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INTRODUCTION

I, the Chairman of the Public Accounts Committee, as authorised by
the Committee do present on their behalf this Hundred and Fifty-Eighth
Report on paragraph 5 of the Report of the Comptroller and Auditor
General of India for the ycar ended 31 March 1987 (No. 7 of 1988}
Union Government (Scientific Departments) on National Silicon Facility.

2. The Report of the Comptroller and Auditor General of India was
laid on the Tabie of the House on 25 April, 1988.

3. In this Report the Committce have brought out many disquicting
aspects of the proposed National Silicon Facility deal at the cost of
Rs. 88.75 crores with Hemlock Collaboration. The Task Force sci up
by the Department of Electronics (DOE) with wide terms of reference
to examine all relevant issues and facilities setting up of Nationul Silicon
Facility was made defunct after presenting Part-1 of its report on some of
the issues, apparently becausc the fact that some of its members had  not
been toecing the official line. There had been serious differences in the
approach of its members and scrious doubts about certain conclusions
reached by the Task Force with regard to potentialitics of indigenous
cflorts. Instead a Negotiating Committec was constituted to deliberate
on all the remaining terms of reference of the Task Force. The Committee
have deprecated the manner in which the Task Force was made defunct
before it could carry out the functions allotted to it and its functions trans-
ferred to another body.

4. Though the demand for silicon was predominantly of terrestrial
solar cells of photovoltaic (PV) quality required by the DNES. The Com-
mittee have felt that DNES would have been the right choice for nodal-
department for this project.

5. The Task Foree had ussessed the national demand for silicon at
100 TPA in 1990 which was raised by Negotiating Committec at 2.30
TPA. Against, these estimates, the actual demand today works cut in the
region of 57 MT. In spitc of the strong reservations of the DNES, the
DOE concluded that the projected demand would materialise and entered
into collaboration with Hemlock to put up the project of National Silicon
Facility at the cost of Rs. 88.75 crores. All the objections raised were
simply overlooked to the determent of national interest. The Committee
have deplored the lacadaisical way in which entire issue was handled after
ignoring valid objections and timely advisc of the DNES. The Committee
are strongly of the view that by wrong choices of both the prorduct as well
as nodal department the solar energy programme has suflered a sctback
of perhaps a decade which an encrgy deficient country like ours can ill
afford.

6. The indigenous technology developed by Mettur Chemical would
produce 25 TPA silicon of good quality and capable of mecting national
demand quality-wise also. The demand which could not be met by using
Metkkam technology was stated to be insignificant and could be met from
imports and Metkkam was stated to be capable of meeting this demand
also through technology development in relatively short time. The DOE
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was told well before confirmation of the agrecment with Hemlock that indi-
genous production was economical and capable of being increased although
modular approach in a comparatively short period. The Committee are
surprised to note how such vital points and valid reasoning against Hemlock
deal were altogether side tracked.

The Committec have concluded that the DOE was not responsive and
was dead set to go ahcad with Hemlock deal. All this shows lack of
rception of emerging scenario in photovoltaic (PV) cell technology and
inept handling on the part of DOE. The Committee have been distressed
to note that DOE transgressed into the domain of another department
resulting in sad consequences.

7. The Public Accounts Committee examined the Audit Paragraph at
their sitting held on 7 and 15 March 1989.

8. The Committec considercd and finalised this Report at théir sitting
held on 26 April, 1989. The Minutes of the sittings form Part II of the
Report.

9. For reference. facility and convenience, the obscrvations and re-
commendations of thc Committee have been printed in thick type in thc
body of the Report and have been reproduced in a consolidated form in
Appendix VI to the Report.

10. The Committce cxpress their thanks to the officers of the Depart-
ment of Electronics and Non-Conventional Energy Sources for the coapera-
tion extending in giving information and tendering evidence before the
Committee. '

11. The Committee also place on record their appreciation of the assist-
ance rendered to them in the matter by the Office of the Comptroller and
Auditor General of India.

NEw DELHI; ‘ AMAL DATTA,
April 27, 1989 B Chairman,
Vaisakha 7, 1911 (Saka) Public Accounts Committee.




REPORT
1. INTRODUCTORY

| This Report is based on Paragraph* No. 5 of the Report of the Comp-
troller and Auditor General of India for the vear ended 31st March 1987
(No. 7 of 1988) Union Government (Scientific Department)].

1.1 Silicon is the fundamental raw material for the electronics industry.
It is said: “Silicon is to clectronics what steel is to a modern industrial
cconomy”. This is because a whole range of key devices from microchips
10 space quality solar cells, to infra-red sensors for survcillance, general
purpose semiconductors of myriad types and terrestrial solar cells for
remote arca and energy to rural arcas, would not be possible without silicon.
High purity silicon is used in Solar Photovoltaics (SPV) and Semi-
comductor devices applications. Silicon for SPV application, compared
to silicon for semiconductor devices, can tolcrate certain impurities in
higher concentration without deteriorating the performance of solar photo-
voltaics cells and therefore. Off spec Polysilicon can be used  for  SPV.
while Prime Polysilicon is used for semiconductor devices.

1.2 The silicon of the required purity. when manufactured, is in the
polycrystalline form. This is converted into single crystal rods. The single
crystal rods with their both ends (conjcal shapes) cut are called in gots.
They are then cut into wafers (as cut) and these wafers are processed
further as per the requirement.  But wafers are used for SPV applications,
while processed wafers are used for semiconductor application and semi-
conductor wafers.

2. SETTING UP OF NATIONAL SILICON FACILITY

2.1 In view of the growing importance of silicon, the Department of
Electronics (DOE) proposed in October 1981 the setting up of a National
Silicon Facility (NSF) to undertake stockpiling, production, research and
development of silicon so that the country could become sclf sufficient in
this critical material.

A Task Force (TF) -comprising of 8 specialists™* was constituted in
January 1982 to “configurc” the NSF for investment proposals. According
to the Secretary, DOE, the Task Force had wide terms of refercnce which
included, inter alia :

(i) to review the world trends in silicon
(ii) to asscss the long term and short term requircments

(iii) to .assess the status of domestically available technology and
expertise for various clements of silicon

(iv) to detcrminc whether forcign technology may have to be pur-
chased '

“sAppendix 1
**List given in Appendix 11
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(v) to identify proper foreign sources
(vi) to obtain at least preliminary offers for technology transfer;

(vii) to define technological strategy for national silicon facility and
based on demand profile and strategy;

(viii) to plan production and infrastructure ctc.

(ix) to work out capital investment cost and investment profile;

(x) to recommend organisational management Structurc;

(xi) to work out the shortest possible time in which the facility
could be set up:

(xii) to recommend immediate strategy to stockpile some

or all
clements of silicon;

(xiii) to review present R&D efforts for various clements both in the
country and abroad. keeping in view the long-term require-
ments of the country to develop etc.

2.2 The Task Force submitted Part-1 of its report in - August 1982

wherein it assessed that the national demand for silicon would be as
under :

(in tonnces)

Description 1983 1983 1990

Conventional semiconductor deviccs 3:90 657 12-25
(Purc class)

Space qualified solar cells 0-33 0-33 033
(Pure class) E

Terrestrial solar cddls 881 42-59 8812

(SPV Class)
Total . . 1304 49 49 100 -70
S 130 500 100 <0

2.3 To meet the above needs, the Task Force proposed the setting up
of a production capacity of 50 MT a ycar of polysilicon in the first phase
and to increase this capacity to 100 MT a year as thc demand builds up/
warrants. The Task Force also observed that it had come to the conclu-
sion that indigenous R&D efforts undertaken over the last scveral ycars
had not established a technology which would be suitable for setting up a
commercial plant to produce polysilicon of acceptable quality on the scale
indicated by thc Task Force on a time bound basis. Conscquently the
Task Force came to the conclusions that there would be a nced to import
-a:-comprehensive technology package appropriatc to the national needs.

2.4 On the sclection of forcign collaborator the Task Force is stated
to have addressed communication to “almost all ultrapure silicon producing



companics in the world”, in order to ascertain their willingness to the
transfer of relevant technology to the Indian producer. As a result of
this, 14 organisations responded favourably and a few submitted prelimi-
nary brief proposals. The Task Force felt that collection of further infor-
mation on both technical and financial matters could be done most
cffectively and, speedily by discussions and visits to the production plants.
A team constituted for the purposce visited Japan, USA, West Germany
and [Italy beiween May 22 and June 19, 1982 and held discussions. To
arrive at the final recommendation on the transfer of technology., a format
wus cvolved and handed over to the various interested parties.  The parties
were initially given time upto July 20, 1982 to submit the data and were
lafer given eatension of time upto September 15, 1982, The Task Force
stated that cvaluation of the detailed proposals and choice of collaborator
would be discussed in Part-I1 of the Report.  In the meantime it submitted
Part-l1 of the Report in August, 1982, The Task Force did not submit
Part-11 of the Report at all nor did it meet later.

After reeeipt of Part-1 of the Report, Government constituied a Nego-
tating™ Conmittee (NC) in December 1982, According to minates of
first mectiing of the N.C. held on 16 December, 1982 it was sct up to eva-
luate the technology transfer proposals to hold technical, commercial and
contractual negotiations cte. with the foreign companics and on that basis
to recommend the most appropriate foreign licensor to Government.  Thus
in clicet, the functions which were intended to be performed by the Task
Foree and were to be reported in Part-11 of its report were transferred to
the NC. though formally the Task Force was not disbanded by the Govern-
ment.

2.6 Asked to indicate whether the Task Force submitted further report,
the Department of Electronic stated that no further report, other than the
report described at Part-1 was submitted by the Task Force to DOE. It
furtiver stated :

“The repert of the Negotiating Committee covered the  remaining
issucs of the terms of refercnce given to the Task Force. By the time
this report was received (report of the Negotiating Committec) by
DOEL, the terms of the Task Force had also expired. The Chairman,
TF in his comunication to DOE dated 2nd April, 1984 indicated
that further more, sinece the terms of NS task Force has expired, it
also stands dissolved and will not be operational unless  specifically
called upon by the DOE.”

