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PROFESSOR S. CHAKRAVARTI,
Member, Planning Commission and,
Chairman, Fuel Policy Committee.

. | Sl Wy
PLANN]NG COMMISSION,"

NEW DBLHL
. August 22, 1974

II - ~‘. o . “ ‘ '
-Dear Shri. Malaviya, . :

' The Fuel Policy Committee has auuhorxsed me to sumblt to you thIS Report
dealmg with the policy issues in regard to fuels, covering the period upto 1990-
91. You may.recall that Part I of the Report (Fuel Policy for the Seventies),
‘submitted to the, Government on May 16, 1972, dealt with the Fifth Five Year
,Plan period. only, Subsequent to' the submission of Part I of’ the Report, there
have been several changes in, ‘the ecohomic situation within the country and in
the. international situation in. regard to the supply and price of oil. The perspec-
-tive of  growth. of the economy outlmed in the earlier Government documents
bas been changed to some.extent in the Draft Fifth Five Year Plan. The Com-
-mittee had, therefore, to re-examine several of its previous conclusions and revise
‘its - recommendations appropnately‘ The present Report is based on a compre-

ensive re-examination of all' issues and should be taken ay, the final Report ot'
the Committee and not as a sequel fo Part I. _

" 2. In order to properly plan for meeting the" energy demand .it is essential
‘that'we assess and forecast the future demard as accurately as possible. The
fact ‘that sectors producing energy in prihary or secondary forms involve very
long gestatxon periods extending ‘over 5 to '10 years: or even longer makes it
impérative that we project demand over a' 15 to 20 year period  for evolving
:an appropriate ‘energy production plan. In the nature of the case, such a fore-
"cast involves that a number of assumptions be made: about the rate and pattern
.of growth of the economy, the technology of energy production and energy utili-
zation and about possible -directional changes in consumer preferences.. While
in régard to the rate and pattern ‘of economic growth the Committee was guided
by the perspective growth of the economy given in the Draft Fifth Five Year
- 'Plan, in regard to other factors, the Committee had to make its own judgement
‘based on the study ‘of the past trends in our country, information relating to
‘similarly placed countries and from vanous pubhshed matena]s regardmg poss1-
, ble technological shifts:in future. -~ . : TS

3. The Committee has glven several demand forecasts for different forms
of fuels,'which take into account feasible inter-fuel substitution possibilities even
when- the - aggrepate energy - -requirement may . remain’ constant.. The projection
of aggregate energy requirements. as ,well as those ‘pertaining to specific fuel
forms. must be judged as dimensional hypotheses. rather- than as rigid. numbers.
The main thrust of the Report and of the deliberations of the Committee has
been- to evolve an.appropriate pollcy ‘mix_for-the energy -sectors for the period
upto 1990-91. We are of the opinion that our, policy conclusions are likely to
remain invariant with respect to a fairly wide range of alternative growth rates,
even though specific numenca] pro;ecnons may need to be kept under constant
Teview, : i

1

4. Tn forecastmg energy consumption in terms of different fuel forms, it is

. necessary to take into account possible shifts in technology in- different sectors
of ‘the economy as well as in the relative costs of different fuels over time. While
Smelttmg Part T of the Fuel Policy Committee Report in May 1972, we drew
the attention of the Government to the fact that crude oil prices which were once
Fredlcted to come down significantly had in fact hardened a great deal, during
he, early seventies. In view of the desire of the oil exporting countries to make
the’ most out of theit exhausting assets, it was anticipated that the pnces would

(iii)
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r harden ‘unless major new discoveries come up and possibilities of substi-

g oil by other fuels materialise on a substantial scale. We noted that while

" are definite indications in this direction, they were not likely to be decisive

ae seventies. As there were strong reasons to believe that energy would pose

:erious problem from the balance of payments angle if certainhard decisibns

_re not adopted at the right time, we argued that the maximum effective utili-

ation of domestic energy resources should form a basic desideratum in design-

--ing a national fuel policy. On this basis the Committee suggested various means

for substituting coal for oil in areas where on techno-economic grounds substi-
tution- was justifiable. : _ :

5. These recommendations were kept in view in preparing the Draft Fifth
Five Year Plan. The Draft Fifth Five Year Plan indicates a directional change
in the pattern of utilisation of different fuel resources, by economically -accept-
.able curbs on the rate of growth of oil consumption while planning for expand-
ed production of coal and electric power. =~ i e

6. The dramatic increase in the price of oil in Octobér 1973 made it im-
perative that we re-examine our earlier studies. Studies done by the 'Fuel Policy
Committee in the middle of 1973 on the, substitution of coal for ‘6il in different
sectors of the economy were made on the assumption that the price of oil would
be around $ 5 per barrel by the end of the seventies. This was in keeping with
the projections made by noted international authorities with the exception of
Professor Adelman, who went to the extent of predicting a fall in prices. It is
clear from Adelman’s recent study that if the rules of the game'in the world
oil industry conformed to standard economic criteria as discussed in standard
tex books, his conclusions could be defended without violence to data. But it is.
a major act of abstraction and a somewhat .unwarranted one to'assume that
the oil industry could be treated in isolation from a whole set of. socio-political
‘factors. The present energy crisis arises out of a very sudden increase in the
~price of -oil products to levels which were not predicted in any study by.any
‘country. The movement of oil prices in the international market itself is an in-
teresting study. Given the dizzy heights to which oil prices have soared today,
there is a common tendency to lose sight of a certain perspective. Oil represents
; one commodity whose price went down steadily over a period of 15.years. For
example the market price of light Arabian crude was $1.93 per barrel in 1955
and it was $1.30 per barrel in 1970. Even in January 1972, it-was still lower
than the 1955 price. But from then on, it has increased today to over §$11 per
barrel within a period of 24 months. The price upto October 15, 1973, was around.
$ 3 per barrel only. Can this movement in prices be explained by a sudden spurt
of demand or ‘a sudden fall in production? At this stage, it is extremely hazard-
ous to make any guesses in this respect since the problem, as mentioned pre-
viously, possesses important characteristics which are not purely economic in
nature. . . . _ ’

. 7. While the direction of the change in the energy substitution policies sug-
‘gested in Part I of the Report is invariant to the likely changes in the 'price of
‘oil products, the pace of inter-fuel substitution has to be determined with refer-
ence to. the relative price of fuels. At prices of $12 per barrel of oil delivered
at Indian ports we find that all the uses of oil except those in the transport sec-
tor can be substituted for by indigenous fuel, namely, coal or coal-based energy
forms. For example, in the household sector the use of kerosene for lighting
,can be replaced by electricity. The use of kerosene for cooking can be replaced
by coal gas in the case of densely populated urban areas and soft coke in small
towns and some rural areas. In industry for all heating requirements coal be-
.comes the preferred fuel. For. lifting water, electricity becomes more advantageous
_relative to diesel wil. In the case of ‘transport, the movement of bulk commodi-
ties,.over long distances by rail becomes preferable to road movement even if
the expected volume of traffic is low. But it will not be realistic to assume that
.oil prices will continue at the present level upto 1990-91 as possibilities of pro-
ducing oil at a very. low cost ranging from 15 Cents a barrel to.$ 4 a barrel are
available in a large number of countries in the world, given the time to explore
for oil and develop the oil fields. It would, therefore, appear that while direc-
tionally oil will have to be replaced by other fuel forms, which are more abun-
dant in this country, we have to be extremely careful regarding the type and
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extent of substitution that we adopt, especially those involving very major me’
vestment outlays. ., o, .. . 0

~ 8. Given the uncertainty regarding the level of oil prices in the future, the
areas and extent of substitution of oil by coal will have to be limited to those
options whose worthwhileness remains largely unaltered for any probable varia- -
tion in prices. We believe ‘that the recommendations of thé Committee contains
ed in this Report satisfy ‘this criterion. The pace of inter-fuel substitution recom-
mended by the Committee is’ based on our judgement regarding the gestation
periods involved in converting 6il . using -facilities to. those. using alternate fuels
to satisfy the. substitution -requitements and the organisational constraints in
effecting the inter-fuel- shifts. The recommendations ‘made are mostly invariant
to possible changes in the oil:price and are feasible of implementation if they
are implemented as a whole, taking note of their inter dependence. The directions
in which a coherent fuel 'policy should ‘move are clearer now -than: ever before
and it will not be prudent to:delay the implementation of any of these recommen-
dations, if they are:otherwise acceptable, in, the hope of possible changes in
the supply and price of oil. o oty : _

" . 9. Our analysis’ contained in"the Repdit establishes beyond any reasonable
‘do'ubt ‘that coal should be considered the primary source of energy to the coun-
try. The coal resources of India, inspite'of the ‘quality being poor and their un-
‘evenness in geographical ‘dispersal’ represént “the most ‘valuable and ~ reliable
source of energy to the¢ economy. In‘order that this potential advantage is fully
exploited several actions are urgently called ‘for. While ‘the primary knowledge
about our coal resources is‘adequate;’detailed’ information on the nature of the
deposits is inadequate and 'thiis'1s ‘proving“to be a hindrance to expanding coal
production quickly. The' arrangéments ‘for the transportation of coal have proved
to be very much short of our needs and tnléss an integrated plan for production
and its transport are:drawn up'and synchronised’ investments are made in coal
and transport sectors, there is likely to-be ‘severe’strains on the energy sector.
While several suggestions such as pit head generation of power and production
of fertilizer in the midst of coal, fields. have heen made to economize on coal
transport, there will still be large,demand for coal in places away from the centres
of coal production. Transportation: by rail by increasing quantities of coal will
be unavoidable upto the end of the period considered in-the Report. It is, there-
fore, necessary to examine the techniques and  procedures--of coal transport and
devisé ways which will enable the transportation of adequate quantities in the
most economic manner, Coal, mining methods which ,will lead to extraction of
a larger share of coal in the ground,than what is being done now will have to
be devised. The methods of beneficiating coal to improve the quality and. facili-
tate their economic utilization will- have to be devised. In view of the importance
of coal in the energy plans of the country, we, have given very detailed consi-
deration to the issues connected with coal production, transport;and utilisation
and a large number of recommendations have been made in these areas. -

10. Our il resources 'as’ known ‘today’ are very' insufficient to meet our
needs. But there are some -indications that we may find more of oil and natural
‘gas particularly the latter. Every effort should 'be made to step”up such produc-
tion, on shore as well as off shore -and “appropriate ‘surveys in advance using
geophysical and other sensing -devices should ‘be 'undertaken—the policies out-
lined for reducihg the rates of growth' of 'oil consumption in future may not
require any major revisions. Evén countries’ which. are endowed with abundant
oil reserves like Iran are'canvassing the View that oil should be used as raw
material for high valite’ chemicals instéad of 'being burnt as mi¢re fuel. The use
of oil for any purpose in the country ~will have to be decided in future with
reference to the price at which we can get alternative fuels to be used in place
of oil. It is, therefore, important that the policy measures suggested in the Re-
port for reduction of the use of oil in several sectors should be given urgent
attention. The extent jp which the use of oil could be reduced was examined
by the Committee carefully. The ' suggestions made ‘are based on the consensus
regarding’ the extent'to’ which such reductions are feasible. They are based to
'some extent on the subjective’ judgement of the members of the Committee, re-
garding the organisationdl and technological improvements that can be achieved
within the appropriate time span to bring about reduction-in the use of oil in
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sectors which have become accustomed to the use of 'convenient fuel. Tf w are
faced with more severe balance of payments difficulties in future, it may become
_necessary to force the pace of substitution of oil by other fuels to rates higher
than those indicated in this Report. The specific’ estimates given in. the Report
should 'be treated as “normal” estimates based on the assumption that the over-
all rate' of growth in the economy is going to be according to anticipation con-
tained here. In the short-run, special measures may, therefore, need to be, adopt-
ed ‘to tide over exceptionally difficult situations, -

. -11..The Committee has endeavoured to integrate the policies regarding fuel
and supply of feedstock for fertilizers as fertilizer: production .will'Ibe -a wvery
important activity calling for ‘the use of material which could be ‘used as fuel.
.We areconvinced that in -future at the relative price of coal and oil assumed
/in oup studies coal should be the primary feedstock for. fertilizersin'’the coun-
try. Oil refineries- will always have some residual -heavy-end - products ‘which
could be used as a feedstock. It is'also felt that a greater useof :secondary:pro-
cessing to convert the heavy-end fractions in a refinery to higher value light pro-
ducts will be more rational for us. BT I i Tl

' [ : ERPT I

. .. 12. We have erred on the side of caution in .assessing. -electricity «demand
as a shortage of electricity will be difficult to remedy by. any;short term:.zeme-
dial measures. However, 'in translating the power requirements -into.. capacity
for power .generation to be created, the, Committee has tried. to .include in its
“calcylations a factor reflecting increased efficiency.in the  operation, of, power
generation and transmission systems. Electricity is a , highly = capital-intensive
.source of emergy. A country like ours with a serious. shortage iof capital can ill
.afford to neglect the possibilities, of capital saving that may be.available in the
power sector. Taking note of the relative merits of different methods of, genera-
‘tion the Committee has suggested that more attention should:be, paid, to:bydel
power. generation. in the Sixth Five Year Plan and that nuclear power, genera-
tion based on thorium-plutonium cycle should be introduced.at least...in . the
Seventh Five Year Plan. S ' Ce

© 1 13.-The' supply of fuels to the domestic sector in our country‘bi;escnts a
numbet’ of special' problemhs. The percentage” of non-commercial’ fuels ‘used’ in
the domestic' sector though large is slowly getting reduced, (it will ‘be "about
80 per -cent in 1978-79 and 60 per cent in 1990-91). Our calculation show that
‘the ‘quantity of non-commercial fuels -used which has been increasing gradually
lover time; will reach a peak during the early years of the Sixth Five Year Plan
and - will decrease’ slowing from then on. But the magnitude of firewood used
"will continue ‘to-be so large compared to the availability of the resources that
theré is likely to be serious repercussions in regard .to the conservation of forests
and the consequential ecological problems. Informed judgement suggests that the
extraction of about 120 million tonnés of fuels from forests as of today is muich
beyond the:level of fuels that'could be' extracted without serious impairment to
our forest wealth. This fact and the divérgence between social ‘and private costs
of ,using forests fuels underline the need to take-up measures for supply of in-
‘creased quantities of commercial fuels at appropriate, prices to the. poorer. sec-
‘tions of the, rural community and. for increasing the.availability of.firewood.. by
_taking up well-concejved schemes of low cost afforestation. Though. the. benefits
'of using cowdung as a, manure are well-recognised today, increasing quantities
‘of dung are being used as.a domestic. fuel. Gobar Gas Plants provide a; means
~of ‘exploiting the fuel as well. as the plant nutrient potential of dung and, there-
fore, deserve greater attention. Though the total quantitative contribution.of gobar
gas plants to the fuel needs of the domestic sector, even.on very optimistic. ex-.
pectations, ‘is likely to be limited, the contribution of gobar gas plants to. other
- social benefits, like nutrient production,and. pollution .abatement have prompted
the Commitfee to strongly recommend.an intensified campaign to popularise:.the-
“us'::‘o'f.‘gobargas.,lI . . . . VPR S

oo - e A

I [ it ah

. 1 . o . - i . 1 . -"'; ot i
i1 14, The problem of energy supply to rural as well as urban.areas has im-
‘glications for' ecology and environmental -pollution.  Data, relating. to. pollution
-costs and cost of pollution control.are, as yet, meagre in India. The Committee
-tould, therefore, make no specific recommendations in this regard. But. it,is our
hope that as"and.when the problems of pollution become significant in any area or
‘industry, the specific issues will be examined and appropriate measures taken.
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. 15. We have analysed the possibilities of deriving energy from non-conven-
tional sources like geo-thermal energy, tidal power, solar power, etc. It is felt
that the likely contribution of energy from these sources will be insignificant
during the period covered by this Report.

16. It is well known that there is a growing imbalance between the resource
base of our economy and the drift of modern technological developments in the
energy sector as observed so far. The international rescarch and development
efforts until recently were directed towards improving the methods of utilisation -
of fuels and feedstock which were in short supply in the country. Inspite of the
new thrust in research and development towards the use of coal and other fuels
it is necessary that we should ourselves undertake research and development
effort, which would enable a more rational use of our resources. A technology
plan has, therefore, been suggested in this Report. :

17. The Committee has been fully conscious of the fact that energy is one
of the several inputs required to ensure the desired rate of economic growth.
The availability of energy is a necessary but not ‘a sufficient condition to sus-
tained economic growth. Economic growth can be achieved only when the avail-
ability of energy is matched by adequate supply of other inputs. A meaningful
energy plant in the economy should be an intergal part.of the national plan re-
flecting fully its objectives and strategies. The Committee has endeavoured to
draw up the recommendations for a coherent energy policy which it considers
to be in consonance with the objectives and policies of the government. We
have suggested certain organisational arrangements like the setting up of Energy
Board which will ensure the integration of energy plan with the national plan
not only at the stage of drafting these plans but at every stage of their imple-
mentations. . ‘ ‘ : '

18. The Committee is conscious of the fact that our recommendations are
fairly numerous and amongst themselves cover a very wide range of issues. This
is of course only natural since the problems pertaining to energy sector are in-
evitably complex and are ofien interdependent. We would, therefore, request
that our recommendations should be viewed in a coordinated manner. If they
are found acceptable, we hope that necessary actions in these areas will be ini-
tiated and ‘pursued with utmost expedition.

19. I would like to take this opportunity of expressing my gratitude to
members of the Committee who not merely tendered very' valuable suggestions
in their own areas of specialization but throughout the deliberations kept in view
the overall implications of formulating an appropriate energy policy om conso-
nance with our fundamental objectives and constraints. The Committee through-
out received very valuable assistance from the Secretariat. I would, however,
like to place on record my decp appreciation of the work done by Shri T. L
Sankar, Secretary of the Committee, who brought to bear on the problems his
comprehensive grasp of the empirical and analytical aspects of the issues dealt
with in the Report and thus contributed in a very substantial measure to the
formulation and completion of this Report.

With kind regards.

Yours sincerely

(S. CHAKRAVARTY)

Shri K. D. Malaviya,
Minister of Steel & Mines,
New DELHL
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- CHAPTER I
INTRODUCTION

The Fuel Policy Committee was appointed by
the Government of India in the Resolution No.
CI-13(11)/70 dated the 12th October, 1970, of
the Ministry of Petroleum and Chemicals and
Mines and Metals (Department of Mines and
Metals) with terms of reference as follows:—

(a) Undertake a survey of fuel resources
¥ and the regional pattern of their
distribution;

(b) Study the present trends in exploitation
and use of fuels;

(c) Estimate perspective of demand by sec-
tors (in particular the transport, in-
dustry, power generation industry and
domestic fuel) and by regions;

(d) Study the efficiency in the use of fuel
and recommend :—

(i) the outline of a national fuel policy
for the next fifteen years:

(ii) a pattern of consumption and
measures, fiscal and otherwise, which
would help the best use of available
resources; and

(iiiy the measures and agencies, to pro-
mote the optimum efficiency in wuse
of fuel :

1.2. The following were appointed to be
members of the Committee :—

1. Shri R. Venkataraman, Member (In-

dustry), Planning Commission—Chair-
man.

2. Shri M. Dutta Chaudhury, Professor
of Transport Pconomics, Delhi School
of Economics, Delhi—Member.

3. Vice-Chairman, Central Water &
Power Commission, New Delhi—
Member.

4. Dr. M. G. Krishna, Director, Indian
Institute of Petroleum, Dehradun—
Member.

5. Dr- A. Lahiri, Director. Central Fuel

Research Institute, Dhanbad—Member.
6. Shri R. Lall, Managing Director, Ben-

gal Coal Company Limited, Calcutta— -

Member.

7. Shri B. S. Negi, Member (Exploration),
Oil and Natural Gas Commission,
Dehradun—Member.
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. 8. Dr. Kirit Parikh, Director, Programme
Analysis Group Atomic Energy Com-
mission, Bombay—Member.

9. Dr. B. Ramamurti (Statistician), for-
merly of ECAFE—Member.

10. Shri K. Vaidyanath, Additional Mem-

ber (TechnicaD, Railway Board, New
Delhi—Member.

11. Shri Rasiklal Worah, President, Indian
Colliery Owners’ Association, Dhan-
bad—Member.

Shri T. L. Sankar was appointed as the
Secretary of the Committee. All the Members
of the Committee were part-time and not paid
any remuneration for the Committee’s work.

Shri R. Venkataraman resigped the Chairman-
ship of the Committee and in his place Prof. S.

_Chakravarty, Member, Planning Commission,

was appointed as the Chairman (vide Resolu-
tion No. CI-13(11)/70 dated 27-7-1971).

Dr B. Ramamurti resigned on grounds of ill-
health.

Dr Kirit Parikh left the Atomic Energy Com-
mission and rejoined the Indian Statistical Imsti-
tute. He, however, continued to be a Member
of the Committee. Shri V. N. Meckoni was’
appointed as Member of the Committee to
represent the Department of Atomic Energy.
As Shri Vaidyanath, Additional Member
(Mechanical), Railway Board, was transferred
from Delhi, Shri H. M. Chatterjce, Member
(Mech. Engg), Railway Board, was nominated
in his place. After Shri H. M. Chatterjee retired,
Shri N. N. Tandon, Member (Mech. Engg.),
Railway Board, took his place. After the
nationalisation of coal mines in May 1973, Shri
R. G. Mahendru, Managing Director, Central
Division, Coal Mines Authority, was appointed
a Member (vide Resolution No. CI-13(11)./70
dated 31-1-1973). After Shri A K Ghosh retired
from the post of Vice Chairman, Shri N. Tata
Rao, Member (Thermal) Central Water and
Power Commission, was associated with the
Committee. Shri M. Dutta Chaudhary left the
country to take a foreign assignment in May
1973 and did not attend any meeting thereafter.
Dr. A. Lahiri who took active part in all the
meetings of the Committee prior to the last
meeting to consider the final draft of the Report
could not attend this meeting as he went abroad
on an assignment in April, 1974. Shri B. 8. Negi
retired from the ONGC in April 1974.



1.{ At its meeting on 25-11-1970, the Com-
mittes had set up four Working Groups to study
different aspects of the fuel policy such as:—

« (i) Energy consumption in' the past ‘and
estimates of future ‘demands for fuel;

(if) Trends in the relationship between the
level of fuel consumption and the levels
of different economic activities;

(iii) Relative costs of different fuels;

(iv) Factors influencing the selection of
- particular fuels and probable trends in
fuel  consumption taking note of ‘tech-
-nological, shifts industry-wise;’

(v) Designing an Analytical framework.

The different Working Groups were assisted
in their work by the Secretariat of the Fuel
Policy Committee consisting of the Secretary
and Under Secretary (whose services were often
available .only part-time due to their being
drafted for other Government -work), 4 Senior
Research Officers,’ 8 Investigators/Assistants, 3
Clerks and 3 Stenographers. The staff of the
Secretariat was augniented through the part-time
association of the two Consultants for some time.
In -addition, the Committee received help on

specific points from . the different Divisions of

the Planning Commission and from officers .of
the National Committee on Science and Tech-

nology, Department .of ‘Mines and :‘Indian Insti-

tute of Petroleum.

" 1.4, The Committee was orIAginally’ ‘required to

submit its Report within. 12 months but due to.

delays in obtaining staff for the Committee’s
work and in the .appointment of a Chairman
after the resignation of Shri R. Venkatraman,
the Committee could start its work in earnest
only in the latter half of 1971. Since it was felt
that the. Committees studies would take time
and | investment decisions had to ‘be taken
urgently by the Government with regard to the
Fifth Plan programme in the energy sector, a
quick study was made of the “Fuel Policy for
the, Seventies™ and Part I of the Committee’s
Report covering the period upto 1978-79 was
submitted to Government in May 1972, The
studies , made in that Report were based on the

perspective plan. for 1978-79 incorporated. in. the.

Fourth Five Year Plan. Part I of the Committee’s
Report has to be viewed with reference to these
targets of economic and industrial. growth. This
Report was considered by the various Depart-

ments of the Government concerned iri framing

the_Fifth Five. Year Plan proposals. .
1.5. Tt was realised by the middle of 1972.73

that there will be substantial slippages in achieve-

- ment of Fourth Plan targets and that the pers-
pective for the. Fifth Plan envisaged earlier
would have to be revised. The Committee,
therefore, felt that any studies by it in isolation

from the Fifth Plan targets would not be reli-

- able and decided to wait for the Draft Fifth

Plan to be finalised by the Government. The

i - finalisation took place in November, 1973.

In the meantime, in order to effect economy
in expenditure, the Committee’s staff strength
was gradually reduced and by 31-8-1973, the
whole Secretariat staff had been disbanded.
The work was thereafter carried out part time
by some of the officers who were earlier in the
Secretariat of the Committee but were working
full time as officers of the Project - Appraisal
Division of the Planning Commission and the
Department of Mines. The first drafts of the
different chapters and the Committee’s Report
were got ready by the middle of 1973 and were
considered by the Committee at its meeting
held in June, 1973 and July. 1973. Before theso
drafts could be revised in the light of the discus-
sions at the Committee’s meetings there was
significant development in the international oil
situation as a consequence of the Middle East
conflict in October, 1973. Subsequently, in
December, 1973, a further steep increase in oil
prices .took place as a result of which the esti-
mates regarding the demand for oil products

‘and- the policy to be followed with regard to

their use had to be revised. The Final Report
of the Committee has taken note of the deve-
lopments in the oil producing countries and
their impact in so far as the Fuel Policy of
India is concerned and has attempted to suggest
a pattern of fuel consumption for the future.

"1.6. The Fuel Policy Committee held in all
14 meetings including the first meeting at which

- the various tasks before the Committee were

analysed, 4 meetings for finalising Part I of the
Report and 9 meetings for considering the
Final Report.

‘/'f"i: The studies made by the Committee
included inter-alia the following =main topics,
viz.

(a) Trends in the consumption of different

- fuels state-wise, industry-wise, its rela-
tionship with various economic - indi-
cators like national income, industrial
production etc.

(b) The projection of total demand for
energy and for the different fuels both
commercial and -non-commercial till

©1990-91. '

(c) Assessment of the different fuel resources
available in the country including
energy sources which are yet to be
exploited and extent of their avail-
ability. ‘ '

(d) Regional distribution of energy con-

~ sumption.

¢ () Cost of transport of emergy in different
' 'fuel forms and by different modes of
transport,



() Relative cost of railway traction,

(g) Cost of preduction of different fuels.

(h) Relative economics of transporting
coal and transmission of enmergy.

1.8. The optimisation studies made by the
Committee included a model which would enable
consideration of all the factors simultaneously

in working out the levels of supply of different

fuels ‘which would minimise the total economics
of meeting the demand for fuel and fertilizer.

A system study to determine the optimal level -

of nuclear power generation was carried out.
Another specific study made by the Committee
at the request of the Department of Mines was
regarding the economics of expanding the power
station at Neyveli involving the opening of a
second mine cut vis-a-vis transporting of coal
from Singareni to power station near Madras.

1.9. As mentioned earlier the Committee had
a very small Secretariat which functioned effec-
" tively for about two years only. The expenditure
was kept at minimum by taking up most of the
computation work with the help of computer.

The expenditure incurred by the Fuel Policy .

Committee was as follows :—

Rs.
1. Committee’s staff | 2,18,415-00
2. Travelling allowance :
to members 13,253.00
3. Computor hire charges 68,636.00 .
4. Consultancy charges 10,000.00
Total . .. 3,00,304.00
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they were represented effectively by their nomi-
nees. Particular mention may be made of the
contribuiions "'made bBy""'Dt Irderjit* Singh' of
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Department of Mines, S/Shri Pritipal, I. V.
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~x.TRENDS IN ENERGY CONSUMPTION
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Cop@ﬂﬂﬁl and non-commercial ;energy- sources ., The 0il based electricity generation is quantita-
2l T'l}g most irpport'am':l fact about theienergy - (t;iwl/el_sé nl]s:)gmﬁcan.t(.1 (gas derived from coal or
Zﬁg?gt;o Y '%nlndladls_ thaI: hearly’ half of the total'"’ one rlgya SFér ‘;?:;Sl;,s?:; tr?:f: dssei:();?;-g cgoml of

: consumed in' the country ¢omes from- | . o 27 . nsump-
non-commercial sources. The bulk ‘f the non: 3 tion, it is found useful to concentrate on three
:z‘(‘;‘?:rg%‘tl ifl!llzlpl;es is consumed in rural laréas. ;?]ago;letc:élrtii;g&nes A(:)lf af]l;:?;gi{; g?ureccsl ectﬂoocitall’ w'(t)]l:l

aine - i

firewood, and cowﬁ%‘ﬂgV:ffﬁgiewﬁ?jﬁe,hggﬂggftf;, respect’, to. different sources of its producszrtion is
altertative uses from the ‘national ‘point of view. ' ?:lgov hecessary and this has been dealt with in
In ‘addition,” mechanical ‘energy. derived'' from' - apter X.. ' ‘
ﬁgfﬁﬁgwgfofgfmmﬁgpgge? u“szd for! df%Wiﬂg " Common unit of measurement of energy
quantity. No record% of fthg"qéznh::il] s:)gfnj . sct?:l: 2.4, For purposes of aggregating the quantities
utilisation are available. It ‘is, however, doubt- - - ?tf i:?’e;geie;’:’;j;“,‘:fo frzg:ogﬁe;enzo?‘gg ‘:’J‘;E:c;;

less that the share of non-c id in - . . )
the total energy consumpti(?[lxnlllzl:;mgzeflnecigﬁx measurement. *. Different countries and different
ing over, the past two decades. = = . . agencies have been adopting different common
L TR ‘ v s units.. Coal equivalent tonne is the most com-
22. A careful. analysis. of the trends jn @ monly used aggregate measure in various inter-
conspmption .of energy. in"'the last two decades =~ Dational studies. With the emergence of oil as
would. provide .a, good basis for .forecasting’ the . the major source of emergy in developed coun-
energy requirements of the futurd. As the data .  'ries, oil equivalent tonne is being adopted as:
on the consumption of non-commercial energy - 2 common unit in ‘some developed countries. But:
has mot been compiled in- 4° systematic ‘manner  the United Nations is still using coal equivalent:
annually, it has to be computed from . ceftain ~ tonne as the unit of measure in the -statistics:

norms .of. consumption calciilated .for different: compiled for all countries. Coal equivalent tonne:
years.- We, shall -start with a detailéd analysis of ©~ CXpresses the heat content (kilo calories) of each:
the; commercial energy consumption and reserve"' fuel in terms of the heat content of an average:

the analysis of non-commercial energy Gonsump: * tonne of indigenous coal. The calorific value of”
tion to the end. : L it o Indidn coal varies from 6700 kcal/kg in the case:

ﬁf s%:cte% A & B Grade colal t‘% ar(;;md 4003‘

i cal/kg for upgraded coal. e have use

Primary and Secondary forms of Energy throughout the study, 5000 kcal/kg as the aver-
age heat content of Indiap coal. As the thermal
value of oil products is about 10,000 kcal/kg,
one tonne of oil is expressed as 2 coal equivalent

23. Commercial energy can be divided into
two forms, primary and secondary. The primary
forms of energy are those which are used in the . .

- form in which they are available in nature, _tonnes in this measure.
_ while secondary forms of emergy are produced Y 2.5. The Energy Survey Committee* which
by transformation of the primary forms. In / made the first serious attempt to study the trends
India primary  form of energy is provided | in emergy consumption had adopted the coal
principally by coal and petroleum products | replacement tonne as the common measure. The
while electricity generated from coal or oil is justification was that the coal replacement tonne
the principal secondary form of energy. Other  gives the amount of coal that would have been
forms of primary energy like solar energy and needed in the economy if no other source of
geo-thermal energy have no practical significance energy were available. This measure takes note «
at present. A part of electricity is also to be of not only the quantity of heat value available
treated as a primary source in-as-much as its in the different fuels used but also of the vary-
production is based on the wuse of materials ing efficiency in.the appliances employed- In
which are not themselves fuels. Hydro electricity other words. the coal replacement measure indi-
and nuclear electricity could therefore be consi- cates the amount of coal that would be needed
dered as primary enmergy sources. Hydro elec- to substitute the other fuels taking account of
tricity forms an important component of total the efficiencies involved in typical cases of sub-
electric energy consumed in India, while nuclear stitution. For example, while the use of one tonne
electricity is only a small contributory sector of fuel oil for raising heat in industries can be
so far. The secondary form of energy 1s princi- substituted by the use of two tonnes of 5:01-1]. the
pally electricity generated by the use of coal. use of one tonne of high speed diesel oil in the

*The report of the Fnerzy, Survey of India Committes, Government of India, 1965.

%
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Railways for the same haulage would require 9 .
tonnes of coal. One tonne of fuel oil will, there-
fore, be mreasured as two coal replacement
tonnes, while one tonne of HSDO will be measur-
ed as 9 coal replacement fonnes. The other
method used is to express all the heat value  in
different  fuels in kilo-calories. As the efficiency
of the use of coal in different sectors/industries
increases over time, the coal replacement ratios
should be revised from time to time. In the
power sector, for example, the coal replacement
ratio will change rapidly over time as a result
of the increased efficiency of the boilers used in
the modern power plants. But if we change the
replacement ratios over time to allow for the
increased efficiency of use, the figures in different
periods of commercial energy consumption may
not be strictly comparable. Therefore, the coal
replacement term in this Report is used only for
purposes of giving a common measurement for
convenience of aggregation and should not be
taken as indicating the coal required for replacing
a2 unit of any particular fuel at any given point
of time. Such substitution needs in terms of coal
will have to be worked out with reference to the
sector where substitution is to be attempted and
the time at which such substitution will take
place. It should be noted that ®while adopting
other aggregate measures like coal equivalent or
kilo calorie, for measuring the hydel and nuclear
power in terms of the common units of measure-
ment, some consideration of the efficiency of the
use of coal or oil in power stations becomes un-
avoidable. All the available measures for aggrega-
tion of enmergy have this limitation. No one
measurement is inherently superior to any other
and the choice between different measures will
depend on the purposes for which such aggrega-
tion of emergy consumption is made. For inter-’
national comparisons it is essential ~ that the _
measurement should be in coal equivalent terms.’

26. The Committee has, therefore, given the,.
trends of consumption in coal equivalent terms
also. However, as the coal replacement tonne has ,
been used in this country for a number of years”
and as the various agencies and institutions deal-
ing with energy in India are familiar with this
measure, all the discussions in this Report are
based on coal replacement tonne. ‘The coal
replacement measures used for different energy
sources and different products of oil are the same
as used in the Energy Survey Committee Report.
(See Technical Note II(1)). However, as different
products of oil have widely different coal replace-
ment values and as the pattern of use of .oil
produc'ts in the energy sector is changing, the
Committee considered it necessary to use the
conversion factors of the different oil products
separately instead of using the weighted average
factor that was adopted in the Energy Survey
Committee. The rates of conversion of different
measures of energy in their regional units to coal
equivalent and coal replacement terms are set
out in Table 2.1,

T . TaBte 2.1 _
.. Coal Replacement and Equivalents of .

T ‘ "Fugls .
', Onit

.
Different

Coal eq- Coal
uivalent replacement -
inm.  in'm. tonnes
tonnes mter
+ mbee

- LFue]ys

oyt N

o,

r

Ce N T
) ‘

.
Coal (Coaking 6640 keal/
kg: non-coking coal used
in steam generation 5000
keal/kg)
Hard Coke 1mt
- Boft Coke . .. lmt
. Firewood (4750 keal{Kg): 1 mt
, Charcoal (6900 kcal{Kg) 1 mb

Qil Produrts (10,000 keal/Kg.) -
Black products, (i. e. Fuel

Qil, Furnace Qil, Refi- )

nery Fuel, LSHS, HHS) 1 mt
Kerosene & LPG Lo 1mbo
HSDO & LDO .. 1mt
Motor Spirit & Jet Fuel .1mb -,
Natural Gas (9000 =~ . . -

R .. 10%m3

keal/Kg)
Electricity- 10°kWh- .

1mt -

4.
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boawe
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Total commercial energy consumption

27. The consumption of commercial energy
during the period 1953-54 to 1970-71 is' 'shown
fuelwise in original® units and in million tonnes
of codal eqlivalent,and coal replacement units in
Table 2.2.- 1o !

' ' i aeyt 1
.

e
oy T - TaBLE 2.2 N o
onsumption. of- Commercial Energy in ‘India
S Comt il "Blectri-  Tota
“Year, ' (million (million  city (bi- commercial
A tornes) - tonnes)  llion energy
) kWh) .
L. ’ A, Inoriginal units .
. 1953-54 28-7 3:6 76 ' .
1960-61 40-4 8-7 16-9
1965-66 §1-8' 9-9 30-6
1970-71 61-3 15-0 48-7
© " B. In million tontiés of coal equivalent ‘
1953-64 28-7 7.2 7-6 43-6
1960-61 40-4 13-5 16-9 70-8
196566 51-8 19-9 30-6 ' 102-3
1970-71 .51-8 299 48-7 129-9
- C. In million tonnes of coal replacement
1953-54 28-7 23-8 q- I 60-1
1:1960-61 - 40-4 = 43-9 18-9 101-2
1965-66 51-8. . 648 . 30-6 147.0
197671 51.3° 972 48-7 197-2
" Notes :— | . o .
- (3) Details for all the-years are given in Annex. Table
(1) oo

(éi) Figures of consumption of coal do not include coal
used for power generation. .
'(s¢i) Oil comsumption does not include refinery losses
and refinery boiler fuel.: S .
() The figures of consumption of cil do not include
non-energy products such as Lubes and Greases,
' '~ Bitumen, Naphtha, Petroleum Coke ete. The
" loonsumption of euch products was as follows ;
1953.64. Not aveilable i
.1960-81 i 0- 5 million tonne
... 1965-66 . 1-0 million tonne
© 1970-71  2-6 million tonres



The average annual rate of increase in the
consumption of commercial energy over the period
1195354 +to' - 1970-71' ‘was 7.2 - per cent. The
analysis of the growth-in sub-periods shows in-
teresting variations. During the period 1953-54
to ' 1960-61 the ‘average ‘annual rate of growth of

- commercial energy consumption was 7.7 per cent .

between 1960-61 and 1965-66, it was 7.6 per cent;
. but in 1965-66 to 1970-71 it was only 6.1 per
cent. v e

. Fuel-wise consumption '
e.r L §
28, The percentage shares of different fuels
" have changed considerably in ‘the ‘'last two
‘decades. ‘Table 2.3 set§ dut the shaies of different
fuels in the total commercial energy ‘consumption
* in selected years: L

’

TABLE 2.3

Percentage Shire of Different Fuels in Commer-
“ cial Energy Consumption

{

Sector 195354 1060.61  1965.66  1970-71

u?‘.‘i:Q;AInc;ﬁl‘r.eplaceme‘ scoment lerms

Cosl Direct uss) ~ 47-8 399 352 260
Oil (Direck use) ~ 39-6 434 440 493
Electricity .. 126 167 208 247
et \
All faels 100-0 100-0 JE7 100-03 100:0
B. In coal equivalent lerms

Coal (Direct use) 658 67-1  §0-7 395
Oil (Direot use) ~ 16-8  19-0 194  23:0
Electrioity 174, 239 208 315

1000 1000  100-0

All fuels 100-0

'The above table shows that the share of coal
steadily decreased while the shares of electricity
and oil have increased consistently between 1953-
54 and 1970-71. The changes in the relative

ghdres of fuels were more rapid during the second
_half of the Sixties than in the eatlier period.

2.9, An analysis of the trends, fuel-wise, indi-
‘ cates that over the period 1953-54 to 1Q70-71 the
i -average percentage ‘rate of growth of coal con-
- sumption has been the ' lowest at 3.5 per cent

per annum while that of electricity has been the
* highest at 11.5 per cent per annum and' that of
* oil consumption has been at 8.6 per cént per
' annum. The details of the rates of growth during

. the different sub-periods of the three principal
_ sources of energy are'given in Table 2.4. -
‘TABLE 2.4
.Rate of Growth of Commercial Energy
Consumption: 1953-54 to 1970-71 and during
' - Sub-periods R

Average annual rate of growth of
consumption of
- A

- Period — —_
Con Coal 0il Electri- Total
(energy  city - com-
products mercial
only) energy
1953-54 to 1960-61 .. 5-0 9-1 12-1 7-7
i'1960-61 to 1965-66 ., 5-1 8-0 12-6 7-8
- 1965-66 t0°1970-71 * .. (—) 0-2 85 . 9.7 6-1
7 1953-54 t0'1970-71 .. 3-6 8-6 11-6 -2

_Sector-wise conspmption of commercial energy

*+ 2.10. The major sectors .of consumption of
energy may be divided into the following five,
namely; (i) Mining and Manufacturing (ii) Trans-
“port (iii) Domestic {(iv) Agriculture and (v) Gov-
~ernment, Commercial and Others. The consump-
“tion of commercial energy in the different sectors
for selected years from 1953-54 to' 1970-71 is

. ~given in Table 2.5. :

TABLE 2.5

Sector-wise Consumption of Commercial Energy
‘ ‘ (In million tonnes)

« 1953- 1960- 1965- 1970-
, Sector B4 61 66 7
J A, In coal replacement terms '
Mining and Manufacturing 22-4  39-7  60-8 76-3_/
e (37:3) (39-2) (41-4) (38-7)
Transport 21-6 ' 34-2 49.7 64-6
e (35-8) (33-8) (33:8) '(32:7)
Agriculture . 1-8 3-6 6-3 9-1
, ‘ (3-0) (3:5) (4:3) (4-6)
. Domestio 12-7 20:8 26-6° 35-5
e (2:0) (20-6) (18:0) 18-0)
Government Commercial 1-7 29 . 37 11-8
& Others (2:8) (29)  (25) (6-0)
All Sectors .. 60-1 101-2 147-0 197-2
S (100)  (100)  (100)  (100)
B—1In coal equiivalent terms
Minijng and Manufactur-
Y ing e 19°9 347 552 68-8
: (456:7) (49-0) (64-0) (53-0)
Transport 15-4 22-1  28-1 31-9
- . (35-3) (31-2) (27-5) (24-6)
Agriculture .. 0-7 1.7 3-2 59
T (1-6) (249 (3-2) (45}
Domestio 5-9 9-4 12.6 -16-4
. (13-5) (13-3) (12-3) (12-6)
Government Commer-
cial & Others .- 1.7 29 31 6-9
39 1 @30 (53
All Sectors 43-6 70-8 102:2 129-9
(100) (100}  (100) - (100)

Nors: Figures in brackets represont sectoral consumption as a
- peroentage of total commercial energy consumption
Rana s .

during the year.



A 11. in coal replacement terms the biggest
chunk of commercial energy produced goes to
the mining and manufacturing sector. The next
largest share goes to the transport sector which
alongwith the mining and manufacturing sector
accounts for over 70 per cent of the total com-
mercial energy consumption in the country. Over
the period 1953-54 to 1965-66, the mining and
manufacturing sector had been slowly increasing
its share in the total commercial energy consump-
tion with a slight set back thereafter while the
transport share has been slowly decreasing over
time. The share of domestic sector has also been
decreasing while the share of the other two sec-
tors has been increasing gradually.

Rates of growth of commercial energy consump-
tion in different sectors

2.12. The average annual rates of growth of
energy consumption over the period 1953-54 to
1970-71 in the different sectors were examined.
The rate of growth has been 7-5 per cent in the
mining and manufacturing sector while it has been
6.6 per cent in the transport sector, 6.2 per cent
in the domestic sector and 9.9 per cent in the
agriculture sector. However, a sub-period analysis
shows that the trends of growth of commercial
energy consumption in each sector- has been
varying in the different periods. The results of
the analysis are set out in Table 2.6.

. TABLE 2.6

Sector-wise Rate of Growth of Commercial
Energy Consumption during Different Periods*

Average annual rate of growth of
commercial energy (% P.A.) during

1953- 1963- 1960-  1966-

f4to bito 6Blto 66to

1970-  1960- 1965-  1970-
(! 61 66 71

Ssator

Mining & Manufacturing 75 8-5 8:9 4:6

Transport .. . 6-9 6-9 7-8 54
Domestio .. o 6:2 73 4-9 6:0

Agricultare .. . 29 100 12.2 75

Government Commer-
oial & Others 12-1 79 49 26-2

All Beetors .. . 7-2 -7 6 8-1

*Caloulated with reference to Coal replacement terms.

Sector-wise Fuel-wise trends of consumption of
commercial energy

2.13. The percentage share of coal for all the
sectors has declined over the last two decades.
In mining and manufacturing sector, the percent-
age share of electricity has increased at a very
rapid rate; while that of coal and oil declined—
the former at a faster rate. In transport sector,

. Domestic ..

oil took a major share from coal; while he per-
centage. share of electricity did not change
appreciably. In the domestic sector, electricity
has gained at the expense of coal; while the
percentage contribution of oil remained almost
stationary. Table 2.7 sets out the sector-wise
consumption of commercial energy in quantities
and percentages. .

TaABLE 2.7

Sector-wise Consumption of Commercial Energy
(in meter and percentages)

Years
A
Secter and Fuel 1958-54 1970-71
N I'd - [ 4 P Al
o (@% (o (@%
mter) age) . mter) ' age)

Mining and Manvfaciur-

ing . .. 22:45 100-00 76-32 100-00
Coal* . .. 13:8 61-47 31-07 40-71
Oilt . .. 3-65 16-26 10-90 14-28
Electrioity .. . 50 22:27 34:35 46-01
Transport .. .« 21-46 100-00 64-57 100-00
Coal* . .. 12:10 56-38 15-91 24-684
oilf . . 8-76 40-82 4723 78-16
Eleotrioity 0-60 2-80 1-43 2-21

T
]

12-69 100-00 3548 100-00
Coal* .. .. 2.2 1784 407 1147
oilt . .. 979 1116 2188 77-73
Eleotricity ~. +.. 070 581 3-8 10-80

Agriculivre .. .. 1.81 100-00 9-05 100-00
Coal* .. . — — —_ —
olf . .. .. 161 8895 4-51 49-83
Eleotrioity .. .. 020 1105 454 5017

_ Qovernment, Commers

cial and Others .. 170 100-60 11-77 100-00

Coal* e T 0-60 35-20 _ 0-30 265
ol . .. e = — 69 bbu
Eleotricity .. . 110 8491 4.80 3828

*Exoulsive of coal used for power generation.
+0il producta used for energy purposes only.



.. 214 The befcentage rate of growth of différent
fuels used in the different sectors are summarised
in Table 2.8.

TABLB 2.8

Sector-wise Growth of Consumption of Different
Fuels during Different Periods

Average annual rate of growth of
consumption during

Soctor and Fuel

1953- 1053-  1960-  19065-
- b4 - 54 61 86

to to to to

1970- 1980- 1965- 1970-

71 61 66 11
Mining and Manufactu-

ring Seclor

Coal 4-9 81 7-6 0-6
0il . 6-6 10-3 .2-3 6-1°
Electricity .. 12-0  12-8 14-3 8-7
Transport Seclor
Coal . 1-6 . 4-1 16 (—)1-7
0il . 104 103 12-5 8-6
Eleotricity .. - .. 5:2 4-2 77 4-3
Domestic Sector . ,
Coal .. 37 35 79 (=) 0-1
Qil e T e ‘6.-3 7.8 ° 39 6-6
Eleotricity .. . 10-5 11-5‘ .96 102
Agriculture Seclor
Coal e e e .
0il . 6-3 79 10-0 0-4
Eleotricity .. .. 202 219 188 192

Nore : Residual .sector comprising of Government Comm-
ercl-,’ilnl and Others has not been included in the above
table.

Consumption of Non-commercial energy :

.2-15. Besides commercial energy, large quan-
tities of nonm-commercial energy, namely, forest
fuels, cowdung and vegetable waste, are used in
India. A substantial quantity of energy is
also contributed by animate energy by bullocks,
camels etc. for drawing water or for carrying
goods. A certain amount of wind-power is also
used by country boats playing in the inland and
coastal waters. There is no estimate of animate

energy and wind-power consumed in the country.-

‘The nature of their uses made it difficult to
make any reliable computation of their contribu-
tion to the total energy supply. However, some
estimates have been made of the contribution
to energy supply by firewood, cowdung and

vegetable waste. As most of these quantities are
not purchased but gathered free of cost from
forests and grazing grounds, no record of their
usage is kept. Field surveys to assess the extent
of quantities used also proved to be unreliable
as the vast majority of rural population who
use these quantities have no sense of proper
measurement and the subjective assessment of
the quantities used lead the ficld survey to
divergent results. (See Chapter X for a detailed
discussion),

2.16. The estimate of non-commercial energy
in this Chapter is based on, the assumptions
that the per capita comsumption of energy in
the domestic sector is 0.38 coal replacement
tonne per year and 0.40 coal replacement tonne
per year in the urban areas. Based on the esti-
mates of rural and urban population for each
year, the total energy consumed in the domestic
sector is calculated and the commercial energy
consumed in the domestic sector (as given in
Annexure II(1)) is deducted to arrive at the
total non-commercial energy consumed in this
sector. The shares of firewood, vegetable waste
and cowdung, calculated on the basis of a
survey are 65 per cent, 15 per cent and 20 per
cent respectively. We have adopted these for
our purpose. The results are set out in Table 2.9.

_ TABLE 2.9
J Consumption of Non Commercial Energy in the
Sector
Dcmestic {Mter)
Year 1Total Firewood Cowdung Vegetable
non- .waste
ermmercial .
energy
1960-61 147-67 95-99 2216 + 29-53
1961-62 149-64 97-27 22-44 \2‘3 93
1962-63 151-38 98-40 22-70 ©  30°
1963-64 156-22 101-54 23-43 31-25
1964-85 158-12 102-78 23-72 31-62
1965-66 163-43 106-23 24-51° 32-69 .
1966-87 166-92 108-50 25-04 * 33-38
1967-68 170-87 111-07 25-63 34.-17 o
1968-89 173-24 11261 25-99 34-64
1969-70 175-76 114-24 . 26-37 35-15
1970-71 179-41 116-62 35-88

26-91

2.17. The total commeicial energy and nons
commercial energy used in the Indian economy
during the period 1960 to 1970 in terms of the
primary fuels used/coal inclusive of coal for
power generation, oil and electricity produced
from hydel and nuclear sources and non-
commercial energy are summarised in Table 2.10
and 2.11 in original units and in coal replace-
ment measures respectively.



: .‘TABLE Zlb
Consumption of Commercial and Non-Commer-
cial Energy (Original Units) from 1960-61 to
1970-71.

Year Coal Oilin Hydel . Fire- Cow- Vege-
in in and woodin dungin table ]

mt* mt** Nuclear mt mt waste
inb. kWh* in m¢

Y 4

1960-61 47-1 6-76 8-67 101-04 55-38 31-08
1961-62 47-4 T-46 8-23 102-39 56-10 31-61
1962-63 57-1 8-39 9-83 103-58 56-75 31-87
1963-64 58-4 864 11-55 106-88 58-57 32-89%
1964-85 58-7 9-39 12-42 108-19 59-30 33-28
1965-66 64:2 9-94 12-74 111-82 61-28 34-41
1966-67 65-3 10-63 13-86 114-21 62-60 35-14
1967-68 69-2 11-28 15-54 116-92 64-07 356-97
1968.69 68-4 12-66 17-96 118-54 64-98 36-46
1969.70 76-7 13-86 19-41 120-26 65-92 37-00
1970-71 71-1 14-95 22-09 . 122-76 67-28 37-77

*Coal used for power generation.
**Exclusive of oil products used in no-energy sector.

TasrLe 2.11

Consumption of Commercial and Non-commer-
cial Energy from 1960-61 to 1970-71

Economic Factors afecting 'energy"_consumibﬁou

. ool (VI ' DY ot
-.2.18, Since ‘energy is consumed in the. process
of production of goods and services, one would
expect that the consumption of energy in the
past would have a close relationship with: " the’

overall growth of the economy as represented

by the change in national income. As a major
portion of the energy: consumption in India goes
into 'the Mining and Manufacturing - and. Trans-
port sectors (the level of activity of the latter in
turn being greatly dependent on production : in
the mining and manufacturing sector), one would
also expect a fairly close: relationship: between
the "total energy consumption and the- index -of
industrial production or; alternatively, with' the

income derived from the mining and manufacs .
increase in population -

turing sector.. Further,
would lead directly to increase in comsumption
in the domestic sector. The degree of.urbanisa-
tion would also affect the consumption of com-
mercial energy in the domestic sector. The other
factors that affect the levels of .consumption of
energy in different -sectors are the increasing
levels of mechanisation and standards of com+

~

Year Total Firewood Cow- Vege- Total  Total] forls_ on .th,e one han(.l. apd the improving
commer- dung tabls pon-  energy - e[’ﬁcnency_ in’ the fuel . ut{hsat_lon' on the other.

cial waste commer- The shift.-in. consumption " from one''fuel to

energy cial ‘another would be affected by’ the relative prices

energy and relative availability of the. fuels. .With our

196061  101-16 95-99 22-15 20-53 147-67 248-83 present state of kn°Wl°.dg‘f” 1“.‘ 1s “‘it possible gl’

1961-62.  111-98  97-27 22-44 29-93 149-64 261-62 arrive at  very . meaningiul . conclusions = Wi
1062.63  126-20 98-40 22.7) 30-28 151-38 277-58 respect to the influence exercised in-overall
1963-64  130-02 101-54 23-43 31-25 156-22 28624 energy consumption by the latter set of compli- .
loosos  1io.aT 10278 2372 3162 R S cating factors. To give a rough idea of the: move-
1966-67  154-58 108-50 25-04 33-38 166-92 321-50 ment of different factofs,’ the-indices,of .qatlona[;
1967-68 164-61 I11-07 25-63 34-17 170-87 335-48 income, popu]atlon. growth: and' income . from
iggg—gg i;t;-;i iiigi gggg :;4(:4 173-24  349-97 mining and manufacturing sector are set ont in
- . . -37 35-15 175-76 - 367-50 i -indicess .
197071  197-19 116-62 26-91 35-88 179-41 376-60 Table 2.12 alongW{th the" indices. of consump
. tion of commercial ‘energy over time.
TABLE 2.12

Indices of Energy Consumption and Selected Economic* Indices

1960-61 1961-82  1965-66 1968-.67 1967-68  1968-69  1969-70  1970-71
1. Net National Products ! ' '
(1960-61=100). . . 100-0 103-4 113-5 114-7 125-0 129-2 136-2 - 142-0
2. Industrial Produetion
(1960-61=100) .. .. 101-7 111-2 150-3 152-8  153-6  163:8 175-1 181-F .
3. NDP in mining & mfg. 100-0 109-0 139-0 140-0 ‘1430 149-0 157-0 160-0
4. Population - . C
(1960-61=100) e . 100-0 102-1 111-3 113-8 116-3 1189 121:6 - 124-8
5. Total commerciul energy consump- K
tion (excluding Domestic Sector
consumption) in coal replacement . e
terms. } v ) .
(1960-61=100}, . .. . 100-0 110-8 150-0 157-9 169-3 1811 196-5 201-3
6. Total energy consumption inclu- i : )
ding non-commercial energy in coal
replacement terms. ..
{1860-61=100) 100-0 105-1 124-7 129-2 134-8 140-6 147-7 161-2
Souece » {1} Economic Survey—1973-74, Goverament of India.
(2} Calculated from Monthly Statistios of Industrial Production, CSO.

(3} CSO—Estimates of National Product.

(4) Indieces construcied with reference to p
becn projected by suitable interpolation.

opulation figures in'1961 and 1971, Population in intermediate yeats has



2.19, A study of the movement of the different
indices ‘indicates that the movements of indices
of natiopal income and the indices of total
energy consumption (including .non-commercial
energy).is very closely correlated,. while ~ the
indices of .total commercial energy .consumption
(excluding domestic sectoral consumption) . move
very. closely with .the indices of income . from
mining and manufacturing sector. The - Energy
Survey Committee had concluded on the .basis
of the data.relating to the year 1953-54 to.1961-
62 that there was close. correlation between the
growth "in the indices of national income and
total energy consumption as well as between the
indices' of industrial production’ and total com-
mercial energy comsumption. ‘The observations

telating to. the period :1960-61 to .1970-71 reveal

that such correlation still continues; the move-
ment of indices of industrial production is not
closely correlated to the movement of total
commercial energy consumption; but the index
of income derived from mining and .manufac-
turing sector is more closely correlated to com-
mercial .energy consumption. The rate of growth
in ‘consumption of total. ériergy as well as com-
mercial energy was lower during the second half
of the Sixties on account of the significantly
lower rate of growth of industrial production
during the period. Industrial production increased
at .the rate of 8.1 per cent during the.first half
of the Sixties but decreased to 3.9 per cent in
the second half. The indices of industrial pro-
duction .include mining and major part of the
manufacturing' sector covered by the Factories
Act, 1948; but excludes from its purview pro-
duction from - establishments below the factory
level. Besides the usual limitations attaching to
the indices of industrial production, the index

10

that is currently used (namely, 1960=100) does
not seem to adequately reflect the pattern and

- growth of the sector during the latter years of

the decade of the Sixties due to structural shifts
within the sector. Normally, the estimate of in-
come from the mining and manufacturing sector-
i1s not considered a very safe explanatory vari-
able as it includes income from small-scale
establishments which are computed from scanty
data. However, for the purposes of explaining
energy consumption, the index of income from
mining and manufacturing sector appears to be
a more appropriate one.

Regression analysis

2.20. The statistical regression of energy con-
sumption - (global as well as sectoral) on the
activity levels of the economy as a whole and
on the sectoral - level was attempted. It was
found that there was significant correlation bet-
ween total commercial energy and national in-
come as well as total commercial energy and
income from mining and manufacturing sectors
and index of industrial production. The regres-
sion models are set out in Technical Note II(2)
appended. Regression of total commercial energy
on national income gives an 1* of 0.975 indica-
ting that @ high proportion of the total variation
in emergy consumption is explained by national
income. The index of industrial production
seems to be the best explanatory variable since
r* is the highest and the standard error is the
lowest, but there seems to be auto-correlation. -
As national income as an explanatory variable
avoids the need to make assumptions regarding
sectoral growth rates, it has been used for pro- .
jecting the future demand for commercial energy.



CHAPTER 1if
FORECAST OF ENERGY DEMAND

3.1. The level of demand for energy in future
would be determined mainly by the pacﬁeﬂg_f_
economic_growth. Faclors like changes in inter-
séctoral growth rates, efficiencies in the use of
energy in different sectors and the shifts in
usage due to improvements in technology or due
to new technologies within various sectors of
the economy would also affect the level of
energy demand to some extent. The inherent
unpredictability in the latter factors makes the
task of forecasting energy demand a hazardous
one. While this is so, the long gestation*.involved
in the energy industries makes it imperative
that reasonably reliable predictions of long-
term energy demand have to be attempted, if
adequate arrangements are to be made to ensure
that the required quantity of energy is available.
This explains the enormous efforts made in
almost all developed countries to periodically
forecast long run energy demand.

3.2. Energy demand can be forecast either by
an extra-polation _of the past trend§ in energy
consumption, or by using regression__models
which ‘correlate the past levels of energy consum-
tion with the past levels of economic activity
.or by adopting an “end-use” ‘approach where
the energy consumption norms for various cate-
gories of consumption are determined and the
likely demand for each consumer category  in
future is computed with reference to the level
of activity in each consuming sector consistent
with the assumlplion regarding the overall rate
of growth. All the three methods have been
used by the Fuel Policy Committee in arriving
at a reasonable forecast of energy demand for
the period upto 1990-91.

Trend method

3.3. The trend method provides a reliable
means of forecasting energy demand only in the
case of developed market economies which are
in the stage of stable growth. In developing
economies where the rates of growth are deter-
mined by planning apparatus with a view to
bringing about structural changes in the eco-
_nomy, the past ‘levels of energy consumption
Cannot provide a basis for determining the future
levels of demand foy energy. In India, at certain
times in the past, the rates of growth of con-
sumption of different fuels were constrained by
transport availability or the availability of fuels.
This implies yet another limitation on the use

of the trend method # i
o e ; for forecasting energy

—_—

3.4. As indicated in Chapter II, the rate of
_ consumption of total commercial . energy in
India ' increased by 7.8 per cent per annum

" during 1960-61 to 1965-66 whereas it declined

to 6.1 per cent per annum during 1965-66 to
1970-71. During the same sub-periods, electricity
consumption changed from an average growih
"rate of 12.6 per cent per year in the first sub-
period to 9.3 per cent per annum in the second
sub-period; in the case of coal, the rate of
growth of consumption changed from 5 per cent
per annum to (minus) — 0.2 per ceny per annum.
‘The part trends like these cannot provide a
basis for forecasting energy demagd in future
years. -

.

Regression method

3.5. In the Indian context regression method

which ‘makes use of the observed past relation- |

ship between the rate of consumption of energy

and other indices of economic growth appears ;
to be a reliable guide to determined -the future :
paitern of consumption of °

_rates of growth and, paite ,
energy. In Chapter 1I, a2 survey has been made

- of {he regression models which were studied by

';'thc’ Committee. Though some of the more elabo-
tate multiple regression models are marginally
superior in explaining the past data of consump-

tion, these have béen discarded for purposes of .

forecasting as the Committee felt that there are
no reliable ways of accurately . projecting the
various explanatory variables used in these
medols. A simple regression model which ex-
plains the relafionship between energy _consump-
tion and national jncome appears to_be, on the
whole, more useful as a tool for forecasting

..energy demand from this one index alone would
meter about the future level of economic activity
is the desired rate of growth of national income,
Committee felt that an attempt to derive' the

. energy,. demand from this one index alonewould
have greater acceptability.. The Chapter on the
perspective of growth of the Indian ‘economy
given in the Draft Fifth Five Year Plan sets out
the desired rate of growth of national income
for the period beyond the Fifth Plan at 6 per
cent, per annum. The Committee took this as
exogenously ‘stipulated and derived the con-
‘sumption requirements of different fuels and
total commercial energy , from this by using
regression models. ’

3.6. The regression models used for this pur-
pose are indicated in Chapter II.. It may be

© 1ecalled that the regression equations relating to

*Almost all
developmont,

cnergy industries have pestation over 4 years; a coal mine or an oil field takes about 4.6 years for its construction
s the:rmal plant about 4-5 years, nuclear plant 5-7 years and hydel power station 6-10 years.

11

!

'
P



12

consumption of total commercial ehergy to
national income as well as equations which
relate the consumption of coal, oil and electri-
city specifically to pational income were consi-

dered to be valid and statistically significant.”

3.7. The results of these estimates are given in
Table 3.1.

, , - TABLE 3.1
Est:mate of Demand for Fuels and Total Commercial Energy (1978-79, 1983 84 and 1990-91).

, " (Regression Method) Fig in ;netcr
_ N v o "Coal 0il Electficity Total ecommercial energy as
Year C- ) (Exciudmg {Excluding estimated by
: ‘ for power non-energy -
- peneration) uses) Summatation Correclation
. C Cols, 2,3, 4 with N. 1.
1 s N N i e 2 3 4 5
' ¥ . ‘ '
197071 (Actual) .. ee ¢ e 51435 97-19 48-65 197-19 197-20
1978.79 .. . . . 95-75 178-58 97-19 371-52 373-00
1083-84 .. . . 130-68 261-07 145-73 537-48 537-39
199091 0 .. e ee e 200-29 425-45 242-46 868-20 871-90

These estimdtes have been used by the Com-
mittee as a check on the estlmatcs obtamcd by
other methods.

End-use method

3.8. In an economy where the rate of growth
:and the levels of production of different sectors
:are computed by central planning agencies with-
;in an elaborate system of plan calculations it
wwould be more efficient to obtain total energy
rdemand by employing an end-use method based
con information relating: to norms of energy
cconsumption in physical units. This end-use
mmethod sometnmes referred to as the “Method
«of Norms™” has been used in ‘many countries for
fforecasting fuel demands.

3.9, The norms for- energy consumpt:on have
been calculated with reference to past data and
-some adjustments have been made :to allow for
. possible  shifts in technology and higher levels
of efficiency in the use of fuels. .The - end-use
method estimation was done by determining the

»levels of production im as detailed a manner as
possible of the various consumer classes within
each sector of the. economy.. The results are
presented in two steps. The first estifnates were
made in the middle of 1973 based on the follow-
ing. assumptlons —

(a) that the’ factors which determined . the
past trend in the level and pattern of
fuel usage will continue to. operate in
future’ in the same manngr;

that the relative prices . of fuel- will
continue 'to be, the same’ 1111 future as
in the past; . :

{(c) that the technology shifts;. would. follow
" the same trends as in the- past.

' We have now made some modifications in
the norms of usage of different fuels in different
industries on account of the anticipated fuel
efficiency or shifts in the technology. It was
also assumed that the trends in the use of fuel
oil for heat raising in the industrial sector would
be more in line with the trends observed in
periods when there was no severe coal shortage.
- In other words, the Iargc mcreases in the use
‘of fuel oil for heat raising noticed in the early
seventies on account of the severe shortages of
coal were not taken as representing a normal
‘level of usage. The first estimate of fuel demand
using the end-use method was obtained by
takmg into consideration these factors. These
estimates are presented as Case-I estimates of
demand

3.10. In October 1973, there was a  very
sharp increase in the international : price of crude.
In December, there was a further increase which
became effective from 1st Jannary, 1974. (See
-Chapter VIII—Oil Policy, for an analysis of
prlce trends) As a result of these increases,
-the price of crude to be purchased for our needs
from abroad increased to around $ 10 per
‘barrel on the average even from the year 1974-
75; while the previous estimates implied slowly

« rising prices from the levels obtaining in 1972-73
and reaching a level of $ 5 per barrel by 1978-
79. The post-October increase has changed the
price of oil products very drasfically relative to
‘the current prices of other fuels. This is likely
to-evoke one or more of the following responses
from the consuming sectors :.

(@@ In certain sectors, the increase in prices
may have the effect of decreasing con-
sumption of oil products or goods
manufactured from oil products on



account of a significant price -elasticity
of demand.

WY : . -
(ii) There may be an increase in the effi-

ciency of the use of petroleum products™ '

which will lead to the norms of con-
sumption of petrolenm products being
altered.

(iii) In seclors where petroleum products
are substitutable by other fuel forms,
there will be a tendency towards an
increasing use of other fuels in place
of petroleum products.

3.11. The Committee tried to examine these
trends and based on such an examination. has
drawn two other estimates which can be taken

as two alternative levels of fuels demand which .

may be needed to sustain the same rate of
economic growth as in the initial estimate. These
have been described as Case-1I, Case-IIT esti-
mates. Together with the initial estimates referred
to as Case-I, we have three sets of estimates.
The assumptions on which the three alternative
cstimates have been made are as follows :

Case I—assumptions are as set, out in para
39 above. : .

Case I1—is an intermediate level between

Case-I and Case-III.

Case III—represents the level of fuel demands
on the assumption that (i) the level of economic
growlh upto 1990-91 will be the same as in
Case-1: (if) fhe relative prices of oil products
and other fuels will continue to be the same
as in the first quarter of 1974,
measures indicated in this Report for increasing
fuel efficiency and for substituting oil products
by other fuels in areas, which are identified as
viable and desirable on techno-economic consi-
derations, are implemented fully by the Govern-
ment. s

3.12. In the following paragraphs, Case-I
estimates are first presenied in detail with an
indication of the basis of the estimates; Case-II
and Case-1II are stated with details of the fuel
cfficiency increase and inter-fuel substitution
assumed. The combined statements of fuel
demand in Case-I, Case-II and Case-IIT are
presented at the end. }

Coal demand

3.13. In the. end-use method for forecasting
the demand for each_fuel, the sectors which con-
sume significant quantities of the fuel in ques—
tion have been selected. Care has been taken
to evaluate the consumption norms for each
industry with reference to past data and modified
wherever necessary, with reference to possible
future developments. Tn deriving the quantities

and (i) the

of production - anticipated in respect of each
industry in different years in the future, we have
relied on estimates given in the Chapter of the
Draft Fifth Five Year Plan and balances work-
ed out.by the Perspective Planning Division of
the Planning Commission as well as the Reports
of “The Task Forces” which were formed to
study the needs.of the different industries during

~ the Fifth Plan.*,

In the case of coal the following major, user
categories were examined for determining their
specific consumption : '

1. Steel Industry. v

2. Railways.

Electricity (Thermal) sector.
Cement Industry.v”
Fertilizer Industry. v~
Paper and Paper Boards Industry.—
Cotton Textiles Industry. v '
Glass Industry. .-

9. Jute Industry.

10. Refractories Industry. v -

11. Sugar Industry. «

12. Heavy Chemicals Industry.

«13. Brick Burning Industry. .
vH4. Spft-coke Manufacture for domestic, use.

3.14, Of these items, 1 to 5, 13 and 14 are
more important than the rest in terms of quan-
tities consumed. Steel industry, Railways and
power sector between them account for over 60
per cent of .the demand. In the case of steel in-
dustry, the demand for coal was estimated from
the levels of hot metal production required to
achieve the levels of finished steel indicated as
the desired output level in the Draft Fifth Plan
(Vol. I—Chapter I). The estimates also took into
consideration the future improvements in the
technology of the steel industry and the quantity
of coal that would be required and the extent
of coal washing needed. (See Annex Table III(1)
and Chapter VII for a discussion of this). The
Railways will slowly reduce the stock of steam
locomotives and the demand for coal for the
Railways is estimated from the programme of
requirements of steam-locos implied in the Rail-
way plans. These estimates are in agreement
with the judgement of the Railway authorities.
The demand for coal from the power sector de-
pends on the demand for electrical energy and
the likely contribution of electricity from other
sources of power generation like hydel and nuc-
lear.. The estimate was derived from a study of
the power sector as a whole (see Chapter IX).
This estimate also took into account the expect-
ed increase in the efficiency of use coal in the
power sector on account of the large unit size

O N AW

*These estimates give the production levels in different industries upto 1984-85, - ‘For 1990.81, the Committee has made ite

own asecsement of possible production, ', @y -
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and'greater ‘efficiency in generating plants: to be -

constructed - in future ‘and -greater efficiciicy 'in
the “transmission-and - distribution- of power. An

'

4

estimate of the availability of middlings from the -

washing programme required to supply the wash-
ed coal demand from the steel industry.was -also-

made and ‘the full use of the middlings in the :-

power 'sector was assumed to arrive at the net
demand of non-coking coal for power ‘generation.
(See Annex Table III(2)). In other words, there
is a relationship between the steel demand and.
the coal demand for power sector .implied in

these forecasts. If the demand for coal from the

steel sector does not pick up as anticipated, it
would lead to a reduction in the availability of
middlings and consequential-increase-in the de-
mand for coal from the power sector (provided
all other factors remain constant). In estimating
the demand for coal as fertilizer feedstock,- the
likely share 'of nitrogenous fertilizer -production
from coal based fertilizer plants- was -derived
from separate studies. (See Chapter VIII on. Qil
Policy).

_ 3.15 The results of the different studies relat-
'ing to demand for coal in differént-sectors is
set out in Table 3.2.

Tasre3.2 -

First Estimate of Coal Requirements (End-Use
: Method). .- ‘
' ' (Tn million tonnes) - - -
Consuming Sector Expected requirements -in-
: 1978-79° '1988-84. -1800-9k: .+
Energy-use s -

1.-Stes] plants and Coks "'~

Ovens (a) -.. .o 32 B3 i1 90 -~
2. Thermal power genera- ' i g

tion (¢). .. . 45 ' 64 4. 18
3. Transport'(Railways) - EERERE § § 10 -~
4. Industries /.. . 20 - 271 50
8. Brick burning - w8 1 20
6. Domestic  Soft Coke -

@ -~ . 9 « 2l 30
7. Export - .. ) B 2 s
8, Collieries’ ‘own con- :

samption’i*v. .. 4 v 6 9 -
L. Total (for energy-use) -~ 132 7 195 v 330
Non-Energy tise-- o
9. Fertilizer .. feedstock -+

@ . e 38 o
10. Total coal (I+41II) 13 201 - 339
Norss tre -

- (@) In terms of taw voal. ‘
() Excluding middlings (5 mt. in 1978.79, 12 mt in

1983-84 and 2Ilmt. in 1990.981) which arp ifcluded =

ynder the demand of steel plant,

3.16. These -estimates of -demand . indicate that
of Steel, Power and Railways, the Railways sec-
tor will account for 60 per cent of the demand
for coal in future. The demand for-brick burning
and for soft coke is about 12 to 15 per cent of
the total demand for coal, but this is ‘2 modest
estimate and the level of use of coal in these

. sectors can be higher if there is more production

of coal and coal transport capacity is available
to move the coal to centres of demand. If the
power plant construction and the steel production
plans are achieved as per the programme now
drawn up and if the rail transport capability is
mcreased adequately, it is reasonable to antici-
pate that- the demands -as projected in this Re-
port for coal will materialise.

Oil:demand . .

