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EXECUTIVE SUMMARY

~The expenses of providing electrical energy to rural areas 1s an
important part of the recent controversy over rural electrification. If
electricity was extremely cheap to produce and distribute, then it would be
substituted freely for many other types of enrergy, includirg wood for
cooking. However, extending electricity to rural areas 3is even more
capital intengive than meeting consumer demand in the more densely popu-
lated urban regions. Power losses, long high ard low tension lines, ard
transformers are all very expensive items. Because of the scarcity of
capital for development projects, the efficient distribution of electricity
in rural areas may make the differerce betwcen projects that actively
stimulate development without creatirng too much of e finarcial strain for
the wutilities, and projects that' have minimal development along with
producing losses for the utilities.

The Resources for the Future (RFF) rural electrificatiorn project has
attempted to clarify some of the complex issues surrounding both the costs
and benefits of rural electrification. As a result of conflicting reports
on the amourt of subsidy involved ir rural electrification, Indiarn case
studies were conducted to determire the rature and extent of the subsidies
for rural electrification. The case study reports were completed by the
Administrative Staff College of Irndia (ASCI), arnd irvolve detailed berefit-
cost analyses usirng the UNIDO methodology.

The Sixth Five Year Plan of India, coverirg the 1980-1985 period,
provides for a substantial increase irn rural electrification, which
recognizes the importance of developing small-scale irrigation and
achieving accelerated growth of agricultural production. Four millior
pumpsets were installsed by the begirning of the Sixth Five Year Plan. The
goal was to electrify 2.5 millior additioral pumpsets. The outlay or rural
electrification provided irn the plar is 15.76 billiorn rupeses. The emphasis

Ziver to rural electrification by this proposed investment nas led to the



vi

present study cf rural electrification projects. The first part of the
study 1s a cost-benefit analysis of centralized rural ealectrification
projects, while the second ceovers the cost effectiveness of decentralized

erergy systems. Both parts are summarized ir subsequent sections.

Part 1
Cost-Berefit Analysis of Centralizad

Rural Electrification Projects

Ore unique feature of tne benefit-cost study is that the village is
the unit of aralysis rathc¢r than the utility. The advantage of aralyzing
villages as a unit of aralysis is that the c¢ross-subsidies witnir rural
electrificatior schemes can be examired. Ir this way village profiles can
be constructed according to the cnengirg berefits ard costs, tous
idertifyirg the villages that are relatively expersive or inexpensive to
irclude ir electrificzation projezts, relative to bernefits derived.

Cost-berefit studies of rural electrification projects 1in thirty
villages of the Punjab, Maharashtra, ard Andhra Pradesh regions were
conducted. These states are cnaracterized by distiret croppirg patterns,
climates, and levels of advancement. Within each state, villages differed
accordirg to ecoromic ard socizl hackgrounds; farmirng productivity; number
of electrical corrections servirg the domestic, agricultural, irndustrial
and commercial sectors; population density; distance of village from
central grid; ard firally the type of berefit resulting from rural
2lectrificatior projects. Ir some villages, the orly benefit was domestic
lighting. Ir others, crop selectiorn changes occurred from groundruts to
rice, or output of rice, cottor, or wheat increased. The selection of
villages with a wide range of characteristics permitted an examiration of
the sersitivity of the rates of returrn of rural elenatrificatiorn projects to
varyirg complemertary irputs, anrd made ‘% possitle to identify those
policies that would terd to make rural electrification projects more
profitable.

A firarcial ret present value (NPV) and ar =coromic rna2t present value
Wwere calculated for each village. The firarcial NPV is the diifererce
betweer the reverue gaired from electricity consumers and tne present value
of capltal arnd operating cost streams of irstallinz and mairtairing a

distributiorn nretwork. Providing electiricity %Ho rural areas i3 3
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firanecially viable proposition 1f the firancial NPV is positive.

The economic NPV is the same as the financial NPV except that the
value of 1ncreased agricultural output due to rural electrification is
added as a benefit. To calculate this value added, it is assumed that with
rural electrification projects a transitiorn is made from a state of dryland
farmirng with traditioral agricultural inputs to a state irn which water is
available from a central grid electrified irrigetior and that modern
agricultural inputs are used. Possible irtermediate stages of farming
using diesel pumpsets for irrigation were discarded, since diesel engires
cannot be used for irrigatior irn all of the same circumstances as electric
motors (that 1s, deep wells). The value added was measured using the

following relationship:

_ (O » * O
Value added = (32 P - Q2 * C2) - (Q1 P - Q1 C)

where:
Q2 = current output
Q1 = previous output
P = border price of currernt output (CIF value of output)
C2 = border price of fertilizer used per ton of output plus border

price of pesticides used per torn of output plus shadow wage rate
per tor. of output

C, = soclal cost of using marure per ton of output plus shadow wage
rate per torn of output

and rner adjusted upwards to irclude a premium on foreigr exchange.

Costs of Rural Electrificatiorn Projects

The total cost of delivering electricity to irndividual villages was
estimated ir two steps. First the margiral cost of brirngirg electrical
energy to the distribution certer of the village was estimated. This cost
ircludes the capital and operating cost of gereration, trarsmission, and
subtrarsmissiorn ard it is assumed to be the same for all villages. Ir a
secord step the margiral cost of distributing electricity from the
distributior center to the cornections of =sach village was estimated. This
cost varies dependirg or the characteristics of the village tne electricity

is beirg delivered to.
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Tr. azssessing the first type of cost, this study assumes that the
ircreased supply of electricity will be met by thermal stations. This is a
reasorable assumption for three reasons: most of the present demarnd is met
by thermal sources, there are locatiornal constraints in neetirg the
additioral demand from hydro sources, ard the government plans to expand
thermal erergy capacity. The most cost-effective power projects for whom
capital costs in 1979-1980 prices were available (Ramagundam ard Sangrauli
super thermal projects) were choser to derive the margiral cost of
gereration, trarmission, and subtransmission. The shadow price of boiler
coal used by the thermal stations was computed by identifying the social
cost of increasing the miring of average grade coal by one for a pithead
coal station. Firally, labor and wage, arnd operation and mainterance cost
was assumed to be 2.25 percent of capital cost. This assumption was based
on the desired operational efficiercy as spelled out ir the project report
and on projected experditures for oil, lubricarts, water, wages, salaries,
and repairs. Table 1 presents the breakdown ir margiral cost of brirgirg
electrical energy to the distribution center.

The cost of distributirg the elentricity to each village varied
dependirg on the length of high tersion lires reeded (the further away the
village is from the certral grid the longer the lires), length of low
tension lires (the more 3cattered the users are the lornger the lines), and
the rumber and type of conrectors. Thus in order to obtairn the total cost
of providirng electricity to each village, the cost of bringing electricity
from the distribution center to the various cornections of a particular
village was computed and added to the average margiral cost of 38 paise per

kWh.

Table 1. Margiral Cost of Electrical Energy Made Available to the
Distribution Center

Gereration
Capital recovery to yield 12 peircent return 19.00 palsa/kWh
Coal cost 4,17 paise/kWn
Labor wages, operations, mairntenance, salaries 2.20 paise/kWn
Trarsmission 4.00 pais=/xWn
Subtransmission 1.39 paise/kWh
Cost of Electricity Lost irn Distribution T7.24 paize/kiWn

COST G&F ELECTRICITY AT THE DISTRIBUTION CENTER 38.00 paisa/kin
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Results and Policy Implications of the Study
For all but one of the thirty villages the financial NPV computed at

the discount rate of 12 percent is negative (see table 2). The value of
the financial NPV ranges from Rs. 65,905 to Rs. -796,772. The economic NPV
indicator 1s more favorable, with six villages showing a positive economic
NPV and the others showing an economic NPV ranging from Rs. -6,847 to fs.
-277,351. Still. for most villages subsidies that are sometimes substan-
tial are involved 1n rural electrification projects. A sensitivity
analysis of costs and benefits to varying characteristics of villages was
conducted in order to devise policies that could reduce these subsidies.

As one would expect, rural electrification projects are more likely to
be financially and economically viable when the population served 1is
concentrated, the village is relatively close to the central grid, and the
distribution network is optimally 1laid. A less obvious result is that
villages under intensification schemes (those that do not call for the
laying of high tenslion lines or distribution of transformers due to already
spare capaclty) incur minimum loss. In these villages fifty household
connections need to be provided for economic NPV to be zero or positive.

Regional factors also affect profitabllity of rural electrification
projects as shown in table 2. The economic NPV is positive for all villages
in Punjab, an agriculturally and industrially advanced state, but negative
in the villages of Maharashtra (which is agriculturally and industrially in
the intermediate stage) even though the nature of benefit (additional
production of rice and wheat) and acres affected are of the same order.
Within the Punjab, the most developed regions showed greater economic NPV
than the less developed ones. Within Andhra Pradesh, an analysis of an
agriculturally advanced area, a drought-prone area, and a backward tribal
area shows that (1) the response of the tribal area is below normal because
agricultural connections have not been sought from the bulk of the
villages; (2) the response ir the advanced area is also poor since the area
was already benefiting from extensive irrigation, and (3) the response of
the drought-prone area is comparatively better and could be improved if the
risk associated with the failure of crops in the case of high-yielding

varieties of cotton is minimized by state action.



Table 2. Results By Village

Finaneial NPV Prelimirary Economic NPV
Village (Rs.) (Rs.)

ANDHRA PRADESH

1. Kambalapadu -122,409 -113,620
2. Gosaripalli - 54,965 - 17,551
3. Tallagokulapadu -146,281 - 71.478
4. Krishragiri -195,312 - 45,678
5. Garla Dine -339,136 +167,216
6. Chittyala - 81,650 - 6,847
7. Kalagampadi - 96,858 - 96,858
8. Kerukella -120,604 -120,604
9. Garikapadu -277,351 -277,351
10. Megalu -122,421 -122,421
11. Navarasapuram -116,558 - 57,263
12. Yeruguvani Larka -194,850 -135,555
13. Aritaraf -155,273 ~-155,273
14. Beempur -159,618 -159,618
15. Lachampur -141,415 -141,415
16. Sangdi -187,006 -187,006
17. Dharora -199,7178 +239,976
18. Lirgi -155,715 - 53,106
MAHARASHTRA
19. Chanandru -155,434 -155,434
20. Meni -276,279 -276,279
21. Dasak -345,414 -219,210
22. Maregaen - 20,791 - 20,79
23. Deethara -107,398 - 94,378
24. Sarwarzaongore -127,853 -124,532
25. Bhatambia - 57,674 - 47,71
26. Jawali -208,797 -172,265
PUNJAB
27. Sherpur -796,772 +2,402,615
28. Jessowal -147,577 +653,024
29. Khirzabad + 65,905 +214 854
30. Mainpur - 22,274 + 70,319
The amourt of land berefiting from rural electrificatior projects is
arother factor affecting profitability. The acres to be brought under

pumpset irrigation for ecoromic NPV to break ever varies with tne type of
perefits provided (see tables 3 tirough 5). ‘Wnen tie berefit is a switen

ir croppirg patterr from grourdrut to rice, about 100 aceres must Doe
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affected for economic NPV to turn positive. 1In the case of a berefit in
the form of additioral output of rice and wheat, the economic NPV can turn
positive when the affected area is about fifty acres. When acres affected
are 200 acres, economic berefits can outweigh costs by a substantial
margin. Firally, in regions where rural electrification projects permitted
an increase in the yield of cotton, 1t was found that rural electrification
projects could be economically profitable =ven ir cases where only ten

acres were affected.

Conclusior and Poliecy Implications

Part 1 of the study finus that in most villages rural electrification
projects are not economically or firancially viable and must be subsidized
by the governmernt. The size of the subsidies i3 deperndent on a rumber of

factors which the study identifies as:

o village characteristics (distance from central grid,
population density, rumber of cornections)

o the acreage affected by rural electrification

o the type of benefit expected

o) presence or absence of irntensificatiorn schemes

o] extent of other irrigation possible, suen as caral irrigatiorn

o the expected respornse from customers for agricultural
corrections

o} regioral factors such as climate and ecoromic level of
advarcement of the region

To reduce the subsidies involved irn rural electrification projects
investments for rural electrification projects could first be made irn areas
where conditiors are most conducive to positive firarcial and economic ret
presert values. Barring factors other thar those corsidered hnere, tnis
would imply givirg advarced arsas priority over backward areas. Invest-
merts c~ould also be made ir drought-prore areas, =2specially wher cneap
credit and insurarce schemes are availaole, wnile investmerts ir regiors

that already berefit {rom ZIr-rigation could be postpored. Areas wita
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Table 3. Villages for Which the Nature of REP Benefits Is a Change in
Croppinrg Pattern from Groundnut to Rice

Firancial NPV Ecoromic NPV Acres
(Rs.) (Rs.) Affected

Kambalapadu -122,409 -113,620 3
Gosanipalli - 54,965 - 17,551 13
Tallagokulapadu -146,281 - 71,478 26
Krisheagiri -195,312 - 45,678 52
Garla Dine -339,136 +167,216 176
Chittyala - 81,650 - 6,847 26

Table 4. Villages for Which the Nature of REP Benefits Is an Increase in
Rice or Wheat Production

Firarcial NPV Ecoromic NPV Acres
(Rs.) (Rs.) Affected

Navarasapuram -116,558 - 57,263 20
Venuguvari Lanka -194,850 -135,555 20
Desak -345,414 -219,210 190
Deothana -107,398 - 94,878 10
Sarwargaongore -127,853 -124,532 3
Bhatambia - 57,674 - U7,71 15
Jawali -208,797 -172,265 55
Sherpur -796,772 +2,402,615 850
Jessowal -147,577 +653,024 210
Khitzabad + 65,905 +214,854 40
Mainpur - 22,274 + 70,819 25

Table 5. Villages for Which the Nature of REP Is Increased Cotton

Production
Ficarcial NPV Economic NPV Acres
(Rs.) (Rs.) Affected
Dharora -199,778 +239,976 30

Lingi -155,715 - 53,107 7
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irtensification schemes where at least fifty household connections are
provided could be given preference over areas without intensification
schemes. Givirg priority to areas accordirng to the type of benefit can
also reduce subsidies. For instance, higher priority for rural
electrification could be accorded to areas growing cotton ir view of the
substanrtial decrease ir crop failure rural electrification would cause.
For other types of benefits the acreage affected by rural electrification
could be taker irto cornsideratior before ar irvestmert is made. As a
gereral rule the greater the area affected the greater the ecoromic ret
present value will be. When the berefit is a switch In croppirg pattern
from groundruts to rice, about 100 acres must be affected for ecoromic NPV
to turn vositive. The breakeven point when the berefit 1is ar additioral
output of rice or wheat is less and is approximately fifty acres.

Havirg conrsidered the costs and berefits of central grid rural
electrificatior projects as well as defired areas where sucn projects would
be most profitable, a question arises as to whether certaln decertralized
systems for providing electricity might not be more cost-effective than the
certral grid optiorn. This is the subject of part 2, whicn is summarized ir

the followirg section.
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Part 2

Cost Effectiveness of Decentralized Energy Systems

Decentralized energy systems such as biogas, windmills, and solar are
possible alternatives to the central grid schemes. Part 2 of this study
evaluates decentralized versus central grid electricity on a comparative
cost. basis. Costs of the nonconventional sources of electricity are based
on supplying the proposed requirement for a village as currently met by the
Rural Electrification Corporation”s conventional system. Costs per
kilowatt hours are computed for three villages {Chennapuram, Satulram and
Chingapalli) and compared to the cost of providing electricity through a
centralized grid system as computed in the "Cost-Benefit Analysis of Rural
Electrification Projects." The technique adopted is general enough to
allow the evaluation of systems for other villages. Costs are given in
1979/80 price levels and based upon technologlcal development levels
prevalent at the time of the study.

Costs were estimated for the following decentralized systems:

1. Blogas system. Biogas plants convert dung and plant residues
into methane which is then used to generate electricity.
Large systems which would cater to multiple purposes were not
considered in this study becausz of the limited amount of
dung available.

2. Horizontal axis windmill. A horizontal axis windmill
operates a bore well to pump water without the intermediats
stage of conversion to electrical energy. This alternative
could be used as an intermediate stage before installing a
central grid system. It requires no special fabrication
materials, would operate ten to twelve hours per day, and
could be used in any location with wind velocity between 6
and 35 kilometers per hour (km/hr).

3. Vertical axis windmill. Unlike the horizontal axis windmill,
this the vertical axis windmill would produce electrical
energy which could be used for purposes other than pumping
water. However, it requires special fabrication materials as
well as velocities of 12 to 15 km/ar and could not be
installed in all locations.

4, Solar thermal. Radiated hz2at energy is used to super-heat
steam at 500° C. at a pressure of 7 atmospheres to run a
steam turbine which generates slectricity. A biogas system
i3 used as auxiliary equipment. The main purpose of this
system and the one described below is to pump water.
However, surplus energy can be stored and used for lighting,
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running a drinking water domestic pumpset, or a rice flour
mill during nonpeak hours, This 1s an expensive program
being considered.

5. Photovoltales. Semlconductcrs use the heat energy to develop
voltage to supply electricity.

Sensitivity Analysis

For the three villages analyzed, a sensitivity analysis was conducted
to determine how far each village would have to be from the central grid
for decentralized biogas systems and centralized systems to be equal in
cost. Also considered was how costs for a bilogas system would compare with

the centralized grid option under the following five different scenarios.

1. Base case, Costs for the base case were derived taking into
account the actual consumption of energy for each village as
well as other village characteristics such as distance from
central grid, type and number of connections, etec.

2. PBase case but increased energy demand by 50 percent with an
increase in connected load.

3. Base case but increased energy demand by 100 percent with an
increase in connected load.

4, Base case but increased energy demand by 50 percent without
an increase in connected load. Note that energy demand can
be increased without increasing the number of electrical
connections if the equimment already available is used more
hours per day.

5. Base case but increased energy demand by 100 percent without
increase in connected load.

Sengitivity analyses for alternatives other than the biogas system
were not conducted. In the case of horizontal axis windmills, this was not
done because horizontal axis windmills could never be used as a substitute
for a centralized grid since they could not provide electricity for
lighting or for highly intensified agricultural or industrial operations.
In the case of vertical axis windmills and solar systems, i1t was not done
because under the base case these options were already substaantially more

¢- _.nsive than the central grid option.



xvi

Results ard Policy Implications

Comparative cost results are shown in table 6, ard break-even distarce
at which decentralized ard centralized schemes become equally attractive
are presented in table 7.

Among the decentralized erergy systems considered, the least viable
are vertical axis wirdmills ard solar thermal and photovoltalec systems.
Vertical axls windmills are more costly than the central zrid option and
have the further disadvartage that they require a wirnd velocity of at least
12 km/hr as well as special building materials. Solar energy is even more
costly than vertical axis wincdmills, being up to thirty times more than the
base case cost of the central grid option (see table 6). The prohibitively
high costs are not surprisirg since technology for solar erergy 1s still in
the development stage. As more is known about the techrology, costs will
probably decrease, orly then will solar energy become a viable alterrative.

The most attractive decentralized systems are hnorizontal axis
wirdmills -and biogas plants. The horizontal axis windmill is very cost
effective in the sernse that the cost of pumping water with the wirndmill is
cor: iderably less than the cost of doing it with any otner system (30
paise/XWh instead of 1.90). Ore must keep in mind, however, that, uniike
the other energy devices, a horizontal axis wirndmill does not generate
electricity which could be used for multiple purposes. Accordirng to the
study, these winndmills should be Irstalled as ar intermediate solution in
villages that (1) have the required wird veloeity of & to 35 km/hr; (2)
where electrification from a centralized grid is expensive; and (3) where
the berefit to be repayed through tne use of gzrournd water outweighs the
installation zad operatirg cost of the horizontal axis windmills.

The cost of providing electrical ererzgy from biogas units is gquite
comparable to the cost of providing electricity from a centralized grid.
Urnforturately, optimizing the decentralized system by desizring a larger
biogas system for multipurpose usage is limited ir 3cope because of social
ard cultural fectors and the uravailability of durg ir sufficient quanti-
tiss. Zver so, use of biogas plarnts saculd be considerad whern electrical
erergy demard is relatively low.

Typically, wher electrical erergy demand is in 2xocess of 15,000
Kdn/year, the cost per unit {rom a certralized system is consideraoly lowar

thar thne cost from ary decentralized systam. Today, tae avarage arrual
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electricity consumption for the three villages considered 1s 10,647 kWh.
The response of cost per unit to increased energy demand, particularly with
increzsed connected load observed through various sensitivity analyses, is
significan’. in the case of centralized systems vis-a-vis decentralized
systems. However, when the energy demand increase occurs without any
increase in connected load, the cost effectiveness of decentralized systems
vig-a-vis centralized systems does not appreciably change from the base
case and for certain villages biogas plants can be less expensive than the
centralized grid optio..

Distance away from t‘he central grid is an important factor in deciding
which scheme is cheapest. The break-even distance (the distance at
which--all other vi.lage characteristics belng kept equal--decentralized
and centralized schemes have equal cost) increases when the demand for
energy 1s increased along with an increase in connected load. Tn other
words, 1in this particular scenario, a centralized grid can be more
attractive than a decentralized system even for villages located far from
the central grid. However, when energy demand increases without an
increase in connected load, this is no longer true; the break-even distance
comes down marginally.

In summary we can say that biogas plants are the most viable
alternative Lo the centralized grid option. These are likely to be cheaper
in villages where electrical energy demand and number of connections is low
and where distance from the central grid is great. However, for the final
decision to be made, costs must be computed for each particular village

since other factors also influence cost.
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Table 6. Reaults Summary (Rs. per kWh in 1979/80 prices)

Chennapuram Satulran Chingapali

1. Centralized grid supply

a. Base case
Actual consumption of energy for
each village, other village charact-
eristics such as distance from
central grid, type and
numnber of connections 1.85 2.05 2.45

5. Base case but increased snergy
demand by 350% alung With
increase in connacted load 1.57 2.20 1.99

¢, 3ase case but lncreased energy
demand by 100% with iacrease
in connected load 1.42 1.97 1.76

d. Base case with increased energy
demand by 50% but without iacrease
i{n connected lsad 1.36 na 1.76

e. Sase case with increased energy
demand by 100% bu: Without increase
ia connected load 1.12 na 1.42

2. Decentralized grid system
Siogas system

a. Jase :ase 1.96 1.80 2.06

b. 3ase case but increased energy
demand by 50% aiong with
i{ncrease ia connectad load 1.39 1.77 2.02

c. Base case but increased energy
demand by 100% with !{acrease
in connected load 1.37 1.75 2.00

d. Base cagse with increased energy
demand by 50% but without 1ncrease
in connected 1load 1.39 na 1.51

e. Base case Wwith increased 2nergzy
demand by 100% but without increase
in connected load 1.09 na 1.23

3. Decentralized grid system
dindmill-norizontal axis 0.50 6.90 0.30
{intarmediate sclution)

4, Decentralized grid system
Windmiil-vertical axia 3.27 3.27 3.27

5. Decentralized grid system
Soiar thermzal 62.00 82.30 62.00
.approximate cost)

5. Decentralized grid system
Photovoltaice 21.00 21.00 21.00
Lapproximate 203CT)

Note: na = no% available
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Table 7. Results Summary: Break-Even Distance®

Chernapuram Satulran Chingapali

1. Base case 1.55 0.40 1.10
2. Base case but increased erergy

demand by 50% with increase

in connected load 2.50 0.80 1.80
3. Base case but increased erergy

demand by 100% with increase

ir corrected load 2.30 1.20 2.60
4. Base case with ircreased energy

demand by 50% but without

ircrease in cornected load 1.48 na 1.20
5. Base case with increased erergy

demard of 100% but without

increase in cornected load 1.39 na 1.10

Note: *Break-even distance in kilometers from high tension lires
beyond which decentralized biogas system is attractive.

For Satulran village computations have not been carried out for cases
connections are for

without dirncrease in connected load as the bulk of

domestic lighting.
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Chapter 1
INTRODUCTION
The Rural Electrification Program: Histcry and Status

Projects for distributing electricity to rural areas of India formally
began only after 1950, The main thrust of rural electrification was to
supply power for miror irrigation. Progress in the 1960s was meagezr; at
the end of Third Development Plan (1966), 45,000 villages out of a possible
576,000 (roughly 8 percent) had electricity, and a total of orly 500,000
pumpsets had been erergized. The drought of 1965-1967 was the catalyst for
inrcreased rural electrification and in the period 1966/67 to 1970/71
roughly Rs. 4.5 billion were invested on rural electrification, surpassing
the cumulative expenditure on rural electrification during the first three
ratioral plans. Of late, increased attention has been paid to supplying
power for agroindustries.

Investments ir rural electrification projects before 1979 are shown ir
table 1-1. A breakdown of investments by scheme is shown in table 1-2. An
analysis of these two tables reveals that the irvestment ir rural electri-
flcatior schemes has been about Rs. 7,500-9,000 per irrigation pump at 1979
prices. The analysis also reveals that the principal investmant factor is
the rumber of agricultural conrections per village. This rough aralysis
irdicates that budget allocations for rural electrification schemes are
best arrived at by examining the number of cornections to be given rather
thar the rnumber of villages to be electrified. Ir fact, the Reserve Bank
of India had proposed a program to erergize 3,000,000 pumpsets during
1978-1983 ir participative arrangements with Rural Electrificatiorn Committe
(REC). Giver the fact that it costs about Rs. 9,000 per correction, tne
magritude of investmert Iinvolved warrants a detailed social cost-berefit

study of Rural Electrificatior Projects (REP).



