;*A;
ik

YW RAY SARARHA! LIREARY
BN ISy uiE OF Mane ety

ﬁmﬁﬁe‘hmﬁmﬂ. -

VASTRAPUL, ARMRDAGAD. e
X X XV P&
AHME DABAD

Working Paper

2% s

o

{-\»



RENEWABLE ENERGY DEVELOPMENT IN INDIAs
A MACRO ANALYSIS

By
R.S. Ganapathy

WP505

P
1984
(505}

WP No. 505
Aprii 1984

The main objective of the working paper
series of the IIMA is to help faculty
members to test out their research
findings at the pre-publication stage.

INDIAN INSTITUTE OF MANAGEMENT
AHMEDABAD=-380015
INDIL



RENEWABLE ENCRGY DEVELOPMENT IN INDIA:
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ABSTRACT

The development of renewable energy in India is not simply a
technical guestion. The macso~analysis attempted here reviews the
complexity, interdependence and the structural-systemic features of
the renewable energy system and its embeddedness in larger contexts.
The nsed fer a comprehensive policy package that addresses nesd and
supply, technology and institutions, environment and education,
pricing and substitution and local conditions and standards is thus
necessary but is yest to evolve. The political economy of renewable
energy indicates that technological and social actions are simulta=-
neously called for. The market, the state and the community must
play balanced roles and articulation of this balance in renewable
energy is a strategic gquestion for India. The macro=-analysis shows
the need for structural adjustments (it terms of changes in mix of
economic activities) and hences chenges in energy intensity'and growth
:ate. Technological responses like development of energy efficient
and renswable energy using equipment or interfuel substitution are
not  sufficient to promote renewable ienergy use. Hence a micro or
project apprach is not enough in renewable energy planning. A
macro-analysis may help us to understand and possibly transcend the
structural barriers. This paper explores some dimensions of this
complex issue of renewable energy development and proposes some

strategies.
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1. Introduction

Renewable snergy has been in use for centuries. It wag estimated
to consist ef %6 per cent of the total energ. consumed in 53=54 in India.
Presently iEs share may be around 40 per saent. fost of it is non commer=
cial (not sold through a market place). With the energy crisis of ths
seventiss and the depletien of fossil fuel resources, renewable energy
is getting increased attention. It has many positive advantages as well,
its potential te meot a large part of India'® growing energy needs in
the future ias rated te be high. In this paper, we want to examine the

macro-framework in which renewable ensrgy develepment can take place in

India. This analysis would survey the economic environment, renswable

energy's role in national energy balance, technolgy, institutional strue-

ture end public policy options.

2. National Energy scene and the role of Henewable Ensrgy

Energy consumption is growing in India rapidly, ovsr the last

thirty years, at a rats higher than the growth of GNP. The use of nen

commercial energy is declining and is new around 40 per cent ef total

e e

energy. Renswable enerqy sources have been traditionally non commercial

but they are slowly becoming cemmercial., This important structural

feature needs considerable emphasis. As the mix of economic activitiss
and the sconomic base becomes complex and'interdependent, the incremental
energy consumption required to bring about 1 per cent increase in GNP
growth rate declires. The elasticity of e mmereial emergy consumption
(the ratio of 7 of growth of energy to % of GNP gr-mth) is changing in

India in the fellowing manner:
1961 = 71 = 1,17
1971 - ™ - 4.30



There is, however no clear pattern. If we combine non commercisl
anergy alsao, the overall elasticity of encrgy consumptimn is definitely

going down anc is prdbably lower than ons, now.

Tabla 1 indicatee the overall energy situation in the ceuntry and
how it is changing.- The structure of the znergy =occtor, the roliance on
scarce sources and the differcntial growth rates oresents us with a
comprehensive energy profile. As wnergy demand is a dorived demsnd, the

varying pattern indicates a verying sectoral growth picture,

Table 2 and 3 tells us morc about the growth ratc and sharcs of
market by different fuels and different sectors. Coal is declining in

importance as-its.share is taken by oil and power. Industry and agricul=-

turoc consume relativaly more energy than transport and dmmestic/

commercial sectors, as compared to ten years ago. These are important

trends shat tell us about the nature of change in the ensrgy economy.

Table 4 indicates the rapid rate of cnergy growth {(about 10 per
cent per annum) in the agricultural sector. The next fastest growing
(in snergy terms) is tﬁe Industrial Sector. Table 5 pertrays the per
capita energy consumpti;n changaese. Quer the last §Bn years, as shown
in Table 5 fNatisonal Sample Survey data, por capits emergy consumption
has slightly decreased. The share of commnercial energy is gr%wing,
particularly in urban arcas. N35 data sbiows, paradoxically, that per
capita snergy in rural areas is higher than in urban arecas. This may

be due to some unreliability in data or incorrect measurement.