3.17: In respect ‘of oil, the demand estimate
was .drawn for each oil-product separately. For
¢ach .of the oil products a detailed exercise was
done to estimate the possible rate of growth
either by regression analysis or by end-use
methods, depending .on the major industry or
sector which consumes the speGific oil product.
The statement below gives the oil products and
the major consuming categories:

0il Product Consuming indun&y[oahegory

1. Motor Gas ..
2. Aviation Turbine Fuel
(ATF)

Motor Qas - (Pétro) wuding 4
wheelers, 3 wheelers and 2 whee
- ler transport vehicles.

Jet Engines.. (Aviation), .

3. Keroseno Domestic Sector

4. High Speed Diesel  Oil

(H8DO) - - .. .. Transport Sector/Vehicles using
diesel as fuel, irrigation pumpa

3 using HSDO .
5. Light Diesel Oil (LDO) - Irrigation pumps and stationary
generators,  power - stations,

. fishing orafts - -
6. Fuel Oil Thermal Power Stations, Fur-

nsaces and boilers in industriea.

N

3.18 In the case of HSDO, the demand was

- estimated- by regression models relating the con-

sumption of HSDO to income from mining and -
manufacturing sector. Later these estimates were
harmonized with the estimates obtained by end-
use method. The total demand for the transport
services based on the anticipated level of econo-
mic growth were projected and the relative shares
of rail and .road transport were determined by
extrapolating trends observed in the last {10 years.
From this,. the demand for HSDO was determin-
ed. For kerosene, as indicated in Chapter X, .
the demand was derived on the basis of certain
normative assumptions regarding the number of
households which would use kerosene for light-
ing in. the rural areas and. for cooking in the

.urban and rural areas. The [(P® demand was

determined. with reference to the past trends and
checker for (_:Qngis;ency‘--‘b_y making an estimatg -



of the demand from the agriculture sector for
use in the number of diesel driven pumps to be
set up in the future. Motor-gas demand was pro-
jected from past trends with some correction for
the possible lowering of demand due to increas-
ed price of motor-gas. The use of fuel oil for
use in furnace in the industries sector was assum-
ed to be limited by Government policies to levels
prevailing in periods when there was no coal
shortage. In addition to the estimation of de-
mand for oil products in the energy sector, the
demand in other sectors was also studied. The

likely extent of use of different oil products, -

viz. paphtha and fuel oil as fertilizer feedstock
were estimated by. separate Studies using optimi-
sation models, .

3.19. The résult of the studies are summaris-.

ed in Table 3.3.
‘ TABLE 3.3
First Estimate of Demand for Qil Products (End-

Use Method) (1978-79, 1983-84 and 1990-91)

(in million tonnes)

Name of product 1978-79 1983-84 1990-91
~
I. Energy . Bector
LLPG .. . - 0730 1-200 1-980
2, Motor Gas 2-100 2-580 3-360
3. Kerosens .. 3-400 4-400 6.090
4. ATF. 1-500 2650 8-120.
5. HSDO 10-700 15-200 27910
6. LDO 2050 2600 3-700
7. Furnace Oil
a. Used for power gon-
" eration 1:1)1(1 indu- ¥*
stries .. e 5-500 7-200 10-150
b. coastal bunkers 0-230 0-400 0-600
¢, International bunkers - 0-176 0-350 0-400
8. Others . .. ¥0-330 0-460 0-700
8. Total (I) .. 26-715 37-000 61-010
) TI. Other than Energy Sector
10. Naphtha 8-470 4-270 5-500
11. MTO ) 0-120 0-200 0-300
12. JBO .. .. 0-090° 0-100 0120
13. Fuel oil for feedstock
for fertilizer .. - 1-250 2. 000 3:000
14, Imbes . .. 0-790 1-000 1-300
15. Bitumen .. . 1-580 2560 5-000
16. Petzoleum coke 0-312 ° 0-500 1:000
17. Wax . 0-078 0-180 . 0250
18. Total (I0) .. 7-690 10-750 16-470
9. Grand Total (94-18) 34-406 47760 77-480

3.20. In the case of electricity, the future de-
mand was estimated for each consuming class
separately. The consuming categories were divid-
ed as follows:— : :

1. Major industries (47 industries which
consume 70 per cent of electricity used
in industries). '

2. Other industries,

3. Domestic sector.

15

Commercial..and Government sectors.
Public: lighting. /
Traction.

7. Trrigation and dewatering.

N- T

In the case of major industries, 47 major users

“of electricity. in the ifdustrial sector, which nor-

mally consume over 70 per.cent of the electri-
city, were specifically examined and the electri-
city demand estimated from.the expected levels
of production. of .these industries. The demand
for electricity in other industries was estimated
with reference to the demand from imajor indus-~
tries and the trends in increase of *“other indus-
trial consumption”. Consumption in the domes-~
tic sector and irrigation and dewatering: sector
was estimated using certain normative assump-
tion regarding the number of power driven. rural
agricultural pump sets to be set' upin different
plan, periods*. Commercial publig lighting was
estimated on the basis of past trends.- For rail-
ways traction, it .was estimated on the basis :of
the level of: electrification in the Railways and
the stock of electrical locomotives. (This is some-
what larger than the assessment made by the
railways). Domestic. consumption has been esti-
mated on the basis of the total number of house-
holds for- 1983-84 and .1990-91 -and making. the
assumption . that 50 per. cent of the households
in 1983-84 and 75 per.cent of the houscholds in
1990-91 -would.. be :electrified. The average con-
sumption . per. household has been assumed- to
be 200 kWh per year... : :

The results of the estimates are summarised in
Table 3.4.,

TABLE 3.4

Revised Estimates of Demand . for Electricity.

(1978-79, 1983-84 and . 1990-91).
END USE METHOD

" ¢ (billion kWh}
197879 - 1983-84 - 1900-91
1. Major Industrial con- ;
sumption .. ‘e 47-89 802 145-0
2. Other Industrial con- :
sumpton . .. .e 2059 356 - 65-0 -
3. Total Industrial con- -
sumption .. e 6848 115-7 £10.0
4. Domestio consumption 8-68 15-6 25:9 °
5. Commercial consum-: - -
phion : .. 5+58 9-8 218
6. Public lighting . .. . 110 2:0 dd.
7. Traction (Railways)..  8-25. . 5.7 12-6.
88Irrigation and = de- ] _
watering .. .ot 10:00 14-2 40-5 -
8. Total consumption. .. 97:09 -~ 168-0 816-0
10. Losses and .Auxillary.
consumption - 22.77 -  35-8 70 -
11. Tota] generation re-
quired e .. 119:88 108-8 $85-0

- - - . e s : i f pumpsata to
*During the Pifth Plan perlod 2 very major inoreass in energising irrigation pumpsets i expected with a target of p
be energiseéz a8 2 m]illion “ewp pumpsets, Tt is jasaum_ed that the nuymber of sets to he energised in every Plan period theroaftar wonld

pontinue as in the Fifth Plan,



-Adjustments fer increased oil prices

3.21. As already indicated, the more than
-three-fold increase in the international price of
_crude and oil products has changed the relative
price of oil and other fuels. This may lead to
either reduction, in the consumption of certain
oil products due to price elasticity- of demand or
due.to.increased efficiency of use of fuels or sub-

_ stituiton .ef petroleum products by other forms.
But, the switch over to other:fuels in place of
petroleum products: would not geqqrauyrb_e_possi-
ble in all cases and further would be limited by
(a) the :avaMiBility of other fuels; (b) gestation
period involved in increasing production of other
ifuels to meet the increased demand due:to sub-
stitution; (c) by -the- availability of {nvestment
funds required to produce the other fuels in place
©of 10il,;and the investments requiréd for adopting
equipment to use coal and. other fuels in place
of .oil; and (d) relative price-of fuels in future,

13.22¢-Theoretically, it should be possible to cal-
«culate the effect of the price increase for each
«oil. product séparately-—kerosene and motor-gas
:are the principal petroleum products whose price
«elasticity of  demand 'may be significant. There
are, however, no reliable estimates of price elas-
ticity ‘of demand. It might be questionable also
to apply the resvlts’ of any study on ‘price elasti-
city of demand made with reference to marginal
changes in price to the ‘new situation where the
price changes have been' very large. It might also
be questionable to use any such results for pro-
jecting the demand for periods extending over
two'.decades.: It is, ‘thevefore, not feasible to re-
vise demands on the basis of price elasticity
studies. Ce

3.23. On account of the increased- price of oil
products there is a growing awareness among
consumers about the efficiency of use of fuel in
general and petroleim products, in particular.
Several .technical committees have examined the
possibility of improving efficiency of fuel use.
These committees have: held the view that a 10y
per cent savings could be effected in the use of
HSDO in the transport secter by -proper mainte-
nance; of wehicles, by - adopting fuel calibration
systems and by more optimal design of the body
of the vehicles and by following .good driving
practices. We .can, therefore, adopt 10 per cent
reduction in, the total demand -of HSDO' obtain-
e¢d by using the end-use method as ' maximum
possible reduction due to efficiency of investment
in the transport sector.’Tn the. case of' fuel oil
also, 'increased efficiency is possible by setting
simple methods like pre-heating of the furnace
oil and by modifications' of the' burning- equip-
ment. Since the estimates have been based on
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certain measures relating to restricted use of fuel,

oil, no. specific allowance need be made in the
estimates of demand for fuel oil which might
arf'sc- due ‘to‘mc‘){e,eﬁicicn_t’Usc. A

3.24. Tnter-fuel’ substituiton can be predicted
with some degree of reliability only when we

‘the

have relative prices and different technologies
that may be available in future for adoption in
different sectors. In practice, it is found difficult
to forecast any price of oil as the possible long-
term price. The estimates of long-term price of
crude vary from $4-5 per barrel to $11-12
barrel. We have taken for the limited purpose of
assessing the’ possible substitutions that would
take place in the economy, a price of roughly
$ 10 per barrel as the expected long-term price.
Even if the realised price exceeds or falls below
the § 10 per barrel by a certain margin, the sub-

.slitution possibilities’ envisaged here would ‘still

remain favourable for the national economy.
Based om this price, it was found that the most
advantageous substitution is in the .use .of coal
in place of fuel oil in furnaces and boilers in
industries sector where two tonnes of coal can
replace one tonne of oil with minor modifica-
tions of the equipment available. It was found
that ‘substitution of electricity for energising
power sets would be preferable in the use of LDO
or HSDO provided the investments for extend-
ing the power connections are contained at the
present level. The use. of soft coke in place of
kerosene is also a desirable shift. In the trans-
port sector, moving commodities over long
distances by the Railways is. more economical
than -‘movement by road. The use of ceal for
production of fertilizer is more economical
than the use of fuel oil or naphtha. However,
the heavy ends which would be obtained as
joint product in the refineries should then be
subjected to secondary processing to produce
more of light and middle distillates. Even when
this is done, certain quantity of residual fuel
would be left in seccondary processing which
is also fuel oil though of an ‘inferior’ quality.
This inferior oil should be used for fertilizer
production. There will therefore be a certain
amount of fertilizer production based on the
use of fuel oil in each Plan period. (See Chapter
VIII on Qil Policy). -

3.25 Though all these substitutions are desir-
able and could be achieved, the institutional and
resource constraints will limit the pace of sub-.
stitution in the near future. We have used our
judgemerit to determine the extent of possible .
substitution if the best efforts are put forward for
achieving the inter-fuel substitutions which are:
desirable on techno-economic grounds. These
levels represent Case-III of the demand esti-
mates. An intermediate level is also forecast
which represents achievement of about 50 per
cent of the substitution that could be achieved .
with the best possible efforts. However, even in
Case-III, we have not taken into account fur-
ther savings in oil consumpfion which may be
possible, if the composition of industrial produc-
tion is significantly altered away from energy
intensive: industries. For doing this, it would be
necessary to assume a strategy of industrial
growth sharply at variance with our current for-
mulation. Furthermore, we have not assumed
use of administrative machinery—such as



large scale rationing for limiting the consumption
of oil products in arriving at our estimate of oil
demand. The aggregate oil demand correspond-
ing to Case-IIl should not therefore be interpret-
ed as representing any sort of a minimum esti-
mate. It represents the likely order of demand
that may be expected to materialise, if the appro-
priate inter-fuel substitiifions are pursued vigo-
rously, with product composition and delivery
system remaining the same.

3.26. Depending on the efficiency of Yhe efforts
taken to achieve the desirable inter-fuel substi-
tution, the ‘demand may lie anywhere between
Case-I and Case-IIL. But Case-II has been
presented as a level representing what is possible
of achievement under most of the foreseeable
set of conditions. Inthe subsequent chapters
relating to the policy issues regarding specific
fuels, we refer tp Case-II as the normal case.
But our recommendations are that efforts should
be made to bring the demand in line with the
estimatés made in Case-1I1.

The details of the assumptions on which Case-

IIT and Case-11 are based, are dealt with sector-

wise below,
Domestic sector = . o .
3.27. Kerosene is vscd in the domestic sector
for lighting and for cooking. In our first estimates
(Case-I) the kerosene demand tor lighting is
assumed to decrease in future due to the greater
use of electricity. But the use of kerosene for
cooking increases over time on account of. urba-
nisation and the increasing difficulties in the rural
areas to obtain cheaper non-commercial fuels.
* We have assumed in making the estimates (Case-
I) that 25 per cent of the urban houscholds will
use kerosene for lighting in 1978-79 ‘and that
this ‘percentage will fall to T0 per cent in 1990-
91. In the case of rural areas, the kerosene is
assumed to be used in 60 per cent of the house-
holds in 1978-79 and this get reduced to 25 per
cent by 1990-91. For Case-III estimates, the sub-
stitution of kerosene by electricity for lighting
postulated for 1990-91 is assumed as the level
to be reached even by 1983-84. In the case of
cooking, the percentage of rural households -using

kerosene has been assumed to be 10 per cent,’

15 per cent and 25 per cent and urban house-

holds as 30 per cent, 50 per cent and 70 per -

cent in 1978-79. 1983-84 and 1990-91 respective-

ly. In the case of cooking, the levels of increas- -

ed ‘usage assumed for 1983-84 is anticipated to
be achieved only in 1990-91. The increased de-

mand for other cooking fuels is assumed to be

met by making available greater amount of soft
coke, Based on this, the requirements.of kero-

sene are reduced in the domestic sector and an .

equivalent amount of electricity for lighting pur-

poses and soft coke for cooking purposes is

allowed for. Case-11 represents an intermediate

level between Case-1 and Case-II estimates.

Apricultural sector - : : '
3.28. In the agricultural sector, HSDO and

LDO are used for lifting water by ijrrigation
W3 P(D)190Mof Erergy—3 j
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pumps, and for running tractors and for agricul-
tural machines and equipment. In view of the
increased oil prices, there should be a shift from
HSDO and LDO to electricity for running .criga-
tion pumps. The other uses cannot be substitut-
ed ‘economically. The number of diesel pump-
sets in operation is estimated to be 1.5 million

"in 1973-74 in Case-T estimates. It was assumed

that the diesel pumps would increase by 0.5 mil-
lion pumpsets per year. In Case-III, we assume
that the annual increase in diesel pumpsets would
only be 0.1 million pumpsets upto 1978-79 and
thereafter the stock of diesel pumps will- not
increase. Case-11 is derived as the intermediate
level between Case-I and Case-III. - -

Industrial sector o 0 .
3.29. The fuel oil uséd for heat raising can b
economically substituted by coal except under
very special circumstances and in the case of
specific industries. In Case-III- we assume that
the Case-I estimate of furnace oil will be reduc-
ed by a further 25 per cent by a larger number
of units now ‘using furnace oil switching over
to the use of coal. After 1978-79, an annual in-
crease of 4 per cent per year has been assumed
upto 1990-91. Case-II is obtained as the average

of Case-I and Case-IIL S

Transport sector IR L

3.30. In the transport sector, motorgas is used
in road transpori for private cars, taxis, three
wheeler and two wheeler vehicles and a small .
fraction of commercial vehicles. HSDO is used
by commercial vehicles and by the railways.
ATF is used for air transport services. Fuel oil
is used by inland and coastal ships and interna-
tional shipping transport. (A small portion of
LDO is used in ships and small fishing craits
but it is so small that it has not been separately

- considered\.

As a result of price increase, motorgas con-
sumption has come down steeply ifi the current
year itself. ¥n future the number of cars to be
added to the stock every year may decrease slow-
ly. After a few years. the net additions to the
stock each year may be less than the additions
previously anticipated and the consumption per
vehicle is also likely to be less than in the past °
(as indicated by the consumption level now ob-
served after motorgas price hikes). Taking these
into account in Case-ITI it has been assumed
that the rate of growth of motorgas consumption
may be 2 per cent per year less than the rate
assumed in the original forecast. It may be ne-
cessary to resort to fiscal measures to reduce the -
motorgas demand. Case-TI is obtained as the
average of Case-I and Case-IIL '

3.31. In the case of commercial traffic in Case-
1. we have assumed a declining trend in the per-
centage share of the railways in the freight tra-
ffic. This was 83 per cent ii”T960-61 and also
has come down to 70 per cent in 1973-74. Extra-
polating the trends, it was assumed in the first



estimates that the freight traffic would be 66 pet
cent in 1978-79, 62 per cent in 1983-84 and 56
per cent in 1990-91. It has been established that
1t is economically preferable to transport goods
by the railways instead of roadways in the Indiay
situation where the commodity compositions of
the total freight indicates that, even by 1990-91,
bulk of the commodities moved  will ,be coal,
iron ore and limestone, etc. It has been assumed
in Case-III that the percentage share of the Rail-
ways in the total freight traffic' will remain  at
66 per cent from 1978-79 onwards. In view of
the current difficulties faced by the Railways, it
will; be nnrealistic to expect a better performance
than is assumed- in the plan, by. the -Railways.
upto 1978-79. It has however verified from the
Railways that, given clear indication even  now:
of the magnitude of the. task to -be performed
by the Railways, it will be possible for them to
move larger quantities in 1983-84 and 1990-91..
In the case of passenger traffic in Case-I a sithilar
assumption of declining trend of (the Railways:
share has been made. In Case-III, it is assumed
that Railway share of passenger’ traffic which
will be 50 per cent by 1978-79 will now decline.
further.. Case-II is' obtained as the intermediate
level between Case-I and Case-III. To the extent
the Railways move larger .quantities than are
implied in the earlier estimates, they require an
increased quantity of electricity, because it may:
be .assumed that without electrificatiom, signifi-
-cantly increased. capability. in the Railways can-,
not be achieved. Simultancously, an adjustment
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is . made for the lower level of diesel demand in .

the road tramsport sector on :account of the de-. .-

creased demand for their services,..

Non-Energy sector oL
3,32. In respect of coal, the .only ‘non-energy
us¢ contemplated i§ for fertilizer feedstock which |

has : been assumed in the original forecast as
3 'm. tonnes in 1978-79, 6 m. tonnes in 1983-84
and .9 m. tonmes in 1990-91.

3.33."On account of the increased price of ofl
products and the relative prices of fuel oil and
naphtha which are anticipated to prevail, there
is little likelihood of mew fertilizer projects based
on naphtha being taken upto 1990-91. In Case-I,
it was ‘assumed that the naphtha use for fertilizer
production will remain stagnant at 2 m. tonnes
from 1978-79 to 1990-91, while the naphtha de-
mand for petro-chemicals was assumed to in-
crease from 1.47 m. tonnes in 1978-79 to 2.27 m.
tonnes in 1983-84 and 3.5 m. tonnes in 1990-91.
On account of the increase in price of naphtha,
there  will :be a slowing down of the rate of
growth of petro-chemical industry in line with the
anticipations -for such decrease in all the coun-.
tries, In Case-III, it is assumed that the Ievel
of .demand would only be 60 per cent of what
is forecast during the years 1978-79, 1983-84 and
1990-91. In the medium level forecast, it is taken
as 80 per cent of the original levels.

3.34. Taking note of thé possible levels' of
availability of heavy stock which may not be
otherwise used, a judgement of some reasonable
estimates of the likely use of fuel oil and coal
for fertilizer production has been made. There
are possibilities of natural gas production also.
This has not been taken into account at this.
stage, (See Chapter VIII para 8.41). As a result
of these modifications, our original estimates of
cqal, oil products and electricity get revised.

3.35. Summing up the revised estimates ob-
tained for oil and the consequential adjustments
to be made in the demand for coal and electri-
city 'we get the demands for specific fuels under
the assumptions of Case-I, Case-IT and Case-III:;
these. are set out in the Tables 3.5, 3.6 and 3.7.

' TABLE 3.5

" Revised Estimates of Coal Requirement (1978.79, 1983-84 and 1990-91)

{In Million tonnes)}

. Requirements in
wrer

T T 1983-94 1990.91
Consumin, Seotor. . L - A - '.L - A T2 . - —— A )
O hCase-I‘ ' Cage-II Case-TIL " ' CaseT . Case-TI + Case-IIT ' Cass-]  Case-II  Case-IIT
~— — — . et —— T T .
1. Steel plants and Coke .~ , « . .. . . a ’ ’ ' : ;
0‘79“5(3-)1 -t - 82 32 'ﬂg B3~ 53‘ - 53 90 90 90
2. Thermal power genera- =~~~ ** ‘ - Y . .
tion: P s A e “45.- .. 48 - 8512 64 .68 1 118 128 127
8. Transport . (Railways) ; .- 13. . .13 13 n 11 10 10 .10
4. Industries .. .. . 20, 21-8 23 27 30-2 - 32-2 50 54-5 58:3
6. Brick burning) ., -~ ' g "' 8 °~ ' 8 11 © - 11 1109 20 20 20
6. Domestiosoft coke (a)" '~ ~9° 10  10-6 21 22.6 . 242 - 30 $2-5 85-6
7. Bxport . &, . 4 oL 1 -1 2 . l‘2 2 8 . 3 3
8. Colories’ . owmoom.. ., : - ,. e . . ) 9
sumption e . 4 4, 4 8 N 6 9 9
1. Total for Energy Use. 132 137-8.. ', 142.8 1956 - - 203-8 210-4 330 ‘342'0 862-9
Non-Energy Use ‘ i T AR i
IL. Fertilizer Feedstock - .. 3. , 80 .:30- 6 ° 70 - 80 9 10-5 12-0
Total Cosl Demand (I+1T) -~ 185 - 14:-§. 1468 ; 201 - 210-8 . 2I8-4 330 8526 3649
NOTES s - . - .- ., - T : -
(7). In torms of raw-coal, . oL,

(5) Excluding middlings (6 mé in 1978.70, 12
=" gteel plants, See Annex Table Z!II(!'},
PR 1 L T LA

ot
DA PR

mt in 1983.84 dnd 21 m in 1990-01) which stand inclyded under the demand
. TR it e
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TABLE 3.6

Revised Estimates of Demand for Oil Products (1972-73, 1978-79, 1983-84, 1990-91)

'

(In million tonnes) .

1972.73

Name of 197870 1983--84 -
Product p A - " ., 1933 9l
Case.I Cage-II  Case-IIT - Case-I Case-JI  Cage.-IIT Case-I Cage-II  Case-ITT
- \
. : 1. Energy Seclor
. sk i
‘1. LP.G. 0-260 0-73 0-73 0-73 1-20 1-20 1-20 1-93 1-98 1-98
2. Motor Gas *{ 1-502 | 2-10 2:00 191 266 2-43 2-32 3-36 314 . 2.93
3, Kerosone  2-440  3-40 3-20 3-12 4-40 4-10 3-81 6-09 5-56 5:01
4. ATF. . 0-802  1.50 1-45 1.38 2.65 2.48 2-26 6-12 514 . 438
vty [P B o R | . '
5. HSD.O. 5811  10-70 971 872  165-20  13-87 12:15  27-91  23-69  19-48
6. LD.O. .. 1-376  2-05 1-98 1-90 260 2-35 2.00 3-70 320 2:71
ney AN o Cow S . .
7. Furnace Oil  (5-620)  (5-91) (5-11)  (4-81)  (7-95) (6-49)  (5-62)  (11-16) (9-09)  (7-40)
(§)-used for po- .- .
wer genera-
tion and in--
dustries ., ; - 550 4-70 4-20 7-20 5-74 4.87 10'15 8-09 640
(41) Coastal Bun+ . .. ECAR ) . : oo "
kers . 0-23 0-23 0-28 0-40 0-40 0-40 0-80 " 0-60 0-60
(#1) Thterns- - '
tional Bunkers 0-18 0-18 0-18 0-35 0-35 0-35 0-40 0-40 0-40
§. Others .. 0160 © 033 035 033 045 045 045 070 070 070
o, Towl(T) .. 18:079 20:7% 24l 220 37-00 3317 2999  61-01 2-49  £4-59
- 1 o ' . '(., ¢ M . '
I1, Other than Energy Sector
10. Naphtha 1-319 3.47 3.47 347 4-27 3-36 3-32 5:50 4:80 410
1L¥O forFe. v "y~ -8 -
edstock for R
, fertilizer .. , ' 1-26 125 1-25 200 1-80 1-63 3-00 250 2:00
12, Lubes .. ~ 0-5692 0-79 079 0-79 1:00 1-00 1-00 1-30 1-30 1:30
13. Bitumen 1-140 1-58 1-58 158 265 232 2.1 = 5:00 3-08 318
14Gthers .. "' 0.810  0-60  0-60 . 0-60 0.3  o0-93 093 167 1:67. 167
16. Tol .. 3561 769 769 69 1075 941 899 1047 I IBE
Y '
16. GRAND R R c ' .
Torat() +(TT) 21.640  34-41 3220  30-39  47-75 4258 3889 7748 66T 566G
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TABLE 3.7

Revised Estimates of Demand for. Electricity 1978-79, 1983-84 and 1990-91)

BRLTCI

END USE METHOD

(billion KWh)
Requirement in
—aA Y
1978-79 1983-84 196091
CASE Case Case
r e : ~ A Y Or e ]
I I i I I I I u I
1. Major industrial con- -
sumpfion .. .~ 47-89 47-89 47-89 80-2' ' 80-2 80-3 148-0 148-0 145:0
9. :Other industrial con- L o
sumption 20-59 201159 20-59 36-6 85-5 35-5 85:0 683-0 65-0
3. Total mdustna! con- - C ' ! .
sumphon 68-48 ‘ 68-48 68-48 115-7 116-7 115-7 210-0 Bl10-0 210-0
4 Domestic consumption 868  11-63  14-38 156 184  21-8 239 271 . 388
5. 'Commerci;a.l consump;' ‘ ’ : :
tion . .. 5-58, . 5-58 5-58 9-8 9:8 9-8 21-6 21-6 2i-8
. . e [ T Q-
6. Public lighting . 1-10 1-10 1-10 2-0 20 3-0 4.4 &4 4-4
7. Tracotion (Railways). . 3-26 3-36 3-44 67 6-1 65 12-8 18-9 '_15°2 )
8. Irrigation 1 & dewa- ..+ I - i . .
tering . . 10-00 10-30 10-80 14-2 16-7 17-2 40-5 43-4 46-8
9. Total conjumption .., . 97-09 100-34  103-88  163-0 167-7,  172-4  316-0 820-4 325-8
10. Losses and Auxiliary
consumption 22-77 23-66 24-12 35-8 37-3 38-6 70-0 71-8 72-3
Sy . t " i S
11. Total generation re-
quired gpe! ey 119988 124.00 . 128-00 198-8 205-0 211-0 885:0 8902-0 893-0

Fdrecast of demand for Non-commercial Energy

3.36. The domestic sector consumes energy

derived from commercial fuels like coal, coke,’

kerosene, LPG and electricity and non:tommer-
cial fuels like firewood, vegetable waste, cowdung,

etc. There is no way of direct measurement of .-

the extent of use of non-commercial fuels. The
methods of estimation of non-commercial fuels
are discussed in Chapter X. Briefly, from the
field studies, the average per capita consumption

in the domestlc sector in urban and rural house-

holds is first estimated and from this the total

requiféments of energy for the domestic sector '

is computed.. The availability of commercial fuels

to domestic sector at different points of time in

future are determined and the residual represents
the likely level of consumption of non-commer-
cial fuels. In the estimates of future demand of
coal, oil and electricity, the possible levels of
non—commercml fuels that would be used in the
domestic sector have been calculatéd. Based on

“these data, the implied levels of use of non-com-
mercial fuels have been estimated and the re-
sults are set out in the Table 3.8. (See Chapter
X, para 10.7 for details).

TABLE 3.8

Esﬁ'mates of Demand for Non Commercial Fuels
(1978-79, 1983 84 and 1990-91)
(In million tonnesfin m-hr)

1978-79 1988.84  1090-81
Firewood and char-
coal .. v 132 126 131 124 122 110
Dungeake (dry) .. 66 26 65 26 &3 1
Vegetablowaste .. 46 44 46 44 48 44
Total 195 194 - 181

— b 24



337. Fuel requirements, both ' commercial
and non-commercial, for energy use only as
estimated by the Committee may bg. summa-
rised as follows: .

TaBLE 3.9

Estimates* of Demand of Fuels (For Energy
Usey in 1978-79, 1983-84 and 1990-91

(Tn moter)
. Year - '

Fuel © 7 191879 198384 1990-91

1. Coal** .. - . 85 124‘ | 198
2. Ol produote®s+ ‘. . 173 237 380
8. Elestricity . 100 167 320
4. Total commercial energy 358 528 898
5 Non-commerc;ial fuel 195 194 181
6. Total energy . 563 722 1079

*Based on Case-II estimates. -

**Excludes coal for power generation

***Fxoludes fuel oil ured for power generation :

1978.79 .. 1-5 m. tonne
1983.34 . o 2 ”»
1900.91 e oo 46

”»

3.38. A comparison of the estimates obtained
by the end-use method with the estimates ob-
tained by regression analysis shows that these
estimates are close to each other in respect of
total commercial energy (see para 3.7). But in
respect of specific fuels regression analysis gives
slightly higher estimate for coal and oil. This
is to be expected as the shifts in technology
over the years have been slowly in favour of
lesser utilization of coal directly as a fuel and
substitution of electricity. Oil consumption in-
crease has been kept in check in the end-use

analyses by substituting electricity in transport

and agricultural sectors. This has led to the
end-use estimate of electricity being larger than
the estimates obtained by regression analysis.

3.39. The rates of growth of demand for diffe-
rent commercials fuels during the future Plan
periods implied in our forecasts are summaris-
¢d below in Table 3.10. As coal production has
to be increased to a level adequate to supply
coal demand including coal for power generation
demand including coal for power generation
has been taken inio consideration.
fuel demand for non-energy uses has also been
included.

Similarly

N ' ! :»‘r"‘v. "[".;AB'L?. 113"10
Rates* of Growth of Demand far Different
Fuels:. (1978-79, '1983-84,‘ 1990-91)

; _ {in 9% per year)

ey L

Period " Coal  Oil  [Eleotri. Total**
' ' city ' comm-.
o ¢ ercial

I ' ’ energy

1970-71 to 1978-79 . 9-4 8-6 9-b 78
1978-79 to 1983-84 .. 8id 6-8 10-8 8-1
1983-84 t0 1990-91- - .., 76 6-6 9.7 7-9

1}

. *Caloulated in terms of original units - .
**Caloulated in terms of mtor.

“ ‘3.40.’The rates ,of growth of coal " demand

~may come down slowly in each Plan .period
from about, 9.4 per cent in the period 1978-79

, to- 8.4 per cent in the Sixth Plan period -and

7.6 per cent then on. In the case of oil, it will
be seen that oil consumption goes down sharp-
ly from 8.6 per cent in the period upto 1978-79
to 5.8 per cent in the Sixth Plan period which
then increases to 6.6 per cent in the Seventh
Plan period and upto 1990-91. The sharp degc-
reasg during the Sixth Plan period in oil con-
sumption arises on atcount of our assumptions
of shifts from oil to other fuel forms during
the Sixth Plan period. Though we have advo-
cated the measurés to be taken in the Sixth
Plan period, the benefits of substitution of oil
products by electricity and, in some measure,
by coal, will come into operation only during
the Sixth Plan period. This will result in raising
the growth rate of electricity consumption
during the Sixth Plan period to 10.8 per cent.
It may be relevant to note here that this also
reflects the strategy implied in the long-term
perspective of growth of the"Yndian economy
given in the Draft Fifth Plan.

3.41. The magnitude of the production effort
called for power and coal sectors (whf.re deficits
in domestic production cannot be easily met by
imports) to achieve the pattern of fuel usage sug-
gested in this Report can be seen from the Table
3.11 which gives the average annual increase in
production in each Plan period.

TasLE 3.11
Average Annual Increase in Demand For Fuels

Coal*in  Oil in Eleotri-
miim! i, 4l
reproducts
1. 1970-71 to 1978-79 9:1 1-8 6-4
2. 1978-70 to 1983-84 14-0 " 21 13 4
3. 198384 to 1990-01 20-3 34 21-8

*Bxoluding Lignite.



3.42. 1t is relevant to note that the ificreases
in the per year addition to production of coal,
oil products and electricity will slowly increase
over time inspite of the reduction in the rates
of growth in oil noticed in the Sixth Plan period.
The production per year will of course increase
gradually each year, if adequate advance action
is taken in the energy sector. But Table 3.11 has
been given to highlight the magnitude of the
tasks which will be cast on coal, oil and elec-
tricity industries it future.

.. 3.43. The estimates given in this Report are in
the nature of conditional statements and they are
derived from the rate of growth of the economy,
the structure of the economy and structure of
the industries as foreseen now. The estimates
. for 1978-79 do not reflect any large variations
in the demand for oil products as a measure of
.economy in the use of oil and some substitution
of oil products for power generation and for heat
raising in industries by coal has already been

22

assumed in the first estimates, Given the liiftita-
tions on increasing coal and électricity, the Com-
mittee did not think it realistic. to forecast any
severe reduction in the use of .oil; but it should
be noted that the Committec has not examined
the possibilities of curbing elitist consumption of
selected oil products by “administrative ~action,
But the alternative patterns of usage suggested in
this Report will mean a saving of about 5 m.
tonnes in 1983-84 and 11 m. tonnds in 1990-91.
If all the measures suggested in fhe Report are
taken, the pattern of usage of oil products will

.come to be closer to Case-IIl where, by 1990-91,

about 21 m. tonnes of oil products could be
saved. It is worth reiterating here that excepting
for some quantities of energy which can be re-
duced by giving up a measure of comfort, reduc-
tion' in the use of a particular fuel will mean an
increase in quantity of another fuel. It is, there-
fore necessary to note that the patterns of usage
of Case-I, Case-1I.and Case-III should be treat-
ed as different patterns of fuel usage.

|
i



CHAPTER IV i
FUEL RESOURCES OF INDIA

Non-commercial fi¢ls :
4.1. The major fuel resources available in
India are coal, oil, natural gas, hydro-electric
potetitial and miclear fissile material. In addition,
very large quantities of non-commercial fuels like
firewood, cowdung and vegetable waste are uti-
lised in the country. Noii-conventional -resources,
in the exploitation of which very little progress
has been made so far, include geo-thermal energy,
solar energy, tidal power and wind power. -A
survey of the availability position of each of these
resources is necessary for analysing the supply
possibilities of energy from indigenous sources.

4.2.(Coal is the largest naturally

ceurring
source” of commercial energy in India.) The re-
sources position is assessed by the Geological

Survey of India through regional mapping, ex-
ploratory drilling afid detailed drilling. In some
cases detailed drilling has_also been dong By the
National Coal Development Corporation _and
some State Governments ~like” Maharashtra.” Me-
thods—of “compufation of resetve§ Hive—varied
from institution to institution. A coordinated esti-
mate was made* recently of the total quantity
of coal available in coal seems of more than 1.2
meters thickness down to a depth of 600 meters.
The detailed estimates of reserves for the diffe-
rent coalfields are given in Annex-IV(1). A sum-
mary of the total gross reserves of the different
varieties of coal is given in Table 4.1. '

TasLE 4.1

Summary of Reserves of Coal Avdailable in India

Total Proved Indi- -Infer-
QGross Reser- cated red

Reser- ves  Reser. Reserves
ve ves . A
1. Coking Coal
Prime coking coal .. 56560 3650 1,540 460
Medium coking coal .. 9,431 8,850 4,309 1,272
Semi to weskly coking :
coal . .. 5073 1,659 2600 , 914
Tots! coking coal 20,154 9,069 8,449 2,646
2. Non-coking coal :
Non-eoking oosl 59,968
Tortiary cosl . 288)?12,306 22,310 26,180
8. Lignite : .
Lignite .. - 2026 1795 202 , 28
Grand Total .+ 82,975 23,160 80,961 28,854

#Repors of the Task Foroe on Coal & Lignite, April, 72.

Métallutgical coal ' - * .

4.3.°Of the gross metallurgical coal reserves
totalling, about .20,000 mt about 9000 mt are
proved., These . are concentrated in the Jharia,
Bokaro, Ramgarh, Giridih and Karanpura coal-
fields. in the State of Bihar. Some. quantity of
coking coal ‘mostly, of the medium and semi to
weakly' varieties are found in the Raniganj coal-
field in West Bengal and the Pench Kanhan coal-
fields in Madhya Pradesh. The coking coal re-
serves are classified as prime coking which can
be used for the. production of metallurgical coke
and medium, semi coking and ‘weakly ' coking
which can be used for preparing metallurgical
cokeé only in combination with prime coking coal.
The prime''coking coal is thus an absolute neces-
sity for the metallurgical industry of the country.
The resources of this variety of coking coal which
is found almost exclusively in the Jharia coalfield
are extremely -limited, the total proved reserves
being about 3600 mt. and the indicated and in-
ferred reserves being about 2,000: mt. Consider-
ing’the losses in mining' and washing which are -
unavoidable and the fact that the coal mined in
the' future is likely to be high ash variety, the
net available reserves of prime coking coal are
éstimated at only 1600 mt. This together with
the estimated availability of medium and blend-

- able coal will be able to sustain the growing re-

quirement of the steel industry for a period of
about 40 years only, Conservation of the scarce
reserves of coking coal as well as measures for

_ minimising the coke consumption in blast fur-

paces may lead to the extenison of life of the
reserves. (See Chapter VII). Another feature of
the coking coal available which has to be noted
in the context of the planning of steel production
is that nearly 98 per cent of the coking coal re-
serves are located ‘in"the Bengal-Bihar coalfields
—mostly in Bihar. Another fact is that puch of
the coking coal, particularly the medium and
blendable coal, would have to be beneficiated
before it ‘can be used for the manufacture of
metallurgical coke, unless technology is develop-
ed, which would enable the use of high ash coke
in the blast furnaces. There are also prospects of
beneficiating non-coking coal to “formed coke

for use in the steel industry. (See Chapter Vll)

Non-Coking Coal

4.4, With regard to the availabiliy of - “non-
coking coal and lignite, the position is somewhat
better. The gross reserves are estimated at about
63,000 mt of which about 14,000 mt including
about 1800 mt of lignite, represent proved re-
serves. The balance of about 49,000 mt being in-
dicated and inferred reserves, the percentage of



ton-coking coal available for exploitation would

“be significantly less, ‘The requirements of non-
coking coal are anticipated to go up steeply
with the large increase in thermal power genera-
tion. In view of the uncertainty in the trend of
demand as well as the fact that much of the re-
serves are yet to be proved, it is difficult to -pre-
dict with. any reasonable degree of accuracy the
period for which the non-coking coal reserves
are likely to last. On a very rough calculation,
it may be stated that the reserves of non-coking
coal that have been categorised so far would last
for about 100 to 150 years. However, explora-
tion for coal seams is a continuing process and
it is possible that new deposits might be discover-
ed and also that the proving of reserves might.
indicate fhe availability of larger quantities.

4.5. About 60 per cent of the non-coking coal
reserves occur in the Bengal-Bihdr coalfields.
Other major coalfields are Korba, Singrauli,
Korea, Rewa, Hasdeo-Anand and Mand-Raigarh
in Madhya Pradesh, Talcher and Ib river in
Orissa, Chandawardha- and Kamptee in Maha-
rashtra. and Singareni in Andhra. Pradesh. The
North-Eastern region comprising the States of
Assam, Meghalaya, Nagaland, Arunachal also
dontain low ash coal most of which is still in
the indicated and inferred category.

4.6. As in the case of coking coal, the vast
majority of the non-coking coals contain high
percentage of ash. The good quality coals, that
is coal with ash plus moisture together not ex-
ceeding 19 per cent, comprise about 460. mt. of
proved reserves only. The reserves of superior
grades of coal.are thus extremely limited and it
would be necessary for the consumers to adapt
themselves to the high ash varieties which are
available in abundance.

4.7. Table 4.2 depicts the resources of coal
available in each region and State:—
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Proved Indica- Inferr- Total

Region
‘ ted red
IL Coking coal —
E. REGION
W. Bengal 967  7i5 738 2,480
Bihar 7,987 7470 1,908 17,365
“CENTRAL REGION L ’
Madhya Pradesh;U.P. 105 204 309
Total 9,059 - 8,449 2464 20,154
IO, Lignite — . D
W. REGION ;
Gujarat 8 78
8. REGION
Tamil Nadu L7 202 1,919
N. REGION e
Rajasthan . . .. 20 20
Kashmir .. . Yool . 8 8
Total 1,795 202 28 2,025
Gra.nd Total 23,160 30,961 28,854 82.975'

T

SouvrcE:— Conar,ruoted from the Report ‘of the Taek Fotce
on Coal and Lignite—April, 1972.

4.8. A major portion of non:coking coal re-
sources is located ‘in the Eastern region which
also contains almost all the coking coal reserves.
The unexploxtea reserves of non-coking coal are
also maximum in this region." This is, however,
situated rather unfavourably from the point of
view of transport because of sizeable portion of
the increase in demand for coal, particularly for
power generation, is arising in the Western’and
Northern regions. “The nearest coalfield o the
Northern region is Singrauli which has considera-
ble potentialities as its exploitation started only
very recently. With extensive exploitation it is
possible (since the total gross Teserves amount
to more than 9,000 million tonnes) for this field
to meet a substantial portion of the needs for
power generation in Northern India for a period
of over a hundred years. The coal demand in the
Western region should nomally be met from the
resources available in the coalfields of Maharash-
tra and Madyha Pradesh. By considering the
likely demand over time for coal in the Western
region and the coal resources in° Maharashtra
and M.P. it appears necessary that the supplies
from these coalfields will need to be supplementéed
with coal from the Eastern region. The Southern
region had long been dependent on hydro-electric
power and hence thermal power generation had
occupied an insignificant place in the past. But
in the last decade the need for a rational balance
between thermal and hydel generation has been

_ recognised and the demand for coal has been

TABLE 4.2
Categorywise | Regionwise Availability of Coal
: Reserves
R (in mt)
Region - - X " Proved Indica- Inferr- Total
IR ' ted  ed
L. .Non coking coal-: . .. . B
N. E. Region 130 201 398 828
E. REGION A ‘
W. Bengal .. 3071 522 8848 17,139
Bihar . © 2,603 8,647 6,612 17,862
Orisss . 895 2411 1,810 5,188
CENTRAL: REGION' o
Ma.dhya, Pradesh SO0 4,142 . 3,864 7,168 15,174
WESTERN REGION - '
Maharashtra. . . 478 800 - 1,344 ' 2,622
SOUTHERN REGION
Andhra Pradesh ’ ’ 878 1,077 2,055
Total .. 12,306 22,310 26,180 60,796

rapidly rising. The two deposits avzilable
in the Southern region are those in" Singa-
reni amounting to over 2000 million tonnes and
the lignite deposits at Neyveli also estimated at
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about 2000 million tonnes. Besides serving as a
fuel for power generation, lignite is also being
used as a raw material for production of fertili-
zers and smokless domestic fuel. Due to the re-
latively difficult mining conditions obtaining in
Singareni and Neyveli the development of mines
in these fields is likely to be slow. The Southern
region would, therefore, have to be supplemented
with coal supplies from the Eastern region 1ie,
from the coalficlds in Orissa and Bengal-Bihar,

The locational aspect of the coal deposits in the

country underlines the need for developing an
efficient and adeqaute transport system which

TABLE 4.3 a o
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would ensure the flow of available fuel resources
from the points of availability to points of re-
quirements. : o
4.9. In the oil prospect map of India, 27
basins have been delineated by the petroleum
geologists on land and off shore covering a total
sedimentary area of about 1.41 million sq. km
on land and about 0.26 million sq. km lying
with the 100 metre isobath of shelf-zone in the
Indian offshore. The geological basins of possi-
ble interest from the point of view of oil explo-
ration are categorised below according to’ their
prospective value. ;

Categorywise Sedimentary Areas in India

Catego: Basins Sedimentary (including offshore parts) Total Remarks
ey v s Sedimentary
Ares including
offshore .
(thousand ‘ S
8q km) :
A Cambay, Large part of Assam—Arakan’ 300 High propspects. These are areas with thick
. sections of marine sediments of relatively
younger age and are known to contain tommer-
cial oil/gas .. .. . s
B, Small part of Assam-Arakan, Gauvery, West- 250 Medium prospeots. These are areas with thick
Bengal, Jaisalmer, Tripura, Cachar and Anda- soctions of marine sediments of relatively
man Nicobar younger age, but so far have no known commer-
cial oil/gas fields h
B, Ganga Valley, Punjab, Godavari-Krishna, Damodar 670 Fair prospects. These are aress with thick
Graben, Mahanadi Graben, Narmada, Kutch, sections of sedimentary rocks of older ages,
Saurashtra, Kerala, Laccadive and Palar either wholly or mostly non-marine or have
some other unfavourable geological features |,
C Cuddapah, Kaladgi Bhima, Chatisgarh, Bastar, 450 Low prospecf,a; These are areas with sedimeti-
Vindhyan, Jodh Pur, South Rewa, Satpura, San- tary ‘rocks of extremely old age o .
cher-Barmer oo L .
Total Sedimentary Area (including offshore) 1,670

“y

Sovroe:—O0il and Natural Gas Commission,

4.10. A map showing the location of these
basins is attached. Of the 27 sedimentary basins
on land 12 basins have very ancient sediments
and have therefore very low priority. Explora-
tory drilling so far has been conducted, mainly
on land, in 7 of the more promising
basins. 90 per cent of the total volume of
exploratory meterage drilled todate is concen-
trated in two basins of the greatest interest viz.,
the Cambay (Gujarat) and Assam basins which
between them contain all the known oil fields of
India today. The well studied oil bearing area
constitutes about 4 per cent of the total area of
the Indian sedimentary basins which could be
the habitat for oil.

4.11. The continued discovery of new oil fields,
though comparatively small in size on land in
Gujarat, and of a medium sized field in Assam
area indicates the possibility of discovering more
oil in these areas. A total of 19 oil fields have
so far been discovered in the Cambay basin of
Gujarat since [958. In addition, six oil fields
have so far been discovered by Qil and Natural

Gas Commission in the Southern part of the
Assam shelf. Three fields have been discovered
and two are being worked by Qil India Limited
and one small field is being worked by the Assam
Oil Company in this area. Despite the large
volume of exploratory worked the upper Assam
shelf. is not as well studied as the land part of
the Cambay basin of Gujarat. The hydrocarbon
prospects of only 16 structures have been so far
evaluated by drilling in Assam-—Arakan area out
of 20 structures prepared by surveys, leading to
discovery of four oil fields. Thus, there is a good
chance of discovering more oil fields in the
Assam region in future years. On the other hand,
about 100 structures have been so far discovered
in the Cambay basin of Gujarat, including 12
possible oil bearing structures located in the shelf
zone off the west coast. Qut of these, the hydro-
carbon prospects-of 72 structures on land have
been evaluated by drilling and chances of big dis-
coveries on land in future seem remote. How-
ever, out of the 12 structures discovered by geo-
physical surveys in the shelf zone mainly ' of
Arabian Sea, only three at Aliabet, Tarapore and



Bombay. High -have been partly -explored by dril-
ling till .recentiy. The first well drilling at Bom-
bay High structure has penctrated many promis-
ing oil and gas bearing layers. But the potential
of the structre has to. be studied with reference
to a few more holes to be drilled and through
trial production .over a period of time. It is as
yet too premature to make any Iqrecast of the
likely production from this- structure., The Com-
mittee, therefore, did, not comsider it desirable
to 'r‘évi"sle;) the asSunipt_igns regarding production
of crude from Indian oilfields- made prior fo the
findings at Bombay High. " = | ‘
4.12. The proved reserves of crude oil and
natural gas are shown in Table 44. ‘

TaBLE 4.4 ‘
_ Reserves of Crude and Natural Gas' -

" Area
Crude Oil  Natural Gas |
(In million (In million Cu-
tonnes) . - bic Metres)
Gujarat . 56-38 ' 19-66
Assam’ 5% Y 71-46 " “T 4282
Total . 127-8¢4° 62-48

Sovror:— Indian Petroleum and Chemicals Statistics, 1972.
. Recent explorations within' the country (e.g.,
in Tripura and Bombay High areas) and in con-
cessions operated abroad -(e.g., certain  Persian
Gulf areas in the middle east) hold promise of
discovery of pas-in substantial quantities which
may increase. several fold the availability of na-
tural gas to India.

4.13. In the Fifth Five Yeat Pldfi pétidd, the
Oil and Natural Gas Commissicn’ has drawn up
plans to prove recoverable oil reserves to the ex-
tent of 64 mt inclusive of § mt. ‘to be discovered
and proved in thé' offshore dreas. This is estimat-
,ed to enable ONGC to' achieve and sustain a

AT
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A

production of ‘8 mt. of 'oil per year in"'1978-79, .

The forecast of proving of resérves and produc-
tion is contingent oh thé level 'of exploration
and development work doné by ONGC being at~

least as intensive as indicated in the Fifth Five

Year Plan prdgramme. The Oil India Ltd. which
i§ exploiting the''bil -fields in ‘Assam hag’ an’ex-
ploration programme which 'would enable them

to ‘reach and maintain a' production of about 3~

mt. of crude per year'by 1978-79. The All India
production of crude’ will, therefore, be about 12
mt by 1978-79 inc¢luding offshofe " production.
There is likely to be variations between, what is
expected and what is achieved. A

4.14. For the period béyond '1978-79 detailed’

studies have 1ot been made: Preliminary studies,

however, indicate that if adequate funds aré made
available for exploration activities, recoverable
resources of about 130} mt. could be established
1n 5. years and ONGT's oil production alone can
be about 13 mt by 1983-84. It is reasonable,
therefore, to-Torecast a production rate of about
15 mt of oil per year by 1983-84. These projec-
tions of oil production and reserves likely to be
added are essentially prognastic estimates of sta-
tistical nature based on experience and skill gain-
ed so far expresed in terms of oil reserves dis-
covered per metre drilled.

v ' i .

_ 4.15. In order that these forecasts are realised
’vmkfuture the following steps may have to be
. taken;

(i) Expedite the exploratoiy drilling in the
Bombay High region. :

(ii) Undertake a large volume of explora-
tion drilling operations in the Tripura
and Cachar areas and in the South-
Eestern border of the Upper Brahina-
putra Valley. .

(iii) Re-survey some already explored por-
tion of the Cambay basin and the Upper
Brahmaputra valley region of the
Assam-Arakan Basin using sophisticat-
ed geophysical techniques, and intensive
exploration drilling vperations in such
portions, to locate additional traps in
particular stratigraphics which might
have been missed in the course of the
exploration work conducted earlier.

+ - (iv) Extend the exploration operafions to the
portions of the Cambay basin and the
Upper Brahmaputra Valley region of
the Assam-Arakan Basin which had not
been explored so far.

Conduct extensive seismic surveys in all
the areas and follow up the results by
drilling of exploration wells. Priority to
" 'be assigned to the continental shelf in
_the Arabian Sea adjoining the area al-
" ready covered, the continental shelf area
south of Sunderbans and the continental
.. shelf area of the Andaman Islands. -

W

(vi) Test by deep drilling already known
structures in the Shiwalak Toot hill belt
of Jammu and Kashmir, Punjab and

o Himachal Pradesh.

(vii) Intensify the exploration work, including
seismic surveys afnd~drilling operations,
"'in the Ganga valley in West Bengal,

" Saurashtra and Jaisalmer area.

(viii) Intensify the exploration work, including
commencement of exploration drilling,
in fhe1and arfa of Andaman & Nicobar
Islands. ‘ .
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The findings in regard to the potential of
Bombay High, if composed soon, will enable the
Government to draw up the priorities for action
in oil exploration on a firmer basis.

4.16. In addition to oil available within the
countriy, India also owns a small share in the
oilfields in the Persian Gulf and the ¢il from this
source on normal assumption can be considered
as an available resource of India. Indian owns a
part of the Rustam and Rakash oil fields in the
Persian Gulf along with AGIP of Italy and
Philips Oil Co. of US.A. These oil fields to-
gether produced about 4 mt of crude in 1972 of
which India’s share is 1/6th. The production in
these two fields is expected to decline gradually
and by 1978 it would be a little less than 2 mt
and by 1985 it would be around 0.75 mt. But
there are some possibilities of imcrease in pro-
duction through secondary recovery methods a:}d
by exploring new areas in the lease-hold avail-
able in these fields. Recenf exploration indicates
possibility of large resins of gas being formed in
the lease area.

Hydro-electric resources

4.17. India is fortunate in having several moun-
tain ranges and large river systems which would
suggest vast hydel power resources. These have
been assessed on the basis of the results of sur-
veys conducted by the Central Water and Power
Commission between 1953—58%.

The Central Water and Power Commission
study made the evaluation with reference to 260
specific schemes on the various river systems.
The river systems were classified into the follow-
ing groups:

(i) The West flowing rivers of Southern
India covering the Western Ghats and
the Coastal strip from Goa to Kanya
Kumari.

(ii) The east flowing rivers
India.

(iii) The rivers of Central India which flow
to the east and to the west.

(iv) The Ganga basin including its Himala-
yan and peninsular tributaries.

(v) The Brahamaputra basin and neighbour-
ing drainage areas in Assam, Megha-
laya, etc.

(vi) The Indus basin covering the tributarie:
of the Indus in India. - s

of Southern

The economically usable hydro electric potential
estimated for each of fhese river systems and its
Statewise distribution is given in Table 4.3.

o TaBLE 45, Coeoa

»

Statewise Distribution of Power Potential
o . L s ' B T

., State M. W, at 609, LF .
= ¢ : DR
+/1.- Andhrs Pradesh . 2,476-6
2. Assam (including Meghalaya, - o
Nagaland and Mizoram) e 11,699-4
3. Bihar .. .. S 6097
4. Gujarat .. .. e 671-0
5. Jammu & Kashmic ~ ,, ’ .. . 8690-5
6. Kerala . L . 1,539-5
7. Madhya Pradesh .. . .. " 4,582-3
8. Madras .. . .. e . 082
9. Mahasrashtra Lo 1,900:6
10, Mysore 3,372-8
11. Orissa . .. . 2,062+0!
12. Punjab & Haryana .: - .. 1,360-5
13. Rajasthan - L 11490
14. Uttar Pradesh e T 316440
15. West Bengal .. Lo 220
16. Himachal Pradesh ... . 1,867-5
17. Manipur .. e e 865-0
Total .. .. 41,155'5

Sovroz:—~Central Water and Power Commission.

The distribution of eneigy potentiéls of all pos'si-
212 hydel schemes, region-wise, is set out in Table

- . RS I

TABLE 4.6

Hydel Energy Potentials of Various Regions of
India :
(Hydel potential)
Regions Billion  Percen-
kWh tage of
' Total
i
Eastern . T 14-2 6-5
Northern . . .. 36-6 16-9:
Central .. . e .. 43-9 20-3
Western . . .. 13:6 6-3
Southern ie . . 42-6 19-7
Assam ., . . .- 66-5 30-3
Total .. .. 216-4 100-0

4.18. The above power potential has been
worked out at 60 per ceni load factor bt even-
tually the potential may have to be worked out
on a lower load factor, as most of the hydro-
electric stations will be used as peaking stations.
Of the total power potential, about 10.3 million

*This has been given in detail in the Report of the Energy Survey of India Committee 1965—Annexure 3 prepared by the

CW&PC.
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kW.ie. 25 per cent represents potential of
simple “run-oi-the river” type projects in the
Himalayan ranges and the rest “storage projects”
(Energy potenfial will be 54 billion kWh). “High
head” ‘type projects utilising drops over 300
metres account for about 13.63 million kW with
energy potential of 71 billion kWh. “Medium
head” type projects i.c., drops from 30 metres to
300 metres account for 23.86 million kW with
energy poteatial of 126 billion kWh and “Low
head” projects ranging from 8 to 30 metres main-
ly “lift” dams below the major reservoirs have
a total of about 3.66 million kW with energy po-
tential of 19 billion kWh. These' hydro-electric
resources are widely distributed all over the
country, there being few regions of the country
which are situated more than 500 km from major
concentrations of hydro power such as the Hima-
layan sources, the Shillong plateau, the Eastern
Ghats and the Western Ghats which utilise the
natural advamtages of the mountains. Schemes in
the middle and lower rteaches of rivers like the
Narmada, the Chambal, the Sone, the Mahanadi
-and the Godavari derive their potentials from the
topographic characteristics  permitting ' the con-
struction of large reservoirs. o

- 4.19. Schemes which are currently in opera-
tion “or under construction or whose investiga-
_tions have been completed cover potentials of
-about 6 million kW, 1.2 million kW and 4.4 mil-
- lion kW' respectively. ‘The exploitation of hydro
clectric potential has been minimurh in the North-
Eastern region which actually contains the lar-
"gest potential of all the regions. Table 4.7 indi-
“cates the estimated hydro electric potential avail-
-able and the quantity developed and under deve-
“lopment. T

" TaBLE 4.7

Regionwise Distribution of Hydro Electric Re-
- sources and Their Utilization (as in 1970)

Total Resources Percen-

: . resources deve-  tage of
Region at 609  loped utilisation
: B . . and (i. e. of
- LF(MW) under col.3to
o . develop-  col 2)) °
ment (MW) ‘
Southern 8,007 3,221 38-8
" Western' 7,180 © 942 131
Northern ‘ 10,731 2,451 ' 22-8
" Eastern : .. .. ; 2,604, 476 21-3
North-Eastern |, 12,464 . . 38 0.3
Lo Total [ . aLIsS 7225 178
0 ' [ I E L ‘

) SovroE:—Report of the Power Economy Committes 1871.

- Nearly- one-third of the remaining potential of
29.5 million kW which has yet to be established

by field investigations, represents potential of
“run-of-the-river” projects. This does not require
extensive investigations as the dependable power
drafts have been estimated on the basis of gauged
data available for the Himalayan rivers for fairly
long periods. \

4.20. In the Himaiayan region there is consi-
dered to be a scope for possible upward revision
of fhe estimated hydro electric potential. The
‘Seasonal’ energy potential that would be avail-
able largely at the sites of multipurpose projects
in’ Peninsular India has not been included in the
above estimates. The Power Economy Committee
expressed the view that “on the basis of the latest
information regarding hydel energy resources and
their economics of development, it would be
possible to instal about 80 to 100 million kW of
hydel capacity on our river sysiems during the
next two to three decades......... ”. In the absence
of details this committee has taken note of the
hydel potential as indicated by CW & PC. The
Committee would recommend that a more syste-
matic delineation of our hydro-electric potential
should be taken up as soon as possible. .

4.21. The Government have recently taken
steps to declare water as a national asset. This
measure has come none too soon. If India is to
make full use of its vast hydro electric resources
a national approach would be necessary and the
hydro electric power gen€rafion being the cheap-
est method of generating energy, full attepiton.
should be given to the development of these re-
sources in. as economically and speedy a manner
as possible. The first step required is the detailed
investigation of the untapped resources in diffe-
rent regions of the country. Possibly one factor
which might- have deterred the exploitation of
hydro power in the Himalayan and Assam re-
gions was the lack of demand for power locally
as well as practical difficulties in tapping the re-
sources.: With the concept of a national power
grid coming into existence, electric power should

.be developed wherever it is possible to do so

economically and be fed into the national grid
for transmission to the load centres.
Nuclear energy :

422, Uranium is the only primary fuel that
can be directly used in nuclear reactors. Exten-
sive prospecting and exploration efforts of the
Department of Atomic Energy during the last
two decades have led to the discovery of a num-
ber. of occurrences of, uranium in .India. - The
most important region in India for uranium ore
is the Singhbhum region in Bihar. The Jaduguda
mines and the Narwapahar mines situated in
this area are the most important uranium mines
so far. There are alsc other possible uranium
deposits in the Singhbhum belt. The copper
deposits ‘of this region also contain small amounts
of uranium. The tailings from the copper mines
near Jaduguda may yield uranium at economic
prices. .



423, The reasonably well assured uranium re-
gources in India are about 22,000 Te U,O: with
an additional inferred reserves of 24,000 Te U,O,.
Uranium mined in India is slightly more expensive
than in many other countries, since the uranium
concentration in the ore is relatively low in India,
However, this is not of any grave consequence
as the fuel cost forms only a small component
of the total unit energy cost from a nuclear power
station.

4.24. The Government have already initiated a
nuclear power programme based on natural ura-
pium fuelled and heavy water moderated and
cooled reactors. Except for the first nuclear power
station of 400 MW at Tarapur which requires
enriched uranium as fuel, all-use natural uranium
as fuel. At present 600 MW nuclear generating
capacity is in operation in Maharashtra/Gujarat
and Rajasthan. another 640 MW is under cons-
truction in Rajasthan and Tamil Nadu and the
construction of a 440 MW power station in
Uttar Pradesh is about to start. As these first
generation power stations would need a loading
of about 4 kg of uranium per kW installed for
30 years of operation, the presently proved and
inferred uranium resources in India would sup-
port only about 10,000 MW of installed nuclear
capacity based on the current type of nuclear re-
actors. Moreover, out of the 120 kg uranium
that will be loaded every year per MW of instal-
led nuclear capacity about 2 kg only will be ac-
tually consumed in the reactor and 0.5 kg of
plutonium will be produced. The rest of the ura-
nium cannot be used as such in the present type
of nuclear reactors. Nevertheless, the plutonium
produced in these reactors and the discharged
(i.e., used) uranium, could be used in fast bree-
der reactors which are being developed in India
and are expected to be in commercial opération
before the end of the next decade. Once these
fast breeder reactors come on line by 1985--90,
they will produce more plutonium than’ .they
would burn, and then the uranium resources
available in India would be able to support about
600,000 to 10,00,000 MW of installed capacity
for a life time of 30 years. Thus the potentially
available energy from the presently’ known ura-
nium deposits in India would amount to about

1%0 x 10* to 200 X 10* billion kWh of electri-
city. .

4.25. Thorium reserves in India are the lar-
gest in the world and are estimated at about
4,50.000 tonnes. Besides, the fast breeder reac-
tors would be able to produce fissile Uranium—
233 from thorium that is abundantly available in
India. After the fast breeder reactors passed on
thorium are introduced, there will be virtually
no limit to the capability to generate electricity
from the resources point of view, as a total of
about 2.4 x 10* billion kWh of energy will be

potentially available from the known thorium re-
sources. o 1

*Non-convenfional somrces of energy

4.26. This term is used to cover sources of
eanergy such as Solar energy, Geo-thermal energy,
Tidal power, Wind power and Chemical sources.
As would be seen from the assessment made in
the following paras, these sources would be of
negligible value in the next few years, as a source
of supply for the country’s energy needs, though
R & D in identified areas of application holds
considerable promise. .

Solar energy

4.27. The annual average intcnsity of solar
radiation in India is 600 calories per square cen-
timetre per day. As the radiation is intermittent
and variable in its availability, the typical clear
sky intensity has been estimated at 1 kW per
square metre of which one-half ig' from visible
light, most of the balance near infra-red-radiation
and a very small amount of ultra violet radia-
tion. Tapping of solar energy can be effected
either through flat plate collectors or focussing
collectors. All practical solar energy systems now
in use are of the flat plate variety. Materials,
costs and operating :problems ‘are. stated to. be
coming in the way of focussing systems: being
used widely. The popular applications of solar
energy are solar evaporation in the salt.industry,
water heating, desalination of water through dis-
tillation, solar drying, solar -cells. Other . fields
where solar energy can be applied are refrigera-
tion, air conditioning, ‘water pumping, cooking,
conversion through plants into liquid and solid
transportable fuels. In India, resecarch has been
conducted on the use of solar energy in several
institutions like: ,

(i) Central Building Research Tastitute,
Roorkee, which-has designed a flat plate
solar energy collector and solar water
heaters; L D

(ii) Central Salt and Marine Chemicals Re-
search Institute, Bhavnagar, which is

. conducting investigation on solar radia~

tion, solar :distillaiton, solar ponds etc.;

(iii) Defence Laboratory, Jodhpur, where an

equipment for treating living space at

high altitudes, solar stills, solar water

heaters and hot boxes have been deve-
foped; - "o 7 : o

" (iv) Solid State Physics Laboratory (SSPL),

where the work on solar cells such as

Silicon, Gallium Cells and, Telleurium

.~ Cells is underway; o

(v) Auroville School of Environmental
Studies at Pondicherry, where a project
of “Natural Energy based - Eco-house”

Technoloy,

*This section has hoen vprepared with the co-operation of the Secretariat Of.ﬂi-ﬂ National Committee or Science and

o
¥



" is proposed. The solar energy would be
utilised for heating water and day time
cooking by‘Iow pressure  steam, the
development of solai pumps is also pro-

c1oposed;: .. o L

(vi)- At Céntral Arid Zone Research Insti-

" " tute some work is-being carried out on

" - solar heating; '

(vii)

'Academic_institutions like 1IT, Madras,
Jadavpur University, Regional Engineer-
. ing College, Allahabad etc. are studying
'and experimenting with various -forms
of utilisation like ‘heating/cooling etc.

The most important requisite for large scale use
f solar energy is the development of ‘capacity to
store it when available and use later. Consider-
able research will have to be done to develop
an economic and reliable ‘Cell which can store
solar energy. .= . Co

*'One possible method of directly. utilising solar
energy is to produce fuel through photo-synthe-
sisi In this method, .certain selected fuel species
dre grown in areas which have low soil fertility
and -the “wood extracted: from' the plantation is
used mainly as fuel or .converted to liquid fuel
(Methanol). With a photo-synthesis, conversion
efficiency. of 0.5 per cent, it has been estimated
that-from one hectare, 5 tonnes of. oil or 32,000
kWh -of electricity could be cbtained per year.
We do not have large areas of -land which do
- not) have a better alternative use which could
support such plantations now: It is, therefore, not
foreseen ‘that any significant energy contribution
can be obtained through this process in the years

upto- 1990-91.;-.71 - 7
oy ! . [ . s A . | J
Geo-ﬂlermal energy s

. 4.28. Hot springs, which .are thé sources of
-thermal  energy occur.in four regions in the

geo
(:o‘l,l'ntry1 iz. (1) N.W. Himalayan ranges covering
areas in "Lédkb, Himachal Pradesh,, Punjab and

U.P. (2) Narmada-Sone Valley (3) Damodar Val-
ley'and (4) the West Coast. Explorations prima-
rily at Manikardn and later in the West Coast
have been_included 'in the UNDP couitry pro-
gramme’ which envisages geological, geo-physical
and-geo-chemical surveys, initially by surface ex-
plorations followed by appropriate well drilling
and testing programmes. Another programme for
exploratory work , in respect of .other areas in
N.W. Himalayas and Narmada-Sone areas has
also been drawn up by the NCST Expert Group
on natura],resources. Preliminary analysis reports
indjcate that. out of 253 springs in. the: country,
103 are Hot, having a temperature above 37°C.
The Hot Springs Committee 1966 had considered
thé Puga springs in Ladakh and Manikaran in
H.P. as the two most ‘prospective . geo-thermal
fields in India. The ‘optimum power generation

30°

possible at Manikaran taking into account esti- .

mated rate of flow, pressure and temperature
was estimated by them at 350 kW. Their rough

, demonstrated. The exploration

estimates for Puga and Cambay were 400 k

and 1850 to 2300 kW rcspective{y. Even thou:lz
quantitatively - geothermal energy is not very im-
portant in India, some of these sources like Puga
in Lada}ch have locational advantage which can-
not be ignored. In June—September 1973 the
GSI led a multipurpose drilling exploration in
Puga Valley with specialised assistance from
NGR], AMD, IIT Kanpur, IIT Delhi and Roor-
kee _Umvers:ty_. This project consisted of shallow
drilling operations at about 15 sites. Central heat-
Ing by géothermal energy was also successfully
d t loration experience from
: gi:: multttpu;p;)s? pl'O]CC{l indicates that the total

[ potential i geothermal en
several megawatts. & 18y may be

Tidal power

4.29. An expert panel of the National Com-
mittee on Science and Technology has examined
thp.tldal- data and indicated the following pro-
mising sites (i.e. tidal range above - about 5
metres) for tidal power generation: ‘

. Approximate -
potential Spring
Area power output Tidal Range
’ (MW) -
1. Bhavnagar (Gulf of Cambay) 460 108 metrea
2. Navalakhi (Gulf of Kutch) 123 75 metres
3. Diamond Harbour (Hooghly 56 5-9 metrea
river) -

4. Saugar (Hoogly river) 4°9 metres

Subsequent examination proved that the total
potential of tidal power would be around 300
MW. The Gulf of Cambay appears to have the
maximum power potential but problems of situa-
tion will have {o be overcome. At Navalakhi sil-
tation is low which makes it a more favourable
area though extensive survey data is called for.
However, before any tidal power potential can
be tapped. conmsiderable preparatory action in-
cluding the design and manufacture of a suitable
turbine is necessary.’

Wind mills

''4.30. The potential in wind mills has been
broadly assessed by considering extensive wind
data available with the Indian Meteorological
Department from over 400 meteorological sta-
tions in the country. Wind mills can be installed
for operation in such parts of the country where
wind speeds of over 10 kmph are prevalent, e.g.,
parts of coastal regions, Rajasthan, Gujarat,
Maharashtra and Mysore. Whilst suitable wind
mill designs have been developed by NAL, they
have not been popularised because extensive field
trials to demonstrate their technical/economic
viability when put to specific applications have



not been conducted. Demonstration projects for
extensive field trials of clusters of wind mills for
pumping for and power generation applications
have been worked out by an NCST expert panel.
Whilst NAL have wound up all work on wind
mills, CAZRI, Jodhpur and Auroville School of
Environmental Studies, Pondicherry are at pre-
sent actively working on research projects. CPRI
has also started work on wind electric generator.
The NCST panel has also recommended that
design drawings indigenously available for foreign
5—10 kW wind electric power generators - be
studied to examine whether a few could be manu-
factured and installed at a favourable location
to establish and demonstrate its techno-econo-
mic viability. . o ‘

»e

Chemical sources of emergy. . o

4.31. The NCST had constituted. an expert
panel to assess the potenital in chemical sources
of enmergy. The panel has indicated that major
thrust of R & D efforts should be directed to
those areas of application, which could lead to
reducing dependence on petroleum products, such
as motor gasoline, HSDO, kerosene, and non-
commercial sources of energy. The group has
identified the following as potential areas for
further work: i

(i) Battery powered vehicle, initially based'
. on lead acid battery. ’

;] BT

(ii) Fuel Cells, Rural electrification, parti-

cularly of villages having a population
of 500 and below: To meet the objec-
tives of these programmes, the develop-

ment on the following advanced chemi-+

cal énergy sources have been identi--

fied— oo

- (a) Development of Sodium Sulphur Bat-
tery

- (b) Development of Metal-Air Cell
(¢©) Development of H.O, Cell
(d) Development of Lithium Cell.

