals. The institute has
11 personal computers and a mini computer at its computer

centre.

IGIDR*s Governing Council comprises eminent experts with
Shri R:N. Malhotra, Governor, RBI as chairman. Annexure‘g A
provides a 1list of members of the Governing Council of the
institute. The activities of the IGIDR are carried out by about
20 faculty members, 7 Research assistants and about 15 supporting
staff under the guidance of its Director, Dr. Kirit Parikh. Dr.
Kirit Parikh is a post graduate in civil engineering from IIT
Kharagpur and has a doctorate in the subject from Massachusetts
Institute of Technology, USA. He has a wide research and
academic experience in the fields of Energy, water, agriculture

studies, development policy, food, planning models and technology

policies.



Annexure - ¢

INDIRA GANDHI INSTITUTE FOR DEVELOPMENT RESEARCH

Terms of reference for undertaking research project
on fuel substitution by natural gas in transport sector

‘ Scope of the Project

Indira Gandhi 1Institute for Development  Research -

(IGIDR) would carry out the research project on the

., following broad guidelines:

a. Examine economic feasibility and extent of
substitution of petroleum based fuels in transport
sector by natural gas, under different sets of
domestic and international environments on account of
variations in oil prices, refinery margins, user

habits, etc. ;

b. Identify and analyse policy options to achieve desired
level of substitutign of petroleum fuels by natural

gas;

C. Identify various details ‘of infrastructural
requirements like feeder Pipe lines, fuelling stations

and investment needed;

d. Conduct study of environmental effects after
introduction of vechicles using Compressed Natural Gas

(CNG); and

e. Organise a workshop whereat the draft report would be
presented and discussed before preparation of final

report.

Q!



Final recommendations would be in the nature of report

which would include detailed plan of action to achieve the

desired results indicated by findings from above. IGIDR would

also identify a consortium R&D project alongwith proposed members

of consortium.

2.

Schedule of Assignment

IGIDR would submit draft report one year after
conmencement of the project. After incorporating
suggestions made by ICICI, IGIDR would provide final report

within 3 months after receipt of comments from ICICI.

Copies of Report

[
IGIDR would submit 10 copies each of draft report and

the final report.

Agsistance

ICICI would provide a grant of Rs 4 lacs to IGIDR for
undertaking the project and prepare the reports. IGIDR

would bear any increase in cost of the project.

Schedule of Payment

- upto 50% of the total grant would be payable at the

time of commencement of project.

- upto 80% of the total grant would be payable on
submission of draft report to the satisfaction of
ICICI (interim disbursement may be considered based on

the progress made by IGIDR) and

- balance grant would be payable on submission of final

report to the satisfaction of ICICI.
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Reporting Requirement

IGIDR would provide gquarterly progress reports to

1CICI on the lines of the format to be given by ICICI.

In the event of IGIDR not being able to complete the
project or abandoning it for any reason whatsoever, all the

data collected by IGIDR shall be handed over to ICICI.

(a) Any publication of data or other information derived
from the work hereunder, or any publication related to
the work, shall contain the following legend.or its

approved equivalent

"The work on which this (Article/Publication) is based
was supported by a grant from ICICI pursuant to the
Agreement between ICICI and United States of America
for Program for Acceleration of Commercial Energy
Research. The views and information contained herein
are those of the au%hors and not necessarily those of
ICICI. ICICI assume no liability for the contents of

this document by virtue of the support given."

(b) Should ICICI agree to IGIDR making available copies of
the Report to third parties at a price, the sale
proceeds thereof would be shared between IGIDR and

ICICI on mutually agreed terms.
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(1)

IGIDR has carried out research mainly in the areas of
methods of planning, alternative strategies of development, food
policy, energy systems gstudies, and technology assessment. The
Institute conducted a seminar cn applications of high temperature
superconductors 1in power sector in July 1988. Under energy

systems studies IGIDR is pursuing research in following fields:

a) Energy conservation
b) o0il and natural gas model for India
c) Technology assessment of application of superconductivity

in power sector

d) Rural energy, national grid and power system

NEED FOR THE RESEARCH PROJECT

India, like many other oil importing- developing
countries, is facing the problem of maintaining a delicate
balance between pressing needé of meeting the necessary energy
requirements of different sectors of economy and maintaining a
healthy desirable balance of payment position of the country.
The single largest factor disturbipg the balancing act has been
the increasing imports of crude 0il and middle distillates. The
experience of the last decade suggests that a well conceived
gectoral approach which may logically fit into the -matrix of
overall strategy to mitigating the problem could prove to be

effective in terms of both time and cost.



.Share of middle distillates particularly diesel in the
total consumption of petroleum products is about 40%. A study
indicates that consumption of middle distillates would grow to
about 70% by the turn of the millennium. With 10% growth in
heavy traffic, the transport sector alone is expected to

constitute about 80% of diesel consumption.

The recent trends in discoveries of oil/gas indicate that
increasing quantitites of natural gas resources are struck.
Natural gas has emerged as a viable substitute for different
petroleum products in various sectors. It is contemplated that
compressed natural gas (CNG) can probably be a feasible
substitute fuel for diesel in transport sector which forms a

major bulk of middle distillates now being consumed in India.

Systematic studies, ‘which could indicate potential for

and mechanics of substitution of fuel by natural gas in transport

sector along with plan of action and related resource
requirements, have not been carried out in the country. Thus
there is need for such a study which would provide Government
with the policy guidelines and information on the role of various
agencies on the one hand and identify infrastructural

requirements,



(5]
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RESEARCH PROJECT PROPOSAL :

IGIDR proposes to undertake research project on fuel
' substitution by natural gas in transport sector. The main
objectives of the project are )

a) ' to examine economic feasibility and extent of

-substitution of petroleum based fuels in transport sector

by natural gas;

b) to analyse various policy cptions to achieve desired

level of substitution of petroleum fuels; and

.c} to prepare detailed plai. of action to achieve the desired

results indicated by the research project.

The research project would identify potent;al for
substitution of fuel in transpért sector under different sets of
domestic and international environments on account of variations
in oil prices, refinery margins, user habits etc. The‘project
would also identify policies which would lead to a desired level
of substitution. The research project would bring out various
linfrastructural requirements such as feeder pipe lines, fuelling
stations and investment needed as also environmental effects
after introduction of vehicles using Compressed Natural Gas (CNG)

as fuel.
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The major éteps involved in the pProject are as follows :
a) Development of theoretical framework for the study;
b) Data coliection and processing;
c) Surveys and lab tests, if necessary;
d) Analysis and report preparation; and

e) Preparatory work for consortium projects,

aAll the activities except laboratory tests and surveys
would be carried out at IGIDR. The laboratory tests and surveys
may be needed to measure pollutants from natural gas vig~a-visg
conventional fuels, vehicle movements, user habits etc. and the

same would be carried out at other established laboratories.

The research project wouldalso involve interactions with
various agencies like Planning Commission, ONGC, GAIL, etc.
dealing in natural gas, government departments and experts in

this area for technical consultations.

The research project would be carried out by 1 research
fellow and 3 other research associates under the overall guidance
of Dr. Jyoti Parikh, Senior Professor and co-ordinator of Energy
Systems Studies and Technology Assessment. Dr. Jyoti Parikh
is a post graduate in physics and has Ph.D. in £he field from
University of Maryland , College Park, USA. She has vast

research experience in energy modelling, technology and



environment, She has worked at the International Institute of
Applied Systems Analysis for about 8 years on energy problems of
the developing countries. She has also developed Energy demand
model for India for the Planning Commission. She has al..o served
as a consultant to various international agencies such as the US

Dept. of Energy, EEC, UNIDO, UNESCO etc.

/
The research project 1s expected to lead to development

of a suitable consortium R&D project related to CNG based
automotive system. IGIDR would identify suitable members of
consortium for the R&D project. The proposers would present its
draft report on the research project at a workshop to be
6rganised within the scope of this proposal. The probable
p&rticipants at the workshop would comprise representatives from
Planning Commission, Ministries of Petroleum and Industry, ONGC,

GAIL, DNES, PCRA, vehicle manufacturers, etc.

The proposed research project would be complgted within
12 months after its commencement. A bar chart indicating major
steps involved and time required for each step is provided in
Annexure - B. The terms of reference indicating scope of the
research project, schedule of assignment, compensation etc. for

undertaking the project are provided in Annexure - C.
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The, total cost of the research project is estimated at

Rs. 4 lacs as follows

(Rs in 000's)

Salaries and wages . : . 100, .

Travel and communication . 80

Data processing L 5 ,‘éo C
e External consultants and * . 80,

Laboratory tests

Literature, Journals etc 30
Workshop expenses . l 25
Administrative overheads ‘ T 65

400

IGIDR has requested for grant of Rs. 4 lacs under PACER.