Thess tronds in energy tell us about the present reple and the
future of renewable energy. Projections about the futurce of renewable
snergy must derive from futurss of sectors, the inter se economics and
rosource evaluation of other energy sources and where renewable energy
can be applied for new uses or in substitution. As the existing data
base about non commercial energy in rural areas which is primarily re=-
newable, is very weak, demand analysis in this area becomes very
difficult. We do kpow that it is very important to assess this neced in

rural areas, to forecast renewable energy requirements.
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(in million tomnus of ecoal cjuivalent - mtce)

Primary Enargy Supply 157G=74 1975-76  1960--81

Production | 73.4 98.3 19643
Imparts (+) 18,1 27,4 33.9
Exports {=) 1.0 0.8 Ga5
Change in stock (=) T 5.3 5.5
Total Primary Energy Supply 89.4 114.6 14442

- - -y oy M A g 2 o P

Transformation (=)

(Conversion losses;
Transmission and

Distribytion losses; .
Intern"use in Enerqy Secter) 24,6 32.7 43.2

e para ——————

¥

Final Ensrgy Demand 6448 81.9 101.0

|
|
|
|
|

Final Energy Consumptién

Coal 351 43.7 48.5
Dil. products 23.2 2%.0 40.1
Gas G5 T T3
Power 60 8.1 111
Total Final Energy Consumption 64.8 81.9 101.0
Non Energy use (=) 3.9 5.2 8.4
Energy use £0.9 16:7 22:6

Source: T.R. Satish Chandran's adcress te the Institution of Engineers,
India 1982,
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Fuelwise Energy Consumption

Fuel 1970-71 1975-76 1980--84
mtece % mtce o, mteo %
Coal 35.0 5745 43.6 56.8 46.7 5C.4
0il 19.4 31.9 23.9 312 33.5 36.2
Gas 005 D.B 1.1 1-4 1-3 1-
Powser 6.0 9.8 8.1 10.6 Met 12.0
60,9 19g;g9_ ZE:Z.- 100:0 G2.6 100.0
Sourcet Ministry of Energy, Govermmmbt of India, 198z,
H
TABLE 3
Sectorwise Encergy Consumption
197071 1975=76 1980 ~81
Sector mtce % mtce % mtce %
Industry 32.4 53.2 44 o6 58.1 5443 58,7
Transport 19.3 3147 21 .6 28.2 2444 26.3
Domestic+
Commepcial 7.9 13.0 Be3 10.8 10.5 1143
Agriculturs 143 2.1 2.2 2.9 3.4 3.7
60.9 100.0 7647 100.0 02.6 100.0

Source: Ministry of Energy, Government of India, 1982.
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Energy Consumption Grewth rate by Scctor (%)

e

Sector - 19701971 to 715-76 4975~76 to 80~B1  1970-71 to 80~
Industry 6.6 4.0 543
Transport . 2.3 2.5 2.4
bomestic and 1.0 4.8 2.9
gommercial

Agricultuts 1141 9,1 10.1

Total Energy 4.7 3.8 43
consumption

Sources: Working Group on Emergy Policy, Planning Commission, 1981.

TABLE 5

Per Capita Energy Consumption !Kgce!

National Sampls Survey Estimates

Fuel Type Estimates in NS5 1963=64  Estimates in NSS 1973=74

Rural Urban Aural Urban

Kerosens Te1 12.9 11.5 178
Elactricity 0.1 e 0.3 2.2
Coal 2.6 9.3 2.5 1244
Coke Ted 1441 2.5 1247
Charcoal 0.5 3.2 0.1 1e7
Firswood 183.2 14,9 166.2 98.2
Dungecake 35.7 _ 118 ‘ 2449 B.7
LPG - | - 0.3 1.2
230.6 167.3 208.3 154.9

Source: National Sample Survey Organization.



3, Renewable Energy Mueds and Markuts

Mere quantitative astimation of renocwable onergy is not adequats.