Non-Commercial fuels

4.32. Nearly one half bf the total energy comn-
sumed in the country comes from 'non-commer-
cial sources such as firewood (including charcoal),

cowdung and vegetable waste. The ,dependence

on these fuels is maximum in the domestic sec-
tor, ‘This has led to large scale denudation and
destruction of forests. Out of the total geographi-
cal area of 3.27 million sq km, forests in India
occupy about 0.75 million sq km (i.e. about 23

peri-cent). The percentage of forest area to the
total land area as well as the per capita forest
area in India is much lower than the world
average. The National Forests Policy Resolution
laid down that the area under forests be steadily
raised to 33.3 per cent of the total geographical
area, the proportion to be aimed at being 60
per cent in hill regions and 20 per cent in plains.
The area under forests during 1960-61 and 1969-
70 and its break-up according to the exploitation,
legal status, composition and.-ownership is given
in Table 4.8. '

' _ "’ TABLE 4.8
Area under Forest jn thousand hectares

1960-81 1969.70*

Deseription

1. From point' of view of exploitation

' (a) Exploitable 45,580,

e e 48,590,
(5) Potentially exploitable' ! - ., 10,020 - ‘14,7'607
'(c) Othors_,. e 1020 14,

Con . Total 68,960@ 76,080

e S ' ' ; -

2. By own&ship ;vl»l 'ly La . o
(@) State .. .. .. 65240 7170
® Corpor;_zte bodies‘ . ‘ 2,290 2,480 -
(c) Private individials ; 1,430 1380

. T otal 96,960 75,030

3: .éy legal status ‘

. (@) Regerved . 31,610 88,070

' (6} Proteated 24,060 24,450

"(0) Unolassed |, . .. . 1,210 12,610,
. ~ Total 68,960@ 75,030’

4. By Comporition ' .
(a) Coniferous . 4430 4,180
' (.b) ’Broaid 'le&fed 64,630 70,860

(5) Sal 11,350 11,300
(i) Teak .t ,. 8,750 7,840
T () Mise) L0 UL 44,430 62,210
IR Totol ... 68,960 75030

.. . . ,..;2

*Provisional. -

' oy 1-- S . Al .
' @Inoludes 2:08 million beotarcs for which details are nat

available. ®
AN i P s
Sotirce; India 1973,

-~



. 433, The statcwisc distribution of the forest
arca is given in Table 4.9:

i 'I‘ABLB 49

StateM'se Distribution of the forest area in India
in 1969-70

' ,State/Union Forest % of  Exploi- Poten-
i Territory area foreat table  tially
(Million. area to area exploi-
heotares) gso- (forest table
graphi- in use) area
* oal
area
1. Andhro Pradesh © 6,612 23:63 4,836 1,676
2. Assam (including . ’
. ‘Meghalaya &
Mizoram) . 4,442 36-38 1,509 200
3. Bihar .. @@3,069 17-89 2,107 952
4, Gujarat 1,800 9-18 1,513 o
6. Haryana . 142 3-21 57 30,
6. Himachal Prades - 2,169 38718 1,203 447
7.J. & K, 2,106 9-47 1,858* 246
8. Kerala e 1,260 32-66 108 244
9, Madhya Pradesh "16,813 © 87-07 '10,I'2 3,987
10, Maharashtra 6,606 21-76 3,829 2,471%
11. Mynsore N 3,510 '.8-30_ 2,615 895
12. Nagaland 200 17-54 31 207
18, Orissa 6,746@ 43-20 5,388 1,042
14, Punjab . 202° 4:01 90
15. Rajasthan '8,760@ ''10-99 2,810 .
16.. Tamil Nadu .. 210 18:-99 1,419 791
17. Uttar Pradesh 4,872@ 18:55., 3,462 701
18. West Bengal ... . 1,183 13-47 1,080 65
19. Manipur” ¥ .. 602 ~ 26-92 291 1
20. Tripura 630 60-11 240 190
Union Territory ' b
1A &’N Island .. 47 90-11 503 243
2. Dadra & Nagar . ‘ oo
Haveli . 21 42-86 21
8. Delhi .. ' 5 3-38 8
4. Goa, Damen &
"Diu | e 105 27-56 95 »10
5. Arunacha! Pra-
desh . 5,164 61-67 . 84 52 .
6. Others” .. . . . .
7.’ All Indig 75,033 $2.87 45,579 14,760
*Estimated. @1968-89 figure repeated.

@@1967-68 figures repeated.
+ Sotirce—Task -Force on Forest'Development, '

4.34 The main object of forestry development is
to meet the immediate and long-term agricul-
tural and industrial requirements since the de-
mand for various forest products, timber, do-
mestic fuel and raw materials for industries has
increased rapidly. Consumption of industrial
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wood in 1968-69 ' was estimated at 11 million

eubic meters while the demand by 1973-

74 is projected at 16 to 17 million cubic
meters. It is expected that the supply may
be increased to 13.5 million cubic meters by
1973-74 leaving a deficit of 2.5 to 3.5. million
cubic. meters of timber required for industrial
use alone. Table 4.10 shows the quantity of
timber and firewood produced during selected
years in the period 1950-51 to 1969-70:

TABLE 4.10
Production of Timber and Firewood
(Quantity in 000" cubic meters)

Year Timber Fuel Total
wood

195051 . .e 3,843 11,948 1 5791

1955.56 v 4,157 10,810 . 14,967

1960-61 . 5428 11,644 17,072

1965.66 . . 8610 12004 2,704

1969-70 . . 8,930 12,860 21,790

Source : Task Force on Forest Development.

4.35 The recorded fuel wood output in 1969-70
was 12.86 . million cubic meters or about 9
million tonnes. The actual consumption of fire-
wood is, however, reported to be of the order
of over 100 million tonnes, the balance of over
90 million tonnes coming from unrecorded fell-
ings and removal from -‘treelands’ outside the

. forest area. It -has been estimated that upto 1985

the output of fuelwood from forests would in-
crease at the rate of 0.5 million tonnes per’ year
as a result of conservation and protection mea-
sures. With the creation of plantations of fast
growing species likely to yield ,about 17.5 mil-
lion tonnes more, the total availability from
recorded fellings might go upto about 35 million
tonnes. If strict control is not exercised, un-
recorded removal of wood from forests and fell-
ings in ‘treelands’ might continue at the present
rate of about 90 million tonnes or go down
slightly giving a total availability of about 120
to 125 million tonnes by 1985. The forecast of
the demand is somewhat higher. In view of
this, a serious shortage in the availability of
firewood is apprehended if afforestation pro-
grammes 'with quick growing species of fuel
wood are not taken up immediately on a large
scale or if the use of firewood/charcoal is not
discouraged by popularising substitute fuels.

436 The other major non-commercial fuel in
India is cowdung. As- this is mostly obtained
free of cost and from cattle owned by th_e vi_l-
lagers, no reliable record of the quantity is
available. But it is possible to get a judgement
of the level of availability from the population
of cattle and the normal yield of dung per
annum per animal. The 1966 Cattle- Census esti- -
mated the total cattle population to be about



230 million animals. An NCAER study has pro-
jected the level of cattle population as 280 mil-
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lion numbers by 1975-76. Taking the 1966 popu- .
lation of cattle and the assessment made by
field studies that the average yield of dry dung ..
per day per animal as 2 kg, (10 kg wetdung)

the annual yield can be estimated to. be 170
million tonnes of dry dung. It is, however, neces-
sary to note that only 10 per cent of the cattle
population is stabled and the rest of the animals
are left astray in the forests and ficlds most of
the time. It is difficult, therefore, to estimate
the quantity of dry dung that could be recover-
ed for use. The level of consumption of dung in
1965 is 61 million tommes. 50 per cent of dung

production may be taken as the limiting level

of possible use.

437 In the case of vegetable waste such as
rawdust, paddyhusk, coconut shells, bagasse,

3
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dry leaves etc., also, there is not likely to be
any availability constraint in view of the pro-
jected increase in agricultural output. However,
bagasse which is one of the vegetable waste pro-

; ducts most widely used as fuel both in the do-

mestic sector as well as in' industries like sugar
mills, has got a much better use,as a faw
material for. paper manufacture. The availabili-
ty of dry bagasse is estimated at 14 per cent of
the total qugutity of sugarcame crushed. About’
130 million tonnes of sugarcane is. grown now
of which at least 100 million, tonnes i§ crushed
for. sugar, khandsari or jaggery manufacture.’
Auvailability of baggasse may be assumed as 14
million tonnes. In view of the need to divert .
baggasse for industrial use, this resource is nof '
to. be counted upon. for fuel purpose. There are
no records to. show the guantity of other vege-

table rwastes that would -be available.

- y i ey R
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CHAPTER V '

5.1. In a large country like India, efficient
development of energy resources would call for,
not merely”’a reliable forecast of the level of
demand for different fuels in the country as a
whole, but some broad pattern of the likely spa-

tial distribution of this demand among the diffe- -

rent” régions of the country. There have been
very few altenipts* in the past to make any sys-
tematic study 'of 'emergy consumption at the
regional or State level. Most of the past data in
reliable official records relate to energy consump-
tion in the country as a whole, the only excep-
tion being electricity data which is available
state-wise, The reorganisation of States, the diffe-
rence in the quality of statistics compiled in the
different States, the lack of past data in some
union territories make a study of the regional
energy consumption in the past very difficult.
The Committee felt that in spite of the serious
limitations of data, a study of the past trends
in-the energy consumption in the different regions
should be attempted and the likely future dis-
tribution of demand for energy as between the
regions indicated.

Regions for Energy Studies

5.2. For the purpose of this Report, the coun-
try has been divided into four regions which
closely correspond to the five regions adopted for

power planuning purposes with the aggregation -

of East and North-East into one region. The
lack of reliable past data of the consumption of
different fuels and the difficulties of projecting
demand for the North-Eastern region have pro-
mpted the adoption of a simpler four region
classification as follow:—

Region *States which comprise the

region

Northern Region Uttar Pradesh, Rajasthan, Pun-
- jab, Haryana, Himachal Pra-

desh, Jammu and Kashmir.
Bihar, West Bengal, Orissa»
Apsam (including Meghalaya.
Mizoram and other States).
Madhya Pradesh, Maharashtra,
and Gujarat.

Andhra Pradesh, Kerala, Mysore
aud Tamil Nadu.

Eastern Region

‘Western Region

Southern Region

)
*The want of adequate data, the Union Territories hav
ot been included. . ‘

REGIONAL DISTRIBUTION OF DEMAND FOR ENERGY

RS i

5.31. The first step in the -‘projection of the '
future energy demand is-the study of 'the past’
trends in the consumption of energy in différent
regions. (It is'relevant to state here that 'in the
regional ~ demand - studies,” ‘non-¢commercial
energy ‘consumption has been included). Tot«:'
commercial energy consumptior in the different
regions -and 'the consumption: ‘0f different fuels™
from 1960-61 ‘td 1970-71'is, summariséd .
Table 5.1. I ey

Yoo UTABLE 50
5 . : 1o ) i T - PP

Statement oj‘ Commercial Energy Consumptibn—
Regionwise* from 1960-61 to 1970-71 w -

(Figures in nﬁ;ﬁr)

Regions
A
’Nor- Eas- Wes-  Sou- !
thern  tern tern thern
1960-61
Total C.E. Consamp-
tion .. .. 13-16 23-90 22-43 14-47
(a) Coal 4:-43 12-60 4.01 1-66 -
(&) 03l 6-58 7-18 14-31  9-06
(¢) Electricity 215 4-12 4-16 3-75
1965-66
Total C.E. Consump-
tion .. .. 25-58 38-42 39-52 25-40
.{a) Coal 7-90 19-20 770 2-50
() oir .. 11-92 12-24 24-28 16-50
(¢) Eleotricity - 576 698 7-564 640
1970-71
Total C.E., Consump-
tion .. .. 39-78 42-92 56-65 38-38
{(a) Coal 8-20 17-90 8-90  2-80
() Oil 20-65 14-54¢ 34-01 23-32
{c) Electricity 10-93 10-48 13:-74 12-26

*Consumption by Railways and the consumption in
Union Territories are not included.

5.4. It is interesting to €xamine the percentage
share of each region in total commercial energy
consumption and compare the results with the

*The noteworthy exercises in this regard are those made by Energy Survey Committee (1985) and the studies of the N.C.A.E.R
of the Energy Demand for different regions. The former is a sketchy one while the latter assumes that the rate and pattern of indus-
trial devolopment in different States would be the same as suggested by N.C.A.E.R. in the earlier reports on the industrialProgramme

of different States,

34
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percentage share of population. Table 5.2. sets .

out the results. . .
TaBLE 5.2 '
Percentage distribution. of energy consumption
Regionwise during 1960-61 and 1970-71

T
Perecentago of commer-
cial energy consump-
tion of the total

Region. commercial onergy.

consumption
. 1960-61 1970.71
Northern .. . E 18 22
(27-06) . (26-73)
Eastern 32 24
(22-51)  (22-44)
Western 30 32
(21-05) (21.65)
Sounthern 20 22
(26-13)  (24-67)

Nores (1) Figures in brackets indicate percentage, of
total population in each region. '
(2) The figures in brackets do not add upto 100
a8 population of Union Territories is excluded
5.5. In 1960-61, the Eastern and the Western
regions, which had only 22.5 per cent and 21
per cent of the total population, consumed about
33 per cent and 31 per cent of commercial
energy; while in the Southern and the Northern
regions the percentage share in population was
larger than the percentage share in energy con-
sumption. By 1970-71, a more equitable distribu-
tion of energy consumption was attained. Per-
centage share of the Southern and the Northern
regions increased; but between the Eastern and
the Western regions, the latter came to occupy
the first position as the largest consumer of
commercial enegry even though resourcewise- the
Eastern region was better endowed 'with energy
resources and the Western was the poorest of the
four regions. From general observation, it may
be stated that within the Western region, the
Eastern part has energy .resources whilé the
energy demand has come up in a large way in
the Western part-of the region.

5.6. An analysis of the rates of growth of
commercial energy consumption' in-the defferent
regions during the ten year period between 1960-
61 and 1970-71 and during the two semi-decades
that comprise this period shows interesting facts
as given in Table 53. ' - :

- TABLE 5.3

Regionwise rates of growth of consumption of
commercial energy '

(Figures in 9, per year)
1960-61 1965-66  1980-81
Region to to to

1966.66  1970-71 1970.71

Northern 14-2 9-2 11-7
Eastorn 10-01 2.2 6-0
Western 12:0 7-5 9-7
Southern 86 0-2

11.9 ..

- the-

3.7. The growth in commercial energy consum-
ption was moving along the right direction dur-
ing 1960-61 to 1965-66. In the 'latter half of
the decade, the Eastern region suffered a severe
industrial recession. As a result, by the end of
the Sixties, the Western region which is the
poorest in energy resources emerged as the
highest consumer of commercial energy.

" 5.8. Per capita
energy in 1960-61
Table 5.4.

consuption of commercial
' and 1970-71 is' shown in

. . TALBE 54
‘Percentage consumption of commercial énergy

(excluding Railways) Regionwise 1960-61 and
1970-71.

(Figures in tcnne of coal replacement)

By i , ‘ Per capita consump
stion of ' commercial

energy in

© ., 196061 1970-71

. Northern 0-107 0-265
S 65:2)  (81-8)
Eastern, 0-208 0302

. : (126-8)  (93-2)
Western 0-239 0-477
C(145-7)  (147-9)
Southern 0-129 0-281

. (73-2)  (86'7)

" Norr (Tigures in brackets represent the index of per capita
~ consamption with All-India per capita consumption=100)

' By the beginning of the Seventies, the per‘
“‘capita consumption of energy has evened out a

) _]_itt]e in all the regions except the Western region.

-yl . ) .
, 3.9. The Committee’s studies reveal that there
-was a large increase in commercial energy con-

-'sumption over time per unit of national income -

-during the decade of the Sixties. This is due to
the intensity of energy use increasing in the

"-mining and manufacturing sector as well as in

agriculture sector. There are difficulties in sepa-

., rating the influence of different factors which in-

fluence’ the growth of commercial energy con-
sumption. During the period 1965-66 to 1970-71
income from mining and manufacturing
feotor grew in all the States (and regions) at

. lower rates than in. the earlier semi-decades, but

the State incomes in many States grew at a higher
rate. The commercial energy consumption in all

- the States increased at a lower rate during the

‘latter half of the Sixties as compared to the
earlier half. . :

"~ 5.10. Projection of future demand—Based on
the survey of regionwise past trends of com-
‘mercial energy consumption, the possible rates
.of growth of such consumption in' the {future
" ‘tould be attempted. On the basis of Case-II esti-
" mates mentioned in Chapter I the total com-
' mercial energy demand is estimated at 898 mtcr
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by 1990-91. The d1str1but10n of thxs total demand

between the different reglons could be attempt-

ed by—-' ‘t )

.. (a) projecting ‘the demand on the basis of
past ‘correlation between- energy con-

-sumption and regional incomes and

_using ,the regression models to project

future - consumption assuming certain

levels of income growth; or e

by working out the picture of possible
growth in different sectors in each
‘region and computing the energy needs
' Vifor each sector; oft

(c) by assuming certain policy objectives
regarding energy consumption in future.

(®)

"'5,11. 'The Committee examined all the alterna-
dves. ‘Several regression models correlating total
energy consumption, and consumption of diffe-
rent fuels' with economic indicators were con-
sidered. In most of the cases the correlation was
not- significant. Further, the Committee felt that
an extrapolaticn of the past trend would only
perpetuate regional imbalances .in energy con-
sumption. The regression model would still leave
the question of choosing alternative patterns of
economic ‘growth in different regions (which pro-
vide the explanatory variables) to subjective con-
siderations. The second method listed above

would call for economic development plan for.

-different .regions. being worked out by the Com-
mittee, which is beyond the terms of refer-
ence 'of “the Committee. The third method
*of projecting the distribution of enmergy demand
in “different regions by assuming certain policy
. Objectives involves first the prescription of the
pohc;es ’I'he Committee is not 'in a position to
. suggest, regwnal policy ob]ectlves in the energy
. sector wnthopt intergrating ‘these policies with
. the overall policies for regional development or
;ndustrlal ‘Tocation policies to be adopted by the
. Government., .But a  hypotétical exercise ' of
. what is hkely' to be the trend in consumption
n, dﬁerept regions if the policies were framed
so as to ensure equahsatlon of per capita com-
gnermal energy consumptlon in different regions
within a g1ven t1m f);ame was attempted merely
- to show | the’ ‘extént” bdifications to current
trends. that such a pohcy would call for. It was
assurped that per -capita  commercial® energy
consumgt:on would be a broad representatlve
measure,of the per capita_income in the diffe-
rent regions and ‘that a policy would be operat-
ed to remedy regional imbalances in such a
" manner that it would be reflected ultlmately in
~"the per capita energy consumption in different
reglons ‘being equal. It was further assumed that
~ 'by-'1990-91, ‘the regional imbalances would be
“‘corfécted”in this .manner, The conclusions of this
exerciselare presented not as a recommendation
- that adtion "'should be taken in this direction but
to indicate the changes in trends of energy con-
sumption that would be called for and to recom-
. mend the formulation of overall policy towards
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regional development and particularly - for an
industrial location policy-. .

5120 /This exercise involved first the projection
of population ' of the"different Tegions. upto 1990-
91. No, official estimates of population in diffe-
rent reglons upto 1990-91 have been made. Some
tentative estimates were made by the Committee
on the basis' of available information.

_ TABLE 5.5
Esnmated Regtonw:se Population
(Inmzhon)
‘Region (a) 1970- (8) 1978 (¢) 1990-
St 71 79 9,
Northern - 150-1 180 213
Eastern . 142-2 167 197
Western' + ,,° e 118-8 . 1137 ., 162
Southern R 136-7 153 181
“Total" ...  547.9 637 755
ey TRy .1 - . . .
ORI

(h) As. indifate'l ini the: long-term 1perspective 1nclud?d Jin
the. Draft Fifth Plan Regional break-up made on' the

. lines-of Bxp ¢t Commitec on Popula.txon projet‘bé borr
(c) Ass.;umn;,the snme_, raty of growth of!! 0pu!at|0£ “in
. all#ho recjons and the rate of prowty’ m(ﬁcated for the
" Period 1981-86 in  +he Draft thth Plan to ¢ontinue for

" . thenéxt b yeua,woenc)d.u:.lli0 R O (TRt

5. 3. Based on these tentatlve éstimate ' of

populatlon in dlﬂ‘erent reglons ‘and” the assump-
tion. that per capita’ consumption of ' commercial

Ay

.energy, for all the regions shiould be-equal,:the

distribution of - energy consuniptitn ‘as between
the different regions wa$computed. The rates of

growth of commercial energy “consaniption: that
th1s would imply in the eriod 1970-71 to 1990-91
‘were compared with the past growth rates‘in com-

. mercial. energy consun:iptlon “The- resu]ts of this
-study are set out m the Table

-
L; v” .
S B L gﬂn

TABI.B 56

Esﬁmates'q of regzonwzse conszfmpﬁoﬁ/‘ of com-
mercial energy.and the zmplred rates of gro‘v‘vth

I of consumpnon TN (.\‘,,' e

N

o Energy Ra.te,pfgrowth"%“ il
consump- ' ’;& tu ; ST
tion in p- etua

. million "'* ’Iﬁ‘ed
' G ", tonnes -of - bet;. 1@60 1‘)60- 19%5_
.coal replace- ween
ment in 1970- to bo to.'u
- 71 1970- 1965- 1970-
1970 1990-~ and 71 66 71
TRN} 91
(Ac- (Antl- 1990-
tual ' éi- 91
Psted) B
S T 203 4 & 6 "9
Northern . 20-78 264 9.7 137 142, 9-2
Eastern . 42.92 23 89 6-0 100 2.2
. Western .. 56-65 193 6.3 97 120 76
Sounthern .. 38-38 216 9-0 102 11-9 86




5.14. When the ‘normative’* rates of growth
computed above are compared with the rates of
growth of commercial energy consumption in
the decade of the Sixties, it is found that in all

the regions except the Eastern region, the rate

has to slow down. When the ‘normative’ rates
are compared with the rates,of, growth, of com-
mercial energy consumption during 1965-66 to
1970-71, it is seen that all regions other than
Western region has to increase the rate- The rates
of, growth indicated for the period upto 1990-91
in, the case of, Northerri and Southern regions
are slightly above ' the rates registered in the
later half of the Sixties; but in the case of the
Eastern : region.‘a ubig.. increase din commercial
energy ', consumption is.called for while the
Western - region has to sharply reduce the rate
of -increase in ‘commercial energy. consumption.
The: regulation of the growth rates in the com-
ing years tp the levels indicated will have serious

37

.

implication on . the. development plans of the -

different. fegions,..especially the Western region,
where the rate.of growth has. o be reduced.
[TVTPEIL { N VN -
Fuelwise .consumption of commercial energy in
v different regions. - DENTIN .
5.15. While the per capita commercial energy
consumption in the different regions might tend
to become equal with policy measures, the com-
position. of fuels which makes up total commer-
cial energy consumption, may vary from region to

L [V
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region depends largely on the relative availability

and prices;of the fuels. It is reasonable to assume
that in the matural course, the regions which have

abundant coal resources will use relatively more
coal than oil in their energy utilization. But the
levels of utilization will also depend on the
policies of the Government regarding setting up
..of different types of industries in different regions.
As the industrial policy has no clear guidelines
 to industrial location and regional development
and as it is not possible at this stage to forecast
possible changes of Government policy in this
regard, it has not, however, been possibie to esti-
mate the possible levels of consumption of specific
fuels like coal, oil and electricity. N

o N DD S

Conclusions

5.16. As between the regions of India, energy
consumption is not very balanced, whether we
consider the per capita consumption or the con-
sumption per unit of national income. While the
imbalances are slowly getting adjusted, the
Western region is emerging as a'high consump-
tion region in respect of commercial energy.
If the objective is to achieve a more balanced
per capita total commercial energy consumption
by 1990-91, there should be a well conceived
policy towards regional development which will
take note of the divergenees in resource endow-
ments. The regionwise energy policy should be a
part of a well-conceived regional development
strategy. The figures provided in the Report
above should be taken as merely illustrative and
cannot be regarded as a recommendation with
any operational content. ' ‘

". .!Thé rates shown in Cel. 4 in Table 56 are referred to as Normative rates for Commercial.

’
4



CHAPTER IV

vk

PERSPECTIVE OF LONG ENERGY PROBLEMS -

' Energy Plan and National Development Plan

' 6.1. The preceding chapters have described past

trends in energy consumption in India, the rela-
tionship between energy consumpfion and indices
of economic growth, the likely demand for energy
and demand for specific fuels in the coming years
upto 199091, the energy resources availabte in
the country and the regionwise supply and de-
mand position. s

Ehergy 'Consumption

/™ 62, If we take the period from 1953-54 to

—

1970-71 tota‘lﬁ energy consumption increased
from 193.5 million tonnes of coal re-
placement to 376.6 million tonnes. The share
of non-commercial energy in total energy. used
declined from 17.5 per cent in 1953-54 to 48.5

“per cent in 1970-71. The pattern of growth in the

edergy section outlined in this Report would
take total energy consumption to 1079 million
tonnes of coal replacement jn 1990-91. Of this
the consumption of non-commercial fuels would
be only 181 million tonnmes: of coal replacement
i, 16.8 per cent. In per capita terms, total
energy consumption in India will increase from

0.509 tonne in 1953-54 and .0.676 tonne in 1970-71

to 1.439 tonne in 1990-91, in terms of commercial
energy consuption along, per capita consump-
tion would increase from 0.158 tonne in 1953-54
and 0.361 tonne in 1970-71 to 1,200 tonnes by
1990-91. It is relevant to note that this figure
understates the total energy utililized in the coun-
try as the large quantity of animal power still
used in India for providing motive power is com-
pletely left out in these calculations.

Basic directions of energy policy

6.3. While a review of the fuel policy is essen-
tial to decide from time to time the magnitude
of the production efforts required and the invest-
ment decisions called for, the studies of the Com-

- . mittee have brought out some fundamental direc-

oy

tion of fuel policy which may remain invariant
under most of the likely developments in the
future. It would be useful to recount these even
at this stage. - ‘ ‘

) 6.4. We can glean the trends in energy consump-
tion beyond 1990-91 by tracing the factors which
affect the quantity and composition of energy
consumption. In a modern economy energy 'is
Jused mainly for the following purposes:—

A1) heat raising :

(2) lighting

(3) the provision of motive power and

3 (4) electrolysis
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'I‘he“d'c‘m’and‘ for the first three purposes arises
in house-holds. industrial ' enterprises, - transport
undertakings and commercial enterprises. The de-
mand for the last mentioned purpose is restricted
to;a limited class of industrial enterprises. =
6.5 InIndia, the household demand for energy
for heat raising arises mainly. for the purposes of
cooking' and. - lighting: The total quaatum
of energy demand for cooking may not rise much
faster than the rate of growth of food consump-
tion;  ‘but the preferred sources of energy for this
purpose :may change as the economy develops.
For. instance,’ with growing .- urbanisation,
electricity, gas -of  kerosene will tend to replace
non-commercial fuels like cowdung and firewood
as the source ‘of energy for cooking. The bulk of
this urbanisation would probably have worked
itself -out by 1990-91. T ‘

" 6.6. 'Household demand for energy for lighting
may well have a higher income elasticity than the
demand for energy for cooking. In this case too
one -can ¢xpect a gradual change jn the preferred
sources of energy for, this purpose—mainly a sub-’
stitution ' of electricity ‘for kerosene. Here also,
most of thé structural changes'in energy demand
would have. been effected by 1990-91. Even by
1990-91 a substantial portion of the rural house-
holds may still have incomes which will make

them dependent almost entirely on fuels which

could be obtained at no private cost. But utilisa-

tion of such fuels unless properly regulated will

have very high social cost- In order to reduce the

social costs a number of institutional arrange-

ments and research efforts have to be undertaken
to ensure that the optimal utilisation of locally

available fuel resources (vegetable waste, ani-

mal dung, solar epergy etc) is evolyed. 'Sult_able

measures may have to be taken up in this direc-

tion even from now as indicated in Chapters X

and XII.

6.7. Household demand for energy for motive
power may also be highly incoxpe-elastlc. Apart
from anything else, the growth in the urbanisa-
tion will ceteris panibus tend to increase demand
on this count. However, with rising incomes _there
may be a substitution of inanimate for animate
energy €.g.,-as would arise In the switchover from
bicycles to scooters. But the level of demand on
thisrcount would depend greatly on governmental
policy with respect to the private. operation of
vehicles, the importance attached to public trans-
port, the location of offices and factories with res-

ct to residences etc. If the right policies are
followed. India will not expericnce the sort of
burst in energy demand on this count that was



experienced in U.S.A.; Western Earope and Japan.
The rate of growth of demand may not accelerate
for quite a' long period even after 1990-91.

' [ [ ' -

6.8. The demand for energy for agricultural
operations arises mainly for the purposes of pro-
viding motive power. With the gradual intensifi-
cation of agriculture, the level of demand for this
-purpose is likely to increase. Moreover, a substan-
tial measure of substitution of inanimate for ani-
.mate power is taking place and will continue to
take place- But the greater part of this substitu-
tion will probably have been effected by 1990-91.

/% 6.9. The ' demand' for energy for industrial
' operation ' arises mainly for the purposes of heat
“raising, for providing motive power and for elec-
trolysis. The level of energy demand for this pur-
se -will depend 'essentially on the structure of
industrial production. Within any given industry
the level of energy demand per unit of output will
'not in general chahge substantially. The high rate
,of growth of energy consumption in industry over
the past two decades reflects the growing import-
ance of basic metals and chemical products in the
total ‘industrial output. In industry, the use of
energy for the purposes of heat-raising and electro-
'lysis probably ‘increases faster tham the use of
energy for'metive power as the economy grows.
‘However, the impact of such structural changes
on the level of energy demand may well be more
moderate’ in the - period beyond 1990-91.- The
source ‘of energy used for these purposes will also
change if the policies recommended in this Re-
port are implemented. Here too, the bulk of the
}hanges may well have been effected by 1990-91.

6.10. In the transport sector, enmergy is used
-almost .entirely for the purpose of providing
motive power.- As the economy grows, the de-
mand for transportation. will most certainly in-
crease, but the magnitude - of the increase will
depend greatly on the locational aspects of deve-
lopment. If, as is likely, the degree of specialisa-
tion of, different regions in different types of pro-
duction increases, the demand for transportation
will increase at a rapid pace. But there is no
reason for supposing that such trends towards
specialisation will be more pronounced after 1990-
91 than before. Hence, on this count too, the rate
of growth of demand for energy may not accele-
* rate. after 1990-91.

6.11. The considerations described above sug-
gest that the rate of growth of energy demand in
the period beyond 1990-91 may not be as high
gs the projected rate of growth of energy demand
jupto 1990-91 and certainly not as high as the
growth rates observed over the past two decades.
Most of the substitutions of one energy source
for another that are taking place or that are

- recommended in this Report would have been
effected by 1990-91 and the rate of growth of
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demand for individual forms of energy will also
reflect mainly the income-elasticity of demand
for that form.. ,

6.12. Electricity will be the principal form of

_energy for the purposes of lighting and of course

the sole form for electrolysis. It will be used for
motive power in many applications, particularly

_ those involving stationary equipment. The use of

" battery-operated vehicles yields results.’

electricity for motive power for vehicular pur-
poses may tum out to be important in the period
beyond 1990-91 if current research work on
There

~ will be some use of electricity for heat raising.

6.13. Coal will be used mainly for the purposes

. of heat raising including, of course, heat raising

in thermal power stations. In view of its low

-efficiency. the use of the steam locomotive may

decline unless research work leads
dramatic technological developments.

6.14. Oil products are a particularly suitable
form of mobile energy with a high energy to
weight ratio. If the recommendations of this

to some

Report are accepted, they will be used mainly

as a source where such a mobile source of energy
is necessary—for lighting and cooking in areas
where electricity and solid fuels cannot be made
available and for motive power in road trans-
port. Oil products are too expensive a source
of energy for purposes for which coal and elec-

_tricity can be used. '

Fl

-.6.15. On the supply side, among fhe commer-

- cial fuels, coal will remain the most important

supplier of energy in India upte 1990-91 and
most probably ever beyond. The oil resources

" in the country have not been fully exploited. The

oil bearing area that has been studied thoroughly
constitutes not more than 4 per cent of the total
area of the Indian sedimentary basin which
could be the habitat for oil. But it must also be
remembered that this 4 per cent has been con-

" sidered the most promising on the basis of the

knowledge that we have now. While the possi-
bility of finding more oil on-shore off-shore should
not be ruled out, it will be irrational to frame a
policy on the basis of the likely findings of oil.*

6.16. As indicated in Chapter IV there are also
possibilities of our exploiting very large quantities
of natural gas resources from the areas under
exploration within, the country and abreoad- In-
creased availability of natural gas will call for
changes in the pattern of fuel supply suggested
in this Report. At this stage, however, it is too
premature to make any attempt to quantify the
possibilities. S

6.17. Between 1983-84 and 1990-91, it is anti-
cipated that Fast Breeder Reactor technology
(F.BR.) would be commercially available to
India. The availability of economically viable,

® Tnfact, if 0il ‘i foand in the country, whether it shoule be used internally or exported would have to be <ar. fully
dreile ] with referefice t0 the other fuel forms avaijlable in the country, the relative price of fucl in the international

market agd our other imPort peeds, -



40

. ¢othitercial 'scale ‘Fast Breeder Reacters ‘in ' the
«country would :introduce a new.'element in the
energy supply situation which has not been fully
taken note of in our, Report. Given the very
large. resources of thorium and the definite possi
> .bility of ' accumulating significarit quantities of
. 'plutonium’ in .the country by 1990, India would
“'be’ poised ‘for 4 very fast growth of nuclear power
.\ poduction  when  FBR lechnology is commer-
. cialised. "The Depattment of Atomic Energy has
. ,drawn up plans to increase nuclear power gene-
©. ration’ capacity. from ‘1900 MW in 1983-84 to
‘8623 MW in 1990-9-."Of ‘this 6620 MW will be
‘biised on the “first generation heavy water re-
--actors of the' kind which‘are already being built
.- while 2,000 MW will. be.based ron. Fast . Breeder
stReactor: technology which-isiunder 'development.
+ The ' Cothmittee -would ; welcome . Such ‘rapid: in-
“.crease in onuclear power . generation,. especially,
power generation ‘based on. FBR'“technology as
in the years beyond 1990-91. It will be very
_-difficult to imeet the power tequirement with-
_out adequate support of supply from FBRs. If
the pattern of supply of fuels recommended -in this
Report mateérialise by 1990-91, almost the entire
hydel potential would have been exploited and
coal production would have reached a level that
“there "would 'be ‘severe limitations to further
rapid increase in its production; if no large ‘oil
"' reserves are discovered by then in India, the in-
" crefiental ‘deiand for ‘energy beyond 1990-91
would have to be met by muclear pOwer -genera-
--tion. This would be possible only if FBR. tech-
- nology _ for -comimercial ~operations-is .available
~by then. In view . -of this, Committee would
‘strongly recommend that adequate effort shouuld
"be put in-developing this -technology -based on
the use of thorium from:now on.. . -
o . “ R S RN SRR Y v, B
~6.18, The. other energy ‘resources, ‘which are
~not .commercially utilised in:significant quantities
- 'anywhere in the .world-but which.are.talked
about: with great. hopes, -are geothermal energy,
-solar energy, wind power, tidal. power and che-
-mical sources-of energy. The Committee examin-
. ed carefully. the-status of -work. and the likely
.contribution " that could be -obtained ,from these
sources. The total energy available from tidal
- power and the gebthermal ‘energy. that could be

tapped on the -basis 'of - the: present technology

appears to 'be insignificant.: Similarly, the contri-
"bution‘'of wind power- is-likely: to’ be small even
‘if a very large' number of wind-mills are set-up
“in - the country.  ‘There are grave ‘uncertainties
‘regarding’ the - commercial juse of solar:energy
“for industrial ‘néeds. “The “Committee - therefore
felt that by 1990-91, the contribution:from these
-non-commereial , energy .. sources is not likely to
- be significant enough to be taken note of in dis-
cussing the energy supply sitnation. But,in certain
. specific: locations,  these -non-copme.rc:al energy
" forms may have some relevance. ' The Commiltee,
‘has, therefore, recommended. the support for. all

research and development ' activities connected

with the utilisation of non-conventional energy

(forins. - Beyond 1990.91, - there may ibe possibili-
:ties of . energy which appear the only non-com-
solar . energy wwhich appear dhe only non-com-
mercial sources of energy which could contribute

to supplies in a :substantial way. :

 Minimisation_of Energy Cost

%6.19.-Upto the early seventies, all over - the
‘‘world thetrend was not only to plan for ade-
quate energy supplies- but to provide it at mini-
/moum’ of _cost. ‘Minimisation of emergy cost was
“one of the primary objective -of energy -planning
isin many countries but the shortages and un-
.scertainties  in -oil availability during the-last few
.,¥years has shifted to_emphasis in energy planning
.to gnsuring the adequacy of fuels more than the
sreduction of energy cost. In the coming years
- when, the, oil sitgation in the international market
7 settles: down ;to .pmormal conditions, ithere will
:again be a'renewed gmphasis on minimisation of
-genergy . costs. /If India’s -production is .to. be com-
petitive. in-the international market, we .should
- ,iensure, that. our planning for energy industries
.and operation. ¢f these industries are comparable
~.in .efficiency ito that obtaining in other countries.
.2 The: Commitiee -has emphasised throughout the
«Report ;the -need for cost minimisation. Any
- investments . made in the energy sector which
_wwould produce-high cost energy and which would
;ihave productive-life \beyond 1990-91 will make it
o very Wiffigult to reduce the overall cost of energy
- production.,-Hence,. howeyver, urgent. be the com-
sripulsion .of-.the geurrent. situation, .we should not
.y\commit. ourselves irrevocably to. such high .cost
investments. »
21620, There . are..indications that a number of
-<technological developments in the coming decade
-tawill-reduce the transportation cost of energy. Un-
«{ess:we are-alert.and adopt:the most modern and
“the tmost..optimal technologies for. transporting
--energy, ‘the-cost of energy to the consumer in
->India is likely: to. be:- higher than .the cost -else-
1towhere. In..a - country -of . continental. dimensions
- ike ours with coal. resources situated mostly. in
-the Eastern.and Central. regions and hydel power
" concentrated-mostly in: the Northern. region, there
<i.will be need to transmit energy in-the form of
- electricity ‘over Jong distances. Transmission costs
could be reduced by adopting higher transmis-
.sion. voltage,as well_as the. newer technologies
.+ like 'DC transmission or transmission _through
©.cryogepic . conductars, liquid-filled conductors
,-etc. Research ..and development in this area
. «should be taken up even from now. on, if we are
. ta ensure the supply of power at economic rates
".ta.the consuner in the years beyond 1990-91.

kol ‘Another major,.problem in energy trans-
. portation . which will continue to- be of interest
“beyond 1990:91 is the -transport of coal to diffe-
. rent .supply. points. In view of the continued
- difficulties in transporting .coal,-a number of sug-
gestions have’ been: made- for: transporting coal,



by converting it first as electricity and transmitting
it through EHV lines or by gasification of coal or
- by converting it to coal slurry and transporting it
by pipelines. While transmission of power by
EHV lines in preference to trapsporting coal is
economical under certain circumstances, the coal
gasification and pipeline transport of gas or trans-
porting of coal as slurry by pipeline appears to
be un-economical under Indian conditions. While
it may be useful to make some detailed studies of
the economics of coal gas transport and coal
slurry transport in certain specified locations and
take up some schemes as part of R. & D. efforts,
the contribution of the pipeline mode to coal
transport will be very small upto 1990-91. Even
if we assume that all power gencration will be
at the pithead by 1990-91, there will still be a
need to transport by rail around 200 m. tonnes of
coal need for uses other than for power genera-
tion. Pipeline transport, even if this is introduced
in certain circumstances, may transport at the
most about 10 million tonnes. The major burden
of moving coal will have to be borne by the Rail-
ways. The Comnmittee has suggested ihat the coal
transport capability of the Railways should be
built up to a level of 85 per cent of the coal pro-
duction in the counitry at any point of time. This
would mean that the Railways' capability to move
coal should be around 300 milllon tonnes by
1990-91. While the possibiiities of pipeline trans-
port of gas or slurry becoming economic in the
circumstances prevailing beyond 1990-91 cannot
be ruled out, it is clear that even then the burden
on the Railways to transport coal will gradually
increase. :

Need for review of emergy policy

6.22. A number of factors assumed as the basis
for our forecasts and recommendations may
change from time to time. It s, therefore, neces-
sary to keep the policy under periodic review and
fo effect changes wherever necessary. Energy uti-
lisation represents the culmination of a long
process which starts with the exploration for
fuels, their transformation and transportation.
All these stages which precede energy consump-
tion have long gestation periods. Energy plans
should therefore extend to long-term horizons of
at least 15—20 years. If energy plans and policies
are to be operationally meaningful, they should
be reviewed periodically at least once in three
years and the planning horizen extended at each
time to 15 years.

Energy Commission

6.23. The implementation of the recommenda-
tions of the Fuel Policy Committee which call
+ for coordinated action by several Ministries and
agencies of the Government. An ideal organiza-
tional arrangement for this will be the setting up
of an Energy Commission clothed with adequate
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powers and manned by suitable talents which
can, be entrusted with -the responsibility for the
periodic review of the energy situation and for
planning for optimal production and distribution
of the different fuels. As the experience of 'this
‘Commiftee has revealed that the data relating to
sector-wise energy consumption,- the 'efféct . of
related prices of fuels, and -the, regional epergy
consumption data are not available, the Com-
mission should also have the responsibility of

“collecting systematically the information and data

on the Indian as well as international energy
situation and of organizing research and analysis
which will contribute towards the review andg, if
necessary, the revision of the Energy Policy.
However, it is recognised that such a Commis-
sion will have to take over the functions which
are now dealt with in several Ministries like the
Ministry of \rrigation and Power, the Depart-
ment of -Mines, the Departinent of Petroleum,
the Railway Board and the Planning Commis-
sion. It has also to be recognised that the scope
of work of the Commission will become very
large and some of the problems associated with

large organization will have to be faced by the
Commission, o

Energy Board

6.24. The need, however, to coordinate the
activilies of the different agncies of Government
dealing with energy is very urgent. Committee
considers that it would be appropriate to im-
mediately set up an Energy Board consisting of
the Ministers of the concerned Ministries sup-
ported by a suitably structured Secretariat to
assist this Board. Such a Board would be some-
what different from a Cabinet Committee as the
Board would have a Secretariat which would
initiale or undertake studies and analysis rele-
vant for the review or revision of the fuel policy
and would not depend entirely on the administra-
tive Minisiries for such studies. The Energy
Board can be set up immediately and with the
experience gained in its working several func-
tions of the Ministries which are more important
for effective discharge of its functions could be
transferred to the Board. The case for the Energy
Commission could be re-examined at an ap-
propriate stage later.

Institute of Energy Studies

6.25. In the Report on “The Fuel Policy for
the Seventies” (May 1972), the Committee recom-
mended that an Institute of Energy Sudies should
be organised for collecting systematically the in-

formation and data on the Indian as well as
international energy situation and of organising
research "and analysis which will coniribute to-
wards the review and, if necessary, the revision
of the Energy Policy. If the Energy Board is
" formed, it may be useful to entrust the functions



'of the suagested Instllute of Energy Studles to
“the Board: ‘It should be moted that we" have
several msututlons in the country which are
even HOW | engaged in certain aspects of energy
' production .and utlllzatlon Whether a separate
"Insl:itute of Energy Studies is set up or the pro-
. ﬁosed Energy Bbard takes up the work, the work-
mg of the agency entrusted wzth Energy studies,

- { g .
S S N VI PEINY
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'L ool
should be oriented more towards the arranging
for the studies to be conducted by different ingti-

-tutions and agencies in existence now and’ co-

ordinating the research projects. Any attempt 1o
ceniralise the research efforts relating to energy
problems which extent over a very large area of

economics, science and technology under a single

institution may prove counter-productive.
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CHAPTER VII

COAL POLICY

Coal : Principal source of energy

7.1. Coal was the principal source of supply
of commercial energy in India till the early
Fifties. Over the last two decades. the direct use
of coal has been steadily declining in relation
to other fuels and the estimates of demand given
in this report indicate that this tendency will con-
tinue upto 1990-91. The relative proportions of
coal, oil and electricity consumed in the economy
and likely to be consumed in future are indicated
in Table below :—

TaBLE 7.1

Share of coal, oil and electricity in total com-
mercial energy

Coal - Electricity

Year (Direct oil L. Total
Use) .
% % %
1953-54 . 47-8 . 396 12-6 100-0
1960-61 . 39-9 434 | 167 100-0
1965-66 . 35-3 43-9 20-8 100-0
1970-71 . 26-0 49-3 . 24-7 - 100-0
1978-79* . 23-5 48-8 27-7 100-0
1983-84* . 23-3 453 31-4 100-0
- 1990-91* . 21-8 42-9 35:3 100-0

NoTg : Percentage calculated w;th reference to coal replace-
ment measure.

* As prrestimats Case II in ChaPter IlI

7.2. Though the share of coal directly used in
the total commercial energy is going down, the
coal used indirectly through transformation as
electricity is rapidly increasing. The increasing
demand for electricity and the limitation on the
possibilities of increasing power generation  from
hydel and nuclear sources during the period upto
1990-91 leads to.an increasing demand for coal
for thermal power generation. As a result of this,
the quantity of coal used indirectly is likely to
increase relative to coal used directly and the
share of total coal in total commercial energy is
expected to be stabilised around 38 per cent by
end of Fifth Plan period. Table below sets out
the likely trends: =, | Gyt

TABLE 7.2

Share of coal used directly and indirectly in total
commerc:al energy

H

. Total @ Coal used % share

‘ Year comumer- ' of total

T ocial Direet In- Total  coal*¥,

energy direet

1960-61 .. 101-2 40-4 6-7 47-1  46-54
(85 77) (14-23)  (100) ,

1965 6(3 .. 1470 51-8 10-3 62-1 42-24

(831-41) (16-59) (100-0) .

1970 71 . 1973 651-4 14-6 66-0 33-45

(77-88) (22-12) (100-0) ' -

. 1978-79* .. 3610 85-0 53-0 138-0:" , 38-2

. ) (62:0) (38-0) (100-0) .

' 1983-84* 532:0 124-0  80-0 ' 204-0  38-3
(61-0) (39-0) (100-0) :

198-0  144-0 342-0 37-1

1990-91* ., 907

' : (68:0) (42-0) (100-0)
wh 5 d B}
**Percontage calculated with reforence to epal rcplncc
ment measure,

*As per esblmu.bes (Cu,se 1) in Chapter III. Flgures in
breakets indicate percentage, share of coal used directly and
indirectly in the total coal used.

@Exclusive of coal used for non-snergy Purposes.
As seen from Table 7.2 the share of coal séd
_for power generation as a percentage of total
coal was ‘only 142 per cent in 1960-61. This is

~ estimated to ‘go 'upto 42 per cent by 1990-91.

} 7.3, However, in 'international ' comparisors,
Ithe relative shares of coal, oil and hydel electri-
seity are-calculated in terms of coal :‘equivalent
ameasures. is considered, the share of coal remains
- above 50 per cent upto 1990-91. . |

TR TABLE 7.3 TR
~Share of coal used directly and indirectly as per

cent . of total -Commercial Energy ,-(u,z; coal
. eqmvalent measures). . ' .

[

Total l Coal used in (a)

9, share
commer. ' m, tonnes of -
Do, eial ., .- i total.
. energy — coal
e " in mtee o ‘motOe
" . Direct Indirect Tota] r
'Il Y use nse v
1960 61 .., .70-8 . 40-4 67 .47 66-53
"'1966-66 . 102-2 51-8 10-3 - 62:1 '60-76
;197071 . .. 132-0 51-4 148 66-0 . 50-00
1978-79 2340 85-0 53-0 138-0 58-97
©1983-84 3570 124-0 - - 80-0 204-0 57-14
© 199091 . 623-0 198:0 . 144:0, : 3420 564-90

T

() ,J;}xvllilsiye of conl used f?r nonflen‘gyf y Purp115037
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7.4. Coal demand forecast in this report im-
plies an annual growth of about 12.6 per cent

during the Fifth Plan period and about 8 per
cent from then on. As a result of the new thrust
for substituting of oil by coal in different sectors,
and the new technological developments - anti -

cipated in the production of chemicals and fer!i-
lizers based on coal, the estimate of coal demand
forecast for these purposes in the report should
‘be"taken ‘as 'somewhat conservative. (It is to be
noted that the use of  c¢oal as a feedstock for
the manufacture of nitrogenous fertilizer has been
taken note of 'in our forecast;" but no -other
chermical production based on coal has been
assumed, as there are grave uncertainties in esti-
mating ‘(this). Coal, therefore, will play the most
important role in meeting * the energy and feed-
stock requirements of--the country. Fortunately,
¢odl, except for the nietallurgical - variety, " is
available in quantities which- may.last for the
next -100 'year$.“The production of coal has a
long history in the country and the technology
of ‘coal production is well developed. We should
therefore consider coal as the primary source of
-energy in the country for .the next few decades
and the energy policy of the country has to be
designed on this basic:prémise. " |

 Survey of coal industry

', 1.5. While evolving a policy for coal develop-
ment +in, this country, it would be appropriate
_to make a survey of the coal industry. The first
. published -reference to the mining of coal in
-India dates. back to the year 1774 when shallow
“inines' Are 'réported to have been" developed in
the Raniganj coal field. © Systematic ‘mining of
coal through quarries or shallow pits seems to
~have started -only in the second quarter of the
‘‘nineteenth century. By 1860 nearly 50 collieries
were in operation, producing” about 2.8 lakh
tonnes of coal per annum in the Raniganj area.
" By the end of 'the ‘nineteenth century the produc-
tion‘of coal from the Raniganj field had increased
t0'2,5 million tonnes per annum but in the mean-
time other areas had also started producing coal,
. the most important codalfield being Jharia in
Bihar. Coal mining started in Madhya Pradesh
{thén known ‘a§ Central Provinces) in 1862, 'in

“the Rewa State '(now part of M.P.) in 1884, in’

;Singargni, (in the then Hyderdbad State,  now
«in' Andhra Pradesh) in 1887 and in Upper Assam
in 1881. At the beginning of the present cen-
tury, "codl production’ had reached 4 “total of
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about 6 m. tonnés. The growth of the industry ia
subsequent years was as follows : —

"t

e P
" TABLE 7.4
Growth of Coal Production in India
Year Coal pro. -
duction in
m,, tonnes
1900 6-00
1920 sy
1930 23-80
1940 29-39
1950 32-81
1956 38-84
1960-61 55-70
1965:66 67-66
1969-70 © T5-74
1970-71 i2-96
1973-74% .

77-90

*Provisional estimate.

7.6. Till the end of 1971, before the nationali-
zation of the coal mines, the coal industry was
organised into a number of mines mostly pri-
vately owned and very small in size. In January
1971, the number of mines in operation was over
800 and ‘the size-wise classification was as
follows: — . . .

TABLE 7.5
Sizewise Distribution of Coal Mines (1971)

Size/Production per year* in tonnes No.  Annual:
. Produe.
tion in
million )
tonnes ‘
1. Up to 6000 . 228 less than §
2. between 6,000—12,000 - 47 less. than §
3. between 12,000—60,000 211. T
4. between 60,000—1,20,000 100 9
5. between 1,20,000—3,00,000 130 25
' 6. between 3,00,000—6,00,000 74 28
7. above 6,00,000 7 5

*As per the liconsed or approved production capacity.

It 'may be noted that over 480 mines had'a
total production of only 8 million tonnes, in-
“dicating’ the: smallness of operation of the ma-
"jority of mines. .After nationalization, the entire
- coal industry, except for 9 captive mines of the
‘two private sector steel plants, (and some tiny
coal mines. in certain locations) has come under
. three” public sector corporations. Bharat Coking
'Coal which took over 208 coking coal mines and
* 186 hon-coking coal mines, has reorganised them
into 86 units. Coal Mines Authority, which took

¢



ovet' 297 private mines and 44 -mines of the
Nationai' Coal Development Corporation is still
it~ the process of reorganizing them. In its
Eastern ~Division 215 mines have been reorga:
nised into 86 units. The number of colliery units
at present may be taken at about 376 against
about 800 before nationalization.

©.94.The degree :of mechanization in the diffe-
- rent mines varies widely. There are mines which
are still using primitive methods of mining
whete- production is very labour-intensive: there
are: also ri1ine§ which are highly mechanized.

.1 7.8, The - employment in the coal mining in-
dustry. which has recorded* as 3.99 lakh per-
sons in 1961 .is reported to have -declined to
206 lakh-persons -im-1971; but in the process of
nationalization: of the: coal mines it was noticed
that part of this decrease was due {o. misreport-
ing of labour employed in the mines with a view
to. avoiding payment -of the legal dues to the
workers, There. is, however, evidence .that a
large -portion ;of -the increase. in productivity in
the Sixties- has. come- from increases .in labour
productivity. ' The: output per. mine shift* (OMS)
'has! in¢reased from-0.35-tonnes in 1951 to 0.48
tonme in 196b+to 0.67 tonne in 1971. Patt of the
increaserin ‘ productivity.- is .also. due to increase
in productioniin coal-from open-cut-mines. instead
ofr underground' mines.. The .average output per
'mine-ishift -in, the open-cut mines. is ground 1.3*
#onnes’ though in completely mechanised mines
‘like i¥hingurda,- it -is.-as. high as 6% tonnes; the
‘'output.in underground mines is however around
05 tonnes.t The productiont.derived from open-
&ast mines was-10.82<m. tonnes in 1961 which
increased to 15.43 tonnes in 1972-73. _
LSS N LT, v !
Pl: 7.9. The inadequacy of rail transport affected
coal consumers severely in the beginning of the
-Sixties resulting in the shift to the use of oil pro-
~ducts by a number, of industrial units, particularly
+n the western, and southern regions. With the
_easy. ;availability of furnace oil and its obvious ad-
Jvantage. over coal. in, utilization, these industries
-continued . with. the . use of furnace oil even after
rhe, rail transport situation improved in 1964-65.
Krom 1964-65 . onwards, the rail ‘capacity was
-ahead of the coal demand and the Railways had
nto~@a to rthe extent of suspending certain line
-capacity- works -(e.g., Singraulj-Katni link) and
cancelling . the. orders’ for a large number of
awagons.-The, best performance of the Railways
an-coal transport was. in 1969-70 when - they
-mpwed.. 71 million tonnes. The situation changed
rguddenly : from. --1970-71 . and again ‘an era of
wagonshortage has started. In 1973-74, the Rail-
nways- were.able to- move only about 61 million
~tonnes 'of coal. In-terms of the average number

MY e L O TR A RTI
of wagons. loaded. per- day, the figures:for 1969.
70" and..1973-74 are 8191 and 73g98 respeci%\?:l%;
The year 1973-74 witnessed a.large .scale. short-
age ‘in the availability of coal throughout ‘the
country inspite of the production recording the
highest level so- far reached, nearly 78 million
tonnes. This fell short of the demand. which
has been assessed to be of the order of 85,0
90 : million. tonnes. . The _shortage was most
actually felt by small industries, brick kilns,
consumers of ‘soft coke and other categories
who get low priority in.. the allotment of Wagons.

L ks
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Coal demand

7.10. In our ' estimates of coal' ‘demand in
1978-79. 1983-84 and -- 1990-91, we have taken
note of the anticipated levels of production; of
different ‘major .commodities - in - the industry
sector and the possible changes in the technology
of their: production. We have also provided for
the. increasing efficiency of use of coal in. thy
‘power: sector and its- progressive substitution_.as
a feedstock for -nitrogenous. fertilizer production
‘and. as a fuel in the industry. sector in, replacé-
ment:-of :oil.- A fast rate-of growth in the use,of
soft coke and low temperature.carbonised coke
as domestic fuels have also been provided. for.

e be Ty te P I ' S v
~-~On -these assumptions, pur estimate of deémand
for coal for direct use and for power production
will be as follows:—  ~~ =~ 7o
TaBLE 7.6 = - L
Jin 1978-79, 1|9§3.-_8'4,1;'122979,1

. (En- million t.ormea)lrr
1990
oe,

: e oo b v
Demand for coal

X

1983-
B4* .

©-1978<

Co&l,ﬁse ‘
s C 79k

7 1970-
R

1. ‘For'direob'_l;éeineni'egy' o

NG RETTAL!
sector 5.4 850 1240 1980

. For 1ndirect use in
. .energy sector ., 14-6 530 80-0 144-0
~—3-Fotal—-in—energy )
geotor ve. . 66-0 138-0 204-0 342'0
" 4. For non-energy use@ 80 . 7.0 - 110

66-0 141.0 2110 353-0
g AR AH

6. Total lt'coal

*Ag per Case-II in Chapter III - i
. @Cosl used in.Sindri plant is accounted against coke pro-
duction: ooke oven gas is used for fertiliser produotion.

T T T
. 7.11. The rate of growth of -coal production
will be 12.6 per cent during the Fifth Plan, 8.4
-per cent in the Sixth Plan and 7.6 per cent: in
the period upto 1990-91, The target rate of in-
crease in coal production- is somewhat |, high

+ - - - N —r A T
- {#) Monthly Coal Bulletin, January 1973 issued by the Directh",General of Mines Safety, Government of India. =,

3Office of the Coal Controller,

.~ #*Monthly Ceal Bulletin, January 1973 issued by the Director General of Mines Safety, Government of Indig,
. {Nationa} Coal Developm~nt Corporation, Ranchi (Progress Report for April 1873). ' '



during the Fifth Plan on account of the increas-
ing:demand for power production as'well-as from
the steel industry. ' In physical quantities . the
aVerage. annual increase in production would be
11.2 ‘'m: tonnes per ‘'vear during the Fifth Plan,
- 132 i tonnes during the Sixth Plan and 19.7
m. tonnes during the period 'beyond the Sixth
Pian-upto 1990-91.. Viewed against the averagé
rate ‘of increase of production of less than 2
tonnes per year'during the Sixties, it. is clear
that the critical period in meeting the coal de-
'mand would be the Fifth Five Year Plan period
when a steep increase in'the rate of growth in
coal production has to be achieved, The subse-
quent rates of growth visualized will prove more
easy,. to accomplish once. this hump is }c:ross;d.
Indigenous coal availability. .. =
- 7.12.'In Chapter IV, a survey of the coal ‘re-
sources available in the country has been made.
‘This 'indicdtes  that : upto 1990-91, : the *gross
Tesources of coal available in"the -country :would
be adequate to méét 'the requiréments.. The .long-
term ‘perspective’ of coal supply :is discussed in
‘Chapter 'VI. While on global ‘considerations, the
.entire’ coal demand could be met from the re-
‘sources  available’ within 'the country,. there may
“be ‘problems in ‘meeting " specific - demand. from
the nearest source of supply. ‘As indicated in
.Chapter V,.it. is not possible at this stage to
.forecast on a rcliable basis the demand:for coal
_in the different regions of the country ‘in the
coming years; but on the supply' side, it is
possible to estimate the.physical levels of pro-
iduction of. coal. from the different coal fields in
India based on geological and mining ‘informa-
tion ‘available regarding the fields. Experts in
the Coal Industry have agreed that the physical
levels oft maximum production from the different
‘mines in* the country may be as follows : —

: TaAsLE 7.7
Possible levels of production- of coal . from
' ' different . coalfields upto 199091 .

¢ (in m," tonnes) '

N Coar “eld 1978-  1983- ' 1990--
e ) S 790 84 L O
"1, Malchm/N.E. région L2, 8
" 2, Bengal.Bihar - .
v 7 (@) Jhari I TR 28 |, 36 &0
{b) Mugma & Raniganj, 33 '~ 45 - .80
(¢) East Bokaro . 7 12 13
(d) South Karanpura, 1., i, . oL
©.  West Bokaro and Ram- . 12 4™ 30
Locgath T (eoking) v(ookir};:
' DRI TR - SRR
qe,i:, (€) North Karanpura (inel.
b e Hutar & Daltonguni) v 16, ) 22
Yy Rajmahal ¢ .. N o B0y 4'-\20
i 3. Singrauli (MP & UP) ., . A P | "
-tiid4. Talcher (Orissa) .. pee o &8 12
ri:; 5. Sopagpur & Korea-Rews ., . 15 19 .20
"8, Korba-Hasdeo & Ib river' .. nE e12- e 22
7. Pench-Kanhan-Tawa o 7 7 8
8. Kamtee (Maharashtra) «.' 1 2. . ,&,,.,.,7
9. Chanda-Wardha . oy o, 4 6 1
10. Godavary Valley '12 1 16 ' 2Y -
136 - 225 312

*Proved plus indicated plus inferrod reserves,
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" mines will be added in all the coalfields. During

7.}3. These' production levels are based on
the informed judgment, of experts, in the geology
and production .of  coal; these should be taken
as a broad. perspective. based on information
how available and may mneed . corrections and
adjustments as. more_information becomes avail-
able. on further .. exploration and. investigation.
The Committee has therefore not tried to match
the demand with the feasible production which
as- indicated above: falls short of the. required
level”in 1990-91 by about:.41 m. tonnes.

PSR T B Lo R I .

“+7.14. It is relevant to note that.the achieve-
ment of the -levels of production in different
coalfields, detailed investigation of deposits has
efforts in exploration,’ detailed ‘investigation' of
deposits and ‘advance action for setting up mines

and mechanisation ¢f the mines. In many of the
coalfields; detailed investigation~of* deposits has
been heglected in 'the last few years and the lack
of . détailed knowledge about ' the characteristics
_of the deposits has proved to be alimiting fac-
tor of production. The Committee recommends
that detailed investigations should be aimed at
proving sufficient mineable ' deposits - for the
requisite level of 'production * related to the
demand for coal' estimated * for 1990-91. On
broad ‘calculations, it appears that éven the level
of production from different fields as suggested
will lead to the Western' and' Northern- regions
Jbeing in' deficit’ and to these -regions coal will
have. to be transported during' the period from

- Bengal-Bihar, area.’ Bengal-Bihar coalfields are

old coalfields having’ over 50 per cent reserves
of the country including prime coking coal and
good ' quality non-coking~ coal. ' Raniganj and
Jharja'|coalfields produced “about' 52 .m. -tonnes
out of a total of about 78 m. tonnes in 1973-74.
In the period upte 1990-91 4 little over half the
lcoal requirement .of, the country will continue
40 be produced in these regions. Korea-Rewa in
‘Central India. ., Pench-Kanhan ?'n " Madhya Pra-
desh. Chanda ;in; Mahargshtra andrSingareni in
-Andhra’ Pradesh, were, developed “as outlying
-coalfields to - supply the, réquirements of  the
‘Western and:, the: Sopthern . regions. Assam,
Bokaro.and, Karanpura coalfields were originally
.developed as. minor coalfields to' supply some
+specific. requirements. It is_during the Second
‘Five Year Plan period that’ extensive develop-
ment; of mechanized gpen-cut ‘mining was made
in Karanpura and qther outlying fields. During
the Third Five Year Plan period, extensive new
. developments ;in. Korba. . Talcher, Tawa Valley.
yUmrer..' Silewara. Korea-Rewa as’ also deep
“mining .in . Jharia - coalfields ' were ‘taken up.
! During-the, Fourth Five Year Plan, the establish-
“ient.,of the -new  mines jn Singrauli coalfield
rprovided a rational, source of supply in the early
- years for meeting the meéds of the Northern
region. During the Fifth’ Five Year Plan, new

“the Sixth and Seventh Plan periods, it is possible
that many old mijnes in Pench-Ka’n'han, Jharia
and Raniganj will be exhausted of coal reserves



and many of the existing mines will have to
go deeper in their workings. When mines are

exploited at’ such great depths, sophisticated

equipment is needed both for mining and for
safety. Adequate equipment should be made
available either by developing indigenous tapa-
city for its manufacture or by import. Adequate
replacement of mines will have to be planned

for by early Sixth Plan and the new coalfields

like Singrauli, Rajmahal, North Karanpura,
Hasdeo-Arand etc. will increase in importance.
The  Commiltee recommends that a careful
perspective of coal production should be planned
on the basis of the information available and
suitable action for exploitation and mine plan-
ning taken in advance in the different coalfields.
. This perspective plan for the coal industry should
be followed by preparing a shelf of project re-
ports well. in advance of each plan period. A
Central Mine Planning and Design Institute has
been set up at Ranchi. This institute will be
developed with Polish Collaboration. It is de-
sirable that this Institute does not confine its
activities only to the preparation of project re-
ports but participates in all activities connected
with the formulation and implementation of the
perspective plan for coal. This would include
exploration and detailed investigation (in asso-
ciation with -the Geological Survey @f India and
Mineral Exploration Corporation) . of promising
aregs, assessment of their potential over a period
of 20—25 years, suggestion of priorities for deve-
lopment and preliminary feasibility studies of
the’'projects. In this connection, the Committee
would like to emphasise the importance of pro-
viding 'adequate power supply for the collieries
and washeries. It has been reported that there
are frequent interruptions and breakdowns of
power supply in the codlfields areas resulting in
the hampering of production and occasionally
endangering the safety of the mine workers.
The Committee suggests that seps be aken
urgently to eliminate this drawback and ensure
‘adequate and. uninterrupted power supply to col-
lieries and washeries. . ‘

Coking coal _ '
‘C@‘z{ego_rywise and Gradewise Coal Demand : -

<715, Coal. can' be classified into two broad
- categories, namely, coking coal which is required
for the metallurigicat industry and non-coking
coal -which includes all coal other than coking
coal. It is difficult to describe in general the
different qualities which make coal suitable for
metallurgical purposes but the most important
Is its capacity to be converted to coke measured
. by its coking index. Coking coal is classified into
,Ezr'eq different types, namely, prime coking coal,

edium, goking coal and semi-coking or blend-
.able ‘coal.’ Of these, prime coking coal is the
most’ important as it is a necessity for the pro-
duction of steel using the _ conventional steel
Ppraduction’ processes, Medium coking and semi-

coking coals are useful for the production ot
coke when they are used ‘along with ‘thie prime:
coal in thé coke ovens. The pattérii of utilisation
of * different . categories 'of coking coal would’
depend on the anticipated level of ‘production of -
steel, the relative availability of different ' cate: .
gories of coking coal and the range of (echnical”
blending possibilities. The estimate' of ¢oking
coal demand is as follows:— AR
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 TABLE 7.8 ~ o

Coking coal demand 1978-79, 1983-84 and,

: 1990-91- e

T —" T T - T

- (Million tonnes) ..

1978-" . 1083." ‘lggo.’’

79 7 84 e b

Prime coking coal = .., 17-6. +.;28-0¢  ,,45:0:

Medium coking coal = .. % 170 7' 22.0  .189-0D .

Blendable coal '”1-7 _ %6 : 'J (?‘0 L_
‘l ' B T -

 Total Yee o .°36-3 .

. B3:0 ., 0.9

- T — ; T : T Tt
Notes : .

(i) Estimates correspond to tho following anticipated * '
hql~meta.l produobjon ip thp gteel ~indus§_;r.\‘rﬁ

M. tonnes
197879 .- . . . 14-3
1983-84 o223
1990-91 36.0", "

(i3) Blends and washed goal requiremonts areassuted’

for all merchant ovens. ‘ o R~

(%) Progressively "prime 'coking coal of higher ash
Nt content is assumed to be . :

... The production of steel by. electrical arc furnace -
is' not .taken note of and " any production’ from
this source will be additional: ‘o' the levels'of
steel production assumed 'in these calculations.
The coal requirements for the manufacture .of
hard coke from merchant coke ovens.'have béefi
taken note of. . . - _F'I‘.;"_':‘f,“l“‘,"
Resource availability and comservation of coking .
. -coal T R 1Y
7.16. In Chapter IV, we have. indicated thit
the total availability of coking coal proved, indi-
cated and inferred categories will be about
20,154 m. tonnes:* The proved  categories ‘add
upto only about 9,000 ‘. tonmes. Only above
50 per cent of the coal available in the ground
can be extracted using mining techniques now.
in practice. As most of the coking coal”is of
high ash coatent, it requires to be washed be-
fore it can be used for coking. In washing about
45 per cent of the coal is lost as middlings and
rejects and only 55 per cent is obtained as wash-
ed coal suitable for. feeding into coke ovens. It
should, however, be'noted .that new coal prepa-
ration techniques and development in steel tech-
nology may improve these ratios. But in our cal-
culations no improvements have been. .assymed
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ag 119, def nit?iv,in’_cllifeﬂtfon’s,@rs,:awailﬁﬁle.fm this
diggetion as: of \10day. A systématic, analysis, of,
the, prime., medium, and blendable coal feserves,,
and their likely>demand over. time indicatés, that,
prime cokingicoal may get exhausted .in, about.
40 . years’ time... The medium_coking coal may,,
last, Jor some ‘more years. However, ‘as prime’
coking coal is essential for metallurgical purposes,
it is necessary to take all efforts from now on
for the comservation of prime coking coal, in
particular, and of coking coal, in general. If the
ratio of ’prime coking coal used:in the steel in-
dustry is not reduced to technically feasible
limits, the exhaustion of our prime coking coal
reserves will be speeded up further (as the cal-
culafions of ;this Committee is based on such
reduction being achievéd gradually).

s

. 7.17. Research conducted by the Central Fuel
Research Institute has established the maximum/
quantities -of medium coking coal and. blend-
able coal that could be.added to prime cokingI
coal in the ‘coke ovens. Based on these researche§
as well as taking into account the facilities for
blending at the steel ‘plants, the CFRI had esti-
mated the optimal blend possible by 1978-79 as
follows, :m [ L

Ratjo of the blend in percentages:

R P R (X ’

Prime coking_goal . e gl B0
Mediﬁm‘ooking;ooal P P se . awetlo 43
Blendable coal '~ .. . ae | .. " 7
e .'\ [T o L '.*"‘.(‘ RN R R ) .

_ Total* - "o " 100

’ 1oy Tenin s dondd Db foonoir gy, i

Fiaivial planlts mighe Be' takjig (Hediffereny
yarieties; in,. propogtions, which " are . somewhat
AIerent byt the, stecl, industey. as, a, whole, s
expegfed to conform. O the above ‘blend. * In-
$pitg of  the ‘great , urgency’ for, conserving, the

T

prime ' coking™ coal résources, {)he actual  degree
of utilization has exceeded what is technically
dekiirable: The. following. Tabled gives . theablend
of coking coal allocated to the steel plants during

arch, 1973:— ° . , L
Y] ,_h".-,‘;-.m{?ru‘-:avr:n ow Mook Ad nbon s
St ey ke epigpR g ke e e Ll
aeda e gl e I : Pl

I VR 1V S R T U S A I
iShare ;of - prime,. mediumtand »blendable coking

oot yigcoal- used insthe steel industry ..., . .
[ PUETINCUTUELARNTENILE PR P S EE e e ST
sl e e valnior_wiring bolo oo o ol
1., Koa} allocations to co ?Fﬁm&:, .y Medium ; Blendable
o e Bl
RTIPRHRSTPE MOTES (PR S TR I ;
Uy o atl i {eoys (Percentages) 4. - £
celapyg e et LD 1N P R ST PR
Biflad ©0 VT a0 UgR g T agy i 88
Rourkels! ‘ CLlPaeo42.9 0 0 462 ¢ OTIDN9
~Dirgapur Voot Bil6e60-6 1 18«1 r21-3
STEBCO. vy'ey gpeipigoigorla s b 8848 . o Bla0 - 10-4
-g{ﬁgﬁ; yoelonrn Lodry "75“ n]fg"t'l‘ig:g ";.uﬁl'&
; '%rerh’g’o"for%ﬂ'}ffaﬂﬁs-"5.. A g ggug e i 'igey

r

'lfﬁe 'J,r"q'a'llséri‘s‘, for this' appear’to bé the easier
availabilify of primie’ coking coal and the .lack
of selective’ crushing facilitiés at the steel plants.
Produictioni of the different grades of coking coal
in future will need to be planned in accordance
with the proportion in which they' are . needed
in the. steel plants and adequate crushing and
preparation facilitits have to be installed in all
steel, plants. The planning of metallurgical coal
mines and_the construction of steel plants will
have to be cqrefully synchronised. As steel and
cgzmg_ coal production have been placed under
sipgle authority, such synchionised planning
should be_egsy. .

"7.18. Whilg’ all methods of conserving of coal
S\ STt ,_E\. SO .
and a greater, degree of conserving of coking coal
could be taken, up in the long run, the Steel in-
dustry, in JIndia should also plai for the produc-~
tion. of steel. when coking coal becomes scarce.
There are foiir ‘technical possibilities of conserv-
ing coking coal;— ., .. '
. (i). Use of. small quantities of ‘low sulphur
‘5w, . heavy stock: (LSHS) and - fuel . oil of
W\t 1o - certain -quality partially'in place of coke.
"V (if) ‘Précteduction” of iron ore:" o
 "Xiif) Developmeit of the ‘technology for the
i oo Jise of beneficiated nod-coking coal (like
oty 1 Sormed coke) for steel making:
<y Wiv); Injection, of coal dust/producer gas.
The, use. of LSHS, can be.adopted:even in the
short,.run while the.others are distant possibili-
ties. It.is necessary that research and development
activities in this regard are speeded up from now

ong - oo
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Stowitig with crushed material

N e e -
','.l.£7f,19., 'On,éi’fncrthbd of increasing 'the availa-
bility of: coking cpal 1s, the use of stowing. A
largg , part, of Indian coal miding which involves

‘mining...of, thick, sedms  underground calls for
stowing in Jharia, Bokaro and.Karanpur coal-
fields. There is extreme shortage of sand needed
for stowing and this has stood in the way of
higher percentage of extraction. It is considered
necessary that arrangements -for. stowing crushed
stone locally available be made so as to permit
fnining of “imderground coal from thick coal
sedms. “This will “help conservation of under-
around’ cokinig coal’ dnd high grade non-coking
“coal in"Tharia, A long-term plan for meeting the
Stowirig” matérial requirements of the coal indus-
|ty Should be drdwn up and implemented.
f‘-gﬁen-_éast*minmg‘ in Jharia coalfields
R AL . ' ) i ge s .
F.~.,7.iov.;,l‘2t-~is realised  that with the Iimlta_tlons of
coking coal reserves in the country, especially the
prime ! coking' coal. variety, there would be con-
.straints on, planning for large scale steel produc-
l4ion beyond say 30 m. tonnes of hot metal. One
.;of the .ways fo -increase extraction percentage
of coal is to win the coal by open-cast mining



with, say, 90 per cent coal recovery as against
the underground mining, which gives an average
recovery of only 50 per cent of coal zeserves.
From the aspect of stowing of coking coal and
with a view to prolonging the life of the reserves
it would be worthwhile to take up studies for
examining the possibility of large scale mecha-
nised open-cast mining in Jharia coalfield with
much higher overburden to coal ratio. It is
recognised that there are technical probiems as
some of the areas are already honeycombed by
underground first workings and some areas are
subject to fire or seams have already caved in,
apart from the problems of surplus workers and
built-up areas. This matter neceds to be studied
in depth, in the context of the need for higher
level of hot metal production and maximising
the indigenows availability of metallurgical coal.

