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SYNQPS1S

This paper presents a macrolevel energy model and its apﬁﬁication
for energy planning for three states in India-nameiy Gujarat,
Kerala and Rajasthan. In conjuntion with energy modeliing at
_na;;pnal‘ level, the Advisory Board on Energy, Government of
India, envisaged- regional energy pianning to capture regional
sﬁecificitieghin enecgy demand-supply étructureJ Methodology for
canstructing reférence energy system, expanded input-output taﬁle
with disaggregated energy sectors and a linear programming model
ﬁp:ﬁqnglgﬁis a;e.brgsented._Scenario analysis approach is adapted

and"analysis‘ and findings are presented for future reference

years upto 2000 A,D.



1.0 INTRODUCTION

Given vastness of the country and wide diversity in the stages of
development and resource-base, a naticnal-level energy m;del for
India shoﬁidrnecessarily be supplemented by the reglonal(state)
level models. Apart from an attempt for a decentraiized plann;ng
exercise, regional study on energy planning 13 envisaged to
hecome a part cof necessary regional networking of capabilities
and Qata;base and 1s expected to considerably aid the policy
makers and planners at national as well as state level to frame
realistic and meaningful policies. in conjuntion with national
planning, regional analysis is done to capture regional
specificities in energy supply-demand structure,. This is
essential since a large part of policy decisions on energy supply
are presently being made centrally at the national ievei.
Regional energy analysis integrated appropriateiy in the national
enaergy planning ;auid providg the necessary disaggregation for
realistic planning and implementation. [t was in response to.this
need ot disaggregation and to capture the regianal specificities
in energy planning, the Advisory Board on Energy, Government of
Indt{a, sponsored a study for developing regional energy model and
analysis covering three states - Gujarat, Kerala and Rajasthan.
The paper presents metheodology used Iin this study foé

T

constructing input-cutput(l-0) transactions, reference energy

system, disaggregation of 1-0 table, LP Model and analysis under
o

different scenarios for several reference years. Detailed

analysis i1s pregented only for Gujarat state, however a

comparitive anlysis of three states 1s given,



¥.0 Eegional Input-Output Transactionsg

|14

R=gional Input-Qutput table captures the sectoral inter-
dependence, basic structure and broad technelogy in the econoany.
Since the level of techhology. production structure an® thelr
rates of change vary considerably across reglons in India [i]. it
is imperative to incorporate the spatial dimension expiicitiy
into the planning model. This can be done most effectively only
when regional 1-0 tables consistent and compatible with the
national i-0 table are estimatad. [-0 tables were constructed

for ail three States. Since methodology followed was neariy the

same, [-0 transactions for aniy Gujarat are presented below.

The estimates of regional input-output transactions are
made by following the survey kased method to generate first the
I-0 coeffiéient matrix. The whoie regional ecandmy aof Guijarat
State 1s classified inte four broad categories: CA) Industry
inciuding electri?ity {30 sectorsi,. (B3 Agriculture and animal
husbandry (8 sectorsi, {C) Fishing, Forestry and Mining (7
sectors’). and (D Supra-regional transactors and services (5
sectcrsi.  The classification of sectors into these four
categories is based‘on the nature of data availability at the
State level and ;he nature of the actlvity. For tﬁe industrial.
sector, the basic source of data is the  Annual Survéy of
Indugtriea carried out by the C50 with the help of State
Statistical Bureau. It may be noted here that although the
national matrix for the year ;984-85 is based on tbe detailed
tabulation of the A3l 1973-74, we have used the latest available
detalled tabulation of AS] which ig for the year 1978-789. Thus,

ocur estimates are based on more recent data base than the



national 1-0 table implicit in the 7th Plan. For the agriculture
and animal husbandry sectors, the basle source material iz the
cost of cultivation surveys conducted from time to timf by the
State governments and fhe State income accounts maintalined by the
Statae Statistical Bureau. For fishing, forestry and mining
sectors, the nationél input-use coefflicients adjusted for the
State-sector-specific value added proportions and the survey
resuits are used. In the case of supra-reglional transactors and
services, the natioﬁal input-use coefficlents are adopted like
most other studies. With the help of the estimated gross output
in each of the 50 sectors far the Gujarat State, we generate the
input-output transactions in Gujarat far the year 1884-85 at
current prices consistent and compatible with the national

matrix.

When we éompare the’regional input use coefficlients with the
corresponding nalional coefficients, it is‘evident that reglonal
input-use coe¥flclents differ an the whole fram the mnational
ones. Aithdugh most of the coefficients of the Gujarat State are
not different from the naticnal coefficients in the first three
decimal plqces, about 11% to 12% of the total coefficlents dn
Gujarat differ from the national coefficlents by 0.0! or more .in
absolute terms. In specific sectors or activities, therefo{;.
there appears to be considerable reglonal differences in

technology as reflected by input use coefficients.