The guality of renswable cneray, its reliability, its variebility snd its

contextual ralsvance sra voery importants Cns tunclu of wood can bs very

different from anothur bundle of woond. &Hiogas from one plant may be
quité diffarent from biogas éirom another. HMorecver matohing sources and
usea of renewable energy is very critical as the vorstality of rsnowable
energy is lower than eonventicnal sources like electricity. It is cere
tainly sclf=reliant, polluticn free, decentralisad and is sustainable

over time. Context, however is mors critical in renewable energy, making

aggreqation of renewable eneray, a difficult task in energy planning. By

context, we mean, resource endowment (forests, cattle heads; climate,
soil conditions stc.)and user needs and priorities and external market
linkages. In other words, renewable enargy is not simply physical, to be

measured in joules or millions of tonnes coal equiwalent. It has a social

meaning which is-contextual. Tho demand-supply analysis fer renewatle ener—

gy in this sense is made difficult by this localising featuT8e We

cannot, like in conventional economic analysis, conclude thei the relative
price advantage of renswable encrg, will maka.it more popular. Histori-
cally, the contextual use of renewable energy has been characterised by s
multiple forms, small scala, remote arcas, non commercial use,
decentralization, local control and matchikg of sources and uses. Commer-
cialization of renewablc energy might mean a significant change in all
these fesatures. Yet, if we have to plan for renewable energy to replace
non renewable enerqgy, reliance on efficiency, price advantage and market
processes ssem inevitable. How to resolve this profound dilemma will be
explored later, in this paper. Let us nouw look at the sources of rensw-

able snergy.

Binenergx sources are wood, grass, agricultural residues, human
and animal wastes, municipal wastes and scwage and some plants like
water hyacinth. The methods to extract energy from these sources, usually
are, direct combustion, gastification in the presence of air or oxygen,

pyrolysis, anasrobic digestion, fermantation followed by distillation.



With growing population and scarce land resources, firswcod and
agricyltural wastes are very difficult to obtain. Commercialization of fire-
wopd and charcoal and growing urban demend far these fuels have made them
inaccessible and expensive for the rurel prcor. The ecological problems
{des i.latien, soil eresion, fleoding, dreunhts) aus to deforestation are
alse becoming severe. Enerey plantations of fast growing species like
tubabel, Eucalyptus are being extensively developed tc improve sslf reliance
in energy.' while theée is some cenflict betueer Teod snd eﬂergy'in land ugs,
energy plantaticns have beeﬁ succeseful in a numbef’of places, natably
Gujeret and Tamilnadu, improving energy supply, empleyment and economic

conditions,.

Biegas plants from animal wastss to previde gas and fertilizer are
becoming common. India has pressntly about 1,00,000 such plants. While
small family plants ars common, expariements in larger, community plants
are bedng attempted. The generation of gas is maximum at 30~35°C and a lot
of present R & ‘D efforts are focussed on material development, maintaining
productivity in winter etc. As a decentralised snergy seurce, biogas holds
great promise to meet the local needs of nearly 15 million rural housahglds,

paotential customers of biogas.

Wind snerxgy is another important source. It is lopcation specific
and has a narrow market size., It can be harnessed in coastal arsas, moun=-
tainous regions and other places where the wind velocity is significant. A
Gujarat, Rajasthan and coastal areas appear ts have high potential for wiﬁd‘
energy development. Different geographical areas, however, are yet to be
systematically explored. Most such areas have a potential of more than 3 KwH
per square km per day for more than six months a year. Current R & D efforts
are in design of different types of wind mills and making them more produc=
tive. Multiple type wind mills for minor irrigation and drinking water

supply have been installed in 250 places, all over India.

Solar Energy appears to have significant potential in India where

it is estimated that each square km. receives 1650-2100 Kwh. per day for
about 250-300 days in & year. This ensrqy is renswable, pellution free and
intensive. Solar drying of crops and fish and indirect use of seclar energy
through photosynthesis {crops and tress) have been common in India for thou=
sands of years. However, the traditional tschnologies have becn relstively
inefficient and our develspmental affaorts have baen focussed in harnessing
solar energy in new ways and in upgrading traditional technologies

(haval. 1982).



Solar thoermal devicus like sclar coolors, eclar wutor apd oir
heatoers, solar desalination systums, solar rofriguration and sircondi-
tioning systems, solar pumps and power sunerating systamz have a leot
of applications in the country. Soler wator andair hocters for low
temperature applicetions have boen devoeloped and manufactured by swvural
industries. Solar coclcrs have also boen devieloped and uscdds  Presecnt
R & D focusses on dezvelopment of new materials to imcrczso the runge of
working tomperatures and efficicncy of systems (svlective coating
matcrinls for cbsorbing, glazing systums, insulatiocn maturial, reflecting

surfaces ote.) (Viswanathanm, 1982),

Soler collecters for medium (over 100053 tomperature applications
have a lot of potential but nocd a lot of investment. for example,
solar refrigeration and airconditioning, and solar assisted heat pumps
are expensive mow but may have lower costs in tcn years., Prime movers
(turbines etc.) for low and medium temperature applications, operation s
of small pumps, etc. are being developed. Solar concentratars through
parabolidal dishes, enurgy storage devices and solar power plants are

also being developeds

During the last three years, scveral solar thermal demonstration

systems have been installed in the country. They includs solar zjir and

water heaters, dryers, wood seasoning kilns, demonstration plants, space
heating systems, cold storages, thormal pumpe ctc. Air and water heating
systems are becoming merc popular and adoptad by & number of industries

end establishments. Those may no longer nued Govsrrmont support. Photp-
voltaic R & D is in the preliminary stage and is mainly focussoed on matarial
developmentsSolar cells cost now Rs.120/peak watt and the effort is on

to reduce this figure. The 1985 target is 1 MW solar electricity pro=-
duction. Applications in remote sreas (lighting, TV, weter pumping

etc.) scem worth pursuing.