Table 1-1. [Investmants {n Rural Electrificatlion Schemes

T T Villages Pumpsets No. of Nu. of Average Outlay Outlay in Outlay per Outlay Outlay/ Outlay/

Plan elactriftied energized additional additlonal no. of in constant additional pumpset village punpset
period at end of at end of villages pumpsets pumpsets ecurrent ‘79 priges village (current (constant (constant

of plan ot plan electrified cnergized per prices (Rs. 10') (current prices) 1979 1979
. period pericd village (5:4) (Ra. 107) prices ) prices) price3)

T T 2 3 o S 6 i 8 9 10 11 12

1951-566 7,296 56,056 4,233 35,056 8.3 8 27.8 13,900 2,282 65,819 7,930
1956-61 21,750 198,904 14,456 142,848 9.9 75 244,85 51,881 5,250 169, 448 17,116
1961-66 NS, 14y 512,756 23,394 313,852 13.82 153 u61.2 65,401 4,874 196,900 14,964
1966-69 73,732 1,088,804 28,588 576,048 20.15 237 4no.6 82,901 4,114 154,499 7,648
1969-74 156,729 2,426,133 82,997 1,337,329 16.11 783 1,3004.5 94,340 5,854 157,174 9,754
1974-79 232,042 3,599,328 76,313 1,173,195 15.37 743 846.3 97,362 6,333 111,080 7,263

Note: 1. To get outlay in constant prices, deflators from National Income Statistics were used.

2. An examinatlon of columns 11 and 12 reveals that inveatments in rural electrifiction projects are a function of the
number of agricultural connections given outlay per village changes depending on the number of agricultural connections provided.

Source: Rural Electrification Pancl, Committee on Power, September 1979.
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Table 1-2. Investments in Rural Electrification, By Schene

Scheme sarctioned Current Constant 1979

Year (ir rumbers) prices prices
1969-70 1 5.70 10.26
1970-T1 94 65.73 115.36
1971-72 114 66.90 111.58
1972-73 226 100.17 149.26
1973-T4 254 76.97 9€.35
1974-75 302 132.98 143.83
1975-76 283 111.94 127.50
1976-77 331 102.35 108.85
1977-78 399 138.60 142.59
1978-79 716 219.11 219. 11
1979-80 770 215.26 215.26
3,500 1,237.51 1,439.95

Note: The 3,500 schemes irncluded 2,992 area electrification schemes,
75 specilal transmission schemes, 201 systems development schemes, 187
Harijan Basti schemes, and 43 schemes for 1liremar trairing. Capital
investment/scheme irn 1979 prices works out to Rs. 4.1 million. If we only
take area electrification schemes into account, the irvestment needed per
pumprset works out to Rs. 9,000, Average investment per electrified village
works out to Rs. 72,500.

Source: Reports submitted to the Power Committee, mimeo, 1980.

Potential for Rural Electrification Projects
With a Bias toward Small Scale Irrigation

By 1979, roughly 39 percent of total villages ir India had beer elec-
trified, and about 3.5 milliorn irrigation pumps bad been surnk. Ancther 20
millior hectares of potential ground water--36 percert of estimated total
grourd water reserves--is yet to be tapped. Roughly 45 percent of pumps
erergized lie ir Tamil Nadu, Haryara, Punjab, and Arndhra Pradesn, which
account for only 22 percent of ground water potential. Roughly 52 percent
of ground water potential is located ir. Uttar Pradesh, Bihar, West Bengal,
Assam, and Orissa, but the regions account for orly 14 percenrnt of total
rumber of pumpsets erergized. The fact that sueh potential for rural
electriflcatior projects for small scale irrigatior still exists and that

huge investmerts are likely to be made on rural electrificatior schemes


http:1,439.95
http:1,237.51
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emphasizes the need for detailed sociceconomic impact studies of rural
electrification.

Orgarization of the Part 1 Report

Chapter 2 examines the need for carrying out a social cost-berefit
analy=is and variants of analyses are discussed. Chapter 3 briefly reviews
cost~berefit studies on rural electrification carried out in the recent
past. Chapter 4 dwells on methodology adopted for analysis and chapter 5
analyzes the results and brings out the policy guidelines to maximize
social profitability.



Chapter 2

SOCIAL COST-BENEFIT ANALYSIS: NEEDS AND VARIANTS

Introduction

Social cost-benefit analysis can be defined aa the evaluation of a
project’s contribution to the objectives of the government. Traditionally,
project appraisal dealt with efficierncy aspects of resource allocation; of
late, the income distribution aspects of projects are increasingly analyzed
as governments begin to use project selection as a strategy to attain

better intra- ard inter-temporal distribution of income.

The Need for a Social Cost-Benefit Analysis

Social cost-benefit (SCB) annlysis may not be warranted if:

1. market prices equal social prices, since decentralized
investment, production, and consumption decisions made on
this basis will be socially optimal;

2. market prices of goods and factors do rot equal the margiral
gocial cost (MSC) or the margirnal social value (MSV) of
usirg relevant goods or factors, that 1is, if the domestie
goverrment does nrot consider income distribution as arn
importart objective; or

e
.

equitable income distribution 1is considered a prime
ob‘~ctive, ard the government elects not to use the strategy
of project selection. The government may rely on nreutral
fiscal measures to decrease disparity in ircome, increase
domestic savings, etec.

Need for SCB aralysis of a project in the Irdian context is best
determired by examining the objectives set forth in the most recent
ratioral development plar documernt (Governmert of Irdia, Plarnirg

Commission, 1981), The plarn document 1lists the attainmernt of social
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Justice along with growth as one of its prime objectives. The objective of
social justice as articulated in the plans has two major dimensions: (1)
improvement ir the livirg standards of the poorest groups in society, ard
(2) reductior of irequalities ir asset distribution. The government has
also chosen project selection as a strategy to attain intra- and
inter-temporal distribution of income and has for this specific purpose set
up a Project Appraisal Division (PAD) within the Planning Commission. The
divergence between market and social prices seem to irdicate that these
divergences are due to taxes, duties, and controls on foreign trade.

The reed for an extensive rural electrification scheme within the

ratioral develoupment plan could stem from one of the followirng reasons:

1. Rural Electrification Projects (REP) emphasizing small scale
irrigatior may affect irter- and intra-temporal distribution
of ircome.

2. REP wilh some emphasis on the small scale irrigation
projects may be preferred 1if at margir the courtry is a
regular importer of food grairs or if the courntry entails
erormous expenditures at times of grair scarcity due to the
price inelasticity of demand for food grairs;

3. REP may be preferred if 1t can be proven that increased
agricultural production reduces rural poverty; or

4, If none of tne above three conditions are valid, government
may conslider providirng electricity to rural areas as a
‘basic” scheme and may be examining the least cost method of
achieving the objective.

However, rural electrification projects do rot fall urder the ‘basic”
project category sirnce postponemert or rejection of electrification need
rnot lead to disaster as would be the case with rural water projects in
drought-prore areas. Farms and households can use substitutes. Thus the
justificatior for REP should stem from the other poirnts. There is avidence
that the ircidence of rural poverty declires with ircreasing agricultural
output (Ahluwalia, 1976). Also, India has beern a regular importer of food
grairs. Irn fact, orly twice ir the past thirty years has India oeen able
to build a buffer stock of food grairs above the currert year’ s operatioral
needs. Bad harvests have recessgitated at l2ast mirimum zraic imports to

mairtain public distributior and desired per capita cornsumption. Bad



7

harvests have also destabilized the economy by causirng unstable grain
import bills. Following lean harvests, grain imports have nad a priority
claim c¢n forelgn excharge, thus reducing imports of other commodities.
This proved economically disruptive and costly, and food grains imports
often were held below the level that would have avoided an undesired price
rise on the domestic market.

Thus the reed tc carry out REP 1s clearly established even though REP
does not qualify as a basic project. Sirce the government has chosen the
strategy of project selectlion to affect irntra- and inter-temporal distribu-
tion of income, REP can be effectively used (along with eredit measures for
marginal farmers and landless laborers” cooperatives) to distribute income
among the roughly 80 percert of the country’s population which lives in
rural areas. Clearly, s%udy of the design and implementation of rural
electrification schemes would clarify how much the REPs can contribute to

achlevirg the objectives set forth by the government in its plan document.
Variants of SCB Aralysis

The two principal methods of aralyzing projects for social

profitabllity are as follows:

1. the United Nations Irndustrial Development Organization
(UNIDO) methodology as set out ir Johrn Hanser’s Guide to
Practical Project Appralsal and reinterpreted in a recent
Urnited Nations publication by John Weiss entitled
Applicatiors

2. Little anrd Mirlees” (L&M) approach as interpreted and
modified by Squire and Var der Tak.

These two approaches are the same irn principle in that they are forms
of applied welfare economics ard they treat the values of foreigrn exchange,
Savings, and unskilled labor as crucial sources of a distorted price
mecharism arnd ecarry out coirectiors ir a similar manner. The significant

differerces ir the two approaches are as follows:

1. The yardstick (rumeraire) for measuring social valuations
is the urcommited social income in free foreigr exchange
held by the governmert in the Little and Mirlee approach.
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Guidelires method 1s carried out in five stages,
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while it is the aggregate consumpticr of the income group,
corresponding to the critical consuvption level, in the
case of the UNIDO approach. The cut-off discount rate used
in the analyses are the accounting rate of interest
(productivity of current investments ir terms of the L&M
numeraire) ard the consumption rate of interest,
respectively (weight placed to future consumption relative
to current consumption).

The L&Y method, in deriving shadow prices, uses explicit
multiple conversion factors which correspond to the extant
multiple exchange rates, while the UNIDO approach uses a
mean exchange rate averaged across the effective multiple
exchange rates on the trade commodities. However, the
modifications provided in the Gulde allow for evolving
ad justment factors by decomposing non-traded goods into
their tradeable goods and primary factor components. The
orizinal Guidelines numeraire was not considered neutral.
Howev~r, the modifications suggested in the Guide allow for
valuin, all charges 1in consumption in terms of “equivalent’
consumption at the hands of income groups at the critical
consunntion level. A recent modification i3 to treat
government savings and private savings at par with
goverrment consumption, as set forth in Applications.

The L&M approach assumes a strong project appraisal
furctiorn, while the UNIDO approach assumes that a realistie
planner cannot and will not challenge the decision makers.

Reasons for Choice of UNIDO Method

study has adopted the UNIDO approach of SCB analysis.

towards a measure of social bernefit of the

Calculation of financial profitability at market prices

Shadow prices of resources to obtain the net berefit at
efficiency prices

Ad justment for project impact on savirgs arnd investment
Ad justmert for project impact or income distribution
Ad justment for project productiorn or use of goods such as

luxury consumer gzZoods and basic reeds whose social values
are less than or greater than ecoromic values.

The

each of which leads
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A major advantage of the stage by stage method 1s that the desira-
b;lity of a project can be measured for different objectives. Also, if the
availability of data is a constraint in carrying out aralyses in any stage,
the analyses can be stopped at the intermediate stage and results can be
conveyed to the decislon maker. Hence, one of the prime reasons for
choosing the UNIDO method was to use the stage-by-stage approach irstead of
summarizing all the impacts by using some weighting scheme.

Secondly, the project appraisal function as perceived ir India is not
expected to challernge th:¢ decision maker's.1

To summarize, the advantages of using the stage-by-stage approach and
the realistic role of planning function as assumed in the UNIDO approach
are the principal reasons for choosing the UNIDO methodology to appraise

REP.
Parameters Used for Project Evaluation
Table 2-1 1lists the values of parameters used in the cost-benefit

computations. For a more detailed look as to how these were estimated,

refer to appendix B.

1. Deepak Llal, "Prices for Plarrirg," 1980, p. 2&: "The current
thirking ir the PAD is rot to attempt to question plan targets but rever-
theless to present ecoromic rates of returr for projects irn the plan, to
those setting plarn targets, so that these may be reappraised irn tne light
of ecoromic rates of return."
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to Corsume (MPC)

1.32 %0 2.5%
for rarge of
‘L7 - 11-8%

The Qverall 3ocial Value of
Investmert in terms of
Corsumption (P inv)

Snadow Wage Rate (SWR) 0.60
9. GINI Coefficient (GINI) 0.28
Distributior of Corsumption 2.29
Parametar
Global Distributiorn Weight (d) 1.68
Per Capita GDP ir 1979/80 is. 1,484/year
Critical Corsumptior Lavel
Zstimate As. 1,374
Zstimata As. 1,365 to
8s. 1,063/year
Tstimatea 23. 8d7/year
Pariod to attain optimal.ty
ip savicgs rate 50 years
Accounting ratea of interast 12%

Table 2-1. Summary of Natioral Parameters
Parameter Probable value demarks
1. Shadow Excnarge Rate (SER) 1.25 SER i3 1.25 times tiae
official excnarge rata
Marginal1Productivity of Capital (q)
Estimate 0.20 Usirg ICOR for tne
5 economy as a whole
Egtimate 0.12 Considering orly the
noderre sector
Corsumptiorn Rata of Irterest (1) 10-11% 119 assumed for tae
scudy to nave a
plausible PINV value
Elasticity of Marginal Utility 3 QObtalred irdirectly
to Irccreased Consumption (e) as a iwutually consist-
ert value of C&I,
growth rate, ste.
Global Margiral Propecsity 0.34 to 0.40 assumed Ior the
Lo Sava (MPS) 0.u40 study
Global Margiral Propensity 0.40 Obtaired at {1 -~ MPS)

1.32 nas beer assumed
for the study

Zqual weignt nas Deen
given ¢to agricultural
Workers ” corsumption

ard the corpsumption of
tae goverrtment

Sased oo D

for P irv valuas of
1.29 o 2.56

foverty leval s3timats
{(tais nas Yeer usec for
tae study)
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Chapter 3

REVIEW OF THE LITERATURE

Introduction

Avajilable literature agrees that the main problem for rural electrifi-
caticn lies in the high cost of lire construction, which necessitates the
imposition of high rates for rural electrification schemes to be
firanecially viable ir areas of .ow consumer density, and which can reduce
demand for electrical energy. Thus, there 1is considerable interest in the
ongoing research work on the economics of decentralized erergy systems as
an alternative to power supply from the main grid.

While the available literature agrees on the nature of the problems,
there is considerable difference of opinion on the measurement of costs and
benefits. The methodologies for measuring social costs and b-erefits also

differ in scope.

Consequences of Rural Electrification

The consequences of ‘productive” use of electricity in agriculture,
poultry operations, dairy farming, cattle operations, and rural industries

are listed below:

Ircrease in productivity

Increase in production

Ircrease in quality of products

Reduction in costs

Reduction in seriousress of machirery breakdowns

Reductior ir fire hazards

Lengthening of the effective work day

Ircreases ir dependability with corsequent decrease ir losses

Ircrease ir security

Reduction of urncertainty of marketing the product on accourt of rew
processing irndustries

Improved credit availability on account of more skilled people
agreeing to move to the electrified villages.
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Lighting 1s referred to 1irn the literature as the most important
domestic use of electricity. The consequences of ‘domestic” use of
electricity are stated as improvement of health (through the availability

of drirkirg water), educatiorn, ard saritation.

Measurement of Costs and Benefits and
Methodologies of Social Cost-Bernefit Analysis

The methodologies commornly employed irn evaluating rural electrifica-
tior schemes carn be broadly classified under three approaches. In ore
approach, benefits and costs and net benefits and costs are enumerated in
detail. Contingent estimates to take care of indivisibilities, external-
ities, and imperfections are provided. In the other approach, the costs of
rural electrification are compared with those of other methods of providing
similar facilities and the ret benefits are thus estimated. Yet anotner
way of assessing the economic value of rural electrification reported in
the literature 1s to measure the value of land before and after
electrification. It is argued that the time profile of benefits streams
will dictate the land value and thus the iand values can be used as proxies
for economic value of rural electrification.

Most of the available literature defines the financial cost-benefit
aralysis from the viewpoint of the national electricity board, and that of
socla. cost-benefit (SCB) aralysis from the viewpoint of customers/society
as a whole. The availlable literature is vague about the enumeration of
social berefits, for it does rot discuss now the berefits to society or
consumers (ever assumirg that the customers are a homogeneous mass) can be
translated to gains of ecoromy. The concept of reference consumption level
(the consumption level at which a rupee accruing to the nrivate sector is
regarded to be the same as that aceruingz to the government), 1is
conspicuously absent irn all tne available literature. It is rot clear how
the benefits to society and the government are integrated witnout these
specific measures. Also, ircome distributional effects are rot dealt with
ir sufficient detail. The orly aralysis that touches on tne subject
briefly mentiors the positive correlation between the size of lard noldirgs
(a proxy for ircome lavel) ard tne berefits accruing from rural
electrification, thereby implyirg that income distributior is adversely

affacted by rural electrification schemes. These viewpoints are critically
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analyzed here to test their adoptability and to devise a suitable
methodology for the present study. Care has been taken to analyze only the
ma jor works in the area.

Helio Mattar (1976) uses the increase in land value ir the area
directly affected by the rural electrification project as a proxy for the
measure of economic berefits derived from the project. He makes an
assumption that the project would be economically marginal ir relation to
the economy of the outside world. In the analysis, he initially shows the
relationship between the benefits and ecoromic surplus generated by the use
of electricity at the farm level. An analysis of the productive demand for
electriecity at the farm level accounting for the monetary berefits yields
results in terms of an Increase in lard rent. Results are then derived for
the case of cornsumptive demand for electricity. The study states that the
main part of the benefits which may not be considered ir the irncrease in
land value is that which acerues to the producers of electriecity in cases
where the price beirg charged for electricity does rot equal its margiral
cost.

An econometric model using cross sectioral data 1s then proposed for
the purpose of predicting increases in land value. For tne purpose of
application of the model, the area of study is divided into quasi-squares
for each of the variables beirg calculated.

The proposed varlables attempt to account for differences among the
squares 1ir soil ard topography, climate, transportation characteristics and
electrification. The variables proposed are: (1) a land capability irndex,
defined to be the proportion of land equivalent in terms of production
capacity to class I lard (accordirg to the land capability classification)
ir a square which accounts simultareously for soill and topography differ-
erces; (2) a water deficiency index, defined to be the annual difference
between potertial and real evapo-transpiration ir a square which accounts
for climate as a limiting factor; (3) an internal accessibility irdex,
defined ir terms of the existernce of transpiration flows among rnodes inside
arnd in the periphery of the area of study which accounts for differerces in
the transpiration economic interdeperdence inside the area of study; (4} an
external accessibility irdex designed to ve sum of tne inverse of trip

costs to large markets exterral to the area of study--which account for
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differences due to the distance of each square to the external markets; and
(5) an electrification index, defined to be the rumber of kilometers of
rural electric power primary distribution lires per square kilometer in a
square and corrected for differences in the average size of farms among the
squares to account for differences in the coverage of the electric power
distribution network among the squares.

Two alternatives to the land capability index are derined for the case
irn which lard capability maps are rot available: (1) a quality of soil
irdex, defined to be the percentage of equivalent best land inside a
square, according to a subjective grade given by a soil expert, and (2) a
topographic index, defined to be the number of times the diagonals of a
square hit 20 meter contour lires. Through the use of these variables an
attempt to model the behavior of the rural land market has been made, the
variables being surrogates for the cnaracteristics analyzed by the market
in the process of rural land price formation. In the next section the
adoptability of an ecorometric model to measure economic benefits 1is
briefly reviewed.

The basic hypothesis that the irncrease in land value irn the area
directly affected by the project 1s a proxy for measurement of economic
benefits has drawbacks, especially in the context of developing economies
where imperfect capital markets exist. Also, the basic aim of the study is
to examire the income distributioral aspects of rural electrificatiorn;
these are totally igrored in the above derivation of economic benefits. A
model will be 1less aprlicable when the bulk of the rural population
consists of landless laborers for whom the ircrease or decrease in land
value may or may not make any material difference.

However, Helio Mattar’s study tarows light on the relevant variables
that affect output from farms ard the magritude of their impact. The
Natioral Council for Applied Economic Research (NCAER, 1967, 1970) in its
two published studies on the economics of rural electrification elaborates
the methods used to measure cost and berefits.

The studies proceed from the bagic premise that (1) lift irrigation is
the backbore of irtensive irrigated agriculture ir India, and {2} rural
electrification i3 a very =2ssential supportirg program providing electric
power for 1ift irrigation. The JNCAER study (i970) fourd that tne mair

demand for electrical erergy in Kerala was for lights ard fars arnd
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comparatively very little was for pumpsets for irrigation. The results
indicate that in states endowed with heavy monsoon rains, such as Kerala,
there is ro motive for tapping subsoil water.

As regards the impact of the use of electricity in agriculture and
irdustry in Punjab, the study revealed that there was a distiret change in
the cropping pattern and improvement of productivity of land with the
advent of electric pumpsets. The study also found that the value of
additional output from industries as a result of electrification was not
significant although the jndustries sprang up only after electrification of
rural areas.

The studies attempt to measure the economic berefits arising from
rural electrification as the incremental benefit (or put alternatively,
reductiorn 1in costs) over pursuing alternative methods of ircreasing
productivity. However, the NCAER study suffers from the serious drawback
that market prices for inputs and outputs are used to calculate the
ecoromic benefit-cost ratio. Farticularly when fertilizers are heavily
subsidized and the price of output is state-controlled, value-added at
market prices does not reveal the value-added irn efficiency prices. Also,
the difference in the cost of operating a diesel pumpset over an electric
pumpset cannot be taken as benefit arising due to rural electrification if
the effect of the pumpsets ir irrigating lands is not the same. Also, when
there are sigrificant price differences between diesel and electric
pumpsets (in one time capital cost and recurring operating costs) it is
vaive to expect that farmers will resort to diesel pumpsets in the absence
of electric pumpsets.

The incremental benefits arisirg out of the ircreased productivity of
land irrigated by pumpsets as opposed to traditionally irrigated land are
more indicative of benefits arising out of rural electrification than are
cost savings arising out of use of efficient electric pumpsets over diesel
pumpsets since the response of farmers to adopting diesel pumpsets (next
best alternative) is very poor.

Yet arother study which addresses the problem of measurement of
ecoromic berefits arising out of rural electrification is that of Ross
(1972). Ross based nhis results or pre-electrification surveys in Colombia
and VNicaragua and attempted to compute a berefit-cost ratio for tnese

projects. He attempted to compute the ircrease ir value-added by tne farms
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to GNP arising out of rural electrification. For instance, if value-added2
computed for the base year ig “Vd° then he computes the incremental value-
added due to electrificatiorn as the increase in value-added over the base
year and wuses the present value criterion to Jjudge its economic
attractiveness. The market rate of interest 1s used to discournt beneflits
and 1s then compared with the capital cost of the project.

The study, of course, uses the appropriate criterion for selection of
rural electrification of projects through the use of present value
criterion. However, the basic assumption that the ratio of inputs othner
than energy remain the same after electrification is nrot valid, and
predictirg results from pre-electrification survey has drawbacks. More-
over, it does not attempt to correct for price distortions in prices of
irputs or outputs. Neither does it attempt to measure the income
distributioral aspects.

Yet anotner study which attempts to measure benefits and costs through
systems aralysils is that of Patil and coauthors (1976).

The study has a different focus:

1. It looks at the financial viability of schemes proposed
through projected cash flow statements, listing yearly cash
deficits and arguing for establishing apnropriate yardsticks
for electricity boards to evaluate rural projects.

2. It critically examines the load build-up cost elements in
settirg up distributiorn lires ard the various assumptions
that go ir the computation of firarcial rate of return.

3. It makes a critical survey of methods of assessirng ground
water potential. ard their implications f{or assessing the
firancial viability of the schemes.

4, It critically examines the cluster schemes and arrives at
the mirimum density of customers required so that at the
existing firarcial rates the schemes break even.

2. Value-added as used by Ross 1is

G- (L +e+ VI)

where
G = Gross output of the firm
L = Labor costs
E = Erergy costs
VI = Varilable input costs
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Although this firancial analysis of schemes has limitations for the
present study, it provides an insight into the variables that affect the
success of schemes arnd the important technical parameters assumed for
caleulating firancial viability. The effect of the above mentioned
variables on social profitability has been carefully included in the
present study.

The cost-benefit studies don~ by the Rural Electrification Corporation
(REC) (1979) in Tamil Nadu and Uttar Pradesn are immediately relevant to
the present study. The terms of reference of the studies have been (1) to
analyze the investmert in and return on rural electrification projects, and
(2) to assess the direct and indirect costs and benefits to the society as
a whole of electrifyirg wells and setting up processing industries.

The financial analysis part of the study has been done from the
perspective of the state electricity board, while the other part of the
study has been carried from the view point of the society.

In the study carried out in Tamil Nadu, the study group assumes the
irvestments made by the Tamil Nadu Electricity Board (TNEB) as public
investments and the investment made by the farming community as private
investments. The study considers the components of capital cost as
follows: (1) high tension (HT) lires and low tension (LT) lipes, (2)
distributiorn transformers, (3) service connection costs, and (4) overhead.
Under operating cost, the cost of energy to the consumers, interest on
capital, and the operation and mairtenance expenditure of electcrical
extensions have been included.

The study assumes the transmission and distribution loss at 12 pe.cent
and includes the cost of erergy loss as part of the energy cost. The study
identifies the private costs as costs ircurred by the farmers, ramely: (1)
cost of well and pump house; (2) electric motor and pumps; and (3)
installatiorn charges. In a similar fashion, private costs of small
entrepreneurs are: (1) cost of land and building, (2) electric motor and
equipment, and (3) installation of electrical equipment. The study
idertifies private berefits as the ircremental berefits accruing to farmers
arnd industrialists consequent to electrification.

The studies argue that cost savings over use of the rext best alterra-
tive (diesel pumps) carrnot be included as ar irncremental benefit because

diesel ©pumps carnot Dbe used to tap water from deep wells and
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therefore are rot an alterrative. This view, coupled with the earlier
observation that farmers do rot adopt diesel pumps to the same degree as
e2lectric pumps, has prompted us to compute the firarcial and social
benefits as the value-added in incremental production rather tnan the
savings in cost in alterrate modes of operation.

A major deficiency of the study is that it attempts to evaluate
benefits ard costs in currert prices rather than in constant prices, using
the discount rate to compute the present value which does not include any
margin for inflation. Moreover, the concept of socilal cost-benefit
analysis as the incremental benefit to society (as though the soclety is
wholly homogeneous) is yet another flaw of the study.