2.7 The Scerctary. DOE further clarified in evidence
“They pave a report on major part of it. The Chairman of the TF in
the letter forwarding report (Part ), suggested that the activities of
the Task Force are shifting from planning and that there will be a
report dealing with detailed terms and conditions for technical colla-
boration and site selection. This was later handled by the Committee
set up by the Depariment.” .
2.8 The Negotiating Committee held a series of meetings to consider the
collaboration proposals. It also rcassessed and placed the demand for poly-
“silicon in its mecting held on November 19, 1983 at 190 M.T. in 1988-89

and the annual demand in 1990 at about 230 MT.. the major portion of
which would be used in solar PV industry.

*Composition of N.C. in Appendix-111.



2.9 The Commitlec asked about the basis on which the Negotiating
Committce scaled up the demand to 190/230 TPA as against the assess-
ment of the Task Force for 100 TPA by 1990. In reply the DOE have
stated that during the intervening period of about 18 months between the
submission of its report by the Task Force and preparation of ils report by
the Negotiating Committee, some maijor developments had taken place.
These were mainly as under :

(i) expanded Solar Photovoltaic-Programme of both the Public
Sector Undertakings. namely Central Electronics 1.td.  (CEL)
and Bharat Heavy Elcctricals Ltd. (BHEL).

(ii) Govcrnment approval for setting-up of a major  production
facility of large scale integrated circuits (LSI) and very larpe
scale intcgrated circuit (VLSI) devices by the Public  Sector
Undcrtaking namely SCL, Chandigarh: and

(iii) the cnhanced demand for small scaic integrated and Medium
Scale Integrated (MSI) devices and semi-conductor devices for
ITI's Produciion Programme for Electronics Swiiching Svstem.

2.10 These necessitatcd updating of the demand estimates and the result
of the detailed cxercise to up-date the national silicon demand profile by the
Ncpotiating Commitlec indicated that the demand of silicon weuld be built
up to about 230 MT per annum in the vear 1990.

2.1t The DOE also stated that the sub-crour on the 7th Plan Pro-
gramme in the arca of soiar photevoltaics, sct-up by the Depariment of Non-
Conventional Energy Sources in the Ministry of Encrpy, assessed in March
1984 that the demand of solar photovoltaic modules would be 10 MW p.a.
by 1990. This meant that by 1990 the demand of polysilicon for Solar
Photovoltaic Programme, alone would be about 218 tonnes per annum in
addition to 12—15 tonnes for electronic applications.

2.12 The Negotiating Committce (NC) after cvaluating the collabora-
tion efforts recommended acceptance of the offer of M/s Hemlock Scmi-
Conductor Corporation (USA). Based on the recommendations of the
Negotiating Committee, Government decided to enter into a collaboration
agreement with M/s. Hemlock for setting up a 100 tonnes silicon plant with
infrastructural facilities for 200 tonnes plant at a project cost of Rs. 88.75
crores, including Foreign Exchange component of Rs. 23 crores. The pro-
posal was approved by thc competent authority on 29th March 1984, the
agreement was signed by Hemlock on 16 April, 1984 and was confirmed bv
DOE on 19 February 1985 after Hemlock obtained necessary export permit
from thc US Government in January 1985. Later on grounds of indigenous
capability for producing silicon having come of age, collaboration agreement
was terminatcd in Junc 1987 bv which time Rs. 7.92 crorcs had been paid
to the Collaborator. One of the other considerations for termination of
agreement was that the demand for silicon was not cxpected to reach any-
where near the projected demand of 200 MT by 1990.

.

2.13 The Audit para states that incorrect assessment of demand, partial
analysis of potentialitics in PV field. non-recognition of indigenous capabi-
lity, exercisc of wrong option etc. led to conclusion and subsequent termi-
nation of a contract with a foreign firm resulting in unfruitful cxpenditurc
of Rs. 7.92 crores. "
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3. SHORT CLOSING OF OPERATIONS OF TASK FORCE

31. Ay already observed, the Task Force submitted Part-1 of its report
in August 1982 and had mentioned that Part-I1 would deal with evaluation
of international collaboration offers which were expected to be received by
September 1982. However, the contents of the Part-1 of the Report were
contested by one of the members (Prof. A.R. Vasudevamurthy of the
Indian Institute of Science) who was closely associated with development of
indigenous technology by Mettur Chemicals (METKEM). In his letter dated
4th November#, 1982 addressed to the Chairman of the Task Force had also
disputed ccrtain conclusions of the Task Force and was given to understand
that his view point would be reflected in the report. However, as it was not
done, he preferred to disassociate with certain conclusions of the report.

3.2 After subnission of Part-I of the Report in August 1982 the Task
Force did not mcet at all and in December 1982 the Negotiating Commtitee
was appointed with seven members, out of which 4 were common with Task
Force. 3 Members of T.F. including Prof. A.R. Vasudevamurthy were not
included in the Negotiating Committce Later Shri Vasudevamurthy spoke
to the Secretary, DOE personally and through his letters dated 31 Jan., 1
February, and 14 February, 1984 requested the Chairman, Task Force to
initiate action for preparation and discussion of Part II of the report. He
also pointed out that “his signature on the report of TF had been taken
on wrong premise.”

3.3 Prof. Vasudevamurthy had inter-alia pointed out that comments on
the polysilicon by the silicon tetrachloride route made in the report that “the
guality of their (Metkem’s) products is reportedly poor is_not true.” In
fact, he obscrved that the boron content of the polvsilicon prepared by Sili-
con Tetrachloride (STC) route is observed to be less than the Trichlor
Siticon (TCS) route. Prof. Vasudevamurthy also disputed the observations
contained at page 61 in Part I report of the Task Force about industrial
infrastructure at Mettur Chemicals and the process route of STC adopted by
it in production of polysilicon is not suitable one. Hc had also pointed out in
his letter that TF did not have the opportunity to review the progress made
during the previous 18 months in the process and production of polysilicon.
Prof. Vasudevamurthy had also  drawn attention of the Chairman Task
Ferce towards the unfinished task of the Task Force in the context of its
terms of reference and requested for holding of its sittings to discuss these
matters. However, no deliberations on these aspects togk place, no further
report was prepared and presented and in fact Negotiating Committee dealt
with all these matters.

3.4 In this context, the Committee pointed out that when Task Force
was still alive and was not disbanded, how far it was fair on the part of
DOE to take away left over job of Task Force and assign the same to the
Negotiating Committee and asked whether it was not an irregular procedure.
The Committec also wanted to know if it was not done with a view to
easing out Prof. Vasudevamurthy who had been opposing the views of the
other members. The Secretary, DOE stated in evidence :

“When the Chairman gave the report he talked about it. Thereafter.
they constituted a Committee to work out the planning.”

*Appendix 1V



4. NODAL AGENCY

4.1 All over thc world demand for polysilicon is for electronics grade.
Unlike the world trend, in India a large part of projected demand for sili-
con is on account of terrestrial solar cells required for solar encrgy nro-
gramme. According to the Secretary, DOE global solar photovolaic use is
not as much as it could be in our case. The Task Force and Negotiating
Committce which also went into the issue, came to the conclusion that out
of the total demand projection of 230 MT of silicon in 1990 clectronics
grade requircment was around 12-20 MT only. In view of this fact, the
Committee enquired why NSF project was not handled by the Deptt. of
Non-Conventional Energy sources as the project was mainly to be used by
that Department. In reply, the Sccretary DNES stated in evidence :

“I may not be going into why the differcnces were there, but T wunt
to submit that silicon of a higher grade is required in the semi-con-
ductor materials, intcgrated circuits and so on. Most of the facilitics
which are sc¢t up. they manufacture this. Silicon of lower specifica-
tion is used for terrestrial application- In terms of volume it mav
look not much because today I think it is about 20 tonnes for scmi-
conductor material and around 40-50 tonnes for terrestrial.  T-or
terrestrmal it is bound to go up because high volume arc requirad in
that, whereas in the semi-conductor erade silicon, smaller quantity is
required. Functional efficiency of silicon conductors is very very
important. Standards arc also more ricorous. So. takine that into
account, it is necessary to have facility which rcally preduces top
erade silicon of various varietics. In any casc, when this Task Force
was set up, there was anxicty about this semi-conductor crade maie-
rial also at that time. T think the demand even for scmi-conductor
material is goine to erow because the base i< erowine. Tt is need in
several components and products, some of which are imported now.
If we have these facilities, we can hopcfully sce that this itsclf
results in usc of more and more of home-made integrated circuits and
so on.”

4.2 Clarifying the position of his Department on this subject. the Scc-
retary, DNES stated :

“Sir, our feeling was that since the majority requirement for high
purity silicon is for photovoltaic and since we are the Dcpartment
dealing with photovoltaic it would be more logical for our department
to deal with all matters relating to silicon production for pheto-
voltaic as then we will be able to make comprchensive approach to
the question of solar photovoltaic to which we want to give a big
thrust. So that was the view T had cxpressed at that time.”

4.3 The Committee find that in view of the crucial importance of silicon
in the grow’ng electronic industry Government decided to set up National
Silicon Facility at a cost of Rs. 88.75 crores including foreign cxchange
component of Rs. 23 crores with technical collaboration of Hemlock Cor-
poration of the U.S.A. The Audit paragraph and the facts gathered by
the Committee (including f10se narrated in sub-sequent paras of this report)
amply bring out the fact that there were many disquieting aspects in the
whole deal from the very start.
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4.4 The Task Force set up by the Department of Electronics with wide
terms of reference to examine all the relevant issues and facilitiate setting
up to National Silicon Facility was made defunct after presenting Part-I of
its report on some of the issues apparently because of the fact that some of
its members had not been toeing the official line. There had been serious
differences in the approacia of its members; particularly Prof. A. R. Vasu-
devamurthy of the Indian Institute of Science, Bangalore who had raised
serious doubts about certain conclusions reached by the Task Force with
regard fo potentialities of indigenous efforts. In fact he disassociated him-
self from the conclusions of the Task Force. However, the points raised
by him remained unanswered and obviously in order to by pass him no
further meeting of Task Force was held. Instead a Negotiating Committee
was constituted to deliberate on all the remaining terms of reference of the
Task Force. Tlic Committee are convinced that this grossly improper and
wrong procedure was resorted to just to case cut the inconvenient mem-
bers of the Task Force who did not toe a particular line of action and had
been critical of certain conclusions of the Task Force which later proved
to be wrong. 'The Committee deprecate the manner in which the Task
Force was made defunct before it could carry out the functions allotted to

it and its balance functions transferred to another body constituted without
the inconvenient members.