Industrial thermal applicstions (process sbusm, hest for driving)

particularly in lpw;jéﬂou 9D?§}lﬁumpcraturc suems ow have the highogt

I S T Y i

potential for commercizl tpplicoticns. with the threat of power cuts in
nost states, industries would like to have some degreoes of self reliance

in energy supply by installing such systems. {Samucl and Rzmaswamy, 1982).

Wo have briefly surveyed the rencwable unhergy technologics &nd
the focus of the present K & D wffort. Lot us prosently roview at the

macro-lovel issues for rencwable snergy developmenta

4, Economic end Envirgnmentazl Issues:

In the Sixth Plan, the total outlay on energy is around Rs. 265
biliion (30 per cent of the total outlay in the plan}. Its distribution
iss Rs.192 billion for Power, Rs.29 billion for Coal, Rs«43 billion for ’
0il, and Rs.1 billion for Rescarch and Development. Towards tha end of
seventies, there emerged a groater appreciation of the rural pon=
commercial and renewable snergy needs. The Department of Scionce and
Technology since 1975 and the Commission on Additional Sources of Epergy
of Governmebt of India since 1981 have been supporting runcwable energy,
research, devolopment and domonstration (RiD)}., 1In 1975~76, this amount
was Rs.10 million and by B82~B3, it has grown to Rs.60 million. The R & D
programmes support basic iesearch, applied research and design in R & D
laboratories, publid.sector cmteiprisos, Zcademic institutions like
11Ts and univsrsities end voluntary organizations as well es domonstra-
tion: of -processes, devices and systems. Ovoer 80 per cent of this
amount 1s spent by CASE and the remzining by CSIR etc. A small amount

is direetly spent by industry on renewahlo cnergy RDD.

The ecocnomics of the renewable emergy sources, as we have men=
tioned earlier, is context dependent. Whilo there is general agreement
in the market place about the more econatical use, precise universal
figures or cost benefit ratios are hard to come by (World Bank 1981},
Table & gives the relative economic position, given thec present

technology of renewable sources for various applications.
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Economics of Renewable fnsroy SoUrcos

e

cgend: 1. wefinitoly cest offective
]
2. May hocoms cost offustive
but not established under
fizld conditicns.

3. Dofinituely not cost
vffectives

ofryp  Leoin i e seler Al
Temp. Temp.

Water Pﬁmping 3 - 2 ~: - ’ -
Cooking - - - 1 1 1
Electric Power 3
(small) 3 3 - - - -
Electric
Power (large) 2 2 - - - -
Hot water - - - 1 - -
Crop drying - - - 2 - -
Refrigeration 3 2 - 3 - -
Grain grinding 3 3 2 - - -
Desalination 3 3 - - 3 - -
Lighting 3 2 - - - 2
food processing- - - 1 - -
Industrial

processing - - - 1 2 1
Transport 2 - - ~ - 2

Saurce: Procesdings of National Seminar on Adoption of Renewable Sources
of Energy 1982, Hyderabad: Administrative Staff College.
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The Sixth Plan progremmo$, considoring the relative cconomics

indicated in Table 6, havi threoc mejor objsctivoss

(i)

(ii)

(iii)

To implement con @ large scolc, programmus like c¢nergy
forustry and bicgas wh.re the technolegy is fully devoleped
for commcrecial application.

To cerry out fizld tusting and dowunstration on o country-
wide basis of technolgies which have potenticl commercial

viability in the next 5=7 yizrs and

To encourage R & D in arcas where the poteontial can bg

realised only in thc long term (10 years and above).

Seucral fisld studies indicate that there are somo spocific

gconomic problems in the rencwable cnergy sector. Thesc can be summarised

3

as (Subremanian and Srivastava, 1981):

(a)

{b)

(c)

(d.

Investments in biogas may yield no cash flows to the indivi-
dual farmer but only biogas and fertilizor for usec. The
alternatives may be better in the short run, where cash flow

needs are high.

The privats costs and sccial costs in renewaple energy diverge.
(e.g. denudation of forests and ecological impacts)}. Subsidy
from public funds may be necessary to bridge this gap so that
the indiwidual makes the socially gptimal decision. Given

the market distortions of encrgy prices, this is necsssary.