While the REC study, ramely, Benefit-Cost Ratio of Rural
Electrification Schemes ir Ghazipur in Uttar Pradesh, also suffers from the
same conceptual deficiencies, the two studies yield considerable
irformation on norms for planning capacity expansion, the computatiors of
corrected load norms for requirement of distribution transformers, etc.
The field data of various studies have been collected, aralyzed, and along
with the present study’s field data used to make appropriate assumptions
regarding the various technical parameters.

Detailed work on the impact of rural electrification on small scale
irrigation and rural employmenrt at the conceptual level has been ecarried
out by Balwanth Reddy (1979). He firds tnat small scale irrigatiorn has a
significart impact or employment; the size of the impact varies with the
region.

Or average, he estimates ar increase in employment of about two months
per person for an ircrease of ore irrigated acre under small scale irriga-
tion. He firds the effect of electrification on employment to be positive
as it has led to more intensive cultivation of lard. The other variables
which irnfluence employmert are area under small scale irrigation and
credit. He corcludes that if 2lectrical erergy use leads to more intensive
cultivation of larnd or to an ircrease ir area urnder small scale irrigation,
ther with ar increase in available credit the impact on employment will oe
sigrificant.

The study of costs ard berefits of rural electrificatiorn ir Andhra
Pradesh by the Adairnistrative Staff College of Irndia (ASCI, 1980) nas two

distirect features for an evaluation of rural electrification schemes.
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While all the studies are based on gross value of capital stock of rural
electrification schemes as shown in books, this study considers anrualized
capital expansion costs expressed in prices of a selected base year as the
correct indicator of the costs to be incurred. This, the study argues, is
the long-run marginral cost of gereration, transmission, and distribution,
rather than average costa.

Secondly, it estimates the net benefits of rural electrification at
three different and distinet levels, namely, the users, the electricity
authority, and the economy or community as a whole. The study considers a
mix of thermal and hydroelectric projects (a ratio assumed to be same as
current mix of generation) for the estimation of generation costs.

While the annualized capital expansion costs has been considered as a
long-run marginal cost, only thermal power plant capacity expansions costs
have been used in this study. Logically, the demand for electrical energy
at any given place can be met only through increased supply from a thermal
generation source. Since electrical energy is regarded as a non-tradeable
without any supply constraints and since locational constraints come irn the
way of capacity expansion 1n hydroelectric projects, this study assumes
that appropriate annualized capacity expansion costs to be used will be
that of only thermal power plant capacity expansion costs. Also, the
present 3tudy evaluates the social benefits at the reference income group
level (defired as the income of the people at poverty lire based on a
particular base year prices) and uses the shadow prices for evaluation of

irputs and outputs rather than market prices.
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Chapter 4

METHODOLOGY OF ANALYSIS: AN OVERVIEW

Introduction

Ideal planning involves the problem of allocating scarce resources
(both intra- and inter-temporal) to maximize social welfare, given resource
constraints and technological possibilities.

The resource constraints include institutional constraints, and the
technological possibilities ineclude trading possibilities. In prirnciple
the optimal solution to the allocation problem will determine the optimal
inputs and outputs and hence the optimal production and investment program
as well as the associlated dual prices (interpreted as social prices). It
would be theoretically desirable to evolve an ideal plan and associlatea

dual prices (social prices) but it may not be feasible to evolve such a

plan 1n practice. Also 1irn real 1life the projects are submitted for
approval one by one. It then becomes necessary to classify public sector
projects 1into basic and non-basic projects. Basic projects are those for

which explicit producticn targets are laid down and the project appraiser
does not question the reed to produce the output. Instead the appraiser
seeks to aralyze the cost effectiverness of the :hosen path of meeting the
target. For non-basic projects, the option to make or buy is relevant and
there are ro sectoral constraints. Both the costs and berefits of domestic
production, vis-a-vis the alternatives of importing or allowing shortages
to prevall will have to be analyzed.

This study assumes that provision of electricity to rural areas falls
ir the ron-basic category as it can be delayed, whereas a basic projet, for
irstance, provision of rural drirkirg water, carrot. Precisely for this

reason a detailed social cost-benefit aralysis is done arnd the types of
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rural electrif‘cation strategies needed to maximize social benefits are
identified.

Under the above circumstances an effective selection criterion has to
be made which is rnot ccmplicated and provides a reasonable approximation.
In this study, if a project involves production of a tradeable good, then
the return on capital employed has to be compared with the test discount
rate (in this case the social discount rate). If the project involves
production of a rnon-tradeable good, then the cost of meeting the demand
from the project has to be compared with a project belonging to the cost
minimization set. If it is a non-basic project producing a non-tradeable,
then shortages are allowed to occur until a project belonging to the cost

minimization set is presented to the decision maker.

Cost of Electrical Energy

Since electrical erergy is a non-tradeable good witnout any supply
constraints, demand for electrical energy at the margin has to be met by ar
increased supply. This study assumes that an increased supply will be met
from thermal stations instead of a hypothetical mix of hydro, thermal, and

nuclear stations for the following reasons:

a. The bulk of the current demand is met by thermal sources and
there are locational constraints in meeting the additional
demarnd from hydro sources.

b. The goverrment plans to expand thermal energy capacity by
setting up rew super thermal stations (roughly up to 2,100
MW) in Singrauli, Korba, Ramagundam, Farakka, Talcher,
Waldeim, Pench, Kahalgam, and Manrge.

Sirce additioral supply is likely to be from thermal stations and
sirnce it has beern identified that super thnermal stations are likely to bpe
the projects belonging to the cost mirimization set, the cost of generating
electrical erergy ir ore of these stations is likely toc be the reference
social cost. That is, arrualized capacity expansion cost3, expressed in
base year prices (that is, lorng-rur margiral cost) along with operating

cost of fuels, other supplies, and wages, will be the cost of electrical
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energy to be used for computations. Care has been taken to include capa-
city expansion costs of sub-transmission along with allowances for loss of
electrical energy up to the sub-transmission and distributional stages as a
part of the energy cost.

Thus the capital cost of providing electricity to rural villages 1is
the cost involved in the setting up of the distribution system, namely,
capital cost of distribution transformers, high tension lines, low tension
lires, and service connection charges. The operating cost of providing
energy is the cost of electrical energy computed in the manner as described
in the previous section. Clearly, priorities in setting up distribution
transformers, the maximum cluster of customers required, etc., can be
decided by comparing the cost with the benefits expected out of rural

electrification.

Benefits of Rural Electrification

We might represent the state of use of traditional agricultural inputs
in dryland farming as A, the state of use of traditional agricultural
inputs in diesel irrigation as B, the use of modern agricultural inputs in
conjunction with central grid electric pumpset irrigation as F as shown in
the table below. This study assumes that benefits arising out of
electricity to rural areas are equal to the incremental benefits arising

out of transition from state A to state F.

Table 4-1. Analysis Possibilities
Dryland Diesel Central grid
farming irrigation electrical irrigation

Traditional agricultural
inputs A B C

Moderr agricultural
inputs D

©
55}

The reasons for assumirg that transitions from state A to state F take

place are as follows:
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1. If this were not true then with the introduction of
electricity to rural areas, logically, there must have been
conversion of diesel pumps to electric pumps or discontinued
use of diesel pumps in favor of electric pumps which had not
been the case.

2. Technical problems arise when using diesel pumps to tap
water from deep wells which are not encountered when
electric pumpsets are introduced.

3. When the cost of irnstalling and running a diesel pump is
significantly higher compared to electric pumpset, in some
circumstances farmers will not use diesel pumpsets in the
absence of electric pumpsets.

In fact ever 1in the case of a crop such as cottorn, which is perceived
(by farmers) as ‘risky” as non-availability of water during the critical
period can mean a significant loss, there was reluctance to use diesel
pumpsets to assure water supply.

While theoretically operating a diesel pumpset may be the next best
alterrative to rurning an electric pumpset, this study assumes that the
benefit of providing rural electricity can be thought of as moving from
dryland farming with traditional agricultural inputs to farming with a
central grid irrigation system and modern agricultural inputs. However, it
can be argued that the benefit of increase in yield resulting in transition
from state A to state F cannot be attributed solely to agricultural
pumpsets as a portion of this has to be attributed to the use of high-yield
seed varieties, fertilizers, and pesticides.

The fallacy ir the above argument is as follows: Since the inputs,
such as high-yieldirg seed varieties, fertilizers, pesticides, ete. are
tradeable and hence accessible to farmers, the only limitation ir their use
for higher productivity is ron-availability of a steady source water. Thus
their benefit is corditional on the availability of a water supply.

In additiorn, inputs are valued at shadow prices which are supposed to
reflect the marginal social value of using the relevant goods or factors.
Hence, when incremental benefits are arrived at as rnet of inputs at shadow
prices, the resultant profit can be attributed solely to the conditions

that make possible a steady source of water supply.
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The gross benefits arising out of providing electricity are computed

in stages as follows:

1. Revenue to the electricity board/government from sale of
elecirical energy to consumers.

2. Value-added in border prices on additioral agricultural land
industrial output arising out of rural electrification.

3. Ircome distributional benefits which irclude the benefits
arising out of additional employment.

The present value of the time profile of benefits at the social
discount rate is compared with the discounted capital and operating cost
streams to obtain the present value of ret benefit. This study does not
include the irdirect benefits arising out of electricity use in households.
The only benefit assumed is the higher revenue realizable from domestic
corsumers for lighting as against consumers using it to run pumpsets.

Villages with different socioeconomic and cultural backgrounds were
carefully selected to find out the sensitivity of social profit to varying
complementary inputs. The aralysis of the results can lead one to broadly
outline the policies/strategies required to maximize social benefits

arising out of rural electrification.
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Questionnaire Design

For the purpose of computing the socilal costs and benefits of rural
electrification, informatiorn has beern collected at the household and
village levels. The questionraire has been designed to elicit information
on existing income distribution, the r\ sponse of villages to
electrification and installation of pumpsets, and increases in agricultural

production due to the availability of electrical energy.

Sample Selection

Three states have been chosen: Punjab, Maharashtra, and Andhra
Pradesh, in northern, western, and southern India, respectively.

Where possible, the villages covered in the 1966 study by Fliegel Roy,
Sen and Kivlin (1967) were included. Sample selection is broadly based on
two criteria: (1) category of rural electrification, and (2) socioeconomic
and cultural background of villages.

Care has been taken to include various categories of schemes such as:

1. Ordinary-advanced areas

2. Ordinary-backward areas

3. Minimum needs program~tribal area
y, Special agricultural program

The survey of villages is spread over three states with differing foci.

Pun jab: Agriculturally and industrially advanced
Arndhra Pradesh Predominantly agricultural
Maharashtra Agriculturally and industrially in tne

intermediate stage

The tnree states represent tnree distinet cropping patterns and the
different agroclimate regions of the country.

Within each state, areas witn varyirg economic and social backgrounds
were identified. For example, in Andhra Pradesh an attempt nas been made

to choose ar 3griculturally advanced area, a drought-prone area, ard a
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backward tribal area. The main objective of such a selection is to examine
the sensitivity of the social rate of return to varying complementary
inputs. By studying the social yield obtaired on rural electrification
investment in different villages, one can broadly outline the influence of

complementary inputs on maximizinrg social benefits.

Project Specific Shadow Prices

Any project which calls for the use of certain resource inputs to
produce specific output affects the demand/supply position. If at the
margin foreign trade is affected, then the appropriate shadow price for the
input/output 1is Free on Board (FOB)/Customs Insurance and Freight (CIF)
values, depending on whether the commodity is exported or imported. The
appropriate price for the input is the social cost of production. If on
the other hand at the margin the domestic consumption is affected, then the
appropriate shadow price is the benefit foregone. For instance, while
tradeables are valued at border prices, non-tradeables without supply
constraints are valued at social cost of production and ron-tradeables with
supply constraints are valued at berefits foregone in efficiency prices.
Labor 1is valued at the shadow wage rate. The computation of shadow wage

rate has been discussed in detail in appendix B.

Computation of Reference Social Cost and Generation

Role of the Project Appraisal Division:
Implication in Derivation of Social Prices

The current thinking in the Project Appraisal Division (PAD) is not to
attempt to question the plan targets but to present economic rates of
return for projects in tire plan to the plarmner so that the projects may be
reappraised in the light of the ecornomic rates of return. In view of the
limited role envisaged for the PAD, the consequent limitation on use of
shadow price for inputs calls for treatment of potentially tradeable items
as norn-tradeable if the government discourages the import of items which

are indigenously made at a significant cost.
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Adjustment to Capital Cost

Ramagundam Super Thermal Power Project (RSTP), one of the super

thermal stations for which firmed up capital costs in 1979/80 prices3 were

available, has been chosen to derive marginal cost of generation.

Care has been taken to remove the taxes and duties component in the
capital cost. Foreign exchange values have been taken at a premiumn of 25
percent. Indirect FE flows have been identified and a premium has been
applied. As per the document submitted by Ramagundam Super Thermal Project
to the World Bank, the capital cost of the project is Rs. 6,253.90 million.
The adjusted capital cost works out to Rs. 5,909.63 million, as indicated

below:

Capital cost: Rs. 6,253.90 million
Foreign exchange incluging
indirect FE flows Rs. 808.00 million
Premiuan on foreign exchange Rs. 202.00 million
Customs duty Rs. -323.00 million
Taxes Rs. -134.07 million
Unskilled labor compounent Rs. 222.15 million
Social profit out of unskilled

labor Rs. -89.00 million
Adjusted capital cost Rs. 5,909.83 million

The Ramagundam unit plans to install three 200 MW units and one 500 MW
unit. The plant life is assumed to be twenty-five years of operation and
the possible generation of ernergy units has been arrived at after deduction
of auxiliary units consumption. The discounted capital cost to the base
year at 12 percent discount rate is Rs. 3,163.73 million. The erergy units
discounted to base year works out to Rs. 16,651.97 million. The capital

recovery per kWh at 12 percent works out to 19 paise per kWh.

3. The 1979/80 prices mean price levels that existed in fiscal year
April 1979 to March 1980. Price indices indicatad in the report typically
reflect the fiscal year price lavel.

4. Indirect FE flows is incurred on account of iastallation of
nydroger gereration unit (the unit is supplied against rupee currency by
RSTP while the supplied imports the equipment).


http:16,651.97
http:3,163.73
http:5,909.83
http:5,909.63
http:6,253.90
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Table 4-2. Capital Cost Phasing and Energy Generation
(Capital phasing irn Rs. million; energy units in million kWh)

Year of construction Capital cost Generated energy units

1 47,5

2 342.57

3 351.60

L 760.00

5 1,338.08

) 1,200.61 76
T 600.97 879
8 583.59 1,91
9 512.05 2,984
10 172.66 3,681
11 4,572
12 5,590
13 5,590
29 5,590
30 4,754
31 3,557
32 2,547

Source: Ramagundam Super Thermal Power Project (RSTP), report to the
World Bank.

Adjustment to Operating Cost

The boiler coal used by thermal stations has been treated as a non-

tradeable good without supply constraints, since more than adequate proven
reserves of boiler coal are avallable for extraction. The approaches
followed to derive the shadow price of boiler coal fall in two broad

categories:

1. Determination of price that will yield 12 percent return on
capital employed by examining new investments in coal
mirirg, particularly mining projects connected to proposed
super thermal projects. The approach yields a social cost
for oboller coal of BRs. U42-T0/ton in 1977/78 prices for
projects linked up to the Sirgrauli Super Thermal Project,
as indicated below:

Jayant Open Cast Mine Rs. 46/ton
Kusmunda Rs. 42/ton
Dircgapur Rs. T0/ton

New Majari Rs. 6U4/ton
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Since all super thermal stations are located at the coal
pithead, prices need rnot be adjusted for transportation
costs to plant site.

2. In the second approach, the cost of mining coal per ton
was arrived at by determining the regression equation for
industry as a whole. The cost per ton of coal surried by
open cast techniques 1s cowmputed from the following
relationships estimated from data on the coal industry:

Cost per ton (in 1977/78 prices) = 24.76 + 29.17 (strip
ratio)

Since the average strip ratio is two, the cost per ton in
1977/78 prices works out to Rs. 83/ton.

Since the coal prices obtained by both approaches are in
1977/78 prices, they have been updated to 1979/80 price
levels using the wholesale price index for all commodities.
The updated prices are as follows:

Jayant Open Cast Mine Rs. 57/ton
Kusumunda Rs. 52/ton
Dingapur Rs. 87/ton
New Majari Rs. T9/ton
Based on regression study Rs. 110/ton
Average Rs. T77/ton

The average marginal cost of Rs. 77/ton has been used in the computations.
Coal consumption (of calorific value 4,300 K Cals/kg) per kWh works out to
Rs. 0.542 for a weighted rate of 2,030 K Cals/kWh and for a boiler
efficiency of 87 percent. The coal cost per kWh works out to 4.17 paise.
Labor ard wages, operation and maintenance cost 1s assumed to be 2.25
percent of capital cost (Rs. 111.3/year) and works out to 2.2 paise/kWh.
The assumption is based on the envisaged operational efficlency as spelled
out in the project report and the projected expenditure on oil, lubricants,
water, wages and salaries, and repairs.

The reference social cost of generation thus works out to:

Capital recovery to yield 12% return 19.00 paise/kWh
Coal cost 4.17 paise/kWh
Labor wages, operations, maintenance and salaries 2.20 paise/kWh

25.37 paisa/kWh
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Cost of Transmission

The marginal cost of transmission 1is arrived at in a similar manner by
examining projects belonging to the cost minimization set. The two
projects for which firmed-up capital costs in 1979/80 prices are available
are the investment proposals on transmission facilities in the north
(Singrauli Super Thermal Project) and south (Ramagundam Super Thermal
Project). The projected capital cost and operating cost streams of a

typical project are as shown in table U4-3.

Table 4-3. Transmission Cost

Investment expenses Transmitted

Year of excluding interest Operation & Purchased energy
construction during construction mairtenance energy in less 2.5%
in 1979/80 price levels expenses 1,000 kwh (1,000 kW)

1 12.80 - - -

2 T4.60 - - -

3 111.40 - - -

b 154,90 3.54 75 73

5 263.30 6.17 881 85¢

6 527.60 11.45 2,290 2,233

7 399.40 15.44 3,820 3,725

8 82.30 16.26 5,533 5,492

9 - - 7,659 7,468

10 - - 8,907 8,687

1 - - 9,669 9,427

12 - - 9,972 9,723

13 _— - 100,010 9,760

38 - - 100,010 9,760

Source: Ramagundum Super Thermal Power Project, report to the World
Bank; and Singrauli Super Thermal Project.

The transmission cost works out to 3.0 paise/kWh at a 12 parcent
social discount rate. For cost at tranmission point, 1 paise is added for

ernergy loss to equal 4 paise/kWh.
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Cost of Subtransmission

Marginal cost of subtransmission is again estimated in a similar
manner by considering a project belonging to the cost minimization set. At
1979/80 price levels, the cost of 33/11 kilovolt (kV) substations are as

follows:
Rs. 100,000
33711 kv 1 X 1.6 MVA 7.16
33/11 kV 1 X 3.15 MVA 8.93
33711 kV 2 X 3.15 MVA 14.84
33711 kV 1 X 5 MVA 10.07
33711 kv 2 X 5 MVA 20.47

As the demand for power in rural areas is easily met by 33/11 kV 1 X 5
MVA substations this can be considered as a project belonging to the cost
minimization set.

Using the relationship that 100 kVA is equivalant to 150 HP, we have 1
MVA equivalent to 1,500 HP or 1,119 kW. If the 1initial investment in
step-down transformer is Rs. 3.007 million, then the capital recovery per

kWh stepped down can be calculated. Capital cost per kilowatt is

10.07 X 10°
7,119

Rs.
Assuming that a step-down transformer works around the clock, and the
useful life cannot be expected to be beyond twenty years, the discounted
kWh energy units stepped down over 20 years or useful life is 64,536.
Thus, the marginal cost per kWh stepped down is

10.07 X 10°_
17779 X 64,536

X 100 paise = 1.39 paise

Even after assuming a nomiral loss during step-down operations the
cost per kWh for a step-down transformer cannot be expected to exceed 2
paise/kWn. Thus the marginal cost of electrical energy up to subtrans-
mission, ircluding the cost of generation, %ransmission at extra nigh

tension voltage, and stepping down witn a step-down transformer is
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25.37 + 4 + 1.39 = 30.76 (approximately 31 paise per kWh)

The cost of energy lost in dis..ibution has to be added to this cost
in order to arrive at the cost of energy reaching the distributional
centers. Since the energy lost in the distribution network averages out to
around 18 percent, the cost of electrical energy made available at the

distribution center is

1__3_(.1)__1.8_ paise = 38 paise/kuh

Cost of Distributional or Capital Investments
for Rural Electrification

The margiral cost of distributing electrical energy 1is 1location
specific. That 1s, the marginal cost is dependent on consumer aensity,
number of agricultural industrial connections provided, etc. Investment in
distributing electricity to rural areas mainly comprises the capital costs
associated with distribution transformers, HT and LT lines.

To sum up, the operating and capital cost flow streams are:

1. capital outflows for the cost of constructing the
distribution network;

2. cost of operating and maintaining the network; and

3. cost of energy, excluding the capital recovery on account of
distribution retwork and the operating and maintenance cost
of distribution network, but including an allowance for 1loss
of energy in the distribution retwork.

The cash inflow is the revenue realized from sale of electrical energy

units.
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Financilal Net Present Value at Village Level

Based on the distribution network envisaged for every village a
financial net present value (NPV) has been worked out. The financial NPV
is the difference between cash inflows and cash outflows. If the revenue
from consumers exceeds the present value of capital and operating cost
streams of installing and maintaining a distribution network, then
finaneial NPV is positive, meaning that providing electricity to rural

areas is a financially viable proposition.

Preliminary Economic NPV

Preliminary economic NPV 1is arrived at after an adjustment for
additional agricultural output made possible by rural electrification.
That 1s, value-added in border prices on additional agricultural production
over traditional dry farming 1s added to the financial NPV to obtain
preliminary economic NPV. The “value added” is computed after an adjust-
ment for the premium on foreign exchange. As already pointed out in the
earlier section, value-added i1in additional agricultural production is

arrived at as follows:

(Q2 XP - Q2 X Cz) - (01 XP - Q1 X C1)
where

> = current output

Q

Q1 = previous output
P = border price

C

= border price of fertilizer used per ton of output plus border
price of pesticide used per ton of output plus shadow wage rate
per ton of output

C1 = social cost of using manure per ton of output plus snadow wage
rate per ton of output

The border price of food grains used is the CIF value of output as the
altarnative to production is increased imports. The world prices of food

grains can be described by two distributions--one normal with a $150/ton as
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mean with a standard deviation of $30/ton. The other is a skewed distribu-
tion derived on the basis of the liinked demand function using a lower
elasticity when world grain supplies are scarce and a higher elasticity
when world grain supplies are abundant. The expected price in this case in
$160/ton and the probabilities of high prices are much larger than with
normal distributions. Si.ice the government is a regular importer of
fertilizer and pesticides these are valued at CIF values. The ‘value-
added” arrived at is after an adjustment for the premium on foreign

exchange.

Ad justment for Impact on Savings

The additional income gained or lost by individual groups within the
society is assumed to be equal to the distortion between shadow and market
payments to each input or output in the case of physical resources or equal
to the distortion between price paid and value received in the case of
financial transactions. The groups considered for analysis in this study

are:

project
government
consumers

land owners
unskilled labor

In order to determine the savings impact one has to determine the
amount of income gained or lost because of the project by different Lncome
groups. This study assumes the difference between preliminary economic NPV
and financial NPV as the income being redistributed and further assumes
that at O percent the net gain or loss between groups is zero.

The major steps involved are: (1) evaluation of the net impact of
these gains/losses on savings given the marginal propensity to save of each
groups, and (2) evaluatiorn of additional savings at a premium by
considering its impact on income distribution (gzuide: p. 64).

Although the adjustment factor for project and government is the same
(P-investment - 1) these are considered a3 separate income groups to

facilitate tracing of income flows. The adjustment factor is calculated
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based on the assumption that all public sector profits are saved, unskilled
workers save nothing, and the marginal propensity to save for consumers and

land owners is 0.18.5
Income Distributional Impact

Income above reference level 1s less valuable while income below the
reference value is more valuable than the income to the government. The
decline or increase in value i3 obtained by the weights as shown under:

( Reference group income _ )®
( Income level of group being studied )

o,

where “e” is the elasticity of marginal utility to increased consumption.
The reference Iincome level in the study is the poverty line. The

reference levels state-wide are as follows:

Maharashtra - Rs. 672/year
Punjab - Rs. 687/year
Andhra Pradesh - Rs. 582/year

Thevpoverﬁy liné haSNBeeﬂ dpdated~to 1979 price levels by’the use of
the consumer price index for agricultural labor as published by the labor
bureau. In a number of places it is assumed that the major impact of rural
electrificetion on minor irrigation will be the additional employment of
unskilled labor for a further period of two months. Care has been taken to
deflate the income of unskilled labor by the number of earners per house-
hold:average household size (see table U-4 for data used to derive this

index).

5. Partha DasGupta (1978) uses the economy-wide savings rate of 18
percent in his exercise on the UNIDO guidelines for project evaluation.
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Table 4-4, Data to Derive Index

Average Number of
household size earners/household
Andhra Pradesh Yy 2.25
Maharashtra 4.43 2.23
Punjab 5.50 1.73

No weight has been computed for the landowners class as the weight is bound
to be very negligible in view of high elasticity of marginal utility to

increased consumption and the high income level of that group.
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Chapter 5

RESULTS, SUMMARY AND CONCLUSIONS

This soclal cost-benefit (SCB) analysis examines the costs of rural
electrification and benefits for thirty villages 1in Andhra Pradesh,
Maharashtra, and Punjab. The wvillage rather than the utility has been
chosen as the unit of analysis to determine the sensitivity of social
profit to village location and demographic characteristics. In appendix C,
detailed computations are shown for the village of Kampalapadu. The
results for all thirty villages are summarized here in tables 5-1 and 5-2.
Table 5-1 presents for each village the financial NEV, the economic NPV,
and the economic NPV adjusted for the savirgs and income distribution
impact. The differing characteristics of the villages used for sensitivity
analysis are presented in table 5-2.