In order to forecast the optimal energy requirements for the
years 1989-90, 1994-95 and 1999-2000, we need to forecast tinal
demand and gross output for each sector of the regional economy

for each forecast year. Given the 1-0 matrix for the base year



1984-85, projectiona of regional inter- industry transactions for
the forecast period are derived by projecting the final demand
aﬁd corresponding estimates of gross ocutput by sectors. | Sector-
wise final demand in the State economy are projected by using (&)
sector-wigse trends in final demand impliglt in the Planning
Commission®s estimates relating to then national [-0 transaction
matrices for 198984-85 and 1589-50; and (b} time-trends In State
domestic product by industry of origipaiy over the period 1860-61

to 1984-85.

3.0 REFERENCE ENFRGY SYSTEM (RES)

3.1 RES Representation

An _ RES is a way of representing the activities and
relationship of an energy system. [t depicts energy flows fr;m
energy sources through energy conversion technologieg to the end-
use d;mand sector; E25,£3],[4]. The RES network has three basic
camponents - energy sources, energy products and energy end-use
demand:. Energy demand for each sector is independently assessed
based on present wuse pattern, demographic data; sedtaral
development plang and térgets. Canversion efflciencles of
technologies at wvarious stages of production, tranamission,
distribution and end-use system and energy rescources avallabllity.
are congidered. Since energy rescources are 1ndividualﬁy
emphasised, the apprcocach requires disaggregation of energy

sectors from the existing level of representation ima the usual

input-output tables.
3.2 Digaggregated Sectorg Defination

Energy sources energy product and energy (end-use) demand sectors



are broadly clagssified as feoliows :

Energy Sources(S):

1. Electricity

-  hydel , thermal. nucleéar,

diesel and natural gas.

2. Coal and lignite - coking ccal,noncoking coal,
hard coke,soft coke,lignite.
3.Crude and petroleum - Crude, M5, LPG, NAPTHA,
products
ATF, SkKG,HSD, LDO, FO, LSHS,
and other petroleum pecducts
4 . Natural gas

4
S. Non commercial

energy sources

Energy Products(P)

.
&

1. Demestic sector -

2., Municipal sector -

3. Industry sectar -

4, Transportion sector-

S.Agricultural

Energy Demand([):

sector-

- firewood. cropwaste,
charcoal, dung, blogas,

solar, wind, and animal power

lighting, cooking and other useé.
street lighting, public water works

procesa heatling, electric drive

ore reduction, and ind.lighting

road, rall and air Ferson Kilometers

(PKMS) and Tonne Killiometers{(TKMS)

-
irrigation, harvesting ,thrashing

and land preparatlion



Energy demand{end-use) sectors are taken directly from the

-0 matrix used by the Planning Commission. The expanded

Matrix with emphasis on energy sSectors represents a
' -

departure from the conventional input-output analysis,

Firat, energy gector outputs are expressed Iin terms of

physical units. Second, outputs of energy suppiy and
convergion sectors are distributed to energy demand sectors
via "dummy" energy product sectors.

The coefficients matrix A la artificially partitioned aa:

Energy Energy - Energy
Supply Product Demand
{3) (P) (1)
Ass : ‘ Asp 0 Energy
Supply
A = Aps G Api Energy
Product
Als O Alt Energy
- Demand

Where,

Azs: input-output coefficients describing sales af - the
output of one energy supply sector tao another energy
supply sector. Conversion losses are exciuded since
all coefficients are calculated on the basis of
delivered energy.

Asp: input-output coefficlents describing how distributed
eénergy products are converted to end-use forms. They
contain end-use conversion efficlencles embodied In
the RES.

Asi: o implying that energy supplies are not used
directily by energy demand sectors; energy s
distributed to the energy demand sectors via energy
product sectors. *

Aps: Input-ogutput coefficients describing how energy
products are used by the energy supplying industries.
Auxillary consumptions are accounted for in Ass.

App: O implying that energy products are nat ﬁsed to

produce energy products.



2 how energy
dsed by energy
ribes the ways
energy demand

Api: input-output coefficients descrivin
products - final energy torms r
demand sectors. This submatrix
end~use enecgy forms are used in
sectors.

Als: input-cutput coefficients describing the uses of naon-
energy materlals and services by the energy industry.
An example of this would ©ve requirements for
machinery for o0il drilling or coal mining.

Aip: G implying that energy product-sectors equipment
require no material or service I1nputs. This i3
because they are pseudo-sectors and nat real

producing sectors.

Aif: input-output coefficients describing how non-energy
products are wused in the energy demand sectors.
Coefflicients in this submatrix are enumerated In
purely monetary terms. Ali is squivalent to the A
matrix of the conventicnal input-cutput framework.

‘Note that input - output coefficients Iin the S and P sectors are
n physical wunits . For example, electricity 1is expressed in
MUtmillion units}, petroleum products are expressed in MT(metric

tonss, ete. Unly the input-output coefficients in the 1 sector

are in mecnetary values.