Washeries

7.21. As already indicated, the reserves of
.coking coal are poor in quality and require bene-
ficiation before they can be used for metallur-
gical purposes. Normally, the steel plants prefer
coking coal with ash content of less than 17
per cent. Most of the coking coal in India has
ash content above this limit of acceptability and,
therefore, requires to be washed. Fhere are 14
washeries in the country at present, 10 of which
produce three products, namely, washed coal,
middlings and rejects and the rest of which pro-
duce only two products viz. washed coal and
sinks. The Energy Survey Committee .recom-
mended that it will be in the national interest
to have only two product washeries in future.
But experience has shown that the quality of
sinks obtained from two product washeries is
unsuitable for power plants as they coniain a
lot of abrasive material besides ash which im-
pair the efficient functioning of the power plant.
A later technical Committee* has recommended
that here should only be three product washeries
in future and that steps should be taken to con-
vert the two product washeries into three pro-
duct washeries. The discussions with the con-
sumers of the middlings and the coking coal
producers lead this Commiitee to the view that

in future there should be only three product
washeries., \

7.22. A study of the availability of different |

ggades of coal for the metallurgical industry in-
dicates that there will be need for washing blend-
able coal "also from the years after 1978-79. So
-there -would be need for building up washeries
to the extent of about 2 m. tonnes capacity
each year during the next decade and probably
around 3 m. tonnes each year in the period
beyond the Sixth Plan. The capital cost of
- washeries and the operating expenditure of
washing have been increasing. It is necessary to
undertake research for evolving suitable designs

.49

‘for washeries which are best suited for washing
Indian coal and which would reduce the costs
of washing coal. '

Qualitywise demand and supply of non-uoking
coal : . -

7.23. Non-coking coal is classified into diffe-
rent grades on the basis of the ash and moisture
content. Consequent on the classification. based
on ash and moisture content, the calorific. value
of different grades also changes. Within each’
grade, there is a slight change in the calorific value
.based on whether the coal is of high moisture
or of :low moisture variety. Broadly, the. classi-
fication is as follows:— .

" Grade Ash content Calorific vale
s Kilo-caljkg. -
USA .. 169% to 17% 5360 to 6480
Grado I 17% to 20% 5960 to 6360
Grade IT 209 0°24% 5560 to 5860 "
GradeTIIA&B 249 to 359 5000 to 6060
' Uhgraded 35% to 40% Below 5000

v

Noves—1. Singareni and Assam cosls are not graded
. Broadly they would correspond to Grade II and Selocted
‘A’ Grade respectively on the basis of ash coutent.

" 2. The above figures relate to low moisture coal, The C. V

of high moisture coals ares slightly lower in each grade.

7.24. During the period when there was distri-
bution control for coal, the quality of coal to be
allotted to different consumers was determined
with reference to the technical requirements

. (adjustments were always made on considerations

of availability and historical usages). After the
removal of the control over coal distribution, the
use of different grades of coal is determined by
consumer preference. Due to inadequate differen-
tials between the prices of superior coals and

- inferior grade coals, there is always pressure an

demand for superior grade coals, After datjonall-
sation, quality-wise distribution is being attémpt-

.ed consistent with the requirements of the con-

sumers and the availability of coal in the vari-
ous coalfields. It-is difficult to project the de-
mand for different grades of coal as most of th
industries can use any grade of coal provided
of the cement units and about 50 per cent of the
the furnaces are designed specifically to use that
grade of coal. On broad calculations, it can be
stated that the requirements of railways, most
industries will have to be supplied in the form
of superior grade coals, while the rest of the
industry, power houses, domestic and other re-

quillcments could. be supplied inferior grade
coals. ,

*The Committee Conl W -sheries he:ded by Shri X. 8. R. Chari, 1872, .
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7.5, Keserves oL selected grades of non-cok-
ing coal are estimated at about 400 miilion ton-
nes only. This includes 136 m. tonnes of Assam
coal which has high sulphur content and is also
located far away from the points of possible in-
dustrial consumption. The utilizable quantity of
selected grade coal appears to be severely limit-
ed. Grade I and Grade II coals are relatively
more plentiful, the total proved reserves being
about 3600 m. tonnes. Of this about 2200 m.
tonnes are in the Bengal-Bihar coalfields. As
most of the industrial consumers prefer to use
this grade oi coal, mcreased use of coal for in-

- dustries may call for production increases in the
Bengal-Bihar area and transportation to other
regions. The remaining coal is of the lower cate-
gories and is available in all the other coalfields
in the country. The largest deposit of low grade
coal appears to be in Singrauli coalfield. The
increasing use of coal for industries will have to
be based either on th: increased.production of
superior grades lying in Bengal-Bihar or by the
use of washed coul or by washing inferior coal
availabie in the outlying coalfields.

7.26. Washing of non-coking coal is a costly
process and leads tv large increases in the cost
of washed coal. Other methods of improving the
quality of coal supplied to consumers, like simple
high specific gravity washing of coal, handpick-
ing of better grade coal and proper sizing of coal
by screening, etc.. should therefore be explored
and the choice ot 'beneficiation’ decided with
due regard to consumer requirements, available
grades of coal, the scale of the required opera-
* tions etc. Most vt the consumers require a speci-

fied grade of coal and not necessarily a superior
grade of coal. Among the numerous characteris-
tics of coal, each consumer class considers cer-
tain specifications as critical to its needs (like ash
fusion temperaiure in respect of coal power
plants). Changes in the quality of coal, especially
variations in the critical specifications, lower the
efficiency of fuel utilisation and may even lead to
damaging the coal using equipment. The coal
industry should therefore accept the responsi-
bility to supply on a long term basis, an agreed
grade of coal, by changing if necessary the
source of coal supply from time to time or by
blending different grades of coal to make up the
required grades. Alternatively the washeries
should be set up to beneficiate the coal and sus-
tain the specified quality. Power stations will
also have to take care in designing the boilers

?ased on correct appreciation of coal character-
istics.

Sectorwise consumption

727. In Chapter II, an analysis of the past
trends in the sectorwise consumption of coal was
made, taking into account only the coal used
dlrectly;. coal used for power generation was ex-
cluded in the analysis, as energy used as elec-

tricity (including electricity generated from coal)
was separately examined in that Chapter. For
evolving a policy for the coal sector, it is of
interest to take the total coal consumption includ-
ing consumption for power generation and -to
analyse the sectorwise composition of consump-
tion. The Table below sets out the consumption
in different sectors in 1970-71 and the anticipated

(I:i)lnsumption as per estimates set out in Chapter

TABLE 7.10

Sectorwise Consumption* of Coal 1970-71 to
1990-91 '

(In m. tonnes)

Sector 1970-71 1978-79 1983-84 1990-91

1. Mining and Manufac- 7

turing . 152 -

31.9 61 88
2. Transport 15-1 13 11, 10
3. Domestic .4l 0 23 33
4. Energy Sector (Power ‘ A
Generation) . 146 53 80 144
5. Others . “03 1 2 3

o- iy ) “y
Total 660 138 . 204
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Nores—*Based on case IT estimates. -
(%) Quantities in the table exclude colliery consumption.

(#) Coal used in non-energy sector s.e., as fertiliser feed-
stock is excluded from the above. .

(#67) There is no coal use in agriculture sector.”

(v) Row 1 excludes quantities of middlings generated in
steel sector but used in power sector.

(v) Row 4 includes coal consumed as mjddlmgs for power
generation. -

(vi) Row 5 includes export.

7.28. The percentage shares of different sectors
in total coal consumption show interesting trends
as set out in Table below:

t

TaBLe 7.11.

Sectorwise Share of Coal Comu‘mption‘
1970-71 to 1990-91

(in percentago)

Sector 1970-71 1978-79 1983-84 1990-91
1. Mining and manufac- : : .
turing . 483 4.2 431 444
2. Transport 22-9 9-4 b4 2-9
3. Domestio . 62 . 73 11-3 9-7
4. Energy Sector (Power ’
generation) e 221 384 302 421
6. Others 05 0:7 1-0 0-9
Toval 100-¢0 102.00 100.C0 I¢C.0




The share of total coal used in the mining and
manufacturing sectors will continue to be around
45 per cent throughout the next two decades.
The share of the energy sector will rise very
rapidly in the next five years and at a slower
rate from then on. The share of the transport
sector in the total coal will taper off very rapidly.
The factors which influence these trends deserve
careful consideration.

Use of coal in power sector

7.29. The electrical energy anficipated to be
derived from coal-based thermal power stations
and the likely requirements of coal for generat-
ing that power are set out in Table below:

TABLE 7.12
Coal Requirements of the Power Sector

Estimated Total .
Year Power coal
genera-  demand Of (3) the likely
tion from supply of
coal based
power Coal Middlings
plants (m. {m.) (m.
(b. kWh) tonnes) tonnes) tonnes)
1 2 3 4' 8
.y -
1972-73* 36 19-5 17-5 2
1978-79 4 63 48 6
1983-84 R 115 80 68 12
1990-91 224 44 125 21
*Provisional.

The demand for coal for power generation
may almost double in the next five years and
may increase by a lower factor in the VI Plan.
The share of middlings in the total coal con-
sumed in the power sector may increase from
10 per cent in 1978-79 to 15 per cent by 1983-84
and continue at a little over this level therealter.

7.30. Power sector will be the most important
coal using sector in the economy in the coming
years. The new developments in the power
generation technology like large unit sizes of
generating plants and the setting up of thermal
power stations with a battery of generating plants
at one site will call for the movement of large
quantities of coal to a few consumption points.
As an illustration, a power plant with 1000 MW
capacity may require 3 million tonnes of coal
per year; i other words, the power station will
have to receive nearly 10,000 tonnes of coal per
dqy. SUCl.l large movements to one destination
will require detailed planning of the supply,
years ahead of the requirements. The arrange-
ments for supply of coal to large power stations
should not only ensure the synchronised develop-
ment of the coal mine and the power plant but
also the setting up efficient handling systems at
th_e mine site and the power station. Coal Fields
Linkage Committee, recently established by the
Government to examine and approve the specific
coal supply points for each major consumer,
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should consider the loading drrangemenis at each
end and give suitable suggestions. The Electricity
Boards which operate the power stations should
give greater attention to the problems of coal
handling and storage; optimal stock levels for
each plant should be worked out with reference
to the source of coal supply, its distance from
the power plant, reliability of the rail-link, the
seasonal variations in these factors, etc. In re-
cent years the failure of the monscon and the
consequential reduction in the supply of energy
from hydel system necessitated greater utilisation
of the thermal system. At this stage the arrange-
ments for coal supply proved inadequate which
led to serious difficulties. In the coming years,
when power sector will consume a very large
share of total .coal, even small seasonal varia-
tions in the demand of coal will affect the coal
supply to other sectors; coal industry cannot
meet any sudden increases in coal demand with-
out seriously curtailing supplies to other sectors.
This difficulty may be mitigated to some extent
by building up adequate stocks in the major
power stations to meet the increased demands in
the drought years. As indicated in Chapter IX,
the preparation of coal will increase the efficiency
of- fuel usage in power stations by about 10 per
cent. It is also important to note that it may not
be possible to supply large quantities like 3 mil-
lion tonnes annually for a number of years from
the same mines without variation in quality. In
the major power plants it would be useful to
have arrangements for sizing, blending and pre-

. paration of coal before it is fed into the boilers

5o that the possible changes in quality of coal
received, are taken care of.

7.31. Qualitywise, thermal power stations
would have to consume as far as possible high
ash coal or washery middlings. The power plants
also have to use more elaborate material handl-
ing system, ash disposal system etc. It is, there-
fore, necessary that power plants should be given
adequate price incentives to use the low grade
coal. This is of particular significance in the
pricing of “middling”. The power projects based
on the use of middlings are dependent on the level
of utilisation of the washery for adequate mid-
dling supply and the power plants have to use
this middling, even though relatively superior
grade of coal may be available in the area. It is
necessary therefore to have a suitable pricing poli-
cy for the use of middlings for power generation,
if such use is to increase as estimated in the Re-
port to about 21 million tonnes by 1990-91.

7.32. The supply of middlings to the power
stations depends on the level of utilisation of
the washeries which, in turn, would depend’on
the demand for washed coal from the steel in-
dustries. The estimates of the availability of mid-
dlings have been made with reference to certain
assumed levels of steel production. If there is
any shortfall in steel production, there is bound
to be reduction in the availability of middlings. -
It is, therefore, important that the construction



of power plants - baséd on middlings and steel
plants -is synchronised. Even if the plants come
into operation simultaneously, there may be fluc-
‘tuations in the demand .for coking coal. It may,
therefore, be desirable to keep certain alternative
sources . of  .supply of inferior grade coals in the
-nearest possible source to serve as a contingent
-source of supply. -

.. 7.33. A region-wise analysis of the demand for
.coal for power generation indicates that the
southern and the. western regions will be short
of coal supplies from their regions. It is difficult
.to forecast .the region-wise requirements of coal
for power generation at different points of time
«in future. Broadly speaking, the northerm region
will be dependent heavily on the hydel power
. stations supported by a system of thermal power
.stations. :The best source. of supply of coal for
power stations to north India would be Singrauli
.coalfields, .the large scale development of which
is- planned; .but the development of Singrauli
coalfields is not likely to keep pace with the de-
.mand from power stations: in the northern ‘region.
There is need, therefore, to increase the trans-
port capacity from the Karanpura coalfields to
north India. For the western region, the coalfields
of Tawa Valley, - Pench-Kanhan, Korea-Rewa,
»\Korba,_: Chanda, Kamptee and Umrer will be the
convenient sources of supply. Of these, a large
deposit with possibilities of open-cut mining is
available in Korba. In-addition, the coalfields of
Hasdeo-Arand Raigarh etc. in Madhya Pradesh
will have to be developed to meet the require-
ments of the western region power stations in the
Sixth and Seventh Plan periods. Another possi-
bility is the movement of coal by ships along the
coast from the Bengal-Bihar region to power
- stations to be located at port sites in the western
region. Careful planning for such power stations
will have to be drawn up in advance of the Sixth
Plan so that optimal transport arrangements
could be planned. The southern region has Singa-
reni coalfields and lignite deposits at Neyveli to
provide the major fuel requirements for power
generation. Only one-fourth of the 2000 m. ton-
nes of gross reserves of Singareni have been
proved. There is need for proving more reserve
by taking up detailed investigations of the depo-
Sits, as early as possible in the Fifth Plan so as
+ to provide -the basis for planning power plants
for meeting the requirements in the Sixth Plan
and the Seventh Plan. A number of examinations
of the power requirements of the southern region
lgaq. us to the conclusion that development of
lignite deposits- in . Neyveli -should be expedited
. to provide the fuel for thermal stations in the
deep south. It may be noted that the southern
region is fast exhausting the easy resources of
hydel power -and has to go in for large hydel
power stations with - long gestations or a few
micro hydel power stations with minor contribu-
tion to energy requirements. There is, therefore,
nee_d to plan for increased production of Singa-
reni coal and Neyveli Lignite. Even then, consi-
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.dering the requirements for other uses also, there

is a case for movement of . coal from Bengal-
Bihar to southern region. It may be necessary fo
examine the feasibility of setting up power plants
in southern region based .on -coal from Bengal.
Taking an overall view of power requirements
and coal supply feasibility, it is «clear that mean-
ingful plans for thermal power. generation have
to be drawn up from now on, in a coordingted
manner with the plans for coal production in this
region. As the requirements of .power settor are
fairly well established, the detailed investigation
for coal mines to supply the requirements of the
power stations should be' taken on hand imme-
diately ’ o - N

Coal for mining and manufacturing sector

7.34. The requirements'of steel industry- have
already been discussed in paragraphs relating to
coking coal. The important -industries using non-
coking coal are cement, * textiles, - paper,” sugar,
chemicals, jute, etc. The fertilizer industry has
so far been using coal for steam raising only.
But during the Fifth Plan period, three fertilizer
plants at Korba, Talcher and Ramagundam will

_require coal as feedstock. In the estimate of de-

mand, we have taken note of the increase in de-
mand from -the major indastries--including-the
demand for coal as feedstock for nitrogenotis
fertilizer, The forecast. of demand has ‘made
some marginal adjustments for the shifts in. the

- technology of manufacture of-cement and-some

~plants. There is another f industri
_consumption of coal, namely, the brick-kiln in-

improvements in efficiency in the otber .indus-
fries. Most of these industries can use inferior
grades of coal; but , industrieslike glass and
certain chemical industries and some of the ce-
ment, units will require siuperior grades; of coal
as the temperature to be raised in these uniis may
be very high. - It is. difficult .to estimate region-
wise demand . for coal for. industrial uses. Indivi-
dual industries, except the cement plants and the
fertilizers plants, will .require relatively small
quantities of coal as compared to the power
" category of industrial

dustry which will require coal for a large number
of kilns all over the country, and each of these
consumers will require a small quantity. It is in
this context that the planning of coal dumps as-
sumes importance. The dumps will enable the
individual - industries to operate with lower in-.
ventory of coal without endangering the security
of supplies. The majog regions of coal demand
for industrial use are fairly well ~ kmown. The
cities of Bombay, Calcutta, Madras, Ahmeda-
bad, Patiala/Ludhiana, Hyderabad, Bangalore,
Kanpur are examples of the industrial towns
where there will be an’ increasing demand for
coal for industrial use. If coal requirements for
the industrial consumers, which will increase over
time, is to be met satisfactorily, coal dump will
have to be set up in all the . major industrial
regions. ) :

7.35. It may be noted. that movement to the

- coal dumps should also be supplemented by the



movement directly to large consumers which can
be planned -without reducing the efficiency of coal
movement by rail. There would be a five-fold.
increase in the next two decades in the require-
ment of coal for mining and manufacturing sec-
tois and this would call for detailed planning
from now on dnd the locational policies regard-
ing industries should be  consistent with the
plants for the production and movement of coal.

Coal for transport sector

-7.36.- Historically, railways were the largest
single consumer of coal, but with the increasing
intensity of traffic on the railway system, steam
locomotives have lost their advantage to diesel
and-. electric locomotives which can run faster
and.can haul, greater loads per train. The studies
indicate that except on rail routes where the
annual traffic is less than 5 m. tonnes, it would
be uneconomic “to use the steam locos. It is,
therefore, unavoidable that the use of coal in
the- railway system would be slowly reduced.
(Optimisation of the traction with different
modes of traction is discussed separately Ilater).
The steam locomotive fleet of the Indian Rail-
ways i 1990-91 is expected to consist of about
5500 locos i.e. about 60 per cent of the existing
number. The coal demand at that time would be
about 10 m. fonnes. As the railway requirements
of coal will get reduced from now on, till 1990-91,
there is no need to draw up special plans for en-
suring the supply of coal to the railways,

© 7.37. Some quantities of coal are used for
steamer services in the Ganga-Brahmaputra
water-based system. With the increased trade and
commerce between India and Bangladesh, this
traffic is likely to grow. But the quantities of coal
will continue to be relatively small and, as this
region is very near the coalfields, no special plans
need to be drawn up for this purpose.

Coal for domestié 'sector

7.38. The domestic sector will require coal in
all its raw forms to.be processed as a smokeless
solid fuel or gas. The demand for soft coke is
kept under severe constraints by the lack of avail-
ability of soft coke at the consumer end. Since
the pressure on forest fields and kerosene has to
be reduced, the supply of coal to the domestic
sector has to be increased. As calculated in this
Report, the supply of coal to the domestic sector
will'be more than double in the Fifth and the
Sixth Plan periods, and from then on, will increase
at'a somewhat lower rate; -

:.'1.39. Most of the processes of conversion of
coal to smokeless solid fuel with relatively lower
1nvestment -costs,-are based on the use of coking
<oal, though of lower grades. Non-coking coal can
also be processed by adopting the low tempera-

;ure carbonization process which will require
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be produced. The Commitice had recommended
in the report on the Fuel Policy for the Seventies
that action should be taken to set up two low
temperature carbonization plants and it is gratify-
ing to note that action is being taken to set up
two plants—one at Singareni and the other near
Calcutta. In the context of the current oil situa-
tion, more units based on the LTC process may
have to be set up. But throughout the period upto
1990-91, a major portion of the domestic coal re-
qguirements will have to be met by using the low
grade coking coal which is available in the Bengal-
Bihar region. This will lead to an increase in the
demand for railway movement of domestic coal
from Bengal-Bihar to various parts of the country
since the success of all efforts to supply soft coke
to the domestic sector will depend on the cap-

- ability of the railway system to move coal from

Bengal-Bihar. The Committee would therefore
recommend a careful plan to be drawn up for in-
creased movement of soft coke from. the Bengal-
Bihar region to the urban centres in the country.

//-Exporls l :

7.40. Indian coal with its high ash content has
a handicap in competing with coal from other
coal exporting countries. The countries which are
geographically near to India and are poor in
energy resources, would be dependent on export-
ed coal from India. However, the increasing
pollution consciousness in different countries may
increase the demand and the fact for Indian
coal which has a very low content of sulphur;
this may, in course of time, help in developing
an export market for Indian coal. We- have esti-
mated a somewhat modest export possibility of
only 3 m. tonnes by 1990-91, This should be
taken as a lower limit and ° separate plans for
opening up export-based coal mines near the
ports of Haldia and Paradeep may be drawn up;
and possibilities of exporting this coal to Bang!a-
desh and Burma and countries in the Pacific
region will have to be separately considered
without affecting domestic requirements.

# General problems of the coal industry

7

'7.41. The coal industry as a whole has certain
general problems which require very careful
examination. These are—

(1)
(2)

€))
@

Problems relating to increasing produc-
tivity in the coal mines; :

Developing the transport capacity for
coal movement;

Beneficiation of coal to gas; and
Equipment supplies for coal production.

Productivity

7.42. Productivity in. the mines is normally
measured in terms of “output per manshift
(OMS), The OMS in mines will vary throughout

igher level of investment per unit of soft coke tothe country with the extent of mechanization



adopted in India, In the early days of the coal
industry in India, the mines were mostly non-
mechanized and underground where production
was based on primitive methods. The producti-
vity in the mines was very low. But with the in-
creasing mechanization in the mines, there has
been steady increase in the OMS. The new
mines which are opened up as Open-cast mines
are based on the use of sophisticated machines
like draglines, excavators, shovels and dumpers’
which give high productivity. In the new mines
which are proposed to be opened, the output
per manshift is around 0.8 tonnes per manshift
in underground mines and about 4.5 tonnes in
open-cast. The steady increase in the OMS of
underground mines and open-cast mines and the
total coal industry can be seen from the Table
below: —

TaBLE 7.13

Trend of output per manshift in coal mines

0.M.8. of all persons

in

Year -

' Below Open Below All in the
ground  cast ground  mines
and

opencast
1951 0:58 0-54 057 0-35
1966 0-61 0-52 0:60 0-39
1961 0-66 0-64 0-65 . 0-46
1966 . 0-76 0-99 0-79 0-56
1971 . — — 0-95 0-67
1972 - . —_ — 0-94 0-66

Souncr—Statistics of Mines in India (for years upto 1966)
and Monthly Coal Bulletin for 1971 and 1972, both published
by Director General of Mines Safety.

It is noteworthy that inspite of the low produc-
tivity of around 0.6 tonnes per man shift, the
wage cost of Indian coal is low and this makes
the coal produced in India at the pit-mouth
among the cheapest in the world. A discussion
on the productivity and wage cost and the
principles -of production cost may be seen in
Chapter XI. It is of the utmost importance that
if the coal production in the country is to go
up at the rapid rate envisaged in this report
productivity in the coal mining industry must
increase. It will not be meaningful to compare
the productivity in India as a whole with the
productivity of the coal industry- in other couns
tries when the mixture of technology used in
coal production in our country is different from
that of the other countries.
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But it would bs .

valid to compare the production in specific mines -

proposed for opening up now with the produc.
tivity in similar mines in other.countries which
also used the same kind of equipment. An anae
lysis of the new coal mining proposals indicates
that the anticipated output per man shift in these
compares favourably with that of the mines of

a similar kind elsewhere; but an expost facto
analysis of the mines which have been opened
up during the Third and Fourth Plan periods
shows that in very few mines the OMS has come
up to the levels anticipated in the project repors.
The reason for this is poor utilization of
machines. While the labour force engaged in the
mine is often in excess of the anticipated labour
force, the machine utilization is very low com-
pared to the projections made at the time of
approving the mine proposals. The following
Table sets out the expected and actual utilization
of coal mining equipment in a major coal pro-
ducing company.

TaBLR 7.14

Expécted and actual utilization of certain items
of coal mining machinery in a major coal
producing company.

Expected Actual

utiliza.  utiliza.
tion (As  tion 1871
Ttem of Equipment: percentage
of shift
hours)
A. Open-cast Equipment .
1, Shovels .. . . 60-3 34-4
2. Draglines .. . .. -2 41-2
3. Dumpers .. 88-7 18-8
4. Dozers .. 41-2 21-8
5. Coal haulers 62-6 15-8
6. Drills .. .. 60-0 20-6
7. Overall weighted average 4.5 21-4
B* Underground Egquipment (face machinery)
Percen.
tage of
total*
number
opera-
tion
1. Shuttle cars.. . . . . 71
2. Loaders . . . . n
3. Coal cutting machines .. . 86

*Expected productivity of these machines and the
actual realization are not available.

7.43. Almost all the mines proposed for de-
riving additional production are mechanised
mines. The production per man or proo_:lucuon
per machine in these mines can be reqllsed as
per the anticipation only if the machines are
properly maintained and used and the labour is
adequately trained in the use a_.nd_mamtena_nce
of these machines. The mechanization of mines
will have to be accompanied by training of tho.
mining labour to use these machines. In the
past, part of the labour used in mines, especially
the privately owned mines, were contract labour
who were not given the benefits which were legally
due to coal mine workers. With the nationaliza-
tion of the mines, all the workers will receive
their legal dues. Moreover, lowering of productis



vity will lead to huge losses to the coal industry
which ‘could be made up only by increasing
the-cost of coal to the consumer, The Committe
would therefore like to emphasise the import-

55

ance of increasing productivity in the coal in- -

dustry and would recommend that proper steps
should immediately be initiated for the optimal
use and maintenance of machines and for train-
ing coal- mine workers in the use and mainte-
nance of the equipment.

Coal fransport.

7.44. Coal can be transported by railways,
roadways, water routes, inland and coastal pipe-
. lines and rope ways. The selection of the specific
mode of transport for coal will depend on the
characteristics of the consuming industry, its
distance from the supplying coal mine, the cha-
racteristics of the terrain between the point of
supply and the point of consumption and the re-
lative cost of the different modes of transport as
paid by the consumer. In India so far, the coal

production has been from numerous coal mines |

each producing small quantities; and the con-

sumers, except the steel industry, have been rela-
tively small consumers. The emergence of large
power stating fertilizer factories and cement fac-
tories and the possible organization of coal dumps
would increase the demand at specific points to
quantities over a million tonnes. Similarly, after
the nationalization of the industry, a number of
coal mines are being combined to form large pro-
duction units: This would call for changes in the
modes of procedure and transport so far prac-
tised for moving coal in India.

_7.45. The studies made by the Committee in-
dicate that the railways constitute the most
economic way of moving coal for most of the
consuming classes and consumer locations in
India. Coal transport in this country has been
dependent on the railways for the carriage of
about 85 per cent of the total despatches and
will continue to be dependent on it for a major
percentage in the future. This would entail a
gigantic task for the railways which would be
called upon by 1990-91 to move about four times
the quantity of coal now transported. The siting
of super-thermal power stations in the coalfields
and the development of alternative means of
transport like coastal shipping, inland waterways
etc. are designed to lessen the strain on the rail-
ways. But the quantity of coal that could be

used at the coalfield or moved by means other .

than rail will ‘always remain small. We reiterate
that adequate attention should be paid to rail
transport planning in regard to development of
additional line’ capacity, yard capacity and sig-
nalling and communication which would facili-
tate speedier fturn-over of wagons as well as
augmentation of wagon fleet. This would require
substantial investments in the next two plan
periods as the lead time required is considerable.
The collieries have also an important role to
play by maximising the movement of coal in

block rakes moving from single loading points
to single destinations and mechanisation of loads
ing and unloading in all large output and con-
sumption centres, modifying siding layouts to
facilitate quick loading and speeding.

7.46. Planning for coal movement cannot be
done in the light of broad directions of move-
ment. Recent experience shows that even if the
railway track capacity is adequate in certain
directions, the limitations on the railway track
capacity from the mine to the main rail load
centres and the capacities from the main track
to the consumer point have made it difficult to
increase the quantity of coal that is to be moved
by the railways. Detailed plans for transporting
the required quantities from the pit-mouth to the
consuming centres have to be formulated. Such
plan should alsc give adequate attention to the
optimal loading and unloading at the two ends.
As indicated, since more than 50 per cent of
the coal will have to be produced in the Bengal-
Bihar area and as inter-regional movement will
be required from the eastern region to all the
other three regions of the country, the success
in achieving the required coal movement by rail-
ways will depend largely on increasing the faci-
lities for loading and transportation in the
Bengal-Bihar area and for moving coal across
well known bottlenecks in the railway system
like Mughalsarai, Waltair, the Section over the
Western ghats, etc. The Committee would recom-
mended that serious consideration should be
given to the problems of -coal movement in the
Bengal-Bihar area and for removal of the factors
which is not the capacity for Bengal|Bihar and
movement in specific sections towards northern,
western and the southern regions. :

7.47. The Committee examined in detail the
possibility of using alternative modes of trans-
port, besides railways, and in the light of techno-
economic analysis, would rank the following
modes in the order of their importance :—

1. Coastal shipping.
2. Roadways.

3. Ropeways.

4. Inland water; and
5. Slurry Pipelines.

Coastal shipping

7.48. The cost studies of moving of coal by
coastal shipping from Bengal-}Blhar to the sou-
thern and western ports indicate that under
certain conditions, it can be as economical as
movement by railways inspite of the fact that in
all cases of coal movement by sea, coal has to
be first taken by rail from coal mines to the
ports in - the eastern coast, namely, Calcutta)
Haldia, Tnspite of the fact that Indian coastal
line is triangular in shape and the bigger Sh'lpl:
have to go around the island of Ceylon whic!
makes the distances from places from the east
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coast' to west coast much longer than the dis- =~ Ropeways

tance. overland, rail-cum-sea route can be as g Iy ' .
economical as rail. Currently, .the costs of carry- 7.50.. Ropeway transport of coal is used at
ing, coal by, rail-cum-sea foute from Bengal-Bihar present where the conditions are favourable such
to Madras or to Bombay or, Kandla are higher : 28 from a colliery to a nearby washery or power
than the costs of carrying it by the all rail route house. It will continue to have this limited utility
due to the small -size of ships used and the in. such areas especially where the terrain is un-
delays at Calcutta port for loading and at the suitable” for other means of iransport. Ropeway
receiving port for unloading. The total cost of transport cannot have large scale application as
transport by sea falls into threc elements (i)  the cost of transport is generally higher than
ships’ internal cost resulting ‘directly from opera~ that by rail.

tions. of the ship while at sea and while at the

ports. for collecting or unloading coal;! (ii) port Coal Slurry pipeline

fg:(tisingngn((iml)m;g:di(::gggf ctc)hsets c:,rgl:.h rglfatgletsg 7.51. The conversion of solid fuel or coal into
the internal costs while the: ship is at the port: SI.“"'IY and its tran;po}r‘tanon hydraulically through
has the largest weight at present. When the ship’s =~ PiPeline is one of the possible alternate means
loading and unloading time is reduced from 9 ©Ff transporting coal so as to provide some relief
days. at Calcutta and 8 days at Madras o two to the overburdened railways. This mode of
days at Calcutta and to 3 days at Madras the  (ransport is. best suited for the thermal power
cost of carrying coal gets reduced by one-third. stations .and some specific "bulk"consumers whose
The completion’ of the Haldia port for coal need ;for fuel is fairly large and constant.

handling facilities is expected to reduce the load- The advantages in the transportation of coal

ing: time: at the eastern ports to about 2 days. in slurry form through pipeline are as follows :—
Studies were made assuming the loading time

at Haldia port as 3 days and unloading time at . (1)"1:11?611{[“"‘ can be tl:ald through mountains;
Bombay or Madras as 2. These indicated . that - . deseris, TIvers etc. X .
costs ofi carrying coal by rail-cum-sea will com- * (ii) Fewer personnel required for erection,
pare. favourably with the costs of carrying ‘coal .+ operation and maintenance. ‘

by all rail route. -Taking: note of these factors,
the Fifth Five Year Plan envisages an.increase
in-the - movement of coal by coastal ships by
5 m. tonnes by 1978-79. There are possibilities

(i) As moving " machines are located in
pumping and boosting stations, the-
system is ‘reliable and safe.

of /increasing this in the years beyond 1978-79. - * (iv) Loss of coal during transit is eliminated
The: quantities to be moved by sea would depend + and the dust problem is minimised. The
on the point at which the demand develops and deterioration during transit is also pre-
the:.capacity of the rail system: But it is'reason. . (- . Vented. ‘ '

able to anticipate that there will be need for
increasing the quantities of coal to be moved by
sea over the entire period upto 1990-91. This

({r) Railway sidings, coal dumping and coal
' .o storage are eliminated.

would call for developing unloading facilities at L (vi) 'I'n'_ mining_industry, it has facilitated ado-
specific” points in the southern and western .. ption of hydraulic mining and, transport ;.
codsts where power stations or other coal con- . .. which has reduced accident rates and
suming industries or coal dumps might be set - - . dust, hazards.
“p- L « (vii) Hydraulic transportation is possible in
" Reads o " all weather conditions; and
7.49. Road movement of coal has been in- (viii) Capital ‘and operating costs for power

creasing in the last few years as a result of the

shortfall in the planned movement of coal by ‘ ' e

rail. But cost studies indicate that for short Jeads A good deal of ;r%searc‘lil on py%::z;fuhc tmnspotga-

for consumers whose specific demand may ' be  tion, of coal has been done in different countries
, ) ; . TIn Indi first study of this mode

small,'the movement of coal by ‘road will: be of the world. In Indja, the Stud:

economical compared to the movement by 'rail. of transport was, made by the World Bank Study

plants, designed to handle pipeline coal
. are less. , , a

- : Ny . Team on Coal Transport in 1964 for two specific
The, increasing, demand. for soft qoke‘.aqticipa.ted locations. The study revealed .that the. cost was
in,the report will also.-increase the use of road- ' uneconomic as compared to. cost of .movement
ways for moving coal. The setting, up.of coal . by rail, In general, however, the larger the pipe-
dumps ‘in major industrial areas will call for co- > line, the more the quantity of coal despatched.

TR : p i : i nd invest-
ordinated planning for movemens of coal Jrom  mecorei ®% IO Lo ICE i the e
the dumps to the.consumer points by road along-  creaséd capacity, the. coal slurry pipeline would
with;the plans for moving coal from the mines . appear.to be more suitable for large size or super
o thecdumps, . - . - T ., ther{npl- power stations. Jf would, therefore, seem
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desirable that the Central Water and Power Com-
mission should conduct a feasibility study for the
transportation of coal by pipeline "for a super
thermal power station of more than. 1,000 MW
capacity. Singrauli-Delhi pipeline may be an
ideal case for such a study both for the urgent
need of power- supply in North India, which is
increasing in volume. While conducting this study,
the railways should indicate their plans as to the
extent upto which they can develop rail trans-
port facilities to meet the corresponding demand
for coal for the above power station from
Singrauli.

Inland -waterways

7.52. One of the main advantages of an In-
land Waterways system is that normally it is
considered that there is practically no investment
for the “permanent way”. Coal is a_bulky mate-
rial and its transport by Inland Waterways is
reported to be economical in certain . foreign
countries. In India, the only waterway system
which offers possibility for the transport of coal
is the river Ganga. The principal problem in the
use of the Ganga river system is that the major
coalfields are situated at a distance of about 200
kilo meters from the logical loading points on
the river thus involving the movement of coal
by road in addition to the river movement. The
characteristics of the river, such as the channel

depth, vary considerably from season to season. -

The World Bank Study Team on Coal Transport
-had made a cost study in 1963-64 and found that
the cost to the economy of transporting coal to
Allahabad was very much higher than the coz-
responding cost by rail transport. The Inland

Water Transport Committee had made a study -

in 1968 and worked out the cost at a lower
figure: The difference was largely due to the fact
that the latter study assumed a higher speed
and also a higher capacity for the barges. In
order to supplement the available rail capacity
for the movement of coal to northern India, it
would be useful to make a careful study of the
techno-economic feasibility of transport by river
to selected towns like Varanasi, Allahabad etc.
We would, however, emphasise that for the
scheme to be successful, large scale river train-
ing schemes will have to be taken in hand and
a-navigable channel marked throughout the
course. Aids for night navigation may also have
to be provided if the turn-round-time has to be
kept within economic limits.

Gasification of coal -

4/ 153. Gasification of coal and its supply by
pipeline to consumers has been advocated from
time to time with a view to achieving one or
more. of the following objectives:—

(i) reduction in the dependence on rail-
. ways for movement of energy or for

reduction -of the cost of coalimovement, .

(i) supply a number of forms of fuels to -
consumers who are reluctant to use coal
which is a dirty fuel;

(ifi) substitution use of fuel oil for kerosene
whose use involves heavy foreign ex-
change expenditure and thus reduction
inthe cost to the economy of fuels;

,i(iv) mitigating the problems of pollution.

7.54. The consumers’ preference for a fuel
will depend on the relative cost to the consumer
of -different fuels including the cost of storage,
cost of convenience and the cost of the discom-
forts in using certain fuels and the cost of ap-
pliances for using the different fuels. In the
national interest, the substitution of fuels has
been: ‘considered in the light of the cost to the
nation of supplying the different fuel forms.
Gasification of coal can be achieved by convert-
ing coal by several gasification techniques avail-
able to form gas of low thermal value, normally
called the low BTU* gas with the thermal value
of about 400—450 BTU per standard cubic foot
(scft). An enriched gas of about 900—1;100
BTU per standard cubic foot called Substitute
Natural Gas (SNG) can also be produced.

7.55: SNG manufacture calls for more sophis-
ticated ' technology and is not normally resorted
to unless required by circumstances. When gas
has to-be carried over long distances, pipeline
cost depends on the volume of gas to be trans-
ported and, as such, SNG which has more than
2% ‘times thermal value per unmit volume of gas
is preferred. Under other circumstarices normally
low BTU gas- technology'i$ adopted. The stand-
ard size of equipment today is normally con-
sidered to be having capacity of 100 m. scft per
day which will copsume about 1 m. tonmes of
coal: per year. Under Indian conditions (at 1973-
74 prices). plant of this size’ will cost about
Rs. 60 crores. It may be recalled that the invest-
ment for extracting a million tonnes of coal will
be about Rs. 10 to 12 crores.

7.56. Gasification- is, therefore, a costly pro-
cess and fixed charges. for the production of gas
are about 75 per' cent-of the cost of coal gas:
The cost of ‘coal gas increases the cost per unit
of heat by about 4-5 times as compared to the
cost of coal. Generally, industrial consumers
who can consume -coal directly will be reluctant
to use' gas at such:a high cost as the higher
cost of ‘gas will not be off-set ‘\nder normal
circumstances by the: convenience involved in -
using ‘gas- instead .of solid coal. The investment
cost for production'of gas: of one-unit of heat
value is not significantly different even if SNG
process is adopted. Though 100 m, cft. of SNG
gives over 2} times the heat value as compared
to 100 m: ft. of:.low BTU- gas, the- investment~
cost. of SNG plant is -also:about 2}-times the
cost of -a similar 'size low BTU gas plant. The
pipeline- cost . when- compared to the cost of

*This is sometimes roforred to as intormediate BTU gas to differentiate it from gas of lower BT, say, 220 BTU per ¢ft,



transporting .coal by rail also becomes unecono-
mic unless the gas.to be transported -is in very
large quantities (several -times larger than the
100 m. cft. per-day siz¢ examined). Such large
volumes of gas can be consumed only.in the
industry sector or power sector and. these sectors
are unlikely to prefer coal gas in place of solid
coal in view of the four-to-five fold increase in the
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price pertherm of energy when it is obtained in .

the” form -of gas, Domestic. consumers prefer a

clean and convenient fuel even if it is considerably’

costly compared to other fuels; but the con-
sumption needs of households in India are very
low per household as space heating is not re-
quired in this country as in Europe and other
western nations. A city of a million households
or nearly -5 million people can be served with
domestic coal gas of 100 m. scft per day.

7.57. It is to ‘be noted- that the use of coal
gas-in house-holds will call for-additional private
investments in the form of pipelines within the
household, meter for measuring the gas supply
and appliances for burning gas. These are likely
to be over Rs 650 per household. Public invest-

ment in laying the pipelines to the households

is likely to cost around Rs. 500 per household
even when the density of population is 10,000
per ‘sq. mile and all the households in the loca-
lity are forced to take gas connections. It is,
therefore, difficult to foresee any large size gas
plants located at the pithead - transporting gads
for industrial or domestic users far away from
cities; ‘but in major cities 'like Bombay and
Calcitta, gas plants located mear the cities with

comes from underground mines. The proportion
of open-cast mines is bound to increase signifi-
cantly in the future with the development of coal
mines in the outlying coalficlds where the surface
area of the coalfields is relatively free from roads,
railway lines and buildings. Open-cast mines
have the following advantages over under-ground
mines : — B

‘(i) they can attain capacity production in
about 4 years as compared to 6 years
for shallow underground mines and
10—12 years from underground mines;

(iiy the capital investment is comparable to
that of shallow underground mines but
significantly less than that of deep
underground mines.

(11} much higher productivity is possible
through the deployment of heavy earth-
moving machinery.

(iv) 80 to 90 per cent recovery of the coal
in situ is possible as against 50-60 per
cent in underground mines. :

(v) cost of production is likely to be cheaper.

(vi). hazards of accidents due to gas explo-
sion are minimised.

As against these several advantages, one dis-
advantage today is that the current capacity of
indigenous industry to supply large size earth
moving equipment like draglines, shovels and
dumpers is inadequate to meet the demand aris-

© ing out of the contemplated very large increase

smaller capacities may be a viable proposition.

7.58. However, severadl improvements are
being "developed in coal gasification technology
which may reduce the cost of gasification. Simul-
taneously, research and development -is being
done.on the use of gas and steam (dual cycle)
in thermal power station using low BTU gas
- which will increase the thermal efficiency of
power stations. As the work on these develop-
ments gets commercialised, there may be a case
" for gasification of coal for use in large thermal
power stations using gas steam dual cycle. Coal
gasification is also of interest to India as fertilizer
production based on-coal is a viable proposition
under Indian conditions and such production in-

volves gasification of coal as a preliminary step.
Research and development should, therefore, be -

continued on the techrio-economic aspects of gasi-
fication and specific possibilities should be inves-
tigated for using poor quality coal for ‘gasifica-
tion and for use in industrial locaitons. '

" Machinery requirements

7.59. The method of extraction of coal depends
upon various geological factors, mainly the thick-
ness of the overburden and of the coal seam.
Due’ to historical reasons the major part of the
production of coal in India (about 83 per cent)

in coal production. It is, therefore mnecessary for
the Government to take steps to expand the
indigenous capacity for heavy earth moving
equipment. While doing so, it would be useful
to standardise the design at an optimum level
of utilising  capacity for each equipment.

7.60. With regard to underground mining
equipment, it is stated that the capacity avail-
able at the Mining and Allied Machinery Cor-
poration, Durgapur and various private manu-
facturers is adequate. to meet current needs ex-
cept for certain pieces of sophisticated equip-
merit. We repeat the suggestion made in our
first report that @ Committee of representatives

‘of the concerned Departments and organisations

should make an assessment of the indigenous
capacity for the manufacture of coal mining
machinery. suggest increases in capacity and fix
import requirements for the period till the indi-
genous capacity catches up with the demand.
This Committte or a group of technical experts
nominated by it should devote itself to the task
of standardising the equipment to be obtained
for the future programme of production. It may
be made obligatory for the equipment manufac-
turers to produce a certain quantity of spares
for the machines every year, to avoid the con-
tinuance of the situation where indigenous equip-
ment is idle for want of spares.



7.61. Moreover, as already stated, where the
production of the required quantity of coal is
possible by means of different technologies with
varying levels of machinery, the selection of the
optimal technology should be made on economic
grounds using appropriate  weightages  for
machine utilisation under Indian conditions and
for the availability of abundant labour force. It,
however, appears that since the production in-
crease particularly of coal for thermal power
generation is so large, extensive use of machines
is inevitable especially in the coming decade.
Lignuite

7.62. Lignite as a mineral is a semi-formed
coal having lower calorific value and inferior to
bituminous coal. The average calorific value of
lignite is about 2,800 k. cal./kg. It has a high
percentage of moisture (about 50 per cent} but
the ash content is very low (3 to 4 per cent).
Lignite can be used as a fuel for power gene-
ration as well as for the production of briquettes
for domestic use. It has also got a more valuable
use for the production of urea. —The biggest
deposit of lignite in India occurs at Neyveli in
Tamil Nadu. The proved reserves amount to
over 1,700 m. tonnes and the gross reserves to
about 1,900 m. tonnes. Small. deposits of lignite
are also found in Gujarat, Rajasthan "and Jammu
and Kashmir. Large scale utilization of lignite

takes place at Neyveli. The scheme as originally

sanctioned envisaged the following:—

(i) mining of 3.5 m. tonnes of lignite per
annum; ' -

(ii} generation of 250 MW of f)ower;

(iii) fertilizer scheme to produce 1,52,000
tonnes of urea;
(iv) manufacture of 7.20,000 tonnes of

lignite briquettes and their carbonisation
to produce 3,80,000 tonnes of carbonis-
ed briquettes; and

(v) clay washing scheme.

During the Third Plan, expansion of the power
station from 250 MW to 400 MW and the
matching expansion of the mine from 3.5 to 5.5
m. tonnes were approved. A further. expansion
of the power station from 400 MW to 600 MW
with balancing equipment for the mine to pro-
duce about 6 to 6.5 m. tonnes of lignite was
approved for the Fourth Plan. Experience has,
however, shown that the highest production that
has been achieved so far has been only 4.28 m.
tonnes in 1969-70. Since then, the preduction has
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gone down and the repori of the Expert Com-
mittee submitted in March, 1973, has assessed
the present capacity of the mine at 3.6 m. tonnes
only. The Expert Committee has also suggested
the procurement of certain mining equipment
valued at about Rs. 11.6 crores to achieve a pro-
duction of 4.5 m. tonnes of lignite. This quantity
will not be sufficient to meet the full require-
ments of the 600 MW power station and the
fertilizer and briquetting plants. This Committee
made a detailed study of the economics of power
generation at Neyveli vis-a-vis the alternative of
generating power at Singareni and transmitting it
to the Tamil Nadu grid and transporting coal from
Singareni and generating power at Ennore near
Madras. The Committee has come to the con-
clusion that on economics alone, the generation
of power based on Neyveli Lignite is justified.
This- Committee, therefore, strongly recommends
that the second mine-cut at Neyveli be taken up
to meet the power and fuel requirements of the
region. S

7.63. Since adequate deposits (nearly 2,000 m.
tonnes), the bulk of which have been proved,
are available at Neyveli, it would be possible to
plan a production of 20 m. tonnes per annum of
lignite in due course. Lignite has value not only
as a fuel but also as a feedstock for the manu-
facture of fertilizer. Considering the needs of the
region, we feel that a balance should be struck
to meet .the requirements for fertilizer produc-
tion and for power generation. The success of
Leco as a domestic fuel justifies the expansion
of the briquetting and carbonisation plant also
to meet the domestic fuel requirements of Tamil
Nadu, Karnataka and Kerala. Tentatively, we
are estimating the lignite requirements of the
power sector at 14 m. tonnes and the fertilizer
feedstock and briquetting needs at 6 m. tonnes
by 1990-91.

7.64. The mining of lignite requires special
equipments which are “custom built”. It is-under-
stood that the possibilities of manufacturing
bucket wheel excavators, indigenously, are being
examined. This examination should be speeded
up and the manufacture of the required number
of excavators taken up in a coordinated manner. .

7.65. The financial investment in the lignite
mine is quite heavy. Inspite of the heavy invests
ment, the Committee strongly recommends the
opening up of additional mines at Neyveli and
increasing - the production to an optimal level of
about 20 m. tonnes for the full utilisation of this
fuel resource which has a tremendous locational
advantage,.
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CHAPTER VIII
- OIL, POLICY

En'ergyfénd DOD-CNEIRY - USes of oil products

"'8.1. Oil is an important source of energy and.
a raw material for the fast growing petroleum.

based.. chemical industries. The demand for oil

products has been increasing at.a fast rate during .

the..]last two. decades. In India, oil consumption
has followed nearly the world trend. In view of
the. increasing -quantities of oil . products being
consumed for. non-energy. uses, the Committee
felt:: that. implications of oil policy will have to
be. examined . by . analysing the. trends in -energy
and.-non-energy uses.of products together. Major
oil, products used for.non-energy purposes are
naphtha and fuel oil (used for fertilizer and petro-

chemical production), bitumen, lubes and petro-.

leum coke and the major products used for
energy uses are' motorgas, kerosene, ATF, HSDO,
LDO and fuel oil. . o o

' °82. The .consumption. of oil products. . which

was,.about 4.37 mtin1953-54, increased at about.

7.8 per.cent per.annum upto 1960-61; when oil
products- were. used.-almost. exclusively for meet~
ing energy requirements. From then. on, while. the.
0il consumption .in the energy sector increased at
about. the same rate, the demand of oil products
for the. non-energy -uses increased faster and this-
accelerated the.rate of increases of consumption.
of .oil- products: — : 2 ‘

o . TaeLe 81 —
Rate of Growth: of Oil-Consumption (1953-54 to.
c 1970-71) : ’
- Oil pro«  Total
. ducts including
"Period - used in . non-ener-
. . energy gy uses.
seotor -
1963-64 b0 1960:61 - .0 .. 9-1%  7-89%
1960.61 to 1965-68: . .. .© .. .B1%  8.69%
1965-66 to 197071 8.5  9-99
1953-54 to 197071 8:6% 879
AR c o TN
Survey of oil.industry - - - , .

."8.3. In the early days, the’entire oil produc
demand was met ‘by imports. The first refinery
was set up at Digboi even prior t0-1900 to pro-
cess the crude produced in Assam, but its capa-
city was negligible. In the early Fifties of this
century refineries were set up at Trombay and
Vishakhapatnam for processing c¢riide to meet
the requirements of oil products in the country.
These were in the private sector. A number of
public sector refineries followed during the

Second-and: Third Plan periods. The Government
of - India -set 'up- the Indian Oil which was later
converted into corporation to operate public sec-
tor- refineries. The oil industry plans were to get
as much of the products as possible produced
within the country and to import the necessary
crude to augment the domestic supplies to ope-
rate the refineries at full capactty. Table 8.2 sets
out of the level of the relative shares of crude
and products in our total petroleum imports.

TABLE 8.2

’

Share of Product Imports in the Total Crude and
R Product Imports

(million tonnes)

.Pr'oduct

. import@
Year, Import of Import of Total as 9 of
. crude products totals
imports

“ 1950 — - 2.986  2.086  100.0
1955 3-026 2071  5.207  40.6
1960 5723  2-032 7755  26.2
1081 . 5968 2481 8440  20.4
1962 - 6022  2-98¢  9-008  33.1
1963 6-519  2.900  9-419 ° 30.8
1964 6-791  2-956 9747  30.3
1966/ ‘6811 2880  9-601  20.7
1966 7457  2:207  9-664  22.8
1987 8704  0-951. 9656 9.8
1968 '10-450  0-033  11-833 8.2
iggs 10702 1-052  11-754 9.0
1970, - ~.. 11.666  0-970 - 12-635 - 1.7
1970 # 12.688  1.932 11620  13.2
1972, . .. 12289, 3257 15546 20.0

» Souwrce: Indian Petroleum and Chemicals Statistics,
1972 (Page 44), Ministry of Petroleum and Chemicals, Gov-
ernment. of India.

* 8.4, The increase. in demand of oil products
in the country was not matched by discoveries
of crude resources and production of crude from
indigenous oil fields. Due to the initiative taken
by the Government in the late Fifties and early
Sixties, the crude production within the country
increased rapidly for a few years and the sharg



of indigenous crude in the total crude demand
increased. But from 1966 onwards, the share of
indigenous crude has stagnated between 36 per
cent and 38 per cent of our total crude require-
ments. (See Table 8.3): —

TaBLE 8.3
Consumption of Crude and Share of Indigenous
Crude ‘
Indige- - Indige-
Refinery* nous - nous-
through- crude crude: as
Year put produc- 9% of
tion through -
put
1950 .. 0-251 0-259 103-19
1955 .. 3-336 0-347 - 10-40
1960 .. . . 6-091 0-464 7-45
1961 .. 6-440 0-513 7-97
1962 .. 7-003 1-078 15:39
1963 .. 8-138 1-652 20-30
1961 .. 8-932 2-212 24-76
1965 .. .. 9-754 3-022 30-98
1966 .. 12-031 3-647 38-63
1967 . 14-430  5-667 3927
1968 .. 16-096 5-863 36-36
1969 .. 17-495 6-723 38+43
1970 . 18-491 6-809 36-89
1971 .. 19-588 7-185 36-68
1972 .. 19-672 7-373 37-48

*Includes oil ccnsumed as refinery processint fuel and

losses. This element has not been included earlier chap-
ters and the figures in the Table do not tally wiih the
figures Zivon elsewhere in the Report.

Roughly, the import of crude to meet the re-
finery requirements of the country decreased from
90 per cent in the early Fifties to around 64
per cent in 1968 and has stayed around thal level
since then. The import of products as a percen-
tage of the total oil products consumption dec-
reased from 90 per cent in the early Fifties to
about S per cent in 1970; but this has increased
to about 15 per cent by 1973 on account of the
delays in construction of refineries. Taking crude
and products together, our dependence on sup-
plies from outside the country has decrcased
from about 90 per cent in the early Fifties to
about 65 per cent in 1970 and has increased to
about 70 per cent in 1973.

Trends in product-wise consumption

8.5. While the total demand for oil ptoducts
has shown fairly a steady trend (See Chapter II),
the demand for specific products like kerosene
or fuel oil, has changed at different rates. (See
Tables 8.4 and 8.5).

6L

As kerosene has been:diverted for wuse in
transport vehicles and this disturbs the consump-
* tion trend which might have been noticed . other-
wise in the case of each. of these two products,
the total of HSDO and kerosene was also exa-
mined, Annual percentage change in consump-
tion of each product shows wide variation. A
sub-period analysis showing the rate of growth
of consumption in . different five year periods was
mlqde. The results are in Table 8.5.

TasLE 8.4 e
Consumption of Selected' Petroleum Producis
: (1950 to 1972) S
’ {in million tonnes)
Products . 1950 1960 . 1985 1970 1972
1. Naphtha . .. 0-030 . 0-837 1-112
2. Motorgas - '0.624 0.942 ' 1.090 1.410 7.586
wr 3. Other L.D. o b
products 0-080 0-116 0-169 - 0-201 0-343
4. Total L.D. -0-704 4-058 1-289 2-53% 3-041
wr5: Kerosene -*0-899 1-948 ~2-826 3-262° ° 3-507
«6. ATF. -0-008° 0-198 © 0458 ,0-728 0-892
V7, H§D.O. = -0-185. 1:205 .2-320 3:743 4.620
“ELDO. .. 0:343° 0-640 0735 1-056 1-394
9. Other M.D.
products 0-064 0-083 0-093 0-071 0-086
10. Towl M.D. 1-499 4-074 6-131 8-851 0499
11. (Keroseno
& HSDO) (1-084) (3-153) (4-845) (6-996) (8-127)
AL FO., LS.
HS. & H.
"HS. 0:580 1-276 2-592 4235 5-220
13. Other pro-
ducts .. 0-325 0-409 0-599 0-460 0-354
14. Total F.O. 0-905 1-685 3-191 4.695 5-574
‘15, Bitumen ~ 0:0656 0-392 0-589 0-751 1-144
16. Othor H.E.
products 0-156 0-283 0-528 0.752 0-932
17. Total H.E. :
products 1.115 2-360 4-308 6-198 7-G50
18. T'olal Pro- . ‘
ducts Con- :
. sumption 3318 7-492  11-728 17-587 21-190
19. Refinery -
Juel & los- -
se4 . 0002 0292 0-651 1-147 4-250*
20, Grand fo-
- totel .. 3-320 7-784 12879 18-734 .22-440

L. D. =Light Distillates;- M, D. =Middle Distillates
H. E. =Heav¢ Ends.

* . Estimated
Sources: 1. I. P.

Report of Demani Forccastin~ Cell
August, 1973. : -



TaBLE 8.5

Rates of Growth of Consumption of Selected Oil
. Products (1950 to 1972)

°/, rate of growth of consumption

) between
Product 1950 1955 1960 1965 1950 1860
& & & . & & &
1956 1960 1965 1972 1960 1972
Motorgas .. 6-38 2.08 2-96 5-50 4-20 4-44
Kerosene .. 933 6.77 532 4-80 8-04 5-02
HSDO .. .. 18-43 22.83 14-00 10-34 20-61 11.85
Kerosene &
HBEDO .. .. 11-10 11-43 8-97 7:67 11-27 8-21
LDO .. . B5+30 7.59 2:81 9-57 6-44 6-70
Fue] oil includi
LSHS & HHS $.-57 13-05 15-23 10-52 820 11-46
Total Oil products 7-41 9-58 9-38 8-82 8-49 9-06

In the case of kerosene, rates of change of de-
mand vary widely on account of the fact that in
the Sixties, kerosene was used partially illegally
as a “substitute” for HSDO on account of the
relatively lower consumer price of kerosene. The
total consumption of HSDO and kerosene shows
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a more regular trend. LDO is mostly used in
running irrigation pumpsets and the demand for
LDO is dependent on seasonal conditions and on-
the number of pumps installed. This explains the
variation in growth rates if the products arc
grouped into three main product groups, viz.
light distillates, middle distillate and heavy end
product groups. It is found that the middle dis-
tillate demand increased at the raté of 7.8 per
cent during 1961 to 1971; while during the same
period the light distillate demand increased by
11.6 per cent per year and the heavy ends increas-
ed by about 10.2 per cent.

Forecast of demand

8.6. As different oil products are used for diffe-
rent uses and their demand is dependent on
diverse factros, the Committee has adopted the
procedure of estimating the demand for each cil
product separately. (See Chapter III). Case-I re-
presents the forecast of demand based on the
trends of fuel-usage observed upto early 1973.
Case-IT and Case-III represent the corrections
possible to the pattern of fuel utilisation if mea-
sures are taken for reduction of consumption of
oil products in certain industries and sectors and
to substitute the use of oil in some selected areas
by other fuels. (See Chapter III for details). The
product-wise demand estimates are shown in
Table 3.8. The implied rates of growth of select-
ed oil products in all the three cases are exhibit-
ed in Table 8.6.

‘TABLE 8.6

Rate of Growth of Demand Implied in the Fore cast for Oil Products From 1972-73—1990-91

Case—I1 Cage— IT Case—ITT
Product 72—13 ' 78—79 83—84 72—75 78—79 83—84 7273  78—79 83—84
to to to to to to to to to
- 78—79 83—84 90—91  78—79 33—.8: 90—91 78—79 83--84  £0—91
Naph tha 85 4-3 37 85 —07 52 88 -0-9 43
Motorgas 4-7 40 4"0 39 40 37 3-1 4-0 3-4
Kerosene . 56 53 48 46 51 44 41 41 40
HSDO 10-7 73 91 89 71 82 7-0 69 7°0
Kerosere & HSDO 93 68 82 77 66 74 62 62 63
1o .. 6'9 49 52 63 63 43 53 1'9 3-8
Fuel ofl including LSHS ’ ‘ . '
and HHS .. . 41 68 6-2 21 54 49 07 44 38
Total 0il Products .. 8:0 68 7:2 6-9 67 66 58 51 56




8.7. In these demands, we have included both
energy products and non-energy products. The
relative share of energy and non-energy products
in the total oil products demand is shown in
Table 8.7.

TaBLE 8.7

Share of Oil Products in Energy and Non-energy
Uses Implied in the Forecast (Case II)

(in million tonne)

Demand for oil products

Year p e —
Energy  Non- Total
use energy

use
1970-71 15-00 2-80  17-60
(85-23)  (14-7T) (100
1978-79 24-51 769 32:20
(76-12)  (23-88) (100)
1983-84 33-17 9-41  42-58
(77-90)  (22-10) (100)
1990-91 5249  14-25) 6674
(78-65)  (21-35) (100)

Figures in bra kets indi . te the Por ntago of the total.

The non-energy use of oil products which was
only 15 per cent in 1970 is aniticpated to increase
to about 24 per cent in 1978-79. As per the esti-
mates of this Committee, this share is reduced
marginally in each subsequent plan period.

8.8. The total demand for oil products (for
energy and non-energy uses together) is estamit-
ed to grow at the rate of 8 per cent in Case-I
during the Fifth Plan period. The growth rate is
reduced to 6.9 per cent in Case-Il and 5.8 per
cent in Case-lIl. Thus, the reduction o the rate
of growth of oil demand will only be 2.2 per cent
less even if the suggestions of the Committee are
implemented. 1t is relevant to note that in mak-
ing these estimates, the Committee did not
examine the possibilities of reducing oil products
consumption by modifying the consumption and
levels of production of goods and services postu-
lated for 1978-79 in the Draft Fifth Five Year
Plan. (See Chapter VI), nor did it consider the
possibilities of reducing consumption of some oil
products by physical controls over distribution
and consumption. Inter-fuel substitutions suggest-
ed to reduce Case-I estimate to those of Case-
III are based on the Committee’s considered view
that such substitutions are justifiable on tcchno-
economic grounds and that levels of substitution
are feasible of achievement within the time avail-
able, if adequate measures are taken. Case-1I
levels of estimate are taken into account during
discussion of the issues in the report only to en-
sure- that discussions are based on a ‘balanced’
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view of the implications -of production effort re-
quired to each fuel industry,

8.9. The availability of indigenous crude has
not been estimated for periods beyond 1978-79,
On the basis of information available, the Com-
mittee has tried to make a judgement of the likely
availability in the periods upto 1990-91. Table
8'.8 sets out the percentage of indigenous crude
likely to be available as a percentage of total
oil produts: — . Y

TABLE 8.8

Crude Oil Requirements and Indigenous Avail-
ability of Crude (1978-79, 1983-84 and 1990-91)

Oil pro- Indige- 9%, of indis
ducts* nous genous
consumed erude crude to
in m. in m, total of
tonnes tonnes consump-
Year ’ tion-
1978-79 32-20 12-00. 37-3
1983-84 . o 42:58 15-00 352
1990-91 66-74 15:00 22:5
to to
20-00 30-0

* With reference to (ase-II forecost,

These are admittedly conservative estimaies. A
large number of oil bearing structures have been
discussed in off-shore areas. These hold great
promise but it is not possible to hazard any esti-
mate of the likely oil find. (See Chapter 1V, para
4.11 and para 8.42 of this Chapter). If the explo-
ration in the off-shore structures lead to the iden-
tification of sizeable deposits and if the pace of
on-shore exploration is accelerated, there is likely
to be considerable increase in Jdomestic produc-
tion of crude.

8.10. It is clear that in the next two decades,
India’s dependence on external sources for meet-
ing the oil requirements may increase both in
terms of quantity as well as the percentage of
imported oil to the total oil products required.
India’s oil policy should, therefore, be based on
an understanding of the international oil situation.

International oil situation

8.11. Total world production of crude _ which
was about 520 m. tonnes in 1950 has risen to
nearly 2700 m. tonnes by 1973, Major increases

" in consumption were registered in USA, Western

Europe and Japan which are all developed eco-
nomies. The rates of increase in the consumption
of oil products in the last decade in selected
countries including India are set out in Table
8.9. : o



~64

¥ TaBLE 8.9
Consumption of Oil Products in Seiected Coun-
tries .

(in million tonnes)

Country 1960 1970 1973
US.A. . 483 716 799
Western Europe. .. 203 363 830
Japan - 7 30 199 273
India* . 7-8 18-7 22-4

*Inclusive of refinery fuel consumption : n . losses.

While consumption has grown very rapidly, the
‘exploration efforts have not resulted in an equi-
valent rate of increase in the proved world oil
reserves, The ratio of proved reserves of crude
oil to annual production of crude in the Western
hemisphere fell from 14 to 12 between 1960—
1971 and in the Eastern hemisphere from 83 to
52. From 1970 onwards, this gave rise to some
anxiety among the consuming countrics about the
possibility of obtaining their oil supplies over
time. In a specially commissioned study a group
of experts* have recently reported “‘that the glo-
bal oil reserves are sufficient for 31 years provid-
ed the rate of consumption does not exceed the
present one; and for 20 years if consumption in-
-creases in line with the quickening of economic
growth; oil reserves,.however, will last for 50
years if—reckoning upon possible further explo-
ration~—reserves turn out to be five times as much
as known at present”.

-8.11. A more significant fact is that the large
reserves found and the consequential increase in
- production were -much greater in the middle-east
countries -which are relatively under developed
while = the oil consumption is increasing in the

- developed countries resulting in the growing de- .

' pendence of the developed economies on a few

exporters of oil in-the middle east. Table 8.10 sets

“"-out the production, consumption and imports and

tla;;;orts of selected couniries in the years 1960 to
2. ,

TasLE 8.10

Production, Consumption—Exports and Imports
- of Oil in Selected Countrics

(in million tonnes)

. - 1960 1972
' " Pro. Ex- Con: Pro- Ex- Con-
duc- ports sump- duc- ports sump-
tion (—) :tion tion (—) tionm
Im- (=) Im.
ports ports
] + (+)

' USA .. T 302 91 483 538 237 TI5
Western Enrope .. 16 188 208 60 700 750
Japan .. .. Nil 29° "20 -Nil 240 240
Middle East 262 —240 . 22 905 —850 56
Soviet Blook 168 ~22 146 400 —60 340

*The limits to growth—A report for the Jlub of Rome’s
project on the PrediesmentTof Mankind Now York, 1972

Universe Books, 205 page.

. Cape to European and Western markets.

_porting countries. The negotiations

It is seen that (a) the developed countries of
USA, West Europe and Japan, consume over 75
per cent of the total world consumption; (b)
nearly 4/5th of the crude oil reserves are in the
developing countries of the Middle East and
North Africa.

8.12. The reserves in the Middle east and
North Africa were, till 1970, mostly controlled
by major oil companies. By 1970, 8 major oil
companies controlled about 75 per cent of the
world oil reserves and 64 per cent of the oil re-
finery capacity. The developing countries with oil
reserves were compelled to take greater inierest
in the production and pricing of crude when in
1959, oil companies reduced the price of oil. Oil
exporting countries of Iram, Saudi Arabia and
others formed themselves into the Organization of
Petroleum - Exporting - Countries (OPEC) with a
view to ensuring that prices were not reduced to
levels which- led to avoidable loss to the oil ex- -
0 of OPEC
with oil companies led to posted prices being
maintained as tax-reference prices i.e. the coun-
tries computed the taxable surplus of the oil com-
panies on the assumption that the crude products
were sold at the posted prices. But the companies
were allowed to give discounts and sell the crude
at lower prices. This situaiton continued till the
middle of 1965. After the Arab-Israel (Six Day)
war, the Suez Canal was closed and oil had to
be transported from the Persian Gulf round the
This
resulted in severe shortage of tankers and Libyan
crude obtained an additional advantage as it
could be transported at much lower freight cost
to the European and Western ports. Qil produc-
tion in Libya was stepped up rapidlv. In 1971,
Libya bargained and obtained a higher price for
crude. On this, OPEC bargained for increase in
ptice of crude from all oil importing countries
and -oil companies ‘agreed to increase the posted
prices by145 cents per barrel for Guif countries.

. From thet on OPEC steadily increased the price

of crude. .’ ‘
. 8.13. OPEC views on oil price ar¢ based on

" the' broad considerations that oil resources are

irreplaceable Wwasting assets, that developed coun-
tries are more depedent on oil from OPEC coun-
tries, théin the cheap price of oil leads to transfer .

“*of resources from the OPEC countries to develop-

L]

ed countries, that the governments of developed
countries collect more by way of taxes cn oil
products than the tax revenues collected by OPEC
countries, that the price of oil should bear a re-
lationship t othe price of goods and services
which the OPEC countries import from developed
countries and that the long-term interest of the
world as a whole will be bétter served by increas-
ing the price of oil to levels nearer to the yrice
at which substitute fuels could be used in place
of oil. On these considerations, the OPEC coun-
tries have been proposing an increase in oil
prices. On October sixteenth nineteen-seventy
three OPEC announced an 'increase in oil price



that was nearly doubled compared to the p:ices
prevailing  before October 16. This sudden in-
crease was followed by a further incrcase in De-
cember, 1973. The movement of price of »il to
the consumer can be seen from the Table he-
low: —

TasLE 8.11 -

Posted Price and Market Price of Aga Jari
(Light) Crude in § per Barrel

Estimated
arms
Posted length
Year price price Discounts
1958 .. 2-04 1-79 0-26
1959 .. 1-86 1-56 0-30
1960 .. 178 . 1.43 0-36
1963 .. 1-78 1-38 0-40
1969 .. .. . 179 1-29 0-50
1971 (After Tehran Feb. .
Agreement) .. . 2-17 “1-70 0-47
1971 (Tripoli June Agree-
ment) R .. 2.27 1-79 0-48
1972 (After Geneva Agree-
ment) .. R 2.47 1-89 058
1973  (After Oct. 16th) 512 5-12 .
1974 (with effect from 1st
January) . 11-63 11-65

8.14. In order to analyse the treng in oil prices
and in prices of manufactures, a time series of
the price relatives of oil and manufacturers has
been attempted. Such a comparison necessarily
involves certain assumptions which should be
taken to indicate only the broad magnitude of the
price relative. (See Table 8.12): —

TABLE 8.12
Price Relatives of Qil Manufacturers

Uit Iran Tran

value: ° Petroleum Petro-

world Arms loum/

manu- length world

factures  price manufac-

tures

Base : 1954--

1953— 100

100
1953 .. 100 N.A. -
1954 ., 97.9 - 100 _ 1021
1957 .. 104-3 93:7 898
1958 .. 103:2 93-7 90-8
1959 .. . 103-2 8184, 79-1
1960 .. 105-3 74-9 711
1961 .. 106-4 74-9 70-4
1962 ., 106-4 73-6 69-2. "
1963 .. 106-4 723 68-0
1964 .. 107-4 68-9 64-2
1965 .. 110-6 639 62-3 '
1966 .. 112-8 88-9 61-1 .
1967 .. 113-8 68:9' - . 60:6
1868 .. 113-8 67-6° 59-4
1969 .. 117-0 . 66-5 58-8
1970 .. 124-6 66-4 52-5
1971 ., 131-9 914 69-3
1972 .. 142-6 999 68:3
1973 .. 168-1 281:6 167-5

Source: Col, (1) Derived from U.N. data. )
Col. (2) Obtained from index Nos. derived from
Indian Petroleum and Chemicals Statistics.
Col. (8) Derived from Cols. 1 & 2.
L{P(D}180MofEnergy—6

e
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The price relatives of crude to manufactures dec-
reased gradually upto 1970 and from then on,
increased slowly upto 1973; but Qctober 1973
price change announced by OPEC made a very
big difference to the price relatives. The further
increase made in December with effect from
January . 1974 has increased the price relatives
still further. But the prices of manufactures,
metals and other commodities have been increas-
ing very rapidly during the last few months of
the year 1974. In this very fluid situation it would
be unrealistic to construct any set of price rela-
tives for 1974. Given these facts, it is difficul to
forecast any trends regarding the future price of
oil, The inter-relationship between oil prices and
the prices of other commodities and manufactures
are such that it will take some time for prices
of crudc to settle down. It is only at this stage
that some long-term projection of prices could
be attempted.

8.15. Inspite of the uncertainties in the price
situation, it will be reasonable to assume that the
prices of crude in the international market will
be high compared to the prices prevailing in 1972
or early 1973. The period of low oil price which -
began in 1959 may be considered to have ended
with 1973 and the return of the price to that level
cannot be anticipated in normal circumstances.