Table 5-1,

Reaults By village

Financlal Prelininary Preliminary Preliminary economlc
NPV economic NPV economic NPV NPV adjusted for
Village (Ra.) (Rs.) adjusted for ‘1ncome distribution Nature of benefit
savings impact impact
(R3.) (Rs.)
ANDHRA PRADESH
1. Kambalapadu -122,409 - 113,620 - 142,551 - 267,m8 SICP, groundnut to rice
2. Gosanlpalll ~ 54,965 - 17,551 - 43,210 - 157,265 SICP, grourdanuat to rice
3. Tallagokulapadu -146,281 - 71,478 - 128,436 - 389,287 SICP, groundnut to rice
4, Krishnagirt -195,312 - 45,678 - 143,165 - 589,880 SIiCP, groundnut to rice
5. Garla Dine -339,136 + 167,216 - 95,159 -1,298,125 SIicP, groundnut to rice
6. Chittyala - 81,650 - 6,817 - 52,239 - 254,922 SICP, groundnut to rice
7. Kalagampadl - 96,858 - 26,858 - 117,199 - 204,371 DOM CON
8. FKorukallu -120,604 - 120,604 - 145,931 - 254,475 DOM CON
9. Garlkapadu -2717,351 - 277,351 - 335,594 - 685,210 DOM CON
10. Mogalu -122,421 - 1z22,h2 - 148,130 - 258,309 DON CON
11. Navarasapuram -116,558 - 57,263 - 72,983 - 133,600 ADD OUTPUT RICE
12. Yenuguvani Lanka -194,850 - 135,555 - 167,728 - 340,435 ADD OUTPUT RICE
13. Arlitaraf -155,273 - 155,273 - 187,880 - 327,626 DOM CON
14, Beempur -159,618 - 159,618 - 193,138 - 336,794 DOM CON
15. Lachampur -1, us - 141, 45 - 171,12 - 298,386 DOM CON
16. Sangdi -187,006 - *51,006 - 226,277 - 394,582 DOM CON
17. Dhanora -199,778 + 239,976 + 272,971 « 426,329 ADD OUTPUT COTTON
18. Lingl -155,715 - 53,106 - 68,318* - 124,526 ADD OUTPUT COTTON
MAHARASHTRA
19. Chatnandru -155,434 - 155,u34 - 188,075 - 327,966 DOM CON
20. Meni -276,279 - 276,279 ~ 334,297 - 582,948 DOM CON
21. Dasak -3h5,414 - 219,210 - 283,870 - 601,261 ADD OUTPUT WHEAT
22. Manepaon - 20,79 - 20,791 - 25,157 - 43,869 DOM CON INTN
23. Deothana -107,398 - 94,878 - 116,544 - 206,869 ADD OUTPUT WHEAT
2h. Saruargaongore -127,853 - 124,532 - 151,173 - 264,591 ADD OUTPUT WHEAT
25. Bhatambla - 57,674 - u7,711 - 59,201 - 106,168 ADD OUTPUT WHEAT
26. Jawall -208,797 - 172,265 - 213,833 - 379,024 ADD OUTPUT WHEAT
PUNJAB
27. Sherpur -796,772 +2,4%02,615 12,423,830 +2,716,630 ADD OUTPUT WHEAT
28. Jessounl -147,577 + 653,024 + 669,722 + 792,347 ADD OUTPUT WHEAT
29. Khirzabad + 65,905 + 214,854 v 237,666 + 344,405 ADD OUTPUT RICE/WHEAT
30. Malonpur - 22,274 + 70,819 + 71,686 + 81,342 ADD OUTPUT RICE/WHEAT
HOTE: 1. SICP refers to Switch in Cropplng Pattern type of benefit.

2. DON CON refers to the case where rural electrification’s prime purpose 1s for domestic
lighvi.ing.

3. ADD OUTPUT refers to additional output of same crop made possible due to installati n of a
pumpset .,

SOURCE: Present study.

8¢



Table 5-2. Basle Data for Analysis

High Low Distribution Domestic Agricultural Industrial Commercial Acres
Lensfon tension transformers connections connections connections connectlons affected Type of
Village lines lines benefit
B (km) (km) Type No. No. No. No. No.
ANDHRA PRADESH
1. Kambalapadu 2.80 2.75 50 KVA 1 19 1 2 - 3 SICP-Groundnut
to rice
2. Gosanlpalll -— 2.50 - - 9 5 1 - 13 S1CP-Groundnut
to rice
3. Tallagokulapadu 2.06 4.05 50 KvA 1 12 10 1 - 26 SICP-Groundnut
to rice
4. Krishnagiri 6.25 2.72 63 KVA 1 18 L} 1 1 524 SICP-Groundnut
to rice
5. farla Dine 5.00 10.00 63 KVA 1 17 22 1 2 176 SICP-Groundnut
to rice
6. Chittyala 2.20 1.33 25 KVA 1 i 1 - 1 26nm SICP-Groundnut
to rice
7. Kalagampadl 2.80 1.47 25 KvA 1 n -— 1 - - DOM CON
8. Korukallu 4.30 2.60 25 KVaA 1 73 - 2 - DOM CON
. Gartkapadu 9.99 4.02 25 Kva 1 110 - 2 - DOM CON
63 KvA
10. Mogalu 1.53 4.88 63 Kva 1 138 - 3 12 - DOM CON
1. Navaraspuram 2.80 2.50 25 KVA 1 28 1 (10 up) - 1 20 ADD OUTPUT
(rice)
12. Yenuguvani lLanka 1.66 7.81 25 KVA 1 100 1 (10 HP) - 3 20 ADD OUTPUT
(rice)
13. Arlitaraf 3.0 3.60 100 KVA 1 9 - 3 -- - DOM CON
14. Recmpur 5.58 1.90 63 KvA 1 10 -— 2 - COM CON
15. Lachampur 3.96 2.50 63 KvVA 1 14 - - - DON COM
16. Sangli 5.42 3.50 25 KVA 1 28 - —— - - DOM CON
17. Dhanora .50 n.50 100 KVA 1 12 y 1 -- 30 ADD OUTPUT
(cotton)
i18. Lingi 5.10 2.00 63 KvaA 1 5 1 1 - i ADD OUTPUT

(cotton)

6t



Table 5-2. (Cont.)

High Low Distribution Domestic Agricultural Industrial Commercial Acres
tension tensfon transformers connections connections connections connections affected Type of
Village lines lines benef it
(km) (km) Type No. No. No. No. No.

MAHARASHTRA

19. Chatnandu 3.2~ 3.60 50 KVA 1 84 - L} 10 -— DOM CON

20. Ment 5.92 6.55 25 RKva 1 100 - 3 15 - DOM CON

21. Danak 10.80 2.00 50 KVA 2 132 37 2 L] 190 ADD OUTPUT

100 KVA (wheat)

22. Manegaon - 1.00 —-— - 28 -— . - - DOM COH

23. Deothana 3.00 1,48 25 KvVA 1 32 y 2 - 10 ADD OUTPUT
(wheat)

28, Sarwargaongore 2.50 3.40 25 KVA 1 17 1 ] - 3 ADD OUTPUT
(wheat)

25. Bhatambla 1.40 0.63 63 KVA 1 - 3 - - 15 ADD OUTPUT
(wheat)

26. Jawall 5.18 3.00 25 1 29 18 2 - 55 ADD OUtPUT
(wheat )

PUN.JAB

27. Sherpur 8.28 34.4 100 KVA 1 137 170 17 1 850 ADD OUTPUT
(rice/wheat)

28. Jeasowal 2.70 6.0 100 KVA 1 66 43 3 1 210 ADD OUTPUT
(rice/wheat)

29. Khirzabad 1.8 2.0 - - 200 8 L] 13 40 ADD OUTPUT
(rice/wheat)

30. Mainpur 1.7 1.6 63 KVA 1 80 5 3 6 25 ADD OUTPUT

(riceswheat)

*Equivalent acres (lands are irriga.ed twlece).

®®Acres affected geem to be not proportional to agricultrual connections

provided.

oY
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Financial Viability of
Rural Electrification Schemes

A financial analysis of rural electrification schemes reveals that the
capital and operating outlays for providing electricity to rural areas
exceed the revenue from consumers at the test discount rate of 12 percent.

A further examination of results reveals that villages electrified

-6 schemes incur minimum loss. For instance, thne

under ‘intensification
villages of Gosanipalli and Manegeon incur a financial loss of only Rs.
54,965 anrd Rs. 20,791, respectively. The loss decreases as the number of
domestic connections provided increases in the case of villages electrified
under intensification schemes. Gosanipalli village provided electricity to
nire households. An analysis of the results reveals that to break even
financially, at least fifty households should be provided connections from
intensification schemes.

Villages not far from the central grid can also break even if the
distribution retwork is optimally laid. For instance, if one examines the

villages which are located near the central grid, interesting results

appear.
. HT Lines Financial Number of domestic
Villages (km) NPV connections
Khirzabad 1.80 + 65,905 200
Mainpur 1.70 - 22,274 80
Yenuguvani Lanka 1.66 - 194,850 100
Mogalu 1.53 - 122,421 138

The wvillages of KXhirzabad and Mainpur have a high density of
customers. The resulting distribution network is optimum yielding minimum
loss or even marginal positive NPV (as in the case of Khirzabad). The
villages of Yenuguvani Lanka and Mogalu suffered a much greater financial
loss. It is not clear whether this was due to a low density of consumers

or to a sub-optimum layout of distribution network.

6. Villages electrified under intensification schemes do not call for
laying of HT lires or distribution of transformers due to already spare
capacity availability.
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The two points indicate that the choice before the domestic government
is limited to the following:

1. Increase of tariff rates to make REP financially viable.
This could reduce the demand for electriecal energy and its
impact can be gauged only after determination of price
elasticity of demand.

2. Examination c¢." schemes that will make use of electricity
popular sco that closer cluster of customers is possible.

3. Optimal design of distribution network and priority to
“intensification”’ schemes.

Economic Viabiilty of Rural Electrification Schemes

Switeh in Cropping Patterns

An examination of villages that experience a switeh in cropping
patterns due to electrification (see table 5-3) reveals that for
preliminary economic NPV to turn positive around 100 acres of land must be
affected. The prellminary economic NPV adjusted for savings and income
distribution impact is negative because the land owners gain much more than
the government due to the switch over. The market price of groundnut is
highly depressed and it pays (financially) for the land owners to switch
over. The difference between market prices and border prices for groundnut
can be explained by the low efficiency of domestic oil expellers who are
not able to pay the fair price to groundnut grovers. However, the
conclusions reached regarding groundnut are tentative and need to be
researched in detail.

Table 5-3. Switch in Cropping Pattern: Select Villages

Preliminary
economic
Financial Preliminary NPV adjusted
Village NPV economic for savings & Acres
(in rupees) NPV income distri- affected

(in rupees) bution impact
(in rupees)

Krishnagiri -195,312 - 45,678 - 586,880 52
Garla Dine -339,136 +167,216 -1,298,125 176
Chittyala - 81,650 - 6,8u7 - 254,922 25
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Additional Output
An analysis of the results for villages experiencing additional output

of rice or wheat indicates that preliminary economic NPV can turn positive
even 1if affected area is around fifty acres (see table 5-4). If acres
affected 1s around 200 or more, the social benefit reaped is very

significant. The other salient points that emerge from the analysis are:

1. The income distribution benefits are not significant as
financial prices are not significantly different from
border prices.

2. Acres affected are not the only factor determining
finaneial and economic NPV. Higher productivity through
the use of pumpsets is also a significant factor. The case
of villages in Maharashtra not showing significant social
profit even when acres affected are of the same order as
those villages in Punjab can be explained by higher
productivity achieved in Punjab farms.

3. Prioritizing areas for rural electrification could entail

choosing areas where at least fifty to sixty acres would be
affected by rural electrification.

Table 5-4. Additional Qutput of Rice/Wheat: Select Villages

Preliminary
economic
Firaneial Preliminary NPV ad justed
Village NPV economic for savings & Acres
(in rupees) NPV income distri- affected

(in rupees) bution impact
(ir rupees)

Navavasapuram -116,558 - 57,263 - 133,600 20
Yenuguvani Lanka -194,850 - 135,555 - 340,435 20
Decthana -107,398 - 94,778 - 206,869 10
Sarwargaongore  -127,853 - 124,532 - 264,591 3
Bhatambia - 57,674 A YEYAR - 106,618 15
Sherpur -796,772 +2,402,615 +2,716,630 850
Jessowal -147,577 + 653,024 + 792,347 210

Risk Reduction
Arn analysis of the results in table 5-5 reveals that in cotton-growing

areas 1t 1is socially profitable to provide rural areas with electricity

even if only ten acres are to be affected. The farmers felt that the need
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for a pumpset 1s acutely felt in regions growing cotton when the monsoon
fails. During critical periods, such failure can be a total financial ruin

to the farmers.

Table 5-5. Reduction in Risk of Crop Failure and Increase in Yield of
Cotton Crop

Prelimirary
economic
Financial Preliminary NPV adjusted
Village WPV economic for savings & Acres
(in rupees) NPV income distri- affected

(in rupees) bution impact
(in rupees)

Dhanora -199,7178 +239,976 +426,329 30
Lingi -155,715 - 53,106 -124,526 7

Soclal Viability of Rural Electrification Schemes

Acres to be Affected for Social Profit to Break Even

An analysis of the results indicates that the acres to be brought
under pumpset irrigation for social profit to break even varies with the
type of benefits. It 1is as low as ten acres for cotton crop where the
nature of benefit 1s reduction ir risk and increase in agricultural
production.

It will be recalled that the preliminary economic NPV becomes positive
if there 1s a awitch in cropping pattern from groundnut to rice if the
acres affected 1lie in thne range of 100. However, the net income
distribution benefits are always negative as land owners gain more than the
government.

The acres to be affected for social profit to break even are fifty to
sixty 1if the nature of benefit 1is additional production of rice/wheat.
There are no significant income distributional benefits as the distortion

between market and border prices is minimum.
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Regions under Extensive Canal Irrigation

No significant‘agricultural connections are sought 1n regions where
there 1s extensive canal irrigation. For instance, provision of
electricity to rural areas in affluent regions of West Godavari has not
resulted ir any significant incerease in agricultural production.
Similarly, social profit is not significant in regions endowed with good
monsoon and provided with electricity, as it 1is used for only domestic

lighting.

Regional Factors Affecting Social Profitability

1. The economic and social benefits are very significant in the case of

Punjab, an agriculturally and industrially advanced state, as compared to
Maharashtra (which is agriculturally and industrially in the intermediate
stage) even when the nature of benefit and acres affeclad are of same

order.

Agricultural Economic NPV after
connections Nature of adjustment of
Village sought benefit 3avings & income

distribution impact

Region: Punjab

Khirzabad 8 Add prod Rs. +344,405
rice/wheat

Mainpur 5 Add prod Rs. + 81,342
rice/wheat

Region: Maharashtra

Decothana 4y Add prod Rs. -206,869
rice/wheat

Bhatambia 3 Add pirod Rs. -106,168
rice/wheat

2. Even 1n an advanced state such as Punjab there are significant
differences in social profit between regions affected by the regional lavel

of development.

Ordinary advance scheme

Village Social profit

Sherpur +2,716,5630
Jessowal + 792,347
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Ordinary backward scheme

Village Soecial profit
Khirzabad + 344,405
Mainpur + 81,342

An analysis of the agriculturally advanced area, a drought-prone area,
ard a backward tribal area in Andhra Pradesh yield interesting results.

The response of tribal area is below normal. Agricultural connections
have not been sought from the bulk of the villages.

The response in the drought-prone area is comparatively better. The
response can be easily improved if the risk associated with the failure of
crops in the case of high-yielding varieties is minimized by the state.

The response in the advanced area is also poor a: the area 1s

extensively served by canal irrigation.

Conclusions and Policy Implications

This study critically analyzed the available methodologies for carry-
ing out a soclal cost-benefit analysis of rural electrification schemes.
The study derived the necessary shadow prices for evaluation. In order to
measure marginal costs involved in rural electrification the study
identified a cost minimization set. It also identified the cost of
distributing electricity to rural areas as location specific. Marginal
cost up to the subtransmission stage was derived as an average cost from
the cost minimization set. The study classified the major agricultural
benefits in three broad categories and using project specific--and
national--shadow prices proceeded to measure the ret social benefit.

In the study, the village rather than the utility was taken as the
unit of analysis. The village was chosen as unit of analysis to determine
the sensitivity of social profit to village location and demographic
characteristies.

The study assumed that rural electrification projects fall outside the
basic category of projects in which postponement is not possible. In the

case of resource constraints fthe state can prioritize areas for rural
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electrification. The study identified the variables affecting social
profitability as:

- Extent of other irrigation possible such as canal

irrigation.
- The type of benefit that can be expected.
- The expected response from customers for agricultural

connections.

- Social conditions of the region such as advanced, backward,
tribal, drought-prone areas, etc.

- Alternative cost-effective centralized distribution schemes
available.

- Prevailing schemes for credit and crop insurance schemes,
ete.

Social profitability was higher in advanced regions compared to
backward regions. This could be a reason for giving priority to advanced
regions for rural electrification. Similarly, in drought-prone areas, the
response can be more favorable if cheap credit and crop insurance schemes
are carried out. In tribal areas electrification could be postponed if
resource avallability is a constraint.

Prioritizing areas depending on nature and type of benefit could also
be effected. For instance, higher priority, for rural electrification
could be accorded to areas growing cotton in view of reduction of risk of
crop failure. Similarly, vreak-even areas for varying types of benefits
glves the state effective operational guidelines for prioritizing areas for

rural electrification.



49

Appendix A

Table A-1. Summary of Ratios of Social to Market Wage Rates for Rural
Labor, by States

Rural
K12 k2P K3°
Andhra Pradesh 1.00 1.00 1.00
Maharashtra 0.76 0.74 0.76
Punjab 0.94 0.94 0.94
%1 = Assuming no rural surplus.
bKZ = Assuming maximal estimatr: of rural surplus labor valid.
°k3 = On ‘best” estimates of rural surplus labor.

S e R 1% 1 B "y e R P ~"rﬁ T Mg T ':'fl
Pravious Yage Bl
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Table A-2. Derivation of Social Wage Rate for Rural Male Labor, by States
Andhra
Pradesh Maharashtra Punjab
1. 1971 census percentage rate
of labor force in agriculture 79.51 78.84 79.12
2. Percentage of male labor
force unemployed 0.49 1.16 0.88
3. Average daily male wage
rate 1970-71 rupees 2.22 2.28 4,97
4. Value of market price of agricultural
output foregone--Estimate I 2.209 2.234 4,926
5. Market estimates of proportion of
agricultural workers in surplus 2.83 2.03 1.31
6. Value at market price of
output foregone--Estimate II 2.146 2.208 4.862
7. Best estimates of surplus
labor force in agriculture 0.00 0.00 0.00
8. Value at market price of
output foregone--~Estimate III 2.208 2.254 4.926
9. Agricultural output conversion factors 1.04 0.77 0.94
10. Social value of output
foregone--Estimate I 2.297 1.736 4,63
11. Social value of output
foregone--Estimate II 2.232 1.700 .57
12. Social value of output
foregone--~Estimate III 2.297 1.736 4.63
13. Rural consumption conversion factor 0.97 0.77 0.85
14. Marginal distribution weight
for agricultural labor 0.981 1.17 0.971
15. Net social increase in
consumption--Estimate I 0.0002 -0.0035 -0.0345
16. Net social increase in
consumption--Estimate II 0.0013 -0.0095 .0853
17. Net social increase in
consumption--Estimate III 0.0002 ~-0.0035 0.0345
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Table A-2. (Cont.)

Andhra
Pradesh Maharashtra Punjab
18. Soclal wage rate, Estimate I 2.297 1.732 4,665
19, Social wage rate, Estimate II 2.233 1.691 4,656
20. Social wage rate, Estimate III 2.297 1.732 4,665
21. Ratio of social to market
wage, Estimate I 1.035 0.760 0.939
22. Ratio of social to market
wage, Estimate II 1.006 0.742 0.937
23. Ratlo of social to market
wage, Estimate III 1.035 0.760 0.939

Note: Since nominal wager rate (NWR) and social wage rate (SWR) are
almost equal with L&M numeraire, no further adjustment of SWR for UNIDO
numeraire has been carried out. See text for reasons.

Source: Government of India, Planning Commission, Technical Working

Paper (1974).
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Table A-3. Capital Cost Data for 33/11 KV 1 x 5 MVA Substation
Sr. Amount
no. Particulars Unit _iate Quantity (Rs.)
1. 33 KV insulator with earth blades no 11,765 1 11,765
2. 33 KV isolator without earth blades no 10,040 2 20,080
3. 33 KV lightning arrestors set 5,272 2 10,544
y, 33 KV horn gap fuses set 1,650 1 1,650
5. 33/11 KV 5MVA transformer with OLTQ no  U446,20C 1 446,200
6. 11 KV switchgear complete with

one incoming from outgoing panels

with cable and cable boxes LS 288,300 1 288,300
7. 11 KV lightning arrestors set 540 1 2,160
8. Station transformer (100 KVA)

with distribution box no 12,150 1 12,150
9. 30 V battery set with charges

and AC/DC board no 16,760 1 16,760
10. Busbar material, clamps earthing,

ete. LS 42,950 1 42,950
11. Structures and foundations

including takeoff structures LS 42,564 1 42,564
SUBTOTAL 895, 123
12. Contingencies - 3% of subtotal 26,853
13. T &P - 1 1/2% of substotal 13,426
14. Labor charges 46,365
15. Transport 7,610
16. Special T & P (transport vehicles) at 2% 17,902
GRAND TOTAL Rs. 1,007,029
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Table A-4. Capital Cost for Pole Mounted 63 XVA Distribution Transformer
Substation, 11/0.433 KV, 6l VA

Sr.
no. Desoription of matarials Unit Quantity Unit (Rs, Amount

1. 63 KVA 11/0.433 distrubution
transformer no 1 6,535 6,535

2. 9 m long PSC pole 30 KG/m
(60 1b/yd) rail pole no 2 180/715 36071430

3. M.S. channel for top and trans-
former mounting crossarms 100 mm

x 50 mm x 6 mm, 0.2 kg/m Xg 100 2.60 260
4. M.S. channel 75 mm x 40 mm

x 6 mm, 7.1 kg/m kg 22 2.60 37
5. M.S. angle 50 mm x 50 mm

x 6 mm, 4.5 kg/m %g 22 2.61 57
6. M.S. flat 50 x 6 om, 2.4 kg/m Kg 24 2.30 70
7. Distribution box Xg 1 937 337
8. Lightaing arrestors, 11 £V set 1 445 uus
9. 11 KV D. 0. fuse unit, set of 3 no 1 76% 769
10. Earthing sets (pipe/rod) HT no 3 35 105
11, Stay sets, HT no 4 51.90 208
12. Stay wirs 7/10 SWG kg 25 4.50 113
13. G.I. wire 8 SWG kg 4 4.6 i8
14. Barbed wire K 15 6.3 35
15, Danger boards n0 2 3.95 8
16, 11 KV strain set complete with )

nardware 10 3 120 360
17. 11 KV pin ‘nsulators with ﬁins no 3 40 120
18. LT ?VC wire 4 core 30 mm® a 22 §0 1,320
19. LT PVC wire 3 1/2 core 70 m® a 7.5 80 600
20. Painting of hardware and support == LS LS 25
21. Zoncrating of poles & stays ecmt 2 150 300
22. Sundries such as nut-bolts

clamps, °VC sleeves, 3oldering - LS LS __250
TOTAL 13,012/714,082
Diract charges: (a) contingencias-3% and T & ? 1 1/2% 385/633

(o) Labor cnarges 13 per 3chedule in text 530
(@) Transport charges € 4% of cost of zmatarials 320/563

14,637/15,390

Approximately =2qual to \0r 9m long 25C pnles) Rs. 14,700/-
(On 3m long 30 «xg/m rall poles {As. 15,300}
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Table A-5. Capital Cost for Pola Mounted 25 KVA Distribution Transformer
Substation

Sr. Rate per Amount
n0. Description of materials Unit Quantity unit (Rs) (Rs)

1. 25 KVA 11/0.433 distrubution
transformar no 1 4,880 4,880

2. 9 m long PSC pole 30 XG/m
(60 1b/yd) rail pole 2o 2 180/715 360/1430

3. M.S. channel for top and trans-
former mounting crossarms 107 am

x 50 am x 6 mm, 0.2 kg/m Xg 100 2.60 260
4, M.?. channel 75 mm x 40 am
x 5 am, 7.1 kg/m Xg 22 2.60 57
5. M.S. argle 50 om x S50 mn
x 6 mm, 4.5 kg/m kg 22 2.61 57
6. M.S. flat 50 x 6 am, 2.4 kg/m g au 2.30 70
7. Distribution box Kg 1 634 o34
3. Lizhtning arrestors, 11 £V set 1 uus 445
9. 11 4V D.O. fuse unit, set for 3 no 1 769 769
10. EZarthing sets (pipe/rod) HT no 3 35 105
11, Stay sets, HT no 4 51.90 208
12. Stay wire 7/10 SWG g 25 4.5 113
13. G.I. wire 8 SWG X3 4 4.6 18
14, Barbed wire g i5 5.3 35
15. Danger boards no 2 3.35 3
16. 11 KV strajn set complete with
hardware no 3 120 360
17. 11 £V pin {nsulators with pins no 3 40 129
18, LT PVC wire 4 core 16 mm m 30 13.21 546
19. Painting of hardware and support -- LS LS 25
20. Concreting of poles % stays et 2 150 300
21. Sundries 3such as nut-obolts
clamps, PVC sleeves, soldering - LS LS 250
TOTAL 3,5680/10,750
ireot charges: {a) centingencies-3% and T % P 1 1/2% 435/u85
(2) Labor cnarges as per scnedula {n text 530