3.3 CONSTRUCTING RES FOR A BASE YEAR (1984-35}

Construction of RES primarily require detalled data about éﬁergy
‘supply, demand and the energy flow relationship for a year for
which data are largely avaiiable. For the present study 1884-85
iz taken as base year. For conventional energy sources such as
coal, petroleum, electricity etc., data 1is available from
approprliate state and central agencigs [51,[61,071.081,1(21,[101.
For non-conveﬁtional sources, data 1s obtainasd from state energy
¥
development agencies and other published sources [11],[123,[0131].
Base year energy demand for each product sector is derived from

several sources, major source for the Iindustry sector data is the

data on §uantity of fuel as input to variz.s industry sectors



collected ‘by Central Statistical Organisation(C30). For nan-
commercial energy sectors energy estimates are made usling HIAER
gsurvey dataill]l] and other information collected from state
agencies. Energy demand for the product sactor i=s is
independently estimated based on the fuel use pattern for every
product sector and taking into account conversion efficiencles of
devices, Energy demand for domestic, municipal, agriculture,
industry and transportation sectors are thus assessed. in fact,
tor each of these product sectors, energy demand is estimated
independently. Using the energy fiows from different energy
sources to energy product sectors, RES for base year (1984-85) is

constructed.

3.4 RES Projections For 1589-90,1994-95 & 1389-2000.

After wvalidating the demand for energy products for base year
1984-85, thé projectigns of demand for energy product sectors for
1889-30 y 1894-85 and 2000-2001 are made from base yvear demand.
The projections in different sectors are based on the appropriate
sectoral growth rates, demcgraphic data, etc. Since 1384-35
demand 135 valldated with actual consumptions, the procedure can
be expected to give good demand forecast. In the case aof 1889-
80, actual growth rates in key sectors are checked and actual
demand upto tﬁe recent time is considered for wvalidation of
demand projections. For example, consumption of electricity and
petroleum products in different sectors is obtained for ‘1986-87
and the projectinns are vallidated with actual growth in
consumption pattern. For 1894-95, and 1899-2000 projections are

made from the 1989-90 energy demands. Growth rates used for

industry, agricul+¥ 're, transportation ete. are in correspondance



with the growth rates suggested by input-cutput tables for these
periods. Demand projections are made for varlious scenarlios to
underztand pollicy impilications.

Construction of RES for base vear is the key to a meaningful
analysis. Conslderatbie énd diverse data sources are used.
Regquisite data for the purpose do exist with the appropriate
state ageﬁcies. Besides considerable pubiished mertarial is
available. However, certain assumptions are required where data
gaps prevall and this must be done with utmost care so as to keep
the data realistic. In case of state (regional) madels,
transpartation data pose difficulities since inter and Iintra state
movements have to be conslidered. in some other sectors too,
national level data is esasier to oktain than state levei data and
sometimes disaggregation from national level data has to be done.
with approprriate assumpticons. This apart, appropriate cost data
is most‘ difficult to obtain especially for future scenarios.
However, our experience is that meaningful RES can be constucted

at regional level which can capture reglional specificities.

4.0 A LINEAR PROGRAMMING(LP) MODEL

VIKRAM SARABHAI LIBRARY
LE Mpdel Linkage SDIAN INSTITUTE OF MANAGEMENY

4.1 RES - LP
flﬂmAﬂﬂkluﬂﬂﬂMﬂIDﬁﬂnﬁ

The RES 1is viewed as a network optimization problem in which
energy flows are routed through a linear network. in ordér ta
minimise the total energy cost sﬁbject to the requirement that
all end-use demands are met. The problem formulation ré&sults 1In
Linear Programming model. The model is similar to the Brookhaven
mode | (31,f431,014],015]1, However in our model, additidnal
bounding constraints are incorporated to limit the extent of

substistution.



4.2 Energy Variables

There are 175 Decislon varlables.

X - Energy Source : 30 Variables
|
X - Energy product : 19 Variables
P
X - Energy Demand : 47 Variables
i
+
d -~ Energy Export : 12 Variables
)
d - Energy import t 12 Variables
-]
X - Energy flow : 55 Varlabies
sp

4.3 Energy Costs

Objective function is to minimize total energy system costs while
satisfying the demand for energy products and non-energy sectors.
Costs for energy sources{Cs) considered inciude the production
costs (16830171 {(in case of materials produced in the stater,
production and transportation custs for matecials importea in the
state and existing prices in case of non-commercial materials.
For new capacities of energy sources {eg. electric powear
stations), fixed cost is appropriately allocated. Cost for energy
producta(Csp) 1ncluderboth fixed costs and variable costs. Import
and export of fuels is considered by incorporating import and

expart prices Pig and Pes.

4,4 LP Formulation

The LP formulatlon (175 variables and 255 constraints) for energy

demand alalysis 1s as follows:

10



Min : CsXs + CspXsp - Pes(ds ) + Pis(ds )

- +

Xs <= Gs (60 constraints)

5.T.: AsgXs + IspXsp + ds - ds =
Aps¥s + ApiXl + Yp = Xp (19 constraints)
AisXs + ALiIXi + ¥Yi = Xi (47 constraints)
EspXap = Xp (18 constraints)

Lsp <= ﬁstsp <= Usp

- +
X, dz , dsg >= 0

where _
lap = Matrix (PxS) denoting 1 if sector 5 can
supply P, else O.
Gs = Annual Availability of Source.

Lsp & Usp = Lower & Upper bounds respectively on
end-use energy of gsector p that can be
pravided by a source s. |

Eap = Efficiency of the device using a source

8 to convert potential energy of the
source Into end-use energy for product

sectar p.

