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N..B. PRASAD,

‘Secretary to the Govt. of India
and Chairman Working Group on
Energy Policy.

‘Dear- Shri Rajadhyaksha,

I-have pleasure in enclosing the Report of the Work-
ing Group on Energy ‘Policy. For me :personally, and
for all the members of the Group who have participated
‘in the preparation of ‘the Report, it has been a stimu-
‘lating assighment. The ‘enetgy crunch’ is real and it is
easy to define ‘the problem, but the answers are many
and most of these are yet in the experimental stage and
some only in conceptual stage. Energy in one form or
another enters practically every single economic activity
and its availability and cost would decide the economic
‘future and well-being of the nation. Considerable work
is being dore on alternate sources of energy all over
the world, but it is still uncertain as to the areas where
‘the major breakthroughs will occur and in what period
of time, but it is quite certain that in the next two
or ‘three decades,, patterns of energy generation and
consumption will change.

There has been a delay in the submission of the

Report but many factors have been responsible for
this, the most important of which is the fact that all
-the members had other full time responsibilities. This
may have added to the usefulness of the Report in that
.the Members have been able to bring to the Group
discussions their very different perceptions of the prob-
-lem and .the required solutions.

At your request, a brief note on some -preliminary
conclusions of the Group was submitted in February
1979. This note had given a demand ‘forecast of
energy for the next two decades and had analysed
briefly the different energy sectors. Considerable work
“has been done by the Group since then, but the main
conclusions remain vdlid. The Reference Level Fore-
cast of energy consumption as given in the note have
been modified in the case of oil due to a revaluation
-of the conversion factor for different fractions:of oil
in terms of coal replacement. During the period the
Group was engaged on this Report, the Draft Sixth

Plan has undergonme some changes and there will be

some discrepancies between the figures used by the

MINISTRY OF ENERGY

(Department of Power)

Sheam-Shakti Bhavan,

o New Delhi, November 5, 1979.

Group for the year 1982-83 and those given in the re-
vised Draft Sixth Plan. This is particularly so in the
case of oil consumption, where the Group has used
a lower figure. The Committee cn Transport Policy
has been reviewing the transport sector in considerable
detail and it is understood that the projections of the
Committce for the year 2000-01 are lower than as-
sumed by the Groyp. The Group has not considered
it necessary to revise the figures in the Report as it
is difficult to be precise about the future forecasts and
the main conclusions of the Report would remain valid
in either case.

An important factor that emerges from the study is
the relative intensity of energy consumption in the eco-"
nomy. The elasticity coefficient of energy to GDP
over the period 1953 to 1979 shows a remarkable sta-

‘bility, varying only marginally, around 1.80. Data

for other developing countries or for other countries
during their development period is not readily available,
but the Indian coefficient is substantially higher than
the coefficient of most of the industrialised countries,
which is less than one. This may be due to a fairly
steep ‘S’ curve during the early phases of industrialisa-
tion. It could also be due to the fact that there is an
element of substitution of non-commercial energy by
commercial energy in the Indian economy.’

Another factor that emerges from the study is -the
even greater elasticity coefficient of electricity to GDP
in the Indian economy since 1953. For the period 1953

‘to 1979 the coefficient works out to 2.7 which is signi-

ficantly higher than the elasticity coefficient of energy
to GDP. This would indicate that the relative share of
electricity in total commercial energy consumption has
been increasing over time. This is clearly brought out
in Table 2.4 of the Report where the share of electri-
city has gone up from 12.6-per cent to 28.7 per cent
while oil has gone up from 39.6 to 47.9 and coal has
declined from 47.8 to 23.4 per cent. It is believed
that the coefficient might well have been higher but for
the recurring power shortages that have been expe-
rienced since 1965/66 and more particularly since
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1970/71 when the rate of growth of electricity con-
sumption dropped to 6.4 per cent, compared to about
12 per cent for the period 1951—1966. Electricity
has been the preferred form of energy consumption and
‘has consistently registered a higher growth rate than
even oil, which in other countries has grown at a faster
rate. This ig probably a 1eflection of the growth model
we have chosen over the years. An aspect of electricity
consumption that requires carefull consideration in the
Indian context is its increasing use in the agricultural
_sector and the cushion it provides to agricultural pro-
- duction in the event of a bad monsoon as in the current
year.

The areas of energy intensity in the economy may
be generally identified. The primary inputs of com-
mercial energy today are some 100 million' tonnes
of coal and 23.5 million tonnes of oil, both including
the quantities used for power generation. To this must
be added the electricity generated from hydel and
nuclear sources. Out of the 100 million tonnes of
coal, some 30 miillion tonnes (for 1978-79) has been
used for power generation, some 24 million tonnes in
the steel plants and some 13 million tonnes for trans-
port, practically all of it in the railways. The other
- sectors of the economy including agriculture, industry

other than steel and the domestic sectors have account-
“ed for -only 33 million tonnes of coal. In the case of
oil, the transport sector accounts for bulk of the con-
sumption amounting to 11 million tonnes and the
power sector accounts for about 2 millicn tonnes. The
other sectors of the economy, including industry, agri-
culture and household sectors account for about 10.5
million tonnes or about 45 per cent of the total con-
sumption for energy uses. This would indicate that the
primary fuel inputs into the economy excluding power,
steel and transport sectors is around 33 million tonnes
of coal and 10.5 million tonnes of oil or a modest
101 million tonnes of coal replacement. Any future
energy policy has to take this consumption pattern into
“account in formulating strategies for conservation of
energy, particularly in the steel and transport sectors.
These aspects are reflected in the relevant chapters of
the Report.

We have a substantial potential -for hydro-electric
generation in the country of which we have so far ex-
ploited only a small fraction. Out of an estimated energy
potential of 396 TWH (equal to a power potential of
about 100,000 MW at 40 per cent load factor) only
“some 10 per cent with an installed capacity of appro-
ximately 10,000 MW has been developed so far. The
energy generation in the last vear (1978-79) which has
been a good year for hydel generation was a little over
47 TWH. If this amount of energy was to be obtained
" by thermal generation, it would require the burning of
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some 30 million tonnes of coal. There has been a
severe drought in many parts of the country during
the current year but hydel generation is expected to
decling only marginally compared to last year and

would still represent a saving in coal consumption of

some 28 million tonnes. The hydel potential available
for development would represent an annual coal ‘bonus’
of vearly 250 million tonnes. Being a  rencwable
source, the hydel energy that is not utilised any year

~is lost for ever, whereas the coal that is not burnt is

available for the next generation, and we must therefore
develop our hydel resources with the greatest sense of
urgency. This has an added significance when we
realise that this energy is free of all pollution and causes
least to environmental and ecological damage.

We have adequate reserves of coal and at present
rates of consumption would last a few centuries hut at
anticipated rates of consumption may last only a few
decades. - We, therefore, have to plan the use of  this
valuable resource most optimally. At present, a large
percentage goes for. power generation, but given. the
hydel and nuclear resources, and cur capabilities for
exploiting these resources, we should plan for a lower
percentage of thermal generation in the years to come.
Another large part goes for transport—in the railway
sector—over 13 million tonnes of relatively high quality
coal. The same goods could have been hauled by oil
at a lower cost even at current prices or at an even
lower cost by electric traction and it mdy be desirable
to phase out steam traction at a faster rate than indi-
cated in the Report.
find its true value not as a fuel but as a reductant in
metallurgical industry and as a feed stock for liquid
fuels and a wide variety of synthetic products including

fertilizers.

The Reference Level Forecast (RLF) for oil demand
for the year 2000-01 is 92 million tonnes and the
Optimal Level Forecast (OLF) puts it at 69 million
tonnes. Indigenous production based on proven and
probable reserves is estimated at 24 million tonnes,
requiring an import of 68 million tonnes in the case
of RLF and 45 million tonnes in the case of OLF. It

may be prudent to plan that oil in these quantities is

unlikely to be available for import and, even if avail-

able, would be at an unacceptable cost to the economy.

. The gas reserves presently established may sustain a

daily - production of over 30 million cubic metets of

- associated and free gas and this is equivalent in terms

of oil to a little over 10 million tonnes per annum or
about 45 per cent of anticipated. oil production. Tt is
likely that additional discoveries would be made and
gas would emerge as a valuable resource but would
still need to be conserved except for its use as a feed
stock. Where associated gas cannot be gainfully

Coal, in the years to come, will

Y
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utilised as a feed stock, as in some areas of Assam, it
may be well worth con81der1ng reinjection of the gas into
the fields instcad of using it as a fuel, Given the limited
availability of oil and the certainty that priccs will
continue to escalate, investment in injection facilities
may be attractive, We have probahly not funded our oil
exploration programumes adequately in the past and
given our prognostic reserves of oil and gas, current
price trends and availability constraints, a much larger
exploration programme is warranted. When oil sells
for $ 30 to 40 per barrel, a discovery cost of even
$ 5 per barrel can be justified. If only 20 million
barrels (some 3 million tonnes )of recoverable reserves
were to be established by incurting an expenditure of
$ 100 million on cxploration, it would be economically
justified. OQur present exploration expenditure would
reyuire only a few million tonnes of recoverable reserves
to be established each year but the discovery rate has
been significantly better than required on economic
criterion with a discovery cost of less than $ 1 per
barrel. A substantial step-up in our exploration pro-
gramme would seem called for.

A peculiar aspect of the Indian energy scene is the
substantial share of non-commercial energy. As dis-
cussed in' the Report, this is likely to be a permanent
feature of the economy and all efforts should be made
to better manage or commercialise these so called ‘non-

commercial’ and renewable scurces of energy so that

they can be used more efficiently. Unless the problem
is adequately resolved, the energy problem of the rural
sector, where it is most critical, is unlikely to be solved
and alleviation of rural poverty nearly impossible. While
there are many alternatives for meeting the lighting and
mechanical energy requirements of the rural sector in
the short-term from conventional sources and in the
long-term from alternate sources, the energy require-

ments for cooking would need innovative solutions to

be really cost effective.

As indicated in the Report, the power sector is fairly
capital intensive and directly accounts for over 20 per
cent of all Plan investment in the country. If invest-
ments in'the fuel sector, including coal and oil and in
the nuclear sector were added, the figure would be
higher. Coal already accounts for about 30 per cent
and oil some 13 per cent of all originating goods traffic
in the rajlway sector. If investment in the transport
sector to move these large quantities of fuels were
added, the percentage for the entire energy sector in-
cluding the concomitant investment in the transport
sector, may be as high as 40. This may well be one
of the reasons why capital output ratios have been going
up for each successive plan periods. It is conceivable

)

that a less energy intensive economy, requiring a
smaller percentage of total investment in the energy
sector may enable the country to achieve a higher eco-
nomic growth rate. »

An important aspect the study brings out is the
totally inadequate investment on R&D in the cnergy sce-
tor, with the possible exceptions of oil and atomic
energy. Research and development work is being
carried out on a broad front in many countries of the
world and alternate sources of energy will be the key to
survival towards the end of this century, Unless we
step up investment on R&D in the other areas of the
energy sector, particularly power generation, transmis-
sion and distribution and the renewable sources of
energy, including solar energy and biomass ccnversion,
we may have to pay a heavy price not vuly for the tech-
nology that would require to be imported but also
in terms of rate of growth of the economy as a
whole.

These are some of the broad conclusions that emerge
from the Report, but the most important conclusion is
that energy planning and policy requires to be done
on a full time basis, that energy audit should be a
part of all investment decision-making and that a Report
of this kind is not an ‘once and for all time’ exercise
but needs to be done continually. The Group has,
therefore, recommended an Energy* Ministry dealing
with all these matters and in the alternative that this
is not feasible, an Energy Commission. The Group
would like to convey a great sense of urgency required
in dealing with these problems. Unless early decisions
are. taken on many of the issues posed in the Report,
we may not be able to avoid a [ar more serious ‘energy
crunch’ than the one we are passing through now when
oil,-coal and power are all in short supply.

Before concluding, T have to acknowledge the con-
tribution of all the members of the Group to the pre-
paration of the Report and particularly that of Shri
T. L. Sankar, Member-Secretary of the Working
Group, who has put the whole Report together.

With kind regards, R

Yours sincerely,

N. B. PRASAD

Shri V. G. RAJADHYAKSHA
Member,

Planning Commission,

Yojana Bhavan,

New Delhi.
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CHAPTER I

THE APPROACH

1.1 The Government of India set up a Working

Group on Energy Policy in December 1977 with the
following terms of reference :

—to estimate the prospective energy demand
in the different sectors of the economy and
regions of the country by 1982-83 and a
decade thereafter;

—to survey the present and prospective
supplies of energy;

—to recommend measures for optimum use
of available energy resources; and

—to outline the national energy policy for the
next five years, fifteen years and the longer
term conservation policy.

The composition of the Working Group is given, in
Annex L ’

1.2 The Working Group commenced its work in
May 1978, and held in all fourteen meetings. A

smaller Sub-Committee of the Group  met more fre--

quently. In February, 1979 at the request of the
Planning Commission an interim report was submitted
to them to be kept in view in their formulation of the
Sixth Five Year Plan. The interim report is at
Annex II. ‘

1.3 The Working Group considered whether it
could limit its consideration to a review of the findings.
and recommendations of the Report of the Fuel Policy
Committee, 1974 or whether a complete re-exami-
nation of the energy situation should be made. The
Committee took note of -the energy policy statement
adopted by Government in 1976 after considering the
report of the Fuel Policy Committee and the action
taken thereon. The Group came to the conclusion that
in view of the very steep escalation in oil prices that
had taken place since then, and in view of the difficul-
ties experienced in meeting the energy problems since
the energy crisis of 1974, it would be useful to
make a complete re-examination and reassessment of
all the issues. It was also decided to do this with the
data and the studies readily available and not to
attempt a fresh data generation which would have led
to further delays.

2 PC/79—2

1.4 While there is a long tradition of data collection
in. the country on which the studies of the Working
Group are bascd, the data in rclation to consumption
patterns and price elasticities are not available in a’
sufficiently disaggregated form. The procedures of data
collection and their processing by the various compil-
ing agencies are also not uniform and comparable. As
a consequence, the Working Group- had to put in
significant effort in updating the comparable energy
statistics from where it was left off by the Fuel Policy
Committee. ‘

1.5 The Group considered whether the time hori-
zon of consideration should be kept at 15 years as
per the terms of reference or a longer time horizon'
should be adopted. The Group felt that in view of
the very long gestation periods of many projects in’
the energy sector and the fact that the policy decisions
taken now would be reflected, at best from the mid-
eighties, the horizon should be at least 25 years. For
the sake of convenience, it was decided that the period
which would be considered would be extended to
2000-01 A.D. Such a time horizon would also enable
an overview to be taken on R & D programmes in
alternative energy sources and the likely contribution -
from such sources in the foreseeable future.

1.6 In view of the uncertainties prevailing in res-
pect of various factors which affect the energy sector,
the Group has attempted to project a Reference Level
Forecast (RLF) of energy demand which would
represent the likely level of demand, if no deliberate’
measures are initiated to correct such growth and has
given suggestions which might help in moderating the
demand from that level to a more desirable level called
the Optimal Level Forecast (OLF). The possible

‘effect of the policy prescriptions have been quantified

to some degree. The Group would urge that these num-
bers be taken as indicative for the sole purpose of
policy formulation.

1.7 The Group is aware of the need for interfuel
substitution to reduce the dependence of the economy
on oil. The possibilities of substituting the use of oil
with technologies, known and presently in use, have
been taken into account specifically in the OLF pro-
jections. The group recognized the possibilities of
using substitute fuels like alcohol and producer gas
for internal combustion engines associated with trans-
port vehicles and stationary applications. Similarly,




the use or electricity to replace oil in the transport
sector through more intensive electrification of rail-
ways, development of battery powered vehicles and
introduction of electric trolley buses for intracity
transportation were broadly considered. Considerable

work is required to develop and adapt these technolo- . ..

gies. As such, their impact on the future energy scene
has not been quantified.

“ 1.8 The exploration for oil and gas presently in
progress does indicale the pussibilities of finding subs-
tantially larger resources of gas and this has brought
about an optimism_in the prospects for utilising gas.
Suggestions - are being made that gas should be made
available for power generation and use as fuel. The
Working - Group - has not considered it necessary to
change the present policy of confining the use of gas
as feced-stock for fertilizer and petro-chemical indus-
tries on the basis of the presently known data,

1.9 The terms ‘o'f_ret'erence of the Working Group
required examination of the energy sector in the var-
ious regions of the country. The data regarding the

use of various forms of energy except electricity in
the various States/Regions of the country is not avail-

able. As such, a region-wise analysis of encrgy con-
sumption trends was not immediately possible. While
the differences in the pattern and levels of energ
consumption in the different regions is recognised, the
"Group felt that they would not materially affect the
overall policy implications. As such, a regional
study has not been attempted. :

1.10 The studies of the Working Group towards the
formulation. of a viable energy policy were influenced
by two major factors. The studics had to be conduc-
ted in the context of rapidly changing conditions in
the international oil market. The steep and frequent
increases in oil prices and suddent supply interrup-
tions have undermined. the reliability of the findings
of some of the studies on global energy and questioned

some of the assumptions being made on ecconomic
growth proposals.

I.11 Rcliable [lorecasts  regarding international
trade in goods in general and energy in particular were
not available. The economic issuwes involving costs
and prices of cnergy inputs were, therefore, confined

-to anticipated trends in the Indian context. Secondly,

within the country, the perspeetive of cconomic deve-
lopment set out in the Fifth Five-Year Plan had not
been revised and no co ordinated growth perspective
upto the year 2000 was available which could be used
as the basis for deriving the energy demand forecast.
The Group, therefore, had to make certain assump-
tions regarding economic growth, population growth
and pattern of development which are set out in Chap-
ter III. - An assessment of the progress in harnessing
alternate sources of energy and the rate at which these
newer techniques can be applied had also to be made.
But the Group was aware of the limitations of -these
approaches and tried to visualise the future in consul-
tation with various institutions and persons specialised
in these areas. The rate and pattern of growth of the
economy and other assumptions made in this report

arc not based on any projection by any Government .

agency. They have been adopted by the Group solely
for the purpose of identifying the magnitude of the
energy problem and the directions in which our energy
policy ought to move. The Group feels that these
assumptions regarding growth are reasonable for pur-
poses of planning for the energy sector and the policy
conclusions of this report would require no major re-
vision even if the rate and pattern tend to be somewhat
different. '

1.12 The policy recommendations have been pre-
sented as broad suggestions, leaving the details to be
worked out later. The Working Group feels that such
details will have to be evolved by the implementing

agencies in the framework of plans and programmes at
any point of time.

Tarag™N



'CHAPTER I1

TRENDS IN ENERGY CONSUMPTION

Sources of Energy

2.1 India, in common with many developing
countries, = consumes energy in a variety of forms
ranging from electricity obtained from nuclear fuels to
agricultural waste and animal dung. Besides the energy
derived from fuels, a considerable amount of energy
is' also_obtained from the use of manual labour and
animal power. The most significant commercial energy
sources are coal, oil .and electricity. The details of
production and consumption of these forms are regularly
collected in fair detail and recorded by the concerned
energy industries and they are reliable. The production
and consumption data of the important non-commercial

fuels viz. fuelwood, agricultural waste and animal

dung, are .scanty and they are derived from computa-
tions which are based on the quantity of energy that
would be required in the households. The data regard-

ing the extent of use of animal power is incomplete and "

unreliable. A discussion of the consumption of energy
can be made in terms of primary fuels consumed viz.
coal, oil and electricity obtained from non-fuel sources
ie. hydro and nuclear power or the total electricity
consumed and the oil and coal which are consumed
directly for energy uses i.e. excluding quantities used for

the production of electricity. An analysis of the trends

of energy consumption in terms of the forms of energy
in which they are consumed would be moré meaningful
in understanding the causes and consequences of such
consumption. The discussion in this Chapter, therefore,
is in“termg of energy forms in which they are consumed.

2.2 For purposes of understanding the level of pro-
duction. and. consumptlon of total energy, the energy
produccd or consumed in different forms have to be
aggregated Several methodologles have been developed
for aggregation of energy and each agency /country
addpts a speeiﬁc methodology depending on the data
availability and the purpose for which aggregation is
required. In India, in the earlier studies on energy
related issues, :the coal replacement measure was
adopted as the .common unit of measurement. .Inter-
national energy data is usually given in coal equivalent
units.. The differences between the conversion factors

for the two methods of measurement afc set out below :

Equivalent factor to

- ] convert to
Original Unit : Million Million
: tonnes tonnes.
of coal ofcoal
replacement egquivalent:
- (MTCR) (MTCE)
1 million tonne of coal .. . . . 1.0 1 0
1 million tonne ofoil . ., | 6.5 S 2.0
109 kWh (TWH) 1.0 0.123%*
1 mllhon tonne firewood (4750 kcal/
kg) . .. . . .o 0.95 0.95
1 million tonne of dry animal dung 10.40 0.48
1 million tonne of vegetable waste
. (4200 kcal/kg) . S0 0095 . 0.8¢

: "‘It is conVentlonal to use thxs factor only for elect11c1ty
produced from hydro electric and nuclear sources. Cozl
and oil used for power generation are converted by using
their specific coal equivalent co-efficients.

The adoption of the coal replacement measure over-
estimates the use of oil and electricity and under-esti-
mates the use of animal dung as compared to the
measurements made on the coal equivalent index. The
Group decided that the balance of convenience lay in
continuing the unit of measurement which has come
to be used widely in studies on energy in India.” The
discussions set out in coal replacement terms should be
considcred very carefully when comparing the Indian
data with ‘international data which are normally set
out in the coal equivalent units, .

Commercial Energy Consumption

2.3 The analysis in this section covers the fthres
principal forms of energy, viz. coal, oil and electr1c1ty
The quantum of natural gas used for energy purposes
is very insignificant in the overall energy consumption
and as such it is not included in the main analysis of

commercial  energy eonsumption' ’ But' diScussed

separately

2.4 The consumptlon of commermal energy in ongl-'
~ nal units in selected years during the peuod 1953-54 to -

1978-79 is shown in Table 2 1.




TABLE 2.1
Consumption of Commercial Energy

(in original units)

Coal Oil  Electricity

Year million million TWH
tonnes tonnes

© 195354 . - .- . T 28,7 " 3.7 7.6

196061 . . . 40.4 6.7 16.9

1965-66 . .  . 51.8 9.9 30.6

197071 . . . 51.4 15.0 48.7

1975716 . . . 71.0 17.8 66.0

197879 , . i 68.8 21.7 84.4

Notes: (i) Coal consumption excludes coal used for power
generation.

(i) Oil consumption excludes oil used for non-cnergy
purposes, for power generation anc. in refineries,

(iii) Electricity consumption includes supplies from
both utilities and non-utilities and excludes * con-
sumption by power station auxiliaries and trans-
mission and distribution losses.

The consumption of the commercial forms. of energy
in coal replacement measure as adopted in this report
are given in Table 2.2,

. TABLE 2.2
Consumption of Commercial Energy

(in million.tonnes of coal replacement)r

' Year ' Coal  Oil PElectricity Total
o Comimer-
- cial
Energy
195354 . . .7 241 16 60.4
1960-61 . . 40.4 43.9 - 169  .101.2
1965-66 . - . 51.8. 64,6  30.6  147.0
197071 .. . 51.4 - 97.2 48.7  197.3
197576 . . 71.0 1157 = 660 = 2527

1978-719 . .. . . 68.8 141.1 . 84.4  294.3

Note : Conversion factors given in paragraph 2.2 have been
adopted to cenvert to coalz replacemcnt measure.

2 5 ’I'he rates of growth of consumption of dlﬂerent
commercml energy forms and total energy are given
in Table 2.3. It is significant that during the period
upto: 1970-71, the growth in the consumption of oil
products and.electricity was relatively :more rapid than
consumption of coal. In the period 1970-71 to 1975-76,
there was a spurt in the coal consumption and a decline

in the growth of oil and electricity consumption. There
as a reversal of this trend after 1975-76 and the
growth of oil and electricity consumption has again
picked up. The above trends are reflected in the shares
of different forms of energy in the total commercial
energy consumption presented in Table 2.4.

TABLE 2.3

Rate of Growth of Commercial Energy Consumption
1953-54 to 1978-79 '

Average annual compound  rate

of growth (%)
Period Coal Oil  Electri- Total
city _Cpn_l-

'mcrcia°1

Energy*

1953-54t0 1960-61 . . - 5.0 91 121 7.7
1960-61t0 196566 . . 5.1 ~ 8.0. 12.6 1.8
1965-6680 197071 . . (=)0.2 83 9.7 64
1970-71t0 197576 . . 63 3.5 63 51
1975-76 to 197879 11 69 8.6 52
1953-54101970-71 . . 3.5 86 11.5 7.2
19535410 1975-76 . . 42 15 103 6.8
1960-61 10197071 . . 2.4 83 111 6.9
1960610197576 . .- 3.8 67  9.5.- 6.3
1960-61t01978-79 . . 3.1 68 .93 6.1:

*[n terms of coal replaccment measure. The growth rates
of total commercial energy in terms of coal equivalent
measure will be lower as-oil and hydel/nuclear electricity
will be reflected in terms of their heat value.

TABLE 2.4

Trends in Share of Different Energy Forms in Total Commercial
Energy Consumption

. Pcrcentage share in total commercial

energy consumptlon -
- Year ‘Coal ‘ 011 . Electrlcxty..
es3sd . . . 478 39.6 12.6
9606l . . . 99 434 16,7
1965-66 . . . - 53.2 4.0 20.8
1970-71 . . . . 26.0 . 49.3 ‘24.’7.,
197576 . . - 28.1 " 45.8 ©26.1..
1978719 . . . 23.4 47.9 28,7

Note : Shares have been calculated using coal replacenient
measure for aggregation.



Consumption of Non-Commercial Energy

2.6 Firewood, agricultural waste and animal d\lng'

are commonly referred to as non-commercial forms of

energy in India. In the absence of a more appropriate

nomenclature, the same classification is adopted in this
report though a small but an increasing proportion of
the latter fuels are exchanged through the market
system. It is well recognised that substantial quantities
of non-commercial fuels are used in a few major
industries- such as sugar and in unregistered factories
and household industries. It has not been possible to
estimate on a reliable basis the total contribution of
non-commercial fuels to energy consumption in the
industries sector. The analysis -of consumption of non-
commercial fuels in this report relates entirely to their
use in the house-hold sector. Even in respect of this
sector, there is no record of production or wusage of
such fuels ang it is necessary to estimate consumption
from sample surveys. Various alternative methods of
estimation of consumption of non-commercial fuels
were considered and it was decided to adopt the- metho-
dology used in the Report of the Fuel Policy Com-
mittee 1974. Briefly, the estimation is based on the
assumption that the annual per capita consumption of
energy (of all forms) in the household sector is 0.38
tonnes of coal replacement (tcr) in rural areas and 0.40
ter in the urban areas. Using the estimates of rural and
urban population for ‘each year, the total energy con-
sumed in the household sector is worked out. From
this total energy consumption, the consumption of com-
mercial energy, viz. coal, oil products and electricity,
in the household sector is deducted and the total non-
commercial energy is derived. The consumption of
firewood, agricultural waste and animal dung are
calculated on the assumption that their shares in the
total non-commercial energy consumption are 65 per
cent, 15 per cent and 20 per cent respectively. The

‘analysis has been confined to the period upto 1975-76

as the data for non-commercial energy beyond is less
precise. The results of such computation for selected
years are set out in Table 2.5 in original units and
Table 2.6 in coal replacement measure.

TABLE 2.3

Consumption of Non-Commercial Energy
1953-54 to 1975-76

(in million tonnes)

Year Firewood Agricultural Animal
- waste dung
1953-54 . . . 86.3 26.4 46.4
1960-61 . . . 99.61 30.6 54.6
1965-66 . . . 109.3 33.6 59.9
1970-11 . - . .- 179 36.3 64.6
1975-76 . . . 133.1 41.0 73.0
TABLE 2.6

Consumption of Non-Commearcial Energy in Coal Ré_placement
Measure—1953-54 to 1975-76

(in million tonnes of coal replacement)

Year - Firewood Agricul- Cow- ~ Total
tural dung
waste
195354 . . 822 251  18.6.  125.9
1960-61 . . 94.6 29.1 21.8 145.5
1965-66 . . 103.8 31.9 23.9 . 159.6
197071 . . 112.0 34.4 25,8 172.2
197576 . . 126.5  38.9 29.2 194.6

2.7 The serious shortcomings of the methodology
adopted in deriving the estimates of non-commercial
fuel consumption as set out in the above tables
(which is dependent on the invariant level of
per capita - consumption and rate of increase
of population and urbanisation) = should make us
cautious in using these data for any  purpose other
than policy prescriptions. However, they could be
compared with the levels of commercial energy con-
sumption to get-a picture of the relative ' levels of
consumption of various forms of energy over time.
The quantities and the relative shares of commer-
cial energy and non-commercial enei'gy are given
below : - o SR T

TABLE 2.7 ...

Consumption of Commercial Energy and Non-Commercial Energy—1953.54 to 1975-76

 (in million tonnes of coal replacement)

Source 1953-54 1960-61 196566  1970-71 | 1'9?5}76,
(a). Total Commercial Energy = .~ .. ., 60.4 101.2 C147.0 1973 252.7°
(b) Total Non-Commercial Energy 125.9 1455  159.6 172.2 194.6
{(c) Total

186.3 246.7 306.6 369.5 447.3

Note : The contribution from draugh-t animals are not included.
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TABLE 2.8

Relative Shares of Commercial and Non-Commercial Energy—1953-54 to 1975-76 .

(in percentage)

Source of Energy 1953-54 1960-61 1965-66 1970-71 1975-76
(a) . Total Commercial Energy 32.4 41.0 47.9 53.4 56.5
67.6 59.0 52.1 46.6 43.5

(b) - Total Non-Commercial Energy

Note :

Relative shares are computed using coal replacement measure for aggregation.

If coal equivalent measure is used for aggreg'c_ltionT

the share of non-commercial energy would be substantially higher.

It is significant that while the relative share of non-
commercial energy in the total energy consumption
has gradually diminished over the last two decades,
there has been an increase in the absolute quantity
of non- commerc1al energy consumed.

Ammate Energy

© 2.8 "Animate energy. from bullocks camels, etc.
and muscle power of human labour are used in India
ag sources of mechanical energy. It is also traditional
that the same source of animate energy is used for
different purposes. For example, the bullock might
be used for lifting water, tilling land, performing other
agricultural operations and for transporting goods
and passengers. Estimation of energy derived from
such sources involves a number of conceptual assump-
tions -and approximations which .are not backed by
scientific and reliable studies. In view of this, the
Working Group felt that it would not be meaningful
at this-stage to make any detailed assessment of the
extent of the contribution of animate sources of
energy consumption in- India. However, the relevant
aspects of animate energy consumption and : their
inip]jcations to the long-term demand for commercial
energy - consumption are discussed in the! - Chapters
- dealing. with energy - consumption . in .the .. various
sectors. .It is-important -to note -that the: contribution
of energy from animate sources is quite large in India
and should not be lost sight of while con51der1ng

certain specific energy issues like the use of energy in- o7

the agriculture sector .or the transport sector, .- . .-

2.9 The -magnitude of energy derived. from animate
source could be seén from Table 2.9, which gives the

number of bovine animals, ‘work _ammals, .animal
drax_vn carts ‘and plough shares in certain selected
years. The work animals are also used for - lifting

water from wells which are not served by diesel or
electric~ pump sets. Such wells are
number about six millions.

" estimated to

TABLE 2.9
Animate Energy Sources
(in millions)

1961 1966 1972
No. of bovine animals 226.8 229.0 235.8
No. of working animals 78.0 78.5 80.1
No. of animal drawn carts . 12.0 12.6 13.0
No. of ploughshares N.A. 43.4 4.6

The absolute number of working anjmals and the
devices which are used to put the animals to work
have been increasing over time, although at a very
slow’ rate. As the total energy consumption has been
increasing at a higher rate, the relative importance of
the animate energy in the total energy consumption
should be declining gradually. Assuming that each
working animal to contribute the energy equivalent
to one tonne of coal per annum, the share of total
energy derived from the animate sources- would -be
quite large even at present. .

Sector-wise Consumption of Total Commercial Energy' :
2.10 The sectors of energy consumptlon may bcj
d1v1ded into ﬁve for purposes of energy analysm

(6] Household sector (whlch was named domcstlc‘
sector in previous reports) :

(ii) Agricultural sector. ,

" (i) Industries sector (which was referred to as
mining and manufacturmﬂ sector in earhet
- -Teports). - :

(iv) Transport sector, and

(v) Other sectors (which -will 1nc1ude Govern-
ment, commercial, construction, etc. sectors).

2.11 The details of consumption of coal, 011 pro-
ducts and electricity in selected years in  different
sectors of the economy are set out in Table 2.10.
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TABLE 2 10
Total Consumptmn of Commerclal Ener; gy—Seclon wise—1953-54 to 19 /3-79

(in million tonnes of coal replacement)

Sector 1953-54  1960-61 1965-66 1970-71 1975-76 1978-79
Household’ 12,7 . -20.8 26,5 - - 35.5 37.4. 40,3
Agriculture 1.8 3.6 ) 6.3 9.1. 18.1 31.3
Tndustries 22,4 39.7 60.8 76.3 101.8 113.4
Transport . . . . L. 21.5. 7 342 49.7 64.6 85.5 93.2

_Others . . .. 1.7 2.9 3.7 11.8 9.9 16.1

Total Commercml Energy Consumptlon . . - 6071 4101.2 147.0 197.2 252.7 . 294.3

The share of different sectors in the consumption of

Commrcial energy are given in Table 2.11,

TABLE 2.11
Share of Different Sectors in the Consumption of Commerual Energy—l953 54 to 1978-79

(in percentage)

Sector 1953-54 1960-61 1965-66 1970-71 197576~ 1978-79
Household . . . . . . . . .0 213 20.6 18.0 18.0 14.8 13.7
Agriculture . . . Lo . . 3.0 . 3.6 4.3 4.6 7.2 10.6.
Industries . . . . . . C. ~37.3 - -39.2 q1.4 38.7 40.3 38.5
Transport Ce 35.8  33.8 33.8 32,7 33.8 31.7
Others . . . . . . . . 2.8 2.8 25 6.0 3.9 5.5

It would be observed that the largést share of
Commercial energy is consumed in the industries
sector. The transport sector is the second largest consu-
mer of commercial encrgy and accounts for about 30%
of the commercial energy consumed. Industries and
transport together account for nearly three-fourths of
the commercial energy consumption. This share has
changed only marginally over time in the -last two
decades. Energy consumption in the agricultural sec-
tor has registered the sharpest rate of growth and its
share has increased from 3 per cent in 1953-54 to
about 11 per cent at present. A part of the increase is
due to substitution of animatc cnergy and manual
power by commercial energy while a part of it may be
due to intensification of energy use in agriculture.
Besides, the increased level of activity in the sector
would also get reflected in the level of consumiption.

“While the increase in commercial energy use in all
the sectors would be the result of the three determinants
viz, substitution of non-commercial forms increase in
intensity of use and increased level of activity, the fact
that in the agrlcultu:e, transport and domestic sectors
a large portion of the annual increase in consumption
of commercial energy is due to the substitution of com-
mercial energy for non-commercial energy should be
kept in view in interpreting the data in the tables above.

Sector-wise Consumpllon of Different Forms of Com—
mercial Energy

2.12 The relative shares of the different sectors in
the consumption of coal, oil and electricity has chang-
ed gradually over time. Table 2.14 gives the percentage
shares of consumption of coal in different sectors of
the economy in different years.

S T

) TABLE 2.14
- Sector-wise Share of Coal Consumption—1953-54 to 1978-79

(in percen'fagé)

1953-5¢ 196061 1965-66 1970-71

1975-76

1978-79

‘Sector |
. (Provisio-
nal)

Household 7.6 8.4 7.9 7.9 5.1 5.8
Agriculture . . .. .. .. ..
Industries . 48,1 47.1 -58.1 60.5 71.9— 73.4
T_r_ansport 42.2 42.5 33.4 ) 31.0 20.3 18.0
Others . C 2.1 2.0 0.6 0.6 2.7 2.8
Total . 100.0 1000 100.0 100.0 100.0 . 100,0

Note : Use of cpal for power generation is exclude




It is seen tuat .ne major use of cual is.in the indus-
tries sector, the share of which has steadily increased
in the last two decades. The sharp rise beyond
1970-71 is particularly note-worthy. The share of
holusehold sector in coal consumption has been steady.
till 1970 and in the years after 1970, it has unexpec-

tedly gone down. The share of the transport sector
ha§ shown a steady decline.

2.13 Table 2.15 gives the percentage share of
different sectors in the consumption of oil for selected
years,

TABLE 2.15
Sector-wise Share of Oil Conusmption 1953-54 to 1978-79

(in percentage,)

1953-54 1960-61 1965-66 1970-71 1975-76 1978-79

- (Provisio-

nal)

Household . . . . .. . . . 411 37.7 30.9 28.4 33,7 20.3
Agriculture -. 6.8 6.2 6.8 4.6 8.0 13.7%*
Industries 15.3 16.5 12.6 11.2 6.4 ) 6.4
Transport 36.8 39.6 48.5 48.6 58.9 55, 4%%
~Others . . . . . . . . . . Neg Neg 1:2 7.2 3.0 4.2
Total 100.0 100.0 100.0  100.0 100.0 100.0

Neg—Negligible

*#Please see foot note under Table 10.1 in Chapter X.

The. transport sector has accounted for the largest
share of oil copsumption since 1960-61. Its share
has increased steadily over time and it is now in the
range of 55 to 60 per-cent. The share of industries has
steadily declined and it is the smallest among the
major economic sectors. The oil consumption in house-

hold sector- has remained more or less stagnent - in
recent ‘years ‘and- as- a consequence, its share has come
down to about a fifth of the total consumptlon at
Ppresent. : ‘

2.14 Table 2.16. sets out the relative rshare of
different sectors in. electricity- consumption,

TABLE 2.16

Seétor-wise Share of Eleetricity Consumption 1953-54. to- 1978-79.

(in percentage)

Sector 1953-54 1960-61 1965-66 1970-71 197576 ~ 1978-79
- ’ ’ (Provisio«
nal) -

Household 9.2 8.9 7.7 79 8.8 o
Agriculture . . . . . . 2.6 4.7 6.2 9.3 13.2 14.2
Industries 65.8 68.7 74.0 70.7 65.6 63.8
Transport 7.9 4.7 3.8 2.9 2.9 3.1
Others . 14.5 13.0 8.3 9.2 9.5 9.8
Total 100.0 100.0 100.0 "100.0 100.0  100.0

The share of household sector has been steady with
small fluctuations over the last two decades. The
share of agriculture has increased at a rapld pace and
at present, nearly one and 2 half times the electricity
consumed in households is consumed in the agricul-

ture sector. The share of industries was about two-
thirds in the sixties and increased to about three-fourths
in mid sixties and has declined from then on. It
still accounts for about two-thirds of the electricity
consumption. The share of transport sector has declined.

i b




Composition of fuel consumption in Different Sectors

2.15 Table 2.17 delineates the relative share of
coal, oil and electricity in the total commercial energy
consumption in certain selected years during the last

two decades. A detailed examination of the trends
noticed and the causes and consequences of such trends
would be analysed in the chapters dealing with energy
consumption in the various sectors.

TABLE 2.17

Relative Shares of Different Forms of Commercial Energy in the Various Sectors of the Economy

(in percentage)

Years

Sector Energy from 1953-54 1960-61 1965-66  1970-71 197576 1978-79
(Provisio-

—_ . nal)
Household Coal 17.3 13.5 15.5 11.5 9.7 10.0
Oil . 71.2 79.3 75.6 71.7 74.7 71.2
Electricity . 5.5 7.2 8.9 10.8 15.6 18.8
Agriculture Coal 0.0 0.0 0.0 0.0 0.0 0.0
oil . 89.0 77.4 70.0 49.8 51.8 61.8*
Electricity 11.0 22.6 -30.0 50.2 48.2 38.2
Industry . Coal 61.5 52.6 49.5 40.7 - 50.1 44.5
Qil . 16.2 18.2 13.3 14.3 7.4 7.9
Electricity . 22.3 29.2 37.2 45.0 42.5 47.6
Transport Coal . . R 36.4 46.8 34.8 24.6 16.8 13.3
oil . . . 40.8 50.8 62.9 73.2 81.0 83.9
Electricity . 2.8 2.4 2.3 2.2 2.2 2.8
Others Coal 35.3 24.1 8.2 2.6 16.5 11.9
. 0il 0.0 0.0 23.1 59.2 30.0 36.2
Electricity . 64.7 75.9 68.7. 38.2 53.5 51.9

*Please see foot-note under Table 10. 1 in Chapter X.
Consumption of Commercial Energy in 1970-71 to
1978-79

2.16 The analysis of the trends in enegry consump-
tion -for the period 1953-54 to 1970-71 into five year
sub-periods from 1960-61 shows that there has been
no dramatic change in the pattern of energy consump-
tion. The period beyond 1970-75 however shows a
significant change. This only confirms the expectation
that the very large increase in the price of oil products

should have affected the trends. In addition to
the oil price increase which has affected the pattern of
energy consumption in all countries, the nationalisation
of the coal industry in late 1972 and early 1973 (in
two stages) could be expected to have had an impact.
As the period after these events is somewhat short, the
analysis is attempted by a study of the year-wise con-
sumption of coal, oil and electricity.

TABLE 2.18 .
Consumption of Commercial Energy 1970-71 to 1978-79
Coal o/ change  Oil 9/ change  Electricity o4 change
Year (million over (million over (TWH) over
tonnes) consum- tonnes) consump- consump-
ption of tion of tion of
" previous previous previous
year year year
1970-71 51.35 14.95 48.65
1971-72 54.14 5.4 15.92 6.5 51.25 5.3
1972-713 - . 53.14 —1.5 17.05 7.1 54.15 5.7
1973-74 . 59.91 12.2 17.56 3.0 55.52 2.5
1974-75 67.10 12.0 17.30 —3.5 58.17 4.8
1975-76 . . . . 70.96 5.8 17.79 2.8 65.97 13.4
1976-77 . . . . 71.40 0.6 18.83 5.8 73.03 10.7
1977-18 . . . 75.86 6.2 20.06 6.5 76.0 4.0
1978-79 68.80 —9.3 - 21.70 8.2 84.2 11.
tion of oil excludes oil used for power generation and

Note : Consumption of coal excludes use of coal for power generation and consump

non-energy purposes and refinery losses. Consumption of electricity is at the consumer end. Data for 1978-79 are provisional.

2 PC[79~3
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2.17 The data in Table 2.18 show that in'the last oil productsis .. . - 6.96) per year, and
six years from 1972-73, the pattern of energy con- elactricity is . . . . 8.79.9% per yeer.
sumption has been undergoing a process of difficult o
adjustments in response to changes in the relative -~  2.19 The increase or decrease of total commercial
prices, scarcities and levels of activity in the consum- energy consumption or the -consumption of specific
ing sectors. The annual changes show sharp changes. energy forms is the result of a complex set of facters
In the case of coal, the year in which the industry was like the level of activity in the energy consuming sec-
nationalised was followed by the year of the oil crisis. tors, the availability of different fuels, their relative
These factors have given a sharp thrust upward to prices, technological changes in the sectors, changes
coal consumption for two years (1973-74 and 1974- in the composition and quality of output in the sector
75) followed by a lower rate of growth. The oil price population, changing life-styles, etc. In addition to
increases led to adjustments in the local consumer these factors which are common to all developed coun-
prices of oil products in 1973-74 and a sharp rise in ~ tries, in developing countries like India, the rate of
1974-75. In line with the normal anticipation, the - substitution of non-commercial fuel by commercial
rate of increase of oil products sharply declined in energy also affects the quantity of commercial energy
1973-74 and further in 1974-75. From then on, oil consumed. Though it is theoretically possible to build
consumption has picked up and has reached the rates elaborate models which relate the level and patiern of
of increase of the earlier perinds, A more detailed consumption to the different factors which affect such
analysis of the sector-wise consumption changes of oil consumption, the lack of reliable data regarding the
products and product-wise changes in these years is explanatory variables would make it necessary to make
included in the chapter on ‘Oil Policy’. Electricity several approximations and assumptions which would
consumption somewhat unexpectedly shows wide varia- be subjective. Such implicit assumptions and approxi-
tions in the years 1973-74 to 1977-78. The uneven mations in estimating the quantities whose relationships
increase might be due to different degrees of electri- such models specify would greatly constrain the use-
city scarcity prevailing in these years. o fulness of such models. While the Group recognises

o _ the need for building - up more reliable data which
Factors Affecting Energy Consumption _ would form the basis of energy models and the useful-

ness of such models based on reliable data, it felt that
a meaningful analysis at this stage could only be limi-
ted to the examination of the broad trends of encrgy
consumption to the levels of activity in the economy as
a whole and the sectoral activity levels. In the absence
of other reliable indices of overall activity levels in the
different sectors, ‘value added’ in the different sectors
is assumed to represent the sectoral activity levels,

2.18 In spite of the vissicitudes that the economy
had to undergo in the last twenty five years and the
changes in the relative price of coal, oil and electri-
city, there is a long-term secular trend in the consump-
tion of these energy forms. It is well brought out by
the fact that correlation of total energy. consumption
as well as consumption of specific forms of commercial
energy against time is seen to be statistically signifi-
cant. Regression models indicate that the trend rates

of growth of various forms of energy were as follows : 2.20 Table 2.19 sets out the rates of growth of

energy consumption and the rates of growth of sectoral

total commercial energy is . 6.029 per year activity levels in the different sub-periods from 1953-54
coal is s . . . . 2.92% per year” - to 1978-79.
' TABLE 2. 19

Rates of Growth of Commercial Energy and Selected Feonomic Indicators 1953-54 to 19"8-79
(Average annual compound %)

Period Rates of growth of consumption of ) Rates of growth* cof
erio ;

: Total Coal Oil Electricity GDP Value Value Value
Commer- Products added in added in added in
cial . Agri. Industry Trans-

: - Energy : : - -port
53-54 To 60-61 . . . . . 7.71 5.0 9.12 ' 12.09 3.95 - 221 - 292 6.82
60-61 To 65-66 . . . . . 7.76 5.10 8.05 12.60 2.94 ~—1.00 7.30 6.22
65-66 To 70-71 . . . . . . 6.05 —0.20 - 8.31 9.70 “4.87 5.60 3.51 4.52
70-71 To 75-76 . . . . . 5.29 6.28 3.50 6.30 2.85 1.69 3.27 5.29
75-76 To 78-79 . . . . . 5.2 —1.10 6.90 8.60 L e e wx
53-54 To 70-71 . . . . . 7.23 B 3.48 8.62 1 11.51 3.82 2.28 1, 4.36 5.96
53-54 To 75-76 . . L . . 6.78 7 7 4.20 7 7.50 - 10,33 3.68 2.14 - 4.12 5.81
60-61 To 70-71 . . . . .o 6.89 ©  2.43 8.28 11.10 3.90 2.33 5.39 5.37
60-61 To 75-76 . . . . . 6.35 3.83 6.61 - 9.51 . 3.55 . 2.11 . 4.€8 - .5.34
6061T07879 . . . . . - 6.10 - 3.10 6.80- 9.30 AT £ A o

’ Note : *The rates of growth of GDP and values added in the sectors have been ca]cu‘atcc \mh rcfuercc- fe fecter cest at
constant 1960 61 prices.

**The growth rates could not be worked out as the GDP and value added data for '1978-79 were not available.
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2.21 The ~rates of increase of total commercial
energy over the long run follows the same trend as

that of GDP, But during the sub-periods, such simi-
larities in the trends are not noticed. This is true not
only of rates of growth of GDP but of the value added
from other productive sectors. In the different sub-

periods, the total commercial energy consumption does.

not move with value added in industries sector,

2.22 Energy—GDP elasticity or elasticity of energy -
consumption to economic growth (defined as the ratio:

of the percentage per year increase of total commer-
cial energy consumption over a period to the percen-
tage per year increase in GDP over the same period)
varies sharply in the different periods as would be
seen from Table 2.20.

TABLE 2.20
Energy—GDP Elastlcity co-efficlents in India

Period. Energy/GDP elasti-

city coefficient

1953-54 to 1960-61

1.95
1960-61 to 1965-66 . , 2.63
1965-66 to 1970-71 ., . -, 1.24
197071 to 1975-76 1.86
1953-54 to 1970-71 . 1.84
1953-54t0 197576 . . . . 1.84

1 1960-61 to 1970-10  , ., 1.77

' 1960-61 to 1975-76 1.79

" Note : Tho growth rates of total energy consumption have been

- computed using .coal replacement measure for aggre-

gation. If coal equivalent measure is used for aggre-

gation, the Energy/GDP elasticities will be somewhat

lower. This should be kept in view in_international
comparisons. :

The long-term energy—GDP elasticity coefficients,
however, show a remarkable stability varying margi-
pally around 1.8 and a very low reduction over time
is discernable. The energy—GDP clasticity Co-effi-
cient in India is high compared to developed countries
where it is lower than unity. (Table 2.21). ’
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TABLE 2.21
» Energy—GDP Elasticities in selected Countries

Country

Energy—GDP
Elasticity Co-
efficient. '
1953 to 1970

1. France . 0.76

2. Germany (FRG) 0.73

3. UK. 0.42

4. US.A. . 0.81

5. USS.R. 0.84

2.23 It is significant that in spite of the apparent
intensification of energy use in almost all the sectors
in the highly developed countries, the energy—GDP

elasticity coeflicient is less than one. Thc rcasons ap-
pear to be that there is a gradual increase in fuel uti-

lisation efficiency and that over a long period the
energy sources with a low efficiency of utilisation like
coal have been replaced by more ‘efficient’ energy
forms like oil or electricity. There are grounds to
believe that in India, while there has been a shift away
from coal in most sectors, the efficiency of fuel utilisa-
tion has not significanily increased. Furthermore, a
part of the apparent increase in energy consumption is
due to the substitution of commercial energy for non-
commercial fuels, whose utilisation is not taken into
account in the computation of the energy—GDP clasti-
city coefficients. For example, if one million irrigation
wells. which were using animate power for lifting water
get energised with electricity during a period (and if
the productivity has not changed as a result of such
electrification) the total commercial energy consmup-
tion would have increased while GDP would have re-
mained constant and the elasticity coefficient would
show an apparent increase.. With all the limitations,
the very small decreasing trend in the elasticity co-
efficient is noteworthy.

2.24 Regression models correlating energy consump-
tion with activity levels of the economy as a whole and
on the sectoral levels were studied. It is found that
linear and exponential models are statistically signifi-
cant as would be observed from Table 2.22.

. TABLE 2.22
Results of Regt;ession Analysis of Enetgy Consumption and Economic Activity
S. Depen-  Indepen- Re ;s ion Mod
No. dent dent gression Model r2 t values
variable variable

1 2 3 O 5 6
1. Y1 X1 (i) log Y1 =e=16,1334+1.77510g X, . ' . 0.9641 20,101

(iH Y1 =121,124-40.00161 X, . 0.9709 22.410
2. Y1 X2 () log Y1 =—9.665.-41.426510g X, 0.9675 21.163

(i) Y1 =—71.0835--0.007543 X, 0.9734 23.456
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8. Y, X, 0 Y, a—34.42+0.002353 X, 0.9654 20.487

Y, = Consumption of total commercial energy in MTCR
Y= Consumption of coalin MTCR

Ys = Consumption of oil in MTCR

Y .= Consumption of electricity in MTCR

X,=GDP at factor cost in 1960-61 prices in million rupees

X, = Value added in mining and manufacturiag sactor at factor cost in 1960-61 prices in million rupees,

Consumption of Natural Gas in India

2.25 The production and consumption of natural
gas in India is still a very small fraction of the total
commercial energy conswnption, Of the consumption,
a sizable portion is used for power generation and for
non-energy uses and as such the quantity té be inclu-
ded in the final internal consumption as energy in

India is less than one per cent even in 1975-76. Table

2.23 sets out the results for selected years.

*Excluding the use for power geperation.
Notes : 1.

TABLE 2.23
Consumption of Natural Gas in India in 1965-75
Year : Total Total Consum- Consum ~
Prodn. consum- ption* ption
© ption for for
) - energy energy
use use
MTCR
in million cubic metres
1965-66 . . 753 352 31 0.20
1970-71 . . 1445 698 180 1.17
1978-76 . . 2335 1318 576 3.74

2.26 As the level of use of natural gas would in-
crease in the coming years, it is desirable to set up a
good system for collection of data on the various end-
uses of natural gas and integrate the details in future
studies on the production and consumption of energy
in India.

Consumption for financial years computed as 3/4th of the earlier & 1/4th of the later years.

2. Conversion factor : one billion cum of natural gas-6 5 MTCR.



CHAPTER 111

FORECAST OF DEMAND FOR ENERGY

3.1 Forecasting the future demand for energy has
always been a hazardous task. The demand for energy
in different forms is dependent on a number of factors
like the rate and pattern of economic activities, the
technologies adopted for production of different goods
and services, the efficiencies of use of energy in the
different sectors and the extent of substitution of ani-
mal power and non-commercial fuels by the commer-
cial fuels, the behaviour of which is difficult to predict
on a long term basis. The recent realisation of the
severe constraints on the availability of finite fossil
fuel resources and the producers’ response to such
realisation have made it almost impossible to make a
realistic long term forecast of the energy demand.
In spite of the uncertainties in regard to the factors
“that determine demand, there is need to make long
term forecasts of enmergy demand, as the long gesta-
tion -of energy supplying projects necessitate decisions
to be taken far ahead of the demand for installing pro-
duction facilities for different forms of energy. If we
take into account the investments for the preliminary
investigations and explorations necessary for setting
up energy projects and the timing of the investments
for the development of altermate energy resources, the
optimal forecasting horizon recedes further.

3.2 The selection of an appropriate forecasting hori-
zon is an important issue in attempting energy demand
projection exercises. The gestation period of coal
projects, from the time of the investment decision to

its commissioning varies between 5 to 12 years*. The

hydro-electric projects have similar periods of gesta-
tion. Even thermal power stations take 5 years to
construct; nuclear power stations take longer. Decision
on research and development in the energy sector
would have to be made, with reference to meeting the
demand which would arise after 20 years. Taking all
these into consideration, the Group felt that, though
the terms of reference had specified that the group
should make a forecast for a period of 15 years from

now, it would be appropriate to extend the forecast
“upto the year 2000 A.D.