RECOMMENDATION

IGIDR is a reputed development research institute
promoted by RBI, conducting research in the areas of poliby
analysis, strategies of development, energy systems, technology
assessment, etc. The proposed research project is expected to
lead to formulation of consortium R&D project for utilisation of
natural gas as fuel in transport and industry sectors, which

in turn can revolutionaligse these sectors.

We recommend to provide IGIDR a grant of Rs. 4 lacs out
of  funds available under PACER to undertake research project on
fuel substitution by natural gas in transport sector as per the

terms of reference mentioned ‘in the Annexure - C.
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Annexure - B

INDIRA GANDHI INSTITUTE OF DEVELOPMENT RESEARCH

(Bar chart indicating steps involved and time required)

Development of theoretical framwmework

Data collection and processing

Surveys and tests

[ = ]

Analysis and prel. report
| me———————————

Data processing (Final)

| = —

Final report and workshop

| S—— ) |

1 2 3 4 5 6 7T 8 9 18 11 12

----- > Months

Bar Chart for the Research Study Project

*Identifying R & D Consortium/prep. work for Consortium project.

of



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH

Confidential

a)

b)

c)

a)

e)

£)

STATUS

Consortium Projects

Proposal

Development of
coal gasifica-
tion process
for high ash
coal

Building of
prototype

10 RKVA, 440V
Aeroturbine

Development and
demonstration of
30 MWe AFBC
boiler

Solar thermal
power plant with
stretched membrane
concentrator and
stirling power
pack

Solar powered
steam generating
system for
process industry

Demonstration of
solar pond for
low grade heat

OF PROPOSALS UNDER

(PACER)

L

Proposeris

Orien Engineers

(P) Ltd.

Hindustan Aluminium
Corporation
Institute of Gas
Technology

Manamar Engineers &
Consultants
CES Pvt. Ltd.

3rd ERDAC Meeting

August
Agenda Item 5

22, 1989

FORMULATION

Proiject c¢ost
(Rs lacs)

860.00

2.75

Bharat Heavy Electricals 1950.00

Limited, Tiruchirapally
and Ahmedabad
Electricity Company
Limited

Bharat Heavy
Electricals Limited
Rudrapur

Karnataka State Coungil
for Science and
Technology

Karnataka Stae Council
for Science and '
Technology

78.00

18.00

XX



g)

h)

i)

)

k)

1).

Proposal

Development of
parabolic dish
collector
decentralised
solar thermal
power station

Development of
electrode and
membrane cell
process for
production of
caustic soda and
chlorine

Development of
complete co-
generation
package with
control system
based on phased
out aero engines

Development of
a desiccant
cooling system

R&D of industrial
and domestic gas
flow meters and
domestic multifuel
gas stove

Development of
enhanced 3 Ton
pay load battery
bus

3rd ERDAC Meeting

Agenda Item 5 (contd,)

Proposer (3)

Punjab Agro Industries’
Corporaion Ltd. '
Lajet Energy Co.

Central electro-
chemical ReBearch
Institute

Lotus Energy Systems

Pvt. Ltd.

National Aeronaucicatl
Laboratory

Hindustan Aeronautics
Ltd.

Metallurgical and
Engineering Consul-
tants (I) Ltd.

Total Energy
Systems

Bharat Heavy Elec- .
tricals Ltd. .
Bhopal

Project cost
(Rs lacs)

575.00

524.09

% %

11.00

6.00

2.00



m)

n)

CII.

o)

p)

Proposal

Demonstration of

a 4 MWe co-genera-
tion plant based
on controlled
combustion
technology
employing paddy
straw/husk

as fuel

Development of
Photovoltaic
systems for
various rural
applications
(lantern street
lights, water
pumping)

Research Projects

An extended

field experiment
on diffusion of
fluorescent lamps
in doenestic and
commnercial sector
and to assess its
impact on utility
system

Study of coconut
residues for
energy usage

k%

Not indicated ..

Proposer (s)

Punjab Agro
Industries
Corporation Ltd.

PRM Energy System

ICB Ltd.

Suryovonics Ltd.

Powerpacks Pvt. Ltd.

Polyene General
Industries Pvt.

Lawrence Berkeley
Laboratory
Phillips India
Indira Gandhi
Institute of
Development
Research

BEST

I.I.T., Bombay

3rd ERDAC Meecing

Agenda Item 5 (contd.)

Project cost
(Rs lacs)

1000.00

222.00

Ltd.

65.30 .

68.00



Proposal

Proposer

Brief Description
of the Project

Cost of the project
Duration

Status

Agenda Item 5 (a)

Development of a coal-gasifier for
Indian coal

Orien Engineers Pvt. Ltd. (Lead)
(ORIEN) and
Hindustan Alumiinium Corporation Ltd.

(HINDALCO) and
Institute of Gas Technology (IGT)

The proposed project envisages
developing the U-yas technology so as
to suit Indian coais. The additional
features would be ash ayglomeration,
hot gas c¢lean-up, hot gas burners.
Proposed to be iinstalled at Renhukoot
Works of HINDALCO.

Rs 860 lacs .
3 years

The profile was placed before the
Second ERDAC Meeting held on November
18, 1988.

PACER Secretariat held several
meetings with proposers represen-

tatives. It was felt that before
taking up the main project, proposers
would test Indian coal atleast for 10
days on either the existing pilot
plant of IGT at Chicago, or a
gasifier of small capacity (30 TPD)
at any Indian research institute like
CFRI, RRL or on a small plant set up
specially, as a first stage of the
project. The cost of such
testing/prototype would be a part of
the project cost. The proposers are
also looking into the possibility of
including Coal 1India Ltd. in the
consortiun. The proposers wer e
eXpected to work out the cost
economics of each of the alternatives

and to send us proposal alongwith
detailed application for
consideration of the PACER
Secretariat. However more than six

months have passed and they have not 9

P®
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Confidential

Agenda Item 5(a) contd.

“yet submitted detailed application
“to PACER Secretariat.

Meanwhile PACER Secretariat refered
the proposal to Dr. Ram Iyengar,
Addl. Director General, CSIR who is
chairing a working group of
Integrated Gasification Combined
Cvcle Plants for power yeneration
and also had discussion with him on
July 13, 1989. He has indicated that
Govt. of India has been adressing
the problen of using coal
gasification for combined cycle power
generation in which larger number of
national agencies, including CSIR,
NTPC, CMPDIL, PDIL etc. are
participating. A joint TNDO-US
programme has been undertaken to
study feasibility of using the
advanced entrained bed gasification
system using high ash Indian coal.
Even in the USA, the fluidized bed
process, such as U-gas, KRW has not
reached the same stage of development
as the entrained bed process has. It
would therefore be prudent for the
private sector in India not to rush
into developing a process which has
not been fully accepted by the
countries of their origin.

@a;



Confidential
Proposal

Proposer

Brief description
of the project

Cost of the project
Duration

Status

.

o0

Agenda Item 5 (b)

Building of prototype 10 RVA, 440 V
aeroturbine

Manamar Engineers and Consultants
Chandigarh and CES Pvt. Ltd., New
Delhi

Proposers would build an aeroturbine
with standard design and materials of
constructin. Proposers would carry
out tests, generate data and
demonstrate use of che equipment for
water pumping and agricultural
processing operations.

Rs 2.75 lacs

6 months !

PRC, at its third meeting reviewed
the proposal and asked the PACER
Secretariat to assess the scpe of the

R&D project and examine its
innovative content aft er discussion
with proposers. Accordingly, the

representatives of PACER Secretariat
had discussions with the proposers at
Chandigarh. PACER Secretariat
representatives clarified the
procedural aspects of the scheme and
the need for further information on
the proposal. They alsc¢ enguired
about the innova.ive content as also
into the possibility of expo,uding the
scope of the proposal in order to
develop aeroturbines having lower cut
in speeds and higher availability in
various geographic regions of India.
Subsequently, form of applicatin for
PACER Secretariat was sent to the
proposers. Propsers feel that they
would first build the prototype and
then, based on trials on it, they
would provide data and information
necegsary to process the proposal.



Confidential

Proposal :

Proposer

Brief description
of the project :

Cost of project :

Duration

Status

Agenda Item S5(c)

Development and demonstration of 30 MWe AFBC
boiler

’

Bharat Heavy Electricals Ltd., (Trichy) BHEL
Ahmedabad Electricity Co. Ltd. -

BHEL has developed the Atmospheric Fluidised
Bed combustion Boilers of steam generation
capacities 10-15 t/hr for the process steam
generation. Based on this experience, they
have designed 165 t/hr., 65 atmosphere
pressure system equivalent to 30 MW for power
generation. The design has been studied by
Tenesse Valley Authority (TVA), USA. The
technology 1is suitable for the high ash
Indian coals. Proposed project would
demonstrate the working of this 50 MWe Power
generating system.