4.5 Of the total demand ::sessment of polysilicon of 13 tonnes, 50
tonnes and 100 tonnes in i983, 1985 and 1990 respectively made by
the Task Force, 8.81 tonnes, 42.59 tonnes and 88.12 tonnes i.e. about 70
to 8¢ por cent of the total assessed demand was for terrestrial solar cells.
Similarly, the Negotiating committee while assessing the polysiiicon demand
at 230 tonnes in 1990, took the demand for terrestrial solar cells of photo-
voltaic (PV) quality at 218 tonnes. On the other hand, growth in demand
for semiconductor grade silicon was admittedly much slower aud was
expected to remain at a low level in the foreseeable future. In view of
70-80 per cent of requirements for high purity silicon being for photo-
-voltaic, the Department of Non-Conventional Energy sources logically felt
that they should decal with all matters relating to silicon production for
phatovoltaic which would enable them to make a comprehensive approuch
to the production of solar photovoltaic cells to which they wanted to give
a big thrust. On the other hand. Depariment of Electronics required sili-
con of higher grade for semiconductor materials and integrated circuits
etc. in a very limited quantity i.e. not more than ten percent of the projected
demand. Still for reasons, not clear £ the Commiitee, tlie DOE dealt with
tze subject and obtained approval of the Government so set up the National
Silicon Facility of 200 TPA capacity for manufacture of semi-conductor
erade silicon at he cost of Rs. 88.75 crores. The committee feel that the
DNES would have been and would still be the right choice for the nodal
department for the project for production of Silicon of the grade required
for SPV uses. The Committee are distressed that the Government by
entrusting the project to the DOE who were mainly interested in purer and
costlier electronic grade silicon closed the option for a less purer and less
costly grade which would have been more suitable for making SPV  cells
at reasonable cost and thus in boesting the solar energy programme. The
Committee are strongly of the view that by the wrong choices of both the
product as well as nodal department the solar energy programme has

suffered a setback of perhaps a decade which an energy deficient country
like ours can ill afford.
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5. DEMAND PROIJECTIONS FOR SILICON

5.1 At the instancc of the Committee the DOE furnished a copy of
leter No. D.O.S.-45/DNES/84 dated 15 February 1984 from Shri
B. N. Swarup, Secretary, Department of Non-Conventional Energy
Sources (DNES) to Dr. P. P. Gupta Secretary, Department of
Electronics (Appendix V). The Secretary DNES enclosed with the
letter a copy of the note prepared by Shri S. R. Faruqui, Joint Secretary
in that Departmcnt who was incharge of Decentralised Energy Pro-
gramme and also of the Policy Planning and Evaluation Division on
assessment of the solar photovaltaic demand.

5.2 The note pointed out: “photovoltaic market is highly price
sensitive. Although the technology in regard to single crystzl and
polycrystalline silicon is proven, the production price is very high and
efforts arc going on to reduce price drastically during the next few
years.” It also brought out the faci that with the cost of production at
Rs. 960/- per kg. of silicon the setting up of 200 tonnes National Silicon
Facility and postulation that 150 tonnes of the production would be used
for SPV were not realisticc The average annual requirement of
SPV over the Seventh Plan period assessed in this paper was 1 MW
against the 2.2 MW estimated by DOE. Thus it was emphatically made
clear that assessment made by DOE was on a very high side.

5.3 Asked to statc whether the assessment of demand of 200 tonnes
of silicon was not based on DNES’s requirement of 10 MW solar photovol-
taic generation capacity, the Secretary, Department of Non-Conventional
Energy Sources (DNES) stated in evidence :—

“That is truc. However the 10 MW per yeur figure was only given
as a possibility in case module prices dropped from the then existing
price. Further, our view had been that 10 MW of photovoltaic
demand does not necessarily mean 200 tonnes of polysilicon
because by the time 10 MW of solar photovoltaics demand 1is
reached it could be supplied from ditferent type of silicon and the
demand for this type of silicon may not be quite that large. So, we
had strong reservations about putting the demand as 200 tonnes of
polysilicon straightaway. In any case, we had felt that photovoltaics
would be the largest single consuiner for high purity silicon in  the

near future.”

5.4 Clarifying the position further, the DNES in a note have stated as
under :

“The Department of Non-couventional Encrgy Sources (DNES)
has all along expressed the view that in the Indian context in the
near future, silicon demand for photovoltaic constitutes the largest
part—about 90 per cent of the total demand for all uses of high
purity silicon. DNES has also repeatedly emphasised the dependence
of demand for photovaltaics on its price which might be reduced
through newer developments or improvements in technology and

scale of production.
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When the so called ‘demand’ for silicon was estimated for estab-
lishing the National Silicon Facility proposed by Department
of Electronics, Photovoltaics was still in the technology develop-
ment and demonstration stage and therc was hardly anything
like a firm figure of demand existing ‘or projected—-in the sence of
market demand. The demand figure that surfaced at the time was
more in the nature of a scenario based on certain assumptions
regarding  price of photovoltaics and technological — develop-
ments that were expected to be achieved by 1990. A project pro-
posal prepared in June, 1983 by Central Electronics Ltd., for
the establishment of 5 MW Photovoltaic production had given an
estimatc of Photovoltaics demand reaching 10 MW by 1990
if the price of photovoltaic module drops to Rs. 60/- per watt
peak as against the then prevailing price of Rs. 100/- peak watt.
The then  prevailing  price was  based on silicop pricc at about
Rs. 650/- per kg. Obviously if the price of silicon was to go up
to maore than Rs. 1100/~ per kg, (actual  price  without  special
concessions  was - estimated  at more than Rs. 2000/- per kg.) as
envisaged in the Hemlock Project, the end price of photovoltaic
modules would not come down to Rs. 60/- per watt, and it was
pointed out by DNES that it will not be possible to use 200 tonnes
of siilcon per yews at that price. 1t had further been pointed out
by DNES that even if a level of demand of 10 MW for end
applications  of  photovoltaics  materialised. it was not going
be nceessarily based on a crystalline silicon technology. but  could
involve a mix of tcchnologies including thin film technologies
that do not require poly-siicon. This would further  restrict ihe
demand for polysilicon.

DNES had also pointed out that whatever demand existed was
essentialiy dependent o the price at which  photovoltaic  systems
can be produced as well as being budget-driven; this situation
continues. by and large. even today. Given the outlook on these
matters DNES had  cxpressed  the view that it would be prudent
o build up capacity gradually rather than to commit on o single
large capacity of 200 tonnes based on old technology.

It may be recalled that in the EFC meeting held in the Depart-
ment of Science & Technology on 20-2-84 for consideration of
CEL’s proposal for the 5 MW plant, DNBS had pointed out
that the demand might just grow to about 3 MW by 1990. This
was based on silicon price of about Rs. 650/- per kg. Even at
this level, only about 60—70 tonnes of silicon would have been
required, even if it was assumed that it will be based entirely on
crystalline silicon. It is, therefore, clear that DNES had indeed
expressed doubts about the demand for bulk silicon reaching that
high a level of 200 tonnes by 1990.

When the proposed Hemlock deal was brought to DNES attention
it was pomted out that the price at which silicon would be
produced fro mthe Hemlock project would be so high that the
demand could not build up at all.”

2—200 LSS/89
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5.5 The Committee pointed out that the demand projected by the
DNES earlier was very high. In reply, the Secretary DNES stated in
evidence :— ‘

“Apart from the price, we had also pointed out that there was the
question of how we evolved up to a certain demand. There is
possibility of what we mentioned in our letter aiso of modular
approach to this whole question. The plant which we had
designed at Mettur was one which was of 25 tonncs capacity per
year, and it could be stcpped up even to 200 tonncs per year
if requircd. That was capable of upscaling depending on the
demand. We had also pointed out that the demand would be
a lot budget-driven. Today what is happening is that f{or photo-
voltaic uses the total production figures are budget-driven.
So, our overall Budget that is available for supporting it is able
to sustain the projection of the order of a little over 1 MW per
year. And if that MW is entirely to be supplied from Polysilicon
then it will require something of the order of 20 to 25 tonnes
per year. In fact, we are ourselves going in for a plunt to
producc amorphous silicon based on our technology at our solar
Energy Centre. We arc going to build a pilot  plant. In  many
indian Jaboratories, they have made good progress in amorphous
silicon.  We have now an All India project on development of
amorphous  silicon which is now in existence for the last few
years and it has made a very good progress. Many of our  labo-
ratorics  have done very good work and we are upscaling it to
the scale of pilot plant which should be rcady next ycar.”

5.6 As the major rcquirement of polysilicon in thc country wus for
solar PV needs, the Committee enquired why collaboration with Hemlock
was signed for high grade silicon for clectronic application. The DOE
stated in reply that there were no plants in the world which produced
silicon of photovoltaic grade alonc and hence, the Task Force did not
consider such a possibility and, thercfore, the collaboration agreement was
signed for the manufacture of high grade silicon for eclectronics application
for which also there is requirement in the country. The DOE also stated
that the process and the plant could be operated to producc polysilicon
for SPV needs alone as and when required. The collaborator had indicated
that in such case the throughput from the plant would be higher.

5.7 The present total demand of silicon (cquivalent polysilicon) in the
country is stated to be of the order of 40 MT. The demand for equivalent
polysilicon for eclectronic industry is cstimated to be around 7 MT which
1s met mostly through import in the form of wafers and diffuscd chips.
Since the capacity for conversion of polysilicon to wafers is limited at
about 5 lakh wafers about 8 MT of polysilicon are being consumed to
produce 5 lakh wafers. Rest of the requirement of solar grade silicon wafers,
totally about 15-17 lakh wafers is being met through import.

5.8 The Committee asked if the demand also depends upon the facilities
for conversion of silicon into PV Cells and if so, what are the conversions
facilities and on that basis what is the present demand for silicon. 1In reply
DOE have stated that the present installed capacity for conversion of silicon
into photovoltaic cells is of the order of 2.25 MW which would consume
polysilicon of the order of approximately 50 MT. Taking demand for



11

other applications into account, the total demand for silicon in the country
would work out to approx. 57 MT.