5.0 ANALYS!S FOR GUJARAT STATE

5.1t Scenario Approach

In the present study, RES i3 constructed for three States
Gujarat, Rajasthan and Kerala. Energy analysis for these states
i3 carried out. Analysis and results for all reference years for
Gujarat State are presented here in details. Since analysis for
other two states ig similar, it ig not detailed here. H;wever a
comparision of the resuits for three states is p?%sented iater,

The time frame wused 13 upto 2000 AD, which is not too far a

future, and thus allows for constructlion of reasonable future

11

(110 constraints)

the



zcenarios and at the same time, this time horizon is rfar enough

for meaningfuil pianning and conecrete policy interventicns,

5.2 Analysis of Eesults

S.2.1 Base Year : 18984-85
Optimal costiannual) for the Base Scenario was found to be

Rs 2363 crores. This cost includes cost of energy sources(i.e.

fuels) aﬁd end-use devices(annualised), For this ©base run
structural bounds were kept aimost same as existing proportion.
Thus fuel substitution 1is restricted , however the costs of
supstitution of fuels is avajlabie from the dual! solutian. The
shadow prices assoclated with bound caonstraints can be

interpreted as marginal cost of fuel substitution. For gexample,
the marginal cost of substitutien by LPG of firewcod is found to

be Rs. 4286 per tonne.

From summary Tables i, 2 and 3, tallowing conclusinns can be

drawn,
(i Guiarat imperts 18 percsnt  of its electricity
consumption from neighbouring states. The power deficit is about

1852 MKWH(450 mw). Large quantity of non-coking coal is purchased

from outside the state. In terms of petroleum products and
natural gas, Gujarat {s surplus since the state has a refinery
and 1is endowed with crude and nétural gas. Moare tharn four

o
miliion tonnes aof firewood 18 consumed annually, essentially for

cooking and heating needs.

(i1, Electricity provides for 98 percent of domestic

lightiiig needs and kerosene 2 percent. Since ag kerosene {s very

12



TABLE 3 | STATE ¢ GUJARAT

ELECTRICITY GENERATION & CONSUMPTION - 1984-85 10 1999-2000

ELECTRICITY

! 1984-85 © 1989-90 | 1994-95 11999-2000 !
CAPRCITY (M) ! 2034 : 3891 ! 7350 i 9532 |
GENARATION{MNHI® ! 8049 | 11963 ¢ 22697 1 28952
CONSUMPTION (MKWH) : 7438 | 13724 1 19824 ¢ 78482
EXPORT{ IMPORT (MKW} (1852) ©  (2299) ! 2873} 459 1

AFTER TAD AND AUXILLIARY CONSUMPTION LOSSES
TABLE @ 2 : STATE 1 GUIARAT

CONSUMPTION OF MAJOR FUELS -~  1984-85 TD 1999-2000

MAJOR FUELS " ©  1984-83 1 1989-%0 ) 1994-95 {1999-2000 !
COALIMD) 1 B9BCI36 | 1I5BI544 | 22184734 ! 24294787
LIGNITE(MT} i 1047457 1 1350000 | 300000 | 4004000 |
NATURAL BASIM.CU.M.) YA 384 | 1731 4 2875
HSD (MT) : 981098 | 1187060 | 1301897 | 13526417 !
FOALSHS (M7} ; 832311 § 1041548 | 1444095 1 1800730 !
NAPHTH#A (MT) ! 383747 1 748758 | i

388090 | (133010

13



TRAHLE & 3 STATE : BUJARAT

CGNSJ.WfIﬁﬂ OF MAJOR ENERGY SOURCE BY ENERGY PRODUCT SECTORS

DOMESTIC SECTOR ! !
ENERGY SORUCE U 1984-85 1 1989-90 ! 1994-95 11999-2000 ¢
ELECTRICITY Ky ! 1098 ¢ 177ST 923 4887
KOMT) ! SEING | GATSS3 i 7I7MA3 1 Ba2098 !
" FIREHOOD (NT) 4142000 | 4142000 | 4142000 | 4147000 !
CROPWASTE(NT) | 3BSM40 | 44252 631000 | BOBOOO !
LPG(HT) D BOMST | 110542 127000 © 140897 |
INUSTRY SECTR | ;
ELECTRICITY M) | 63191 ®Bit ! 173! 17438 !
COAL (MT) L TI0015 | A7BT23 | 203334 | LTS |
LIGNITENT) L 1047857 1 1350000 1 2947000 | 2947000 |
FO/LSHS (MT) o BISAA7 | 1136330 ! 1444096 | 1800730 !
ROAD TRANSPORT ! ;
MGNT) D 248138 292995 1 SITI89 1 4068ED !
HED (T f 8161390 THII0 §  B903ES | 1032890
RAIL TRANSFORT ; :
HED(NT) D 94t 75508 1 BESST ! 101164 |
ELECTRICITY OGH) | WO 18 M9 5
COAL (NT! CB1S600 ' M4320 7 B | 166358
ABRICULTURE SECTOR ! ' ' :
ELECTRICITY () ! 8191 27 I 4%05 !
HED (MT) b 154926 1 20020M T 269955 ! 330343 |
MNICIPAL SECTOR ! :
ELECTRICITY (W) 00! A1 743: 18!
ELECTRIC POWER -SECTOR! . ;
COAL M) | 4656288 1 BI23000 | 16314500 | 19100400 !
LIGNITE{MT) ; : 11053000 | 1053000 !
NATURAL BAS(M.CU.M.) | MmO TS U3
HED (MT) D200 46000 1 53000 ¢ 62000 !