Rs. 1,950 lacs
4 years

PRC, at its first meeting had c¢leared the

proposal for further development. PACER
Secretariat sent the detailed application
form to BHEL. BHEL recently sought

clarifications regarding the terms and
conditions of the assistance under PACER,
wheih  were provided. AEC has informally
conveyed 1its inability to associate with the
project., BHEL has agreed to identify any
other suitable consortium member such as
Indian Aluminium, Calcutta Electricity Supply
Co. etc. who may be interested in the
development of the technology.

BHEL has sgimultaneously initiated steps to
instal a 30 MWe AFBC boiler in place of the
stoker fired boiler in an existing power
plant with minor changes in the balancing
equipment. The estimated cost of this
repowering project is about Rs 4-5 crovres.
This development would be undertaken by BHEL
with its own source of finance.



Confidential

Proposal

Proposer

Brief description
of the project

Cost of the project
Duraéion

Status

Agenda Item 5(d)

Solar thermal power plant with'

stretched membrane concentrator,

and stirling power pack.
4

Bharat Heavy Electricals Ltd.
(Rudrapur) BHEL

The proposer intends to import the
stretched membrane concentrator,
controls, tracking systewm and
stirling power pack from U.S.A. and
install a 15-20 KWe demonstration
unit at Rudrapur. Based on the
trials and tests on this a 50 KWe
stirling power pack system would be
designed and commercialised.

Rs 90 lacs

'2 years’

PRC had cleared the proposal at its
first neeting for further
development. It was clarified to
BHEL that as the project would result
in a commercial product, the proposal
would be considered in consortium R&D
category wherein the sponsor would
bring in 50% of the finance required.
BHEL would be submitting the proposal
after clearence from its management
and identify a member of consortium
(a US company).



Confidential

Proposal

Proposer

Brief description
of the project

Cost of the projecé

Duration

Statug

Solar powered steam generating gystem
for process industry

Karnataka State Council for Science
and Technology (KSCST), Bangalore
IISc, Bangalore

The project envisages development of
solar powered steam generating system
of 500 kg/hr size for process
industry. Project involves
development of various components of
the system indigenously which include
metal absorber, absorber coating
collectors, tracking mechanism, etec.

Rs 18 lacs (likely to be increased)

Not indicated

At the f£first PRC meeting, it was
indicated that the project may be
considered provided a suitable
entrepreneur is ready to join as
consortium member who later could
commercialise the system. RSCST is
8till in the process of identifying a
suitable entrepreneur/manufacturer
and user industry in order to form a
consortium. Officers from PACER
Secretariat called on Shri M. S. Rama
Prasad, Director, CREDA, KSCST at
Bangalore and had discussion on the
project.



Confidential

Proposal

Proposer

Brief description
of the project

Cost of the project

S

Duration

Status

ve

Agenda Item 5 (f£)

Demonstration of solar pond for 1low
grade heat.

Karnataka State Council for Science
and Technology (KSCST), Bangalore and
Deejay Hatcheries Pvt. Ltd.,

(Deejay), Bangalore.

Project envisages construction of a
solar pond of 20m x 20m (400 s4g. m)
gize adjacent to the incubators.
Project would involve setting the
pond into operation after developing

3 zones namely storaye, dgradient and ’

gsurface zones. The project involves
study ot variation temperature of
pond during the year and study effect
of rain, wind etc. on the performance
of solar pond.

Rs 3.5 lacs
2 years

At the second ERDAC meeting it was
indicated that the above proposal may
be developed considering the scope of
the concept for wider application in
rural economy. KSCST was accordingly
requested to provide detailed
proposal. KSCST later informed that
there was a change in Management at
Deegjay and hence it may take some
time to formulate the proposal.
Officers from PACER Sec¢retariat
called on Shri M. S. Rama Prasad to
discuss the status of formulation of
the proposal. It was informed that
Deejay has some reservations about
the solar pond technology and would
like to study effect of salt content
in the pond on the neighbouring soil
before taking up the proposal.

In order to expedite formulation of
proposal on solar pond, PACER
Secretariat had written to M/s. Tata
Chemicals Ltd. to form a consortium
with R&D institutes like TI.I.Sc. or
TERI. PACER Secretariat has planned
a visit to solar pond being set up
by GEDA and TERI at Bhuj. Efforts
would be made thereafter to formulate
a suitable consortium R&D proposal by
agsociating an end user.

04
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Proposal

Proposer

Brief description
of the project

Cost

Duration

Status .

o

Agenda Item 5 (g)

Development of parabolic dish
collector decentralised solar thermal
power station.

Punjab Agro , Industries Corporation
Ltd. (PAIC),
Lajet Energy Co. (USA)

Project envisages development of
parabolic dish c¢ollector, tracking
system and stirling power pack for
decentralised power generation plant
of 1-5 MW capacity.

Ra 575 lacs
2 years

PRC at its first meeting reviewed the
profile and its comments were as
follows :

Proposer does not have R&D background
and engineering base. The data on
life of the plant is not available.
Some development work has already
been carried out by Lajet but such
systems have not been proved to be
commercially viable. Suitable
stirling powerpacks need to be
developed for this capacity and clear
perception of market in India is
necessary.

PACER Secretariat conveyed these to
the proposers. PAIC was to get in
touch with PACER Secretariat in the
matter. Meanwhile it has submitted a
proposal for demonstration of 4 MWe
cogeneration plant using paddy straw
which is under active consideration.



‘confidential

Proposal

e

Proposer

Brief Description
of the project

Cost of the project :

Duration

Status

Agenda Item 5 (h)

Development of Electrodes . and
membrane cell process for production
of caustic soda and chlorine.

Central Electro-chemical Research
Institute (CECRI), Karaikudi

It is proposed to develop composite

cationic exchange membranes
indiigenously and modify the
electrodes suitably. The project

envisages 10 KA capacity, monopolar
and bilpolar membranes and 72 KA
monopolar membranes.

Rs 524.09 lacs

3 years

After the first PRC Meeting, PACER
Secretariat asked for c¢larifications
on the details of consortium members

especially the manufacturer, who
would commercialise the technology
later. Details of actual work
envisaged were also requested. The

proposers have not yet sent the
clarifications or reply to subsequent
reminders.



Confidential

Proposal

Proposers

Cost of the
Project

Duration

Status:

ae

enda Item 5-1;1

Development of complete co-generation package
with control system based on phased out aero-
engine.

Lotus Energy Systems Pvt. Ltd. (Lotus)
National Aeronautical Laboratory (NAL)
Hindustan Aeronautics Ltd (HAL)

Being finalised

t

One year

At the Second Meeting of ERDAC held on
Novenmber 18, 1988 an outline of the Proposal
was placed, ERDAC had c¢leared the profile for
formulation of a detailed proposal for
consideration of PRC. Lotus, accordingly,
has taken steps to develop the proposal
which is now proposed to be undertaken in two
phases jointly with NAL and HAL, PACER
Secretariat has indicated that research award
upto 50% of the cost of phase I in the form
of grant could be considered.



Confidential

Proposal s

Proposer(s) :

Brief description:
of the project

Cost of project :

Duration

Status °

Agenda Item 5(j)

Developﬁent of a‘desiccant cooling system

Metallurgical and Engineering Consultants .

(India) Ltd.

The proposal envisages development of 2
desicant cooling systems of 1.5 kw and 1.5 kw
sizes. These would be based on utilisation
of waste heat from industries or solar
energy. Prototypes would be designed,
fabricated and tested in laboratory as well
as at an actual users site.

Rs. 11 lacs

3 yeafs

The profile of the project was reviewed by
PRC at third meeting held on March 27, 1989.
Thereafter PACFR Secretariat sent the format
of detailed application form to MECON.
Proposers submitted the detailed provosal in
July 1989 on which PACER Secretariat has
raised a few queries and reply from MECOW is
awaited.



Confidential

Propcsa;"

Proposer(s) :

Brief description:
of the project

Cost of project :
Duration

Status

.o

Agenda Item 5 (k)

R&D of industrial and domestic gas flow
meters and §omestic multifuel gas stove.

Total Energy Systems (TES)

Development of turbine type domestic gas flow
neter and domestic multifuel stove with
variable annular orifice.

Rs. 6 lacs
12 months

Profile was reviewed at the fourth PRC
meeting when the scope of the project was
curtailed to the above two items. The
proposer has been advised to formulate the
project accordingly which is awaited.

PACER Secretariat has indicated that research
award up to 50% of the cost of project in the
form of grant could be considered.
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Proposal :

Proposer :

Brief description
of the project :

Cost 6f project

Duration

..

Status -

Agenda Item 5(1)

Development = of enhanced capacity 3  ton
payload battery ‘bus

Bharat Heavy Electricals Ltd. Bhopal
(

The project envisages development of
components such as chasis, chopper controller
etc required for the battery driven bus.
BHEL proposes to develop the components using
the designs of existing components ofl1.2 7T
pay load buses with improvement in their
efficiency and performance.

Rs, 52 lacs
One year

The PRC at its fourth meeting on June 28,
1989 <cleared the profile of the project.
PACER Secretariat has sent a format of
application to BHEL and reply is awaited.



