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ENERGY-ECONOMIC PLANNING IN THE DEVELLPING COUNTRIES

A CONCEBTUAL MODEL FOR INDIA.

+
Shishir K. Mukbherjee

ABSTRACT

.

Developing countries have been adversely affected
by the four-fold increase in oil prices of late 1973. As
Energy saectors and other sconomic sectors are compating
for the limitod investible resources, increasing energy
import and development costs might constrain the economic
growth ‘rate in the developing countries in the foreseeabla
future. Integrated planning for energy and non-energy
sectors should be given high priority in thees countrios
to analyse energy policy and development plans within a
framswork of economic planning. The methodologiss used
for energy sector planning are not usually applicable to
the developing countries duc to vearious reasonse.

The present papor describes an approach for integrated
Energy-iconomic Planning for the developing countries and
illustrates this approach in the Indian contaxt. An Energy-
Economic Planning Model is considered for India, - linking
a macro—wconomic Input-Uutput flocel with Encrgy Supply
Models representing production/conversicn and transportation
activities and Energy Demand Forecasting Models.through an
Enercy Impact Model. The objective is to determine optimal
encrgy sector developmsnt nlans for meeting energy demands
from productive activitics and final consumption, based an
alternative future growth scenarics. The Impact of the
energy sector ofi the economy would also be analysed in the
Energy~tconomic Modelling framework.

1. INTRODUCTION

Enargy use has always boosn linkud to soonomic growth and prosperity

of a country. But tho energy crisis of latc 1573 causad by steep

increase in the price of oil has made it necessary that cenergy sector
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planning and its relationship to economic growth is given incrsased
attention; specifically in the developing countries which had basn
adversely affected by the oil price rise. Tho tradifional approach

tc energy planning consisted of (2; Encrgy Demand Forscasting, (b;

Energy Supply Analysis and (c) Enérgy Supply«bﬁhand Balancing, carried
out in that sequence by the individual ogheroy=-supnlyine sectors in
isclation from each other. This approach.cmuld noct satisfactorily handlu
the effects of inter—fuel subsﬁitution and rclative price changes on

the consumption of individual energy forms. The demand for snargy

and consequently the investment and foreign éxchange noeds for the cnergy
sectors are influcnced by the rate of growth of the ﬁanwonergy aconcmic
sectors. But these in turn will influence and might constrain the rate
of growth of the aconcmy. In the traditiunal approach, thic dual rela-
tionship betueen energy and economié sectors was rarcly considercd while
planning for the energy sactors; but in the post~0PEC eray the prospects
of economic growth of any éuuntry, and specifically the developing
countries, arg vary intimately linked with the developments in the energy
sectors; and an integrated framework for energy~cconomic planning is

necded,

During an earlier study, whilec investigating suitablec methodolo-
giles for cnergy demand forecasting and energy planning applicable
in the developing cnuntri@s, Fuxherjoe (13, examinzc some of the metho-
dologigs that were used for enargy.plahning in the developed countries

such as USA, Canada, UK and France and also in India and Bangladesh.



Tt was felt that most of the sophisticated econometric and other modelling
approaches used in the developed countrics (specifically those basad on |
price andﬁgenous supply;daﬁand balancing médels}.are not suitable for tha
dbveloping countrics. This is not bccaﬁse energy demand in the developing
countrlss is considered price-inelastic, as increase in tho prlce of oil
products in early 1974 did hauc significant offccts on their demands, but
duc to tha imperfect markﬁt muchanlsm pravalent in the deueloplng countries.
Hany deucloplng countrics have nou natlonallzud their ancrgy sectors wherc
the public sector organizations in these scctors not only enjoy monopoly
rights but thalr prices are also fixed by the governmsnt. It is alsp felt

- that Folloulng the stesp oil price riss in 1973-1974, which acted as a
large impulse on the different enzrgy sccoiors, the supplyudemand.system
would take several yoears to slouly move towards a neu equilibrium éitdation,
but further orice changes have taxen DldC! bufere this process is completed
Thus, the ecnergy-=economic system might bu continually trying to reach a now
equilibrium due to the impulsiv: changes in pricus imposed by external
factaors, but never really rwaching the statcs duscrlbfd by thc solution

of price—endogenous supply—-demand equilibrium models. It is also felt that
in the developing countrics structusal methods rclatod to the cconomy would
be more successzl'for enurgy demand foreeasting and planning models

for the supply sectors mﬁuld yield grecater benefits if lgast~cost

methods for invastment planning arc followed.

Energy plannlng in the developing countrles is further complicated
' due tc tho lack of rollablo data on ensrgy. consumptlon, enargy prices

and other 5001o—aconomlc variables which determlnﬁ enurgy consumption.



