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FOREWORD 

This is the first of what is expected to be a series of publications on 

the general theme of rural energy technology assessment and diffusion. In early 

1985, IDRC approved financial support for a network of research teams from 

Argentina, China, Costa Rica, India and the Philippines to undertake research on 
issues directly related to this general theme. The network was called RETAIN 

(for Rural Energy Technology Assessment and Innovation Network). Its work has 

been coordinated by Andrew Barnett from the United Kingdom. The network teams 
have met twice, several of the individual project components have been completed 

and follow-up projects have been started. Researchers from a number of African 
countries have participated in the second network meeting and African involve

ment in the network is expected ~o be strengthened through a major new research 
and training initiative, jointly supported by IDRC and SAREC, Sweden, on energy 

policy and planning (including RETAIN related issues) in East and Southern 
African countries. 

Hartmut Krugmann 

Social Sciences Division 
International Development Research Centre 
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PREFACE 

With the emerging interest in new energy conversion technologies for use 
in developing countries, two issues have concerned policy makers for more than a 
decade: how to choose between particular devices and how to ensure that the 
chosen options will diffuse through the target population. 

These concerns were particularly pressing when the price of "conventional" 
fuels rose dramatically in the 1970's and when the claims of the advocates of 
each device were particularly loud and particularly contradictory. But in the 
late 1980's the issues continue to cause concern. For although the policy 
debate surrounding rural energy futures is currently less frenetic following the 
fall in oil prices, the long-term problems of how best to meet the energy needs 
of rural people are no less pressing nor less complex. 

The IDRC has supported research to clarify these issues on technology 
choice and technology diffusion through a number of projects associated with the 
Rural Energy Technology Assessment and Innovation Network (''RETAIN"). This 
volume represents a contribution to the general debate and is the first 
published contribution arising from the activities of RETAIN. 

Almost from the beginning of the "energy crisis" Professor Ramesh Bhatia 
has made it his specialism to develop the analytic methods and the empirical 
basis for making selections between small scale energy conversion technologies, 
particularly for use in water pumping. 

This particular volume is an update on much of Professor Bhatia's 
methodological and empirical earlier material on water pumping options. But, in 
addition, it also provides new material and valuable insights into the relative 
merit of Photo-voltaic electricity in supplying street lighting, and the factors 
that have affected the diffusion of engines fuelled both by diesel and biogas in 
India. 

It is hoped that by disseminating this material other researchers and 
policy makers might benefit from these results ana see how this type of analysis 
should be undertaken. 

Andrew Barnett 
RETAIN Co-ordinator 

September 1987 



ECONOMIC EVALUATION AND DIFFUSION 
OF RENEWABLE ENERGY TECHNOLOGIES 

Case Studies from India 

The objectives of this paperl are: 

(i) To present a framework for comparative economic evaluation of renewable 
energy technologies (RETs) in rural areas of developing countries; 

(ii) To illustrate the complexities involved in comparative evaluation with the 
help bf case studies for providing energy for water-pumping, streetlight
ing and other rural needs; and 

(iii) To discuss the economic, organizational a~d market-structure aspects of 
diffusion of RETs in the context of promoting the use of dual-fuel biogas 
engines in northern India. 

Section 1 presents a brief review of the methodological aspects of econo
mic evaluation studies carried out in the past. Section 2 is devoted to case 
studies on providing energy for water-pumping for irrigation and economics of 
solar photovoltaics in northern India. The next section discusses the processes 
of diffusion of rural innovations and presents a case study of various factors 
involved in promoting the use of dual-fuel biogas engines (using a mixture of 
diesel oil and methane) for agricultural purposes in Bihar, India. The last 
section summarizes some tentative results and outlines policy measures for a 
successful diffusion of renewable energy devices. 

lThis paper draws heavily on the author's earlier work reported in Bhatia 
(1984, 1985, 1986) and Bhatia and Pereira (1986). The author is grateful to 
Russel de Lucia, Andrew Barnett, Douglas Smith, Armand Pereira, Ajit Bhalla, 
Sharat Tewari, Chamanlal Gupta and Peter Rogers for comments and advice. 
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1. A BRIEF REVIEW OF METHODOLOGIES OF ECONOMIC EVALUATION 

During the last decade, a large number of renewable energy technologies 
have been field-tested in a number of developing countries. There has also 
appeared a large volume of literature on socio-economic aspects of these tech
nologies. However, there are some methodological issues in economic evaluation 
which have not yet been settled.1 Particularly difficult is the evaluation of 
inputs and outputs of these technologies under conditions of absence of markets, 
presence of surplus labour, free access to biomass resources and low-income 
levels. Several authors have used different methodologies and assumptions 
resulting in different conclusions and opinions regarding the viability of these 
technologies.2 Besides, many of these socio-economic evaluations have been done 
in the context of a particular technology, e.g. for windmills or biogas plants 
or solar thermal and solar photovoltaic pumps. Very few studies are available 
where technologies have been compared and ranked for a given end-use, e.g. 
lighting or irrigation pumping. Moreover, adequate emphasis has not been given 
to the role of energy pricing policies (particularly subsidies for electricity 
and oil products) as a constraint to adoption of these technologies. Thus, 
there is need for a review of existing methodologies of economic evaluation in 
the context of comparison of various technologies. 

Methodologies of Economic Evaluation 

There is a large body of literature on economic evaluation of renewable 
energy sources which wi 11 not be reviewed here. Some of these have been 
discussed in the relevant sections later. However, an attempt would be made to 
present comments on some methodological issues which are relevant for 

lsome of the recent studies are Stucky (1983), Kijne (1984), Bhatia and 
Niamir (1979) on biogas; Sir William Halcrow (1983, 84) on solar photovoltaics. 
Also see Barnett et al. (1978), French (1979), Tewari (1978), de Lucia and 
Bhatia (1980), Ghate (1980), Bhatia (1984, 1986), Hurst (1984, ), Smith 
( ). 

2see Barnett (1985) for an excellent review of methodologies adopted and 
results obtained in several studies on comparative economic evaluation of energy 
conversion technologies for small-scale pumping systems. 
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comparative economic evaluation of technologies. Three approaches may be 
distinguished. In the first approach, the financial or economic profitability 
of a technology is assessed by comparing the benefits and costs of using the 
relevant technology. For example, in this method, the economic benefits from a 
solar thermal pump or a windmill are calculated in terms of the value of output 
of rice, maize or wheat grown by using the irrigation water supplied by the 
pump/windmill. This method is termed as "viewed strictly in its own terms •••• 
with out reference to competing systems" .1 However, it may be noted that this 
method is not appropriate if the choice for the society (or for the farmer) is 
to use either a solar irrigation pump or a diesel pump for providing irrigation 
water to the crops regardless of the additional benefits from irrigation.2 The 
introduction of a solar system replaces an existing (or potential diesel system 
and, hence, the "true" benefit of the solar system is the savings in resources 
(capital, foreign exchange and labor) which would otherwise have been devoted to 
the diesel system. Thus, the correct method of estimation of benefits from a 
solar system is in terms of the costs (saved) of the competing system and not 
"in its own terms". The latter, in fact, would involve attributing the benefits 
from the use of irrigation water to solar system although the same quantity and 
quality of irrigation water could be provided by a competing system. 