5.9 The present actual demand is however, nowhere near the projections
made earlier by the TF and NC and it is apparcnt that exaggerated demand
projections were madc earlier even though the cost of production and invest-
ment cost per tonne were taken at values which turned out to be much
higher than those actually obtained subsequently. The views of the eminent
national scientists and views of thc members of TF and NC have also been
divergent. In view of this, the Committeec enquired if these bodies were
competent to assess the national demand for silicon. The DOE replicd
that they had technically competent experts from research/industry/users
for silicon in the country and they were technically competent to assess the
national demand for silicon.

5.10 The Negotiating Committee’s assessment of national demand for
silicon was at 230 tonnes per annum in 1990 i.e. much higher than the esti-
mate of 100 tonnes. assessed by the TF only 18 months earlier. Against
these estimates, the actual demand today works out in the region of 57 MT.
Thus the present demand is nowhere near the projections made by the
Task Force and Negotiating Committee. The inflated demand assessment
of NC was based on expanded solar photovoltaic programme, decision to
set up a major production facility of Large Scale Integrated Circuit {1.SI)
Very Large  Scale Integrated Circuit (VLSI) . devices and
also enhanced demand for Small Scale Integrated (SSI)/Medium Scale In.e-
grated (MS)) devices and semiconductor devices for Electronics switching
system. However, the basic fact remains that the demand of 10 MW p.a. was
projected as a possibility in case module prices dropped from the then exis-
ting prices. The Department of Non-Conventional Energy Sources had also
made it clear at that time that 10 MW of puaotovoltaic demand did not
necessarily mean 200 tonnes of polysilicon because by the time this demand
was to be reached, it could be supplied from ditterent types of silicon and
demand for this type of silicon might not be quite that large. It is evident
that the estimate of photovoltaic demand reaching 10 MW by 1990 was
given on the basis of assumption that the price of photovoltaic module
drops to Rs. 60 per peak watt as against the then prevailing price of Rs.
100 per peak watt, The DNES had also pointed out at that time that if
price of silicon was to go up to more than Rs. 100 per kg. then end price
of photovoltaic modules would not come down to Rs. 60 and it would not
be 'possible to usc projected quantity of more than 200 tonnes of silicon
per year at that price. The actual price of output of National Silicon Facility
was however, estimated at more than Rs. 2000/- per kg. without special
concessions as envnsaged in agreement with Hemlock. Thus, the Committee
find that in spite of the strong reservations of the DNES, the DOL concluded
that projected demand would materialise and entered into an agreement with
Hemlock Corporation to put up a project for National Silicon Facility at
the cost of Rs. 88.75 crores. All the objections raised appear to have been
simply overlooked to the detcriment of national interest. Inflated demand
was projected on unrealistic assumptions and that too, in spite of strong
reservations by the department which was expected to be the consumer for
909 of the production and same advice that the capacity be built gradually.
The decision of the DOE to ignore the reservations of the DNES and obtain
Government approval for setting up of the facility on the basis of inflated:
demand projections remains totally unjustified,
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5.11 The Committee find that the DNES had prudently advised the DOE
to build up the National Silicon Facility gradually through modular approach
and cost effective manner as the demand for photovoltaic was budget cons-
trained and price sensitive and efforts were going on to reduce the price
drastically durjng the next few years. Even today, annual budget of DNES
can sustain the demand of about one MW per year and if that is to be sup-
plied entirely from polysilicon, it would require 20 to 25 tonnes per year.
The DNES also disputed the estimated annual requirement of 2.2 MW per
year of SPV assessed by DOE over the Seventh Plan period and emphatically
made clear that it would be one MW per year. The DNES also intended
to partly meet this demand through development of amorphous silicon tech-
nology which was considered to be the most modern, highly efficient and
economical. They also claimed to have perfected this technology in theiv
laboratories successfully. However, the Committee arc distressed to note
that these views were not examined in right perspective and were ignored.
In the circumstances the Committee feel that the Dcpartment tool, the erro-

" neous position that the technology being imported from Hemlock svas largely
in use and that it would take at least five years for new and betier tecchnology
to emerge on commercial scale. Both these points were refuted by the DNES
and some of the eminent scientists have held that Hemlock technology was
getting obsolete and new technology was fast coming up. The Committee
deplore the lacadaisical way in which entire issue was handled after ignoring
valid objections and timely advice of the DNES.

5.12 The |present total demand of polysilicon for PV is 40 MT. Ano-
ther 7 MT of higher grade is required for semiconductor devices etc. hy
electronic industry which is met through imports in the form of wafers and
diftused chips. It is perturbing to note that existing conversion capacity
from polysilicon to wafers is only to the extent of about § MT (5 lakh
wafers). For want of conversion capacity, indigenous manufacturers are not
abie to utilise adequately the available capacity of 25 MT fully. The Com-
mittee expect the DOE to act promptly in the matter and build adequate
wafer production facilities expeditiously enabling indigenous irdustry to
maximise the capacity utilisation for production of polysilicon.

6. EXTENT OF AVAILABILITY OF INDIGENOUS TECHNOLOGY

6.1 The Task Forcec had concluded in August 1982 that
the Silicon Tetrachloride (STC) feedstock was not suitable since the
quality of silicon produced therefrom by Mettur Chemicals and Indus-
trial Corporation Ltd. (METKEM) an indigenous producer was poor
and instcad had rccommended Trichloro Silane (TCS) as feedstock. This
indigenous producer had becen issued a licence in March 1982 for pro-
duction of electronic grade silicon and silicon wafers. The TCS route
was the technology of Hemlock which was recommended for collabora-
tion. The TF had rejected STC feedstock also on the ground that the
samples of Metkem Silicon had not been fully characterised and there-
forc, the product remained to be proved. These conclusions were drawn
on the basis of the samples taken from the pilot plant of Metkem.
Subsequently, Metkem installed the plant for production of silicon having
25 tonnes capacity and just beforc the confirmation of the agreement
with Hemlock in February 1985 an Expert Committcc appointed by
DNES in January 1985 to evaluate indigenous production had concluded
in February 1985 that purity of Metkem Silicon as measured in samples
supplied was good for Photovoltaic (PV) application as well as for many
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electronic uses also, as it had come close to the specifications given by
DOW Corning and SMIEL (two internationally known producers in
USA). The Evaluation Group had also opined that Metkem technology
was likely to make further improvements and was expected to rcach the
highest international standards and the material could be wused for
practically all electronic purposes. All this was conveyed to DOE by
the DNES. Metkem had also sent their silicon for test report to Siltech,
California and thcir report had commended quality of the material as
“equal of any made by the large poly suppliers”. Thus the quality of
silicon produced by indigenous producer had been established before the
agreement with Hemlock was confirmed by Government of India
in Fcbruary, 1985.

6.2 About grading of silicon material Secretary, DNES stated in
evidence that if the material produced is of a good quality, it can be
used for photovoltaic (PV) purposes and can also be used for a
number of clectronic functions. For many of the electrical grade devices,
the purity requircments arc not that high. A large part of the electronic
requircments can also be met.

6.3 Continuing, he further stated :
“It had been our fecling that all this ca be met from indigenous
development and the other timings which could not be met are
in insignificant quantity. These could also be met from our
technology development in a relatively short period. And all
this was madce clear.”

6.4 On the status of indigcnous production at the relevant time,
DNES has clarificd the position as under :—

“DNES ulso felt that indigenous technology had developed and
could produce silicon at a lower price than the Hemlock plant,
even at a lower production capacity of 25 tonnes/yecar. Further
this was modular, and could be built up if demand increased
and in accordance with actual increase. Thus, even if the
demand were to go up to 200 tons/year, DNES had pointed
out that it could be met more economically by our own technology
and our own plant. Thus the demand question was not material
insofar as the Hemlock project was concerned. The initial
investment  proposed for the Hemlock  project appearcd
excessive and the cost of the silicon product would be too high
and we could get stuck with a large capacity plant which may
soon become obsolete. When we had cheaper indigenous techno-
logics, there scemed no need to import technology. All this was
mentioned by DNES.”

6.5 The Secrctary, DNES vide his lctters dated 11 Dec. 1984 and

2 February 1985 (Annexure VI) had brought all these facts to the
noticc of the Secrctary DOE, Cabinet Secretary and also Chairman,
Electronics Commission with the plea that substantial quantities of silicon
could be produced with a total capital investment of Rs. 100 per Kg.
ic. a plant of 200 tonnes capacity would cost only Rs. 20 crores. He
also emphasised the fact that rapid advances were being made in amor-
hous silicon technology and other silicon technologies. The Secretary,

NES, apprehended that a big plant on prevailing technology as the

proposed NSF, would be out of date soon after its commissioning within
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4 years or so. He emphasised that it would be much better not to
persist with the NSF but to have a smaller scale plant which could
go on strcam quickly to meet the immediate requirements and to add
production capacity based on developments of newer technologies therc-

after.

6.6 Since the Government of USA had delayed clearancc of NSI?
proposal and not granted export licence to Hemlock by that time (it
was actually done in January 1985), the Secretary, DNES also suggested
that the DOE could get out of the proposcd dcal at that time.

6.7 In a subscquent note furnished to the Committee the DNES have
stated

“As had been forescen, Amorphous silicon solar cell tcchnology
is emerging as a low cost PV option and this would have an
impact on polysilicon demand for photovoltaics. World-wide
shipment of amorphous silicon modules have increased from a
level of 6.95 MW in 1984. to 13.9 MW in 1988 and presently
constitutes ncarly 409% of the total shipment of PV  modules
including thosc for outdoor applications, as against 28% in 1984.
DNES had also embarked on a major project for the development
and commercialisation of this technology. Under an All-
India project of DNES, rescarch is being carried out at seven
institutions in the country. Specific research tasks have been
assigned and good progress has been made on the technology
front. A pilot plant for making high purity silanc and a pilot
plant for producing amorphous silicon modules (the end product)
arc under construction.”

6.8 Earlier in January 1985 an Expert Committee appointed at the
instance of the Ministry of Science & Technology had commended in
Feb. 1985 the work done by Metkem Silicon in successfully setting up
pilot production. The Committce had anticipated stabilised industrial
production of 25 TPA to take placc by the end of 1986 or carly 1987
which came truc.

6.9 In the 69th meeting of the Electronics Commission held on
23 January 1984 (Appendix VII) the Director-General CSIR had also
stated that CSIR would guarantee the development and commissioning
in four years of a plant up to 200 TPA capacity to makec poly-silicon
both for PV application and other applications. The various points dis-
cussed in the mecting, which indicated that thcre was need for review
of the proposed arrangement for import of technology were also mention-
ed in the minutes of the meeting.