EUQ tD this the studies carried cut in tho deualopihg cogntrios generally
shou a lack of systematic analytlcal framowork. Energy demand forecasting
is usually carricd out by simplc sxtrapolation of pasf trends whoreas
supply planning is carricd on individual precject hasis ahd in isplation
from other snergy sectors. Further complications arisc due to the pre-
valence of non-commercial anefgy Sourcesy which constitute almost half of
the total energy consumed in countrics like India and is the only ayaila~
ble sourc: of energy for non-lighting uses inp a largc percuentage of u111agcs.
As data on thu consumptlon and supply of non=commercial enorgy soyrces

such as firewood, animal and vogetable wastus, are almost non-existent
except those colluectod by some rural and urban houschold suruays, planning

for encrgy in the rural sector is very difficult.,

Thz onergy=economic model for India is an attempt to fulfill this
ﬁacd-fur suitable mothodclogy of ensrgy planﬁing in tho developing
countrics and the purpose of the integrated modelling Frameuork would bg
to study the inter~relation between macro-;conomlc models fur the total
BConomy and energy sectors including tho impact of specifie =nergy supply
sceharios on tha Jconomy, and optimal d;uelopmcnt of the enargy sactors
consistent with natlonal cconomic guals, It lS ex:ectud that the
methodology developad for India would be alsq suitablo For many
other devoluping countriaé in Asia, Africa and Latin Rmurica; Section
Z of this paper presents a roviow bf energy—eéonomic planning models
used in other countries and Section 3 is devoted to the past exparience
in energy planning in India. Section 4 doseribas a natiopnal enefgy

economic planning model for iIndia under davelopment, whils the



concluding Section 5 discusses the importance of such energy—-economic
planning f:amawork, the iterative solution methodology, the limitations

of the model and future resecarch éreasa
2 REVIEW OF ENERGY-ECONDOMIC MCUDELS

The importance of modellin@ the inter-relationships between the
énergy‘sactor and the rest of the zconomy has become increasingly ovi-
den# in many developed and developing countrics, particularly since the
pil crisis of 1973. In the non—0PZC developing countries this has
become essential as the energy sector provides inputs to all the Dtﬁar
séctors of the economy and are now claiming a larger share of the totél
'inuéstible.reéources including foreign exchange reserves. Thg high |
prica of-anergy secfor development and high cost of energy goodsy -spe=-
cifically petroleum and its productsy is thus constraining the grouwth of
the rest of the sconamy. Tho cnergy sectors also require goods and
.ﬁaterials which coul& be energy-intonsive (c.g. aluminium, steel, cement,
and thus ﬁot only claim a major chare of the industrial production but
poquire additicnal snergy in their production. The traditional
apprbach used for plaﬁning sectors, which involved forscasting cnergy
demand based on desired cconomic growth ratzs, and planniné for the
supply of the requiroﬁ amount of chergy, is no longer adeguatc. It is
possible that desiréd econoﬁic growth rates may lead to such large .
invastments for therenergy sectors, and the-nnn—cnargy sectors, as yell
as foreign exchangc requirements for importing ocnurgy goods, that the
sconomy might-nct.be abla to sustain this and a downward revision. of’

the growth ratc might be called for. Thus planning for the cnergy



seetors should be undertaken within a consistunt eeenemle planning
framemerk, 8¢ that the two~way 1nter-relatlensh1p between the encrgy

sabter and the rost of the economy is adequately represented.

In the U.5.4., a leading cffort to 1ink the gnergy scctor to a
Macro-aconomic model of the economy is the Hudson-Jorgenson model (8,
which was first reportod as a part of the ford Foundation tncrgy Pelicy
Project. The model showed that s substantial rocduction in energy use
could be achicved in USA without major cconomis cost and fhie rosult haci
been controversial. The Hudson-Jorgenson model consicts of a macrp-
economic growth model ang econometric model of lnter-"ndustry trans-
actions for nine secters, five of which arg cnergy sectors; related to
coal, petroleum and natural gas and electricity and the rost of the
tconomy is aggregatad intg four sezotors. agricultufu, construction and
non—~fuegl mining; manufacturing; transpertatien; ahd communication
trade and servicos. Tho inter-industry model of the US cconomy is
integrated with cconometric models of consumcr domand and production
through a novel dovice of input-output coofficients which ars functicns
of the prices of Products, labour, capital services ane competing impertsv
Tha econometric model of interhindustry transactiens includes a model
of demand for inputs and supply of ocutputs for cach eF the ninec
industrial scoctors, which must balanco cach other. Tho input—eutput
coofficients are treatod as ondogeonous variebles rather than fixad
cocfficients. The prices of 511 ning predeets and the matrix of
input-output cocfficients are detormined simultancously from the model

for producer bohavieur. The macro-cconomic mocol consists of ondogenous



pusiness and housshold sectors and exogenous forecign and government
soctoné. The demand and supply pundifions fof consumption, investment,;
capital and labour are infagratud and the modeiris‘mada dynamic by
linking investment to the growth of cahital stocks The modol doterminos
gross national product in roal terms and relative pricés_of labour and

capital sorvicos roquifud by the inter-incdustry model.

The Hudson—Dorgunsoﬁ muodol being‘é lgading effort to link ensrgy
scctor to a ﬁadroueconomic model,-its advantages and limitations havas
béeﬁ disdJséed'widely (9;. The majdr criticiém is the basic assumption
in tho model of market induced demand~supply cgquilibriume. Encrgy
- prices, as is avident now following the formation of OPEC, aro no
-.;pngur determined by only markst forcos, and thu cnergy supply;damand
situation is ravely in oquilibrium , spocifically in the devcloping
countrics where guito pftén_ ph}sical controls arﬁ ﬁsgd to curb

. demapd,'and‘priGGS‘arq fixed by the goVébnmunq who aléo ﬁwn the onéréy
_ édbply aqencioé in.many countrios such as in Ihdiaf. Tﬁe qynamics-of
£hé adjustment process due to changed prices and availability of encrgy
is perhaps more importént.now than the precisc eguilibrium solution as
we max naqéf'reach therc. The enormous datalruquirements of tho
;Hudscn—Jotgonson model could also crcatq.a_problem in‘implemenying
.this‘typé of;mﬁdéls in fhe doveloping countriﬁs only a‘féw of which

havo doevoloped inter—industry models.