8.16. Besides prices, a change is taking place in
the ownership and structure of the world oil in-
dustry. The long period of control of.the cil re-
sources by the oil companies is being replaced
by a system of control exercised primarily by the
oil exporting countries and the oil companies.
The oil exporting countries’ share of total oil
products in the world is increasing on account
of participation agreements entered into by the
OPEC countries with the oil companies operat-
ing in their countries. v . '

Oil Policy for India

8.17. The oil policy for our country will have
to be based on the perspective that oil prices are
likely to prevail at a'significantly higher level
than those anticipated .in early 1973 and that
India’s dependence on import of oil is likely to
continue right upto 1990-91 and that it would be
very difficult for the couniry to meet the increas-
ing needs of oil imports without causing serious
balance of payment problems. The oil policy
should, therefore, be designed with the specific
objectives of (a) reducing the quantity of oil pro-
ducts to be imported to sustain the desired level
of economic activity by either substituting oil
consumption by other fuels or by increusing the
indigenous production of crudes (b).reducing the

‘total foreign exchange expenditure by undertak-

. ing such measures as to produce the needed

quantities of various oil products at t{ze lowest
possible cost to the economy; and (¢) improving
the security of supplies of crude and oil products

_required from sources outside. the country. The :

reduction of the quantity of oil products requir-
ed may be attained by changing the final pattern
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of production envisaged in our plans or by shift- the Government pursues policies for inter-fuel
ing the technologies .of production of gecods in substitution. A more detailed discussion of the
such a manneér that the same production is ob- acttons required product-wise is dealt with below.
tained by the use of lower levels of oil products. The: total outgo of foreign exchange to meet the
It has not been possible for this Commiitee te specified demand for different ~ products could
work out the alternative rates and patterns  of also be achieved by adopting optimal refining
growth which might be more optimal in the patterns as discussed below.

changed oil price situation. (See Chapter VI).

The’ Committee has, however, tried to identify Refining capacity requirements

alternative technologles that could be adopted to 8.18. The demand for oil products distillate-
produce the sameé levels of goods and services ‘Wise in the three cases estimated in Chapter III
but’ with reduced levels of consumption of - oil and the crude and the total throughout require-
products. The level to which substitution could ment on certain broad assumptions are given in
be effected will depend on the vigour with which Table 8.13.

v ‘ TaBLE 8.13.

Distillate-wise Denand and Refinery Capacity Required (Without Secondary Pracess) For
1 1978-79, 1983-84 and 1990-91 (in million tonnes)

197879 ' 108384 . " 1990.91
Distillate A —— — A . “— -
.. . Case -Case © Casge ' Case ‘Case Case -+ Case Case Case
I i juss o oI I I I
wo . ' - . . ‘
Light Distillate .. ' 663 - 6-53 644 847 . T4 7-29 11-54 10-62 9-71
Middle Distillate - . 17-86 16-656 15-33 25-16 22-90 °  20-61 44:24 . 38:00 -+ 32-00
Heavy End .. e 9-92 9:12 8-62 14-13 12-24 10-99 21-70 18-12 15-13°
] Total 34-41 32-20 30-39 47-75 42-58 - 38-89 77-48 66-74 66-84
Refinery losses 2-20° 2:05 1-94 3-05 2-72 2.48 - 4.95. 4-26 363
Crude charged . 36-61 34-25 82-33 ,5_0-80 45-30 41.37 82-43 71-00 60-47
Additional refining ca.pa- .
city required . 2-47 17-14 52-01
Total refining capacity .. - 34-52 . 49-19 - : 84-06 '

Nore— (i) The existing and approved capacity for 197879 has beon-taken as 32-05 million tonnes.

(#) From the existing and the approved capacity, the yield of light distillate is 5-07 mt. middle dmﬁlllate is 15-4 mt,
and that heavy end is 9-82 mt,

(#ii) The additiona] refining capacity to the planned capacity has been taken to meet the middle d]st.lllat,e demand and
the yield of middle distillate has Leen taken as 43 per cent. )

8.19. The heavy-end products not only give required within the country. Even so, one of the
fuel oil but also other non-energy il products features noted in our forecast is that over the
- like bitumen, petroleum coke and lubes. These years the heavy-ends fraction as a share of the
three products manufactured from heavy-end total oil products is decreasing. Table 8.14 sets
fractions are high value products and it should be out the percentage shares of products of each
the endeavour to manufacture as much of this as - distillate range in the total product demand

TaBLE 8.14 '
(in percentage)
, 1978.79 , 1983.84 ) _ 1990-91
r A - ~ - A M s g A Al
Case Case, Case Case Case Case Case Case Case
1 It I I oI I II I
Light Distillate ., ...  19-27  -20.28 21.19 1774 17-47 1875,  14-80 15-91 17-08
Middle Distillate " - *..  “51-80°  51-40  50-44 52-617 53-78  53-00 67-10  56-94 58-30

Heavy end Rl . ,' 28'I83 ' 28'.32 . 28-837 . 29-59 28+ 76 28-25 28-01 27-156 2662
\<4‘  P e . A . ’ l_ {
f" :) L(ll E} “1) ‘.J-'. / .
: /!
60562




The refinery plan based on the experience of
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other countries will not give us the optimal re-

sults. As compared to the product-mix obtain-
able in India given in Table above, the share of
different distillates in other countries are given
in Table 8.15 which shows the wide variations of
the comparative shares of each distillate range: —

TaBLE 8.15

Comparative Shares of Different Distillates in
Western Countries (1972)*

(in percentage)

Distillate U.S.A. Western

" Europe
Light Distillate .. 43 17
Middle Distillate 29 32
Heavy-end 28 51

*Includes refining losses.

Sotirce: Based on data from British Petroleumn Statis-
tical Review of the World Oil Industry 1972.

In view of the very sharp difference in the pat-
tern of refinery production required in the coun-
try as compared to the patterns obtaingd in other
countries, it is necessary for us to work out opti-
mal patterns in refinery planning. '

8.20. The Committece felt that refining capaci-
ties based on the broad aggregates of oil products
demand will not lead to optimal decisions in in-
vestment planning in the petroleum industry be-
cause of the joint product nature ¢f 1efining
operations. Regional dis-aggregation ¢f demand
estimates show dissimilar patterns of regional dis-
tribution of the requirements of various petro-
leum products. Also, the growth rates of con-
sumption of different oil products are diflerent in
various regions. Because of these variations it
comes difficult to match supply pattern of pro-
ducts exactly with the demand pattern. For ex-
ample, if a region is short of middle distillates
some of the choices open are:

—To increase the refinery capacity so as 1o
meet the demand for these products
fully and to transport surplussnsphtha
and fuel oil to other regions; or

—To increase the refining capacity margi-
nally, maximise the yield of middle dis-
tillates, import the rest of the require-
ments of middle distillates into tle re-
gion and transport marginal surpluses
of naphtha and fuel oil to other regions;
or

—To increase the refining capacity marginal-
ly and use surplus fuel oil for secondary
processing like hydro cracking to yield
the maximum middle distillates and
transport the marginal surpluses out of
the region.

Each of these alternatives has corresponding
costs and economic considerations would suggest
the choice that involves minimum costs in terms
of production and tramsport of crude and' pro-
ducts. . Coe - S

. I

8.2]1. It was observed that the approach to
planning for production and distribution of oil
products so far has been the basis of partial ana-.
lysis. For a given: demand pattern which is de-
marcated by administrative and price policy con-
siderations, demands for all the oil products are
estimated and a proposal for a refinery  along
with necessary secondary process umits is made
which meets the product demands of this zone.
The selection of (a) type of crude oil; (b) capaci-
ties of secondary process units; and {c) the blend-
ing of intermediate stocks to get final products,
are all made with reference to the given demand
pattern in that zome. In regard to the existing
refineries also the criterion of operating decisions
by the refinery management is to maximise pro-.
fits given the product prices and demand pattern
of the demand zone, though Government inter-
venes from time to time to marginally modify
the product pattern of the refinery in the public
interest. Investment and operating decisions
taken on the basis of considerations outlined
above need not result in a yield pattern of re-
fineries which meet the product demand in diffe-
rent regions at a minimum cost to the economy
as a whole. : .

8.22. Investment and operating decisions in
petroleum refining have significant interrelations
with investment decisions of oil consuming in-
dustries notably nitrogenous fertilizer industry.
Inter-dependence between the decisions of these
two sectors is so important that the Committee
felt that the decisions in these two sectors should .
be simultaneously considered. Nitrogenous ferti-
lizer (urea, ammonium sulphate . and calcium
ammonium nitrate etc.) and complex fertilizers
require ammonia as the major intermediate pro-,
duct. For indigenous production of ammonia,
various raw materials can be used as feedstock
ranging from natural gas, coke oven gas, naphtha
(unrefined petrol) fuel oil (heavy stock), - coal,
lignite and water (electrolysis process). The selec-
tion of raw material for fertilizer production
would depend upon the estimated availability of
the raw materials and relative investment and
operation cost. Natural gas has the lowest invest-
ment and operating cost but its availability is
limited both quantitatively and geographically.
Coal-based fertilizer plants near the coal mines
and for regions away from coalfields, the use of
naphtha and fuel oil (LSHS, Low Sulphur Heavy
Stock) as feedstocks for fertilizer —manufacture
would have to be considered. The availability of
these raw materials would, however, depend on
the level of refining capacity and the yield pat-
tern of the refinery. Availability of naphtha, for
example, would be determined by assumptions
regarding (a) level of refining capacity in the re-
gion, (b) production of light distillates to crude



charged (c) estlmated demand for light distillates
in the form of motor gasoline. By using different
assumptions at each of three levels one can esti-
mate the surplus or deficit of naphtha. On ac-
count of this inter-dependence, decisions regard-
ing level of refining capacity and its regional dis-
tribution, : addition of new secondary process
units and extent .of flexibility in refinery opera-
tions have to be considered simultaneously with
the technological choice and locational alterna-
tives. inthe fertilizer industry. To the extent coal
can :be substituted for oil in fertilizer production;
power :generation, rail transport efc., investment
and ‘production decisions of coal industry would
also have to be- mtegrated w1th those of petro-
leum o '," b
) , N IR R T

"na i

8.23 The Comnnttee evolved a Mathematlcal
Programming Model* which would enable the
explicit. consideration of inter-dependence of. in-
vestment and operating decisions in the petro]eum
and fertilizer industries. The components of this
programming - .model are (i) spatial patterns of
demand for, the product, (ii) the investment cost
of varions technological alternatives which are
available to meet these demands, and (iii) the
choice: of those alternatives which minimise the
total: cost. of production plus transportation of
meeting these demands. This is part of a larger
model which incorporates the demand for coal
anId possxblhtles of substmmon of coal for fuel
ol etc
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8.24. The results obtained from the program-
ming exercise can be considered as providing a
guidance to the directions for making a policy.
The figures of capital cost as well as operating
cost and different investment options used in this
study have changed very rapidly during the last
one year, and more so during the last few months.
The locational aspects of the investment like the
crude that would be processed in each refinery,
the demand for bitumen in that area and the
possibilities of producing and marketing further
high value products and the units sizes of the
secondary process plants to be adopted are fac-
tors which have to be taken into account along
with the resuits of the programming exercises to
arrive at meaningful investment options. While
each specific investment decision will have to be
made on the basis of a more detailed study, the
broad directions in refinery planning appear to be
that we should undertake more of secondary pro-
cessing of heavy-end products to produce more
of middle and light distillates. This will be true
as long as the price ratio between middle and
light distillates to the heavy ends continues to
be in the same proportions as prevailing prior to
1973. (The differential between the middle distil-
lates and heavy-ends in very high now and at this
price secondary processing is very desirable).
The Table 8.16 gives the broad indications of the
products required and the extent of refinery and
secondary processing capacity that can come to
production which will optimally meet the total
reqmrements ‘ ‘

. TABLE 8.16 ~
, S’uggested Reﬁnery and Secondary Processmg Capaczty in 1978-79, 1983 84 and 1990- 91

(Figuresinm. tonnes)

s

T O _ L

A.,Total capaoily st the end of the period
(z) Reﬁmng e e
(u) Hyd!'o-(:l'a,clﬂ.ngL

. e g n

B. beduci . availal_wiiity demand from capacity sﬂggc&lcd atd.
" (§) Light Distillate
fi9) Middle Distitlate .. .

: '(h‘i) ﬁedvy Ends
N o i [N

1983-84

1978-79 1990.91
3305 4455 72-05
2-00 ° 3.50 8-00
. . . .
Avail- Demand  Avail- Demand Ayg.il- Demand
ability ability ability
5-22 653 8-70 7.4 10-25  10-62
16:66 16565 22.76 22-90  38-02 3800
9-21 9.12 12-11 12-24 18-14 18-12

L
—————

#The matheuiétjcq.! formuiailsion of the programming model s described in Technical Note VILI (1).



8.25. The results show that secondary proces-

(9

sing capacity in terms of hydrocracking may -

have to be increased to about 8 million tonnes
by 1990-91. But these should be taken only as
broad indications. Other processes like catalytic
cracking and coking may be of greater advantage
under certain circumstances. The Committee
would recommend that in each Plan period, there
shoyld be a very careful examination of the re-
finery locations, the product-mix required in
each refinery the extent of secondary processing
te be established and the feedstock choices for
the fertilizer industry should be examined by
considering these options simultaneously, if ne-
cessary with the help of programming  models.
The Committee feels that substantial economies
in investment and crude import costs could be
-achieved by proper investment decision in fhe
petroleum and fertilizer industry.

Minimizing the foreign exchange requiremenis
to meet the oil demand

8.26. Given a level of demand for oil products,
the net expenditure in foreign exchange required
to supply these could be minimized by (a) in-
creasing the quantitiy of oil products within the
country by increasing the crude production which
can be achieved either by intensifying oil explo-
ration activities or by developing o a commer-
cial scale, the technology of converting coal to
oil, and (b) by reducing the cost in terms ‘of
foreign exchange for a unit of crude or product
delivered to the country. :

Oil exploration in India

8.27. The option of converting coal to oil does
not appear to hold any bright promise till the
- technology is adequately developed. (See Chapter
XII). Intensifying oil exploration activities is,
therefore, an urgent need. The potential oil re-
sources of the country, the- activities of the oil
exploration agencies and. the success achieved so
far have been analysed in Chapter IV. This ana-
covers only 4% of total polential oil bearing
lovers only 49 of total potential oil bearing
area. The expenditure on oil exploration so far
is less than Rs. 400 crores. The cost of develp-
ing the oil wells in India and producing crude,
based on an experience so far is quite favourable
if oil is valued at the price of imported crude
even if the prices as in early 1973 are consider-
ed. At the present price of crude in the interna-
tional market, oil exploration in India is an eco-
nomically viable activity even if the risks are
rated high. The results of the recent drilling at
Bombay High have added ursency to the oil ex-
ploration activities. All evidence points towards
the need for speeding up exploration activities
particularly in the off-shore areas and selected
on-shore areas. There are various ways of ex-
panding exploration activities. India should care-
fully consider the options available, expedite oil
exploration activities and draw up a policy which

will not onlv be an advantage in the short-run

but also be consistent with our long-term deve.
lopment strategies. To begin with, there is urgent
need to augment the capabilities of the ONGC
by providing them with more modern equipment,
like deep drilling equipment and seismic explo-
ration vessels and off-shore rigs, training out men
in new technologies of exploration. e

There are also possibilities of developing oil
resources in the Middle East countries in colla-
boration with the Government of those countries.
Based on the complementaries of the resource
endowments of India and the oil exporting coun-
tries, meaningful bilateral arrangements under
which India can participate in crude production
in the Middle East countries, could be explored.

Reducing the cost of oil fransport

8.28. The delivered cost of crude to India
would consist of the price paid for the crude at
the exporting port and the cost of the - ocean
transport to bring it to India and the cost of
handling at the port. There are significafit econo-
mies to be obtained by using the large size ves-
sels for import of crude and by adopting optimal
handling methods. It appears that importing of
crude in very large crude carriers and unloading
them in off-shore terminals would be of greater
advantage than the construction of new port faci-
lities to bring in larger vessels. There should be
a proper matching of the size of vessels acquir-
ed by the Indian Shipping Companies, the type
of the ports developed and the location of re-
fineries. It is necessary to undertake systems
studies on these to ensure that optimal decisions
are taken regarding the lopg-term development
of ports and shipping and refineries in India..

8.29. The net foreign exchange expenditure on
account of oil imports could also- be reduced- by
stepping up the export of certain high value ol
products like lubes, solvents and petroleum wax
which are made out of the low value heavy-end
fraction. As oil demand in the country increases
the unit size of oil refineries will increase and
this will provide opportunities for taking up the
manufacture of high value products on' scales
which would make their production international-
ly competitive. But it is necessary to note that in ,
pursuing such export’ 'investmenf options, India
will have to compete with very large interna-
tional oil companies and the long-term demand
and supply situation will be subject to - several
uncertainties. While the potential for -export of
oil products should be kept in view, adequate

care should be taken to analyse the long-term

prospects for the product before investment op-
tions are approved. T ¢ ,
Security of supplies TR
8.30. Some of the measures already discussed
like increasing exploration activities. increasing
crude carrying capabilities of the Indian Shipping
industry etc. will increase the security ‘of supply



of oil to India. Besides this, with a view to pro-
viding an insurance against short-run breakdown
in the supply of crude to the country, there is
need for building up a stock of crude within the
country. In the countries of European Economi¢
Community (EEC), the suggestion to build up 90
days’ stock is being vigorously pursued. As the
cost of maintaining stocks is .very large, we
should explore various ways of building up our
stocks consistent with our resources.

Product-wise policy impl'icalions

8.31. As oil is consumed invariably as a refin-
ed product, measures which are to be adopted
as part of the oil policy should be designed with
reference to each important oil product separate-
ly. The important oil products are Naphtha,
Motorgas, Kerosene, HSDO and LDO, Fuel Oil
including LSHS and HHS. It would be useful to
review the use of these important oil products.

Naphtha ) -

8.32. Naphtha and motorgas constitute the im-
portant products in the light distillate range in a
refinery. The yield of Naphtha and motorgas
within the possible total yield of both of. these
can be adjusted. In other words, more of Naphtha
can be produced at the cost of motorgas and vice
versa. The consumers of these products fall in
different categories. Naphtha is used as a feed-
stock for the manufacture of fertilizer and petro-
chemicals; while motorgas is used for propelling
motorgas driven vehicles. The demand for naph-
tha for the fertilizer and petro-chemical units in
operation and under construction would add upto
3.47 million tonnes by 1978-79. At the present

relative prices of naphtha, fuel oil and coal, no

naphtha based new fertilizer project is likely to
be undertaken, The Fifth Five Year Plan gives
indication that there is likely to be no new in-
vestments in petro-chemical industries.
.ments, if made in the Sixth Plan, the projects may
be completed only by 1983-84. We have there-
fore not taken note of any possibilities of increas-
-ed naphtha consumption right upto 1983-84 from
the levels .reached in 1978-79. In fact, increase in
efficiency of use of naphtha in fertilizer industry
as well as petro-chemicals is possible in- the
country and in view of this the total naphtha re-
quirements may go down marginally. But by
1983-84 there will be some more plants in the
petro-chemical sector using naphtha and its de-
mand may go up. As seen from the refining capa-
city aqd-_ pattern suggested for different years,
light: distillates will be in short supply right upto
1990-91. Naphtha demand will have to be regu-
lated 'by proper licensing of fertilizer and petro-
chemical projects. It will be necessary to price
the naphtha produced within the country appro-
priately and not to make it cheap. Motorgas de-
mand has been projected to increase at a rate
shgptlyj]ower than 4 per cent throughout this
peno_d. The demand for motorgas has been shown
elastic to prices and, if at any time the demand

Invest- - -

for motorgas increases beyond the rate anticipat-
ed, it will be possible to regulate it by suitable
fiscal measures.

Kerosene and HSDO

8.33. The past trends in the consumption of -
kerosene and HSDO give some misleading re-
sults as there has been diversion of kerosene for
use in transport. An analysis of the growth of
consumption of kerosene and HSDO together
shows that in the last twelve years from 1960 to
1972, it increased at the rate of 8.2 per cent. The
estimates made in this Report (Case-1I) would
imply a growth of 7.7 per cent of kerosene and
HSDO combined in the period between 1972-73
to 1978-79, which will be reduced to about 6.6
per cent in the VI Plan period and increase later
to about 7.4 per cent in the VII Plan period and
beyond. The management of demand of kerosene
and HSDO will be the most important element
of Oil Policy. The Committee in its Report “Fuel
Policy for the Seventies™—May 1972, had re-
commended that “efforts should be made to
bring kerosene and HSDO prices as near as
possible either by increasing the price of kerosene
or by reducing the price of HSDO”. This has now
been done. If at any time it becomes necessary
tc tax the consumer of HSDO and kerosene
at different rates, tax should be levied on the
consumers of HSDO by suitable levies on other
products which they use along with HSDO like
tyres, tubes or spare-parts for diesel driven vehicles
than by increasing duties on HSDO as such which
will re-introduce a difference in the prices of
HSDO and of kerosene. Besides, the levies on
materials like tyres, tubes or spare-parts used by

-diesel consumers who are dependent on the ex-

tent of use of diesel there can also be -a levy
which can be collected along with the road tax
that is collected on vehicles. In view of the diver-
sion of kerosene to other use, the Committce

-would strongly urge that the price of HSDO and

kerosene should continue to be kept at par with
each other by increasing or decreasing the tax on
these together whenever theré is a need for a
price revision, : .

8.34. When the prices of diesel and crude were
brought to the same level, the extent of register-
ed officially computed HSDO consumption and
kerosene consumption will be quite different from
what has been observed in the past. Oil industry
estimated that consumption of kerosene will go
down by 4.5 per cent followed by an equivalent
increase in’ HSDO consumption. The experience
in the last few months indicates that Kkerosene
consumption has not gone down by this extent.
The Committee, has, therefore, taken away 30
per cent from kerosene consumption and added
it to HSDO to get the assumed base level con-
sumption of HSDO in 1972-73. In view of the
uncertainties regarding the base level consump-
tion of HSDO and kerosene it is not very useful
to make a comparison of the rates of growth of
HSDO and kerosene separately, with those im-
plied in the forecast.



8.35. Our estimate for HSDO has been made

in quantitative terms for the year 1978-79, 1983~

84 and 1990-91 and these tally with the likely
availability of vehicles in the respective years.
In arriving at Case-II estimates, we have assum-
ed that beyond 1978-79, the rate of growth of
road transport is assumed to be lower than in
the previous years and that this can be achieved
by more efficient management of the Railways
and proper coordination of road and rail trans-
port. If this is to be achieved in the Sixth Plan
period, organizational and operational improve-
ments have to be introduced in the railways even
during the Fifth Five Year Plan. Management of
HSDO demand to the levels indicated in this
Report is possible only by proper formulation of
a transport policy which will coordinate the road
and railway transport in an optimal manner. The
Committee would recommend that immediate ac-
tion should be taken in this regard. Long distance
nmovement of commodities by road should be
discouraged; while simultaneously increasing the
capability of the railway transport. Containerisa-
tion and introduction of door-to-door service by
the railways are some of the procedural measures
that could be adopted to make them discharge
efficient transport of certain commodities which
are moved increasingly by roadways now.

Diesel fraction in railways

8.36. The Commitiee has tried to
whether the use of diesel for tradition in the rail-
ways could be reduced. The study brings out that
the selection of the optimal mode of traction as
among, steam, diesel or electricity will depend
on the density of traffic prevailing on particular
sections, the profile of growth of traffic on the
sections and the topographical conditions, Other
factors like continuity of mode of traction and
the relative price of coal and oil and electricity
also have a bearing on the results. The major

problem in making a study to work out the opti- .

mal mix of coal, diesel, electrical traction is the
lack of data to project the traffic deasity along
the various routes in the railways based on fore-
casts of the regiopal pattern of growth and the
pattern of commodity movemenmts. The first
outline of the Corporate Plan of the Indian Rail-
ways has been drawn up only recently and this
does not contain the pattern of commodity move-
ment. Making a partial analysis, it is found that
diesel traction is better than steam traction on
routes where the density of traffic is more than
4 to 5 million tonnes. The efficiency of energy
utilisation in a steam loco is 7 to 12 per cent
compared to about 28 to 30 per cent in the diesel
engine. The operational costs of steam-locos are
also higher on account of the need to provide
stoppages for watering facilities etc. There is a
large stock of steam locos with the Indian Rail-
ways in which the investment has already been
made and the continuance of this traction is more
economical than replacing them with newly ob-
tained diesel electric locos in areas where the

examine.,
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traffic conditions on a particular route do not call
for an increase in the number of trains to be
moved, Introduction of the diesel traction or
electric traction on a line increases the number
of trains which could be moved along the tiack
on account -of the increased speed of the diesel
locos. The operational costs are also lower
than in the case of steam locos and lower still
in the case of electric locos but the investment
costs are higher in the case of electric traction.
Given these facts, it is clear that steam locomo-
tive have to be preferred only on lines where the
density of traffic is low and diesel traction lines
where the density is higher but not adequate to
justify the investment required for introducing
electric traction. ‘
) .

8.37. The mix of steam, diesel and eclectric

traction which should minimise the fotal cost of

‘moving a given level of traffic will depend on the

density of traffic on the different lines und the
terrain of the land. In the absence of data regard-
ing commodities, origin, destination, details of
freight etc. only broad judgement of the likely
trends could be made. The traffic routes from

" Delhi to Calcutta, Delhi to Bombay, Bombay to

Calcutta and Madras to Delhi account for 14 per

_ cent of the total route kilometerage but they carry

50 per cent of the total frieght traffic. The rate

- of growth of traffic on these lines has also been

steadily increasing. Similarly, the sub-urban
routes around metropolitan towns have very high
traffic density which has also - been increasing
rapidly. The rail transport requirements in ihe
steel-coal belt area has also increased considerab-
ly. It is clear that these routes should be electri-
fied as expeditiously as possible, The railways
have already drawn up plans in this direction.
It has been estimated by the railways that 1800,
3000 and 4000 Km will be electrified during the
Fifth, Sixth and the Seventh Plan periods, which
would take the total electrification to 12,800
Kms. With electrification of track increasing to
that extent, it is anticipated that the railways can
maintain the stock of diesel locomotives at a

- constant level of about 2,600 and the consumption

of diesel at 0.8 mt. per year from then on. In
other words, diesel consumption which wus 0.5

mt in 1970-71 will increase to 0.8 mt by 1978-79

and stay at that level from then on. Though the
stock of diesel locomotives will remain the same
from 1978-79 onwards, the areas in. which they
operate will change from time to time. The diesel

.- traction will be introduced in the areas where t_he
. steam traciton will be unable to handle the in-

creasing load traffic but electricity could not be
extended for want of adequate traffic. The Com-

-mittee considered this plan to be a reasonable

one, as upto 1978-79, the pace of electrification
cannoi be increased and the increasing traffic
loads can be carried by introducing diesel locos
only. However; the extent of goods to be moved
by electric traction as per our estimates indicat-
ed in Chapter ITT will be somewhat higher. The
Committee’s estimates of demand of electricity



for transport is;, thefefore, “‘considerably
than the estimates made by the railways.
C L i - I8
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8.38. LDO is used for running irrigation pump-
sets for lifting water and for running fishing crafts
and as a support fuel in certain thermal power
stations, The estimates of demand imply a 6.3
per cent growth during 1972-73 to 1978-79 and
3.5 per cent in the Sixth Plan and about 4.5 per
cent from then on. The reduction in the rate of
growth in the Sixth Plan is dependent on the in-
creased pace of rural electrification and extend-
ing electricity to most of the pumpsets. ‘This
should be done in a phased manner to ensurée
first that in each electrified village all the pump-
sets should .be. electrified, instead of energizing
only a few pumpsets. This will bring down the
requirement of public investment for reducing
oil consumption in the agricultural sector. Jshe
procedures now followed for electrification of
wells in villages and the procedures of extending
financial assistance {o farmers for setting up elec-
trical pumpsets should be snitably modified to
ensure that almost all pumpsets in any village

higher

which is electrified, obtain electrical connection

“and operate on electricity only. Surveys show that

a large percentage of  farmers ' with electrical
pumpsets also keep diesel pumps for standby
operations and use them frequently on. account
_of the frequent failures of electricity in the rural
areas. The improvement in the efficiency of opera-
_tion of rural power supply will have a salutary
effect in reducing the consumption of .oil.

" Fuel oil

8.39. Fuel oil is one oil product whose con-
sumption can be severely restricted without affect-
ing the level of economic activity provided the
substitute indigenous fuel namely, coal, is made

70

_these deficiencies in the coal distribuiton cystem

are remedied, there is great scope for:curtailing
the use of fuel oil. All efforts should, therefore,
be made to prevent any new industry from {ak-
ing up the use of fuel oil if it can use coal. The
Committee would, therefore, recommend that
even at the stage of licensing new industries, the
use of fuel oil in furnaces should be prohibited
.and the nationalised coal industry should be ask-
ed to take immediate steps to set up coal dumps

“in all the industrial cenires. of the country from

where, the industrialists could collect their coal .
requirements.

8.40. Another large sector using fuel oil in in-
creasing quantities is the thermal power . sector.
Though the main fuel in the power generating
stations is coal, a certain amount of oil has to be
used during the start-up of the plants as well as
at times when the load on the thermal stations

- goes below a particular level. The previous de- ’

sign of the small boilers was such that the oil
support became necessary only when the load on
the thermal stations was below 30 per cent of its
capability. Newer designs seem to call for oil
support even when the load on the station is
around 50 per cent. Some of the power station
engineers are claiming that oil support becomes
necessary even when the load is as high as 70

" per cent. Considering the very large increase in

thermal power generation in the coming decade,

. the Committee would recommend that the Gov-

available to the consumer in adequate quantity.

As discussed “earlier naphtha would be in great -

- -shortage and a large portion “of our  fertilizer
needs may have to be met by production based
-on fuel oil, Fuel oil is a valuable raw material
. for the production of high cost petroleum pro-
ducts which have either a good export potential
or serve as-import substitutes. Large quantities of
fuel oil should, therefore, be earmarked for pro-

ernment should take immediate steps to improve
the desien of indigenous thermal equipment with
the .speciflc objectives or reducing the technologi-
cal requirements of oil in the thermal plants.

" Fertilizer productidn based on oil products

8.41. The major industries which use oil pro-
ducts for non-energy purposes are fertilizer and
petro-chemical industries. .Nitrogenous fertilizer
can be produced by using either natural gas,
naphtha, fuel oil or the coal as the feedstock. The

- choice of feedstock would depend on the relative

duction of high value products like lubes, bitu-

men, petrolevm coke and wax. There is a strong

case for curbing the use of fuel oil. Technologi-
cally, about 70 per cent industries where fuel vil
_is used, can switch over to coal and about 2 to
“2._2' tonnes of coal can substitute 1 tonne of fuel
oil. In earlier periods fuel oil demand was below
the level of its availability. The oil companies
and even the Government bad undertaken promo-
tional measures for the use of fuel oil. Currently.

. The Committee, as indicated earlier,

availability and the price of feedstocks and the
investment and operating costs of producing a
unit of fertilizer, using the different feedstocks.
( tried to

- identify the optimal level of use of different feed-

stocks in the economy keeping in view the re-
finery capacities and the demand for different oil

“products. The exercises using a programming

model* indicate that the use of maphtha for fer-
tilizer production will not lead to overall eco-
nomy. Fuel oil becomes the preferred feedstock

" as long as the price of crude is around $7 per

the case for the use of fuel oil rests almost en-

' tirely on the non-availability of coal and the un-
_ reliable nature of its supply to the industries. If

barrel. If current prices of coal and crude are
considered, coal is indicated as the prefered feed-
stock for fertilizer production. If the fuel oil pro-
duction in the refineries is in excess of the demand
for fuel oil needed for energy use, it should be
subjected to secondary processing to get more of
middle distillates products like diesel or kerosens.

' *§ee pars 8,



But the discussions with the Government agencies
dealing with fertilizer production indicated that
the technology for coal-based fertilizer production
has not been tried out on a large scale so far and
that they would like to gain operating experience
from the three coal based fertilizer plants under
construction in the country before new coal based
projects are taken up. The construction time for
a coal-based fertilizer plant is atleast a year
longer than the construction time for a fuel oil-
based plant. The Committee is of the view that
even if in view of the lack of operating experience
of large scale fertilizer produciton based on coal
and the need to complete quickly a few more fer-
tilizer projects within the country to meet the
shortage of fertilizer a few projects based on fuel
oil are taken up during the Fifth Plan, these pro-
jects should have adequate provision to switch
over to the use of coal at a later date. Such  a
change in feedstock is technically feasible with
cerfain additional investment. The Commitiee is
also of the view that new fertilizer projects should
be designed to make use of coal as the feedstock.
However, in the refineries, even when the surplus

_TaBLE 8.17
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- Gas utilisation

heavy-end products are subjected to secondary
processing, there will be some quantities of heavy
residual material (vacuum-bottoms) which cannot
be used as a oil product except for burning as a
fuel or as feedstock for fertilizer production. Such
material should be used as feedstock in preference
to their use as fuels. There would, therefore, be a
small proportion of fertilizer. units during each
Pian period which would be based on the use of
“fuel oil” ie. residual oil in the refineries after
producing other oil products; the rest. of the rer-
tilizer production may have to be based on na-
tural gas or coal. .

8.42. The use of natural gas represents only a
very small share in the total consumption of com-
mercial energy. But it is noteworthy that very
rapid increase has been registered in the last one
decade. In 1961 the natural gas production was
170 million cubic meters whereas in 1972 it in-
creased 'to 927 million cubic meters. Table 8.17
sets out the pattern of utilisation in selected areas.”

»

Production and Statewise Utilization of Natural Gas in India

(million cubic metre)

Utﬂizafion
A‘ A
Year Produc- Assam Gujarat (ONGC) ) Grand
tion - p o  — . A v Total
AQC* -OIL*  Others Total UPH DPH, GSFC  Others Total ]
1961 s 172 154 14 3 1711 . . 17
1966 . .e . 803 145 64 46 265 66 51 o 117 372
1970 . .. ‘424" 134 65 171 360 85 68 174 . 317 677 .
1972 1,565 127 164 206 497 126 89 189 27 430 927

Norg: UPH—Uttaran Power Station. ’
DPH—Dhuvaran Powor Station.
GSFC—Gujarat State.

Fertiliser Co.

It 'will be seen that considerable quantities of na-

tural gas are not being utilised pow as these are -

produced in small quantities in a\large number of
wells, Efforts are now being made to utilize as
much as possible of the production. Recent ex-
plorations, inland and on-shore, indicate the
possibility of discovering substandard quantities

*A0C and OIL have been using gas for field operations,

A
’

of natural gas. The production of fertilizers,

- methanol and other chemicals based on natural

gas will have to be given preference over the use
of natural gas as a mere fuel. It has’ not been
possible at this stage to assess thie likely level of
production of mnatural gas in the coming vears.



CHAPTER IX

POLICY FOR POWER SECTOR

9.1. Electricity is an important constituent of
" commercial energy consumed in India. Due to
" the versatility of its use the rate of growth of
consumption of electricity in this country has
been the highest among the growth rates of con-
sumption for the various fuels. As electricity can
be produced from different sources, namely, coal,
oil, nuclear fuels or hydel potential, the choice of

technology for production of electricity will have.
. an effect on the demand for other fuels in the .

country. The choice of technology for. power

generation will depend on a number of complex

- techno-eonomic factors which would be discussed
later in the. Chapter.. ' .

. Trend in power consumpﬁon.and generation

9.2. The generation of electricity from 1960-61
to 1971-72 and the projected level of demand in
- 1978-79, 1983-84 and 1990-91 are set out in
Table 9.1. .

TABLB 91

Electricity Generation—1960-61 to 1990-91
(in million KWhrs)}
1960-61

.. . . 20123
1965:66 .. ... - .. 36825
197172 .. v 66384
"1978-79 (Projected) 124000
'1983-84 (Projected) 205000
1990-91 (Projected) 392000

- Indices of Fuel Consumption
9.3. rI.‘he indices of cohsumption of difffferent
‘fuels is given in Table 9.2.
TABLE 9.2
Indices of Consumption of coal, oil & electricity
' ’ (1960-61=100)

' Year

. Coal Oil*.  Eleotri-
. » . ] T city
1960-61 . .. ., 100 100 100
1965-66 e 128 169 181
1970-71 oo U1 245 ' 288
11973-74 199 316 355
1978.79 341 478 618
1983-84 . 505 632 1023
199001 ... 847 990 1068

Nole : *This includes oil products used in the non-energy
seotor,

9.4. In Chapter I1, the relative rates of growth
in consumption of electricity and other fuels have
been discussed. The average annual rate of
growth of generation of electricity during 1953-54
to 1960-61 was 10.7 per cent while from 1960-61
to 1965-66 it was 12.85 per cent but from 1965-
66 to 1971-72 it was 10.35 per cent. In the period
after 1971-72 there were severe physical con-
strainfs on power generation and its rate of
growth in 1972-73 was about 5 per cent. Our
forecasts imply that during the Fifth and the
Sixth Plan period and upto 1983-84 the average
annual growth rate of electricity generation would
be 10.7 per cent. The figures obtained by diffe-
rent methods of forecasting indicated a decreas-

- ing trend in the annual rate of power require-

ments over time. But in keeping with the policy
of restricting the use of oil products, the Com-
mittee felt that electricity generation requirements
should be suitably increased so as to provide for
the assumed increased consumption of electricity

- in place of oil in transport, agriculture and do-
" mestic sectors. o

9.5. The levels of power generation forecast in
this Report is capable of fulfilling the following
targets of power consumption:

—by 1990-91 all urban households and 70
per cent of rural households in the
country will be provided with electricity
for lighting purposes;

—the number of agricultural pumpsets ope-

- rated by electricity will increase from
2.5 million in 1973-74 to about 12 mil-
lion by 1990-91;

—the per capita consumption would increase
on an annual average rate of 9.0 per
cent during the period 1973-74 to 1990-
91 and- reach . a level of 447 kWh in
1990-91.

9.6. The per capita consumption of electricity
in India from 1960-61 to 1990-91 are set out in
Table 9.3.

' TABLE 9.3
Per Capita Consumption of Electricity (1960-61
to 1990-91) )
Per capita
consump-
) tion
Year (kWh)
19680-61 .. .- .- . 38-2
1965-66 . 61-83
1970-71 89-76
1978-74 . 103.22
1978-79 .o 173-40
1983-84 . 253-00
_1990-91 447-00
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9.7. Changes in the per capita consumption of
electricity are determined by the changes in
population and the total electricity available; the
latter is closely correlated to gross national pro-
duct (GNP). The index of ratio of electricity
generated to -GNP will move closely with the
index of GNP. The movement of the indices of
electricity gemerated, GNP and per capita electri-
city generated in India is given in Table 9.4.

TABLE 9.4

Indices of electricity -generated, GNP and per
Capita Electricity Generated (e
: (1960-61=100)

Index of Index of Index of Index of

electri- GNP ratio of  per capita
Year - city ge- - electrici- electri-
’ nerated ty genera- city
’ ted to generated .
GNP

1960-61 . 100-0 . -100:-0 160-0 100-0
1965-66 . 183-0 115-0 168-0 168-1
1970-71 .. 326-6 1442 226-6 258-1
1978-79 .. 616-2 221-3 - 278-4 3856-9
(projected) )
1983-84 1018-7 296-1 344-0 504-9
(projected) -
1990-91 1948.-0 445-2 437-6  1044-3
(projected) . ’

9.8. The elasticity of electricity consumption -

is defined as the ratio of the percentage rate of
growth of power consumption to the percentage
rate of growth of GNP. Experience of other coun-
tries indicates that the elasticity of electricity con-
sumption slowly deceases over time. The past
trends in India and the forecast of electricity
consumption made in the Report conforms to the
experience of other countries. The elasticity of
electricity consumption in . India is set out in
Table 9.5. ' .

TABLE 9.5
Elasticity of Power Consumption

TABLE 9.6 .

Percentage share of electricity generated by
different modes of generation

Average Average [Elasti-

growth growth  city

rate of  rate of

GNP 9% power

‘ consump-
Period tion%,

1960-61 to 1965-66 2-8 12-8 45
1965-66 to 1870-71 .. 4-6 9-7 2-1
1973-74 to 1978-79 . i) 11-7 2:1
1978-79 to 1983-84 6-0 10-6 1.8
198384 to 1990-91 6-0 9-8 1-6

‘Modes of generation

9.9. The extent to which such growth in the
level of consumption of electricity would affect
the primary fossil fuel industry like coal and oil
would depend on the extent of contribution to
the power requirement from the hydel and nu-
clear power stations in the power generating sys-
tem. The percentage share of power generated
in the past and that projected for 1978-79 from
different categories of power stations is given in
Table 9.6.

Year Hydel, Thermal Nuclear  Total.
1951 .. 4882 51118 » .. 100
1956 . 44-45 65+55, ee .. 100
1960.61 .. 46-27 5373 e 100
1965-66 .. 46-15 63:85 ..t 100
197071 .. 45-23 . 50-44 4-33 100

9.10 From 1951 right upto 1970-71 the hydel
stations have been contributing about 45 per cent
of energy generated in the power sector. It is
only by the end of the Fifth Plan period that the
energy contribution from hydel stations is likely
to be lower, i.e., about 38.3 per cent of the total
power generation. This lowering of contribution

of power generation from_hydel stations is partly

due to the planned shift_towards using hydel po-
WEF § tations and partly du

ions_as peaking stations and partly due_to.-
Madequacy of Bydel.scherhes. (ikEx up-during
the previous Plan periods. Ifi The past there was
no-systematic _evaliafion of  difierent - choices
avilable Tor power ‘generation for. selecting the
optimal iode of generation.. Wherever hydel po-
tential was™€asily exploitable hydel stations were

"$€Cup and thermal statiofis™¢ame “up essentially”

in"areas where-coal was in abundant supply.

‘9.11. Table 9.7 gives the category-wise installed
capacity in the power sector in India at different
points of time. : , . N

TaBLE 9.7 .

Installed Capacity—Categorywise - '~
(MW)
Thermal o
Year Hydel Coal  Diesel Nuclear Total

' - & Gas :
1940 . 469 e 15 - .. 1208
1951 675 1008 © 163 . 1836
1956 .. 1081 1896 228 cee 12885
196061 .. 1917 2436 300 .. 4653
1985.66 . .. 4124 4417 486 Yo 8027

197071 .. 6383 7508 308 430 14700

*DAE reports capcity exclusive ¢f auxiliary. consumP-
tion ns 400 MW. .

9.12. This table indicates that during the Plan
periods upto 1965-66 the rate of growth of hydel
power generating capacity’ has been higher than
that of other modes. From then on, the additions
to thermal. capacity have been 'more than the
addi-tions to hydel capacity. ,

9.13. The perct:ntagé share of different 'modc:s
of power generation in the total power system is
given in Table 9.8,



yTABLE 9.8
Percentage share of different categories of mstal-
vt et ledpower capacity ”
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_ 9.14. The Statewise break-up of different modes
of ‘power generation would indicate that in many
States which are away from coalfields the power

A Y Thermal
- Hodel (includ- o T 'l .system consisted mamiy of hydel stations supple-
e ydel .Ing ;)’(f;w) Nuclesr . JIptal  mented with a few isolated thermal stations. Over
: }gé(l) . gs g 61-2 . -igg the years, .content of thermal generation has in-
. .3l . .
1956 " 388 383,72 ‘ : . 100 creased in these systems also. Statewise installed
1960-61 e 41-2 688 . 100 capacity for generatio
1985.68 - 5.7 1.3 - 100 pacity g tion for selected years given
1970.71 ) 434, 637 2.9 100 in Table 9.9. illustrates the trend.
‘ - , TABLB 9.9
Ci TR Installed capac:ty in. dzﬂerent States—Category- wise (MW)
e : 108061 ' 1965-66 " 197071
.'Name of the bta.te or Umon g S — p Al — e ——
vt Temtr()ry Vo . . . . . : i .
) et ; : . Hydel . Steam Diesel Hydel Steam .  Diesel Hydel Steam - Diesel
o o . o & Gas v & Gas . " & Qos
N PETLE B P ' !
Andhra Pradesh .. ... 165:2 . 83-5 . 202 1629  1I13:5., 32:1 2679 3200 20-2
; s ) R I ‘ P ) . M
Assarn L - 93 - 102 459 ' e 1136 667 . 1130
Ve - ek 1. : . :
Bihar . w 4007 2885 184 44-0  608-8 - 19:5 10-0. 4728 16-3
. 55 . . R X , )
Gujarab .., ... . .. 280-9 52-4 . 609-6 41-0, . 619:6 . 77-2
R v . . e o . £ ) B . . - T )
Haryana . .. - 6:3 4.3, 2457 28-1 63 4085 90-6 4-8
Himachal - Pradesh ' ..’ Mo, - . . 49:0 - 1-7
'J & K e 106 15 09 21 . 0 1-5 26-9 7.5 59
s ‘.,: f ' . ' " .
Kerala. . 132-6 @ . 48 192- B 46 546-6 18
Madhya Pradesh . 69:0  169-8 287 4e~o 92334 | 261, 1436 6820, 1-6
Maharashtra .. v .281:9 - 443-3. 344 5989  653-3 524  844:3 1471-0 14-1
ic'[yéore . .. 1782 . 12-9 432-0 1-1 22-5 8778 . 0-6
It C
Nagaland . e T 07 2-0
, 4 . ; (IR ) ' . .
Orissa 123:0 5-8 7-8 304-4 58 48 304-4  2568-3 ‘1-6
Punjeb W .0 37 16 o5 4174 500, 103 6607 150 15
i [ -
‘Rajsthen .. ., .. . es 46-3  24-4 1563  48:5  41-8 . 326-8 1602 . 445
. . :
Tamll Nadu -+, ... " 416-8 1015 0-5  9206:6  401-3 6.0 1,114-0 851 5 .-
s Vo o . .
Weat Bengal (Incl, DBO) 67-2 6771:0 _ .- 9-5 67-5 1,211 2 135 120-5 2, 128-9 15-2
Deltt ULy . Y., T .. 838 227 .. 16 208 281-0 - 20-8
Uttar Pradesh - ' .. ' 02:5 ~ 2708 32 417-8 898-2 546 606:3  700-8 35-0

L

Ty

K Source C. W.P. ¢, . Goneral Revnew--1971-72

. 9115, The relative. growth of installed capacity
oﬂ hydel and ‘thermal 'power generation in the
different regions indicates that the Northern and
the Southern regions are more dependent on hy-
del power whereas | the eastem ‘and the western

-1

o

Not= : 1. In the year 1970-71 Maharashtra moludes 420 MW of nuclear capacity against steam.
g2 ’I‘he w,sta;led oa.pn.o:tles of gomtly, owned projects have been taken according to the share of participating States.

rcglons rely more on thermal power. The region-
“wise installed capacity of power generation and
the energy generated from hydel and thermal
power, stations in different years are given in
Table’ 9



Regionwise growth .of installed . capacity

vval

TABLE 9.10 V¥

and energy generated

s

'f’rohzm‘hydel and thefmal ,"po‘ivelf _

- stations G L
N . _rl- : R B e .
Capacity in MW, ', Generation in million KWH'
Year P A L :' Y B
. o St L P N7
Hydel Thermal .Total - .. . Hydel Thermal Total, .,
Tae B I._ ALL-INDIA . v J, .
1950-51 . 559 1,004 L7 7 2,360 . - ,..2770 5858
1960-61 1,011 2,436 4,653 <t 8,738 8,782 - 16,987 .
1965-66 4,124 4,551 " 9,027 17,441 32,990 © 82,990 -
1970.71 6383 . 17,667 - 14,709 25,206 28,864 56,604 :
NORTHERN ‘REGION G L .
' ] ! v PR . ]
1950-51 . . 52 56 147 - . 188 "180 411
196081 - ,335 108 507 1,022 - 348 1,432
1965.66 847 186 1,104 3,497 - 536 4,084,
1970.71 T472 513 2,078 5124 . 1,898 6,081
. SOUTHERN REGION . . o
1050.51 . 238 o8 362 . 1256 , 820 1,500, .
1960-61 801 186 LI 4,108 562 4,749
1065-66 1,684 546 2,266 5,499 2,742 8,261 ’
1870-71 2,808 1,192 400 11,435 4,030 16,465 , .
WESTERN REGION
1950-51 ) 253 Cs1 . e20 1,220 653 1,987 j
1960-61 . 351 984 - 1,362 1,388 3,474 5,016
1965-66 . 654 1,502 2,266 3,236 5681 9,051
1970-71 " 087 2,307 3,763 . 5,003 - 8,638 . 16,064,
v N e N ) [} X “'
EASTERN REGION . Vo -
1050-51 3 .851 598. 6 1,318 KT R
1960-61 . 234 072 1,241 788 8,559 4,407
1965-66 . "416. 1,826 " 9,919 1,428 . 6,960 " 8,428 ¢+
. e
1970-71 e . “ee o, b
NORTH;EASTERN REGION,
1850-51 0-6 .. 3.4 2 2 0.
196061 9-3 .. 102 21 . . 36
1085-06 . . 45-9 81-5 321 &8 RL %
197071 K 66-7 815 " 380 158 w 194 3,377




Power generation and installed capacity

9.16. The data of installed capacity and powei'.

generated from' each mode have been examined
with a view to determine the possible levels of

supply from the different modes of power gene-

ration in future, the possible improvements in
operational efficiencies so as to arrive at some
broad conclusions regarding the total installed
capacity that would be necessary to adequately
supply ‘the projected electricity demands at diffe-
rent points of time “in future, The Committec
adopted the procedure of estimating -the future
capacity needs of the power industry from the
forecast of energy..requirements. The methods
adopted' for forecasting the consumption require-
ments of energy have been described in Chapter
II1.. The consumption requirements of electricity
have been converted into generation requirements
by adding the extra power required for auxiliary
consumption and to provide transmission losses.
The power generation requirements are convert-
ed to capacity requirements by studying the past
relationship between generation and  installed
capacity., - o e ¥

Aduxiliary consumption -

9.17. A power generating station requites po-
wer for consumption in the station itself which is
referred to as auxiliary consumption. This is nor-
mally around 8 per cent in thermal stations-and
a little less than .1 per cent in hydel stations. On
the basis of the mix of hydel and thermal, in the
different periods, ' assumed in our forecasts in
Chapter III, the auxiliary consumption require-
ments have been estimated to be as 6.2 per cent
of the total generation during the Fifth Plan
period and about 5.6 per cent in the subsequent
periods. ' e

9.18. Tn a poWéf' system, the' difference in the

units despatched from the generating station and
the units sold to the consumers is referred to as

the energy losses in the system, This loss consists -

ol two components (i) the energy ‘dissipated of
the system due to the inherent characteristics of
the equipment and conductors used for transmit
ting and distributing power (i.e., loss due to tech-
nical- reasons) and (ii) commercial losses or un-
accountable. Josses due to pilferage, 1accurawe
meter readings and computations etc. We shall
refer to the former as electricity “Dissipation™

and the latter as electricity “Losses”. The magni-
tude of the “Dissipation” depends largely on the "

area served by the system, the pattern of Igading
of transmission lines, types of loads and the plan-
‘ning and designing of the generation and ‘trans-
mission system. The “Losses” depend on the effi-
ciency of administration of the power system.

9.19. A comparison of energy dissipation and
losses (total losses) in power system in India with
other countries indicates that the total energy

losses in India are high as compared to other
industrially advanced countries.

- Table 9.11 shows the percentage of transmis-
sion and distribution energy losses during the year
1967 and 1968 in the power systems of certain
European countries and India. :

TABLE 9.11

Percentage of total transmission and distribution
fg.;sées. in various countries during 1967 and

Tota! Transmission
& Distribution

K - . Energy Losses
Serial Country {Percent)
No. - . ——— A -
1967 1968
1 Austria .. . .. . 96 9-9
2 Czechoslovakia .. = . . 7-8 8-1
3 Finland L 83 . 77
. 4 France .. . . 76 74
5 Hungary .. . 9:3 10-3
6 Ireland .. . .. 11-2 10-6
7 Italy .. .. . 10-1 91
8 Norway .. .. . 10-4 ~ 10-2
9 Poland .. . e 87 . 8:6
~ 10 Sweden ‘.. “en .o 12-1 12-5
11 Switzerland e . 8-2 81
12 West Germany .. . 59 57
13 Yugoslavia .e 11-9 11-1

[
o~

Indis .. . ._

The percentage of total losses varies from 5.7 per
cent in West Germany to 12.5 per cent in Sweden.
As compared to this the total losses in India dur-
ing the years 1967-68 and 1968-69 were 15.04
and 16.7 per cent respectively’ In 1970-71 the
‘total Sosses were estimated to b 17.3 per cent in

India.

9.20[I-_f the total losses in India were main-
tained in 1970-71 at the level of 1967 (i.e. 15 per
cent) the savings in energy would have been
nearly 1.500 million kWh and the savings in cost
of power generation nearly Rs. 9 crores annually.

‘The reduction in total energy losses would have

reduced the required installed capacity for power
generation, fuel consumption etc. Based on the
figures of 1970-71, there could have been a saving
of about Rs. 60 crores in the investment costs, if
the level of total power losses had been main-

tained at 15 per cent.

9.21. It is noteworthy that several countries
‘which had experienced large total losses in their
power distribution and transmission system have
taken successful measures to reduce the extent
of losses. For example, the percentagd of ‘total
losses’ in Japan was 30 per cent in 1945, but the
figure has now been reduced to 11 per cent by



constant efforts.
where losses have been reduced from 21.7 per
cent to 13.6 per cent in 1960*.

., 9.22. Itisto be recognised that a major portion
of the total losses is “Dissipation™ arising out of
technical reasons and the reduction in such dissi-
pation can be effected only by a proper planning
of the power system. In India the total loss varies
widely from State to State. Table 9.12 represents
the total losses (dissipation and losses) as percent-
age of energy available for transmission in each
State of India for the years 1961-62, 1965-66 and
1970-71. It would be seen that the States of
Andhra Pradesh, Bihar, Haryana, Jammu and
Kashmir, Nagaland, Punjab, Tamil Nadu and
Uttar Pradesh have particularly higher percentage
of total power losses.

TasLE 9.12

Losses in transmission, transformation, distribu-
tion and energy unaccounted for expressed as
percentage of energy available for transmission

State 1961-62 1965-66 1970-71

1. Andhra Pradesh 26:36 2471 2477
2. Assam .e 18.24 . 23-61 17-87
3. Bihar . . 23-49 11-56 23-68
4. Gujarat .. v 10-44] 11-5) 16-59
5. Jammu & Kashmir 16-45 .o 2149
6. Haryana .. . . .. 27-89
7. Kerala .. . .. 16-81 20:06 12-17
8. Madhya Pradesh .. e 11-83 11-76 14-35
9. Maharashtra . .. 9:-95 12:.00 13-10
10. Mysore ‘e .. 13-83 16-34 14-28
11. Nagaland . .. 15-88 20-34
12. Orissa e . 15-32  14-60 5-48
13. Punjab .. L e s 13:568 14:59 35:46
14. Rajasthan 19-43 20-06 11-91
15. Tamil Nadu 19-28 17-52 17-21
18. Uttar Pradesh 15-34. 18-60 23-63
17. West Bengal 956 8:-60  8-30
ALL INDIA . oo l4:44 14-02 17-30

Sourok : General Reviews CW & PC

9.23. The reasons for high dissipation of ener-
gy are mainly due to inadequacy of transmission
and distribution lines, large proportion of agri-
cultural loads, supplying power to areas located
far from the generating sources, low power fac-
tor, etc. This “Dissipation™ of energy can be con-
trolled through certain measures such as careful
scheduling of the reactive generation, integrated
operation of various power systems, provision of
adequate quantity of transmission lines and selec-
tion of right designs for transmission and distri-
bution lines. “Losses” (unaccounted for) are

L

Another example is Taiwan’

79

" . ‘procedures for converting the demand forecast .

mainly due to unauthorised tapping of energy and
these could be reduced by stricter administrative
measures. '

9.24. In order to reduce the perceﬁtage of fotal
losses an in-depth study was conducted by the

Power Economy Committee and certain measures -

for reducing the total Losses as outlined above,
were recommended. This Commiitea would like
to endorse these recommendations -and. suggest
that systematic study of the causes of transmis-

sion losses in different regions and States should:

be undertaken and remedial measures taken to
completely eliminate the losses due to adminis-
trative reasons and reduce the “Dissipation” to

. the level that is technologically determined,

9.25. In our projections of power generation
we have assumed that the total power losses
would be reduced to 13.8 per cent by 1978-79
and to 13.4 per cent by 1983-84 and thereafter.
Considering that in the- first half of the Sixties,

the power losses were only 14 per cent to 14.5

per cent, this assumption regarding the losses
during the Fifth Five Year Plan appears very
reasonable. In the period after 1978-79, if there
are large number of pithead generating stations,
energy “Dissipation” at the transmission stage

may increase but improved and rationalised dis-

tribution system that may be set 'up will help in-

reducing the “Dissipation” at the distribution
level: “Losses™ can be brought down by better ad-
ministration of the power system. The Commit-
tee has, therefore, assumed that the total power

loss could be brought down to 13.4 per cent by

1983-84. .

Electricity generation capacity

9.26. The primary purpose of forecasting elec- 7

tricity demand is to initiate action for setting up
the required additiona] capacity for generating

electricity to meet the expected incremental de--

mand. ‘There is, therefore, need to have reliable

of electric energy into the required power genera-
tion capacity. If the structure of load at the diffe-

rent centres of demand at different points of time
in future is known it would be possible to work
out the required capacity and the mix of different -

modes of generation simultaneously. In the ab-
sence of reliable forecast of load at different cen-
tres, the required generation capacity is usually
determined on the basis of the past relationship
between energy demand and installed capacity.

9.27. The normal procedure is to first estimate

the peak load demand consistent with the energy .
requirements by applying estimated load factors. .

The load factor represents the amount of energy
in kWh required per kW of peak load and it is

usually expressed as a percentage of the total -

number of hours in a year ie. 8760.

9 Load Factor __Energy Requirements (kWh)

Poak Toad (W) x8760 < 10

ECAFE U.N. Publication No, 62 II ¥B

'
'



Load factor would depend on a number of fac-
tors like ‘the mix of different consumer catego-
ries served by the power system and also the
habits and conventiong of the ' people, weather
conditions, etc. While some of these factors are
“beyond-the control of the power authorities, some
adjustments in the load factor could be effected
by a rational' system of regulating power supply
and’ pricing of power (See Chapter XI). A load
factor of 60 per cent for the total system has been
achieved in India in most years (See Table 9.13).
The decline in the load factor from 1968-69 on-
wards-is a - disturbing trend. It is true that the
sharp increases in the share of supplies effected
to agricultural ' loads .and rural area demands
would tend to:increased variations in the demand
during diflerent hours of the day and various
seasons::of -the year and thus affect the system
load factor. On the-other hand, better inter-
connection of generating systems in each State and
inter-connection of different State-grids should
lead to a great level of coordination in the opera-
tion. of different power ‘'systems and increase the
system load: factor. Effects of these two develop-
ments should at least off set each other and main-
tain the syst:m load factor at 60 per cent. Energy
Survey, Commiittee (1965) had suggested that the
load factor should be 60 per cent in the Seventies
and a little higher in later years. Taking all the
facts into account, the : Committee has assumed
that the load factor in India would be 60 per cent
upto. 1978-79 and' 65 per cent thereafter. = Peak

load at different points, of time have to be cal-

culated on this basis,

9.28. The power system should have adequate
installed capacity to serve the anticipated peak
load, The ratio of peak load to peak capability
is referred to as the Demand Factor.

L + - Peak Load (KW)
Demand' Factor= -
.~ w7 7 Peak Capability (kW)

In India the demand factor for the entire power
system has varied from 75 per.cent to 85 per cent
in the past as set out in Table 9.13*. Energy Sur-
vey Committee ' (1965) had suggested that the de-
mand factor should be 80 per cent. In other
words, the gross margin (of installed capacity)
over the peak load should be 25 -per .cent of the
peak load. The gross margin in a power system
should be of sufficient magnitude to provide for
scheduled maintenance, emergency outages and
system ‘operating requirements. The gross margin
obyviously would depend upon the size of the sys-
tem, the hydro-thermal mix of generating plants
in the system, the size of the largest set in the
system, forced outages. of different generating
sets, .the characteristics of the load which is sup-
plied from the system, the extent of coordination
available with other power systems and the ex-
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pected reliability postulated for the system. A
proper determination of the gross margin require-
ments would involve a detailed system study of
each power system in the country. So far no such
studies have been made}. But, past experience
shows that under different conditions, the gross
margin of 25 per cent over the peak has been
achieved and such margin enabled the system to
service the demand without significant load shed-
ding. We, therefore, assume that upto the end of
the Fifth Plan, the demand factor would be 0.8.

9.29. In later years, the inter-connection bet-
ween the system would tend to increase the de-
mand factor; but the introduction of larger unit
size plants in relation to total system capacity
would tend to decrease the demand factor, It has,
therefore, been assumed that the demand factor
may continue to be 0.8 right upto 1990-91. The
plant factor which is defined as the multiple of
load and demand factors would be around 48 per
cent during the Fifth Plan period. As a result of
the increase in the load factor to around 65 per
‘cent in the subsequent periods, it is assumed that
the plant factor would be 51 per cent in the years

. beyond 1978-79. This is in agreement with the

suggestions made by the Energy Survey Com-

mittee in 19651 that the plant factor should be

around 48 per cent during the Fourth Plan period -
(upto 1970-71)-and S1° per cent beyond that

period.

9.30. These assumptions also appear t0 be very
reasppable as seen from the past data.

TaBLE 9.13

Load factor, demand fdétar and plant factor of
. the power system in India '

Yoar Load Demand Plant .
' factor factor factor
1955-66. .e .. . 0-856 0-756 0-498
1960-61 .. . 0-584 0-854 0-499
1965-68 e 0-672 0-742 0-499
1970-71 e e . 0-637 0-828° 0-527
1973-74 (likely) .. 0-59  0-902  0-537

9.31. The installed capacity of power genera-
tion may not be the same as system peak capabi-
lity; installed capacity represents the total of the
name plate rating of the units set-up at different
points of time in the past. Their capacity rating
would diminish over time. The power capacity
of hydel stations vary with the seasons due to
changes in storage level and seasonal flows. The
full power capability of the hydel stations may
not occur at the time when the annual peak load

-occurs. This leads to the maximum system cap-

ability being less than their ‘Norms’ or name

*In the Years 1872-73 %o 1973-74, th> demsnd factor has inereagod but those years also Witnessed widespread and froGuent
Joad sheddings and a8 such shounld not be considered as a basis for forecasting the demand facsor in futars years,

1The committoe attempted to oryanise studies in this regard ‘whioh had to abardor d for want of data,

$Report of the Erergy Survey Committce, page 174,



plate rating. The Power Survey Committee which
does the annual forecasting of power determines
the power capability of each of the power sta-
tions and sums up the total as system peak cap-
ability. This has been varying from 85 per cent
to 93 per cent of the installed capacity in the
different regions. With rapid increase in the ther-
mal capacity, the system peak capability as a
percentage of installed capacity should increase.
Considering all the factors, a 90 per cent of the
installed capacity can be assumed as system peak
capability during the Fifth Plan period; after the
Fifth Plan this percentage will increase as a large
number of old thermal sets would be retired by
the end of the Fifth Plan and as hydel power
stations would be designed to meet specific load
patterns. It. has, therefore, been assumed that in
the period beyond 1978-79, 95 per cent of the
installed capacity would represent peak capabili-

ty. :

9.32. The installed capacity requirements for
different years in future to meet the energy re-
quirements corresponding to the Case II estimates
projected in Chapter III of this Report have been
computed in Table 9.14. :

" TABLE 9.14

Installed capacity requirements for power genera-
tion in 1978-79, 1983-84 and 1990-91

Forecast Forecast Installed

Year of of capacity

Energy Energy needed
Consump- Require- (millicn

tion ment* kW)

(b kWh} (bkWh)

1978-79 100-3 116-4 33-6
1983-84 187.7 193-6 53-0
1990-91 3204 370.7 87-3

*At the bus-bar, i.e., consumption plus line lossos.

NoTes

(1) On the basis of the calculations for 0°48 plant factor
and 90 per cent availability the installed capacity required in
the year 1978-79 would be 307 million k'W. However, as there
is a large spillover of works from the Fourth Plan and due
to bunching of new projects the capacity cuming on stream
into the final year of the Fifth Plan ijs very large. But as
many of them would be opsrative cnly in the second half of
the final year, only half of the b2nefits have been counted

towards the Fifth Plan and hence the inoreased provision of .

installed capacity.

(2) For the ycar 1983-84, on tho basis of 0-495 plant
factory and 92 per eent availability the installed eapacity
ghould be 48 5 million kW. This is, however, being assumed
a8 53°0 million kW for reasons which ere similar as in the
eade of 1078.79.

(3) Tha fizure of installed capacity hes beel arrived ot
87.3 million kW on the basis of 0-51 plant facter and 97 per
cent availability, .
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9.33. In the above table somewhat higher esti-
mates of installed capacity for the years 1978-79
and 1983-84 have been assumed. This is because
the efficiency in operation etc. would be gradually
achieved over a period of time, However, it is
necessary to take effective measures to improve
the plant factor in the Indian 'power system at

- least from the Sixth Plan period and thereafter.

Such improvements have a significant effect on
the investment requirements for the power sector
and consequently on the cost of power to com-
sumers. With an improvement of 1 per cent in
the plant factor in the Fifth Plan, there could be
a saving of Rs. 163 crores. It appears possible
to improve the plant factor beyond 51 per cent
also, if proper measures are taken; the minimum
performance expected in  1983-84 and 1990-91

- should be 51 per cent plant factor. The Commit-

tee would strongly recommend that rational mea-
sures should be initiated in planning and operat-
ing the power'systems so as to ensure gradual
improvement in the plant factor. ‘

9.34. It is also possible to .improve the load
factor by influencing changes in the structures of
load that faces a' power system. If the difference
between the peak load demand and the off-peak
load demand is reduced, the load factor of the
power system would improve. In several coun-
tries, this reduction in the difference between the
peak load and the off-peak demand is being
achieved by offering differential rates to consu-
mers with reference to the time at which they
consume ‘power. In countries like France and
UK. efforts to-develop off-peak load by supplying

. power at reduced price- (usually on marginal

‘pricing) during off-peak hours have yielded good
dividends. In UK, the electricity supply authori-
ties devote greater attention to load ‘development
measures, ' o

9.35. The Committee recommends that during
the Fifth Plan period efforts should be made to
develop ‘@ more optimal load structure:

' 1. by setting up more pumped storage
schemes wherever' $uch schemes would
improve the system_capability at mini-
mum cost. o ‘

by indentifying industries which: are in-
tensive users of electricity and are also
capable of organizing their production
sehedule in such a way that their peak
demand would occur during the system
off-peak . period -and by giving to such
units adequate incentive through spe-

_ cially designed tariff to encourage them
to reorganise their production;

3. by general pricing of the industrial tariff
and agriculture tariff to provide incen-
tive for use of more electricity during
off-peak hours.



9.36. In the Chapter in ‘Cost and Prices’ cer-
tain aspects ol a rational pricing policy in the
power sector have been discussed. ‘

" Growth of peak load

9.37. On the basis of our projections, the con-
necting peak load that can be reliably serviced
by the power system in India at different points
of time are as follows:

1978-79 22.1. million kW
1983-84 35.7 million kW
1990-91 66.4 million kW

The likely peak load in the year 1973-74 is esti-

mated to be 13.66 million kW. This will provide

for an average annual growth rate of 10.20 per

cent in the Fifth Plan, 10.10 per cent in the Sixth

Plan and 9.30 per cent in the subsequent periods.,
It is worthwhile to note that the average rate of

peak load growth in the past i.e., from 1960-61

to 1965-66 and from 1965-66 to 1970-71 has been

11.1 per cent and 11.8 per cent respectively.

Selection of the mode of generation *

9.38. Electricity could be generated using coal
or lignite as fuel in the thermal stations or by uti-
lizing the hydro electric power potential or by
using fissile material in the nuclear plant. Each
‘of these modes of generation has certain charac-
teristics in terms of their capability to supply
power -energy, they also have widely varying in-
vestment and operating costs. The thermal plants
have q.high investment 'cost as well as a high
operating cost but they are capable of giving a
steady stream of power for long periods at a
stretch. They are ideal for use as base load power
stations. The hydel plants have high investment
1usts but very low operating costs. They can be
switched on and off at short jntervals but ths
total energy potential would depend on the hydro-
logical environment. Hydel stations (the reservoir
type stations) are best used as peaking stations
to meet the power demand during the peak hours
of the day. The run .of the river hydel stations
have very low operating costs and sometime very
low investment costs, but large variations in the
seasonal flow of water in the river lead to the
. energy contribution varying with the season. The
nuclear plants have a very high investment cost
and useful only as base load stations as they are
- economical only when operated at a load factor
of over 75 per cent. The selection of the mix of
thermal, hydel and nuclear stations that could be
set up to adequately meet a given structure of
demand for electricity could be done rationally
only by investment planning exercises using pro-
gramming models. There are no officially spon-
sored studies so far for any region or any State
based on such investment planning exercises.
The Fuel Policy Committee attempted some exer-
. Cises but were unable to complete the work for
want of reliable data of the characteristics of the

- for which it is most

. hydel stations and the structural and spatial dis-

position of power demand.

9.39. Even in the absence of such studies, it is
possible to make a comparative evaluation of the
choice to be made between hydel and thermal sta-
tions in the circumstances in India today. Data

‘on the relative costs of hydel and thermal stations

are discussed in Chapter XI, It is clear that as
of today, hydel stations are more economical

_ than any other source of electricity at low load

factors. Supplying the peak load involves the
generating stations operating at low Jload factors
of even 30 per cent and below. In such condi-
tions, -hydel power is the best way of meeting
the demand. The fact that hydro resources con-
stitute the cheapest source of electricity produc-
tion- under present conditions has been empha-
sised by several Technical Committees. The Ener-
gy Survey Committee in their Report in 1965 had
concluded “that storage hydel is the cheapest
method of generating electricity in the conditions
suited, so long as most
favourable sites can be discovered”(f and recom-
mended that “it seems clear that India will be
well advised to explore hydel resources wherever
there are suitable sites available”. The Power
Economy Committee (1971) have brought out
succinctly the loss in our economy by not follow-
ing the admittedly more economic path of lowest
cost development and observed “our aim is to

* create the maximum amount of generating capa-

city with the funds available and to generatc

- power at as cheap a rate as possible. To aclu'e_ve
* these objectives, it is recommended that during

the Fifth and Sixth Plans the level of new gene-
rating capacity to be added should be derived
from hydro stations, both of the energy intensive
and peaking categories”.

9.40. This Committee in the earlier Report on
the ‘Fuel Policy for the Seventies” had empha-
sised the need for giving high priority for hydel
power development even during the Fifth Plan
consistent with the need to supply adequate power
to meet the demand in this period. The Com-
mittee is concerned that the target dates for com-
pletion of hydel stations under construction a
indicated in 1972 are now reported to have re-

- ceded due to a number of reasons. The Commit-
. tee would urge that during the Fifth Plan, a very

strong effort should be made to complete as many
as possible of the hydel stations under construc-

‘tion. This would improve the power availability

and rediice the total system cost of power genera-
tion during the Fifth  Plan. During the Sixth
Plan and thereafter if hydel power is not ade-
quately developed, it would become very diffi-
cult to meet the electricity requirements.

9.41. In Chapter V, the region-wise distribution
of hydro resources and their classification into
potential storage projects and potential run-of-
the-river projects have been dicussed. 1t is seen
that except in the castern region, other regions

(*) Erergy Survey Committee paga 132, para 349,



have very large hydro potential which remains
un-utilised.