6.10 The Task Force in August 1982 had recommended Henmilock tech-
nology based on Trichloro Silane (TCS) as feedstock as it considered the
quality of silicon produced by Mettur Chemicals and Indusirial Corpora-
tion (MCIC) in their pilot plant based on Silicon Tetrachloride (STC) as
feedstock poor. It also rejected STC feedstock route of silicon on the ground
that samples of Mettur Chemicals Silicon had not been fully characterised
and therefore, the product remained to be proved, Subsequently, when the
MCIC had installed the plant of 25 TPA capacity through 'its subsidiary
Metkem just before the confirmation of the agreement with Hemlock in
February 1985, an Evaluation Groups of the DNES opined in February
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1985 itself, before conclusion of the agreement that purity of Metkem Sili-
con was good for photovoltaic as well as for many electronic uses also as
it had come close to the specifications given by DOW Corning and SMIEL,
the two internationally known producers of silicon. Tlae Evaluation group
also held that Metkem technology was likely to make further improvements
and expected to reach the hightst international standards and the material
could be used for practically all electronic purposes. Quality of silicon pro-
duced by MCIC’s subsidiary company Metkem was also commended by
M/s. Siltec California as *“‘equal to any made by the large poly suppliers:”
Similar views were expressed by an Expert Committee of thc Ministry of
Science and Technology. The 69th meeting of the Electronic Commission
also, similay views were expressed by some members and the Director-Gene-
ral, CSIR had stated CSIR would guarantee development and commission-
ing in four years of a 200 TPA capacity plant. The arguments put forward
by Negotiating Committee in favour of Hemlock deal were also refuted in
this meeting. The Committee are constrained to observe that all these latest
developments in jmprovement of indigenous technology 30 months thence
were knowingly ignored to the deteriment of national interest, The DOE
preferred to confirm the agreement on the premise of their earlier findings
which in course of time had proved to be wrong. In Committee’s views,

these acts of negligence on the part of the DOE to say the least are inexpli-
cable.

6.11 According to the DNES, the indigenous technology developed at
Mettur Chemical (Metkem) could produce 25 TPA silicon of good quality
and was capable of meeting the national demand at that time qualitywise
also as the material produced could be used alternatively for photovoltaic
(PV) purposes and also for a number of electronic applications. The demand
which could not be met by using Metkem technology was stated to be in-
significant and could be met from imports and it was also claimed that
Metkem technology would be capable of meeting this demand also in a
relatively short period through further technology upgradation. When Hem-
lock deal was brought to the notice of the DNES it had pointed out that
the demand would not grow upto the level assumed in the arrangement for
ccllaboration on the basis of the cost at which silicon would be produced.
It was also brought to the notice of the DOE that indigenous production,
besides being economical was capable of being increased through modular
approach in a comparatively short period. It had also been pointed out that
initial investment in the proposed Hemlock project was excessive; cost of
silicon product would be too high and the country would be stuck with
a large capacity plant which would soon become obsolete. On the other
hand indigenous technology was much cheaper. Some of the eminent scien-
tists of the country on this subject had also opposed this deal. It is surpris-
ing to note how such vital points and valid reasoning against Hemlock deal
were altogether side tracked. Evidently. the DOE was not responsive to
these reasonings at all and was dead set to go ahead with the Hemlock deal.
The Committee are gravely concerned and take a serious note of it.

6.12 All this show inept handling and lack of perception of emerging
sccnario in photovoltaic (PV) cell technology and its economics on the part
of the DOE. The Committee are distressed to note that DOE's transgression
into the domain of another department resulted in sad consequences for the
country., The Committee would like to be apprised of the grounds on which
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valid points raised by the DNES and other eminent scientists/ organisations
working in this sphere were set aside.

6.13 The Committee are happy to note that the DNFS continued its
valiant fight against this deal and brought the relevant facts to the notice
of the Prime Minister and consequently Government decided to give up the
deal. The Committee commend the efforts of the DNES in saving the country
from the loss which would have been suffered by setting up the Rs. 90
crores project which was not required at all and would have because
obsolete soon after commissioning.

7. APPROVAL OF COLLABORATION

7.1 Notwithstanding the opinions expressed by the DNES and CSIR,
Scientists and others, the Secretaries’ Committee which met on 16 February,
1985 held that Hemlock technology could be imported since it was largely
in use and it could take upto 5 years for a new and better technology,
to be established on commercial scale.

7.2 Justifyving the decision for import of technology, the Department
. of Electronic, however, contended that the Committee of Sccretaries, at
- their mecting held in February 1985, considered various alternatives
available to the country. The DOE have further stated that during the
course of the mecting, they were also given a brief summary of the
present status, prospects and a comparative cvaluation of the indigenous
technology including the then capacity/likely capacity to be installed. The
views of the Department of Non-conventional Energy Sources were that
around 90% of the domestic requirement was for photovoltaic silicon
and could be met from domestic technology and for the rest of the
requirement. which would be of high purity for special application, the
same could be met by import. According to the DOE, the various factors
taken into account, inter alia, by the Committee of Secretarics included,
the following :

(a) The time limit for conclusion of the agreement with Hemlock
Corporation had alrcady expired and the President of the
Company had indicated that the cxtension of time could be
granted upto one month failing which the cxperts would be
re-deployed clsewhere and the agrecement would have to be
re-negotiated later.

(b) The current status and prospects of indigenous technology/
capacity.

(c) Alternative technology from GDR.

(d) While the maximum capacity of the indigenous project viz.
Metkem would be 25 TPA, the overall demand in the country
would be of the order of 200 TPA in the very near future.

(e) As the requirement for the electronic industry (though not of
a large order) would be critical depending on high purity
poly-silicon, it would be desirable to have a reliable and readily
available technology for producing these requirements within
the country.

(f) Some difficulties in procuring imported poly-silicon had been
experienced.
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7.3 In the circumstances, the DOE stated that the Committee of
Secretaries came to the conclusion that there was need for a parallel facility
for large scale production using current technology and capable of yielding
high purity silicon and therefore, import of technology was considered
necessary by them.

7.4 The Secretaries’ Committce had held that altcrnative technology,
say Amorphous Silicon, may take five years to strikc commercial routes
whereas Audit have pointed out that this was not correct as the shipment
of Amorphous silicon was on the incrcase. In reply to these Audit
observations, the DOE have stated : ‘“No authentic figures relating to
‘shipment’ i.e. production level of photovoltaic modules based on amorphous
silicon technology arc available. However, there was some increase in
the production in developed countries of photovoltaic modules using
amorphous silicon technology”. These observations are, however, in-
contradiction from the data given by DNES which stated that world-wide
shipment of amorphous silicon stood at 6.95 MW in 1984.

7.5 The Audit, howcver, pointed out to the DOE that its analysis
about indigenous technology was not adequate as borne out by the findings
of Expert Committee, Evaluation Group and from views of eminent scien-
tist. In reply, the DOE have stated that various views/opinions expressed
by different scientists/organisations were taken into account both by
Electronics Commission and the Department of Electronics before coming
to conclusion regarding the need for sctting up the plant. It also stated
that the National Silicon Facility was to be set up as an additional facility
for large scale production of silicon. The DOE have further stated that
financial help was provided to Indian scientists/organisations
to dcvelop indigenous technology and that the level of improve-
ment was still not adequate to mect the country’s requirement of silicon
specially clectronic grade.

7.6 The Committee asked for the minutes of the meeting of the Secre-
taries Committee to form an idea about the points discussed for and
against Hemlock technology collaboration and how the opinion of eminent
scientists against it was over-ruled.  But the same were not made available
te the Committee.

7.7 The Audit had pointed out during vetting of advance information
furnished to the Committee that apart from thc proposals reccived from
National Chemical Laboratory, National Physical Laboratory and Indian
Institute of Science which have been supported by DOE, several cminent
scientists and professors had written to DOE about the nced to abandon
the Hemlock agreement and supported indigenous production and enquired
why this was not heeded. In reply the DOE have stated that apart from
various letters referred to in the minutes of the Electronics Commission
meeting (dated 16-2-1985), the Department have been able to locate only
two letters : one from Indian Institutc of Science, Bangalorc and the
other from Mettur Chemicals. The DOE stated that no specific disposal
of these letters was available on the file, though the following were
identifiable with the DOE :

“(a) Regarding the views of Prof. C. N. R. Rao of Indian Institute
of Science—a letter from Prof. Vasudev Murthy, 11Sc Bangalore
addressed to Dr. P. P. Gupta, Secrctary, DOE was considered
at the meeting of the Electronics Commission held on March
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13, 1984. It may, therefore, be said that thc views of the
Indian Institute of Science, Bangalore were taken into account
by the Electronics Commission whilc coming to a conclusion.

(b) Points raised by Mettur Chemicals appear to have been dis-
cussed in a wider forum on 16/2/85 when experts were
present’.

7.8 Strangely, the Committee of Secretaries also cleared the project
of Hemlock technology in its meeting held on 16 February 1985, notwith-
standing the opinion expressed against it by the DNES, CSIR, renowned
scientists and others. According to the DOE, the Committee considered
various alternatives and were also apprised of the present status, prospects
and evaluation of indigenous technology. The views of the DNES were also
placed before it. The Committee are shocked to note that Secretaries’
Commiittee appears to have been overwhelmed by the fact that time limit for
conclusion of the agreement with Hemlock Corporation had aiready expired
and the President of the Company had indicated that if agreement was not
approved within a month, it would have to be renegotiated later and the
experts would be redeployed elsewhere, It also appeared to have been misled
by the exaggerated demand projected by the DOL and it failed to appreciate
the latest developments in the indigenous technology as well as emerging
amorphous technology.

7.9 The Committee consider it highly unfortunate that no specific dis-
posal of the objections raised by Indian Institute of Science, Bangalore and
Mettar Chemicals and several eminent scientists in their letters addressed
to the DOE have been made. The Committee would like to know the reasons
as to lv;vl‘-y specific notice of these eminent organisations and persons was
not taken.