3.3 The Group examined various forecasting met- -

hods and models that could be used for energy de-
mand forecasting in the present context, In the past,

time trend models, regression models that relate energy
consumption to diverse explanatory variables like
population, GNP, sectoral activity levels, prices etc.
have been used. End use analysis was also attempted
to provide a mean of moderating these results. In the
present context, when the price of energy relalive to
other economic inputs and the relative price of differ-
ent energy forms have undergone a sea-change and the
basic direction of technological innovations are being
re-examined, the Group felt that the data relating to
the past might not provide a reliable guide to forecast
the future demand. In a situation where the utility of
the different conventional tools is severly limited for
forecasting long term energy demand, the Group adop-
ted the following methodology :

—first, using the conventional methodologies, a
Reference Level Forecast (RLF) of energy
demand was attempted. This was obtained
by harmonising the forecasts obtained by
different methodologies. It represents the
best judgement of the Group as to the likely
level of demand for energy if no deliberate
measures are initiated to manage the energy
supply and demand.  This forecast, how-
ever, took note of the likely adjustments
that would take place normally in response to
increased price and uncertainties -of supplies
of certain fuel forms ;

—the second stage of the exercise was to set out
the best level and composition of energy de-
mand that could materialise if the policy
prescriptions suggested by the Group are
adopted and. the assumptions made by the
Group of the likely developments in the in-
ternational energy system actually materia~
lise, keeping in view the same rates of
growth of GDP as in RLF. This is referred

to hereafter as the Optimal Level Forecast
(OLF). '

These exercises showed that with the adoption of
policy prescriptions of the type suggested, it might be
possible to achieve the same rate of economic growth
with a substantially lower level of energy inputs.

*1t is possible to construct coal mines, especially shallow opencast mines, within 4 to 5 years.
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3.4 These two levels of the forecasts namely RLF
and OLF are not meant to provide the precise demand
with reference to which the investment decisions could
be made in the energy sector. Such decisions have to
be made on the basis of the specific forecast for the
particular fuel form projected at the time of the in-
vestment decision with reference to the best informa-
tion available at that point of time. The forecasts made
in this report are meant only to draw certain broad
policy measures.

3.5 The estimates of RLF were drawn up adopting
the methodology that was followed in the earlier
studies. Briefly, the method consisted of deriving the
demand for total commercial energy and energy in
different forms by the extrapolation of the past trends
of energy consumption; by using regression models
which correlate past levels of energy consumption with
the past levels of economic activity and by forecasting
demand by analysis of end-use energy consumption
(i.e. energy comsumption norms of various categories
of consumption were determined and the likely demand
for each consumer category was computed with ref-
erence to the likely level of activity in the consuming
sector). In projecting the level of activity in each
sector, a sort of scenario approach was followed as
set out in the Chapters V, VI, VII and VIII. The
results obtained by the different methods were harmo-
nised to arrive at a reasonable forecast.

3.6 The forecast of demand was made for the years
1982-83, 1987-88, 1992-93 and 2000-01. The re-

sults obtained were checked for their credibility with
reference to the global and sectoral elasticity co-effi-

cients of energy with economic growth.

3.7 The following basic assumptions were made
regarding the determinants of energy demand :

(i) After a very detailed consideration of the
alternative rates of - growth of GDP which
could be adopted the Group decided that it
would be useful to project the demand and
analyse the supply issues for a somewhat
higher rate of growth than achieved so far
in order to examine if energy would be a
constraint to economic growth at such levels.
The growth of GDP assumed is as follows :

Period Average annual
Compound Growth.
Rate
1977-78 to 1982-83 . . . . ) 4.7%. -
1982-83 to 1987-88 . . 5.5%
- 1987-88t0 199393 . . . . 6.0%

1991-99 10 2000-01 . . . . 6.0%

(ii) Rate of growth of the different sectors of the
economy were assumed to be :

(average annual compound %)

Period
Sector -
1982-87 1987-92 1992-2000
Agriculture . . 3,92 3.72, 3.93
Industries . . 6.81 7.23 7.23
Transport . . 6.50 6.80 6.72
Others . . . 6.27 7.23 6.74

Note : The decimal points are the result of arithmetical mani-
pulations and are not intended to represent the accuracy
" of the rates of growth.

(111) The -population was assumed to be :

In 1982-83 697.2 million
In 1987-88 760.5 million
In 1992-93 823.3 million
. In 2000-01 920.9 million

(iv) The relative prices of diﬁ’erenf_ fuels were.

assumed to be of the same order as in 1978.

(v) The rate of substitution of non-commercial
fuels and animal - energy by commercial

fuels was assumed to follow the same trend
in future as in the last 25 years.

Reference Level Forecast

3.8 As explained earlier, the RLF was based on the

results of the demand forecast obtained from time-

trend models, regression models, scenerio analysis,
etc. A careful consideration of the results of the
three methods indicates that in respect of oil, the three
methods give values which are very close to each other.
In respect of coal, the end-use method gave values
which are higher than the GDP regression model. By
harmonizing the results derived from the various
methods and keeping in view the projection of demand
made by the other agencies, the Reference Level Fore-~
cast (RLF) of energy demand was estimated by the
Working Group as in Table 3. L

TABLE 3.1
Reference Level Forecast of Energy Demand 1982-2000

- (in million tonnes of Coal replacement)

Energy from 1982-83  1987-88  1992-93  2000-01
Coal* .. . 9.8 131.5 186.6 308.0
oix . . . 165.1 217.1 290.6 482.3
Electricity . . . 128.3 191.2 . 2820 471,0
Total Commereiel - -~ o

Eoergy .- v - 392 - 539.8 7592  1261.3

*Includes only quantities used directly for energy uses.
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3.9 In terms of original units, the Reference Level
Forecast of demand for consumption directly as coal,
oil and electricity would be as in Table 3.2.

TABLE 3.2
Reference Level Forecast of Energy demand 1982-2000

" (in original units)

Energy from Unit 1982-  1987-  1992- 2000-

' 83 88 93 01

Coal . Miilion 96.8 131.5 186.6 308.0
) Tons

0Oil P 25.4 33.4 44.7 74.2

Electricity* . TWH 128.3 191.2 282.0 471.0

*the figures denote electricity used at the consumer end.

The generation requirements will be higher.

3.10 The rates of growth of consumption of com-
mercial energy for energy purposes directly in the form
of coal, oil and electricity impliéd in the RLF of energy
demand are as in Table 3.3,

TABLE 3.3

Rate of Growth of demand for commercial Energy 1975-2000
Reference Level Forecast

(average annual compound %)

Ratés of growth of

Period
Coal Qil Electricity Total
Comm-
ercial
Energy
1975-82 4.5 5.1 10.0 6.3
1982-87 6.3 5.6 8.3 6.7
198792 7.4 6.0 8.1 7.1
1992-2000 . 6.4 6.5 6.6 6.6

3.11 The energy—GDP elasticities implied in the
forecast are as follows :

Period Energy/GDP
Elasticity
Coefficient
(RLF)
1975-82 1.34
1982-87 1.22
1987-92 1.18
1992-2000 . 1.08

The forecast (RLF) implies a gradwal decline in the
energy/GDP elasticity and a rapid increase in the per
capita consumption of commercial energy. The per

capita commercial energy measured in coal replace-
ment tonnes (tcr) is projected to change

from 0.424 in 1975
to 0.559 in 1982
to 0.71 in 1987
to +0.919 in 1992 and
to 1.364 in 2000

It is- noteworthy that as compared to 0.424.tcr of per

capita energy consumption and a per capita GDP of
Rs: 390 in 1975, in 2000 AD the per capita energy

consumption would be 1.364 tcr and the per capita
income would be Rs. 800 (GDP in 1960-61 prices).

3.12 Coal and oil are required to produce clectri-
city. These fuels are also used increasingly for non-
energy uses like in the production of chemicals, ferti-
lizers, as solvents etc. If all thic non-energy uses and
vses for transformation in the energy sector are taken
into account, the requirements to be met by production
and|or import, of the fuel forms would be as set out
in the Table 3.4. In this forecast, it has been assumed
that upto 2000-01 the total naphtha available from the
indigenous refineries would be used as feedstock for
manufacture of fertilizers and petro-chemicals. The
currently proved recoverable reserves of natural gas
and the possibility of additional discoveries would pro-
vide the option of utilising gas as feedstock and ex-
porting surplus oil products.

TABLE3.4

Total reguirements of Coal, OQil, Electricity 1982-2000
(Reference Level Forecast)

Enefgy from

Unit 1982-  1987- 1992-  2000-
83 88 93 01
Coal (total) . Million 151 214 313 531
tonnes
Oil (total) » 35.5 44.7 57.3 92.7
Electricity
generation TWH 154.9 228.7 333.7 551.6

Note : (a) For detaiis of the methodology adopted in esti-
mating the non-energy and transformation demand
see Chapters IX, X and XI.

The figures of coal and oil include the quantities
used for power generation and as feedstock and
other non-energy uses. The consumption of the
three energy forms given in this table ¢annot there-
fore be added to arrive at the total commercial
© energy requirements,

(b)

3.13 Copsumption of Non-Commercial Fuels :

As explained in Chapter II, the consumption of non-
commercial fuels has been computed solely with ref-
erence to the demand for these fuels in the household
scctor. The consumption of non-commercial fuels in




the industries sector which might be of the order of

about a million tonnes of firewood in the organised

industries, about 20 million tonnes in the unorganised
industries including brick burning and household in-
dustries and about 30 million tonnes of bagasse in
the sugar industry, are not taken into account.

The projections of future demand for non-commercial
fuels have been made on the lines described in para
2.6 of Chapter II. The consumption of non-commer-
cial fucls (i.c. fircwood, vegetable waste and animal
dung) consistent with the projection of demand for
commercial fuels made in those exercises would be
as in Table 3.5.

TABLE 3.5

Forecast of demand for Non-commercial Kuels
Reference Level Forecast

(in MTCR)
Year - Total non-commer-
cial fuels*
1982-83 204 .1
1987-88 202.8
1992-93 195.8
163 5

2000-01

*This is exclusive of the use of mon-commercial fuels in
industries which might be about 20 MTCR of firewood/agri-
cultural waste and about 30 MTCR of bagasse.

3.14 Non-commercial energy consumption which
' was about 194 MTCR in 1975-76 increases to a maxi-
mum of 204 in 1982-83 and from then on, the abso-
lute level of non-commercial fuels used in the country
diminishes slowly. In other words, inspite of the po-
pulation increase, on the basis of the forecast for
commercial energy needs, it can be expected that the
absolute level of non-commercial energy use might
start declining from the year 1982-83.

Optimal Level Forecast

3.15 The RLF which does take into consideration
the increasing price of oil and some adjustments in the
fuel usage pattern that would materialise in response
to the changing prices, leads to demand levels which
appear to be unmanageable. The increase in the de-
mand for oil and electricity, in particular, would be-
come difficult to meet in view of the increasing costs
and scarcity. The Group, therefore, considered var-
ious ways in which the demand could be reduced with-
out affecting the development plans underlying the
energy growth in the RLF. These have been consi-
dered sector by sector of the economy in Chapters V
to VIII. Briefly, the optimisation of the pattern of
energy utilisation is proposed to be obtained by :
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(i) adopting measures to increase the efficiency
of fuel utilisation keeping in view the levels
of efficiencies obtaining at present in diff-
erent sectors and the possible technical de-
velopments in the future; ‘

(ii) reducing the energy consumption as a whole
by using more efficient technologies in terms
of energy usage;

(i) reducing the demand as a whole for transport
services by more optimal planning of produc-
tion and consumption locations ;

(iv) reducing energy intensity of the industries sec-
tor by adopting different strategies of indus-
trial growth; and ‘

(V) inter fuel substitution, from commercial energy
to a greater use of non-commercial energy
and energy of the renewable type (hydro
power etc.) for which special plans of produc-
tion are suggested.

3.1'6 Based on these, the Group estimated the Opti-
mal Level Forescast (OLF) of energy demand ag given
in Table 3.6. . '

TABLE 3.6
Optimal Yevel Forecast of energy demand 1982-200¢0

(in original units)

Energy from  Unit 1982-  1987-  1992-  2000-

83 88 93 01

Coal . Million 96.8
tonnes

128.0 170.4 266.0

Oil » 25.2 304 37.0 54.8

Electricity TWH 128.3 173.6 241.0 395.6

The same estimates in terms of coal replacement
measure are given in Table 3.7.

TABLE 3.7
Optimal Level Forecast of Energy Demand
19822000
(n MTCR)
Energy from 1982-83  1987-88  1992-93  2000.01
Coal . . . 96.8 128.0 170.0 265.0
oil . . . 163.8 197.6 240.5 356.2
Electricity . 128.3 173.6 241.0 39%5.6
otal Commercial .
Energy 388.9  499.2  651.5 10i7.8

]




3.17 The rate of growth of commercial energy im-
plied in the OLF of energy demand are given in Table
3.8.

TABLE 3.8

Rates of Growth of Demand for Commercial Energy
1975—2000

(OPTIMAL LEVEL FORECAST)
(Average Annual Compound %,)

Rate of growth of

Pcriqd _
Coal 0il Electri- Total
city
197582 . . 4.4 5.0 10.0 6.3
198287 . . 5.7 38 6.2 5.1
1987—92 . . 5.8 4.0 6.8 5.5
19922000 . 5.8 5.0 6.4 5.7

3.18 The elasticity coefficients of energy consump-
tion to GDP corresponding to OLF would be as
below :

197582 . . . . . . . . 1.34
198287 . . . . . . . . 0.93
198792 . . . . . . . 0.90
1992 —2000 . . . . . . . 0.95

3.19 It would be seen that by 1987-88 it is possible
to bring down the energy—GDP elasticity to some-
thing less than unity and from then on maintain it. The
rates of growth are not as smooth as in the Reference
Level Forecast for specific fuels as well as the total
commercial energy. The several measures that have
been suggested to moderate the demand computed in
the Reference Level have been assumed to result in
a certain reduction or modify the pattern' of fuel con-
sumption, for which no exact quantification, is possi-
ble. As the different measures would be implemen-
ted with different degrees of -efficiency, the resultant
configuration of demand would be somewhere in bet-
ween RLF and OLF. As such the Group felt that
theré was no need to correct the trends implied in,
the OLF rates of growth of consumption of enefrgy
and to make less abrupt the changes in the rates of
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growth of specific energy consumption, as well as the
elasticity of energy consumption to GDP.

3.20 The Group would like to point out that the
OLF need not represent the limit to the optimisation
of the energy consumption pattern. The results set
out in the Report in quantitative terms are merely to

emphasise broadly the extent of benefits that can ‘be

derived by following a comprehensive energy policy
instead of allowing the energy situation, to drift along
the lines of the past and are not presented as accu-
rate forecasts of the results of implementing the
policy. ,

3.21 The total requirements of coal, oil and electri-
city which would be needed to support this. energy
demand and the othcr demands for non-cnergy use
and use for transformation into clectricity have been
calculated for the Optimal Level Forecasts as set out
in Table 3.9.

TABLE 3.9

Requirements of Coal, Oil, Electricity
. 1982—2000

OPTIMAL LEVEL FORECAST

[Energy from  Unit = 1982-83 1987-88 1992-93 2000-01

Coal (Total) Million 150.4 203.3 273.5 421.2

tonnes
oil (Total) Million 35.38 40.97 48.30 69.11
. tonnes .
Electricity TWH 155.2 207.3 281.7 457.6

Generation

Note :—(1) For details of the methodology adopted
in estimating the non-energy and trans-
formation, demand, see Chapters IX, X
and XI. ' o

(2) The figures. of coal and oil.given above
include the quantities wused for power
generation and as feedstock and other
non-energy uses. The consumption of
‘the three energy forms given in this table
cannot therefore be added to arrive at
the total commercial energy tequire-
ments.




. : CHAPTER 1V

ENERGY RESOURCES IN INDIA

Coal Resources

4.1 The most important source of commercial
energy in India is Coal. The qﬁantity of coal resour-
ces available in' the country is assessed on a continuous
baﬁis- regionally by the Geological Survey of India
through regional mapping and exploratory' drilling.
Further proving is established by detailed drilling done
by Mineral Exploration Corporation, Central Mine
Planning & Design Institute at the instance of Coal
Companies and by sorﬁe State Governments and pri-
vate agencies. In the past, in some cases, assessment
of coal resources has been made for small blocks by
the Coal companies like the former National Coal
Development Corporation and the present Coal India
Limited, and Singareni Collieries Ltd. Certain State
Governments have also made assessment cf some de-
posits. In 1972, all these assessments were compiled

together on a comparable basis and a total estimate
of coal resources of the country was made assuming
two crucial parameters i.e. coal available up to a depth
of 600 metres and in seams of thickness of more
than 1.2 méﬁres. A summary of the total gross reser-
ves of different varietie§ of coal is given in Table 4.1,

TABLE 41
Coal Resources (1972)
(in million tonnes)

Coal Variety Total Proved Indi-  Infer-
Gross Reser- cated red
Reser- ves Reser- Reser-
ves ves ves

1. Coking Coal

Prime Coking Coal . 5650 3,650 1,540 460

Medium Coking Coal 9,431 3,850 4,309 1,272

Semi & Weekly Coking

Coal . . . . 5,073 1,559 2,600 214

Total Coking Coal 20,154 9,059 8,449 2,646-_

2. Non-Coking Coal ) , ‘ _

Non-Coking Coal 59,968 12,306 22,310 26,180

Tertiary Coal . . . 288

3. Lignite -

Lignite . 2,025 1,795 202 28

Grand Total 82,975 23,160 30,961 28,854

4.2 The estimate in Table 4.1 was incorporated in
the Report of the Fuel Policy Committee (1974). The.
Working Group felt that this information should be
updated. Accordingly, the Geological Survey of India
has updated the reserves of coal occurring up to a
depth of 600 metres and in, seam thickmesses of 1.2
metres and above. The revised estimate based on in-
formation available up to 1978 place the total reserves
of coal at 85,444 million tonmes comprising 17,911
million tonnes of the coking variety and 67,533 million
tonnes of the non-coking variety. The break-down of
the estimate by varieties of coal and categories of esti-
mates is given in Table 4.2, '

TABLE 4.2
Revised estimates of Coal Resources in India (1978) Coals occurring with seam thickness 1,2 Metres and above and at
Depths up to 600 Metres ‘

(in million tonnes)

Depth in Metres

Semi Coking Coal Medium Coking Coal Prime Coking Ceal Non-Coking Coal Total

A B C D A B C D A B C D A B C D cCol

1 .2 3{'_4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
0-300 . . . 1028 1081 300 2409 1972 2980 584 5536 832 — 832 13088 21253 14413 48754 57531 \

300—600 . . 170 . 729 307 1206 1151 2012

641 3804 3664 460

4124 2699 9070 7010 18779 27913

TotaL . . . 1198 1810

607 3615 3123 4992 1225— 9340 4496 460

4956 15787 30323 21423 67533 85444

A—Proved reserves
B—Indicated reserves
C—Infetred reserves
D Total

18
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4.3 The Working Group felt that the coal reserves
occurring at depths of greater than 600 metres and
seam thickness smaller than 1.2 metres had relevance
in the context of the recent developments in the World
energy scene. The possibilities of mining at greater
depths and from thinner seams are coming up for

of 1200 metres and with seam thickness in the range
of 0.5 to 1.2 metres. The results of the quick assess-
ment are summarised in Table 4.3. It would be
seen therefrom that the extension of limits of seam
thicknesss and depth would add to the estimated reser-
ves of different varieties of coal as follows :

consideration. The coal exploited from -thinner and N
deeper seams would no doubt be much- costlier than Depth Seam thickness Additional reserves (million
coals from seams which have so far been assessed as (Metres) (Metres) tonnes)
available reserves. There are also technological pro- ‘ Coki N ' |
blems of strata control and higher temperatures at Cga;ng C(?Ei;lg Tota
greater depths. - However, in view of the importance Coal
of coal to the country’s energy economy, the Working
Group felt the need for assessing the reserves located 0-600 0.5t01.2 929 3168 4097
t great d wi i
at greater dgpths and with .sma]ler seam thickness. 600-1200 1.2 and above 3547 17899 21446

4.4 Geological Survey of India has made a quick 600-1200  0.5to1.2 166 415 - 641
. A ‘ - e e : ‘
inventory of. the coal reserves .w1th the help of availa Total 4642 21542 26184
‘ble information to cover deposits located up to a depth : —

TABLE 4.3

Estimates of additional Coal Resources in India (1978) Coal occurring at depth between 600—1200 Metres and seam
thickness 0.5 Metre and above

(in miliion  ton nes)

D:zpth in Matres Semi Coking Coal

Medium Coking Coal

Prime Coking Coal Non-coking Coal Total

A B C D A B C D A B C' D A B. C D Coal
1 23 4 5 6 7 8 9 10 11 12 13 i4 15 16 17 18
AA Seam thickness 0.5 to 1.2 metrzs : .
0300 . 41 155 28 224 53 204 52 309 43 50 10 103 392 1519 615 2526 3162
300600 . . 5 64 27 9% 6 65 51 122 * 32 42 75 8 138 496 642 935
600—900 . . 2 4 27 70 * 6 49 56 .. .. .. . * 16 328 345 47
9001200 . . * 14 * 15 s 25 25 ...+ 3 127 130 170
ToTAL ‘AA’ 48 274 83 405 60 275 177 512 44 82 52 178 400 1676 1566 3643 4738
= ' BB_Séamthickness more than 1.2 metres’ :

600-—900 0 242 130 392 23 574 847 1444 930 930 © 21 633 8916 9570 12336
9001200 . . 9 55 18 8 .. 9 690 69 .. 11 945 7373 8329 9110
ToTaL ‘BB’ 29 297 143 474 23 583 1537 2143 930 930 321578 16289 17899 21446
- GrRAND TorTAL - : __— ) ) ) . . ,
‘AA’ + ‘BB’ 77 571 231 879 83 858 1714 2655 974 82 52 1108 432 3254 17855 21542 26184

Note : *Indicatgs in_signiﬁcaht reserves but computed in the total

" A—Proved reserves .
B—Indicated reserves
C—Inferred reserves

" D—Total




"If thése additional reserves ‘are taken into account,
the total coal reserves of the country add up to
111,628 million tonnes.

4.5 Among the 50 important coal fields in the
country, coal is known to occur at depths below 600
metres in only a few fields like Raniganj, Jharia, East
Bokaro, Karanpura and Godavari Valley coal fields.
Deep drilling has been done in a few locations in
Jharia, Raniganj and Bokaro coal fields to serve as
pilot boreholes. Thus, the assessment of additional
reserves in deeper coal seams has been done with vexry
limited exploratory information and should, therefore,
be considered at this stage as very tentative.

4.6 These estimates of coal reserves indicate that
‘the addition to prime coking coal reserves by extend-
ing the limits of seam thickness and depth is very
small. This ‘aspect iy important in formulating the
conservation policy for coking coal.

4.7 The result of this brief exercise to reassess the

coal reserves undérline the need for a more careful
periodical examination of our natural resources espe-
cially the energy resources by adopting parameters
which are more in keeping with the technology and
cost conditions that prevail at each point of time.
Coal being the largest and the most important of the
naturally occuring energy resources in India, it is
important that a sustained effort should be made to
constantly appraise the reserves and classify them by
varieties of coal and categories of
Working Group recommends that the Standing Com-
mittee on' Assessment of Coal Resources, which has
been revived recently, may also assess the extent of
extractable coal resources as also those blocked due
to various constraints.

Oil and Gas Resources

4.8 The two principal oil exploring, drilling and
producing organisations viz., the! Oil and Natural Gas
Commission (ONGC) and Oil India Limited (OIL)
carry out assessment of oil and gas reserves annually.
The assessments are based on the mew information
gathered -during the previous year by way of drilling,
production, workover; pressure-volume-temperature
data and reservoir engineering studies and reported as
per classifications which they have evolved and which
they consider best suited for their techno-economic
evaluations. The classification of the reserves is based
on the degree of reliability attached.

4.9 Tables 4.4 and 4.5 set out the reserves of
oil and gas according to the latest assessment. The
categories employed in this assessment are :

TABLE 4.4
‘Oil Resources
(As on 1-1-1978)

(million tonnes)

Category of Reserve Onshore Offshore  Total
I. Definite
(i) Initial  Geological
Reserves (Oil-in-
place) 508.56 327.37 835.93
. (ii) Net Recoverable
Reserves left after
production as on
1-1-1978 108.56 186.05 294,61
II. Probable
(i) Initial  Geological
Reserves (Oil-in- ,
place) 204.63  600.34  804.97
(ii) Net Recoverable
Reserves left after
produciion as on
1-1-1978 14.62 - 14.62
IOI Possible
(i) Iniiial  Geological
Reserves (Oil in-
" place) 26.42 72.56 98.98
(ii) Net Recoverable
Reserves left after
production as on .
1-1-1978 7.27 — 7.27
TABLE 4.5

Gas* Resources of India

(As on 1-1-1978)
" (in million cublic metres)

reserves. The

Category of Reserve

Onshore

Offshore

Total

I. Definite
{i) Initial
Reserves
_place)
(ii) Initial Recoverable
Reserves (Gross
~ ultimate recovery) .
(iii) Net
Reserves left after
production as on
1-1-1978
II. Probable
(i) Initial
Reserves
place) .
(i) Net  Recoverable
Reserves (Gross
ultimate recovery) .
. Possible
(i) Initial
Reserves
place) .
(ii) Net Recoverable
Reserves left after
production as on
1-1-1978

Goelogical
(gas-in-

Geological
(gas-in-

Geological
(gas-in-

Recoverable

115316

66543
50650

60808

35484
1020

38302

22981

22792

255606

134761

143618

89524

73442
316414
170245

1020

*golution, Gas cap and Non-associated gas.

e,



“where geological control has
actual“drilling. These reserves are considered to be
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Definite (Proved) : Includes reserves which are con-

sidered proved to a high degree of certainty by actual
well completion or successful testing. The lateral
extent of these proved reserves is limited to those areas
been established by

producible by existing wells, by recompletion of exist-
ing wells or by additional development wells.

Probable (Indicated) : Includes those reserves which

are defined by less direct well control but are based
upon evidence of producible oil obtained from electri-
cal logs or side-wall samples within inferred producing

limits of the structure of reservoirs.

Note : The above categories also include'reserves

estimatels credited to ~fluid injection opera-

. tions where a positive reservoir response has
been noticed. .

Possible : Includes additional recovery' that may be

reasonably expected from the reservoirs where some
pressure maintenance schemes have been planned/
just initiated.

4.10 The long-term view must, however, take cogni-
sance of the so-called prognosticated resources which
are defined on the basis of the total geological analy-
sis of the area. In a paper on “Problems of Oil and
Gas Geology in India” presented at the IlIrd ECAFE
symposium on the development of petroleum resources
of Asia and the Far East in Tokyo (Nov. 1965), N.A.
Kalinin described four methods of prognosticated re-
serve estimates : '

— the method of average hydrocarbon reserves
per square unit of oil/gas bearing area ;

2

— volumetric-genetic methods of calculating re~
serves for one cubic kilometre of oil source
rock ;

~— estimation, method per average structure; and

— estimation' on the basis of large scale analo-
gies (platforms, foredeeps, etc.)

On the basis of the first two methods, Kalinin esti-
mated the total (recoverable) reserves of oil at about
4000 million tonnes and gas at 2 trillion cubic metres.
More recently, an Indo-Soviet team of experts headed
by Prof. Markovich put the geological reserves of oil
(or oil-in-placef) figure at
which 8700 million tonnes (69%) offshore and 4000
million tonnes (31%) onshore. ‘The recoverable re-
serves as estimated by the team is given below :

12700 million “tonnes, of -

p—

Area ' Onland Offshore

Oil Gas Oil Gas
MT MTOE MT MTOE
(i) Cambay basin in-
culding  Saurashtra, .
Kutch and Jaisalmer . 20 80 760 1790
(i) Assam-Arakan in-
cluding Tripura . 360 780 — —
(iii) West Bengal . . 40 560 90 1080
(iv) Punjab & Ganga valley . 60 280 — —
(v) Other areas e.g. Anda-
man, Cauvery, Palar,
Mahanadi, Krishna,
Godavari, etc. . . 20 100 150 330

500 1800 1000 3200

- MT—Million Tonnes
MTOE—Million Tonnes of Oil Equivalent

4.11 It must be emphasized that the prognosticated
resources are based on a multiplicity of variables and
imponderables/and are, as such, subject to wide fluc-
tuations. They provide, nevertheless, a broad indica-
tion, of the total theoretical oil and gas resources of
the! country.

Hydro-Electric Resources

'4.12 The assessment -of hydro-electric resources of
a country is often being worked out as a theoretical
potential which represents a theoretical upper limit
of the hydro-electric potential that could be developed,
were it possible to utilise! all the run-off over all the
heads, without taking into account the practicability
of developing the potential. In a more practical con-
text, -assessment of hydro-electric potential is made
corresponding to the technically feasible limit of the
potential which incorporates the judgement in regard
to the possible potential that would. bel feasible of
development dependent on the existing technology.
This assessment is thus subject to a degree of change
with development of technology of utilisation. Finally
there is an economically viable limit of the hydro-
electric potential which besides technological factors
is dependent on the cost conditions governing the

-construction of the hydro-electric power projects and

the cost of the power generated with reference to
other alternative sources of similar energy, which may

-extend -the. limit of feasible potential into the less

economic schemes.




4.13 The first systematic survey of India’s hydro-
clectric potential was undertaken in 1953—60 by the
then Central Water and Power Commission. The
scope of the survey covered a systematic assessment of
the economically feasibie hydro-electric potential -of
the country, based on the data of topography, deve-
lopment techniques, hydrology, eic. then at hand.- 1t
was felt that under Indian conditions, it would not be
very meaningful to estimate the theoretical potential
of the hydel resources. The flows in the Indian rivers
vary very widely from thousands of cusecs in, the mon-
soon season to a few cusecs in the dry season. The
generation capacity and size of the grids in the initial
stages made regulatory facilities essential to a much
greater degree than today for the absorption of use-

able power from Indian river sources and the limits
of regulations set by topography, etc. formed important
_constraints in technical and economic feasibility.

Problems of submergence as well as water requirements

for priority uses such as-irrigation, industry and house-
holds also have an impact in the actual magnitude
- of utilisable power potential. In view of these, the
estimation, of hydro-electric potential resources was
done by identifying specific schemes in each river basin
with potential for hydro-power generation and having
* features, which would be technically feasible and eco-
" nomically viable.
reference to large scale topo-maps and the hydrologi-
cal data were developed with rainfall data and the
limited data on water run off, that were available at
that time. Technical feasibility and economic viabi-
lity were considered with reference to the quantity
and nature of the physical works required and the phy-
sical proportion of the civil works in relation to the
benefits. On this basis, 260 possible schemes were
identified as those with economic viability and the
total firm hydro-clectric potential was cstimated to
" be equivalent to an annual energy generation of 216
TWH*. '

4.14 Even while drawing up these estimates it was
indicated that in certain regions, cspccially in the
. Himalayas, some more viable potential might be identi-
fied later. As expected, this was borne out by stu-
- dies und iuvestigations done particularly in' the upper
reaches of some of the Himalayan rivers subsequent
lo the survey.  The Central Eleclricity Authorily has
organised a technical group to make a systematic re-
assessment by first evaluation of available information
relating to investigations of specific hydro-electric
.schemes and then to take up further studies to re-assess
. the economically feasible hydro-electric resources of
India and also to attempt an assessment of theoretical
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Potential sites were identified with - .

. particularly the wpper

potential. The technical group commenced this work
early in 1978.

4.15 The re-assessment will take into account the
technological advances and experience in regard to
assumption of possibilities of construction of more
complex and advanced structural elements of project
work. It will make use of better information regard-
ing topography of the various parts of the country

reaches of Himalayas and

also greater information on, the hydrological' con-
ditions that is now.available based on investigations
which have been carried out for a large number of
projects by now. The hydro-electric survey will also
attempt to locate some viable pumped storage sites.
-An attempt will also be made to make an assessment
of theoretical potential although constraints in regard
to its utilisation still remain. The work of re-assess-
ment is presently in its initial phases. Even at the
present 'stage of studies, however, some useful inputs
can be provided to enable the consideration of a more
optimal national policy for better utilisation of the
“hydro-electric resources.

4.16 The tentative results of the re-assessment exer-
cise, which is still incomplete, indicate that the total
hydro-electric potential is equivalent to 396.3 TWH of

annual energy generation. A regionwise break up of
the tentative estimate is given in Table 4.6 alongwith
the earlier estimation of the: potential.
TABLE 4.6
Hydro-Electrié Potential
(As per 1960 survey and 1978 reassessment)

Region Potential Potential %
as per as per .change
1960 1978 in
Survey | reasses-  Potens
- T sment tial
Annual  Annual
Energy Energy
Potential . Potential
TWH TWH
Northern . . . . 56.4.  147.3  +161.2
Eastern . . ‘. . 19.1 37.6 +96.9
Western . . . . 3.7 37.7 —
" Southern . . . . 425 68.2  160.5
North-Castern . . . 65.5 105.5 +61.1
396.3

All India . . . 221.2 +79.2

1t is seen from the above that an increase of the total
utilisable hydro-electric resources by about 83% s
_estimated. It will be noted that an increase is

*Assuming development at the Prevailing annual load factors of 60% this would be equivalent to 41, 155 MW,



estimated in almost all the regions but the magnitude is

“higher in the Northern and Eastern Regions where

considerable power potential lies in the Himalayan
range. '

4.17 The potential which has already been deve-
loped till the elnd of 1978 is 39.4 TWH which is about
10% of the total available potential. The utilisation
of the available potential, as expected, has not been
even in, the various regions, as shown in Table 4.7.

TABLE 4.7

-

Hydro-Eleétric Potential Status of Development

Region. Energy Energy % of
Potential Potential potential
as per develo-  develo-
1978 re- ped ped
assess~ March
ment- 1979- -

TWH TWH

Northern 147.3 13.4 9.1

Eastern . . . . 37.6 3.0 8.0

Western . . . . 37.7 6.6 17.5

Southern . . . . 68.2 16.1 23.6

" North-Eastern 105.5 0.4 0.4

A.ll India 396.3 39.4 9.9

4.18 ‘The lower degree of utilisation, for evident
reasons, is in the North Easterm Region which consti-
tutes a major reservoir of hydro-electric energy. The
maximum utilisation has been achiewed-in the Southern
Region.

4.19 It may be mentioned that the assessment of the
average potential is based on water inflows which can
be expected with 90% dependability, which means

inflows which are likely to be available in 90 out
of 100 yelars. It would be generally possible to achieve
a greater average energy utilisation keeping in view
the fact that in years of goods inflows additional energy
generation would be possible at no cost to the utility.

4,20 The hydro potential in, the above analysis has
been expressed in term of emergy. It is also custo-
mary to express the potential in MW at a gspecific
load factor. A load factor of 60% is being adopted
in the power potcntial studies to represen( the poten-
tial in terms of capacity. This does not truly reflect
the capacity value of the hydel potential, as this does
not tally with -the average load factor of hydel plants
obtaining at present, which is about 42%. At this load

factor, the total power potential in MW would be of
order of 100,000 MW and the corresponding potential
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already developed would be about 10,830 MW which

wag the total installed hydro capacity in the country
at the end of 1978-79. The Region-wise distribution
of 'the installed capacity is given below :

Instal-
led
Region Hydro
Capacity
in MW
Northern . . . . . . . . 3718
Eastern . . . . . . . . 895
Western . . . . . . . . 1770
Southern . . . . . “ . . 4303
North-Eastern . . . . . . . 146
All India 10832

421 The present re-assessment is not expected to
cover micro/mini hydro-clectric schemes due to pro-
blems in establishing norms of technical and economic
feasibility because of several constraints. However,
the general topography and other conditions in various
part of the country, particularly in the sub-mountain-
ous regions, are such as to permit development of a
large number of such schemes. Some of these may
not be considered economic under present conditions
but apart from changing economic considerations neces-
sitating maximum utilisation of hydro potential, the
micro/mini hydel schemes serve a very useful purpose
in making available, with least maintenance and ope-
ration problems, power supply in remote and isolated
regions and thus meeting not only a social requirement
but creating conditions for the overall development of
these remote regions.  Further, advances in the deve-
lopment of low head bulb type units and the increas-
ing irrigation and canal works are adding to the poten-
tial for low head developments. Although an accu-
rate assessment is difficult, it is considered that the

mini, micro, canal drop and other prbbable low head
developments in the country provide apn additional.

hydro potential equivalent to an annual eneirgy gene-
ration of about 25 TWH,

4.22 Tn view of the size of the resource, the poten-
tial for its perennial utilisation and possibilities of using’
it for peak power supply for which alternative modes
of power generation would be very expensive, the
hydro-electric rcsources of India . represent a very
valuable energy source. The -costs of hydro-electric
projects brought into use in the last five years indicate
that the cost of construction varies from Rs. 3000 to
Rs. 10,000 per kW at current prices. The average
cost works out to Rs. 5000 per kKW,



Nuclear Resources

Uranium

4,23 Extensive prospecting and exploration efforts

of the Department of Atomic Energy have led to the
discovery of occurrences of Uraniem in a number of
locations. The most important deposits of Uranium
ore are located in the Singhbhum region in Bihar.
New target areas have recently been identified in the

crystallines of Madhya Pradesh and some significant
Uranium deposits have been discovered.. The explora-
tion efforts have revealed Uraniferrous zones in the
precambrian conglomerates in Rajasthan and stru-
turally controlled Uranium deposits in parts of
Central India. Uranium is also found as a by product
from other mineral industries. Sizeable guantities
have been established to be available as a byproduct
of copper tailings {rom the Singhbhum part of Bihar
and recovery operations have already commenced.

424 Uranjum mined in India has, in the past, been
more expensive than in many other countries since
the Uranium concentration in the ore is relatively low.
However, even though Uramium concentrate prices
have increased very steeply in the international mar-
ket, our prices allowing for reasonable returns have
not and currently compare very favourably with inter-
national priccs.

425 The reasonably assured Uranium resources
in India are about 34,000 tonnes U;Os of which about
15,000 tonnes are considered economically exploitable
at current international prices. Estimates of likely
additional resources are placed at 27,000 (onnes
U;0s.  The established Uranium sources are estimated
-t0 be capable of supporting a first stage nuclear power
programme consisting of matural Uraninm reactors of

about 8000 MW installed capacity. It may be possi-

ble to support a larger programme of first stage reac-
tors, if the present exploration programme yield
other viable sourcess With the eventual introduction
of fast breader reactors in the subsequent stages,
many times ths capacity mentioned earlier can  be
supported by cven the currently known reserves of
Uranium.

Thorium

4.26 One of the largest reserves of Thorium con-
teined in monazite deposits occur along the Indian sea
board and 'in the inland places. The deposits are
expected to yield 363,000 tonnes of Thorium Oxide
(ThOe). When Thorium fuelled reactors are construct-

~ ed in the subsequent stages of the nuclear programme,
this resource base can support a very large capacity
indeed, for a long period of time.

Fuel-Wood Resources

4.27 Firewood is the most important source  of
non-commercial fuel in India. Firewood is obtained
not only from forssts but also from trees which exist
outside the forests—in the privately owned plantations

and woodlots, on the bunds in the cultivated lands,

on roadsides, on the banks of rivers and canals and
around private houscs. The data collected in the 28th
Round National Sample Survey indicates that about
22 per cent ol the total ccnsumption of firewood
(or about 25 million tonnes) is obtained from private
lands and gardsns and from trees around hcuses.
Though the quantity obtained from forest lands is
not known, it is reasonable to assume that forest

lands represent the most important potential source
of fuelwood.

4.28 The area under forests in India is approxima-

“tely 0.75 million <q. km. which is about 23 per cent -

of the total geographical area of the country. Though
it is generally belicved that the forests are getting
denuded at a fast rate, the records of land-use do not
indicate any shrinkage of the area under forests in the
last twenty years. The distribution of forests and

- the per capita area under forests in different States

shows that the arza per person of population varies
very widely as between the different States from a
minimum of 0.01 hectare to a maximum of 0.91
hectare the average for the country as a whole being
0.13 hectare. Evea if, in the long run, the fuecl
wood resources of forest areas are likely to be utilised
by the rural population only, the forest area per
rura] person is found to be widely divergent in diffe-
rent States. As the transport costs form a large pro-
portion of the final price of fuelwood to consumers,
the availability of firewood, policies for its use and
conservation have to be discussed with due regard
to the Statewise variation in the resource position.

4.29 Not all the area under forests is in use. Of
the total area under forests of 75 million hectares,
45.6 million hectares (60 per cent) are in use and
another 14.8 million hcetarcs (20 per cent) are
potentially cxploitable, and the rest unexploitablc.
Most of the unexploitable areas are in the Himalayan

States, the North-Eastern reglon and the Andaman
& Nicobar Islands.

4,30 As discussaed earlicr, the area under forests
is no indicator of the quantity of wood available in
the forests which could be indicated by the index
called ‘Growing Stock’ and the annual increment in
growth of the forests by the index called “Mean Annual

Increment’. These indices would depend on the nature

of the forest, the varieties of trees in the forest eic.
Adequate information is not available about the
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quantities of wood that each of these species have per

treec or per hectare. Growing stock estimates -made
by different agenacies on various occasions have
ylelded different results. See Table 4.8 below :
TABLE 4.8
Estimate of Growing Stock in Forests
Item As per As per As per Tenta-
Forest Indian the com- tive
Cente- Forest pilation  estimate
nary Statis- for Com- of P.C.
publica- tics mon- in 1972
tion 1961 1969 wealth
Conf.
1968
In million cum
@@ . . . 1126 2510 2611 1727
In million tonnes , :
(C) . 901 2008 2089 1382 ;
Notes: (a) Data have been compiled in the reports in terms of

volume in cum.

(b) Converted to tonnes assuming 1 tonne=0.8 cum.

4.31 These are at best well informed guesstimates.
The Pre-investment Survey, made by Govt. of India
(in 1965) in collaboration with F.A.O., investigated
the forest resources in three small selected areas of
the country using modern appraisal techniques and
gave results which indicated that the quantity "of
growing stock wou'd be widely differing in the diffe-
ren areas. ‘

, ’ . . TABLE 4.9

Results 7f Pre-Investment Survey of Forest Resources in 1965

Item * Unit Cehtral Northern Southem.
Zone Zone Zone

1. Area Million . 2.02 - 0.412 0.506
surveyed hectares

2. Growing Million 132.0 82.7 110.0
stock cum ] :

4, Growing cum/ha. 65.7 200.7 217.4

stock per
hectare

432 Tt is seen that growing stock per hectare can
be as high as 200 cum per hectare in good forests
and can be as low as 65 cum/ha. also. The most
optimistic forecast made for the country as' a whols
implies an-average growing: stock of about 35 cum/ha.
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only. Furthermore, all the estimates of growing stock
appear to have been made with reference to timber
production and so set out the growing stock in terms
of volume under bark and exclude the wood from
branches. As fuel needs could be met conveniently
from branch wood and bark, the growing stock for
purposes of assessing the fuel wood resources would
be higher than the figures discussed above. :

4.33 The Gross Annual Increment of forest re-
presents the additional wood produced each year in
the forests. If the extent of removal of wood from
the forests is at about the some level as the annual
increment and if such extraction is scientifically
managed, the stock of wood in the forest should
remain undiminished. The annual increment in
Indian forests has not been estimated in a sufficiently
detailed and reliable manner. While the official esti-
mates place the Gross Annual Increment at about
33.3 million 'cum, some experts claim that the
actua] Gross Annual Increment is not less than 60 to’
70 million cum in terms of timber wood. The rate

of annual increment per hectare is only 0.36 tonnes as
per cicial estimates. All these calculations  -are
exclusive of bamboo growth and consumption.

4.34 These estimates appear to be very Tow, ‘when
compared to estimates of dry biomass yields  for
sub-tropical forests in USA, where studies indicate an
annual increment (of total biomass) of about 24.5
tonnes/ha.* Other sources indicate that Mean
‘Annual Increment of wood might be about 5 t/ha
in the tropical zone, 4 tonnes/ha in temperate and 1
tonne/ha in dry tropical forests.** The under-estima-
tion may be the result of the Indian surveys assess-
ing only the wood under bark exclusive of bramch
wood while the U.S. studies include all biomass. It
might also be due to the relatively poor stocking of
trees in our forests compared to U.S. forests in simi-
lar geographic zones.

4.35 The wood from forests would have -to meet
the demand for industrial use besides meeting the
fuel requirements. The needs of industrial wood s
only a small fraction of the needs for fuel require-
ments. Consumption of Industrial wood was about
12.7 million tonnss in 1965 and is estimated to be
about 32.6 million tonnes in 1990.***The consump-
tion of wood (from all sources) as fuel was about 104

million tonnes in 1965 and about 126 million tonnes
in- 1975. :

*

See Energy for Rural Development : Rengwable Resources and Altefnative Technologies for Developmg Countries.

National Academy of Science USA. Washington, 1976. p. 169.

£33
skakesk
G. 0. 1., New Delhi, 1972.

2 PC/79—-5.

See Dean E Eral Forest & Eco. Development Oxford University Press, 1975. p. 46.
Estimate given in “Indian Report on Product:on Forestry—Man Made Forests” Nat10na1 Commission on Agnculture

—



4.36 The analysis shows that the available informa--
tion about the existing fire-wood resources in the for-
ests is woefully inadequate. We have neither informa-
tion on the level of stock of fuelwood now available
in the forests, nor the quantities iadded each year by
growth of trees. If the published -data is taken as the
basis, one could conclude that the growing needs for
industrial wood (which is an important charge on the

wood resources in the forests) would increase over

time and that by 1990, the forests could meet only
the timber needs. But it is also possible to take the
deficiencies of data into account and state that if the
average biomass production in Indian forests is even
one fifth of the biomass production reported in sub-
tropical forests in USA and if one fifth of the biomass
can be used as firewood, the annual yield of wood for

~ fuel purposes can be 0.98 tonnes per hectare. The fire- '

wood obtainable from forest lands alone can be over
73 million tonnes. The Working Group considers the
state of our knowledge about fuelwoud resources in the
forest areas is very inadequate and would like to re-
commend strongly that urgent measures should be ini-
tiated to assess the fuelwood resources of our forests
on a systematic and scientific manner. As the methods
normally followed appear to be based mostly on mea-
surements and microstudies made with a view to assess
the logwood and timber extractable from the forests,
Wh_ich are time consuming and cumbersome’ theré may
be need to design survey methods and norms specially
for Indian conditions based on modern developments
in resources assessment. The Group therefore recom-
mends that the methodology for assessment of fuelwood
resources should be examined by a Committee of tech-
nical experts including experts on .rural ehergy and
fuel technology.

, 4.37 There are trees _outSide the forest areas also.
No ‘attempt has been made to collect systematic data
.on the growing stock of wood in the areas outside the
forests. In the most systematic éurVey done of forest
resources in 1965, the growing stock in non-forest area
‘'was also estimated and' roughly in the 0.97 million
‘hectares of non-forest land covered by the survey, the
growing stock was estimated to be about 9 million
cum. Roughly a little over 9 cum. growing stock per
hectare can be taken to be the results of this survey
regarding non-forest lands. It is not clear whether this

/

26~

result could be used to estimate the growing stock of
non-forest land. Even if the growing stock in the coun-
try on the whole in non-forest lands is about half of
this estimate, the total growing stock in non-forest lands '
could be about 1150 million cum. 1f treecs have a life
cycle of 30 years, the annual increment can be taken
to be on the average of about 38 million cum. ~or
about 30 million tonnes of fuelwood. The Committee
would recomjm_nd that in view of the importance of
trees in non-forest lands as a source of fuel for domes-
tic consumption a survey should be organised to esti-
mate the total fuelwood available in the non-forest

areas.

4.38 In the case of regenerative resources unlike in
the fossil fuels, there is no finiteness about the resource
availability. Forests can be grown in new areas and

" the extent of availibility would depend on the nature
" of the trees, the years they take to miature and the

area which is taken up for afforestation. A number of

" quick growing fuelwood species which can yield upto

10 tonnes per hectare are known in India. Some of the
news species not known in India but considered to be
suitable for our climatic conditions like Ipil-Ipil are
reported to yield upto 25 tonnes per hectares per year.
The potential for growing forests in India has to be
established with reference to the lands which could be

- allocated to afforestation and the extent of area in

the reserve forests which can be restocked with quick
growing fuelwood species, National Commission on
Agriculture (1976) and fuel Policy Committee (1974)
have strongly urged the widespread addption of the
scheme for Social Forestly developed by the National
Commission on Agriculture. The potential that could
be created as a result of this should be taken into ac-
count in assessing the long-term resource availability
of fuelwood for use in the energy sector.

Agricultural Waste

4.39 The amount of agricultural waste arising ur
the country would depend on the extent of agricultural
‘production. The quantity of waste material which
arises with different crops varies with the crop. There
are very few reliable studies on the quantity of vege-

- table material produced with each crop and such data,

ag are available from different sources are not consis-
tenit with each other. This is not surprising as the agri-
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cultural waste contains a great deal of moisture and
the estimations of waste maierial, made with different
objectives in view, have not been made under compar-

able conditions. However, on the basis of the best'
available information, an cstimation of the agricultural

waste that might have become available in the couvatry
in 1975-76 is given in Table 4.10 :

- TABLE 4.10
Agricultural Waste Production (1975-76)

‘Description Area Produc-  Agri.
‘(thou- tion waste
sand (thou- (thou-
hectare) sand ‘sand
tonnes)  tonnes)
- (estima-
A Y ted)
Rice . 39475 48740 77984
Wheat 20454 28846 50480
Maize. 6031 7256 8707
Cotton 7350 1012 3036
~Jute 584 755 1510
Barley 2802 3192 4788
Other minor crops 67422 36157 28926
Sugarcane . 2762 140604 28121
"TOTAL 203552

4.40 Against the total agricultural waste which could
be around 260 million tonnes, the actual consumption
as fuel might be about 40 tommes (see Chapter 1I).
There are several competing uses for agricultural waste
like use as fodder for houschold animals, as roofing
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material or as organic matter for compost mak-
ing. The allocatiou of available agricultural waste
to different uses would depend on the availability of
alternative materials for these uses, the prices at which
they are availablc the social conventions regarding ﬂ/l_C
usc of agricultural waste for different purposes, etc. It
is however seen that wherever agricultural waste arises

in a sizeable quantity at a place where there is a use

for it as a process fuel, the waste is invariably used
e.g., the use of bagassc in sugar khandsari and jaggery
industries. Even the organised sugar industry finds it
convenient and economical to use the bagasse, which is
produced by crushing sugarcane, for providing the
heat and steam required for manufacture of sugar. In
-the .unorgainsed sector, the bagasse is used in the
ovens for concentrating sugarcane juice. The paddy
husk that comes as a waste product from the rice mil-

-ling industry can also be used for supplying heat re-

quired for parboiling the rice for milling. But the use
of paddy husk is not so widespread at the moment,
but there are efforts to make greater use of paddy husk
in the rice milling industry. The use of agricultural
waste as a raw material for biogas production is also
under - experimentation and development.. Microbial

‘fermentation of agricultural waste can yield liquid fuels,

but the technology has not been developed to the re-
quired level of economic efficiency. It is difficult on
the basis of available. information to estimate the share
of the agricultural waste that would be normally used
as fuel or the optimal level of the use of agricultural
waste as fuel. But the steady increase in the agricultu-
ral production can be expected to steadily increase the
total quantity of agricultural waste available and a
substantial part of it can be used as a source of energy,
if appropriate procedures for collection and techno-
logies for efficient utilisation are developed.

~

!




CHAPTER V

ENERGY IN THE HOUSEHOLD SECTOR

5.1 The household sector is the largest consumer
of energy accounting for about SO per cent of total
energy consumption. Most of the energy used in this
sector is in the form of non-commercial energy. En-
ergy is used in the households essentially for cooking
and lighting. Some energy is also used for space heat-
ing|cooling and water heating but the quantities in-
volved arc very small compared to the quantities re-
quired for cooking and lighting. The pattern of fuel
consumption varies between the wurban and rural
households and there are also variations within each
clasg depending on the household incomes. The light-
ing needs are mostly met by kerosene and to some ex-
tent by electricity. There is evidence that a small por-
tion of .the population still use non-edible. oils and
vegetable waste as illuminants. The energy for cook-
ing is derived mostly from firewood -and agricultural
waste and to some extent from kerosene. The use of
LPG as a cooking fuel is still very small.

TABLE 5.1

Consumption of Commercial Energy in the Household Sector

(in million tonnes of Coal replacement)

1953- 1960- 1965- 197G- 1975- 1978-

Energy from ]
54 61 66 71 76 79%
Coal 2.2 2.8 4.1 4.1 3.7 4.0
Oil Products - (inclu-
ding LPG) 9.8 16.5 20.0 27.6 27.9 28.76

" Electricity,. . . 0.7 1.5 24 3.8 58 1.7

Total 12.7 20.8 26.5 35.5 37.4 40.3

*Provisional |
Commercial Energy

5.2 The consumption of Commercial energy in the
households is fairly reliably estimated. These data are
examined first.

5.3 A comparision of the commercia] energy forms
used in the household sector in 1953-54 and 1975-76
shows that the share of coal has declined from 17.3
per cent to 10.0 per cent and that of oil from 77.2
per cent to 71.0 per cent while that of electricity has

increased from 5.5 per cent to 19.0 per cent. Soft coke:

is used as a domestic fuel mostly in the States of Bihar,
West Bengal, U.P. and Delhi. Kerosene is used as
an illuminant in all the States and is the chief source
of energy for cooking in the métropolitan cities. Most

of the energy consumed as clectricity serves to illu-

minate households. The rapid increase in the number
of towns and villages electrified hag given an impres-
sion that the number of unelectrified houses is fast
diminishing. Facts prove that this is not the case. All
the towns (over 10,000 population) numbcring 2699
i India have been electrified. Of the total number of
570,000 villages, about 2,30,000 have been electrified.