While small bicgas plants are less economical than community
based large biogas plants, the implementation problems of
the latter (collecticn of dung, people's participation and

distribution of products)are more SEvera.

Regional, seasonal and diurnal variations in gutput and
productivity of rencwable energy have a lot of variability,

making reliable satisfactien difficult.
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(e} Lack of standardisaticn in matorials, components and pore
formance and absence of fabrication, repeir and maintenance

facilities makes diffusion of runewdble ehurgy difficult,

(F) In many renewable programmcs, thers is very pocr participae
tion by the usurs. This has lead to poor adoption ond uso
as market processes do nok effectively substitute for par-

ticipation.

A major advantage of renswzble energy is that it is onvironmentally
sustainable. An understanding of their environmental impacts is thus
critical to preserve this advantage. Table 7 lists them and the

environmental impacts should be linked toc the planning processes.

5. Qgportunitiés and Constraints in the use of Renewable Encrgy:

We have noted that development of renswable energy cannot be
based only on conventional models of diffusicn innovation or market
development. Physical and social eontoxt, participation and life
styles pose special problems in the adoption of renewable energy. it
is important to understand some of the ogpportunitiss and constraints
in the use of rencwable energy. Table 8, illustratively ogutlines

these in the pressnt situation.



Sourse/Impacts.
Salar

1) Solar Passive
Lonstruction

Opgration

2) Solar Flat
Plata__-

Censtryuction

Operation

3) Soler Thermal

Construction

TAGBLE

Land

Terrain, Watar tablcs,
physical features
should be cunsiderod.

Small size minimises
land use

(see Air)

For Central
Generation
largo land use

7

Warar

While problems are
minimal, cere should

. be tuken to aveoid

leacking through soil
frem optical coating
Webris, This may
result in surface

and qround watsr
contamination.

Disturbance of water
stroams due to rUn=-
offse.

13

Alr,

Whore insulation
and weether
proofing are
used, care should
bz taken not to
reduce air
exehange in the
building, to
avoid indoor air
guality
dagradation.,

Small releases ’
detergent
solutions and
organic solvents
used in cleaning
collectors into
air.

Minimal release
of coatings =
matal oxides
pollutien. If
large areas are
closed in arid
zones - dust
problems



DBporation

e

e T "

Oparation

e p——h

5) wWind

ey

Construction

Dperation

6) Biogas

[
(o gl

io

2

=3

Longtruc

!
|

Opsration

Fer“arrays

significant
amount land
required

Land use
problems
significant

- dO -

Local site
characteristics
water table

to be eonsidered.

Effluent can be used

to fertilize lands
possible negative
impact causad by
diversion of dung
frem poor; forcing
increased use of
fuslwood and soil
arosione.

For power preduction

large guantity ef
water needed 5 may
pose problem in

arid zones. Oisposal

system needs to be
plannide

Trgdtmsnt of
ffluents Trom
C 11 manufacturs

necdcds

Can climirate
discases but if
many units are
used, logal water
suppdy may got
affected.

14

Lecaliszd solar
radiation may
nose hazard to
persennel and
faunas Thermal
roleasc from
collector Tields
mey modify
vesther.

workplace hazards
dusz to axposurgs
to chomicals
{cadmium,
selenium ATrsenie)

minor relsases wf
weathered or
damaged solar
cells airborns
particulates.

Electremagnetic
interference due
to reflect;ons 1n
wind ensray Cof-
version blades er,
other structures;.
Noise pollutiong
abstruction tn
birds.

Seme omission #f
C0,, 505, NO,

HoS and Ammonia

ocdour frem
digestion proesss



Land use for
production and
nurseries vis~a-
vis competing uses.

Protection against
goil srosion from
fuelwood, harvesting
feeded. Fdrest
managemant netessary
to avoid ssforestatior.

Boiler ash and
stack wastes
require disposal

localised runoff
requires mitigation

creation of increased
demand for weod may
lead to deforestation.
Need to ensure soci~

At
1%“}% HAHMA"@N e

s U
ChGIRAPUL.

uf T

Protection of
endangered
watersheds

Dver harvesting
will lead to
degradation of
surface vater
quality due té -

runoff, floodind -

and siltation,
loss ef habitate.

(see land)

esanomic and esological

regime to sustaim
wood supply, exists.

15

local particulatss
of SUX, Mwaill

be emitted in
woed=fired
combustions

local air
pollutiomn
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Opportunitics and Constraints in Repewoble Encrgy

Opportunitics

Biogas

1. Saving nitrogon in cung.

2. India has 12 million cettle
population.

3. Geood source for cocking &s
well as lighting.

Sociael Foraestry

1. Existing Forest Area

2. Vacant and marginal land
available.

3. Technology well proven

4. Farmers know about true
planting
5. Competitive with agriculture.

6., Llow investment for using
fuelwood.