Confidential ' Agenda Item 5(m)

Demonstration of a 4 MWe co-generation plant

Proposal H
based on controlled combustion technology
employing paddy straw/husk as fuel.
Proposer(s) : Punjab Agro Industries Corporation Ltd., ICB

Ltd. and PRM Eneryy Systems, USA.

Brief description: It is proposed to demonstrate a plant for

generating 2.5 MW power and 8T/hr of process
steam using paddy straw/husk as fuel. The
plant would employ controlled combustion
technologyy wherein the gasification of
biomass is achieved by feeding at controlled
rate and mechanical agygitation by screw
CONvVeyor. The gas would be fired in a
combustion tube of the boiler and the heat
would be used to generate superheated steam.
Power yeneration would be done by a
condensing/extractive type of turbine
generator set.

Cost of project Rs 1000 lacs

Duration

Status

[N

i)

ii)

2 1/2 years

The proposal was reviewed at the 4th meeting
of PRC on June 28, 1989. PRC's observations
were as follows :

Prior to importing the required Turbo Generator (TG) set
ﬁaving condensing turbine with intermediate steam
extraction facility, indigenous availability of such
equipment with respect to its cost, delivery schedule and
performance levels/parameters may be thoroughly explored

and compared to the proposed imported equipment.

Arrangement and mechanism for procurement., collection,
storage and assured supply'bf fuel (i.e. rice straw) may

be scrutinised;

To ensure proper acquisition/absorption, assimilation and

further development of technology, a suitable memorandum



Confidenéial

Proposal

Proposer(s)

Erief'description:

Cost of project

Duratioon

Agenda Item 5 (n)

Development of photovoltaic systems for
varioys rural applications congisting of
lantern, street, lighting and water pumping,

Suryovonics Ltd., Powerpacks Pvt., Ltd. and
Polyene General Industries Pvt. Ltd.

The proposed project envisages development of
electronic ballast, enerdy efficient storage
battery and balancing system for rural
applications in lighting and water pumping
based on photovoltaic (PV) power sSupply.
Suryovonics Ltd. (SL) would provide Amorphous
Silicon PV modules from the production of the
Sam&é in an export oriented Unit (EOU) which
it is setting up in collaboration with Energy
Conversion Devices Inc, Usa. The project
envisages developing Nickel Hydride storage
batteries for terestrial applications
based on technology of M/s Ovonics 1Inc.,
USA. The électronic ballast would be
developed for controlling and inverting of
pbower generated from PV supply. The project
would lead to solar lantern, street lighting
system, irrigation pumps and drinking water
backages for villages,

Rs 222 lacs
2 years

PRC reviewed the proposal at third
meeting held on March 27, 1989 and its
observations were ag follows :

- The terms and conditions of the license
issued to SL needs to be studied
carefully in order to verify the
availability of 25% of the Asi Ppv
modules for local use for the proposed
R&D project.

= Scope of project should be limited to
development of ballast/inverter,
Storage battery and component.s for
lightiny and pumping applications.

~ necessity of approvals from ygovernment:
for manufacture of Nickel Hydride
batteries should be explored

= 8ources and means of financing for EOU
project for manufacture of ASi PV
modules as also for R&D project need to
be examined carefully.



In view of the above observations,
proposers, in consultation with PACER
Secretariat, revised the scope of project
and limited it only to 1lighting and
pumping applications. This resulted in a
reduction of Rs. 40 lacs in the project
cost. Az explained earlier, there is
further reduction of Rs 38 lacs from the
original cost estimate of the R&D project
cost, resulting in a total reduction of
Rs. 78 lacs . Thus, the estimated cost
is revised (from Rs 300 lacs) to Rs 222
lacs.

PACER Secretariat now proposes to
ascertain the adequacy of technical
arrangements in respect of Ni-hydride
batteries, subwmersible/floating pumps, DC
motors, fluorescent lamps and such other
components which may be crucial to the
systems' development and also progress of
setting up EOU project.
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Confidential 3

Proposal :

Proposer

Brief Description
of the project

ve

Cost of project

Duration

on

Status

Agenda Item 5(o)

An extended field experiment on diffussion of
fluorescent lamps in the domestic and
commercial sector and to assess its impact on
the utility system.

Lawrence Berkeley Laboratory (USA)

Peico Electronics and Elecctricals Ltd.

Indira Gandhi Institute of Developnent
Research

BEST ,

The proposed Research project envisages study
of existing lighting load in a district in
south Bombay. Thereafter suitable imported
fluorescent lamps aud fittings would be
installed and load characteristics would be
compared with the existing systems to
ascertain the impact of chanye.

Rs. 65.30 lacs (US $ 4,00,000)
2 years

PRC reviewed the profile of the project at
its fourth meting on June 28, 1989 and
suggested that such a study could be
supported jointly by a few ayenclies such as
Energy conservation fund, DNES, DESU, DEDA.
PACER and the proposers themselves. PACER
Secretariat has conveyed these observations
to the proposers and reply is awaited.
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Proposal

Proposer

Brief description
of the project :

Cost of project, :

Duration

Status

Agenda Item 5(p)

v

Study of -coconut residues for €nergy usage

Indian Institute of Technology, Bombay

The proposal envisayes study of yasification/
combustion related properties of coconut
residues and would 1lead to desiyn and
development of utilisation equipment for in
site installation

Rs. 68 lacs
3 years

PRC reviewed the profile of the project at
its fourth meeting in June 28, 1989. It was
indicated that the scope and cost of the
project should be reduced. PACER Secretariat
has conveyed PRC's observations to the
proposer and reply/revised proposal is
awaited.
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(s en . Agenda Item 6

Proposals not qualifving for assistance under PACER

Proposal Proposer(s) Remarks

Development and
Commercialisation of

1) High Velocity recircu-
lation furnaces

2) Flameless furnaces ENCON The proposals

3) Low excess air furnaces are in the
burners (P) Ltd. nature of tech-

4) Self recuperative nology transfer
burners from U.K.

5) Flat flame burners

6) Analysis of Dynamic Bharat Heavy Sponsoring
Behaviour of bladed Electricals ‘'candidate for
discs ' Limited Phd. at Carnegi

Hyderabad Melon Univ. USA

not considered
supportwor thy
under PACER

7) Development of 10 Bharat Heavy BHEL has been deve-
Kw molten carbonate Electricals loping a Phosphoric
fuel cell systenm Limited Acid Fuel Cell (PAFC)
based on internal Hyderabad system for over 3 yrs

and made certain
progress on it. Once
BHEL makes a commer-
c¢ially demonstrable
PAFC system of 5 to
10 KW ranye, the
proposal on develop-
ing next yeneration
of fuel cell (i.e.
Molten Carbonate
variety) can be
looked into



Proposal

8) Retrofitting of
a coal gas based

combined c¢ycle plant
to a 60 MWe thermal

power station

9) Proposal to
manufacture solar
refrigerators
in India

10)Generation of
Commercial EBnergy
Resource through
bio-technology

11)Development of
structured
packings

12)Rice Husk
for power
generation

13)Development of small

capacity (5t/hr.)
AFBC Boilers

14)Development of
high preheated

air burners suitable

for high back
pressure

ERGON
Enterprises

3rd ERDAC Meeting

Agenda Item 6 (contd.)

Proposer (s)

Bharat Heavy
Electricals
Limited
Byderabad

Remarks

Besides substan-
tial investment
(Rs 30 crores)

involved in the

project, there
are three other
proposals from
BHEL in the
pipeline for
consideration

This is a
of technology

case

transfer

Burn Standard
Co. Ltd

Proposal is c¢on-
sidered

non-

viable for power
generation

EngineerQ\Ipdia Ltd.

v
X

Madhuri' Enterprises

Industrial Boilers
Pvt, Ltd

‘Industrial Boilers

Pvt. Ltd.

’

Proposal is not
relevant to the
energy field

This is a case
of Technoloygy
transfer

Proposal is for
techinology tran-
sfer. Product
commercially dev-
loped by other
manufacturers for
the same capacity

Project is in
the nature of
Technology Tra-
nsfer from U.K.



Proposal

15)Individual spindle
drives for spinning
frames

16)Use of Non-con-
ventional Eneryy
sources for textile
processing

17)Energy efficient
coating process
with Electron
Beam Technology

18)Generation of
methane from
mini paper mill
effluents

19)Establishing a cell
for Renewable
Energy Prototype
Development, adap-
tation Certification,
Testing and
standardization

20)Development of leak
' sealing Compounds
based on various
polymer and blends

21)Development of Biomass
and biogas liquefact
ion and bottling
process.

22)Development of 200
Kw horizontal Axis
Wind Electric
Generator

Proposer (s)

Ahmedabad Textile
Industries Research)

Association

Transworld
Associates and
consultants

Rohit Pulp and
Paper Mills Ltd

Tata Energy
Research
Institute

The National
Insulated )
Cable Co. of
India Ltd

Collective Rural
Development in
India

Bharat Heavy
Electricals
Ltd. Hyderabad

3rd ERDAC Meeting

Agenda Item 6 (contd.)