14



inefriclent lighting fuel, it constitutes 63 percent of potential

energy.

tiif) For domestic cooking, kerosene and firewc®d each
praovides for about 40 percent of needs; hawever, as firewood
stoves are relativeily inefficient, firewcod constitutes 63

percent of potential energy in cooking.

(ivy Coal Is the major fuel (58%) for industrial process

heating. . )

(v) 65% of road passenger movement is met by HED and rest by

MS. HSD meets 95% of goods movement.

(vi} For rail passenger movement, electricity, ccal and HSD
provide for about 34, 38, and 26 percent aof needs. For gocds.

movement, HSD provides for the bulk (66%) of the needs.

(vii) Electricity provides for 68 percent of irrigation
reguirement whersasg diesal pumps provide for about 28 percent.
tviiiy For fertilizer production, FO/L3HS (50%), naturat

gas (Z7%) and Naphtha (1:%) are the baslc fuels/ feedstocks.

(ix} About 52 percent of coal 13 used for thermal power
stations and 41 percent for industrial process heating

requirements.

(x?} More than 65 (61 percent for iIindustrial drive)percent

electricity is consumed for industrial uses.

(x1i) Qf the total of electricity consumed in the state,

irrigation, domestic sector and municipal sector account for 17,

18



11 and 3 parcent réspectively.

txii) 5& percent of H3D i3 consumed for goods mavement and

23 percent for passenger movement.

(xili; 768 percent of kerosene 1s uged for cooking and 22

percent for lighting.

-

(xiv) About 28 percent dung 1is used for cooking and &7

‘pEI‘CEﬁt as manure.’

£E.3 Basg Secnario Analysgis for 1389-80, 1954-85, 1399-2000

Base Scenario for the reference years were created by assuming :

{a) Energy product demand (oaver 1%84-85) for domestic sector and
passenger transport is projected to grow in proportion tg
population grbwth rate and a small obsclute per capita
increase.

(hi Energy product demand for agriculture and industrial . secter
is increased in a proporation higher than the proporticonate
increasz in gross output aof these sectors by taking into
account farecasts on fuel and electricity cqnsumption Ey
other agencies.

(¢} ?or goods movement, the {ncreage 1s proportionate to the
increase in gross output of industry and agriculture.

(d) Increasze in 10 percent efflcienty (over 1984-85) In road
transport, diesel locas and alr travel is assumed.

(e) Power generation capability is projected based on actual
plans of state electricity board and expected additional MW
capaclity to be made available. Same power locad factor, T & D

iosses and auxilliary consumption (%) as in 1984-85 are



assdmed.

¢f) Availagility of firewocd, charcoal, dung and animal power is

assumed at the same level as in 1984-35. Cro}waste
avallabliity is increased in proportion to the increase in
Eross cutput of the agriculture sedtors. For non-
cuoventicnal energy sSectors, output 18 assumed as per the

state plans.
tgs For Base Scenario of each reference year, it {s assumed that
the proportion of energy product demand met by different

fuels will remain nearly the same as in (S84-35,

4 A COMPARATIVE ANALVYSIS OF BASE SCENARIOS FOR FCOUR REFERENCE

n

Tables 1 toa 3 summarise consumption of major fuels - and
electricity and consgumption of major fuels by energy product
sectors for four reference years. From these tableg it can be

seen that :

(i Electricity generation is planned to increase rapidy (94%
increase) during 8th Plan (13233-90 to 1994-35) perliod. It the
powar plants come wup as per the SEB plans, then by 1324-3%5,

Gujarat will have surplus power (880 MW surplus) However, due to
considerable increases in thermal power piant capacit? during 8th
plan‘ perliod, coal and natural gas consumption in the state 11
increasing substahtially. In 1998-2C000 AD, the State is expected
to have nearly same consumption of electricity as the planned
capacity. Eiectricity cansumptian in fif£een year perioh (1985-
‘ ) :
2000) is expected to triple.
(il Consumption of petroleum based fuels is expected to

increase steadily, nearly doubling for Naphtha, FO and LSHS

and Increasing by 60 awexwkr for HSD In flfteen years.



tiiin In domestic sector consumption of eleotricity i=
increasing by faur foid and keccsene consumption by about fifty
percent in fifteen years.

(iv Industey wili ramain to be the major consumer af
etectricity consuming about 80 percent of total in 200G AD. Coal
wiil be the major fusl for process heating but lignite wiil
replace coal to some extent by 1385.