8. TECHNOLOGY AGREEMENT

8.1 As already stated. the Department of Electronics obtained approval
of the Government in March 1984 for a 200 tonnes plant at a cost of
Rs. 88.75 crores with foreign exchange components of Rs. 23 crores in
technical collaboration with Hemlock Corporation. Thc 200 tonnes plant
was recommended by DOE since the incremental capital cost for higher
capacity plant was marginal and a lerger plant would reap economics of
scale. The Negotiating Committec considered the technology transfer offers
of 3 foreign companies without any global tenders being floated and
rccommended in December 1983 conclusion of technical collaboration
agreement (TCA) with Hemlock Scmi-conductor Corporation (USA) for
setting up a 100 t.p.a. silicon plant with infrastructure facilities for a
200 t.p.a plant. The Committee asked why global tenders were not invited,
the DOE stated that thc Task Force had addressed a communication to
all the known silicon manufacturers in thc world. The DOE added that
since all the manufacturers had been contacted and their proposals/
responses obtained, adequate competition was available and even if global
tenders were floated, the offers would not have been more competitive.

8.2 The Committee enquircd if issue of floating global tenders was
considered at all, the Sccretary, DOE replied “I do not find anything on
record”.
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8.3 The Secretary, DOE subscquently stated in evidence that initial
enquiries were addressed to 46 companies though only 16 companies were
actually manufacturing poly-silicon. Out of these, 14 rcsponded and the
3 furnished full data.

8.4 Out of these 3 shortlisted firms, one had a different process and
the final decision was made out of the two quotations of Hemlock and

Sicmens.

8.5 As per the agreement a lumpsum fec of US $ 6.70 million was
payable for process knowhow, basic engincering documentation ectc.
Production was to commence 42 months after the signing of agreement
in April, 1984. The financial analysis of the 3 shortlisted offers as done

by DOE was as under :
Comparison of Technology Transfer offers made by Potential Collaborators

The offers made by HEMLOCK, SIEMENS and KOMATSU for a
100 TPA plant are given below :

Flements of Payments HEMILOCK SIFMENS KOMATSU
(R: in crmcs)

Procces knowhow, Basic Engincering. Licensor's 95 4-6 124

expert’s services, training of Licencee’s person- (7 -7)* (3-6) 97
nclabroad, and Indian taxes.

Royelty payable to Licensor for § vears after Ac- 1-6 32 52

ceptance of Plant, including Indian taxcs. (1-1) (12-3) 37

FOB cost of proprictory cquipment to be supplicd 33 28 -8 74 -3

by Licensor (3-3) (28 -8) (74 -3)

Total 14-4 366 91 -9

(121 (34-7) (87 -7)

*Flgurcs in bnukuls |nd|c e thg F f componert.

Capital Cost Estimates based on the Offers made by Potential Collaborators

The capital cost estimates based on the offers made by HEMLOCK,
SIEMENS and KOMATSU for a 100 TPA plant located in a green-field
sitc are given below : -

HEMLOCK SIEMENS KOMATSU

Capital Cost (Rs. crores) . . . . 64 73 154
FE Component (Rs. crores) * . . 16 40 101

Cost of Production (Rs./Kg.) un.ludmg Ro)aln 1400 1570 2660

*This includes a few dxrcct 1mport items other than the proprletory
equipment indicated in section 11.1 and the FE expenditure on ocean

freight.
Because the capital cost of HEMLOCK's offer was the lowest and

the technical collaboration offer was the best, detailed financial analysis
were undertaken to work out the capital cost and cost of production of a
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“200/150 plant” and a “200/200 plant” in a ‘green field’ site based on
the HEMLOCK offer. The results are :

“100/190 ©200/150  +200/200

Plant” Plant> Plant”

Capital Cost (Rs. crores) . . . . 64 91 95
FE componcnt (Rs. —crores) . . . 16 21 21
Cost of production (Rs./kg) including royalty . 1400 1290 1140

8.6 It would be scen that in the offers of Hemlock Corporation, Siemens
‘and Komatsu for technology transfer, there were wide variations. The
offers were for Rs. 14.4 crores, Rs. 36.6 crores and Rs. 91.9 crores
respectively. In this context, the Committee enquired if any techno-
ecconomic analysis of the three offers was done, the Secretary DOE stated
in evidence :

“Techno-economic analysis of the type you are asking might not be
there to work out informal rate of return etc., but technical analysis
was done. The relevant comparison and financial analysis was
done”.

8.7 The Committee are surprised to note that no global tenders were
floated for technology transfer although the project was not considered as
urgent at any stage. There is nothing on the records of the DOE to
suggest that issue of global tenders was considered at all. The Task
Force had addressed a communication making preliminary enquiries from
46 companies in the field the worid over though only 16 of them
were manufacturing silicon. Out of them, 14 responded and only three
furnished full data. Out of the three short listed companies one namely
Komatsu of Japan had a different process and the final decision was
made of the two quotations of Hemlock and Siemens. This cannot be
termed as broad-base for award of a contact of Rs. 90 crores. It was
highly improper not to have invited global tenders. A communication
seeking certain information can in no case be equated with the formal
invitation to tender. Since, the global tenders were not floated it is hypo-
critical to assume that even if global tenders had been floated, the
offers would not have been more competitive.

8.8 The Committee find that there were wide variations in the cost
of technology transfer offers made by the three potential collabora-
tors, It varied frogm Rs. 14.4 crores for Hemlock, Rs. 36.6 crores for
Siemens and Rs. 91.9 crores for Komatsu. The capital cost and cost of
production of silicon per kg. also varied widely. Strangely, no efforts were
made to find out the reasons for such wide variations. Nor any effort was
made to work out the rate of return on capital employed. Had it been
done, thke Committee feel, Government would not have perhaps allowed
the DOE to venture in this project. Still, on the basis of analysis done it
was clear that cost per kg. of output was out of proportion and exorbitantly
higher than the prevailing world price. In spite of this, the DOE decided
to set up the project rather than explore the other cheaper alternatives
that were available including indigenous development of technology.
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9. COST OF IMPORTED TECHNOLOGY

9.1 According to the DOE, the cost of production of silicon with
imperted technology in green ficld conditions worked out at approximatcly
Rs. 1,130 per kg. based on the Hemlock offer with a completc plant of
200 tonne capacity wherecas the cost of production with indigenous tech-
nology at METKEM was only Rs. 850 per kg. Audit has pointed out that
the cost of production with imported technology would be more if return
on investment and non-subsidised electricity cost are taken into account
and that even otherwise the cost of production is more than the landed

cost of the material and more than the cost of production with indigenous
technology.

9.2 Though, the Electronics Commission in January, 1984 had aiso
observed that on the basis of commercial norms, the cost of production
of polysilicon at NSF at 75 percent installed capacity would be in the
neighbourhood of.  Rs. 2600 per kg. or more as against it the international
price ranged between Rs. 500-600 per kg, Notwithstanding, the Electronics
Comsission also supported the import of technology.

¢.3 The high price of production with imported technology was also
pointcd out by the Sccretary, DNES in November 1984 itself and subsc-
quently at various points of time. He supported this argument in his
communication dated 2 February, 1985 on the basis of the opinions expressed
by eminent scientists.  The Sccretary, DNES had also pointed out in that
Ietter of 2 February, 1985 that these scientists had given solid reasons why
Government should not proceed to import a 200 tonnes polysilicon plant
at o pay high cost and knowhow from the Hemlock Corporation, USA.

4.4 Shri Virendra Mohan who was chairman of the Task Force and
the Negotiating Committee had himself mentioned that if METKEM could
demenstrate cven a few grams of satisfactory material, he would himself
propose jettisoning the proposed collaboration deal with Hemlock.  In
this connection it may be mentioned that the high quality of material was
amply demonstrated by METKEM subscequently by January 1985 as per
report of Expert Committee of February 1985 and this was testified by
various technical Committees appointed for this purpose.

9.5 The Sccretary, DNES also observed during evidence as under :

“l had written letters at that time and I think one of those letters
which is quoted in the Audit Report is on the file. It has clearly
expressed the view and the reason why we felt that it was too
high. We had got estimates from approved sources, tactical sources
and that is what we had quoted there. We have also got figures
for investment in our own plant at Mettur which we had worked
out on the basis of some reasonable scaling. This seems to match
with the figures which we have got from international data. On
that basis we felt that the prjected cost of the Plant using imported
Hemlock technology was excessively high. This was the word
which I had used at that time in my letter. We had mentioned
that price of the product would therefore, be high and that in
turn will affect the demand because of the price is going to be

Rs. 2000/- odd per kg. then that demand will not be able to
sm”&
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9.6 Apart from DNES, an Evaluation Committee had also commended
in June 1986, Metkem Silicon’s capabilitics in having installed, commis-
sioned and operated a plant for high purity silicon in such a short time
of less than a ycar. The Evaluation Committee had also observed that
for upscaling of the present Metkem technology, to a capacity of 200 TPA
the investment is not likely to exceed to Rs. 20 crores if such a plant is
situnated under similar circumstances prevailing at Metkem.

9.7 The DOE have stated that “It would not be correct to attcmpt a
direct comparison of costs or the time framc for the proposed National
Silicon Facility vis-a-vis Metkem for the following reasons :

(a) Mectkem was an existing project. As such, in their case, it
would be an upscaling of the technology/equipments ctc. In
the case of National Silicon Facility, it would be sctting up a

completely ncw plant etc.

(b) Mectkem draws some of the raw material (crude silicon. tetra-
chloride, hydrogen ctc.) required for the silicon manufacture
from Mecttur Chemical and Industrial Corporation, a sister

concern.

(c) The technologies proposed to be followed by the two plants
and as such the scope of the plant as well as the quality of
products contemplated were different.

(d) The cost of production for the Hemlock process envisaged
by the Negotiating Committce included all relevant clements
of cost. No governmental concessions/subsidies appear to
have been taken into account while arriving at these costs.

9.8 The Committee find that cost of production of silicon with impor-
ted technology from Hemlock was calculated at Rs. 1130 per kg. by the
Negotiating Committee excluding return on investment and subsidies on
power etc. and at full capacity utilisation of plant. The Electronics Com-
mission on the basis of commercial norms and at 75 per cent capacity uti-
lisation observed in January 1984 that the cost would be in the region of
Rs. 2600 per kg. or more. The cost of production with indigenous techno-
logy at ‘Metkem’ was indicated at Rs. 850 per kg. and the international
price ranged between Rs. 500-600 per kg. On account of the high cost of
production with imported technology, it was opposed by the DNES at va-
rious points of time and some eminent scientists working in this field and
all the drawbacks were brought to the notice of the DOE.