Wind Energy

1. Pumping does not require
storage.

2. Can be used for generation
of powsr.

3. Can be linked to grid

Splar Enorgy

1. Available everywhare

2. Low temperétura use - simpls
technology

3. Ng adverse environment impact

4., Free of polliution

Sources Semimer on Adoption of Renewable Energy, (1982) Hyderabad ¢

Te

3
4.

1.
2.
2
4.

5.

e - -

Constraints

Ko organization for community
bingas plants.

Cost recsuctlon elusivo.

bung collection difficult and
rolated livostocock davt,

Fermers do not know about bBilogéas
very well,

Swods of fast growing tress not
widely available.

tack of proper managcrial and
pricing policias.

Maintenance responsibility rot
cloar.

Fi:ewood distribution network
POQE.

Variahility/site specificity.
Agailability uncertain.
H & D knowhow not proven.

Manufacturcrs yct to be doveloped.

Variability
Storage difficult,
Concentration dovices costly.

Only large scale production can
bring down costs.

R & 0 in materials needoed.

ASC1I.
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A major problem in th. uwsc of runcwable deviceos is that thoro are

no_®ommonly scoopted naticnel stendords.For ex-ample, thore ere fifey

manufecturcrs of solar weter hgators in India. Thoy =11 proouce cifferent
kinds of hszters. Sometimes, the standards devclopud by the Amoricas
Specicty for Heating, Refrigeration and Airconditiondng or tho .5,

National Buresau of standards arc used. The @bsencs of standards is @
majnr constraint to widespread consumur adeptinn boscd on locel nceds.
{The Hindu, 1983j. Ths structurc of rencwablc cnorgy cquipment incustry
is such that uncconomical and inadegquate systems goet produced. Considering
the contextual nature of renewabls wnergy applicaticns, it is guite
logical to argue that only components éhould be standardised and mads in
large scals. Assembly and supply of systems and devices should bu done
locally. But in India we find that large companiecs making soler water
heating systems in & cuntral place and transporting them across the
country. Manufacturing peolicy by companies and licensing policy of
Governmont should be changed to discourage such practice. 0Of courso,
local tusting, and assumbly, maintenance and repair facilitiocs are needod

in small scale scctor before such a pelicy can be implemented,

Another example is the story of the dovelopmont of the flat plsats
collector. This product has been developed in many places but not tested,
standardized or reliable. Using more or loss similar technology,

Central Arid Zcnu Rescarch Instituts, National Physical Laboratory,

Indian Institute of Scionce énd IIT, Madras -have devecloped flat plate
collector systems. While redundancy in dovelopment is somotimes dosirable
to minimise risk and encourage innovation, such unplanned, wasteful and
often sub=-critical effort is clearly unproductive. Even within the sams
Institute, there is duplieation of effort. In IIT, Madras, the Heat
Engine Laborateory is developing & flat plete collectoxr for a solar
refrigeration system right from tho beginning whsen the Know-how is
already available in its own Mechanical Enginsering Departmcnt.

Resparch Coordination is poor and this is a major constraint in our

developmantal efforts.
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Sometimes, Govermmoent pslicy ean bc an innibiting foctupe For
example, if 2 mznufacturer wants to import matorizls that onhanec tho
gfficiency of devices such as coppar tubus or vlectroeoipositud seloctive
ccatings on nickel foil or tsugh plestic film that cen bo ussd instocad of
fragile glass glazing, he hes to pay an import dubty of 300 por cong,
whoreas @ Whole system can bo imported ot 2 concossional cuty of 60 pur
cent. Such inconsistoncy in policy can b a cepstraint, to the develop-

mont of wcndegenous copability.

6. Public Pglicy Options

In the cighties,; the Govermment of India hes initiasted & numbor of
specific policies in the promotion and development of renewable energy.

Theso policios provide a macro-sotting that needs to be rovicuwed.