The number of households electrified has increased

from 3.7 million in 1960-61 to 16 million in 1978-79.
Inspite of electrifying all towng and about 44 ger cent
of villages, the percentage of houscholds electrified re-
mains at about 14.0 per cent only. Even with the ac-
celeration in the pace of electrification in the seven-
ties, the number of new electricity connections to hou-
ses has increased at the rate of about one million house-
holds a year, while the number of new households has
been increasing at the rate of about 2.2 million per
year. In otherwords, the number of non-electrified
houses is steadily increasing inspite of the accelerated
rural electrification programmes. Studies show that in
any electrified village only 1€ to 14 per cent of the
houses obtain electricity for household purposes and the
rest of the houses do not switch to electricity as the
householders are not able to pay for the inital invest-

' ment required to set up the switch board and for the

wiring arrangements to receive electricity. Further, the
construction materials used in the housing also set a
limit to the extent of electrification. NSS Survey of
Housing (1973) reveals that the percentage of pucca
houses is about 65 per cent in the urban areas and
hardly 19 per cent in the rural areas. The number
of huses using electricity for lighting is only about 45
per cent of the houses in the urban areas and about S
per cent in the rural areas.

5.4 Data relating to kerosene use for lighting is not
available separately. It is therefore difficult to estimate
the number of households which use kerosene either
solely or partially for meeting the cooking needs. Based
on the technical data* of the requirement of kerosene

*See foot note to Table 5.5
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for lighting and cooking and assuming that houses which
are not electrified use kerosene only for lighting, some
rough estimales of the quantity of kerosene used for
cooking were made. If it is assumed that the quantity
of kerosene thus estimated is used by households as
their only fuel for cooking, thc numbcr of such house
holds would amount to 5 million vuly, But as a num-
ber of households use kerosene as a supplement to fuels
like firewood etc., the number of houses which use
kerosene will be substantially higher. The number of
households using LPG is estimated to be over 1 million.
The remaining hotiseholds are dependent on cther non-
commercial fuels such as firewood, agricultural waste
and animal dung cakes for meeting their cooking energy
necds. Their number still continues to be over 90%
of the total households in the country.

Non-Cermmercial Fuels

5.5 The important sources under this category are
fuel-wood, cow-dung cakes and agricultural waste. The
household surveys of NSS (18th round and 28th round)

indicate that some other fuels like non-edible oils and
amimal fat are also used in certain areas in small quanti-
ties. The quantities involved are, however, too small
to affect the analysis made in this report. - The rural
areas rely mainly on the available and usable fire-
wood, animal dung and ugiicultural wasle for ccok-
g, as these are oblained at near zero private cost.
It is not the poor alone who usc non-commercial fuels,
but alzo the rich in rural arsas who seem to get their
non-commercial fuels more from their own lands than
by collecting from public lands and forests. Waste
wocd from trees in non-forest areas, trees cut for
replantation, branchwood and wastewood from fences,
etc. are used as fuel. The quantity of wood coliected
from’ registered forests for rural consumplion as fuel
is only a part of the total fuel use. The information
from the latest Census of Energy Consumpticn - in
Houscholds (28th round of NSS) gives some indica-
tion of the shares of different fuels used in houscholds
and the sources of their supply and is summarised
in Table 5.2.

TABLE 5.2

Energy Consumption in Households Shares of Fuels and Sources of Supply

Rural per capita energy comsumption

Urban per capita energy consumpticn

Energy % share % share of source of supply % share Yshare of source of supply of
of energy of each form of energy each form
forms . forms — —
B Purchased Collected Home Purchased Collected Hcme
grown grewn
1 2 3 4 5 6 7 8 9
1. Electricity 0.6 100.0 0.0 0.0 5.9 97.0 3.0 0.0
2. Oil Products* 3 16.9°  109.0 0.0 0.0 30.2 100.0 0.0 0.0
3. Coal Products 2.3 65.1 34,9 0.0 13.7 95.6 4.4 0.0
4. Firewdod: 68.5 12.7 64.2 23.1 45.5 737 14.8 1.5
5. Animal Dung 8.3 5.1 26.2. 68.7 3.2 491 12.3 38.6
6. Others. : 3.4 8.9 61.0 30.1 1.5 71.2 28.8 0.0
7. Share of commarcial fuels = . 20% 499 :
8. Share of non-commercial fuels 80% 51%

s

*A very smill:part of the oil:products included inthe

As. seen from-table 5.2 the share of non-commer-
cial. energy is over 80% in rural’ areas as compared
to 51% in urban areas. It is note-worthy that even
in 1973-74 the share of electricity in the total energy
consumption, in- the household in' rural areas is less
than 1% and even in urban- areas it is less than
6%. A little less than half of the energy consumed
in households in urban-areas is in the form of fire-

dat2 may relate to motorges used for private cars and two wheelers.
Note: Shares have bzen worked out by converting consumption of various forms of energy to coal replacemen

t mes suge.

wood. In rural areas, firewood contributes- a little
over two thirds. As could be anticipated, the share
of purchased non-commercial fuels is very high in
the urban areas; nearly half of animal dung and about
two thirds of the firewood needs of urban households
are obtained by purchases. The results of this sur-
vey compared with the results of NSS 18th" round
~ shows- that non-commercial fuels are becoming
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commercial in urban areas and a similar trend though
at slower pace, is observed in rural areas.

5.6 There is noticeable income elasticity of consump-
tion of fuels in the household sector both in the urban
and the rural areas. The data collected in the 28th
Round Survey of NSS can be interpreted as in
Table 5.3 :

TABLE 5.3
Index of Income-wise Energy Consumption in the Household
Sector

Exp:znditure class Index of Total
Rs. pzr month per capita per capita energy
consumption in

Rural Urban
All expenditure class together . . 100 1C0
@i o0-21. . . . . 66 48
(i) 21-28 ., . . . . . 80 - 61
(iii) 28-43 . . . . . . 90 82
(ivy 43-75 . . . . . . 101 -96
(v) Above 75 . . . . . 138 125

5.7 The lowest income groups consume hardly half
the energy consumed by the highest income group.
The relatively less skewed distribution of household
energy consumption in the rural areas as compared
to the urban areas might be due to the easier and
more abundant availability of zero private cost fuels
in the rural areas.

5.8 A comparison of the nation-wide survey of
household .energy consumption in 1963-64  (18th
round) and 1973-74 (28th round) by the NSS orga-
nisation, suggests that the average per capita consump-
tion of energy has not changed significantly durmg this
period. For the purpose of this study, it is assumed
(as in the earlier reports) that the annual per capita
consumption in households is :

0.38 tonnes of coal replacement in rural areas.

- 0.40 tonnes of coal replacement in urban areas.

Reference Level Forecast (RLF) of Demand for
Energy in the Household Sector '

‘5.9 After trying out several methods available for
forecasting the long term energy demand in the house-
hold sector, the Workmg Group decided to adopt the
‘scenario approach’ in which the likely development
in energy consumption in the household sector visua-
lises using as pointers, the current level -of consump-

tion, trends of change in the past, the widely accepted
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goals towards total rural electrification and substitu-
tion, of non-commercial energy by commercial energy
to the -extent possible. The various steps involved
in the forecasting exercise were as follows :

(a) On the basis of the cousumption of diflerent
fuels in the households scctor in the past, tho
data of the National Sample Survey and
the computed consumption of Commercial
fuel” for meeting the lighting and cooking
needs of averagel household, the number of
households  using electricity and kerosene
for lighting and LPG, kerosene, soft coke and
non-commercial fuels for cooking in
1975-76 were estimated. '

(b) The trend in, the electrification of household
. sector and the rate of rural electrification
at present were kept in view and the num-
ber of households electrified per year was
assumed to increase in each plan perlod as
follows :

2.14 mjﬂioﬁ households in the
1975-76 to 1982-83

3.6 million households in the period 1982-83
to 1987-88

speriod

4.0 million households in the period 1987-88

to 1992-93

5.0 million households i in the period 1992-93
to 2000-01

1t was assumed that electrification would lead
only to use of electricity for lighting and
recreational needs and not for cooking.

(c) The level of LPG use was projected keeping -

in view the availability of LPG ip different

perlods from indigenous il and gas produc-

t10n,

(d) Keeping in view the various efforts being
- made to increase the production of soft coke

by traditional as well as by new technology
the level of soft coke production was assum-
ed at 6.5 million tonnes in 1982-83,
9 million tonnes in 1987-88, 14 million ton-
“nes in 1992-93 and 30 million tonnes in
2000-01. Roughly this would mean that
the soft coke production would have to in-
crease by 0.5 million tonnes/year in  the

period 1982-83 to 1987-88, another 1 mil-

lion . tonnes/year in the period 1987-88 ‘to
1992-93 and a further 2 million tonnes/
year after 1993,

(¢) Kerosene consumption was
rate which would enable the consumption, of

projected at a
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non-commercial fuels for cooking to be re- 5.10 The pattern of change in the consumption of
duced to about 70% of households in the

: ; fuels in households in urban and rural areas is given
rural arcas and about 10% in the urban

areas. in Table 5.4.
TABLE 5.4
Change in the Pattern of Fuel/Energy use in Households 1975—2000
REFERENCE LEVEL FORECAST
(in percentage)
Rural Urban
1975-76  1982-83  1987-88  1992-93  2000-01 1975-76  1982-83 1987-88  1992-93  2000-01
For Lighting '
Electricity A . 4.4 12.9 *19.3 27.6 45.2 421 53.0 62.3 73.8 89.0
Kearosene . . . 91 .4 84.0 78.8 71.4- 53.9 53.6 45.2 36.9. 25.5 10.4
Othears . . . - 4.6 3.1 1.9 1.0 0.9 4.3 1.8 0.8 0.7 0.6 "
Total . . . 100 100 100 - 100 100 100 100 100 100 100
' - - For Coocking
LPG . . . 0.0 0.8 1.2 1.6 2.7 5.0 8.4 12.7 16.4 24 .8
Kerosene . . 0.6 4.0 8.7 13.3 22.3 17.2 26.5 32.2 38.6 50.3
Softcoke . . . 0.4 0.7 1.1 2.2 5.0 4.6 7.0 8.1 9.0 14.1
N'5n-Commercial . 99.0 94.5 89.0 82.9 70.0 . 73.2 58.1 47.9 36.0 10.8
Total = . . 100 100 100 100 100 100 " 100 100 100 100
No of House hold in Million-_%T.l 100.9 108.6 116.1 128.3 26.1 32.1 36.9 42.0 51.7
5.11 Based on these projections, the demand for . i
different energy forms derived as the Reference Level For Lighting Fgr Cooking
Projection would be as given in Table 5.5 : Rurals Urban  Rural Urban
. TABLE 5.5 ) )
Demand for Energy in the Household Sector Kerosene 24 Litres 36 Litres 240 Litres 240 Litres
REFERENCE LEVEL FORECAST Electricity 300kWh 400kWh — —
; : Soft Coke — — 1750 1.750
Energy from Units 1982-  1987- 1992 2000- . . tonnes tonnes
83 88 93 01 :
Electricity . TWH 10.70 15.50 22.00 35.80
Kerosene Million 4.76  6.57 8.57 12.95 Share of commercial and non-commercial energy :
(Total) tonnes
LPG . - ?g:j}::: 07 12 17 3.3 5.12 As already discussed, Commercial energy
Soft Coke . Million 520 7.20 11.20 24.0 forms provide only a fraction of the energy needs of
gr;;lles of the households, while thel major part of the require-
;a;;;]tiva- ' 7 ments are met from non-commercial sources of energy.

The quantity of non-commercial energy used is esti-

Note : The demand for fuels was estimated on the mated by adopting the methodology described in para
assumptions that the per household annual 2.6 of Chapter II earlier. The total energy need of
. consumption is as follows : S the households and the likely share of commercial

-
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and non-commercial fuels are estlmated ag in Table -

-. 56 :

TABLE 5.6

Nemand for Total Fnergy in Household Sector and Skere nf
Commercial and Non-Commercial k'ueis

REFERENCFE IL.EVEI FORECAST

[inergy Demand L’ereentage |
shares of
Year ' Total Com- Non- Com- Non-
mercial com- mercial Com-
mercial Energy mer-
cial
(in million tonnes of coal En- %
replacement) ergy s
1982-83 255.7 51.6 204.1 20.2 79.8
1987-88 . 276.1 73.3  202.8 26.5 73.5
1692-93 296.4 100.6 195.8 33.9 66.1
2000-01 329.0 165.5 163.5 50.3 49.7

In' the RLF of household energy demand, it is esti-
mated that by the end of the century, the non-commer-
cial energy used would get reduced from the current
level of about 80% to about 50%.

Share of non-commercial fuels

5.13 The shares of firewood, vegetable waste and
animal dung in the total non-commercial energy used
were estimated to be 65%, 20% and 15 per cent res-
pectively on' the basis of a survey in the early sixties.
The NSS (18th and 28th rounds) data suggest that
the share of animal dung has declined over the years.
But the evidence is not conclusive and there is no
gstimate of the rate at which the shares of different
non-commercial fuels have changed. The increasing
agricultural production would suggest that the share
of agricultural waste! might have increased over time.
In view of the uncertainties regarding the likely share
of firewood, animal dung and’vegetable waste, the
Group has assumed for the purpeses of RLF of house-~

hold energy demand that the past ratios would conti-_

nue. The consumption of non-commercial fuels as
derived in these exercises is set out in Table 5.7 :

TABLE 5.7
Demand for Non-Commercial Fuels
REFERENCE LEVEL FORECAST

(In million tonnes of coal replacement)

_ Total Fire  Agl Animal
Year Non- wood waste JDung
commer-
cial
energy
1982-83 204.1 132.7 40.8 30.6
1987-88 202.8 131.8 40.6 30.4
1992-93 195.8 127.3 39.2 29.3
2000-01 163.5.

106.3 32.7 24.5

" Non-commercial

5.14 The forecast of dmand for non-commercial

fuels in original units is given in Table 5.8 :

TABLE 5.8

Non-Commercial Fuel Consumption in Households

REFERENCE LEVEL FORECAST

(In million tonnes)
7/

Year Firewood Agrl. Animal

waste Dung
1982-83 139.7 42.9 76.5
1987-88 133.7 42.7 76.0
1992-93 t 134.0 41.3 73.3
2000 01 111.9 34.4 61.3

Note : Computed from table 5.7.

energy consumption which was
about 194 MTCR in 1975—78 increases to a maxi-
mum of 204 MTCR in 1982-83 and from then on
diminishes slowly. In other words, inspite of the
population increase, the absolute level of non-commer-
cial energy use could start declining from the year
1982-83.

5.15 As agricultural waste and animal dung are
products available at low private cost to most of the
consumers, it may not be realistic to assume that their
use in absolute quantities would ~decline, especially
when' the price of commercial fuels like keroseng is
increasing and is likely to be very high beyond 1982-
83. It might be more rational to assume that the
absolute quantities of agricultural waste and animal
dung might at least remain at the maximum levels
reached in 1982-83. This would in effect mean that
the quantity of firewood demand in the years after
1982-83 might be lower than in' the RLF. These
adjustments have been made in the OLF of demand
for non-commercial fuels. It is also possible that in
view of the increase in total agricultural production
in the years beyond 1982, there would be an. increase
in the availability of agricultral waste and this might
increase the guantity of such waste used in house-
holds. 1In the case of animal dung, only a part of the
total available dung is used for fuel, as the rest of
what is collected, is used for fertilising agricultural
lands. With the popularisation of biogas plants,
which would enable the use of dung for fuel purposes,
without foregoing its use as a nutrient, there might be
an increase in, the quantity of animal dung used- as
fuel in the household sector. These possibilities are

further exammed in the chapter on Rural Energy
Policy.



Optimal Level Forecast (OLF) of Enrergy Demand in

the Household Sector

5.16 When the results of the Demands for fuels
for all sectors as per the RLF were examined along
with the results of the exercise on availability of fuels,
the Working Group felt that it would be desirable and
even absolutely necessary to modify the pattern of
fuel consumption as projected in the RLF. It was
also felt that the oil consumption should be reduced
considerably and the emphasis should be on the in-
creased use of renewable energy resources. In the
household sector, the adoption of these guidelines to-
wards optimisation of fuel consumption can lead to
several policy prescriptions. The Group examined
these and opted the following in deriving the OLF
of demand for energy in the household sector :—

(a) The fuel efficiency of lighting in households
and commercial enterprises is not very high
and there is scope for improvement. The
use of fluorcscent lamps and vapour bulbs
and more efficient lighting system desigas
are under development and many of them
are likely to be available for widespread
use in the coming years. It would, there-
fore, be reasonable to adopt certain targets
of improvement in consumption efficiency
of electricity in the household sector for
different plan periods. The Group assumed
that upto 1982-83, there would be no
change in the efficiency but as a result of
measures to be initiated from now on, there
would be efficiency improvement in the
household sector as follows :

1987-88 . . . . . . 2.5%
1992-93 . . . . . . 5%
2000-01 . . . . 10%

(b) The data in Table 5.4 suggest that even by
2000 A.D., about 54 per cent of the rural
households and 10 per cent of the urban
households, numbering in total 74.7 million,
would use kerosene for lighting and about
1.54 million tonnes of kerosene are likely
to be used for lighting purposes. As it is
anticipated that by 2000, all the villages
-are likely to be electrified, there is a possibi-
lity of electrifying all the houses also by

that year. While = this would save about

Rs. 200 crores worth of kerosene per year
at current prices, the electrification of these
additional households ‘would require nearly
Rs. 2250 crores of private investment (at the
rate of Rs. 300 per household) and over
Rs. 5000 crores in public investment at
cutrent prices, over a 20 year period, or
2 PC/79—6

Rs. 300 crores per year. The Group
felt that the  additional investments
could be reduced considerably if the
normal specifications and rules regard-
ing electrification of households were modi-
fied. The costs and benefits of electrifying
the uvoelectrified houses 1in the  wvillages
already electrified would vary®rom village 10
village. The Group did not take note of the
likely level of useful substitution on account
of such intensive electrification of house-
holds, as there! are a number of unresolved
issues relating to this. The Group would,
however, like to recommend that the possi-
bility of complete electrification of all
households in all the electrified villages be
given serious consideration, as it would
improve the quality of life in addition to
economic and other bengfits.

(c) The anxiety to replace the wuse of non-

commercial fuels, especially firewood, by
commercial fuels in the decade of the six-
ties and early seventies was due to a grow-
ing apprehension that our forest resources
were being depleted. As discussed in
Chapter IV on Fuel Wood Resources, the
areas under forests in the country and the
areas on which fuel wood can be grown
like road sides, tank bunds, etc. are very
large and the possibility of increasing pro-
ductivity of forests by more scientific cultiva-
tion of high yielding fuel wood species
deserves further consideration. It would
appear that if adequate investment is made
in fuel wood development, the availability
of fuel wood can be increased fo levels
much beyond what has been forecast. In
fact, the social forestry scheme under which
fuel wood supply would be increased from
new plots close to village sites appears to
be the most cost effective way of supplying
the fuel requirements of households in seve-
ra] areas of the cquntry. It is possible, there-
fore, to reduce' the growth in future in the
consumption of kerosene as well as soft

coke for cooking by making adequate invest-

ment in forest development. The RLF pro-
jection of soft coke demand is based on
increasing the production of soft coke by~
conventional means as well as by setting up
low temperature carbonjsation plants. The
production of increased Qquantities of soft
coke by conventional means can be dons

“only in the Jharia coal fields and soft coke

produced there has to be transported by



. this calls for

rail or road to all parts of the country and
increase in the investment
rcquircd on transportation.
domestic coke from non-coking coal can bLe
done only by high cost low temperature
carbonisation technology. It might be more
econofcal to divert such investment to
forest development. In the OLF it is a$su-
med that the rale of increase of soft coke
production’ would be limited to 6.7 per cent
which is the projected growth rate during
the period 1982-87. This would mean that by
the year 2000 A.D. the! soft coke consumption
would increase to only 16.75 million tonnes
as against 34 m.t. in, RLF. Further the per-
centage of houscholds ~dependent on kero-
sene for cooking in rural areas would be
maintained as in the year 1987-88 i.e. at
8.7 ‘per cent. The RLF implies that this
would increase to 22.3 per cent in 2000 A.D.
As a result of these changes the reduction
of demand for kerosene and soft coke as
against the RLF would .be as follows :

Unit T 1987-88  1992-93  2000-01
Kerosene Million Tonnes Nil —0.91 —2.99
Soft Coke  Million Tonnes Nil —1.24 —7.25

of coal

In order to supply these ‘savings’ in kerosene and soft coke
the level of firewood to be increased would be as follows:

°1992-93 =12.2+4+1.6=13,8 Million Tonnes
2000-01=40.1+9.5=49.6 Million Tonnes

(d) In the case of kerosene for

eooking, it is
possible to increase the fuel efficiency of the
kerosene stoves. used in rural as well as
urban areas. The wide acceptance of
scientifically designed more efficient stoves
introduced by Indian Oil Corporation and
Indian Institute of Petroleum is an indica-
tion of the extent to which this recommenda-
tion can be successfully implemented. For
the purpose of OLF demand, the Group has
assumed that the saving of Kkerosene on
account. of such increase in efficiency of
stoves would be at a moderate level as

follows :

By 1982-83 1.0%
By 1987-88 2.5%
By 1992-93 5.0%
By 2000-01 5.0%

(¢) Fuel utilisation appliances for cooking with

firewood and agricultural waste have very

Production of"

the
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low efficiency and in fact in many cases, the
appliance comptisc three slones placed in a
triangular formation, over which the cooking
utensils arc made to rest, It is possible to
introducc morc cfficient appliances by
taking up a vigorous scheme of extension
and distribution of more efficient locally-
made cooking ovens whose use might be
cncouraged if necessary by appropriate fiscal
incentives. Iiven, on couservative assumptions
it is possible to increase the overall effi-
ciency by a substantial measure at least from
1987-88 onwards. For the purposes of OLF,
however, very moderate savings have been
assumed of firewood and agricultural waste
as follows :

Qty. of

% of non-
Year savings commercial
fuel saved
in MTCR

-~ 1987-88 2% 4.1

1992-93 . . . . 5% 9.8
2000-01 10% 16.4

As indicated earlier, the RLF assumption

that
the net quantity of agricultural waste and
animal dung used in the economy would
get reduced in absolute quantities after
1982-83, may require some modification.
This assmuption might hold good if the

. commercial fuels were available at a rela-

tively cheap rate. However, in future when
kerosene is likely to be very costly and
probably -scarce, the use of agricultural
waste and animal dung in improved applian-
ces should be maintained at least at the
level which their use reaches by 1982-83.
As the animal population is assumed to stay
unchanged, it might be assumed that the
quantity. of animal dung used would not
change. With the increase in agricultural
production, the quantity of agricultural
waste available would increase and it is possi-
ble that more of this could be used as a fuel
even after 1982-83. However, for the OLF,

- We are assuming that the quantity of agricul-

tural waste and animal dung would remain
as in 1082-83 and only the residual needs
in terms of non-commercial fuel would be
used in the form of firewood., The effect

.



of this assumptibn on the OLF demand
for different fuel forms would be as follows :

(in million tonnes of coal replacement)
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Optimal Level Forecast

5.17 If the various suggestions which have been

1982-83  [9¥/-88  1992-93  2000-01 discussed above are-implemented the level of fuels
To;f;l‘;ialxx;::;om.— 204 .1 2028 195 % 163.5 that would be required for consumption in the house-
ii;fi‘zgﬁgraf waste li?)'; lié:g li‘éi‘; 23 ; hold sector in future would be as set out in Table .
Auimaldusg 30.6 306 30.6 30.6 5.9,

LYABLE 5.9

Energy demand in the household sector 1982-—2000
’ OPTIMAL LEVEL FORECAST

Energy from Units  j1982-833 1957-88  1992-93  2000-01
Electricity TWH 10.7 15.1 20.9 32.2
Kerosene . Million tonnes 4.73 6.48 7.34 9.39
LPG Million tonnes 0.71 1.22 1.79 3.31
Soft Coke Million tonnes of coal 5.20 7.20 9.96 16.75

replacement '
Non-commzrcial Fuzls Million tonnes of coal ~ 204.1 198.7 199.10 194.70
replacement

Policy Measures

5.18 In the household sector a variety of fuels

are used with appliances which have remained un-

changed over the centurics. The most important use
in the household sector appears to be the fuel needs
for cooking. The importance of this has not been
fully realised on account of the decentralised produc-
tion and collection of fuel wood mostly by methods
and procedures which are to be decided and regulated
by Government. But with the increasing scarcity of
forest areas near village sites and the increasing costs
of kerosene, the fuel wood problem of the rural areas
has assumed great importance. So the most important
aspect of energy policy for the household sector
should concern itself with increasing the availability
and increasing the efficiency of fuels used for cooking.
Specific recommendations on, these aspects are made
in the Chapter on Rural Energy Policy.

5.19 The increase in fuel wood production is an
issue which bristles with many legal, administrative,
managerial and sociological problems. The efforts made
in, setting up some social forests are a good beginning,
New ideas of introduction of fast growing species
purely for fuel woed production are being widely
discussed. This is a matter which must receive priority
attention and suitable institutional structures would
have to be designed #s to who should be entrusted
with the responsibility for increasing the productivity
of existing forests and raising new forests in depleted

forest areas and in non-forest areas. The Group would
urge that the importance of fuel wood supplies should
be recognised and suitable institutional arrangements
should be made to monitor the demand and supply
of fuel wood at Government level,

5.20 Increasing the efficiency of use of fuels in the
household sector is another important area for policy
action. The Working Group is conscious of the fact
that increasing the efficiency of use of fuels in the
household sector would not be easy. The number of
households to be approached is very high. Setting up
of standards of fuel efficiency for manufacture of
lighting and cooking appliances and introduction of
more efficient choolas at subsidised rates on a large
scale are some of the measures called for. While the
measures would have to be designed with reference
to time specific and location specific conditions, the
Group would urge that theses normative goals of
increasing efficiency upon the present levels - should
be accepted as a national policy and the work entrus-
ted to a specified agency. If necessary, fiscal incentives
to encourage the use of more efficient appliances
should be given.

5.21 Alternative! energy technologies for use in
households have not been taken into account in assum-
ing the energy supply available in the household
sector even in the year 2000 A.D. The Group is of
the view that the bio-gas plants is the most promising
alternative energy technology in the household sector,
but a greater level of its use has already been implied




in the OLF estimates. There are a number of problems
connected with the more rapid popularisation of bio-
gas plants. The Group recommends that a centralised
agency should be entrusted with the overall responsi-
bility for increasing the number of bio-gas planls ol
he Louschold as well as community types. The level
of use of agricultural waste would depend on the
relative costs of agricultural waste and other fuels
and the kind of appliances which are locally avail-
able for the use of agriculiural waste as fuel. With
increasing agricultural production, the total quantity
of agricultural waste is increasing. With the increase
in the cost of chemical fertilizers and growing aware-
ness for replenishing the organic content in the soil,
agricultural waste would also be used in compost
making in a larger measure. Even so, the amount of
agricultural waste available for use as a fuel would
increase over time. To the extent that use of agricul-
tural waste is increased, the pressure on fuel wood
would decrease. In view of the wide variety of
agricultural waste, it is not possible to make any
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general recommendation' regarding the kind of equip-
ment that could be popularised. But the effort must
be maximised for the use of agricultural waste as fuel
either directly by burning or by conversion into
liquid/gas fuels by microbial conversion. Bio-gas
plants capablc of using more ol ugriculturul wuste re
to be developed.

5.22 A more detailed discussion of the issues on
rural energy supplies are presented in Chapter XII on
“Rural Energy Policy”.

5.23 Among other new energy technologies solar
encrgy is the next most promising for use in the
household sector. While solar cookers which would
replace other fuels might not be used in large num-
bers by the year 2000 there are possibilities of using
solar energy devices for preheating of water before
using it for cooking with conventional appliances.
This is likely to lead to a great deal of saving in
cooking fuels (see Chapter on Rural Energy Policy).



CHAPTER VI

ENERGY IN THE AGRICULTURE SECTOR

6.1 A wide variety of technologies ranging from
the most primitive ones to the most modern sophisti-
cated technclogies based on a high degree of mechani-
sation, and fertiliser and water application are in use
in the agricultural sector in India. The encirgy needs

with electricity which can normally supply on the
needs to be met through stationary equipment (e.g.
water pumps, threshers), It appears necessary that for
an understanding of the nature of emergy use at pre-

in the agricultural sector are for land preparation,
lifting of water, harvesting and transporting the pro-
duce from the field to the village or the market.
Almost all the energy need is in the form of mechani-
cal work for which, in traditional technology, the

sources of supply are human, labour or animal power. .

I the modern technologies, mechanical work is sup-
plied by oil based mobile and stationary equipment

sent and in the future in this vital sector, the total
use of energy including animal power, should be
examined even though the data may not be adequate
for a very reliable quantitative consideration of the
relevant issues.

6.2 The commercial energy consumption in the
agriculture sector in the last two decades is sct out

in Table 6.1.

TABLE 6.1

Consumption of commercial energy in agriculture sector—1953-54 to 1978-79

like tractors, power tillers, trucks and pumpsets or

(in MTCR)

1953-54 1960-61 1965-66 1970-71 1975-76  1978-79

Coal . .. .. .. .. .. ..
0il . . . . . . . . . 1.6 2.8 4.4 4.5 9.4 19.37
EBlectricity . . . . . . . . 0.2 0.8 1.9 ‘4.5 8.7 11.95
Total Commzrcial Energy . . . . . 1.8 3.6 6.3 9.1 18.1 31.32

The total share of the agriculture sector in the
- consumption of commercial energy in all the sectors
has increased steadily from 3 per cent to about 7.2
per cent by 1975-76 and about 10.6 per cent in
1978-79. As heat cnergy is not required for agricul-
tural production, it is not surprising that no coal is
used in agriculture*. Electricity is used in agriculture
almost entirely for lifting water from irrigation wells
and from canals, whereas oil is used in tractors for

tillage and for trapsport and pumps for lifting water.
Tractors are also used in rural areas for transportation
of agricultural products to market places etc. As such
a part of the oil used for tractors should rightly
figure under the fransport sector, The number of
electrical and diesel pumps and tractors used in agri-
culture in the different years is set out in Table 6.2
below : : ' '

TABLE 6.2
The use of electrical and diesel pumps and tractors in agriculture—1953-54 to 1975-76

. (in  thousands)
-1953-54 1960-61 1965-66 1970-71 1975-76  1978-79

- No. of Elect. Pump sets . . . . . . 39 196 - 509 1417 2792 3600
No. of Diesel pumps . . . . 107 230 471 1377 2178 2704
No. of Tractors . . . . . . 16 31 54 141 208 305

*Energy in the form of heat is required for drying of agricultural produce. This is obtained traditionally from the sun with the
exception of tea and tobacco.
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6.3 Working animals supply energy for tilling land
as well as for the lifting water and for transport. Their
number has grown very marginally in the last decade
and is around 80 million, which operate about 13
million animal drawn carts and 44 million plough
shares,

Reference Level Korecast of Energy Demand in the
Agriculture Sector

6.4 The level of use of energy in the agricultural
sector would depend on the gross area sown, the kind
of crops, the extent of irrigation and the. methods
used for tilling of land and lifting of water and doing
other agricultural operations. In the RLF exercises, the
likely changes in the rate and pattern of energy con-
sumption in two major operations viz. the energy
needs for lifting water and the energy needs for tilling
land, have only been considered. The energy needs
for water lifting are projected with reference to the
ultimate ground water potential, the rate at which
new wells are dug and the ratel at which diesel or
electrical ‘pumps are added in each sub-period. The

energy needs for land preparation have been projec-

the average level of efiergy needed for tilling a unit
of land.

6.5 The number of dugwells and 1ubewelly will
keep stcadily incrcasing till thc ultimate potential for
the cxploitation of ground water is  reached. 'Lhe
volume of water available from each of these wells
would not be of the same level and the area that
could benefit from the water from the wells and the
incremental production that it could gemerate would
also vary widely. The lifting device provided for a
well could be powered by clectricity, diesel or bul-
locks depending on these and other factors. Though
the diesel pumps were expected to be gradually re-
placed by eclectrical pumps, their number have been
steadily increasing at the rate of about 1.5 to 2.0
lakh pump sets a year. The addition to electrical or
diesel pumpsets has to be limited by the number of
wells which represents the ultimate potential and this
is reported to be about 16 millions. Projecting from
the past trend at which new wells have been con-

structed and the rate at which the electrification of _

wells has been achieved, the likely level of wells in
use and the number of different kinds of devices used

ted with reference to the area cropped, the rate of for lifting water from the wells would be as in
increase in the area served by irrigation, facilities and Table 6.3 :
TABLE 6.3
Future trends of utilization of ground water potential
(in thousands)
Ttem Ultimate 1977-78 82-83 87-88 92-93 2000-01
Potential
Dugwells 12,000 7,700 8,700 9,700 10,700 12,000
Pvt. Tubswells 4,000 1,740 2,300 2,300 3,300 4,000
Public Tubewells . 60 30 45 60 60 60
Total wells 16,060 9,470 11,045 12,560 14,060 16,060
Elect. Pumps 3,300 5,400 7,400 9100 11,000
Diesel Pumps 2,500 3,250 3,750 4,000 4,400
Animal powered lifting devices 3,670 2,395 1410 660 660

6.6 The forecast is somewhat optimistic as it
assumes that the entire ground water potential is
fully exploited by close to the end of the current
century. The increase in the diesel pumpsets is the
result of several factors, There might be wells which
can yield water only in such small quantities that
only small diesel pumps or probably mobile diesel
pumps might have to service them. Some wells may
be too far away from the village or other wells and
might have to use diesel. The average annual addition
to the number of diesel pumpsets has been 1.6 lakhs

in recent years and in the period 78—83 an annual
addition of 2.0 lakh diesel pumps has been planned.
As the addition of diesel pumps is not likely to be
stopped abruptly, it has been assumed that it would
continue at a reduced rate of 0.5 lakh diesel pumps
per year from 1987-88 to 2000-01. By 2000, the

. number of diesel pumpsets is assumed to stabilise at

about 27 per cent of the total number of wells. The
wells: dependent on animal power would, however,
get reduced to hardly 4-per cent as compared to the
present Ievel of 4Q pef cent.
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6.7 The electricity requirenent for irrigation pump-
ing varies widely within the country. It ranges from
6000 kwh/pump in Punjab where there are more
tubewells to about 1500 kwh/pump in Karnataka,
Madhya Pradesh and in other States. It is noteworthy
that both the consumption per consumer and the kwh/
kw of connected load in the agricultural sector steadily
declined till 1973 ; from then on, there is a marginal
increase probably due to a greater proportion of
tubewells being electrified and due to extensive
multicropping in a few States like Punjab, Haryana
and parts of U.P. On the basis of the latest figures, the
average consumption is taken to be about 3000 kwh
per pumpset and this level is adopted for the entire
forecast. For giving an equivalent energy, the amount
‘of diesel consumed in a diesel pumpset would be 0.8
tonne of diescl per year.

6.8 The number of tractors that would be intro-
duced for agricultural use in future is uncertain. We
have therefore relied on the generally accepted level
of demand for tractors and the factors that would
determine such demand. Presently about 80 million
working animals about 44 million plough shares and
0.25 million tractors are used in agricultural opera-
tions. Though the net sown.area has increased from
about 130 million hectares to the present 140 million
hectares in the last 15 years, the stock of plough
shares and working bullocks has remained almost
unchanged. But the tractor population has increased
from 30,000 to 250,000. The gross addition of trac-
tors from indigenous production is about 35,000 per
year in the last two years, and' the net addition is
around 25,000 per year. The capacity for indigenous
production of tractors is of the order 150,000 tractors
per year. The gross area cultivated (which includes
multiple crops) is about 160 million hectares and the
ultimate potential for gross average is considered to
be about 200 million hectares. The irrigated area is
considered as capable of being increased from the
present level of 55 million hectares to about. 107
million hectares. The increase possible in areas under
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power in the agricultural sector which could be sup-
plied either by animal power or by tractors, As yet
there is no definite policy regarding the rate and
pattern of modernisation in Indian' agriculture.. In
view of the large differences in agro-climatic condi-
tions, soil fertility, water availability, structure of land
holding etc., the policy has to be different for different
regions of the country. Choices would have to be
made from among several alternative combinations
available to provide the necessary energy inputs to
agricultural activities. With the introduction of elec-
trical and diesel pumpsets, more of the animal power
available on the farms might be used for meeting
the requirements of tillage and transport. Alternatively
the ‘animals might be phased out and tractors
might be introduced or more tractors might be intro-
duced. while retaining thc present level uf pupulation
of working animals. An examination of the directions
in, which the agricultural technology transformation

- would take place is beyond the scope of this report.

6.9 The national policy towards mechanisation in
the Draft Plan' 1978-—83 clearly emphasises the need
for full utilisation of manual and bullock power in the
context of small farmers economy and the restricted
and selective introduction of tractors to cope with
labour shortages during peak periods, etc. Keeping
in view this policy and the past trends in the net
addition to the stock, the net annual addition to the

stock of tractors including power tillers and bulldozers
can be taken to be

30,000 in the period 1978-—83
50,000 in the period 1983—87
70,000 in the period 1987—2000.

The gross irrigated area had increased at the rate of
3.3 per cent per year in the period 1960-61 to
1977-78 and the increase in the period 1978—83 has
been planned at 5.54 per cent per year. Assuming
this to increase to 6 per cent per year for 1982-83

to 2000-01, the gross cropped area, the irrigated

cultivation and irrigation and in the intensity of area and the draft power available can be projected
cropping would definitely call for additional draft as m Table 6.4 : ‘
TABLE 6.4 ‘
Forecast of draft power requirements in agriculture
Ttern Unit 1982-83 87-88 92-93  2000-01
1. Gross cropped arca Million hectares 180 187 195 200
2. Gross Irrigated area . . Million hectares 63 84 112 120
3. Working animals . .Million 80 - - 80 80 20
4. Tiactos . . Thousands 459 700 1050 1610
5. Draft power in agriculture (a) hp per gross cropped ha. . 0.13 0.17 0.21 0.29
(b) hp per gross irrigated ha. 0.37 0.37 0.37 0.;8

Note: Oaly half of the available animal power is assumed 2s used for tillage and each working animal is agsumed to be cquivalent to

0.5 hp.




The exercise in the Table 6.4 suggests that the draft
power (other than for water lifting) might increase
steadily in terms of horsepower per gross cropped
area, but in terms of horsepower per irrigated arca

it would remain unchanged till 1992—-97,

6.10 Based on these assumptions, the commercial

energy needs of the agriculture sector is likely to
be as in Table 6.5: .

TABLE 6.5
Energy demand in agricalture 1982—2000
REFERENCE LEVEL FORECAST

Energy from Unit 82-83 27-88 . 92-93  2000-01
Electricity . .o . . . . . TWH 16.2 22.2 28.2 33.0
Diesel oil for pumps Million tonnes 2.6 3.0 3.2 3.5
Diesel oil for tractors . . . . . . do 1.1 1.6 2.5 36
Diesel oil total . . . . . . . do 3.7 4.6 5.6 7.1
Note: (i) Specific consumption : Blectric Purﬁps =3000 kwh/Yr/pump*

Diesel Pumps =0.8 tfycar/pump
Diesel =2.5 tlyear/tractor
Tractors =(909; in use)

(i) For the sake of simplification, tractors have been taken as one category and include: puwer tillers and crawler tractors.

*#The specific consumption for 1982-83 has been assumed to bz slightly higher level in view of the largs number of tubewells to

be added in the 1978—83 period.

Optimal Level Forecast of Emergy Demand fn the
Agriculture Sector :

6.11 In the light of the consideration of the total
RLF of demand for energy and its availability, the
Group considered policies and other measures which
could reduce the overall demand for energy in, the
agriculture sector and in particular reduce the demand
for oil products. A part of this reduction could be
achieved by improving the efficiency of fuel utilisa-
tion of diesel and electric pumps and agricultural
tractors. The other possible measure is to increase
the number of working animals available for agri-
culture which would reduce the demand for com-
mercial fuels.

6.12 1t is well known that irrigation pumps, both
diesel and electric, presently in use are inefficient
due to poor design and the use of non-optimal size
pumps. Experts estimate the efficiency in some of the
electrical and diesel pumps in use to be.as low as
30 per cent. There is a case for examining the pro-
posal that all fuel using equipment should be stan-
dardised for each category and size of equipment,
certain minimum standards should be prescribed, and
the equipment should carry their fuel rating on the
equipment itself. The implementation' of such a pro-
posal and some extension work to optimise the size
of pumps used under different conditions would lead
to conservation of electricity and diesel without any
reduction in the benefits anticipated. While it is diffi-

cult to estimate the savings, it would be reasonable
to set a normative goal for conservation. In the case
of diesel tractors, about one third to one fourth the
use of tractors is for transport purpcses. As more
buses and trucks are available for use in rural areas,
the need to use tractors for _transportation  needs
would become reduced. Here again some broad order
of magnitude of the savings could be assumed. The
Qroup considered the targets for improving full effi-
ciency as set out in Table 6.6 to be reasonable :

TABLE 6.6

Savings of energy possible by adopting the conservation
measures in  Agriculture

(in percentage of total consumption)

_—

Equipment 1982-83 1987-83 '1992-93 2000-01
(a) Electric pumpsets . 1.0 5.0 10.0 15.0
(b) Diesel pumpsets . 1.0 5.0 10.0 15.0
(c) Diesel tractors . . 0.0 3.0 5.0 10.0

6.13 Given the demand and supply situation for
different commercial fuels, interfuel substitution
should be directed towards the reduction of the use
of oil products even at the cost of increasing the level
of demand for coal or electricity. In the agriculture
sector, the addition of diesel pumpsets has been
assumed to be reduced sharply to one fourth the level
of additions in the current Plan, period. Tt would be




irrational to assume that diesel pumps could be re-
placed by electrical pumps as a means of optimising
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the fuel usage. The costs of extending power lines to

remote pumps might not be less than the cost of
energy saved. Social cost-benefits stuclies of applica-
tion of diesel and electric pumps in agriculture indi-
cate that already in many areas (where the capital
costs of transmission and distribution are high) the
use of electricity is not the rational choice. Probably
in such cases, the realistic -assumption would be the
increased:use. of bullocks.: The:same trends are likely
in, the case of tractors, where the pace of mtroduction
of tractors may be slower than' anticipated, leading to
the continued use of bullocks. This tendency would
be strengthened if the efficiency. of use of . bullocks
in agriculture is- improved by d'esign’ ‘ ﬁchange's etc.

' 6.14 Tt could be assumed thaL by 1mprovements in
the design of buﬂock—drawn lifts and . ploughshares
the effective. ener gy contnbuted by bullocks Would in-
crease even if the size of the stock remamed unchan-
ged. "Furthermore, il is possible to increase the num-
ber of working animals, if a Qmentlﬁc and co—ordlnatv
ed programme is undertaken The targets for saving
of diesel' used for irrigation and tillage by introduc-
ing more efficient animal drawn implements could be.

5%, by 1987-88
10% by 1992.93
159 by 2000-01

6.15 Summing up, as a result of conservation and
interfuel substitution measures, the optimal level fore-

cast of commercial energy in agricultural sector would
be as in Table 6.7 :

TABLE 6.7

Optimal Level Foreeast of Demand for Energy in the
Agriculture Sector

Fuel from Units 1982-83 1987-88 199293 2000-01
Electricity TWH 16.0  2t.1 254 28.0
Diesel Million Tonnes  3.70 4.2 46 5.2

Policy Measures

6.16 (a) Agriculture is one sector where there is
likely to be a substantial increase in the input of
commercial energy with a view to increase agricultural
production. The Group feels that while every effort
should be made to increase the input of energy into
the agricultural sector, the nature and quantum of
the input should be consistent with resource availabi-
lity. With the increasing areas under cultivation
and the steeper increase of area under irrigation (see

2 PC/19—7

Table 6.4) there is likely to be a rapid increase in
demand for tillage power. = Whether this would be
supplied in theé form:of mechanical equipment - like
tractors —‘and power tillers or by human and animal
power would have to be decided with reference to
several factors likc the total annual quantity of ener-
gy required for tillage, ‘the agro-climatic "conditions
and the crop pattern, the level-of energy inputs re-
quired at  different points of time; the peak require-
ments of energy and the availability of energy from
different fesoucces. With reference to these and other
relevant factors a policy towards mechanisation. in
agriculture has to be decided. The Group has only
assumed that interms of the total needs for the
country, the horsepower per umt of irrigated area
would remain  more or less unchanged upto 1992- 93
and wouyld slightly 1ncrease from then on. The ap-
propriateness  of ‘this assumpuon would have to ~ be
carefully’ cxammed by experts in the agncultural sec-
tor and "the source of supply- of additional energy i_f
required- should be defined with reference to location
specific and tnpe specific factors.

(b) From ths data analysed and studies undertaken
it is evident that there is room for increasé in the fuel
efficiency’ of apphanees and implements - used in the
agricutural ‘sector. The efficiencies of electric and
diesel pumps used ‘in agriculture ‘can be 1mproved
considerably with even smail efforts made in this
direction. Standards of fuel efficiency would have
tc be prescribed for electrical and diesel pumps and
the manufacturers pursuaded to adopt a time bound
programme of increasing the efficiency of pumps to
the level suggested in' the report. These are very
modest levels and it is possible that the increase in
efficiencies could be much more if a more vigorous
policy of standardisation is followed.

(c) The efficiency of diesel tractors is likely to
improve as a result of design changes aimed at im-
proving the fuel efficiency. Here again, it is necessary
that standards of fuel efficiency should be prescribed
for tractors and their adherence monitored.

(d) As there are and would be a large number of
small landholders in India and in view of the socio-
cultural practices the Group feels that the use of
bullocks in agriculture would continue Icng after
the end of the century. Tt.is, therefore, necessary
to improve the design of animal drawn water lift and
egricultural implements which would increase the
useful energy delivered by animal driven appliances/
implements. As these implements are manufactured
in large, small scale and village industries all over
the country, training and extemsion methods would
have to be resorted to on a large scale and incentives



might have to' be given during the initial period for
the adoption of more efficient implements: = There is
also need for a programme of upgrading the quality
of work animals used in the rural areas. It is felt
that while there has been significant effort to improvc
the quality.of the milch animals, the extent of re-
search and extension work for improving the quality
of work animals has not been adequate. ' This mlght
have to be.taken up wgorously from now en.

(e) Even in the 01 F the Group has assumed th'\t
diesel pumps Would be used to the extent of 4.4 million
by 2000 AD. There is room to believe that with
the electrification of all v111ages in the country and
with the greater ava11ab111ty of electrlcrty, it is possible
to reduce the number of diesel pumps. The ex-
tent to which the diesel englnes in operation -could be
reduced would depend on a number of locatlon-specrﬁc
factors The OLF suggests that. 35 million . tonnes
of d1ese1 (valuablp .middle dlstlllate . oil: products)
would be used in diesel pumps. The substitution. of
diesel pumps by electncal pumps, could lead .
considerable savings of oil. It is therefore, suggested
that a careful ‘examination sheuld be made .of the
ed . that a careful .examination should be made of the
national policy towards . the use. of diesel engines for
water lifting and the extent of: encouragement that
should be given to their continued production: This
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hes to be a region=specific policy. ~ The use of bio-gas
for tractors - and pump-sets is'another available optlon

® The Group feels that there is need to explore
even now various alternative energy technologies for
supplying the energy requirements of agriculture sector.
In' the OLF, . energy obtainable from alternative
energy technologies. has not been quantified, as
there - are .several uncertainties still . regarding the
commercial viability: of these technologies ~and. any
target for energy supplies would lead to - under-esti-
mation of the likely demand. for conventional® energy
sources. - Solar pumps, -+ bothof solar-electric and
solar mechanical types, would:require to be developed
and tested in different paits of the:country. ~As
the useof wind mills for ‘water Iifting would depend

very largely on the wind reglmes cropping pattern and

agro—chmatlc con'htlons more detailed studies of the
poss1b111ty of usmg wmd energy should be taken up
alonngth the’ eﬂort of development of Wlnd ‘mills
of appropnate des1gns Alcohol based engmes and
producer gas engmes working with charcoal as the
fuel should be tested in areas where there is llkely
to be long term 'wallablhty of alcohol or charcoal

The pohcy towards alternative ‘energy technology
is discussed in the Chapters on Rural Energy Policy
and Research and Development in Energy Sector.



' CHAPTER VII

ENERGY IN THE INDUSTRIES SECTOR |

7.1 The industries sector is the single largest user
of commercial energy in India. It consists of two
distinct parts—one referred to as the registered sector
consisting of factories registered under the Factories
Act and the other the unregistered sector. The un-
registered sector includes not only unregistered indus-
trial establishments but also a very large number of
household industries whose total number has  been
reported as 2.2 millions in the 1971 Census. The
unregistered sector is a very important contributor to
the total industrial production and contributes over
one-third of the total value added in industries.

TABLE 7.1

Relative Share of value added from Registered
and Unregistered Sectors in Industries

(in percentage)

Sub-sector 1950-51 1960-61 1965-66 1970-71 1975-76

’ Registered Indus-

7.2 Though a major portion of the commercial
cnergy appears to be consumed in the registered units,
the unregistered sector also consume significant quan-
tities of commercial energy. The unregistered units
also depend on large quantities of non-commercial
feels, animal power and human labour for perform-
ing task which in the registered sector might involve
the use of commercial fuels. An attempt to quantify
the extent of won-commercial energy use in the un-
organised sector by the working Group has not been
successful for want of data and the very large diver-
gences in the information available from different
sources. It is clear, however, that the published
data regarding commercial energy consumption in the
industries sector understates the total energy consumed
in this sector while the production data appear to
be a fair estimate of the total production in the sector.
The intensity of energy consumption -calculated
from such data would therefore, give an underestimate
of the actual intensity of energy used in industries in
India.

Commercial Energy Consumption

tries . . 55 60 62 64 66
Unregistered . 45 40 38 . 36 34 7.3 Keeping in view these shortcomings, the pattern
. v of commercial energy consumption in the industries
ToraL . . 100 100 100 100 . 100 sector could be examined. Table 7.2 sets: out the
- consumption of commercial energy in industries.
TABLE 7.2

Copsumpﬁon of Commercial Energy in Industries Sector 1953—79

(in MTCR)

‘Bnergy from 1953-54 . 1960-61 ~ 196566  1970.71 - 1975.76  1978-79
Coal .. . . . .. L 1380 20,90 .. 30.10 31,07 101 50,50
oit . o e T e 123 809 090 . '}.55_ %00
Electricity. ... .-~ . ... . - . 5.0 11.60 22.62 34.35 43.35 53.90
‘Commercial Energy : Total . . 22,45 39.73 60.81 - 76.32 " 101,91 113.40
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7.4 1t would be seen from Table 7.3 that the total
commercial energy consumption’ increased at' the
rate of about 7.1 per cent in the period 1953—75.

During the last few years it has increased by about 6
to 6.5 per cent. Electricity consumption has shown

TABLE 7.3

Rates of growth of Consumption of Commercial Euergy in Tndustries Sector

(Average annual compound %)

. Period

1953—-60 .
1960—65 .
196570 .
197075 .
1953—70 .
195375 .
1960--70 .
1960—75 .

" Rate of Rate of Growth per year of consumption of
Growth of
value added Commercial Ceal Git Electiricity
in- industries Energy
sector Total
2.92 8.5 6.1 . 10.2 12.8
7.30 . 8.9 7.6 2.3 14.3
3.51 4.6 0.7 6.2 8.7
3.27 6.0 10.4 (—8.0) 4.8
4.36 7.5 4.9 6.6 12.0
4.12 7.1 6.1 3.4 10.3
5.39 6.7 4.0 4.2 11.5
4.68 6.5 6.1 (—0.7) 9.2

a steadily decelerating rate in cach sub-period. Though
the average rate from 1953 to 1975 was about 10.3
per cent, the rate of growth in the period 1970—75
was only 4.8 per cent per year.

7.5 The composition of fuel consumption in the
industries sector in the years 1960-61 and 1970-71
is given in Table 7.4.

o ‘ TABLE 7.4

. Relative Shares of Different Forms of Energy Consumed in
. Industries Sector

(in percentage)

1960-61  1970-71

Coal . . . . . . . 52.6 50.1
oil . . . . . . . 18.2 7.4
Electricity . . . . . . 29.2 42.5

,‘TOITAL . . . . . 100.0 100.0

It is found that coal as continued supplying about

half the energy needs of the industries sector. About
" 20—23 per cent of the coal consumed in the indus-
tries sector is accounted for by a single industry, viz.
steel, ~while ‘cement industry accounts for over 5
per cent.

Non-Commercial Fnergy Consumption

+ 7.6 The facts about non-commercial energy con-

sumption in industries sector are very scarce. The

number of units in the unregistered sector has been
reported as 2.2 millions in 1971 census whereas  the
National Sample Survey gives the result as over 7
millions. The quantity of fuels consumed in these
industriecs has not been surveyed. Even in the
organised industry, some quantity of charcoal and
firewood is being consumed besides a very large quan-
tity of bagasse which is consumed in the organised
sugar industry. The Annual Survey of Industries
(Census Sector) lists the quantity of firewood uscd in
the census sector units as about 1.1 million tonnes
in 1961 and about 0.9 million tonnes in 1969. The
charcoal used is of the order of 65,000 tonues only
per year. Bagasse which is produced in the sugar in-
dustry is consumed entirely in the industry itszlf, As
it is the consumption of a waste product from the
industry, the consumption is not separately Ilisted
in the Annual Survey of Industries. The availability
of bagasse from the cane crushed can be taken as the
quantity consumed. On this basis the .estimatc of
bagasse consumcd in the organised sugar industry
would have been about 12 million tonnes in 1975-76.
Though the estimates of consumption of non-commer-

_cial energy attempted from National Sample Survey

varying from 4 to 7 MTCR, there are reasons to
believe that this is a gross under-statement. The
khandsari and jaggary manufacturing units in . . the
unregistered sector should be using a great deal of

bagasse. The ratio of bagasse to cane crushed is-

estimated to vary between 25 per cent and 35 per

“cent. Taking the lower value, the quantity  of

o



bagasse used in the industries sector could be esti-
mated as follows : _
(in million tonnes)
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Cane used  Bagasse
for sugar, used in
jaggery - imndustries
and
khandsari
manufacture
197071 .. . . . . . 111.2 27.3
1975-76 . . .. . . 125.7 31.4

it is clear that the total bagasse used would be of
the order of 19 million tonnes in 1975-76 in unregis-
tered units. The brick making industry uses a great
deal of firewood and agricultural waste. Rough esti-
mates on the basis of bricks manufactured in the
carly seventies suggest that the consumption of fire-

- wood or agricultural waste should be of the order of

about 10 million tonnes. The total quantity of non-
commercial fuels used in industry should therefore be
of the order of over 50 million tonnes which would be
about 47.5 million tonnes in terms of coal replace-
ment, Of this over about 60 per cent is derived
from bagasse, the use of which does not put any
pressure on firswood demand.