9.9 The Evaluation Committee had also observed that for upgrading
the production level to 200 tonnes plant based on Meikem technology addi-
tional investment would not exceed Rs. 20 crores. In spite of these facts. the
DOE have defended Hemlock technology project on ground of lower power
consumption per kg. of polysilicon; wider production range and opposed
Metkem on various irrelevant grounds. The Committee do not consider
these reasons convincing at all. They are of fhe firm opinion that decision
to import technology and set up Rs. 88 crores project was not justified at
all in the context of several objections raised to the proposal. The Committee
not only dcplore the decision which led to avoidable expenditure in terms
of foreign exchange but also the arbitrary and capricious method of taking
the decision in total disregard of all relevant facts, data and other informa-
tion furnished by various bodies and persons having expertise in the field.
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lie Committee desire that suitable methodology should be evolved by the
Government to ensure that relevant and authentic data and information are

not ignored in taking investment decisions particularly those involving
huge sums like the NSF.

10. TERMINATION OF AGREEMENT AND PAYMENTS TO
HEMLOCK

16.1 According to thc Audit paragraph, on the ground that the indi-
genous capacity for producing silicon had, in the mcantime, come of age,
Government ordered its evaluation and directed in October 1986 that future
developments on silicon front should be based on indigenous technology and
that the agreement with Hemlock should be terminated in the best possible
manner. The agrecment was accordingly terminated in June 1987 by which
time Rs. 7.92 crores were paid to Hemlock, including a sum of Rs. 2.15
crores which fell due for paymept in April 1987 under the contract.

10.2 The Committee enquired about the reasons for delay of more than
six months in wermination of the agreement after the decision was taken.
The Secrctary, DOE replied :

“There had to be consultations from legal angle and so on. Tt had
to be done slightly at a higher level.”

10.3 According to Audit. as per agreement maximum payment oi 60
per cent of lumpsum fee for know-how technology was only payable had
the agreement been terminated due to default of  Licensce (DOT).  The
DOE had however paid US $ 8.70.000 (Rs. 1.12 crores) in excess of 60 per
cent lumpsum fee separately paid.

10.4 The Committee enquired if the technology can be put to use. In
reply, the Secretary, DOE stated in evidence:

“We arce exploring the ways to use it.”

10.5 The Committee take a serious note of f.ie fact that the DOE took
unusually long time to terminate the Collaboration agreement with the
Hemlock Corporation. The Government had decided in October 1986 to
give up the agreement but the DOE finally carried out the decision in June
1987 i.e. after a period of 8 months, As a result of this delay a further
instalment of Rs. 2.15 crores became due in April, 1987. The delay has
been ascribed to legal consultations at a higher level. The Committee are
not at all convinced by this excuse. They feel that the DOE failed to ex-
pedite the matter as the delay has cost a sum of Rs. 1.12 crores in excess
of the 607 restriction intended for termination of the contract.

10.6 The Committee fail to find any substance in the claim made by the
DOE that technology received at the cost of Rs. 7.92 crores could be put
into effect with indigenously designed and manufactured equipment and that
the DOE are exploring the ways of using it. As the cost of production with
indigenons technology is much cheaper as compared to the cost of produc-
tion with the imported technology and so far Government have not succed-
ed in putting the know-how received to any use, the Committee are con-
vinced that the expenditure of Rs. 7.92 crores in foreign exchange was.
totally infructuous. The Committee deplore strongly the avoidable expendi-
ture and recommend that action be taken against those responsible.
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11. OTHER ISSUES

11.1 After termination of the collaboration agrecement, a CBI enquiry
was conducted against some officers of the DOE and to establish their culpa-
bility in this deal. The Committec asked about the nature of CBI enquiry,
the officers involved and the extent of their culpability established in the
casc and also the action taken on the CBI report. The DOE in reply stated
that “it would not be in public interest to furnish copies of the Report of
the CBI of the enquiry conducted by them in this casc.” Howcver. it has
been stated : “an enquiry was ordered by Government into the entire
matter. This enquiry included investigation by CBl. Based on the results
of the enquiry, Government camc to the conclusion that certain officials had
failed to adequately assess indipenous technological developments in  the
ficld of polysilicon™. It was further stated that “appropriate action against
the concerned ofiicials has been taken.”

11.2 Besides the CB1 Enquiry Report and minutes of the sitting of the
Committee of Secrctaries as discussed earlier, the Committee also asked for
CCPA papers on the basis of which approval was granted for Hemlock
agreement and subscquent directive for cancellation oi these arrangements.
These were also not made available to the Committee on the ground  of
“public interest™.

11.3 The Commiitee are unable to appreciate denial of copies of CBI
enquiry report, CCPA papers and also minutes of the mecting of
the Secretariat Committec on grounds of “public interest™. As a close scru-
tiny by the Committee of CB! enquiry report would have highlighted the
extent and nature of culpability of erring officials, the Commiittee feel pub-
lic interest would have been served better by furnishing these documents.

11.4 The Committee find that on the basis of CBI enquiry government
have concluded that certain oflicial have failed to adequately assess indi-
genous technological developments in the field of polysilicon and appro-
priate action against them has been taken. However surprisingly, in rep-
lies to Committee’s questions both in writing and in oral evidence the DOL
have taken altogether a different position which is in conflict with the posi-
tion now explained. In view of if, production of these documents to the
Committee and their close scrutiny becomes all the more important and
the refusal to produce the documents called for by the Committee totally
incxplicable. Since the refusal to furnish the documents stated to have been
taken at Ministrial level has been referred by the Committee to the Hon'ble
Speaker and his decision is awaited the Committee is unable to make a final
report and is constrained to make this report an interim report.

New DELHI; AMAL DATTA,
April 27, 1989 , Chairman,

Vaisakha 7, 1911 (Sala ) Public Accounts Committee




APPENDIX 1

Paragraph 5 of the Report of the C & AG of India for the Year Ended
31 March, 1987 (No. 7 of 1988), Union Govt. (Secientific Depart-
ments) on National Silicon Facility—Unfruitful Expenditure in
Import of Documents for a Technology not in use relating
to Department of Electronics

5.1 In view of the growing importance of silicon. which i= a crucial
raw matcrial in the electronic  industries. the Department of Elecironics
(DOE) proposcd in October [981 the setting of a National Silicon Faci-
Lty (NSF) to undertake stock-piling, production, rescaich and develop-
mcnt so that the country could become self-sufficient in this critical mate-
riil. Thiv was spproved 'n November 1981 and a Task Foree (T of
spectalists was constituted in January 1982 to configure the NSF for  in-
vestment proposals,

The 1 sabmiteed Part 1 of it report in August | 1982,
prediction process to be adopted ind setting up o Nepoin
(NC 1 10 finalise the collaboratipn pmpmak The TF also asscsscd that
the national demand for silicon would be 100 tonnes per annunm - (TRA)
by 1690, No further part of the report was submitted by the TF.

The NC appointed in January 1982 considered the fcchoelon, ©ensfer
offers of three foreign companics,  without any global tenders being floated
and recommanded iv PDeocember 1983 conclusion of technical collaboration
agrecement with Hemlock Semi-Conductor Corporation (U.S.A.) for setting
up @ 100 tonnes silicon plant with infrastructural facilities for @ 200 tonnes
plant ut a preject cost of Ra. 65.75 ¢rores. According to the NC, the esti-
muted demand for silicon could be 190 tonnes in 1988-89 and 230 TPA
from 1990-91.

After Llectronic Commission (EC) had recommended the NC  pro-
posals in February 1984, the DOE put up a proposal to Government in
March 1984 for a 200 tonnes plant at a cost of Rs. 90.75 crores with for-
cign cxchange component of Rs. 23 crores with  technical collaboration
from Hemiock. The DOE had recommended 200 tonnes plant since  ihe
incremental capital cost for higher capacity plant was marginal and a larger
plant would reap cconomies of scule.  The proposal was approved on 29th
March 1984.

The agreement with Hemlock was siened on 16th April 1984, As per
the agreement, a lumpsum fee of US $§ 6.70 million was payable for pro-
cess know-how, basic cnginecring documentation. cic. and US $§ 7.65
million for proprietory cquipments.  Tn all, US $§ 1435 million (approxi-
matehh Rs, 18 crores) was payable in instalments.

In addition, Rs. 70 crores was to be spent towards indigcnous cquip-
ments, buildings, land, etc. for setting up the NSF. The production was
to commence aficr 42 months.

emlock obtained the necessary export licence from the US Govern-
ment in January 1985 and thereafter the agréeement was confirmed by the
25
3200 LSS/89
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DOE on 18th February 1985. Until June 1987, the first two instalments
of Rs. 2.93 crores had been paid to Hemlock. In addition, Rs. 1.56
Crores were paid as Income Tax on behalf of Hemlock and Rs. 15.84
lakhs were paid to Engineers India Limited as consultancy charges for NSF
configuration.

Since the indigenous capability for producing silicon had, in the mean-
time, come of age, Government ordcred its evaluation and in October
1986, dirccted that future developments on silicon front should be based
only on indigenous technology and the agreement with Hegplock should be
terminated in the best possible manncr- The agreement was accordingly
terminated aftcr further negotiations. 1In all, Rs. 7.92 crores had been
paid and no technology bencfit has accrucd to the country or the industry.
The details are discussed in the following paragraphs.

5.2 Technology Arrangement

The TF had concluded in August 1982 that the Silicon Tetrachloride
(STC) fcedstock was not suitable since the qualtiy of  silicon  produced
therefrom was poor and instead recommended Trichloro Silang (TCS)  as
feedstock. The STC feedstock was the one adopted by M/s Mctkem Sili-
con, an indigenous producer, who had been issued in March 1982, with
the industrial licence for production of electronic grade silicon and silicon
wafers. The TCS route was the technology of Hemlock which was recom-
mended for collaboration ‘import,

The TF had also rejected STC feedstock on the ground that the samples
of Mectkem silicon had not been fully characterised and therefore the pro-
duct remained tc be proved. However, just before the agreement  with
Hemlock was confirmed in February 1985. an Evaluation Group appoint-
ed by the Department of Non-Conventional Energy Sources (DNES) had
concluded that the purity of Metkem silicon as measured in the sample
supplied was good for Photo Voltaic (PV) application and for some clec-
tronic devices as it had come close to the specification given by DOW Corn-
ing and SMIEL (the two internationally known producets). The Evalua-
tion Group had further opined that Metkem technology was likely to make
further improvements and was expected to rcach the highest international
standards.

