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Abstract

HOUSEHCLD ENERGY BEHAVIOUR AND URBAN DEVELOPMENT:
THE CASE OF AHMEDABAD

RS Ganapathy
G Padmanabhan

Energy is a key input to mcet the basic needs of human beings like
food, clothing and shelter. Household energy behaviour needs to be under-
stood for ensuring individual and social well being. The urban household
energy use in India is critical because of the wide variations in the
quantity of energy use among the socioeconomic and ethnic groups residing
in a city. This paper develops a conceptual framework and describes a
case study of household energy behaviour in Ahmedabad, a major Indian
city. In the context of the energy profile of the city, household ené;gy
is assessed from the demand and supply sides. A survey of three hundred
households and secondary data analysis was done. .The results link
energy consumption to cooking patterns, technology and source availability.
Thres scenarios for the household energy use in year 2001 are constructed
and policy instruments and'prngrammes to achieve a desirable scenario
that is sustainable, equitable and efficient, are developed. Some

general policy options are also discussed.
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Houschold tnergy Behaviour end urban Development:
The Case of Ahmedabad

RS Ganapathy
G Padmanabhan

INTRODJCTION ¢

tLnergy has becomo 2 koy input to moet the basic necessities of human
beings like food, clothim@end sheltcr. Indivicual life styles which aro
influenced by many factors are effocted by the availability of oncrgy in
its yarious forms. With the increase in populztion, the demand for onergy
is also growing at an increasing rate. Comostic wnorgy consumption is
important boccause it rulates dircctly te individual household behavicur =s
well as governmment policy making. The urban housshgld scctor cnorgy use inf
a deualnhing country is wory critical because of the wide variations in thé
quality and guantity of cnergy use ameng the socic-aconomic and cthnic )
groups residing in rapidly growing urban contres. !

This study was conducted in Ahmudzbad mainly to identify the verious
sources of enerqgy consumed in thc city with ocmphasis on the houschold
scctor, whera varizstions across incaome groups are studied., The first part
aof this study develops tho caonceptual framework 20d the limitations in cone
duckting such a study in India. The methodology adopted is also explained.
Then the snorgy profile of Ahmodebad from the supply side is analyscd.
After giving z brief acccunt of thoe cnergy profile; demand from the housc-
hold sector is estimated through 2 survey. Consumption pattorn of varicus
sourcce of encrgy zre estimated for difforont income groups. bEnd uscs for
aach source for the inﬁeme groups and tho response to price incrocase or
shortages by the income groups, tht use of cooking oppliarces ctc. arc

analyscd.

Using the informction gothered from thoe primary survey, an attempt to
gstimato the demand of varisus spurcoes of wnergy by different income groups
in the city for 2001 for three distinct scunparics sre made. Fipally pro-
grammes and policy moasurcs that can be adopted to achicve @ daesirable

sccnaric orc devoloped in tho peper.



2.

A CONCEPTUARL AND METHDDOLOGICAL FRAMEWORK:

The emargence of ehergy as a central issup of the saventios
poses a scripus challengs to the policy makers of India. While the
crisis in urban domestic enurgy scene is obvicus,; few studies have
been made of this probleom. Hence an adeguate understanding of the

procbelm and the policy opticns to deal with it do not exist.

A micro-sectoral approach to the encrgy policy and planning pro-

cess is well suited to the Third World citivs in comparison to bhe

induetrielisod onus, as there is much greater reliance on non-commércial
znerqy sources (iew Ccmbé 1980}. The raport Mo.d of Fapua New Guinea
Humen tcology Programmo emphasises on patterns of energy usc in that

city and alternétive gnergy sources for the future. The report after
reviewing the policiecs of the energy sector in urban setting, undertakes,
a sectoral analysis from the @9Mand sjde through surveys condected in
Las. For analysihg the demand pattern in houscholds four categaries/

of households depending on the physical structure are selected and mgre

. surveyed daily for a peried of 14 days. From this data, New Combo

conshructe an encrgy profile of households in Lae.

Factors affecting the domestic cnergy use in Austrelian cities
were studied by Petcr Newman (Ncwman 1982). Veriaticns in urban domestic
encrqy uso were ascertained by taking into account a numbor of pessible
cerrelates. Thbh impact of climetic change end the structurc of buildings
were identified by conducting studies regarding consumpticn in some
selepted Austrelisn cities. tstimates were done using survey results in
thesc cities and extrapolating tham for the tetsl city with the data
acquired fram dealers reqarding the number of houscholds using & parti-
cular sourcc of'unargy. Correlation analysis to derive the reletionships

with other variables arc done in the study.

In the present study for Ahmedabad, the mothodelogics adoptzd in
the éboue studies camnot bo applivd fully. The main limitzstion is the
lack of primary data. Encrgy consumption or demand information are very
inadcguate in India. WNone of the suppliers keepp records for the ohd

uses of the fuel they supply but some have sector-wise consumption data.



Eric Monnier {(Monnier 1983) identified a few determinants of house=
Mold behaviour in energy in fralce. His study reveals the influence of
socio-esonomic variables auch as the socio-professionel category, the:

age or the income of the household 2tc. on energy consumplions.

In India, the first and the oniy study done for a city level demand
of energy was by NCRER (AWCAER 1375}, when they estimated the enerqgy
demand for the ysar 1976-72 for Greater Sombay« The estimation was done
by conducting primary surveys in all the sectors un a sample basis and
the results were projected for the city. tsing the growth rate of energy
consumption from 1958 to 1971, they have projected the demand for 1973~74
and 1978-79. Fattern of shift wvas also incorporated in the estimation.
This study takes into account both primary and secondary sources of

energy.

Naik (Naik 1983) in her paper “Energy in Urban Life" - a case study
of Ahmedabad has sstimated the energy supply in Ahmedabad for early
gighties. The study logpks at the energy profile from the supply side.

Most of the ensrgy related studies from the demand side are dane
through primary surveys. The end uses af zny of the sources are also
not understoood fully and there is hardly anw study done on them. These
seriouslimitations and the lack of data base make the studies related
to epergy uéry axpensive and resource tonsuming. This 1s one of the
reasons why studies related to consumption pattern of energy are not
attempted in India. Suggestions are made by some institutions and orga=-
nizaticns to improve the supply =fficiency and production of various
sources of energy. Demand estimation at a national level is also done
which does rot really help in consetving emergy unless & micro sectoral
analysis with the pattern and facters of consumgption are done

(Ganapathy, 1984),

In this study, the methodolegy adoptsed is similar to the one in the
study by NCRER for Greater Boﬁbay. To estimate the supply, data from the
suppliers were used and for estimating the demand 2 primary survey was donc
ip Ahmedabad. Various factors affecting consumption across income groups
wera captyred thrbugh the survey. The sample survey results were extra=-
polated for the city to estimate the demand. B8assd on future scenario
pro jectiong, the growth rate was determined and the demand for household

Bnergy in 2001 was estimated.



Since the unit of measurement of different sources of enwrgy are not
the same, it creates a problem in sggregating. Gencrally there are three
measurement systems used to aggregate different types of cnergy consumpe

tion. The simplest of these is the hcat content system. This measure

is fommed by converting srergy sources into heat units based on their
energy content. This system doecs not take into account differences in

efficiency of utilisation among various energy scurces. Cpal eguivalent

method commonly usod inturnationally uses hsat contont for ensrgy sources
in terms of eguivalent ameunt of coal. In India, ths sost commonly used

measure 1s coal replacement system. This is the amount of coal veyuired

to replace other energy sources in usc. Here we also take into account
the relative efficiency of the fuel with reference to cocal. Hecause of
#ifferont degroos of thermal efficiency with which the alTeFnative snergy
spurces are used in India and since coal is the major source of energy

in India, coel repilacement measure is considercd to be more appropriata.

Table 1

Cozl Replacement Value for Selected Epergy Sources

..Source of Etnergy unit Coal replacoment unit (Kg.)

Cpal 1 Kg. 1.0
Kerosena 1 Litre 65.98
LPG 1 Kg. 10.25
HS D0 1 Litre T edd
LDO 1 Litre - 7.68
Furnace oil 1 Litre 2.0
Electricity 1 KWH ‘ 0.70
Firewpod & Agricultural waste 1 Kg. ' 0.70
Dry Dung 1 Kg. .30
Charcoal 1 Kga 0.90

- Source® NCAER, 1973.