In the second methodology, unit cost (e.g. $ per m3 of water output) of a 
technology being considered (e.g. a windmill) is compared with that of an 
alternative technology (e.g. a diesel pump or a kerosene engine). If the unit 
cost of the technology in question is lower than that of the alternative being 
considered, it is concluded that the former is economic. The comparison is made 
in terms of financial costs using market prices or in terms of economic costs 
(specially of fuel costs). In some cases, shadow prices of fuels and other 
inputs are also considered. Within this method also there are differences in 
estimation of annual costs, particularly in the method of annualisation of 

lsee French (1979) for an application of this method to economic 
evaluation of 40 hp solar thermal and 5.5 kw solar cell irrigation pump. 

2The valuation of irrigation water is a separate and a more complex 
problem. 
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capital costs. Values for interest rates and life of equipment are so chosen as 
to favour a particular technology. However, the most serious drawback of this 
approach is that it assumes that the technologies are comparable in terms of 
water output and its utilization. A human-powered device with a daily output of 
30 m3 may be compared with a diesel engine whose water output can be 1400 m3 per 
day. These are not comparable since in the case of a mechanized device, it may 
not be possible to use available water fully because of a number of factors such 
as farm size; availability of water in the source (e.g. a dugwell), cropping 
pattern, seasonality of water output (e.g. in the case of windmill) due to 
resource availability which may not match demand; availability of fuel/ 
electricity; breakdown of machine/pumpset, etc. For example, for a farm-size of 
0.5 ha. it would not be possible to use 1400 m3/day water pumped continuously 
over a 63 period. This may not even be possible or needed for a 14 ha. farm 
because of seasonality of rainfall and crop water requirements. Hence, to 
compare the cost per m3 of the two devices without taking the farm size 
explicitly into account will give erroneous conclusions regarding the economics 
of a diesel pumpset. It is important to consider in this context that it is 
possible to use some technologies at low level of output, e.g. human-powered or 
animal powered lifts, solar photovoltaic systems and windmills. While some 
other technologies such as diesel engines cannot be scaled down (or even if they 
can be scaled down, the capital costs are reduced marginally). Under these 
circumstances, the possible under-utilization of diesel pumpsets should be 
explicitly taken into account while comparing the economics of different techno
logies.I Another alternative may be to include in the analysis technologies 
which can be scaled down (e.g. petrol engines or electric motors) and then do 
the cost comparison. Even here it is necessary to ensure that the alternatives 
are considered either under their 11 best 11 performance situations or they are 
considered under average field conditions. There may be a tendency to consider 
the techno-economic characteristics of one technology as it is expected to 
perform in the field as those of the alternative technology as it has actually 

l1n such analyses, it may be necessary to consider the possibilities of 
sharing of water among farmers or the benefits from sale of water. This would 
enable farmers to adopt larger pumping systems and thereby reduce their average 
costs. 
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performed in the field. A lack of clarity on these issues is likely to distort 
the comparison. 

The financial analysis using market prices is sometimes modified by 
replacing market costs (usually subsidised) by economic costs (as reflected by 
world prices). In some cases, shadow price of foreign exchange is used to 
reflect the scarcity premium. Most of the studies, however, estimate annual 
savings in foreign exchange and employment created by technologies using 
renewable sources. In these cases, macro-economic considerations are reflected 
by the estimated net savings in foreign exchange and employment creation by a 
programme (say of installation of 10,000 windmills). 

The economic evaluation and ranking of technologies in the third approach 
is done in terms of cost-effectiveness criteria for "equivalent" irrigation 
systems. In this methodology each individual system is defined to include 
technologies (capital equipment) such that it deiivers a given quantity of water 
at designated intervals (a month) over a year. The systems are so designed as 
to provide the same reliability and performance over the period under 

consideration. These are 11 equivalent 11 in the sense that each one provides the 
same quantity and quality (time-pattern) of water for irrigation, thus, giving 
the same levels of agricultural benefits. These systems are compared and ranked 
in terms of the sum of present value of capital costs and operating costs 
incurred over a fixed period (say ten years). Since the life of each component 
of capital equipment may vary from one technology to the other, this would 
result in inclusion of replacement costs of some types of capital equipment. As 
benefits from irrigation are the same (since the systems are equivalent) the 
alternative with the lowest present value of total costs is considered the best, 
i.e. giving the highest benefit-cost ratio.1 

lit is implicitly assumed in this methodology that the benefit-cost ratio 
is greater than unity. This would be true under conditions where social returns 
from irrigation are considered high enough and the economic analysis is aimed at 
selecting the "least-cost" or cost-effective method of pumping water. In regions 
where benefits from irrigation are doubtful (e.g. high rainfall conditions) it 
may be necessary to introduce an additional criterion requiring benefit-cost 
ratio to be greater than unity. 
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The case study on water pumping described in the next section adopts the 
methodology described as the third approach in the preceding paragraph. The 
analysis is first carried out from the viewpoint of society where capital costs 
and inputs are evaluated in terms of their 'economic costs' or shadow prices. 
After this, the results of financial analysis at 'market prices' are given in 
order to show the divergence of ranking of technologies when 'market prices' (or 
costs actually incurred by the farmer) are used in place of 'shadow prices' 
(i.e. economic costs estimated to reflect the real resource costs to society). 
It is expected that the results of this exercise would indicate under what 
conditions (location, farm size, water requirements, fuel prices and capital 
costs) renewable energy technologies are economic from the viewpoint of 
society. These results coupled with those from financial analysis would 
indicate the changes required in pricing policies for conventional fuels (diesel 
and electricity) which would remove the distortions and the farmers' choices 
would coincide with the priorities from the viewpoint of society. If, however, 
for economic and political reasons, it is not possible to increase the prices of 
diesel oil and electricity for rural areas, the results of this exercise would 
indicate the extent of subsidies required for renewables to make it worthwhile 
for farmers to invest in RETs. It is not necessary to conduct similar studies 
for every village or household since the results for representative farm-sizes 
in selected agro-climatic regions would be sufficient to provide guidelines for 
policy purposes. It is true that it is better to operate on prices of fuels and 
capital equipment and let the farmers select the technologies rather than 
evaluate optimum choices for every region and condition. Nevertheless, as the 
experience in many developing countries has shown, it is difficult to remove 
distortions in energy prices on account of the complex interaction of economic 
and political factors. Given the fact that the use of conventional sources 
(diesel and electricity) involves substantial subsidies from the government, 
there is no justification in arguing that these subsidies should be confined to 
conventional fuels and should not be extended to new technologies. One may 
argue that either the subsidies should be removed from the use of conventional 
fuels or similar subsidies should be also available to renewable energy 
technologies. Even when prices of conventional fuels reflect their economic 
costs, there would be need for providing "investment support" to RETs in the 
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initial period to enable these to come on par with the conventional technolo
gies. Studies of the kind described in this paper are required to quantify the 
1 evel of 11 i nvestment support" that is required for different technologies for 
different end-uses in various regions of the country. Such analyses are 
required before a large scale effort at diffusion of the RETs is undertaken. 

2. ECONOMIC EVALUATIONS OF ALTERNATIVE TECHNOLOGIES 

Utilisation of groundwater for irrigation has been steadily increasing in 
India since 1950-51. By 1984-85, the irrigated area had increased to 26.1 m.ha, 
which is about 65 per cent of the ultimate potential. In northern states, the 
percentage of utilisation has varied between 84 per cent for Punjab and Haryana 
to 22-23 per cent for Orissa and West Bengal. Estimates of additional area that 
could be irrigated through groundwater are: 0.6 m.ha in Uttar Pradesh (UP); 
2.0 m.ha in West Bengal; 1.8 m.ha in Bihar; and 1.0 m.ha in Orissa. Marginal 
and small farmers with farm holdings of less than 1 ha account for about 
two-thirds of the total holdings in UP, Bihar and West Bengal. 