TaBLE 9.15

Regionwise distribution of hydro electric resour-
ces and utilization by end of Fifth Plan

Total Resources  Percentage
Resources planned of
Region at 609 L.F. tobe utilization
(MW)  utilised by by 1988.79
1976-79

Southern . 8097 6785 . 83-77
Western - 7169 2316 32:29
Northern ve - 10731 5700 . 55-12
Eastern .. 2694 1395 5378
North-Eastern .. 12464 392 3-16
Total e 41155 16585 40-30

During 1990’s, there is a possibility of greater
contribution from nuclear sources. Till 1990-91,
thermal and hydel power stations would contri-
bute the major share of power capacity. Harness-
ing of hydel power should be given priority and
by 1990-91 at least 70—80 per cent of the total
known hydel potential in the country should be
developed. In terms of regions it may mean
about 50—60 per cent of the potential being used
in the North-Eastern region and about 80—90
per cent being used in the other four regions. In
our calculations of coal requirements, we have
assumed the contribution of hydel power to total
power generation to the extent of 35 per cent in
1983-84 as well as in 1996-91. To maintain the
share of hydel power at about 33 per cent of
total power generation in 1990-91 as compared
to 43 per cent in 1973-74, about 70—80 per cent

of the total hydel potential will have to be har-
nessed. :

9.42. The Committee would strongly urge that
a detailed investigation of the specific projects
which could be set up to utilise the hydro-electric
resources should be drawn up within the next
two years and the scheduling of different hydro
projects should bé determined with reference, to
. the cost of the projects, the characteristics of the

projects and their locations. On this basis, a de-
tailed hydro-electric power development program-
me should be drawn up for the future upto 1990-
91 or even 2000 A.D. '

Nuclear power generation

-9.43._The capacity of nuclear generation to be
set up in the country would depend on the long-
term  nuclear technological development pro-

- aramme which, in turn. would depend on a num-
ber of factors like availability of nucler fissile
materials, the advance in nuclear technology and
the strategy adopted by the country by nuclear
adv:'mcement. These are dealt with in a separate
section in this Chapter. Briefly, based on the con-
clusions of the studies discussed therein and the
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assessment of the pace of construction based on
current experience of nuclear power projects it
was felt the capacity of the nuclear power stations
could be as follows: : :

1978-79 1020 MW
1983-84 1900 MW .
1990-91 4600 MW

The Department of ‘Atomic Energy (DAE) has
confirmed that their programme for power project
construction would agree with our estimates upto
1983-84; but by 1990-91, the DAE have estimated
that 8620 MW of nuclear power capacity wculd
be established. This amount to nearly 1000 MW
of nuclear capacity being added every year from
1983-84. The Committee would like to endorse
the view of DAE that nuclear power capacity, if
possible, should be increased to the maximum ex-
tent possible by 1990-91. 1t is too early to make a
positive assertion on the possible level of nuclear
power in 1990-91 and, therefore, it would recom-
mend that a review of nuclear programme should
be made by 1978-79 in the light of the pace of
construction of nuclear power stations in the
Fifth Plan period. the preparedness of the DAE
in respect of design for 500 MW nuclear power
plants and the progress made by them towards
the commercialisation of the Fast Breeder tech-
nology. (See section on Nuclear Power in this
Chapter covering the nuclear power programme).

9.44. The capacity requirements in different
areas and the contribution from diffetent sources
of different modes of power genération have
been calculated and given in the Table below. In
these calcuations, all hydel and thermal stations
have also been calculated on roughly 60 per cent
load factor. In reality, the relative share of instal-
led capacity between hydel and thermal will vary,
usually hydel stations being higher and thermal
stations being lower as the load factor of opera-
tion of the hydel stations would be much less
than 60 per cent whereas that of thermal stations
higher than 60 per cent. It will not be possible
at this stage to work out the actual capacities of
the hydel stations till the investigations and pro-
ject reports for hydro-electric projects are com-

pleted. ‘ :

TABLE 9.16

Installed capactiy categorywise for power genera-
tion (1978-79. 1983-84 and 1990-91)

Year/Mode o 1978-79 1983-84 1990-91
Generation

Hydol .. 1300 _ 20-00  28-40

Nuclear . .. 1-02 1:80 8-62

Thermal .. .- 19.55 31-10 50-30

Total .. 3%-567 53-00. 8’7-32

Novg: Thermal Stations inctude coal and lignite based pow
stations,



Choice of size of generating units

9.45. It is clear from the demand forecast of
electricity that the requirement of electricity will
increase so fast that the power supply in the
country has to undergo big modernization and
change, In the place of small power generating
units of 30 MW and 60 MW there wiil be need
for including very large size of generating units.

" The factors which favour the adoption of
large generating units are:.

—The lower capital cost and lower operating

~ cost due to higher efficiencies in heat
utilization; )

—Reduction in the number of construction
and maintenance crews; a category of
skills which are in short supply in the

. country.

The factors which discourage the large units
are—

-— Increased forced outage rate due to kigh
pressure and high temperature at which
large size units function; -

— Increase in transmission system cost.

9.46. Selection of appropriate generating size
should, therefore, be done taking into account
Dot only the economics of skills of the individual
power station level, but also with due regard to
system stability considerations. The economics
in investment and operating costs due to increase
. in size are admitted by all, though there are di-
vergent views regarding the measurement of the
economics, -

9.47. In the current situation in India, the cost
for different sizes of thermal plants are given at
Table 9.17.

o TABLE 9.17

*Table showing investment and operating costs
of thermal plants of different sizes

100 200 = 500 T
MW MW MW
Cost per kW installed Rs. .. L1800 1,500 1,300

. Operation and maintenance char-
ges per kW installed Rs. .. 31:50 26:25 22v76l

* Based on 1970 data, the relabive costs may stillremain
thesame, ~ :

The selection of size of plant for a thermal
station has also a significant effect in the quantity
of fuel that would be required for power genera-
tion as the large size plant consumes lesser coal
per kWh of power to be generated. Assuming a
calorific value of coal as the fuel requirement per

kWh for different sizes of plant are summarised
in Table 9.18.

TABLE 9.18
Fuel requirement for different sizes of plant

100 200, 5007
MW MW MW

Coal requirement per kWh (of
energy gencrated) (kg) . 0-60 053 0-50

-

¥ g - e

It is interesting to note that there could be a
saving to the tune of about Rs. 60 lakhs per an-
num on account of cost of fuel only if two sets
of 500 MW each were adopted instead of 5 sets
of 200 MW each for a 1000 MW thermal power
station operating at 60 per cent plant factor (as-
suming a coal price of Rs. 40.00 per tonne). How-
ever, the selection of plant cannot be made purely
with reference to the economics available at the
plant level.

A wide range of factors have to be taken into
account as follows: — ’

1—The present si.ze of power system.

2—The energy sources, i.e., hydro, thermél
or nuclear plant, in the system.

3—The level of reliability expected from the
system.

4—The transmission grid in operation.

5—The pattenr of growth of power and
energy demands.

6—The forced outages of the generating
plants of different sizes. -

7—The gestation lags in commissioning
plants of different sizes.

8—The comparative investment in operating
A ‘and maintenance of plants of different
sizes.

9--The manufaéturing capacity of the elec-
tric supply industry.

10-—The possibility ~of transporting the
equipment of specific sizes and weights
to the different parts of the country.

11—The additional transmission investment,

All these factors could be taken note of only by
elaborate system studies. The Committee would
recommend that immediately such studies should
be undertaken to determine the optimal plant

- size for different regions of the country.

9.48. In the absence of studies, the Committee
tried to determine the unit sizes that could be

" infroduced in the power system in India by get-

ting opinion from people who are closely asso-
ciated with planning and operation of power
systems. It is generally felt that 500 MW stations
could be introduced only after the regional grids
are in full operation by proper integration of the
power generation systems qf various States in
each region. As the construction of the required
transmission lines and evolution of op_eratlonal
techniques are yet to be completed, the introduc-
tion of 500 MW sets will be possible only in the
eighties but during Fifth Plan period, the dgs:gn
capability should be developed and operational

‘norms for a 500 MW set should be studied by

setting up an R&D plant of 500 MW capacity.
The Committee agrees with this recommenda-
tion,
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Choice of location of power plants

9.49. In addition to the choice of type of power
stations, the location of the power stations is also
very important. Considering the requirements of
power in the near future, the size of thermal
power stations will have to be necessarily refa-
tively big, of the order of 1000 MW each. Stations
of this magnitude will need about 3-4 million ten-
nes of coal per annum. Movement of such large
quantities of coal in the context of the difficulties
we are expericncing even now for the movement
of comparatively small quantities of coal to
power stations from the pit-heads would pose
formidable operational problems includ:ng that of
heavy investment on the railway system. More-
over, since the available reserves of good quality
coal are severely lim’ted, power generation will
necessarily have to be based on inferior quality
coal with relatively high ash content ind low
calorific value. The ash content of our coals and
of the middlings that may have to be used may
be of the order of 35—40 per cent. This would
mean additional load on the rail transport. Scve-
ral studies have been carried out to investigate
the relative economics of power generation at
load centres vis-a-vis at pitheads. These investi-
gations show that for a 1000 MW plant, even
when it is assumed that the railway operations
would improve significantly and that the move-
ment of coal to the load centres will be carried
out on unit train basis, the pithead generation
and transmission of power to load centres is still
slightly more economical than to transportation of
coal to power plants at load centres. Furthermore,
location of power stations of this dimension at
load centres which may be densely populated will
expose a large number of people to pollution.
The Committee, therefore, feels that in the overall
interest of the economy and environmentul con-
siderations, more and more of such power stutions
should be located at pit-heads. Depending on the
local conditions, however, construction of power
stations at load centres can be considered on
merits as a special case.

Transmission and load despatching stations

9.50. In any power generation and distribution
orgamzation, the maximum economies are attain-
ed only by the proper designing of the power
system and by the integrated operation of the
System as a whole. As power requirements of
each consumer of power vary at each moment of
time, the integrated operation enables the diverse
needs to be_met at the lowest cost. Proper con-
nection of different generating systems and the
generating stations with load centres through a
rationally designed transmission system capable
of meeting the transmission requirements fully is
as important as having adequate gencrating capa-
city. The recent trippings in the transmission sys-
tems at different places in the country have
brought out the urgency for more attention to be
Paid to transmission system.

9.51. The investmients in transmission in thé
country appear to be inadequate to ensure pro-
per distribution of power and rational operation
of the generating system, Even in the early years
of the Fifth Plan when there will be some localis-
ed shortages of power, there will be power sta-
tions which cannot be operated at full load due
to lack of transmission facilities.

9.52. There are enormous advantages in ra-
tionally designing a transmission system keeping
in view the demand over time at different points
of consumption. In other countries, extra high
voltage transmission already in operation and
bulk transfer of power through D.C. transmission
lines is also being practised. In our country, the
first 400 kv line will come into operation in Uttar
Pradesh in the year 1975-76. There is need for
greater attention being paid to transmission plan-
ning and operation of transmission lines.

9.53. The great advantages of the large electri-
city system could be fully reaped only if there is
an integrated operation of all the generating sta-
tions. At the moment, the State Electricity
Boards are the owners of the generating stations
and the generation optimization is being done
strictly with reference to the stations within the
control of each Electricity Board. Some measures
towards regional operation bave been introduced
in the Southern Zone with the setting up of the
Load Despatch Centre, under the auspices of the
Southern Regional Electricity Board. The Gov-
ernment have accepted, in principle, the scheme
of integrating the operations of the Electricity
Board in each region. Load despatch stations
have been proposed in each region and the hard-
ware required for the same are being procured.
But important questions relating to integrated
operation like the conditions under which inter-
State power flows could be charged on a contl-
nuous basis and the procedures for sharing short-
ages etc., have still to be worked out.

9.54. The Committee would very strongly urge
that the schemes for setting up of regional grids
‘and regional load despatch ~ centres should be
vigorously pursued; simultaneously )?rocedures
for the integrated planning and operation of po-
wer systems based on system studies should be
introduced.

Rural Electrification

9.55. Electrification of a village not only adds
to the productive capacities of the farmers but
also brings with it social, civil and domestic
amenitics and has a salutary pstho]ogxcal
effect on the rural people who start having a feel
of the modern age, Its availability stimulates the
growth and expansion of agro-based small and
medium scale rural crafts and industries like
pottery, weaving, wood work, rice, flour and oil



mills, could storages.and packing industries etc.
It also helps to substitute kerosene oil which is
used for illumination, by electricity. But the pri-
mary justification of rural electrification is to
help the production efforts in the agricultural
sector. '

9.56. Presently, out of the total geographical
area of 327 million hectares about 158 hectares
of land is under cultivation. But the output is
low due to inadequate availability of itrigation
facilities. The erratic character of Indian mon-
soon very seriously affects agricultural production
and treates large uncertainties regarding India’s
economic growth. Provision of regular and suffi-

cient supply of water is therefore important. Em-

pirical evidence suggests that the periodic uncer-
tainties that beset surface irrigation sources do
not affect the ground water sources in the same
intensity. It is here that rural electrification can
play an important role by increasing the number
of tubewells/pump sets in the country. Table
9.19 gives the conclusions of the Irrigation Com-
mission (1972) regarding the ground water re-
sources available in different State of the country
and the extent to which these have been utilized.
It is estimated that the txent of the ground water
resources now utlhsed will be only about 40 per
cent.

9.57. The Table also reveals that the ground
water potential yet to be utilised is fairly large in
almost all the States. The analysis of towns elec-
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TasLE 9.19
Ground Water Resources

Net Apnual Net  Arca
ground draft ground irriga-
State water by the water ted**
rechar- end of recharge by

ge* 1967-  availa- ground
68* able for water
future at
ground present
water  (m.
develop acres)
ment*.
1. Andhra Pradesh 17-2  3-57 13-6 1-4
2. Assam Region (incl. 16-7 003 16-7 —_
Nagaland, NEFA esc)
3. Bibar . 21-9 2.35 19-5 1-2
4. Delhi 0-8 .. .. -
5. Gujarat 10-2 4-13 6-1
6. Haryana .. . 35 07 2:7
7. Himachal Pradesh 0-9 * na. .. ..
8. J&K .. 4:0 0-001 4.03  0-03
9. Kerala 54 0004 6-4 0-018
10. Madhya Pradesh . 26-7  4-22 22-5 1-00
11. Tamil Nadu and
Pondicherry 11-6 3-47 800 2:30
12. Maharashtra 12-6 3-41 9-2 200
13, Mysore . 10-0 1-03 9-0 o- -76
14. Punjab .. 6-9 3-3 36 35
15. Orissa 16-0 0-15 15-8 0 20
16. Rajasthan 3-4 .2.07 1-4 3-00
17. Uttar Pradesh 35-56 17-92 17:6  9-00
18. West Bengal 16-1 0-36 157 010

Total 218-8 46-738 170-83 24-496

*In million acre feet. !

*+Distribution on the proportionsl rate of the total irriga-
ted area. '

n.a. Not available
(Source: Report of the Irrigation Commission, 1972)

trified show that by 1971, 2688 out of 2699 towns
had been electrified. The villages electrified are
given in the Table 9.20.

TaABLE 9.20

Villages Electrified in India

Population ‘ Number sloctrifie 1 as on
* ran<e Total . = =

(1961 o2nsus) 31.3.51 31.3.61 31.3.68 31.3.69 31.3.70

Upto 499 3,61,653 522 3,986 10,265 - 19,934 26,222

500 to 999 .. 1,19,086 611 4,308 9,787 17,226 21,775

1000 to 1999 65,377 843 5,918 11,567 18,128 22,504

2000 to 4999 .. .. 26,666 826 5,458 . 9,441 12,913 - 15,948

5000 to 9999 .. .. 3,421 1,319 1,963 2,397 2,638

10000 and above . .. 716 560 647 682 893
' Total .e 5,66,878 3,132 21,547 43,670 71,280 89,780

Norzs :

1 The data for electrified villages of Punjab and par laly of U.P. is based on 1951 oonsus.
2. The data of electrified villages for Tamil Nadu upto 31-3-61 only is based on 1951 Census and therefore population-wise

break-up for all periods upto 31-3.61°

3. The populationwise break-up of olestrifie.1 villages and other fignres have been estimated wherever actual fignres

are not available,



Among the villages the rate of progress of electri-
fication in respect of the more populous villages is
higher than the rate of progress among the smal-
ler villages. The reasons for such a development
are fairly obvious—

(i) the implementation of a faster rate of
rural electrification requires huge capi-
tal investment which is not readily
available.

(ii) the smaller villages are flung apart and
lIong transmission lines have to be pro-
vided for small loads thereby making
the continuance of power supply to meet
such loads relatively un-remunerative
in the financ’al terms i.e., the revenue
often do:s not cover the interest znd de-
preciation of distribution lines and
transformers apart from the cost of
generation;

(iii) the power required is sometimes seaso-
nal and only for a few hours which tells
upon the overall load factor of the gene-
rating stations; and

(iv) the large expenditure on operation and
maintenance.

" As long as the priorities for electrification of
villages are determined with reference to finan-
cial returns, the pace of electrification of the
smaller villages will be slow. Certain studies*
show that the social benefits of rural electrifica-
tion are much larger than strictly the financial
benefits to the Electricity Board. Procedures
should, therefore, be found for a proper evalua-
tion of the relative social benefit cost of electri-
fying different areas with reference to the ground
water potential, the possibility of increasing pro-
duction in that area, the other non-agricultural
production that might be triggered off in the area

etc. The correct approach to rural electrification

should be through the formulation of an integ-
rated rural development programme for cluster
of villages in which the supply of electricity
would be one of the inputs that could be arrung-
ed by the Government. -

9.58. If the selection of villages is done on a
more rational basis, the problem of bridging the
gap between social and private costs will still
remain. The Electricity Boards are greatly con-
cerned with supply of electricity at relatively
high cost to rural areas as compared to industrial
loads and the relatively low returns which they
get. The main problem in supplying rural loads
is that the consumption in kWh per kW of con-
nected load is very low, It is also distributing that
this energy consumption per unit of connected

load has been fast deteriorating in the last few
years as seen from Table 9.21.

TAsLE 9.21

Energy Consumption in Agricultural Sector

(Pump Sets)

No.of Total Energy Consump Consum-
Year sets in connec- consump- tion ption
opera-  ted tion per in kWh
tion -load (mkWh) pumpset per
(MW) (kWh) kW of
. connec- -
ted
load

1966-67 649182 2501 2107 3245 842
1967-68 847357 3175 2585 3050 814
1968-69 . .. 1088774 - 4156 3466 3189 834
1969-70 .. 1342006 5166 3770 2809 738
1970-71 .. 1642006 6254 4110 2503 657

This difficulty could be solved by reducing the
costs or by increasing the tariff for agricultural
loads or by doing both. The Energy Survey Com-
mittee and the Power Economy Committee had
suggested several measures for reducing the costs
like standardization of designs and equipment,
construction practices etc. The Naional Develop-
ment Council in 1965 had recommended that
schemes to meet power demand for a group of
villages having clusters of pump sets should be
drafted with a view to reducing the investment
costs in rural areas. This Committee also feels
that there is scope for designing the rural agricul-
tural load supply system in such a way as to en-
able the-utilisation of a given connected load for
larger number of hours. The’ Committee would
also recommend a proper pricing of the power
supplied to the agricultural loads so as to en-
courage the consumers to use the optimal size of
pumpsets and for drawing supplies during the
system off-peak hours.

Fuel requirements

9.59. As has been described earlier the thermal
power stations would be playing an increasingly
predominent role in power generation in the
country in view of limited hydel potential avail-
able and due to large variations in the seasonal
flow of water in the rivers. On the basis of the
projected requirements of installed capacity the
contribution of coal based thermal stations only
would be around 19.55 million kW in 1978-79,

. 31.10 million kW by 1983-84 and 50.59 million

kW by 1990-91. Consistent with this respective

*Study conduct by the NCAER and soms of studies by rural Electrification Corporation,

generation requirements from thermal stations

—t———



would be 69,121 and 231.5 billion kWh. But, this
would depend upon the efficient use of generating
capacity and the thermal efficiency at which the
power stations operate,

In order to cut down the cost of fuel and also
to conserve the natural resources of coal, as far
as possible, it is very important to ensure that the
thermal power stations operate at an efficiency
level as high as possible. It has been observed
that the number of thermal power stations operat-
ing at lower thermal efficiencies has progressively
reduced while the number of those operating at
slightly higher efficiencies has gone up. This shift
could mostly be attributed to the advancement
in technology and the installation of plants with
modern design and higher capacity having better
efficiency level in the recent past.

At present the manufacturing capacity in this
country of a thermal unit is limited to 200/250
MW which is further expected to rise in the com-
ing years. In other advanced countries units of

500 MW or even 1000 MW size are in; operation. -

Keeping this. in view, in our study we have as-

sumed that most of the new power stations pro-

posed to be set up till the Sixth Plan end i..,
upto 1983-84 would have umits of size 200/250
MW and thereafter upto 1990-91 the new units
installed would be of 500 MW each.

To generate electricity from coal based ‘thermal
power stations, availability of fuel becomes 'one
of the most important factors. Thé estimates of
coal requirements by thermal stations could be
worked out by segregating the use of plant de-
pending upon. its size as consumption rates greatly
vary' among different power stations according to
both the type of boilers, pressure and temperature
maintained and of course. the ' quality of coal
used. However, .due to lack -of availability of
necessary data it has been assumed in our study
that the thermal power station in operation at
present would

consuming to-day. The new capacity to be added
- would consist of bigger units with better thermal
efficiencies. and the coal consumption rate would
consequently go down. Keeping this in' view and
" based on the Case-II estimates projected in Chap-
ter ITI of this Report the coal requirements (in-
cluding middlings for the years 1978-79, 1983-84
and 1990-91 have been worked out as 53, 80 and
144 million tonnes respectively, as set out in
Table 9.22. (For details

bulk of the coal consumed in thermal power sta-
tions is of inferior - quality having low calorific
value and high ash content, nccessary, margins
have been provided to the actual requirements on
this account. Further, in order to ensure that the
coal requirements- are fully met in 1978-79, the
coal demand calculations are based on contribu-
tion of thermal power stations to energy genera-
tion as 79 billion kWh instead of the actual con-
tribution of 69 billion k¥Wh,

'

1 continue to consume the same. -
quantity of coal upto 1990-91 as much they are’

refer Appendix Table
III-1 of Chapter IIT of this Report). Since the

88

Captive power generation

In all the above calculations, it has been as-
sumed that the total power requirements, would
be met through the public utility system only. 1n

iew of the prevailing shortages of power and at
mes due to interruptions in the continuity of
ower supply, there is a tendency to have cap-
dve power plants. These captive power plants
being of smaller capacity would entail higher
costs of installation besides working on low effi-
ciency rate as the kWh per kW utilization per
annum would be low in a large number of indus-
tries. This Committee feels that in the overall
national interest and in order to achieve the

" power target through the limited resources avail-

able, setting up of such captive plants should not
be encouraged except in cases where process
steam requirements have to be met and in the
process saving incidental power generation is
possible. Efforts should be made to increase the

- capacity of the power utility system to meet all

the demands with high reliability.
Nuclear power programme

9.60. In the first stage of India’s nuclear power
programme, power stations based on thermal re-
actors have been planned. These reactors can
either be light water reactors (like Tarapur Ato-
mic Power Station) or heavy water reactor (as
has been put up at Rana Pratap Sagar). The
light water reactor. uses enriched uranium as fuel
whereas heavy water reactor uses natural uranium
as fuel. Both these reactors produce plutonium
as a by-product. The second stage of our nuclear
power programme is based on Fast Breeder Reac-
tor (FBR) which would enable us to fully utilize
the uranium resources as well as exploit our vast
thorium reserves. A FBR uses either plutonium
or U-233 (both are fissile materials) as fuel. In,
addition either depleted wranium or thorium is
put into.it. A FBR produce, in addition to power,
more plutonium (if depleted uranium has been
used) or U-233 (if thorium is used) than what has
been consumed. It is necessary for us to have
sufficiently large capacity of thermal reactors
which would produce large quantities of pluto-
nium before we could go in for the breeder reac-
tors, The breeder reactor system is a self-sustain-
ing system as it produces more fuel than is con-
sumed,

Current Status of nuclear programme

9.61. At the movement total nuclear installed
capacity in operation in the country is 600 MW.
This includes 400 MW Tarapur Atomic Power
Station and 200 MW Unit I of the Rajasthan Ato-
mic Power Station. In addition, 200 MW Unit
II of Rajasthan Atomic Power Station and 2X 200
MW Madras Atomic Power Station are under
construction. Work has also started on the fourth
Atomic Power Station (2x200 MW) at Narora.
The -following table gives the expected dates of
completion of the various projects on which work
has commenced.
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Long-ferm perspective ‘ _

9.62. The Department of Atomic Energy has
formulated the long-term strategy for develop-
ment of nuclear energy taking into account the
conditions prevailing in the country. This can be
summarised as follows: ~ :

(a) Installation of 1680 MW capacity (upto
Narora II) by early 1983.

(b) To start work on one more 2 X220 MW
power station by early 1977 and comple-
tion of its first and second units in 1983
and 1984 respectively.

{¢) To take up construction of 500 MW
Heavy water reactor unit in 1979 and to
have 9 Heavy water power reaciors of
500 MW each in operation by 1990-91.

(d) To start construction of first commercial
Fast Breeder Power Reactor of 500
MW by 1978 such that it can be in
operation by 1986.

(¢) To add 3 more 500 MW Fast Breeder
Reactors to the system by 1990-91.

In short, this strategy would yield the following
nuclear capacities:

Installed Nuclear ,Capacity

By 1978-79 1,020 MW
By 1983-84 1,900 MW
By 1990-91 8.620 MW

9.63. Apart from the necessity of getting the
projects sanctioned and executed in time, the reali-
sation of the nuclear power programme depends
on the adequate and timely mobilisation of re-
sources and effort in specific related areas. One
of the important requirements is that the wurani-
um production should be significantly increased.
At present uranium production is being done only
at the Jaduguda mines. Production from this mine
will be able to meet the requirements of the envi-
saged nuclear power programme only upto the

i
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year 1984. Hence, in order to achieve the target
of 8,620 MW from the thermal reactor power
stations by the year 1990-91, wranium mining
from other uranium deposits will have to be
taken up. At the same time exploration work to
locare additional uranium deposifs would also be
essential to meet the long term requirements of
the nuclear power programme,

-

9.64. The realisation of the - projected nuclear
power programme will also depend upon the indi-
genous industrial back up that could be built
up during the next few years. Timely avail-
ability of special types of steel, alloy steel cast-
ings and forgings and other materials such as
Argon gas for welding would be essential. The
Indian manufacturers will also have to develop
their capabilities to produce many of the sophisti-
cated and heavy componeuts as well as special
pumps and instruments required for the nuclear
power programme.

9.65. Adherence to time schedule by equipment
manufacturers and delivery of the components in
time is an essemtial requirement im order to
achieve the projected targets of imstalled nuclear
capacity. Many of the components for the nu-
clear powér stations are heavy and over dimen-
sioned. Transportation of such pieces of equip-
ment will require considerable improvements to
some of the national highways. Improvement of
road transportation would be even more impor-
tant for the transportation of equipments ior 500
MW units. Integration of the electricity grids
would also be important before 500' MW units
could be added to the network.

* 9.66. While formulating the long term strategy
for the development of nuclear power, the vari-
ous implications of the different possible strategies
have been considered. The heavy water moderat-
ed CANDU type reactor has been selected for
the first stage of the nuclear power programme
in India. The plutonium produced in these ther-
mal reaciors will be used to install fast breeder
reactors which will utilise the vast thorium re-
sources in India in addition to the uranium that
would be discharged from the thermal reactors.

5.67. As the presently known uranium resources
available in India are not very large, the total
installed nuclear capacity from uranium burner
reactors cannot be more than about 10,000 MW,
Consequently, it has been found that devcloping
more than one type of thermal reactor is unattrac-
tive. From the considerations of the maximum
utilization of the available uranium, the potential
for the highest level of indigenisation, the cap-
ability for the maximum production of plutonium
and thereby support a reasonably rapid growth
of installed capacity from fast reactors by and
beyond the last decade of this century, and from
the consideration of the economics of power
generation, the CANDU type reactor has been



found to be the best suited among all the uranjum
burner reactors, under the conditions prevailing
in India.

9.68. Considering the uranium availability and
the industrial capability, the Commiftee has felt
that it will be prudent to aim at adding about
4720 MW from CANDWU reactors by 1990-91 in
addition to the nuclear power stations that are
“under operation or construction now. In addition
to this, the CANDU power programme will gene-
rate adequate plutonium to install about 2,000
MW from fast breeder reactors by 1990-91, there-

by making the total installed nuclear capacity by’

1990-91 to be about 8,620 MW.

950

9.69. In the absence of reliable data to deter-
mine the optimal level of nuclear power genera-
tion capacity that is to be established between
1983-84 and 1990-91, the Committee has felt
that it would be prudent to assume a construc-
tive estimate of 4000 MW. This is essentially a
risk minimisation approach, as this assumption
would lead to preater preparedness in the coal
production and thermal generation. The Com-
mittee would recommend that if possible, the nu-
clear capacity should be increased in the years
beyond 1983-84. This should be based on a re-
appraisal of the nuclear power programme on the
lines suggested above. :



CHAPTER X :
POLICY FOR ENERGY SUPPLY TO DOMESTIC SECTOR

Fuel consumed

10.1. The greater part of the Indian population
lives in villages and functions, to some extent,
outside the monetised economy. The energy con-
sumption of this section of the population is es-
sentially for household lighting and cooking; the
fuels consumed by them are mostly the non-com-
mercial fuels viz., firewood, cowdung and vege-
table waste. The richer sections of the rural popu-
lation, however, consume kerosene, soft coke or
even electricity, besides non-commercial fuels. The

urban population mostly use kerosene or soft .

coke for cooking and kerosene and electricity and
small quantities of keroseme for lighting. The
domestic sector as a whole consumes all forms of
fuel namely, vegetable waste, cowdung, firewood,
soft coke, coal, kerosene, L.P.G. and electricity.

Data

.10.2. There have been very few systematic
studies of the pattern and trend of consumption
of fuels in the domestic sector, The Energy Sur-
vey Committee of India relied on the sample sur-
veys conducted in 1958 by the National Council
of Applied Economic Research (N.C.A.E.R.)
covering the cities of Bombay, Calcutta and Delhi
and a sample survey of rural households all over
quia in 1962. The National Sample Survey,
Eighteenth Round, conducted between February
1963 and January 1964 covering over 4000 urban
and over 21,000 rural households also estimated
the consumption of fuels in households in quanti-
tative as well as financial terms.

The studies revealed the pre-ponderance of non-
commercial energy sources in domestic energy
consumption. The NCAER studies estimated that
a_bout 90 per cent of the total domestic consump-
tion of energy in rural areas and about 75 per
cent in the urban areas was in the form on non-
commercial fuels, The corresponding figures of
the National Sample Survey (Eighteenth iwound)
were 87 per cent and 61 per cent respectively.
After 1964, there have been no representative
field studies of energy consumption in the domes-
tic sector. But it will be reasonable to assume
that the share of non-commercial energy used in
the household sector is gradually getting reduced.

Per capita consumption in the domestic sector
10.3. The different surveys have yielded diver-

gent results regarding the use per household of

non-commercial fuels in the domestic sector.
Such divergence is to be expected in view of the
8casonal and regional variations in the quantity
of fuel consumed as well as the inability in many
Cases of the sample population to quantify the

fuel consumption accurately. On the basis of the
earlier NCAER reports, the Energy Survey Com-
mittee computed the following per capita con-
sumption of energy in the domestic sector;~—

TasLE 10.1
Per Capita Consumption of Fuel

(In coal replacement tonnes)
1153.54 1969-60 1961.62 1962-63

Big Cities .. . 0-38 0-40 0-40 0-41
Other Towns . 0-37 0-38 0-39 0-39
Rural Areas - . 0-36 0-37 0-37 0-38

10.4. The Energy Survey Commiftee assumed a
slowly increasing rate of consumption over time
to take into account the income elasticity of Je-
mand for fuel consumption in the domestic sec-
tor. The Energy Survey Committee estimates show
a lower trend of energy consumption in rural
areas relative to urban areas. The National Sam-
ple Survey (Eighteenth Round) gave a somewhat
different result. According to it the per capita
consumption in rural areas was higher than in
urban areas (0.34 tonnes as against 0.29 tonnes
per annum in coal replacement terms). This result
may be explained by the widely varying pattern
of fuel consumption in the urban and rural sec-
tors and the inaccuracies in the coal replacement
measurements of the mon-commercial fuels used
in rual areas. It can also be argued that the rural
population who gather fuels free of cost may be
using them in wasteful ways as compared to the
urban population who have to pay for their fuels.
The latest systematic survey of energy con-
sumption in Bombay by the NCAER has esti-
mated per capita fuel consumption in the domes-
tic sector as 0.44 tonne per annum in coal re-
placement terms.

In view of the fact that Bombay has a high
per capita income and its urban character, it is
to be expected that the per capita fuel consump-
tion in Bombay would be somewhat higher than
rest of the country; it is, however, noteworthy
that quantitatively, per capita consumption in
Bombay in 1972 is only 10 per cent higher than
the per capita consumption assumed for other
urban areas in the Energy Survey Commitice
Report for 1962-63. The Committee considered
the possibility of estimating the income elasticity
of domestic fuel consumption. It is felt that in
view of lack of reliable data such an exercise
would not give any meaningful results. The avail-
able data* regarding the trends of urbanisation
in future are in terms of all the urban areas taken
together and there are no estimates for the growth



of population in the metropolitan centres of Cal-
cutta, Bombay and Delhi. It would therefore be
difficult to project the demand for metropolitan

cities separately. The Committee felt that the na- -

ture of the basic issues of meeting the fuel de-
mand in the domestic sector would not change
by the refinements that could be introduced in
the estimation of the total requirements of fuel
for the domestic sector. The Committee, there-
fore, assumed an average of 0.40 tonne per
head of fuel consumption in wurban areas and
0.38 tonnes in rural areas in coal replacement
terms and that this per capita levels of con-
sumption would continue unchanged till 1991.

Fuel consumption trends in the past in the do-
mestic sector ‘ - ‘

10.5. As iridicated in Chapter II, the consump-
tionvof fuels in the domestic sector has been
calculated on the basis of the size of the rural
and urban population in each year and the per
capita norm. of consumption. Deducting from
the annual total consumption of fuel, the com-
mercial fuel consumption in the domestic secfor
(for which fairly reliable data are available),
the levels of usage of non-commercial fuels as
so far observed have been derived. The ratio
of firewood, cowdung, and vegetable waste was
estimated in the Energy Survey Committee Re-
port to be 65 per cent, 15 per cent and 20 per
cent respectively of the.total. :non-commercial
fuel consumption in- 1962-63, . These relative
shares have been adopted in this Report for the
period upto 1970-71. Based or this, the trends
of energy consumption in the domestic sector
both commercial and non-commercial in the de-
cade of the Sixties, are as set out in Tables 10.2

and 10.3. . . o
A TABLE 10.2 .
Consumptionl of- Commercial Energy in Domestic
‘ Sector .
"u ‘ (In Meter)
PR
~— A . N
‘ Oil
Year Coal Products Eleotri- Total
oity

1960.61 . 280 1862  1.50  20-82
196162 .. 2.80 18-43  1.70 . 22.03
1962.63 .. . 3-20 20-25 1-92 25+37
196364 .. 350 20-25 2-06 25-81
106465 .. ., -3:400 2166 226 2731
1065-66 ..., -4-10 20400 2.36° - 26-46
1066.67 .. . 460 20+58 2-63 27-71
1067-68 . .. - 4:30 - 21-39 2:93 28.62
196860 ° ..  4-30.  23.76 - 318  31-24
1969270 .. - 4.80 25- 55 3-49 33.84

197071 .. 407 2758  3-83 3548

TasLE 10.3 .

Consumption of non-Commercial Energy in the
Domestic Sector

(In meter)
Total Firewood Cowduug Vegetabls -
Year Non- waste

commer-

cial

Energy

/

1960-61 147-67 95-99 22-15 29-53

1961-62 149-64 97-27 22-44 29-93
1962-63 151-38 98-40 22-70 30.28
1963-64 156-22 101-54 23-43 ' 31-25
1964-65 158-12 102-78 23-72 31:62
19656-66 163-43 106-23 24.51 32-69
1966-67 166- 92 10850 26-04 33-38
1967-68 170-87  + 111-07 25-63 34-17
1968-69 173-24 112-61 25-99 34-64
1969-70 175-76 114-24 26-37 35-15
1970-71 179-41 116-62 26-91 35-88

10.6. There is a steady increase in the total
quantity of energy consumed in the domestic sec-
tor. However, the consumption of commercial
energy has increased at a more rapid rate than
the consumption of non-commercial energy. This
has resulted in the percentage of commercial
energy in the total energy consumption changing
in the domestic sector significantly as indicated in
Table 10.4.

"TasLE 10.4

Percentage share of Commercial and non-Com-
mercial Energy consumed in the domestic sector

1953-54  1960-61 1965-66  1970-71

Fuel "
Commeroial .. 7-4° 12-4 *° 13-9 16-5
Non-commer- - .

oial . 92:6 87-8 86-1 83-5
Total 100-0 100-0 100-0*  100-0

This change in the relative proportions of com-
mercial and non-commercial energy consumed in
all the sectors of the economy are set out in Table
10.5.. :

TABLE 10.5

Percentage share of commercial and non-commer-
cial energy consumed in all sectors

Fuel 1953-54  1960-61 -1965-66  1970.71
Commercial .. 31-1 40-6 47-4 62-4
Non-commer- '

oial . 68-9 594 52-6 47-6
Total 100-0 100-0 160-0 100-.0




Forecast of demand

10.7. While, the total consumption per head of
fuels in the domestic sector is likely to change
only marginally over time, the composition of
fueis used in the domestic sector will undergo a
significant change in the coming years. The rapid

electrification of rural areas contemplated in the .

Fifth Plan which is likely to be continued in the
later Plan periods will increase the availability
of electricity for lighting in the rural areas. The
coal production plan also contemplates a big in-
crease in the use of coal in the form of soft coke
or low temperature carbonised coal for cooking
in the domestic sector. The increase in the stan-
dard of living wil lead to increases in the use of
households will use kerosene for cooking. The
Committee has, therefore, projected the demand
for commercial fuels in the future years on the
basis of certain normative considerations. It was
assumed that by 1990-91, 100 per cent of the
households in urban areas and about 70 per cent
in rural areas would be using electricity and
about 20 per cent of the population kerosene for
lighting purposes; and that 60 per cent of the
urban households and 10 per cent of the rural
household will else kerosene for cooking. The
rest of the demand was assumed to be met by
non-commercial fuels. Assuming this for the ter-
minal year of this study, the raté of growth in
the use of commercial energy in the intermediate
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years 1978-79 and 1983-84 were calculated. The -

ratio of firewood, cowdung and vegetable waste
were assumed to be the same as in the past: be-
yond 1983-84 even though the total non-com-
mercial energy used gets reduced, vegetable waste

consumed was assumed to remain at the same °

level as in 1983-84 as even in subsequent years

- the available waste will have to be disposed off.
The rest of the non-commercial fuel demand was
distributed between firewood and cowdung cake
as in 1983-84. On these assumptions the estimates
of demand for different fuels in the domestic
sector in 1978-79, 1983-84 and 1990-91 are shown
in Tables 10.6 (in original units) and 10.7 (in
coal replacement units). :

TABLE 10.6

Estimates _of fuel demand in the domestic sector
in 1978-79, 1983-84, 1990-91

(in original units)

Energy Source  Units 1978.79 1983-84 1990-91
1. Soft coke mt 6 14 20
2. Kerosens mt 35 4:5 (]
3.LPG .. mt 0.4 0-8 2
4. Electricity b-kWh 8 1 25
5. Firewood &

Charcoal ., mt 132 131 122
8. Dungeake mt 65 65 63
7. Vegetable '

waste mt 46 468 46

TasrLE 10.7

Estimates of fuel demand in the domestic sector
in 1978-79, 1983-84 and 1990-91

-(in meter)

Energy Source 197879  1983.84 . 1990.91

21:00

Soft coke . 9-00 30-00
Kerosene 29-05 87-86° 49-80
L.P.G, 3-32 6-64 .18-60
Electricity . - 800 13-00 25-00
Firewood/Charcoal 125-40  124-46 115-90
Dung cake . 26-00 28-00 21-20
Vegetable waste 43-70 43-70 43-70
Total 244-47 © 272-14  302-20

10.8. On the basis of the projections thus de-
rived, the percentage shares of commercial energy
and non-commercial energy in the domestic scc-
tor in the coming years will shift in-favour of
commercial energy as indicated in Table 10.8. By
1990-91, the share of commercial energy in-lotal
energy used in the domestic sector will increase
to 40 per cent from less than 20 per cent in
1970-71.

Tasre 10.8

Percentage share of Commercial Energy and Non-
Commercial Energy in the Domestic Sector

1983-8¢  1990-91

Fuel 1970-71 1978-79
Commeroial
energy 16-5 20:1 26-1 ° 399
Non-commer- .
cial energy . 83-6 79-9 739 60-1
Total 100-0 100:0 _ 100-0 - 100-0

It may be noted that these forecasts are based
on the assumption that the trend in the use of
different commercial fuels will continue fo be
the same as in the past. If the Government take
action as indicated earlier for. the reduction in
the use of kerosene in the domestic sector, there
is likely to be a change in the percentage share

" of different fuels in the energy used in the do-

mestic sector.

Availability of fuels for the domestic sector and
policy implications :

10.9. In Chapter V, we have summarised the
likely availability of different fuel forms upto
1990-91. The limitations on the_level to which
coal production could be increased by 1990-91
and on the transport of coal/soft coke from
Bengal-Bihar coal fields to other parts of the
country, make it unlikely that the availability of
coal/soft.coke can be increased very much. So,
for the next 15 years, as indicated here, the re-
quirements of firewood will have to be met. It



would appear that upto 1978-79 when the de-
mand for firewood will increase to 132 million
tonnes, there will be severe . shortage unless ac-
tion is taken to augment the availability of fire-
wood. The availability of LPG and kerosene may
be limited by our ability to buy from the inter-
national market the required quantities of crude
or kerosene. It is, however, necessary to examine
in detail the availability of each fuel required in
the domestic sector. C

Firewood ) S

".10.10. The demand for firewood has been in-
creasing slowly at the rate of about 2 to.3 mt/
year. As long as large sections of the rural com-
munity live in conditions of poverty, there would

be a tendency to use fuels which could be ob-

tained free of cost and consequently forests will

be denuded. From the level of 117 million tonnes

~consumed ' in 1970-71, the demand is likely to
in¢rease to” 132 million tonnes by 1978-79. This
level appears to be the highest demand for fire-
wood ‘that* would be registered in the country and
is likely to ¢ontinue upto 1983-84, beyond which
the demand should start declining slowly fo
around 122 million tonnes by 1990-91. Hence, in
the next five years, we must provide for an addi-
tional. demand of around 10 million tonnes of
firewood and to sustain that level of production
_for-another five years upto 1983-84. As indicated
. in..Chapter. V, the total availability from record-
ed fellings in the forests maintained in the public
sector might go upto 35 million tonnes. The un-
"recorded removal of wood from tree land, private
forests and trees on road sides and private land

.is likely to be around the present level which is.

-about 90 million tonnes. Even this level of fcll-
.ings is against the national interest. Consultations
with the authorities incharge of forests conserva-
tion have clearly brought out the fact that -at
the current rate of fellings, forest resources wre
dwindling steadily as the destruction of forests
is, proceeding at a faster rate than their regene-
ration; It is relevant to note here that in addi-
tion to the demand for domestic fuels in the
- form of firewood whenever there is a shortage of
‘coal, small-scale industries, especially the brick-
kiln industries, tend to use firewood. It is diffi-
"cult to quantify the extent of such usage. But it
should be noted- that any supply deficits of coal
* fof ‘the industries sector will increase the pressure
of demand for firewood and reduce the avail-
ability of forest fuels to domestic users. 4 fairly
generous estimate of the forest fuel resources puts
the availability of forest fuels in 1978-79 to be
., around 94 million tonnes* as- against' our esti-
. mate of demand of 132 million tonnes (equiva-
lent of 125 mitcr).. The- solution to this problem
lies in; taking up programmes of afforestation
_especially with: wood species which are quick
- growing and 'are capable of yielding wood for
. .fuel purposes. S :
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10.11. In the past, village panchayats and vil-
lagers used to devote special attention to the.
maintenance of panchayats forests; but in the
past few decades, this work has been neglected
and as a result, the village forests have been de-
nuded and fuel shortage is felt even in rural
areas in several States. The National Commission
be a scheme for introducing “social forestry”—
on Agriculture gave serious consideration to the
problem of supplying the fuel and fodder necds
of villages and has suggested* that there should

. i.e., multi-purpose small forests near village sites

. country during the Fifth Five Year Plan.

which would supply the needs of the rural com-
munity for fuels, small timber, fodder, protection
of agricultural fields and recreational needs. It
identified certain quick growing species like
Casurina, Cagery, Babul, Pongamija etc., which
can be cultivated in small holdings and recom-
mended a pilot scheme for the development of
farm forestry in 100 selected districts of the
The
costs of cultivation are estimated to be about
Rs. 1,000 per hectare. Even if very quick yield-
ing trees like Eucalyptus are planted in the social
forests, the yield is likely to be about six ‘tonnes
per hectare per year on a. ten-year cycle. As
Eucalyptus cannot be planted under all climatic
conditions, the yield, from social forest is likely

.to be considerably lower than six tonnes per

hectare, If we have to supply a village with 500
families, we may require as much as, say, 200
to 250 hectares of land under social forests. Such
large tracts may not be available except in some
areas of the country. The social forests- can,
therefore, be only a supplement to the other mea~
sures for supplying the fuel needs of the rural
population. - It is also necessary to exploit all

. available land which does not come under forest

but may be capable of supporting tree growth
like tank beds, river and channel bunds to aug-
ment the supply of fuels. This Commitiee, there-
fore, recommends that consideration be given for
the programme of tree plantations on the road
sides, canal sides and railway sides (consistent
with safety requirements).

Cowdung

10.12. On the basis of our estimates of demand
in future, there seems to be no problem in the
availability of cowdung. Based on Indian Live-
stock Census estimates, the total outturn of wet
dung even now is estimated to be 170 million
tonnes of dry dung. The demand for cowdung
for fuel is about one-third of the’ availabe dry
dung in the country. But the major issue here is
that cowdung has a better social value when
used as a fertilizer instead of as a fuel. It should,
however, be emphasised that, as long as large
sections of the rural community remain poor and
without the possibility of gainful = occupation
throughout the year, the use of cowdung as a
fuel will continue to be practised. A certain

*FOREST RESOURCES OF TNDIA—Their develoPment and futjlisation by IM Quereshi, Director, Forestry, Forestry

' Resonrch Institute and College, Dohra Dun,

**Report on Sacial Torestry, National Commission on Agrioulture, August, 1973,



amount of dung cake will always be used in the
domestic sector for lighting fires in the hearths
and for the proper regulation of the flame ob-
tained by burning of wood.

Gobar Gas plants provide the means of using
both the heat value in cowdung as well as the
nutrient value. Gobar Gas plants have popularis-
ed by the Khadi & Village Industries Commission
as a means of improving the village economy by
using local resources. They consist essentially
of making a slurry of cowdung and collecting the
.gases produced through fermentation. The gus
consists mostly of methane leaving behind orga-
nic ‘material with high nutrient value. The Com-
mission has been extending financial assistance
in the form. of loans and grants as well as tech-
nical advice in the construction of these plants.
About 7,000 such plants have so far been cons-
tructed. A techno-economic appraisal* of the
plants was made some years back of Gobar Gas
plant. It shows that, on strict economic analysis,
gobar gas would be justified for use in all States
in India, except ‘Assam, J&K, Madhya Pradesh
and Orissa, which have comparatively better
forest resources. A Group under the National
Committee on Science and Technology examined
the various possibilities for improving the design
of the Gobar Gas plant, reducing its construction
cost and improving the performance of the plant,
especially during the winter months when the
gas production goes down. The Committee has
made useful suggestions which, if implemented,

will reduce the cost of the Gobar Gas plants.

The economic case for the use of Gobar Gas
plants has been strengthened further by the re-
cent large increase in the international price of
synthetic nitrogenous fertilizers. Considering the
current and the possible prices of nitrogenous
fertilizers and fuels for use in the domestic
sector, it is reasonable to anticipate that
Gobar Gas plants. are likely to become more
popular. The Committee appreciates the enocrmous
administrative difficulties likely to be encounter-
ed in popularizing the scheme and has, there-
fpre, not taken note of any additional contribu-
tion to domestic supply of fuels from Gobar Gas
plants. Tt is relevant to note that one Gobar Gas
plant (household size) will produce fuel equiva-
lent to only about 1.0 to 1.2 tonnes of soft coke.
Even if a very large number of Gobar Gas plants
were bulit in the next two decades, the energy
contribution to the domestic sector will be a very
small percentage of the total requirements*. But
the Committee would strongly recommend that
all efforts should be made to intensify the popu-
larization of the scheme at least in selected areas
where the pattern of ownership of cattle will help
in its easy implementation in view of the social
benefits of the nutrient production, pollution
abatement ec. possible from these plants..
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vOlher waste of animal and human drigin

10.13. Besides cowdung, there are other waste
materials like human excreta which can also pro-
vide the basis for production of gas for use in
the domestic sector for heating purposes. There
is a full scale night soil digester in Ernakulam
capable of meeting the fuel requirements of
20.000 people. At the village level, there is one
in Maharashtra State. But these units are not
economically viable and there are various taboos
attached to the use of these materials. The Com-
mittee, therefore, does not foresee any significant
contribution to the fuel supply from these sources,

Vegetable waste

10.14. Waste material of plant origin has con-
tributed a significant share to the fuel needs of
the rural community. Bagasse which is now used
as a fuel is capable of being used as the raw
material for the manufacture of paper and gives
a better social return as an industrial raw mate-
rial than as a fuel. Similarly, straw and stovers
of crops are used as roughages for cattle feeds
and should, therefore, be used as such instead of
as fuel. But all other waste material has to be
disposed of only as fuel. The Committee has,
therefore, assumed that even when the need for

" non-commercial fuels in the economy goes down,

the level of usage of vegetable waste upto 1990-91
will continue to be the same as in 1983-84.

Soft coke

10.15. The Ievel of use of soft coke is limited,
on the one hand, by the emphasis on convenience
laid by domestic consumers in the urban areas
and the affluent sections of the rural community
and, on the other hand, by private cost involved
in the purchase of soft coke as against vegqtable
waste or cowdung which is obtained practically
free of cost by the poorer sections of the rural
community. Any effort at popularizing soft coke
use will have to depend heavily on the feasibility
of reducing the price of soft coke at the consu-
mer end. In States like West Bengal, Bihar and
Uttar Pradesh, which are not very far from the
area of production of soft coke, it may be possi-
ble to induce people to use soft coke made in
bhattas without any subsidy provided adequate
supply of soft coke is assured. But in the last

" five years, soft coke consumption has shown a

declining trend from the peak level of 3.2 million
tonnes in 1969-70. This is on account of the low
priority given for movement of soft coke in the
railway system and the increasing diﬂicu_ltles ex-
perienced in moving soft coke by rail. The

bhatta method of production of soft coke calls

for the use of coking coal, at least of the lowest
grades available. But methods are available for
the conversion of even non-coking coal to somke-
less domestic heating fuel by using low- tempera-
ture carbonization process, Two variations of

*Note : Tf tWo million gobar Eas Planta Were constructed by 1990-91, their outPut Will be less than 2 per cont of domestig

fuel requirements,



- Coalfield. . The possibility of reducing the cost

this probess have been developed in the CFRI at

Dhanbad and RRL at Hyderabad. A plant de-
signed to carbonize about 900 tonnes of coal
which will produce about 550 tonnes of coke per
day and serve the needs of over 8 lakhs of popu-
lation, or 1.6.lakhs households, would require an

. investment of nearly Rs. 10 crores. The invest-

ment in coke production to meet the requirements

"of one household will work to nearly Rs. 1,200,
the coke produced will cost Rs. 250 per tonne

at the point of production. If the coke could be
sold at the price, the plant is commercially via-
ble. The economics. of the plant improves with
the extent of by-product recovery; but by-pro-
ducts can be recovered economically: only when
the plant is large, say, about three times the size
discussed. Such aprocess can be used near coal-
fields and the coke distributed from central pro-
duction points and, even at the high level of prices
of other fuels prevailing now, the . products of
this unit can be sold only in highly urbanized
centres®. '

~

-. CFRI has ,also developed smaller plants like
moving bed carbonisers which can be based to
supply the requirements of smaller towns. Bui
these processes require coking coal although of
an inferior grade, The Committee woud like to
emphasise the importance of developing cheap
solid domestic fuels which can be used in small
towns as well as in rural areas by sections of the
population who use firewood now. The Commit-

-tee would therefore urge that the- possibilities of
. Setting up plants for - the manufacture of solid

domestic fuel to" suit the requirements of different
sizes-of urban centres should be studied further,
with reference ‘to coal available in the nearby

of soft coke to the consumer by subsidizing the
transport and trading margins on $oft coke or by

- raising the required funds by way of surcharge
. on the price of kerosene,

should be examined.
This additional ‘taxation on kerosene and the
subsidy on soft coke will have the effect of

-balancing social benefits and private benefits that
. arise in the use’ of kerosene which depends on
* imported raw material and of soft coke which

- depends on indigenous raw materials. The Com-

-, economy;- but- It recommends
- should be made to increase the level as high as

- mittee has taken a somewhat cautious view about

‘the " level of soft. coke that  may be used in the
that all efforts

pos‘sible.v ' RO

Town gas - ' .

10.16.. The cos't"ﬁf"éetting: up. éas production

.unit and the distribution pipelines from the gas

works'to the households would call for an invest-

f _ment of about Rs. 2,000 to Rs, 2,500 per family
inclusive of the private cost of installing the gas

meter, gas oven, etc., even in densely populated
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cities. A cost-benefit amalysis of supplying coal
gas as a domestic fuel to substitute kerosene indi-
cates that this is economical only in metropolitan
areas, especially those where the population den-
sity is very high and where there is an industrial
demand for gas in addition to domestic demand
(Please see Chapter VII).

Kerosene
- 10.17. Kerosene, has

proved to be the most
popular among the fuels

used: in the domestic

, sector in view of its convenience of use. Inspite

of the price prevailing upto 1973, kerosene wus
cheaper than the other fuels available for use in
the domestic sector. The increase in price in 1974
has made the price of kerosene somewhat higher
than the price of an equivalent quantity of other
commercial fuels like soft coke or charcoal. But
on account of its greater convenience of usage,
kerosene will continue to be a popular fuel. The
demand for kerosene can be controlled only by
proper distributive arrangements. In our esti-
mates, we have assumed that the trends in the use
of kerosene will continue to be the same as in
the past unless controlled by the Government.
Even on this assumption, the share- of kerosene
in the total oil products used in thé economy will
be only 7.5 per cent in 1978-79, 6.5 per cent in
1983-84 and 5.3 per cent in 1990-91. The replace-

~ ment of kerosene by other fuels in the domestic

sector would depend primarily on the availability
of other fuels. It is reasonable to assume that in
big cities like Bombay or Calcutta, only coal gas
can replace the use of kerosene; while, in the
rural areas, the sections of the population, who
would have normally switched over from fire-
wood to koresene, can be persuaded to use soft
coke, provided its price is lower and its availabi-
lity is better than that of kerosene.

'LPG

10.18. Liquified petroleum gas is one of the
light end products in the refinery and ‘its avail-
ability ranges from 1.5 to 2.5 per cent depending~

-on the measures used for reducing refinery losses

and refinery fuel consumption. In our Report, the
use of LPG has been estimated on the basis of

‘its availability from domestic refineries. -If, on

account of the measures recommended in this
Report, the level of oil used is reduced and the
refining capacity operating in the countiy is also
reduced, the availability of LPG’ will. go down

- and to that extenf, this need has-to be met by

substitute fuels.

Electricity

+ 10.19. The rapid electrification of villages has
been “accepted as a policy by the Government
with a view to upgrading the quality of life in
the villages and to make it possible for rural in-
dustries and agriculture to function efficiently. In

" *As montioned oarlier in'Chapter VIT,
the setting up of iwa 7,TC plants,
proposals recentliyl

the Committce in its Report on ‘the Fue
one at Caloutta and ome near Hyderabad. The Government have approved these two

Polioy for the Seventies recomended



the estimates of the use of electricity, it is assum-
ed that by 1990-91, 100 per cent of the urban
areas and 90 per cent of the rural areas would be
electrified; but the number of households using
electricity for lighting in the rural areas has been
assumed to be 70 per cent, compared with 100
per ceat of the households in the utban areas.
On this basis, the share of electricity used in the
domesiic sector to the total electricity consumed
in the economy will be 8.94 per cent in 1978-79,
9.55 per cent in 1983-84 ‘and - 8.22 per cent in
1990-91. However, the committee would like to
emphasise the increased social benefits possible if
rural electrification is undertaken with adequate
organisational and procedural improvements so
. as to ensure that maximum number of houselolds
are electrified in each village to which electricity

is éxtended, In the absence of such improvements, .

inspite of large investments in rural electrifica-
tion, cnly a section of the population is benefited.

Efficiency Improvement :

10.20. Studies by the CFRI have shown that
“the oven and other cooking appliances used in
the domestic sector using firewood and soft coke
do not have design characteristics which would
optimize the use of fuels. Even small improve-
ments in the design of the domestic chulla will
increase the efficiency by 10 to 5 per cent.
Similarly, the work done at the Indian Institute
of Petroleum has shown that kerosene using ap-
pliances can also be improved in their designs so
as to increase their efficiency. Considering the
Iarge share of energy used in the domestic sector,
the sorial gains as well as private gains to be ob-
tained by improving the efliciency of utilisation
of fuels in the domestic sector would be enorm-
ous. T'he Committee would therefore recommend
that research and development should be under-
taken on the optimisation of . the design of the
chulla and other appliances used in the domestic
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sector dnd also other administrative action taken
to ensure that the appliances marketed conform
to those-design requirements.
Major implications of policy

10.21. From the discussion -above, it is clear
that the present trend of increasing pressure on
non-commercial fuels for meeting the fuel needs
of the domestic sector is likely to wane from
1978-79. The level of usage of non-commercial
fuels is likely to stay at a plateau for the next
five years upto 1983-84. But this expectation is
based on the assumption that the commercial
fuels will be made available in increasing quan-
tities as indicated in the forecast. The supply of
soft coke to the levels anticipated will depend
pot only on the setting up of production facilities
but also on the provision of transport facilities
and procedures for transportation which will en-
able an ‘uninterrupted supply of these fuels to
hundreds of thousands of supply points. It is also
noteworthy that even if the quantities of commer-
cial fuels are available, the financial capability
of the consumers to use these fuels in preference
to fuels which they may obtain free of private’
cost, is likely 'to ‘be limited unless relative prices
are properly regulated and the income redistri-
bution proceeds at a fast pace. The low income
level of the rural population is likely to be a con-
strain on the widespread use of electricity for
domestic -purposes as contemplated in this Re-

port. The Committee would like to draw attention

to the fact that the problem of substitution of
non-commercial fuels by commercial fuel in the
domestic sector has to be considered with due
regard to the overall economic implications of the
use of different fuels in this sector and the pricing
and distribution policies should be based on a
full understanding of the social cost of the use
of different fuels. '



CHAPTER X1

'"COSTS AND PRICES IN ENERGY SECTOR

-Cost to the Economy .

| Vz‘;ri(")us‘ aspects of production and utilization
of different fuels in the economy have ‘been con-
sidered with due regard fo their ¢osts of produc-
tion within the country or cost of obtaining them.
from abroad, By their very nature, cpal, oil and
hydel' resources occur in eqvironments which
differ widely from ome another. Consequently,
costs of producing. fuels and converting them to
useable forms vary widely. ' ‘

11.2. Prices at ‘which fuels are made available to
‘the ‘consumers are determined by the costs of pro-
duction,  transport and trade marging, scarcity
values, taxes and subsidies oon these fuels. Thle
level of taxes is usually designed with reference
to several objectives, like increasing Government
revenues, encouraging production from sources
‘which would otherwise be abandoned or remain
uhtapped, discouraging ‘the use of fuels which
are in scarce supply, etc. On account of the in-
teraction of these factors, the change in the con-
sumer, prices of fuels over time will not depend
'solely on the changes in the cost of production
of the fuels,

Past trends in energy prices

11.3. In India, as in many other countries,
there has always been an urge for public inter-
vention to ensure that prices of encrgy are kept
at as low a level as possible. It is common ex-
perience in many countries that the rate of in-
crease of fuel prices is lower than the rate of in-
crease of prices of other commodities whose
prices are determined by market forces without
intervention by the Government. The data for
"the Sixties indicate that in India the change in
the index of prices of fuels was less pronounced
than changes in the index of prices of all com-
modities, food articles or of industrial raw mate-
rials, Table 11.1 bears this out:—

‘

'

-'I:ABLE_ 11.1

Index Numbers of Wholesale Prices (1960-61 to
v 1970-71)

(Base : 1960-61=100)

Item

A
All Food Industrial Fuels- ,
Year c_ommodi_- articles raw ma- power,
ties terials light
and
. , lubricants
1960-61 . 1000 100:0 100-0 100-0
1961-62 . 100-2 100-2 98-1 ' 101-8
1962-63 104-0 105-6 95-9 - 105-1
1965-64 110-4 116-5 93-2 120.0
1964-65 e o 122-5 135-5 113-7 122-5
1965-66 ., 131-9 144-7 130-3 126-3
1966-67 .. 150-2 171-3 1565-4 136-9
1967.68 .. 167-6 203-0 163.4 144-6
1968-69 .. 165-7 197-1 164-3 151-3
1969-70 .. 171-9 197-0 176-7 157-9 .
1970-71* 181-6 201-1 193-5 164-7

11.4. A study of the relative movement of
prices of different fuels during the Sixties shows
that the rate of increase in the price of electricity
has been lower than that of coal. Among oil pro-
ducts, the rate of increase in the price of diesel

has been lower than that of petrol (motorgas).
See Tablg 11.2 below:— :

TasLe 11.2

Index Numbers of Wholesale P.rz‘ces of Selected
Fuels in India—(1960-61 to 1970-71)

(1961-62=100)
OIL

All Blee- — A
Period commo- Coal tricity Petrol Diesel
dities : TTEER el
1961-62 100-00  100-0 100-0 100-0 100-0
1962-63 100-24  104-9  109-0 101-9 1021
1063-64 .. 108-15 112-2 115-1 120-2 108-9
1964-65 ., 122-06 116-3 119-6 120-6 109-3
1966-68 131-89  121-8 124-9 127-0 110-9
1988-67 162-84  128-5 1373 131-5 119-3
1967-68 169-04 147-9 138:5 144-5 1193
1968-69 165:40 168-2 143:3 ' 148-6 121-7
1969-70 171-50 186-0 143-90 160-0 122-8
1970-71 181-10 167-9 160-2 176-5 121-1

NOTE : Index numbers of Wholesale prices of other Oil
Produc!s are not published, ’



11.5. A proper price policy for the fuels will
have to be based on an adequate appreciation of
the production cost of each fuel over time. The
price policy should take into account the interests
of the producer, the consumer and the nation.
From the point of view of the producer, a sound
system of prices should give the incentive to pro-
duce the required quantities of energy and should
assure its regular production at the minimum of
cost by putting pressure on the management 10

“select optimal projects and operate them effi-

ciently. The relative price of fuels of different
qualities should be such as to enable the pro-
duction of different qualities of fuels in the re-
quired quantities and prevent the wasteful pro-
duction of fuels which are in scarce supply. The
price policy should also enable the industry to
-undertake and implement a long-term policy of
exploration and technical research to improve the
efficiency of production and transformation of
epergy. From the consumer point of view, the
price system should provide the *energy at the
lowest possible costs, encourage him to use 1he
type of energy that best suits his particular needs
and encourage the use of fuels whose supply is
relatively abundant and discourage consumption
of fuels which are relatively scarce. From the
national point of view, the fuel prices should en-
sure that the pattern of use of fuels is in keep-
ing with the optimal pattern of production deter-
mined with reference to the long-term availabi-
lity of fuels and their costs.

’

~11.6. In practice, a price system cannot work

equally satisfactorily from all points of view.
Many of_the problems of the energy situation in
India appear to be due to price policies in the
fuel sector which have been concerned, possibly
to an excessive extent with one individual func-
tion of the policy namely that of supplying con-
sumers with energy at the lowest possible costs.
As a result, production of sufficient quantities of
fuels has suffered, and the country has also been
increasingly dependent on external sources of
supply. In future, in designing a rational price
policy for the energy sector, appropriate atten-
tion should be paid to all the three functions re-
ferred to earlier.

11.7. While the procedures for price determi-
nation will vary with the nature of the fuel in-
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dustry for whose products the price is to be fix-
ed, the Committee feels that the Government
should indicate a reasonable rate of return to be
fixed for the fuel industries as a whole which

“would serve as a guideline for any committee

which is entrusted with the task of price ﬁxat‘ion
for any fuel. There has been significant variation
in the rate of return allowed by different commit.
tees in the past. Taking note of the objectives of
a rational price policy in the energy sector. Energy
Survey Committee (1965) had suggested that the
fuel industries should yield a return of at least

10 per cent on the investment. This Committee
would like to endorse the view of the Energy
Survey Committee. The price fixed for any fuel,
coal, oil or electricity should be such that the
particular fuel industry, as a whole, is enabled
to -earn a return of at least 10 per cent on the
investment made in the industry.

Price policy for the coal sector
11.8. In .any coalfield, in the mormal course,

-the more easily mineable deposits are exploited

first, leaving the deposits available at greater
depths and occurring under more difficult nining
conditions to be exploited later. This would lead
to progressively increasing cost of mining coal.
However, as only a very small fraction of the
total deposits available in the country has so far
been exploited, inspite of the increasing level of
coal production, the costs of iining have not
increased significantly. Cost of coal production
has been analysed by several committees which
were set up to enquire into the production costs
and fix a reasonable price for coal. After examin-
ing various possibilities, all the committees start-
ing with the Coal Price Revision Committee in
1958 had decided to fix the price on a “cost plus’
basis where the “plus” factor.was expected to
reflect a fair margin of profit. For determining
costs of products, data were collected by team~
of cost accountants for the Coal Price Revision
Committee in respect of 63 collieries which were
selected in consultation with the industry. Analy-
sis revealed that there were wide variations in the
costs of production even among collieries which
were located very close o each other. Even when
the elements of costs were disaggregated, these
elements of costs could mot be correlated with .
factors which are normally considered to deter-
mine the cost like the size of collieries, depth at
which coal is mined etc. It was also noticed that
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the .cost of extraction of coal does not bear any
. correlation to the quality of coal. The extraction
of lower grade coal in some fields is costlier than
extracting good quality of coal from other fields.
The committees which were to fix the price of
coal with reference to the cost of production had
to adopt certain Subjective standards to determine
“what ‘might be regarded as “normal” for each
nitem of the cost of the production. Though the
_committees have not explained the basis for
. selecting’ “normal cost” of each element of pro-
duction ‘costs, the “normal cost” determined by
seach committee is very close to the mean of the
. observations _of ,cost considered by the commit-
‘tee. . Table 11.3 sets. out “normal” elements of
cost of producing a tonne of coal in India as
worked'out in two such reports—one in - 1957
and ‘the other in' 1971.

\ TaBLE.11.3

“‘Normal‘ Cost.s:_;’ of Coal. Production—1957 and
t . 1971

Cost in’ Rs. per tonne
of coal as commuted
" in
A

LN

o 1957 1071
1 ‘Waiges,-salnries and a.dminia;i;rﬁ-» )
tion . .. 1125, 19:50
2. S‘t-Ol‘eE ’ .. .. . 1-75 3-80
8. Weltare Esxpenditure & Mlsc .. 1:10 1-93 ¢
4, Power Royé.lty ete, T 1-85 1-80
5. Deprociation .. .. .. 170 1-80
6 Cess, brokerage etc..‘ L . 0-25 0-22
7. Total cost of prodaction* . 17-90  28-05

. ctd ¢ .

‘Nore: *This does not include interest on working capital
and “margin of profit”. Theso elements were added to arrive
at the price of coal. )

In effect, a major portion of the increase in cost
from 1957 is attributable to the rise in wage cost.
However, a large part of the wage increase
appear to be in the nature of neutralization of the
increase in price of food articles. (See Table 11.1).

11.9. It is noteworthy that the element of dep-
reciation in the cost taken as “normal” has varied
marginally only over a period of 14 years. This
is partly due to the fact that price fixation studies
selected samples of coal mines which were
weighted in favour of the old and private sec-
4or. mines; the public .sector was active in open-
ing new mines in geologically less advantageous
locations and the average net fixed assets com-
rifitted per tonne'of coal production was consi-
derably higher in the public sector as compared
to the private sector, Many of the high cost mines
were opened in outlying coal fields and in many
cases the' production from such mines were con-
tracted for 'supply to specific consumers at prices
which were. specially negotiated. The study by

. the Bureau of Industrial Costs and Prices reveal-

ed that the price per tonne of prodiction (us per
the samples examined by them) was as follows:

5 .

Rs. tonne
« A MR
Private Public Overall
sector sector -
For all regions: (other than :
Singareni) . 8-39 24-73 14-31

Note:—The net fized assets in Singareni Colliery were
computed to be higher than Rs. 24-73 per tonne.

An examination of the new investment proposals
in the coal industry indicates that additional pro-
duction of coal would involve much larger invest-
ment per tonne of coal to be produced.

'11.10. The discussion above, brings out the
difficulty of the problem of determining the cost
of production of coal which can be considered
reasonable for all the producers of coal. This
problem has, however, undergone a change in
character by the nationalisation of all the coal
mines in the country. It is, possible now, to de-
termine the costs of production which will be ac-
ceptable to the public sector coal companies
which manage all the mines in one region or coal-
field by taking into- account, the costs of produc-
ing the coal from all the mines under its manage-
ment. To start with, computation may be done on
the basis of cost accountancy studies but it is ne-
cessary for long run efficiency of resource utiliza-

. tion. But economically relevant costs are deter-

mined for purposes of price fixation.

11.11. The problem of fixing the consumer
price of coal with reference to the quality of coal
will continue even now. Coal is not a homogei-
ous commodity as its quality varies very widely
from mine to mine. The consumer specification
for coal involves several characteristics like calo-
rific value, percentage of sulphur, percentage of
inerts, and fusion temperature, etc. While the
costs of coal production are not related to any
of these “Qualities” or “factors™, the value of
coal to the consumer depends on a number of
tl:ese factors. : :

nittee would recommend the following principles

/ Taking all these issues into account the Com-
!

. 1o govern coul prices—

(1) Coal prices should be fixed with refer-
erice to the geographical area from
which coal is mined.

(2) Price fixed for the coals produced in
each area should cover the total costs
of production and should yield a net
return of at least 10 per cent on the
capital invested in producing coal in
that area. .

(3) Differential price fixed for coal of diffe-
rent qualities should adequately reflect
the value of the specific qualities to the
consumer as well as the relative scarc-
ity of coal of different qualities.



11.12. Operationally, the determination of coal
price on these principles could be done by vdopt-
ing the following procedure: Coal mines in India
can be divided jnto certain geographical groups,
each group consisting of one or more coalficlds.
The price of coal in each area could be determin-
ed with reference to the cost of producing coal
to the required level in that area. As the Govern-
ment or the Coal Company draws plans in ad-
vance for attaining specified levels of production
in each of the coalfields, the production plans
would be available for each coalficld from which
the cost of producing coal can be determined. If
all the full details of the production plan are not
available at the time of price fixation, this can
be done by selecting a “representative mine in
the coalfield which will set the trend of costs of
production of coal in that field during the pe:rxo_d
for which the price will be in operation. This
cost can be called the “bench mark™ cost: the
average selling price of all the coal from the area
should be fixed to assure yield of net return of
at least 10 per cent on the invested capital after
meeting the “bench mark”™ costs.

11.13. “Bench Mark” price will apply to the
coal of the quality which is produced in_the lar-
gest quantity in the area. All coal produced in
the area could be arranged in price groups with
reference to the price and quality Toal of bench
mark, The price groupings could be made with
reference to the following:—

1—Calorific value.
2—Ash content.
3—Moisture content.
4--Sulphur content.

5—Content of other impurities
abrasive material efc.

. 6—Size of Vcoal.

Depending on the value of the different characte-
ristics of coal to the consumer, a premium or a
rebate could be allowed on different qualities of
coal with reference to the price and quality of
the bench mark coal. Over and above this, for
taking into account the rapidly exhaustible quality
of certain types of coal, a penalty value for
scarcity of coal of certain qualities could be add-
ed. Point values could be worked out for each of
these factors.

like grid,

11.14, In fixing the point value and in deter-

mining the price groupings. it should be ensured .

that the total coal sold as per the schedule of
prices determined in the coalfield should give a
minimum return of 10 per cent on the capital
invested in coal production in the field as a whole.

11.15. As such price fixation will be done with
reference to the production proposed for a period
of 5 years, it will make the coal industry cons-
cious of its responsibility in achieving production
" at certain costs. Its failure in this regard will
lead to a loss; while improvement achieved in
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actual implementation of the projects will in-.
crease the profits. The period for which the price
should be fixed will depend on different circum-
stances but if stability is envisaged in the level of
wages and prices of inputs, it_should be possible
to fix the price for at least 2/3 years at a time.
In times of abnormal inflation, it will be neces-
sary to link the price of coal to certain indices
like wage costs or costs of major inputs. Such
price fixation while defining the' responsibility of
coal industry as indicated above, would also en-
able the coal consuming industries to project their
cost of production on a reasonable basis, :

Price policy fer the oil sector

11.16. As indicated in Chapter VIII, India’s
production of crude from indigenous sources will' -
be adequate to meet only part of the demand for
such products. The rest has to be obtained from
other countries either in the form of crude or
in the form of products. When crude is obtain-,
ed, it has to be refined before use and the pro-
cess of refining gives rise to a set of joint pro-,
ducts. These products fall into three main cate-
gories, namely, the light distillate products, the
middle distillate products and the - heavyands.
Each of these main categories can: be split into
sub-catepories and by blending with other pro-
ducts or by addition of additives, they are con-.
verted to petroleum products with specifications.
which conform to specific consumer needs.