Remarks
)

Projects are not
) of much signifi-
vcance to the
enerygy sector.

Technology is
already developed.
Proposal involves
import of maior
eyuipment

Proposal is mainly
for effluent treat-
ment and not com-
mevcially viable

Establishment of
testing facilities
not inc¢luded in
PACER gcheme

Proposal not
directly related to
energy field

Process has been
already commercia-
lised

The product is comm-
ercially available
abroad, extent of
technology develop-
ment is not clear



Proposal

23)Development of soft-
ware for advanced

control systems for
process industry

24)Silicon Carbide
Ceramic tubes

25)LiBr-Water
Absorption Chiller

26) Development of air
to water heat pump
water heaters

27) Development of
pilot scale
biomass pyro-
gasifier

3rd ERDAC Meeting

Adenda Item 6 (contd.)

. Proposeris

Engineers India
Ltd. -

\

Thermax Pvt. Ltd

4

Thermax Pvt. Ltd

. ,
1l o

Solaren Technology
Pvt. Ltd
Melk engineers

Unique Fuelex (I)
Pvt. Ltd
Dhawalgiri Health

Foods Pvt. Ltd.

Remarks

Proposal not dir-
ectly related to
energy field

The proposal is not
of direct relevance
to PACER concept.
The developmental
effort involved in
the project is neg-
ligible

The company has
collaboration
with Sanyo of
Japan for LiBr
water systenm.
The devlopmental
and innovative
content is
negligible.
Whether mnodific-
ation equipment
is out of
purview of PACER

In view of
doubtful 1
capabilities of
proposers and lack
of scientific
approach to the
problem, the
proposal was not

considered
supportworthy.
As the main
proposer does
not have
capability and
resources to
undertake the
development
project, PRC
considered the
proposal not

supportworthy. g
)



28)

29)

30)

31)

Proposal

Development of
Process for
manufacture of
building material
from flyash

Development of
energy efficient
high temperature
ladle driers for
steel plants and
metallurgical
industries

Development of
40-275 KW power
generation system
based on brique-
tting and gasi-
fication of biomass
residues

Developemnt of heat
pump assisted air-
to~air dehumidifier
and air to water
geyser

3rd ERDAC Meeting

Agenda Item 6(contd)

Proposer (s)

Ahmedabad
Electricity Co.
Ltd.

Wellman Incadescant
India Ltd.

Tata Iron and

Steel Co. Ltd

Tata Energy Research

Institute
Solar Sciences
Consultancy
(P) Ltd.

Balmer Lawrie and
Co. Ltd and
National Chemical
Laboratory

Renarks

The committee
observed that
the proposal has
no direct
relevance to the
enerygy sector
and hence not
considered
supportworthy.

As the colla-
borators of the
main sponsor has
already deve-
loped the
proposed product
the proposal

was found to be
in the nature
of technology
transfer, and
hence,

The PRC felt
that wuntil the
results of the
proposal from
Ankur Energy and
Development

Alternative are
Known, support
to such

proposals mway be
deferred.

As Balmer Lawrie
& Co. 1is not in
the field of
manufacture of
compressors, the

PRC felt that
the proposed
consortium does
not have
suitable back-
ground to take

up such R&D pro-
ject. Hence,
the project was
not considered
supportworthy.

considered
not supportworthy.



3rd ERDAC Meeting

Agenda Item 6(contd)

¥
.

Proposal Proposer(s) Remarks
32) Conversion of Fluldomat Ltd In view of
bullock and human uncertain

energy to electrical prospects for
enhergy through : commercialisation
generation of ’ as also the work
compreessed air . accomplished at

' other organi-

sations such as

NITIE, Bombay

and Murugappa
Polytechnic. PRC
considered the
proposal not
supportworthy.
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Confidential Agenda Item 7
NOTE FROM PACER SECRETARIAT
PACER CONFERENCE

At the second ERDAC meeting held in November 1988, the
proposal to hold PACER Conference with participation of experts
from U.S. and India was considered. It was indicated that the
Conference would be arrangéd during March-April 1989. While
ERDAC approved the proposal in principle, the committee had
desired a reduction in the overall budget for the Conference and
had authorised PACER Secretariat to finallse the arrangements and
the budget in consultation with the Secretary, ERDAC.

PACER Secretariat had a series of discussions with Dr. J.
Gururaja, Secretary, ERDAC, Dr. R. K. Pachauri, Dr. David Jhirad
‘and S. Padmanabhan on the subject and a revised statement of work
by U.S. consultants was drawn and the budget for their services

was finalised in consultation with the Secretary, ERDAC which is

provided in Annexure A.
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As ERDAC 1s aware, Tata Energy Research Institute (TBRI),
New Delhi has been entrusted with the responsibility of broadly
structuring the Conference, identifying topics for preparing
research papers as also with arrangements for organising the
Conference, IWhile TERI will be contributing eight papers based
on rsearch projects, National Productivity Council and Bharat
Heavy Electricals Limited would be contributing one¢ paper each
based on their work. The Steering Committee for PACER Conference
has also decided to invite representatives of Korea Electric
Power Company (KEPCO) and Electricity Generation Authority of
Thailand (EGAT) who would present a paper each at the Conference.
Their participation is considered useful for sharing of

experience in the light of significant advances made by them.

At the third meetling of the Steering Committee held on
July 12, 1989 the progress of preparation for the Conference was
reviewed. Annexure B provides a summary of discussion at the

meeting as also the revised agenda.

PACER Conference is now scheduled to be held on February
2° and 3, 1990 at New Delhi. While the preparation for the
Conference on the 1Indian side 1s quite satisfactory., it is
necessary to review’' the work initiated by the U.S. consultants.
Dr. David Jhirad is expected to attend the ERDAC meeting and
inform the committee about the status of contract to be awarded
to U.S. consultants for procuring their services and the

consequent preparation of research papers for the Conference.



Annexuye H-

STATEMENT OF WORK
, PACER Conference Preparation and Participation
| OAK RIDGE NATIONAL LABORATORY

Through the Energy Policy Development and Conservation (EPDAC) Project of the A.LD.
Oftice of Energy, Sclence and Technology Bureau (S&T/EY), the Oak Ridge Natlonal Labora-
tory (ORNL) will provide technical support to the Project to Accelerate the Commerclaliza-
tlon of Energy Research (PACER).

This assistance will be accompllshed through a collaboratlve effort with S&T/EY. The
perlod of performance will be January 1 through December 31, 1989.

Specifically, ORNL will provide technlcal asslistance to PACER In the following areas:

1.

Preparation of toplcal papers for presentatlon at the PAGER Conference, by ORNL
staff and consuiltants,

Participation In PACER Conference Editorlal Revlew Board to revlew conference
papers and presentatlions by U.S. conference particlpants, and ‘

Assistance to S&T/EY In organlzation and preparation of the PACER conference

1. Topical Papers
In support of the preparation of expert toplcal papers, ORNL shall be responsible for:

PACER CONFERENCE -1.- ORNL Statément of Work "

Development of preliminary/indicative outlines of the topical papers to be con-
tributed by U.S. participants,

Major contrlbutions to topical paper on the role of the Natlonal Laboratorles In
fostering power systems Innovation,

Major contrlbutions to toplcal paper on Transmisslon and Distribution Technology
innovatlons,

Major contrlbutions to toplcal paper on the U.S. Expetlence with the Commerclaliza-
tlon of Wind Electric and Photovolitaic Power Technologles,

Particlpation In critical edltorial review of the toplcal papers by U.S. conference
participants, and

Development of background Information on successful commerclalization of advanced
power technology and on peak load pricing experience In the U.S.
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2. sdwmwwﬁomunq&wm

An Editorial Review Committee has been established to review Indlan and U.S. contributions
to the PACER Conference. The projected makeup of the PACER Conference editorlal review
committee Is:

Dr. David Jhirad, U.S.A.LD. (Co-Chalrman)
Dr. R. K. Pachaurl, TERI (Co-Chairman)

Mr. S. 8. Betrabet (1.C.1.C.1.)

Dr. J. Gururaja, DNES

Mr. §. Padmanabhan, U.S.A.1.D./New Delhl
Mr. Alain Streicher, Hagler Balilly , '
Dr. P. H. Valdya (1.C.I.C.I) ‘ ’
Dr. Jerome Welngart, L.B.L.

Dr. Thomas Wilbanks, ORNL

Dr. Thomas Wilbanks shall serve as a member of the Editorlal Review Board, and participate
In editorlal review commitiee mentings in the U.S.

ORNL shall provide high-quality camera-ready versions of the topical papers, Including all
text, graphics, and photographs, and shall prepare simllarly high-quality presentation
materlals for each of these Papers. Orie master set of presentation materials (e.g. overhead
transparencles, slides, videotapes If any) shall be provided to I.C.I.C.I.