During the last decade or so, policy-makers have given major attention to 
electricity as a source of energy for irrigation pumpsets. Although in 1966 the 
number of diesel and electric pumpsets were approximately equal (0.5 million), 
in March 1985, there were over 5.7 million electric pumpsets as compared with 
3.5 million diesel pumpsets. The number of electric motors have increased 
faster because of concerted efforts in rural electrification to promote 
groundwater utilization. Despite massive investments,1 the benefits from rural 

lAn outlay of Rs.1,860 crores ($1,800 million) was provided during 1980-
85 to extend electricity to over 100,000 villages and to energise 2.5 million 
pumpsets. Besides, large-scale investments are required in electricity 
generation and transmission which may be about Rs.10,000 crores ($8,000 million) 
for energising 2.5 million pumpsets. The target for the Seventh Plan (1985-90) 
is to energise 3 million additional pumpsets at an estimated cost of Rs.3,000 
crores ($2,500 million). The corresponding investments in generation and 
transmission may be of the order of $15,000 million. In addition to pumpsets, 
investments in rural electrification provides electricity for lighting and use 
of other appliances, particularly to higher-income groups. For a discussion on 
socio-economic aspects of rural electrification, see Fluitman (1983), Bhatia 
(1983c), Smith et al. (1983). 
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alternatives are increasingly being considered. 
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The irrigation systems based on renewable energy sources are being field
tested and the potential sources are: solar photovoltaics; solar-thermal 
systems; wind-powered systems and multifuel engines using diesel with biogas, 
pyrolysis gas or ethanol. About 100 photovoltaic water pumping systems and 400 
windmills have been installed in the field in India during the last few years. 
According to the Annual Report (1985-86) of the Department of Non-Conventional 
Energy Sources of the Government of India, there were 343 solar photovoltaic 
pumps and 1192 water pumping windmills in the country as on 31 January, 1986. 
However, the development and use of renewable energy sources for irrigation 
pumping has been considerably affected by the Government's policy of subsidising 
the use of electricity and diesel oil in the past. Given the low prices of 
conventional energy sources, use of new and renewable sources has not been found 
financially attractive by farmers. 

2.1 Methodology of Economic Evaluation 

The economic evaluation carried out in this section is for conditions in 
the eastern Gangetic plains represented by Ghazipur, UP. Two farm sizes are 
considered: 0.4 ha and 1.0 ha. The water pumping options studied are: 

i) electric pumpsets using electricity from the regional grid, 
ii) diesel pumpsets, 

iii) dual-fuel engine using biogas or pyrolysis gas (from a gasifier), 
iv) solar photovoltaic and solar thermal systems, and 
v) windmills. 

As discussed earlier, the economic evaluation and ranking of technologies 
has been attempted in terms of cost-effectiveness criteria for "equivalent" 
irrigation systems. In this methodology, each individual technology is des-igned 
so as to provide the same quantity and quality (time pattern) of water for 
irrigation, thus giving the same level of agricultural benefits. These systems 
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are compared and ranked in terms of the sum of present value of capital costs 
and operating costs incurred over a fixed period (say ten years). Since the 
life of each component of capital equipment may vary from one technology to 
another, this would result in inclusion of replacement costs of some types of 
capital equipment (e.g. a gas holder may be replaced every ten years or a petrol 
engine may be replaced after 5,000 hours of use). _As benefits from irrigation 
are the same (since the systems are equivalent) the alternative with the lowest 
present value of total costs is considered the best, i.e., giving the highest 
benefit/cost ratio.1 

The methodological steps used to carry out the economic evaluation in this 
section have been listed in section 1. For ready reference, these steps are 
recapitulated below: 

(i) determine a few representative cropping patterns and estimate 
monthly water requirements for each· crop rotation on the basis of 
agro-climatic conditions and effective rainfall; 

(ii) analyse resource availability in the context of solar and wind 
energy, in particular the magnitude and distribution of solar 
radiation and wind speed; 

(iii) identify critical months for each crop rotation, i.e. months with 
highest ratios between water requirement and gross solar radiation 
(or mean wind speed); 

(iv) estimate the installed capacities of equipment to deliver estimated 
irrigation water based on an analysis of critical months and 
relevant energy resource data; 

lrt may be mentioned that this would give a benefit-cost ratio of greater 
than unity if the use of irrigation is assumed to be economic per se. However, 
this may not be the case in some regions (e.g. high rainfall areas-Of eastern 
India) and for some crop rotations. Hence, after the screening and ranking of 
technologies is done using the methodology outlined here, it would be necessary 
to estimate the overall benefit-cost ratio taking into account the cost of 
irrigation and other costs. 
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(v) estimate the capital costs and operating costs of each system from 
the viewpoint of society using shadow prices for major inputs; 

(vi) estimate the present value of the sum of these costs (using an 
appropriate social discount rate) for each system for the purpose 
of comparison and ranking. 

These steps are described in the subsequent subsections, as applied to the 
case of three crop rotations in Ghazipur, UP.1 Although the basic analysis has 
been carried out to reflect the viewpoint of society, the financial feasibility 
of each system has also been considered along with a discussion of fiscal 
policies necessary for the promotion of renewable sources of energy. 

2.2 Estimation of Irrigation Water Requirements 

A procedure for estimating crop water requirements has been described in 
FAQ (1977).2 This involves determining the evapo-transpiration rate (ET0 ) for a 

lFor Ghazipur, three crop rotations considered are: (i) rice and wheat 
(later variety, December planting); (ii) bajra and wheat (November planting); 
and (iii) sugar cane (planted, 12 months). 

2under this methodology, one first determines the evapo-transpiration rate 
(ET0 ), for a reference region (i.e. "the rate of evapo-transpiration from all 
extensive surfaces of 8-15 cm tall, green grass cover of uniform height, 
actively growing, completely shading the ground and not short of water 11

). - This 
parameter is determined on the basis of climatic data such as temperature, 
humidity, wind, sunshine, radiation, etc. The ETo is determined for mean 
climatic data of 10 or 30 days and expressed in terms of mm/day. The effect of 
crop characteristics on crop water requirement is given by: ETcrop = Kc (ET0 ) 
where ETcrop is the evapo-transpiration for the crop and Kc is the crop 
coefficient. The effect of local conditions and agricultural practices such as 
soil water availability, salinity, method of irrigation, size of farms, etc. are 
also considered. With the help of ET 0 values calculated from climatic 
information for Ghazipur, Kc values for the three crop rotations considered have 
been obtained from the literature and the knowledge of agricultural practices in 
the region (for details, see SDCA, 1985, Ch. 2). In considering the influence 
of rainfall on water requirement, the mean rainfall over a period of about 30 
years is used in this analysis to represent normal conditions (although the 
results reported here are based on assumptions of normal rainfall, the analysis 

·also considers situations which represent severe drought conditions, i.e., using 
the lowest recorded rainfall data - for details, see SDCA, 1985). A rainfall 
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reference region on the basis of climatic data such as temperature, humidity, 
sunshine, radiation, etc. The effect of crop characteristics on crop water 

requirements is given by ETcrop = Kc(ET0 ), where ETcrop is the evapo
transpiration for the crop and Kc is the crop coefficient (based on agricultural 
practices, size of farm, method of irrigation, etc.). 