(v) More than two-thirds of HSD consumption in the state in
2000 AD  wiil be for road transport zecior. Goods transport

sactor will consume about 535 percent. HSD consumption for road

1]

.

transport will increase by 65 percent in fifteen year

tA

(vi) For rail passenger transport, electricity will contribute S5
and HSD about 31 percent of needs. For ratl goods transport, HSD
will «contribute to twa-thirds of the movement. Conteibution of

coal in rafl sector will deciine to 13 for passenger and S

percent for goods movement. Electricity consumption will m

ora
than double and HSD consumption willl increase by about 70 percant
during the fifteen,.
(viis For agrizulture sector, electricity corsuaption wii!

nearly triple and H3D consumption will double in fifteen year
period.
(viii) Consumption of coal for electricity is increasing by

nearly four fold and natural gas about five fold during fifteen
year period.

(1x) For municipal sector, i.e. public water works §nd street
lighting,_e]ectricitx cansumption wili increase by more than four
fold during the 1985-2000 period.

Above observations clearly suggest that coal will be the major
source of energy as per the existing projections for electricity

generation, As coal 1s brought from far distance (average lead



of about 0G0 kmi, tosad on railways will increases substantially.
Projection for. elesctrical power capacity are made as& fgper the
State eiecticity board plans, howsver in reality power Projects
are expected to be delaved at least for about twe to three years.
Uncertalnty still prevallis over the timely implementation of four
500 MW Narmada(coal) Thermal Fower Projects. Simijarly Gas
avallabiliity for power {3 uncertain. Hence, for eiectrical power
sector aqailable capacity shall be lower than planned capacity.
The results aisoc suggest a major electrification of raiiway
system.

Optimal energy <ost for the Base Scenario for the four

U]

reference years at 1384-85 constant prices are as faollows:

REFERENCE YEAR 1884-585 1389-80 18994-85 1999-2030

COST(Rs million) 23830 31980 50550 67810

wr

As can be seen, energy costs are increasing rapidiy and are

teipling in fifteen years.

L} ]

cerario Anaivsis

wn
N
i

Major scenarios are consturcted for reference years 1994-35
and 1898-2000. Some short term possibilities and interventions
are considered for 1983-390. In all scenario runs, cost structure

is ccnsldered same as in 1584-85.

9.5,1 A SHGRT-TERM SCENARIO

In 1583-90, a possible short term scenario (Scenario (S.T.}))
is considered which may result due to (a) use of excess LSHS
production of Gularat Refinery for process heating by Iindustry up

to twentyfive percent more than the Base Scenario (b) increase in



lignite production in the =state €t abous 2.5 million tonnes per
annum and (¢) increase in natural gas consumption far industrelal
-

proce=z2  heating such that ail naturai gas produced in the state

is consumed in the state.

TABLE &

CONSUMPTION QOF FUELS AND EXPOET (IMPORT) - 1689-50

STATE : GUJARAT

SCENARIO (5.T7.) ‘'BASE 3CENARIO
FUELS " CONSUMPTION EXPORT CONSUMPTION EXPORT
LIMPGRT) ( IMPGRT
FO/LSHE (MT) 278306% 484835 2228452 1041548
LIGNITE (MT) 2800000 NIL 1350060 NIL
NAT.GAS (MCUM) - 850 NIL 884 &6
COAL (MT) ‘115268550 (11526550) 13585544 (135858544)

e e e e e e e e e e e e e e MR ER MR W U ke e M e m Em Em Em o R am R Em M e T e M MR M M em em m e mm e e e e e e - —

As can be szeen, coal consumption and import are reduced by about
two miliion tonnes, l.e. a reduction of fifteen percent. LEHS

productiaon will redy

7]

2 after 1392-33 on compietion of
hydrocracker wunit of Gujarat Refinery, however there after to

natural gas may be provided for industrial process heating.

5.5.2 Scenario 11 - Electric Power Sector Situation

In the base scenario, we assumed ‘that the electric power plants
will be available as per the. present projection%‘ of State
Electricity Baardas and Central Electricity Authoriiy (CEA,
However, in reality, powér plants are delayed in Iimpliementation.
Two scenarios, [I1(a) and [1(b) are constructed for electric power

sector situation. A basic assumptions for scenarioc Il are



tiy New power plants will be available threes years iater tthres

vear delay) than the projected target dates.

tit) Electricity impert from ather States is possibkie to the

gxtent of 50 percent of the deficit,

This means that elecfricity shortage in certain sectors wil]l hage
to be conpensated by substitute fueis.

The bounds on the proportion of an enargy source meeting
demand of an energy product as sbtained from 1984-85 baze runs
are relaxed to some extent to allow for substitution of fuels,
@specially to replace electricity shortage. Energy product

’

demand is assumed to be the same as far the Base Scenaria.

For Scenario 1[1(a) Table 5. gives comparative figures of
elegctriclty generation and consumption. Power deficit is expected
to be 320 MW (1894-95) and 925 MW(19899-2000). In Base Scenario,
power was surplus for both reference years. Thus we find that
optimistic situation for power sector as projected by GEB plans
and CEA may alter significantly (if implementation of power
plants 1s delayed by three years even 1f half the electriciiy
deficit is substuted by other fuels.

Table 6 gives the substitution of electricity by octher fuels in
varlious sectors. HSD consumption increases significantly (26
percent for 1994-95 and 47 percent for 1900-2000) in écenario
[I(a) compared to Base Scenario since electricity shortage 1in
agriculture sector has to be met by HSD for drrigation. SKO
consumption is highe; (53 percent for 1994-9S5 and 78 percent for.