Intensity of Energy Use

7.7 The intensity of energy use can be defined as
the ratio of the quantity of total commercial energy
used per unit nf value added in the industries sector.
The total commercial energy consumed in MTCR per
Rs. 100 crores of value added (1960-61 prlces )in the
industries has- been :

1960-61 . N . . . . . 1.86
1965-66 . . . . . . . 1.99
1970-71 . . . . . . . 2.11
1975-76 . . . . . . . 2.40

The intensity of energy use in industries has  becn
steadily increasing over time.

7.8 An examination of the different fuels consum-
ed indicates that the increase in electricity consumption
is the maln reason for the rise in the intensity of
energy consumplion.

The study of ihe electricity consumption from
1960-61 to 1975-76 shows the following :

TABLE 7.5
Intensity of Electricity Consumption in Industries
B Item 1960-61 1965 66 1970-71 1975-76
Value added in industry o
in Rs. 100 crores .
(1960-61 prices) . . - 21.38 30.41 36.14 42.46
Electricty consumed 10°
kWh . . 11,60 22,62 31.35 43.35

Intensity of Elec. con-
sumption. (KkWh/Rupee
value added) . 0.54 0.74 0.95 1.02
Increase per year of 3
over 3 in previous
column . . . 6.5% 5.1% 1.4%

7.9 The above table shows that the intensily of
electricity consumption which has increased over each
sub-period, but the rate of growth of intensity has
been steadily declining. This is in line with interna-
tional experience; in the initial stages of industrialisa-
tion the share of industries which produce or process
primary commodities or minerals is high and these
industries have a relatively higher electricity intensity.
Further, in the initial stages of spread of electricity
in a country, a larger number of industries using other
energy forms switch to the use of electricity. In view
of these factors, the intensity of electricity use in
industries tends fo be high in the - initial stages of
development and it slowly diminishes over time. Any
major intra-sectoral change in industries would, of
course, alter this trend. Auempts to make a com-
parative study of the intensity of electricity use in
specific industries in India with similar industries
abroad, were unfruitful due to deficiencies of data.
It was, however, possible to learn that while the
quantity of electricity for a unit of a specific product
did not increase over time, in a general class of
industry like paper or textiles, the electricity con-
sumption per unit of production has increased due
to the increase in the share of superior and special
quality paper or textile within the general overall cafe-
gory of that industry.

Forecast of Electrmty consumptmn in the Industries
Sector

7.10 A forecast of electricity demand in  the in-
dustries sector has to take into account the possible
changes in the composition of industries, the-possible
shifts in technology and the rate of substitution of
non-commercial energy and animal/human power by
commercial encrgy. A detailed study of these fac-
tors is beyond the scope of the work of this Group.
In order, however, to trace the possible implication
of developments in the industries sector on the
energy demand, some of the major thrusts in induas-
trial development could be considered. An exercise
to project the level of production of some of the large
electricity consuming industries on the basis of the
growth rates in the recent past yields results which
appear too high and too unre@istic. It is reasonable
to.expect that these industries, such-as steel, fertili-
zer and aluminum etc. would grow at-a slower pace
than in the past, while some of the techmology inten-
sive industries like ¢lectronics, sophisticated machine
tools, etc. which involve a lower electricity input
per unit of value added would increase at a relatively
faster rate. Further, the Government have clearly
enunciated a policy of encouraging decentralised in-
dustrial growth based on appropriate technology.
Such technology is not always energy saving in terms
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~of energy used for unmits of output. It is expected
however, that {he selection of appropriate technology
would be done with due regard to energy consump-
-tion, so that there is at least a marginal decrease in
the intensity of energy use. Furthermore, the ac-
cent on increasing the rate of employment generation
in all sectors would naturally lead to a dccrcase in
the energy intensity. The commonsense point of view
that if the use of other inputs remains unchanged,
comumercial energy would substitute some form of
‘work done by men or animals, is supported by the
data of the Annual Survey of Industries. These data
indicate that therz is significant correlation between
capitalfoutput ratios and energy/output ratios and
a similar correlation hetween capitallemployment
ratios and energy/employment ratios. The new policy
of the Government, should therefore result in a lower-
ing of the energy intensity and, consequently electri-
city intensity in the industries sector. The new pro-
duct or new technology developments within the
country or outside would also tend to be relatively
less energy intensive in view of the increased aware-
ness of global energy. problems. As against these,
however, the unaviodability of the trend for substitu-

tion of non-commercial energy by commercial ener-
gy in india would result in a slow increase in the in-
tensity of énergy. Though the annual increase in the
intensity of electricity used by industries has been
1.4 per cent per annum in the period 1970—75, the
group recognising the fact that this was a pcriod of
scarcity in electricity, and keeping in view the annual
rate of increase noticed in the earlier sub-periods,
assumed the following declining rate of increase in
the intensity of electricity use :

for the period 1975-76 to 1982-83 4 per cent

per year
for the period 1982-83 to 1987-88 2 per cent
per year
for the period 1987-88 to 1992-93 1.5 per cent
per year
beyond 1992.93 0 per cent

7.11 The intensity of electricity consumption in the
industries sector and the resultant demand for elec-
tricity as per RLF projection are given in Table
7.5(A).

TABLE 7.5(A) -

Forecast 6f Electricity demand in the Industrial Sector 1982--2000
REFERENCE LEVEL FORECAST

1975-76 1982-83

. 1. Valug added in industries in Rs. 100 crores (1960-61 prices)
2. Itensity of Elec. Consumption kWh/Rupee value added .
3. Electricity demand in TWH

7.12 Several ihdustrialise_d countries have adopted
as a goal the gradual reduction in the intensity of
energy consumed - per unit of national income. In
our countty also, it is necessary that at least in respect
of electricity, which is a very high cost energy,
there should be an
. This. can be achieved by better utilisation of capacity,
.more efficient use of electricity. in the .industries sector
and by following a stragegy of industrialisation in which
very large electricity consuming industries like alumi-,
nium, . ferro silicon etc., form a diminishing part. The
Working.Group is of the view that it would be possible
to adapt as a goal for optimal level energy consump-
tion, the maintenance of. intensity -of electricity used
as it would obtain in-the year 1982-83, i.e., 1.4 Kwh
per rupee of value .added. .The forecast of Electricity
demand in industries . sector based on the optimal
assumption is. given.in Table 1.5 (B). -

attempt to reduce this intensity. .

1987-38 1992.93 2000-01

42.46 60.64 81.78 115.94 202.86

1.02 1.40 1.60 1.72 1.72

4335 85.0 131.0 . 199.7 350.0
TABLE 7.5 (B)

Forecast of Electnclty Demand in Industries (1982—2000)
.- OPTIMAL LEVEL FORECAST

1982-83 1987-88' 1992-93 2000-01 -

Intensity of Electricity con-. -
sumption (OLF) kwh/

Rupee value added 1.40 1.40 1.40 1.40
Possible Level of Electricity :
- Consumptionin TWH . 85,0 114.5 162.3 284.0

Forecast of Demand for Coal and 011 in Industrles
Sector

7.13 The use of coal in the -industries sector is
best examined in terms of coal for the steel industry
and coal for all industries other than steel, as the



consumption -of coal per unit of value added: contri-
" buted by steel industry is very high compared to the
ratio for other industries. Furthermore, the steel in-
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dustry requires metallurgical grade coal (coking coal) -

and cannot use (except in a small proportion) non-
coking coal. Conl is used for providing -hent and
to raisc stcam in thc industrics scctor and could be
substituted by fuel oil of roughly half the weight of
coal uscd. The intensity of coal and oil used in the
industries sector is examined in Table 7.6. - !

| “TABLE 7.6 .
Tntensity of Coal and Oil use in Industries Sector (1960-75)

1960-61 1965-66 1970-71 1975-76

Value added. in indus-
tries sector other. than
steel industry in Rs.
100 crores (1960-61

" . prices) - - 32.85.

19.45 27.67 ° 38,64

Quantity of coal used

in million tonmes 13:02  13.90 - 21.99 - 29.16

Quantity of oil used in’
million tonnes of coal
. equivalent

Total Coal & Oil used
in MTCE -

Intensity of use of coal
& Oil in kgee per
rupee of value added

7.23 . 8.09 © 10.90

20.25 21,99 32.89 37.7¢t

1.05 . 0.79 1.00 0.95

Note: Fuel used in steel industry is excluded in this table.

7.14 The intensity of coal and oil (combined) use
industry shows a surprising stability except for the
inexplicable dip in the year 1965-66. A very large
number of small scale industries and certain large
industries like sugar still use substantial quantities of
non-commercial fuels. Except in the case of sugar,
the other industries seem to be gradually switching
to- the use of commercial fuels., Stuch shifts would in-
crease the intensity of coal and oil use. On the other
hand, there is a gradual replacement of the old boilers
of low -efficiency by more energy efficient equipment
and this would decrease the intensity of energy use.
These two factors seem to have led to an apparent sta-
bility. In the coming years, the intensity would get re-
duced to some extent by the normal energy saving pro-
cesses. But the industries might not get high grade coal
of high calorific value which many of them get now.

Taking these into account, for the Reference Level

Forecast (RLF), the coal and oil intensity coefficient

which was 0.95* in 1975-76, was assumed to go down

to 0.90 and remain at that level till 2000 A.D. The
share of oil in the industrial fuels.has fluctuated

depending on the relative price of furnace .oil and.
coal: and their availability.. In.the early seventies,

- the quantity of furnace oil -used. was over 5 million

tonnes which in 1975-76, had been reduced to about
3.5 million tonnes. In view of widening gap between
the price of coal and furnace oil and the administrative
measures now being taken to restrict the use of fur-
nace oil among new induslries vnly to technical reasons
and to encourage the shift from oil to coal in select-
ed industries, the Group felt that the quantity of
furhace oil used in the industries: would be closely
monitored, even under the existing procedures and
would be maintained at the current level of 4.5 million
tonnes upto 1982-83 and thereafter these might - be
marginally reduced to 4.4 million tonnes. By 1992, all
the possible oil to coal covcrsions would be effected;
from then on the absolute quantity of furnace oil used
would increase, though the percentage share of oil
would decrease. It was assumed that the sharc of
oil in industrial fuels would be from the level of 21 per

ceat in 1975-76 to 7 per cent in 2000 AD. On these

assumptions the RLF demand for coal and oil is esti-
mated as in Table 7.7(A). '

TABLE 7.7(A)

Forecast of Coal and Oil c]emand in the Industries Sector
19822000

REFERENCE LEVEL FORECAST

1982-83 1987-88 1992-93 2000-01

Value added in indus-
tries other than steel in
Rs. 100 crores (1960-61

prices) . 554 75.8 109.5 190.0
Intensity of coal and :
oil use in kgce per
rupee of value added 0.90 0.90 0.90 0.90
‘Quantity of coal and '
oil required in MTCE 49.9 68.3 98.6 1706
Quantity of oil required
() in MTCE 9.0 8.8 8.8 12.4
(b) in million tonnes
of furnace oil 4.5 4.4 44 6.2
Quantity of coal re-
quired in million tonnes 40.9 59.5 89.8 1582

Note: Requirements of Steel Industry excluded.

7.15 1t is well recognised that the efficiency of fuel
usage in industries is very low and can be improved
by greater attention to energy thrifts in industries. By
diligently pursuing fuel efficiency norms for each in-
dustry and by a more rational selection of industrial:
products and technology with reference to energy use,
the Group feels that it should be possible to gradually

*Bxprassed in terms of kilograms of coal equivalent (kgee) per rupee of value added in the industrial séqtor.




reduce the coal and oil ‘usc intensity coefficient to.
about 0.70 from the Reference Level Forecast assump-.

tion of 0.90. The reduction is likely to be gradual
and the rate at which the reduction is achieved would
be faster after 1987-88 when the structure of industrial

growth could be changed. The level of use of furnace

oil could be regulated by controlling more strictly the
requirements of new industries proposing to use fur-
nace oil and expediting the oil to:.coal conversion:in
selected industries. . It is also assumed -that -alter

1992-93, due to technological advances in coal utili-

sation, ‘the use of furnace oil for heat raising would be
almost totally avoided-in industries.- -As a consequen-
ce, it might be possible to reduce the absolute quantity
of fuel oil used even in'the: nineties.. The ‘quantity
of furnace oil used s assumed to be maintained at
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4.5 million tonnes upto 1982-83, and reduced there- -

after to 4.0 million tonnes in' 1987-88, to 3.5 million
tonnes in 1992-93 and to 3.24 millon tonnes in 2000
AD. With these assumptions, - the: Optimal Level
Forecast is estimated to be as in Table 7.7 (B).

TABLE 7.7.(B)

Forecast of coal and oil demand in the industries sector
1982—2000

OPTIMAL LEVEL FORECAST -

1982-83 1987-88 1992-93 2000-01

Assumed intensity of
coal and oil use in kgce

per rupee of value added 0.90 0.85 0.75 0.68 -

Quantity of coal and

oil required in MTCE 49.9 640 81.8 1295
Quantity of furnace oil

required: .o

(a) in MTCE . . 9.0 8.0 7.0 6.5

(b) in million tonnes ; _

-~ of furnace oil . 4.5 4.0 3.5 3.24 .

Quantity of coal re- .

quired in million tonnes  40.9 56.0 74.8 123.0

Notfe : Requirements of steel industry excluded.

Coal for Steel Industry

7.16 The requirement of coal in the steel industry
is to be determined with reference to the production
of steel and the technology adopted. Though various
possibilities of reducing the coke rate in steel pro-
duction has been under discussion, no noticeable im-
provement has been observed in the last few years.
One can see the current norms of coking coal for a
tonne of steel production as remaining unchanged over
time and project the demand. The demand for and

production of ste¢l in the country has not been fore~

-cast for the period beyond 1987-83. The demand

saleable mild stecl was 6.5 million tonnes in 1977-78.
This is expected to rise to 10.9 million tonnes by
1982-83 and 15.4 million tonues by 1987-88. The
production in the intégrated steel plants is expected to
go up from the present lcvel of 7.7 million tonncs to
11.8 million, tonnes in 1982-83. Production plans
for the period beyond 1982-83 have not been pro-
jected. Exercises which made use of the -current
elasticity of demand for steel with respect to certain
macro variables indicate a very high level of produc-
tion requirement. For example, a production of 75

" million tonnes of steel in 2000-01 has been suggested
in some studies. Considering, however, the: constraints

on increasing steel production in our country and with
a growth of about a little less than a million tonnes
a year being planned for the period 1977-78 to
1982-83, one can reasonably assume that the level
of additions to capacity would be of the order of about
a million tonnes per year in the period 1982-83 to
1987-88 and abeut 1.5 million tonnes per year in the
period 1987-88 to 1992-93 and about 2 million tonnes
per year in the period 1992-93 to 2000-01. Based
on these assumptions, a reasonable level of demand and
production of steel and the consequential coking coal
requirements for “steel industry can be forecast as in
Table 7.8 :

TABLE 7.8

Steel industry & coking coal requirement
' 1982 To 2000

Steel demand.

(nillion tonnes) .. . 11.8 154 220  36.0
Steel production ) o
(million tonnes) . . -11.8 17.0 25.0 40.0

Normi of coking éoal to
_stec] (tonnes of coal/tonne
" of steel) . . . 2.88

Coking Coal
(million tonnes)

2.88 2,88 _ 2.88

34.0 48.98 72.03 115.35

7.17 Even the modest assumptions of steel demand
made in this exercise result in levels of production
of coking coal which appear high. However, the
coking coal requirement of steel has to be dovetailed
to the plans for the development of steel industry and
as and when the' Government také a decision regard-
ing the steel industry development, the demand forecast

~ made here would have to be suitably amended. As the

demand projection here is in the nature of a
conditional forecast and as the Group cannot examine
the social costs-benefit of reducing the size of the steel
plan, the' Group did not attémpt any variation in
the OLF.




Policy Measures

7.18 (a) The most important element of energy
policy in the industries sector should be the measures
to improve the efficiency of energy utilisation in in-
dustries. It has been established by several studies,
that within the same category of industries, the
encrgy used per unit of production varies widely
between the efficient and inefficient units. In the small
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scale industries, fuel efliciency has not been given ade-

quate attenticn and in industries like foundries even
simple improvements in equipment and procedures
would yield significant savings in energy. The Group
has recommended that the intensity of coal and oil
should gradually diminish and also the intensity of
electricity used should not increase over ' time.
Standards of fucl cfficiency for each seclur of the in-

dustry could be fixed with gradual improvement over

time and the achievement monitored. '

(b) Among the fuels used in industries special
attention should of course be paid for savings in the
use of oil. The use of coal could substitute the use
of fuel oil in most of the industries and the use of coal
can be encouraged by the supply of appropriate qua-
lity of coal.. Efforts have already been initiated in this
direction by the Department of Technical Develop-
mént ‘and these should be intensified.

@ W1th a view to, reduce the 1ntens1ty of use of
@nergy in industries, there is need to re-examine some
of our assumptions regarding the targets of production
for high energy consuming industries like steel, alumi-
nium, ferro silicon, etc. For obtaining technical and
strategic self-reliance, a certain level of production of
these commodities is essential. However; the desir-
ability of increasing production to meet all the indi-
genous demand by using-large quantities of fuels like
coking coal or electricity deserves to be . considered.
For example, the increase of steel production from 22

2 PC/79—-8.

‘million tonnes in 1992 to 36 million tonnes in 2000
"A.D. would call for an incremental production of about
"43 million tonnes of coking coal. As coal would also be
required for other uses, the costs and benefits of im-

- porting the additional needs of steel and using the in-

vestment saved In steel and coking coal industries for
producing cxportable commodilics with less energy
intensive technology ~deserves serious consideration.

{d) A major factor that would improve the ratio of
energy used to output is- the improvement in the level
of utilisation of rated capacity of most of the industries,
Except in industries which use energy as a process in-
put, the specific energy consumption is inversely pro-
portional to the level of capacity utilisation. In the
coming years, in most of the industries, the utilisation
factor should be improved, with special reference - to
conservation of energy.

(¢) Energy conservation could be achieved by seve-
ral industries by adopting alternatives, less energy itnen-
sive, technologies and also by substituting or supple-
menting conventional sources of energy by rencwable
sources. In existing industries, such pos51b1ht1es should
be explored and adopted wherever they are techno-eco-
nomically justified. In the case of new industries, the
energy implications of the technology to be used should
be clearly studied to ensure that they represent - the

" least energy intensive options, particularly with respect
"to the use of depletable sources of energy and electri-

city. .

() Co-generation (combined heat and power. pro-
duction) holds prospect of large energy savings in the
industrial sector, as it impfoves the overall thermal effi-
ciency. Such possibilities in existing industries -should
be identified and pursued, if necesary by providing
financial incentives. New industries ‘with such poten-
tial should be encouraged to design their “systems -to
include co-generation to the. optimum extent.

|




CHAPTER VIII

ENERGY IN THE TRANSPORT SECTOR

8.1 The modes ol transport used in India range
from the age old animal drawn vehicles to the most
modern trucks, railcars and jet planes. The tradition-
al forms of transport depend mainly on the use of
manual labour and animal power, though a very small
contribution is also derived from wind-dfiven boats.
Road and rail transport dominate the transport scene,
contributing as much as 95 per cent of the fuel using

transport (1975-76). The level of transport service .

.derived from animals is slill a matter of conjecture.
No attempt has so far heen made to measure the level
of service derived from manual labour, which is used
to move goods. through short distances as headloads,
hand carts or by pedalled vehicles.

8.2 The modes of transport used are determined by
a number of factors, of which the important ones are
the characteristics of the load to be carried, the quanti-
ties normally transported at a time, the value of the
commodities, the costs of different modes of transport,

their relative speed, reliability, etc. The rate of displace- .

ment of the traditional modes of transport by the more
modern ones cannot be easily anticipated. Bullock
carts are estimated to carry over 60 per cent of the
marketed produce from the farms to the markets and
an edqual quantity of agricultural: inputs from markets
to the farms*. Bullock carts also help in catrying the
prodice to the farm houses and inputs to the farms.
The total number of bullock carts has been couated as
12 million in 1961 and 12.7 in ‘1965 arid now it should
be over 13 millions. ' e AR

Bicycles are used extensively for short distance trans-
portation. There is no record of the number of bicy-
cles in use in the country. The indigenous manufac-
turing industry has a capacity to produce 42 lakhs
_ bicycles per year and the production during the period
1968—1978 was 264 lakhs. This is indicative of the
rate of increase in bicycle stock in the country.

Road and Rail Tranport

8.3 The number of vehicles in use in road and
rail transport gives a good indication of the level of
service rendered. The stock of road and rail vehicles
in operation in the country has steadily increased as
seen from Table 8.1 : '

*Tachno-economics of B

TABLL 8.1
Stock of oil using road transport vehicles

(in thousand s)

S. Type-of Vehicle 1961 1970 1975 1977
No. .
1. Cars . 256 . 440 5917 :
827
2. Jeeps . . 32 78 93
3. 2-Wheelers . 38 472 936
. 1334
4, 3-Wheelers . 6 31 75}
5. Buses . . 57 92 100 117
" 6. Trucks . . 168 322 334 367
. 7. Tracters .. .31, . 133 202 :
) NA
8. Other Vehicles 35 113 216

8.4 It is significant to note that the stock of two
and three-wheelers has registered a sharp increase in
the period 1970—75. The manufacturing capacity for
such vehicles has increased to nearly 4.85 lakhs per
year and it is anticipated that the number of two and
three wheelers in use will increase steeply in the
future. ' A

8.5 The type of traction used in thé¢ railway system
show that the stock of steam locos has declined gradu-
ally, while the diesel and electrical locos have increas-
ed. (See Table 8.2) L . v

TABLE 8.2
Stock of Railway Locomotives

1960-61  1970-71 1975:76  1977-78

Steem locos . 10312 9387 8496 8215
Diesel locos ) 181 1169 1803 2025
Electrical locos . 131 602 796 901

The reduction in the number of the steam locos and
the intensity of their use has resulted in the decline of
consumption of coal by the railways. The diesel and

ook sart Teansportation—A Pilot Study, T.LM. Bangalore (1974).
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electricity used by the railways, as anticipated, shows
a steady increase.

8.6 A careful examination' of the stock of vehicles
used for road and rail transport reveals that the rail
system has expanded at a relatively slower rate. than
the road system. This reflected in the increase of
the share of the road transport in respect of both pas-
senger and goods transport (See Table 8.3):

TABLE 8.3

Relative share of road and rail in Transport Sector

Year N Railways Road

Goods Transport
(billion tonne kilometres)

1960-61 88 (84) 17.316)
1965-66 177 34(23)
1973-74 122 (65), 67(39)
197677 15767 76(33)
Passenger Transport
‘ (billion passenger kilometes)
1960-61 . 78(58) 57 (42)
1965-66 96 (54) 82 (46)
1973-74 136 (39) 211 (61)
1976-77 164 (39) 261 (61)

Note: Figures in brackets indicate percentage share of each
mode during the year.

Water Transport

8.7 The total length of navigable inland waterways
is estimated to be 18000 km, of which 10,000 km are
usable throughout the year. But the number of boats
plying on these waterways is so small that the total
volume of goods and passengers carried by inland water-
ways is neghglble '

8.8 Coastal shipping employed about 104 sh1ps with
gross registered tonnage (GRT) of 3,60,000 tonnes in
1960 by 1975 this had changed to 70 vessels with
a total GRT of 3,70,000 tonnes. Though successive
plans have emphasised the advantages of encouraging

the use of inland waterways and coastal shipping for -

transport, there has been no striking deve]opment in
this sub-sector.

Air Transport

8.9 Air transport has registered a spectacular in-
crease in the last 15 years with an annual growth of
about 10-11 per cent per year.
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TABLE 8. 4
Development of AIR Transport .

Unit 1961 - 1974 1974
Kilometres flown  million 28 33 34
No. of passengers ’ o
carried thousand 745 2056 2458
Passenge1'¥Kilo- C )
metres million 575 1578 1935
Frcigﬁt in tonne - . R
“kms. . . million 18 14 15

Commexcial 'Energy tise in the 'Traf:sport Sector

8.10 The railways use coal, diesel oil and electri- =
city, while the roadways use only oil products in the
form of motor-gas and diesel. ATF is used in airways
along with very small quantities of Av gas ; coastal
ships are run on fuel oil and diesel oil. The commer-
cial energy consumption in the transport sector has
been estimated as set out in the Table 8.5 :

TABLE 8.5
Commercial energy used in the transport sector 19531978

(in million tonnes coal replacement)

o~ Total
Year Coal Oil Electri- Commercial

Products city Energy
1953-54 . 12.10 8.76 0.60 21.46
1960-61 16.00 17.37  0.80 34.17
196566 . . -17.36  31.26 1.16 4972
197071 . . 1591  47.23 1.43 64,57
197576 . . 1437  69.29  1.89 85.55
197879 12.40  78.18 2.60

93,18

. 8.11. The share of the commercial energy consumed
in the transport sector to the total commercial energy
consumed in the economy has remained somewhat
steady at about 33 per cent during the last fifteen years
(See Chapter II). The railways, the only user of
coal in the transport sector, have adopted a policy of
phasing out the steam locos in their system and rep-
lacing them with diesel or electric locos. This explains
the steady decline in the abseclute level of use of. coal
in the transport sector-since 1965-66. The consump- -
tion of oil in the transport sector increased by 10.2 pet
cent per year in the period 1953-60 and 10.5 per cent
in 1960-70 but decreased to 8.0 per cent per year in
the period 1970-75. Electricity is used only in one
mode of transport viz., railways and the increase in
the rate of growth is the result of specific sections of
the railway network being electrified. N




8.12 The composition of fuel consumption in the
transport sector has changed as follows :

1960-61 1975-76

Coal . L . . . 47%  17%
0oil S 51% 817
Electricity . . . . 2% 2%
Note: The shares are based on consumptlon in coal replacement

measure.

While the share of electricity in the energy consump-
tion in transport sector has remained unchanged in the
period 1960-61 to 1975-76, the share of o0il has
increased by 30 per cent, entirely at the cost of coal.

Forecast on Eenergy Demand in the Transport Sector

8.13 The diversity of the existing stock of trans-
port vehicles, the complexity of the factors which
would influence the rate and pattern of growth of tra-
flic in future make the task of forecasting the future
demand for transport services as a whole or the de-
mand. of specific modes of transport a very difficult
task. The Group is aware of the fact that a high level

committee on transport policy is examining the future .

transport needs and the various policy measures requi-
red to meet the transport requirements optimally. As
the report of the National Transport Policy Committes
is not yet finalised and as the developments in the
transport sector have a large impact on energy demand,
this Group had to make an independent forecast of
the energy needs of the transport sector. The analysis
that follows is attempted solely with a view to trace
the energy implications of the developments in the
transport sector and the conclusions should be amend-
ed as and when a more rigorous forecast of the trans-
port needs are made by the National Committee.

REFERENCE LEVEL FORECAST
Railway Transport

8.14 The railways have been the major transporter
of passengers and freight and the growth -of the- rail-
way: transport system is set out in Table 8. 6 '

TABLE 8.6 )

4 Passengers and frelght moved by Railway Transport 1950_-78 :
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Xear, ;- o Passenger traffic Frelght
. ' (billion passenger  (billion_
kilometres) tonne
. - . kilos
s Intra clty Inter city metres) .
195051 . .. L L 6.6 5.9 4.1,
1960-61 .. K . . 11,8 65.8 87.7
196566 . . . - . 172 1.1 116.9
1970-71 - . ; < 8 | 95.1 ~ 127.4
197273 .. - 26.6 " 106.9 136.5
197516 . .. . 329 116.0 - 148.3
97677 . . . . 37.0 . 126.7 156.8

197778 - v .. .7 394 1313 1627

8.15 The possible increases in transport were fore-
cast with reference to the trends of the past and the
elasticity of transport services to GDP in respect of
each category of transport. The level of = demand
derived from these eXercises is set out in Table 8.7 :

TABLE 8.7

Forecast of Railway Transport Services '(1982—2000)
 reference level forcest

Passenger traffic Feright

(billion passenger (billion

kilometres) tonne

kilo-

Intra-city Inter-city metres) -

1982-83 . . . . 44 0 160.0 200
1987-88 . . . 56.0  204.0 240
199293 | L 71.0 268.0 300
2000-01 101.0 426.0 410

>

8.16 From the data regarding the passenger kilo-
metres and the ton kilometres of freight carried, the
total gross tonne kilometres to be carried by railway
was computed and the results are set out in' Table 8.8 :

TABLE 8.8
Sha;re of different types of traction in Railway Transport

REFERENCE LEVEL FORECAST

(in million gross tonne kilometres)

Year Total Steam  Diesel  Electric
1982-83 . . 620 155 298 - 167
1987-88 . . 760 137 403 . 220
199:93 . . %7 91 570 300
200001 . . 1388 42 861 485

8.17 Table 8.8 also sets out the relative share™of -

the total gross ton kilometres carried by steam, diesel
and electric traction. These. relative shares ‘were deri-
ved by makmg the foﬂowmg assumpuons T

In 1977-78 the share of the different kinds of -
locos in the total ‘railway transport werej.'

roughly as follows : ‘
Steam . 30%

Diesel ~  45% o
Electric 25%

It is assumed that the share of steam locos would: -

get reduced gradually to 3% by. the year
2000-01 and the share of electric and dicsgl
loco services would become roughly 1. : 2.
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8.18 The fuel requirements of the railway sector
in different years is estimated in Table 8.9:

TABLE 8.9

Forecast of enerzy demand In Rallway Transport 1982—2000

REFERENCE LEVEL FORECAST

Year Coal Diesel Electric

(million (million - (TWE)

tonnes)  lonnes)
1982-83 12.4 1.04 3.00
1987-88 11.0 1.41 3.96
1992-93 7.8 1.99 5.40
3.4 3.00 . 8.73

2000-01

Road Transport

8:19 ?aésenger and freight carried by road trans-
port in the last 25 years is summarised in Table 8.10 :

8.20 Road transport data do not show any regular
trend which could be taken as the basis for projection
of futwre demand for road transport services.  The
steep increase in the road passenger traffic during the
period 1965-66 to 1968-69 is not easily explainable.
The average rate of growth in the last 15 years from
1960-61 to 1976-77 has been about 10 per cent per
year in respect of passenger k. angd about 5 per cent
per year in respect of frcight tonne kms, A forecast
was made keeping in view the trend rate as well as
elasticity of road transport services to GDP.

TABLE 8.11

Forecast of demand for road transport reference level forecast)

Passenger  Freight
Year (billion (billion
passenger tonne

’ kilometres) kilometresk)

1976-77

TABLE 8.10 261 76
Trend of growth of road Transport 1982-83 . 370 114
‘ — 1987-88 495
Passenger  Freight : .169
traffic  (biilion 199293 698 260
Year (billion  tonne 2000-01 :
passenger kilometres) 1243 518
kilometre) . )
1950-51 . . . . . . 3 8.21 The fuel requirements have been calculated
o : 5 s assuming that the share of passenger traffic carried by
1960- . o o cars, taxis, 2-wheelers and 3-wheelers, which is today
196566 . . . . . . 82 55 23 per cent of the total passenger traffic and showing a
1968-69 153 64 declining trend, would get reduced to 15 per cent by
1973-74 211 67 2000 and the share of the bus and truck transport
197677 261 76 would increase to 85 per cent. The fuel requirements
have been projected as ‘in Table 8.12 : o
TABLE 8.12 _
: -Fuel Requirements for Road Transport
REFERENCE 'LEVEL FORECAST
Year _ Passenger tariff Freight " Fuel requirements
(billion passenger kilometres) . .(E]Ilion tonne (million tonnes) "
‘ ——  kilometres). - e L S S S N
Total By car/ Bus ©~ " . Mogas . Diesel . . . Diesel. -
' - Taxi]2- o - 7. (Bus) " (Freight)
wheelers/ ol -
3-wheelers
1982:83 . IR v B £V | 293.3 114 1.69 1.8  s.as
o @179 (79%). : = s
1987-88 495 © - 99.0 396.0 - 169 2.15 2.44 7.68
- ' (2070 (8070 _ : :
199293 698 125.6 572.4 - 260 2.73 3.53 11.8
2070-01 1243 186.5 1056.5 1518 405 6 235
' : 1529 B5%) - S ' '
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8.22 The forecast of transport demand in the Refer-
“ence Level Forecast as anticipated is mostly an extra-
polation of the past trend as would be seen from Table

8.13:
. TABLE 8.13

Future shares of Rail & Road in the hénéport of Passehgg:rs
& freight reference level forecast

Yeur ' ' " Railways Road
: Transport

Goods Transport

(in billion tonne kilometres)

197677 . . . . . . 157(67)  76(33)
1982-83 . . . . ., 200(64) 114(36)
1987-88 . . . . . . 240(58) 169 (42)
199293 . . . ... 300(59) 260 (46)
200000 . . . . . . 41044 518(56)

Paissengér Traflic

" (in billion passé;zggr kilometres)

1976-77 LT 164(39)° 261 (61)
198283 . . . . . .- 204(36) 356 (64)
198788 . . .. .. .. .. 260(35) 486 (65)
199293 . . L .07 3933 61867

200000 . . . . . 521(30) 1243 (70)

Note: Figures in brackets indicate the percentage share of each
mode during the year. . .

8.23 The increase in freight transpert. in the road- -

ways, however, appears to be high, if. the number of
trucks required to be added each year in order to
enable the transport of the projected lével of goods

is considered. The projected level of freight transport -

by road would require an annual average net addition

of about 116,000 trucks to the stock in the period :
1982-83 to 2000-01 as against a net addition of about

20,000 in the recent years. It may be repeated that a

detailed examination of the growth in tramsport is-
being undertaken by the National Committee on °

Transport Policy and the above projections may need
considerable modifications.

8.24 The passenger kilometres of service rendered
by air transport increased at an average annual
rate of 10.3 per cent in the period 1961-71 but slum-
ped to 5.8 per cent in the period 1971-74, There is
evidence that the rate of growth has picked up to
about 7 per cent in the more recent past For the

purpose of estimating the demand for ATF, the prin-
cipal fuel for air transport, it has been assumed that
air transport would increase by 8 per cent per year in
the coming years upto 2000-01. On this basis, the de-
mand for ATF would be as in, table 8.14 :

TABLE 8.14

Reference Level Forecast of Demand for ATF

Yeir _ Demand in Million tonnes
1977-78 . . . . 1.044 (actual)

1982-83 . . . . 1.53

1987-88 . . . . 2.25

1992-93 . . . . 3.30

2000-01 . . . . 6.11

Coastal Shipping

8.25 Coastal ships use both fuel oil and LDO - as
bunker oil. As coastal shipping has not registered any
growth, it is not surprising that the total consumption
of LDO and FO for. coastal ships has remained sur-
prisingly steady in the last 15 years as seen from
Table 8.15 :

~ TABLE 8.15
Consumption of Oil for Coastal Shipping

(in million tonnes)

Year Furnace Diesel Total

0il Oil
1969 . . . . . 0.242 0.023 . G.265
1970 . . . . .. . 0.199 0.042 0.241
1975 . . . . . 0.190 0.051 0.221

8 26 As there was no long term plans for develop-
ment of coastal shipping, the Group assumed  the
following levels as the likely demand for coastal

shipping :
TABLE 8.16

Forecast of Demand for Coastal Shipping Reference
Level Forecast

(in million tonnes)

" Year o . Furnace Diesel Total
' oil - .0i
197778 . . . . 0180  0.070 6.250
1982-83 . . . . 0.200 0.090 0.290
1987-88 . .. . 0.300 0.126 - 0.420
- 199293 . . : } 0.350 0.170 ' 0.520
200-01 . . ) . 0.400 0.250 0.650

P R D




Energy Demand Projections of the Transport Sector
- 1982--—-2000

'8.27 The total fuel requirements of the transport
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sector are derived by aggregating the démand for fucls
in different sub-scctors of the transport sector. The

results are set out in Table 8.17 :

TABLL &.17

o Forecast of Demand for Energy in the Transport Sector (1982—2000)
‘ REFERFNCE LEVEL FORCAST

' " Qil in million tonnes

Year Coal in Electricity
million — - - (TWH)

tonnes Mogas Diesel ATF FO Total o
198283 . . . . . . 124 ©1.69 8.11 1.53 0.20 11.53 3.00
198788 . . . . . . 110 215 11.65 2.25 0.30 16.35 3.96
1992-93 . . . . . . 7.8 2.73 o 17.49 3.30 0.35 23.87 5.40
4.05 33.28 6.11 0.40 43.84 8.73

2000-01 . . . . . . 3.4

Optimal Level Forecast

8.28 The RLF implies that the Oil demand in the
transport sector would increasc at the rate of about
7.7 per cent per year in the period 1982 to 2000, Even
at this seemingly modest rate of growth, the consump-
tion of oil products in the transport sector alone would
reach 44 million tonnes by 1982-83. The Group felt
that this level of demand will almost be.impossible to
service satisfactorily (see Chapter on Qil Policy). The
Group considered various possible methods of reduc-
ing the likely demand for oil products in the transport
sector without ‘compromising the growth target for the
economy. The measures to reduce demand for oil pro-.
ducts deserve serious consideration on the lines ela-
borated later in this Chapter. '

. , o . .
8.29 ‘In setting certain targets for improvement ove
time of the average efficiency of the road transport
vehicles, the Group adopted an increase in the rate of
efficiency of 7.5 per cent in the case of motorgas driven
vehicles and 10 per cent in the case of diesel driven
vehicles by the year 2000-01. Several other countries
are aiming at much higher levels of efficiency to be
achieved 'in a shorter time frame and there is- no
reason why we should not also. set higher targets for.
increased efficiencies. The. savings in fuel on account
of .such increased .efficiency has been estimated as. in

Table 8.18 : = S

, * TABLF 8.18 o
" TFuel Likely to be Saved by Tmproved Etﬁcie_néy in
C " Transport Sector 1982-2000° ’
T S (in million formes)-

OIS 4

 Year Motorgas Dk:esel E
1982-83 . . . .. 0.02  0.07
1987.88 . . .0 0T 0.05 6.25 -
199293 .. .. o0 L L0 T 004 - 077
260000 - . . . . it 0.30 3.00 -

Optimisation of Modes of Transport

8.30 For long distance passenger and freight - tra-
flic the most efficient mode in terms of energy utilisa-
tion is Railways, The RLF assumed only a continua-
tion of the trends of change in the sharing of passenger
and other traffic between road transport and railways
The railways have been pleading their inability to in-
crease the level of service. However, the railways can
and should increase their services at least in the long-
run if emergy saving in the transport sector is -to- be.
attempted. If the inter-city passenger traffic and freight
traffic is increased over the RLF by 15 per cent in
1987-88, 20 per cent in 1992-93 and 25 per cent in;
2000-01 in the railway Secter, the freight traffic
carried by railways will reach 500 .billion tonnes km.
and that of inter-city passenger traffic-would increase to.
530 billion passenger km. by the year 2000. If the.
incredsed traffic by the railways is distributed equally -
between diesel and electricity, there would be an in-
crease -of about 0.44 million tons in demand of diesel
and. 2.28 billion kwh of electricity by the year .2000
in the railways sector. But as this traffic would have:
been diverted from road transport, the reduction in the-
requirement of road transport would amount. to over-
5.5 million tonnes of diesel and motorgas. The speci--
fic measures which would ensure the optimisation of:
the share of road transport and railways-are likely to
be. detailed in -the- report of the National - Transport:
Policy Committee. The net impact of the optimisation
suggested for intermodal distributions of traffic.as above:
would be as follows : . o - ’

“Motor Gas Diesel

" Year 10 Flecticity
. (million (millon - (TWH) . -
) tonnes) tonnes) .
1982-83 e T
1987-88- . =013 164 . 4076
199393 . —0.21 2.7 +1.30
2000-01 —0.35° 470 429




8.31 There is néed to reducs the elasticity of demand
for traffic to GDP. This could bc done by a more ra-
tional location policy for all productivc activitics with
* a view to ensure that the production aad consumption
needs are met as much as possible from the nearest
- availahle sources and the need for transportation  of
inputs and outputs is minimised. A low average trans-
port economy has to evolve over time if there is to
be .conservation of the energy resources. The Working
Group is conscious that the problems of planning this
would involve a very detailed study of . various sectors
of the economy and the.cost benefits of locating pro-
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duction activities in different places. If we set as a

. target a total transport reduction of about-3 per cent

by the ycar 1992-93 and about 6 per cent by 2000 AD
the savings that can be achieved would amount to
0.7 million tonnes of oil aml 0.16 TWH of electricity

. by 1992-93 and 2.5 million tonnes of vil and 0.53

TWH of electricity by 2000 A.D.

8.32 Taking all these suggestions into account the
Optimal Level Forecast on demand for energy in
the transport sector would be as in Table 8.19 :

TABLE 8.19 ) —

Forecast of Demand for Energy in the Transport Sector 1982—2000

OPTIMAL LEVEL FORECSAT

Y
Year Coal Oil (million tonnes) Electricity
(million ~ —— — : : (TWH)]
tonaes) Mogas Diesel AIF FO ‘Total
198283 . . . . . . 124 1.67 8.04 1.53 0.20 11.44 3.00
1987-88 . . . . ... 1.0 1.97 9.76 2.25 0.28 14.26 4.72
199293 . . . .. .. 7.8 2.27 13.46 3.20 032 . 19.25 6,54
200000 .- . . . .. 3.4 3.16 23,49 5.74 ©0.38. 32.77 10.48
Bullock Carts not possible at this stage to quantify the likely in-

8.33 The number of bullock carts has very slowly
increased from 12 millions to 13 millions during the
sixties. The total numbér of work animals, which are
used to motivate the carts, to draw water from wells
and to plough lands up to 80 million and this
mimber has remained almest unchanged for some
years. In Chapter VI it was suggested that the num-
ber of bullock powered irrigated wells would steadily
decline in absolute numbers from 1977-78 itself due
to the rapid dieselisation and electrification of irriga-
tion wells. Though the number of tractors was esti-
mated to increase steadily, it was assumed .that the
number of plough shares drawn by bullocks might
not decrease. Considering all these trends, it appears
that if the number of work animals continues un-
changed till the end of the century, there would be
a steadily increasing amount of animal power avail-
able for use in the transport sector. As long as small
holdings and poor farmers form a large part of our
rural sector, there would be a steadily increasing need
for carrying increasing amounts of marketable surplus
to ‘the ‘market towns in small quantities and to bring
from the market towns small quantities of farm in-
puts. The demand for bullock cart service might in-
crease and this demand might be met by the bullock
power released from agricultural use. While it s

crease in the use of bullock power, the overall trends
suggest that measures to cncourage the use of bul-
lock carts and to increase their efficiency should re-
ceive urgent consideration. It is also noteworthy that
the bullock carts render service in a specific segment
of the trahsport sector where it might not be cost
effective to use other more modern modes of trans-
port. The Group would, therefore, recommend . : that
adequate attention be paid to the improvement in the

efliciency of bullock power.

Policy Measure

8.34 The transport sector répfcsents an area where

there is maximum potential for energy optimisation,

The transport needs could be serviced by a number
of modes of transportation and each mode has diffe-
rent capital and energy cost per unit of service ren-
dered. It is necessary to 2volve a transport policy
keeping in.view the long term costs of energy . and
their availability. The- discussion in this chapter indi-
cates a number of uncertainties which characteriss
the demand forecast for transport service, The coor-

dination of rail and road traffic and the extent to

which other less energy intensive modes like ‘inland
waterways, costal shipping etc. should be encouraged
would have to be decided based on a much deeper
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- relative efficiencies of energy use

study  of the transport demand from different cate-
gories of goods and passengers, the identification of
origin and destination of traffic, etc. ‘The Working
Group would have liked to have inter-acted with the
National Committee on Transport Policy but as the
studies of thc Committee ure not yet available, their
views could not be taken inte consideration. The

- Group would emphasise the need for a careful con-

sideration of the transport policy ina comprehensive
mauner keeping in view the long term changes in the
relative prices and availability of fuels. One of the
major issues in the transport sector is the steady in-
crease in the share of road transport which is less
efficient from the point of view of energy use and has

-resulted in a sizeable increase in the consumption of

oil. The relative shares of rail and road transport
should be reviewed critically keeping in view their
and pressure on
scarce fuels.

8.35 Even though dieselisation and electrifica-
tion in railways have considerable advantages in terms
of energy efficiency, operating cost, etc. the present
policy is to continue the use of existing stock of avail-
able steam locos till the =nd of their useful life. The
coal used in the steam locos is of high grade and
the present consumption of about 13 million tonnes
could be replaced by about 0.6 million  tonnes
of oil or about 3 TWH of electricity, which can be
generated using less than 2 million tonnes of low
grade coal. In view of the need to conserve high grade

"coal which has a high opportunity cost, the feasibility

of early replacement of steam traction by the other
modes should be considered urgently. Electric trac-
tion is more advantageous than diesel traction from

2 PC[719—9
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~use of alcohol to substitute petrol|diesel

the points of view of both energy efficiency and con-
servation of oil. In this context, accelerated pace of
electrification of the high density traffic trunk routes,
specifically - those connecting Bombay, Delhi, Calcutta
and Madras deserves serious consideration.

'

8.36 In the case of intra-city traflic, i.e. urban and
sub-urban, the Group did not examine in detail the
extent to which electric trollev buses could be intro-
duced as a means of reducing consumption of oil. A
Working Group set up by the Planning Commission on
the introduction' of trolley buses has recently sub-
mitted its report which is under consideration. The
Working Group feels that there is a case for introduc-
ing electric trolley buses in not only the metropolitan
cities but also in other major cities.

8.37 Another measure which would lead to fuel
efficiency in the transport sector is by increasing the
efficiency of the road transport vehicles. There is an
effort all over the world to improve the fuel efficiency
of the automobile engines and it is possible, even with
our limited resources, to set specific targets for im-
proved fuel efficiency in the indigenously manufac-
tured vehicles. The Group would recommaend that
such targets should be set at least to the levels that
have been suggested in this Chapter.

8.38 As the transport sector is presently dependent
on oil whose availability would be uncertain in the
coming years, there is need te develop alternate fuels
for use in the tranaport sector. The possibilities of
introducing producer gas powered vehicles and the
should be
studied from now on. Necessary efforts should be jni--
tiated in this direction at the earliest.




CHAPTER IX

~

9.1 Electricity is a secondary form of energy which
is produced on a large scale commercially from coal,
oil, gas, water, power and fissile material. For a variety
of reasons, the rate of growth of electricity has been
the highest as compared to all other sources of com-
mercial energy. Electricity unlike other forms of
energy, can neither be stored nor can be distributed
using ordinary mcans of transport like rail or road.
For distribution of electricity, transmission and dis-
tribution lines are required to be built connecting the
sources of generation and the points of consumption.
This is of particular relevance in analysing elcctricity
consumption in India as benefits of electricity are not
available in many parts of the country due to lack
of transmission and distribution lines.

Trends in the use of Electricity

- 9.2 The trends in the use of electricity could best
be analysed based on specific-end use, had sufficient
data been available regarding its consumption for the

POLICY FOR TIIE F'OWER SECTOR
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various end-uses such as heating, lighting, electro-
chemical process and motive power. In the absence of
such data, the analysis in this report had to be carried
out in terms of consumptioi by various consumer ca-
tegories, viz., domestic, commercial, agricultural, - in-
dustrial, transport, etc.

9.3 As mentioned earlier in Chapter V, “Energy in
the Household Sector”, whilc/all the towns have been
electrified, only 2.3.lakhs villages out of a  total of

. 5.7 lakhs have been electrified so far. Even in the
towns and the villages which have already been elec-
trified, not all the households have been provided with
electric connections. The number of households elec-
trified so far constitute only about 14 per cent of the
total number of households in the country. In the case
of organised industries, however, there is hardly any
which does not use electricity to meet its energy needs.
The category-wise comsumption of electricity during
the past two decades is shown in Table 9.1 :

TABLE 9.1

Category-wise~ Consumption of Electricity

- (in TWH)

Consumer Category 51-52 60-61 65-66 70-71 75-76 78-79
. . (provisional)
Household . . % . . . 595 1492 2355 3840 T 5821 7660
Commercial Sector . . . . 332 848 1650 2573 - 3507 4970
Industrial . K . . . . 4549 12563 22610 34290 43446 © 53939
Agriculture . . . . 203 833 1892 4470 8721 11956
Railways . . . . . . 330 454 1057 1397 1891 2610
Public Lighting . . . . .0 . 68 193 280 500 573 695
Public Water Works . . . . 211 436 625 1017 1327 1690
Miscellaneous . . . 382 © 868 . 930
Total . . . . . . 6288 16819 ’ 30469 48478 66060 84435

Note : Flectricity consumed from generation by non-utilities is included.

P
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worst being the year 1974-75, when the shortages
were widespread and were of comparatively large

9.4 There have been shortages of electricity in
various parts of the country during the seventies, the
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tiiagnitudes. This has resulted in power cuts and res-
trictions of varying dimensions in a number of States.
Although it is difficult to quantify the shortfall in con-
sumption due to these power cuts and restrictions,
some atfempts have heen made by the C.E.A. to esti-
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mate the level of consumption if power cuts and res-

were not  there, based on the information

trictions
furnished by the various States. The results of these

exercises are shown in Table 9.2 :

TABLE 9.2

National Unrestricted Demand for Electricity

(in TWH)

70-71 71-72 72-73 73-74 - 74-75 75-76 76-77

Actual consumption 48478 51795 54239 55592 58253 66080 73023
National Consumption if power cuts/ ,

restrictions were absent . . . 49445 54266 - 59557 62602 67655 -+ 73888 77361

Gap . . . . 1.9% " 4.5% 8.9% 11.2% 13.9% 10.6% 5.6%

" Table 9.3 shows the rates of growth of electricity consumption by various categories of consumers :

TABLE 9.3

Rates of Growth of Electricity Consumption in the various Sectors

(average annual compound?,)
-

Period - Total Household Commercial Industrial Agricultural Transport  Others
Electricity.
1951-52 to 1960-61 . . . . 11.6 10.9 11.1 11.9 17.0 3.5 9.5
1960-61 to 1965-66 . . . . 12.6 9.5 14.2 12.5 17.9 18.2 7.5
1965-66 to 1970-71 . . . . 9.7 10.3 9.3 8.7 18.8 5.7 15.9
1970-71 to 1975-76 . . . . 6.4 8.7 6.4 48 14.3 6.2 8.0
1975-76 to 1978-79% . . . . 9.2 9.5 12.2 7.4 1.0 11.4 6.2
*Based on provisional figures for 1978-79.
TABLE 9.4

In order to meet the increasing demand for power,
the installed generating capacity in” the country has
been increased rapidly from a meagre 2300 MW in
1950 to about 29,000 MW by the end of 1978-79.
There has also been considerable expansion in trans-
mission and distribution facilities as ‘well as rural
electrification, with about 2.3 lakh of villages electrified
and about 33 lakhs of pump sets energiséd. This
large expansion In generation, transmission, distribu<
tion and rural electrification has been achieved through
substantial investment in the electricity sector, as
shown in Table 9.4 :

9.5 In spite of manifold increase in generating
capacity, power shortages have been experienced in
various parts of the country during the past several
years. The basic reasons for these shortages have been

Investment in the Power Sector

Invesment in the Electricity
Sector .
Plan Period ’ —
As a perceantage
of total plan

(Rs. crores) , expenditure
Ist Plan . . . . 320 16.3
IIid Plan . . . 625 1.2
Ird Plan . . . 1334 15.6
Three Annual Placs . 1817 27.43
IV Plan . . . . 2523 16.0
V Plan . . . . 7294 18.6
VI Plan . . . . 15750 ) 22.6

(Proposed)

the continuous slippages in the achievement of targets
of additional generating capacity in each  successive’
plan period as shown in Table 9.5 and the lack of

strategy for management of power demands which is




reflected in the very steep increase in electricity de-
mands, irrespective of the supply constraints. Past
experience in electricity development and manage-
ment suggests the need to assess more reliably the
likely additions to power supply and also to manage
the building up of demand for power with duc regard
ta the annual additions af supply that take place. In
other words, demand management is as important as
supply augmentation so that both demand and supply
Increase in step with each other.

TABLE 9.5
T.argets‘ and Achievements of Additions to Generatin
Capacity :
Plan Taruel Achigvenient- Percentuge
(million (million shortfall
© kw) kw)
Ist Plap (1951-56) . 1.30 1.10 15.4
IInd Plan (1956-61) . 3.50 1 2.25 35.7
111 Plan (1961-66) 7.04 4.52 35.8
Three'Ahnual Plars -
(1966-69) . . 5.43 4.12 24.1
IV Plan (1969-74) 9.26 4.58_ 50.5
Period 1974-79 . 12.50 10.2~ 18.4

Forecast of Demands

9.6 The forecast of demands arrived at by using
different methodologies such as end-use method, GDP
linear models and time series models have been dis-
cussed in Chapter III. Experience all over the world
has shown -that there is always some decline in the rate
of growth of consumption of electricity with time,
depending upon the state of the economy. Keeping this
in view, the Working Group has examined the various
-methodologies and has come to the conclusion that
the End-Use Method would provide a reasonable fore-
cast of demand in the short term. Considering, however,
the various uncertainties involved and with a view to
prevent recursing shortages, the Working Group also
feels that in so far as long term power planning is con-
cerned the results provided by thc cnd-use method
"could be checked by GDP models.

\

9.7 Adopting various possible methods of forecasting
and harmonising the results, the Group has suggested
two different levels of electricity demand, viz. RLF
which indicates thé consumption that might materialise
if- no cogent energy policy is adopted and the OLF
which indicates the level at which electricity demand
could be contained without affecting the production and
growth perspectives, if only the policy prescriptions
made in the report are adopted. These levels have been

\
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discussed in Chapter 1II; for the sake of convenience
they are reproduced in Table 9.6 : '

TABLE 2.6 (A)

Forecast of C_ategory-.wiSe Demand for - Electricity

1982 2000
REFERENCE LEVEL FORECASY .