To estimate irrigation water requirement (i.e., volume of water which has 
to be pumped), one uses evapo-transpiration for a crop (ETcrop), effective 
rainfall (ER) and field application efficiency (Ea). Since irrigation is to be 
provided from wells located within the farm, conveyance losses are not relevant 
but water-course losses and evaporation losses are important. These are 
reflected by Ea which is the ra~io between water available directly to the crop 
and that delivered by the pump (or storage tank). It is reported (FAQ Bulletin, 
1977/SQ) that in irrigation practices, such as graded borders, furrow, 
corrugation, etc., one may assume a conservative figure of Q.55 (for non-rice 
crops). This is assumed to include water-course losses where there are no lined 
channels in the field. Furthermore, this factor is assumed to be valid between 
Q.4 and 2.Q ha. However, for rice this factor is still lower, Q.32, due to 
higher percolation losses. 

An overestimation of irrigation water requirement can result in the 
installation of over-capacity for pumping. To avoid this, it is necessary to 
assess the extent of tolerance of various crops, in the event that available 

effectiveness factor (i.e., water available to the plant in its root zone) is 
also selected in order to estimate crop water requirement. Since precise data 
on this factor are not available, we use the following: so long as the monthly 
rainfall is under lQQ mm, one may assume lQQ per cent effectiveness factor but 
this will be less in cases where soil is dry and with poor vegetative cover. 
Due to the lack of more reliable primary data on rainfall effectiveness, a 7Q 
per cent effectiveness factor is assumed when the rainfall exceeds lQQ mm. This 
assumption is based on an analysis of data published by the United States 
Department of Agriculture (FAQ, 1977, p. 75). It is assumed that the 
contribution from groundwater (through capillary action) is negligible and water 
requirement for the purpose of leaching soil salinity is ignored. These factors 
are nevertheless secondary, since they do not bear significantly on the 
comparative assessment of various energy technologies. 
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moisture is less than the saturation level of the soil. For instance, in the 
case of wheat, it is reported that even by maintaining a ratio of 0.75 between 
irrigation water and cummulative-pan evaporation! the yield is hardly affected 
irrespective of stage of crop growth. A lower ratio of 0.6 can also be 
maintained ensuring proper moisture availability at critical growth stage. 
However, it is assumed that for the critical month for which a particular 
technology is designed, water requirement can be reduced up to 75 per cent for a 
non-rice crop (and not reduced for rice). The calculated water requirements 
(modified by a factor of 0.75) at the field inlet (or pump/tank outlet) for 
three crop patterns (rotations) are given in Table 2.1 for the selected region 
in m3/ha/month. 

2.3 Assessment of Solar and Wind Resources 

The relevant data for photovoltaic arrays or flat plate solar thermal 
collectors are global radiation, comprising both direct and diffused radiation. 
The network of radiation stations includes 16 principal and ordinary stations 
where recordings of global radiation are made. The station nearest to Ghazipur 
for which calculated values have been published (Mani and Rangarajan, 1981) is 
Varanasi. Mean values of daily global radiation for each month, in Kwh/m2 and 
the monthly mean wind speeds for the location of interest (i.e., Ghazipur) have 
been used in the analysis.2 

2.4 Estimation of Capacities 

Capacities of electric motor, diesel engine and dual-fuel engine 

Proper selection, installation, operation and maintenance of centrifugal 
pumps and related prime mover (diesel engine or electric motor) are very 
important aspects to ensure their economical, long and trouble-free service. 

lsee Dastane (undated) for details. 
2For details, see Bhatia (1984). 



Table 2.1: Irrigation water requirements (lw*) for three crop rotation in Ghazipur region 
(m3/ha/month) 

Month Crop rotation Crop rota ti on 11 Crop rota ti on 111 

Wheat + rice Wheat + baj ra Sugar cane 

ET crop Effective lw* ET crop Effective lw* ET crop Effective lw* 
rainfall rainfall rainfall 

January 811 250 760 1 038 250 1 080 792 250 740 
February 1 235 219 1 390 1 235 219 1 390 703 219 660 
March 509 119 530 509 119 530 815 119 950 
Apri 1 39 39 1 902 39 2 540 
May 123 123 3 305 123 4 340 
June 919 919 2 715 919 2 450 
July 2 496 (2 140) 1 110 1 021 (2 140) 2 382 ( 2 140) 330 
August 1 876 (2 400) 1 636.8 ( 2 400) 1 790 (2 400) 
September 1 698 (1 580) 370 1 617 ( 1 580) 50 1 697 (1 580) 160 
October 1 589 595 3 110 771 595 240 1 585 595 1 350 
November 1 110 96 3 170 669 96 780 1 225 96 1 540 
December 519 33 660 892.7 33 1 170 957 33 1 260 

(ET crop = evapo-transpiration rate of the crop; ER= effective rainfall; ET crop - ER 
lw = ----

Ea Ea = field application efficiency - see text). Ea= 0.55 for non-rice crops; Ea= 0.32 for rice. 

For non-rice crops: IW* = 0.75 IW 

ET crop - ER 811 - 250 
lw* = 0.75 = 0.75 = (1,010) 0.75 = 760 

*Ea 0.55 

For rice crop: lw* = 1w. 

Note: Data relate to normal rainfall in a year. Effective rainfall has been estimated 70 per cent of effectiveness 
factor (whenever rainfall is higher than 100 mm/day). 

Source: Swiss Development Co-operation Agency (1983). 
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Major considerations for selecting a pumpset are: (i) discharge to be pumped, 
(ii) total head, (iii) range of variation of water level over which the pump has 
to operate (or operating conditions). Given the estimated discharge and the 
total head over which water is to be lifted, the pump has to be so selected that 
it operates at maximum efficiency within the expected range of water level 
fluctuations on the suction side. 

For Ghazipur, a 5 m head has been assumed. For each of the crop rotations 
and farm sizes (0.4 and 1.0), the required water horse power has been estimated 
using the standard formula. The brake horse power (bhp) has been estimated 
assuming a combined efficiency of 30 per centl for the pump and transmission. 
To take care of seasonal variation in load, however, the selected bhp of 
electric motors should be higher than the estimated value.2 

Using these assumptions, we have calculated the required bhp of the diesel 
engines and electric motors for meeting the pumping requirements of different 
crop rotations in the region.3 The same figures have been used for dual-fuel 
engines using biogas or pyrolysis gas. 

lit is estimated that under low discharge and low head conditions, a 
minimum pump efficiency of 50 per cent is possible. Variation in head due to 
seasonal fluctuation of water availability should not reduce efficiency by more 
than 10 per cent. In the case of belt-driven pumpsets, it may be necessary to 
take account of transmission efficiency which may be 85 per cent. In pumps 
driven by electric motors and diesel engines using direct flexible couplings, 
the transmission efficiency is close to 100 per cent. 

2ARDC (1980) gives guidelines for selecting diesel engines and electric 
motors under varying discharge levels, total head and pipe diameters. Based on 
these guidelines this study provides for extra bhp over the calculated bhp (of 
the electric motors and diesel engines) as follows: 50 per cent increase for 2 
bhp or less, 30 per cent increase for units between 2 to 3 bhp, and 20 per cent 
increase for uni ts of greater capacity. 

3The smallest electric motor available in the market was 0.5 hp while the 
smallest diesel engine was 2 hp. This has been taken into account in the 

·estimation of capital costs. 
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Capacity of the biogas plant 

The required capacity of the biogas plant has been estimated after taking 
1nto account: (i) the reduction of biogas output in winter months,1 (ii) the 
trade-off between capital costs of a larger biogas unit vis-a-vis additional 
costs of diesel used in months when gas is not sufficient to meet the 
requirements of the critical months, and (iii) availability of cow dung and 
ownership of cattle for different farm sizes. 