11.17. Each refinery attempts to adjust its pro-
duction to conform to the pattern of demand for
products that it has to ‘serve. In the United States
where the demand for motor gasoline forms a
high proportion of the total oil products’ demand,
the refineries tend to. maximise the yield of motor
gasoline in the refineries. In certain countries,
where demand for fuel oil is high as compared.
to other products. as in Japan, the refineries.
maximise the yield of heavyends. In countries
like India, where the major share of demand
comprises diese] oil and kerosene which are mid-
dle distillates, the production pattern-of the re-
fineries is normally geared to maximise the yield
of middle distillates. (See Chapter VIII). In a re-
finery it is possible to adjust to a great extent the
production levels of the products within - each
main category without major investment costs.
But decreasing the proportion of the heavier pro-
ducts and increasing the share of lighter products
will call for investments in equipment which can
crack the heavier products into lighter ones. The
yield of even the main categories using the same

* equipment will depend on some extent on the

quality of the crude which is-processed in the
refinery. Certain crudes which -yield on straight
distillation, a larger proportion of light ends are
referred to as light crudes whereas those which
yicld a larger proportion of heavyends are called
heavy crudes. Due to the international pattern of
demand for different products there is relatively
a larger demand for light crudes and in interna-
tional market light crudes command higher



-prices*. The changing price of oil in the inter-
national market gives rise to the problem of fix-
ing a proper price for crude that is produced
within the country, As long as international price
of crude was relatively low, as in the period prior
to October 1973, the crude produced in India was
priced with reference to the international price.
After the sudden multi-fold increase in price
after October 1973, Government have fixed the
price of crude at a relatively low level as com-
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pared to the price of crude in the international

market and has proposed to collect a surcharge
on indigenous crude which will be used to finance
a Petroleum Development Fund. Even with the
addition of the surcharge, the price of indigenous
crude has been kept at a level significantly lower
than the pricé of similar quality crude in the in-
ternational market. The Committee considers that
the producer price of crude produced in India
should at least be equal to the long-term cost of

producing crude in India and the difference bet-

ween such a price and the prevailng international
market price at any point of time should be col-
lected by the Government as a tax. In effect,
the refineries should get Indian crude at prices
equal to the international price of similar crude.
Fixing the ex-refinery price of Indian crude
lower than the international, would involve subsi-
dizing the consumption of oil products. Unless
the case for it is examined with reference to the
classes of people who consume oil products, it
is not rational to subsidise the price of crude, es-
pecially when any subsidy that is considered de-
sirable for a section of the oil product consumers
can be made avajlable by suitable adjustments
in taxes and subsidies on that particular product.

" 11.18. Given the quality of crude and the mix
of products that are to be obtained from the
crude, the investment requirements for a .cfinery
and its operating cost can be determined. There
are international “norms” regarding the invest-
ment and operating costs for converting a stand-
ard quality of crude to a given productt. It is,
- therefore, possible to relate the cost of oil pro-
ducts to thé cost of the crude and later allow &
reasonable rate of return to the refinery industry
‘and fix the producer price of each oil product.
In almost all countries, taxés on oil provide large
revenues to the Government as the oil products
are among the goods which are heavily toxed.
The consumer price of a product is made up of
the producer price, taxes and the trade and trans-
port margin. The price fixation of oil products
could therefore be made on the basis of a study
of the pattern of demand to which a refinery has
to cater, the required. investment and operational
cost and the crude prices and the product price
could be linked to the price of crude. But for a

- numbe.r of reasons set out by them, the Oil Prices
Committee} had decided to fix the producer price

- of each product on par with the import price. The

price of each product relevant to a crude price
on a particular day was determined with reference
to the international price of such products and
the product prices were allowed to be changed
with reference to changes in the ¢rude price. The
latter changes were determined on the basis of
the formula that for every change of '10.0 U.S,
cents per barrel in the crude price, there would
be 4 per cent change in the product price. The
international ,price of products in relation te
crude price has been varying from time to time
and in effect the import parity was nof maintain-
ed over time, by the adoption of the price for-
mula followed in India. .
! . ) R .

11.19. In the coming years when India is likely.
to produce most of the products by refining of
crude within the country, the Committee does not
see any particular advantage in maintaining the.
“price parity” formula for fixing ex-refinery
prices. As in any other country, the price of pro-
ducts at the refinery level could be fixed with re-
ference to the cost of producing that product
after attaining a reasonable return to the refiner.
However, in the case of a refinery, as products
are produced jointly, there is the problem of!allo-
cation of production costs as between the diffe<:
rent products, A number of methods have been-
adopted for pricing the joint products in several
industries, Similar methods could be adopted -for
the oil industry also. The prices could be fixed
in such a way that the refiners get an ex-refinery
price for different products which, taken as a
whole, cover the cost of inputs, the cost of refin-
ing and allow a reasonable profit on the invest-
ments made in refineries. It is possible fo doter-
mine with reference to a standard crude, the
costs of processing by straight distillation. The
costs of further processing to increase the share
of any particular product in the product mix,
will be different with each product. Using these '
cost data, it would be possible to determine the
index of production costs of different products.
Such indices along with the crude price could be
served as the basis of determining the ex-refin-
ery price of the various products.

11.20. The price at the retail level will have
to be fixed by imposing taxes or subsidies over
the refinery price and adding the transport and
trade margins. Depending on the objectives of
the Government, namely, whether it should en-
courage or discourage the use of a particular pro-
duct, and judgement of the Government of the
subsidy to be given to the consuming sector,
Government could vary the taxes and subsidies
from time to time. Government have recentlv
appointed a Committee to go into the_ pricing of
oil products. At this stage, the Committee would
like only to suggest that there should be a serious
examination of the need to continue the import
parity formula "for product pricing and to

*Other faborslike sulphur content also affent
the pris of crude sienificantly .
TNelsan,s ratings is an example of such norms.

{ There have heen 3 ropcrts so far—(1) Talukdar Committee
Report; (2) Damle Committee Report; (3) Shah Commi-
ttee R/eport,



evaluate other possible methods of fixing prices
which will best subserve the national interest.

Price policy for the power sector

1L.21. Some implication of a rational price
system for the power sector with reference to the
quantum and intensity of their power consump-
tion by different classes of consumers have. been
dealt with in Chapter IX of this Report. Tbe
committees which have examined the pricing of
power in India have all recommended that the
revenues collected by the Electricity Boards by
sale of power should be adequate to cover all the
costs and should allow a fair return on the in-
vestments made on power generation, transmis-
sion and distribution. The report of the Commit-
tee on the Working of the State Electricity Board,
1964, (Venkataraman Committee) had suggested
than the tariff should be so fixed that the gross
collection covers all the recurring costs and leaves
a return of 11 per cent on the investment made
by the Electricity Board. This Committee had
examined the question with reference to the Elec-
tricity (Supply) Act and suggested that this 11
per cent should be distributed as 14 per cent to-
wards electricity duty, 3 per cent towards general
reserve, 6 per cent towards interest charges aud
3 per cent as net profit. On a comparable basis,
the rate of return suggested by the Venkataraman
Committee for electricity is lower than the rate
of return suggested here for the coal industry.
However, the rate of return is well below the
minimum of 9 per cent. The actual return on in-
vestment made in the electricity industry is sub-
stantially less than even 9 per cent. The report
of the Finance Commission 1973, which examin-
ed the finances of the State Electricity Board
during Fourth Five Year Plan has stated: “Des-
pite this all round awareness of the need to
achieve certain minimum rates of return on in-
vestments made in power projects, the working
results of State Electricity Boards, far from regis-
tering any improvement, have suffered set-back
during the currgnt Plan period. The forecasts
furnished by the State Governments point to no
significant improvement in the standards of per-
formance of State Electricity Boards in financial
terms in the Fifth Plan period. Taking all State
Elec_tricity Boards together, while their revenue
receipts would have increased from Rs 387 crores
in 1969-70 to Rs. 692 crores in 1973-74 reflecting
the growth in generation and sale of power and
revision of tariff, their net surplus, after setting
on revenue expenditure and obligatory transfers
to depreciation fund, would have declined from
4.2 per cent to 3.3 per cent on the capital basis.
The rate of return will more or less be of the
same order during the forecast period”. This
Committee would like to emphasise that the in-
adeguate returns from electricity industry will
seriously affect the power programme and recom-
{nend strongly that the electricity tariff should
immediately be revised in all the States so as to
give the rates of return as suggested by the
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Venkatagraman Committee. In fact, the Com-
mittee would like to recommend that the returns
on investment in electricity should be 10 per cent
in keeping with the rates of return expected from
other. energy producing. industries. The basis of
pricing suggested here should be: applicable not
only to State Electricity Boards but also to other
power generating agencies like the Departinent of
Atomic - Energy; Central Electricity - Authority,
DVC ete.: O Lo .
11.22. The determination of 'the relative price
of supplying power .to various categories of con-
sumers and for the same '.class of consumers
during different seasons of the year and for diffe-
rent parts.of the day calls for:-a close’ analysis.
The system. of pricing power uniformly through~
out the year will not lead to optimal utilization
of the power system capability. A given installed
capacity utilized at high load factors will bring
down the total cost of generation. No consumer
however will require power of the same intensity
throughout year, or even throughout a day. There
are specific periods during which most of the
consumers would prefer to draw their electricity
requirements if the price of electricity is the same
at all times. Supplying electricity during the peak
hours, therefore, would involve a higher cost
than supplying electricity during the off-peak
hours. To some extent, the divergence in the cost
of power generation for peak supply and off-peak
supply could be reduced by designing an optimal
power generating system with due regard to the
structure 6f the load that faces the system. Even
then, the difference in the cost of supplying the
requirements during the peak hours of the day
or during the peak season in a year would be
significantly higher than the supplies to be met
during other parts of the year or the day. The
Committee will, therefore, recommend that the
electricity tariff should be designed so as to dis-
criminate adequately between the use of power|
during the peak periods and during off-peak
periods. As the difference in ‘the peak demand’
and off-peak demand is very large in this coun-
try, the tariff should include a penalty for use!
of power during the peak hours so that atleast |
over a period of time the load curves of demand'
are flattened to a more reasonable level. This |
would bring about substantial savings in the in-!
vestment cost in the power sector. :

h
11,23. There are often suggestions for subsi-
dizing the cost of power to particular consumer
categories with a view to enable them to pro-
duce . more of certain products or to reduce thbeir
costs of production. In the industrial sector, such -
suggestions are mostly in respect of industries
which are intensive users of energy like steel,
aluminium, fertilizers and electro-metallurgical
industries. The case for a subsidy should be care-
fully examined in each case to see whether such
a subsidy is really called for. The Committee is
of the view that there is generally no case for
subsidizing the cost of power supply to any in-
dustry. As most of the intensive energy users’
will operate at a very high power factor and

. -

-

o




Yoad factor, the cost of supplying power to them
would be relatively lower than the cost of sup-
plying power to other industries whose consump-
tion is less intensive. While fixing the vrice of
power supply to such power intensive industries,
‘the fact of the lower cost of supplying such needs
should certainly be taken into account; but there
appears to be no case of going beyond this and
give a subsidy’to any of these industries. In the
agriculture sector, power rates have been kept
very low during the initial period of planned
development; this should be considered as a pro-
motional. tariff operated during a period when the
use of power in agriculture was a very: small
fraction of the total power supply to all sectors
of the economy and when the Government was
keen on promoting a larger use of power in the
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agriculture sector. At present when the demand
for power from the agriculture sector is a sub-
stantial portion of the total demand and when
there is no longer any need for a promotional
campaign to encourage the use of power in the
agricultural sector (except perhaps in certain
selected pockets in the country), the tariffs in-
troduced earlier need correction. The Comimnittee
would - strongly recommend that the agricultural
Ioads should be charged with due regard to the
cost of supplying power to the agriculture sector.
At the same time, all measures should be taken

“to bring about a better utilization of the connect-

ed loads in the agricultural sector (like roastering
of agricultural loads) which would enable the re-
duction of the cost of power supply to the agri-

“culturists.



CHAPTER XII

TECHNOL(_)GY PLAN.FOR ENERGY SECTOR

12.1. The energv sector exiends to so many "

fuel forms, their production, transformation and
utilisation that there are vast areas where re-
search and development work can be undertaken.
But in a country like ours with limited resources
of men and materials for R. & D. work, efforts
in research and development should be oriented
towards solving specific problems which are rele-
vant to our country. The priorities for action in
R. & D. should be determined with reference to

"the nature of the problem, the chances-of our °

solving ‘the problem, the results of efforts under-
taken on similar problems in this country and
abroad so far and the constraints on resources
available for R. & D. work.

/ 12.2. The important problems in the energy
sector identified in this Report are the follow-
ing:—

—resource-wise India is very inadequately
provided with oil reserves and coking
coal required for metallurgical indus-
tries; but fairly adequately endowed with
non-coking coal resources;

+ —the non-coking coal resources are poor in
quality and their beneficiation and trans-
port involve heavy cost; _

—nearly half of the energy needs of the
country are still obtained in the form

of non-commercial fuels and the con- .

tinued wuse of these non-commercial
fuels will lead to heavy social costs, but
the shift from non-commercial to com-
mercial fuels is possible only if cheap
commercial fuel substitutes could be
provided to the rural poor;

—within the country the distribution of fuel
resources as between the regions is
somewhat uneven and energy transpor-
tation involves,heavy costs.

9.3. In the light of these, the research and

development efforts should be directed towards:
—increasing the efficiency of use of fuels;

—making economically efficient use of lower
grade coal wherever it can be used;

—improving the technology for the use of
coal/coke in areas where oil products
are used at present;

—developing techniques for the economic
transfer of energy over long distances;

—developing new technologies for produc-
tion of cheap commercial fuels for use
in the domestic sector;

-

~—developing mining techniques for improv-
ing the efficiency and reducing cost:

" —developing new sources of energy to sup-
pl\ement the fossil fuel supplies.

Increasing the efficiency of

] use of fuels in all
sectors - : 2l ‘

12.4. There are indications that without any
large shifts in the technology of fuel utilisation,
large, savings of energy can be effected by re-
ducing the fuel required per unit of output in a
number of industries by. adoption of more effi-
cient methods and procedures of use. As. early
as 1962, the Government of India obtained the
services of two experts from the National Fuel
Efficiency Service.of UK. whose findings indi-
cate "that in many factories 15 per cent saving
in fuel consumption was possible and in some
the saving could be as high as 50 per cent. Some
of the micro-level studies undertaken by the
National Productivity Council through its Fuel
Efficiency Service reinforce the findings of these
experts. There are numerous instances where the
choice of fuel has been made without due regard
to national considerations. Often a particular fuel
is chosen on the advice of suppliers of "equip-
ment without serious considerations of the finan-
cial-—let alone the economic implications of the
choice, as the element of fuel cost is often -only
a small fraction of the fotal production cost. It
is necessary therefore that the choice of fuel by
each industry should be done with regard to
technical and national interests. The two objec-
tives of ensuring that the optimal choice of fuels
is made and the optimum use of fuel is made
efficiently in the industries should be achieved
by having a National Fuel Efficiency Service. A
study conducted by the National Committee on
Science and Technology has indicated that such
a service which essentially requires trained fuel
experts would not suffer for want of necessary
technically qualified personnel. The Committee
therefore recommends that a Natibnal Fuel Effi-
ciency Service should be organised a searly as
possible, The Service should also be armed with
adequate authority to ensure that their consider-
ed views on selection of fuels and on the level
of efficiency to be achieved in the use of fuels

- is accepted by the fuel cqmumers.
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2.5. The National Fuel Efficiency Service can
e organised either as a central agency extend-
ing its activities to all rggions and all sectors of
the -industry or by forming separate regional or
industry-wise Fuel Efficiency Services. Whatever
be the organization. there is need to involve in



the Fuel Efficiency Service, officials of the Cen-
tral and State Governments whose responsibility
extends at present to problems of fuel usage.
The Committee would like to emphasise that,
besides organisational arrangement, there is need

for setting up facilities for training operatives

who deal with fuel burning equipment. The main-
tenance practices followed in fuel burning instal-
lations  are very poor; training facilities for the
maintenance personnel ‘is also needed. The train-
ing facilities available now for imparting the
skills to such operatives are guite inadequate.
The facilities will have.to be increased several
fold by first having training courses for the
teachers who will man training centres and later
‘by setting up training centres all over the coun-
try - staffed by properly trained personnel. Well
designed Fuel Efficiency Training Schemes should
‘be- worked for this purpose taking advantage of
the surplus engineering talents -available in the
country today. The Committee recommends that
immediate action should be taken in this regard.

~12.6. In the agricultural sector, oil is used
for pumps for lifting water and for propelling
tractors; electricity is used for lifting water and
for running agricultural machines. The efficiency
of fuel usage for the agricultural pump sets
varies ' widely among pumps manufactured by
different manufacturers. There is need -to stand-
ardise the designs and fix minimum norms of
fuel efficiency for pumps to-be manufactured.
- However, this is .not of long-term significance
as recommendations of this Report imply a
gradual phasing out’of diesel pumps in operation.
The ‘more important R. & D. effort in the agri-
cultural sector ' should. be to evolve suitable
- designt- and construction norms for reducing the
costs of rural electrification. = Some suggestions
for standardising designs and for reducing costs
by 'using’ cheaper construction materials have

beern made in the Power Economy Committee *

(See Annexure XII(1)). This Committee would
like to endorse their suggestions.

12.7. In the transport sector, economy in fuel
efficiency can be increased considerably by deve-
_loping properly defined standards for—(i) engine
exhaust smoke density; (ii) engine performance-
axle ratio; (iii) vehicle body designed to conform
the minimum specific requirements of stream-
lining; (iv) operation of engines as per designed
specifications; (v) norms and, code practices of
preventive ‘maintenance; and (vi) use of lube oils
of propet.quality. Efforis should, therefore, be
mounted with the cooperation of the various

institutions already in existence, like the Indian

Institute of Petroleum, Indian Standards Insti-
‘tute, The Central Mechanical Engineering Re-
search Institute and others, to implement a time
bound programme of increasing the efficiency of
utilisation’ of oil in the transport sector.

12.8. As already discussed .in the Chapter on

Policy for Power Sector, it is possible to increase
; the efficiency of use of coal in thermal power
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plants by technological improvements. Efficiency
in the use of coal increases with the unit size of

thermal power plant is as follows:

Size of Generating Set

., GONW 100 MW 20 MW 3 0 MW 50 MW
Coa. (average
calorificvalue of 0-67 0.60 0°50
4500 kealfky) re-
quired per kwh of
energygeneration ‘
The unit sizes upto 200 MW are being manufac-
tured in the country. ,

12.9. The considerations on which the optimal
size of the power plant has to be made have
been discussed in Chapter IX. It is evident from
tthe data that if regional grids become effective
by the end of the Fifth Plan, thermal plants of
unit size of 500 MW may become optimal in
some regions. Development work on the manu-
facture of 500 MW units with indigenous know-
how should be taken up immediately. Although,
this task of developing individual components
for such a large size plant would be time con-
suming and may call for large investments, it
will provide an opportunity for developing the
local design and development skills and would
enable the country to take up the larger prob-
lems which will emerge in the power sector in
future. A comprehensive survey of the problems
involved in developing an indigenous 500 MW
generating unit has been made and it is the
considered view that the devolopment respon-
sibility could be shared by the existing organi-
sations in the country. The Committee  recom-
mends that the design, development and manu-
facture of 500 MW generating unit should be
entrusted to an Indian agency with a time -bound
programme to get the commercial production of
such sets started in the early eighties. The Com-
mittee welcomes the initiatives already taken in
his regard by NCST and the Government.

12.10. ‘Another process which will greatly in-
crease the efficiency of fuel ‘use in the power

- 053 052

. generation is the adoption of MHD (Magneto

Hydro Dynamics) process. In this process, an
electrically conducting gas is forced through a
duct at a high speed in_the presence of a trans-
verse magnetic field. The electro-motive forces
induced in the gas allow current to be extracted.
This system, if made commercially workable.
would offer thermal efficiency of 50 per cent or
higher- (as compared to 34 to 38 per cent in a
conventional thermal power station). The MHD
generator requires a very high electron concen-
tration in the gas which could be achieved only
with very hot combustion gases (4,000°—
5,000° F) seeded with materials having low
jonization potential like potassium or cesioam.
The commercialization of MHD therefore in-
volves. the solving of problems in the areas of
electrical conductivity of coal combustion gases,
materials which would function at high tempera-
tures and corrosive environment and seed re-
covery and gas cleaning.



12.11. Though the fundamental problems . re-
main unsolved inspite of the efforts of very com-
petent research groups in several countries for
over a decade, several groups in US.A., UK,
Japan and USSR are still continuing their efforts.
U.S.SR. has already set up a plant of 25 MW
capacity operating on npatural gas which is re-
ported to be working satisfactorily. In order to
investigate the potential of MHD generation in
India, a study team of experts was set up by
NCST which has recommended a ten-year pro-
gramme of development work in this area in
three phases, namely:—
" (a) to conduct laboratory scale experiments

at the level of 2 MW size for developing
" necessary scientific and technical skills
and experience;

(b) to design and set up a 25 MW MHD
prototype plant; and .

' " (c) to develop design capability for a full
scale commercial plant in the range of
500—1,000 MW.

12.12. Development work on MHD may prove
to be a very costly and time consuming effort.
While agreeing with the strategy implied in the
NCST recommendation for mounting a serious

R. & D. effort of developing MHD process in .

India, the Committee would like to emphasize the
need to concenirate work on laboratory and higher
scale in the critical areas, dspecially those con-
nected with the use of our high ash coals for fuel
gas production and review. the progress periodi-
cally before embarking on installation of higher
capacity MHD units. .

12.13. It is relevant to note that several other
methods of increasing fuel efficiency in power
generation like the combined gas-turbine system
operating on clean low calorific value coal gas
are also under examination. In other countries
fluidised bed technology-also provides aroute
for increasing the efficiency of fuel utilization in
power generation by S per cent (i.e., reduction in
fuel requirement by 6 to 15 per cent as compared
to a conventional thermal station). Besides, flui--
dised bed technology promises to be a very
efficient way of utilising our low grade coal. This
process consists of combustion of coal at a tem-
perature of 800°—900° C in a fluidised bed
operating at an elevated pressure and in direct
contact with the heat transfer tubes. The energy
in the hot compressed product of combustion is
utilised for driving both gas and steam turbines.
The process is viewed with great interest in
other countries. in view of the ability of the boiler
to ‘fix’ sulphur and thus prevent air pollution.*
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The Committee would recommend that Research
and Development in the areas relating to com-
bined. gas turbine-steam turbine plants which
would increase the overall efficiency of coal

- utilisation in thermal power stations should be

intensified. (See Chapter VII on gasification of
coal). - .

R & D to consexve coking coal

' 12.14. In Chapter V the likely demand and
resource availability in respect of coking coal
have been discussed. As we have large reserves’
of economically exploitable iron ore and as the
nation’s " need of iron and steel will keep on
increasing, the problem of conserving our coking
coal is an urgent one. While immediate steps
for blending of prime  coking coal (which is
critically short) with medium and semi-coking -
coals (which are available in relatively Iarger
quantities) and adoption of new steel melting
technologies like fuel injection and oxygen lanc-
ing will help in extending the resources to a
slightly longer period, the long term solution
will depend on the development of a technology
to convert non-coking coals to coal with proper-
ties which can be used in metallurgical industries.
Several processes for this are under development
in various' countries. The formed coke' process
which has been developed in Central Fuel Re-
search Institute shows good promise. Pilot plant
stage work has been completed and a semi-com-
mercial plant has also been approved.} This
project should be treated as an R. & D. project
and the products manufactured in this project
should be subject to intensive trials in blast fur-
nances. The Committee recommends that a time-
bound ~programme for: the development of the
formed coke process based on non-coking coals
from different coalfields of India should be
drawn up and the project carefully followed up.

" Besides conserving the coking' coal reserves. the

development of formed coke for commercial use
in the steel industry would enable the dispersal
of the steel melting capacity in the country as
our iron ore reserves and non-coking coal re-
serves are more widely dispersed than our cok-

ing coal reserves. . :

Secondary conversion processes in oil industry

12.15. As indicated earlier (See Chapter VIII)
India’s requirement of oil products will be rising
rapidly even if measures for curbing the demand
in several areas suggested in this Report were
implemented. One of the results of the oil policy
suggested in this Report would be that the' con-
sumption of oil products in sectors where it can
be replaced by coal would be severely restricted;

¥

*«Technolozical and Eeonomic Feesibility of Advanced
power Cyoles” by ¥, 1.. Robinson and Bigmonds, Lewis
and Cruber; United Airoraft Research Laboratories to
National Air Pollution Contro} Admn, December, 1970

t This was recommended in our eatlier Report ‘‘Fuel Policy
for the Seventies* May 1972 and tne project was appro-
. ved in August, 1973,



_as suchrareas pertain mostly to the use of fuel
oilf the pattern of consumption of oil products
that -would emerge would imply a relatively
larger rate of - growth of .the middle distiflates
and light ends: than the heavy ends.
gramming ‘exercises based on the current rela-
tive price of crude and oil products indicate that
it would be economically sensible, in the coming
- years, to undertake secondary processing of
heavy ends to convert these to middle distillates
and/or light ends. For this, .both hydro-cracker
and. catalytic cracking can be used. While cata-
lytic cracking process has been in. use in the
country, we; have no experience in operating
hydro-cracking .plants. The Committee feels that
imithe Fifth. Plan and thereafter India will have
to adopt, large scale secondary processing of
heavy end products in the refinery by adopting
either .hydro-cracking or catalytic cracking. Both
technologies have their relevance and the choice
would - depend on the products in demand and
the costs of hydrogen production in the area. It
is necessary that these technologies now obtained
from: abroad should be developed further in the
country. There is scope for modifying the pro-
cess to suit the specific needs of our country in
future.. It is necessary that -development work on
hydro-cracking be speeded up so that the design-
ing, manufacture of suitable catalysts, construc=
tion and efficient operation of secondary proces-
sing plants could be managed with indigenous
skills., ~ - - . .o

Utilization of natural gas

. 12.16. As indicated in Chapter IV, the chances

of finding large quantities of natural gas in areas
under lease in.other countries is bright. In the

event of India resorting to import of IL.NG and

using it as a source,of chemicals and/or energy,
certain: technological preparations are necessary
in the country. Inputs in this regard shoyld be
examined even now and suitable R. & D. efforts
taken to- cope with the tasks .if the country were
to face such a situation. . ‘ : :

. Conversion of coal to oil

12.17. The increasing price of crude oil from
the Middle East and the diminishing ratio of
proved reserves to total crude consumption has
revived -the .intergst in all developed countries
in the commercialisation of converting coal to
oil. Coal-oil conversion was a technological pos-
sibility known' for a long time. Basically direct
conversion of coal to oil is a problem of addi-
tion of hydrogen and removal of inerts such as
ash, oxygen, nitrogen and sulphur. Coal contains
on an average 5 per cent hydrogen as against 12
per cent in crude oil and upto 17 per cent in
various other pefroleum products. A derivative
of coal distillation viz. tar produced -at lower
temperatures has approximately 8 per cent of hy-
drogen which is the nearest to crude and rela-
tively easy to convert to oil products. The ¢hemi-

The pro- .
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* cal structure of coal however is complicated and
the molecules are large compared to those in oil.
Therefore, the addition of hydrogen has to be
done simultaneously with the splitting of the
coal molecules. This could be achieved only in
'the presence of suitable catalysts at a very high
pressure (250 to 500 atmosphere). Several coal
hydrogenation processes are under investigation
in developed countries. An alternative route to
oil products is by the versatile ‘Fischer .Tropsch
Synthesis’ method. In this process, it is not coal
but carbon monoxide and hydrogen produced by
steam-oxygen gasification of coal (exactly as in
the case of fertilizer production) are reacted over
a catalyst upto a pressure of about 30 atmos-
phere. The gas has to be extremely pure. De-
pending on the conditions and catalyst used, it
is -possible to produce a wide range of hydro-
carbons and chemicals.

12.18. Though several organizations have been

~ doing research and development work for a
number of years the only commercial scale plant
to produce oil from coal is operated by Sasol in
the Republic of South Africa. This plant is
based on the Fischer Tropsch process and its
important products are gasoline, diesel fuels and
waxes. During the Second World War, Germany
produced 4 million tonnes of oil by the hydro-
genation of coal and tar; after’ the war,
" plants were first adapted to process petroleum
residues and later even the adapted units were
abandoned gradually as they became unecono-

[
mic.

12.19. At different periods, the Government of
India have investigated the feasibility of pro-
duction .of oil from coal. At the instance of late
Sir J.-C. Ghosh, M/s. Koppers Corporation of
USA and'M/s. Lurgi had carried out separate
studies in 1948. The results of these studies in-
dicated that possibly the optimum results could
be obtained by combining hydrogenation with
‘Fischer Tropsch Synthesis’. A site was chosen
in -the Raniganj coalfield for production of
domestic coke, -hydrogenation of tar and F.T.
Synthesis using the char fines. The project en-
visaged an -investment of $7.2 million in 1949

.. for production of 150,000 tonnes of tar hydro-

" genation and chemical products annually. But
the investment was deferred. In 1955, another
Committee again under Dr. Ghosh, went into the
problem of ‘conversion of coal to oil, taking into
consideration the changed pattern of demand for
oil products. In the earlier studies, aviation gaso-
line ahd motor gasoline were primary objectives.
In the 1955 study, middle distillates became the
primary -objective. The Committee came to the
conclusion that combination of tar hydrogena-
tion with domestic coke production could be the
most economic approach. Again investment was
deferred. In 1958, CFRI made a further study of
the problems of coal conversion and updated
the Ghosh Committee data. The conclusions were
similar to those of 1953, -

these

~



12.20. CFRI undertook research in the Sixties
on hydrogenation of Assam coal. Assam coal
with low ash content was found to be the most
amenable to hydrogenation. In 1969, CFRI pre-
pared a feasibility study on the potentiality of
conversion of Assam coal to oil products and

chemicals by hydrogenation. Although the pro-.

cesses are not basically very different from those
used in Germany during the War, there are
major changes in approach, product patterns
and scale of equipment in view of major deve-
lopments in high-pressure technology, gas com-
pression and other fields of engineering and
technology. The estimated cost under Indian con-
ditions range between Rs. 150 crores.to Rs. 250
crores for an annual capacity of about 1.5 mil-
lion tonnes. of oil products with varying degrees
of secondary processing of products. but with-
out units for conversion of chemicals further
downstream. Efforts to initiate work to produce
oil from coal have been pursued for over two
decades even in our own country, though nothing
concrete has so far come out of this. Every time,
the question is examined in a somewhat limited
perspective and action is deferred when the final
picture of the task and its dimensions are
realised. It is necessary that in the context of the
Iatest review of our energy situatiop, the rising
demand for oil products, the limited success in
our oil exploration efforts and the incregsing
price as well as insecurity of -obtaining oil from
the international market, a well thougtout long-
term programme for development of coal-oil con-
version technology should be drawn up. This
should be based on a review of the success
achieved in following the diverse routes for coal-
oil conversion by various agencies in other coun-
tries as well as in our country and the product
mix that would be relevant to our long-term
demand and supply situation in respect of- oil
products. : o

12.21. The basic implications of the various
possible technologies on coal-oil conversion have
to be kept in view. The simplest and possibly the
lowest investment route for conversion of coal

to oil is pyrolysis i.e. hydrogenation of tar. But"

the production of tar in adequate quantities
would prove a great hurdle in adopting this pro-
cess. Conversion of tar to oil is approximately
80 pér cent by weight (and 100 per cent by
volurhe). To get one million tonne of oil by this
route, we require 1.25 mt. of tar. Distillation of
coal in any of the known processes produces
.only 8 to 12 per cent of tar, the higher figure
being claimed for certain new processes develop-
ed abroad. To get.1.2 mt. of tar, over 10 mt.
capacity for coal carbonisation and the develop-
ment of market for the coke has to precede the
establishment of a ciipacity of one million tonne

of oil productién based on pyrolysis of tar. In-.

-vestment required for carbonisation of one mil-
]chl)zn lonnes of coal may be nearly Rs. 30 crores.
e process by itself therefore is not likely to

stations. .

iod

be of any significance in the next two decades in

supplementing of oil availability.

12.22. Coal hydrogenation’.c_an, be effected in
lwo ways— '

(a) by solvent refining of coal with mini-
mum hydrogenation, yielding an ash
and sulphur free heavy end oil products

_or . o .

(b) pressure hydrogednation of coal (vatia-

tion of Berjius or Pott-Boche process)
- already studied by CFRI and advocated
for Assam coals. '

The former pfocess has been - studied in U.S.
mostly to obtain pollution free fuel for power

The process investigated by CFRI .involves
the conversion of 2 to 3 tonnes of coal to a
tonne of liquid fuels. Here the major element of
the investment costs are those for producing
hydrogen and for setting up pressure vessels. The
process also calls for good quality coals with ash
content not exceeding 15 per cent with low oxy-
gen and moisture content and having as much
vitrinite us possible. Assam coals’ and next. the
Runiganj coals are found to be thz most suitable.
Other. coals, though not.impossibl: to be hydro-
genated will involve higher costs due to lower
conversion yields. Ty o

Fischer Tropsch process has the advantage

that it.can use even inferior grade coals con-
taining 30--35 per cent ash. Over 70 per cent

\

‘of the investment costs are for generation and

purification of synthesis gas. But the ‘process
would require 5.6 tonnes of coal‘per tonne:of
liquid product (inclusive of coal for power gene-
ration, it may require 8 .to 9 tonnes). The process
is also a heavy consumer of water. The capital
costs for F.T. process plants may be,of the same
order as the coal hydrogenation plant but recur-
ring costs are likely to be higher in the case of
F.T. process which may be to some extent com-
pensated by the- quality and versatility of the
products obtainable in the F.T. process.

12.22. In the absence of experience on com-
mercial scale operations in any place (other than
South Africa) and the uncertainties regarding
several parameters of production, it would be
difficult to hazard a guess as to when and at
what price of crude, the coal-oil processes would
become economical in India. It -is, however,
likely that some of the newly developed pro-

.cess for comversion-of coal to oil may soon

prove economical if the present high prices ¢
crude oil continue. In any case, as a measure ©
security for a country like dndia with a large
potential demand of petroleum products, there

. is an urgent need to make a beginning as soon

as -possible for installing a reasonably sized unit .
for conversion of ‘coal to liquid products. ‘The
studies also indicate that coal to oil process

v
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either by Fischer Tropsch Synthesis or by coal
hydrogenation can be made more attractive by
designing a suitable product-mix with a substan-
tial part in.the form of chemicals of high unit
value. It is relevant to note that the Natiopal
Coal Board, U.X., had worked out early in 1973
a proposal for a ‘“Coal-Plex”—concept that
would convert coal into fuels and chemical feed-
stocks. Steps should, therefore, be taken- to create
indigenous process and design capabilities and
for training of personnel in all the promising
coal-oil conversion processes, namely, hydroge-
nation through laboratory and pilot plant studies
on an adequate scale. The Committee is, there-
fore, of the opinion that studies should be made
of the different product patierns possible using
various coal-0il conversion technologies now
available using different \Indian coals and keep-
ing in view the demand for the products. De-
monstration plants and pilot plants of critical
size should be set up to study alternative product
pattern and product yield ratios and to ascertain
the optimum combination of design parameters
for a full size commercial plant that would suit

the Indian conditions. Considering the amount of

money and effort spent on the development of
this technology in different developed countries,
we should conciously select the areas where the
R. & D. effort, in \India make meaningful con-
tribution. As there are a number of research
and educational organisations engaged in the
study of different aspects of chemistry, metal-
lurgy, catalyst technology and high pressure
technology which could make a contribution to
this effort, the Committee recommends that a
competent group should be formed to select
possible areas for future work, assign this work
to different organisations and iG monitor the
entire R. & D. effort in this direction.

Coal gasification technology

' 12.23. The possibility of using coal gas in place
of fuel oil in industries and in place of kerosene
used in the domestic sector has beeh examined on
several occasions. In India, we have made some
progress in the use of coal (via coal gas) in place
of oil products as feedstock for the nitrogenous
fertilizer industry. The use of coal gas in the
domestic sector has not become economically
viable on account of the need to supply coal gas
as a pipeline gas to each houschold (coal gas
cannot be bottled like LPG and transported).
The investment costs on the pipeline are so large
that unless the volume of gas required is also
large, the cost of coal-gas at the consumer end
becomes comparatively higher than the costs of
other fuel forms. The lack of demand for space
heating, as in other developed countries, makes
the domestic demand for coal gas rather viable
(compared to the size of a commercially viable
coal gas plant) even in big cities. However, in
pldces like Bombay, which are separated from the
nearest coalfields by the Western Ghats which
increase the cost of the movement of coal by
rail, there may be a case for transporting coal

‘1o

gas by pipeline, provided full advantage of such
economies as are available in coal gas trans-
portation could be derived by converting a large
number of oil-product users to the use of coal.
Coal can be gasified into Synthetic Natural Gas
(SNG). on the pithead and transported as gas to
Bombay where all the energy users like Industry,
Power Houses and Domestic consumers could

" be made to use SNG as a primary fuel for all

their energy needs. This could become econo-
mical in_the eighties if planning is done from
now on. The adoption of this possibility will
depend on our developing SNG gasification and
transportation techniques suitable for Indian coal
and conditions. The number of gasification tech-
niques like Hygas, Bigas and Synthene process,
etc., have been developed in other countries. 'We
should make an evaluation of the suitability of
these processes in the Indian conditions and
develop the particular gasification route that

'would be to our best advantage. The Committee

therefore recommends that R. & D. work on
coal gasification and pipeling transport of coal
gas should be undertaken from now on. (See
Chapter VI on gasification of coal).

R & D for domestic sector fuel supply

12.24. In the domestic sector the Ilong-term
need of energy can be met at the minimum social
cost by increasing the ecfficiency of fuel utilisa-
tion in the domestic hearth, by reducing the’
level of use of oil products as well as forest fuels
and substituting- in their place cheap domestic
fuels derived from coal. Studies conducted by
the Indian Institute of Petroleum and the Cen-
tral Fuel Research Institute indicate that signi-
ficant economies are possible in the consump-
tion of keroseme or soft coke in the domestic
sector by merely changing the design parameters
of the cooking appliances currently used. In view
of the very large quantities of commercial fuels
as well as non-commercial fuels used in the
domesic sector, it is necessary to immediately
chalk out a comprehensive programme for inten-
sive development work in the optimisation of
design of cooking and heating appliances manu-
factured in the country.. This programme should
be implemented by a Group consisting of the

" Indian Imstitute of Petroleum, Central Fuel Re-

Indian Standards Institution

search Imstitute,
of the manufacturers of

and representatives
domestic appliances.

12.25. The substitution of kerosene by coal is
possible if coal is refined to a solid domestic
fuel or gasified and supplied as pipeline gas or
converted into a liquid. Thé possibilities of use
of coal gas in the domestic sector has been dis-
cussed earlier. The substitution of kerosene by
solid domestic fuel may not be possible in metro-

‘politan areas and highly urbanised areas where

the consumer preference may be for fuel on tap

_like gas or more convenient fuel forms merely

liquid fuels. There is scope for supplying a large
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number of consumers in small urban towns with
* solid smokeless fuel in place of kerosene or fire-
wood or charcoal. Several methods of producing
solid domestic smokeless fuels have been studied
in CFRI and Regional Research Laboratory,
Hyderabad. Basically, these processes involve
carbonisation of coal whereby the volatiles are
removed from coal. The economics of the plant
improves with the extent of bye-product recovery
during carbonisation but the scale economy of
bye-product recovery is such that this can be
considered only in plants which carbonise about
1,000 tonnes of coal per day producing about
660 tonnes ot domestic coke. Such a level of
production can supply the fuel needs of over 9
lakh population. A plant of this size with minj-.
mal bye-product recovery will cost nearly Rs. 12
crores and the cost of production of coke based
on coal at Rs. 60 per tonne will be nearly Rs. 250
per tonne. The investment requirements for a
low temperatute carbonisation plant to supply
the requirements of one family will be around
Rs. 650. The two processes developed by the
Central Fuel Research Ibstitute and Regional
Research Laboratory, Hyderabad, differ some-
what as the former is heated both externally and
internally whereas the latter is totally an internal
heating process. The Regional Research Labora-
tory, Hyderabad, process gives only solid smoke-
less fuels while Central Fuel Research Institute
process gives only solid yields both solid fuels
and gas. The Committee feels that both these
processes are relevant in the Indian context and

that the choice of the process should depend on

the requirements of a particular city or area
and the quality of coal available. But the econo-
mics of these units are such that at least during
the Fifth and the Sixth Plan periods, they could
be used only to supply the needs of major cities
with the population of over one million.

12.26. The Committee would like to empha-
sise the importance of developing processes for
production of cheap domestic fuels which can
be used in smaller towns as well as in rural
areas by sections of the population which today
use non-commercial fuels. A number of processes
have been evolved by the CFRI like the “moving
bed devolatizer” and “volatised coke process”
and “briquet curing process”. The plant size
based on this process may be about 100 tonnes
of coal throughout a day and the cost of sup-
plying the needs of one family might come down
to nearly Rs. 150 but these are based on the
use of coals with low caking index. These pro-
cesses are suitable for towns with a population

of around one lakh, especially those which are ’

near the coalfieclds where such coal is available.

R & D in saving oil in power sector

12.27. In the power sector, the use of oil as
an auxiliary fuel for coal based generating plant
i§ increasing. In these plants, fuel oil or LDO
is required as an auxiliary fuel whenever there
is need to light-up the boiler, support the flame

during the low load operations and to stabilise
the flame when there are variations in the quality
of coal. The possibilities of reducing the oil re-
quirements by better load scheduling have been
discussed in Chapter IX. Research and Develop-
ment must be taken up to evolve boiler designs
which will avoid the use of oil support even
when the load on the boiler is as low as 20 to
30 per cent of its capacity. It also appears pos-

-sible to use a coal gasification or a producer gas

plant in conjunction withs the thermal plant so

_that gas could be used in place of oil whenever

there is need for an auxiliary fuel support. Suit-
able design and process flow have to be develop-
ed for using coal gas in place of oil as auxiliary
fuel. ‘ ‘

R&D to save oil in industries sector

12.28. In respect of industrial boilers, there is
need for developing package fluidised bed-boilers
to be used in small industries who now use fuel
oil in view of its compactness of design and con-
venience. This work can be taken up by the
Public Sector power equipment manufacturers
like BHEL in collaboration with the CFRI and
CMERL

R & D in nuclear power technology

+12.29. The most promising long-term solution
to the problem of depletion of fossil fuels ap-
pears to be the development of a commercial
scale fast breeder reactor (FBR). Nuclear power
plants are based on the use of heat generated
while splitting the atom, But the fissile material—
natural substances which readily undergo fission
like Uranium 235—are known to be available
in limited quantities only. The solution to the
shortage of fissile material is to have nuclear
reactors which simultaneously “breed” or pro-
duce fissile material while consuming some fis-
sile material. Even the nuclear reactors ' of the

_kinds now operated produce fissle material viz.,

plutonium. But, in a Fast Breeder.Reactor, the
quantity of fissile material produced will be larger
than the fissile material consumed. This is achiev-
ed by using a fuel which contains both fissile
material (like U-235 or plutonium) and fertile
material (like thorium) and making the fuel react

under conditions in which an adqeuate number

of neutrons are released which react with the
fertile material and produce fissile material which

more than replaces the fissile material lost in the

first reaction. India is richly endowed with tho-
rium. Once we have adequate stock of plutonium
and the technology of FBR based on the use of
thorium-plutonium fuel is available, we should
have no shortage of indigenous nuclear fuels for

. a number of decades. Therefore, the strategy of

our nuclear programme to produce plutonium in
the heavywater type reactors which could Iater
be used with thorium in FBRs is the appropriate
one for the country. The Committee is aware of



- the large problems of construction materials, anti-
pollution devices and, safety devices and cons-
truction costs which are yet to be resolved be-
fore FBR’s could be commercially operated.
Even so, considerihg that very large investments
are,-being .made in US.A., UK, Germany and
Japan, besides India, on the
commercially viable FBR's, it is indicative of the
general expectation that the  difficulties in the
.construction of FBR’s will be resolved very soomn.

© 12.30. The Commiftee will, however, empha-

sise that the real success of our nuclear pro-
“gramme ‘lies in‘developing our FBR as early as
possible. The time-bound programme outlined in
the nuclear plan for the: seventies has not pro-
gressed as per the earlier expectations. We should
not draw up a revised programme in the light of
the experience gained so far and emphasise in
the programme the development of FBR as cen-
tral to our nuclear strategy. The Committee also
recognizes the fact that once the Fast Breeder
Reactor is developed, the possibilty. of construct-
ing the Fast Breeder power stations will depend
on the availability of plutonium, which is pro-
duced in the first generation heavywater power
stations.. This makes: it desirable to build an ade-
quate number of heavy water power stations be-
fore fast ‘breeders can pick up momentum.

Energy from waste products

12.31. Technical literature published abroad
points to the possibility of production of useful
energy and fuels through the efficient disposal of
urban waste by- incineration or exidation tech-
‘niques ‘or by pyrolysis. -But adequate research
has not been done in India to make an evalua-
tion' of the commercial possibilities of this pro-
cess. It is necessary now to take up this work
-in view also of the several social advantages ob-
tainable by the disopsal of waste products.

The concef)t._of rhuitiple use of cowdung to pro-.

duce fuel in the form of Methane gas simulta-
neously with- high quality manure by means of
'"Gobar Gas Plant has been known in India for
’thore than 30 years but the use has been inhi-
‘bited by (a) high cost of the plant; and (b) in-
¢ohvenience in its maintenance. )

The gobar-gas plants now in use, produce
‘about 13 standard cubic feet of gas of about 550
‘BTU/Sc ft. from the use of dry dung from one
animal. The cost of a plant capable of using the
dung from five animals is reported fo be Rs.
2500 per plant. ‘ L.

R & D work on the following problems are
-necessary to make the use of Gobar Gas Plants
;more economical: —

(1) to work out better and cheaper plant
designs using, wherever possible, local
or easily available materials;

(2)'to evolve cheaper designs and materials

*-»" for gas holders and to improve the effi-
ciency of burners;

12

development of .

(3) to evolve more effective techniques of
maintenance;

(4 to understand fermentation chemistry
and conditions which influence greater
and preferential generation of Methane
and microbial action so as to devise
means of increasing gas production and
maintaining gas production during win-
ier when microbial activity tends to be
slow.

L4

R & D in non-conventional encrgy forms

»12.32. A number of energy sources, which
have not been considered of any practical signi-
ficance as sources of supply of emery to man-
kind, have recently acquired importance in view
of their renewability, pollution free production
possibility and, more recently, the very high in-
-creases in oil prices. The more important among
the non-conventional energy sources are solar
energy, geothermal energy, wind power, tidal
power and chemical energy. The energy obtained
from these sources except under very special con-
ditions and in limited quantities appears to be
comparatively of much higher cost. Even in the
foreseeable future—upto 1990-91 covered in this -
Report—the possibilities of any of these energy
sources coniributing any significant share of our
energy needs appear remote. Even so these energy
forms are likely to acquire practical significance
~sometime in .future and it is therefore desirable
that research and development in these areas are
kept up in the country.

\ .

R & D on solar energy

12.33. The special merit of solar energy over
other energy form lies in the fact that it is
abundantly available all over the country and that
it is inexhaustible. But this energy is available
in a very dilute form—the average intensity of
solar radiation is around 600 calories per square
centimeter in India. If this energy is to be used
for purposes for which fossil fuels or electricity
are now used, solar energy as available should
be concentrated by using collectors and concen-
trators: The high cost of solar energy in -any
usable. forms, is due to the cost involved in set-
ting up the collectors and concentrators and in .
adjusting their position to enable them to get
the best impact of the solar radiation through-
"out the day and in all seasons of the year.

12.34. R & D in India may be concentrated
on—— . »

(2) the development of thin-film technology
to produce cooled surfaces which could
be used as collectors and concentrators
of solar radiation, thus reducing the

" costs. :

(b the possibilities of using solar energy
to convert animal waste, agricultural
waste and algae into gaseous fuels and
methane.
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() developing low cost solar water heaters.
(d) developing solar distiliation and de-
salination wunits for use in arid rural
areas. '

(¢) developing techniques for .the .optimal

wse of solar energy for drying and sto-

rage of grain, wood and hay and air- .

"' conditioning. -~ " i
B IV T H A [ T PRI S

R & D in geo-thermal encrgy |

1112.35. Geothermal -energy has only limited
possibilities:in India (See Chapter IV). Tht deve-
lopment work relevani:to-our country appears to

be the setting up small capacity. steam. turbines
at Puga or other centres, where geothermal ex-

.

plorations”are héaring completion, so as to en- -

able collection of operational details.
i Pl ' Ca N
R & D for using wind power ... : .
12.36. Wind-power utilisation has only limited
possibilities in India. (See Chapter 1V). However,
further development work for installing wind-
mills'in ‘cluster forms for puthping’ and power
generation is recommended, as it would enable
the collection of cost data required to evaluate
the possibilities of  wind-power utilisation. Deve-
lopment of 5 to 10 kW wind electricity genera-
tors could also be taken up in India. -

R & D for using tidal power |

12.37. The data on the extent of useful‘energy
that could be obtained from tidal power and the
costs involved in utilising this is inadequate at
present. The.only further work that could be

recommended at this stage is the collection of
more data on tidal movements and the prepara-

tion of feasibility reports with regard to specific .

coastal locations.

R & D for chemical sources of energy

12.38. There are possibilities of developing
battery powered light, vehicles. This project can
be successful only through the-adoption of all the
latest technological advances and not by the mere
replacement of existing petrol engine by an elec-

tric powerpack. Development work on™ this is
recommended, . .

L/P(D) 190MofEncrgy—9

12.39. The electrification of villages which have
sparse population, say below 500, and are remote
from other villages has proved to be prohibitively
costly and such villages have remained unelectri-
fied so far. Such villages can utilise fuel-cells to

.- obtain their power needs. As fuel cell technology

is still not adequately developed, further work on
this will be of use.

Priorities in the technology plan

-~ 12.40. Though research. and development is

possible in. a number of areas as discussed above,

the importance to be given to specific problems

and the priorities to be assigned will depend on

the likely benefit cost ratios of the different R &

D options and the magnitude of energy supply

saving or substitution that is possible in each

option. The data available on the costs of diffe-
rent options and even of the state of the arts in
each area is so inadequate that the Committee
could not make any meaningful comparison of
the possible benefit cost ratio of the different op-
tions and assign priorities. In a broad qualitative
sense, we agree- that the development of non-
conventional energy forms is unlikely to provide
any large measure of energy supply in the next
two decades. Among the other options, the im-
portant ones are the following: .« ~ -

1. Development of Fast Breader Reactor.

- 2. Development of Boiler Designs to reduce
"oil consumption in Thermal power gene-
ration plants.

3. Fluidised bed technology|Development
of Commercial power generating plants
based on this. .

» 4. Development of SNG‘- production _'a_nd
transport technologies suitable for Indian
conditions. :

5. Development of technologies for manu-
facture of cheap smokeless fuels for use
in the domestic sector.

It is of course necessary to have a competent.
group to coordinate the R & D efforts in the
energy sector which will keep under review the-
progress registered in the different areas and ad-
just the priorities from time to time to enable
the best results to be obtained. .



CHAPTER XHI
SUMMARY OF RECOMMENDATIONS

1

Deniand for éneigy '
1. In estimating the demand for fuels the Com-
mittee took note of the “Long Term Perspective”
of the Indian Economy set out in Fifth Five-Year
Plan.. The Committee has estimated three levels
of demand. for energy, viz.—

- CASE—I: assuming that the relative prices
~of fuel will continue t0 be the same in
- future and that technology shifts would
follow the same trends as in the past*;
CASE—II: assuming an intermediate level
between Case-I and Case-III which is
considered possible of achievement un-
der most of the foreseeable set of condi-

~ tions; and ‘ C
CASE—III: assuming that the relative price
of oil products and other fuels will con-

\

[

tinue to be in the same state as in the
first quarter of 1974 and that the mea-
surefs illldicated in th; ;eportbfor increas-
ing fuel efficiency and for substituting oil
products by other fuels in™areas which
are viable and desirable on techno-eco-
nomic. comsiderations are implemented
. as suggested, -

 (paras 3.8—3.10)

Case-II has been referred to as the normal case-
while discussing policy issues relating to specific
fuels, but the Committee’s recommendations are:
that efforts should be made to bring the demand
in line with the estimates made in Case-III. The
requirements of the different commercial fuels as'
estimated by the Committee are indicated in the
Table below: — .

LR

ARV

: Coal 0il Products Elestricity
Consuwming Sector (Millon Tonnes) . (Million Tonngs) (Million kWh) . -
cr s S o’ " A a
CASE CASE. CASE
= . A _— Fa A — r - A ]
' m I I o 118 1 g i
1978-79 : - '
Energyuse .. 13200 1378 142.8 267 ‘246 42-7 120 124 128 ¢
YonEnergy use .. 30 30 30 7. 1T .. 17 e
' PR _ — i — . =
. Total - . 135-0 140-8 148-5 344 32-2 30-4 120 124 Y128
198384 . . :
Esergyuse .. . .. 1250  203-8 2104  3-0. 332 299 199 205 211
Non-Energy use = .. .60 70 8-0 108 « ' " .9-4' 9-0 . .o
' ' R ' ' .
- "Total . 2010 2108 5184 47-8 42-6 38-9 199 205 ° 211
1990-91 ‘
Fnergy use . 330-0  342.0  352:0 61-0 52:5 46 385 392 398
Non-Energy use . 9-0 10-6 12+0 18-56 14.2 12-2
Total 339-% 38526 3649 71-5 66-7 56-8 385 392 398
(Para 3-35)

*With certain adjustments in the trends of consumption of fuel oil, to correect for the increased use af fuol oil in the early

seventies due to lnck of coal supplies,

114
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The estimates pf demand for non-commercial fuels are as follows:~—

-

o I 107879 - 1083:847 - - - 4 109001 -
© TFael o I's At 2’8 A — —A— —
Tn b Inmtor Inmb  Jnmotr " Inmt . Inméer
Firewood snd Charcosl .. - .. " . © 132 125 131 124 1. 122 116
Dung cake (dry) * .. v 86 2% 65 26 .53, 21
4 18 a4 % u

Vegetable wasto . e e 46

“

i o . .
Reserves ' of coal

2.'A summary of the total gross reserves of the
different varieties of coal is given below:
Summary ‘of reserves of coal available in India

v &+ (In: million tonnes)

(Pars. 3-36)

area of the Indian sedimentary .+ bagins which
could be the habitat for oil.- The proved reserves
gf 1crude oil and natura] gas are shown in Table

elow: — ..

[T I

" Reserve of crude and natiral gas

Crude 6il. N .=' Natural Gas

. Total  Proved Indica- Infer- Ares (In million_,(In billion
f’ Gross  Reser- ted red tonnes) ]!g_utblc
' Reser-  ves Resor- Reser- | et et)
T ves : ves ves i
; Gujarat .. .. .. 56:38 1966
. Assam e 71.46 42-82
1. Cooking Coal : . .
Pnnfe cook;ngI coal .. G650 3660 1640 460 Total . 127-84 6248
Medium cooking coa] 9431 3860 4309 1272 . . . :
Semi to weekly coki 5078 1569 2600 14 ‘ j
‘coal d kmg o (Paras 4-9, 4-10 and 4-12)
Total coking coal 20154 9050 8449 2646 Hydro-electric potential ‘ "

2. Non.cooking coal
Non.cooking coal 50968
g | 12308 22310 . 26180

Tél('tiﬂl'y coal
3. Lignite' _
Lignite .. e 2026 1795 202 28

GraND ToTaL 82075 . 23160 30061 28854
noo '

Our ¢oking coal reserves will be able to sustain
the growing requirement of the steel industry for
a period of about 40 years only. On very rough
calculau_on, it may be stated that the reserves of
non-coking coal that have been categorised so
far would last for about 100 to 150 years.

(paras 4.2, 4.3 and 4.4)

Oil.‘.. reserve

3. In the oil prospect map of India, 27 basins
have been delineated on land and off-shore cover-
ing a total sedimentary area of about 1.41 million
sq km on land and ~about 0.26 million sq km
lygrllg with the 100 meter isobath of shelf-zone in
the' Indian ' off-shore. The well studied oil bear-

mg area constitutes about 4 per cent of the total

4, The economically usable hydro electric - po-
tential estimated for each of -these river 'systems.
and its State-wise distribution is given in Table
below: —

. .
Statewise distribution of power potential

State © MW at 609
, i LF h
1. Andhra Pradesh e e e 2,476-5
2. Assam (including Meghalaya, Nagaland S
Mizooram) . .. . 11,589-4
3. Bihar .. e . . 809-7
4, Gujarat .. . . I 877-0
§. Jammu & Kashmir .. . e 3,690-5
6. Kerala ve ve e ‘e 1,539'55
7. Madhya Pradesh . e .., 4,682-3
8. Madras . . . Ve 708-2
9. Maharashtra .. . . - 1,909-6
10, Mysore .. .e .. Cey o, 3,372-8
11. Orissa e . e T e 2,062-0
12. Punjab & Haryena .. e e 1,360-5
13. ‘Rﬂ]‘ﬂﬁth&n ) ) X FET 1490 -
14. Uttar Pradesh . e e 3,704-0
15. Weat Bengal o e e, 22-0
16. Himachal Pradesh .. e - 1,867-5
17. Manipur .. . .. . 8650
Total - 41,155+5
Source: Central Water and Power Commis-
sion. : :

ot
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!

The Power Economy Committee expressed the

view that “on the basis of the latest information
regarding hydel energy resources and their econo-
mics of development, it would be possible to

instal about 80 to 100 million kW of hydel capa- -

city on our river systems during the next two to
three decades......”. In the absence of details. this
Committee has taken note of the hydel potential
as'indicated by CW & PC. The Committee
would recommend that a more systematic delinea-
tion of our hydro-electric potential should be
taken up as soon as possible.

(para 4.20)

Uranium reserves ¢ S
* 5. The reasonably well assured uranium resour-
ces in India are about 22,000 Te U,Os with an
additional inferred reserves of 24,000 Te. U,Os
Once these fast breeder reactors come on line by
1985-90, they will produce more plutonium than
they would burn, and then the uranium resour-
ces available in India would be able to support
about 600,000 to- 10,00,000 MW of installed
capacity for a life time of 30 years. Thus, the
potentially. available energy from the presently
known uranium deposits in India would amount
to amount 120X 10* to 200X 10° billion kWh of
electricity, Co
B (paras 4.23 and 4.24)

Energy perspective beyond 1990-91

6. The considerations described above suggest
that the rate of ‘growth of energy demand in the
period beyond 1990-91 may not be as high as
the projected rate of growth of emergy demind
upto 1990-91 and certainly not,-as high as the
- growth rates observed over the past two decades.

* (para 6.11)
Regional energy policy . .

7. If the objective is to achieve a more balanc-
ed per capita total commercial energy consump-
tion by 1990-91, there should be a well conceived
policy towards . regional development which will

take note of the divergences.in resource endow-
ments. The region-wise -energy policy should be

a part of a well conceived regional ‘quclopmcnt .

strategy.

Review of policy o
8.1t is necessary to keep the energy policy:

under periods review and to effect changes where-'

ever necessary, If the energy plans.and policiés:

are to be operationally meaningful, they-should: .

be reviewed periodically at least once:in"three!
years and the planning horizon gxtended, at each,
time-to 15 years, o
e o (para -6.22)
Organization to implement 2 coherent fuel policy
9. The implementation of the recommendations
of the Fuel Policy Committee which call for ,co-
ordinated action by several Ministries and agen-

) . - —— (para 5.16)

- should be designed on this basic premise.

TR B T L R URTY 1 Qo L
cies of the Government. An ideal organizational

_arrangement for this will be the setting up of an
. Energy Commission clothed with adequate

powers and manned by suitable talents which
can' be ‘entrusted with the responsibility for the
periodic review of the energy situation and for
planning for optimal production and distribution
of .the different fuels. However, it is recognised
that such a Commission will have to take over
the functions which are now dealt with in several
Ministries like the Ministry of Irrigation and
Power, the Department of Mines, the Department
of Petroleum, the Railway Board and the Plan-
ning Commission. It is also to be recognised that
the scope of work of the Commission will become
very large and some of the problems associated
with 'large organization'will have to be faced by
the Commission. The need;, however, to coordi-
nate the activities of the different agencies of
Government dealing with energy is very urgent.
The. Committee considers that it would be appro-
priate to immediately set up an Energy Board
consisting of the Ministers of the concerned
Ministries  supported by a suitably structured
Secretariat to assist this Board. Such a Board
would be -somewhat different from a ' Cabi-
net Committee as the Board would have a

.Secretariat which would initiate or undertake

studies and analysis relevant for the review or
revision of the fuel policy and would not depend
entirely on the administrative Ministries for such
studies. - o " Co ' '

' o (paras 6.23 and 6.24)

. Studies on énergy policy

-10. Whether a separate Institute of Energy Stu-
dies'is set up or the proposed Energy Board
takes up the work, the working of the agency

. entrusted with Energy studies, should be oriented

more towards the arranging for the studies to be
conducted by different institutions and agencies
in existence now and coordinating the research
projects. Any attempt to centralize the research

- efforts relating to, energy problems which extend

over a very large area of economics, science and
technology under a single institution may prove
counter-productive, . - e T )
o A ' (para *6.25)

Cdai R&om_‘ées o _
11. Coal should be cdﬂsidéréd as the primary

source of energy in the country for the next few
decades’ dnd - tHe energy policy of the country

e

‘ (para 7.4)
12. The locational aspect of the coal deposits
in “the coui}try_ underlines the need for develop:
ing 'an’ efficient and adequate 'transport system
which would ensure the flow of available fuel
resources from the. points of availability to the,
points of requirements. ' - o
' ‘ (para 4.8)



13. As the prime coking coal resources may get

exhausted in about 40 years’ time,and the medi-

. um coking coal after  some : more time, it is

necessary that all efforts are taken from now on

for the conservation of prime -coking coal, in
particular, and of coking coal, in general.

L . (para 7.16)

14. Detailed investigations should be aimed at

providing sufficient mineable deposits.for the re-

quisite Jevel of production related: to. the demand
for coal estimated for 1990-91.

o (para 7.14)
Production planming - -, B

. 15.. A careful perspective- of coal production
..should be planned.on the basis.of the information
_-available .and suifable. action, for exploitation
sand mine planning taken in advance in the diffe-

rent coalfields. This perspective -plan. should be

followgd by preparing a'shelf of project reports
well in advance of each plan period. The recently
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set up Central Mine Planning and Design Insti- .

. tute should participate in all activities,connected
with the formulation ‘and .implementation of the
perspective plan~for coal including exploration
and investigation (in association with the Geolo-
gical Survery of India and Mincral Exploration
Corporation) of promising areas assessment of

- their potential over 4 period of 20 to 25 years,
suggestion of priorities for development and pre-
liminary feasibility studies of the projects..: :

”-! e (para 7.14)
16. Steps should be taken urgently to ensure
, adequate and uninterrupted power supply to the
- collieries and washéries.
e i (A 710
- 17. Production of the ditferent':g'{'
coal in future will need to’ be planned in accord-
ance with the proportion in' which they are need-
ed in the steel plants and adequate crushing and
preparation facilities have to be installed in all
steel plants. In future, the planning of metallurgi-
cal coal mines and the construction ,of ..stecl
plants should be carefully synchronised,
‘ : - (para 7.17)

Ly [RLEBN

© Gomt comservation . | . "
18. There are ‘several technical ‘possibilities of
conserving coking coal. Tt is necessary 'that re-

-~..able grades of coal, the
+ operations etc. ‘

L

Coal preparation
“'" 21V In' future, there should

L ‘be only three pro-
duct washeries. i Co Y

(para 7.21)

22. It is' necessary to undertake research for

. evolving suitable designs for washeries which are
. -best- suited for washing Indian coal and which
would reduce the cost of washing, .
e (para 7.22)

23. In future, there wiil be need to wash even .

-~non-coking coal., As. the washing of non-coking

coal is a costly; . process;:  other methods of im-

. «proving the. quality of coal like simple high speci-
+ . fic gravity ywashing, hand picking of better grades

and proper sizing by -screening etc. should be ex-

...plored and the choice of beneficiation decided

‘with due regard to consumer requirements, avail-
scale of the required

‘ S . - i (para 726)
' 24. The coal industry should accept the res-
ponsibility to supply on a long-term basis the re-
quired grade of coal, if necessaty, by changing
the source of coal supply from time to time or
by blending different grades of coal to make up
the required grades. ©= = o

Sl e, oo i i (para 7.26)

[

.‘..r'." . . v' . Lot
Coal for powel'" generation !

ades of Ebkiné B

P ' IR TP
o |

., as part of the"l,inkage.‘

25. The Linkage .Cémmitteé should consider
the loading arrangements at each end and give
suitable ‘suggestions for loading ,and. unloading

cu ‘(Pai"zi 7.30)

26. The Electricity Boards should give greater
* attention to the pioblems of coal handling and
storage; optimal: stocki levels for each plant
" should :be worked out with ' reference fo the
source of coal supply, its distance from the
.power ‘plant, reliability of the rail link, the sea-
sonal variations in these factors and, in the de-

mand. ‘
oo .- (para 7.30)
‘power plants, it would be de-

© 27. Td the major

" sirable to have arrangements for sizing and pre-

.paration of coal before feeding into the boilers

" as‘‘this would make it possible to deal with

'“search and development activities in this regard

- are speeded up from now om, © -
-”" o ’
19. The
mechanised open cast- mines in Jharia coalficid

R  (para 718 "
possibility of projecting large scale -

with much higher over-burden to coal ratio needs -

to be.studied in depth.

(para 7.20)
20. Arrangement for stowing crushed - stone

locally availablq should be made so as to permit
. Wndergrqund mining of ¢oal from .thick seams.
, N .

~onov (para 7.19)

possible changes in the quality of coal received.

. » Y ... - ({para 7.30)
.28. It is necessary to have a suitable pricing
policy for the use of middlings for power gene-

ration, if such use is to increase as estimated in
the Report, to about 21 million tonnes by 1990-

91." - -
‘ ~(para 7.31)

29, Meaningful plants for thermal power gene-
ration have to be drawn up from now on in a

. . vcoordinated manner with the plans for coal, pro-

Te

duction, especially in respect of the southern

i region. The' detailed investigation for coal mines
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LAY

~to.supply the, requirements of the power stations
should be “taken in hand immediately.
T (para 7.33)

_Coal Dumps for industrial consmmers

"+ B80. If the increasing ‘coal requirements of the

- industrial consumers is to be met satisfactorily,
coal dumps will have to be set up in all the ma-

- jor industrial regions.

B ' (para 7.34)

""*--31."The setting up of coal dumps in major in-
" -dustrial areas will call for coordinated planning
"\ for- movement of coal from the dumps to the con-
'~ sunmier ‘points by 'road " alongwith' the plans for
'{‘-‘plbgjb'g"'c[oal-'f_rqm»the mines to the dumps.

S Rde o (para 7.49)

1-..+32. A five-fold increase in the next two decades
in the requirement of coal for industries calls for
+.detailed industrial location planning from now
.on_and the locational plans regarding industries
‘should" be ‘consistent with the plans for the pro-

",duction and movement ‘of coal. :
' : ' (para 7.35)

T C
‘" Coal for the domestic sector
¢ 33.°A plan should be drawn up for increased

movement of soft coke from the Bengal-Bihar
_region to the urban centres in the country.

‘ . _" ; (para 7.39)
:Coal for exports -
t- ~ 34..Separate plans for opening up export-based

coal mines near the ports of Haldia and Para-
*".deep may ‘be drawn up, and possibilities of ex-

.»porting this coal to Bangladesh and Burma and

1.countries inthe-Pacific - :region will have to be
i considered without affecting domestic require-
i ments Ty : .
R ' . (para 7.40)
by . : T o
- Productivity
35. Studies should be initiated immediately for
', the: optimal use;and maintenance of machines
rand for: training coal mines workers in the use
.;and. mainténanee. of equipment. = .
. . (para 7.43)
- Transport ‘ ,
"' '36. The studies made by the Committee indi-
cate that+Railways constitute the most economic

way -of moving coal for most of the consuming

: classes and consumer .locations in India. Ade-
v quate- attention- should be paid to rail transport
planning in regard to development of additional
:line- capacity, yard capacity and signalling and
..+ communication which would facilitate _speedier

' ‘turn-round of wagons as well as augmentation
R IAAA (para 7.45)

“Tof the viagon fleet.
i i37;y‘SgriQHﬁJ.cdpsjderat'ion should be given to
the problgmg_*_vgf' coal movement in the Bengal-
TR LR

v .

PR : T VU _
-Bihar area and for.removal of the factors which
limit the capacity. in the Bengal-Bihar region for

- -movement in.specific sections towards .the.nor-
!

‘thern, western and southern regions. G

\ (para :7.46)

 38. The Central Water and Power Commission
should prepare a feasibility study for the trans-

- -portation -of coal by pipeline for a super -thermal

- power station of more than 1,000 MW capacity.

" ' (para 7.51)

AR G
Use of inland waterways . = « .«

39. It would be useful to make a careful study
of .the techno-economic - feasibility of transport

by river to selected towns like Varanasi.- Allaha-

bad etc. We would, however, emphasise that:for
the scheme to .be successful, large scale river

. training 'schemes ‘will -have to be taken”in hand
" and a navigable channel marked throughout the

. course. Aids for night navigation -may also have

.'to be provided if the turn-round-time has'to be

‘kept within economic limits. z -
e ' --(para‘ 7.52)

Coal gasification . -~ ' !

40. It is difficult to foresee any large size gas

- plants located at the pithead transporting gas for

industrial or- domestic.users far away from cities;
but in, major cities like Bombay and Calcutta,
gas plants located near the cities with smaller
capacities may Be a:viable proposition.

I N i toa

, " (para 757)

41. Research and develc;pment should be con-

" ‘tinued.on the. techho-economic ;aspects of gasifi-

cation and specific. passibilities should be investi-
gated for using poor quality coal for gasification
and for use in industrial locations

i

(para 7.58)

Machinery = . '
;42 A Committee of representatives of the con-
cerned Departments and organisations should
make an assessment of the’'indigenous capacity
for the manufacture; of . coal - mining, machinery,
suggest increases in capacity and fix import re-

,quirements for:the . period till the indigenous

capacity catches.up,with. the demand. This Com-
-miftee should also take up the task of standardis-
ing the equipment. It may be made obligatory

-for the equipment manufacturers to produce a

certain quantity of spares for the machines every
year. - ‘

"

(para 7.60)

* Choice of technology’ '

* 43, The selection ‘of :the-optimal' " techriology

; ¢ should be made on economic grounds using ap-

propriate weightages for machine utilisation vn-
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dor ‘Indian conditions and for the avallabﬂlty of (iii) Re-survey. some already explored por-\
abundant, labour force. .- tion of the Cambay basm and the Upper
(para 7 61) . . Brahmaputra Valley region of the As--
‘ sam-Arakan Basin using sophisticated
ngmte ' . geophysical | techniques, and intensive

exploration drilling operations in .such
portions, to. locate. additional traps in
particular  stratigraphics which might
-have been missed in the course of the

44. Tt i 1s strongly recommended that the second
mine cut at Neyveli be taken up and the capacity
of the power p]ant be increased to, 800 MW.