: , (in TWH)

Category 1982-83  1987-88° 199293 200001
. Household . 10.7 15.5 22.0 35.8
Commercial . 7.1 10.3 14.7 24.0
Agricultural . 16.8 22.2 28.2 33.0
Tndusteial . . 85.0  131.0 1997 350.0
Transport . 3.0 4.6- 5.4 8.7
Others . . 5.7 8.2 11.9 19.5

Total >
Consumption . 128.3 191.2 281.9 471.0
Gerveration

required (*) :
(at the busbar) . 154.9 238.7 333.7 551.6

*Includes non-utilities. For details see table 9.14(A).

Note : Tie commercial energy demand is assumed to be about
two tnirds of the demand in the housebold sector.

TABLE 9.6 (B)

Forecast of Category-wise Demand for Electricity
1982—2000

OPTIMAL LEVEL FORECAST

. (in TWH)

Category 1982-83  1987-88 199293 2(;00-0.1"
Houschold . 10.7 5.0 209 322
Commercial . 7.1 - 10.6 14.G 21.4
Agricultural . 16.8 21 B 25.4 28.0
Industrial . . 85.0 1145  162.3  284.0
Transport . 3.0 4.7 6.5 10.5
Gthers . . 5.7 8.2 11.9 19.5
Total o i )

Gonsumption . 128 3 1736 241.0 73956
Generation .

required (at the

busbar)* 154.9 207.5 281.7 457.6

*Ircludes non-utilities. For details see table 9.14(B). '

9.8 The Optimal Level Forecast (OLF) implies that
savings in the consumption of electricity is possible
especially in the industries sector. The household and
commercial demands could also be trimmed. As the
optimisation is assumed to start after 1982-83 and as
it is assumed that efforts to realise the 6ptimal demand
configuration would be initiated from now on, there



is a somewhat sharp decline in the rate of growth of
electricity consumption in the period 1982—87 as per
OLF. The rates of growth of clcctricity consumption
implied in the two levels of forecast are set out in Table
9.7:

TABLE 9.7

Rates of Grawth of Flectricity Consumption
1976—2000

(average annuual Conpound ;)

1982-83  1987-88  1992-93  2000-G1
197677 1982-83  1987-88  1992-93
As per RLF 9.8 8.3 8.1 6.6
As per OLF 9.8 6.0 6.3 6.3

In the OLF, the rate of growth in the period 1982-83 .

to 1987-88 is lower than the rates of growth in the
subsequent periods. This is because of the high rate
of increase in the growth rate postulated in consump-
tion for the period 1976-77 to 1982-83 keeping in view
the past shortages which would get moderated during
1983—88 and thereafter there would be a more orderly
decline in the electricity consumption growth rate over
the different sub-periods.

Transmission and Distribution Losses

9.9 Transmission and distribution losses
represent the difference between the net energy genera-
ted and the energy sold, has been continuously rising
from about 14.3 per cent in 1965-66 to about 19.7 per
cent in 1976-77. A part of these losses is due to pilferage
which cannot be accounted for. As compared to many
developed countries, transmission and distribution losses
in India are high for a variety of reasons, such as low
power factor, low load density, inadequate investment
in transmission and distribution as compared to genera-
tion, large scale electrification of rural areas
inefficient distribution systems in urban areas. Coupled
with high transmission and distribution losses is also
the problem .of low operating voltage levels, Some
steps have already been taken towards power system

improvement by the various State Electricity Boards.

as well as the Rural Electric Corporation during the
past several years. Inspite of this, the losses have been

steadily increasing and the Working Group feels that

much larger efforts would be necessary in this direction.
The importance of reducing transmission and distribu-
tion losses may be judged from the fact that at the
present level of generation, even 1 per cent reduction
in loss would amownt in additional revenue of the order
of Rs. 20 crores per year. If the steps already initiated

and.

which

in the last two or three years towards reduction of

" transmission ard distribution losses are more vigorously

followed, it may be possiblc that the losses would show
some declining trend and the levels -of T&D losses may
be of the order given in the column under RLF Dbelow.
The Group however feels that with the stecply increas-
ing costs of power generation it might become more
remunerative  fo invest in system. improvements that
might rcduce losses in T&D, than investing in additional
capacity and if this is done, it may be possible to reduce
losses still further, as given in Table 9.8 under OLF.

TABLE 9.8

Assumption Regarding Transmission & Distribution
Losses

Year Transmission & Distribution
Losses as per

RLF OLF
1982-83 . 18% 18%
1987-88 . 17% 17%
1992-93 . 16% 15%
230601 . 15 14%

Annnal Lead Factor

9.10 In the case of electricity, the energy demands
are not consistent throughout the year and there are
large variations from month to month, day to day and
hour to hour. Since electricity, unlike other sources of
energy, cannot be stored, adequate capacity has to be
installed to meet the peak demand occurring at any point
of time of the year. Thus, in the case of electricity,
besides making a reasonable forecast of energy require-
ments, it is also essential to make an assessment of the
annual peak demand. This is arrived at by dividing the
energy consumption figures by the annual load factor,
which is defined as the ratio of the average demand to
the "actual peak démand during the year. Historically
the annual load factors at station bus bars have varied
between 61 per cent in 1961-62, 66.5 per cent in
1972-73 ang 63.5 per cent in 1975-76. Some improve-
ment in the load factor has been noticed in certain
years which is due to peaking shortages and not due
to any significant changes in the demand structure. The
Working Group feels that with the lifting of the various
cuts and restrictions, the load factor might show a down-
ward trend, which would require larger installed capa-
cities to meet the demands. In the RLF, the Group has
assumed that the load factor would continue to be
at the current level of 63 per cent upto 1992-93 and
‘increase to 64 per cent in the year 2000-01. The Group,




/
however, feels that there may be scope to improve the

load factor marginally by introducing a system of
demand management, so as to reduce the peak demand
through regulatory measures and offering incentive
tariffs to promote consumption during off-peak hours.
On this basis, the Working Group rvecommaends 1he
figures of annual load factors for assessing future capa-
city required in optimal level forecast could be as
indicated in Table 9.9 : ' '
TABLE 9.9
Assumptions Regarding Load Factor 1982—2000

Year Percentage Antual Load Factor
RLF OLF
1982-83 . . . . 63 63
1987-88 . . . . 63 64
~1992-93 . . . . 63 65

200001 . . A 63 66

Generation from non-utilities

9.11 The term non-utilities refers to -captive power
plants set up by some industries to meet their own
demands. In the initial stages of development, a large
number of industries in India had set up their own cap-
tive power plants as either they were located in areas
which were not served by a utility grid or availability
of electricity was inadequate to meet their requirements.
However, since captive power generation is invariably
costlier both in terms of capital investment as well as
operational costs, the share of .generation in non-utili-
ties in the total power generation in the country has
been continuously decreasing, as shown in Table 9.10.

TABLE 9.10

Share of Non-utilities in Installed Capacity aud Electricity
Generation 195177

" Year Installed capacity Generation (TWH)

(thousard MW)

This declining trend in éaptivé power genération has
been observed in all countries. There would, howcver
he some addlitions to the caplive power gencration duc
to two reasons :

(i) As more sophisticatcd induatrics with conti
.Jnuous processing are set up, they would need
to have standby facilitics to keep on the
essential processes without interruption in
case of failure of the utilities system.

(i) As large size fertilizer, paper, etc. plants get
installed, the total energy balance of the
industry would call for the setting up of a
power facility to produce electricity and steam
needs without significant increase in fuel
consumption,

It is assumed that the generation from
non-utilities would gradually get reduced to
-about 3 per cent of total power generation in
2000-2001.

Assessment of Supply Requirements

9.12 The increase in the demand for electrical
energy would have to be met by a well thought out
strategy of management of electricity sector with the
major objective of optimising the investment and the
system operation so as to meet the electricity needs
most economically consistent with a desired degree of
reliability. Adequate provision has to be made in terms
of capacity as well as energy to meet the perspective
power demands. In the case of hydro-electric power
stations, the energy availability may vary considerably
during the year depending upon river flow conditions,
storage provided and constraints of irrigation require-
ments in the case of multi-purpose schemes. Hydro-
electric stations are normally designed on the basis of

Utili- NO]n- z/fsh'ue Utili- Non- %share 90 per cent dependability i.e. the potential which is
ti tili- o - i tili-  of non- a0 . . .

1es ;‘1 e‘s‘ un]ﬁ?“ es ) elsl T :avallable for 90 per cent of the time. In a mixed system,

ties ties it has been found that hydrc-power stations are suited

1951 171 0.59. 25.6° 5.86 1.6 2 0 to take the peak and therma} and nuclear power stations
1960-61 470 1.00 17.7 1693 3 19 15.8 to meet the base load requirements. Table 9.11 shows
197071 1476 1,50 9.6 53.80 5.40 8.8 actual average energy output in terms of kwh/kw in
197576 20.1v 2,10 9.6 79.20  6.76 7.8 respect of nuclear, hydro and thermal power stations’
1977-78 23.70 2.35 9.0. 91.14 7.50 7.6 in the country. -

TABLE 9.11
Trends in Utilisation of Power Generation Capacity

: / ' (in kWh per kW)

1951 1960 1965-66 1968-69 1973-74 1975-76 1978-79

Hydro . . . 4972 4089 3692 3508 4161 3935 4380
Thermal (Steam power plants) . . 2532 3584 3933 3975 4028 4042 3513
Nuclear . . . . . .. . .. - 3744 4104 4350
Total . n . . . . 3192 3640 3655 3661 4002 3938 3895
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The hydro energy outlput in terms of kWh per kW -

installed has shown a downward trend over the years,
whercas thermal and nuclear power stations have shown
a tising trend (with the exception of 1978-79 in the
case of thermal stations), This is in line with the
concept of utilising hydro power for peaking purposes
and thermal and nuclear for base load operation and
it is expected that this trend would continue in future.

9.13 It is a common experience that in the initial -

stages of operation thermal units arc faced with a large
number of teething problems and take quite some time
before they reach their normal expected level of pet-
formance. For this reason, the kwh/kw in the case of
new units is low as compared to matured units, and for
purposcs of this study thc following norms have bcen
adopted : '

“Year of operation KWH/KW
1st year o 2500 i
2nd year 4000
3rd year . . 5000
4th year qnwards (matured) 5350

Based on the 4bove and the anticipated thermal
capacity additions in 1982-83, it has been found that
during the period upto 1982-83 there may be a declin-
ing trend in the value of kwh/kw mainly due to higher
rate of growth of thermal capacity additions as com-
pared to hydro. However, the trend would again be
reversed during the subsequent years, as it is expected
that hydro contribution would improve in line with
the strategy of according high priority to hydro power
development in future planning. Based on these consi-
derations, it may be assumed that kWh/kW contribution
from hydro, thermal and nuclear plants would normally
follow the pattern as given under RLF in Table 9.12.
However the Committee feels that with proper load
structuring and improvement of the supply system, the
kWh/kW ratio could improve as given under OLF in
the same time. - '
TABLE 9.12 -

Projected Plant Utilisation 1982—2000

(in kWh per kW)
REFERENCE LEVEL FORECAST

1982-83  1987-88  1992-93  2000-01
Nuclear 4185 4225 4300 4550
Hydro 3900 3290 3250 3200
Thermal 3633 4508 4550 4720
OPTIMAL LEVEL FORECAST
1982-83  1987-88  1992-93  2000-01
Nuclear 4500 5000 5200 5400
Hydro 3900 - 3290 3250 3200

Thermal

4000 4500 4550 4720

9.14 In assessing the capacity requirements to meet
a peak demand, margins have to be provided for
scheduled outages covering averhauling and maintenance
of equipment and also unforeseen forced and partial
outages. Allowance has also to be made for larger outage

-rates on new units. ‘'I'o cover all these factors, capacity

réquirements are worked out by providing an appro-
priate gtoss margin over.the expected peak demand. In
this connection, the Working Group on Power Develop-
ment which was constituted by the Planning Commission
in September, 1977 had adopted 12.5 per cent for
hydro sets (peak availability factor of 87.5 per cent).
The gross margin in the case of matured thermal units
had been taken as 36 per cent (pcak availability factor
of 64 per cent) for all regions except Eastern -and
North-Eastern Region where a higher margin of 41 per

- cent has been adopted. For new thermal units it had

been assumed that for the first three months after com-
missioning they would not contribute anything towards:
peaking capacity, only 50 per cent capacity would be
abailable during next 9 months and full output would
be available after that. Based on these assumptions and
the anticipated likely additions upto 1982-83, the peak
availability factors work out as follows :

Nuclear 0.56
Hydel 0.79
Thermal 0.53

The peak availability factors of thermal plants in India
are generally very low in comparison with most of the
developed countries partly due to long maintenance
periods and partly due to higher rates of forced and

‘partial outages on thermal units. Most of the problems

of thermal power stations in India have arisen on

_account of poor quality of coal of high ash content,

often exceeding 40 per cent. The ash is highly abrasive
and erodes the vital parts of the boilers and pulve'ri‘sing
system. Coal beneficiation has been suggested as one
of the solutions to improve the quality of coal for ther-
mal stations Which merits serious consideration. Besides,
streamlining maintenance procedures, training of man-
power in the operation and maintenance of large
thermal units, adequate arrangements for supply of
spares and updating boiler and equipment technology
are some of the important areas of interest to improve
performance of thermal stations. The Working Group
feels that with a more vigorous follow up of these
measures, the performance of thermal stations in India

‘would considerably improve and there would be an

upward trend in the peak availability factors with time.
Table 9.13 shows the peak availability factors assumed
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in various yearss for assessment of capacity
requirements :’ ]
OPTIMAL LEVEL FORECAST
TABLE 9.13 Nuclear 0.56 0.64 0.70 0.75
Peak Availability Factors* Hydel 0.79 080 0.8 0.82
REFERENCE LEVEL FORECAST Thermal 0.55 0.58 - 0.64 0.70
1982-83 ﬂiggf_;;? —19_9—2__5? 2000-0—1— *Capacity available to meet the peak dcmand at the - tine
of annual peak. .
Nuclear N 0.56 0.60 0.66 0.70 ,
Hydel 0.79 0.80. 0.81 0.82 9.1§ Baseq on thesc considerations _ the u}stal!ed
: 0.53 0.56 0.62 0.70 capacity requirements are set out alongwith the implied
Therma ' ' ' ' assumptions in Table 9.14(A) :
_ TABLE 9.14(A)
Requirement of Installed Capacity 1982—2000
REFERENCE LEVEL FORECAST
Particulars Wnit. 1982-83 1987-88 +1992-93 2000-01
1 2 3 4 5 6
Total energy demand at the consumer end TWH 128.3 191.2 281.9 471.0
Anticipated Capacity in Nop-utility MW 2500.. 00 3000.00 3600.0- - 49000
Energy supply from Non-utility - . TWH. 7.0 8.1 10.1 14.7
Energy required from utilities TWH 121.30 183.1 271.8 456.3
T&D losses . 7% . 17 16 15
Energy demand at.the power station bus TWH 147.9 220.6 323.6 536.9 -
Annual load factor / % 63 63 63 64
Peak Demand MW 26854 39972 58636 95766,
" Peak Demand served by—
Nuclear . MW 745 1220 1808 3500,
Hydel ' MW 11699 19600 27540 40180
Thermal . MW 14410 19152 29288 52086
Total MW 26854 39972 58636 95766
Installed Capacity ‘ \
Nuclear . MW 1330 2035 2740 5000
Hydel MW 14809 24500, 34000 49000
Thermal . MW 26193 34200 47240 74409
Total MW 42332 60735 83980 128409
Energy availability from :
Nuclear . - TWH 556 8.60 11.78 - 22.8
Hydel TWH 57.70 80.70 110.50 156.8
Thermal TWH 98.75 '153.90 214.90 351.2
Total TWH 162.01 243.2 337.18 530.8
Energy Deficit(—)/Surplus s (+)13.81 (4+)22.60 (4+)13.58 (6.1
Additional thermal capacity to meet shortages in energy MW _ 1291
MW 60735 83980 129700

Total Installed capacity in Utilities

42332




~ TABLE 9.14 (B)
Requirements of the Installed Capacity 1982—2000
OPTIMAL LEVEL FORECAST

2000-01

mmf-’articulars o o ' Units © 1982-83 1987-88 1992-93
i ' - 2 3 - 4 5 6
‘T'etal cncrgy consumptlon TWH 128.3 173.6 241.0 395.6
Capacity in N9n~ut111ty . MW 2500.00 3000.00 3600.0 4900.0
Energy supply from non-utility TWH 7.0 8.1 10.1 14.7
Energy consumption in utilities TWH 121.3 165.5 230.9 - 380.9
T&Dlosses .~ . . . .. . . . %. 18 17 15 14
Energy demand at the busbar . . . . . TWH 147.9 199.4  271.6 442.9
Load factor . L Ty 63 64 65 %66
Peak demand MW 26799 35565 47690 76605
Peak demand served by—-— 7 :
Nuclear . . . . . . . . Mw 145 1302 . 1918 3730
Hydel MW 11739 16800 25110 38540
Thermal . MW 14315 . 17463 20652 34315
Total MW 26799 35565 47690 76605
Installed .capacity )
Nuclear . MW - 1330 2035 2740 5000
Hydel MW 14809 21000 31000 47000
Thermal . MW 26027 30110 32284 49020
Total MW 42166 53145 66024 101020
Energy available from |
‘Nuclear . TWH 5.98 10:18 14,25 27.00
Hydel TWH 57.70 69.09 100.75 150.40
Thermal . TWH 104.11 135.50 146.89 231.37
Total TWH ©167.79 214.77 . . 261.89 408.77
Deficit(—)/Surplus (+) . ) (+)19.89 (+)15.37 (=) 9.7 (—)34.13
Additonal thermal capacity required to meet shortages in .
 energy—capacity MW e . 2134 7231
Total Installed Capac1ty in Utxhtles MW .,/ﬁ 42166 53145 68158 108251

9.16 Table 9.1% shows the total capacity additions
in utilities to meet the projected demands and the
average addition per year during each sub-period.

TABLE 9.15
Capaclty Additions Requlred to Meet Perspective Demands
(in MW).
. -Period Capacity Additions’ A&/g_rage
addi-
Nuclear Hydro Thermal Total tions
: per
year
) REFERENCE LEVEL FORECAST
1977/78—_—1982/83 690 4799 13143 18632 3726
1982/83--1987/88 705 9691 8007 18403 3680
1987/88—1992/93 705 9500 13040 23245 4649
1992/93—2000/01 ~ 2260 15000 28460 45720 - 5715
OPTIMUM LEVEL FORECAST - :
1977/78—1982/83 690 4799 12977 18466 . 3694
1982/83— 1987/88 705 . 6191_ 4083 10879 2176
1987/88—1992/93. . 705 . 10000 ~ 4308 . 15013 3003
1992/93-—7000/01 72260 16000 21833 40093 SQ_ll

-

2 P27 =10 |

It may be observed from the above that capacity
additions during the sub-period 1982-83—1987-88, is
low as compared to any other sub-period. In this con-
nection it may be mentioned that in ;the above exercises,
capacity additions have been worked out.purély on the
basis of projected power demands. The Working Group

feels that any exercise on long term planning for power

should take into account design, manufacturing and
construction capabilities in the country and make sui-
table adjustments to take those factors into account in
capacity additions in various sub-periods  without
affecting' the long term perspective. If this is.done, the
ad]usted capacity addmons xequlrements are glven in
Table 9.16 and the installed capacity is given in Table

9.17.




TABLE 9.16

Capacity Addition Requirements (Adjusted)

Period Capacity addition Average
' - : addi-
Nuclear Hydro Thermal Total tion
per
year
in MW

REFERENCE LEVEL FORECAST
1977/78—1982-83 690 4799 13143 18632 3726

1982/83—1987/88 705 9691 9274 19670 3934
1987/88—1992/93 705 9500 13215 23420 4684
1992/93 .~2000/01 2260 15000 25727 42987 3411

OPTIMAL LEVEL FORECAST
1977/78—1982/83 690 4799 12977 18466 3694
1982/83—1987/88 705 6191 5800 12696 2540
1987/88—1992/93 705 10000 4600 153.05 3061
1992/93—2000/01 2260 16000 20000 38260 4783

TABLE 9.17

Total Installed Capacity (Adjusted) in MW

R.LF. O.LF.
1982/83 . . .. . . 42332 42166
1987/88 . . . . . 62002 54862
1992/93 L. 85422 70167
2000/01 . . . . - | 128409 108427

Note : The capacities above have been worked out on the
assumption that full benefits will be derived from new
generating units immediately after commissioning.
This, however, is not the case and some flexibility in
capacity planning would be required to allow for the
initial stabilisation of the new units.

9.17 From Table 9.17 it would be seen that the
optimal level forecast implies a saving of installed capa-
city of about 7300 MW (12 per cent) by 1987-88 and
15000 MW (18 per cent) by 1992-93 and 20000 MW
(15 per cent) by 2000 A.D. The possible savings on
account of the optimisation would be of the order of
Rs. 2920 crores by 1987-88, Rs. 6000 crores by
1992-93 and Rs. 8000 crores by the turn of the century.
Even if a significant part of this ‘saving’ has to be
spent on system -improvement to achieve the op‘imisa-
tion -the effort would be worthwhile, as it would help
in conserving the diminishing stock of fossil fuels,

CHOICE OF SOURCE OF GENERATION

9.18 Table 9.18 shows the percentage contiibution
from various sources in different regions in the country
as on 31st March, 1978.

TABLE 9.18
Shares of Modes of Generation as on 31-3-7R
(as % of installed Capqcity)

Re ion Hydro  Thermal - Nuclear Total
Utilities :
Northern . '48.75 47.94 3.31 100.00
Western . . 27.24 65.97 6.79 100.00
Southern . 67.47 32.53 .. 100.00
Easlern . . 19.74 80.26 .. 100.00
North-Eastern . 30.06 69.94 .. 100.00
All India . 42,24 ~ 55.06 2.70 100.00

In the Northern Region both thermal and hydro have
almost equal shares. Both Eastern and Western Regions
are predominately thermal due to limited hydro
resources and availability of large deposits of coal,
whereas the Southern Region has been mostly depen-
dent on hydro power. Genperally, the choice of source
of generation has followed the availability of resources
in each State. From operational angle, however, this
may not lead to optimal solutions due to widely diffe-
rent technical characteristics and cost structure of
various types of plants. Though it has been recognised
that reservoir type hydro-electric stations should func-
tion as peaking station, many of such stations have been
designed to operate to meet both the peak as well as

the base requirements of the State grid within which
they function. As discussed in Chapter IV, as per the

latest survey, the Central Electricity Authority have
estimated the total hydro potential equivalent to about
400 TWH of annual energy generation. This potential
can be more beneficially used if the storage type hydro
plants are designed in future primarily as peaking
stations. The nuclear generating stations should be able
to fulfil their functions as base load Stations and provide
about 6500 to 7000 kwh/kw. Power planning in future
should be based on the concept of an optimal mix of
thermal/nuclear and hydro stations in which the hydro
stations should take the peak and the thermal stations
provide the base load.

9.19 Hydro development should receive a very high
priority, and in this connection, the Working Group
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feels that the following aspects should receive imme-
diatc attention :

(a) a time-bound programme for completing
quickly the reassessment of hydel potential
and the survey and investigation required to
formulate hydel projects ;

(b) recognising the long gestation of hydro power
stations and the limited resources of the Statcs
in each Plan period, evolving a well-conceived
scheme of financial and technical assistance
from the Central Govcrnment to the State
Government to cncourage State Government
to take up hydel projects with long gestation
periods ;

(¢) speedy resolution of inter-State disputes and
evolving procedures for taking up large river
valley projects jointly by the States and (he
Centre ;

(d) prompt and pragmatic examination of their
" impact on environment ; and

(e) developing appropriate organisational struc-
ture to manage large hydel projects located
in small States and remote areas. -

9.20 Management of Transmission and Distribution
Systems ' '

Along with generation there has to be commensurate
investment in transmission and distribution to evacuate
power from the generating stations and deliver it to
the point of consumption. It has been found that ex-
penditure on transmission and distribution should nor-
mally be about 66 to 100 per cent of the expenditure
on power generation. The national average of the invest-
- ment in T&D in USA is about 70 per cent of the
investment in generation. In India, however, the invest-
ment on transmission and distribution needs to be much
higher, although it has been much less. Table 9.19
'shows the investments in transmission, distribution and
generation during the various Plan periods :

TABLE 9.19

‘Comparative Investment in Generation, Transmission
and Distribution ’

Plan period Investment Investment 3as
) in inT&D percentage
_ generation of 2
1 2 3 4
(Rs. crores)  (Rs. crores)

II Plan 250 115 46
III Plan . 774 301 39
Annual Plans 1965-68 676 290 43
IV Plan 1480 796 55
VY Plan*. 3323 1499 45

(1974—78 four year)

*Figures of 1977-78 ave provisional
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This imbalance between investment in generation and
transmission and distribution resulting from the empha-
sis laid by the States mostly on generation schemes in
the past coupled with persistent shortages of essential
materials like aluminiom, steel and lack of ‘a long-term
power system plan are some of the main reasons for
high transmission and distribution losses in India.

9.21 Tn general, the transmission and distribution
losses inctease with generation of power and the dis-
tance between the generating stations and the load
centre and adoption of higher voltages, generally,
reduces transmission and distribution losses. Planning
of transmission and distribution - systems has to be
viewed from a long-term angle so as to ensure that
adequate provision exists to meet the demands at least
for ncxt fcw ycars and changes which become nccessary
at a later date can be carried out in a convenient and
cconomical manner. This cxplains the trend towards

" the adoption of progressively higher volitages all over

~ the extent possible. As already discussed,

the world. At present, the highest operating voltage in
the country is 400 kV. Development of large hydro
resources located in remote areas at long distances from
the major centres of consumption, coupled with- the
need for providing inter-connecting facilities among the
various States in each region, might require adoption
of voltages higher than 400 kV. DC high voltage trans-
mission may also be a viable alternative in some cases.
It is essential that a long-term transmission plan is
prepared for each region which could be executed in -
a phased and systematic manner.

Possible.Cost Reduction in Power Sector

9.22 There has been a rising trend in the capital
cost of power plants all over the world, partly, due
to inflation in economy and partly due to the increase
in the cost of various inputs. All possible efforts have,
therefore, to be made to contain these rising prices to
future
planning for power should be based upon optimal mix
of various sources of generation viz. hydro, thermal and
nuclear which will ensure optimal development of these
resources and-minimise the total overall cost. Thé choice
of the various sources of electricity should be based on
detailed studies covering various possible patterns of
development on the basis of asystems approach. The
Working Group would like to strongly urge that in-
vestment decisions in the power sector should, here-
after, be based on systems considerations, as decisions
based on old thumb rules and ad hoc reasons may lend
to sub-optimal solutions which may prove to be very
costly. Reduction in transmission and distribution losses
is equally important as even 1 per. cent reduction in
loss at"the present day price would mean an additional
revenue of the order of Rs. Rs. 125 crores by 2000-01.
Another important parameter which could have sub-




stantial impact on investment is the load factor which
may be ]udged from the fact that by 2000-01 there
can be saving of the order of Rs. 850 crores by im-
proving the load factor by 1 per cent. Thus it may be
seen that substantial savings in costs are possible
through adoption of = a system-approach in power

planning, reducing transmission and distribution losses .

and improvement of load factor. It is important that
detailed State-wise and region-wise powcr planning
studies should be undertaken by different concerned
agencies like State and Regional Electricity Boards and
the Central Electricity Authority so that there could be
some meaningful discussions on the possibility of meet-
ing increase of electricity demands at minimmem cost. .

9.23 Provision has to bec madc to compensate for
retirement and derating of old plants. The Group feels
that the annual retirement/derating may be of the order
as indicated below :

Period Dcrating and retirement in
: MW per year
1982-83 to 1987-88 . . 200 MW
1987-88 to 1992-93 . . 350 MW
1992-93 to 2000-01 . . 500 MW

Alternatively, these old units after renovation can be
retained for peak load duty. The economics of retiring
the old units or retaining them to operate on peaking
duty, should be carefully examined. Similarly, in the
case of hydro-electric plants, secondary energy is quite-
often available in years of good monsoons.. A more
systematic study of the availability of secondary energy
in the past in hydro-electric stations in operation would
enable us to determine the required thermal capacity to
firm up the secondary energy. If this is shown to be
cost effective, special consideration shiould be given for
investment in such back-up plants which could be used
only in dry years when adequate energy from hydro
plants is'not available..

9.24 Table 9.20 shows the order of investment re-
quired for power development corresponding to RLF
proyactlon upto the year 2000-01.

TABLE 9.20
Iovestment Requirements in Power Sector -

Reference Level Forecast
(in Rs. crores)

'1978—83 1983—88 1988—93 %993—

001 .
Nuclear . . 487 494 494 1580
Hydel . . .. 3375 6780 6410 -9750
"Thermal . ... 4888 3226 5236 11390
Total Generation 8750 - 10500 - 12140 22720
T&D . . 5300 6825 8500 . 17040
. RE.& Misc. . .1700 - 2485 - 2150 4960
Total . 15750 19810 22790 44720
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Notes :

present day costs and do not take into account
. any cost escalations in the future;

(ii) In the case of hydro projects, it has been assumed
that the cost per kW would gradually decrease
from the present figure of an average of about
Rs. 7000 per kW to Rs. 6500 per kW by 2000-01
to take into account the possible reductions on
account of planning of hydel for peaking purposes

for a optimal mix of hydro ard theimral plants.

“The investment figurcs for nuclecar and thermal
are based on a constant level of Rs. 7060 and
Rs. 4000per kW of installed capacity respectively;

(iii) In the case of transmission, it has been assumed
that the investment will gradually increcase from
about 60% in 1978-83 to 75% in 2000-01 of the
investment on generation,

Rural Electrification

9.25 Rural clectrification has always been accepted
as a very important component of the overall rural
Development strategy. Most of the State Governments

- have been spending considerable amounts of develop-

ment funds on rural electrification in the hope that
this would- lead to betterment of the standard of living
of people and their quality of life ; but the procedures
adopted for rural electrification and the manner in
which rural electrification schemes are operated have
tended to belie this expectation. In each village
that is electrified, hardly 10 to 12 per cent of the
houses make use of the electricity and, literally, in
thousands of villages which are classified as ‘electri-
fied’ there is not even public lighting. Of the total
number of wells in a village, hardly 25 per cent' get
energised with electricity It is obvious _that only ‘the
selves of the electricity fac111ty. n
of households requires in most of the States the ins-
tallation of main meters and other equipment and in-
ternal wiring which calls for an investment of not
less than Rs. 500 to Rs. - 800 per household, -For
those who could afford this initial investment, - the re-

curring charges for electrical energy consumptlon are

almost the same as that of oil, though the benefits
derived from the electricity are much more than what
is obtained from oil lamps.  There are very few
States where there are facilities of getting loans for
electrifying the households. In the case of electrifi-
cation of irrigation pump sets, a farmer using an

“electric pump set gets substantial subsidy, whereas

no such subsidyis available to a person who operates
a diesel pump or a pair of bullocks to lift water. The
number of artisans or industrial undertakings which
take advantage of rural electrification is quite small
compared to the number of such units in the villages
and here again the lack of procedures to heIp through

(i) The projectioné of investment are based on the

The clec_tn_ﬁcat_mn’_ .



advances/loans, the potential consumers. who -~ are. too
poor to pay for the investment is a big hinderance to
the wider use of electr1c1ty in electrified villages.

9. 26 The Working Group conmdem that it -is pos-
sible to evolve procedures which would make the dis-
tribution of electricity more equ1tab1e and which would

ensure better utilisation of the electric supply in rural.

areas, For example, the overall social cost benefits
of pump scts with different productivities hy means
of electricity, diesel or bullocks should be examined
and there should be more rational selection of pump-
sets for electrification. All villages which are given
electricity must be prov1ded with pubhc hbhtlng 80
that some of the. benefits. of rural electrification per-
colate to all sections of the people The Wotking
Group would stlongly rccommend that further invest-
~ ment on rural clectrification should be carefully res-
tructuxcd to- make rlmal elecmﬁcatlon a real instru-
ment of ‘rural progress The  continuation- of the
current ‘procedures. for selectlon of v1llages for elcc-
trification and the extenswn of electricity to only a
few households and wells would only aggravate the
rural inequalities. The need to have a coordinated
approach to the supply of all energy needs of rural
areas is discussed in the Chapter on ‘Rural Energy
Policy’.

9.27 The other areas that should reccive attention
are :

Planning and operation
on a regional basis.

()

of power systems
(ii) The role of central organisations- like N.T.

P.C. & NH.P.C. in power generation and
bulk transmission.

Procedures for
timely flow of
especially those constructed by the
Electricity Boards.

(i) ensuring adequate  and
funds for power projects,

State

(iv)

Organisational structure of the power supply
industry.

A high Level Committee has been set up by the
Deptt. of Power to examine the various technical and
organisational aspects of the power supply industry.
This Committee would, no doubt, examine all these
areas and make specific recommendations.

Role of Nuclear Development

9.28 Development of nuclear energy is necessary
to widen the energy resource base of the country.
For the present and foreseeable future, nuclear energy
is expected to supplement coal and hydro-power
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for generation, of electricity. In the long run, how-
ever, applicatiofi of nuclear energy for process - heat.
is also a possibility. The corner stone of our nuclear
energy development programme is the achievement of
self-reliancc in all " respccts, especially the sensitive

. technologies and inputs.

, fuel as a by-product..

9.29 Keeping in-.view the rather limited Uranium
reserves, a three stage programme has been envisa-.
ged, The fust sidpe involves establishment of ther-
mal reactors. These reactors can either be Light
Water Reactors (like Tarapur Atomic Power Station) :
ot Heavy Water Reactors (like the ones at Rana
Pratap Sagar). Both these reactors produce fissile
All our other reactors under
construction and proposed are planned to be natural
uranium fuelled and heavy water moderated, similar to
the one installed at the Rajasthan "Atomi Power Plant
at Kota. The second- stage of our nuclear power pro-
gramme is based on Fast Breeder ~ Reactor (FBR)
which would enable us to fully utilise the uranium’
resources, as well as exploit our vast thorium reser-
ves. The Breeder Reactor System is a self sustaining
system as it produces more fuel than it consumes.
These reactors would use plutonium either with natu-
ral Uranjum or with thorium to produce power and
more plutonium or convert a part of thorium into
fissile U233. The third stage would be based on
reactors fuelled with U233 and thorium, sizeable res-
erves of which exist in the country. :

9.30 The feasibility of using Heavy Water Reac-
tors with Thorium is being examined. This could pro-
vide an alternative to Fast Breeder Reactor route in
case the Breeder development gets delayed due to
technological or political reasons. The advantage of
this scheme is that no development work is required
on the reactor system itself.

9.31 The present nuclear installed capacity is
640 MWe consisting of two Boiling Water Reactor
Units at Tarapur and one pressurized heavy water
reactor unit at Kota (RAPP). In addition, the sec-
ond unit at Kota has nearly been completed and will
be commissioned shortly. In addition, two more
units of 235 MWe each are in advanced stage of
construction at Kalpakkam and two units of 235 MWe
each are under construction at Narora.

9.32 Following these it is planned to set up.two
new stations of two units of 235 MWe each. Plans
are also in hand for increasing the unit size to
500 MWe. This will enable acceleration of growth
of nuclear power.

9.33 The construction of a prototype fast breeder
reactor is in progress. It is expected that it will be



possible to commission fast breeder reactors as part
- of the power systems by mid-nineties. Beyond 2000,
the fast breeder Reactors are expected to play a ma-
jor role in the nuclear power generation.

9.34 The established Uranium resources can sup-
port a nuclear power programme of about 8000 MWe
installed capacity of first stage thermal reactors. It
may be possible to support even a larger programme
if the present exploration programme yields other
viable sources. The total capacity from Brceder reac-
tors can grow to many thousands of MWe.

9.35 The importance of radiocative waste manage-
ment to the growth of nuclear power production was
recognised very early in India. Work on development
of suitable treatment and safc disposal practices was
initiated much ahead of the power programme. In
our programme, the basic philosophy has bcen to con-
centrate and contain as much radioactivity as possible
and discharge to thc cnvironment only cfflucnts at ‘as
low a concentration as practicable’.

9.36 Growth of the installed nuclear capacity has
been relatively slow at the beginning, especia_lly since
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it was planned on the basis of self-reliance. The pre-
vailing political atmosphere in the world restricting
free trade in the nuclear components and materials
has also affected the pace. Notwithstanding these res-
traints it is necessary to keep the nuclear option upey
as it is a major answer to fill the energy gap. It cer-
tainly requires a degree of sophistication in the fabri-
cation and maintenance of its various components
but this is well within our capacity. "

9.37 An installed nuclear capacity of 5000 MWe

"has been visualised by the year 2000-01 considering

the present constraints. However, given the limited

options available for meeting the growing demands

for electricity and the likely role that nuclear power

may have to play beyond the year 2000, it is consi-

dered appropriate to undertake a larger nuclear power
programme to develop and enlarge the technological
design and manufacturing capabilities. In this con-
text, it is necessary to review the present programme
and constraints and evolve measures to accelerate the
nuclear power development to achieve an installed
capacity of 8000-10000 MWe by the turn of the
century. '
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CHAPTER X

OIL POLICY

10.1 Oil is a versatile fuel which ‘is used for a
variety of purposes in all the sectors of the economy.
Besides being an energy source, oil is also an impor-

Jant raw mualerial for production of petro-chemicals

and fertilizers. During the sixties when the real price
of oil was declining while the other fuel prices were
rising, there was a higher rate of growth of oil in
most countries and oil came to be used even for uses

which were traditionally the areas of use of coal. The
major share of .total consumption of oil products is
accotmted for in the Transport sector. In India, where
electricity supply is yet to be cxtended (o many rurul
areas and many houses are unelectrified even in vil-
lages which have been electrified, oil (kerosene) ser-
ves as the most important illuminant. The sector-
wise consumption of oil products is given in Table 10.1.

TARIE 10.1

Sector-wise Consumption of Oil Products for Energy Uses

(in million tonnes of coal replaccment)

Sector : ' ' 1953-54 1960-61 1965-66 1970-71 197576  1978-79
' (provisional)

Household . . . . . . S 9.79 1652 20.00 27.58 27.89 28.73
“1.1) 37.7 (30.9) (28.4) 3.7 (20.3)

Agriculture . . . . . . . 1.6l 2.74 4.41 4.51 9.37 . 19.37
6.9) 6.2) (6.8) 4.6) - (8.0 13.n

Industries . . . . ) . . . 3,65 7.23 8.09 - 10.90 7.55 9.0
15.3) (16.5) 12.6) 11.2) 6.4) (6.4)

Transport _ .. . . . . . . . 8.76 17.37 31.26 47.23 *69.29 78.18
(36.8) (39.6) (48.5) 48.6) (>8.2) (5.9

Other 0.85 6.97 3.52 ©5.82
ad.2) 7.2 3.9 4.2)

Total . . . . . . . . . 23.81 43.86 64.61 © 97.19 117.62 141.10
- (100) (100) (100) (100) (100) (100)

Note : (1) Figrires in brackets indicate the percentags of share of use in the sector. These shares relate only to energy use. Non-energy
uses of oil are mostly in industries sector and adding all uses will alter the shares correspondingly.

(2) The consumption in Agricul\ture includes estimated consumption of H. S. D, O, by tractors based on I. I. P, estimztes. The
tractors are also used in ruralareas for transportation and to that extent part of the consumption by tractors should logically
figure under transtort sector. The sudden spurt in the consumption in the Agricultural sector and nominalincrease in the con-
sumption in the transport sector during the pzriod 1978-79 may be due to differences in the methods adopted to a portion
H. S. D. O. consumption between the transport and agriculgural sector.

(3) In compiling this table, the conversion factors appropriate for the specific products used in the different sectors have been ado-
pted, vide the Report of the Fuel Policy*Committee, 1974 (page 5).

10.2 1t is found that over 80 per cent of the
total oil used in the energy sector is in two sectors,
viz., Transport and Household Sectors. While the share
of the use in household sector is declining, the share
in the Transport sector is rapidly increasing.  The
increasing share of agriculture where oil is used to
run tractors and irrigation pumps is a development
which would continue in the future also.
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10.3 Oil is used in power generation, both as a
primary fuel and as an auxiliary fuel. In certain lo-
cations very close to the refineries established in the
initial stage, some power plants were set up to make
use of the residual fuel oil from the refineries. These
oil burning stations are being converted gradually to
coal burning and the installed capacity of the power
stations using oil as a primary fuel is about a million




kW (1977-78). But in all/the-coal based power sta-
tions, a certain amount of oil-use is necessary to serve
as a starter and, for flame stabilization during low
load operations. This was about 0.6 m. tonnes in
1977-78. The oil use in power
would slowly increase cventhough technically all the
additions to thermal power capacity would be coal-

based. Oil is also used for non-energy purposes such’

as feedstock for petro-chemicals and fertilizers, as
solvents and lubricants, as bitemen in road making and
as petroleum coke in metallurgical industries. The use
of oil products directly -for energy purposes, for
power generation and for non-energy uses and the re-
lative shares of oil used for different purposes are
shown in Table 10.2. '

TABLE 10.2

Oil 'roducts Consumptions For Both Energy And
Non-Energy uses

(in million tonnes)

Use 1960-61 1965-66 1970-71 1975-76 1978-79

Enersy . . 6.75 9.94 14.95 18.10 21.68 preciable progress. India was one of the earliest among

(Direct) (84.5). (83.4) (83.5) (80.6) (77.%) . . . . .

Power .. 011 055 120 1.0 1.92 Fhe developing countries to reahsg the need and the

Generation 1.4 @6 67 (7.6) (6.9 ~ feasibility of moving towards self-reliance in oil tech-

‘Non-Energy = . 1.13 1.43 1.76 2.65 4.38 : . .

Uses (14.1) . (12.0) (9.8) (11.8) (15.7) nology from the state of exploration to the stage of

Total 7.99 11.92 17.91 22.45 27.98 refining. The degree of self-reliance expressed. as. the
00y  (100) (100) (100) (100) amount of oil obtained from local resources to the

Note: Figures in brackets represent 9; share of total .consump- : . . .

’ tioi. P “total consumption of oil is set out in Table 10.3
TABLE 10.3
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10.4 The share of oil products wused directly for
energy purposes is slowly declining while the use of

- oil for non-cnergy uses is increasing. With the increase

generation © ¢

_in price of oil products, the use of oil for energy pur-

poses might steadily decline, it alternative fuels are
developed at lower prices. '

Imports and Indigenous Production of Oil

10.5 Unlike coal and electricity, 'a major portion

~of the oil required in the country is being imported

from outside either as crude oil (for refining within the
country) or imported as directly usable oil-products.
As a result of the far-sighted policies followed in the

country iu the face of tremendous odds in the last.

15 years, both in terms of production of crude and

indigenoué refining capacity, there has been an ap-

~ Crude Oil Products, Indigenous Production Imports and Index of Self-Reliance

(in million tonnes)

197576

1953-54 1960-61 . 1965-66 197071 1978-79
) ) : : (Provisional)
1Crude' S '
-Indlgenous L T T - . - S
Production *. . . . . 0.26 0.45 3.47 . 6.82 8.45 12.47
2 Imports.:. - ..'._.4 L.l . . )
(a) As crude S — s *esa T 1168 - T 13,93 14.50
(b) Asproducts . . . . 3.62 2.22 2.54 . 1.08 . 245 3.94
© Crudeequwa]entofproduct* . . 3.85 236 270 115 . . 3.9 4.19
: 53 . 267 3.7 “34.3 40.01

(d) Index of self-reliance of oil g¥¢ : o

—*Estimated an the assumption - .-
1 tonne of oil product=1 0638 tonnes of crude

As the'refinery capacify is based on reqmrements of | mxddle dxstxllate the gross requlremems of Crude will be: hlgher. -

- Row (1) A
—x100
Row (1) +Row 2(a)4+Row 2(c)

**Estimated as

R mmTwmae o w0 L
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10.6 Table 10.3 indicates that the degree of self-
reliance has increased rapidly in the sixties and since
then the rate of increasc has been slow but steady.
Though the strategy adopted initially for setting up
refineries included encouraging foreign oil companies
to set up their own refineries and jointly owned re-
fineries, all such refineries were nationalised in the
last four years with the consent of the foreign  oil
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companies, except a small refinery in Assam (Assam’
Gil Company).

10.7 The problems of oil demand and supply can
be examined meaningfully only with reference to the
pattern of consumption of products. Table 10.4 scts
out the product-wisc consumption of oil products for
the different years. '

TABLE 10.4

Product-wise Consumption of Qil for Energy and Non-Energy Uses

(in thousand tonnes)

1975-76

1953-54 1960-61 - 1965-66 1970-71 1977-78 1978-79
Provisional
LPG .. 8 46 176 336 - 391 400
Motor-gas 807 859 1102 1453 1275 1388 1490
Naphtha .. .. 32 904 1836 2300 25 02
Other LD Products 86 116 190 164 149 153 160
Total LD 893 983 1370 2694_ 3596 - 4232 4561i
Kerosene 1198 2024 2455 3283 3104 3617 3946
ATF 16 202 428 689" 897 1044 1149
Diesel Oils 734 1941 3183 4929 7473 8893 9835
Other MD 142 130 159 139 179 199 210
Total MD . 2070 4297 6225 9040 11653 13753 15140

LSHS/HHS 324 349 1151 1501 1853 639
: 393

F.O. for Industries & power 605 1066 2312 3108 3964 3654 }

Bunker (Coastal) NA 190 239 - 197 178 106 NA
Bunker (External) 239 343 324 208 137 162 NA
Bitumen NA 434 576 7717 690 933 938
Other HE Products 141 349 523 734 728 793 955
Total HE products 985 2706 4323 6175 7198 7501 8286
Total 3948 7986 11918 17909 22447 25486 27987

-10.8 The product-wise demand analysis shows
changes in the rate of growth of consumption of the
different distillate products on account of the new
uses for oil products and the prices of the products.
In the period 1953-60, the gradual reduction in the
population of buses and lorries using motor-gas scems
to have affected the growth of motor-gas, while in the
period 1960-65 the introduction of larger number of
2-wheelers and 3-wheelers which use motor-gas scems
to have added to the demand for those products. A
sudden increase in the light distillate demand during
the period 1965-70 is the result of setling up of fer-
tilizer projects with naphtha as feedstock. These fac-

- tors have made the demand for light distillate pro-
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ducts to increase steadily from 1970 onwards. The oil
price increase in 1973-74 had led to the absolute quan-
tity of motorgas consumed in 1977-78 being lower
than the consumption in 1970-71 but inspite of this,
the demand for light distillates as a whole, kept  in-
creasing during this period. In the case of middle dis-
tillates, except for ATF which is picking up at a fast
rate in the last few years, the demand for other pro-
ducts has shown a long-term steady trend. The kero-
sene consumption in 1975-76 was lower than what it
was in 1970-71 due to the increase in the price of
kerosene in the year 1973-74. But since 1975, the
demand for kerosene has picked up sharply. Among
the heavy-end products, furnace oil consumption has




to be examined along with the consumption of LSHS
(Low Sulphur Heavy Stock) and HHS (Hot Heavy
Stock), The latter products being relatively difficult
to transport, are used very ncar the refincrics where
they are produccd and are mostly used for power
generation. The furnace oil for industrial use has grown
at a fairly high rate from 1960 to 1973 and since then
the consumption has declined gradually till recently,
when coal shortage and transport problems have
" arrested the trend and revised it somewhat. Bitumen
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demand has been widely fluctuating. It is noteworthy
that the total consumption of heavy end products has

grown at about 9.8 per .cent in the period 1960-65,

7.4 per cent in 1965-70 and 3.1 per cent in 1970-75
and has been a little over 2 per cent in the period
after 1975. '

The composition of oil product consumption dis-
tillate-wise is set out in Table 10.5 :—

TABLE 10.5
Distillate-wise Composition of Oil Product Consumption

(As a percentage of total oil consumption)

Light distillates . - . . . . 22.6 12.3

Middle distillates> . . . . 52.4 53.8

ITcavy onda . . . . 25.0 33.9

Total e 100.0 100.00
Refining Capacity

10.9 The refining capacity in India as on 1-1-1979
is given in Table 10.6. .
TABLE 10.6"

Petroleum Refining Capacity in India
(in million tonnes per annum)

1953-54 1960-61

1965-66 1970-71 197576 1977-78 1978-79
11.5 15.0 16.0 16.6 16.3
52.2 50.5 51.9 54.0 54.1
36.3 34.5 32,1 29.4 29.6
100.0 100.0 100.0 100.0 100.0

10.10 The total refinery capacity in operation by
end of 1980 would be 37.65 million tonnes of
throughput. -All the refineries except for the very
- small unit of the Assam Oil Company are now in the
public sector which enables the industry to take up
coordinated action to optimise the crude and pro-
ducts at least cost to meet the market demand. In

Refinery Capacity view of the middle distillate consumption forming the
on 1-1-1979 largest share of the total oil product consumption,
Refineries under operation there has been a continuous effort on the part of
Public Sector refinery industry to increase the share of the middle
1. BRL Bombay . . . . . 5.25 distillate in the product-mix from the refineries. In
2. GRL Cochin . .. . . - 3.30 the sixties, only secondary processing facilities which
3. CORIL Vieag . . . . - iy led to mild cracking of h d d. On th
4 HPCL,Bombay . . . . . 3.50 g of heavy ends were used. On the
5. 1.O.C. Barauni . . . .. 3.30 basis of a detailed system study of the oil products
6. 1.O.C Gauhati . . . . . 0.80 demand including the demand for non-energy uses
7. LO.C.Haldia . . . . . 2.50 and the refinery investment choices, the Fuel Policy
8. LO.C.Koyali . . . . . 7.30 Committee made a strong recommendation that a
9. MRL Madras . . . . . 2.65 . . .
) - larger investmert should be made in secondary pro-
f;’ .’Vz:(e) geg‘i’; i 0.50 cessing like hydro-crackers, catalytic crackers or
Total Capacity . . . . . 30.65 delayed coking equipment which. woplfi convert t‘h'e
' Refineries under construction | : surplus heavy_—end products to middle distillates. This
1. Bongaigaon Refinery . . . . 1.00 recommendation has been accepted land increasing
(Public Sector)- : _ investment is planned in the secondary processing
2. Mathura Refinery ~ . . . . . 6.0 facilities at various refineries. The pattern of refinery .
(Public Sector) 3 production in the past is set out in Table 10.7.
TABLE 10.7
Pattern of Refinery Production in India
(as a percentage of total throughput)
_ . 1960-61 1965-66 . 1970-71 1975-76 1976-77 1978-79
Light Distillate . L S "17.2 17.0 16.4 16.4 - 17.0 : 16.5
Middle Distillate < .o - 42.4 42.2 46.2 48.2 48.6 48.0
Heavy-end Products . - - . . 34.8 34.2 30.5 ) 29.0 27.7 28.9
Refinery Losses . . . . - 5.6 6.6 6.9 6.4 T6T 6.6
Total - . . . . . . 100.0

100.0 . 100.0 i00.0 - 100.0 100.0

T ot gl



-10.11 The light distillate production in the sixties
was in excess of the needs and this necessitated the
export of naphtha from time to time. When naphtha
based -fertilizers and petro-chemical . plants were es-
tablished, the percentage share of light distillates in
refinery production was brought in line with demand.
The gradual increase in the percentage share of middle
distillate production and the reduction of the share
of heavy end products has heen the result of deliberate
attcmpts to balance the product-mix of the refineries
to the pattern of market demand and this attempt is
expected to continue in future also.

'FORECAST OF DEMAND FOR OIL PRODUCTS :

Reference Level Forecast
10.12 In Chapter 111, the demand for enegry pro-

ducts in future has been set out for the RLF and OLF

of energy demand. The factors which dclermine their
demands are discussed in Chapters V, VI, VII and
VIII. In addition to the demand for energy uses, oil
_products required for power generation (both as pri-
mary fuel in certain power stations and as support
fuel in other thermal stations) and the oil products
required for non-energy uses should be estimated so
as to compute the total demand for oil products.

10.13 Principally in all power stations using coal
as fuel, furnace oil is used as a support fuel to start up
the operations as well as to sustain low-load operations.
Due to certain historical reasons a few power stations,
viz. Dhuvaran, Trombay, Barauni and Chandrapur
(Assam) have been based on fuel oil as the principal
fuel and the requirements are of the order af about
one million tonnes of oil. On the recommendations
made by various committees including the Fuel Policy
Committee, the use of oil is being replaced by coal
and this has been taken into account in the estimates.
It is assumed that the use of fuel oil as primary fuel
in the power stations would cease by 1987-88. Based
on past data and possible future improvements the
requirements of oil as a support fuel have been cal-
culated on the assumption that 0.01 litre of -fuel oil
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- estimates for various oil products

would be required for one kwh of thermal power gene-
ration.

10.14 The important oil products used for non-
energy purposcs are—naphtha uscd as a feed-stock for
petro-chemicals and fertilizers, bitumen for road making
and some derivatives of heavy end products which are
required in the production of lubricants and pctroleum
coke. The quantities of naphtha and bitumen consumed
are the larger among such demands. In our RLF fore-
cast, the demand for products for non-energy uses is
assumed to increase on the lines observed in the past.
Bitumen demand is dependent on the investments on
black surfaced roads. The demand has fluctuated very
widely in the past but in the period 1960-70 the demand
increased steadily at 6 per cent per year increase. Con-
sidering that the price of bitumen has increased very
steeply, it is reasonable to assume a slightly lower rate
of growth in fluture. An average rate of 5 per cent per
annum has been assumed as the possible rate of
growth of bitumen up to the year 2000. A forecast of
the likely demand of naphtha for use in petro-chemicals
and fertilizers is possible only on the basis of a detailed
study of the demand for petro-chemicals and fertilizers
and the feed stock choices that would be most cost-
effective considering the spatial disttibution of ferti-
lizers and chemical plants and the feed-stocks available
of each location. Indications of large availability of
natural gas in the off-shore structures in the west coast
suggest that more fertilizer and petro-chemical plants
based on natural gas might be set up. In the absence
of a detailed study of these factors, the demand has
been estimated on the assumption that the naphtha
available from the local refinéries would be lused up
in industries for fertilizer and petro-chemical produc-
tion. LPG is used in commercial and other establish-
ments besides its use in the household sector. The
demand in the former is assumed to be about 25 per
cent of the household consumption. The RLF demand
based on the best
judgment of the Working Group are set out in Table
10.8 A&B (For details see Chapters V to VIII).