DRI Energy'Pciicy Medel (3, has Eoenmdeyeluped to link tﬁa onargy

demand and macfﬁhuchGmic models together. A gonoral equilibrium



model for the U.S. economy including energy and nomenergy sectors

are considaréd where prices ars date;mined by a market clearing
process. The énafgy'dBMand model is a partial -equilibrium model in
which inter—fuel'sﬁbstitution is allowed for given energy demand, and
pricés‘ére detzrmined in a manner that allows for energy market
clearance. Thus, essentially, DRI Energy Policy Model attempts to
construct a general equilibrium modelling framework which alsc incor=
porates the energy sectors in adequate details for policy planning
purposes. As discussed before, the usefulness of such a model would be
quite limited in a developing country due to the imperfection of the
market mechanism and sudden impulsive price jumpsnfor cil. Econometric
macro-sconomic models are also not very well eétaslishéd in the deve-

loping countries.

The Gulf-SRI Model (20, is also based on the assumption of energy
supply and demand balancing.through the market mechanism. Normally,_ﬁn
this concept mééhs that a single prico balances supply and demand
quantitieé bésed un singie supply and demand curves. This concept of a
market‘clearing price is generalized in this model to the simultaneous
balancing of thousands of supplies and demands over time and connected
by a complex network. The soluticn prbvides a large number of market
clearing pfices; sach specifying the eccnomics of a fuel at a parti=
aular location and time, aldng with the guantities produced, flow through
the transportation network and capzcitiss for energy conversion processes.
The main advantages of the GulF—SRIVmcdél is that it is regional in

nature, and is based on detailed enginceriny specification of varigus



enargy paths Qith théir efficiencies in & complex network through

thch anergy is extracted, processcd and transported to the ultimate
USEL. But it has some of the same limitations of the other models based
on the assumption of market equilibrium between demand and supply

of energy.

Various modelling techniques have been developed at the Brookhaven
National Laboratory (7, including the Reference Energy System, Brook-
haven Enrrgy System Optimization Models '(BES0M; and an energy input-
output model. These techniques are used joinkly for strategic planning
in the energy sector and thcse technlques ar sub—models are used in an

.iteratiue manner. The reference energy system is a notmork presenta—
tiﬁn of all technical processass f rom extraction, refinement, coﬁuarsion,

transport, distribution and ccnsumption in various ond uses.

The optimization'mudéls éré used tr analyse interfuel sybstitution
and optimal investments in the eﬁérgy'sector. The single period opti-
mization model is'linkéd to the total economgrthrough an snargy inpute
output model. The final demand (CNP) vector and the technical coofficie
ents of the input~output model cuuid be changed to regflect economic
changes, alternatlue life stylss and technological changes in the
enesrgy 1ndustrlns. The energy input—output mpdel measur s the output
of the energy sectors in BTU's of different fuels and the output of

these sectors are distributed to eight dummy energy production scetors

including motive power, various heating and cooling applications and
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glectricity. Energy requiremants from the nonenergy scctors are
rodefined in terms of these energy product categories which permit

substitution among fuel supplies.

The solution of the combined enargyfsector.optimization and-
input--output models'ié obtained in an iterative manner. Initially
a projocted final demand vector for input—cutput model is obtained
from the assumed GNP for the planning year and the lnpuf-output mode; is
solved to determine basic énergy demands or total outputs of the
eight energy product secters. The basic encrgy demands are disaggré;
gated to obtain appropriate demand cquation constraints for the
energy optimization model. The energy model is then solved to deter—
mine energy supply-demand configurations and set of energy flon. From_
the energy modélléutput some of the input-output coefficients are. -
computed and thuée are inserted in the input-output medel. The same
iterative process is continued and'conuergence of Basic Energy Demands
is tested.after cach iteration. This approach appears amenable to
those developing countrics where detailed input~cutput tablcs are
available,lﬁut dons call for large data reguirements including

physical'data on enerqgy consumption in the various industries.

The Pilot Energy Model (1) is a dynamic lipear programming
model based on an input-outht ;abla 5f US economy and a detailed
representatioh of the energy sectors: In the modely a 23-sector input=
output matrix reprosents various industrial procosses. The national

"bill of goods for ecunsumption and investment in capital and government
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services is me£ b§ Ehe het output from the industry and net imports.
The capacity expansion in the anergy and non;energy sectors aro deter—
mined within fhexqual. The exogenedusly giueﬁ workforce maets the
manpowsr needs for sustaininé indusfrial production, cnexgy processing

and capacity expansion.

The detailed enargy sector of the moaei contéins tachnical des-
criﬁtion'of ﬁhe exploraticn, extractiony coﬁversion and transmission
processes cannect »d with the nuclear .mdustry9 il anc gas, coal and
glectric power ganeratiunn The processing levels are limited by the
availab;g capacitics and new capacity could be construetzd.  Froven
raservos may be augmentud hy further exploration actiuity.A Any
differonce betweon domestic production and consumntion cf.éﬁargy is
made up by imports/exports. The linkages that intercqnnect the:
eneroy sector and thﬁ rest of the economy arc the ensrqy demands
of the aconcmy, tha demands for pill-of-goods naadud for energy
processing and capaéit& expansion, and total manpp er available.
Different obgectlue Functlons, linear and nonllnuar, representing an
approprlate utlllty function could bs amployed W th *ha model. The
main purpose of bulldlng the model was teo analyze the physical
potential of the economy under (i) ‘alternative objectives, (ii, changing
availability. of various forms of energy, and (iii; changing desirability

Aand economic feasibility' of energy conversion technologies and ofher
siﬁuétions. Aga{n pilot energy mpdal'deueloped using aﬁprcpriate‘

technological information would be applicable to larger developing,



12

countries having well developed industrial structure and which

have developed detailed input-output models for the economy.