(o) Transport charges 4 4% of cost of materials 387/u480

11,082/12,295

Approximataly aqual to {Jn 3m long 7SC polas) 3As. 11,iC0/-
(On 3m long 30 «z/a rail poles .as. 12,200)
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Table A-6. Capital Cost for Pole Mounted 100 KVA Distribution Transformer
Substation

Sr. Rate per Anount
no. Description of materials Unit Quantity unit (ads) (Rs)

1. 100 KV 11/0.433 distrubution
transformar no 1 7,560 7,560

2. 9 m long PSC pole 30 XG/m
(60 1b/yd) rail pole ro 2 180/715 36071430

3. 4.3. channel for top and trans-
former mounting 2rossarms 100 mm

x 50 mm x 6 mm, 0.2 xg/m kg 100 2.00 260
b, M.S5. channel 75 mm x 40 mm

X 6 am, 7.1 kg/m Xg 22 2.60 57
5. M.S. angle 50 om x 50 mm

x 6 mm, 4.5 kg/m kg 22 2.61 57
6. M.S. flat 30 x 6 am, 2.4 xm/m Xg 24 2.90 70
7. Distribution box kg 1 1,205 1,265
8. Lightnipg arrestors, 11 KV 3ot 1 1us 4us
9. 11 KV D.0. fuse unit, set of 3 no i 7689 769
10. Earthing sets (pipe/red) HT no 3 35 105
11. Stay sets, HT no 4 £1.30 208
12. Stay wirs 7/10 SWG Xg 25 4.50 113
13. G.I. wire 8 SWG kg 4 4.6 18
4, 3arbed wire kg 15 6.3 95
15. Danger boards no 2 3.95 3
16, 11 KV strain set complata with

nardwars no 3 120 360
17. 11 &Y pin insulators with pins no 3 40 120
18. LT PVC wire 3 i/2 core 70 mn? a 2z 80 1,760
19. LT PVC wire 3 1/2 core 159 an® a 7.5 108 810
20. Painting of nardware and support -- LS LS 25
21. Concreting of poles & stays emt 2 150 300
22. Sundries such as -mut-bolts

clanps, PYC sleevas, soldering - L3 LS __250
TOTAL 15,315 16,085
Direct charges: (a) contingencies-3% and T & P 1 1/2% 675/723

(o) Labor charges as per sonedule in taxt 530

(e) Transport charges 8 4% of cost of materials 601/643

6,371 7 18,03

Approximately equal %o (On 3m long 25C poles) 3s. 17,1600/~
\Cn Jm Long 30 «g/m rall poles (2s. 13,200)

Capital cost of LT iines/km agsumed for the study - Rs. 22,700
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Table A-7. Capital Cost for HT Lizes: Wind Pressure 100 kg/ma
11 KV spur lire using 8 m ASJ poles and 13 a1 30 kg/m 8 am pole

cut point per xm ACSR

i:: Description Unit Quantity Rate Amount
1. RSJ 175 om x 85 mm x 3 z long

100 zm x 116 mm no 14 429 9,006
2. Rail pole (30 kg/m) 8 a no 1 660 560
3. S flat 50 om x 10 .= kg 50 2.9 45
4. S channel 75 mm x 50 om x 6 mm kg 170 2.6 442
5. 11 £V pin insulators with pins set 45 40 1,300
6. 11 XV stream sets set 6 120 720
7. ACSR conductor 20 mm® 7/2.59 m  set 3.1 2,200 6,320
3. Joizting sleeve for ACSR no 3 5.15 15
9. Stay sets HT no 7 51.90 363
10. Stay wire 7.10 SWG xZ 40 4.5 180
11. Earthirg coils zo 15 10 150
12. Anti-clunching devices no ) 5 20
13. Danger board no 4 3.95 16
14, Binding wire X2 1 28 28
15. 3inding tape g 1 21 21
16. Back-filling of pope pits

With bonlees no 15 10 150
17. <Corereting of stays ard dase pads

for support cmt 7 150 1,050
18. Black bituminous paint ltr 6.5 3.39 a2
19. 3ed oxide paint ltr 13 3.7 113
20, Aluminum paint ler 4 10.35 44
21, Sundries 170
SUBTOTAL 13,935
lontingencies - 3 Jand T & 2 1 /2% 352
Labor charges 1,394
Transport charges 9@ 4% of cost of materials 758
TOTAL 21,939

2

dpproximately fs. 21,900/km for 100 kg/m” wind pressure
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Appendix B

SHADOW PRICES FOR APPRAISING
RURAL ELECTRIFICATION PROJECTS

In this appendix necessary national paramete.s for project evaluation
are estimated.

Table B-1 lists the estimated parameters. Subsequent sections briefly
describe the assumptions made in the derivation of these parameters.

The Shadow Price of Foreign Exchange

The UNIDO Guidelines for Project Evaluation (1972) uses a foreign

exchange shadow price based on marginal social value as revealed by the
consumers” willingness to pay for foreign exchange necessary to finance REP
by foregoing the consumption of other goods. Algebraically, it can be put
in the following manner (guide: p. 48):

(M + Ti) + (X + S) )

SER = OER ( X
( M+ X )

where:

SER = shadow exchange rate

OER = official exchange rate

M = CIF value of imports

X = F.0.B. value of export

Ti = import tax revenue

Sx = export subsidies

(Note: Quantitative restrictions will have to be considered in the form of
tariff equivalents.)
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Table B-1. Summary of ¥atiozal Parameters
Parameter Probaple value demarks
1. Shadow Exchange Rate (SER) 1.25 SER 1is 1.25 times the
offlcial exchange rata
2. Marginal Productivity of Capital (q)
Estimate 0.20 Using ICOR for the
economy as a whole
Estimate 0.12 Considering only the
modera sector
3. Consumption Rate of Interast (i) 10-11% 1% assumed for thne
study to aave a
plausible PINV value
4, Elasticity of Marginal Utility 3 Qbtained indirectly
to Increased Consumptioz (e) 2as a mutually consist-
ant value of CRI,
srowtn rata, ete.
5. Global Marginal Propensity 0.34 to 0.4C assumed for tae
to Save (MPS) 0.40 study
6. Global Margiral Propensity 0.60 Obtainad at (1 - MPS)

3.

10. Distribut’on of Consumption

11. Global Distribution Weight (d)

12

13. Critical Consumption Lavel

14,

5. Accounting rate of interest

to Consume (MPC)

The Overall Social Value of

Investmert in tarms of
Consumption (P inv)

Shadow Wage Rate (3WR)

GINI Coefficient (GINI)

Parameter ( )

. ?ar Capita GDP in 1979/80

Zstimate

Estimate

Zstimate

Period %o attain optimality
in savings rate

1.32 to 2.56
for range of
‘17 - 11-3%

8s.

Rs.
ds.
gs.
3s.

0.00

0.28

1,48U/year

1,374
1,365 %o
1,068/year
347 /year

30 years

12%

1.32 nas been assumed
for the study

Zqual weight has been
gsiven to agricultural
workers” consumption

and the consumption of
tae government

Based on D

Tor ? inv values of
1.29 Lo 2.586

Poverty level astimate
{(this has been uzed ‘or
the study)
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Other implicit assumptions made in the approach are as follows:

1. Domestic market prices for all trade goods are taken as a
.measure of social worth.

2. The divergence between social and market prices 1is
accounted for by taxes and duties.

3. Income elasticity for commodities is unity.

y, Past average rates of taxes and duties are assumed to
reflect trade policy over the useful life of the project.

5. The elasticities of import demand and export supply are
assumed to be infinitely elastic.

Table B-2 presents data on imports and import duties levied in the

recent past.

Table B-2. Value of Imports and Import Duties

1974/75 1975/76 1976/77 1977/78 1978/79

Import thies

(in 10’ Rs.) 1,237 1.315 1,456 1,646 2,041
Import 7 4,519 5,265 5,074 6,026 5,511
(in 10’ Rs.) ’
Duties as a percent
of imports 27.4% 25.0% 28.7% 27.3% 35.1%
Note: Average ratlio of duties as a percentage of imports is 29
percent.

Source: Statisties of Foreign Trade & Budget Papers Government of
India (various issues).

An analysis of the data in table B-2 Indicates that “apparent” premium
on foreign exchange (FE) 1s around 29 percent (if duties alone are
considered for application for FE premium). Duties in table B-2 represent
“apparent”’ premium as the assumptions 1, 2, and Y4 are likely to be violated

as shown in table B-3 below.
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Table B-3. Imports and Duties in Constant 1975 Prices

1974775 1975/76 1976/77 1977/178

Import duties 1,237 1,315 1,456 1,646

(in 10’ Rs.)
Price index from

national accounts 162.5 154.,5 165.2 170.7
Import dvties

(in 10" Rs. in 197u4/75

price levels) 1,237 1,384 1,432 1,567
UN Unit value index

for manufactured goods 180 217 220 236
Imports deflated to

1974/75 price levels 4,519 4,367 4,151 4,596
Import duties as a % of

imports (in real terms) 27.4 31.7 34.5 34

Note: Average for four years is 32 percent.

Source: Government of India, National Income Statisties, various
issues; Government of India, Statisties of Foreign Trade & Budget Papers,
various issues.

An analysis of data iIn table B-3 reveals that average ‘real” duties as
a percentage of imports was around 32 percent and steadily increased over
the 1974-1978 perinad.

Computation of subsidies as a percentage of FJUB value exports was more
difficult to obtain. Since the bulk of imports is oil, and exports are
increasingly manufactured goods and machinery, the amount of subsidy
involved can be measured by taking a sample of modern industrial units.

Subsidy rates for ten Industrial Credit and Investment Corporation of

India (ICICI) exporting companies appear in table B-4.
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Table B-4. Subsidy Rated for Units Promoted by the Industrial Credit and
Investment Corporation of India

Actual total Proportion of
subsidy exports in Weighted
(direct & indirect) 1979/80 subsidy
% of FOB
1. Light & commercial
vehicles 28 0.090 2.52
2. Textile machinery 11.5 0.012 0.12
3. Electrical machinery 17 0.052 0.91
4, Casting and forgings ) 0.002 0.01
5. Steel tubes and pipes 15 0.032 0.48
6. Textiles 23 0.669 15.39
7. Chemicals 0 0.143 -
1.000 19.44

Note: Average subsidy is 20.36 percent of FOB of exports.

Source: Prices for Planning (Heineman Educational Publications,
1980).

The premium on foreign exchange is obtained by applying the formula:

Imports r Exports
(Imports + Exports) X Duties (%) + (Imports + Exports) X Subsidies (%)
Exports

(Imports + Exports) X Export tax

where:

Duties (%)
Subsidies (%)
Export tax

duties as a percentage of CIF value
subsidies as a percentage of FOB value
taxes levied on exporta of traditional commodities.
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From the data listed in tables B-2, B-3, and B-4, and observing that

imports constitute 58 percent and exports 42 percent of imports and

exports, we have the weighted premium ignoring export taxes as

0.58 X 32 + 0.42 X 20 = 27%

After adjustment for export taxes, the foreign exchange premium works out
to 23 percent. Thus the shadow price of foreign exchange is 1.25 times the

official exchange rate.

Marginal Productivity of Capital,
Social Value of Investment, and Shadow Wage Rate

Marginal productivity of capital is the annual increment of output
(assumed constant) in the economy due to a unit of reinvestment. However,
the marginal productivity of capital for an industrial project in the
publie sector whose investment comes from nonagricultural sectors such as
manufaturing, transport, communication, mining, ete., is the annual incre-
ment of output in the nonagricultural sector. To determine the marginal
productivity of capital, assuming that the investment is from the economy
as a whole, the dincremental capital output ratio (ICOR) has to be

estimated.

Table B-5. Incremental Gross Capital Output Ratio for the Economy

as a Whole

Incremental gross

Plan Period covered capital output ratio
First Plan 1951/52-1955/56 3.2
Second Plan 1956/57-1960/61 4.1
Third Plan 1961/02-1965/66 5.4
Fourth Plan 1969/70-1973/74 3.7
Fifth Plan 1974/75-1978/79 3.9

Note: Average for the five plans is 4.5.

Source: Government of India, Sixth Five Year Plan, 1930-35 - Plan
Document .
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Thus the increment in output per unit of investment (Y) is 22 percent.
The rate of net profit due to investment is arrived at by subcontracting
the marginal product of labor per unit of investment from the incremental
output per unit of investment. If in the modern sector “1° jobs can be
creataed per unit of investment and If W™ is the industrial wage rate of
unskilled labor (assumed as marginal the product of labor), then the net

profit due to investment is obtained as
Y - Wl

The average wage of labor in the modern sector in 1979/80 prices is Rs.
11,500 per year. Investment in the public sector between 1974 and 1979 was
Rs. 93.65 billion, while the growth of employment between 1975 and 1379 was
about 200,000. Thus the investment per employment generated works out to
Rs. 468,200 and the marginal product of labor per unit of investment works
out to 0.02. The rate of net profit due to the investment, considering
ICOR for the economy as a whole, works out to 0.20.

The value added at 1979/80 prices for 1980-1985 divided by the Invest-
ment 1979/80 prices for 1980-1985 works out to 0.14. The rate of net
profit due to investment in the modern sector works out to 0.14 - 0.02 =
0.12. The alternative estimate of marginal porductivity of capital works
out to 0.12.

Table B-6. ICOR in the Modern Sector
(Gross investment by destination sector and increment in
Gross D9mestic Product at factor cost, 1980-1985)

(Rs. 10" in 1979/80 prices)

Investment at Incremental GDP

market prices at factor cost ICOR
Manufacturing 45,515 6,500 7.00
Construction _ 1,760 1,389 1.29
Railway and other transport 16,054 1,445 11.11
Communications 2,902 262 11.08
Mining and quarrying 5,575 1,040 6.32

Note: Average for the modern sector is 7.36.

Source: Go'ernment of India (1981).
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Social Value of Investment in Terms of Consumption

It has already been shown that the net return due to a unit of
investment is given by Y - Wl where Y represents the incremental output and
W1l represents the wage payment paid out of the incremental output. Assum-
ing that the labor for the industrial sector comes from the agricultural
sector, let “g” be the marginal product of labor in the agricultural sector
and °S” represent the global marginal propensity to save out of prefits
then 1t follows that (1-S)(Y - W1l) will be consumed. If P-investment
(P-inv) represents the value of investment in terms of consumption, then

the contribution of net profit to aggregate consumption is:
P-inv X S(Y - W1) + (1 - 3) (Y - Wl)

If it 1s further assumed that unskilled laborers save nothing then their
contribution to aggregate consumption is (W - h)l. Thus, if “i° is the

consumption rate of Interest, we have

P-inv S(Y - W1l) + (1 - 8) (Y - W1) + (W - g)1
i

P-inv =

Solving for P-inv, one obtains

1 - 8) (Y -Wl) + (W - g)l
i - (Y - W)

P-inv =

Estimation of Global Marginal Propensity to Save (MPS)
Ignoring the terms of trade effect the MPS can be expressed as:

GDS
in 1977/78 - in 1975/76 _ 5116 o 4,

GDS
in 1977778 ~ OPPyy 1975,76 19222

- GDP

An alternative estimate of marginal propensity to save (Partha

DasGupta, 1978) is obtained as the iratio of

Increment in government Iinvestment
Increment in government expenditure
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Estimation of Consumption Rate of Interest (CRI)
The consumption rate of interest is obtained as e x g, where ‘e’
represents the elasticity of marginal utility to increased consumption, and
‘g’ represents the per capita growth rate.

Clearly, wich the anticipated growth in the economy, the future income
will be less valuable and has to be discounted. Thus, CRI represents the
distributional weighting to income transfer between generations. Thus, CRI
cen be estimated as ( (1 + g)° - 1) or as (e x g). The annual compound

growth rate envisaged in the Plan Document 1980-85 up to 84-85 is 5.20

percent and 5.5 percent thereafter. An average growth rate of 5.35 percent
has been assumed for this study. The average per capita GDP growth rate
envisaged is 3.5 percent. The minimum value of CRI is set by (S x q) which
works to 4.8 percent. Thus the minimum value of ‘e’ is obtained as 1.37.
The normal value of ‘e’ is expected to be in the range of 1 to 3, depending
on how egalltarian the society is. The maximum value of ‘e’ is obtained by
observing that the CRI assumed should give plausible levels of
P-investment. Also, th: eritical consumption levels (CCL) obtained using
P-investment and Global Distribution measure should not be far different
from the ‘reference income level” adopted by the domestic government. The
only case where significant difference between CCL and reference income
level (RIL) adopted by the government is tolerated will be when the
government places a high implicit value on ‘e”.

Thus the maximum value of ‘e’ is derived using an iterative procedure
so that the: CRI cbtained gives a plausible P-investment value.

To <otain P-investment values, we need an estimate of ‘g as a

fraction of ‘W°, which one can obtain in a roundabout way. Indian Labour

Year Book1, published by the Labour Cureau gives the per capita earnings of
employees in manufacturing industries in 1975 price levels statewide and
industry-wide. An examination of these with the agricultural wages (both
in cash and in kind) suggest that a plausible value of “g” can be W/2.
P-investment can now be computed for different CRIs as all the parameters
necessary to compute P-inv have been derived. P-investment figures for

different values of CRI are shown below:

1. Indian Labour Book, Goveranment of India, Labour Bureau, 1980, pp.
28-29.
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CRI P-investment
11% 1.32
10% 1.58

8% 2.56

6% 6.83

Clearly, the CRI which gives plausible value of P-inv lies in the range of
10-11 percent. Thus the plausible elasticity of marginal utility to

increased consumption works out to 3.

Shadow Wage Rate

In employing agricultural labor, agricultural workers gain (W - 2) and

the economy losns W. The net loss in aggregate consumption:

W==-(W-g)+ {1 +8)W + S P-invy
W =2+ S(P-inv - 1W
Here, due to lack of data the study assumes equal weight for agricultural

workers” consumption and the consumption of the government. Thus, the

above expression has to be adjusted by the following factor:

(W - 2)

(, . (Critical consumption level ye )
( Unskilled rural wages )

For a plausible value of P-investment of 1.32 and for g = 0.5W, the

shadow wage rate is 0.6 times the market wage rate.
Regional and Rural Shadow Wage Rate

The economy-wide shadow wage rate will suffice as a goocd approximation
for an industrial project being set up in the urban area. However, in
rural areas due to the absence of stringent minimum wage legislation in

rural areas the difference between shadow and market wages 13 not
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sigaificant. A technical working paper of the Planning Commission has

worked out the SWR for three states as fellows:

“stimate 1 Estimate 2 Estimate 3
Andhra Pradesh 1.00 1.00 1.00
Maharashtra 0.76 0.74 0.76
Punjab 0.94 0.94 0.94

Source: "Technical Working Paper," The Planning Commission (1974).

In terms of the numeraire adopted for this study, the SWR will be
different, as it will be P-investment times SWR derived using the Little &
Mirlee numeraire. As the rural SWRs are nearly the same as market wage

ates, no detailed corrections have been carried out.
Accounting Rate cf Interest

The accounting rate of interest (ARI) can be defined as the
productivity of the current investment in terms of the numeraire which is
savings expressed in foreign exchange. Ideally, the ARI should equal the
real rate of return on marginal investment in the public sector when it is
evaluated using accounting prices.

The Planning Commission uses a 12 percent discount rate as the
approximate cut-off rate to select projects. It has been found that
assumption of a lower discount rate would mean rejection of high yielding
projects which are proposed at the end of the plan peried. A higher
discoun@ rate as a cut-off rate can leave planned resources unutilized.
Hence, the soclal discount rate is used as a budgecing mechanism.

An alternative way of estimating the accounting rate of interest uses
the fact that investment 1s valued at a premium over current consumption
and that the divergence between CRI and ARI will diminish linearity over
time until it disappears in T years. Here 'T” i3 chosen as the period over

which savings become optimal. It can be shown that

P-investment = (1 + 1/2(ARI - CRI) )T.
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It is assumed that it will take fifty years for savings to becom= optimal
when the ARI works out to 12 percent.

Alternatively, if the gcvernment is borrowing heavily from abroad, ARI
can be estimated as the marginal cost of such borrowing. One way of
estimating the marginal cost of such borrowing would be to look at interest
charges on Euro-currency 1loans. The prevailing interest rates on
Euro-currency loans is roughly 1 3/4 percent points above the London
inter-bank ordinary rate (LIBOR) (9-10 percent) and thus an estimate of ARI
based on marginal cost of borrowing can be 11 percent.

This study assumed a value of 12 percent of ARI as plausible.
Critical Consumption Level

The critical consumption level (CCL) is defined as that level of per
capita consumption at which the government values private consumption just
as much as public income.

An independent estimate of CCL is derived by examining government
policies. Since one of the prime objectives of the domestic government is
to reduce the percentage of people living below the poverty 1line, the
poverty line can be used as approximation of reference income level.

Alternatively CCL can also be derived from Global Distribution Measure

-,

(D). D is related to the distribution of consumption parameter and GINI

coefficient as follows:

D= 0% (g~ l)l"e
e+ 0 -1
where
1 + GINI
9 (Gt

and e = the elasticity of marginal utility t> increased consumption.

For a GINT coefficient (World Bank, India Occasional Papers, 1978) of
0.28 works out to 2.29 and D works out to 1.68. D is related to CCL by the
following relationship:

_ e
L

( )
D= (%)
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The ecritical consumption level computed in the above manner works out to
Rs. 1,250 per year or 84 percent of averzge per capita GDP.
The alternative way of computing CCL is to use the relationship
between CCL and P-investment. For instance, if the adjustment factor for

consumption is ignored it can be shown that

1 1

P-._nvestment

CCL = C ( /e

where C represents per capita GDF.

The CCL, given a P-investment value of 1.32, works out to Rs. 1,365
per year and goes down to Rs. 1,068 per year for a P-investment value of
Rs. 1,068 per year.

The poverty line has been used as a reference income level in view of
the government policies which have accorded the highest priority to
reduction of poverty. Also, the implicit assumption of a high value for
‘e’ suggests the plausible value of reference income level as the poverty
line and thus this has been adopted as the reference level for the study.

Poverty line estimates in 1979/80 price levels statewide updated using

the consumer price index for agricultural labor are shown below:

Maharashtra Rs. 672/year
Punjab Rs. 687/year
Andhra Pradesh Rs. 582/year
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Appendix C

Calculations of financial NPV, economic NPV, and economic NPV adjusted
for savings and income distribution for the village of Kampbalapadu.

Kampbalapadu Village

Capital Cost Computation

LT lines* 2.75 km Rs. 62,425
HT lines®* 2.80 km Rs. 61,320
Distribution* transformers 50 KVA Rs. 15,000

Rs. 135,745

Capital Phasing

I year Rs. 34,686
II year Rs. 34,686
III year Rs. 27,749
IV year Rs. 27,749
V year Rs. 13,875

Rs. 138,705

Sales Realization

Connections Number Units (kWh) consumed Sales realization (Rs.)
Domestic 19 4,560 2,189
Agricultural 1 1,250 200
Industrial 2 4,800 2,304
Commercial - - -

10,610 4,693
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OPERATING COST:

Total yearly electrical energy cost for the village:
38 paise/kWh X 10,610 = Rs. 4,032

Operations and maintenance cost € 3% of capital cost = Rs. 4,153.

Capital Cost of Operations & Revenue from
Year cost electrical energy maintenance cost sales of units
(in Rs.) (in Rs.) (in Rs.) (in Rs.)
1 34,686
2 34,686
3 27,749
y 27,749
5 13,875 806 4,162 939
6 - 1?613 47153 1’877
7 - 21419 u1153 2,816
8 -- 3,226 4,153 3,754
9 - 4,032 4,153 3,754
10 - 4,032 4,153 4,693
3Y - 4,032 4,153 4,693

Note: 1. Useful life, 30 years of operation.

2. Production build-up as shown in table above.

KAMPALAPADU
At 0% discount rate (Rs) At 12% discount rate (Rs)
Capital cost 138,745 103,860
Operating cost
Electrical energy cost 112,896 16,529

Operations and maintenance
cost of maintaining

distribution network 124,590 21,260
Sales realization ““rough
sale of electricu. energy 131,404 19,240
Finanecial NPV -2uu,827 -122,409

Switehh 1in cropping pattern is the benefit, that is, in three acres, 75 bags
of rice (7,500 kg of rice) are grown in place of groundnuts.



72
An approximate value of benefits is computed as follows:

Border price Value

Commodity Quantity without premium (in Rs.)
Rice 7,500 kg Rs. 1.2/kg 9,000
Fertilizers 300 kg Rs. 128.5/100 kg 386
Pesticides Rs. 17/acre - 51
8,563

Value added ircluding a premium on foreign exchange = Rs. 10,704

Value of groundnut production lost at the rate of 500 kg per acre

in border price with a premium of 25% = Rs. 7,375
Cost of inputs (nontradeables) in groundnut production = Bs. 65
Net value of groundnut production = Rs. 7,310
Incremental value added = Rs. 10,704 - 7,310 = 3,394

Incremental expenditure on unskilled labor at the rate of

Rs. 250/labor/year and a productivity of 15 quintals*/acre/labor

= Rs. 250 X %% = Rs. 1,250/3 acres

Shadow wage rate - 1 X 1,250 = Rs. 1,250/3 acres
Net profit in border prices due to switchover = Rs. 2,114/year

Present value of net profit in border prices over useful life = Rs. 8,789

Preliminary economic NFY using 12% discount rate = Rs. 113,620

* One quintal equals 220 pounds.
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Landowners” Benefit Due to Switchover from Groundnuts to Rice

The present value of financial benefit computed in the above manner
using market prices instead of shadow prices using a 12 percent discount
rate 1s Rs. 24,147. The high financial benefits are due to the low price
at which groundnuts are sold in the market. As a result of these flows,
the government loses Rs. 24,147 - 8,789 = Rs. 15,358, and the landowners
gain Rs. 15,358.