TABLE 10.8(A)
Projection of Demand for Oil Products for Energy Uses 1982—2000

REFERENCE LEVEL FORECAST

(in million tonnes)

1982-83

Consuming Sector Qil Product 1987 1992 2000

Household Kerosene 4.76 6.57 8.57 12.95
LPG - 0.71 1.22 1.79 3.31

Agriculture . Diesel 3.70 4.60. 5.60 7.10
Industry . - ‘F.O. 4.50 4.40- 4.40 6.20
Transport Motorgas 1.69 2.1, © 2.73 4.05
Diesel 8.11 11.65 17.49 ©  33.28

ATF 1.53 2.25 3.30 6.11

F.O. 0.21 0.28 0.33 0.40

Commercial & Others LPG 0.15 0.28 0.51 0.79
25.36 33.40 44.72 74.2

ToraL




76

TABLE 10.8(B)

Projections of Demand for Oil IProducts for Energy and Non
Energy Uses 1982—2000

' REFERENCE LEVEL FORECASI

(In thousand tomnes)

~

0il Product ' 1982~ 1987- - 1992-  2000-
83 88 93 01

LI.G. ... 6860 1500 2300 . 4100
.Motor-Gas . . . 1700 2200 2700 4100
" Naphtha (For Fertilizer) . 2750 3000 3000 4000
Naphtha (For Petro-chemi- )

cals) . . . 1350 1780 2000 4000
" Other Light dislillutes . 200 220 245 300
Total—Light distillates . 6860 8700 10245 16500
Kerosene . . . 4760 6570 8570 12950
ATF . . . . 1500 -2300 3300 6100
Diesel . . . . 11800 16300 23100 40400
Other Middle distillates . 250 275 300 360

‘Total-—Middle distillates . 18310 25445 35270 59810

Fuel Oil :
(i) For-Coastal bunker . 200 300 350 400
{ii) For international : : )
bunkers . . . 200 220 245 300
(iii) For Industry . . 4500 4400 4400 6200
(iv) For Power Genera- . .
tion . . . 1850 . 1320 2000 3570
(v) As fertilizer feedstock 500 1800 1800 1800
Other Heavy End Products 850 940 1040 1200
itumen . . . . 1198 1530 1952 2884
Total—Heavy ends : . 10298 10510 11737 16354
Total Demand 35468 44655 57252 92664

Note : Draft Plan 1978-83 indicates the likely demand in 1982-83
as 36.32 million tonnes. The kerosene and diesel de-
mand projected is higher than the forecast of this group.

10.15 The forecast shows that the total oil product
demand would increase to nearly 92 million tonnes in
the year 2000 implying a growth rate of over 6 per
cent per year. The demand for middle distillate is seen
to be steadily lincreasing at 6.8 per cent per year from
1982-83 onwards. The light distillate demand shows a
somewhat steep increase in the period upto 1982-83
because of the commissioning of a number of fertiliser
and' petro-chemical -plants based on naphtha. Similar
increase in the use of fuel oil as fertiliser feedstock
increases the demand for fuel oil in the period upto
1982-83. The rates of growth of the important oil

projects and the different distillates are set out in
Table 10.9. '

TABLE 10.9 .
Growth Rate of Demand for Products
REFERENCE LEVEL FORECAST

(Average annual compound¥;)

Oil Product. 1972 1982- 1987- 1992~  1982-

82 87 92 ‘2000 2000
Motorgas . 4.1 5.3 4.2 5.4 5.0
-Kerosene . . 4.5 6.7 5.5 5.3 5.7
Diessl . . 58 67 12 12 11
Light Distillates .. 10.2 4.9 3.3 6.1 5.0
Middlc Distillulcs 5.9 6.8 6.7 6.8 6.8
Heavy-cnds . 6.5 0.4 2.2 4.2 2.6
Total—Oil Products 6.8 4.7 5.1 6.2 5.5

10.16 As a result of the relatively higher rate of
growth of consumption of middle distillates as com-
pared to other products the share of the different

distillates in the total oil product consumption changes

rapidly leading to the middle distillate share increas-
ing to about two-thirds of the total oil product con-
sumption. See Table 10.10.

TABLE 10.10 ]
Shares of Distillates- in Oil Products Demand (1977— 2€€0)
REFERENCE LEVEL FORECAST

(as a percentage of total production)

Distillate 1977-  1982- 1987- 1992-  2000-

78 83 88 93 01
Light Distillates 16.5 19.3 19.5 17.9 17.8
Middie Distillates 54.0 51.6 57.0 61.6 64.5
Heavy Ends . 29.5 29.1 23.5 20.5 17.7

Total Production 160.0 100.0 100.0 100.0  100.0

Optimal Level Forecast

10.17 The demand for oil products as forecast in
the RLF indicates that the growth rate would average
abolut 5.5 per cent per year between 1982-2000 and
that in the 90s it would be about 6 per cent. The deve-
lopments anticipated in the oil market are that the
total woild supply of oil might peak somewhere in the
80s and the total availability get reduced in the 90s.
The Group therefore feels that efforts should be made
to reduce the level of demand of oil as carly as possi-
ble and a gradual reduction in the demand in each sub-



period should be aimed at. This has been the basic
thrust of the Optimal Forecast. A case by case study
of the technical feasibility and the economic viability
of substituting oil by coal or electricity indicates that
at the relative price of oil at $ 18 per barrel and Coal
at Rs. 100 per tonne, coal or electricity can be used
in most of the cases. But keeping in view various other
relevant factors such as the total investment costs for
effecting such suhstitutions, the equipment manufactur-
ing capacity already established, the administrative
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problems of achieving substitution of oil by other fuels
etc., the Working Group has made estimates of some
moderate levels of substitution for saving of oil energy
use. The details are set out in Chapter V to Chapter
VL.

10.18 The OLF of demand for Oil products for
coergy use as given in the chapters dealing with scctoral
demands are summarised in Table 10.11.

TABLE 10.11
Projections of Demand for Qil Products for Energy Uses 1982—2000
OPTIMAL LEVEL FORECAST
i (in million tonnes)

Consuming Seclor 0Oil Product 1982-83  1987-88 199293  2000-01

Fousehold . . . . . . . Kerosene 4.73 6.48 7.34 9.39
LPG 0.71 1.22 1.79 3.31

Agriculture Diesel 3.70 4,20 4.60 5.26
Industry . . . . . . . . . Furnance Oil 4.50 4.00 3.50 3.25
Transport . . . . . . . . . Motorgas 1.67 1.97 2.27 3.16
Diesel 8.04 9.76 13.46 23.49

- ATF 1.53 2.25 3.20 5.74

. F.0. 0.20 0.28 0.32 0.38
Commercial and Others . . . LPG 0.15 0.28 0.51 0:79°
TOTAL 25.23 30.44 36.99 54.77

10.19 In addition to the possible optimisation in the TABLE 10.12

energy sector, some modifications of forecast of oil for
non-energy luses were also considered. In the case of
naphtha as a feed stock, RLF estimates were based on
the assumption of all the naphtha available from
-Indian Refineries being used for fertilizer and petro-
chemical production. As increasing quantities of
natural gas are expected to be available as both asso-
ciated gas along with cil and free gas, the OLF is based
on the assumption that beyond 1992-93, the additional
naphtha use as feed stock would ;be about 1 million
tonnes less in each case. As the use of bitumen can
be replaced by other binding material, it is assumed in
the OLF that the rate of increase of bitumen would
be 3 per cent per year from 1982-83 onwards. In res-
pect of furnace oil for industrial use, the OLF is based
on the assumption that the replacement of oil by coal
" would proceed vigorously till 2000 AD when the use
of F.O. would be strictly in accordance with the OLF
forecast in Chapter VII on Energy in Industries Sec~
tor.

10.20 Based on the revised assumptions for non-
energy uses and the OLF estimates of oil products
demand for energy uses in Chapters V to VIII, the
optimal Level Forecast of Demand for Oil products
would be as in Table 10.12. )

Projections of Demand for Oil Products for Energy and non-energy
Uses 1982—2000 :
OPTIMAL LEVEL FORECAST

(in Thousand tonnes)

0il Product 1982-  1987- 1992  2000-
83 88 93 01
LPG 860 1500 2300 4100
Motorgas 1670 1970 2270 3160
Naphtha for Fert . 2750 3000 3000 3000
Naphtha (for Petro-chemi-
cals) . . . 1350 1780 2000 3000
Other Light Distillate 200 220 245 300
Total Light Disillates 6830 8470 9815 13560
Kerosene 4730 6480 7340 9390
ATF 1530 2250 3200 5740
Diesel . . 1174C 13960 180560 28750
Other middle distillates 250 275 300 360
Total Middle Distillates 18250 22965 28900 44240
Fuel Ol :
(i) For Coastal Bunker . 200 280 320 380
(i) For international bun-
ker ' 200 220 245 300
(iii) For industry 4500 4000 3500 3240
(iv) For Power . . 1850 1200 1370 2650
(v) As fertilizer feed stocks 1500 1500 1500 1500
Other heavy Ends products 850 940 1040 1200
Bitumen . . . 1198 1390 1610 2040
Total Heavy Ends 10298 9530 95851 11310
Total Oil Demand 35378 40965 48300 69110




10.21 In Table 10.13, the rates of growth of select-
ed oil products consumption and the growth rate of
different distillates as pet OLF are set out :

TABLE 10.13
Growth of Selected Oil Products (1978—2000)
OPTIMAL LEVEL FORECAST

(average annual compound %;)

1992-

Oil Products 1977-  1982-  1987- 1982-

82 87 92 2000 2000
Motor Gas . 3.8 3.4 2.9 4.2 3.6
Kerosene . . 4.4 6.5 2.6 3.1 5.5
Diesel . . 5.6 3.6 5.3 6.0- 5.1
Light Distillates . 10.1 4.4 3.0 4.0 3.9

Middle Distillates 5.8 4.8 4.7 5.5 5.1
Heavy End 6.5 (—)1.6 0.1 2.1 0.5
Total Oil Products 6.8 3.0 3.3 4.6 3.8

As the OLF results are derived from a number of
measures towards optimisation and the quantitive results
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of implementing these measures were rolughly assessed .

by fixing certain norms and targets, it is not surprising
that the growth rates of specific fuel consumption which
are implied by these forecasts are not even and show
sharp fluctuations. The Group felt that as the different
policy prescriptions would be implemented with different
degrees of success, there is no need to revise the esti-
mates. The significant conclusion of the OLF of Oil
demand is by adopting the measures proposed in the
report, the demand for total oil products could be
reduced from a growth rate of 5.5 per cent per year in

RLF to 4.0 per cent in OLF in the period 1982-2000

and that the middle distillate demand could be reduced
during the period from a growth rate of 6.8 per cent
per year to 5.1 per cent per year. As aresult of such
measures, the total demand for Oil products is reduced
from about 92 million tonnes in 2000 AD to 69 million
tonnes, a clear saving of 25 per cent of the likely total
oil demand by the end of the century.

Refining Capacity

10.22 In the oil industry, refineries are located as
near as possible to the area of demand for oil product,
as the cost of transporting crude is relatively cheaper

than the cost of transporting products, In India, as the

middle distillate from the largest portion of the total
oil consumption and as middle distillates are normally
the costliest of the oil products in the international
market, the refinery capacity is determined at a level
which would serve the middle distillate demand to the

maximum exteni possible. The maximisation of the pro-.

duction of middle distillate from local refineries also
maximises the profitability of the local refineries. With
the steady decline jin the share of heavy—end products,

the recommendation of the Fuel Policy Committee .

(1974) to increase the level of secondary processing
would deserve greater consideration in future also. The
import of some quantity of middle distillate would
reduce the refinery capacity required to meet the oil pro-
ducts demand and might also reduce the surplus light
distillate and heavy ends available from local refineries.
India has been importing about 1.5 million tonnes of
middle distillates per year mostly as diesel and kero-
sene from other countries so as to keep the refinery re-
quirements at a lower level. Exercises indicate that it
would be advantageous to increase the middle distillate
imports to gradwally higher levels in future. It is to be
noted that even if middle distillate import is increased
to about 5 million tonnes by the year 2000 and if there
is no gecondary processing, the refinery capacity has to
be about 100 million tonnes to meet the demand as per
RLF and ‘about 71 million tonnes to meet OLF
Demand. -

10.23 A firm decision on the levels of refinery capa-
city and secondary processing could only be taken on a
detailed system study of the pattern of oil products
demand at different regions, the possible refinery loca-

‘tions, the import costs of crude relative to products and

other considerations. It'is gratifying to note that the
additional requirements of refinery and oil products im-
port for the Sixth, Plan period have been examined on
the basis of a comprehensive system study. The Working
Group would recommend that such studies should be
the basis for refinery planning in future.

Avallablhty of Crude

10 24 The investments made and investment pro-
posals approved for oil exploration and oil extraction
from on-shore and off-shore are capable of increasing
the level of production from Indian Oil fields to- about
24 million tonnes by the year 1984-85. The production
capability in 1982-83 would be of the order of 22 mil-
lion tonnes. The Draft Five Year Plan (1978-83) sug-
gests limiting the off-shore production to about 9 mil-
lion tonnes against a capacity of 12 million tonnes so as
to conserve the resources i.e. the crude production would
be 18 million tonnes in 1982-83. On the basis of our
proven and probable reserves and the order of invest-
ment likely in oil exploration, it is reasonable to assume
that a production of 24 million tonnes would be reached
by 1987-88 and this level of production would be
retained up to 2000-01. On this assumption, the index
of self-reliance in oil requirements ca]culated on the
same basis as in Table 10.3 would indicate that index




of self reliance in oil would decline even if the demand
conforms to OLF. It is worth noting at this stage that
to maintain levels of production assumed above would
require considerable additions to known reserves.

Foreign Trade Implications of Qil Import

10.25 The import of large quantities of oil will have
‘serious implications to our national import bill
as.would be seen: from Table 10.14. A discussion
oii whether the levels of import of crude implied
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in the forecast (both RLF and OLF) is possible
or not depends on the foreign exchange constraints in
the economy, and this could be examined only by a
detailed study of the developments in our foreign trade
which is beyond the scope of this Report. However to

bring out the impact of increasing ocil imports on our
export trade earnings, an exercise was made projecting
a growth rate of 8 per cent per year at 1976-77 prices
on such earnings and the cil price assumed as $ 25 per
barrel.

TABLE 10.14

Expenditure on Oil Imports as a Percentage of Export Trade
Earnings (1970-2000)

(Rs. crores)

Item 1970-71  1973-74 1974-75 1976-77 1982-83  1987-88  1992-93  2000-01
Actual Projected
I's - R r - R
1. Export Trade Earnings 1524 2478 3180 5143 7295 9762 13065 20823
. ~
2. Expenditure on Oil Import

(@) RLF 145 417 955 1423 3180 4930 9120 21450
(b) OLF . 3120 4100 6900 14440

3. As % ofl .
RLF . 9.5 16.8 30.7 27.7 43.5 50.5 69.8 103.2
OLF 42.8 42.0 52.8 69.3

POLICY MEASURES oil would come down or the availability would be better

10.26 There are great uncertainties about the price
of oil. In future there arc also similar uncertainties
regarding the possible export earnings of India. Inspite
of all these uncertainties it is possible to get some
broad judgement about the likely impact of increased
oil prices on assumptions of costs which in the light of
the recent developments may appear very conservative.
It is found that if we do not curb the oil consumption as
recommended in this report, the expenditure on oil
import by the year 2000 may reach a level very near to
75 per cent of our total earnings by foreign trade, This
would leave very little for our other imports like ferti-
lizers, intermediate goods etc. The OLF route may
bring it down to somewhere around 50 per cent. All
indicators today suggest that the oil prices would
steeply increase. It would be imprudent not to assume
a high increase and plan for the consequences.

10.27 The Working Group feels that keeping in
view the grave uncertainties regarding the price and
availability of oil in futlure and the fact that India is not
likely to maintain the level of self-sufficiency likely to be
achieved by early eighties, it would be necessary to ini-
tiate from now on, vigorous measures to bring down the
level of oil consumption. Given the facts available now,
it would be unreasonable to presume that the price. of

in the next two decades. If anything, the prices might
go up. and the supplies might be subject to frequent
disruptions. It would, therefore, be prudent to plan a
pattern of growth of the economy which is less depen-
dent on oil.

10.28 One of the possibilities, of course, is that of

- increasing the production of oil within the country. In

the studies, it has been assumed that best efforts would
be made towards the discovery of more reserves and
more production. The experience of the last few years
after the disccvery of Bombay High Oil field indicates
that the possibilities of major discoveries are somewhat
remote. In any case, it would not be prudent to presume
that such discoveries would occur in time to reduce the
dependence on imported oil.

10.29 A long term policy for using gas from Bombay
High/Bassein fields and in the North Eastern Region
for different purposes is under consideration based on
reports submitted by a Working Group constituted by
the Department of Petroleum. There are indications that
more gas reserves are likely to be established in other
areas. In case substantially larger quantities of gas
become available, the techno-economics of converting
it into liquid fuels for use in the transport sector should
be examined.




10.30 As seen from Table 10.13, the demand for
oil even in the optimal level forecast would increase by
about 21 million tonnes during the period 1992-2000.
As discussed earlier, this is the period when the total
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world production/availability for sale of crude is likely

to decline. It would not be easy to obtain the additional
crude requirements even if the country is prepared to
- pay a very high price that may prevail. It is, therefore.
important that all efforts should be made frum now on
to reduce the demand of oil to levels even below what.
is forecast in the OLF. This is possible only if demand
management is accepted as the most important element

of olil policy in the future. Special efforts should be made
to reduce the demand for middle distillates. The Group
is aware of the fact that both diesel which is supplying
the energy needs of the transport sector and kerosene
which is supplying the fuel needs of the houschold arc
sensitive products the use of which is likely to cause
more hardship. But a properly designed system of
demand management might enable a further reduction
ol the likely demand. It is ulso necessary to explore
possibilities of production of liquid fuels from alternate
sources and new technologies. These are discussed in
the Chapter on Research and Develooment.
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CHAPTER XI

COAL POLICY

11.1" Coal is the most abundantly available source
of commerdial energy and also the cheapest source of
commercial energy in terms of its heat content, Coal
is partly used directly as fuel and partly by transfor-
mation into electricity. Its use as feed stock for chemical
industries is negligible so far in India. The share of coal
used for power generation has increased in India, a
trend seen also in other coal producing countries.
‘I'able 11.1 gives the share of coal used directly and in-

directly in different years.
TABLE 11.1

Coal Consumption (Direct and Indirect Use)

(1953-79)
Year Coal used (million Coal used
tonnes) indirectly
as}; of
Direct Indirect total
Use use (for  coal
power consum-
genera-  ption
ation)
1953-54 . . 28.7 5.1 15.1-
1960-61 40.4 9.1  18.4
1965-66 . . 51.8 10.5 16.9
197071 . ... 51.4 132 20.4
1975-76 . . 71.0 20.5 - 22.5
1978-79 - . . . 68.8 30.7 30.9

11.2 Two coal-based fertilizer wunits are presently
under construction and when these go into production
use of coal as feed stock will begin.

11.3 1Interms of primary forms of commercial
energy the share of coal in total energy consumption is
found to be about 33 per cent even in 1978-79, though
the share has been declining steadily. :

2 PC/79—12
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TABLE 11.2
Consumption of Commercial Energy in Primary Forms In India
and Share of Coal (1953-75)

(In million tonnes of coal replacement)

Year Coal Oil for Hydel Total Share of
energy and commer- coal as
uses nuclear  cial energy % of

power total
Commer-
cial
L Energy

1953-54 33.8 23.1 3.0 59.9 56.4

1960-61  49.5 45.8 7.8 103.1 48.0

1965-66 62.3 69.7 15.2 147.2 42.3

1970-71 64.6 102. 27.7 194.9 33.1

1975-76 91.5 126.7 35.9 254.1 36.0

1978-79 99.5 153.4 49.9 302.8 32.9

Note : Consumption of Coal/Oil includes Coal/Oil used for
power generation.

11.4 The share of coal is still understated as in the
coal replacement scale of measurement used in these
calculations, the higher efficiency of oil a8 an energy
source is given due weightage. If as in international
energy statistics, (e.g. UN) the coal equivalent measure,
which merely takes into account the relative inherent
heat content of fuels, is used to determine the relative
shares, the importance of coal in energy use is clearly
brought out.

TABLE 11.3
Consumption of Commercial Erergy as Primary Fuels in India
in Coal Equivalent Measures

(in million tonnes of codal equivalent)

Year Coal 0il Hydel & Total % share

(Total) (Total) nuclear Commer- of

Energy cial Coal

Energy

1953-54 33.8 7.1 0.4 41.3 81.8
1960-61 49.5 14.1 1.0 64.6 76.6
1965-66 62.3 21.4 1.9 85.6 72.8
1970-71 64.6 31.6 3.4 99.6 64.9
1975-76 91.5 39.0 4.4 134.9 67.8
1978-79 99.5 47.2 6.1 152.8 65.1

Note : The equivalent measures used are :
MTCE—Million tonnes of coal equivalent at an average
_ calorific value of 5000 kcal/kg.
1 million tonne of coal—-1MTCE
1 million tonne of oil—2 MTCE
TWH of electricity—0.123 MTCE




Table 11.3 shows that in terms of coal equivalent
measures, coal contributes more than two-thirds of the
commercial energy needs even at present, while oil,
hydel and nuclear sources provide the remaining one-
third.

TRENDS IN COAL CONSUMPTION

11.5 Coul is consumed essentially for providing heat
and steam to industry and railways. Coal used in the
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steel industry is consumed partly as a reductant to con-
vert oxidc orcs of iron to the basic metal but the entire
consumption is treated as though it is used for energy
purposes only. Four consumers, i.e. power-generation,
railways, sjteel and cement, account for 70 per cent of
the total coal consumed in all ectors. The quantities of
coal used by different consumer categories and their
relative shares in total consumjy’ n are given in Table
114 :

TABLE 11.4

Trends in the Consumption of Coal (1953-78)

(in million tonnes)

Consuner Category .l 953-54  1960-61  1965-66  1970-71  1975-76  1977-78

1. Power. 5.1 9.1 10.5 13.2 20.5 29.8

_ _ (12.9) 17.5) ar.m (18.5) (22.5) (28.9)

2.- Railways . . . 13.0 _15.5 16.8 15.6 14.3 13.2
(35.2) (29.8) (28.3) 21.9) (5.7 (12.8)

3. Steel . 3.9 9.1 11.7 13.5 20.9 24.0
Lo 9.9) 17.5) a9.7n 19.0) 22.9) (23.3)
4. Cement 1.1 2.3 2.8 3.5 4.4 5.1
o .8) 4.4 @.n “4.9) (4.8) “4.9)

5.. Industries other than steel and cement* . 11.5 10.8 11.1 18.5 24.8 23-7
L : o : ' 9.1) (20.8) (18.8) (26.0) (27.3) 23.0)

. 6. Soft Coke . 2.3 2.6 3.6 4.1 3.6 4.0
(5.8 (5.0) 6.1) 5.9 4.0) 3.9

~ 1. Colliery consumpiion . 1.7 2.6 2.8 2.8 2.5 - 3.3
L “4.3) (5.0) @.7 3.9 2.9 (3.2)
" 8. Total consumption 39.5 .52.0 59.0 71.2 91.0 103.1
. (100) (100) (100) (100) (100) (100)

9. Export . 2.1 1.2 0.8 0.5 0.4 0.8
10. Total demand . . . . . . 41.6 53.2 60.1 71.7 " 914 103.9

Note : Figures in brackets represent percentage of total consumption.

*Includes coal used for brick burning and the curing of tobacco.

11.6 The share of coal used for power generation
which was almost stagnant in the period 1960-61 to
1970-71 has steeply risen thereafter. The share of
coal consumed in railways is steadily declining due to
the deliberate policy of the Railways to phase out the
steam locos, which are relatively slower and less effi-
cient than other locos.

_.11.7 Prior to the nationalisation of the coal industry
in 1972-73, the demand for coal was assessed by the
Planning Commission and. the Coal Advisory Com-
mittee (which includes the representatives of the in-
dustry) separately and the official production target
was determined by reconciling these two estimates.
A very careful estimation of the demand is attempted

industries used to show a steep increase.

in respect of steel and coke oven plants, railways, ther-
mal power stations and cement, the so called major
consumers of coal, who accolunt for over 70 per cent
of the total coal demand. 1In the case of each of these
consumers, using a norm per unit of production in
these industries, an estimate of coal demand used to
be made consistent with the production plans of these
consumer categories. As a very sharp increase in
the rates of growth of steel production, power gene-
ration and cement production was anticipated in each
plan period, the forecast of coal demand of these
The demand
in respect of - other industries (including for brick
burning) was estimated as the difference between the
perceived possible increase in coal production and the

I8
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anticipated demand of the major consumers of coal.
There was therefore an in-bluilt tendency to under-
estimate the demand for coal for other industries, The
consumption of coal by these industries in actual
practice tended to be close to, if not higher than, the
level forecast, even in plan periods when the rate of
growth of industries sector was less than anticipated
This can be seen from the forccast of demand and
actual consumption of coal as between the major con-
sumers and the other industries category.

As per Draft V
Plan Document
(in 1977-78)

As per IV Plan
Document

Fore-  Acluals Fore-  Actuals
cast * cast*
1. Average annual com-
pound growth ratc of
Industries sector . . 8% 5.6%
2. Demand for coal from
major consumer cate-
goriesin milliontonnes  67.9 53.9 86 66.2
3. Other industries Export
& Colliery consumption
million tonnes . . 19.2 19.4 27.7 32.5

*Computed as 1973-74 consumption plus 75 % of the incremental
demand forecast in the documient for the Five Year Period
upto 1978-79.

Forecast of total demand for Coal

11.8 The forecast of demand of coal as discussed
in Chapter-III relates only to the demand of coal from
sectors other than power generation. To this must
be added coal required for power generation and coal
for non-energy purposes to get total requirements of
coal. The level of coal required for power generation
depends on the total demand for power generation and
the electrical .energy contributions anticipated from
hydro-electric sources and nuclear _power stations. A
detailed disclission of this is given in Chapter IX.
Based on these discussions, the demand for coal in
the power sector has been derived separately for RLF
and OLF. The coal requirements of the steel indus-
try is assumed to be the same in both RLF and OLF
forecasts and have been estimated in terms of raw
coal. About 90-95 per cent of the Indian coking
coal has to be washed before feeding into blast fur-
naces and in the process of washing about 25 per cent
of the coal fed into the washery would be drawn out
as middlings (with about 30 per cent ash-content) if
it is a three product washery. As by product from
two product washeries has been found to be unusable
in the power stations, it has been " decided to have only
three product washeries in the future. Both RLF
and OLF of coal demand imply that the quantities of

middlings that would be produced is roughly as

follows : 7 .
1982-83 6.8 Mis.
1987-88 . . . 9.8 Mts.
1992-93 . .o 14.4 Mts.
2000-01 23.0 Mts.

Note : Assurnptlon here is that the availability of middlings
would be roughly 209 of the raw coal demand for steel
production.

11.9 Though middlings have been considered as a
good fuel for thermal power stations, adequate efforts
have not been made to plan thermal power capacity
based on middlings. In recent times efforts have been
made to upgrade the middlings for use .in the steel
industry. In order tp bring out the extent to which
coal production target can be implemented by proper
policies, it has becn assumed in the RLF that no new
power station is planned on ‘the use of middling. In
the OLF, it is assumed that all the middlings would
be used for power generation (1.2 million tonnes of
middlings is assumed to replace one tonne of coal in
power sector).

11.10 Among the non-energy uses of coal, the most
important from the point of view of quantities of coal
required is the use as feed stock for petrochemical or
fertilizer production. The Group has assumed that

- for the present, the use of coal as feed stock for ferti-

lizer production may be 3.0 million tonnes.

11.11 As there are several uncertainties about ex-
port demand as the national advantage of exporting
coal appears quite doubtful, no export demand has
been assumed in these forecasts.

11.12 Based on the assumptions set out in the above -
para, the RLF and OLF of coal demand have been
computed and the results are set out in Table 11.5
(A) and Table 11.5 (B) respectively.

TABLE 11.5 (A)
Forecast of Demands for Coal for Energy and Noi-Energy Uses
(1992—2000)
REFERENCE LEVEL FORECAST
(in million tonnes)

Consumer category 1982-  1987-  1992-  2000-

83 88 93 01
1. Railways . . . . 12.4 11.0 7.8 3.4
2. Steel . . . . 34.0 49.0 72.0 115.3
3. Household . . 5.2 7.2 11.2 24.0
4, Other Industries . 40.9 59.5 89.8 158.2
5. Colliery consumption
and other uses . . 4.3 4.8 5.8 7.0
6. Total Direct use in En- h
ergy sector . . 96.8 131.5 186.6 . 307.9
7. Power Generation** 50.9 79.8 122.9 220.2
8. Total Coal Demand for
energy uses . . 147.7 211.3 309.5 528.1
9. Non-Energy Use 3.0 3.0 3.0° 3.0
10. Total requirement of . : .
coal . . 150.7 © 214.3  312.5 " 531.5-




TABLE 11.5 (B)

Forecast of Demand for Coal for Energy and Non-Energy Uses
(1982—2000)

OPTIMAL LEVEL FORECAST

(in million tonnes)

Consumer Calegory 1982-  1937- 1992-  2000-
83 88 93 01

1. Railways . . . 12.4 110 7.8 3.4
2. Steel . . . . 34.0 49.0 72.0 115.3
3. Household . . 5.2 7.2 10.0 16.8
4. Other Industries . 40.9 56.0 74.8 123.0
S. Colliery consumption

and other uses . . 4.3 1.8 5.8 7.0
6. Total Direct use in

Energy sector . . 96.8 128.0 170.4 265.5
7. Power Generation™* | 50.6 72.3 100.1 158.7
8. Total coal demands for

energy use . . . 147.4 200.3 270.5 424.2
9. Non-energy use . . 3.0 3.0 30. 3.9

10. Total requirement - of
coal . . . . 150.4 203.3 273.5 427.2

**for power generation the use of middlings has been assumed
to be as in the following tables:—
1982-83-—~ 6.8 million tonnes
1987-88— 9.8 million tonnes
1992-93—14 .4 million tonnes
2000-01—23.0 million tonnes

11.13 The forecasts RLF and OLF imply that the
production of coal which was 104.6 MTs. in 1978-79
should increase at the rates indicated in the table below
during the different sub-periods in future :

TABLE 11.6

Required Rate of Growth of Coal Production 1978-79 o 2000
: RLF and OLF

(in percentage per year)

Rate of growth of

production
Period
as per as per

RLF OLF
1978-79 to 1982-83 . . . . 9.6 9.6
1982-83 to 1987-88 . . . . 1.3 6.2
1987-88 to 1992-93 . . . . 7.8 6.1
1992-93 to 2000-01 . . . . 6.9 5.7

11.14 In physical terms, OLF implies that during
the period 1982—87 the average annual increase should
be about 10.6 million tonnes, 14 million tonnes per

year in the period 1988-93 and 19 million tonnes pet
year in the period 1992-2000.

Monitoring the Coal demand in future

11.15 The demand for coal, for steel and power in-
dustries requires careful monitoring, In the case of steel
sector a number of decisions are yet to be taken for
setting up new steel plants. Unless such decisions are
taken in thc ncar futurc thc demand for coal for steel
industry would be lower than anticipated in this fore-
cast, especially for the year 1987-88. The coal demand
for steel industry would requirc periodical revisions
with reference to the development plans for the steel
industry including the plans for technology shifts. The
Group has also suggested a re-examination of the
steel target beyond 1992 (see chapter VII). In the
case of power plants, the demand is derived from the
number of kilowatt-hours of energy generation from
coal-based thermal stations in the country as a whole.
While projecting the demand in respect of each power
station the power industry with scme justificaticn sug-
gests requirement to be 0.3 million tonnes for 100 MW
power plant implying that the vparticular power plant
would function at about 60 per cent capacity factor.
In actual practice in the power industry, the total
thermal generation system as a whole, operates on an
average capacity factor of about 50 per cent only.
The average plant factor is the result of forced outages
in different plants which would occur differently each
year and the pattern of forced outages is not predict-
able by the power industry. The forcast of coal demand
derived by the power industry as the summation of
the demand projected for each power plant would be
higher than the demand derived here from the total
power generation requirements. In other words, the
forecast is of the likely level of consumption and the
production plans for supplying the coal needs of the
power industry would involve some amount of re-
dundancy which is unavoidable. The demand for ther-
mal power generation will decline steeply in the years
of good rainfall, as the contribution from hydel wnits
would then be higher than the levels forecast and
coal demand for power generation units would also
decline. The requirements of soft-coke forecast in the
table are essentially the result of certain normative
assumptions about the use of the coal as soft coke
in the household sector. Materialisation of this level
of demand would depend entirely on the production
either by -conventional technologies or by low tem-
perature carbonisation of non coking coal and trans-

“port plans for soft-coke which ought to be separately

decided in, each plan period. The demand for other
industries which includes the demand for cement in-
dustry is abouut the minimum that one can anticipate
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if the structure of the industry changes only in the
directions forecast in the Chapter VII. In view of the
inadequate attention paid to the production and sup-
ply of coal to this class of consumers the substitution
of oil by coal in the industries has not been rapid. The
Working Group would like to emphasise that this
demand should be taken sericusly and attémpts made

to increase production of appropriate quantity of coal
" to the levels suggested.

Major Problems of the Coal Industry-

11.16 The task of increasing coal production from
the current level of 100 million tonnes per annum
to over 400 million tonnes by 2000-01 will not be
easy or smooth. The problems which bedevilled the
coal industry in the past would continue to hinder
development unless urgent and sustained action  is
taken on several important issues related to coal deve-
lopment. The problems of coal industry in future could
be grouped under the following four broad groups :

Adoption of a suitable long term production
strategy, and coal transport policy.

Demand  management & Market develop-

ment.

Conservation of coal.

Production Strategy

11.17 The Working Group would recommend that
in the case of the coal industry a long term production
strategy should be evolved with reference to the re-
sources of coal available in different coal fields and

the extent to which the production could be increased.

in each of them. As it is clear now that coal is the
most important indigenous fuel and its role would keep
increasing steadily overtime, planning and construction
of coal mines should proceed on a steady basis without
linking specific mines to specific consumers. There
would therefore be the need to revise the procedures
for decision making on nvestment and coal produc-
tion and also coal using facilities, like the power plants,
so that the latter may be based on the quantity and
quality of coal that would be available during earlier
decisions.

11.18 The Group would also reiterate the need for
a well defined policy towards mechanisation of coal
mines taking into account the need to increase produc-
tion very quickly and with due' consideration for em-
ployment and training implications. In doing so the
changes in the share of open cast and underground
mines and the optimal technology that could be used
in such mines would also deserve careful consideration.
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The Group would like to point out the need to syn-
chronise investment in coal production and coal trans-
portation by railways with adequate flexibility so that
transport would not become a constraint to the use of
coal. :

Dcmand Management and Market Development

11.19 The coal industry has so far been preoccupied
with serving the demands of all the major consumers
who also happen to be in the public sector like the
steel plants, railways and power plants. Some attention
has also been paid in servicing the needs of the cement
industry in view of the long standing relationship bet-
ween the cement and the coal industry. A very large
number of consumers like jute plants, paper mills etc.
who come under the category of other industries have
very little direct contact with the coal industry. These
consumers were and still are dependent on middlemen
and railways obtaining their supplies; the coal industry
has not been monitoring their needs or explored the
prospects of increasing sales to these industries. As
such there is no long-term relationship between the
coal producers and these categories of consumer in
terms of understanding the needs of the industry by the
coal industry. The availability of furnace oil as a
substitute fuel which could be used whenever the coal
was in short supply has also led to a lack of interest
on the part of consuming industries to build up lasting
linkages with the coal producers. As the general thrust
of energy policy is to reduce the quantity of oil pro-
ducts consumed, there is need for coal industry to take
up the responsibility to supply the fuel needs of a large
number of industries. Abolishing of the coal control
system under which the Coal Controller was assessing
the needs, determining the quality of coal to be sup-
plied and the quantity to be supplied, etc. had led to
a vacuum which has not been filled by any agency. If
the demand as forecast in this report is to materialise
and the pattern of fuel lusage suggested is to emerge as
anticipated, it is important that the coal industry and
the coal consuming industries come together and plan
the needs and supplies. In respect of some of the
smaller consumers like households industries and com-
mercial undertakings like hotels and other eating places,
there is a big market for coal which is yet to be trap-
ped. Such consumers are today dependent on either
non-commercial fuels, kerosene or LPG which are all
in short supply. The procedure for a smaller consumer
of coal to obtain his needs from a particular mine is
so encumbersome that he has necessarily to depend on
middlemen for his supplies. The interest of the middle-
men do not always coincide with the interests of the

. consumers or the coal industry. The need to have

retail outlets in the form of coal stock-yards in the



larger towns and industrial areas has been felt for a
long time and should be recognised now.

11.20. The market development work should also
include a Fuel Efficiency Service on the lines in which
the National Board in England operates and helps the
. consumers to determine the best equipment for the
kind of service that is required in a particular industry,
‘methods by which wastage could be reduced, pollu-
tion avoided etc. Whenever there is any temporary sur-
plus coal, it should be possible to use this surplus to
speed up the pace of substitution of non-commercial
fuel like firewood by coal. The Working Group would
therefore, strongly recommend that a detailed plan for
demand management industry in consultation with the
railways and consuming industries, espzcially industries
other than steel, power and railways.

11.21 The question of beneficiating non-coking coal
was examined. The run of the mine coal contains con-
siderable extraneous matter, the extent of which
depends on the mining technology adopted.  Indian
coals are also characterized by high ash content. Both
the extraneous matter and the ash in coal lead to ero-
sion and other operational problems when used in
boilers. The Group felt that, to the extent feasible,
simple mechanical techniques should be resorted to
eliminate shale and other extraneous material in the
coal. For removal of ash embodied in coal, washing
of coal is necessary. While the reduction in ash con-
tent would benefit in the shape of savings in freight on
transport and improved performance of beilers, the
process of washing could not only be costly but lead
to loss of 20 to 30 per cent of coal as midlings or
sinks. The idea of washing non-coking coal should,
therefore, be pursued cautiously and resorted to only
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where its techno-economic benefits are clearly estab-.

lished. . :
Conservation of Coal Rescurces

11.22 Relative to other fossil fuels, the availability
of coal is much more. It has, however, to be 1ccog-
nised that the available resources weuld be adequate
to last only for about 90 years *after ihe year 2000,

assuming that the annual coal production would reach
at a level of 400 million tonnes by then and continue
at that level beyond 2000. Within the coal reserves,
the critical shortages are in respect of certain specific
grades of coal with special qualities. The fact that
metallurgical coal is relatively scarce as compared to
non-coking coal is well-recognised. But within the
metallurgical coal, prime coking coal, which on the
basis of the current available technology should at
least be 50 per cent of the total coking coal used in
steel industry, is the category in most critical short
supply. If the steel production proceeds on the rates
assumed in this report, the prime coking eccal may get
exhausted by about 2025 AD. It may be even earlier
on account of various major problems in exploiting the
last bits of our resources of prime coking coal which
are concentrated in the Jharia Coal fields only. How-
ever, there are a number of new deveiopments such as
conversion of non-coking coal to coking coal and
using other reductants in steel-making other than cok-
ing coal. A careful study of the various possibilities
of meeting the requirements of reductanis and fuel of
the steel industry has to be made on the basis of de-
tailed techno-economiic studies of various options.

11.23 To the extent Steel Industry use indigenous
coking coal there would be increasing availability of
middling in the country. The planning of thermal
power stations based on middlings should proceed in
step with planning of coal washeries. There are also
possibilities of using the rejects and middling as raw
material for manufacturing domestic fuels similar to
soft coke. A number of technologies have been deve-
loped but none of them have been scaled up for com-
mercial adoption. This must be pursued so as to make
use of valuable fuel resources which might otherwise
be wasted.

11.24 In the context of utilisation of fuels at maxi-
mum efficiency, concepts like ‘Total Energy Systems’
and ‘Integrated Energy Systems’ are being pursued. As
we are setting up large super thermal staticns at a
number of locations, the possibilities of using the waste
heat from such power stations by setting up appropriate
industries in the vicinity deserves serious consideration.

*This estimate is based on total coal reserves in seams of thickness 1.5 metre and above and upto a depth of 600 mtrs. The

recovery rate has been assumed to be equal to

occurring at depths between 600 and 1200 meires and seam thicknesses between 0.5 and 1.2 metres mentioned

509 of the total reserves. If the additional reserves corresponding to coal

in Chapter 4

are taken into account the life of the coal reserves would be extended by another 35 years.



CHAPTER XII

RURAL ENERGY POLICY

Distinct Features of Rural Energy Problems

12.1 In India, as in other developing countries, the
problems of -rural energy demand and supply must be
discussed separately, because the patterns of energy
consumption and sources of supply in rural areas differ
radically from those in towns and cities. Firstly, the
intensity of energy consumption (either in terms of
population or area) is comparatively lower in rural
areas. Secondly, the relative share of the various con-
sumption categories in the total energy consumpticn
in urban areas is quite different from that in rural
areas where household energy consumption dominates
the situation. Thirdly, the share of non-commercial
energy in villages is much higher than in towns and
cities. Fourthly, a major portion of the energy supply
for rural needs is secured by the private efforts of indi-
viduals at a very low or even zero private cost and an
energy policy which depends on fiscal and adminis-
trative controls on energy distribution may not have
any impact in most rural areas. Finally, a large frac-
tion of the rural population is too poor to buy com-
mercial energy even when the supply of these is made
available, e.g., the number of electrified houses and
wells is only a small fraction of their total number in
clectrified villages. o

Basirc Issues

12.2 The basic issues in formulating a Rural
Energy Policy for India are :
— the estimation of the quantities of non-

commercial and animal energy used in rural

areas for various consumption and produc- -

tion purposes, and the identification of the
determinants of shifts from non-commer-
cial and anima! energy to commercial
energy ; L

‘the estimation of likely changes in the pat-
ern of rural consumption of different fuels
with the growth of agricultural  produc-
tion and with improvements in the economic
condition of the rural population ;

the encouragement or discouragement of the
normal trends of replacement of non-com-
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mercial and animal energy by commercial
energy and the promotion or restriction of
the extent of utilisation of non-commercial
energy in view of the growing shortages and
increasing costs of commercial energy ;

the identification of the instruments avail-
able to Government to influencs the pattern
of energy utilization in rural areas ;

the feasibility of adequately meeting the
energy needs of rural areas from centralized
energy-supply systems, and the extent to
which decentralized energy systemns can  be
evolved to cater to these energy needs ;

the possibility of adopting alternative energy
technologies to supply more effectively cur-
rent and future rural energy needs.

12.3 The identification of the above issues implies
that the approach to rural energy should be based on :
— elucidation of current rural encrgy consump-

- tion patterns and anticipation of future ones;

translation of these patterns into a set of
end-uses (e.g., lieating, lighting, mechanical
work in stationary and mobile equipment) ; -

consideration of the feasible technologies
which can satisfy these end-uses with the
available resources ;

selection of technologies for satisfying each
category of end-use ;

integration of the selected technologies into
a system.

12.4 The possibility of integration of technologies
into a system arises because the rural settlements are
extremely small compared to urban ones and there-
fore attempts can be made to match energy sources
to end-uses and to deploy an optimal mix of sources
to meet the requirements of a set of end-uses witliout
creating insuperable distribution problems.



Energy Consumption in Rural Areas

12.5 There are, however, very few studies on the
consumption of the different energy sources used in
villages. The resulting lack of quantitative data has
led to several problems. Thus, in discussions, rural
houschold cncrgy consumption has been considered to
tepresent total energy consumption. In some cases,
rural electricity and rural energy have been viewed
as synonymous: The problems of rural transport
which are dependent on the extension of roads and
the provision of buses to villages and the issue  of
mechanisation (e.g. in agriculture) have been treated
as separate issuss without considering them together
as part of the tota] problem of arranging adequate
supplies of mobile sources of energy to the rural sector.

12.6 The Working Group attempted to assemble
all the information available regarding the cornsump-
tion of commercial, non-commercial and animate
energy in the houschold, agriculture, rural industry
and rural transport sectors. It was found that, while
adequate data are available regarding household energy
consumption as a result of the periodic surveys under-
taken by the National Sample Survey, the informa-
tion base is woefully inadequate in respect of other
sectors. Even the data on commercial energy is not
amenable to disaggregation into rural and urban con-
sumption. A survey of available information revealed
the large gaps in our knowledge of rural energy needs ;
hence, the Group weuld like to emphasise the need
for comprehensive surveys of all the energy needs in
a village commumnity, the cwrrent flows of energy
within the rural system, and fthe exchange of energy
between rural and urban areas.

12.7 As discussed in Chapter V “Energy in the
household sector”, the available data indicate that
the share of non-commercial {uels is 80 per cent in
the rural areas, whereas it is only about 51 per cent in
the urban areas. It is also found that there is signi-
ficant income elasticity of energy demand in house-
holds and the upper expenditure class (over Rs. 75
per month in 1973-74) consumes about twice the
average per capita energy consumption in households.

Even in rural areas, firewood and animal dung,—

the so-called non-commercial fuels—are purchased
to a small extent, In 1973-74, the share of purchas-
ed firewood was about 13 per cent in rural areas and
that of animal dung was about 8 per cent. The per
capita kerosene consumption of the rural and urban
poor seem to be quite close,. while that of the rich
in urban areas is very high as compared to the same
expenditure class in rural areas.
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TABLE 12.1

Consumption of Kerosene in Urban and Rural Households

SI.  Monthly expenditure class in Rs. Percapita consump-
No. tion of kerosene in

Rural and Urban

households (in kes.

of coal replacement)

; Urban ~ Rural

1. 021 . . . 38.08 30.67
2. 21—28 27.36 34.24
3. 28—43 67.47 56.95
4, 4375 82.90 57.60
5. Above 75 140.46 87.96
6. Average 94,02 59.11

This is probably due to the fact that the poor in all”
areas use kerosene primarily for lighting, while a
larger percentage of the urban rich use kerosene for
cooking. It is also noteworthy that in 1973-74, when
over 30 per cent of the villages had been electrified, the
contribution of electricity was only 0.6 per cent of the
total non-commercial energy consumption in house-
holds. '

12.8 For all practical purposes, the consumption
of energy in the agricultural sector in rural areas can
be taken to be the same as consumption in the agri-
cultural sector in the country as a whole, which has
been discussed in Chapter VI of the Report. Two
broad trends emerge from the analysis (1) commer-
cial energy consumption is increasing rapidly in the
rural areas and, (2) of these various forms of commer-
cial energy, the rate of growth of electricity is the
highest. Electricity is used mostly for pumping water
from irrigation wells, and there is a limit to the ex-
tent to which ground-water can be exploited and
consequently to which electricity can be used. If the
current trends towards rapid exploitation of ground-
water resources and the electrification of irrigation
wells persist, such limits would be reached by the
year 2000 or even a few years carlier. The extent
to which commercial energy is used for land prepara-
tion depends en the Government policies towards
mechanisation. The stock of work animals in the
country as a whole has remained almost unchanged in
the last three decades. Whether the numbers - in
rural areas have decreased or increased is not known.
The contribution of animal power to the rural trans-
port and agriculture. sectors has also not been
estimated. :

12.9 The Group tried to' estimate the energy con-
sumption in industrial establishments in rural India.
The consumption of registered establishments in rural



areas has been included in Chapter VII on “Energy
in the Industries Sector”. As indicated therein, the
unregistered scctor contributcs over one third of the
total industrial production. The details of energy
consumption, by such industries are not available.
"The percentage distribution of household industries
with reference to the fuels used is given in Table 12.2.

TABLE 12.2
Fuel Use Pattern in ITousehold Industries 1970

(In percentage)

Electri- Liquid Coal, Others Total

city Fuels Wood

Food products . 9 16 38 37 100
Bévcragcs & to-

bacco . 3 1 94 2 100
Non-metallic min- :

neral products . Neg. 1 99 Nesg. 100
Metal products . 1 Neg. 99 Nesg. 100
Others . . 8 2 88 2 100
All industries . 6 10 62 22 100

Note : 1. Source : Census (1970).

2. Non-metallic mineral products cover brick and
glass manufacture pottery, etc.

12.10 Although coal, wood and bagasse are the
predominant fuels used, manual power is the major
source in terms of all sources of energy—animate and
inanimate—in over 75 per cent of the establishments,
vide Table 12.3.

TABLE 12.3

" Percentage Distribution of Establishment According to the Major
Source of Energy

All fuels Manual
including
Electricity
1. Food products . . . . 92% 8%
2. Beverages & tobacco . . . 5% 95%
3 Non-mefallic mineral products . 19% 81% .
4. Metal products \ 73% - 27%
5. Others . . . RN 4% 96%;
6. All industries. . . . . 24% 76%

The available data indicate that energy consumption
"data ‘do not include completely the supply obtained
from different sources by the private efforts of indi-

‘viduals. The fuel used in brick making, in small

establishments like
stalls etc.,

village eating houses sweet-meat
have not been adequately estimated. An

2 PC/79—13

89

understanding of the emergy consumption pattern of
industries in rural areas, the sources of supply of such
energy, and the factors which govern their supply, are
crucial for the formulation of policies towards rural in-
dustrialisation and rural development. The Group
would therefore urge that a speciul study be undertaken
to quantify these factors at least in respect of a few
selected areas.

12.11 Transportation in rural areas is mostly depen-
dent on human labour and animal power. Transpor-
tation of goods by head-loads, by animal carts and
through pedal power is widely noticed even now in
rural areas. There is little data which would enable
a proper understanding of the energy needs of rural
transportation.

12.12 The above discuasion <hows that, whilc encrgy
required in the form of heat is still mostly obtained
fromx non-commercial fuels like firewood, agricultural
waste and animal dung, which are being slowly re-
placed by coal and kerosene, the energy needed in the
form of mechanical work is supplied mostly by human
labour and animal power and is slowly being replaced
by electricity and diesel in the case of mechanical work
in stationery equipment and by diesel in mobile equip-~
ment. :

End-use Analysis of Village Energy Needs

12.13 In the absence of reliable and comprehensive
data regarding rural energy consumption patterns, the
absolute and relative magnitudes of the various end-
use of energy in villages cannot be. derived. Under
these circumstances, the best that can be achieved is
to identify the different end-uses and perhaps rank
them. Even this attempt is complicated by the fact
that the end-use pattern would depend upon the agro-
climatic conditions, the level of productive activities,
the life-style and the availability and accessibility of
technologies. In so far as these factors differ widely
in different parts of the/ country, end-use patterns are
bound to be location-specific and culture-specific.

12.14 In this context, it would be useful to deVelop,
for purposes of analysis, a typology of Indian villages.
Thus, based on factors such as water -availability, and
quality and quantity of agricultural land, Indian villa-
ges could be classified into a few types, for example :

— villages with fertile land with the means to
use both surface water and ground water,

— villages with good surface water availability
from, large irrigation networks,

— villages with cultivable lands and good
' ground water potential




— villages with cultivable lands and adequate
rainfall,

- — - villages in semi-arid and arid zoncs,
— villages im hilly arctas,

— villages in forest areas.

The end-usc pattern for each one of these types would
be required for the formulalivin vl u comprehensive
rural energy policy. Since such information is yet
to be obtained, use will be made of whatever studies
exist. '

12.15 For example, a detailed study of a Karnataka
village about 110 kms. from Bangalore leads to the
Yollowing end-use analysis :

Input = Energy Utili- Usefal Eherrg;vh

- - End-use
mkcals/ Asa ¢ sation mkcals/ asa%
yr .~ of  Effici- yr of
total ency total .
input  (esti- useful
energy mates) energy
1 2 3 4. 5 6 -
95—-250°C Heat 688.9 80 5 34 .4 6
(Cooking) . . _ R :
<‘95°C Heat . 112.4 12 5 5.6 11
(Hot water)
>25°CHeat . 23.8 3 5 1.2 3
(Pottery, bricks)
Light C. 201 25 25 0.5 1
Mobile mechanical ' ) .
work (ploughing) 12.4 1.5 25 3.1 6
Stationary mecha-
nical work (water-
‘lifting, milling) 7.0 1 8 5.6 11
ToTtAL . 865 100 50.4 100

For the purpose of the present discussion, the only
significance that needs to be attached to the particular
numbers in ‘the table is that they identify the most
significant ‘end-uses of energy and illustrate the gene-
‘ral orders of magnitude for this type of village. For
villages of other types, i.e. in other regions the relative
percentages are bound to be quite different.

12.16 For example, in areas where there is consi-
derable mechanjzation of agriculture (e.g., tractors
.and- pumpsets are extensively deployed), the share of
mechanical work in stationary and mobile equipment
is bound to be much larger. Thus, in a synthetic end-
use analysis obtained by assembling. well-known facts
about rural life and some ¢n.gineeting data for a village
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which is dependent on ground water, the relative
requirements of energy for the various cnd-uses may
be as follows : '

[:)g

End-use . - %
Y5 250+C Heat . . . . . . . 457
Light . . . . . . . . 5.2
Mechanical work (in stationary cquipment) . 14.3
Mechanical work (in mobile equipment) . 34.17
100

12.17 It may be concluded therefore that the central
task of a rural energy Policy is to address itself to ful-

filling the requirements of the following end-uses :

(1)95-—250°C heat,
( 2) mechanical work in stationary equipment,
(3) mechanical work in mobile equipment, .

(4) light,
(5) < 95°C heat,

(6) > 250°C heat.

Energy sources and devices for rural end-uses

-12.18 What is necessary therefore is a screening of
the various sources and devices to fulfil the energy
requirements of the above end-uses of energy in rural
areas, and a selection of thosz sources and devices
which are most appropriate.

12.19 In this process, several criteria must be

emphasised :
\

__  the availability of the chosen energy sources
must be assured ;

_ the selected source and device technologies
must be economcally viable ;

—  the selected source and device technologies
must be implementable, either immediately,
or sufficiently soon, to make an impact within
the time horizon of this report, viz., 2000

., AD.