.. (17)
A neuw development in the Pilot Energy Modelling Project is the

Welfare Equilibrium Model (WEM; which is "a medium scale (35 ysars,
1875 = 2010) linear programming model for generating internally
consistent projections of U.5. ensrgy Supply; anergy demand and
economic growth within an economic framework of consumer welfars maxi-
mization and competitive market eguilibrium. The first energy-economic
model developad on the PILOT project was the physical flow model {1, 2)
discussed above. The initia}l strategy was™ to obtain a physical flow
{primal) solution using linear programming and to obtain the prices

and money f..uws ysing a financial flow mbdel operating on the optimal
basis”,  The latter was supposed to account for market inperfections

and instiﬁutional distortions and minimize the role of the shadou
prices. Oue to thefixe‘d coefficients of the~ historical (1967, input-
output table used in the economic system, solution of the PILOT model .
under various policy assumptions aluays exhibits a strong coupling
betuwean fhe availability of energy aﬁdzthe‘eooﬁcmic growth, The -

energy demand adjustments therefors had to the exogenously spacified.

WEM was developed as one of the approaches to describe a more
‘flexible relationship between the availability of energy and economic
gromth; The WEM approach is embadded in the setting of a multi-sector,
neoclassical growth with explicit factor substitution pnssipilities,

and general (dynamic; equilibrium and examines the equilibrium proe



pertias of the shadow prices Df.féctors of production, goods and
services, and. raw energy resources and thgir'numerical values. The
shadow pricés in WEM corresponds to a perfectly competitive market
equilibrium but certain national goals and institutional constraints

could also be incorporated in the model.

" WEM is driven by a objectiva function méximizing a household
welfare fgnction of consumption and leisure, based on historical data,
and it alsé‘incorporates long.run marginal coéﬁ burqés for enerqy
resources so that its shadow pri;a reflects its exhéustible naturea
&t is possible to cunsider process analysis of eneroy demand in the
‘WEM framewurk through parametric studiss and linkage with proceég
analysis models of energy demand. Thus,'MEM is a tool for intégfated
long term planﬁing of the U.5. energy system, and for combaring options
designed to provide a transition from the aconoﬁy thatlis heauiiy qepén—
dent op oil and gas te an sconomy that is dependent on a balanced fuel
mix and cost-sffective energy conservation.’ One of the remarkabla
feature of UEM is iﬁs unigue objectiue_fﬁnétion which incorpbrates a

trade~off betwsen additional consumpﬁion‘and lalsufe.

There have been many Dther.approaches towards anergy-eccnomic
planning applied to US, Canada, france, UK and various cthasr developed’
countrieg which are not described in this paper. The purposa was to
focus ﬁn the various methodologies used including.eduncmetric'modelling,
Anput-~output analysis_and mafhemaﬁical pfngrammiﬁé or a combination

of these techniques, and the underlying assumptions such as market
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clearing price induced equilibrium or optimization planning approach.

It is becoming clear that the planning approach inuoiuing optimization
type supply models within a macro~economic consistency framework might
be applicable to developing countries with an industrial base andsuitable

gnergy data,

3. INDIAN EXPERIENCE WiTH ENERGY PLANNING

The first systematic study for energy planning in India,
involving a study of energy resources, demand, investment and pricing
was carried out about 15 yearglago, by the Energy Survey of India |
Committee (4, appointed by the Government on January 3, 1963. The
study carried out by the committee covered present and prspective demands
and supplies of energy, both total and also in respect of various fomms
at national, regional and sectoral levels. In the absence of detailed’
studies and ressarch on the energy sectors, fhe comnittee did not apply
any specific modelling framework either for demand forecasting or for
~ investment analysis, but simple assumption$ were used for projecting
future demand for energy. Ensrgy demand forecasts werg made by an
analysis of the levels and trends of énergy consumption in the recent
past but these wers related to the rate of grouth assumed for the major

aconomic sectors.

The total QBmand for energy, commercial and non—~commercial, wsre
projected on the basis that it would grow in future about proportionately
to national income as in the past. These aggregated forecasts were

supplemented by sectoral projections of energy demand in the transport,
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industry, agriculture and tﬁe domestic sector by different energy
forms. Energy-use coefficients were carefully estimated based on past
trends in each industry or transport activity and these were projected
into the future with judicious adjustments made for technological

anc egonomic factors. The domestic sector presented special problems,
mainly due to the overwhelming dependence on nonmcommefcial sources of
ensrgy by the domestic sector, specifically in rural areas. The survay
undertakan of thes energy consumption pattern for rural households and
familities in the three larger cities of India pfovided tseful infor-
mation on the energy donsumption pattern in the domestic sector; The
Energy Survey Comnittee had laid a good foundation for future energy

policy studies in India.