The dnalysis done in this paper includes two parts. The first part
??jﬁoks at the energy supply profile of the city. Dats for this section is
{ffpm secondary sources, mainly the slaes estimates of the suppliers of
barious sources of efergy. E£lectricity consumption figures for various
purposes were supplicd by Ahmedabad £lactricity Company Lt.(AEC) the
dtility-mhich is in charge of electricity supply in the city. Cesl consumps

tion figures are based on the s2les estimztes of coal Indiz Ltd. Pstrolesum



product, sales estimates were collected from the oil companies. Charcoal and
firewood consumption figures were updated from previous stucies (Naik 1983)
using the information collected from Cctroi vepartment of the Municipal
Corporation which provided the information regarding the guantity of firewood
and charcoal that were transported into the city through road and rail. Thus,
for slectricity, kerosene, diesel and petrol, sectro-wise consumption figures
were available. For LPG the consumpticn by commercial sector was not availa-
ble hence the whole consumbtion is included in the residential sector. The
Octroi Department could not provide the proportionate consumption of charcoal
and firewood by commercial and residential secter. This was assumed to be the
same as a previous survey conducted in the city in late ssventies. Animal
ensrgy consumption (mainly used for transport of guods and people) is calcula-
ted from some assumptions based on the findings of an earlier study

{Ramaswamy 1981). The findings of this study confirm that a bullocak can pro-
duce D.7 HP which is equivalent to 750 KW of elecirical emergy, i.e. 12.5 KWH.
Here it is assumed that a camel is three times powerfﬁl than a bullock thus
4500 camels in the city can praduce 0.7 x 3 x 4500 = 9450 HP which is equal to
118125 KWH. Unofficial estimates shows that there are 10,000 donkeys wiﬁpin
the city. Asauming that two donkeys have the same power of a bullack, 10;000
donkeys can produce 43750 KWH of energy. From the sbove, an energy supply

profile of the city is constructed.

yemand estimate of households is done threough a pfimary survey conducted
im the city in 1984, Here a sample of 300 households were selected from all
over the city. 7o avoid any spatial bias of energy consumption, the sample |
households were selected in such a way that all parts of the city are @qually
represented. For this the city was divided into three parts: Walled city (the
oldest), eastern side of river Sabarmati excluding walled city and western
side of riher Sabarmati. Since 30 per cent of people inm Ahmedabad reside
within the walled city 1/3 of households were selected from this area. The
remaining housesholds were divided equally among the western side and eastern

side, excluding the walled city.

In order to capture the demand patterns by various income groups the
sample within each of these three parts were again proportionately divided
according to the income distribution of populacion, Howcver, the income group-
wise population residing in each of these prrts were not available but the
distribution for the city as a whole was available. Here this proportion was

taken, while sclecting the housecholds.

The respondents were not able to give the actual oonsumption of various

sources of energy, but could provide the amount they spend, on an average



month, on cach source. Using the present market price of per unit of cach
of these sources the quantity of fuels wore worked out. With this information
and the totel number of households in each income group the consumption of

varigus sgurces of ¢nergy in 1984 was extrapolated for the city.

Estimation of cnurgy demand for 2001 is bascd sn the survoy results. The
three future scorariecs constructed are distinct from cach othesr in nature. The
assumptions made in the first scenarie are statusquo in neture. It assumes
the trend in consumption pettern of energy, the population growth etc. will
all continue with the same intensity. Oue to the increase in demand and popu-
lation there will not be any shift inm the demand pattern. Here the population
growth rata for the last decads is taken for projection of population for 2001.
Assuming the same household size the number of households were worked out and
using the same propertion of income-wise, the households under each category
were calculated. Demand for each source of cnergy by esach income group was

calculated using the present per household demand pattern.

The assumptions for thc second scenario are pussimistic in nature. ﬂere
the scunario assumes some changos in growth rate of population, life Styia of
the peopl., and pattern of energy consumption. The income groupwise number of
households are calculatéd using the same method but with different growth
rate of population. Demand sstimation is done by incorporating the nztural
increase due to the increase in households and thoe changes and shifts that are

likely to takcplace as er‘the assumptions.

The third scenaric makes assumptions which are desirablec in terms of
energy consumption. To accomplish this the govermment will have to intcrvens
and this would result in shifts in the present cnerqy demand pattern. The
demand for 2001 is first sstimated using the same method zs in the other two
scenarios and corrections are made by incorporating the changes that would
take place due to the govermment intcrvention. Results of survey, for example,
the response to supply shortage or price increase are used in determining

the shift in demand.



THE ENCRGY SUPPLY PROF IL: UF AWMEDAEAD,

Origin 2nd Growth aof Ahmedabad

Since its foundation in 1471, Ahmodabad has undergone two phsses of
developmant which can be classified into pre-industrial phase {1411-1859)
and industrial phass (1859 orwards;. In order to give the city a good
economic base, the settlement of merchants, wezvers and crafismen were
gncouraged by the founding king, Ahmed Shah in the fifteenth century.
Sinca then the populzation of the city had increased cnormously and a
local body was formed in 1857+ Gradually the institctional facilities
{tdugation, cultural and recreetional) improved and the city entered an

industrial phase. .
industrial phaso 2¥ N and

Ahnedabad lius betweond 23°50'N latitudes and 7273'¢ and 72%411%
longitudes covering an area of 98.15 5g.kms. dissected by river Sabarmati
flowing from rorth to south. The city is built on a morw or less flat
land with a few hillocks towards south west and west and the main water
bodiwe are river Sabarmeti and Kankaria lakc. The average height of tho/
city is 48.77 meters abeve mean sca level, Ahmedabad expuriences extreme
climate situations with tcmperature varying from an all time peak of
45°C in summer ta 4°C in winter end receives an average rainfall of about
730 mm from south-west monscon (refer to the map of the city for its

location and landusc).

There are two distinct types of built forms in the city: one within
the walled city which is old or rathor treditional and crganic in terms
of development and the putside pert which is relatively recent in devolop-
ment. Since the triggering of development occured within the walled city
cver four hundred years, the increasc in pnpulation and aetivities have
resulted in congestion. Conversien of land use from residential to
commercial and service use becama intense and the narrow roads could not
accommodate the rising vehiculer traffic. The rcgulstions regarding open
spaces are not observed and at present it is & cluster of buildings acco~
mmodating verious activitiss with overcrowded, narrow roads, highly
polluted due ta the lack of space coupled with the osmission from sutomobiles.
Pecpls from low income and middle income grsups live heres. In the western
sige, live the more af fluent section of the socicty. Thae land undor

industrial use starts from the castern end of the cllisbridge in the
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South to Vadej level bridge in the north. The north sastern end south-
pastern strip of industrial belt caonsists of textile mills. Functionally

the city is classified industrial.

At present the city accommodates 2.1 million people out of which more
than 46 per cent are migrants (1981 census datz). wWith the construction
of bridgcs across the river the movement of people towards the western
part increased mainly for residing in placés with better quality of life.
On the western side almost parallel to the river, a commercial district uwas
developed aleng the Ashram Road. The peripherial arcas of the old fort

wall have large scale wholesale activities dealing with wide range of goods
which has become one of the major traffic genwrating nodal pcints  The
interstate bus stand and Reilway station are two othur nodal points on
the eastorn side. All these have led to large scale vast-uegst and weste

cast movements especially in the morning and cvening peak holurs.

With the increase in population and employment, the demand for
housing alsg increased and this has led to a2 large scale construction of
houses both by private developers as well as govermment agencies. With
addition of cvury house there is an increasc in demand for energy. The
magnitude and type of deéand is decided by the people living in households.
migrent peopulation from rural areas carry along with them the life styles
and cocking habits that were moulded in a subsistenceo uillagexeconomy.

S0 pur cent of population in Ahmedebad tive in slums, chawls and pols
{different typcs of low income housing). The coﬁsumpticn of non=commercial
sources of energy is high mainly bucause af larger proportion of people

in the lower income group. Rapid industrialisation also has led to an
incrcase in demand of varicus sources of cnergy. Rapid urbanisation
coupled with industriélisation led to an incruese in demand for transpor
tation. All these put togethor resulted in a heavy cnergy demand of

various sources by veripus scctors of the urban economy.

Growth of activities in Ahmedabad

Population of Ahmedabad grew from 1.8 lakhs in 1901 to 271 lakhs
in 1981. The city expanded in its area from 14,93 Sg.km. in 1901 to
92.98 5g.km. in 1971.
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Table 2
Population Growth in Ahmedabad

Ccnsus year Population Annual Growth Rate

1901 1,85,689 -

1911 2416,777 154
1921 2,764,007 2.37
1931 - 3,100,000 124
1941 5491,267 6.67
1951 8,37,163 3.53
1961 11,49,918 6.88
1971 15,855,544 3.26
1981 21,423,831 . 2497

Source: Statistdcal Outline of Ahmedabad City. Ahmedabad Municipal
Corporation. Ahmedabad, 1983.

Rapid industrial growth in Ahmedabad is enc of the major reascns for
this manifold incrcasse in population. There is a wide variation in
spatial density of population in the city. The walled city has got a very
high density of B83,544 persons pcr km. The eastern side excluding the
walled city hes got a density of 13096 persons per km, whereas on the
Wostern side the density is only 3414 persons. Howsver, curing day time
the density is much higher in many parts depending on the activities they

accommodate. The overall density of the city is 12,363 persons per km.

The number of industries in 1970-71 was only 1187 but it rose to 1981
in 1979-80. Among the industries the textile industries marked the highest
growth rate followed by chemicals. At the same time the number of transe-
port industries ducreased considerably from 62 in 1970-71 to 14 in 1979-80.
The main reason is that due to the lack of space many of these have shifted-

outside the city to the urbam puripherial areas.