Other Income Flows

1. Since the electricity board loses Rs. 122.409 on account of providing
electricity to consumers, consumers gain hs. 122,409.

2. Similarly, unskilled labor gains [ (market wage rate - shadow wage
rate) unskilled labor gain] while the government/project loses that
much. Unskilled labor gai*s Rs. 250/year and the additional
expenditure on iabor 1s likely to be on the order of Rs. 1,250/3
acres. Since the income flow 1s defined as the difference between
financial and economic prices. unskilled labor gains will be (market
wage rate - shadow wage .ate), while the government loses an
equivalent amount. Since the rural market and shadow wage rates are
the same, the income flow to unskilled labor from government is
negligible.

3. The final income flow to be tapped 1is that of consumers from land-
owners. Landowners are required to incur a private investment of Rs.
3,900 at the beginning of the operation period for a pumpset and
thereafter incur an operating expenditure of Rs. 1,100/year for
fifteen years (a pumpset’s useful life). Then the landowner invests
in another pumpset for the remaining fifteen years. The present value
of this expeacditure stream works out to Rs. 6,594, The gain on
account of purcnase goes to the consumer class.

The various gains/losses can be summarized as follows:

At 12% discount rate

Project loss to consumers -122,409
Consumer gain from project +122,409
Consumer gain from landowners +6,594
Landowners gain from government +15,358
Government loss to landowners -15,358
Unskilled labor gain from additional work negligible

The savings adjustment factor for project and government =

P-investment - 1 (assuming all public sector profits are saved).
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MPCi X MP

CRI - (MP X MPS)

-1

where:
MP = marginal product of capital
CRI = consumption rate of interest
MPC = marginal propensity to consume
MPS = marginal propensity to save

The marginal propensity to consume for landowners and consumers is
assumed to be 0.80 (see DasGupta, 1980). In view of the skewed income
distribution--with higher income gorups being responsible for the bulk of
the income--the assumption may not be unrealistic. Thus the adjustment

factor for consumers and landowners is

( 0.82 X 0.12 )

(-0771 - 0.72 X 0.18) ~ | = 0.1

Thus the adjustment factor for government and project is 0.32.

For instance, the government and project lose Rs. 137,767; the savings
adjustment loss is Rs. 44,085; oconsumers and landowners gain Rs. 137,767;
the savings adjustment gain is Rs. 15,154; the net savings impact is - Rs.
28.931.

Income Distribution Impact

1. Income distribution weight for the landowners” class 1s negligible due
to the high value for “e” and the low value for °CCL."

2. For unskilled workers, the weight is

( Reference income ievel )° -
( Unskilled labor wages )

0.32

Thus the adjustment factor for unskilled labor = +0.32 = 1 = -0.68,
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3. For the consumer class, the adjustment factor is computed as follows:

Reference group income )3
Per capita income

Where D 1is Global Distribution Weight, which gives a higher weight to the

consumer class, as it comprises a large number of “poor” consumers.

3
<<582) =1 =20.06 -17=0.10 - 1.00 = =0.90

1—’4811-) x 1.68

NN A~ o~
Nt

Income gained by consumers is Rs. 129,003,
Adjustment needed is -116,103,
Income gained by landowners is Rs. 8,764,
Adjustment needed is -8.7064,
Income gained by workers is negligible and no adjustment is needed to
the class. Total adjustment for income distribution effect = -124,867.

Thus the results can be summarized in the following fashion:

Finanecial NPV = Rs. -122,409
Preliminary adjusted economic NPV = Rs. -113,620
Ad justed eocnomic NPV

for savings impact = Rs. -142,551
Ad justed economic NPV for savings

and income distribution impact = Rs. -267,418
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Chapter 1
INTRODUCTION

Traditionally, energy studies have focused upon efficient resource
allocation. 1In view of the recent concerns cf developing nations regarding
reduction of poverty, aspects of income equity are also being appraised.
Income distribution 1s being analyzed as governments increasingly apply
project findings 1in order to achieve better intra- and inter-temporal
income distribution. Decentralized energy sources should also be analyzed
to Judge the cost effectiveness of these options compared to a centralized

grid supply.

Method of Analyzing the Cost Effectiveness
of Decentralized Energy Systems

- The decentralized energy systema analyzed in the report are as

follows:

1. Blogas systems in conjunction with generation units
2. Windmills
3. Solar systems.

The above systems have been analyzed as alternatives to centralized
grid energy supply in terms of cost effectiveness. For the purposc of this
study; the cost of providing electricity to rural areas has been computed
by 1identifying 2 cost minimization set. Here energy projects are
considered nonbasic projects, that is, shortages are allowed to occur if no
project belonging to a cost minimization set is available to fill the gap.
The energy available at the entry point of a rural distribution system is
measured in terms of the social cost of meeting the incremental demand from
a cost minimization project at the social discount rate whien takes into
account investments (capital and operating) required up to the distribution
stage. Investment for rural distribution i1is considered as 1location

specific (depending on consumer density, type of load connected, distance



from central grid, and so forth). Social cost of electrical energy
distributed. per kWh, 1s then computed taking into account investment in a
rural distribution network, operating and maintaining the network and the
social cost of energy at entry point. This is used as a reference social
cost for selection of any decentralized system. If the cost of providing
electricity through a decentralized system is comparable to or less than
the cost of meeting requirements from the centralized grid, then the
decentralized system i1s chosen over the centralized system.

The approach adopted by the study allows for a detailled sensitivity

analysils to answer questions such as:

1. At what distance from the centralized grid do the various
decentralized options becoue attractive compared to
centralized grid supply?

2. How would decisions change 1n response to increased demand
for electrical energy with and without increase in connected
load?

The sensitivity analysis makes it possible to outline broad cost
effective policy strategies for meeting the demand of electrical energy.
However, it should be noted that the computations and policy outlines need
constant monitoring to take into account technological advancements in the
development of decentralized energy systems.

The methodology is broad based and is detailed to make it possible to
include additional alternatives for analysis as they arise. The
comparisons are made at village level.

The above approach assumes that the decentralized energy system forms
a part of the cost minimization set if the cost of meeting the demand from
this source is comparable to or less than that of the centralized system.
Shortages are allowed to occur only if no suitable alternative for
providing electricity at the reference social cost is available. Hence,
cholce of decentralized grid can be sub-optimal if all available
technological options are not considered. The costs of decentralized
systems computed in the report are based on costs at 1979/80 price levels
and based upon technological development levels prevalent at the time of
the study. However, the above approach 1s modified to consider a

decentralized energy option as an intermediate solution by considering the
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possible net social benefit based upon cost of one kWh of energy. If a
centralized grid supply is likely to be avallable after say, "X" years, and
if the pay-back period1 in social terms (taking into account time value) 1s
less than "X" years, then the decentralized system is considered as an

intermediate solution.
Purpose of the Study

The purpose of the study as the title suggests 1s to determine the
cost effectiveness of decentralized energy options. It does not examine
the social profitability arising out of electricity in rural areas (except
in cases where 1t 13 thought of as an intermediate solution before a
centralized grid becomes operational). The major goal of the study is to
delineate costs (capital and operating) at the village level so that
options for use of decentralized/centralized energy systems are available

as and when new villages are being considered for electrification.

Although it may be theoretically attractive a priori to consider a set of
decentralized/centralized options over the planning period for different
locationsg, this study assumes that such an approach may not be feasible
since villages become eligible for electrification one by one. Hence the
methodology has been chosen to incorporate this real life constraint into
the policy options. As already pointed out, declsions must be revised in
light of technological advancements in decentralized energy systems.

This study examines in detail the biogas alternative as technology 1s
proven and commercial viability becomes well established. The study also
examines the cost of providing electrical energy through windmills and
solar systems based upon tentative cost estimates available to date.
Combinations of systems /such as blogas for firing a pumping motor in
combination with diesel fuel) have not been considered due to a lack of
reliable data. However, with reliable data, these can be analyzed in terms

of thelr cost effectiveness vis-a-vis other systems.

1. For proper interpretation of pay back perlod cited here please
refer to Venkatesan (1981).
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Organization of the Report

Chapter 2 contains a comprehensive literature survey examining the
strengths and weaknesses of various studies in order to design a sultable
framework for analysis. Chapter 3 detalls the methodology adopted, taking
into account the strengths and weaknesses of various approaches outlined in
chapter 2. Broad indications for adjustments carried out for social cost
benefit analysis are also indicated. The chapter also focuses upon the
development of an "Investment Index" to update capital costs to the base
level (that of 1979/80 price levels) and the derivation of an economy of
scale factor for biogas systems based upon updated costs. The findings are
summarized at the end of the chapter. Chapter 4 briefly examines the
policy implications of the findings from chapter 3. The appendix to the

report details the computations.



Chapter 2

SURVEY OF 7"E LITERATURE

The search for alternative sources of electrification, particularly in
rural areas of India, has gained momentum in recent years. One factor has
been the inability of India’s developmental facilities to meet goals set by
the Rural Electrification Corporation. Another equally important factor is
the continuous upsurge in the price of oil. These and other considerations
for improving the primary sector economy (which still involves the majority
of India’s population) have created an urgent need to find alternative
sources of electrification and thereby hasten the process of rural
development. 1In doing so the underlying emphasis is on the cost factor.
As a result, the possible alternative sources appear to be natural
resources such as wind power, hydro power, solar power and conversion of
animal waste (dung) to produce gobar gas. These sources, apart from being
abundant and non-perishable in nature, are also environmentally acceptable.
In a way, they are natural choices available to the decisionmaker.

In the past, conscious efforts have examined various renewable supply
options that appear feasible for satisfying rural energy needs. Most of
the studies conducted earlier broadly indicate widespread shortages of
traditional fuels and point out the importance of non-conventional energy
sources as options available to the decisionmaker (World Bank, 1979;
UNCTAD, 1978). The question of meeting rural energy demand acquired
importance in India beginning with the Fourth Five Year Plan (Planning
Commission, Government of India, 1965) and resulted in the government’s
launching a large number of rural electrification programs. Numerous
studies emerged analyzing improvements and beneficial changes due to rural
electrification (Planning Commission, Government of India, 1965; SIET,
1980; REC, 1979). The single characteristic feature under investigation in
these studies was the impact of rural electrification upon social

srofitability. Unfortunately, none of the studies considered decentralized
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energy systems such as biogas, wind power, and solar power as options to
the centralized grid system or attempted to evaluate them on the basis of
cost. Although studies have been reported on cost-benefit analyses of
rural electrification schemes (SIET, 1980; REC, 1979), there 1is a
conspicuous absence of a rigorous social cost-benefit analysis from the
viewpoint of the total economy, isolating transfer payments and value
inputs, Besides, various alternative options are often not considered.
Any decisionmaking process becomes sub-optimal if all possible alternatives
are not properly considered for analysis. It is in this context that the
present study attempts to assess, purely on a cost basis, various sources
of energy which can be tapped. The cost prospects for various renewable
en.rgy sources as alternatives to a centralized grid system which are

considered in the present study are as follows:

1. Biogas system in conjunction with a generation unit

2. Windmill--horizontal axis--exclusively for pumping water from
bore wells

3. Windmill--vertical axis--for electricity generation
4, Solar thermal system

5. Photovoltaic system.

Cost assessment 1is difficult in general and it is even more so in the
case of renewable energy sources because the nature of much use of
renewableg often makes any analysis ambiguous. For 1instance, cost
comparisons are complicated by competing technologies and conflicting
operating experiences. The present study overcomes all these difficulties
through the mechanism of a rigorous cost benefit analysis considering
options at the village level. For 1instance, investments have been
considered at the village level for identification of a cost minimization
set to arrive at cost per kWh including annutized capacity expansion cost.
Furthermore, detailed sensitivity analyses have been carried out to
determine how decisions are affected by change in input parameters and
energy demand.

At this juncture, 1t would be worthwhile to review some of the studies

that have appeared in the 1literature on the cost prospects of various
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renevable energy sources to provide a backdrop to the present study and to
design a suitable methodology to remove the inadequacies prevalent in some

of those stud'es,.

Biogas

One such nonconventional means of providing electricity for India’s
villages 1is the use of animal, human and perhaps some form of vegetable
wastes to make methane, a fuel which can be used in small generators
located in or near the communities served. Much of the activity in the
developrent of biogas has been in India. A study conducted by the National
Academy of Sciences (NAS, 1977) shows costs for 10 projects in Uttar
Pradesh ranging from 2.6 to 6.7 rupees per thousand cubic feet of gas
produced. Large numbers of similar cost estimates for direct use of biogas
have been calculated for different areas such as Tanzania, China, Pakistan,
and the results appear to be consistent (NAS, 1978; Pakistan, 1978;
Khaskari, 1975). Very few cost estimates are available for indirect use of
biogas, such as through electricity generation. Model estimates made for
Tanzania indicate cost per kilowatt hour as large as 220 mills or about $61
per glgajoule (NAS, 1978). Other estimates have put the cost of
electricity from biogas at 151 mills per kilowatt hour or more (Smith,
1977). These estimates are somewhat higher than those made for a project
in Sri Lanka (Smith, 1977) where the cost estimate was put at 121 mills per
kilowatt lour.

A considerable amount of research and a large number of pilot
projects, especially in India, have been carried out for biogas with
indigenous technology. The results show considerable reduction in capital
cost of equipment.

A study conducted by C. R. Prasad, K. K. Prasad and A. K. N. Reddy on
"Biogas Plants: Prospects, Problems and Tasks," arrives at the cost per
kWh of electricity produced from biogas as Rs. 0.11 (Prasad, Prasad and
Reddy, 1974). The study concludes with optimistic prospects for biogas
plants for electricity generation as well as for multipurpose units.
However, the study does not viake into account the use of generator sets

requiring huge sums of capital expenditure including the operating and
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maintenance costs involved. With the inclusion of these costs the picture
can be different.

In two other recently conducted studies, namely, "A Pilot Project to
Investigate a Decentralized Energy System," by the State Planning
Institute, Uttar Pradesh (Ghate, 1979); and "Biogas Versus Large Scale
Power," by Wallace E. Tyner and John Adams (Tyner, 1978), cost estimates
per kWh of electricity have been given based on the assumption that all the
gas produced 13 utilized in electricity generation. The cost estimate of
the former study 1s around Rs. 0.35 per horsepower hour, while that of the
latter 1s around 5.1 cents per kWh or approximately Rs. 0.51 per kWh. Some
other experimental data provided by Corporate R&D, BHEL (Gupta, 1980), also
estimate the cost to be Rs. 0.85 per kWh.

The distinguishing features of this study are as follows:

1. Bilogas in conjunction with a generator has been considered to
estimate the cost per kWh generated;

2. Switching values for input parameters have been computed
beyond which the decision changes <“rom centralized to
decentralized or vice-versa;

3. Blogas unit has bheen considered solely for generation of
electricity and not as a multipurpose unit to take care of
real life operational constraints such as availability and
collection of dung. In order to emphasize the operation of
real 1life constraints, a survey of a few villages in
Karnataka has been conducted to assess dung availability.

Windmills

Windmills are the other alternative considered as a non-conventional
source of meeting energy requirements of a village. Windmills with
horizontal axes for pumping water and windmills with vertical axes for
supplying mechanical and therefore electrical energy are an established
technology. Within the past decades, the National Aeronautical Laboratory
at Bangalore and Corporate R& of BHEL have produced horizontal axis
windmills using indigenous technology and material and have successfully
tested them., The cost estimate for one such windmill as quoted by R&D of
BHEL 1is approximately Rs. 10,000. A report on windmills and wind energy by
Gupta (Gupta, 1980) treats the history of windmill development and the
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state of the art to date. It also outlines the potential of wind power and
the means for utilizing it most economically. Indigenous wind technology
also exists in Thailand, where windmill driven "water ladders" have been
utilized and cost estimates appear to be quite competitive. The unique
feature of the present analysis with regard to horizontal axis windmills is
that the system has been viewed as an "intermediate solution," and cost per
kWh has been considered in equivalent terms to that of a power driven motor
in order to make meaningful comparisons.

Vertical axis windmills can, of course, generate electriecity, but the
electricity option is relatively complicated and requires, in general, more
engineering expertise for maintenance. Indeed, malntenance and
distribution system management problems could form severe obstacles to the
use of wind electric generators. With the present designs, a fairly large
economy of scale seems to exist in producing wind convertors (Gupta, 1980).
However, even small units of 15-18 kilowatts have been quoted as low as
$500 or $600 per kilowatt (excluding the cost of towers). In India the
estimated cost of a windmill with such a capacity fabricated by R&D of BHEL
is approximately Rs. 50,000 ineluding structural works. For one
theoretical study in Tanzania (NAS, 1978) the unit cost for wind-generated
electricity on a small scale was put at 180 mills per kWh. A considerable
amount of research work is in progress 1in India and other developing
ccuntries and it 1s expected that improvements in design, use of indigenous
and local materials and more emphasis on low wind speed technology would

bring costs down considerably.
Solar

Direct use of the sun provides sufficient energy for cooking and other
rural life functions in villages. Solar collectors are particularly well
cuited to crop drying. Solar heat can also be of use in providing a clean
water supply or by providing pumping of potable water for irrigation.
However, cost estimates provided by various experimental designs indicate
solar methods to be highly uneconomical. For example, the cost per
kilowatt of mechanical power provided by Flat Plate pumps is about $25,000

(Walton and coauthors, 1963, p. 11). One theoretical calculation for
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Tanzania (NAS, 1978) where solar has been proposed for the refrigeration of
fish, places the cost per kilowatt hour at 12 cents.

Another possibility for household energy from solar 1s photovoltaic
electric power. The cost of energy from photovoltaic cells is presently
rather high. It has been estimated that at a cost of $20 per peak watt,
power from photovoltaic cells for typical installations might be $5.5 per
kilowatt hour (Weilss and Pak, 1976, p. 5). In theoretical studies for
Tanzania (NAS, 1978, p. 37), photovoltzic arrays supplying 300 kilowatt
hours daily would deliver electricity at about $1.20 per kilowatt hour at
$20 per peak watt array cost.

Other calculations have been carried out for a hypothetical village in
India. Costs of photovoltaic, compared to other sources, as usual depend
on the size and pattern of the load. For a motorized potable water supply,
the photovoltaic cost at 50 cents per peak watt has been estimated to be 12
cents per kWh (Smith, 1977, p. 50).

Solar thermal generators, using the sun’s heat to generate steam or
some other vapor in order to drive ordinary turbine generators, could also
be used to supply electricity. One demonstration project in Sri Lanka
sponsored by UNEP combines both solar thermal and photovolt:. 2 systems and
a wind generator with a back-up biogas generator to generate electricity
for lighting and other purposes in a small village (Smith and Allison,
1978). The unit cost of energy from the projected system is, according to
a lower estimate of capitel costs of $2,000 per kilowatt, 48.6 mills per
kilowatt hour.

Small Scale Hydroelectricity

Small scale hydroelectric facilities can supply electricity for
irrigation, potable water pumping, or lighting purposes. In the context of
developing areas, development of this supply source has occurred in China,
Tanzania and Pakistan. Cost of small scale hydro installations vary widely
since they are highly location specific. Present costs quoted by develop-
ing countries for power generation from such systems range from 45 to 100
mills per kWh (Overseas Development Council, 1977, p. 19).

The present study does not include small scale hydroelectric as one of

the options for renewable energy in its framework of analysis since the
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questicns of reliability, maintenance, technology and seasonal flow are
egpeclally critical for this option and further, there is a shortage of
field data.

In this study, costs of the various non-conventional sources of
electricity are found to be based upon supplying the proposed requirement
for a village as currently met by the Rural Electrification Corporation’s
conventional system. Cost per kilowatt hour has been used as a guiding
eriterion for eval.ating alternatives. The technique adopted is outlined
in great detail in the subsequent chapter on methodology. Principally the
benefit cost technique adopted allows systems to be evaluated from the
standpoint of individual villages. The study also includes analysis of
break-even distances which would permit decisionmakers to select a system
that would be cost effective.
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Chapter 3
METHODOLOGY OF ANALYSIS
Decentralized Systems
Decentralized systems analyzed for cost effectiveness are as follows:

- Biogas system in conjunction with a generation unit

- Windmill--horizontal axis--exclusively for pumping water from
bore wells

- Windmill--vertical axis--a‘tached to motor/generator, control
module, storage batteries f.o DC loads or to AC loads along
with an inverter

- Solar system thermal unit

-~ Solar system photovoltaic unit.

The guiding points behind the choice of these decentralized systems

were:

Ease of applicability and installation
Ease of maintenance

Appropriate technology

Location conditions.

W =
e = 8

For 1instance, a horizontal axis windmill to pump water for agricultural
purposes can be designed with indigenous materials available 1in the
villages where wind velocity is in the range of 6 to 35 km per hour. This
windmill can operate for an average 10 to 12 hours per day throughout the
year. Here translatory motion is converted into reciprocating motion and
water is pumped out from the bore well. Fabrication of tower and windmill

require only two weeks” time and can be established on any location within
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a week. The windmill and tower do not require any special steel2 and thus
have locational flexibility. Thus this decentralized system can be
considered as an intermediate solution before a centralized grid becomes
operational so as to reap the significant social benefits arising from
increased land productivity made possible by better use of water. The
other type of windmill which produces electrical energy in conjunction with
generator control module storage batteries, with or without invertersc, is
also considered as an alternakive to a centralized grid supply as this
serves the purpose of providing electricity for lighting, running pumps,
and such, unlike the former system which can be used for only pumping
water. However, such a system has many locational limitations because it
requires high rpm and low torque systems (which means a wind velocity
prerequisite of more than 12 to 15 km/hour). These windmill systems can be
used only in villages which have the required wind velocity, whereas the
former windmill system can be installed in any village.

Photovoltaic and solar thermal units selected for analysis are those
that predominantly serve agricultural pumping facilities. Storage
batteries absorb extra energy when pumps are not in operation and can
provide 1limited 1lighting to a few houscholds or operate one or two
drinking-water pumps. When extra energy is not needed for lighting or for
operating the water pumps, it can be used for running a rice mill. The
maln reasons for limiting the analysis to the above solar systems instead
of an array of storage batteries as a complete substitute for a centralized

grid, are as follows:

- Since social profitability 1is significantly affected by
additional agricultural production, the decentralized systems
are to be designed to serve this main purpose;

- Other uses of electricity such as lighting become operational
only when electrical energy is not needed for pumping. Thus
storage batteries provided will absorb the additional energy
necessary for use during night periods.

In other words, an extensive array of storage batteries to serve the twin
purposes of 1lighting and running the pumpsets, is not part of the plan.

The batteries provided are for absorbing the extra energy avallable over

2. Extensive work has been done by Bharat Heavy Electricals Limited,
Corporate R&D Centre, Vikasnagar, Hyderabad (mimeo).
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the requirement for running pumpsets which are used incidentally for other
purposes,

Thus the solar systems chosen for analysis are not complete
substitutes for centralized grid systems but are cost effective solar
systems which nearly substitute centralized grid systems in effecting
social profit. Thus the choice of decentralized systems, a priori, are

restricted to the following:

Biogas-~electric systems

- Windmill--horizontal axis, exclusively for water pumping
- Windmill--vertical axis, for lighting, pumping, and the like.

- Solar, thermal and photevoltaic, exclusively for agricultural
pumping with incidental application for 1lighting, and so
forth.

Methodology for Comparison with a Centralized Grid System

Social cost per kWh from decentralized systems is compared with a
centralized grid energy supply to arrive at choice decisions. A
sensitivity analysis is carried cut to determine the optimal decisions when
input parameters change. The implicit assumption in such an analysis is
that cost effectiveness of decentralized systems is under examination and
one 1s not concerned aboul the social profit arising out. of use of 1 kWh.
The other implicit assumption 1s that a decentralized system is considered
as an alternative if it serves the main purpose (such as pumping water for
agricultural purposes). In view of their flexibility of operation,
economic attractiveness, and proven available technology, biogas systems
are analyzed in detail. Since the technology for solar, thermal, and
photovoltaic are still in developmental stages and commercial viability nas
yet to be proven, analysis is restricted to a general framework. Although
windmill technology has been proven, the requirements of a vertical axis
windmill which serves the twin purpose of 1lighting and pumping through
electricity generation 1is complex in operation and is highly location
constrained because of the wind velocity required for operation. Therefore

windmill analysis is also carried out in a general context. Biogas systems
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have been considered in greater detall for each village. Multipurpose
biogas systems which serve various facilities as a supply of energy for
cooking, and such other uses, have not been considered for analysis for the

following reasons:

- Availability of dung becomes the main constraint for design of
larger biogas units to serve multipurposes;

- Economy of scale by use of larger biogas systems are not going
to affect the economies of electricity generation as the
capiital cost of a biogas system i1is not so significant a
component as the remainder of the system, such as the
generation unit and LT lines;

- Social constraints 1in operating community biogas units for
multipurposes also points out that systems for generation of
electricity above can succeed in the Indian village context
which 1s characterized by various groups based on caste,
creed, and economic status.

Thus the analysis considers only those biogas systems that are suitable for

meeting electrical energy demand.

Cost of Rural Electrification per kWh from Centralized Grid

Theoretically it is desirable to set up a mixed linear integer
programming model with project variables, such as size, location, timing,
and technology, for decentralized and centralized systems so that, a
priori, decisions as to which system should come, where, and at what point
in time (so as to minimize the cost of meeting the demand), can be
determined. However, such an approach is not feasible because projects are
approved one at a time and data on the variables are not sufficient to make
the exercise meaningful. Hence, the alternative is to set up a reference
point for approval of projects as each one is evaluated. The reference
point can be the social rate of return for projects producing tradeables.
For projects producing non-tradeables and which are non-basic (in the sense
that shortages can be allowed to occur) the cost of meeting demand is
compared with that of a "cost minimization set" to approve or reject the
project. Shortzges are allowed ¢to occur until such projects are

identified. Since electrical energy 1s a non-tradeable one and since
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electrical energy projects are not considered basic as are, for instance,
projects conceived to supply rural drinking water, the approach 1s to
identify the cost minimization set to accept or reject projects.