The more recent energy policy study in India was uﬁdertaken by
the Fuel Policy Committee (IPC, appoxnted by the Government on Gctober,
12, 1970 and this committee submitted an Interlm Rapprt (8, during May
1972 and the final report (6, in 1974rafter some of the snergy forecasts
and recommendations prepared in 1972 were revised following the inerease
in the int=srnational prica of crudé oil. The Fuel Policy Committee in
which the author serued as a Consultant folloued an approach quite
similar to that used by the Energy 5uruey of Indlé Commlttee, but they
used more systematic methodology for demand cstimation and optimization
of the inuestmeﬁts being plannad for the ensrgy scctors, It uas_phe
first study_whare gnergy sectors were locked a£ iﬁ an integrated
manner. A Linear Programming optimization model was used to ropressnt

production {(or import ), procassing and transportation (to the major
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demand centres} of oil and oil products,-cbél and fertilizer for investe
ment and operating decisions involving location, capacity and technology
choices. A dynamic model of the power sector was used to determine the
rols of nuclear energy, thermal and hydro Qenefation in India's power
secter. The demands of primary fuels {oil and coal) for power generation
vere derived from the solution of this modzl, Optimization mocdels were
also developed for investment planning in power generating and transmie

ssion faecilities on regional basis (74 .

The. energy demand forecasts for coal, oil ang electricity in
the Fuel Palicy ﬁommittee Study were arrived at by regression analysis
using parameters such as naticnal income and index of industrial ﬁrodu~
ction. These estimatoes were also vorified by chnd-yse analysis of ths
large energy—using sectors. The effect of price on the deménd of ensrgy
goods were not considered., Though, in the case of oil products sucﬁ as
motor gasoleney; prices wers raised following the oil_price hike and
such selective pricing for different oil products did produce differon-
tial effects on thoir consumption as can be seen in Fig. 1. Also clo-
ctricity consumption in residential and commercial sectors did show
some amount. uf price elasticity (12,;. The cemand Ffor energy for the
industrial sector wgs based on the bhysical targets of production planned
for different sectors of the economy and thc norms of energy consumpticn
deyeloped for thesc sectors, based onpast industrpial survey data. But
for the GNP grouth ratus and physical targots for various sactors,
though the interim report (5, qcnsideréd scveral scenarios, in the

final report (6 only a8 single scenario was considered. The physigal
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targets provided by the Planning Commissioniand the Ministriesbased

on material balancing exercises carried out by using an Input-Output
Table. The three different cases shoun in the Fuel'Poliﬁy Committee
report (f; wers related only to the price of oil and the success of
suybstitution of oil products and not on any variations in the physical
production targests. As the Indian sconomy greu at a much lower rate
during the final years of Fourth Plan and during the Fifth Plan, FPC

projections were genarally on the higher side.

The Case 11 estimates in FPC report for 1978-79, 198384 and
199G~-51, representing an intermediate scenario regarding oil price rise
and success of substitutiun sfforis, were respsctively 140.8, 210.8 and
352 .5 million tonnes for coal (excluding pouer generaticn,, 32.30,
42,58 and 66474 million tennaes for oil products and 124.00, 205.00 and
207.0 billion kilowatt=hours (kwhrs )} for electricity. These forecasts
were definitaly on the higher side, based on much higher ratcs of eco-
nomip growth than actually experisncad during-the remaining yosars of
fourth and fifth five year plan periods. Current targets for the pro-
duction of coal during 1977-78 and 1982-83 as pontainpd in the latéét
plan document (18 are 103.26 and 149.0 million tonnes and that of

electricity 100.0 and 167.0 billion kwhrs.

The energy demand supply forecasts provided by the Fuel Policy
Committes oxtended only until 1950-91. Parikh (1§} has extended the
results of this report until 2060-01, as a part of the Second India

Studies sponsored by the Ford Foundation {India,. Parikh used the
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same data base usad in the FPC report, but considersd tuc distinct
scenarios,; one associated with low populaticng high growth and

containad urbahization, and the other with High population, low growth
and high-urbanization, to provide forecasts for two out of the three
casgs considered in the FPC report based/different assumpticns about /on
the future price of o0il and success of the oil substitution effort.
Parikh also computed the resources requirements in the economy for
meeting the fuel needs in future and analysed the effects on demand of
energy related policies in other sectors like transportaticn and urban

land-use.

Parikh {15, used the same GNP growth rates as used by the
Fuel Policy Committee i.e., 5.5% for the period 1970-71 to 1978479 and
6% for the following period upto 1990-91, assumptions highly optimistic
in light of past records of realistic growth of Indian economy. He
used an even higher GNP growth rate of 7% for the period 1990~51
to 2000-01. The latest official draft plan document (18, assumed a
GNP grouwth rate of only 4.70% for the pericd 1978-83. Thus, the ensrgy
demand forecasts gbtained by Parikh (18, are possibly very much on the
higher side. The total investment regquirements for meeting these
forscasts are also much higher uhen consi&ered against the investment
needs of other sectors. &ven if these financial mutla&s are availablae,
the organizational and managerial problems imdolved with raising
the preduction of coal, electricity and oil products several times

the current production might prove to be insurmountable.



19

Parikh and Srinivasan (16 ) have developed and applied a Progra-
mming Mocel for detommining the food and energy cheices for India
under various aésumptiohs related tc macro-sconomic parameters for India
and snergy-related policies in various productive sactors of the ecopomy
including tfansgortétinnu The model is supplied with exogenous demand
projections for determining an optimal set of energy production, cone
version and transportation activities. The energy demands for ﬁomestic,
transport and agricultural sectore have bzen estimated within the mode-
lling framework, but demands for the other industrial sectors uers

nrojectod from octher studies, though they aze not explicitly mentioned.