VIERAM SARABHAT LIRBAE™Y
DTAN INSTITUTE U5 hialeatil aiel
VASTRAPUR., AEMEDABAL -5 Wit
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Table 3
Industrial Growth in Ahmedabad

Industry 1970-71 1974=75 1979-80
Textilas ‘ 249 262 420
Engineering 310 290 ' 3672
Printing 92 | 115 139
Chemical 42 B2 141
Transport 62 16 14
Others 433 676 505
Total esa 1187 1441 1981

Haphazard and fast growth of incdustries in Ahmedabad has led to
serious pollution problems and congestion. Touxtile mills within the
city and othur activities they generate together have mede the traffic
on roads, leading to railway station and warehouses and from mills uery

congested.

Within the last 20 years the length of surfaced roads in Ahmedabad
has doubled. Scooters, motorcycles and mopeds together constitute 53 por
cernt of the total vehicles registercd in Ahmedabad. Frivate vehicles
are much more than public vehicleos. Autorickshezws, taxis and pudel
rickshéms serve as the main intermediary public tnanspaft mode. Ahmedabad
Municipal Transport Service (AMTS) operates buses for public transport in
the city. The utility at present operates 217 routes and carriss

829,589 people daily. AMTS has got a bus to population ratio of 1:5141.

Present Enorgy Profile:

The enorgy profile is from the supply side which looks at the
various sources of energy consumed by different sector in the city. vata
for this section is collected from secondary scurcess of sales information
of utilities and resource supply companiss for 1982=-83. From this data,

we have computed the total consumption of energy in standard units.
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Ahmedabad consuned 4157108 coal replacement units (tonnes} of energy

in_the year 1382-83. This 42 lakhs of CR units include electricity, coal,

kerosene, diesel, petrol, LPG, charcoal and firewood used for various

purpages, Qut of the tgtal consumption, 28 pour cent was in the form of

electricity, 18 per cent coal, 17 per cent kerosene, 11 per cent diescl,

9 por cent petrol, 4 per cent LPG, 4 por cemnt furmece oil, 4 per cent fire-

wopdy, 3> por cent in the form cof animal encray, 1 por cond sharcoal and

1 per cent other {Figure 1).

Ingustry is the maximum energy consuming scctor (47 per cunt). Indu-

st¥ial consumption of cnergy is mot mainly by vlectricity, coal, kerosene

end furnace ¢il. The scvcond maiocr chergy consuming scctor is households

which amgunts to 25 per cent of total cnergy consumption. Here the com-

mercial sources like electricity, kergsene, LPG and noncommercial sources

like charcoal and firewpad are the major Socurces. Transport secctor

consumes 20 per cent of the total encrgy, meinly divsel and petrol.

Commercial soctor consumes 5 per cunt,public amenities 2 per cent and /

others 1 pur cent.

Source~wise consumption of Enargi:

Llectricity is consumcd by 211 thu sectors except transport and is
consumed by industries in a major way feollowed by houschelds, public ama=-
nitics and comnercial. The city consumed 1664215335 KWH of electricity
in 1982-B3. 74 per cent of this goes for industrial use, 11.9 per cent
for housenolds» 5.9 per cent commorcial sector and 7.65 per cent for
public amecnities. Public amenities include the consumption by Ahmedabad
Municipal Corporation which uses electricity for street lighting and for
traffic signals. Electricity is supplied in the city by Ahmedebad
Electricity Company Ltd. (A£C} a reqgulated utility.

Coal in the city is consumed by Industrics and the Ahmedzbad Eluctri-
city Company far powsr generation {consumption by ALC is not taken into
account to avoid double counting). Consumption of coal by industries in
1982-83 was 767270 M Tons. Howcvur, there are some low income houscholds
which consume coal coliccted from railway yards which could not be osti-

mated from supply sources.
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Houscholds consumcd B3 per cent out of total kergsene consumption of
100333,5 kilolitres in 1982=83. Industrial consumption of kerosenc
amounts to 15 per cent and the remaining was consumed by commercial
scctor mainly by hotels and rostaurants. Both commercial and residential
scctors consume LPG. Howcver, the proportion consumed by commercial
sector is not available from the supply sida. Hence it is included in

the residential sector. Consumption of LPG for 1982-83 was 15,000 M Tons.

Out of 54000 kilo litres of diesel oil sold in Ahmedabad 90 per cent
was consumed by trensport sector. Remaining 10 per cont was consumed by
thermal plants and for agricultural purposes. Potrol consumption was

48000 kilc litres consumed bnly by the transport scctor.

Firewood and charcoal sales data in the city were not available due
to the absence of any formal orgenization dealing with this fuel sourcc.
Here, for the study purpose, the toal quantitycf ?irewood and charcoal
thet were transported into the city through rail and road werc collected
from the Octroi Departmept. The proportional share of those fuels fq;
commercial and residential secters werc taken from the pruvious estiﬁates:
60 psr cent of fircwcod was consumed by commorcial scctor and the remaining
by housecholds out of total consumption of 245252 M Tons. In 1982-83 the
city consumed 52412 M Tons of charcoal. This is taken to be used obly

in residential sector.

Animal Encrgys

In addition to the above montioned sources of energy in Ahmedabad
there is a substantial use of animal encrgy utiliscd mainly for transport-
ing goods from factories to godowns, godowns to wholesalc depots and from
wholesale to retailers. It is roughly estimated that there are 5000
camel drawn carts in the city and about 15000 hand carts. Unofficially -
it is vstimated that there are 10000 donkeys in the city used for
carrying construction materials. Thus the total animal energy alone if
convertued into caalreblacement units would came tg 135975 MTCR. This is
estimated based on some assumptions made in the use of animals in the city.
It is assumed that a camel is three time more powsrful than a bull. Thus

4500 camels in the city (again an unofficial estimate) can produce
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0.7x3x4500 = 9450 HF which is equal to 118125 KWH. If one camel works
far 5 hours for 20 days in a menth then annual camcl cnocrgy in the city
will be 118125 x 5 x 20 x 12 = 141750000 KWH or 99225 M Tons of coal
replacement. Similarly it is assumcd that 2 donkeoys esre powerful as a
bull, and the energy produced by 10,000 donkcys for 5 hours in a day for
20 days in a menth is oqual to 52500000 KWH/yuaf at 36750 MTCR/ycar. Thus
the total animal chergy uscd in the city from camels and donkcys equals

135,975 MTLCR.



Table 4§

Sector=wise consumpticn of various sourccs of cpncrgy in Abmedabad - 1982-83

Sources of Residential Commcrcial Industrial Transport Pgb}ic AdT Gthors Total Sin actual *
Encrgy () %) (%) (%) mlnizgratlcn () units
Electricity 11.91 5.9 4.2 - 7.6 Ge3 1664215335 (KWH )
Coal 100 767270 (M Tens)
LPG 100 15000 (¥ Tons)
Kcrosone 82 2.5 14 .9 100333.5(K.Ltrsy .
Diesel 0il 90 10.0 54000 (K. Ltrs.)
Patrol 100 _ 48000 {K. Ltrs.)
Furnace 0il 100 84924 (Litrcs)
Charceoal 100 52412 (M. Tons) .
f ircwood 39.8 ¢ 602 ‘ ' 245452 (M. Tons)a
__________ e e e e e e e e e m e e e m e m e e e e m e e e o
Animal tnergy 100 135975 (MTCR)

Total (in MTCR) 9859704 189689.48 1306B13.63 933375 89167.4 52192 4157109.77
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ENCRGY DEMAND PATTERN AND NEEDS ASSEGSMENT:

Energy Demand in the housshold soctor

Households in Ahmedabad consume various sources of wnorgy like
gloctricity, kerosene, LPG, fircwood, charcoal, dricd cowdung and agri-
cultﬁral wastc. The ond uscs For which these esources are put into depnnd
mainly upon the income of the houschold. There is a shift from non-
commercial to commercial sources as the income goes up. To study the
pattern of consumption of various sources of enocrgy by household a2 primary
survey of three hundrud houscholds was conducted. This primary survey
attempted to capture the variatiens in terms eof pattorn of anargy consump::
tion across incoms groups, hence the sample was proporticnatly divided
according to the income=-wise proportion of households. To aveid spaiial
bias in the consumption of various sources, the houssholds wero chosen

from all over the city.