For a sample calculation for Ghazipur, a biogas plant of 2 m3/day capacity 
produces enough biogas to pump the water requirement of a 1 ha farm except in 
October and November. The biogas is suff1cient for the pumping requirement 
during the winter months of December, January and February even though there is 
a reduction of 39 per cent in biogas output during these months. During October 
and November, when there is a deficit of biogas, the dual-fuel engine can use 
more than 30 per cent diesel to meet the pumping requirement. The additional 
diesel needed is 13 litres in October and 42 1itres in November. The cost of 
this additional quantity of diesel is est1mated at Rs.248/yr. In contrast, if a 
3 m3/day biogas plant is used, it will provide enough biogas for all months 
except November. The additional diesel required under this case is 20 litres 
costing Rs.90/yr. Similar calculations have been made for other crop rotations 
in Ghazipur taking into account various combinations of sizes of biogas plants. 
The size of the bi ogas pl ant to be installed is determined after comparing the 
(annualised) additional capital costs of larger biogas plants with savings in 
diesel costs. 

Capacities of photovoltaic pumping systems 

Given the estimated water requirement and data on solar radiation, the 
next step is to estimate the installed capacity to provide this water over 

lAccording to !CAR (1978), the output of gas in winter months was lower by 
39 per cent in the northern region, 31 per cent in the western region and 13 per 
cent in the southern region. These estimates have been used to estimate the 
availability of gas in different months. 
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monthly periods. For each crop rotation, critical months are first identified 
as those which show the highest ratio between monthly water requirement and the 
monthly gross solar radiation. In cases where rice happens to be one of the 
crops, this ratio is optimised with respect to the peak ratio for non-rice crops 
under the same crop rotation.I For the crop rotations considered for Ghazipur, 
the critical months are February for Crop Rotation I (rice and wheat) and Crop 
Rotation II (bajra and wheat). The critical month estimated for Crop Rotation 
III (planted sugar cane) is May. Estimates are made for installed capacities to 
match energy requirements in critical month of each crop rotation (Table 2.1). 
Estimated requirement of hydraulic output is calculated from the water 
requirement for the critical month (in m3 as given in Table 2.1) multiplied by 
the total head2 (in m) and a conversion factor of 2.724 x 10-3 to arrive at KWh 
units of work.3 Estimates of average array plane global daily radiation during 
the critical months of February and May are given for Ghazipur (Table , row 
3). The tilt is selected in discrete positions of latitude (±15v) to maximise 
energy availability during the critical month. The hydraulic output from 1 m2 
of array is then calculated in terms of kWh per month. This is arrived at by 
multiplying the figure for average daily radiation (7.13 kWh) by the 
corresponding overall daily efficiency (2.12 per cent) which can be read in 
Figure 1, and finally multiplied by number of days in the month. Gross cell 
area required (in m2) is estimated by dividing the total requirement of 
hydraulic output by hydraulic output from 1 m2 of array. 

lThe implication of this is that groundwater provides only supplemental 
irrigation and the farmer, therefore, has to either obtain water from a surface 
water source for irrigating rice or cultivate it on a reduced field area. This, 
in fact, is known to be the practice in this region. 

2The total head is estimated as a sum of: (i) average static water level 
(below ground level), (ii) drawdown required to get estimated discharge, (iii) 
delivery head above ground level and (iv) friction losses in pipe fittings, 
valves, etc. The estimated total head for Ghazipur is 5 m. 

3For Ghazipur, for example, the irrigation water requirement for February 
(for crop rotation I and II) is estimated at 1,390 m3. This multiplied by the 
estimated 5 m head and again multiplied by (2.724 x 10-3) gives a figure of 
18.93 KWh/month. The estimated gross cell area is 18.93 m2 divided by 4.232, 
which equals 4.47 m2. For details, see Halcrow et al. (1984). 
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Figure 1: Assumed overall daily efficiency distribution for a photovoltaic pump 
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With the reported array efficiency of 9.2 per cent in terms of gross cell 
area, the peak ratings (in 1,000 W/m2 of sunshine) are determined. As given in 
Table 2.2, a photovoltaic system of around 400 Wp will be sufficient to provide 
irrigation to a 1 ha farm under crop rotations I and II. However, sugar cane 
will require 1,180 Wp capacity. The size of motor and pump are appropriately 
selected to maximise the utilisation of solar ene~gy. 

Capacity of solar thermal system 

So far, in Indian systems, daily efficiencies of about 0.5 per cent have 
been demonstrated. This may be treated as daily average peak value to 
correspond to the same distribution as in Figure 1. This means that the 
collector area has to be increased by a factor of 4.2 over what has been 
estimated as gross cell area. It may be noted that this technology is being 
treated in a somewhat optimistic manner. Such systems have significant thermal 
inertia for start-up and shut-down. On days of-interrupted sunshine, their 
performance may not be as good as that of photovoltaic systems. Besides, these 
would require much more than 220/wm2 for the start-up. 

We may also include an eventual possibility of achieving peak daily 
efficiency (defined at 6 kWh/m2 of daily insolation) of 1.0 per cent which would 
then mean a reduction of collector area by a factor of two from what is 
considered necessary from current estimates. 

Capacity of windmill 

As stated earlier, an objective of this study is to assess the option of 
wind energy for irrigation and not to assess any particular windmill. It is 
therefore assumed that a "similar" windmill of a larger or smaller size can be 
constructed to suit the wind conditions and water requirement of a given place 
under consideration. · It is also assumed that efficiencies remain unchanged in 
the ranges of sizes involved. 



Table 2.2: Estimation of required capacity (in Wp) of photovoltaic 
systems in Ghazipur* 

1. Critical month 

2. Assumed tiltl 

3. Average array plane global 
radiation during critical month 
(kWh/m2 daily) 

4. Calculated hydraulic output2 from 
1 m2 of array (kWh/month) 

5. Requirement of hydraulic output for 
the field3 (kWh/month) 

6. Gross cell area required (m2)4 

7. Required capacity (Wp rating)5 

Crop rotation 

I 

February 

lat +15" 

7.13 

4.232 

18.93 

4.47 

410 

II 

February 

lat +15u 

7 .13 

4.232 

18.93 

4.47 

410 

II I 

May 

lat -15" 

7.03 

4.598 

59.11 

12.86 

1 180 

* The total head is assumed at 5 m. See Table 3 for information about crop 
rotations, water requirements and critical month. 

1 The tilt is selected in discrete positions of latitude to maximise energy 
availability during the critical month. 
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2 This is calculated by multiplying the figure of average daily radiation (row 
3) by efficiency read from Figure 1 corresponding to this value of daily 
radiation and finally multiplied by number of days during the month (e.g., for 
February 7.13 x 0.0212 x 28 = 4.232). 

3 This is estimated from water requirement (Table 3) for the critical month 
(in cubic metres) multiplied by the total head in metres and a conversion factor 
of 2.724 x 10-3 to arrive at kWh units of work. 

4 Obtained by dividing the value in row 5 by the value in row 4. 

5 Assumed array efficiency of 9 ~2 per cent in terms of gross cell area and 
1,000 W/m2 for peak solar radiation as reference. 

Source: Notes and text. 



21 

The critical month is identified the same way as in the case of solar 
systems - the month in which the ratio between water requirement and its 
availability is the highest. As in the case of solar systems, care was taken to 
optimise the installed capacity in such a manner that water available during the 
year is satisfactorily used. Where rice is one of the crops, the area under 
rice cultivation is reduced, so that the critical month is determined by 
non-rice requirements. Using the estimated requirement and water output, the 
sizes of three types of windmills were determined as follows: (a) 11 appropriate 
technology 11 design, Ghazipur-type windmills, 5 m rotor diameter, with average 
overall monthly efficiency assumed at 10 per cent; (b) hybrid technology design, 
NAL-MPl, 7.5 m rotor diameter, with average overall efficiency 5 per cent 
(measured); and (c) conventional technology design such as Comet, Southern 
Cross, etc., with assumed efficiency of 10 per cent. These efficiencies are 
assumed to be constant irrespective of wind required. 