3. Conference Organtzation
ORNL will support S&T/EY In planning and organization the conference.

4. Budget and Funding
It Is understood that these activities will be supportes by a cost-sharing arrangement

between A.L.D./New Delhl and S&T/EY. The total budget for calendar year 1989 for the
activitles Indicated In Tagks 1,2,and 3 above Is $ 83,063.00

PACER CONFERENCE .2. ORNL Staterment of Work
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PACER CONFERENCE BUDGET - Oak Rid

(Funding for CY 1989 Only)

ge National Laborwcory -

ORNL LABOR COSTS OTHER DIRECT COSTS TOTAL

Sr. Mgr. Staff Assoc. Conslt  ORNL Partic. Int‘l Dmstc MNtls & Commi- ORMLOHon Total

(500/d) (372/d) (372/d) (421/d) tLabor Horaria Tvl, PD Tvl, PD Srves cation (11
1 - Pricing TP 0 1,116 1,116 5,000 0 0 5,400 $6,516
2-TD TP 0 0 13,020 4,550 1,500 8,379 $§21,399
3 - ¥Wind TP 0 0 4,633 4,550 0 6,302 $10,935
4 - Commerc. TP 0 0 0 0 S0
5 - Edit Support 1,500 1,340 4,104 0 0 34,104
6 - Conf. Plng. 3,000 5,208 9,893 3,000 4,155 $14,048
7 - ORML Paper 10,000 5,060 15,000 4,550 6,302 .$21,302
8 - Conf. Partic 3,000 0 2,23 1,759 0 0 0 $7,759
SUBYOTAL 17,500 12,664 15,252 10,109 55,525 5,000 13,650 3,000 1,500 30,538  $86,063
DAYS 35 34 134 .

386,063 = Total ORHL Budget for CY 89, including $35K SST/EY contribution

Note: Labor rate = §240/day * (1.20 + 1.35) = §372/day

Note: Overhwad on ODC = 38.5%

Note: Consultant daily rate ($390) multiplied by 1.08
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STATEMENT OF WORX
PACER Conference P:eparation and Participation
RCG/HAGLER BAIILLY .

The Contractor shall support S&T/EY In the preparations for the PACER Conference on
Power Sector Innovation, to be held In New Delhl, Indla In the Fall, 1989. In addition,
the Contractor shall participate In the conference through preparation and presentation
of an expert paper as described below.

SUMMARY
Support to S&T/EY In preparation of the conference shall Include the foliowing tasks:

1. Support of all travel and assoclated logistical arrangements fcr six to ten U.S.
participants, including two Contractor senlor staff members, -

2. Edltorlal and werd processing suppcrt for papers prepared by U.S. participants, In
coilaboration with S&T/EY and Oak Ridge National Laboratory (ORNL)

3. Graphics support fo. papers prepared by some of the U.S. participants

4. Procurement of suitable equipment and supplies for producing and displaying high
quality graphics at the conference (see Attachment A)

0. Editorlal review of papers and presentation graphics of U.S. participants, In col-
laboration with S&T/EY and ORNL.

6. Preparation of an expert paper mainly on the U.S. experlence, but possibly including
some selected examples of LDC experlence, with end-use electric energy efficlency
and load management. .

7. Presentation of the expert paper at the conferance

PACER CONFERENCE -1- Hagler Bailly Statement of Work
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The projected makeup of the PACER editorlal review committee ls:

Dr. David Jhirad, U.S.A.I.D. (Co-Chairman)
Dr. R. K. Pachaurl, TERI (Co-Chalrman)

Mr.S. S. Betrabet (1.C.I.C.1.)

Dr. J. Gururaja, DNES

Mr. S. Padmanabhan, U.S.A.1.D./New Delhl
Mr. Alain Streicher, Hagler Ballly

Dr. P. H. Vaidya (1.C.I.C.1)

Dr. Jerome Welngart, L.B.L

Or. Thomas Wiibanks, ORNL

As discussed under Task 6 below, the Contractor and S&T/EY shall jointly arrange a
two-day meeting of the editorlal review committee In Washington, DC In 1989. The
exact dates will be determined in concert with S&T/EY. No travel-related expenses to
HBI are anticipated In connection with the participation of editorial review committee
members.

3. Graphics Support

Many conferences have presentations In which the graphics (slides, overhead transparen-
cles) are of poor quality. For the PACER conference, the Contractor shall provide high
quality graphics for the presenters, both as black and white hard copy for inclusion in
the conference proceedings, and professional quality 35mm color slides using appropriate
PC-based graphics scftware.

Color slides shall be produced using professional graphics service bureau support.
Development of high quality graphics for both presentation and report purposes will
require that the graphlics expert work closely with the authors

in some cases, notably for participants from EPRI and from some of the electric utility
companies and industrles, authors will be able to have professlonal quality graphlcs
produced In-house. In this case, the Contractor, In consultation with S&T/EY, shall

distribute a set of guldelines and examples for both the color and black and white

graphics for the presentations and papers. The Contractor and the Editorlal Review
Committee will review the graphics and suggest any necessary modifications.

4. ProeuementandShbmemofEmbmentandSuppues

The Contractor shall procur equipment and assoclated supplles for use by A 1.D./New
Delhl for preparation of high quality graphics materlals for use by the U.S. and Indlan
participants In Indla. The Contractor Is also responsible for packing and shipping the
equipment to the U.S.A.LD. Misslon in New Delhi. This equipment will be used for the
PACER conference and for subsequent preparation of graphics materlals for the PACER
project. A llst of the required equipment, by type, with suggested manufacturers and
models, Is presented In Attachment A.

PACER CONFERENCE -3- Hagler Balily Statement of Work
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5. Meeting of PACER Editorial Review Committee, Washington, DC (1989)

The Contractor shall participate In a two-day meeting of the PACER Edltorlal Review
Committee, to be held In Washington, DC at an appropriate time In 1989. The purpose
Is to review the draft papers and presentation materlals, and propose specific modifica-
tions, if required. The Contractor, In consultation with S&T/EY, shall arrange a
sultable location for the meeting and provide advance coples of the papers and presen-
tation materlals to the members of the edltorlal review commilttee.

The Contractor will not be responsible for any travel-related costs.

6. Preparation of an expert paper on U.S. (and possibly selected LDC) experience with
diffusion of end-use electric energy efficlency and load management techniques

The Contractor shall prepare and present at the PACER conference an expert paper on

the experlence mainly within the U.S., though possibly with selected developlng country

examples, with the Introduction and diffuslon of electricity end-use efficlency and load
management technologles and strategles.

7. Conference Parilcipation

Two of the Contractor's senlor staff members shall participate In the PACER confer-
ence, and present the paper referred to In Task 7.

BUDGET

A total budget of $ 117,752.00 Is allocated.

PACER CONFERENCE -4- Hagler Ballly Statement of Work


http:117,752.00

AR

ATTACHMENT A
GRAPHICS EQUIPMENT FOR USE BY A.1.D./NEW DELH

1. Xerox Model 4020 color inkjet printer or equlvalent
2. Polarold PalettePlus (EGA-compatible) color slide maker
3. Polarold Instant color slide flim developer

4, Kodak, Dukane, or equivalent transparent liquid crystal display unit (designed for
use with a conventlonal overhead projector)

5. Serlal "smart® cable to connect IBM-compatible PC and the overhead display unit
6. Supplies, including
a. 200 sheets of overhead transparencles (for use with color Ink[et printer)
i). Color and black Inkjet cartridges .
c. 4 boxes of inkjet printer paper (continuous fan-fold)

d. 20rolls Polarold Instant 35mm color slide flim

tem ‘ Estimated Cost
1. Xerox 4020 color Inkjet printer , 1,200.00
2. Polarold PalettePlus 2,700.00
3. Polarold Instant color slide film developer 200.00
4. Overhead LDC display unit ~ 1,200.00
5. “"Smart" serlal cable 100.00
6. Supplies

0 200 sheets Inkjet overhead transparencles 250.00

o Color and black Inkjet printer cartridges 500.00

o 4 boxes fanfold Inkjet printer paper 120.00

0 20rolls Polarold 35mm Instant color slide film 200.00 .
7. Shipping to India 1,000.00
TOTAL . $7.470.00

, PACER CONFERENCE -5 Hagler Ballly Statement of Work
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PACER CONFERENCE BUDGET - RCG/HAGLER BAILLY

RCG/HB LABOR

OTHER DIRECT COSTS YOTAL

S.V.P. Coord. Assoc. Admin. HBI Partic. Partic. MBI Equip., Graphics Xerox Comsmi- HBI Fee & Total

(800/d) (600/d) (450/d) (297/d) Labor  Hnraria Tvl, PD V1, PD Shipping cation GA onODC  0ODC
162 - Logistics 800 1,200 900 1,500 4,400 7,000 27,300 1,000 3,036 38,336 942,736
3 - Edit, wp 1,600 5,400 4,500 1,500 13,000 500 500 86 1,086 $14,086
4 - Graphics 1,200 0 0 1,200 10,500 903 11,403  $12,603
5 - Equipment 900 150 1,050 7,500 645 8,145 99,19
6 - Edit. Rev. 1,600 3,600 1,800 600 7,600 0 0 0 0 $7,600
7 - HBI Paper 8,000 1,800 1,800 300 11,900 0 0 $11,900
8 - Conf. Partic 9,600 150 9,750 9,100 783 9,883 919,633
SUBTOTAL 21,600 13,200 9,500 4,200 48,900 1,000 27,300 9,100 7,500 10,500 500 1,500 5,452 68,852 $117,752
DAYS 21 22 22 14 85

$117,752 = Total RCG/Hagler Bailly Budget

SVP = Senior Vice President Note 1: 6 days @ $125/day, R/T air fare = $3,800 for all travel
Coord. = Coordination Specialist Note 2: 4-6 non-HBI participants plus 2 partic. orig. under ORNL budget

Assoc. = Technical Associate
Main.