A detailed scheme for integrated cnergy sector planning is shouwn
in F;gf 1 of their report, but Parikh and Srinivasan (16, have not yet
implemented it completely, specifically the static multi-sectorzl input-
outpuﬁ model. The study includes detailed supply models for oil

products, slectricity and fertilissr production and choicus in food and

agricqltura. Under the samo azssumptions regarding pepula?ion growth
rate, degree of urbanizatibn and economic growth rates, various cases
were solved By changing aésumpthns reéarding the imternatiomnal price
of oil, and coal, availability of fiiéuood, and domestic crudey and the
capital cost of nuclear power plants. The projactions for primary

and secondary.enérgy in Parikh (15, and Parikh & Srinivasan (16, are
comparable, though the latter discussas five cases and both arc

possibly overestimates, specifically for coal, The study,; howavern,

has been 2 nicc attempt at integrated encrgy planning, euenfhoudh
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~industrial sector was not 1ncluded, and the two-way linkage betueﬂn
the economy and the energy bectoru are missing. Parikh and Srln;vasan
(1g, uses a multipgricd dynamic model for the electriéity”génerating
sector to minimise the discounted costs of capacity additions and

energy generation.

In a recent study carried out at 1IASA, Jyoti Parikh (14, discussed
the SIlﬁA model for India, where enerqy demand and supply analysis
have been carried out within a two-sector (agriculturs and non—agriculture
as well as.urban and nonnurban}.macro-econometric modelling framework.
The major limitation of this unigue study is the aggregated natuyre in
which industrial sectors have been treated and that the model would
not be useful in dealing with alternativs choices of investments in the
energy sectﬁr. There have been numerous attempts in analysing the energy
poliby options for India, the téchnologiﬁal altarnatives,; the role and
scope of energy conservation and the importénce of the rural ensrgy
scene, the notable contributions being those'byﬁeddy and Prasad(19 ;

and Makhijani (0.

In this context of past experiesnce of Energy Planning in India, the
Indian Na@iona; Committee for world Energy Conference, an independant
body with parficipation by ga#ernment Haua‘appointed the author as the
Convenor of a Panel for Deuelcplng an wnergy lodel for India. A national
energy planning study is commzncing and an interdisciplinary team would
be engaged in developing an integrated energy inodelliino framework faor
India and various regional subﬁodels for energy and demand forecasting,
supply and inuestmeﬁt analysis. In the next section the approach taken

for developing this energy—~economic model is discussed.



21

4, A NATIONAL ENERGY MODEL FOR INDIA THE METHODOLOGICAL ARPROACH

The Energy Model for India would basically consist of four sets
of models which chld be interlinksd with each-o£her'and these models
could be solved in an iterative manner to cbtain a solution to the
enargy dsmandmsupply.situation under certain given assumptions. A
broad framewcrk of the four modelsya maco-sconomic model, demand fore—
casting model, ensrgy supply model/&conomic impact model is shown in the /and
enclosed figure 2. It was dacided that too much time would not be spent
to develop é macro-sconomic model if the existing long term perspective
model based on an input-output table of the Indian economy being used by
the perspective Plapning Division of the Planning Commission for the Sixth
Plan ié made available for the study. The basic function of the macro—
economic model is to generate alternative economic scenarios aﬁd socio—
gconomic %orecasts for the future until the year 2000. The available
input—output model and long term perspective model used by the Planning
Commission until the year 2000 would be used and alternative economic

scenarios would be generated if this becomes necessary.

It was decided thaﬁ considerable effort shouyld be dgirected to develod
a set of demand forecasting models for theg residential and commercialy
transport, industrial and agficultural sectors. The demand forecasting
mocels would analyse the sffect on demand of uarious‘socio—economic vari-
ables such as ﬁer capita income; the price of alternatiué enargy farms,.
index of industfial production, degree of urbanizatioﬁ and rural elsctri-

fication and physical targets of production in various sectors of the
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economy. The demand forescasting models should also be capable of ana-
lysing the effects of substitution among different fuels and various
governmental policies related €o urban transpert, rural industrialisation,
housing and energy conservation as well as enuironmental.pollution contral.
A framework would also be prepared for analysing the role of technological
changes as well as now technolcgies. Such a framework would be usaful

in also identifying areas where studies should be carried out for tech-
nological improvement of energy conversion and utilisation eguipments

and processes.

The supply models would be formulated for the coal; petroleum and
electric power sectors for energy production, transportation and consum-—
ption by uariﬁﬂs regions of.the country. The electric power sactor model
would be based on regional basis tc analyse investment needs for different
electricity feéiéns és well as propér mix of hydro, thermal and nuclear
plants, théir tims phasing and the role of super thermal plants. A highly
éggregated national model of the power"sector.mighglbe attempted latesr based
on the regional electricity models to study the working of the proposed

national gricd and the superthcamal plants.