Again, two variants of SCB analysis are possible, one advocated by
Little and coworkers as interpreted by Squire and Van der Tak (1975), and
the other by Partha Dasgupta, A. K. Sen and S. Manglin as modified by John
Hausen and John Weiss.3 This study uses the latter methodology as it
offers the scope to carry out analysis, stage by stage, and assumes a
rather passive role of the project appraisal cell in altering policies of
the government.

Since the bulk of electrical energy demand is met from thermal energy
and since the Indian government plans to meet the additional requirement by
setting up super-thermal projects, the cost of meeting the demand from
thes§ projects is identified as the social cost.

To compute the social cost of one kWh, investments in 1979/80 price of
typical super-thermal projects have been identified. (Taxes and duties
components have been deducted as these represent only transfer payments.)
Credit for unskilled labor during construction 1s taken by using a shadow
wage rate instead of market wage rate. The operating cost component,
especially that of coal, 1is computed by identifying the social cost
incurred to increase the mining of average grade coal by one ton for a
pithead coal station. The cost of electirical energy computed in the above
manner at the entry point to a rural distribution network works out to 38
paise/kWh.

The cost of electrical energy distributed t> a village 1is, however,
location specific, for it depends on distance of centralized grid, type of
connections sought, load factor (kWh/kW), ana others. Thus, cost of
electricity for every village has been separately computed by identifying
the capital and operating cost gtreams assoclated with .rural
electrification for every village. The rates assumed for laying LT lines,
distribution transformers, and so forth, are lisced in complete decail in

the appendices.

3. For details on reasons of choice of UNIDO Methodology, please see
the discussion paper on SCB Analysis of Rural Electrification Schemes
(1982).
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The operating and maintenance cost is assumed to be 3 percent of
capiltal cost based on experiences detailed in studies carried out in Iadia.
The energy demand for varying types of <onnections is also listed in the
appendix. These are, again, dependent on actual energy consumption of
villages in Andhra Pradesh.

The computations have been carried out at the social discount rate of
12 percentu and the useful 1ife is assumed as 30 operating years. The
phasing of capital expenses and production build up are as 1listed in the

appendix. The cost per kWh is arrived at as the ratio as indicated under:

PV of capital and
operating cost
streams at 12 percent
discount rate

Cost in 1979-80 constant prices =
per kWh to yield 12 percent Discounted energy units
social IRR at 12 % discount rate

Cost of Decentralized Energy Supply per kWh

The Case of Biogas

Cost details of biogas systems available are based on 1973/74 prices.
To update the costs to 1979/80 prices (so as to be comparable to the
centralized case), an investment index was constructed. It 1s estimated
that 66 percent of expenses for setting up blogas units are for civil and
structural work and the remaining 34 percent, for equipment. The weighted
index for ecivil and structurals based on the Reserve Bank of India study on
general structures is indicated 1in the appendix. The composite indices
were calculated for the years 1973/74 and 1979/80 to arrive at indices for
updating.

4, For de:1lls on Social Discount Rate see the RFF report on social
cost-benefit analysis of Rural Electrification Schemes (1983).

5. Discourting of energy units is done to arrive at constant rate per
kWh to yleld a desired IRR.
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Determination of economy of scale factor and computation of cost for

intermediate sizes. Since the equipment for biogas units is fabricated for

every case separately, to arrive at the capital cost for different sizes,
the following approach was adopted. Assuming that capital cost varies with
capacity as indicated in the following equation

Capital Cost in base year prices - K1 (capacity)a

where K 1s "constant" and "a" 1is the economy of scale factor, it is
possible to compute the capital cost for any size provided constants "K"
and "a" are known. Since cost estimates for 5,000 ft3/day and 100 cft/day
were available, the unknown parameters "K" and "a" could be determined.
These are used for determination of capital cost of intermediate sizes.

Details of labor and maintenance costs for biogas units are listed in
the appendix. Useful 1life of 30 years is assumed to be realistic for
biogas systems. The construction period for setting up a biogas unit in
conjunction with a generation unit and the laying of LT lines is assumed to
be three years with operation commencing in the third year. The assunption
is based on the performance of carrying out "intensification" projects by
various electricity boards.

The production build.up assumed for a decentralized system 1s the same
as that for a centralized system, the constraint being the demand pick-up
from consumers rather than operational constraints of the system.

The electrical energy that can be generated from one cubic foot of gas
1s 0.15 kWh (see Reddy and Prasad, 1977). The capacity requirement of a
biogas unit is determined based on the above assumptions. Although
theoretically it may be possible to devise larger biogas systems to cater
to all types of uses, the constraint on the availability of cowdung as raw
material restricts these systems to supply of electrical energy only.6 The
social problems arising from the use of human waste and the practical
problems i:volved in the collection of biomass makes it impracticable to
think of a larger system based on supplemented biomass &nd human waste.

The cost of the generation unit 1is assumed at Rs. 2,400/K\ and connected

h. See appendices for discussions.



19

load has been computed on the basis of type of connection and number of
connections (as shown in the appendices). The cost of providing LT lines
is assumed to be the same as that for a centralized grid. The capital and
operating costs” phasing, and energy distribution possible year-wise, are
listed in detail in the appendices. Cost per kWh is computed at the social

discount of 12 percent in the same manner as for a centralized unit.

Decentralized Unit--The Case of Windmills

In order to determine the attractiveness of using windmills as an
intermediate solution before the centralized grid becomes operational, the
case of windmill wuse exclusively for pumping water (by converting
translatory motion to reciprocating motion) is also carried out. Since the
bulk of social profit arises from increased agricultural production and
switech 1in cropping pattern, the use of windmills as an intermediate
solution deserves analysis. An approximate estimate of the cost of pumping
water using this windmill is compared with the use of electrical energy to
run an equivalent pumpset.

A windmill “hat can generate electricity for lighting as well as for
running pumps is also considered for analysis. Since these windmills call
for use of special fabrication materials and need wind velocity greater
than 12 to 15 km/hour, the potential use of these windmills is constrained
by the location. Costs involved for generation unit, controlling module,
storage batteries and invertor are mentioned in the appendix. It must be
mentioned that an invertor may not be necessary if there is a DC supply for
lighting or running pumpsets. However, for heavy duty applications, an AC
supply may be needed demanding an additional investment for invertors.
While the useful 1life assumed for windmills is thirty years, storage
batteries have to be replaced every four years. The operating cost would
be the wages of une technician-cum-operator. The capital and operating
cost flow streams are shown in the appendix. The cost per kWh is computed

for the general case.
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Solar Systems

Applicable solar systems can be categorized under two heads:

1. Solar thermal
2. Photovoltaic

In the former, radiated heat energy is used to super heat steam at SOOOC,
and at a pressure of 7 atmospheres, to run a steam turbine to generate
electricity. In order tc tilt the parabolic reflectors, a motor 1is
necessary with a biogas system as auxiliary equipment. In the latter case,
semi-conductors wuse the heat energy to develop voltage to supply
electricity.

As indicated earlier, a solar system used for motors can be used to
generate electricity for 1lighting during nights. Storage batteries are
provided only to absorb extra energy produvced and are needed for running
pumpsets. These storage batteries can also be used to supply electricity
for lighting, for running a drinking water domestic pumpset, or a rice

flour mill during non-peak hours.
Sensitivity Studies

a. Sensitivity to connected load or scheduling of pumps:

To 1illustrate the sensitivity of computations to changes in
cennected load, various schedulings of pumps have been assumed to
reduce connected loads and results are compared.

b. Sensitivity to change in HT lines:

Sensitivity studies to compute the extra length of HT 1lines
(which makes the cost of providing electricity from either
centralized or decentralized the same) is worked out for each
case., For each km of HT lines, an investment of Rs. 21,900 over
3 years and an operating expenditure of 3 percent of investment
over 30 operating years 1s assumed to arrive at the figures of
extra HT lines that make the decision to use centralized/decen-
tralized systems equally attractive.

c. Sensitivity to increased energy demand:

Detailed sensitivity studies have been carried out to assess how
costs change with increased energy demand at village level. The
sensitivity studies carried out are:
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1. Increase in energy demand by 50 percent and 100
percent with increase in connected load (for insatance,
due to new connections).

2. Increase in energy demand by 50 percent and 100
percent without increase 1in connected 1load (for
instance, better utilization of existing connections).

For every case the equivalent extra HT lines that make the switch-over from
centralized to decentralized or vice-versa equally attractive is also
worked out.

Comparative cost results are shown in the tables in chapter U. Table
4-1 provides cost per kWh for centralized and various decentralized
systems. Table U-3 presents HT lines in km beyond which a decentralized

unit becomes attractive.
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Chapter U
RESULTS ANALYSIS AND POLICY IMPLICATIONS

The study implicitly assumed that decisions on electrification from
centralized grid vis-a-vis various decentralized energy systems will be
made at such time as villages are evaluated for electrification. That is,
it may be naive to expect that choice of candidates for electrification is
possibie through a programming exercise with project variants as location,
centralized/decentralized systems, timing and size. This study does not
measure the social profitabllity arising out of rural electrification but
examines the cost effectiveness of various decentralized energy systems
vis-a-vis centralized grid supply systems. In other words, the government
a priori selects villages for electrification based on a broad social
profiitability analysis7 but will make an additfonal analysis of cost
effectiveness of decentralized systems vis-a-vis centralized systems. The
only drawback of such an analysis can be that some villages could have
appeared as candidates earlier as they may be soclally more profitable with
decentralized systems, but this study assumes that for realistic reasons,
candidates for electrification have to be chosen as per social
profitability due to electrification from centralized grld supply. For
this purpose categorization of villages based on type of benefits expected,
soclocultural background of villages can be carried out earlier as
indicated in the report on "Social Cost Benefit Analysis of Rural
Electrification Schemes" (RFF, 1983).

Centralized Grid Supply

To arrive at the cost of energy at the rural distribution point, a

project belonging to cost minimization set was identified and the cost per

7. See report on "Social Cost Benefit Analysis of Rural
Electrification Schemes" (RFF, 1983).



23

kWh for energy supplied at distribution point was worked out at 12 percent
social discount rate. However, the cost of electrical energy at the exit
of distribution network is location dependent as it depends on total energy
consumed, type of connections, and other factors.

For instance, the 2apital cost for rural distribution network can be

identified as investments in:

1. High tension (HT) lines
2. Distribution transformer
3. Low tension (LT) lines

Since the bulk of the ccst involved is in laying either LT or HT lines the

variables that affect economics of energy supply from centralized grid are:

a. Distance from main grid
b. Type of connections (load factor kWh/kW)
¢, Number of connections (LT lines required).

Thus the supply of electrical energy from the centralized grid may be
attractive if: (a) the village is not located too far away from the
centralized grid; or (b) if connected pumps are operated for longer
periods; or (e¢) if LT lines laid are kept to a minimum because of customer
density; or, (d) if energy consumed by the village is at a high level. In
order to examine the validity of the above observations, a detailed
sensitivity analysis has been carried out. Cost aspects of every case is
detailed in the annexures. Table 4-1 indicates the cost per unit of
electricity for the various cases.

The cost of providing electricity from a centralized grid for base
case varies from Rs. 1.85 to Rs. 2.65 for the three villages analyzed. The
highest cost 1s incurred 1in Satulran village which has more domestic
connections. Further, the distance from the main grid to this village as
compared to other villages is also greater.

A 50 percent increase in electricity demand along with an increase in
connected load produced a decrease in cost per unit of about 15 to 19
percent from the base case. The decrease in cost per unit is as high as 26
to 28 percent if the increased energy demand is considered without increase

in connected 1load. Increased energy consumption without increase in
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connected load is possible if, for instance, pumps are operated for longer
hours,

A 100 percent increase in electrical energy demand along with an
increase in connected load showed a further decrease in cost per unit
ranging from 23 to 28 percent from the base case. For the case without
increase in connected load the decrease is as high as 39 to 42 perccent from
the base case. Decrease in cost per unit can be ascribed to the high fixed
cost component in centralized grid investments. The significant decrease
occurring in the case orf increased demand without increase in connected
load is due to the fact that investment in LT lines also forms a part of

the fixed cost component.

Cost Effectiveness of Biogas Systems
As an Alternative to Centralized Grid

The study assumes that an alternative biogas system will be used
exclusively for the generation of electrical energy and not as a
muitipurpose unit because the dung requirement will far outstrip the supply
(as an approximate analysis in appendix E based on a survey of seven
villages in Karnataka indicates). For instance, for a family of five to
six persons, gas required for cooking and lighting may be approximately 60
ft3/day demanding a larger installation than may be feasible in view of the
animal population in villages. On an average in India there is only one-
half bovine animal per person, whereas at the minimum, for a gas generation
rate of 6.6 ft3/kg (dry-dung), one animal is required. 1In view »f this,
the study assumes that decentralized biogas units cannot be multipurpose in
nature (although that may be desirable) because of insufficient supplies of
dung. The other assumption is that the cost of dung collection is off-set
by the value realizable from the by-product (manure). The assumption might
not be realistic as the available evidence shows that a 60 m3/day biogas
plant, on an average, needs five lorry loads of dry-dung valued at Rs.
700/1load for a week’s duration. The manure available may or may not fetch
more than the cost incurred in collecting dry dung for the digester.

The cost per kWh from a biogas unit is found to be in the range of Rs.
1.80 to 2.06 for the base case. The interesting observation that can be

made is that cost per kWh is significantly lower for Satulran village which
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has bulk domestic connections. This cun be explained by the fact that the
cost of a biogas unit as such is not so significant a component of total
capital cost as are generation unit LT lines. Hence with lower connected
load, cost per kWh from a decentralized unit is comparatively lower.

The cost per kWh decreases by 2 to 4 percent for a 50 percent increase
in energy consumption with increased comnected load, and to about 27
percent without inncrease in connected load. This reinforces the earlier
observation that for lower connected loads, decentralized energy systems
are quite attractive.

The cost per kWh decreased by about 3 to 6 percent for a 100 percent
increase in energy demand with increased connected load, and to about U0
percent without increase in connected load.

For the base case, a decentralized energy system offers an attractive
alternative to a centralized grid for Satulran and Chingapalli villagesf
Satulran has bulk domestic connections and is far away from the wain grid,
thus the cost per kWh from the decentralized energy system is significantly
lower than the cost from the central grid supply. Although Chingapalli
village does not have that many domestic connections (low connected load
and lower load factor), because it is located far zway from the centralized
grid a blogas unit is attractive.

When demand for energy increases, the cost per unit comes down
significantly in the case of a centralized grid, while any decrease in cost
from the decentralized grid is marginal. For instance, for Chingapalli
village, if the energy demand increases by 50 percent then the cost per
unit from the centralized grid becomes less than the cost per unit from a
decentralized energy system. However, 1if the energy demand increases
without appreciable increase in connected load, the choice 1is not
significantly different to that prevalent for the base case. Table U4-2

below illustrates these points.
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Table 4-2. Comparative Electricity Costs for Cnirgapalli Village (Rs.)

Centralized Biogas energy
grid supply supply
Cost per kWh base case 2.45 2.06
Cost per kWh when energy demand
is increased by 50% from base case
with increase in connected load 1.99 2.02
Cost per kWh when energy demand
is increased by 50% without an
increase in connected load 1.76 1.51

Source: Present study.

It may be of interest to study the break-even distance beyond which a
decentralized biogas system becomes more attractive than a centralized grid
system, Table U4-3 provides the break-even distance for various cases
discussed in the study.

The break-even distance 1is the point beyond which the net present
value of the capital cost for installing and maintaining the lines over
thirty years is more than the net present value of operating the biogas
system. The details of time profile of cost flows is shown in appendix
B-2.14,

As the results in table 4-3 show, decentralized biogas systems become
more attractive than the centralized scheme in a village such as Satulran
with bulk domestic connections if the village is 0.4 km or more away from
the central grid. With increasing demand for energy, break-even distance
computed increases implying that a centralized grid becomes more attractive
even if villages are far away from the main grid. For instance, if the
energy demand increases by 50 percent, the break-even distance beyond which
decentralized systems become attractive increases by 60 to 100 percent.
These results show that for a village with high energy demand it may not be
worthwhile to go in for a decentralized system even if it is far away from
the centralized grid. However, even the break-even distance in km comes
down marginally when increase in demand for enerzy occurs without increase

in connected load.
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Table 4-3. Results Summary: Break-Even Distance*

Chennapuram Satulran Chingapalli

1. Base case 1.55 0.40 1.10

2. Base case but increased energy demand
by 50% along with increase in
connected load 2.50 0.80 1.80

3. Base case but increased energy demand
by 100% along with increase in
connevted load 2.30 1.20 2.60

4, Base case with increased energy
demand by 50% but without increase
in connected load 1.48 na 1.20

5. Base case with increased energy
demand by 100% but without increase
in connected load 1.39 na 1.10

¥Break-even distance from central grid to distribution point of
village beyond which decentralized biogas system is attractive.

For Satulran village, computations were not carried out for cases

without increase in connected load, as the bulk of connections are for
domestic lighting.

Windmill--Horizontal Axis

The windmill with a horizontal axis (HA) operates a bore well to pump
water without the intermediate stage of conversion to electrical energy.
That 1s, translatory motion 1s converted to reciprocating motion to pump
water.

This can be thought of as an intermediate solution in order to reap
the social profit resulting from availability of water through the use of
this system. Since social profit is affected significantly due to avail-
ability of water (and thus possible use of high yielding crop varieties and
fertilizer) and consequent increased agricultural production, a horizontal
axis windmill can be an intermediate solution if the cost of operation of
the mill is comparable to the gross social profit.

The cost of kWh computed for this case is an "equivalent cost." The
power of the windmill is expressed in kilowatts, or, to that of an

equivalent energized pumpset. That is, the quantity of water pumped from
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the windmill and the energized pumpset will be the same for a given amount
of time. The cost per kWh computed in the above manner is termed an
"equivalent" kWh cost.

A typical HA windmill installed by BHEL has been examined to arrive at
the tentative equivalent cost per kWh. The equivalent cost per kWh works
out to Rs. 0.90. This cost is considerably loweirr than the cost per kWh
distributed from the centralized grid for the three villages under study.
The main reason for high cost per kWh for the centralized grid compared to
that of the HA windmill is due to the high investments in the rural
electrification network.

However, it must be pointed out that substitution of the HA windmill
for a centralized prid in terms of electricity for lighting, for instance,
is not possible because highly agricultural operation or rural industrial
operations could .10t be sufficiently supplied if such a substitution were
to take place.

Table H4-4 below indicates the net social profit that can be obtained
from two typical villages with differing nature of benefit resulting from
electrification. This 1is used to compare with the cost of an

"intermediate" solution.

Table U-4. Net Social Profit per kWh

Discounted Net social

kWh units over profit (Rs.) Net Social
Nature of consumed operating over useful profit per
Village benefit per year years life Rs./kWh
Village 1 Cotton--decrease 10,280 82,805 426,329 5.15
in risk and in-
creased produc-
tivity
Village 2 Wheat/rice--in- 286,420 2,307,113 2,716,630 1.18
creased produc-
tivity

Source: Venkatesan, R., and coauthors, "Social Cost-Benefit Analysis
of Rural Electrification Schemes," for Resources for the Future (1983).
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The net social profit per kWh ranges from Rs. 1.18 to 5.15 for the two
typical villages shown above. The net social profit is obtained after
recovering the cost of providing electricity at the social discount rate.
Since the equivalent cost per kWh is even less than the cost of providing
electricity from a centralized grid and since net social profit can be as
high as Rs. 5.15 per kWh, the HA windmill can be considered as a viable
intermediate solution to reap social benefit for the intermediate period
untll the supply from a centralized grid can be restored. Note that this
result is conditional on a village meeting the wind velocity requirements
needed to install an HA windmill and on the types of benefits that are
expected. Note that this result is conditional on a village meeting the
wind velocity requirements needed to operate a HA windmill and on the types
of benefits that are expected.

Windmill--Vertical Axis

A vertical axis (VA) windmill can be used to generate electricity for

small DC applications such as domestic pumps, lighting, and small
agricultural pumpsets. It can also be used for heavy duty applications
such as rural industries or bigger agricultural pumpsets after conversion
of the energy with AC load through the use of an inverter.

The system incorporates a control module to take care of fluctuations
in power due to varying grid velocities, and batteries to store DC energy.
The VA windmill is the typical high rpm (revolutions per minute), low
torque system needed for power generation.

The details of costs are furnished in appendix C-2. The capital cost
stream takes into account the recurring capital investments on batteries
over a useful 1life of thirty operating years. The cost per kWh to yield 12
percent on capital employed has been arrived at after considering the
operating cost incurred in terms of the wages of one skilled operator. The
cost per kWh works out to Ks. .27 for a typical case.

This cost 1s considerably higher than cost per kWh from the
centralized grid and consequently this can be thought as an intermediate
solution only in extreme cases where social profit is very significant. If
the location constraints (such as the required wind velocity of 12 to 15
km/hour) are also considered, then use of this system as an intermediate

solution or as an alternative to a centralized grid may not be worthwhile.



31

The break-even distance beyond which a VA windmiil becomes an
attractive option has not been computed as the cost difference between the

centralized and decentralized gystem is significant.

Solar Thermal and Photovoltaic Systems

A typical solar thermal system of 15-18 kWh net output, capable of
operating 6 to 8 pumps of 3 kW capacity each is considered for analysis.
The same system can be designed such that the surplus power not used during
peak sunshine can be stored to operate drinking water pump, rice mill and
street lighting.

The technology is still in the developmental stage and the cost of
producing power from solar energy is still prohibitively high and has yet
to be commercially proven. The tentative cost details for solar, thermal
and photovoltaic systems are given in appendix D. The cost per kWh is also
significantly higher than the centralized grid supply, and thus these
cannot be considered attractive alternatives to a centralized grid until a
technological breakthrough has been achieved and the cost is reduced

significantly.

Policy Implications

This section synthesizes the findings mentioned in eariier sections so
that broad operational guidelines can be evolved for policymakers.

The cost of providing electrical energy from biogas units is quite
comparable to the cost of providing electricity from a centralized grid.
The cost of rural electrification from a VA windmill 1is significantly
higher than that from a centralized grid. Considerable research is needed
to bring down the cost of providing electricity from solar systems for them
to be an effective alternative to a centralized grid supply. Optimizing
the decentralized system by designing a larger biogas system for multi-
purpose usage is limited in scope because of social and cultural factors
and the unavailability of dung in sufficient quantities.

Typically, when electrical energy demand is in excess of 15,000
kWh/year, the cost per unit from a centralized system is considerably lower
than the cost from any decentralized system. Today the average annual

electricity consumption for the three villages considered in 10,647 kWh.
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The response of cost per unit to increased energy demand, particularly with
increased connected load observed through various sensitivity analyses, is
significant in the case of centralized systems vis-a-vis decentralized
systems. If the energy demand increase occurred without any increase in
connected 1load, then the cost effectiveness of decentralized systems
vis-a-vis centralized systems does nct appreciably change from the base
case,

A decentralized unit as an intermediate solution to maximize social
profitability by utilizing ground water potential merits serious attention.
The HA windmill which activates the bore-well seems to be the desirable
decentralized alternative as the cost of pumping water compares favorably
with alternative modes. Depending upon the nature of benefit and
anticipated social profit, it is suggested that areas be prioritized for
installation of HA windmills as an intermediate solution.

Break.-even distance is one of the important factors to consider apart
from type of connected load, load factor, and energy demand. This must be
compared with the distance of the village to be electrified from the main
grid.

Intermediate solutions in cases where the electrification from a
centralized grid iy expensive should be considered if the social profit to
be reaped through the use of ground water is significant.

Before cost-effectiveness analysis can be conducted for a village,

data must be collected on the following:

~ Distance from the main grid

- Type of connections sought

- Distributioq transformer capacity needed

- Probable layout of LT line distribution network

- Load factor

- Wind velocity and its variance over the year

- Number of sunshine days and hours of sunshine per day
- Indigenous technology, materials availability

- Sociocultural factors of village to be electrified
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- Capital cost of producing HT 1lines, LT 1lines, distribution
transformer, biogas system, photovoltaic system, solar thermal
system, windmill (horizcntal and vertical axes systems), and
other

- Type of agricultural benefits that can be expected

- Acreage that will be brought under intensive cultivation and
preliminary assessment of social profit

- A sample interview of villagers to estimate the electrifi-
cation needed by villages

- Income distribution in the village, vis-a-vis, district/state/
country, to estimate how far average profitability will
deviate from actual profitability for the village

- Capital cost of installation of pumpsets, its maintenance
cost, useful 1life of pumpsets, average acreage that can be
brought under one pumpset

- Cost to the consumers for providing one-time connection
charges in houses for lighting, to pumpsets in fields, and the
like

- The types of possible cottage industries

- The ground water potential

Thus this study has examined in detail the cost effectiveness of
providing decentralized systems as the alternative to centralized grid
supply and the switching wvalues in input parameters which affect such
decisions. The study also dealt in detail with the role of decentralized
systems as an "intermediate" solution before the introduction of
centralized systems, where the opportunity costs (in terms of social
profit) of not electrifying are very significant. The study has been
designed such that it can be updated by construction of suitable indices as
elaborated in the text for changes in relative price levels. The elaborate
sections on sensitivity analyses also provide an analytical framework to
agssess the attractiveness of decentralized systems vis-a-vis a centralized

system under changing conditions of demand and other factors.
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Appendix A-1. Cost of Electrical Energy from Centralized Grid
for Chennapuram Village

A. Capital cost of providing electricity to village from centralized grid

Unit Rate Rs./km Amount 1n Rs.
HT lines 1.30 km Rs. 21,900/km 28,470
Distribution 25 kVA Rs. 12,200 12,200
transformers
LT lines 1.84 kms. Rs. 22,700km 41,768
Total capital investment: 82, 438
B. Capital phasing
Year of construction Amount in Rs.