M/s Metkem Silicon had also earlier sent their silicon for test report
to M s Silitech, California and their report of January 1985 stated that
“we have measured the poly crystalline silicon from India, using the equip-
ment we keep at MIDAC and we were impressed with its purity. The mate-
rial we have seen is fully the equal of any made by the large poly suppliers”.
Thus, the quality of silicon produced by the indigenous producer had been

cstablished before the agreement with Hemlock was confirmed in February
1985.

Earlicr an Experts Committee appointed at the instance of the Ministry
of Science and Technology had commended the work done by M/s Met-
kem Silicon in successfully setting up pilot production. The Committee
anticipated stabilised industrial production of 25 TPA to take place by end
of 1986 or early 1987, which came true. Also in the 69th Meeting of
the  EC held in January 1984, the Director General, CSIR had stated
s¢hat CSIR would guarantee the development and commissioning in four
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years of a plant upto 200 TPA capacity to make poly silicon both for PV
application and other applications.

Yet, the Secretaries Committee which met on 16th February 1985
held that Hemlock techmology could be imported since it was largely in
usc and it could take upto S years for a new and better technology to be
established on commercial scale. The Government of India confirmed the
agreement with Hemlock on 18th February 198S.

5.3 Over estimation of demand

Another reason that weighed with the Secretaries Committec to clear
the NSF project was the limited capacity available (25 TPA) with the
indigenous producer when the country’s demand was estimated to be 200
TPA. The estimation proved incorrect. But at that point of time de-
mand projection of 200 TPA precluded adoption of indigenous technology
and led to impor: of technology.

However, the Evaluation Committec appointed by the DOL had ob-
scrved (July 1986) that the earlier estimates of demand for silicon needed
downward revision in the light of the developments in the field of thin
film solar cell technology. The Committee had also recommended adop-
tion of indigenous tcchnology since M s Metkem Silicon was able to pro-
duce 25 TPA and the capacity could be easily cxpanded.- Thus. the con-
clusion of the Evaluvation Committec was totally different from that of the
Sccretaries Committee.  Since the Secretaries Committec was aware that
silicon scenaio was fast changing it could have rccommended payment of
US $ 2.00,000 to keep the options open for future decision as was offered
by Hemlock. Instead, the Secrctarics Committee recommended confirma-
tion of the contract and ultimately when the contract was terminated after
negotiations, US $ 2.00.000 was additionally paid to Hemlock. In other
words, the payment was ultimatcly made without the benefit of future
option.

Even with incorrect assessment of demand, it was possible to adopt
indigenous technology because the NE had indicated earlier that the pro-
duction of poly silicon was highly modular and scaling up was dependent
upon addition of new reactors. In February 1985, before the agreement
with Hemlock was confired, the DNES had indicated the possibility of
adopting indigenous technology without difficulty. This was considered
but not accepted and import of technology was resorted to.

5.4 Cost of imported technology

The EC, in January 1984, had observed that on the basis of commer-
cial norms. the cost of production of poly silicon at NSF at 75 per cent
installed capacity would be in the neighbourhood of Rs. 2.600 per kg or
more. As against this, the Metkem cost of production was Rs. 850 per
kg. without the economies of scale, subsidised financing and subsidised clec-
trical power. The international price ranged between Rs. 500 and Rs. 600
per kg. Thus, the EC had noted the high price at which NSF was being
established but supported it.

The high price for the imported technology was also pointed out by the
Secretary, DNES in November 1984 itself. He had indicated that NSF
with 200 TPA capacity could be established within Rs. 21 to 25 crores.
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Yet, establishing NSF with Hemlock technology, at a total cost of Rs.
92 crores was decided upomn, .

The Evaluation Committee also stated (June 1986) that “Metkem Sili-
con had done a very commendable job in having installed commissioned
and operated a plant for high purity silicon in such a short time of less
than a year. They have adequate capabilities in the area of process tech-
nology, cngineering and characterisation. In the context of the proposed
National Silicon Facility, involving a production capacity of 200 TPA,
the Committee observed that for upscaling of the present Metkem techno-
logy, the investment is not likely to exceed Rs. 20 crores if such a plant,
if at all required, is situated under similar circumstances prevailing at
Metkem™.

This was a total reversal of the carlicr assumptions of other Committees
and the DOE. It is also noteworthy that apart from the cost of imported tech-
nology, the indigenous technology had come of age within  onc  year,
whereas Hemlock wanted 4 years to establish the 200 TPA Plant.

5.5 Pavinents 1o Hemlock

In October 198¢, Government ordered that the future development of
production facility in the country for poly silicon should be based on indi-
genous technology and agreement with Hemlock should be given up in the
best possible manner. Till then, the DOE had paid Rs. 2.93  crores
towards two instalments for the know-how and process package.

By April 1987, when the DOE submitted a further note, another instal-
ment of Rs, 2.15 crores for basic'dcsi}:n engineering documentation  had
become due but remained to be paid.

As per Clause 13.2.2 of the agreement. termination of the agrcement
would have meant a minimum payment of 60 per cent of lumpsum fee for
know-how technology if the training of licensec’s personnel had not been
completed by the licensor. According to Clause 10.1.1(a), the lumpsum
fec was US $ 6.70,000 net of Indian taxes. Thus, at the time of terrmi-
nation of the agrcement, 25 per cent had become due since 35 per cent
of the lumpsum fec had already been paid. Instecad of paying the balance
25 per cent amounting to US $ 16.75 lakhs (Rs. 2.15 crores), the depart-
ment negotiated and paid (Junc 1987) Rs. 2.15 crores plus US §
8.70.000 (Rs. 1.12 crores). This latier amount represented the instalment
towards standard operating procedures (US $ 6,70,000) which was sup-
plied after the Government ordered the annulment of thc agrecment and
US $ 2.00,000 for agreeing to terminatc the agreement. This was not within
the confines of the agreement and was. therefor, irregular.

The department stated (October 1987) that the technology agreement
was entered into as an insurance for meeting the demands of strategic sili-
con. This is not tenable since the demand for strategic silicon was mini-
scule whereas the amount paid to Hemlock was for 200 TPA plant which
was essentially to be used for solar cclls application.

Thus, incorrect assessment of demand, partial analysis of potentialities
in PV field, non-cognizance of indigenous capability, exercise of wrong
option etc. 1éd to conclusion and subsequent termination of a contract with
a foreign firm resulting in wunfruitful expenditure of Rs. 7.92 crores.
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Composition of Task Force set up 1o prepare Techno-Economic Feasibility Report
for investment approval by Govermment in National Silicon Facility.

1. Shri Virendra Mohan, Chairman
Chairman & Maunaging Director,
Semiconductor Complex Ltd.

2. Dr. A. P. Kulshreshtha,
Electronics Group.
Indian Satellite Centre.
ISRO.

3. Di. T. K. Bhattacharya User
Project Manuager,
National Solar Photo Voltuic
Dcmonstration Programme,
Central Electronics 1.td.

4. Dr. N. S, K. Prasad. Scientist
Chemical Engineering Division,
BANC.

5. Professor A. R. Vasudevamurthy, Scientist

Department of Chemistry,
Indian Institute of Science.

6. Di. S. Sivaram. User

R & D Centre,

Indian Petrochemicul Complex l.td. T
7. Shri E. S. Ramamurthy. User

Semor Manager.
Bharat Heavy Electricals 1.td.

8. Dr. S. G. Patil, Member-Secretary
Principal Scientific Officer,
IPAG,

Electronics Commission.
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Composition of the Negotiating Committee

. Shri Virendra Mohan,
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Chairman & Managing Director,
Semiconductor Complex Ltd.

. Shri V. K. Beri.
Chairman & Managing Director,
Engineers India Ltd.

. Dr. T. K. Bhattacharya,
Member NSF Task Force &
Project Manager,

NASPED,

Central Electronics Ltd.

. Dr. N. S. K. Prasad.
Member NSF Task Force &

Head, Silicon & Silicon Products Section.
Bhabha Atomic Research Centre.

. Shri S. B. Seth,
Project Manager for NSF.
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APPENDIX IV

Prof. A. R. VASUDEVAMURTHY

No. LPC/105/90-A /NSP/6952 | The 4th November 1982

Dr. Virendra Mohan,

Chairman and Managing Director,
Semi-Computer Complex Ltd.,
Phase-VIII, S.A.S. Nagar-160051,
Punjab.

Dear Dr. Virendra Mohan,

I am in receipt of the Report of the Task Force on National Silicon
Facility, Part I.

I invite your kind attention to some of the points that were raised by
me during the discussion at the meeting on 27-8-1982. You were good
enough to indicate that these points will be incorporated in the Report.
Moreover, | find that those observations are not rcflected in the Report.
It will not be possible for me to agree to the following points.

1. Page 15, Lines 3 and 4. While commenting on the POLYSILICON
by the silicon tetrachloride route, it is mentioned that “The quantity of
their products is reportedly poor™.

This is not true. In fact, the boron content of the polysilicon prepared
by STC route is observed to be less than the TCS route. I give the follow-
ing reference in support of this observation.

TOPSIL/Denmark produces polysilicon from SICI, and is able to
achieve boron levels of 7 to Y10 /cm3. Reduction by a factor of 10
is believed possible through redesign of the reactor. An advantage of
working with SICL, rather than SIHCI; is the greater separation of boiling
temperatures of the boron containing compounds which makes the purifica-
tion process more cfficient”.

This is quoted from “The Preparation and Characterisation of silicon
for Infra red Detectors”. Report of the Committee on the preparation of
ultra high purity, low-boron silicon—by National Material Advisory
Board—Commission on Sociotechnical Systems, National Rescarch Council.
Publication NMAB-382, National Academy Press, Washington D.C., 1981,
Page 49.

Similurly, it is known that poly silicon prepared from silicon tetra-
chloride is reported to contain less carbon impurities than the onz produced
from trichlorosilane feed stock as it is difficult to remove traces of carbon
analogues which are likely to be associated with it.

1I. Page 61, “Although industrial infrastructure at Mettur Chemicals
is generally adequate to set up a large scale plant, it is to be noted that
90—95 percent of world production of poly silicon is based oa the "TCS
process as a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>