In the petroléum sector; models éhould be developed Tor
(i) eil explorafion, development and production and (ii; refining and
distribution sectors. uhile pafroleum exploration, douel;pment and
production model should be set on a regiohal basis for the Assam,
Gujarat and Bombay High Off«sﬁore basins, it is visualized that the

production and distribution model would be developed cn a national basis.
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The objsctive of the oil and power sector models would beto supply

the regional demands obtained from the foracasting models at minimum
social cost. The Petroleum Rafining and Distribution sector model
wouid represent various alternative activities in'petroleum refineries
among which the model finds a jeast cost solution. The model would be
based on a simplified description of a refinery, a schematic diagram
of the activitiss in the refinery is shouwn in Fig.3, taken from Parikh

and Srinivasan (16,.

similarly, a modal of the coal mine develaopment, production and
transﬁcrtation would be attempted on a national basis with the objective
of minimizing tiwe tokal social cost of meeting the demand for coal from
the various sgctor. In the arca of non-ccnventional energy sSOUTCES, fbra—
casts would be made regarding their availability and scope of ptilisation
in uariuué sectors of the economy based on studies\carriad out by various

institutions and the results will be integrated with other sectoral models.

The egcnomic impact model would use as inputs the various enekgy
supply scenarics and energy'facilities required. Based on the construction
requirements qf the energy facilities anc¢ their operation, the gconomiec
impact model would provide the detéiled requirements for inues£ment and
working capital, manpower DYy categories and critical materials such

as stecl, cement, aluminium,; COPPEBF, constructicn equipment etc.

The purpose of the integrated modelling framework would be to study
the inter-relationship between the four sets of models boing contemplated.

It is expacted that alternative esconomic scenarios, various assumptiocns



24

regarding policies in transportation, agricultufe and urban sactors,
and different assumptions on internaticnal price of opil will lead to
different sots of forecasts for'enengy demanc. The supply models based
oh:these demand forecasts will provide data for investment neads and.faéili-
tiss for the energy sectors. The economic impact model would provide
detailed listing for capital as well as manpousr and materials require--
ments for the enesrgy supply scenarios. The consistency DfISUCh invest-
ments and other reguirements for the energy sectors withip the overall
macro-economic framewopk could be seen from tha-maéro-economic model. To
study the impact of various supply model solutions on the rest of the
economy, technolcgy-based aconomic.impact models are needed which would
translate the investmant raquirements in the ensrgy séctorstor, sayy
setting up a refinery, power plant, transmission line or coal mine, into
requirements of capital, foreign exchange and materials such as steel,
aluminium, copper, cement, construction equipment and various categdbies

of skilled labour and managérial personnel.

Though the objective of the study is to develcp an National Energy
flodel for India, it is also expected that the study will also sugggﬁt
suitable methodelogy for energy demand forecasting and energy-economic
planning in the developing countries having similér problems and expsri-

ences as India.

lnvestigations are now baing carried out into three aspects of
energy planning methodology ~ (a, £nergy Demand forecasting, (b Optimal

Investment Planning and Supply Models for Energy Sectors and (c) Inte-



grated Framework for energy econugmic planning. Some of the results
already available from these resvarch studies will be applied in the
National Ensrgy Model. A mathodology for optipal investment planning

in slectrical pover gonaration andg trapsmission system based on further

modification of a Network [Modelling approach repgrted earlier {11, is
unaer axperimantétion now and this model could be applisd for planning
regional powsr systems in the five major pouer rugisns in the countzy.
Network Model pregentatibn of a hypotehetical power system is shown in
Figure No.3. The Netwark medal would be also apnlied for studics
related to the Hational Power.Grid, the location of super thermal and
nuclgar plants and construc#ion of high voltage transmission lines

{400 kv and higher) for bulk inter~regional power transfer.

To develop a suitable methodology for cnergy demand forecasting,
twp specific approaches or technigues are being investigated. aj
Economebric modelling, amd b)) Input—output Rnalysis and spscific indus-—-
try studies. Economastric modelling approeach has been found suitable -
for forecasting elsctricity demand in residential and commercial sectors
and in explaning interstate differences in the per na#ité consumpt lon
of electricity due to variations bf per capitz.. income, price of
~elsctricity , degree of urbanisation and rural electrification {12,
Tﬁis method is now being extended to the industrial and agricultural

gactors also.
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The alternative approach for demand forecasting is based on using en
input-output Table of the Indian Zconomy (expressed in monetary terms)
to develop an Energy Input-Output table in physical temms. An Energy
-iﬁputuoutput table, in which the energy sectors ars separated from the
other sectors of the economy, expresscs the energy inputs in physical
terms required for the production of an additional unit of cutput in
any other sectcr of the economy by taking into consideration the flow of
energy through the Intermediats goods. In this study of energy demand
forecasting based on an Input~output analysis and obtaining snergy in=
tepsity of various saectors of the economy, the 66 sector input-—output
Table used for the Fifth Five Year Plan @@.; was used in an aggregated
form for 24 sectors, due to the difficulty in cbtaining the upto-~date
input—-output Table fer Indian economy recently develcped by the Planning
Comnission and the Central Statistical office Fop preparing the latest
Five Year Plan 1978-83 (B ;. Physical energy-use data auailable from the
Annual Survey of Industries (ASI; Reports were used to develop ensergy
coefficients for sach sector in terms of tonnes of coal, cil products,
and kilowatt—=hour (kuh, of electricity used per rupec of ocutput. As
most of the sectors are not really hamogensous, physical energy-use
coefficients in tonne per tonne or BTG per tonne become guite meaning=
less except for a few homogensous sectors; DJ@ to the difficulty

in obtaining output prices for various commoditics andyprices for ener-
gy sold to different sectors, demand foreecasting using this tethodo-

logy is difficult and has some pitfalls. But it is expscted that if



. past data on consumption of energy and industrial output in
phyé&bél terms are aQailable, énérgy input=output analysis would
be highly useful fdr forecasting industrial demand as direct
'prlca alast1c1ty is negllglble._ For forecasting demand for
enerqy sold to the final demand lncludlng the domestlc sectorl,
economatric analysis would probably be a better method to take

into aceount income and price statistics.