1 20,610

2 20,610

3 16,487

] 16,487

5 8,244

C. Cost of electrical energy

1. Energy units consumed

Types of Number of Assumed units consumption/ Total units
connect;gg connections connection/year consumed/year
Domestic 10 240 2,400
Agriculture 6 1,250 7,500
Industrial 1 2,400 2,400
Commercial - - -

12,300

2. Cost of energy delivered to \ : central distribution point
of the village in one year

Year of construction Units consumed/year Cost in Rs/year
5 2,460 935
6 4,920 1,870
7 7,380 2,804
8 9,840 3,739
9 12,300 U,674
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Appendix A-1. (Cont.)

D. Operations and maintenance cost: Rs. 2,473/year

Cash flow for computing cost/kWh

Capital Cost of Operation and Units
Year cost electical energy maintenance cost consumed
in Rs. in Rs. in Rs. kWh
1 20,610 - - -
2 20,610 - - -
3 16,487 - - -
uy 16,487 - - -
5 8,244 935 2,473 2,460
6 - 1,870 2,473 4,920
7 - 2780’4 21”73 71380
8 - 3,739 2,473 9,840
9 - 4,674 2,473 12,300
" 1" 1" " 1"
1" L " " "
" 1" " " "
34 - u,674 2,473 12,300
332,100 kWh
. . Discounted and capital energy cosats
Discounted capital cost € 12 percent discount rate Rs. 61,710
Discounted energy cost € 12 percent interest rate Rs. 19,236
Discounted 0&M cost @ 12 percent interest rate Rs. 12,660
Total discounted capital and operating costs Rs. 93,606
Discounted energy units € 12 percent interest rate: 50,621 kWh

Cost/unit to yield 12 percent IRR Rs. 1.85/kWh
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Appendix A-2. Cost of Electrical Energy from Centralized Grid
for Satulran Village

A. Capital cost of providing electricity to the village from the
centralized grid for Satulran village

Unit Rate Amount in Rs.
HT lines . 2.1 km Rs. 21,900/km 45,990
Distribution 25 KvVA Rs. 12,200 12,200
transformers
LT lines 2.28 lm Rs. 22,910/km 51,756
109,946
B. Capital phasing
Year of construction Amount in Rs.

1 27,487

2 27,487

3 21,989

y 21,989

5 10,994

C. Cost of electrical energy

1. Energy units consumed

Types of Number of Assumed units consumption/ Total units
connection connections connection/year consumed/year
Domestic 30 240 7,200
Agriculture - - --
Industrial 1 2,400 2.400
Commercial il 240 960

10,560

2. Cost of energy delivered to the central distriubtion point
of the village in one year

Year of Units Cost in
construction consumed/year Rs./year
5 2,112 803

6 h,224 1,605

7 6,336 2,408

8 8,448 3,210

9 10,560 4,013
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Appendix A-2. (Cont.)

D. Operations and maintenance cost: Rs. 3,298/year

Cash flow for computing cost/kWh

Capital Cost of Operation and Units
Year cost electical energy maintenance cost consumed
(in Rs.) (in BRs.) (kWh)

1 27,487 - - -

2 27,487 - - -

3 21,989 - - -

uy 21,989 - - -

5 10,994 803 3,298 2,112

6 - 1,605 3,298 4,224

7 - 2,408 3,298 6,336

8 - 3,210 3,298 8,448

9 -- 4,013 3,298 10,560

" " 1 "

" " 1" "

" " " "

34 - 4,013 3,298 10,560

Discounted capital and energy costs

Discounted capital cost at 12 percent interest rate = Rs. 82,301
Discounted energy cost at 12 percent interest rate = Rs. 16,516
Discounted 0&M cost at 12 percent interest rate = Rs. 16,883
Total discounted capital and operating costs = Rs. 115,700
Discounted energy units at 12 percent interest rate = 43,464 kWh

Cost/kWh to yield 12 percent IRR: Rs. 2.66/kWh
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Appendix A-3. Cost of Electrical Energy from Centralized Grid
for Chingapalli Village

A. Capital cost of providing electricity to village from centralized grid

Unit Rate Rs./km Amount 1in BRs.
HT lines 1.80 km Rs. 21,900/km 39,420
Distribution 25 Kva Rs. 12,200 12,200

transformers
LT lines 1.50 Km Rs. 22,700/km 34,050
85,670
B. Capital phasing
Year of construction Amount in Rs.

1 21,418

2 21,418

3 17,134

y 17,134

5 8,566

c. Cost of electrical energy

1. Energy units consumed

Type of Number of Assumed units/consumed Total units

connection connections connection/year consumed/year
Domestic 6 240 1,440
Agriculture Yy 1,250 5,000
Industrial 1 2,400 2,400
Commercial 1 240 240
9,080

2. Cost of energy delivered to the central distribution point
of the village in one year

Year of Units Cost in
construction consumed/year Rs./year
5 1,816 690
6 3,632 1,380
7 5,4u8 2,070
8 7,26l 2,760
9 9,080 3,450
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Arpendix A-3. (Cont.)

3.

Operations and maintenance cost: Rs. 2,570/year

Cash flow for computing cost/kWh

Capital Cost of Operation and Units
Year cost electical enerzy maintenance cost consumed
(in Rs.) (in Rs.) (in Rs.) (kWh)
1 21,418 - - -
2 21,418 - - -
3 17,134 - - -
4 17,134 - - -
5 8,566 690 2,570 1,816
6 - 1,380 2,570 3,632
7 - 2,070 2,570 5,u448
8 - 2,760 2,570 7,264
9 -- 3,450 2,570 9,080
n " " " "
" " " " "
" -, " " "
34 - 3,450 2,570 9,080
Discounted capital and energy costs
Discounted capital cost at 12 percent interest rate = Rs., 64,129
Discounted energy cost at 12 percent interest rate = Rs. 14,199

Discounted 0&M cost at 12 percent interest rato

Total discounted capital and operating costs

Discounted energy units at 12 percent interest rate
Cost/kWh needed to yleld 12 percent IRR:

Rs. 13,157
Rs. 91,485

37,369 kWh

Rs. 2.45/kWh
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Appendix B-1. Investment Index to Update Capital Cost of Biogas Systems to
1979/80 Base Year

Component of Price level Price level
investent index Weight 1973/74 1979/80

A. Construction

Cement 0.10 110.0 229.4
Logs and timber 0.12 131.2 382.9
Iron and steel mfg. 0.12 130.5 212.5
Bricks and tiles 0.11 191.6 272.3
Lime 0.15 118.0 141.2
Sand 0.15 118.0 41,2
Unskilled labor wages 0.25 134.4 193.5
Composite? 0.66 132.5 215.1
B. Machinery 0.34 130.3 189.2
Aggregate index 131.8 206.3

acivil and structural costs form 66 percent of total capital cost as
avallable evidence shows (see Reddy, 1974).

Components of civil and structural cost have been obtained based on
general civil structures. Banks: Reserve Bank of Indla--Investment Index
Studies.
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Appendix B-2, Cost Details of Biogas Systems

5,000 ft3/day 100 ft3/day 60 £t3/day

Capital cost
(1973/74 prices) Rs. 41,000 Rs. 2,500 Rs. 1,500

Capital cost
(1979/80 prices) Rs. 63,960 Rs. 3,900 Rs. 2,340

Operation cost at
full utilization

In 1973/74 prices
Annual maintenance cost* Rs. 2,381 Rs. U8 Rs. 29

Annual unskilled
labor cost*# Rs. 5,475 Rs. 110 Rs. 66

In 1979/80 prices
Annual maintenance cost Rs. 3,714 Rs. 75 Rs. 45

Annual unskilled
labor cost Rs. 7,884 Rs. 158 Rs. 95

Construction period?2
including laying of

LT lines, etc. 3 years 3 years 3 years
Useful life 30 years of 30 years of 30 years of
operation operation operation

4Construction period 1s affected by the period for laying LT 1lines
rather than setting up biogas system. Construction period i3 assumed to be
similar to intensification projects. It is also assumed that generation
starts in third year.

Production build up assumed in all cases is 20 percent, 40 percent, 60
percent, 80 percent and 100 percent in first, second, third, fourth, and
fifth years of operation respectively.

Costs in 1973/74 prices (A. K. N. Reddy, 1974) have been updated using
indexes developed in appendix 2-1.

*Index for maintennce costs assumed to be identical to cosntruction
cost index.

#Labor costs calculated by "unskilled labor" component in capital
cost index.
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Appendix B-3, Determination of Economy of Scale Factor

The following equation was used to obtain capital cost estimates of biogas
systems:

Capital cost = k (Capacity)?®
where a and k could be determined by knowing that the cost of a system of

100 £t3 capac%ty was Rs. 3,900 (in 1979/80 prices) and the cost of a system
with 5,000 ft° capacity was Rs. 63,960 (in 1979/80 prices). Thus,

3,900 - 100
that is,
log 16,40 = a log 50
where

a = 0.7149, say 0.70
k can now be determined:

R=M_ :165

(5,000)0'7
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Appendix B-4.1. Cost of Meeting Electrical Energy Demand from Biogas
Systems for Chennapuram

12,300 kWh
328,000 £t3/year

Annual electrical energy consumption

Gas requirement assuming 25 percent conversion

efficlency_and average energy ontent of
0.15 kW/ft3

Capital cost of 900 ft3/day = 165 (900)°-7

or,
898 ft-/day
Rs. 19,295

i

Cost of generation unit at the rate of Rs. 2,400/kW for connected load is
arrived as follows#*

Total connected load = 28 kW
Therefore, cost of generation unit = Rs. 67,200
Capital cost for provision of LT lines = Rs. U1,958
Total capital cost = Rs. 128,263

rounded to Rs. 128,270

®Connected load per agricultural connection is assumed as 3.7 kW, per
domestic is assumed as 0.18 kW, per industrial connection as 3.7 kW for
these calculations. Huge savings 1in capital cost can be obtained by
scheduling operation of pump sety, as pump sets are generated for only 5
kW/day.

Discounted capital cost for useful 1life:
Year 1 Rs. 42,756
Year 2 Rs. U2,756
Year 3 Rs. 42,756

Operating cost (0C):

a. 0C for biogas unit Labor Rs. 1,422
Maintenance Rs. 675

Cost
TOTAL Rs. 2,097

b. OC for LT lines (at 3% of capital cot of LT lines) Rs. 1,253
Total 0OC Rs. 3,340
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Appendix B-4.1, (Cont.)

Year Capital cost (Rs.) Operating cost (Rs.) Units generated

1 42,756 - -
2 42,756 - -
3 42,756 3,340 2,460
y - 3,340 4,920
5 - 3,340 7,380
6 - 3,340 9,840
7 - 3,340 i2,300
" 1" " "
" " " "
32 - 3,340 12,300

P.V. of capital cost = Rs. 102,743

P.V. of operation cost = Rs. 21,448

Units discounted = 63,150 kWh

Cost/Unit Rs. 1.96/kWh
Sensitivity to scheduling of pumps such that only 50 percent of pumps are
operated simultaneously. Connected load drops down to 17 kW. Capital cost

of generation comes down to Rs. 40,800, that is, there is a reduction of
Rs. 26,400. ’

P.V. of capital cost
P.V. of operating cost
Cost/Unit

Rs. 81,167
Rs. 21,448
Rs. 1.62/kWh

Scheduling of pumps to decrease the capacity of generating unit has a
significant effect on economics of generating electrical energy through
decentralized system.
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Appendix B-4.2. Sensitivity of Difference in Cost between Centralized Grid
and Decentralized Biogas System to Change in Distance from
Central Grid for a Village Similar to Chennapuram in Energy
Demand

One rupee of village investment in HT lines entails the following time
profile of outflows:

Year Capital outflow Operating outflow
1 0-33 -
2 0033 =
3 0.34 0.03
y _— 0.03
" " 1"
32 - 0.03
P.V. of capital cost outflow = 0.7990
P.V. of operating cost outflow = 0.1926
P.V. of capital and operating costs = 0.9916
(rounded to) 1.0
Cost of electrical energy cost = Rs. 1.99
decentralized system
Cost of electrical energy through = Rs. 1.85
centralized system
Difference in cost . R Rs. 0.14

Therefore, equivalent HT length in km for neutralizing difference in unit

cost.
X 21900 1
X 506—_ = 0.1
Therefore, X 0.14 x 50621 0.32 km

1T x 21900 -

Note: 1Ignoring additional losses due to extra HT lines, extension by
0.32 km to 1.62 km will make both centralized and decentralized systems
equally attractive. Beyond 1.62 km decentralized biogas systems for
villages similar to Chennapuram in energy demand will be attractive.



Table D-4.3. Sensltivity of Coat of Centralized and Dlogas Systems to Increased Fnergy Demand for Channapuram Village
(Ra. unleas otherwise indicated)

Centralized grid

Case 1: With {nctease In connected load Case 2: Without increase in connected load

Energy increase Energy increase Energy increase Fnergy increase
by 50 percent by 100 percent by 50 percent by 100 percent

Present value of capital cost 77,343 92,976 61,710 61,710
Present value of energy cost 28,854 38,472 28,850 38,472
Presenl. value of operations & malntence cost 12,660 12,660 12,660 12,660
Subtotal 118,857 144,108 103,220 112,842
Dincounted energy units 75,932 kWh 101,242 kWh 75,932 kWh 101,242 kWh
COST/INIT Ra. 1.57/kWh Rs. 1.42/kWh Rs. 1.36/kWh Rs. 1.12/kWh

Decentralized grid

Case 1: With increase in connected load

Case 2: Without increase in connected

load

Energy increase
by 50 percent

Energy increase
by 100 percent

Energy increase
by 50 per-:ent

Energy Iincrease
by 100 percent

Mew capacity of biogas system (per day) 1,350 rt3 1,800 rt3 1,350 £t3 1,800ft3
Capital cont! 189,080 251,286 129,598 142,368
fearly operating cost? 4,384 5,428 3,849 4,435
Prescnt. value of capital cost3 151,382 201,627 104,026 110,233
Present value of operating cost ™ 28,142 34,856 28,104 29,216
TOTAL PRESENT VALUE 179,524 236,483 132,130 - . 138,449
Discounled energy units 94,875 kvh 126,500 kWh 94,875 kWh 126,500 kWh

Cost/Unit Rs. 1.89/kWh Rs. 1.87/kWh

Difference betwean centralized and

decentralized unit cost Rs. -0.32/kWh Rs. -0.45/kWh

Pistance {rom village distribution
polnt and eentral grid at which
decenlralized syatem becomes
attrael.ive 2.5 km 2.3 km

Rs. 1.39/kWh

Rs. -0.03/kWh

1.48 K

Ra. 1.09/kWh

Rs. 0.03/kWh

1.39 km

1.
Capital cost Includes cost of blogas unit, generation unit, and low tension lines.

hed
"Operating cost covers labor and maintenance of low tensfon lines.

3Prﬂnent valua of capital cost computed assuming the construction perliod {s three years, payments are spread out equally,

and dlacount rate f{s 12 percent.

L]
Present value of operaling cost is computed assuming a useful 1ife of thirty years, costs starting in the third year,

and a 12 percent dliscount rate.

9y
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Appendix B-5.1. Cost of Meeting Electrical Energy Demand From Biogas System
for Satulran

Annual electrical energy consumption 10,560 kWh/year

Gas requirement 281,600 ft3/year
or 772 £t3/day

165(772)0+7

= Rs. 17,330

Cost of generation unit for connected load of 10 kW

Capltal cost

Rs. 24,000

Capital cost for LT lines Rs. 51,756

Total capital cost Rs. 93,086

0.C. for biogas unit Labor and maintenance Rs. 2,063

0.C. for LT lines Rs. 1,553

Subtotal Rs. 3,616

P.V. of capital cost at 12 percent discount rate Rs. 74,504

P.V. of operating cost . : Rs. 23,220

Total Rs. 97,724

Discounted energy units 54,302 kWh
Cost/unit = Rs. 1.80/kWh

Reduction in H.T. lines. to neutralize cost increase in unit cost:

_ 0.85 x 43,464
: T x 21,900 -

1.69 km

That 1s, beyond 0.4 km of HT line decentralized unit is preferable for a
village having similar energy demand.
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Appendix B-5.2. Sensitivity of Cost of Centralized Grid and Biogas Systems
to Increased Energy Demand for Satulran

Case 1. With increase 1in connected load

50% increase in 1009 increase in
in energy demand 1in energy demand

Centralized unit

P.V, of capital cost Rs. 101,672 Rs. 121,043
P.V. of energy cost Rs. 24,774 Rs. 33,032
P.V. of O&M cost Rs. 16,883 Rs. 16,883

Rs. 143,329 Rs. 170,958
Discounted energy units 65,196 k¥h 86,928 kWwh
Cost/Unit Rs. 2.20/%kwWh Rs. 1.97/kWh

Decentralized unit

Biogas system capacity needed
Capital cost of bilogas system

1,158 £t3/day

1,544 £t3/day

Capital cost of generation unit Rs. 36,000 Rs. 48,000
Capital cost of LT lines Rs. 77,634 Rs. 103,512
Rs. 136,648 Rs. 179,662
OC for biogas unit:
Labor and maintenance Rs. 3,095 Rs. 4,127
0C for LT lines Rs. 2,330 Rs. 3,106
Rs. 5, 425 Rs. 7,223
P.V. of capital cost Rs. 109,367 Rs. 143,798
P.V. of operating cost Rs. 34,811 Rs. 43,413
Rs. 144,178 Rs. 190,211
Discounted energy units 81,453 kWh 108,604 kWh
Cost per unit Rs. 1.77/kWh Rs. 1.75/kWh
Difference for HT lines Rs. 0.43/kWh Rs. 0.20/kWh
Difference in terms of HT lines
(in ¥m) 1.28 km 1.3 km
Note: Data for case 2 (without increase in load) is not available.
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Appendix B-6.1. Cost of Meeting Electrical Energy Demand from Blogas System
for Chingapalli

Annual energy consumption 9,080 kWh/year

Gas requirement =z 242,133
or 663 ft3/day
Capital cost = 165 (663)0°7 . - Rs. 15,580

Cost of generation unit for connected load

for 20 KW = Rs. 48,000
Cost of LT lines = Rs. 34,050
Total capital cost =z Rs. 97,630
Operating cost for biogas system

Labor and maintenance = Rs. 1,772
OC for LT lines = Rs. 1,022
Rs. 2,794

P.V. of capital cost at 12 percent = Rs. 78,141
P.V. of operating costs at 12 percent = Rs. 17,942
Rs. 96,033

Discounted energy units = 46,691 kWh

Cost/unit =  Rs. 2.06/kWh
Difference in cost per unit from

Centralized system = Rs. 0.39
Equivalent HT lines in km

0-39 X 37’369 -

T x 21,900 - 0.67 lm

That is, beyond 1.1 km decentralized 1s attractive.
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Appendix B-6.2. Sensitivity of Cost of Centralized Grid and Biogas Systems
to Increased Energy Demand for Chingapalli

-~ Case 1 -~ -- Case 2 --

(increased (no increased
connected load) connected load)

a b. c. d.

50% increase 100% increase 50% increase 100% increase

Centralized unit

P.V. of capital 76,873 89,617 64,129 64,129
P.V. of energy cost 21,299 28,398 21,299 28,399
P.V. of O&M cost 13,157 13,157 13,157 13,157
111,329 131,172 9§,585 105,685

Discounted
energy units 56,054 kWh 74,738 kWh 56,054 kWh 74,759 kWh

Cost/kWh needed
yield 12% IRR = Rs. 1.99/kWh Rs. 1.76/kWh Rs. 1.76/kWh Rs. 1.42/kWh

Decentralized unit

Capacity of biogas

system needed 995 ft3 1,326 £t3 995 ft3 1,326 ft3
Total capital cost Rs. 143,755 Rs. 189,420 Rs. 102,730 Rs. 107,370
P.V. of capital cost Rs. 115,058 Rs. 151,607 Rs. 82,223 Rs. 85,937
P.V. of operating
cost Rs. 26,913 Rs. 35,884 Rs. 23,632 BRs. 29,321
Rs. 141,971 Rs. 187,491 BRs. 105,855 Rs. 115,258
Discounted
energy units 70,037 kWh 93,382 kWwh 70,037 kWh 93,382 kWh
Cost per unit Rs. 2.02/kWh Rs. 2.00/kWh Rs. 1.51/kWh Rs. 1.23/kWh

Difference in costs Rs. 0.03/kWh Rs. 0.24/kWh Rs. 0.25/kWh BRs. 0.19/kWh

HT lines equivalent
length = 1.8 km 2.6 km 1.2 km 1.1 km
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Appendix C. Windmill as an Intermediate Solution to Pump Water

1. Windmill (horizontal axis) details

Diameter of wheel 5 meters
Height of tower 20 feet to 30 feet
Welght of steel structures 0.8 tons
Hours of operation per year 10 to 12
Days of operation per day 300
Capital cost: ecivil Rs. 2,000
(foundation for tower)
Tower cost Rs. 5,000
Other materials Rs. 5,000
Total Rs. 12,000
Equivalent pump capacity 172 kW
Useful life 30 years
Wind velocity 6 km/hour to
required (length) 35 km/hour
Construction period
Procurement ordering 2 months
.Fabrication _ . 2 weeks
Installation 1 week
Capital recovery factor 0.124
at 12 percent discount rate
Capital recovery needed per Rs. 1,188
year to yield 12 percent IRR
Equivalent energy generation 0.5 x 11 x 300 = 1650 kWh
per year
Cost per kWh to yield 12 Rs. 0.90

percent IRR

If windmill is used to opeate a pump (without generating electrical
energy) the cost of equivalent kWh (that is, the power of the pump is rated
at 1/2 kWh) works out ot Re. 0.90 only.
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Appendix C. (Cont.)

2. Windmill (vertical axis, 2.5 kW) Details

Windmill Details (2.5 kW Unit)

Capital cost Rs. 20,000
including unit for windmill
Generator Rs. 5,000
Control module Rs. 10,000
Battery storage Rs. 10,000
Invertor Rs. 65,000
Total capital cost Rs. 50,000
Construction period 3 to 6 months

Energy output per year

Battery life 2 to U years

Useful life of windmill accessories 30 years

Number of batteries required 5 to 10

P.V. of capital cost stream Discounted 4y,650
(initial investments plus capital cost
batteriss replacement every
3 years) batteries 23,830

Rs. 68,540

Discounted energy units
(at 5 hours/day for 300 days)

= 3750 kWh x 8.055

30206 ki
Capital cost recovery per kWh/generated = Rs. 2.27
Operating cost Rs. 3,000 o

(1 operator’s wages) 4,000/year
Operating cost per kWh (approximate) Rs. 1.00
Cost/kWh to yield 12 percent return Rs. 3.27

on capital emplozed
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Appendix D. Solar System

1. Solar thermal

No firm cost estimates are availlable. However, an analysis of a
development project indicates that a 15 kW power plant is on the order of
As. 70 lakhs. Probable break-up of expenses is as follows:

Site and building ug
Control instruments 30%
Energy subsystems 26%
Storage batteries 2%
(enough to take of surplus load only)
Conversion subsystems 149
Bioggs auxiliary unit capacity 2%
60m~/day (to run motor initially)
Pumps, pipes, and fittings 4%
Fabrication and transport materials lﬂi
96%

Energy generated/year
(200 sunny days, 5 hours operation per

day x 15 kW power) = 15,000 kWh
Capital recovery per kWh assuming usefgl life 3
1g 20 years - 0.134 x 70 x 10° + 15 x 10
5

0.134 x 70 x 100

) 15 x 103 )

Rs. 62/kWh

Note: Since the project 1s of a developmental nature, even the
capltal recovery per kWh is very high. Including operating cost, the
cost/kWh that will yield a 12 percent IRR is as high as Rs. 65.

2. Photovoltales

The capital cost of a photovoltaic unit works »ut to around Rs. 8
lakhs and generates on an average 5 kW (7 kW peak) power. the energy
content per year that can be generated is 5000 kWh. Capital recovery per
kWh needed (assuming 20 years useful 1life) is:

0.134 x 8 x 10°

3 = Rs. 21/kWh
5 x 10
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Appendix E. Availability of Dung--A Survey

Village Population Number of Cattle & Per capita Per house~

households buffaloes cattle hold cattle

population populaticn
1. Mandnur 1,309 276 1,348 1.03 4,88
2. Manchikeni 68 13 41 0.60 3.15
3. Alwad 258 30 122 0.47 4,07
4, Mallakupa 127 18 173 1.36 9.61
5. Mundgod 5,449 1,002 2,058 0.38 2.05
6. Somanahalli 159 38 257 1.62 6.76
7. Kernehosalli 205 31 168 0.82 5.42
Simple average 0.90 5.13
Welghted average 0.55 2,96

Source: "Socioeconomic TImpact of Setting up a Hydroelectric Project

at Bedthi," R. Venkatesan and coautnors, Administrative Staff College of
India (1982).

Estimation of Cattle Population

Village Population Household Cattle and buffaloes
Estimate 1 Estimate 2

1. Chingapalli 697 100 627 513

2. Chennapuram 202 50 182 257

3. Satulran 1,205 192 1,085 985

Note: Estimate 1 based on per capita cattle population average
calculated above. Estimate 2 based on per household cattle population.,

Projected Dung Requirement and Availability

Village Capacity Dry dung Dry dung avaiirability
suggested requirement Estimate 1 Estimate 2
ft=/days per day (kg) (kg) (kg)

1. Chennapuram 900 135 437 617
1,350 203
1,800 270

2. Satulran 772 116 2,604 2,364
1,158 174
1,544 232

3. Chingapalli 663 100 1,505 1,231
995 149

1,326 199
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