Here in this survey the respondents could not give the actual cocn-
sumpticn of e¢nurgy but could give the approximato amount that they spant
in a month fer various cnhergy cources. By taking the average expenses of
cach source under six income groups separately, the total energy and ox-
penditure for the city is axtrapolated by multiplying with the numbcz o7
households in sach group. From this estimate, the actual units of
consumption is derived by dividing with the currcnt pricef/unit. From_thp

survey the total annual consumption by houssholds for the city is estimated

to be B36704.08 M Tons of coal roplacement and this costs Rs.3484.21

lakhs. The supply cstimate of various sources of cnergy to household

scctor shows that the total consumption by household sector for 1982-3%
was 985870.4 MTCR. The differcnce between the demand and supply esti-
matas (149166.32 MTCR) is mainly because the survey sample used here is
not truly a reprisentative cng; and there could be some wrrofs in the
method of cstimation for tho city. 1In thc casc of LPG, since the con=-
sumption by commercial sector is not availablo, it is included along with
the housshold sector. This would nlsc make some diffevence. The supply
figures are for the whole year computed by the dealers whereas in the casc
of demand survey the respondents could give only the consumption in an
averagoe monthe This difference is-nct taken into account while making tho
estimation mainly because this could not be done in @ one peint of time

survey. Among the various resourcas, kerosens is the maximum consumed,
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83 per cent of the tctal housshold energy consumption is met by commercial

sources of en.rgy. All India Urban consumpticn of commercial source.s of

energy is only 49 per cent. Among the nocnecommercial scurces of encrgy is
- charcpal is

the maximum consumed (B.1j), firewood 7.1 pu. cent. Consumptiu® of agri-

cultural waste and dried cowdung together is only 1.3 pcr cent.

expunditure=wise the city spends meximum on cleetricity. From the city
households total expenditure on cnergy 34 per cent is for clectricity,
24 pur cent for kerosene and 16 per cent for LPG. Thus 74 per cent expendi-
ture on encrgy brings in 83 per cent of the totzl energy consumpt ion.
Expsnditure on non-commercial sources cf cnorgy  is 26 per cent. Firewocd
and charcoal consuming 10 per cent cach and cowdung & pcr cent {Refer to

Figurs 2).

Figure 5
Sourco=wise consumption of energy by household sector
in Abmaedabad %)

Sceurce Consumption Expenditure
tlectricity 27 .97 34
Keroscne : 34.8% 24
LPG 2G+71 16
Charcoal Bs15 - 10
Fircwoond 7.09 10
Cowdung and Agricultural waste 130 4

yariations acrcss income groups:

By examining the consumption of various sourcss of cnergy by income
qroups, we can find alarge scale variation. It is found that as the income
increases the purcentage consumption of clectricity alsc increases, il.o.

the share of electricity consumed out of total vlectricity consumption is

high in the case of high.r incomeé groups in spite of less houscholds in

that group. Thus about 34 per cent of the total consumption of electricity
is by houscholds having a monthly income of more than Rs.2000 wvhereas the
total number of households in this category are only 14 per cent. At the

same time 69 pcr cont of the houscholds belcw Rs.4100C as income consume

only 39 per cent of electricity, use.



20

The same trend is observed in the share of glectricity cut of the
total encrgy consumpticn. This is duu tc the tasks associated with ol
ctricity is more in the case of higher income groups. This is evident
from 48 per cent of the energy consumpticn is met by wlectricity, im tha
case of houscholds having an income of more than Rs.3000 per month. At
the same time in the case of househclds with a monthly income of Rs.1000-
2000 this share varies from 32 per cent to 43 per cent and in the casa of
households with an income of less than Re.500 p.m., the share is cnly

16 per cent.

Tahlc. @

Consumption Patturn of Flectricity

7 share of electricity % shars out of to-

Inccme Group % of house= out of total encroy toal electriciby
holds - consumpticn sonsumption
;:?;D;ha” 38.13 16.11 12.28
Rs.500 = 1000 33.52 24,7 27.73
Rs.1000-1500 9.84 32.35 11.89
Rs+1500~2000 5.24 46.46 11.61
Rs.2000-3000 8.07 ~ 39.50 16.03
R=.3000 =nd abowve 5.81 48.50 20.85

In the case of kergsens consumption tho pattern among income qQroups

is not skewed as in the case of clectricity. Here out of total kerosene

consumed by hcuseholds 6B pur cent gous intc the households with an incoma
less than Rs.1000; the per€entare of houscholds in this category is also
68. 13 per cent of bhouseholds in the city have an income mcre than Rs. 2000
and they consume 15 per cent of kerescne consumed by heouseholds. The do=
pendence on kerosene in the case of lower income houschelds is vury high.
Keurosene in these households is used for aimost all purposes. This propor=
tion stuadily declines as tho income inercascs. The ond uses of kerosone

is more in the case of lowcr income groups.
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Tanle 7

Consumption Pattern of Kerosenae

% share out of total 7% share cut of total kero-
Income Group

cnergy consumption sune consumption
Less than fs«500 48.20 12.28
Rs.500 - 1000 36,99 27.32
fs.1000 - 1500 34,80 11.89
Rs.1500 - 2000 22.50 1161
Rs.2000 - 3000 22.78 16.03
18.08 20.85

None of the houssholds with an income less than Rs.500 use LﬁG. As

the income goes up the peorcentage of houssholds using LPG also goes upe

Thc proportion of LPG usage by income groups out of total LFEG consumption
doos not show any steady increese or decreasc. Houscholds having an

income between Rs.500 - 1000 comsuma 30 per cent of total LFG consumption

by houscholds. 1f wec compare the percentage consumption with the proportion
of houscholds then it seems to be high among the hou§eholds having an

income above Rs.1500.

The extent of use of LPG in an housvhold can be understood from the
share of LG in total energy consumpticne This shows an increase as the
income goes up except in the case of housceholds having an income mcré than
Rs.3000. Houscholds with an incomec less than Rs.1000 use 18 per cent of
shergy in the form of LPG. This sharc is as high as 30 per cent in the

case of households heving an imcome between Rs.2000 = 3000.
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Table 8

Congumption Pattern of LRG

1 % share out of total Proportion out of total
ncome groups

anergy consumption LPG consumption
Less than Rs.500 - -
Rs.500 - 1000 1845 30.25
Rs.1000 - 1500 29.83 16421
Rs.1500 - 2000 32431 12,76
Rs.2000 - 3000 36,10 21.67
Rs.3000 and above 38.08 19.10

Firgwood consumption like any other non-commercial sources also

decreases as the income goes up. Out of the t6tal firewood consumption by

households 57 per cent is consumed by hcuseholds hauing'an income less

than Rs,500 which constitute 3B per cent of the total houaeholds'in
Atmedabad with an income betwsen Rs.500-1000 consums 38 per cent of firc=
wood. This shous a large scale reliance on firewood by lower income
people. Firewood consumption in households having an ingreass above
Rs.300C is only D.72 per cent. Intensity of firewood is not much sven in
low income groups. It 1s found that even in households with an income less
than Rs«500 consume only 16lper cent of energy in tQQ form of firewood.

In high income groups the share is less than 1 per cent.

Table 9

Consumption Rdattern of Firewood

o Group | Ryorere oot o il Proporiicy alf of Tatal Fire-
Less than Rs.>00 15.9 59.50
fs.500 « 1000 746 ' 38,70
Rs.1000 - 1500 0.879 1450
Rs.1500 - 2000 0.93 Te16
Rs.2000 - 3000 0.50 0.96

Rs.3000 and abovs 0.36 .72
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Charcoal is ancther non-commercial source which ig consumed mainly by

lowsr incoma houssholds, 91 Per cent of charcoal is consumed by houssholds

- with anmonthly income less than Rs.1000., The intensity of charcoal consumpe=
tion in hduseholds_is very low which is evident from zven housetholds with

a monthly income less than Rg.500 cohsuning only 16 per cont of the total
energy in the form of charcoal. Least consumption ig by households having
an income betwean Rs,1500 - 2000.whers only 0487 per cent of the total

energy is consumed in ‘the form of charcoals

. Jabls 10
Congumption, Pattern of Lharcoal
Income Gzoups Chetgy consumbtion charonct comotmorg ot
Less than Rs.500 156 : 44,16
Rs 306 - 1000 115 47,18
Rs.1000 - 1500 2.05 2.78
Rs.1500 « 2000 0.78 0.77
Rs.2000 - 3000 1405 1461

Rs.3000 and above 2.20 3.56

Dried cowdunq and agricultural waste usage in Ahmedabad is very
insignificant in the sense these together contribute only 1.2 per cent of

total enerqy consumption_by households that too qnly by households with an

income_ less than Rs.1000, Low intensity of use of these two sources is

S ——————

reflected in households with an incomg less than Rs.500 per manth consuming

only 4 per cent and houssholds with an income bestwsen Rs.500-1000 consuming

only 0.8 per cent of total energy in tho form of these two sources of energy.

Summarz:

Varicus sources of energy consumed hy householgs include kerosena,
electricity, LPG, Charcoal, firewood, cowdung and agricultural waste in order
of their importance. Major part of consumption comes from commercial
sources. Except cowdung and agricultural waste all sther sources of

ensrgy are used by househalds in all income groups. Electricity and LPG
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consumption increases with incoms whereas kerggeng, firewood and charcoal
consumption decreasss as the hauseshold income Pkncreases. Kerosane is
maximally usad in households andis consumsd by almost all househclds in
all income groups. In the case of eloctricity all househclds with an
income more than Rs.1000 par month.usa it. High inceme housesholds tend to
congums all commercial sources of emergy like eloctricity, kerosens and
LPG. Except in the case of very low income, charcoal is consumed by more
number of households than'which consume firewood. In the case of kerosens
and LPG there exists & large and efficient network of distribution gystam
whereas in the ecase of charcoal and firewood it does not exist. Firewood

in slums are collected from the road side and from other public spaces.