1989~2000) since SKO substitutes eiectricity in domestic lighting

gector.
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1

Scanarig l1ivk)

Trnis scenario consliders fuel substitution within eleztric
power sSector. In Gujarat power generationlis largely tThrough
-»
thermal power stations. Basic alternate fuels tor thermal powar
zeneration are coal, lignite and natural gas. Since soal based
plants have long implementation period compared to gas bass

piants, in Scenario II(b) the possibiiity of bullding powsr

capacity at a faster rate using gas based power plants 1is

%]
]

(1,

1]

snsidered. As HBJ pipeline is passing through Gujiarat, using

i

gas for electric power generation ig feasible. The

o

atuar

[

s-enaria 13 created oniy for rsference year 1%34-%5 since for
1999-2000, there 13 sufflcient time to build capacity based on
alternative fuels.

In Scenario [li(b), besides assumptlon (i) of scenaric 11tar
above, other assumption -is that the deficit In the target
cagpacity of Base Scenario, caused by delayed érojects(threa YEAars
delay) during the elghth plan pericd, will be entirely
compensated by new gas based thermal power piants. Thus in this
scenario generation of electricity will be =zame as in the EBase
Scenaric with onily difference that the fuel substitution will
take place between ccal and natural gas.Table 7 shows that
natural gas requirement for power sector would double (additienal

natural gas consumption aof 1741 MCUM) whlle coal consumption wiil,

reduce by neariy S million tonnes compared to Base Scenario.

TABLE 7 STATE: GUIARAT

POWER SECTOR : ELECTRIC POMER CAPACITY AND FUEL CONSUMPTION

1994-95

FUELS

SCENARID 11(b) BASE SCENARID

COAL/LIG ELEL, (M) 4252 | 6067 1
H 790!

NAT. GAS ELEC. (M) 2665
CoAL CONS, (NT) 1125851 16314600
NAT. GAB CONG. (MCUW) un 1731
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11i & 3tructurai Chanze in Energy

Supoiy - TLznard Eeiatlons

This scenario considers change in the prapartions of energy

< _
product demand =zuppiied by varicus 2ner gy SouUrces cver the actual
proportions obtained in 1984-35. This aliaws for substitution of

ecarresponding fuels and is achieved by relaxing bounds on the

proportion of an energy product which can be supplied by an

or

energy source, The original properticonsitounds) existed in the
economy due to various techno-economi~ realities and constraints.
Relaxation of bounds for constructing this scenario has been done

while considering the possibls limits an the bounds which will

cns for reference

[

LI}
il
U
Ui

exist even in extreme csituaticns. Th sumg*

years 1394-95 and 1839-2000 are differen

ot

with respect to the
extent of relaxation on bounds., These assumpticns are brecadly

outlined helow :

Scenario 1] ;assumptions ;

i}
14
3
rt
W
-
s
1)}
i+
[¥]
s
u
»l
ry
i3
u
b4
10
R

(13 Bound on dome=stic lighting

1

t21  For urban and rural csoking n

ads, L

H]
bl

G i3 avallacie for
upto B0 and 20 percent needs respectively by 1384-35 and 30 and
. L ]

40 percent respectively by 2000 AD,

(3) For industrial process heating, lower bound an coal
relaxed by 20 percent, bounds on FO/L3ZHS and natural gas are
relaxed to plus or minus 20 percent of origlnal beunds for 1394-

4
95 and plus or minus 40 percent for 1999-2000.

(4) Bounds on the trangport sector are relaxed by plus or

minus 10 percent.

24



5 For agriculture sectar, bounds on siactrizicy and  HID
for irgrigation are reiaxed by pius or minus 20 gpercent for 1934-

95 and 73 percent far 13939-200C.

(8) Upper beound on animal power for agriculture i

i

reduced by 50 percent for 19%4-35 and fully for 1983-20C0.

{7 Structure of fuel supply to thermal power plantsg is

maintained as in the base case.

(8) Cost for all reference years are considecred at 1384~-34
constant prices.
r

comparing the base scenario with scenario [I](Table 2, It zan we

seen that

(i) In demestic sector, LPG consumption is increasing
very raplidly since LPG is the main fuetl substituting firewood
and SKUO, LPG cansumption in 2000 AD increasss bty four fold while
SKC and firewcod consumption reduces by &1 percent and I percent
respectively,

-

lv  aman

ector, fusi substituticon ¢

U]
L
th

tiis In industry iarg g
coal, FO/L5HS and natural gas. For both reference years, natural,
gas Is preferred for industrial pracess heating to substitute,
coal and LSHS within bound relaxation.

(iii In transportation sector, for road passenger mMmovement
H5D replaces M3 and for rail transport,HSD replaces coal to the
extent ajlowed by bound relaxaticn.

(iv) In agriculture sector, electricity replaces HSD to the

extent allowed by bounds relaxation.

ln Scenario 111, availability of =lectricity is assumad; and

25



hence net resuit is the increase in the ziectricity  consumption,

iargely due *to increase In the agriculture sector.