Mministrative Support

Note 3: Pan Am C Class Oct 89 SFO/DEL $4,190 IAD/DEL $3,426 Average = $3,800
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PACER CONFERENCE

Third Meeting of Steering Committee
(Summary of Discussion)

The third meeting of the Steering Committee was held on
July 12, 1989 at 12.00 hoon at Tata Energy Research Institute

(TERI), 7 Jor Bagh, New Delhi. Followinyg persons attended the

meeting
Dr. J. Gururaja - Chairman
sﬁri S. S. Betrabet - Member
Shri S. Padmanabhan -« - Member
Dr. P. H. Vaidya - Secretary

Dr. R. K. Pachauri

—— . ——
!

|

|

Dr. V. V. N. Rishore TERI |

T o ]
Ms. Leena Srivastava } Invitees

; ‘ i IR "

Shri J. R. Meena - DNES }
} T '

Shri B. A. Bhatt ~ |, ICICI I

.
v
7

uLeéve of absence was granted to Dr David Jhlrad The

followlna 15 a summary of discu851on at the meetlna.

4

Dr.‘Pachauri informed the Committee that he had a meeting
with Dr. David 'Jhirad in Washington when preparation for the
Conference was reviewed. Dr. David Jhirad indicated to him that
thére was delay in aw.rding contracts to Oak Ridge National
Laboratory (ORNL) and Hagler, Bailly Inc. (HB) for preparation of \;

research papers for the Conference. Shri Padmanabhan informed 9



that the contracts would be finalised by mid-July 1989. Based on
this, the schedule for the PACER Conference to be held in New

Delhi has been tentatively revised to February 2 and 3, 1990.

Highlighting the importance of PACER Conference. Dr.

Gururaja observed that the Steering Committee shquld be enlarged

with representatives from concerned departments of the Government

such as Power, Coal, DNES, Energy Conservation, etc. Their

association and involvement would go a long way in achieving the
overall objectives of the Conference. Dr. Pachuari was requested
to contact the concerned departments, brief them on the PACER

Conference and also get their nominees on the Steering Committee.

The¢ Committee agreed that the focus of all the papers to
be presented at the Conference would have to be on identification
of project ideas for promoting consortie R&D projects under
PACER as also on various policy matters concerning energqy. It
was felt that this matter should be borne in mind while
finalising the research papers.

Dr. Pachauri informed the Committee that TERI's work on
prebaration of reéearch papers was in advanced stage of
complgtion and TERI has been in touch with NPC and BHEL with
regard to their: papers on Energy Conservation and Coal

Technologies respectively.

The Committee discussed at lenath enclosed agenda for

PACER Conference and suggested some changes in titles, Dr.

Pachauri agreed to incorporate them and circulate a revised -

%

g



programme shortly. Similarly it was aagreed to finalise the
detailed programme of the Conference (especially names of guests
to be invited for inaugural and Chairmen for various technical
sessions) at a later date. Dr. Pachauri agreed to prepare a
brief report reviewina the progress of preparation for PACER
Conference which would be placed before the ensuina meeting of

Energy Research and Development Advisory Committee (ERDAC).



PACER CONFERENCE AgeNDA (REVISEDRD
‘ New Delhi

FIRST DAY

09.00-10.00 Inaugural Session / Welcome and Introduction
‘ to the Programme for the Commercialization of

Energy Research (PACER)

f
ot

10.00-10,.30 Tea Break

.

10.30-11.30 PLENARY SESSION: Innovation in the Electric
. Sector - New Strategic Opportunities

- High Capital Productivity in the Power

Sector: Issues and Challenges for India
(Dr. R.K. Pachauri, Tata Energy Research
Institute)

- Innovative Solutions to Power Sector
Problems -~ A Mandate for Decision Makers?
(Dr. David Jhirad, U.S. Agency for
International Development)

11.30-13.00 . PANEL DISCUSSION - Innovation - 1Its success
. and role in financing power development

= Chairman, ICICI .

~ Electric Power Research Institute (USA)
= Dr. Eugene McCarthy (World Bank)

= Ministry of Energy (India)

-~ Dr. Makarand Dehejia (IFC)

)

13.00-14,00 LUNCH
14.00-15.30 Parallel Sessions
Session 1A - ADDRESSING THE PEAK LOAD PROBLEM

- U.S. Experience with Innovative Peak Load
Management and Pricing Strategies (EPRI,
Florida Power and Light, PGandE,...) '

- Innovative Pricing Possibilities in India
(Dr. Bhaskar Natarajan) .

- Optimal Investment Planning UnHer Capital
Constraints (Dr. Peter Meier) .

&
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Session 1B - RENEWABLE ENERGY STRATEGIES

Commercializing Solar Water Heating
Technology in India and its Impact on Peak
Load (Dr. K. Thukral)

Case Studies on | Decentralized Power
Production in India

- Biomass (Dr. V.V.N. Kishore)
-~ Photovoltaics (Dr. T.K. Bhattacharya and
Ms. Akanksha Dubey)

Commercialization of Wind Electric aﬁd
Photovoltaic power Generation Technologies
in the U.S. (Dr. Jerome Weingart) -

Experience with and ,Potenfial for Wind
Farms in India (Dr. V.V.N. Kishore and Mr.
Jami Hossain)/DNES

15.30-16.00 Tea/Cof fee Break

16.,00-17.30 Parallel Sessions

Session 2A' -~ ADVANCED COAL BASED TECHNOLOGIES

Commercialization in.the United States

Co- AFBC (EPRI or U.S5. electric utility

representative)
- IGCC (Mr. Neville Holt, EPRI)
- Coal Beneficiation in the United States
, .

Commercialization in India

Discussion from the <floor (speakers as
panelists) :

. Session 2B - T&D and Power Electronics:

Innovative Transmission and Diétribution
Technologies (U.S. author) :

Improvement . in Transmission and

Distribution Systems in Korea (KEPCO
representative)

Improvement in Transmission and
Distribution Systems in Thailand (EGAT
Representative)

Improvement in Quality of Power Supply
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SECOND DAY

09.00-10.30  PLENARY SESSION (Chair: India)" . .

- U.S. Experience and Prospects: Research,
Development, and Renewables (Dr. Richard

, Balzhiser, Electric Power Research
Institute)

- The U.S5. Department of Energy Experience in

Energy Technology Innovation and

Commercialization (Senior USDOE

Representative)

- The Role of the U.S. National Laboratories
in Development and Commercialization of
Advanced Energy Technologies (Dr. Thomas
Wilbanks, O0Oak Ridge National Laboratory)

Suggested Topic

10.30-11.00 Tea/Cof fee Break

11.00-13.00 Parallel Sessions
Session 3A - "ENERGY EFFICIENCY STRATEGIES - SUPPLY

- ' Review of Technologies for Energy
Efficiencaies in India (Mr. G. Sambasivam)

- Experience an Implementing Innovative
Energy Conservation Technologies - case
studies (National Productivity Council)

- - Developing and Commercializing Cogeneration
Technology in the U.S. (U.,S.author)

- Industrial Cogeneration in India - An
Agenda for Action (Mr. S. Anand)

Session 3B - ENERGY EFFICIENCY STRATEGIES'— End-Uses

- Technology for Increasing Electricity End-
Use Efficiency (U.S.author) .

- Development and Commercialization of High-
Efficiency Lighting Systems in the U.S.
(Sam Berman or other)

.