Table 11

Percentage -of houssholds consuming various sourcas of energy

oo Sroup | ioch Koo e Lo O Lo
Less than Rs.500 50 100 - 70 54 41 9
Rs.500 - 1000 62 100 28 34 50 20 10
Rs.1000=1500 100 100 70 40 125 - -
Rs.q500 -~ 2000 100 100 83.3 5.0 11.0 - -
Rs,.2000 - 3000 100 100 87.5 441 Ba3 - -
Rs.3000 and above 100 106 100 7.0 Z.Jb - -

End Uses of Various Sources of Energy:

Various sources of energy consumcd in an househcld are put to differen
end uses. The sources and end use are getermined by a numbor of factors.
OGne of the major factors which determines the ond use of a particular
source of ensrgy is tho income of the houscholde Total sxpenditure on
energy is highly correlated with the income of the household. The purpose
for which each source is utilized alsc dspends on other factors like the

type of house they live in and their lifestyle and convenience. For
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example, a higher income family living in a flat would usec electrici*y for

heating water at the sam. time a femily living in 2 bunglaw may usc fircwsod.
This again depends on the ay~ilability of theose sources.

Electricity is usad for lighting, cooling, water heating and recrea-
tion. (Under cooling, use of refrigerators and fans are alsoc includsod).
However from the survey, the use of electricity for cooking and washing
clothes were not found. Tho major use of electricity in an avarage house-
hold is for lighting and cooling. It was observed that there is a large
scalo variation in the use of electricity among houscholds of diffaorent
ineome. In houscholds with a menthly income of loss than Rs.1008, elcctrie
city is used by 47 per cent of the housebolds only for lighting. Their
expanditure on slectricity is Rs.1B.60/month. Bnly 5 pur cent of .thom use
electricity for recreation. All the households with an income more than
Rs.1500/month use clectricity for recreation. From the analysis it was

found that some households spend about Rs.300/month for clectricity.

Kerosene is uscd by almost all households inm all income groups and /
is consumed mainly for lighting, cooking and water heating. The use of
kerosene for lighting is confined to only lower income households. They
consume abcut 4.8 litres of kerosene for lighting. Keroseme is principally’
usad for cooking in households with an income botween Rs.1000=1500 (90 per
cent}., Houssholds with an income more than Rs.3000 also uses kerossns for
cooking {about 80 per cent) but the extent of use is very limited which
is evident from the expenditure on kerosene is least in this category. At
the same time highest expenditure is by households in the group of Rs.1000-

1500 which shows the extensive use of keroscne.

Liquid Petroleum Gas (LPG) is used both for eooking and for water
heating. Howecver, the use of LPG for water heating is very limited.
Monthly expenditure on LPG for cooking is minimum in households within the
incomo group of Rs.1000-1500. This is because of thc highor use of kerosens
in these households for cooking. Maximum expenditure on LPG is by households
with an income more than Rs.3000, whers the expcnditure on kerosene is

minimum,
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Firowood, a non-commercial rencwable source of energy is sxtensively
used among lower incoume group houscholds for heating water and for cooking.
As the incomo goes up the use of fircwood is only for water heating. The
expenditure on firswocd for cooking also decreases. This again explains
tho shift to othor scurces with the increase of income. An household in
less than Rs.500 categury spands Rs.ZO/month on firowood for cooking alohc.
Mgore than 50 por ceﬁt of the households im this category consume firewcod

for cooking.

Charcoal is more extensively used than firowood. The use of chercoal
is maximum in Rs.500=1000 income group. Households above Rs.3000 group
usss charcoal only for water heating. Expenditurswise, maximum use_of
charcoal for cooking is by houssholds in less than Rs.500 group. They
spand Rs.29 per household/menth on charcoal for cookings Maximum expendi-
ture on water heating by chercoal is by houssholds within the income group

of Rs.1000~1500/month.

Agriculturel wpste and dricd c-wdung arc used mainly by
loyer incomc groups for cooking. Expenditurse on cowdung for cooking
is maximum in households with an income below Rs.500, same is the case with
agricultural waste. Cowdung is used for water heating only by houssholds

with an income betweon Rs.S500-1000/monthe

Ccnsumar Regpdnse te Price Increase and/Shortage in Supply of Ensrgys

People respond to price increase or supply shoxtages in onergy is

different ways. JThoso two are the major uncertaintices facing encrgy

congumers_in India. This response is dctermined by many factors like the

affordability and availability of other sources of enorgy. AR household

in the higher income group might continue to use the samc sources of snergy
even if there is an increase in pricej at the same time a household in the
lower income might look for cheapér source or would even cut douwn their
consumption. Some houssholds will adopt some technological measurss to

sava cnhergy,for example, using pressure cookers for boiling vegetables and
grains, theroby saving time and fuel. Ancther moans of reacting to price
increase is by changing the end use likc ecating in hotels or buying prepared
food items. From the survey it was found that the response for difforent

sources cof energy aro different for difforent income groups.
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50 per cent of the households in less than Rs.500 category use
glectricity. 40 par cent of them continmue to uso the same amount sven if
there is a pricc increase whersas the remaining households decrease their
consumption. Among the households in Rs.500-1000 income oroup 63 per cent
of tha househclds consume electricity., More than 50 par cont of them use
the samo amount and the remaining decroase their consumption. 5B per cont
of households with an income batween Rs.100041500 uss the same amount of
elactricity cven with a price increasc. Househclds with an income batwecn
1500=2000 use the same amount to. thu extent of 78 per cont. In the
case of households with an income betwsen Rs,2000=3000, 50 per cent use the
same amount and in the case of houssholds atove Rs.3000, 72 per cent use
the same amcunt of electricity even with a price incroase. Dut of all the
households which consume eleetricity, there is no change in .consumption
in tho case of 55 per cent of the households and the remaining decroase
their consumption, However the extent of decreass in cunsumption could not

be gathersd. Decrsase is mainly through reduction in operating time.

I

In the case of kerosene which is used by almost all ths householas
the congsumption is reduced if there is a price increase or supply shortage.
The percentage of households within each income group which continue te

use the samo amount even with a price increases as the income increasos.
This could be due to the affordability of highsr income groupse. Thus only
18 per cent of the households beleow Rs.500 recmained without any change.
Whereas in thc case of houssholds with an income above Re.3000 this propor-
tion is 64 pcr cent. Abcut half of thoe housecheolds consuming kerosene
gubstitute with some other éourca of cnergy when thers is a price incroasa.
In the case of very low income groups the main substitution source is firc-
wood and charecoal. 20 per cent of households in Rs.500-1000 income group
have responded to prico increase with substitution. Here the substituting
source is mainly LPG, charcoal and fircwood. 33 per cent of househclds in
Rs.1000=1500 group and 25 per cunt in 15002000 group have raesponded to
price increase by substitution., This group also have opted LPG, charcoal

and fircwood.
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In Ahmedabad there is a shortage in éupply of LPG fer the last
several years. Consumers have to wait fcr moro than a month in certain
caseé to got a refill eylinder. Hence the customers wsually bribe the
distribution company employess to get ordors filled in advance which
again worsens the situation. To meet this problem of shortage hcuschclds
havo rosponded by substitution or by reduction inm consumption. 42 per cent
of the total houscholds within city use LFG. As observad in the case of
electriéity the price incroase has not affectod the consumptien in highar
incomo groups. In some cascs supply shortage is met with substitution
by kerosene and in some case by either firowood or charccal. Some house-
holds within an incoma range of Rs.500-1500 have responded to price
increases through change in techneology, which mainly includes the uso of

afficient cooking appliances like prossursc cookirss

33 per cent of the households coencontrated mainly among lowsr incoma
'groups consuma fircwood. 50 per cent of the hcouscholds with an income less
than Rs.500 consume the samg amount cwen if thers is an increase in price.
This is mainly beecause of the roasonss (i) thoro are no affordable alter-
natives and (ii) they gather a substantial proportion cof firewcod from
private and public spacecs for which they really do not pay much other than
tho time spont in gathering, 23 pcr cont of thc-housoholds decrease their

consumption. Substitution is mainly donu with charcocal and KGrosong.

In the case of charcoal which is used by 30 per cont of the households
mainly concuntrated among low income groups rosponded to price increase by
cutting down their comsumption. Substitution in this tategory is mainly

with fircwood, kerosens, diiocd cowdung and azgricultural wastc.

Driod crowdung and agricultural waste consumption is vory low. The
users of these sources of onergy profor to use tho samc amount even
if there 1is aﬁ incroase in price. This is duo to the fact that they
really do not spend much on thcse sources but gather them from road

sides, farms otc.