Sptimal Cost {(annual) for Scenario {11 is Rs. 4888 arcres
tor 1394-395 which is 189 crores (3,33 percent) less compared to
Base Scenacrio Cost, For reference year 1953-20C0, optimal Cost
(annual) is Rs. ©532 crores which is 249 crores (3.87 percent)

lesgs than the Base Scenario Cost.

.0 Cemparision of Energy Demand-3Suzply Strcucture in Thres

Statas.

For Kerala and Rajasthan analysis similar to the analysis
for Gujarat preéented in Section 5 was carrisd out. From the
analysis of three states, we find that the structure of energy
demand-supply relationship (coefficients of expanded -0 matrix)
differs for each state significantly.

A comparision o% the actual enercgy demand-=sugpply

relationship for the yesar 18984-85 described in earlier sections

for the three states shows that

(1) In Kerala and Rajasthan, 3KOQ is consumed largely for
domestic lighting (73 and 54 percent respectively) and
rest for cooking. For Gujarat only 23 percent SKO 1is.

consumed in domestic lighting and 77 percent for cooking

(fi) In Kerala, firewood and agrieﬁlture waste provide for 92
percent of energy demand In coocking ;ector and
petroieum btased fuels praovide for only 7 percent of
cooking needs. In Gujarat, petroleum based fuels and

natural gas® provide for 51 percent of cooking energy

demand. In Rajasthan, petroleum based fuels meet only

6



B

tivo

[

(viy

i1 percent of cooking energy demand where as firewcod

alone provides for &8 percent of cocking energy needs.

In Gujarat most of the electric power generation is
through «coal based thermal power plants (92 percent)
whereas in Kerala almost all electricity generation
(1984-85) 1is througﬁ hydel plants. In Rajasthan coal
based, nuclear and hydel power plants supply
electricity. Nene of the three states produce cosl.
Gujarat has very high consumption and impert of ccal.
In _Kerala,éoai import is very littie. Gujarat and
Rajasthan havereiectricity deficit, whereas Kerzala hac
surplius electricity,

Coal preovides for ©2 percent of industrial process
heating needs for Rajasthan, whereas in Gujarat ang
Kerala, coal provides for only 50 and 18 percent of

industrial process heating needs respectiveiy.

For road passerger transport, In Gujarat ME provides
for about 35 percent cof movement whereas for Rz jasthan
and Kerala M2 provides for only 7 percent and 19

percent of needs recspectively.

For Gujarat, about 71 percent of total HSD consumption
is wused for road and rail transport whereas for

Keralia and Rajasthan figures are 76 and 953 percent

ai] transport in Guiarat HED, cozl and eiectricity

are al]l used, whereas in derala cnly HSD i= veed.

27



(viiiy In irrigation, HSD provides fof 68 percent, 4Q percent
and 6 percent needs of Gujarat, Kerala and Rajasthan
respectively. Electricity provides Vfor 94 =and- 28
percent of Irrligaton needs respectively for Rajasthan
and Gujarat.

(ix) Gujarat consumes huge quanﬁity of petrocleum based fuels
and natural gas in fertillzer sector since several
large fertilizer plant are located in the . state. In

Rajasthan there is tittle fertilizer production.

{x) Gujarat produces large quantity of natwal gas whereas
there is no natural gas production in other twg states,
{xi) Due to high 1industrialisation, Gujarat consumes
considerable fuel in industrial sector compared to

Karela, where industrial sector consumes little fuel.
From theze observatlons and discussion Iin earlier section,
tt is Aapparant that the enargy dsmand supply structure is quite
different Iln the three states. Naticona! Energy Planning therfore
will benifit significantly If regional specificities are
conslidered both in making aggregate estimates and for
disaggregating the nationa! level plan. Since fuel
availabilities in future fo} three states are quite .diffarent,

different fuel substitution posibilities exist in various energy

prodﬁct sectors. For example, in Gujarat, natural gas can be
congidered as a major fuel alternative for future energy
scenarios which {5 not the case for the other two states. Thusg,
for long term energy planning and policy making exercises,

consideration of regional specificities and analysis at regional
level will be =2ssential to strengthen the natiocnal planning

exercise.
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7.0 Policy Implications

The results of our study suggests following implications for
policy analysis. Regional level planning should be done for all
regionas to capture the regisonai specificities and integrated
with the national energy planning. National level energy supply-
demand structure is inadequate to incorporate regiconal
specificities and hence integration of regional planning with
national planning shall help in appropriately disaggregating the
national plan for realistic regional implemantation. Since in
India, location decisions such as for majaor plants, refineries,
gas pipelines etc. are made centrally(naticnalliy), regiornal and
national planning has to be Integrated for deciding the
appropbiate allocations, pricing etc.. National planning based on
aggregate -0 table can be refined by digsaggregating 1-0 table
far specific major seétors. Since the energy demand isg
independetly assesaed for end-use sectors, energy demand growth
may be considered independently, especially under various
futuristic scenario to asses the efficacy of various
interventions., Since the results are sensitive to present and
future costs, resource avaliabilitieg, technolagicar‘efficiencies_
and demand levels; appropriate assesment of these parameters both
at national leve! and at disaggregated regional level need to be
made for optimal overall plan formulation and efficient

implemantation at regional level.
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