- An approach for Lighting Efficiency
Improvements in India. '

o (F
X The Scope & Coverage of this session may be redefined J}P
following discussions with Dr, David Jhirad. Qf
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13.00~14,00 LUNCH

18:00716,30  SPECIAL  TECHNICAL SESSION ON ° INNOVATIVE
" ' APPROACHES TO POWER PLANNING

Demonstration of Software for Optimizing
Capital Investment in the Power Sector
Under Capital Constraintes (Dr. Peter
Meier and TERI Representative)
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THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

EROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH
(PACER)

3rd ERDAC Meeting
August 22, 1989
Confidential Agenda Item 8

Review of Promotional Activities

At the first meeting of ERDAC held on February 16, 1988,
it was indicated that PACER Secretariat would organise
promotional activities which would disseminate information
relating to the PACER prdject leading to identification of
suitable project ideas and prospective entrepreneurs. In
pursuance of the above, PACER Secretariat has been participating
in suitable seminars/conferences for making presentations on
PACER project, often to a target audience working in the
energy related fields. PACER Secretariat has also been invitéd
to make exclusive presentation to such gatherings as assembled
under the auspices of a State Electricity Board or a trade

organisation/association, providing a responsive audience. Such

participation/presentation has resulted in stimulating:

discussions on the effectiveness and workability of the scheme as
envisaged. Since May 1988, the following promotional activities

were undertaken by the PACER Secretariat :

i) A preproposal meeting to discuss projects in the area of
Development of Energy Efficient Systems was arranged in
Bombay on May 4, 1988. Consequent to this meeting, PACER

Secretariat received about 15 enquiries/proposals. While



- i1)

iii)

iv)
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7 of them did not qualify for PACER assistance, 2 of them
are sanctioned and the remaining ones are still in

formulation stage.

A PACER presentation was made in New Delhi on June 1, 19843

under the auspices of Indo-Amrican Chamber of Commerce

(North India Council).

A meeting of 20 experts in power sector was arranged in

Delhi on June 29, 1988 to identify candidate projects.

Pfesentations on PACER were made at various seminars
organised by different regional wings of Confederation of
Engineering Inustry (CEI) over the 1last one year as

follows :

- Bangalore, June 5, 1988.
~ Madras, July 30, 1988.

Calcutta, August 29, 1988

New Delhi, August 30, 1988 at the meetiny of Energy

and Energy Conservation Committee

Bombay, August 2, 1989

A° workshop on PACER with focus on coganeration
technologies was organised at Calcutta on January 31, 1989
in cooperation with CEI, Eastern Region. As a sequel
to this workshop, another PACER workshop/meet with
organisations/consultants working particularly in the
energy sector was organised under the auspices of West

Bengal State Electricity Board at Calcutta on



v)

vi)

vii)

viii)

ix)

x)

"w

March 7, 1989. The meet generated stimulating discussions

which resulted in identification of a few probable praject

ideas.

At the seminar on "Energy Conservation in Industry"
organised by Chemtech Foundation at New Delhi dur:ng
November 24-26, 1988, the PACER Secretariat participat:d

and distributed PACER brochure amongst the participants.

A PACER presentation was made on December 3, 1988 at the
"National Solar Energy Convention" organised by Solar

Energy Society of India at Hyderabad.

At the seminar on "Availability and Utilisation of Natural
Gas" organised by FICCI at New Delhi on December 20, 1988
representatives of PACER Secretariat discussed salient

features of PACER Project with participating delegates.

PACER Secretariat participated in the seminar on Energy
Conservation and Generation through Renewable Resources
organised by Indian 1Institute of Metals at Ranchi on
January 19-20, 1989 and explained to other participants as
to how the scheme provided an attractive financing

instrument for developing energy related technoelogies.

During the Energy Conservation Week at New Delhi from

February 2-9, 1989, a presentation on PACER was made.

Highlights of PACER Project were presented at the seminar
on Energy Conservation organised by Ahmedabad Mar.agement

Association at Ahmedabad on April 11, 1989.
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xi) At a meeting of ICICI-led Technical Consultancy
Organisations (TCOs) of Gujarat, Maharashtra and Temilnadu
on April 26, 1989, a presentation on PACER was given. The
representatives of TCOs agreed to assist PACER in
identifying project ideas and to help entrepruoneurs in
their ' regions in formulating proposals foxr  PACER
assistance. As decided at the above meeting, the Nirst of
the PACER presentations was arranged at TCO of Tainilnadu

at Madras on May 10, 1989. ‘ ' ;

xii) PACER Secretariat had a meeting with Shri V.
Bakthavatsalam, Managing Director, Indian Renewable Energy
Development Agency Limited (IREDA) on July 13, 1989 to
discuss the mechanics of co-operation between IREDA ¢&nd

PACER.

xiii) Various Operations Departments including regional offices
of ICICI have been introduced to the PACER Project '-— it3
concept, objcctives and its scope. This has helped
te establish linkage with ICICI clientele of over 3500

" companies.

In addition to using the various fora for promoting the
concept of PACER project as indicated above, representatives of

PACER Secretariat contacted potential project proposers to
explore the possibilities of their taking up suitable proposals’
In order to further acquaint themselves with different R&D
activities being pursued in the Indian energy sector, the PACER
Secretariat representatives have been meeting senior and

operational level officials of various governnment
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departments/agencies and organisations such as DNES, CSIR, NPC,
TERI, BHEL, NAL, IISc., 1IITs, SEBg, State level councilis for
science and technolegy etc. During the course of sueh
interactions, a host of project ideas/concepts are identified orx
evolved. On this basis, PACER Secretariat may solicit :in future,
suitable R&D consortium broject proposals under RFP (Request for

Proposal) mechanism.

PACER Secretariat proposes to establish an c«n-going
rapport with various organisations/agencies working in the energy
field. Besides, PACER Secretariat might avail of suitable
technology information services available from within as also
from outside the country, to keep themselves abreast with sitate
of art and developmental work on the frontiers of emu'gy

technologies.

PACER Secretariat is also co-ordinating the organisation
of PACER Conference. TERI has been entrusted.the responsibilii y
of arranging the Conference. The agenda and subject topics o1
the ‘ bapers to be presented at the Conference by var%ons
participants had been discussed and approved in principle, at the
third meeting of the Steering Committee wf PACER Conference held
on July 13, 1989 at Delhi. It was indicoted that the Conference
might be scheduled for early 1990, USAID, Washington is
expected to subcontract the Conference papers to be prepared. in

USA shortly.

Thus, PACER Secretariat has gwared up to play its
proactive role in implementing the PACER project and achieving

its objectives.



THE INDUSTRIAL CREDIT AND INVESTMENT CORPORATION OF INDIA LIMITED

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH
(PACER)

3rd ERDAC Meeting
Auqust 22, 1989

Confidential Agenda Item 9

BUDGET FOR PACER 1989-90

(Note from PACER Secretariat)

During the first year of operation of PACER ended March
31, 1989 sanctions of Rs 112.40 1lacs (US $ 749,000) and

disbursements of Rs 47.31 lacs (US $§ 345,000) were made out of

funds available under PACER. Annexure A provides break-up of
sanctions and disbursements during the year 1988-89. The

sanctions and disbursements were relatively slow during the year
1988-89 as the PACER scheme as also the financing instrument
(Conditional Grant) envisaged were new and required considerable
amount of promotional work to create awareness of the 'scheme. 1In
response to the promotional work carried out during the year as
spelt out under Agyenda Item 8, PACER Secretariat has received
over 140 enquiries for assistance. Based on the pipeline of
proposals under formulation, it is expected that the sanctions

and disbursements would gain momentum during the year 1989-90.

Our estimates of sanctions and disbursements during the
year 1989-90 arr indicated below. In addition to formulating

projects from the list of unsolicited category of



enquiries/proposals, PACER Secretariat proposes to play a pro-
active role by initiating action to identify a select group of
project ideas to be undertaken for development through the
mechanism of Request for Proposal. Action has already been

initiated in this direction.

(Rs in lacs)
Particulars Sanctions Disbursements
Component - I -

1. Consortium R&D projects

- Unsolicited proposals 400 246
(8 proposals)

- Solicited proposals ' 200 100
(under RFP process - )
2 proposals)

Component - IT

Research Awards . 56 25
(4 proposals)

Component IIT

Research Projects (Studies) 70 . LSO
(10 proposals)

PACER Conference

US Consultants

Preparation of research

papers, logistics, . .
graphics and ‘
Conference participation (US-$)

ORNL 51,063
H&B 117,752
168,815 ’ 27 32
Promotional, Training + 20 20
and Project Administration
expenses
767 473

US $§ in thousands . , (4794) ‘(2956)

(Assumed 1 US $§ = Rs 16)



ANNEXURE = A

PROGRAM FOR ACCELERATION OF COMMERCIAL ENERGY RESEARCH
(PACER)

(Break up of sanctio
during the ¥

Particulars

TR

[ L]

Component =

Consortium R&D projects

Component = II

Resecarch Awards

Consortium - III
Research projects

PACER Conference
(Indian consultants)

Promotional, Training
and Project Administration
expenses

UsS $ in thousands

(Assumed 1 US § = Rs 16) .

ns and disbursements
ear 1988-89)

(Rs in lacs)

Sanctions Disbursenents
46.00 Nil
41.46 27.21
14.15. 9.31
10.79 10.79
112.40 47.31
(749) (345) -