Cooking appliances and operating time:

Tho efficicney of wnergy utilisation in a household fer cooking
depends on the cooking appliances ini:use. According to the sccond law
of thecmodynamics oncrgy gots lost in the process of convorsicn. The

extont of loss dupends on the conversion process and the technelogy in
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use, Likewise in the process of cooking, uhergy is lost, the magnitude
of loss determinud by the cooking appliance in usc. Most of the applian-
£es in usw in lndis are not efficicnt. Howsver, efficicnt means avai=-
lable are not affordable by most of the people. For example the chulehs
\cocking stove) using firewood or charcoal are extensively used in India
both in urban and rural =rcas by low and middle income poople, are vely
inefficient. The encrgy cfficicncy of firewood cpon chulah is wstimetud
to be louss than 7 pur cent. From the survey it was found that cvery housce-
hold with an income luss than Rs.500/month cwns & chulah. The average
operating time of chulah/day in an hguseheld in this income group is

2 hours 30 minutes. The time of operation of chulah doclines as the
income incruases. This is due to the shift to othuer sources of energy

by highcr income groups. Kereosenhe stgve is anothor commonly uscd
appliance in India. Stoves with 70 per cent efficicncy are available in
India but arc not affordable by most of the people. The operating time
varies from 44 minutes in an household with an inceome less than Rs.500/month
to 1 bour 40 minutes in an houscheld with an income moro than |
fs.3000/month. With the increase in income thoro is an increase in
operating time of LPG stovcs. This veries from tho houschold with an
income betwsen Rs.500-1000/month (40 mts.) to en houschold with an income
more than Rs.3000/month (more than 4 hours).

Table 12
Operating Timc of Cooking Stoves

Lhulah Kesroe. otove L[PG Stove Hod  Plates {ooking

range

Income Group
Hr. Mts. Hr . Mts. Hr. Mts. Hr. Mts. Hr. Mts.

Below Rs.500 2 32 0 44 - - - -
Rs.500 - 1000 1 36 1 44 0 42 - =
Rs.1000 - 1500 =~ 19 1 36 2 22 - =
R8.1500 = 2000 = 40 1 26 2 53 - -
Rs.2000 ~ 3000 =~ 06 1 43 4 00 0 O3
Rs.3000 and - 04 1 40 4 04 - - 0 09

above
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Cooking cnurgy consumption is alsc detorminod by the food habiis
of the people. Howover, Trom tho survay tho oxtent of varisticn of this
bascd on food habits, could not be sscertainod. Since thir fimo taken
far cogoking different focd items vary, the cncrgy consumed also verios.
Nom poor fFamilics in urben arevas would eat ocutsids at weekends and on
helideys which would again roduce their cnorgy consumption. To capturoc

these veriations, an extensive survey 1s nccded.
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LOOKING AT THE FUTURE: SCENARID CONSTRUCTION :

Every institution in modern socicty and tho life styles are
mouldéd by the zvailability of encrgy in its various forms and its
social, pelitical and sconomic costs. Energy decisions are to be
made with the future of socicty in mind. Some sec a threat in the
excessive consumption of fuuvls snd othoer rosources and spmeg sge a
threat in not meeting these demands. The social, pelitical and en=-
virommuntal costs of epurgy use both dircet and indircct are proving
to be very high. It has become cloar by now that planning according
b6 old rulestad resulted in decisions that are costly both socially
and anuironmentally and have bocome a threat to the rights and wel-
fare of future generations. The -list of problems and limitations of
forecasting provides ample motivation to scarch for a now approach in
thinking about eur urban energy futurce. The most promising such
approach is that of c¢laborating a roprescontative set of alturnatidc
future scenarios bascd on differing assumptions about CNErgy use.

In this method alternative Ffoasible cncrgy futurcs are constructed and
then a choice among them is made to shapc the futurc. Hero threc
scenarios are constructed with cortain assumptions made about scme of

the important factors that affect the wNCrgy USc,

Scenario = 4

This sccnarios is status queo in naturc. It assumes that the past
trond will continue in such a way that the changus arv not going to
affect the pettern of cunergy consumption. Within the last B decades
population of Ahmcdebad qrow at the rate of 3.09% annually, In the last
decade the city experienced a growth rate of 2.95%. Population growth
is influunced by 2 numbwur of factors which vary in intensity over time.
Death rate per thousand in the city has declined from 15.51 in 1961 to
12.07 in 1971. Similarly, the birth rete also showed = deeline from
38.96 in 1961 to 29.51 in 1971. This is mainly duc to bctter medical
facilitics and family planning moazsurcs. The pecrcintago of migrants in

tho city ducreasod from 50.82% to 42.9% in 1961=71. Thest throe ma jor
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factors contribute to the growth of population. Herc this scepario

assumcs the same trend for the next 20 years. The assumptions are as

follouws 3

1e The population will continue to grow at tho same rate as
oxpericnced in 1971-81.

2. Drastic changes in life styles so as to affoct the presecnt
trends in cnergy consumption are net likcly,

3. Energy consumption will not chenge due to the change in food
and cooking habits of the proplc.

4. Within the ncxt 20 years technological chznges will not have
an impact on encrqgy consumption.

Se The propertion of population under czch incomc group is not
going to change within the noxt two docades,

Ee Since the above factors 'are going to follow tho same trund the
intensity of c¢nergy consumption in houschelds is not going to
change considerably.

Due to the incrcese in populaticn the number of houscholds

are qoing to increase and this will certainly lead to an ine
creasc in demand. But the city will meet this demend by increas-
ing the supply but major substitutions are not going to take
plate. “

Energy Demand s

To estimate the demand for 2001 based on Scenario-1, the methodology

adopted is the following. Firstly the present consumption of various

sources of energy per household was calculatoed. Then the demand of

various sources with the increase in houscholds were woTked out using

the same por household consumption.
in vach income group the same houschold size of 5.4 is taken and the pro-
Jected population in 2001 is divided by this 5.4 and the presznt proporte

ion under each income group is takoen.

Thus growth rate for 1971-81, r = /pop.1981 _
g

135831

1.2, _
J/'ISBBSM -1 =0.025¢

agelming tho same rate of growths projected population for 2001 =
(r+1)" x Pop. 1981.

iece { 20296 + 1020 x 2123831 = 3806191

To find out the number of households
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No.of households in 2001 (assuming an average houschold size of 5.4)

3806191 _
i = 704850
Table 13

Egoiectéd Number of Houscholds

Income Groups Numbir of houscholds
Less than Rs.500 265296
fis« 500 - 1000 237370
fs. 1000 =~ 1500 68697
fs« 1500 <~ 2000 36582
Rs.2000 =~ 3000 56340
Rs«3000 and above 40561

For Project Domand sce Tabie 14 in tho noxt page

Scenario = 2 @

This scenaric is more pessimistic., Hore some changes in economy
and technology are assumed which will affect thu prosont pattern of energ

consumption. The basic assumptions are :

1. In Ahmedabad the govermment freezes the industrizl and econgmic
growth inside the city. This will affect the migration into the
city. At the same time the city has alrcady established a number
of activities which will continue attracting pocople to the city.
Population growth for the last 4-5 ycars show that it has decreascd
considerably. With the new policy the decreasce in growth rate is
going to reduce the proporticn of low income poople.

2. With the change in technology, efficiont chulahs and kerosene
stoves will be aveilable, in market at a price which most of the
people will not be able to afford unless the govermment intervenes
through subsidies.

3 Life styles of the poople are going to change whereby the use of
electrical gadgets in middle class familjes will be much more than
at present. Soma of these will be dus to convenicnce for example,
washing machines, wet grinder, refrigerator ctc. Mereover, tho
use of clectricity for entertainment will also increasc.

4. Incroese in prices of grocery and provision goods will result in
price hike of food stuffs in hotels and restaurants. This would
result in more numbor of people preferring to cat food a2t home
which would result in an increase of cooking chergy.