(i) fiscal PFolicisos arc @ major instrument now for the develop=

ment of rencwable onergy. Twc ycars back, Contral Excise Duty on solar
watur heators was esbolisheds Many states have removed or lowcred the
sales tax on soler dovices. In tho 1983-84 budget, thc Government has
allowcd 100 pur cent deprecicticn as a write off in the first year of
purchase as well as an investment allowance of 35 per cent for rencwable
chergy equipment which can be deducted from profits before tax. The
Gujarat government gives 50 per cent of the cost as subsidy to the pur-
chasers of solar coolurs. The Temilnadu govornment gives 10 per cant
investmont subsidy for the mapufacturers of selar dovices. Cheaper
(under differential rate, backward arez, small scale industry schemcs)
credit is also available. Raw materiel supply is also made to selar

nanufacturers on & priority basis,

(ii) The Government has not used many rugulatory instrumcnts

(standard setting for products, prohibition of non-reonowable energy

for certain users, locaticnel or technological choice etc.) in thu proe
notion of ronewablec esnergy. Positive instruments as well as negative
instruments may be nesded. For oxample, assembly testing and systoms
manufacture can bo rescorved for small scale sector {local sntroprencurs).
Similarly, production of components can be rescrved only for large

scale manufacture,
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(iii) Public oxpenditure is the mest importapt policy instrument

Gevermment has in the promeotion of rcenowable enorgyy  The Government
practically fimarces all tho Rescarch, Covelepment ond Demonstretion
efferts. A lazrge public scctor prosencs ig therefeorc neccscarys  Even

a few pubiic scctor cnterprises monofacturing componunts on = large sccele

may be needed.

There zrc several inmstitutes ond ruscarch laboratories working in
rencwable enuwrgy. Coordination emeng them is vitcl. OCASE, zs the lead
agency funding these efforts, must have s clearly laid uown tuchnclogy
dovelopment policy and encourage complementary and cumulative efforts.

The present practice of supporting a large number of subcritical R & D
efforts is wasteful. A fuw, large “centres fo excellence’ are ncoded,
State level agencies like Gujarat Energy Dovelopmant Agency, Kernataka
State Council on Science and Technology, Andhra Department of Energy end
Environment are vory critical. Intesr-organizational collaboration can

be managed effectively through funding policiss, Voluntary organizations'
efforts can also be coordinated through funding. New institutions like
Enorgy Cooperatives and Development Associations, trusts working for the
common good in rencwable energy, with local roote should be oncouraged.
The present funding or public oxpenditure policy scoems skewsd as it
encourages primarily RDD. The othur institutional links in the inncvétion

chain have buen ignored. This situation must be corrcctod. Institutional

Dovelopment, thus, is an important policy instrument. Orchestroted
davelopment of R & D, design and consultancy, squipment méﬁufacturing,

onergy generation, and users and professionals' organizations is vital.

(iv) Import of technology and foreign collaboration are impertant

policy instruments., It is useful to import technology fer large scale
ocomponent manufacture: and thus leap-frog scveral stages. In photo-
valtaic cells, for example, this seoems necessary. Wo do rot ncod to
start from the beginning. Similarly, joint venturecs may also bs allowed

in selectod areas,
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(v) Public expenditure can promoto gystocmatically information
service, extension programmes, R & D projects, cducction, troining,

and awarunzess through the media.

{vi) Ono key requirament for renowable oncrgy duvelopment is the
sotting up of an oneray alanning system that links energy planning with
developmunt planning efforts. Presently, rencwable policy is focusscd
only on RDD in the hope that move ROD will lead vo its widespreaed use.
This will not nweesserily heppen unlugs tho othor linksgos 2re clso
plonned and resources allepeceted. Hopsfully, the tnergy Advisory Hoard
of the Government of India and the Department of Non Conventional Enargy
Spurces will aduress this important protleme

task
(vii) Anothsr importantzgs the devolopment of manpowsr et all

lovels (R & D, educetion, menagerial, maintenance, use ctc.). Tebles 9

and 10 indicate the education &nd skills nscded at variosus levels.

7. The Political Economy of Renewable Energy Development

We began with the analysis that reneweble onergy is both physical
(technological, spatial) as well as social. Thus both physical reality
and social structure (the organization of production and distribution
in our socisty) are renswable cnergy forming and rencwabls energy
contingent., Understanding of this mutualidy of relationships is very

crucigl for renewable energy develapmont.

The strategies that one would advocaete for renewabls energy devoe
lopment depaend on the perspective onc has. Rencwablo encrgy strategy
making is not an objective exercise, based on empirical evidence. If one
formulates the encrgy problem as a supply prablem, then enie would
advocate supply enhancemont solutions (e.g. morc social forustry). If
one sees the problem as & demand management problem, then pricing policy,
tax pelicy, energy audit, conservation «tc. may be advocated. If one haos

a tochnological perspective; then more RDD, design of fusl efficient
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Lomponents ang skills feor Renewabls Encrgy Dovelopmont

1. Dircct Solar Energy

.

a; Hot zir drying

b) Cistillaticn

c) Water heating

d¢) Solar coclers

Lomponents

Collector, dricr
récsarvoir

Tray with polluted watcer
condsnsing glass,
TESBIVOir

Collectory; water circuit
hot & cold water tanks

Collsctory concentration
screzns, enargy storechouss
food reservoir

@) Solar Refrigeration Collsctor, Heat

“f) Solar €lsctricity

2. Wind mills {Pumping)

3. Firewood and Charcoal

4« Biogas Digesters

.Exchanger, Refrigeration
Ehamber

Photocells or gas
expanders Turbine,
LGenerator, Pump.