‘Input~futput Analysis of ehergy gemand baséd on a national

- input~output table provides energy demand for oil products, coal
and elactricity only on a national basis. Bub for using these
forecasts ss inputs for the energ} supply models these would
haue‘to be regionélisad as investment decisions and locations

of energy facilities as well as investment needs for transporta-
tion faﬁilities cannot be taken unless ensrgy demands are

allocated by regions. To resolve this problem. two alternative
approaches have been proposed in.additioh to the simple approach

of allocatlng total energy demand netuean the regions based on past
trends Dflneglonal demand and growth potentlal of different regions.
The Firsﬁ.épproach is based on the uss of regional input—output
tables in the construction of regional snergy input-output

matrix and daualoping regidnal energy demand forecasts.
Inpgt—butput tables for various States in India are available nou
based on State level studies for intepr—industry flous angd these

could be utilized. The second approach would be based on
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a methodology of allocation of industrial output among the various

regions (or states) in India bas-d on the base year proportional contri-
bution[bf each state in the national output and forecasts of Ffuturs [ﬁ‘Share')
proportional contributions based on the analysis of grouth trapds of

each industry in the region and computation of shift factors. The

resylting regional outputs by various industry sectors could then be

used fof forecasting regional demands for coal, electricity and oil

products. The second approach appears more promising and would be

examined in detail to aeuelop a satisfactory methodolocy for regional

znergy demand forecasting.’

One of -the problems associated‘uith using energy input;oﬁtput tables
for demand forecasting is the difficulty in handling inter-fuel subs—
titution due to relative price changes in a satisfactory manner.

This can be done in a judgemental basis if consumption data is available
for a sequence of years when the relative prices of enorgy uere changing,
by preparing a set of enwzrgy dinput-output tables corresponding to

the different sets of fuel prices. This could be also analysed through
the application of the Referenca Energy System Technigue (7; developed
at Brookhaven National Laborafory (BNL,y USA or by using an approach
similar to the Hudson-Jorgenson Model (B ;. Itérafiue epproaches
involving macro-economic and input—output models and technological
medels for supply analysis as diécussed by Hoffmzan and 3crgenscn (7

is also h:ghly useful and the current werk on developing an Energy Model

for India is also conceptually based on a similar iterativ- approach.
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At this time, the nature of the integrated Frame@brk for
energy-aconomic planning suitable for the déueloping-countrias is
not quite clear., Various approaches have bsen attempted in the
developed countries specially in USAf The Hudsor—-Jorgenson liodel 3,
uses an input—output table in which the coefficients are functions
of various economic parameters including prices determined by the
solution of ooonnmetrif models. Similar integration of input=cutput
medels and econometric models have alse been tried a2t the Brookhaven
National Laboratory (7;. The pilot energy model developed at the
Stanford University consists of a large dynamic Linear Programming
lodel which also includes an input-output table of the gconomy and
detailed representaticn of different enerqy production, conversion
and transporfation sectors. It appears that an approach similar tg
the pilot engrgy medel could be more appropriate for déueloping |
countries wheype input-output tables have been prepared; reliabls
energy sactor data are available and the smphasis is on planning -
investments in the enerqy sactors. Thus, the cur;cnt energy
ﬁodelling study for India will be concantrafzd on a similsr apsroach
specially if the input-output analys:s approabh for demand farecasting
becumes syccessfyl. The other approachas for enefgy-economic rlanning
will involvec development of suitable aeconometric models for the

national economy, which by itself may becomc a majcr research sffort.

5 CONCLUDING REMARKS

Due tc the intimate linking of the encrgy sectors with the rest

of the economy, it has now become obvious that energy planning should
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only be carried out in an 1ntegrated framework for gnergy-cconomic
plannlng uhlch 15 su;table for analys;ng the LfrBCtB of economic
grouth on ancrgy consumptlon and also the effact of the energy sectolr
on therest of the econamy. In the past, the absence of such a frame-
mork has led to urong. and frequent ouar—est;matlan of.enérgy demand
and subsaquant undermachleuemunts in energy productlon programmes.
lsading to ensrgy shortages. In the absence of any long torm pers=
pectives, the actions of the governmental agencies associated with
decision making in the energy sector had been ad=hoc and myopic
leading to frequent shortages and excessess It is erronaous to

thimk that dueto chronic energy shortages; demand forecasting is no
longer important and what is needed is only to plan for -supply of
increaéing amounts of energy. A long-term look at demand is all the
more necessary.in a scarcity situation so that appropriate policies

could belformulatad for containing demand and planning for supply.

Due tao the high investments in the cnergy secﬁﬁr and high stakes
inuolund.mith the success or fallure of our energy supply policy, the
development and appllcatlon of a Natlunal tnergy Model is essential
and the study belng undertaken by the Panel ;n Developlng an Cnergy
Model fcr Ihdia should receive hlgh prlorlty and cnoperat;on of the
energy sector agencies including the State Electricity Boards and
public sector companiss, the Plénning Commission and the Central

Ministries. Such a model should be ultimately integrated into the

nationai planning framswork adopted py the Planning Commission.
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FIGURE 2

INTEGRATED FRAMEWORK FOR ENERGY-ECONOMIC PLANNING

Macr:s Economic Model for the economy
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