12.20 Before arriving at conclusions regarding
energy sources and devices, several issues merit consi-
deration. The replacement of manual labour and
animal power in the agricultural sector by mechanical
equipment has to be considered (as the problem of
mechanisation in agriculture) not only with reference
to employment but also with reference to energy.



There have been a number of studies with somewhat
conflicting conclusions regarding the impact of mecha-
nisation on labour employed in agriculture. It is
evident from most of the studies that mechanisation will
become meaningful from the employment point of view
only when, as # cousequence the intensity of crop-
ping can be increased and the yields improved. As the
labour and cnergy requirements in agriculture are
dependent on seasonal conditions and on crop patterns,
it would be undesirable to have a uniform policy to-
wards mechanisation applicable to all areas. With
reference to agro-climatic conditions, agricultural pat-
terns, the demand and supply of labour in different
seasons, etc. would have to be studied, and region-
specific policies would have to be evolved. In terms
of energy consumption, mechanisation would lead
(unless alternate liquid/solid fucls arc widely adopted)
to increases in the consumption of diesel vil which is
a very valuable middle-distillate oil product. At the
same time, there appears to be some limitations to the
extent to which work animals can be increased in
rural areas, because of the limited availability of graz-
-ing ground. and fodder. Irrespective of the level of use
of work animals, there is need to.increase the efficiency
of animal-drawn ploughs and water-lifts. While sub-
sidies to the individual farmers who use electricity for
lifting water or diesel for tractors are given in pricing
policies, there is very little subsidy for the use of ani-
mal driven implements or for maintaining work animals.
These issues would have to be examined very carefully
and policies must be evolved to encourage the use of
appropriate technology in agriculture depending on
location and specific conditions. A decision on this
would have a very large impact on the forecast of
electricity and oil disdussed in this Report. '

12.21 In the rural areas, electricity is used for pro-
" viding light and for lifting water and for operating a
few small village lindustries, such as milling of grain
and extraction of oil. The load requirement for irri-
gation pumps is about 10-15 times larger than the
connected load for even middle-class households. In
view of the seasonal variations in the demand for lift-
ing water, and the fact that lighting loads operate for
only 2-3 hours in the evening each day, the load factor
of electricity in rural areas tends to be very low. On
" the other hand, the need to draw transmission and dis-
tribution lines over long distances from the central
electric supply system makes the cost of supplying elec-
tricity to village very high. This cost is further aggra-

.vated because the characteristics of the load in rural-

areas is such that the losses in transmission and distri-
“bution are also high. If the rates charged for supply-
ing of electricity to rural areas were to reflect the total
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costs of supplying electricity to these areas, the real
electricity tariff would have to be increased several fold.
The present tariff rates iinvolve a very large subsidy to
clectricity users in rural areas. The cost of supplying
clectricity to villages could be reduced by adopting
procedures by which agricultural pumps are not ope-
ratcd while the supply is.made for household lighting.
It is also possible to arrange electricity supply for water
lifting in such a way that a major portion of the de-
mand comes up during the late night hours when there
is surplus capacity in the electricity system. The Group
feels that the various possibilities of reducing the costs
of supplying electricity to rural areas and reducing the
level of subsidies require urgent attention.

12.22 In respect of household energy an important
need is tu supply cooking fuel needs. This can be done
through the use of firewood, agricultural waste, animal
dung, soft coke or kerosene. The level of use of agri-
cultural waste has not been satisfactorily estimated. so
far, Except for the quantities which are used in com-
post-making, there is need to use as much as of the
agricultural waste as possible as fuel. From time to
time, some schemes for the -use of animal waste and
agricultural waste in certain urban areas have been
mooted but no systematic effort for decentralised agri-
cultural waste utilisation has been made seriously. Most
of the agricultural waste produced may not be useful
as fuel directly, but may be used as the feed for pro-
duction of gas or liquid fuel in small size equipment
like biogas converters and the liquid or gas fuels can
be used in the energy sector. In the OLF we have
assumed that the quantity of agricultural waste used in
the economy would not go down in absolute quantities
beyond 1982-83. It is possible that this can be fin-
creased miuch further by developing efficient equipment

which can wuse such waste material as houschold
fuel.

12.23 In the recent past, there is a growing realisa-
tion that rural energy needs can be met from decen-
tralised supply systems based on alternative technolo-
gies. While discussing these alternative energy techno-
logies it should be kept in view that energy from con-
ventional sources like electricity or kerosene is not
being used by a large number of rural folk because
these fuels are either too costly for them or because
they have alternative fuel within their reach at very
little private cost i.c. firewood. Alternative energy
technologies should therefore either be very cheap or

their use miust be made much more convenient ° than
conventional fuels like firewood etc.
12.24- Among the alternative energy technologies

which appear promising are : ;



 (a) solar energy for supplying low-temperature
~ heat for water heating and post-harvest ope-
rations ;

(b) biogas plants to supply heat, provide mechani-
cal encrgy by its use in 1.C.. engines and meet
lighting necds cither with gas mantles or
through electricity ;

(c) Producer gas plants based on charcoal to
run mobile equipment ;
(d) microhydel stations to give electricity; and

(e¢) wind mills for water-lifting, milling, etc.

The group came to the conclusion that all these
can be deployed immediately or in the very near future.

12.25: A populer Lope is to use solar enmergy for
cooking. A solar cooker, if it is to serve complietely
the energy requirements of villagers, should be capable
of giving heat and should deliver the usable heat into

~-the houses away from the sun, and should be func-
. tional during normal cooking hours, i.e. during the
carly morning and late evening hours when the sun
is not shining.
cookers are to bscome acceptable, they will Lave to
--include a heat iransmission system and a heat storage
system. Hence, such solar cookers which can really
replace other fuels for cooking, become very costly
and out of the reach of a majority of the rural popu-
lation. Several inexpensive solar cooking devices have
been designed by various agencies but all of them can
only provide a means of cooking out-doors curing
- hours when the sun is shining. The Group however
_felt that there is a case for using solar devices in new
ways e.g. for pre-heating water for cooking purposes,
or for unattended cooking and the equipment for this
‘could be made very inexpensive.

12.26 Solar energy could be used to provide electri-
city either by direct conversion of solar energy into
- electricity through photovoltaic cells or by using solar
thermal power generstors. An analysis of the status
“of the technology row indicates that photovoltaic -cells

In other words, if conventional solar
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. a meaningful 2nergy source for rural application. In’

' are preferable for small-scale installations. The prices

of photovoltaic cells have besn coming down during
‘the last five years from $ 10000 per peak kw <o
.. about $ 2000 per peak kw. This is expected to be
. further brought down by USA to $500 per peak kw,
- _ie. Rs. 4,000 per peak kw. It is important to recog-
nise that the costs of installation in village should
. also include storage facilities as electricity for lighting

. would be required when there is no sunshine. The

cost of such storage systems is very high and the main-
tenance of the storage facility 'is much more cumber-
some than the maintenance of photovoltaic cells. Fur-
ther, the life of photovoltaic cells in rural surround-

ings has also to be established. In view of all this,
the Group does not consider that there would he any
sizeable contribution from solar energy for lighting in
rural areas in the next two decades. In this centext,
it is relevant to note that the projections on rural electri-

Gicativn envisage that within  the next two decades all

villages in the country would have access W cleetricily.
By the end of 1979 nearly 40 per cent of the villages
numbering 2.3 lakhs would have been electrificd.
Presently, the programme is to electrify about 25,000
villages per year. . If this rate is kept up, all villages
would get elecirified by the end of the century and
electricity from the grid may become the primary
source of energy for lighting. The Group notes that
in certain States which have electrified all villages,
the realisation that the current procedures for extend-
ing electricity to individual householders might ot
help many poor householders has led to the introduc-
tion of some innovative processes of supplying one

bulb point to each low income family at subsidised -

rates.

12.27 Similarly solar energy can be used for water
lifting either through mechanical pumps operating
directly on solar energy or through electricity. These
are also very costly and the present cost would be
about Rs. 10,000 for a 1/2 H.P. pump. Muck more
development work to reduce the cost of solar energy
pumping devices is necessary before this can become

contrast, wind driven pumps have been and are being
used for water lifting in India and abroad.

12.28 Bio-gas plants have been tested for quite
some time and in a number of places where conven-
tional fuels like firewood are costly, biogas plants can
be introduced. A study of biogas plants of different
capacity indicates that there are high economies of
scale.  Household-size plants with 60 cft. capacity
which could supply the energy needs of one house-
Lold by using dung from about 3-4 animals, cost over
Rs. 3,000/- and if the costs of gas production in_the
plant are evaluated, the cost of heat energy. from such
gas is equivalent to purchasing firewood at the cost of
Rs. 200/- per tonnc. Families which do not pay - this
price would not use it for purposes of reducing the

~cost of fuel. Some work is being done for develop-

ing cheaper biogas plant without a stee] gas holder,
This might help in wider use of biogas plants. Com-
munity bio-gas plants are less expensive for the pro-
duction of bio-gas. But the cost of distribution to
the households and industries in the village is high.
Besides, such systems are yet to be tested on location
to find out the problems of collecting/purchasing
dung, gas and sludge distribnition, safety problems
ctc. Such plants have to be set up in number of

e e L
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areas and fhe problems and costs evaluated, before "
widespread construction of community size biogas
plants could be recommended ag a general proposition.
However, the Group would like to emphasise the fact
that biogas plants bave several other non-fuel bene-
" fits and among the various technologies under consi-
deration, bio-gas appears to be the most promising for
Indian conditions. The Group recommends that a
number of biogas installations ‘of the community type
and the utilisation of gas from such plants for house-
holds, pumping and industrial installations, should be
carefully ‘studied by an objective group to decide the
further course of action.

12.29 Methanol' is a good substitute for petrol
{motorgas) but its production from wood distillation
calls for increased firewood production and till such
increased production is achieved, the use of methanol
would only increase the pressure on forests. There
are also problems of separating the by-products and
impurities, which might not bz possible at reasonable
costs in small-scale installations. A similar set of
reasons prevent the advocacy of alcohol for use as a
liquid fuel. Alcohol production is possible from any
starch material, but the need for increasing such mate-
rial for the food requirements of the villages has to
be weighed against the need for the fuel. This is
also a technology where the concentration of the
alocohol as well as purification in small-scale installa-
tions may prove to be costly. Nevertheless, méthanol
and alcohol energy sources must be explored.

12.30 Producer-gas planis based on charcoal have
been used to run buses and even private cars during

TABLE 12

the World War 1I. The loca] skills appear to be ade-
quate to maintain this equipment. This is an option
which has not been given adequate thought in the
recent discussion on rural encrgy needs. The Group
would strongly recommend that this should be taken
up for urgent consideration.

12.31 Micro-hydel stations can be constructed in
rural areas if the irrigalion canals arc suitably built
to provide the necessary head at appropriate locations
as well as if mountain streams are harnessed. A
survey undertaken by the CEA recently indicates that
around 10,000 MW of capacity could be installed on
the canal systems by setting up turbines. The Group
would strongly urge that this study should be con-
tinued and pilot installations set up in large numbers
as early as possible.

12.32 The Group also felt that there is need to
take up a few villages for studying the total energy
requirements and for setting up decentralised energy
systems based on one or more primary sources of fuel
like firewood in certzin places, biogas in some places,
solar energy in some places and so on. These primary
energy sources would have to be supplemented by
other energy forms of the conventional or alternative
energy and the possibility of operating decentralised
systems based on locally available renewable resources
should be very carefully examined.

12.33 A summary of the promising sources and

devices to fulfil the energy requirements of rural end-
uses is given in Table 12.4.

4

Energy Sources and Devices for Rural End-Uses

Energy Sources

End-uses Energy Devices
Primary Secondary
1 2 3 4
95-—250°C Heat Cooking Animal/Agro wastes Biogas Gas burner
" Energy Forests Wood/charcoal Wood/charcoal Stove

Stationery Mechaniéal Work
(water-lifting, milling, industries-etc.)
Wind

Wood
Crops

Draught animals
Human Labour

Animal/Agro-wastes
- Energy Forests
Grid/Microhydel/Genset

Animal Energy Animal powered Devices

Human Energy Pedal powered devices

Windmills

Biogas Biogas Engine
Wood/charcoal Produces gas Engine |
Electricity Electric motor
Methanol IC engine

" Ethanol IC engine

—

~——
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1

2

! 3

4

: Mobile Mechanical Work

Draught animals

Human Labour

Aunimal Energy

Human Energy

Anima]l powered Devices,

Pedal powered devices

Energy Torests . Wood/charcoal Producer-gas Engine
(Ploughing, Tra‘umpu]'l ete.) Wood - Methanol Cngine I C
Crops Fthanol 1 C Fnging
Animal/Agro-wasles Biogus Biogas Engine
Light Grid/Microhydel/ Electricity Incandescent/
Genset Flourescent Lanps
. <95°C Heat (water heating, drying, etc.) Wood/charcoal
' b Stoves Waste heat Water heater
Solar — Solar Dryer/Water
Heater
> 250°C Heat (pottery, brick making, smithy) Wood/charcoal — Furnace
Animal/Agrowaste Biogas Furnace

\

e -




CHAPTER XIlI

COSTS AND PRICES IN TIIE ENERGY SECTOR

13.1 In the energy sector Pricing policy can be an
important instrumeat for achieving specific objectives.

"This is true for other sectors also except that the role

of pricing policy in the
several reasons :

energy sector is crucial for

(i) The energy sector provides inputs for practi-
cally every other sector so that changes in
“energy .prices have wide-spread ramifications.

(i) The need for cconomy in energy use has been
shown in earlier chapters to be of para-
mount importance. It may be easier to
achieve this if we have a structure of prices
that reflects cost and relative scarcities.

(i) The energy policy outlined in the earlier chap-
ters requires certain specific types of inter-
fuel substitution. Though some of these
can be achieved by fiat, the task of regula-

_- tion would be facilitated if relative prices of

energy reflect the required direction of
change.

(iv) The energy sector accounts for a very substan-
_tial proportion of investment. Though this

TABLE 13.1

can in principle be financed by surpluses of
other sectors the magnitude of investment is
such that the energy sector itself will-have to
show a sufficiently substantial surplus.

13.2 The commercial energy sector (coal, o1l and
electricity) is practically entirely owned by the Gov-
ernment and the prices and investment decisions re-
lating to this sector are largely administered by Gov-
ernment, The Government has sufficiently authority
to implement effectively any policy on energy prices
that it considers desirable. The purpose of this chap-
ter ‘is to identify the broad outlines of such a policy.
In what follows we discuss first the trend in energy
prices in the past, second the extent to which energy
prices reflect real costs, third the extent to which
different sectors would be affected by a charge in energy
prices, fourth the trends in energy costs that are likely
to prevail and finally, the required direction of change
in pricing policies.

’

Trend in energy prices

13.3 The treng in enérgy prices since 1961 is pre-
sented in Table 13.1 :

Index Numbers of wholesale prices in India

' (Base : 1961-62=100)

Years All com- Fuzl Manufac-  Coal Kerosene . Pstro]  Diesel Electri-
modities Power & tured ’ oil city
o : Lubri- Products
cants

1961 L. ... . . 1006 100 100 100 100 100 100 100
1962 . . . . . . . 104.1 102.1 102.4 104.2 98.9 100.6 99.8 1058

- 1963 . . . c . . . 107.9 114.9 104.2 110.8 126.4 115.4 123.6 112.2
1964 . . . . . . . 119.1 119.7 107.5 114.8 135.2 120.4 128.9 119.2
1965 . . . . . . . 128.9 122.4 115.4 120.4 141.9 124.5 117.5 1223
1966 . PR . . . . 1443 132.5 125.5 126.9 154.4 131.3 115.4 135.4
1967 .- . . . . . . 166.0 139.8 130.9 141 .3 154.8 140.8 119.3 137.8
1968 . . . . . . . 165.3 147.2 132.7 1599 156.3 147.5 120.8 140.7
1969 R . . . . . 168.8 152.3 140.9 164.7 168.8 156.6 122.8 1434
1970 . E . . . . . 179.2 160.4 151.7 167.9 176.0 172.6 121.6 148.3
1971 . . . . . . . 186.1 168.9 164.3 169.1 182.8 195.9 126.4 152.9
1972 . . . . . . . 2007 178.2 174.3 173.6 199.4 211.6 130.5 157.7
1973 . . . . . . . 239.3 196.9 194 1 189.7 214.7 259.4 139.9 161.5
1974 . . S . - 303.0 300.3 247.7 230.8 317.8 464.5 286.7 196.7
1975 . . . . : . . 309.2 340.7 253.2 288.0 354.1- 493,0 324.2 230.8
1976 . . . . . . . 301.0 369.6 260.4 333.4 405.7 498.8 341.9 2541
1977 . . . . . . . 326.1 372.7 262.4 3334 405.7 500.9 341.9 269.7
1978 . . . . . . . 325.4 388.5 - 260.2 354.0 515.1 345.3 304.6

©411.3
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The overall level of energy prices is reflected in  the
index for fuel, power and lubricants. Between 1961
and 1970 this index rose more than the overall index
for manufactured goods but less than the overall
index for all commodities, In- the early seventies thc
index for energy and for manufactures rose by roughly
the same amount though both rose less than the all
commoditics index. The ‘sharp break comes in 1974
when the energy index rose by 50 per cent, mainly
because of the oil price hike. Since then the increase
in energy prices has been substantially higher than
the rise in the index for manufactures or for all
commodities. However it may be noted that the change
in relative prices is not as large as is commonly sup-
posed. Relative to the all-commodities-index the
change between 1961 and 1978 is only 19 per cent
though relative to prices of manufactured goods the
change is 49 per cent. However, these are the trends

in prices at the consumer end. Changes in prices at-

the producer end would be different because of the
change over time in the incidence of indirect taxes.

'13.4 The increase in energy prices arises to a large
extent because POL prices have increased by nearly
four-and-a-half time since 1961. However, it may be
‘noted that coal prices have also increased about three-
and-a-half times. Though less than the increase in
POL prices, the coal prices increase is more than the
increase in the manufactured goods or all-commodities
index. Electricity prices also have increased by more
than the increase in manufactured goods prices. How-
ever, the bulk of the increase in the relative prices
of all three sources of commercial energy come in
the seventies. -

13.5 Certain changes in relative prices within
the energy sector are also worth nothing. Within the
POL sector the increase is sharpest for fuel oil and
petrol. The increase in diesel oil prices is substantially
less and is broadly in line with the increase in coal
and electricity prices. Kerosene prices also moved up
roughly at the same rate as coke prices. Thus the use
of POL products for steam raising and private) trans-
port became relatively costlier but their use for pub-
lic transport and pumping or for cooking did not.

Prices and the profitability of energy production

13.6 The proﬁtabi]ity of energy produding sectors
reflects their efficiency of operation and the adequacy
of the prices that they are allowed to charge. At pre-
sent the picture in the commercial energy sector is as
in Table 13.2 :
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TABLE 13.2
Profitability in the Commercial Energy Sector 1977-78
(in Rs. Crores)

Electri- Coal Petro- Average
city leum for pro-
duction
enterpri-
- ses in the
Central
public
Sector
1. Fixed and working
capital . . . 7487 1077 1439 9867
2. Sales realisation . 2138-. 712 5861
3. Working expenses = . 1493 705 5467
4, Gross profit ., . 645 7 394 852
- 5. Gross rate of return
%) . . . 8.6 0.6 27.4 8.6
Source : Annual Repoi:t on the Working of Industrial and

Commercial -Undertakings of the Central Govt., GOI
~Ministry of Finance, BPE.

It will be seen from this table that the petroleum
sector has a rate of profit that is substantially higher
than for.the public sector as a whole, the electricity
sector is slightly below the average and the coal sector

-1s well below it.

13.7 Shortfalls in profitability could ‘imply subsidi-’
“sation of consumers. However, the price that the con-

sumer pays includes, amongst other additions, indirect
taxes which are not included in the sales figures re-
ported in Table 13.2. If subsidies are defined as the
difference between what the purchase value would be
if the sector bore a burden of indirect tax on output
and earned a rate of profit equal to some overall ave-
rage and the actual purchase value the picture would
be as in Table 13.3.

- TABLE 13.3
Effective subsidies in the energy Sector
' (in Rs. Crores)

Electricity  Coal

1 - 2

1. Sales . 2,300 842

2. Indirect taxes . . . . 92 70

3. Total purchase value 2,392 912
. 4. Notional - purchase value. Average
indirect tax burden assumed to be
5.8 and average rate of return to be
8.6%. Excludes trade and transport

margins 2,43»3 977

5. Effective subsidy . . . 41 65

6. Rate of subsidy ’ 1.7% 7.1%
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13.8 The figures presented above must be inter-
preted with caution. They reflect not merely the ade-
quacy -or otherwise of statutorily controlled prices but
also temporary aberrations in the efficiency of opera-
tion (permanent aberrations would of course quite
regretfully have to be alowed for “in pricing for-
mutae). They also do not take into account distortions
in input prices. Thus the electricity sector’s profit-
ability should to some extent be counter balanced by
the losses of the coal companies. Subject to all the
qualifications mentioned above it would appear that
the implicit subsidy in the coal and electricity sector
amounts to about Rs. 100 crores. These calculations
would be substantially different if the subsidy is work-
ed out on the basis of the average incidence of indirect
taxes in the industrial sector (approx. 15 per cent)
and a normative return of 12 per cent. With

electricity and Rs. 178 crores in coal.

13.9 In the case of the petroleum sector, under
our current pricing arrangements, there is no subsidy
on the average and in fact there is a net contribution
to revenues. However, this is not the case for each
product individually. Moreover, the calculations are
partly distorted by the fact that domestic crude is

like electricity and . (for.all practical purposés) coal,
are tradeable and subsidies should be defined with res-

these -
assumptions the subsidy would be Rs. 506 crores in -
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" priced well below import cost. Petroleum products, un-

pect to the opportunity cost, which is the international -

price.

13.10 The subsidy calculations presented above do
not measure fully the required adjustment in prices.
Firstly, marginal costs in all sectors are substantially
greater than average costs. Secondly, rate of return
calculations do not take into account the need for
conservation. If these are taken into account, the
required adjustment in energy prices would be some-
what larger than what is supported by the above cal-
culations.

Impact of Energy Prices on other Sectors

13.11 Commerdial energy is used directly for final

consumption or as an intermediate input in other sec-

tors. An increase in energy prices relative to  other
prices would (a) raise profits (reduce losses) in the
energy sector, (b) reduce real incomes in the house-
hold sector and (c¢) raise prices and|or reduce profits

" increases in energy prices on

in other energy using sectors. The magnitude of
(b) and (c¢) would depend on the share of energy
costs iin total consumption|costs.

13.12 According to the National Accounts Statis-
tics in 1976-77 household expenditure on fuel and
power was Rs. 1902 crores out of a total consump-
tion expenditure of Rs. 53,587 crores*. Inclusive of
savings households incomes amounted to Rs. 64,437
crores**. Thus energy consumption amounted to 3.5
per cent of consumption expenditure and 3.0 per cent
of income. Therefore a 20 per cent increase in energy
prices would amount roughly to a 0.6 per cent reduc-
tion in real incomes of households. The incidence of
this would vary with the level of income of the house-
hold. According to Planning Commission (PPD) esti~
mates, the share of various income classes in the total
consumption expenditure on each commercial fuel was
as in Table 13.4 in 1977-78 :.

TABLE 13 4
Share of Commiercial fuels in Household Expenditure

(in percentage)

- Bxpenditure Class Electricity Coal (@) Petro-

leum(£)
(i) Below the poverty line . 14.58 23.92 38.27
(ii) Above the poverty line 85.42 76.08 61.73
Total . . . 100.00 100.00. 100.00

(@) Includes coke also
(£) Only kerosene

These data suggest that the impact of fairly large
household incomes

would not be intolerable and possibly more acceptable
than losses that would arise if energy supplies are
disrupted.

13.13 Industry accounts for a substantial propor-

_ tion of energy use. The incidence of energy costs in

total costs varies greatly; generally industries involved
in the manufacture of basic materials (like steel, alu-
minium, cement) as well as chemical process industries
are fairly energy-intensive and others involved in the
fabrication of materials into products (enginecering,
electronics) are less energy intensive. A distribution
of industrial output according to the incidence  of

“Statement on page 24, National Accounts Statistics, January, 1979, C.5.0.
**Household sivings as reported in statement 10 and household consumption as reported in Statement 8 of Natlonal Accounts

Statistics, January, 1979, C.S.0O.
2 PC/79—14



-energy costs in the total value of production is pre-
sented in Table 13.5 :

TABLE 13.5

Incidence of Energy Costs in Industry 1975-76

- Energy cost as a percentage of value of production Percen-
tage of
industrial
production
in the
category
- More than 259 . 1.7%
15,1—25% 7.4%
10.1—15¢%; 12.8%
5.1—10% 14.2%
3.1-5.0% 18.8%
2.1—3.0% 20.9%
1.1—-2.0% 17.5%
1.0% orless- 6.7%
The average incidence of fuel cost in  industry

works out to' 6.8 per cent. Hence a 20 per cent in-
crease in energy prices would require an increase of
about 1.4 per cent in industrial prices if profit margins
are not be eroded. However, this average figure hides
the fact that for nearly two-thirds of industrial pro-
duction the required increase would be less than
1 per cent. Thus the burden of higher energy costs in
the industrial sector should not Iead either to an

- unacceptable erosion of profit margins or lncreases in
prices. :

13.14 The incidence of energy costs in the trans-
port sector is somewhat greater. In the case of the
railways, in 1977-78, expenditure on fuel was Rs. 299
crores and gross traffic receipts were Rs. 2123
crores*, so that energy costs as a percentage of output
comes to 14 per cent. Thus a 20 per cent increase in
energy prices would require an ‘increase of about 2.6
per cent in freights and fares if railway profitability
is to be maintained. In the case of road transport the
incidence of fuel and lubricant costs in total costs
(inclusive of fixed and standing charges) varies from
28 to 31 per cent**. Thus, a 20 per cent increase
in energy prices may require an increase in freight
rates of the order of 6 per cent.

*Indian Railways Year Book, 1977-78 pages 106-107.
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13.15 Amongst energy sectors the power sector is
itself a major user of energy. In a pithead thermal
power station operating on base load the incidence of
fuel costs as a proportion of total costs works out to
about 35 per cent. Assuming that coal based thermal
power accounts for about 60 per cent of generation
a 20 per cent increase in fuel prices would require an
increase lin electricity price of about 4 per cent if the
profitability of electricity supply undertakings is not

- be eroded.

13.16 The example of coal brings out one general
factor that has not been accounted for in the estimates
presented above. A producing factor is affected
by the increase in energy prices not merely because
it uses energy directly but also because of the impact
of energy prices on other linput supplying scctors.
This cascading effect of energy price changes is not
included in the estimates of the first order effects pre-
sented above. However, as first-order effects seem to
be fairly small, the likely second-order effects can for
purposes of rough analysis be ignored.

Trends in Energy Costs

13.17 Energy price cannot be based solely on the

current level of costs. Investments in energy-using in-
dustries made now will ‘lock’ the economic system
into a particular pattern of energy requirements.
Hence pricing policies, in so far as they are meant to
stimulate an appropriate pattern of energy use, must
take account of likely changes in costs over a decade
at least. In doing this what matters is not increases in
costs because of general inflation but those which
reflect a change in relative prices.

13.18 In the coal sector, costs can be expected to
increase over time because of deteriorating geological
conditions. As cummlative output increases, seams
which are less accessible or more difficdult to work
have to be exploited. This will mean an inevitable in-
crease in costs. Some exercises on the optimum uti-
lisation of coking coal indicate cost increases of the
order of 2.5 times over a period of 25 years if the
output grows at 5 per cent per annum. With non-
coking coal, where deposits are available over a much
wider area, diminishing returns may not set in so
soon. Nevertheless it would be prudent to assume
that future costs would be higher than current costs
despite possible gains from mechanisation, rationalisa-
tion, etc.

**Survey data from Preliminary Report of the Study on modal costs, traffic flows and transport network conduc-
ted by RITES for the Transport Policy Planning Project, Planning Commissior.
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13.19 In the case of petreleum products,  the
critical factor s the likely increase in the real price
of crude oil. The factors that determine the level of
crude prices are not readily amenable to quantitative
analysis. However, most analysts appear to accept that
(a) crude demand would start running substantially
ahead of crude supply by the nineties and (b) crude
prices would increase in real terms in the eighties and
nineties. The exact quantum of increase cannot be
forecast with certainty. However, taking into account
the costs of alternative sources for planning purposes
it may be assumed that crude prices at the end of this
century will not be less than $ 35|barrel in real terms.

Policies on Energy Prices

13.20 The basic objective of energy pricing policy -

can be to ensure that they (a) generate sufficient sur-
pluses to facilitate the financing of investments in the
energy sector (b) induce economies .in the use of
energy in all sectors and (c) encourage the desired
forms of inter-fuel substitution. The facts presented
in the previous sections suggest that our present
pricing policies do not subserve ‘the first objective.
The evidence on inefficiency of energy use suggests
that the second objective is also not being fulfilled.
The third objective seems to be fulfilled as far as the
substitution of coal for fuel oil in industrial applica-
tions lis concerned but not necessarily in others.

13.21 The first priority at this stage must be to
raise energy prices so that they at least reflect long-
run marginal costs and allow for a reasonable return.
In addition, a further increase may be desirable to
promote conservation of resources and economy in
energy use. This could take the form of a conservation
cess and may be graded to reflect the degree of ur-
gency necessary for resource conservation so that it
would vary from product tg product and grade to
grade. The quantum of such a cess would have to be
determined on a trial and error basis since reliable
estimates of price elasticity are not available.

13.22 Since energy prices are regulated by Gov-
ernment they can get out of line if there are delays
in price revision. Since changes in energy prices affect
practically every other sector it is inevitable that any
proposal for revision meets with opposition and the
process of reconciling diverse interests takes time.
These delays lead to an accumulation of losses and

should be avoided. One way would be to allow for -

an automatic escalation in energy prices if input
costs go up. An example of such a mechanisin is
available in the fuel surcharge on electricity tariffs.
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.The weights and indices for this

purpose can be
determined on the basis of the cost structure of each
sector. Since we expect energy costs to change rather
more rapidly than the general price level, such auto-
maticity may be necessary to ensure financial viabi-
lity in the energy sector. There is need for a suitable
institutional framework for regulating, monitoring and
adjusting energy prices in a mutually comparable
manner.

13.23 In general, energy prices for users have not
been equalised. Thus, the' cost of coal to a consumer
situated at a substantial distance from the pithead is
higher than for a consumer who is nearer. Power
tariffs vary from State to State. POL prices reflect
io some extent differences in the cost of transporta-
tion. However, in, coal and petroleum, the variations
arise only on account of transport costs. The implicit
ex-plant cost is the same for all users irrespective of
actual costs in the source from which they are sup-
plied. (The higher ex-py-head cost for users supplied
from Singareni is cne exception). This means that
some users are paying less than the actual costs of
supplying them and some are paying more.
are some cases where there is a more direct form of

cross-subsidisation, in' thel form of a lower price for

one category of users as in the case of Naphtha, In
so far as such hidden subsidisation encourages ineffi-
cient use it should be avoided. The price to any
user must reflect the real costs of supplying him.
Since a separate tariff for each user is not practicable,
the system of pricing should be structured to at least
approximate these real costs. In the case of the coal
sector this may involvel a system of zonal pricing. In
the case of electricity sector it would at least require
a tariff schedule that distinguishes between peak and
off-peak on a diurnal and seasonal basis.

13.24 Non-commercial energy sources are priced
largely according to market forces. Since the poli-
cies recommended in this report require a systematic
programme for the use of non-commercial fuels, it will
be necessary to introduce a system of price surveil-
lance and regulation. Subsidies will be required. in
some cases. Hence to ensure some consistehcy .in the
use of such subsidies, which may be linked with
various promotional programmes, systematic cost

analysis will also be required, The agency or agencies -

entrusted with the overall responsibility for energy
policy may be asked to look after this aspect also.

13.25 A structure of energy prices that encourages -

the required inter-fuel substitutions and a degree of
economy in energy use would make it easier to imple-
ment the energy plan outlined in the earlier chapters.

There .



CHAPTER XIV

RESEARCH AND DEVELOPMENT IN THE
ENERGY SECTOR

14.1 Research and Development (R&D) in, the
energy sector would necessarily be related to and
linked with the various policy prescriptions outlined
in the earlier Chapters. It is not intended to catalogue
all R&D programmes necessary to develop the energy
sector ; instead, R&D priorities and specific areas of
thrust will be dealt with keeping in view the overall
policy objectives. The Group is of the view that in
order to tackle the complex technological —problems

- of the energy sector, R&D efforts on a substantially
increased scale would be csscntial. In the timc framc

considered in this report, it is clear that conventional -

sources of energy, together with non-commercial
gources will be the mainstay of all major energy con-
suming sectors. The Group is cognizant of the impera-
tive need for development of renewable sources of
energy and their potential role in the future. The basic
thrust of the R&D effort should be oriented towards :

— improvements and adaptation of existing
technologies with emphasis on conservation, ;

— development of more efficient techmologies
for utilising our indigenous conventional
sources of energy ; and

— development or renewable
logies. ‘

energy techno-

14.2 Coal will continue to be a major source of
commercial energy in the foresecable future and as
such, programmes that enhance its production and
promote its efficient utilisation in all the consuming
sectors, should receive high priority. Inp the oil sector,
R & D priorities should be oriented towards maximising
recovery from the oil reservoirs and efficient utilisation
in' major sectors like transport, industry and household
as well as towards interfuel substitution, wherever
feasible. R & D programmes in the electricity sector
will have to have a high priority inconsonance  with
the! power programme, In the area of alternative
energy sources, R&D efforts in the fields of solar
energy and biomass should be accorded high priority
in view of their vast potential and their relevance to
rural energy programmes.

14.3 Over the years, attempts have been made in
the country to build up an R&D base in the energy
sector. However, the Group feels that this is not
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commensurate with the total needs of the' energy
sector, both current and the future.

14.4 The responsibility for R&D is distributed
among several Ministries/Departments and agencies.
In some of the sectors like coal and oil, R&D pro-
grammes are fairly well institationalised. For example,
in respect of coal, R&D effcris in the arcas of coal
surveys, mining, coal preparation, etc., are dealt with
mainly by CFRI, CMRS and CMPDL In respect of
oil, Institute for Peiroleum Exploration, Indian

- Institute of Petroleum, IOC R&D Centre, etc. deal

with major programmes in this sector. In the case
of nuclear power, R&D programmes are well institu-
tionalised and are being carried out by the Department
of Atomic Energy. In other sectors such arrangements
do not exist in an' adequate measure and as a con-
sequence, the R&D activities have not received the
needed attention. For example, R&D programmes in
the power sector are inadequate and do not reflect
the prioritics needed to ensure optimal production
and efficient use of eclectricity. In the area of
alternative sources of energy also, there is no insti-
tutional set-up. It is, therefore, necessary to develop
proper institutional arrangements to promote R&D in
a coordinated manner keeping in view the priorities
of the energy sector.

. R&D i the Coal Secior

14.5 R&D requirecments in the coal sector range
from improving methods of production, and introduc-
tion of new technologies of coal-mining to better and
more efficient methods of utilisation.

14.6 R&D activities in' the field of coal-mining
technology are presently related mainly to conserva-
tion of coal. The schames presently in progress mainly
relate to improved mining practices designed - to
increase recovery of coal and protect resources from
fire hazards and collapse of mines. The ccal mining
programme envisaged for the future is so large that
it is necessary to develop large mines with requisite
capabilities. This would requite development of new
mining technclogy and use of larger and more
sophisticated equipment. It is necessary to have a



detailed review of the present status carried out to
identify what further inputs will be required in this
area. :

14.7 Considerable R&D work has beenr done in
the field of coal beueficiation by CFRI1 and Regional
Rescarch Laboratory at Hydcrabad. A few R&D
schemes covering areas of spherical agglomeration of
coal, better recovery of coal from washeries, utilisa-
tion of rejecis from beneficiation plants are presently
under progress. However, the efforts are diffuse and
require more emphasis. The Group feels that a
ccordinated approach would be required with close
involvement of the user industries not only to upscale
certain technologies which have been developed at the
laboratory level but also to explore other promising
techniques such as froth flotation, oil agglomeration
and chemical demineralization.

14.8 For production and supply of relatively inex-
pensive .coal based smokeless domestic fuels; the low
temperature Carbonization, technique is considered a
viable option. The CFRI and RRL, Hyderabad have
considerable R&D experience in this field. Further
work is required to develop less expensive technolo-
gies.

14.5 'R&D efforts in the field of coal combustion,
. particularly in respect of technologies for
burning of low grade coals are extremely important
and relevant for the energy economy. In this regard,
fluidized bed combustion offers considerable promise.
Already, work is underway at CFRI, CMERI, RRL,
Jorhat and BHEL and there has been significant pro-
gress. A 10-ton per hour experimental fluidized bed
boiler has been developed and tested by BHEL and
cfforts arc being made to upscale this type of unit.
The Group feels that the R&D efforts in' this field
should be reviewed and intensified so that the techno-
logy is adequately developed for wuse in both the
industrial and the power sector.

~ 14.10 Technologies for gassification and liquefac-
tion of coal are being considered in countries with
plentiful coal reserves in the context of finding a
substitute for oil or gas and environmental considera-
tions. The Group feels that the relevance of these
technologies to India needs careful assessment. R&D
work relating to coal gassification on a modest scale
is being pursued by CFRI, RRL Hyderabad and
BHEL. On the question of liquefaction, recently a
detailed study of the processes available for conver-
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efficient .

sion of coal to oil and their economics uader Indian -

conditions has been made. The Working Group feels
that the need for pursuing R&D activities in  these
areas under our conditions should first be clearly
established after which a comprehensivel programme

should be drawn up keeping in view the extent of and
the time frame in which the gas and oil produced
from coal would be required to play a role in our
energy economy.

R&D in Ol Sector

14.11 The wain thrust of the R&D efforts in the
oil sector will have to be on enhancing our explora-
tion capability, maximization of yield from oil reser-
voirs and efficient . utilisation in all the consuming
sectors. In the area of exploration, the Institute of
Petroleum Exploration has been set up at Dehradun
to carry out basic and applied research to support the
exploration programme and in understanding the
environment of the reservoirs. The Institute hag been,
carrying out studies relating to sedimentary processes
and delta formation, oil generation, migration and
accumulation, production and reservoir problems. It
hag also been working on indigenous development of
equipment required for oil exploration and develop-
ment of sophisticated techniques for resolving geologi-
cal, geophysical and reservoir problems. The adequacy
of the present efforts need to be reviewed and they
have to be reinforced and strengthened where neces-
sary so that the expanding exploration activities re-
quired to locate potential oil and gas reservoirs in the
country are adequately supported.

14.12 Development of secondary and tertiary
recovery technologies is vitally needed to maximise
the yield from oil reservoirs. An Institut= for Reser-
voir Studies has been set up in Ahmedabad mainly
to provide the R&D inputs necessary to develop such
methods. '

14.13 In view of the fact that the demand for
middle distillates is large in our country, process
technologies to upgrade heavier fractions such as
LSHS to distillate products is of considerable impor-
tance. A scheme of establishing secondary processing
facilities is already in progress in a number
Refineries. The Group would like to emphasise the
need for R&D which is directed towards optimising
such process technologies.

14.14 The Group is of the view that R&D efforts
in the sphere of efficient utilisation of petroleim have
been very inadequate with the result that significant
techrology gaps have developed. The transport sector
which is a major consumer of liquid fuels should aim
at a much higher efficiency of utilisation. Automobile
engine and vehicle designs need to be considerably
improved. In advanced countries, the performance of
internal comblustion engines ‘has shown marked
improvement while in India very little progress see'ms
to have been made in this direction. It is also possible

of .




to develop transportation systems which would
be optimal from the point of view of e¢nergy consump-
tion. Considerable R&D would be required in' these
areas. Institutional inadequacies would also need to
be rectified.

14.15 Inter-fuel substitution in the transport sector
is important from the point of view of reducing the
reliance on . oil products. The areas which should
receive attention are the development of battery
powercd vehicles and the possibilities of using fuels
like alcohol and producer-gas for transport vehicles.
R&D work has been initiated in a small way for the
development of battery powered vehicles. The ade-
quacy of such efforts need to be examined with a view
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to identify the suitable technological option. A battery

powered two wheeler is under development in an
industrial undertaking in the State of Karnataka.
Battery powered buses for city use and commercial
vehicles for short range applications show economic
potential with further development.

14.16 The use of alcohol-run internal combustion
engines has been pursued in the past and the technical
feasibility of running automobile engines with blended
petrol is reasonably well established. An interminjs-
terial committee in the Ministry of Petroleum &
Chemicals is currently examining the various issues

connected with the use of alcohol in the transporta-

tion sector. The Working Group feels that despite
the fact that there are many complex issues involved
requiring detailed examination from the long-term
point of view, extensive R&D efforts covering opti-
mum blends for use in existing engines, design of
new engines to run entirely on alcohol, use of ethenol
and methanol in diesel engines should be undertaken.
There are sufficient indications that many new bio-
conversion technologies being researched all over
the world may render -production and utilization of
alcohol much more attractive than is apparent now.

14.17 The potential of hydrogen as a source of
liquid fuel for the transportation sector should be
kept in view, although it is very unlikely that its
potentialities can be realised within the next two
decades. R&D programmes should be supported at
an appropriate level so that the necessary capabilities
could be gradually built up to be utilised whenever
the use of hydrogen becomes technlcally and econo-

mically viable'.

R&D for Nuclear Power

14.18 The Research & Development activities for
nuclear power are primarily carried out at the Bhabha
Ator_n_l.c Research Centre at Trombay and in respect

of fast breeders at the Reactor Research Centre at
Kalpakkam. A number of test facilities have been
set up. A 100 MWe thermal research reactor is under
construction at BARC. The Fast Breeder Test
Reactor (FBTR), under construction at Kalpakkam
will serve as a facility for developing improved fuels
having high specific power and better breeding ratios
and material development for fast brceders.  Studies
are in progress regarding the feasibility of using tho-
rium of which large deposits exist in India in the
existing heavy water reactors. This will also provide
an alternative to the fast breeder reactor route in
case the breeder development gets delayed for any
reasons. Work related to Uy, separation is  also
on hand. While the technology. for fabrication of
uranium fuel elements has been well established,
developmental work for fabrication of thorium plus
Usys fuel and plutonium fuel is also being carried
out. If the technological feasibility of the fast breeder
reactor system, particularly based on the thorium
fuel cycle, is established and indigenous capabilities
adequately developed, a much larger nuclear pro-
gramme becomes possible, particularly for the peuod
beyond the year 2000 AD.

R&D in Power Sector

14.19 The large programme for expansion of the
power sector envisaged for the future requires the
development of technological capabilities and R&D
support on' a very big scale,

R&D in the power sector fally into the following
categories :

(® R&D concerning equipment manufacturing
industry and system engineering including
development of new designs for cquipment,
development of new materials and techno-
logical practices and systems to ensure better
performance and higher reliability.

(i) R&D oriented towards solving various
operational and maintenance problems faced
by various State Electricity Boards and
Corporations,

(i) R&D related to power system planning and
operation.

14.20 With the growth of capacity and the inter-
connection of systems first on a regional basis and
later on an all India basis, new problems have to
be faced which require considerable R&D in many
aspects of power system engineefring. Concomitant
with these efforts, there is also need for the deve-
lopment of facilities for manpower training in the
sophisticated areas of automatlon load despatching,



on-line computer control, system simulation, and opti-
misation, system dynamics and system protection.

14.21 The investment on R&D in the power sector
amounting to roughly 20 crores per year has hardly
any bearing on the size of the investment in the
power sector or on the burgeoning problems. What
is more, much of the annual R&D outlay is actually
spent on routine operations such as quality control
and testing and with a few exceptions, not enough
innovative projects have been attempted. The Group,
therefore, recommends that necessary resources should
be allocated for substantially enhanced R&D efforts
in this important sector. A concerted effort is needed
to build a proper infrastructure and institutional
framework for R&D activities in this area.

1422 The Group is of the view that significant
R&D inputs are required in the following areas :

(a) improvement in the methodology of load
estimation and forecasting, power system
planning including site identification, cons-
truction and project management techniques ;

(b) improvement of the
systems ;

reliability of power

(c) improvements in power
techniques ;

system protection

(d) optimisation of system economics, measures
for power transmission and distribution in the
low Joad areas, particularly the villages ;

(&) software development for problems in power
system operation, load flow, short circuits,
overvoltages stability, etc.

(f) research in the problems of integrated opera-
tion of power systems ;

(g) research and training in on-line

computer
control of power systems ; and

(h) research cn EHV transmission and HVDC
techniques.

A coordinated research plan cn power systems should
be evolved involving the Central Power Research
Institute, the Central Board of Irrigation and Power,
BHEL, CEA and State Electricity Boards.

Energy Conservation

14.23 The scope for energy conservation in the
industrial, agricultural and transport sectors is indeed
very vast. R&D activities relating to energy conserva-
tion in industries would involve improving existing
processes to make them less energy intensive or deve-
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loping new less energy intensive' processes. The
approach to be adopted would depend on the specific
industry. It is necessary to review each major indus-
trial process and identify the R&D efforts required
to reduce energy consumption. As part of this exer-
cise, the possibilities of substitution of coal for oil in
various industries and the R&D .required for such
substitution should also be identified.

14.24 In the agricultural sector, the efficiencies of
agricultural pumps commonly being used are poor
due to both design and manufacturing deficiencies and
improper motor-pump combinations. There is scope
for significant improvements and therefore attempts
should be made to identify R&D inputs required to
improve energy use in agriculture.

Alternative Sources of Energy

14.25 The Group toock note of various alternative.
sources and their potential applications. Amongst
the alternatives, solar emnergy (direct), wind energy and
bio-mass appear to be areas of high priority and there-
fore the Group feels that the basic thrust of the R&D
effort should be directed towards development of
technologies that appropriately harness these sources
of energy.

Solar Energy

1426 R&D in the field of solar energy is being
pursued by a number of acadamic institutions,
National Laboratories and a few industries such as
BHEL, CEL, Jyoti, etc. They cover a number of

-application areas such as water heating, grain drying,

refrigeration, cooking, space heating, pumping, power
generation, etc. Research efforts in most areas have
been mainly at the laboratory level although some
devices and systems have reached the stage of
demonstration and field testing. Commercial act1v1ty
is yet to develep on, any significant scale.

14.27 Although a coordinated programme at the
national level has emerged, certain inadequacies
exist in respect of engineering and fabrication support
to R&D projects, institutional arrangements and
extension activity. With the groundwork already laid,
it is now necessary to determine how best the exist-
ing capabilities could be mobilized and further streng-
thened. The Group recommends that extensive field
testing and demonstration of technologies which are
ready should be undertaken on a country-wide basis
with a view to promote their use. Solar energy
devices for post-harvest operations and photovaltaic
systems are areas in which considerable R&D work
has been done but further efforts are needed to make
them cost-effective. Photovoltaics is an area where



a break through might occur in the foreseceable
future.

14.28 One of the major drawbacks of some of the
renewable sources of energy is their cyclic availability.
Development of energy storage systems is essential
to use sources such as solar energy and wind enefrgy
according to needs. There is strong need to strengthen
the R&D efforts in this area.

Wind Energy

14.29 The potential of wind energy on, a country-
wide basiy is yet to be assessed accurately. The avail-
able data indicates that the promising regions .with
good wind energy potential are the coastal areas of
Karnataka, Gujarat, Maharashtra, Rajasthan and
some hilly arcas. In the interior of the country the
average wind velocity is generally low but there
appear to be certain periods during the day or month
and this would vary depending cn the season, when
the wind velocities are sufficiently high to make wind
mill installation feasible. It is felt that more detailed
wind data especially regarding daily wind frequency
distribution, seasonal variations, etc should be collec-
ted and the wind energy potential should be reasses-
sed. ‘

14.30 In the past few years, considerable progress
has been made in the technology of wind mills in
many western countries. However, these design may
not be sujtable for Indian conditions without modi-
fication and adaptation. Some wind mill designs

have been evolved for low wind speeds also, but the.

cost-effectiveness and reliability are not yet proven.

14.31 The National Aeronautical Laboratory which
had developed the horizontal axis wind mill and field
tested many units has been continuing its efforts to
evolve a cost-effective design suitable for Indian con-
ditions particularly for pumping applications. Sail-type
wind mills that could be made locally in rural areas
are being investigated. Work is alsc in progress on
vertical axis wind mills for electricity generation as well
as for pumping application. A field Testing Programme
of wind mills at Ghazipur in U.P. has given encourag-
ing results. All these indicate that with further R&D,
wind energy could become cost effective in many parts
of the country particularly if the pattern of agriculture
could be adapted to suit the wind conditions.

Fuels from Bio-Mass

14.32 The studies of the Group underline the im-
portance of continuance of fuel wood as a source of
fuel and the need for reliance on bio-mass for meeting
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the energy need in the foreseeable future. Research
efforts directed towards identification of fast growing
species, methods of increasing photo-synthetic effi-
ciency and development of cost-effective processes uti-
lising bio-degradable materials for producing fuels—
gaseous as well as liquid deserve high priority.

14.33 Many bio-conversion routes are being re-
searched. The choice of bio-conversion route is dictated
by the physical nature of the material, its techno-econo-
mic viability and environmental benefits. The biologi-
cal conversion of organic wastes by anaerabic diges-
tion process is an area where considerable R&D is
already in progress. Although the bio-gas programme
based mainly on cow dung is being pursued with con-
siderable emphasis, new techniques are required fo
utilise other types of solid materials Iike vegetable
wastes and agricultural residues.

14.34 The technology of bio-gas production from
animal dung is fairly well developed and a programme
to popularise bio-gas plants based on the known tech-
nology is in progress. The present strategy is to en-
courage mainly individual effort with the result that the
programme has benefitted individual families of a cer-
tain category in rural areas. While the present program-
me has served the need of bringing the tcchnology
to the rural areas, it is not adequate to harness the
sizeable bio-gas potential and achieve the objective of
the benefits reaching a larger section of the rural com-
munity. There are a number of scientific, technological
and socio administrative problems to be resolved to
harness the bio-gas potential and make it an effective
component in the rural energy economy. A national
Jevel co-ordinated R&D programme is presently in
progress to find sclutions to some of the basic prob-
lems. The main objectives of the programme are to
improve the gas yield, reduce costs, increase reliability,
develop larger plants for community level applications,
develop cheaper bic-gas stoves and other appliances,
study the socic-economic impact and administrative
arrangements for community level plants, etc. The
pace of this programme has to be accelerated and it,
has also to be given a thrust so that the efforts can be

-concentrated in some of the more important areas.

14.35 The conversion of bic-mass into fuels by

pyrolysis is a process of destructive distillation carried
out in a closed vessel in an atmosphere devoid of oxy-
gen. The gases produced are usually a mixture cf
hydrogen, methane, carbon monoxide, carbon-dioxide
and lower hydrocarbons. The liquids are oil-like and
the solids are similar to charcoal, Several versatile pro-
cesses have been developed capable of using diverse
feed-stocks such as coal, tree bark, waste timiber, rice
husk, urban waste with yields of as much as a barrel
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of oil for each ton of wet bio-mass. There are also
other possibilities of using urban waste to generate
electricity by direct combustion. In fact some western
countries are already using such techniques on a com-
mercial scale. Producer gas units based on wood/char-
coal needs to be revived ;; R&D inputs necessary tc
develop cost effective units for rural application should

be identified. Liquid and gaseous fuels can also be pro-.

duced from bio-mass through the fermentation process.
All these areas need intensive study to establish their
niche in the Indian energy scene.

Decentralised Integrated Energy Systems

14.36 The possibility of decentralised energy produc-
tion and distribution as against the centralised method
deserves serious. consideration particularly for meeting
energy needs of the dispersed rural population. Such
energy systems would be based on a system approach
to energy problems taking into account all available
energy resources in a given location with particular
emphasis on new and renewable energy technologies.
Most research on alternative energy sources has con-
centrated on single sources like solar or bio-gas or wind
or geo-thermal and often a single application of that
source. The intermittent nature of some of the sources
like solar, wind etc. is one of the major problems in
their effective utilisation. However, combining several
sources might help to alleviate this problem and im-
prove system reliability. R&D to establish the feasi-
bility of integrated systems based -on solar, wind, bio-
gas and mini-hydro wherever available, will have to be
undertaken expeditiously. The scope for such integrated
systems seems to be most high in village situations, but it
must be recognised that such technologies should as far
as possible be simple and maintenance requirements low.
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It is necessary to take up a few pilot scale studies on
integrated autonomous energy systems in village situa-
tions, including studies cn socio-administrative prob-
lems and institutional requirements.

Application of R&D Results

14.37 The success of the R&D programme would
ultimately be dependent on the application of their re-
sults for regular use in the energy economy. While the
application of the results of the R&D programmes would
prcvide considerable socio-economic benefits to the
economy, only a few programmes will lead to direct
monetary savings and profits in the near term. In the
absence of sufficient direct motivation, difficulties would
be faced in popularising the application of the results
from R&D programmes for actual use. In this context,
it would be necessary to consider monetary incentives
and other motivating and regulatory measures to ex-
tent the results of the R&D activities to the fiéld.

14.38 The measures to be taken to solve some of
the problems being faced in providing assured energy
supplies in rural .areas have been dealt with in the
earlier chapters, Considerable R&D inputs are requir-
ed to make the present pattern of utilisation more
effective and evolve new systems for application in the
longer term. What is crucial in developing rural emnergy
systems is the follow up action required to propagate
and popularise them for application. Such follow up
action through appropriate extension programmes
should form part of the overall R&D programme to
ensure that the benefits of R&D activities ultimately
reach the sectionis of population for which they are
intended. ' ' )




CHAPTER XV

AN OVER-VIEW

"15.1 The Working Group commenced- its work in
carly 1978.0 The events in the international eunergy
system during the past year and half (while studies
and discussions were -being carried on by the Group)
have had a strong impact on the approach and the
recommendations made by the Group in this Report.
In the first half of 1978, it was widely reccgnised that
the energy supplies, especially the oil supplies, would
gradually run short of demand and that the previous
trend of steadily increasing oil demand and matched
supplies would yield place to a new situation of de-
clining tota] oil production in the world, irrespective of
demand. It was expected that the transition from the
past trends to the new situation would be managed in
an orderly fashion through a combination of market
forces. and pcsitive intervention by the Governments
through public policies to regulate the consumption of
oil products. But the events in the last few months—
the disruption of oil supplies from Iran and the steep
increase in oil prices twice within one year—have
forcefully brought home the realisation that any energy
policy formulation will have to start with the assump-
tion that there can be no guarantee of steady oil sup-
plies to any importing country in future.