2.5 Estimation of Capital and Operating Costs of Technologies 

Capital and operating costs of electric and diesel pumpsets 

The relevant cost items are the capital costs of an electric motor or a 
diesel engine (or dual-fuel engine) plus the cost of the actual pump and the 
costs of fuels (electricity/diesel) as well as the costs of operation and 
maintenance. However, the fact that almost all mechanised irrigation in India 
is being powered by electricity and diesel - which are subsidised - makes it 
necessary to distinguish between market prices and shadow prices of both capital 
and operating costs. Market prices do not reflect real resource costs of 
supplying these fuels to rural areas. In most states, including the Ghazipur 
region, farmers are not charged for these costs, implying that electricity and 
diesel are subsidised. In a realistic evaluation of alternative technologies, 
it is imperative that all the explicit and implicit costs incurred by society 
are taken into account. It is difficult to make accurate estimates of costs of 
infrastructure which can be attributed to agricultural uses since these services 
are available to the society at large. Even if inaccurate, however, it is 
important to provide an idea of such costs if a policy choice between 
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centralised or decentralised energy sources is being considered where the latter 
does not require the same level of infrastructure facilities. 

For the alternative where electricity is obtained from the regional grid, 
it is necessary to estimate the capital costs of generation and transmission 
attributed to the agricultural load; the costs of ~lectrifying a village which 
includes costs of distribution lines, from the point where the tapping is done 
on the main high-voltage transmission lines; the costs of transformers; and the 
costs of connection from the nearest pole to the well/tubewell. According to 
our estimates, the maximum operating hours for a 2 hp (1.5 kW) electric pumpset 
to provide irrigation to a 1 ha farm in Ghazipur are 800 hr/yr. This indicates 
a rather low load factor of 9 per cent. The monthly distribution of these 
operating hours shows the seasonality of demand for power which has to be taken 
into account in estimating the capacity costs of electricity used in the 
agricultural sector. For example, 0.5 m pumpsets to be energised during 1980-85 
in UP and Bihar will require 2,000 MW of additional capacity if they are used 
simultaneously. Because of variations in cropping patterns and rainfall and 
farmers' preferences, however the actual generation capacity required will be 
lower. Assuming this is 1,000 MW, the investments requirements will be 
Rs.10,000 million or Rs.20,000 ($1667) per pumpset at current cost levels 
($833/kW) (other uses of electricity are discussed below). To this, one must 
add about Rs.10,000 per pumpset to account for the costs of extra high voltage 
transmission lines, low-voltage distribution lines and transformers, etc. 
However, this entire cost cannot be solely attributed to irrigation pumping 
because the created power capacity will be usable by other sonsumers when it is 
not being used for pumping. One tends to think that in an econoll\Y where acute 
power shortages are reported, a substantial part of this off-peak (seasonal as 
well as during the day) power will be usable. This, however, need not always be 
the case since power demands from agro-processing, agro-based industries, 
manufacturing units and other consumers may not be forthcoming in the 
non-agricultural season. An accurate analysis of this issue requires 
information on load profiles which is not readily available. Some of these 
off-peak demands, especially in the non-agricultural season, may be induced by 
charging lower tariffs during this period. Only half of the capital costs of 



generation and transmission, i.e., only Rs.15,000 per pumpset (of 4 kW) is 
attributed to irrigation pumping in this study, assuming that part of the 
capacity created for meeting the agricultural load can be used for other 
purposes. 
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To this figure, one may add the estimated capital costs of electrifying a 
village to provide power for pumping (among other uses) as well as the costs of 
connection to the well-tubewell. This is about Rs.7,440 per pumpset if the 
entire costs of rural electrification are attributed to pumpset energisation. 
However, since electricity can also be used by rural households (although these 
will be for a small and richer minority), agro-industries and commercial 
establishments, a part of this cost should be attributed to other uses.1 An 
average social cost of distribution and connection of Rs.5,000 per pumpset is 
assumed in this study due to the lack of reliable data on this. Thus, a total 
cost of generation, distribution, transmission and connection of Rs.20,000 per 
pumpset of 4 kW is estimated for the reference case. The implications of using 
a higher figure of Rs.37,000 per pumpset are discussed later in this section. 

This estimate may be compared with others available in the literature. A 
recent paper2 shows that the average capital investment by the Government during 
1985-90 for energising each of the additional 3 million pumpsets is approxi
mately Rs.37,000. It is estimated that long-run marginal costs of providing 
power for irrigation pumping in Orissa (among other uses) were Rs.281/kW/month 
(Rs.13,500/yr for a 4 kW pumpset) or Rs.4.215/kWh at 9 per cent load factor (800 
hr/yr). With a higher load factor (20 per cent or 1,750 hr/yr) the costs of 
electricity including capacity cost will be Rs.1.926/kWh and annual costs of 

lit is beyond the scope of this study to discuss the issue relating to 
evaluation of rural electrification programmes and patterns of utilisation. See 
Smith (1980), Samantha and Sundaram (1983), Smith, Hayes and Mehta (1983), 
Bhatia (1983c), Fluitman (1983), and Government of India (1983). 

2Prepared by the Central Electronics Limited on economics of rural 
electrification using photovoltaics, quoting from the Report of the Sub-Group on 
Rural Electrification for Seventh Plan. 
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operation, maintenance and administration (OMA). Fuel costs have been estimated 
at Rs.0.287/kWh using a shadow price of Rs.170/t of coal and a conversion factor 
of 0.79 kg of coal to generate 1 kWh of electricity.1 It is estimated that of 
the total capacity costs of service (Rs.281/kW/month), 25 per cent are accounted 
for by annual OMA costs. For a load factor corresponding to 800 hr/yr, this 
indicates an OMA cost of Rs.1.02/kWh. A lower figure of Rs.0.50/kWh is used 
here, however, since the load factor in Ghazipur is expected to be higher than 
in Orissa. This, added to the estimated fuel cost of Rs.0.287/kWh, gives an 
estimated operating cost of Rs.0.787/kWh for electricity used in pumping water. 
This cost, plus the capital cost of generation, transmission, distribution and 
connection gives us the "real" costs of providing electricity to rural areas for 
pumping. Obviously, these costs are much higher than the tariffs charged to 
farmers. For example, it has been reported that, in Orissa, estimated tariffs 
were only 4 per cent of the long-run marginal cost of providing electricity for 
i rri ga ti on • 2 

The cost of infrastructure for distributing diesel for pumping is very 
difficult to assess, especially because it comprises an uncertain share in the 
capital costs of refineries and/or port facilities. The cost share in port 
and/or port facilities. The cost share in port facilities cannot be easily 
estimated; it is likely to be very small, and may be ignored since it cannot 
possibly have any significant effect on final cost comparisons of energy options 
for pumping. It is important, however, to take into account (i) the capital 
cost incurred in refining crude oil to obtain diesel oil and (ii) the capital 

lThe cost of fuel, on these assumptions, is Rs.0.1343 (13.43 paise) per 
kWh. To measure the cost of fuel per kWh sold, account lllJst be taken of 
consumption in the power plant and transformation, transmission and distribution 
losses. At peak periods, the estimated fuel cost is Rs.0.287/kWh for 
low-voltage consumers. 