(para 7.62) ~  exploration work conducted earlier. ‘
| 45. The possnblhty of manufacturmg bucket (iv) Extend the exploration operations to the*
wheel: excavators in the country should be exa- portions of the Cambay Basin and the
mmed and the manufacture of the required num- Upper Brahmaputra Valley * region of
bet’ of excavators ‘taken up in a coordmated man- : the Assam-Arakan Basin which had not
mer.,, . . _ ‘ _ _been explored so far.
P ‘ ‘ (para 7.64)

(v)"Conduct extensive seismic surveys in all
the areas and follow up the results by
" drilling of exploration wells. Poriority
to be assigned ‘to the continental shelf
in the Arabia Sea adjoining the area
already covered, the continental shelf

LA | -
46. In view of the location of Neyveli lignite
«deposit in relation to other fuel sources, inspite -
of thé heavy investment, the Committee is inclin-
ed to recommend the opening of additional mines

at Neyveli aﬂd'm"“’asmg ths P"Od““?on to a Jevel area south of Sunderbans and the con

-of about 20 mt.r -tinental shelf area of the - Anduman
SERRTIN I _ . (p'lra 765) o Islands, ' ,

T I L ' ) ) ’
OIL ., (vi) Test by deep drilling already known
0il P h : ., structures in the Shiwalik foot hill belt
il Policy, ., . .y . of Jammu and _Kashmir, Punjab .md
7. Tndia’s 011 Pol:cy should be based on an T Himachal Pradésh,,

nunderstandmg of the international- oil situation. k, 1 d-
"It should be designed with 'the specrﬁc objeetlves (vid) g:;egillfsymlt‘? esu’i’f,g;‘;’a&%“ dvrvlcﬁrmg lg;el;a.

of: : tions, in the Ganga valley in West Ben-
(a) Ieducmg the quantlty of 011 productﬂ to gal, Saurashtra and Jaisalmer area..
. rl
R ot be /imported; - (vii) Intensify.the exploration work, including
Lo (b) reducing the, total forelgn exchange ex- -~ commencement of exploration drilling,
o . penditure, and S ;Ln thfllanéi area of Andaman and Nlco-
g . ’ ar Islands.. . :
(c) improving the  security of supphes of . » )
. n- - crude and  oil . prodycts, Jequired  from S . “ . (para 4. 15)
iy,  Sourcgs out51de the. country.. : ) q ‘e dd
A el e . 50. All attempts should be made to take ad-
S ] L b (paras"SVJJ(?. and 8. 17) -.vantage of the complementaries of the resource

o} i1

endowments of India and the oil exporting coun

’Oll Ex lorauon O
? tries and meaningful bi-lateral arrangements in

s [ T

48, Oil exploratron in India should be given cluding participation in crude product:on in other
pnonty attenuon The exploratron actwrtles par- cohntrles entered mto i
" ticularly in'the off-shore areas and selected on- ‘ " (para 827
sho:e art(alas should ‘be speeded up. There s ur- '
‘gent need to augment the capabilities of the 4 . 7 .. '
~ONGC by. provndmg them VYlth .more-- modem . Crude siockmg

u ; ’ .' 5 s ) ' < -
e,q npment o S -1 : With a view to prov:dmg an insurance

"ot 7 (para 827) " against, short-run . breakdown .in the suppl% of
.. 49. Th crude to. the country, there.is need for building
in oil exf,lf,‘};'ﬁ;";“g ‘steps may have to be taken up a stock of crude  within the country.” We
B should explore various ways of building up our
“(iY Expedite the exploratory drrllmg in the  stocks consistent with our resources.

Bombay Highi region. . . T (para 8.30)

() Undertake a large volume of exploration = g oo . ' '

drilling operations in- the . Tripura. and .qReﬁnery planning -

Cachar areas and in the South-Bastern °  52. Ini-each plan period, there should be a
'border ot‘ the Upper Brahmaputra Val-  * careful examination of the refinery locations, the
ley product mix required in each refinery, the extent

EE P
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“of secondary process to' be established and the
\feedstock choice' in the fertilizer industry.

, (para 8.25)
0il products supplies : and _pricing

" 53. While the potentlal for export of oil pro--

ducts should be kept . in' view, adequate care
- should be taken'to analyse the lomg-term pros-
. pects for the product before investment options

; are approved
o (para 8.29)

Naphtha . .’: ! ‘_‘ S TITERNE

54. Since light dlstlllates will be in short supply

.right upto 1990-91, Naphtha demand will have to
‘be regulated by proper licensing of fertilizer and
Jpetrochemicals projects and it will be necessary to
price the naphtha product within the country
appropnately

. ‘  (para 832)

HSDO N
55. The price of HSDO and kerosene should

.continue to be kept at par with each other. If, at -

‘any time, it becorhes necessary to tax the con-
“sumers. of HSDO and kerosene at different rates,
“tax should be levied on' the consumers of HSDO
by suitable levies on other products whlch they
-.use hke tyres tubes or, spare parts -
.o ‘ ' (para 8.39)
Road-Rail ‘coordination f" - ‘ _
56. The Committee -recommends that imme-
‘#diate action be taken to coordinate the road and
rail transport in an' optimal manner in order to
manage the HSDO demand:to/levels indicated in
the report. Long distance movement of commodi-
ties by road should be discouraged while simulta-
neously 1ncreasmg the capablhty of rall trans-

port !
(parn 8.35)

Dleselxzahon in ranlways ‘

57Tt has been estimated that 1,800, 3,000 and

+ 4,000 Km of railway track will be electrified dur-
ing the Fifth, Sixth and the Seventh Plan periods,
whlch would take the total electnﬁcatlon to
2,800 Kms, With electrification of track increas-

v mg to that extent, it is anticipated that the rail-
ways can maintain the stock of diesel locomotives
at a constant level of about 2, 600 (which will be
reached by 1978-79) .and the ' consumption of
diesel at 0.8 mt per year from then.on.  In other
‘words, diesel _consumption which was 0.5 mt in
1970-71 will increase to 0.8 mt by 1978-79 and

+ stay at that level from then on. Though the stock
of diesel locomotives will remain the same from
1978-79 onwards, the areas in which they- operate
will ohange from time to time. The diesel traction
..will be introduced in the areas where the steam
. trachon will be unable to handle the increasing

load traffic. but. electricity could“pgt be extended
for want of adequate traffic.
tpara 8.37)

Fuel Oil

58. Fuel oil being a valuable raw matenal "for
the production of high ‘cost’ pétroletm ' ptoducts
which have good ‘export poteéntial or’can serve as
import ‘substitutes, largé quantities of it: should
be’ earmarked for the production of high value
products like lubes, bitumen, petroleum coke and
wax . o heu e e . |l|',‘u TR N

I TR :.vi‘_ doen m.(parar839)

59. The Committee: recommends that even at'tﬂe
stage of licensing new industries, the use of fuel
oil in furnaces should be prohibited and the
nationalised coal industry should be asked to
take immediate steps fo set up coal dumps in all
the .industrial, centres’of the countTry SRLINES

' o ST h)‘ ’I,.'H.‘” T _l:?,l'a):,“! )
, 60 The’ Commlttee recommends that the:Gov-
ernment should take immediate:steps to- improve
the design of indigenous thermal equipment with

‘the specnffc objective of reducing the techrologi-

cal requirements of 011 in the thermal plants.
‘ (para 8.40})

Coal and fuel oil as fert:hze;{ﬂe_edsto lé"l"l K
: Jrn LR IR
61 . The Comn:uttee‘ is of the view that new, fer-

.tlhzer projects should be des1gned to make usé pf

coal as the feedstock. However, in the refineries,
even when the surplus heavy-end products are
subjected 't secondary processing,. there: will be
some quantities of heavy residual material which

.cannot, be used for any purpose except for burn-

ing as a feedstock for fertthzer productlon Such
material should be used’ as feedstock in prefer-

" ence to their: use as fuels,l, IO TH

The Comm;ttee is, of the1 'vp 1ew that even if in

~ view of the Jack of operating experierice of large

scale fertilizer production based on coal and the
need to complete quickly a few more fertilizer
projects within the country to theet  thi: shortage
of fertilizer a few projects based on fuel oil are

-itaken up during the, Fifth: . Plan, these projects
..should - have adequate provision to. sthch .over
.-to the use ot' coal at a later date -

o o ,(para 2 41)

62 Recent ‘explorations, mland and oi-shore,
md:cate ‘the possibility of discovering substantial

© ‘quantities of natural gas. The production of ferti-
lizers, methanol and other chemicals based on
" natural gas will have to be ‘given preference over

the use of natural gas a mere fuel.
BT BT TN TS BTN PRy o |(pa,ra 842)

o ,1 SRR
g

ELECTRIC]TY, o

S BT IR RN

Installed capaclty Rascy """'"'

.63, The mstalledmcépaetty. .requirements for
dltferent years in future to meet the' energy re-



quirements corresponding to the Case-II esti-
mates are _indicated below:

Instal!ed mpacrty requirements for power genera-
_ tion in 1978-79, 1983-84 and 1990-91

- ‘ TForecast of Forecest of - Instslled
o Year ..

energy energy cdpacity
3 consump-  Trequirs- needed
" tion (b kWh) ment (bkWh)
G s g {m kW)
197879 . ©100-3 1164 . 33.6
1983.84 e 167-7 - 193:6 . 83-0

1990—9! 5o 820-4 370-7 a7-8

r - .

* st the' bus-bar, 4.5 ., oonsumptlon plua line losses,

Nm:m—[l] On the hagis nf the caleulations for 0-48 plant
factor and 90 per cent availability the installed
capacity - required in the year 1978-7T9 would be 30-7
million kW. However, as there iz a large - spillover of
works from the Fourth Plan and due to bunching of
new projects the capaciy coming on stream into
the final year of the Fifth plan ia very large. But

. 88 many of them would he cperative only in the

. second half of the final year, only helf of the benefits

" have been connted towards the Fifth Plan and hence

" 'the - incressed provision of installed capacity.

R 1N For the year 1983-84, on the basis of 0-405 plant
' factorend B2 per cent availability the jnstalled
-eapacity should be 48-6 m kW. This is, however,
being assumed ag 63-0 m kW for ransmm which are
eimilar as in the case of 1978.-79.

; (3) The ﬁgtu'e of installed Capeity has been arrived at
© 87'3 mkW on the basis of 0-51 plant facter snd 95
per eent avmln.b]hty

8 : ; (para 9.32)

' I’ower system planmng

64 The Committee would strongly recommend
. that rational measures should be initiated in
planning and operating the power systems so as
to ensure gradual improvement in the plant fac-
tors of operation of power system.

§

: (para’ 9.33)
1Impmving load factor of operation

65 The Committee recommends that durmg the
“Flfth Plan period, efforis should be made to deve-
lop 4 more optimal load structure:

(l) by setting up more pumped storage
schemes as such schemes would improve
the system capability 'at minimum cost;

(2) by identifying industries which are inten-
4 .. - Sive users of electricity and are also
-+ ,capable of organising their production
schedule in such a way that their peak
+ ... demand would occur during the system
off-peak period and by giving to such
units adequate incentive through special-
ly designed tariff to encourage them to

‘ , Teorganize their production;
(3) by general pricing of the industrial tariff
and agriculture tariff to provide incen-
. tive for use of more electnc:ty durmg

- off-peak hours,

progress made by them towards the

Hydro-electricity A

66. In_order to achieve the objectwc of max:-
‘mising the generating’  capacity ‘with the fund)
available and to generate cheap power, it is ré-
commended that during the Fifth' and Sixth Plans
the level of new generating capacity to be’ added
should be derived from hydro stations, both of
the eoergy intensive and ptiakmg C'ltegones

(para 9.39)

. 67. The Committee wou]d urge that during tif
Fifth Plan, a very strong effort should bé' mad
to complete as many as  possible of the hydet
stations under construction.

(pari.9.40)

68, The Commlttee would strongly urge that a

‘detalled investigation :of the, 5pcc1gc projects

‘which could be set up to utilise the hydro-electric
resources should be drawn up within the next
two years and the . scheduling of different hydro
projects should be determined with reference to
the cost of the prolects the characteristics of the
projects and their locations. On this basis, a
detailed hydro-electric power development pro-
gramme should be drawn up for thc future upto
199091 or even 2000 AD
o UL T :(para 9.42)
Nuclear power ; e

69. The capacity of the nuclear power statlons
is estimated to be as follows:—

197879 . . .. 1020 MW
1983-84 i . .o 1900 MW
1990-91 v i i g sszonrw

The Committee would like to éndorsé the view
of DAE that nuclear power capacity, if possible,
should be increased to the maximum extent pos-
sible by 1990-91. It would recommend that a re-
view of nuclear programme should be made by
1978-79. in the light of the pace of construction
of nuclear power stations in the Fifth Plan period,
the preparedness of the DAE in respect of de-
sings for 500 MW nuclear power plants and the
commer-
cialisation of the Fast, Breeder technology

Source-wise possible ‘generating capacmes has

been suggested as follows:—

{Million kW)
: Year/ - - 1978.79 1083.84 - 199091
Mode of generation. gy CuoL ] E
Hydel = .. - 13-00- 20-00 28-40
Nuoclear o, 1-02 1-90 8:62
Thermal * 19-566 31 10 69-30
Total .. 13381 53 00 v, B7-82

Norn: —Therma.l stations include coal n.nd ‘lignite basad

power gtations,
(pa’ra 9.43)
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. ,
I St

Plant size )
70. The Committee would recommend that im-
mediate studies should be .undertaken to deter-
+.mine the optimal plant size for'different reglons

v of the. country
: S . (para: 947)

.71, During Fifth Plan penod the design -cap-
~'ability should be developed and operational
aAorms for a.’500 MW, set should be studied by
[setting up an R & D plant of 500 MW capacity.

(para 9 48),

.Locations
" 172, The Committée feels that-in the overall in-
terest -of the economy and environmental conside-

“rations more and inore of such power ‘stations
should be'located at p1t-heads Depending on the

local conditions, however, construction' of power -

‘Stations at load centres can be consrdered on
merits as a special case. , "

‘ , ‘ o v ‘(para 9.49)
*Transmission e
~ 73. The Committee would very strongly urge
that the schemes for setting up of regional. grids
and regional load despaich centres should be
»vigorously pursued;: - simultaneouysly ,procedures
for the integrated- planning and - operation of
power systems based on system studres ehould
be 1ntroduced

. (p\ara”9.54)
Rural electriﬁcaﬁon e

; 74 Procedures should be. found for a proper
¢valuation of the relative soma,l benefit cost of
e]ectnfymg different areas’ with’ reference to the
.ground water potentlal the’ pos§rb111ty of_increas-
dng production in that aréa, the-other non—agru,ul-
“turgl- production th,ai:, mlght be' triggered off in
the, area etc. The correct' approagh to fural élec-
*tnﬁcatlon should be through the t‘ormulatmn of
an mtegrated rural development | programmg, for
clusters”of villages in which the supply of clectri-
city -would. be- eneof the mputs arranged by the
Govemment . e

e (para 957)

v

75. The Committee recommends a proper pric-

ing policy for the power supplies to the agricpl- g

tural loads so as to encourage the consumers” to
use the optimal size” of “pumpsets and for draw-
mg supphes during the system off-peak: hours.

{hr 0 , (pal'a 9. 58)

76. The. Commrttee would . -recommend that
rural electrification should be pursiedon lines
» which would ensure the electrification of almost

all houses in the villages to which, electricity is -

(~extended,
(para 10.19)

Captive power generation NI

77. The Committee feels that in ihe‘ 6Ver£1’il.

‘national iriterest and in order to achicve the tag-

get through’ the limited resources! awnilable, the .

setting -up of captive power stations should -not
be! encouraged. - Efforts should be made to in-
crease ‘the capacity of the power utility system
to meet all the demands with'high reliability.

: (para 9. 59)
Nuclear power programme

- 78. Apart from the necessity of gettmg the pro-
jects sanctioned and executed in time, the reali-
sation of the nuclear power programme depends
on uranivm. production. Uranium .mining . from
_other .uranium degosrts will have to be taken up.
"“At’ the ‘same . tim exploration work ' to focate
additional uranium deposits would also. be essen-

~tial to meet the Jlong-term requlrements of the
*nuclear power programme. ' '
" (para 9.63)

79. The reahsatlon of the prolected nuclear

, power programme.will also’ depend upon the in-

digenous industrial back up that could:be built
up during the next few years.. The Indian manu-
facturers will have. to develop* their. capabilities

"« to produce many of the sophisticated any heavy

“‘components as well as special pumps and instru-
. ments requrred for the nuclear power lprogramme

- : (para 9.64)
.. 80. The committee wOuld 'recommend that, if

" possible, the nuclear capacity should be increas-
ed in the years beyond 1983-84. This should be

ot I

,based on a re-appraisal of the nuclear power
f‘iiFOgramme on the lines suggested. « ¢ -
e ' pih 9.69)

o DOMESTIC'SEdTOR" R g

BFRPL T |

: Firewood

81. A fairly generous. estimate of the, . forest
fuel resources puts the availability of forest fuels
“i4 1978-79 to be Atound:94 it as agaihst’-our
“estimate of demand of¢ 132 mt (equwalem; of 125
mtcr). The solution to ¢his problem lies in taking
.up ' programmes of afforestation especially. with
- wood species ‘which are. quick growing and are
: capable of yielding °wood for fuel purposes.

‘ (para 10.10)

82 The "sogial forests can be 4 supplement to
.ithe other measures for supplymg the fuel needs
.;of the rural . pppulatlon. The Commrttee recom-
. mends ‘that consideration. be given”for the pro-
!gramme of tree plantation on. the! ;road sides,
. canal’, srdes and rarlway sides fo increase the
avallablhty of ﬁrewood

) "“(para 10.11)

”“Co.w])ung ot T e
' 83. The Committee would strongly fecommend
that all efforts should be made to intensify the

. }l o s b .'! ' LI ,ll’";
t
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popularisation of ‘Gobar Gas Plants’ in suitable
‘areas where the pattern of owmership of cattle
will help in its easy implementation in view of
-the social benefits of the nutrient production,
pollution abatement etc., possible from these

plants..
(para 10.12)
+8oft coke

84. The Comumittee urges that the possibility

- of setting up plants for the manufacture of solid
domestic fuel to suit the requirements of different
urban centres should be studied further.

(para 10.15)

. 85. The possibility of reducing the cost of soft

coke to the consumer by subsidising the irans-
..port:and trading margins or by raising the. re-
quired funds through a surcharge on the price of
.kerosene should be examined. .
Lo (para 10.15)

-86.. The Committee recommends that all cfforts
. should be made to increase the level of usage of
soft coke as high as possible. A
: : (para 10.15)
. Efficiency
. 87.. The Committec. recommends that Research
...and 'Development should be undertaken on tbe
. . design of heating appliances in the domestic sec-
.-tor and also other administrative action be taken
.. to ensure that the appliances marketed conform
to the design requirements.

. .Major jmplications | .

.- 88..The Committee would like to draw atten-
tion to-the fact that the problem of substitution
of non-commercial fuels by commecrial fuels in

" the .domestic sector has to be considered with

.. ,due regard to the overall economic implications

" of the yse of different fuels in this sector and

. (para -10.20)

rh

" vof the use of different fuels.
(para 10.21)

COSTS AND PRICES
Price Policy

-89..A propet price policy for the fuels will, -

“have to be based on an adequate appreciation
« of the production cost of each'fuel over time.
. The price policy should take into account the
- interest of the producer, the consumer end the
nation.
SR (para 11.5)
"'90. The Committee feels. that the Government
~""-should indicate''a Teasonable rate of return to
- 'be fixed for the fuel industries as a whole which
. would serve as a guideline for any Committee
which is entrusted with the task of price fixation
for.apy fuel,
(para 11.7)

- Price ‘Policy forv:oﬂ‘ sector

.. the ' pricing and distribution policies should be - -
based on a full understanding of the social cost -

91. The Committee would like to endorse the
view, taking note of the objectives of a rational
price policy in the emergy sector, that the price
fixed for any fuel, coal, oil or electricity should
‘be such that the particular fuel industry, as a

. 'whole, is enabled to earn a return of- at least 10
.per cent on the investment made in the industry.

- (par2 11.7)
‘Price. Policy for coal sector

92. The Committee would recommend the fol- *
lowing principles to govern coal prices: —

‘(1) Coal prices should be fixed with refer-
ence to the geographical area™ from

‘ . which coal is mined, " ¢ - o
" (2) Price fixed for the coals produced”in -
: each area should cover the total costs -
of production and should yield a .net
. return of at least 10 per cent on the -
. capital invested in producing coal in that

area. .

(3) Differential price fixed for coal of diffe-
rent qualities should adequately reflect
the value of the specific qualities to the
consumer as well as the relative scarcity

. of coal of different qualities. -

(para 11.11)

"93. The Committee considers that the producer
price of crude produced in, Indid should at least
"be equal to the long-term cost’ of ~ producing
ctude in Iddia and the difference between ‘'such

a price and the prevailing’ international market
" . price at any point of time should be collected
- by the Government as a tax. In effect, the refi-

neries should get Indian crude at prices equal

"“'to the international, price of similar crude.

W o " (para,1117)

94, The Committee considers that there is no
particular advantage’ in maintaining the *price
parity” formula for fixing-ex-refinery prices, in
view of producing most of the products by re-

" fining of crude within the country, in the coming

years.
(para 11.19)

95. The Committee would liké to suggest that
there should be. a serious examination of the

. need to continue the .import - parity formula for

.product pricing and to.evaluate otHer possible

, - .."' o ‘(para -§1.20)
Price policy for power sector s ’
~ 96. The Committee would like to emphasise
the ‘inadequate returng ‘fromi" electricity' industry
will seriously affect the power programme and re-

commend strongly that the electricity tariff should
immediately be revised in all the States so as

. methods of fixing prices which will best subserve

the national interest. - -

- r to.-give the rates of return as suggested by the

Venkataraman Committee, The Committee would
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Llike to recommend that the returns on invest-

"ment in electricity should be 10 per cent in keep-
. ing with the rates of return expected from other
- energy producing industries. The basis of pric-
" ing suggested here should be apphcable not only
- to. State EIectnc1ty Boards but also’ to other
_power generating agencies like the Department of
Atomic Energy, Central Electricity Authorlty,
DVC etc.

o [T
l '

: t(par'a 11.21)

97. The Committee recommends’ that./the elec-
tricity tariff should be designed so.as ‘to_discrimi-
nate adequately between the use of power.durmg
.the peak periods and during_ off-peak periods. As
the difference in the peak demand and off-peak
_demand is very large in this country, the tariff
" should_include a penalty for use of power during
_the_peak hours so that at least over a period of
time the load curves of’ dema and' are flattened to

. a more reasonable level. Thls would bring about

substantial savings m the mvestment cost in the
power sector

- (para 11.22)

. 98. The Commlttee is of the view that there is
no case for subsndlzmg the cost of
power supply to any 1ndustry

(para 11. 23)

99 The Comuuttee consrders that the tariffs
introduced eatlier need correction, in view of the
. fact that at present. when the, demand for power
” from the agriculture- sector 1s a substannal por-
. tion of the total demandand when there is . mo
longer any need for a pl;omotlonal campalgn
" to encourage the use of power in the agncultural

, ,sector (except perhaps in certain selected pockets

in the country). The, Committee would strongly

..,recommend that the agncultural loads should be
'charged with [due .regard to, the cast of supplying
power . to the agricultural ‘fector. At the same

- time, all 'measures should be taken to bring about

- a better utilization of the connected. loads in the
. - agricultural : sector_(like roastering, of agricultural
.+ loads) which would ,enable ‘the: reduction :of. ‘the

. cost of power. supp]y to. the agncu]tunsts

--;ﬂ‘, Sy S PI

;-.f:j . s (para 11.23)
e T - TECHNOLOGY

Fuel eﬂ‘iclency Al

100."The . Committee - recommends
'’ National Fuel Efficiency . Service w:th centres at '

I ,[, ) : e

" the' regional sector ‘and industry’ levels and armed
‘ w:th adeqaute ‘authority to. ensure _that
. Views on selection of fuels and on the’ level of

their

eﬂicwncy are accepted by the consumers, should
be instituted as-early as possible: " - g
o (para 12. 4)
3, ey

101 The Commlttee would hkev o cmphasxse

that ‘besides - organisational - arrangements, - there .. -
is need for setting up faciljties for training:opera- -

tlves who deal with fuel bummg equipment.
(para 12. 5)

fi

i

that‘ a

-‘vlr

I!l,

102. A .well-designed fuel. efficiency training
"scheme'should be worked ouft immediately, takihg
advantage of the surplus engineering talents avail-

!able m the country today ',“"’ “'
TN . At s gginllt;ai '125)
Reductmn in mvestment costs 16

% "l o "!
'
'

=

"103. ‘Suitable design .and construction norms
for reducing the costs of rural electrification and
for meetmg the agrlcultural pumpsets should be
Fvolved N b et
o Lt (para 12.6)

104. Etforts should be mounted w1th Jthe ‘co-
,; opération of .the various institutions to implement
a_time-bound programme of mcreasmg the effi-
c1ency of uttllsatlon ‘ofoil'in’ thertransport sec-

¢ tor: Coent b REIRT LT SRR ()
Jl;’ B TR O TR I ITae (para 127)

" 10s. The Commlttee recommends that the 'de- ,

- sign, development and manufacture of 500 MW

generatmg unit should be entrusted to an Indian

agency with a time-bound programme to get the

. commercial production: of 'such sets started in
7 the early Elghtles :

i S (para 12.9)

106. While agreemg with the strategy.-implied
in the NCS]“ recommendation for, mounting a
" Sefious R ' &' D" effort for. developmg MHD pro-
“cess in Tndia, the Comm1ttee would hke to’ em-
_'phasise_the need to concentrate
“laboratory and hlgher scale m il

ity

L T

.

work ﬁrst ,on
he cntlcal Areas.

e . (para, 12.12)

107" The Comm1ttee would recommend that
' research and development in, the argas; ¢ ¢lating to
combined gas turbme—steam turbine plants which

. would increasé’ the overall’ efficiency: of coal utili-

“’sation ‘in - thermal power 'stations should . bell in-
T tensified. . o v b sin o Ty 'nr e

RIS (para»1213)

, ]08 Researeh‘ and de\;eloplnent must be taken
: up to evolve boilers designs which. will avoxd, the

N J'IA(H'

., use of oil. support even; when the load on’ the

boiler is as low as 20 to 30 per cent of its capa-

- city. »
fpara 12.27)
Conservation of cohiné coal 7 "“ ‘ )
109. The Committee recommends that a time-
bound pfogramme for the development “of a

"t ni'formed coke' process - based. .on’'non-coking coals

r.v'should be drawn up and the pro;ect should be
.carefully followed.i e

T RRNRS TR et ‘ ‘l‘)“‘ N

‘ -(oara '1'2.14;
| Secondary conversion processes g
. 110. Development ~work ‘on ... hydrd" cracking

' 'should be-speeded up-so that ‘the designing,
' ‘manufacture . of suitable catalysts; ponstruction
'and efficient ~operation -of secondary. processing
.*plants could ‘be -managad wnthumdngenousr«shlls

- (para 12.15)
)

o



Conversion of coal to oil

111. It is necessary that in the context of the |,

i'

latest review of our emergy situation, the tising
demand for oil products, the limited success in

our oil exploration efforts and the increasing price

as well as insecurity of obtaining oil from the in-.
ternational market, a well thoughtout long-term
programme for development .of coal-oil convei-
sion technology should be drawn up. This should
be based on a review of the success achieved in
following the diverse routes for coal-oil conve:-
sion by various agencies in other countries .as
well as in our country and the product mix that
would be relevant to our long-term demand and
supply situation in respect of oil products.

(para 12.20)

112. A competent group should be formed
to select possible areas for future work, assngn
this work to different orgamsatlons and 10 moni-

‘tor the entire R & D effort in coal-to oil conver-'.

sion technology. (para 12.22)
ara .

Coal gasification
113. The Committee recommends that R & D

work on coal gasification and pipeline transport
of coal gas should be undertaken- from now.

o

114. Tt is necessary to lmmedlatcly chalk out

a comprehensive programme for intensive deve-'"

lopment work in the optimization of design of
cooking and heating appliances manuiactured in
the country.,

Non-convemlonal energy forms

115. Rescarch and development in the areas ofA

non-conventional energy should be kept up.

Solar energy,.

-116. R'& D on solar energy 1n Ind:a may be‘. )

concentrated on—

() the development of 'thm-ﬁlm .echnology e

to produce cooled surfaces which could
be used as collectors and concentrators
of solar radiation, thus reducing the
costs;

(b) the possibilities of using solar energy to

convert animal waste, agricultural waste
and algae into gaseous fuels and me-
thane.

" *(para 12,‘24)'
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oot

{para 12.23)

e

©
(d) developing solar distillation und des

]
developing low cost solar water he\
nation units for use in arid rural ardy"

'(e,)' develo'ping tehniques for the optimal
~sof solar energy for drying and stor ;
of grain, wood and hay and alr-com

tlonmg
{para 12.34) 4

| Tidal power

' recommended,

[17. The collection of more data on tld
movements and the preparation of feasibility re r
ports with regard to specific coastal locations i

(para 12. 37
Chemlcal sources of energy

118 Development work on battery powered
light vehicles is recommended.
(para.. 12.38) -

119, Fnrther' work on Fuel Cell Teclmology
for use in remote villages will be of use.

( para 12.3
Priorities

i20. Among the other optlons thu 1mportdnt
ones are the following:

(1) Development of Fast Breeder Reactor.
(2) Development of Boiler Designs to req

duce oil consumption in thermal powe
generation plants.

.+ - (3  Fluidised bed technology/Developme
wn. of commercial power generatingplan

.. based on this.
(4) Development of SNG’ producnon ’
‘' “transport © techrnologies ¢ * suitable

“and
for

w0 Indiantconditions.

. (5) Development of technolbgms for manu-
e facture of cheap smokeless fuels for use
e in .the domestlc sector. . ;.

s ,(p.lra 1240)

IR IOV (LN

Coordmahon ot' R & D efiorts in energy sector

121. It is of course necessary to have a com-
petent group to coordinate the R & D efforts in

-the energy sector which will keep under review

the progress registered in the differgnt areas and
adjust the priorities from time to time to enable
the best results to be obtained.

(para 12.40)



Annex Table II-1
+ (Referred to in Chapter II)

~p ORWISE CONSUMPTION OF COM’IMOEI}QC%\% ENERGY FOR THE PERIOD 1953-54
e 1

. S I In Million Tonnes of Coal Replacement and Coal Equwalent

t ) 1953.54 ‘ 1
P p A (0 .
% . . Seotor T . Coal Qil P(_'oducts Electrieity Total Cnmmem:iu!'ﬁ

R CoE L in C Energy in
i . - r A ™\ R ad e N ]

Ky oo : c.r. c.e. Cor. ce.

{ : B ) -
+ Mining and Manufacturing . . - .. 13-80 3-65 112 500 @ 19-92
¢ Transport . . . 1210 %96 2:70 0-60 21-46 1540
. Domestic K e .. ‘e 2-20 9-79 3-01 0-70 12-68 5-91

Agncultm-e oo ' .. D e 1-61 0-5 0-20 1-81 0-70

‘:(mmg;rcml/(“ovm'nmcut and Others 0-80 . .. _— 1-10 1-70 1-70 .
I 7 Total . 28:70 23-81 7-33 7-60 60-11 1363

(B8 o '1EI\ L ,
ercentago of total } in ce .. 8578 16-80 17-42 10000
’) Siner. . 41-75 39:61 : 12-6¢ 100 00 i
-“| [ 3 . ' - i i

wroe i—

{3 The details for the period 195354 to 1961-62 are taken from the report of the Energy Survey of India Committee. For the '
;od 1961-62 to 1970-71, the figures are obtained from the Energy Survey Division of the Planning Comlmsslon_

/ Seotor-wnse consumptlon details are not available after 1970-71.

NOTE ti (l) Flgure of coal does not include coal for power generation.

(2) Pigure of oil products consmmption does not in-lude oil ased fur non-anergy uses,
fi-  (3) While attempting o calonlate sector-wise fuel used for the years 1971-72 ownards, it was noted that the oil used. v
.. for tractors in agricnlturel sector is counted in the transport sector. Similarly H.S.L.0. wused for lifting water in”™

agricultural seotor has not been counted in agricultural sector. 4s it is difficnlt at this stage to estimate the use of
oil produets in agricultmral sector for all previons years, corrections are not attempted at this si;a.go.
. (4) From the year 1961-62, part of the kerosene has been used in the transport seotor in place 7 of HS8.D.O, to tak

advantage of the low consumier price of kerosene relative to the price of H.S.D 0.

!
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-

0il Products in

Total commere,

" Energy in
Seotor Coal - A —  Electricity f——-—h———
c.r. c.e. .
1954-65
L. Mining and Manufactusing 13-80 4-24 1-30 5-60 @ 4)
2. Transport . 11-70 9-36 - 2:88 0-60
3. Domestio 2.40 10-54 3.24 0-80 13- 74 .
4, Agricnlture - 1-63 0-50 0-20 1-83 '
b. CommerclalIGovemment ‘and Others 0-60 .. . 1-20 1-80, . 1.
" Total ‘ 28-50 25°73 7-92 . 8-40 62-87 44-¢
Percentage of Total 7 inc.e. 63-59 : 17-67 18-74 v 100:G
S iner 4548 41-12 13-40 100-00 .
1966-56 .
.M ining and Manufacturing' 13-30 4-70 1-45 6-30 2430 21-05
2, Transport .. 12-30 10-37 3-19 0-70 23-37 16-19
3. Domestic 2:60 13-51 4.16 0-80 16-81 7-47
4. Agriculture 1-79 0-53 030 2.02 Q-
§. Commer ml/(‘ovemment. ‘and Others 0-70 . .- 1-30 2-00 2
’ Total 28-80 30-30 9-33 9-40 88-50 47-5¢
Percentage of Total 7 in c.e, 69-59 19-63 -19-78 . 100-00
L in c.r. 42-04 4123 13-73 100-00
1866-67 .
1. Mining and Manufactunng Cea 13-40 5:06 1-55 6-90. . (ggggs 21-85°
2. Transporb . . 13-70 . 11-51 364 0-70 25-91 17.9
3. Domestio 2-90" 12-70 3-91 0-90 16-50 7.
4, Agriculture .. 1-90 0:34 0-30 2:20 0-€ |
5. Commercw.l,’Government and Others 070 - e 1-40 . 2-10 a2
" B Total 30-70 "31-16 0:34 10-20 72-06 50-24
Percentage of Total in c.e. 61-11 ' 18:59 20-30 : 100-00
s in c.r, 42-60 43-24 14-6 100-
. \ 1957-58
1. Manufacturing . 16-60 554 170 7.0 . | Lﬂ 84;/ 26-00,
2. Transport 14-70 12:94 3-98 0-60 28-44 19-48
3. Domestioc 2-80 18-28 4-09 1-10 17-18 . 199
4, Agrioultnrs . 2-17 0-67 0-60 2.77 1-27
5, CommercmllGovemment and Others 050 .. . 1-60, 2-10 ‘2.1
to i Total 34-60 33-93 10-44 11-80 80-33 56-84
Percentage of Total -~ inc.e, 60-87 18-37 20-76 100-00
I in o.r, 43.07 42-24 . 14-69 100-00
1958.59 3
. Mining and Mann® aotunng N 1'1-—60 - 595 1.83 8-80 L..32 35. j 28-23
2. Transport : . 14-80 14-14 4-36 0:80 29-714 , . 19-88
3. Domestic .. 3-10 13:69 4-21 1.20 17-99 . 8Bl
4. Agriculture - .. 235 0-72 0-60 2.95 .. 1.37.
&. ' Commercial{Government and Others 0-60 U .. o 180 p 2040 - ] 2:40
N i R " Total - 36-10 36-13 11-11 13-20 85-43 60-41
Percemtago of Total } in c-e. 59-76 18-39 . 21-86 o 100:0€
oo inor. 42-26 4220, 16-45 100
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Qil Products in

Tota! Commercial

© - Heotor Coul Enczey in
o ‘ ~————A——— —— ] ctricity , - —
: (LR c.r. or. c.C.
1959-60
e . o —- e v o ] el — o — — e i -
¢ and Manufacturny - . 16-80 6-44 1-98 10-30 @ 29-08
 port . . 15-20 15-563 478 0-80 31-63 20-88
" aestic . 300 . 15:52 478 1-4v 19.92 " 9-18
piculture ° .. 2-58 0-79 0-70 3.28 1-49
Pmmercxo.l/Gowmment and Others, 0-70 . . 2-10 2-80 2.80°
: Total 35-70 40-07 12-33 15-40 91-17 63-43
bentuge of Total 7\ in'c.e. 56-28 19-44 24-28 100- 00
) o in o.r. 39-16 43-95 . : " 16-89 100-00
: ) 1960-61
o - © e e ———————— O S S
. Mining and Menufacturing 20-90 723 2-22 11-60 (g)_-j_. . 34-72
‘;Tra.nsporb 16-00 17-37 634 0-80 34-17 22-14
Domestic 280 16-52 5-08 1-50 20-82 9-38
" grienlture .. 2-74 0-8¢4 (- 80 3-54 1-684
!mmercml /Government. and Otherq 070 . .e 220 .29 ., 2.9
K Total 40-40 43-86 13-48 ° 16-90 101-16 7073
'Percentage of Total Y\ ih e, 57-08 19-04 23-88 100-00
: J “in car 39-94 13-36 16-70 100-00
). . '
S > 1961-62
" Mining and Manufmurm« . 24.20 7-69 237 1446 . (46359  41-03
- +Transport '~ . 16-70 19-47 5-99 0-58 36776 23.27
ﬁomastlo .. . 2-80 18-43 6-67 1-70 22-93 . 10-17
griculture - - . “ 2.92 9:00 0-99 3-91 o, 1-89
Commercmll(}ovemmont and Others 0-40 . .. 1-64 0-24 204 -
/‘ " Total 44-10 48-51 14-93 19-37 111-98 7840
\ Peroentsge of’l‘otul 1 in c.e. 56-26 19-04 24-71 - 100-00
} - f *inor. 39-38 43-32 17-30 100-00
i 1962-63
* 1, Mining and Ma.nufacturmg S . 28-00 9-33 2.81 16-59 @r&; 47-37.
2. Transport ~ _ . - 17-40 21-78 . 6-70 0-90 -08 25-00 ..
. 'Domestic . .. 3-20 20-25 6-23 1-92 256-37 11-35
4 ,Agriculture .y 317 0-98 1-10 4-27 1 208,
6. Commeroml/Government and Others . &-60 . .. 2-16 2-65 2:65 -
ek - Total 19-10 54-53 16-78 22.57 126-20 88-45
N ! .
Percentage of Total . . '~ id ce.’ 56-51 18-97 25-52 100-00
R " iner. 3891 43.21 17-88 100
19063-64 )
1. \’Immg and Manufactumn . . 27-00 8:66 2-02 19-13 \§2 i) 48-15
2. Transport . g . . 17-40° 25-36 7-80 0-76 43-51 25-96
B Domestie = ' o ‘e 3-50 20-26 6-23 2-08 2581 11.79
griculture’ ' . L 3-44 1.08 1-16 4:59 2:21
f’ Commercial/Government and Others .. 0-70 0-61 0-19 211 3:52 3-00
oo A * Total 48-60 56-21 17-30 25-21 130-02 91-11
Jardentago of Total ine.e. . 65334 18-99 27-67 100:00
: B "iner 37-38 43-23 19:39 100-00
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N

N
.

i

s

i

i
§
!

4
v Qil Products in Total Commerci
Energy i in
Sector Conl ¢ A ——  Electricity m———————a—
o, 0.0, C.Y. -
1064-65 )
- T T 7230 200 —‘_‘7:_"'_'
turing - - - 2720 7-16 . 20.92 56-27.
L Mmm!!“r‘;dmm‘m . . 17-40° 27-51 8-46 1-00 45-91
2. Transpo - . .. 840 21-66 666 2.95 27-31
3 Do e . .a .. 3-44 106 1-40 484
5 CommercisliGovernment & Otbers ' .. 0-30 0-65 0-20 2.19 314
. Total o 48-30 60-41 18-58 27-76 136-47 8
: ' —
: 1 nes .. 51-04 L 19-63 20:33 100
Porcentage of Total ] in er. 35-39 427 : 2034 100-00 e
[
Ny 1965-66
LT T s 8-09 249 22-62 oo o) ma
L ‘T‘rm‘“g and Mm“fmmng . . 17-30 31-26 9-62 1-16 972 . 28
2. D‘“"Pg:"' v o 4-10 20-00 6-16 2.36 26-46 294
A altare . . - 4-41 1-36 1-89 6-30. 5
5 cgmmemial,'eovemment and Others .. 0-30 085 .0-26 2:53 . 3-68. .
. Tots! .. 51-80 " 64-61 19-88 30-56 146-97 102
in ce. o 50-67 19-44 - 20°89 100
Percentage of Total } inor. .. 36-25  43:96 ‘ 2079 100-00 o
1966-67 L.
. cturin, . . 30-40 9:08 2:79 24-38 63- 84 I 57
1. Miniog and Mamofocturng -0 7 16-90 3335 10-26 ie (e 2
3, Domestic - . . 4-50 20-58 833 263 27-71 I
th L .. . . . 7-24 (A
S A usl/Government and Others  we 050 0:96 020 2.8 421 3]
Total .. 52-30 69-07 21-26 -33-21 15468 1062,
)|
! in o . 48.99 19-90 31-11 10060
Percentage of Total } in ox. . 33-83 44-68 21-49 100-00
1967-68
afscturing) - - 3300 085 303 - 2679 (6964 )  63.82
,“1,' %:;‘;f}oﬁ‘d Man ) o - 1670 35-29 10-86 1-38 53-37 28-9¢
. Domegtio » - - 4-30 21-39 6-56 2.93 28-62 10
4. Agriculture .. . . .. 5-27 1-62 2.58 785 .
5. Commercial/Government and Others . 0-50 1-56 0-48 3-08 6-31
Total « 54-50 73-35 2957 36-76 164-61 1
1 in ce. . 4788 19-83 32.99
Percentage of Tota 1 nor. - 33-11 44-56 22:33  100-00
J i
1908-69 ;
i ufacturing . . 31-90 . 10-39 3-20 20.93° (7222} ¢ |}
Y aﬁ;‘,‘,ﬂgoﬁdmm . - . 16-30 39-72 12-22 1-32 57-34 A
% Domentio v .- - 4-30 2376 7.31 318 31-24 L
" Agrioulture . .. 6-85 2.11 3-46 10-31 o
5. Commeroml[Govemment and Others . 0-50 1-85 0-48 367 562
Total 5300  _82:27 25-32 41-46 17673 T
Total in ce. . 44-95 - 21-14 34-61 100-0:
Percentage of Tot in or. . 20-09 46-55 23.46  100-00

(D) 190Mof Energy—10
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.
5
¢ 0il Products in Total Commercial
: . Energy in
M ' Seotor_ ; Coal P Ay v Electricity A
' | - er, ce - er. oc.e,
. 1965-70 ’ B
‘and Manufacturing . .. . - 34 9:36 2-88 32-34 41;) 70-56
* arb e . e . 12 43-36 13-34 1-45 BU-92 30-91
do . e . . 4 80 2556 7-8 349 83-84 16-1
culture = ’ ) . e 4-54 i-40 3-77 8.31 5-1
- merma.I[Government and Others . 0'40 7-26 2-23 3-97 11-63 660
,ﬁ\ o Total . 56-66 90-06. 27-71 4502 191-74 129-39
mtage of Total in o6 - e 43-79 |, 21-42 3479 100-00
l(kmgf’ of Tota j in o 29-55 46-97 23.48 10000
, L _
P S ‘ 197071
(’ a " o . . -] ]
‘M.mmg dmhnfmmng . .. 31-07 10-90 3-35 34-36 \76-32. 68-77
'ﬁ-angpoarnh . .. 15-91 47-23 14-58 = 1.43 6d:57 31-87
mestio .. . 4-07 27-58 849 3-83 35-48 16-39
%\rwulbure . . ] 4-51 1-39 454 9-05 5-93
r,nmereml[Go‘vemment and Others . 0-30 6-97 2-14 4850 11-77 - 6-94
£ ‘ Total . 51-35 97-19 29-90 48-65 197-19 ' 129-90
- 1 hee . 39-53 _ 2302 37-45 100-00
ontage °f'T-°'°l o - 24-67 100-00

} in o.r. - 26-04 4529
=" . Ll . [P S -

f
4
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Annex Table II-2 Aqnex.Table 4

_ COAL CONSUMPTION DIRECT AND
T%mggngggﬁngopﬁo%MEgﬁAf . "DIRECT 1953-54 TO 1970-71

(Mllhol’l(}

‘l
Coal in Oil in Electri- ) . Consumption of Coal . h
illion illion = it Year T g A =\
Year ggll::; ?[‘{cl:]xl:nas my Direot Powef - To
Billion use Stations - 4
kWh - ot ' , ' ’ £
: . - 28-70 3-66 . 7:60 . : S
}ggi?s - . 28-';0 3-96 840 1968 .. .. o4 .. 28.7 3-1 (
1955-56 . .. 28-80 4-68 9-40 1954 . . 28:5 %8
1958.57 .. 30-70 4-87 1-20 1955 - 28.8 31
1957-58 . . 34-60 523 -11-80 1956 .. 30-7 4.0
1958-59 - - 36-10 5-55 13:20 1857-568 . . 34-6 . 46
1959.60 .. .. 35-70 616  15-40 1958-59 . .. . 861 5-1 a
1960-61 . Ve 40-40 ;674 16-90 1959-60 . .. ‘367 5-8 4
1961-62 .. 4410 7-48 19-37 1960-61 . . 40-4 67 47
1942-63 . 49-10 . 8-30 22.57 1961-62 .. . 402 72 .
1963-64 Cee 48-60, . 866 25-21 1962-63 - . 48-1 8-0 L
1964-65 .. . 48-30 9.29 27.76 1963-64 . 48-6 9.8 .
1965-66 . . 51-80 . 9-94 - 3058 1964-65 . 48-2 106
1966-67 . - 52-30 10-62 33-21 1965-66 . 51-8 12-4 -
1967-68 . . 5450 11-28 36-76 1966-67 . . 52:3 13-0 by
.1968-69 .. . 53-00 12-66 41-46 1967-68 e . 64-5 147 .
.1969-70 .. . 56-66 13-86 45-02 1968-69 - .. .. 53-0. 15:4.
197071 .. . 51-36 14-95 48-65 1969-70 . . o 568 17-1 :
) 1970710 . .. . . 514 17-1 ;
Norms = ' o : ‘ :

1. Coal consumption ﬁgures exolude ooal used in power
generation.

g Rt )
[ g T

3, oil oonnmﬁgtxon figures exclude oil used in power . ' ,
generation and refinery boiler fuels ' '

Annex Table 1I-§

ELECTRICITY GENERATION AND, col’
Lo SUMPTION (MILLION kWh) ¢1953-54 T *
Annex Table II-3 ~1970-71)

‘§

. e AR 2 P P e

"TOTAL CONSUMPTION OF COMMERCIAL

ENERGY FUEL-WISE IN' MILLION: TON- Sbu?@wi“'E'e“{ﬁ“r Generated

. i
NES OF COAL REPLACEMENT T il Themmal N Towl . ]|
L {coal &  lear 3*
Year Coal oil Eloétris. Total ol B
city : : '
1953-64 .. 2870 2381 . 7-60 €01 196854 - ».. 2914 8788 6,097
.igg«;.gg . 2860  25-77 8-40 62-7 106466 ... 8237 4,285 .. 7,528
195556 .. 23-30 30-30 9.40 685 1965-66 . .. 3,742 4,850 - 859
< SIRL 1;4'_ eg ~ 31-18 10-20 - 72.2 1966-57 .. 4,205 5367 - .. 0,66
A 2830 gggg i;-gﬂ 80-3 195768 - .. 5072 6,297 .. 11,369 i
loooag v 3810 363 .20 85+4 1968-50 .. 5848 7,148 .o 12,994 '
oI+ 30) S 4 7. 1640 . 91-2 195060 .. 7,207 8,008 .. 1503
16162 .. aalo oo 1600 1012 196061 . ., ' 7,837 9,100 v 1683 G 4
1962-63 o 4'9:10 : 48:51 }9'37' 1081, 196162 .. 9,814, 9,855 .. 19,669 . ¢
1962-03 . 1010 54-53 2257 126-2 1962.63 Lo 11,806 10,569 - .. 23,364 g
loes6¢ .. 4830 g2l 25l 1300 106364 .. 13,597 12861 . ... 26818. ; |
e Y 48-20 62 4{ 27.76 136-4 j084-60' .. 14,799 14,764 . .... 20,636 .
logs68 . nw g7 30-56 147-0 1965-66° .. 15,226 17,765 <o 32,990 2
1966-67 Lo SRS 600T iB3al Lsgs 1966-67 .. 16,734 ]964L . .. 36375 2.
1065.69 .00 o 36-76  164-8 1967-68 © .. 18,658 22,537 .. 4,196 82
196970 . 5666 oo 0(,75 :‘l; 38 . 1788 1968-69 .. 20,723 26,710 .. 47,433 37,
19070 . 6195 9108 ggen M7 . 196970 .. 24,046 27604 1360 51,080 4Ly

970-TL .. 26,248 28,162 2417 55,827 43,722




*Annex’ ‘Table III-1
" REQUIREMENTS ' OF THERMAL
WER STATIONS (1978-79, 1983-84 AND

- Annex Table HI-2
ESTIMATED DEMAND FOR COKING COAL

‘AND * BLENDABLE COAL IN INDIA IN:
1978-79, 1983-84 AND 1990-91 ‘

‘ﬂ)() 91)
et
. oo 1978 1983-  1990-
< .o 79 84 91
. Estimated . generation of
i . electricity (b.kWh) 134+ 205 39
*\.Hydel contribution (b.kWh) 48 - 185
armal nower fo be gene-
d in b.kWh .. .- 86 . 130 287
tribution in b. kWh ., .. . '
%) from Nuclear powar sta~
tions .
*(a) 1020 MW (5000 hrs/
yr) b . e
,1 (h) 0 MW lﬁﬁﬂﬂ hral : .
wr) . . 10 sl
< e A0 MW Iﬁ'iuo hr-r oy
£ . C e s 22
3 Lignite based power co
-t gtation P
g(a) 500 MW (4000 hrsf . g
() 1{&)0 MW (4,000 hrs/ o
N ) S . 4 .
< (¢} IZTOO MW (5000 hre/ v
> ¥1) e e . e el
Cosl based generation in -
Wh . ) 79 © T 116 228
reqmrement in m to- ‘
o LActua.l consumption for
22-5 b. kWh generated
© in 1970-71 .. 14-56 145 148
{ {b) For 56-5 b. kWh addi-
: tioanl power in 1978-
- 79@ 0-6kg/kWh .. 339 339 339
'c) For 37-0 b. kWh addi-
tional poweryjn r198|3-84 ot
@0-5675 kg/kWh - 21-3 21-3
&0 powertobegen . ',.(,-1”". P
: o pated i 1696.01 @ossh AR R
¢« kg/kWh . . .. Test 618
‘al coal requirement in
‘onnes e . 48-4  69-7 131-3
',“, . e - .- - Say . o
i ot uV e T 480 70 131

ldl requn'ement on aceo-

W for inferior quality
\1 in m. toomes . .. . b 10 - 13
‘(m. tonnes of coal) i 63 -.80  -i-14d’
: s -
mpplya.snuddlm B 212 21
gement of coal (9-10) 48 .68 - 128
[ Lt . i
' n T - —

I E . N o TR
q;h the genemtlon req emept monly 120"
(Wh'ds per the Draft ]i‘lfthm;‘la.n, in order to prov:de
orthe’ fact that energy potential and demand,in
differont regions vary widely. 130 ‘b. kWh . lms
“been taken as the 'plan for power generation, In
¢ our ‘caleulation this addl. 10-'b. EWh has been
. mided to the eatlmuted in sll the three cases. -

#The mlclear ‘power genemt:on progrnmme enwsages

/ a ledpacity of 8620 MW to he. in operation by

e 1980-91. .But this lower ﬂgm-e bere has' been

¥4, " gageumed to provide a oushion against possible
short falls ivarious modes of generation.

(¢) Re_]ect.s efc, ... . ..

_  (In million tonnes)
i ’ 1978- 1983  1990-
’ 7% 84 91
1. Hot metal production’ - 14-3 228 360
2. Coke rate. per thouésnd ;
_ tonnes of hot metal - .. --0-85 - Q-85 " 0-85-
D Y '
3. Sized coke requirement .. -
. (a) for Iron & Steel Indu- - - -
oy o e 120 190 30-6°
(b) for engmeenng foundry - . ¢
o and ol:harmduxtrxel 3-0 - 45 8-0
.- . .
t .
. Tota] «« - 15-0 235 386
4. Equivalent gross coke {add
16%, to 3) . e 1725 27-0 . d4-4:
B T L Y o
6. Equivalent dry eoal (4dd :
B od) .. .s ., 230 860 590
L e e ‘
6. Raw ceking coal .. 3-6 4-0 5-6-
7. Raw blendable coal . 1-7 2:0 2-0-
8. Washed coking coal - .. 183 295 49-5-
. ot oaldot’ rueat
9. Washed blendable coal .. . 0-5 2-5
DL I RS MRS e TrpTRRTELNAY G iy g
19.; Baw coal oqmva!ent of 8 ... 7 27-6' 46:00 79-0-
' ¥ B Y3 S .
(Actual of enstmg wmsheruaaU !
plus input -calculated at
. 60% y:eld for new, washer- .
b lea)' N
1L Rew coal eq'uimlent’ of ,u ‘10 4.0
12._Totnl cokmg coal (6+10) e 4 30 -6 50-0. :,84-0'
. X _1! :
13 Tota.] blendafble Coal (7-+11) L l;7 3-0 60
14.Total coal 'to be produced  32:3  53-0 ; 90-0»
. which would ‘e consumed a8 . e .
follows : S P . '
‘(a) for “transformation ' to | o o
A ooke- e .e 220 86-0 59:0-
blhddhngsmpowergta— ..
( ) 60 12:0 ; 21-Ox
33 60 10:0-
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Annex XII 1

TS FROM CHAPTER VI OF THE POWER ECO\IOMY COMMITTEE ST\.
EXTRAC GROUP REPORT 1V ON RURAL ELECTRIFICATION 4

Standardisation of Designs, Specifications of Materials and Equipments and Constru
Practices.

A Technical Standards Committee at the nation-
al level under 1.S.1. with the collaboration of
C.W.P.C. and Rural Elecirification Corporation,
and of the manufacture of electrical equipments
" should be formed to work on standardisation
and implementation of standards for achieving
natiopal ~economy. This Technical Standards
Committee should bring out bulletins and books
along with drawings and charis on the different
aspects of rural clectrification right from its con-
ception to operation and maintenance of the
completed rural electrification scheme. It should
provide a standardised procedure and guides for
the followmg —

1. Investigation survey and system plan-
ning guide for eleciric distribution sys-
tems in rural areas.

Economic design of primary lines and
sub-stations for rural distribution
schemes.

Electric system capacity.of earmarked
rural areas for intensive and intcgrated
developments.

Standards for the preparation of circuit
diagrams and electrical data sheets.

Construction work plans for rural
schemes.

Single-phase designs and guide for de-

sign and selection of single-phase and
three-phase systems for rural electrifi-

cation schemes and comparative econo-

mic studies.
_Guide for conversion of
into three phase systems.

. Guide for etonomic selection of trans-
former size.

Specification drawings of wood pole
lines and its construction.

Specification and drawings for 11 kV
line construction.

Specification and drawings for 11 kV
and 400 volt line (HT/LT) construction.

Specification and drawings for 66, 33 &
22 kV line construction.

Specification and drawings for 66/33/
22/11 kV sub-station construction and
methods for determination of capacity
and economic size of transformers.

Specification of line construction
tracts.

Specification of sub-station construction
contracts.

L/P(D)190MofEnergy—11

single-phase

10.
11.
12.
13.

14, con-

15.

A

- e

16. Guide for engineers for cl;_teckmg

and sub-station contracts.

Guide for making an operauon
maintenance sutvey of transrmssnon
dlstrlbutlon systems, *

18, Guide for -repairs of distribution,
"+ formers, switches, meters, etc.

19.

17.

o

d

(
Guide for voltage and current mea\sa
meit on rural dlstnbuuon system,
Guxde for energy metgrs .

Gmde for polc numbenng' and maim

pance.

-Guide for complete engmeenng, :

and ‘construction:.of rm‘al elect' by

schemes.

Guide for design of ClVll xf

works for different types o.

rocky areas.

24. Guide for design and construc
. service lines to consumer insta, !

20.
21.

22

23. g f

leq- wa

s O TR

Some of the specific suggestions concern:
tain ma]or aspects of designs which could ¢,

mise in the rural electrification schemes are n¢
hereafter :

I. RURAL LINES

(a) Supports

The type of supports used for the rural
varies from State to State, PCC, RCC, .
structural section, second hand rails poles, v
poles, jointed wood poles, fabricated pol
are used according to the availability, It
time that one or two types which are m
nomical are adopted and should be east

" available.

(b) Sﬁans

......... It is, therefore, recommend~""**
maximum possible span, say, upto
in all the areas shquld be employe
practicable,

(c) Conductros

Only economic standard sizes of °
after proper system study and optlmlsatlon 3
be adopted. o

.........

(d) Insulators and Fittings

......... research and experiments may be
ducted to evolve a most econcmical type ot
sulator for rural areas............... 11 XV pin in.
lators with 540 kg. failing load as per IS wou



li

:As regards disc insulators, insulators ‘with

dim strength of 4500 kg as pcr IS spec1ﬁ-'

, would be sufficient. -
and Others. .

}1 /0.4 kV SUB-STATION
‘The followmg suggestxons are made in this

\tegard

\{(a) Some State Electncnty Boards are using

"economical - type *of '~ gang-operating

switches, These switches are at present

- being made for a rating of 200 amperes.

The full load current of a 100 kVA

transformer at 11 kV is . about 5.5

- amperes; of course, the fault current will

be much higher........, The State Elec-

tricity Boards may install some percent-

"age 'of the sub-stations with the simpli-

fied gang-operatmg switches as above

- +and. -gain experience. The method can
. then:be further extended.

mission of 11 kV hghtnmg arresters
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m transformers. sub-stations upto 50 .

.(

kVA in all the regions and upto 100
. 1 KVA in areas with low isoceraunic
.+ level. Instead arresters may be installed
only at strategic points.

(c) Use of transformers with low iron loss

and high copper loss. This will help in
‘keeping the losses low as the load factor
-is very low in rural areas.

“(d). .........it was decided that the use of

25 kVA 50/63 kVA and 100 kVA
transformers should be standardised as
this would help in considerable reduc-
tion of manufacturing costs.

(e) Installation of transformers of capacities

~to match with the anticipated loads in
only the next 2 to 3 years and avoiding
installation of large capacity transfor-'
mers as far as possible.

(f) The low tension switch should be install-
ed on the sub-station structure itself to
economise on the length of low tension
cabIes {
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(Referred to in Chapter IT)
NOTE ON CONVERSION FACTORS USED FOR AGGREGATION OF ENRGY M

SURES

The Energy Survey of India Committee keep-
ing in view the particular problems of the Indian
energy economy adopted the coal replacement
method (also known as the total substitution
method) by which each type or source of energy
is measured in terms of the coal it replaces, when
both the original source and -the coal are used
in appliances or equipment, and with the thermal
efficiencies that are likely to be used in practice.
The methodology used by the Energy Survey
Commiitee for determining conversion factors of
oil and electricity, the reasons for their adoption
and the assumptions involved therein are exten-
sively discussed by them on pages 322—329 of
their Report vide Annex §.

2. Briefly, (a) one tonne of coal is taken as
one tonne of coal irrespective of its calorific
value; (b) in the case of oil products— '

(i) the cooking efficiency of kerosene is cal-
culated on the assumption that calorific
. value is-11,000 kcal per kg and thermal
efficiency is 51 per cent; as soft coke is
assumed to have a calorific value of
3770 kcal per kg its thermal efficiency
in an oven is 18 per cent. One unit of
kerosene can replace 5.7 units of soft
coke; as each unit of soft coke is pro-
duced from 1.5 units of coal to be pro-
duced, the coal replacement value of
kerosene is 8.3;

in the case of HSDO, the actual perfor-
mance of the Indian Railways in 1960-
61 showed that for moving a unit of
goods in the Indian Railways, the coal
required, is 9 times the diesel required.
Based on this, the Energy Survey Com-
mittee has used a coal replacement
ratio of 9 for HSDO and IEC. The Re-
port of the Expert Committee on Coal
Consumption 'in Railways in 1953 esti-
mated the varying ratios of coal con-
sumption in steam locomotives to oil
consumption in diesel locomotives to be
8:1. The recent statistical information
of the coal and diesel consumed in the
Indian Railways indicates that this ratio.
may be more than 9:1. However, the
Fuel Policy Committee for the sake of
continuity retained the use of 9:1 is
the coal replacement for HSDO, . LDO
goes into different uses wheré the rela-
tive efficiencies vary widely. - However,
the coal replacement ratio' of 9 for LDO
adopted by the Energy Survey Commit-
tee has been retained: f ‘

in the case of fuel oil, the “efficiency of
use in the furnaces is the same whether
the fuel ‘oil or coal is used. The calori-
fic value of coal is taken as 5000 kcal

(i)

(iii)

s

. efficiencies and higher plant factor thereby reduei

per kg and that of fuel oil as 10,000 ‘El
per kg. The coal replacement ratio for
fuel oil is taken as 2.

t

(c) in the case of electricity, the coal rep{#
ment has been measured by the Energy £ §&
Committee in: terms of the total value o.
and oil used in thermal power stations in .
of one unit of electricity to be sold. In °
words, the auxiliary ‘consumption -and trams.
sion losses are accounted for in ,coal repl,.
ment measure (pages 3 to,7 of the Energy Sur
Committee Report). It may be argued that
coal replacement measure should be calcula
with reference to the energy generated but
Committee felt that the concept establist
the Energy Survey Committee can be ¢,
Based on this, the coal replacement nvi iy
electricity of one kg per kWh, one mi k\ ;
of coal for one billion kWh of therm.f {
has been assumed. This slightly impro: | .
times as indicated in the Table bel‘ow:—-éz :

1971.72 ‘10831
(actual) 84,

13

1978-
7

‘
1

PR -

1, Total energy gene- . _ e

" rated by steam oo o
power stations
(b. kWh) - ..

2. Consumption by
auxiliaries and losses
in transmission eto.
{b. kWh)

3. Net energy oon- .
sumed (b. kWh)

‘4. Total consumption’ '
of coal’ and lignite s
* {m. tonnes) 19-20.. ... .50 76 .

5. Oil consumptionin . o oot
terms of coal re-
placement (m. to-
nnes) . 2:64

6. Total ocoal con- 4

sumption (m to- : : .
21-84 52-96 -80-60-

S

.24 . T4 116
16-2 244

518 906

8-22
23.02

2:06 . 4

TN

-~ nnes} .. .
7. Coal consumption
per kWh of energy .- 1r: ~»

consumed, - 0945 0-916 O

‘Note:—For the years 1078-79, 1083.8¢ and 160
tion’ of oil in thermal Power Stations has been
0-02 kg per kWh of energy generated keeping in ¥
Thermal Power Stations in future would operate &

consumption which is required for flame stabilizatic
plants are operated ot lower load factors. The oo
has adopted 1-00 kg coal consumed per kWh of ener,
lised for the sake of continnity. -

[URPRSRERFTSPIE PR

In the case of non-commercial energy, '
amounts of each non-commercial fuel requi
to replace a tonne of coke and the amount
coal required to make that coke, the ratios we
arrived at by the Energy Survey Committee W1/
data furnished by the CF.R.I. The ratios are :
follows;



l_’of soft ooke .. requires for manufacture

v coke-1:50 tonnes { of ‘coal.
»of dried dung  replacea 0-27 tonnes of soft
J coke-0-40 tonnes of coal.
l &6 of firewood .. replaces 0-0+65 tonnes of soft

R ¢ 4 j . coke-0:95 tonnes of coal.
-

| tonne of‘ ;vasbe produ- replaces 0-63 tonnes of soft
ota . : ooke-0-95 tonnes of coal.

.
) ' Technical Note I2)
. {Referred to in Chapter II)
Jggs ON REGRESSION MODELS RELAT-

~ING ENERGY :REQUIREMENTS TO VA-
;RIOUS EXPLANATORY_ VARIABLES

T b
.j)ependent Variables

- ey _/fi'

’“‘.ji‘.nergj’ from Coal consumption for energy

* 5

' fricity (mter), and

: ionsump'tio‘n {for energy (mtcr). !

_ Stal commércial efiergy (mtcr).

'
-

Janatory Variables .
- *lational income (00’ crores). -
"2, Income from Mining #hd ~ Mandficturing
10 crores). : Co
3. Tndex of Industrial Production.

‘;The, Models

- inear, regression models felating each of ‘the

'a_enden't variables to each of the explanatory

iables were developed, and regressed for the

¢ 1953-54 through 1970-71. A set of log linear
Is was also developed. -~ - - '

o

sudant o Indépen- L‘i’néar Model )
variable dent - o
variab!e T '

oo

.. National Tncome ¥-—17-54004-0-3684X
SRR Y— 6533150+ 8487X

Y—46-3376+0-4994X
. Y—119:1638+1-7071X

A ‘,.
T

_ ve 12]

' l(qti_yJ IR ST
_gercial Ene. 4

I'4

£ -

‘.{3.051‘_']_ ‘ . 'Tncomé
AP ]f;,g:;n.g_ P
id S g LRI
/ t ‘&Manuvl,l,‘ L
! factu.

ring

L Lo, b

Y—7-30024 1. t670X

ROl .. Y—252314+3-4889X
Y—22-860642-0579X
4." Total Cominercial ' . R
.: “Energy ©. .. Y‘—40-6454+7.1]27X‘

5, ‘;ﬁléciriéiﬁy " o

-~

»

8." Dependant Indepen- Linear Model
No. variable dent
: - variable
1. Coal Index of ¥Y—13-05854-0-2612X
of Indus- ‘ .
" trial pro-
duction
2. 0l S Y—14-84084-0- 6006X
3. Electricity .. o Y—16-6603+-0-3637X

. Total Commer-
_ cial Energy .. »

'S

Y—18-412841-2152X

4. The Resuls

The results from the linear models are briefly
tabulated below:— '

Dependent variable Indepen- Sguare Standard Durbin-

dent of Error Watson
variable linear S8 ‘Stats-
. Cor. tics
Coeff. '
(r2)
"1, Coal' National 877 0336 1-235
' Income .
3. oil e T 973 -0352 1-671
3. Electricity .. » -966 0233 1.171
4. Total Commercial ‘ .
Energy- e . -975 -0679 1-998
1. Coal .. Income 955 . -0848 1-B48
from
[FE and
Manu- ,
) ) facturing ‘
2. Ol e 041  1-201 0-344
3. Electricity ' .. » «039° -1316  0-280
4, Tvotal‘ édmmercial ,
Energy .. » .069  -3204 0-464
1. Coal .. Index of = +924 0188 1.224
. Industrial
' Prodite-*
v tion . .
2,01 e 971  -0260 0-388
8. Eleotricity e .966 -0166 0-389
‘4. Total Commerical ' o
" Energy. - .. » -985 -0378 0-M43

- Since results with linear models were consider-
ed better (in terms of r®) than the results with
log-linear model, the log-linear results have not

. been presented. Some muliiple regressions using
-tional income, population and index of indus-

trial production were also attempted. While these

- models:explained the past, trends slightly better;
“these could not be used for projection purposes
- in view of lack of reliable information on inter-
... sectoral growth rates,
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Technical Note VIII(1)

REFINING CAPACITY, HYDROCRACKING
CAPACITY AND FERTILIZER FEED-
STOCK CHOICES: A MATHEMATICAL
PROGRAMMING APPROACH

Programming Approach

Our approach to the problem of investment
planning for petroleum industry has been to con-
sider the feedstock choices, locational alternatives
and refining process flexibilities simultaneously
using a Mathematical Programming Model. The
optimisation approach is broadly outlined below:

Given the spatial pattern of demand for pet-
roleum products and nitrogenous fertilizers, the
“approach focusses attention on the following
points; .

(a) To determine the optimum level of re-
fining capacity that ought to be estab-
lished in the coumtry. Also, to indicate
the foreign exchange implications and
community trade pattern under ‘various
alternatives open to the economy.

To suggest the optimum regional distri-
bution of refining capacity and quantify
the impact of locational “decisions.

(¢) To indicate how the limited technologi-
cal flexibility in refining operations
could be increased by considering the
addition of hydrocracking capacity at
existing refineries as well as new loca-
tions. :

(d) To bring out the inter-dependence of
investment and operating decisions in
the pefroleum industry and the nitro-
genous fertilizers industry. More specifi-
cally, to find out the best technological
mix for the fertilizer industry indicating
what proportion of nitrogen output be

based on each of the available feed-
stock, .

MATHEMATICAL PROGRAMMING MODEL

Various formulations of this programming
approach have been considered. Realistic consi-
derations regarding the spatial aspects of the
problem have increased the dimensions to about
325  constraints and 2800 choice variables. Be-
cause of computational reasons, the Linear Pro-

gramming version has been used for empirical
estimates,

(b)

Various activities of the linear Programming
Version are : Imports of petroleum products
(M), refining of crude to yield various products
(Xit), transportation of these products from re-

fineries to demand points (Xk;), exports of pro-

ducts (Ek), crude - imports (F' i}, indigenous
crud(? transportation (@), Hygrocracking of
heavier fractions (X{"), production of nitroge-
nous fertilizers (Xi) and transport of these

fertilizers from . plants, demand points .
Each one of these activities las a correst
cost parameter. The level at which each. ¢
gotivities should operate is determined by ,
mising the sum of cests subject to the fofl ..{%5
‘constraints :— AU
Petroleum Products Requireéments, Fertilize
. Demand, Fertilizer Demand and S~
Balances, Refinery Product Ba’
. Crude Demand and Supply B:¢
. Indigenous Crude availabi]ity;.
- Capacity Constraints and 'the Non.
tivity Constraints, o R

The mathematical formulation of the m¢

along with variables and parameters can be
sented as below:— ' :

There are :—
K Pestroleum produot - k=12.. 4,
J . demand points for petroleum
products .. .. e =42
"®  Ports for imports p=1,2
I refineries .. .. i=1,2
8 sources of indigenous crude 8=12
A supply locations for nitrogenious
fertilifizer . .. T ee 8=12
R techniques available for production
of nitrogenous fertilizers r=12..
B demand points for nitrogenoua
~ fertilsizers v b=1,
(Small letters denote parameters : Capital lette
bles)
AND

| denotes, for the kth product, ¢

Yo plus transport cost per unit frus

) jth demand point,

is quantity of kWh product import
and transported to jth demand

c, is the umit refining ecost, inclusiv
Xl charges, for ith refinery,
i is quanfity of orude processed af ith
tk is unit transport cost for kth prc
i refinery to jth demand poing.
- ok is quantity of kth produot
Xj refinery to jth demand pp
Wk is the profit (negative cost*
ip product from ith refinery
lc  is quantity exported from .
Eip product through port p.
f . is C.LF. import price of orude &
P! iransport cost from pth port
per unit,
F . is quantity of orude import
P through port p.
q,. is unit transport cost for crude
Bl to ith refinery. -
Gﬂi is quantity of crude shipped fr
h, 8 unit cost of hydro-crackin,
kh is the quantity of heavier fraotit
X, used as charge into the hyd
! finery i.
is the per tonne cost of produci
G;f fertilizera (in terms of nutrientmlé,

u.!_using rth technique,



in quantity of N produced at location a getting

raw materials from refinery i and using the
technique r. . -

unit cost of transport of N fertilizers from location
a to demand point b corrected for difference
of material. ‘

quantity of N-fertilisers transported
supply location a to demand point' b’

is quantity of kth petroleum product required at

~ jth demand point.”’ X

is the quantity of N required at fertilizer demand
point b, ‘

is the yield coefficient of kth petroleum product

¢ at ith refinery (i.e., it denotes the proportion
f kth product per unit of crude processed at
reiinery i). -

from
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f
q;,

is the quantity of naphtha required per tonne
of N for production technique r at supply
location a using naphtha from ith refinery,

' is yield ocoefficient for kth product per unit of

Y  food used in the hydro-oracker st ith re-
finery.

o 18 the quantity of fuel oil required per tonne of
951,& N for production technique rat supply loca-
tion & using fuel oil from ith reiinery.

is the quantity of crude Produced at indigenouns

€y source location s, :
kh is the coefficient representing requirement of
h; heavy-stock per unit of hydro-cracking feed-

stock.



139

OBJECTL V FUNC’I‘ION R L ~
k- k
—ZY M +ZC|X| Z ¢ X 'iU +zf -Fp:'l' %aG.‘*‘Z
if i
P:]: l)] '!P) ?ni
of <tf f xf -
Z C a X; o+ Z ey Xop A .
-
CONSTRAINTS ‘ re
1. Petroleum Products Requirement ZM k. -+ Zx"’ k for all J q
b/ L
P s
2, Fertilizer Demand . z Xl{b ) v 03 for all b.
- ‘
3. Fertilizer Demand and Supply Zx;ﬁ — E Xafb 0 for a\i .
X b

4. Fertinery Products Balances :

+

e

- Nk k~T E_NUE N ot b ol

k=] NAPHTHA, M.S. Za‘ % Xy ZE Z'ﬁ'ﬁ AL Lo

p v

b k= 2 xk— b g N

® 5=, nibo, LDOZ Z ZE + of x} -
ke 5 x* b b of ot ok ol
T YL L PR

6. Crude Demand and Supply Balances — X, -- z Fy + Z @

:; 0 for .
v ‘
. » 11, » !
6. Indigenous Grude Availability : — E G“. F0, Jor e
t
Negativi ; k E ook B pr - 2
7. Non-Negativity aox'lstmlnts M. 2, X, X 7 E'p FP’ G“. X'., X’{i Xib 7 0 for o)
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