Rotor, transmission,
Pump

Intake, Digostion
chambers, Gas outlets,
measuremnsnt & analysis
Equipment,

sources UN Confersnce on New & Remcwable Energy 1981.

Skills noodsd

Shivt matal work
Mzeh. Enggs Chemistry
Glass work

" n

" and beiler making

High purity chemistry
Precision mechanism.

Mech. Engg., casting,
machining, Ball
bearing,

Meche £Engge

Boiler making, Electri-
cal and mech. £ngg.
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oguipments etec. would ho chempicned,  Frosently, the Government poliey

is lergely technologicnl, as policy moking is Comine tod by seciuntists,

3

engincers and acadumics{ Az other zspocts of puelicy are neglocted, we
have a lot of R & D which mey not benefit the poer. Fublic participation
in R & D choice cor rescurce ailocution is, prusently winimal, Thurefore,
context and commitment apo fap loss importont thon Sy should bo,  IF
only the tuchnclegy is sought to be changod {tcchrolngical doetorminismy
without corrosponding changes in the soecial orguarization or procuction
and distribution, {(as seems to be happening now) renewablc encrgy dovos

lopmont cennct moet the ubjectives of development.

tnergy is a basic human need. It cannot become @ source of profit.
While the efficiency of the market is desirable in same aspects of renow-
able energy development, it capnot be the sole basig for developing a

structure. Market, the state and the community - all three of them should

glay important and balanced roles in the development of rencwables 2Nergy.

This balance is not articuleted now and it is the most important stra-
tegic questien for iIndia. Renewable energy development, thus, must be
focussed on mceting the basic need of urbar and rural houscholds,

particularly, those of the poor.

Finally, in analysing the political “oconomy of energy, we must
recall that more renewable tnargy does not necessarily mean a higher
quality of life. There are enough examples to show that with the sams
amount of snergy consumption, cne can have different levols of GNP or

quality of life. How renewable enurqy is cwned, contrelled, developéd,

Produced, distributed cnd used will determine its impact on gquality op

lifeu

B. 5Strategies for Rencwable Encrgy Development

(1) A mix of comprochensive pelicy instruments that address 2
whole range of national objectives is callead for as outlined
in section 7 of this paper. This packcgo is yeb to emergo in
India. Such & package in eonsonance with development goals at
different levels can load to meaningful enerqy planning and

implementation at local levol.



{ii) Oevclopmunt cbjectivies are usually in conflict. Uwocontralie
zeticn is apposcd bo o seale coonamiss sond henco centreliza=-
tion,. #clicnce on priging mochanism olons will sxternalise
suciel costs. {tege ohvirspmentsX degradotionj. Public
pertipipaticon moy bo im conflict sith sfficiont cecision
making by bureaucrats or mapagers. Thesc conflicts ere

important to ruceognisc ond ought to e facod.

{(iii} Building @ncdogurncus capacity is 2n wpor ht strebogyo.

MRS
Creatiopn of awarencss and edusstion at ol levels arps thus
criticzl. Public exponditure in providing education is

likely to be critical.

9. LConclusion

The devclopment of ronewable encrgy in India is not simply 2
techrological question. The mecro-onalysis attempted here reviews the
complexity, inturdependsnce and the structuralesystcmic foatures of tha
renewable enurgy s¥stem and its ombeddodness in largor contexts.  The
need For a comprehensive polisy pockage that addresses need and supply,
tochnology and institutioms, cnvironmont and aducationypricing and
substitution and local conditions and standardgs is thus necessary but
is yot to svolve. The political cconemy of renesable snergy indicatos
that technologiczl and sccizl actiops are simulataneously called for.
The market, the stets ond the community must play balanccd roles and
erticulation of this balsnce irm rencwable encrgy is g strategic guestion
gor India. Ths macro-znalysis shows the nesd For structural adjustmonts
{in terms of changes in mix of economic octivities) and hince changos
in energy intensity and growth rate. Toechnological responscs like
development of cnergy officient and rencwable energy.using cguipment
or interfuel substitution aroc not sufficient te promote rencwable energy
use. Hence a micro or project approech is not enough ip rencwable wnorgy
planning. A mcore-analysis may help us to understend and possibly
transcend tha structural barriers. This paper explores some dimensions
of this complex issue of rencwable snergy tevelopment and proposes

soma strategies.
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