Table - 14

Projected Energy Lemend for 2001 by Houschold sector based on Sccparis = 1
Coal Replaccment units/year

Income Group Eloctricity Keroseno LPG Firewood Charcoal Ceowdung Agrl.Waste
Lgss than 500 65010.59 194532.81 - 64216.19 63182.27 12706.31  399.57
fs.500 = 1000 : 149021.688 223119.60 111627.01 45021.21 69560.15  4320.08 395,60
Rs.1000 - 1500 68633.01 740B3.53  63475.08 1870443 4352.06 156.32 -
fs. 1500 - 2000 £1943.51 32086.98  46051.50 1327.99 1103.52 - -
Rs. 2000 - 3000 85579.12 49352,54  78303.,54 1095.68 2294,39 - -
Fs« 3000 and above | 46965.27 42951.09  68563.33 787.67. 5033.36 - -
Totalsss = 55736 rer T 552728.63 371560.10 115440.63  146923.18 17347.68 4346.50

Total encrgy demand undor this scenario is 1670092 .36 MTCR.
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5. Thero will be a shift in the income of the proplc. Incomo of
poor puopli is likely to rise with better omclumunts from
industries,

6. The prescnt shortage in supply of LPG coupled with incrouase in
demand would rosult in households going for substituts scurces
of energy for cooking. From the survoy it is found that LFG
usurs, when faced with shortage, go for korosene znd firewood
as substitute sources. Hemco the demend for kercosenc and fire-
wood as likcly to incroase. :

With these zssumptions, ame can visualisc the situation in 2001
based on this sccpario. If the populaticon growth ratu decreased from
2.96% to 2.5% annually within tho npext two decades the city will have
a population of 3480144. Assuming an average houschold size of 5.4
persons the city will have 644471 households. With the incrcase in
density snd lack of space the constructiop @zctivity will not increase
much, which indirectly cen affect tho growth of lower income peopla.
Developmental activitics in the metre arca outside its limits would
attract those low income puople and hence the proportion of them will
decreasae in totel population. Howuver, thore is no mocthod cvailable
to estimate tho decroasao with the aveilable data, Honce, this proport-
icgn can only be estimated approximately. Bstween 1961=71, the proportion
cf one roomed hauscs in Ahmedebad has duéraasad from 65,3 to 57.5. The
proportion of members staying in these houses also ducreascd from 57.2
to 53,7 within 1961-1971. This agzain strengthens the above assumption
es tho probability of people with an income below %.500~stéying more in
one roomed houses falling (AMC, 1981). At present, 38.13% of houswholds
are having an incomz loss than Rs.500 pcr month, This is assumed to da~-
crease to 30% by 2001. With thesc proportion of hoguscholds in 2001 in
different income groups arc estimated.

Table = 15

Incomewise Distribution of Houscholds

Income Groups Number of Households
Less than Rs.500 ’ 193341
Rs«500 - 1000 , 258453
Ree 1000= 1500 ' 77335
Rs« 1500 -~ 2000 : 45111
R4 2000 - 3000 52201

Rss 3000 and above 38024
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Table - 16
Comand for Hcuschold Eneragy for 2001 bassd on Scunarig-2

Income Elect= Kerosonc UL P G Firewood Char= Cow= Agricultural

Group ricity coal dung Waste

Below Rs.S00 41373 156809 - 60004 65219 10751 3005

RssSCO = 130728 143033 112146 33456 57102 2907 242
o0

Re»100Q = 67666  S3219 71453 1557 4004 118
1500

R5+ 1500 = 66705 25418 55789 1121 1112
2000
B3+ 2000 = 69242 29180 72551 750 1736
3800
Fs+ 3000 and  90SQ2 25694 64275 562 3856
above _ _ _ _ _ _ — e e e e e e e - — e
Total 533884 43356 377216 97542 129027 13776 3246

Total Demand for Sconario 2 is 1665535.4 MTCR

This domend cstimated is applicable whon thore is no disruption in
supply. Out of the total cloctricity demand 50 pur cent goes for lighting.
Dug to incrcass in use of electrical gegots thoe demand for electricity is
going to incroasc. This will be morw in thc middle income groups. - Hence
the domand for olsctricity in houschulds with ern income botween 1000-3000

per month will be higher than cur cstimastod figure. Taking into considera=

tion the_prasent supply shcrtage of L¥G, the possibilities of subatitution
of tQisvsqurca can be anticipated. From the survey it was found that people
pféfér using kcerosens or fircwccd in times . f shcrtagd of LPG. Hence tha
demand of thesea &ﬁb"lnurCEs is likely tc go up. Thus this scenarioc éun;tru-
cted with given zssumptions wculd lead tc a3 sericus energy crisis in house-

hold sector.
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Scenario - 3

This scenario is more optimistic. Hore theo assumptions made are not
likoly to happen undur normal circumstances but the intsrvention of governw=

ment can holp in achieving a situation which is moro dusirabla.

Agsy- ptions for Sccnsrip =3

1}  Population growth of tho city for the noxt two decades will deocrcese
as the dovelopmental activities in the fringes are very rapid duc to the
rising labour costs znd land value within the city. With the metro
development plans proposal to develop growth cuentros arcund the city.
devolopmental activities will be more active therc. Pooplo whe scck
employment in those arcas would profar staying closc to these
centres.

2) Keeping in viow tho energy crisis, technological innovations for
more efficient usage of snergy will be introduced. Usae of solar
cnergy for hoating water and for cooking will be more cxtonsive.
Within the next 20 ysars the usc of charccal and firewcod for heat-
ing water in the higher income groups will steop due to solar
cookers. Technological innguations in kerosene stoves and firee
wood chulahs would help in reducing the consumption of kerosene for
ccoking in higher income houscholds by 30%, the consumption of fire-
wopd in lower income groups by 25 to S0%.

3) TYhere will be a chango in lifestylo where the use of cloctrical gade
gots likc TV, Radic, Refrigerators, food blunders ctc. will be
more extonsivc and wild imgposes clectricity consumption in middle
incomu groups. Electricity will roplace keraoscne in low income
houscholds for lighting. Oucrall consumption of clectricity will
increasc by 5% among low income houscholds,

4) The use of LPG will be morc due to the casy availability and its
ufficiency. .

5) The wages of tho workers will incrcase and henco thorc will bo an
ovorall increcase in the income of all groups. Tho proportion of
lowor income puople will decruasc.

6) Fusl substitution will take place in cesc of certain sources like
kerosene, firewood and charcoal,

7) Enorgy utilisation will be more efficient. Loss of cnergy in the
process of conversion will bc minimised,
These assumptions are optimistic and can be achicved only through
significant intervention of thc government and other crganizetions. In
tho former two scenarios we are not assuming any change in the usc of

technolagy affecting the consumption of snergy. This scenario assumes
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the changes in the population growth, ccenomy ctc. to bl the same =28 in
Scenario=2, but takes into account tho changes that arc desirable in

the cnorgy scctor. The efficiency of fircwood will bo incroas.d to
double the prosent level. Use of soler cookers would roducc tho con=-
sumption of cooking uhergy by 30%. Efficiunt koroscnc stoves can save
30% of kerosene. Considering these two factors kerosenu use for cooking
will bo minimised by 30%. Oue to inefficicent usc of znergy, the con=
sumption in Scenario=-2, kcal/persan/day is 2216.59 which is more then

three timcs the norms given by the NCAEZR fusl survey conducted in 78-79.

By taking intu consideration the above assumptions duomand for 2001
based on Scenario=3 is ustimated. For thissdemand by Scenaric-2 is
tasken as a base and from that demand changcs are made in sach inceme group's
domand feor cach source of Lenargy.int%]gagztijgﬁts g%'i?ﬂdns.znoo as monthly
incomo will increase by 5%. Koresenc consumption in thesc househclds
will docreases by 50% due to the replacemunt of kerosenu by electricity
for lighting and dup to cfficient stovaes. In the case of firswoed,
charcoal, cowdung and agricultural wastes also, tho dehand will decrcase
by 50% duc to cfficient chulshs. LPG consumption in houscholds with a
monthly income less than Rs. 1500 will increase by 5% duc to increased
supply. In higher income groups k.roscone consumption will bu ruduced
by 30% #8 use of solar cooker will raduce tha cooking encrgy consumption

by 30%. Based on thuse, the demand is projucted for 2001.

Table - 17

Encrgy Demand for 2001 Based on Sconaric=3

Income £loctri=- Kero=- Lp Firge= Chzp= Cow-  Agrl. Solar
< G .

Groups city  sene wopd coal dung _ Wastes Encrgy

Bclow

fis+500 43441 59643 28036 30002 32609 5375.5 1502.5

RSQSUD-

1000 137264 98094 5607 16728 28551 145D 141

flse 1000"

1200 67666 37253 75025 1557 2002 90

Rse1500=

2000 70040 17792 56789 510 560

Rs« 2000 =

3000 69242 14590 68923 320 816

Rs«300D&

above _29?2?___}3@57_ 44925 _ 280 _'_1922 __________ _

Total 478155 240219 279305 49397 664617 6915 1643 22000
Total Demand : 1164095 MTCR ‘
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It is sssumucd that by 2001, duc to the subsidizad price of solar
cookars, some of the households will uss thoem for huating watcr and for
cooking. Horc the consumpticn of solar encrgy is assumud to be 22000
MTCR., It is only an arbitrary figure and the extent of use by each
imgome group is not calculatwed, as at prescnt tho use of solar wneray is
very small. Totel demand for 2001 under the Third Sconaric is 1.32
times of presunt consumption znd the por/porson/day Kecal of consumption
is 1125.6 which ie 1.6 times of the NCAER norm wherseas in the second
scenario it is 3,2 timashgg the norm. . At prosent, thc pér persan K.cal/
day is 3 times highor / the norm, proposcd by NCAER from its 78-79

study. Table 18 compares ths threc scenarios for Ahmedabad.