2Gellerson (1979) has estimated the ratios of tariffs to long-run marginal 
costs for various consumers in the·northern, western, southern and central 
regions. In the northern region, the agricultural tariff is 20 per cent of the 
long run marginal cost. The fuel costs for this case are 18.2 paise/kWh and the 
total costs 98.6 paise per kWh. 



25 

and operating costs of transporting of additional diesel by the railways and 
lorry-tankers. The capital costs of refining capacity are incurred only if it 
is found economic to import crude oil and refine it in the country to obtain 
diesel together with other oil products. For India's conditions, however, it is 
more economic to import diesel (alone or with kerosene) than to import crude 
oil .l Hence, the shadow price of diesel used in this study is estimated as the 
c.i.f. import price of diesel increased by the 25 per cent premium on foreign 
exchange to reflect its overall scarcity. 

The additional equipment required to transport diesel (rail- or lorry
tankers) should be explicitly taken into account. A detailed calculation of the 
various components of costs is ~eyond the scope of this study and, hence, only a 
notional figure is used. For an additional 2.0 million diesel pumpsets during 
the Sixth Plan requiring about 0.5 m.t of diesel, the additional capital costs 
to be incurred may be about Rs.1,000 million, or Rs.500 per pumpset.2 These are 
added as infrastructural capital costs to the costs of diesel pumpsets. The 
operating expenses of these tankers (including the cost of electricity and 
diesel required) are added to the estimated price of diesel oil. Based on the 
1981-82 import price of high-speed diesel and light diesel oil, a c.i.f. import 
price of Rs.3/1 is estimated. The 25 per cent premium on foreign exchange 
raises it to Rs.3.75/1. This is added by a notional figure of Rs.0.75/l which 
may have to be incurred in transporting diesel to distant places (over and above 
the capital costs of tankers, etc.). Hence, a shadow price of Rs.4.5/l is used 
in this study. The capital costs of these alternatives are given in Table 2.3, 
the operating costs are in Table 2.5 and the present values of costs for 
electric and diesel pumpsets are in Table 2.7. 

lThe economics of importing diesel .oil vis-a-vis crude oil depends on the 
relative prices of these products, costs of refining and demand pattern for 
products other than diesel. For a detailed study of these options, see, for 
example Bhatia (1983b). 

2Assuming that one lorry-tanker makes one trip per week, transporting 
500 t/yr, 1,000 lorries are needed to transport 500,000 t/yr. This may require 
capital costs of about Rs.400 million compared with Rs.600 million for railway 
tankers moving the same quantity. 
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Table 2.3: Capital Costs of Prime-movers and Energy-Producing Egui~ment 
Required for Water Pum~ing at Shadow Price (in 1986 US $) 

Electric Diesel Dual Fuel Dual Fuel 
motor Engine Engine plus Engine + 
2 hp or Dual 13.0 gas plant gasifier 

Fuel Engine 
3 hp Case I Case II 3 hp engine 

2m3/day 4m3/day + 5 hp 
plant plant gasifier 

Cost of engine/motor 330 578 578 578 578 

Cost of pumphouse 110 

Cost of connection 600 

Cost of generation 
and transmission 800 

Cost of infrastructure 
for diesel transport 50 50 50 50 50 

Cost of biogas plant 
- 2 m3/day 550 
- 4 m3/day 680 

Cost of gasifier (5 hp) 1090 

Total 1890 628 1178 1308 1718 

Sources: 1. Department of Non-Conventional Energy Sources, Government of India. 
2. Market Surveys in Delhi and Patna. 
3. Jain and Vyarawalla (1985). 
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Table 2.4: Irrigation Water Requirements, Annual Operating Hours and Costs of 
Using Diesel Oil in Diesel Engine and Dual-Fuel Engine for a 1-ha 
Farm in Ghazipur 

I 
(Wheat and 

Rice) 

(At Shadow Prices) 

Crop Rotation 

II 
(Wheat and 

Bajra) 

III 
(Sugarcane) 

Water re~uirements during critical 
month (m /ha/month) 3170 1270 4340 

(Nov.) (Feb.) (May) 

Annual water requirements (m3/ha) 11990 5120 16320 

DIESEL ENGINE 

1. Total HP - hours 676 312 996 

2. Quantities of diesel (litres/year) 304 140 448 

3. Diesel price ($/litre) 0.375 0.375 0.375 

4. Di es el cost ($/year) 114 53 168 

Diesel + Biogas 

1. Quantity of diesel (litre per year) 
(including additional diesel oil 
required in peak month) 146 42 181 

2. Diesel cost ($/year) 55 16 68 

Sources: 1. Swiss Development Cooperation Agency (SDCA), New Delhi: Choice of 
Technology for Lifting Irrigation Water, Mimeographed, New Delhi, 
March 1985. 

Water requirements indicate gross irrigation water requirements at 
the plant (field) and have been calculated for each month using 
the estimates of Evapo-transpiration rate for each crop and the 
estimated effective rainfall in a normal year. For details see 
( SDCA) ( 1985) . 

2. It has been estimated that a 3 hp diesel engine or electric motor 
can lift the required water under normal year rainfall. The total 
head is assumed at 5 meters. 



Table 2.5: Annual Operating Costs of Alternative Methods of Water Pumping for a 1-ha Farm 

(Crop Rotation I) 

(in 1986 $) 

Electric Motor Diesel Engine Dual fuel engine Dual fuel engine 
with biogas plant with gasifier 

At At At At At At At At 
Shadow Market Shadow Market Shadow Market Shadow Market 
Prices Prices Prices Prices Prices Prices Prices Prices 

1. Costs of fuel/electricity 
- Electricity 33 9 
- Diesel Oil & Lube Oil 114 89 55 43 75 65 

2. Repair & Maintenance 
- Motor/engine 30 30 45 45 45 45 45 45 
- Biagas plant/gasifier 10 10 164 164 

3. Labour charges for operation 30 30 30 30 30 30 

4. Total Operating Costs 63 39 189 164 140 128 314 304 

Assumptions: 1. Shadow Prices: Electricity $0.0656 per Kwh; Diesel oil $0.375 per litre. 
Market Prices: Electricity $0.0166 per Kwh; Diesel oil $0.292 per litre. 

2. The cost of diesel oil in the case of biogas engine includes extra diesel required in months in which 
biogas is not sufficient to meet the requirements of pumping. For example, the cost of extra diesel 
oil required in October and November were estimated as $20.8. 

N 
CX> 
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Table 2.6: Capital Costs of Prime-movers and Energy Producing Equipment at 
Market Prices (as Paid by the Farmer) 

Cost of engine/motor 

Cost of pumphouse 

Cost of biogas plant (2m3/day) 
(assuming soi subsidy) 

Cost of gasifier (5 hp) 
(no subsidy) 

Total 

Sources: As in Table 1.1. 

Electric 
Motor 
(2 hp) 

330 

100 

430 

Diesel 
Engine or 
Duel-Fuel 
Engine 
(3 hp) 

578 

578 

( I n 1986 U • S • $ ) 

Dual-Fuel 
Engine 

plus Bia
gas Plant 

578 

275 

853 

Dual-Fuel 
Engine plus 
Gasifier 

578 

1090 

1668 

Assumptions: 1. It is assumed that the farmer does not pay for the cost of 
connection when using electric motor. Electricity tariff is 
paid either in terms of kilowatt hours used or as a fixed 
charge depending on the horsepower of the motor. 

2. For biogas plant, it is assumed that the central subsidy is 25 
per cent while the remaining 25 per cent subsidy is given by 
the State government. 