» 15.2 The experiences within the country and out
side have shown that there. are severé limitations to
the pace at which supply cculd be increased from con-
ventional energy sources like coal, nuclear power and
hydro-electric resources. The growing realisation of the
dwindling supply of conventional energy resources and
the resulting rise in the real price of enmergy are ex-
pected to bring about some economies in the use of
fuels in general and of oil in particular. The estimates
of Reference Level Forecast drawn up by the Group
reflect the Group’s view that even if no deliberate
measures are adopted to restrain and regulate energy
censumption, the rates of growth of demand for energy
in the coming years would be somewhat moderate as
compared to those observed in the past.

15.3 The demand for coal and oil arises not conly
for direct use as sources of energy but also for conver-
sion into electricity and for non-energy uses. Taking all
the requirements into account, the Group has estimated

that by the year 2000 AD the ccal requirement would

" increase to 530 million tonnes, oil to 92 million tonnes

and electricity generation to 550 TWb under the RLF*.
It is to be noted that the consumption of coal for
power generation by the year 2000 AD as per this
forecast would. be around 220 million tonnes and the
non-energy uses of oil and oil used for power genera-
tion would amount to 18.5 million tonnes. The overall
rate of growth of requirement of coal increases as per
this projection at the rate of 7.7 per cent per year
and of oil 5.6 per cent per year and electricity at
8 per cent per year from 1978-79.

15.4 The Working Grcup felt that it would not be
desirable and might not even be feasible to step up the
supply of energy to these levels and that ways and
means should be explored to bring about an overall
reduction in the energy demand, of which the reduc-
tion in the demand for oil products should be the
highest. The exercises to seek reduction in the  energy
demand, however, should assume that the growth of
the economy in terms of GNP should not be reduced
from the levels adopted for the Reference Level Fore-
cast. The results of these exercises are set out as the
Optimal Level Forecast "in the Report (see Chap-
ter-I11) . ’ '

15.5 The Group has examined a large number of
propositions and has recommended a number of mea-
sures .to optimise the level and the pattern of use
of energy. The major thrust of the policy prescriptions
are towards :

— the curbing of consumption of oil to the
minimum possible level ; )

— conserving the use of energy by increasing
the efficiency of its utilisation ;

— reducing the overall energy demand by lower-
ing the intensity of energy consumption in the
economy, particularly in the industries sec-
tor ;

— an increased reliance on renewable energy
rescurces ; and

*These figures have been rounded off to the nearest convenient digits from Table 3.4 .

The requirement "of coal and oil

include quantities used for power generation and non-energy uses.
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a reappraisal of our economic development
strategies, especially those elements of the
strategy which have a direct link to energy
consumption like technology choice, location
policies, urban growth, mechanisaticn in agri-
culture etc, with reference to the new aware-

ness of the energy supply and. demand in.

future.

15.6 Theoretically, options for substitution of oil
by-any other fuel should be examined case by case on
techno-economic ccnsiderations. But under the current
anticipation of rapidly increasing oil prices and possi-
ble- discontinuities in the supply from time to time,
the Group felt that it would be more pragmatic to
examine all possible ways by which the consumption
of oil could be restricted only to uses where it cannot
be substituted.

~15.7 In deriving the Optimal Level Forecast, the

Group has suggested certain targets for the improve-
ment in the. efficiency of energy use which could be
achieved at different points of time upto the end of
the century. As the improvement in efficiency will re-
quire the replacement of capital stock which is cur-
rently in use by equipment which would be more effi-
cient in the utilisation of energy, the targets fcr effi-
ciency improvement have been assumed to be very
small in the next five years but higher in each suc-
ceeding sub-period.

15.8 The Group feels that the targets for energy
conservation suggested for different sectors in the re-
port are moderate and could be improved upon if
adequate institutional arrangements are made for each
sector. It is necessary to examine the technological
processes and the achievable levels of efficiency for
each industry or equipment, and to prescribe the
standards of efficiency to be achieved by energy users
or equipment manufacturers. The systematic monitor-
ing and the acceptance of all these norms may result in
much higher levels of conservation than what has been
assumed in the report. It is relevant to note that in
countries where the eﬂiaency of energy utilisation was
higher compared to our country, it has been possible
.in the last few years to achieve substantial savings in
‘energy consumption without affecting the ratc and
_pattern of growth of the economy. The consumption
of energy in industry in the United States is reported
to have declined at the rate of 1.2 per cent per year
-on the average between 1973 and 1978, though a GNP
increase of 2.3 per cent was -registered during this
period, and that the reduction was accomplished by
_conservation, recycling and burning of wasfe products.
‘Given the relatively lower levels of cfficiency of energy
“utilisation in many of our industries, it should be possi-
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ble to achieve larger savings in energy. consumptlon by
adoptmg approprlatc conscrvat1on measuros

_15.9 The pattern of growth espemally in the indus-
tries sector which has been evolved in the last three
decades on the assumption of continucusly - avail-
able and relatively cheap energy supplies, requires
to be restructured now. The Group felt that within the
overall industrial production there is too large a share
of some of the Very high electricity consuming indus- .
tries like aluminium, ferro silicon, etc. and this results
in the overall energy intensity of the industries sector
being very high. In the transition towards the optimal
level cf energy consumption measures to restructure
the industrial strategy with low energy intensity 1ndus-
t11es deserve serious consideration. .

15.10 The Group has also emphasised the scope for
greater reliance on renewable energy resources. Among
the renewable resources, hydro-power is the most im-
portant one as the technclogy for its greater utilisation
is readily available.. The share of hydro-power genera-
tion in the total electricity/energy supply has.to in-
crease in the coming decades. In consultation with

* Central Electricity Authority which is currently making

a reappraisal of the hydro electric resources, the Group
has suggested a level of utilisation of hydro electricity
which is much larger than what has been contemplated
in the past and which has become possible due to the
upward revision of the estimation of hydro-electric re-
sources. The Group has also indicated that there is
scope for setting up micro-hydel power stations in the
hilly areas and that the possibilities of developing low
head hydel resources along canals should be pursued.

15_.11 The Group has siiggested that the use of agri-

_cultural waste and fuel wood should be encouraged in

future. While the increasing agricultural production
would give rise to increased agricultural waste, the
increase in the level of its utilisation would depend
on the development of apphances and technologies
which would make it convenient to use this kind of
fuel. The fuel-wood resources could be increased by
taking up forest plantations at the village level which
would enable their use as a household fuel without any

“change in technology and without increasing the costs

of transportation and transformation. In general the

_Group has placed great rehance on. renewable resources

to supply the increasing needs of rural areas,

15.12 Though the Group has giveh ‘anxious consi-
deration to. the utilisation of new ‘energy sources like
solar energy, wind power, tidal power, efc. it was felt
that in the absence of reliable data regarding: the in-

‘vestment requirements as most of them are yet'to be

commerc1a11y tested and the cost beneﬁts of thcse tcch—
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nologles are still unceltam, 1t would be hazardous to
assume any supplies from such sources upto the year
2000 AD. The Group has, however, recommended
R&D efforts on new energy resources as they might
have to play a big role in the years beyond 2000 AD.

15.13 The strategy of econcmic growth adopted im
our country has no doubt taken into consideration the
endowment of resources and the major constraints to
_‘grow-th. The overall direction of growth, however,
has ‘been influenced by the internationally available
technologles and the energy perspective of the world

market in which abundant and inexpensive supply of
oil and other relatively inexpensive forms of energy
were the major elements. This has resulted in the ratio
of energy consumption to GDP being high in our
country, While it is generally maintained that there is
a direct correlation between GDP and energy consump-
tion, we do not have a full understanding as to why
the intensity of energy consumption varies widely as
between countries which are almost at the same level
of ‘economic well-being. A number of countries in the
centrally planned economies seem to have high GDP
even with low energy inputs. In our country a substan-
tial portion of the energy supply is obtained in the form
‘of non-commercial energy, animal power and human
labour. One would expect that as a consequence of
this, the consumption of commercial energy per unit
of GDP in India would be low, but the facts indicate
the” opposite position. To some extent, this is due to
1thc problem of computing GDP on a compalable basis
for different countries at different levels of economic
development. Tt is also due to varying levels of effi-
‘ciency in energy utilisation, Even though more studies
are required to understand the causes for the seemingly
high energy intensity of the Indian economy, the Group
is.convinced that it is not only possible but necessary to
‘reorient our strategies of economic growth in such a
manner that the input of energy required to produce
‘a given level of goods and services is reduced gradually
over time. This would require a deatiled study of the
'specific. operations which should be mechanised in
agriculture and. industries, the type of technology that
“should be chosen to produce a given set of goods,
Jocation of different production activities in the coun-
try so as to reduce the requirements of transport of
‘the inputs -and outputs of production activities, the
extent of urbanisation and various other factors, In
other words, the economic growth strategies would
‘have to be realigned so as to be consistent with the
-current expectations of increasing scarcity and price
of all erergy products in general and of oil in particular.
"The Group -has made some broad reccmmendations in
-this regard but these are not based on any detailed
conmsideration of factors other than energy which might
also have a decisive influence on these issues.

15.14 The Group has felt that the decenfralised
energy systems also would have a place in future espe-
cially if production activities are likely to be decen-
tralised. The extent to which this could be achieved is
not predictable at this stage.

15.15 The Optimal Level Forecast has been drawn
up based ori the above assumptions. The implementa-
tion of measures proposed in the Report would bring

.down the requirements cf energy to 427 million tonnes

of coal, 69 million tonnes of vil and 457 Twh of elec-
tricity. The OLF reduces the demand for oil by 25 per
cent as compared to RLF, Consultations with experts
connected with coal, oil and electricity production sug-
gest that the stepping up of the production to these
levels in the next 20 years might not be very difficult
in the casc of coal and electricity, In the case of oil,
however, there are serious misgivings about the possi-
bility of obtaining the oil supplies to the level of 69 MTs
by the year 2000.

15.16 The Group has assumed that in view of the .

limited resources of oil identified so far and the some-
what sluggish rate at which additions to oil reserves
are being made, the production of indigeneous crude
in the year 2000 would be about 24 million tomnnes.
This would mean that over 45 million tonnes of crude
would have to be imported then. Though this would
represent a very small fraction of the overall cil trade
in the world, it would be unrealistic to assume that we
could get increasing supplies of oil when the world
production is likely to decline in absolute terms. On
the basis of the current knowledge of resources and
market conditions the general anticipation is that world
oil production might peak some time during the eigh-

ties. Some time between 1980 and 1990 the maximum

level of production would be reached and then the
level of world production might decline. At that stage,
all importing countries would compete to obtain a
fair share in the available supplies. Whether the prob-
lem is resolved by market-forces or by physical quota
allocations, it would be unreasonable to expect that

- India would be able to obtain steadily increasing quan—

tities of 011 during the nineties.

15.17. 1t therefore, appears imperative to prepare
oursclves for the contingency of not being able to
import oil needed to the levels implied in this Report.
The options to be considered in response to such a

‘situation are either to increase further the production

of crude from indigenous wells or to develop some
liquid fuel which could substitute cil and which could
be _produced from renewable sources like agri-
cultural products, either primary or waste products.
Unless very large new oil discoveries are made, which
are not anticipated in this Report, the increase of oil
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production would cnly shorten the life- of our known
resources. Theoretically, liquid: fuels could be. obtained
from-coal also. However, as the coal production for
the other needs themselves add up tc a substantial
quantity by the year 2000, this proposition can be pur-
sued only to-a limited extent. Another option is the
production of liquid fuels from renewable agricultural
resources and bio mass.

15.18 The producticn of liquid fuels to a level of
twenty million tonnes might not be possible by merely
utilising available agricultural waste, as the quantities
of waste required to produce about 20 million tonnes
of liquid- fuel cannot be obtained by collecting agricul-
tural waste. The production of large quantities cf liquid
fuels from bio mass would therefore require cultivation
of an appropriate agricultural product likc sugarcane
or cassava on lands which are allocated exclusively
for energy plantations. The Group was not able tc
examine in detail the viability and feasibility of divert-
ing lands in use now for cereal production for energy
plantations, ag the decision has to.be based on a study
~of all factors that determine optimal land utilisation.
India with its large population and .a meagre land-man
ratio, might have serious limitations of the extent to
which this option could solve the problem of liquid
fuel shortages. The Group would, however, like to re-
commend that this opticn should be pursued to the
extent possible.

15.19 The sombre fact that emerges from this study
is that international action is inevitable to ensure the
supply of even the minimal levels of oil consumption
required essentially to support our  economic growth.

The fact that India would be requiring in per-capita

terms very meagre quantities of oil and that shortfalls
in obtaining even this quantity might affect the growth
of the economy, the Group hopes, would be recognised
in any system of oil supply to be dev1sed in future in
the international energy system to ensure equitable
distribution of a scarce resource essential for the well
being of the world. In the absence of such a support,
the basic objectives of economic development of im-
proving the economic level and quality of life of our
people would be difficult to achieve.

15.20 While on the one hand the international com-
munity should become sensitive to the needs of India
securing a certain minimum level of oil supply to
achieve her economic and sccial goals and should
evolve a system that could allocate the minimum needs
at reasonable prices, on the other hand, all efforts
should be made within the country to secure a low
energy growth and fo optimise the fuel utilisation pat-
tern. These domestic effcrts cannot be successful, if the
action of energy issues are not pursued in a sustained

and. comprehensive’ manner under a central directicn,
The Working. Group is of the view that energy policy
making could no longer be-an exercise to be undertaken
at periodic intervals, but should be a continuous one.
Various policy measures suggested in this Report are
only the broad outlines of policy for which the details
would have tc be worked out, implementing agencies
identified and efforts for increasing production of
energy supported with investment decisions. ‘The efforts
made in one sub-sector of the energy economy would
have ‘to be consistent with efforts made in othér sub-
sectors. The Group feels that such a coordination can-
not be obtained under. the present institutional at-
rangements. There should be a nodal agency which
should take the responsibility for evolving the future
energy policy options on a continuous basis, operatio-
nalising the policies into specitic programmes, identify-
ing agencies which must implement the programmes
etc. :

15.21 The Group discussed a number of alternative
administrative structures which .could achieve these
ends. It felt that the best arrangements could be to
have in the Energy Ministry the energy supply depart-
ments, viz. Coal, Petroleum, Electricity and Nuclear
Power. In addition, there could be a Wing within the
Ministry to deal with energy policy formulation and co-
ordination. The fask of evolving suitable policies to-
wards non-commercial energy . resources and new
energy resources could be specifically entrusted to this
Wing. Though such an arrangement would involve the
creation of a very large Ministry, which by itself might
give rise to certain problems, the Group felt that on
balance, this would be the most practical, effective and
least expensive of the various alternative arrangements.

15.22 If, for any reason, it is found not feasible to
re-organise the Departments of the Government deal-
ing with different forms of energy under a single
Ministry of Energy, the alternative arrangement could
be the creation of an Energy Commission. Such a Com-
mission should work directly under the Prime Minister
and should report on issues of energy policy and its
implementation so ‘that the Prime Minister could co-
ordinate effectively the activities of the relevant De-
partments,

15.23 The broad conclusion that emerges from the
studies of the Group is that India can no longer afford
to take a fragmented and short term view of energy
policy issues. The growth rates that have been assumed
for the economy are believed by experts as the mini-
mum required to achieve the economic and social
objectives of improving the quality of life of the people
and alleviating poverty. If the present strategies of
growth are continued without change to attain the pro-
jected levels of growth, the quantities and the pattern of




energy requirements would reach levels which cannot
be et. It is therefore, necessary that measures towards
optimisation of energy use are initiated from now on
and implemented efficiently, so that supply of adequate
energy would not set a constraint to growth of the
economy, The Group would like to urge that-all sec-
. tions of the economy have to realise that the ‘emergy
crunch’ is not likely to be a transitional problem but a
continuing one of increasing acuteness in the foreseecable
future. Comparison of the levels of the energy con-
sumption in India with those of developing countries
with) comparable population like USA, USSR and
China, would not be very rational as the per capita
energy resources available in India are far below what
isavailable in these countries. In this context, the
Group feels that while all attempts are made to con-
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serve: our resources of conventional fossil fuels by
more - efficient production and utilisation measures;
the need to rely increasingly on renewable resour-
ces of the traditional types like firewood, agri-
cultural and animal waste and on new energy
resources like  solar energy and energy planta-
tions, cannot be over emphasized. If the importance of
energy to support our plans of economic and social
development is not fully recognised and action is nct
initiated in the right directions as indicated in this
Report from now on and pursued vigorously, the
Group feels that energy will become the major cons-
traint to the growth of the economy. The Working
Group herewith -submits this unanimous report on the
Energy Policy for the future.
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ANNEX 1

CONSTITUTiON OF THE WORKING GROUP ON
: ENERGY POLICY '

The Working Group on Energy Policy was constitu-
ted by an order of the Planning Commission on 6ih
December, 1977, with a view to ‘“carry out a
comprehensive review of the present energy situation
in .the light of recent devclopments bo:h within the
country and outside, to develop a perspective for the
next five to fifteen years and to recommend appropriate

policy measures for optimal utilisation of available

encrgy resources including non-conventional sources of
energy”.

2. The terms of reference of the Working Group
were set out as follows : '

“(a) to estimate the perspective energy demand
in the different sectors of the economy and

regions of the country by 1982-83 and a

decade thereafter ;

(b) to survey the present and .pérs'pecti'\;e
supplies of energy ;

(c) to recommend measures for optimum usc of
available eaergy resources ; and

(d) to outline the national energy policy for the
next five years, fifteen years and the Jonger
term conservation policy.”

3. Membership of the Working Group changed due
to several reasons during the term of the Group. The
names of members with periods served on the Group
are listed below :

(i) Shri R.V. Subrahmanian,

Chairman till
Secretary, Department 31-7-1978
of power, Govt. of India.
Shri N.B. Prasad, Chairman

Secretary, Department
of Power, Govt. of India.

" since 4-10-1978

(ii) Professor M. Datta Chaudhury, Member
Head of Department of
Economics, University of Delhi.

(iif) Shri S.N. Roy, Member

Chairman,
Central Electricity Authority,

(iv)

)

(vi)

(vii)

(viii)

(ix)

Dr. M.G. Krishna,
Director, Central Fuel

Research Institute, Dhanbad.-

Shri N.C. Sinha,

Scientist, Central Fuel
Research Institute, Dhanbad.
Dr. I.B. Gulati,

Director, Indian

Institute of Petroleum,
Dehradun.

Professor A.K.N. Reddy,

" Convenor, ASTRA, Indian
Institute of Science,
Bangalore.

Shri C.R. Vaidyanathan,
Joint Secretary,
Ministry of Petroleum
Shri R.K. Bhargava,
Joint Secretary,
Ministry of Petroleum.

Shri J.C. Shah, )
Chairman, Atomic
Power Authority, Bombay,
Dr. M.R. Srinivasan,
Director, Department of Ato-
mic Energy Atomic Energy
Commissio, Bombay.
Shri S. Chattopadhya,
0.s.D,

Department of Coal.

© Shri S.X. Bose,

x)

Joint Secretary,
Department of Coal.

Shri M.G. Nair, -
Director (Railway
Planning), Railway Board.
Shri B.K. Agarwal,

Joint Director (Corporate
Planning), Railway Board.

(xi) Smt, Otima Bordia,

Joint Secretary (Energy),
Department of Power.

(xii) Dr. Y.K. Alagh,

Adviser (Perspective
Planning),

Planning Commission.
Dr. K.C. Majumdar,
Jt. Adviser (Perspective
Planning),

Planning Commission.

Member tiil
19-6-1978

Member since k
19-6-1978

Member
Member .

Member, till
1-9-1978

Member since
2-9-1978

Mzmber, till
15-10-1978

Member since
16-10-1978 _

Member till: . .

1-7-1978

Member sincé

1-7-1978

Member till
15-7-1979

Member since
16-7-1979

Member

Member tll
1-1-1979

Member siace
1-1-1979



(xiii) Shri T.R. Satish Chandran, Member
Adviser (Energy),
Planning Commission.

(xiv) Shri Nitin Desai Member

Adviser, (Project Appraisal)
Planning Commission.

Member since
26-4-1978

(xv) Dr. R.K. Pachauri,
Administrative Staff
College, Hyderabad.

Member since
26-4-1978

(xvi) Dr. J. Gururaja,
Director, Department
of Science & Technology.

(xvii) Shri T.L. Sankar,
Secretary, Tndustry and
Commerce Department,
Government of Andhra
Pradesh, Hyderabad.

" Member—Secretary

Dr. Jyoti Pafikh, Consultant, (Energy-Division) of
Planning Commission, Shri T. S. Nayar of the Depart-
ment of Petroleum, Shri R. S. Verma of the Department
of Atomic Energy and Shri Mukul- Pandey of the
Railway Board -also participated in - the discussions.

_ The staff of the: Working Group consisted of :

Shri T.L. Sankar,

Member—Secretary.

Shri S.K. Prabhakar

Miss R. K. Bhati J Personal Asgstants.

Besides, 'the, Wopking Group availéd _itself»of the part-
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time services of the following officers working in the
Planning Commission :-

1. Shri J. N. Maggo

2. Shri Ashwini Kumar Sehgal
: 3 Shri Arun Chaitahya

4. Shri A. K. Singh

The Working Group was assisted in the later stages
of its work by Shri M. K. Sambamurti, Director,
Department of Power and Shri L. C. Jain, Chief
Engineer (Planning), Central Electricity Authority.
Shri S. N. Chibber, Desk Officer, Department of Power
prov1ded valuable assistance in the reproductlon of the
report in its present form.

The Working Group received unstinted co-operaticn
from the various Wings of the Planning Commission
and Ministries and Departments concerned with the
development of the energy sector. The following
organisations rendered valuable and prompt assistance
in updating the statistical data, providing basic informa-
tion and also in some of the ana]ys:s contained in the
report .

011 and Natural Gas Commlssmn
Central Fuel Research Institute’
Geologoical Survey of India

Central Electricity Authority

Indian Institute of Petroleum -
ASTRA (Application of Science &
Technology to Rural Areas) Cell of
Indian Institute of Science.

The Workmg Group would like to place on record
its sincere and grateful appreciation to all the individuals
and organisations for their help. '



ANNEX—II

INTERIM REPORT.

WORK[N G GROUP ON ENERGY POLICY

The Working Group on Energy Policy was set up
to review the developments in the energy sector within
the country and outside and the conclusions and re-
commendations of the report of the Fuel Policy
Committee. It was intended to consider very quickly
the broad contours of the issues in energy policy and
the report was to be submitted within a period of
one year.

1.1 The Working Group reviewed the status of data
available, the studies which had been taken up in
pursuance of the recommendations of the report of
the Fuel Policy Committee and the developments in
the energy sector. The Greup felt that it would not
be possible to undertake fresh surveys and studies to
enlarge the data base or to take up in-depth studies of
some of the important - issues which . have surfaced
during the last three to four years. The Working Group
therefore decided that keeping in view .the time and
resources at the disposal of the Group, it would be
appropriate to examine the broad issues and to complete
the Report within the time allowed ; while some of the
recommendations are conclusive, other recommenda-
tions would require further studies to be undertaken.

1.2 The preliminary findings are submitted herewith,
to enable the major recommendations to be considered
before finalisation of the Draft Plan 1978—83. The
full Report, is under completion and will be submitted
shortly. ‘

2.0 The Planning Horizon for Energy Policy.
The terms of the reference of the Working Group
suggest that the forecast of energy demand and exami-
nation of energy supply issues should be made for a
period extending to 15 years from now. As the gesta-
tion period of energy supply projects may extend to 12
years and beyond and as the long term energy options
would involve an examination of ‘demand and supply’
over a 20 to 25 year time frame, the Group has attemp-

_ted a forecast up to the year 2000.

2.1 Within this long term forecast, energy demand
forecasts for sub-periods have been attemped for the

years 1982-83, 1987-88, 1992-93 and 2000-01. The.

2 PCI79—16.

forecast of energy for 1982-83 will not be of any
consequence in taking investment decisions regarding
the energy industry as most of the energy projects for

this period have already been identified. The decision
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taken during the period upto 1982 would result in
additions to energy supplies in the period 1982—87
and beyond. As the investments to be made now should
be with reference to the forecast of enrgy demand for
1987-88, carc has been taken to estimate the demand
for 1987-88 as reliably and realistically as possibie.
In making the forecast, the Group was greatly handi-

~capped by the fact that there is no official document

setting out the possible rate and pattern of growth of
the economy for the period beyond 1982-83. Some
broad outlines are set out for the year 1987-88 in the
Chapter on ‘Perspective of Economic Growth’ in the
“Draft Five-Year Plan—1978-—83”. The Group had,
therefore, to make certain assumptions regarding the
rate of growth of GDP upto 2000 AD.

2.2 After a very detailed consideration of the alter-
native rates of growth which could be assumed, the
Group decided that it would be useful to project the
demand and analyse the supply issues for a somewhat
higher rate of growth than achieved so far in order to
examine if energy would be a constraint to growth at
such levels. The growth of GDP assumed is as follows :

In the period :

1977-78 to 1982-83
1982-83 to 1987-88
1987-88 to 1992-93
1992-93 to 2000-01

4.7% per year
5.5% per year
6.0% Dper year
6.0 per year

The population assumed and the GDP at constant
1970-71 - prices, as per rates assumed above, are set
out below :

Population DGP* -

(in million) (Rs. in crores)
1982-83 . . . . 697 58190
1987-88 . . . . . . 760 76050
199293 . . . . . 823 101770
2000-01 - . . . . 921 162210

*Based on 1977-78 CSO data
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3.0 Trends in Energy Consumption in the past.
For purposes of understanding the level of production
and consumption of total energy, the energy produced
or consumed in different forms have to be aggregated.

TABLE 2 .
Consumption of Commercial Enpergy in Imdia in Coal
Replacement Tonnes
(In million tonnes of Coal replacement)

' - i il. Blectri Total
For this purpose, the Group. has adopted the same  Year '_Co'al ot Ec?;.n c(,['g;er-
units of measurement and - conversion factors as gal _
) X L R . <y
adopted by the Fuel Policy Committee. : : nerey
: c 195354 . . 28.7 24.1 7.6 60.4
: ] : L . 1960-61 . . 40 .4. 43.9 16.9 . 101.2
3.1 The consumption of commercial encrgy in the 196566 . . . 51.8 646  30.6.  147.0
past in original units and in common units viz., coal o7t . . st4 - 912 487 1973
replacement tonnes are set out in the Table below : 197516 . . 71.0 115.7 66.0 252.7
TABLE 1 (a) Conversion factors adopted :
: 1 m.t of coal 1 m.t.c.r.
Consumption of Commercial Energy in India 1 m.t. of oil 6.5 m.tcr.
10°kWh I mter.

Year Coal in milion Oil in million Electri- Of the commercial energy forms, the rate of growth
metric metric city 109 of consumption of electricity has been the highest, i.e.
tonnes tonnes kWh 10.3 per cent over the period 1953-75 while that of

oil was 7.5 per cent and coal only 4.2 per cent.

195354 . . . 28.7 3.7 7.6 3.2 An examination of the consumption of energy

- 0.4 6.7 16.9 in different sectors also suggests that the relafive share

196061 . - - e : : of industries in total energy consumption continues to

196566 . 518 9.9 30.6 be the highe§t, while thc.e rate .of increa.se of cnnspmption

: . S of commercial energy in agriculture is fairly high. The

197071 . . - . - 51.4 150 - 487 rate of growth of total commercial energy and specific

. : S energy forms and the rate of growth of GDP and

1975-76 7.0 178 . 66.0 value added in different sectors are set out in the Table

: below : ‘
TABLE 3 _
Rates of Growth of Commercial Energy and Selected Economic Indicators 1953-54 to 1975-76
' (in percentage per year)
. Rates of growth of consumption of Rates of growth* of
Period i .
Total Coal 0il Electri- GDP  Value Value Value
CE products city added in added in added in
Agri. Industry Trans-

' port
1953.54t070-70 . . . . . 7.23  3.48 8.62  11.51 3.92 2.28 436  5.96
1953-54t0 7576 . . . . . 6.78 4.20 7.40 - 10.33 3.68 - 2.14 4.12 5.81
1960-61 to 70-71 . L . . 6.89 2.43 8.28 11.10 3.9 ©2.33 © 5.39 . 5.37
1960-61 to 75-716 . . . . . 6.35 3.83 6.61 9.51 3.55 . 211 4.68 5.34 -

Note : *The rates of growth of GDP and values added in the sectors have ’ been calculated with reference to factor costs and cons-

tant 1960-61 prices.

3.3 While the energy consumption per capita in
India is low compared to other countries, the emergy

consumption per unit of output is fairly high in com- -
parison to other countries and this ratio is increasing

from Plan to Plan. The Group tried to examine the in-
tensity of energy consumption (defined as the quantity

of energy consumed per unit of GDP) for the economy
as a whole and for the different sectors of the economy.
The elasticity of energy consumption (defined as the
ratio of rate of growth of energy consumption in a
period of time to the rate of growth of GDP or value
added during the same period) was also examined. A

el eyan .
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major cause for the intensification of energy consump-
tion is a rapid increase in the levels of electricity

. consumption in the different sectors. These studies also

indicate that the intensity of electrical energy consump-
tion is very high in industries sector and that this inten-
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sity is deepening very rapidly over time. The electricity
consumption and value added relationship for the year
1960-61 and for the year 1975-76 are given in the
Table below :

1960-61 _,
Value © Electricity  Electricity Value Electricity  Electricity
added (Rs. consump-  per unit of added (Rs. consump-_  per unit of
billion at tion (GWh) value added billion at tion (GWh) value
1960-61 GWh/Rs. 1960-61 added
prices) billion prices) GWh/Rs.
billion
Agriculture . . . . . . . . 68.3 833 ' 12.2 90.1 8721 . 96.8 ~
Industry . . . . . . . . 26.8 12696 473.7 | 52;7 44225 839.2
Other S 38.2 3424 89.6 77.4 13957 180.3
Total 133.3 16953 127.1 220.2 66903 - 303.8

Source : Draft Report of the World Bank on certain economic issues in the power sector.

The increase in consumption of electricity per unit of
value added in agriculture is due.to the lower level of
electricity use in agriculture for 1960-61. On the other

" hand, the increase in consumption of electricity per

unit of value added in industries can only be cxplained
by a shift in the structure of industry.

3.4 The electricity consumption per unit of GDP
and the crude -elasticities of electricity to GDP
growth in selected countries are given in the Table
below. The comparison indicates that both the absolute
level of electricity use per unit cutput and the rate
of growth of electricity consumption per 1 per cent
growth of GDP is high in India compared to the de-
veloped countries as well as developing countries.

Elestricity Inteasity and Elasticity in Selected countries

Country Blectricity  Elasticity
production of Electri-

per uniton city con-

GNP (1975) sumption

kWh/US$ to GNP

1970-75

India 1.060 2.7
Brazil . 0.709 1.3
Indonesia 0.138 2.0
Pakistan 0.894 1.4
France 0.590 1.3
Germany 0.732 2.1
Japan . . . 0.959 1.2
UK. . 1.285 0.8
U.S.A. o 1.318 1.7

Source : Draft Report of the World Bank on Certain  econo-
mic issues in the power sector.
2 PC[79—17.

3.5 The intensity of electricity production is already
high and if the elasticity of electricity consumpticn to
GDP continues at the present rate in the future also,
the total electricity requirements would become very
high.. Such a development would create severe prob-
lems in arranging for energy supplies, specially in view
of the anticipated increase in the energy prices. In
other words energy might become a real constraint to
growth of GDP if the energy/GDP imbalance is not
corrected over the coming years. The Working Greup
attempted to keep this in view in making the forecast
of the future demand of energy.

4.0 Forecast of Energy Consumption.—All attempts
to project the future demand for energy have tried to
base the forecast on the past trends of energy con-
sumption, The reliability of such exercises is somewhat
doubtful in the context of a sea-change in the relative
prices of fuels brought about by the steep fourfold in-
crease in the price of oil during the years 1973 and
1974 and still higher in subsequent years. The produc-

“tion and consumption adjustments in response to the

changing relative prices are still being made and the

" data of the last 3 to 4 years do not provigde-reliable

clues regarding the future pattern of consumption. The
Group therefore felt that the results of forecasting
exercises which are based on past consumption data,
should be checked with the results of the exercises
based on end-use method forecasts. s

4.1 In the end-use method, the Group has fried to
visualise the developments in the household sector
energy consumption by way of the shifts from nop-
commercial resourcess of energy to commercia




resources, in the agriculture sector by way of moder-
nizing the technology of tilling Jand and of lifting water
and in the transport and industry sectors upto the year
2000. The Working Group is conscibus of the fact that
these exercises which are based on energy considera-
tions alone, would require re-examination by. under-
taking a much more detailed study of the possible sec-
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toral developments taking into account not only the

energy implications but also the other relevant factors.

4.2 The Group has attempted first to make a fore-
cast of the reference level projection of energy demand
during the period upto 2000 AD. This would represent
the possible level of energy demand consistent with
the anticipated rate and pattern of growth of economy
if there are no major policy changes in the energy
sector. In other words, if no recommendations of the
Working Group are implemented but the ncrmal
measures which have been initiated following the energy

crisis are continued, the demand would likely to be of

the order presented in the Reference Level Forecast
(RLF). The results of the Reference Level Forecast
are set out in Table below :

TABLE 4
Reference Level Forecast of Energy Demand

(In million tonnes of coal replacemceiit)

" Energy Porm  1977-78 1982-83 1987-88 1992:93 2000-U1

- .
Coal* . . 74.0 309.9

96.8 131.5 186.6

ol . . . 1657 2264 291.4 369.7 59.8

Electricity . 73.0 1285 i81.6 256.7 423.5
Commercial ) .

Energy Total . 312.7 451.7 604.5 813.0 1330.2

*This is exclusive of coal for thermal power generation.

4.3 The Working Group recognizes that the energy
-demand forecast set out above is somewhat lower than
the rates of growth which are assumed by the different
sectoral agencies ; but 'a careful consideration of the
overall energy consumption and aaticipated growth of
-GDP suggest that the forecast now set out is more in
line 'with current international thinking, that in the case
of developing countries, the. -elasticity of energy con-

sumption to GDP which is much over 1.0 should get

reduced to close to 1.0 in the near future.

- 5.0. Non-Commercial Energy Consumption.—It is
well known that considerable quantities of non-com-
mercial fuels are used, mcstly in the household sector
for cooking. The studies of the Working Group indi-
-cated that besides this, considerable quantities of non-
commercial fuels are used in the household industries,
some village industries like brick-burning and pottery

making besides the large quantities of bagasse used in
sugar and khandsari industry. The available source of
data dc not enable a reliable quantification of total
energy supplies derived from non-commercial fuels,

"nor the share of specific fuels like firewood, agricul-

tural waste and animal dung in the non-commercial
fuels. The Group suggests that a detailed study of this
should be undertaken.

5.1 The total non-commercial fuels used in 1975-76
is estimated to be nearly 195 millions of ccal replace-
ment tonnes, Based on a field study conducted in the
late fifties, it is normally assumed that 65 per cent of
the non-commercial energy consumption in the house-
hold- sector is in the form of firewocd. This would

mean that about 133 million tonnes of firewood ate

being used in the household sector alone, besides 41
million tonnes of animal dung. This is exclusive of
about 30 million tonnes of bagasse and probably 10 to
20 million tonnes of firewood and agricultural waste
used in the industry sector including village and house-
hold industry. As a major portion of the non-commer-
cial fuels are obtained by households without payment

by collecting fuel from their own farms or animals

or from public sources, it is difficult to foresee the
replacement of these fuels on a large-scale in the near
future, As long as pecple in villages do not have a
more gainful occupation which will provide them an
income to buy fuels from the market, they wonld con-
tinue to collect fuels. The Group has, therefore, as-
sumed that the replacement of non-commercial fuels
by commercial fuels would not be total even by the
year 2000 and that about 70 per cent of the households
in the rural areas and about 10 per cent of the house-
holds in urban areas would continue to use non-com-
mercia]l fuels for cooking, It is estimated that at present
nearly 99 per cent of rural and 75 per cent of urban
households use non-commercial fuels. Based on these
assumptions, the total non-commercial energy consum-
ption in the households is anticipated to get reduced to’
about 160 million ccal replacement tonnes by the year
2000-01. The absolute quantity of non-commercial
fuels use, though reduced, would continue to. be very
high. The Group, therefore, recommends that among
the non-commercial fuels, measures should be taken
to ensure that the fuels which cost the least to the
nation like agricultural waste and animal dung as blO -gas
should be increased.’

. 5.2 The Group notes that the availability of agri-
cultural waste. would increase corresponding to antici-
pated increase in agricultural production. As a conse-
quence, the share of firewood in the non-commercial
fuels may get reduced to zbout 90 million tonnes.

i

-



Even this quantity is not likely to be available from
our forests unless the productivity of fuel-wood in
-forest areas is increased and additicnal production of
firewood from non-forest areas is stimulated by large-
scale investments in social forestry and man-made
forests, The area under forests in India is about 75 mil-
lion hectares. Though the official records do mot bear
out the deterioration in the quality of forests, it has
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been estimated that about 4 million hectares have been .

reduced by way of conversion to other uses ; while the

-quality of forests has deteriorated very badly in some
of the other areas. Investments to plant forests with
quick yielding firewood species and designing proce-
dures and institutional arrangements to improve the
maintenance and exploitation of forests cannot be de-
layed any further. Simultaneously, measures should be
taken to encourage the use of larger quantities of
agricultural waste and animal dung by improving the
conversion and efficicncy of these as fuels.

6.0 Agricultural Sector—In the agricultural sector,
the energy is used mostly for lifting water and for land
preparation. The number of wells in use in India is
about 9.5 millions in 1987-88, of which 3.3 millions
use electricity and 2.5 millions use diesel and about
3.7 millions use animal power to lift water. The Work-
ing Group projects that by 2000, the ultimate po-

tential of 16 million wells would be realised, of which

11 millions would be using electricity, 4.4 million diesel
pumps and the rest which is 0.6 million would use
animal power. In other words, the Working Group
visualises that the use of animal power for Ilifting
water would be gradually phased ocut even with the

the period 1987—2000. These calculations show that
draft power available increases from 0.1 HP to about
0.3 HP per hectare in the year 2000-01, As the gross
irrigated area increases from 60 million hectares to
120 million hectares during.this period, the net in-
.crease in draft power is not substantial, Compared to
‘the HP per hectare available on farms in cther coan-
tries, the position in India would continue to be very
low even by 2000-01. The Group notes that-in view
of the anticipation that more of electricity .and oil
would be used for lifting water, the animal power
available for tillage cculd increase if the total working
animal population on the farms does not decrease over
time. With the emphasis on small farms, these animals
would contihue to play an important role in agricul-
ture- If the efficiency of bullock -power ploughing
Yequipment is improved, the total availability of farm
-power would .increase especially on the small [arms,

* which are dependent on animal power. The Working

gradual increase in the total number of wells. In a -

number of areas due to the fact that wells may be too
unproductive to sustain a separate electrical pump or
- they are too remote to obtain electricity, the numbet

of diesel driven pumps would not come down; but

would increase at a somewhat lower rate. It is useful
to recall here that the Group has assumed onty 100,000
diesel pumps to be added each year in the period
1982—87, and 50,000 pump sets per year in the period
beyond 1987-88, '

6.1 The present net sown area of 140 million hec-
tares is cultivated with the help of 80 million working
animals using about 44 million plough shares and 0.25
million tractors. The Working Group has assumed that
. the ultimate gross potential of 200 million hectares of
- cultivation would be realised by the year 2000. and
that animal power would continue to be used at current
levels upto the year 2000. The intensification of agri-
cultural operations would be realised by addition of
tractors at the rate of net addition of 30,000 tractors
per year in the period upto 1983 and 50,000 tractors
in the period upto 1980—97 and 70,000 tractors in

" 'Note

Group feels that a policy towards the optimisation of
the use of different forms to tillage power in the agri-
cultural sector should be drawn up as early as possi-
ble. ,

7.0 Industries Sector—The studies of the Working
Group reveal that intensity of energy used in industry
defined as the ration of the quantity of total commer- -
cial energy used per unit of value added in the indus-
try sector has been rapidly increasing in India in the
last 15 years. Most of the increase is due to the inten-
sity of electricity used in industry sector. The intensity
of electricity consumption defined as kWh of electricity
use per rupee of value added in industries has increas-
ed from 0.34 kWh in 1960-61 to 0.65 kWh in 1975-76
at 1970-71 prices. These intensities appear very high
as compared to the intensity observed in other coun-

tries.

Electricity Cdnsumi)ﬂon in Industries per Unit Value added
(at constant prices) by the Tndustry Sector
(1970 Constant prices)

W A[$)
Countiy 1968 i
France 1.129 1.679
Ttaly . 2.4 2.68
Hurngary 0.763 0.797
U.S.S.R. 1.66 2.915
UK. T.1.946  1.69
Us. . . 1.920- - 2.199
Tndia . 2.45 503

. *The exchange rate change has 1éd to the stéep increase.
At 1961 exchange rate the res -"tis 3.18 kWE/§.
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"'7.1 Even when the consumption per unit of output ;

like’ per tonne of paper or per tonne of steel is examin-
“ed, energy consumed in India is higher as compared
to that in other countries. It has not been possible to
do a very detailed analysis of the factors which have
led to thig situation. The Working Group however
feels that the broad reasoms for high intensity of
~ energy use in the industry sector in India as compared
to other developed countries may be one or more of

‘the- following : ‘
(1) The proportion of heavy industry . to light
industry is different in India as compared to

. other countries.

(2) The share of primary metal industries like
steel and aluminiym in the total industrial
mix is high in India.

(3) In the production of specific commodities
like paper, fertilizers and cement, though
the new units are of a size now being adopted
in the world, there are many small and old
units which are relatively inefficient users of
electricity. '

(4) Capacity utilization of industry in India is
low and energy use in industries does not get
reduced with lower levels of utilisation of
capacity.

(5) The normal correctives to these factors were

© mnot available as energy, particularly in the
form of coal, and electricity have been by
and large underpriced. -

7.2 The Working Group is of the view that such a
. situation should not continue indefinitely, more so in
view of the likely large increases in the price of all
forms of energy in future.

"~ .. 7.3 The Group would suggest that in view of the

need to correct the imbalance, and improving the effi-
ciency of energy use, an indepth
undertaken of the future strategy for the development
-of industry. The intensity of electricity consumption
would increase from 1.02 kWh per rupee (0.839 kWh
-per rupee inclusive of electricity industry) at 1960-61
prices of value added in 1975-76 to 1.38 kWh in
1980—83 based on draft Sixth Plan. For the purpose
of the report, the Working Group has assumed that the
intensity of electricity use in industry would only mar-
ginally increase to 1.48 beyond this period and would
continue unchanged from then on. The intensity of
coal and oil use would grow by only 12.5% in the
next 25 years

‘ 8 0 Transport Sector —Though 'mhe modes of trans-
»port in India range from animal driven vehicles to

study should be

* the thermal plants is anticipated

most modern jet planes and the Working Group has
tried to examine the likely rates of growth of all modes
of transport, the important discussions in the Working
Group centred round the relative growth of roads and
rail for carrying goods and passengers. The Group
is of the view that the present trend may not change
in the next 20 years, unless specific policy measures
are adopted. The trend observed in the last 25 years,
of the share of road slowly increasing at the cost of
railways, is expected to continue in future also, though
the rate of change in future is expected to be lower
than in the past. This is discussed in more detail in
subsequent paras.

9.0 Oil Policy—The essential determinants of oil
consumption are the extent to which oil is used in the
transport sector and in the agricultural sector for
tractors and irrigation pumps. Though the assumptions
made by the Group are considered to be conservative,
the total requirements-of oil on this basis adds upto

nearly 92 million tonnes by 2000. This level of demand -

implies that the import of crude and oil products would
be of the order of about 60 to 70 million tonnes after
taking into account any increase in domestic oil pro-
ductmn likely to be achieved in future.

9.1 As there are clear signs that oil prices in real
terms would increase steeply in the coming years, the
burden of paying for such a level of oil imports would
be almost intolerable. Assuming that the price of oil
increases by 25% in real terms by 1982-83 and 50%
by 1987-88 and that export carnings increase by 6%
per year from now to 2000 AD, the share of expen-
diture on oil imports as a percentage of export earn-
ings would be nearly 60% by the end of the century.

. The assumptions here are somewhat optimistic as the

probability of the price of oil being higher than what
has been assumed cannot be ruled out. The Committee
is therefore, of the view that the level of oil consump-
tion should be severcly restricted from now on and
it may be possible to effect the restrictions without
adversely effecting the anticipated growth of the country.

9.2 A more appropriate policy in the transport sec-
tor whereby the quantity of goods moved by oil driven
vehicles would be reduced or the efficiency of oil
utilisation in the transport sector would be improved
should be considered. There is also a case for examin-
ing very carefully the needs of using kerosene for cook-
ing in rural areas where altérnative fuels like properly
processed agricultural waste or biogas could be -used.
The policy regarding the use of diesel driven irri-
gation pumps should be reviewed. The requirements
of oil for power generation purely as auxiliary fuel in
to increase -~ very
sharply if no efforts are made to reduce low load

. SO e



operatlons of the power stations. The Working Group'

is still examining the extent to which savings in oil
-could be affected and the specific measures that. coulct
be taken in this regard These would be mcorporated
in the final report of the kamﬂ Group -

9.3 The studies of the Working Group indicate- that
the share of the middle distillates in the ‘total oil pro-
duct consumption would increase from the ptesent
level of 54% to nearly 65% (as per the Reference
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Level Forecast). The extent to which refinery capa- -

city should be increased and middle distillate imports
should be allowed to secure overall economy in the
expenditure for meeting oil requirements has to be
carefully examined by detailed studies.

10.0 Coal—The studies of the Group indicate that
the demand for coal other than for power generation
would increase to nearly 310 million tonnes by
2000-01. The demand for power generation would
increase to about 150 million tonnes, depending on
the projected thermal/hydel mix.

10.1 The present assessment of coal resources in
India is based on two parameters, namely, 600 metres
depth and 1.2 metres seam thickness. The Group feel
that these parameters would require relaxation in the
light of new developments in technology and price
conditions emerging in the energy sector. Coal avail-
able upto a depth of 1200 metres and in seams of
0.5 metres thickness could be considered as available
resource. The Group has obtained a re-assessment
from the Director General of Geological Survey and
the reserves are now revised from 83000 million tonnes
to about 111,000 million tonnes (an increase of about
38%). ~

10.2 The step up from the present level of about
110 million tonnes of production to about 460 million
tonnes by 2000-01 (which represents about 6.5%
growth) will not be easy to achieve unless very effec-
tive measures are taken to evolve a long-term produc-
tion strategy which would ensure the  proper plan-
ning of mines, investments in opening coal-fields suffi-
ciently ahead of need for additional coal production and
adequate investment in coal transport. The Group is
examining certain broad strategies which could be
placed for the consideration of the Governmen:, The
Group would like to draw attention to the fact that
even with the additional coal reserves now identified,
at the level of demand for the year 2000 the coal
reserves would last for about one hundred years only.
There is need, therefore, to take measures to conserve
the use of coal and increase the recovery of coal in
coal mining from now on. A long-term production
strategy should be formulated for coal.

11.0 Electricity—The forecast of demand eléctrlcuv

- categorywise as made by :he Wcrkmg G10up is glven

below . (Table 5)::

TABLE 5
Forecast of Category-wise Demand for Electuclty
(1992—2000) ‘
In TWH)

" Consumer 1976-77 1982-83 1987-88 1992.93 2060-01
Category : '
Household . . 6.34 114 155 .22.0 35.8

© -Commercial * 414 8.1 103 14,7 -23.9
Agriculture -6.62 16,8 232 292 330

 Industries . 47.98° 838 1214 175 3026
Transport . 228 3.2 40 54 g.7
‘Others’ . 2.73 52 . 82 11,9 19.5

Total 181.6

73.02 '12_8.5 256.7 423.5,

The electricity consumption increases by about 10 per
cent in the period upto 1982; but this is to make up
the low rate of growth in the 1970—76 period which
has resulted in widespread shortage of electricity. From
1982 onwards, the projected rate of growth is about
7.8 per cent upto 1992 and 6.5 per ceat beyond that”
period.

11.1 The electricity industry, is highly capital inten-
sive and the cost of incremental production of electricity
would be very high from now on. There is, thercfore,
need for improvement in all areas of the electricity
sector. The Group is of the view that it should be
possible to reduce the losses in transmission and dis-
tribution to about 12 per cent by the year 2000-01 from
the current level of 20 per cent. The kWh per kW
performance of the nuclear and thermal power stations
should also be increased, while in the case of hydel
plants, it should be deliberately reduced witih a view
to providing peak power requirements at low cost. The
plant availability factor for all the stations needs to be
increased. The detailed recommendations in this regard
would be set out in the final report.

11.2 The tentative estimates of the installed genera-
tion capacity and possible mix of power station is given
in Annex A. The capacity requirement to meet the
projected load demand would be about 108,000 MW
by the year 2000-01. The Working Group is of the
view that the most important aspect of the electricity
sector in future would be one of demand management.
The relative share of the different consumer categories
and the characteristics of power and energy demand of
the different consumers would have to be structured
with a view to have optimal utilization of the generation



capacities. The proposed installed capacity for the
year 2000 would include 39,000 MW of hydel capacity
at an average load factor of less tham 60 per cent.’

11.3 It would be appropriate to mention here that
the hydro electric potential of the country was pro-
jected as 41,000 MW at 60 per cent load factor in all
previous studies. The C.E.A. has reassessed thc power
potential of the country at 76,000 MW at 60 per cent
load factor.

12.0 Summary—The studies of the Working Group
have brought out the need for a reorientation of our
approach to the issues in the energy sector. So far,
there has been an overwhelming concern with the
problem of supplymg energy to a level spvcﬂied by
demang from various sectors of the economy. The
studies indicate that such an approach may not be
desirable or even feasible in the long term. The energy
policy issues have to be examined with reference to
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the management of demand as much as to meet a
given demand. The energy consumption in the differ-

ent sectors of the economy also indicate that there is -

considerable scope for conservation without restraining
our economic growth ang that, in fact, the economic
growth rate might well be higher if the outlays on the
energy sector were more prudently manaoed /

One of the inescapable conclusions of the study is
that resources availability of conventional fuels is likely
to be a constraint for long-term economic grcwth and
that alternative sources of energy would need to be
explored, A coordinated R&D programme has to be
drawn up with clearcut priorities. The studies of the
Working Group cannot be conclusive and would re-

‘quire to be periodically reviewed and updated. As this -

is likely to be a continuing exercise, there is need to
have appropriate institutional arrangementq for under-
taking such studies.

I

o L A e il N




—_——

ANNEX A

Requirements of installed Capacity 1982—2000

Item Unit - 1975-76 77-78 82-83 87-88 92-93 2000-01
Energy demand 109kWh 66.172 78.3 128 .5 181.6 256.7 423.5
Supply from non utilities As1% of 9.1 9.6 7.0 6.0 5.0 4.0
Energy demand on non utilities 109 kWh 6.0 7.5 9.0 10.9 12.8 16.9
Capacity in non-utilities 000 MW 213 2.50 3.0 3.63 4.26 5.63

Energy demand on utilities 109 kWh 60.2 70.8 | 119.5 170.7 . 243.9 406.6
T & D losses . % % total avail- 19.4 19.0 18.0 17.0 15.0 12.0
. ability at bus bar
Basrgy demand at bus bar 10® kWh 74.7 87.4 14%.73 205.76  286.94 462 .05
‘Bnergy supply from :
Nuclear . 109 kWh 2.4 2.1 7.26 12.07 -16.21 29.58
Hydel 109 kWh 33.2 37.5 54.64 - 75.08 94.04 135.84
Thermal . . . 109 kWh 39.7 47.8 70.00 97.91 139 .46 234 .42 -
Total encrgy availability 109 kWh 74.7 87.4 131.90 185.06 249.71 399,84
Energy deficit 10skWh —13.83 —20.60 —37.23 —62.21
Capacity required to meet deficit *000MW 3.75 5.06 8.18 13.52
Assumption regarding kWhkW
per year
Nuclear . 3765 3281 5460 5915 5915 5915
Hydel 3917 3742 3730 3730 3483 3483
Thermal . 3553 3646 3690 " 4073 4550 4600
Energy demand at bus bar 109 kWh 74 .675 87.4 145,73  205.66 286.94  462.05
Load factor % N.A. 63.0 64.0 - 66.0 - 68.0
Peak demand . ‘000 MW N.A. 26.41 36.68 49.62 77.57
Peak demand served by :! .
Nuclear . *000 MW N.A. N.A. 1.06 1.73 2.33 4,25 -
Hydel . *000 MW N.A. N.A/ 12.45 18.12 24.30 35.10
Thermal . . 000 MW N.A. N.A. 12.90 16.83 22.99 38.22
Total . . . . 000 MW . N.A. ‘N.A. 26.41 36.68 49.62 77.57
Peak availability factor : ' . .
Nuclear . NA. N.A. 0.80 0.85 0.85 0.85
Hydel N.A. N.A. 0.85 0.90 0.90 0.90
Thermal . o N.A. N.A. 0.69 0.70 0.75 0.75
Installed capacity : .

" Nuclear . 000 MW 0.64 0.64 1.33 2.04 2.74 5.00
Hydel ' *000 MW 8.64 10.02 14.65 20.13 27.00 30.00
Thermal . . . 000 MW 11.01 13.11 18.97 24.04 30.65 50.96
Total to meet peak demand *000 MW 20.11 23.77 34.95 46.21 60.39 94,96
Additions to supply energy need : °000 MW 3.75 5.06 8.18 13.52
Total rzquired installed capacity *000 MW 30 38.70 51.27 68.57  101.48

System load 42.37 42.9 45.8 47.8 48.6
factor -
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