Table = 18
Energy Demznd for 2001 ~ Scenario Compariscn in MTCR

Scenario = 1 Scenario = 2 Scenaric = 3
Eloctricity 459738.6 533884 478155
Kerosene 554728.03 433356 240219
LPG 371568.10 377216 279305
Firewood 115440 .63 97542 i 49397
Eharcoal 146923 .18 129027 66461
Cowdung 17347.68 13776 6915
Agricultural Wasto 4346.50 3246 1643

Totel ::: 1670093.36 16655354 1164095
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PLANNING FOR HOUSE HOLD ENERGY SECTOR FOR 20013

This approach of planning through the sccnariocs rocquires some
othical valuc judgemonts. Ensrgy futurc is to bo plannud by defining
a foasiblo sot of alﬁcrnatiuoa and then chocsing from them the most
dosirable. Again the 'dusirable' is subjoctivo but maximum omphasis x
should be given to tho most cfficient usage with minimum use of none
renswable rocscurces and maximum utilisation of runowable rcsources.
Onco the desirable sconarios is identificd, then thc means of achieving
it bucume important. Tho micro ducisions of housshclds to plan rationally
the energy mix should be encouraged by thu local government. Hoero the
third Scenario is sclectod as the most desirable onc. It is postulatod
that thc policy measuros suggestad hure can result in achieving this

SCunNaATio.

Roguired Policy Docisionst

Eloctricity supply to the houscholds should be incrcasode - for
this the gonsration capzcity has to bo raisod oithor by sctting up new
plants or incroasging tho uxisting capacity. This is cssential to
docrcasa the consumption of keroseno for lighting in lowsr income housc-
hulds and also to meet the increaso in demand. Ths use of slectrical
gadgots is going to increase and it is not possible to curb this by
incroasing the price cf ecloctricity ag it is a part of the changs in
lifestyle. With tho central governmcnt's docision of roducing the prico

of TV, the uso of eloctricity for recreuational purpcse will incroaso,

Among other fuels used for ecooking LPG is echnsidorod to be the
most afficiont but the lower income hcusehulds are not in a position to
afford this duc to high initial investmontse ‘ If tho supply is
incroasad by 1.7 times thon 25 psr cent of thu houscholds with an income
loss than Rs,.500 also can be provided with LPG conncctions. For this
tho government should give some subsidics thureby holping the poor

pecplc to purchase the stoves otc.
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Solar cookers aroc available now for Rs.550. The usc of this can
roduce coecking cnergy consumption by 30 por cent. 1If arrangements to pay
tho cost in instalmonts are made or the present subsidy increasod, then
the uso of this can bc prometod to a groat extent. Likewise thore arc
officicnt keroscne stoves fabricatod by Indian 0il Corporation which has
got 70 por cant cffiecicney. Subsidies can zlso promotoc the sales of

these which would help in roducing koroscno consumption by 30 per cent.

Fircwood chulahs in use at prescnt are very inefficicnt (below 10 per
cont)s Somo of the now chulahs docvelopod have an officicney upto 30 per
cont. Theso cost Rs.100 eachswhich is alsoc beyond rcach for many familias.
Large secalo prdduction of these can bring down the oost andthe geovornment
can give incentivecs to the peoplo to make these chulahs in slums by slum
dwelleors thomsnlucse Even if the efficicncy increases by 10 per cent, tho

demand of firocwoed after two decades can be met with the present supply.

Programmos s

For convomtional Tucls the initial investment is made by the
suppliers (in India largely public ssctor) and the uscr has to pay only
the grvice chargos, wheroas in the caso of rencwable encrgy scources like
bio=gas and sblar onergy the user has to incur the initial investment.
But oncc this is made then therc is no more exponditura. It is ossantH
that 2 general avarencss must be created among tho people regarding the
nower techniqueas which offer more officicnt ways of utilising the remswable
sources. Only an organised programme or publicity and promotion can make
it poﬁular among thc people. This can help in removing certain supersti-

ions and belicfs attached to the rocluctance in wsing certain reneuwable
curces. Mass media can bg used as a major mcans to creocate an awarchnass

mong peoplo.

A ncw organization which can look into the various factocrs that
ffoct encrgy consumption, dovelop now tochnology for cfficient cooking
ppliances, ccnduct scminars and workshops in collaboration with other

nstitutions and crganisations will beg heleful for doveloping encrgy
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conservation mcasurcs and for officicent utilisation of esnergy. The
nowly creatcd Dopartment cf Nonconventicnal Scurces of Energy in the
Coentral Govornment and the Gujarat Enorgy Department Agoncy in the
Gujarat Stato can play those rolgs. Howcver, at the Ahmedabad Munioipal
Corperation lovel there is no croganizaticn or budget for cnergy. A
Municipal Department of Encrgy Planning and conservaticn complomented

by a voluntcry citizen groups are vitally needed to achiove the Third

Scenarics

Generation of bioegas from sswage disposal is ancther rancwable
cnorgy which can be doveloped in an urban sotting. In Ahmedaban alreagy
there is a large scale plant sot up in sewage farm to goncrato bio-éas
but this is not functioning effectively. Studiss conducted te supply
biowgas through pipes roveal that the cost involved will be too high.
Honee foasibility of bottling this gas have to be studicd. Expariencs
in uillagés shdw that most of the community bicegas plants set up arc
not working properly. This is mainly bccauso of tho lifestyles and
cultural superstitions prevailing among the pocple., Awarcnoss among
poople to romove those supurstitions iscssential to promotc the use cf
bio-gas. A roccntly propared plaf for 1985=-90 includes projects to
utilisc urban wastes to recover energy, fortiliser and material. Hopo-
fully, a plant of this naturc in Ahmedabad can be usoful for houscholds.
In this analysis, however, we have not included this as a source for

© huuscholds.
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SUMMARY AND CONCLUSIONS:

Among the urban scctors, indistrial scctOr consumcs 54 por cent of
the energy supplicd in the city followed by housshold soctor 21 per cont,
transport socter 21 per eent and commcrcial scctor 4 per cent. 25 per cent
of the cnargy sold in ths city is in the form of electricity, 16 per cent
of coal, 15 por cent kerocsenc, 10 per cent diescl, 7 por cent petrol,
3 por cont LPG and 4.5 pcr cent firewood and charcoal. Housshold scctor
onorgy consumption is met by clectricity, keroscnc, LPG, charcoal, fircwcod,

dried cowdung and agricultural wasto.

As the income increasas, thora is a shift from noncommorcial to
commercial sources of anocrgye. Commercial sources contribute to 84 per
cont of cnergy consumption by houssholds. Low incoma houscholds use KGroe-
seno for lighting. As the income increascs thore is a large=gscale
reliance on oloctricity for lighting. LPG consumption for cooking also

increases with the riss in income.

As the income of the families inervases, they tend to dopend more on
fuels which are loss smoko omitting for cooking. Fircwood and charcoal
consumption in higher income group is limited to water heating. It was
found from the surwcy that middle income groups depend moro on plectri=
city for water heatinge This is mainly duo to the fact that many of the
middle incomc groups stay in flats where the use of fircweod and charcoal
becoms inconveniont. At the same timc, highor income groups residing in

indepandent bunglaws use fircwood, twigs and leaves for hoating wator.

Higher income group housshclds continuo to use the same amount of
energy oven if thore is a price increasc. In this group shortage of LPG
results in substitution with keroscne or fireweood. Shcrtage of keroseno
rosults in substitution by firowocd and charcoal. Exponditure on cooking

encrgy increascs with increase in incomo.

From tho Seconariocs constructed we find that in the first two Scenarios,
the demand for onergy scurces by household sector is going to increasc
1.7 times. With the presont supply deficiency, this will only result in
further worscning the problems. The Third Scenaric suggests that the inters
vontion of govermment can result in mecting the demand feor 2001 with the

efficiont cnorgy supplve.
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Suggostions made in tha Third Sccnaric if implementoed, cah save
a'gcod amount of cnorqy which is at prescnt wasted. If thc oxcuss gas
burnt in refinories arc bottled, the LPG éupply can bc increased
without any cffort. To provide acecss 'to the poor it is ossential to
provide efficicnt cooking stoves with subsidy. Largo scale production
of those can bo cnecouraged to bring deown the cost of production. To
promotc tho usc of rencwable sourccs of ecnorgy like solar cnoergy, it
ig osscntial to have large scale extension, provision of subsidiss and

production,

Further work in this direction tu understand urban household
energy behaviour can be done through a moro dotailed study. In this
paper wc have not ostimated the inveostmont and offorts needcd for
implementing varicus programmes. In the Sconarics price change offocts
are alsoc not included as the uxtent of docroasc in fucl consumption
and/or substitution duc to the change in price was nct captured from
the survey. Similarly, decrsase in cooking energy due to the use of
solar cookers are only assumed, whoreas further studieS are needed on
the heat generated by solar cookosrs and the corresponding decreasc in

the cookihg cnergy consumptione.

It is possiblc, as ws have shown to achicwve a more efficiant
(in enargy tcrms), oquitablo and envircnmentally sustainable onorgy in
.futurc for the houscholds of Ahmodabad. What is neecded is clear
govornment policy, finanecial allocation, programmc dosign and manago-

mont and active citizens participation.
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