3. On gasifiers, there is no subsidy being given as yet. 



Table 2.7: Present Value of Capital and Operating Costs of Alternative Technologies for Pumping Water 

( 1986 u. s . $) 

Electric Motor Diesel Engine Dual fuel engine Dual fuel engine 
with biogas plant with gasifier 

At At At At At At At At 
Shadow Market Shadow Market Shadow Market Shadow Market 
Prices Prices Prices Prices Prices Prices Prices Prices 

1. Capital Cost 1890 430 628 578 1178 853 1718 1668 

2. Annual Operating Cost 63 39 189 164 140 128 314 304 

3. Present Value of Operating Costs 387 196 1161 823 860 642 1928 1526 

4. Total Costs (1 + 3) 2977 626 1789 1401 2038 1495 3960 3498 

Sources: Tables ............. . 

w 
0 



Capital and operating costs of photovoltaic system 

The current capital costs of a photovoltaic system will vary across 
countries depending on the number of units purchased and location. For 
photovoltaic arrays, the average cost in 1984 was around $9/Wp (delivered 
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cost). It is estimated that the cost of photovoltaic sub-systems (motor, pump 
and pipework) is about $2/Wp.1 There are a number of projections and 
expectations about prices of photovoltaic cells. Prices have not fallen 
significantly in the last five years but technological breakthrough could make 
it happen.2 To take into account possible cost reductions, a projected price of 
$2.5/Wp for the year 1990 is assumed. Since costs of photovoltaic sub-systems 
are not likely to decline, the combined future costs of photovoltaic systems are 
assumed to be $4.5/Wp. 

Capital costs will be lower by a factor of 0.74 if the technological 
advances raise the peak instantaneous system efficiency to 4.6 per cent from the 
present 3. 4 per cent (with reference to gross ce 11 area). Si nee ce 11 arrays do 
not involve moving parts, there are no repair and maintenance and fuel costs. 
However, the field experience has shown that maintenance of motor and pump as 
well as replacement of brushes, etc. may require an estimated expenditure of 
around $30/yr.3 The estimated capital cost and sum of present values of capital 
and operating costs under various assumptions of prices and efficiencies are 
given in Table 2.8 and 2.9, respectively. 

lit is estimated that in the Indian demonstration prograirme of photo
voltaic systems, the cost of motor and pump supplied were around Rs.5,000 for a 
300 Wp unit in 1982. Thus, an average cost of Rs.20 per Wp is reasonable. It 
is argued that there are no appreciable economies of scale in sub-system costs. 
See SDCA (1985). 

2A technological breakthrough could be the use of amorphous silicon 
cells. This could re.duce cost of arrays si gni fi cantly. The unit costs al so 
depend upon the scale of manufacture. These may decline if demand picks up. 

3This is an average cost for one visit per month in India. This cost is 
·much higher in regions where skilled labour is scarce. For example, in Fiji, 
10-12 visits to the photovoltaic system could cost around $200. 
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Table 2.8: Estimated capital costs for photovoltaic and solar thermal systems 
(5 m head) in Ghazipur (in 1983 $/ha) 

System and 
crop rotation 

Photovoltaic systeml 

I (wheat + rice) 

II (wheat + baj ra) 

I II (sugar-cane) 

Solar thermal system2 

I (wheat + rice) 

II (wheat+ bajra) 

Ill (sugar-cane) 

Current prices 

at current 
efficiency 

4 820 

4 820 

13 870 

5 370 

5 370 

15 440 

at projected 
efficiency 

3 560 

3 560 

10 250 

2 690 

2 690 

7 720 

Projected prices 

at current 
efficiency 

1 490 

1 490 

4 280 

at projected 
efficiency 

1 100 

1 100 

3 160 

*Estimated capital costs depend on price levels and efficiency levels (current 
vs. projected), which are explained below for both systems. Costs of solar 
thermal system only appears at current prices because these are not expected to 
change considerably in the future. 

1 For photovoltaic system, 
- curent pr1ce is $9.75/Wp for the arrays and $2/Wp for the sub-system 

(motor, pumps and pipework). 
- projected price is $2.50/Wp for the arrays and $2/Wp for the sub-system. 
- current efficiency is 3.4 per cent of overall system instantaneous value 

at 1,000 W/m2. 
- expected efficiency is 4.6 per cent of overall system instantaneous 

value at 1,000 W/m2. 

2 For solar thermal system, 
- current price is $200/m2 for the thermal collectors and $86/m2 for the 

sub-system. 
- current efficiency is 0.5 per cent daily average overall system in a 

6 kWh/m2. 
- expected efficiency is 1.0 per cent daily average overall system in a 

6 kWh/m2. 

Source: Table 5 and notes. 
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Table 2.9: Present values of costs of photovoltaic and solar thermal systems at 
Ghazipur (in 1983 $)* 

Photovoltaic systeml 

I (wheat + rice) 
II (wheat + bajra) 

III (sugar-cane) 

Solar thermal system2 

I (wheat + rice) 
I I (wheat + bajra) 

III (sugar-cane) 

Current prices 

current 
efficiency 

farm size 

expected 
efficiency 

farm size 

Projected prices 

current 
efficiency 

farm size 

expected 
efficiency 

farm size 

0.4 ha 0.4 ha 0.4 ha 0.4 ha 0.4 ha 0.4 ha 0.4 ha 0.4 ha 

2 110 5 000 1 610 3 740 920 2 030 730 1 550 
2 110 ' 5 000 1 610 3 740 920 2 030 730 1 550 
5 730 14 050 4 280 10 430 2 310 5 490 1 750 4 100 

2 550 5 870 1 450 3 030 
2 550 5 870 1 450 3 030 
6 690 16 230 3 520 8 280 

* Estimated capital costs depend on price levels and efficiency levels (current 
vs. projected), which are explained below for both systems. Costs of solar 
thermal system only appears at current prices because these are not expected to 
change considerably in the future. 

1 For photovoltaic system, 
- curent price is $9.75/Wp for the arrays and $2/Wp for the sub-system 

(motor, pumps and pipework). 
- projected price is $2.50/Wp for the arrays and $2/Wp for the sub-system. 
- current efficiency is 3.4 per cent of overall system instantaneous value 

at 1,000 W/m2. 
- expected efficiency is 4.6 per cent of overall system instantaneous 

value at 1,000 W/m2. 

2 For solar thermal system, 
- current price is $200/m2 for the thermal collectors and $86/m2 for the 

sub-system. 
- current efficiency is 0.5 per cent daily average overall system in a 

6 kWh/m2. 
- expected efficiency is 1.0 per cent daily average overall system in a 

6 kWh/m2. 

Source: Tables 5, 7 and text. 



Table 2.10: Estimated capital costs and present values of costs per ha at 
Ghazipur for three types of windmills (in 1983 $) 

Crop Wi ndmi 11 sl 
Cost items rotation 

A B c 

Capital Costs I 3 840 5 660 10 240 
II 4 200 6 190 11 200 

III 8 400 12 390 22 400 

Present value of total costs I 4 960 6 060 10 300 
(for ten years' operation at II 5 420 6 620 11 270 
10 per cent SRD) II I 10 840 13 260 22 530 

1 The following windmills are considered: 

A - "Appropriate-technology" design - Ghazfpur/Allahabad - 5 m rotor 
diameter, costing $1,200 ($75/m2 approx.). Average overall monthly 
efficiency (assumed) is 10 per cent. 

B - Hybrid technology design - NAL MP-1, 7.5 rotor diameter, windmill 
costing $2,000 ($45/m2 approximately). Average overall efficiency 
(measured) is 5 per cent. 
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C - Conventional technology design - such as Comet, Southern Cross, etc., 
costing $200/m2. Assumed efficiency is 10 per cent as for type A. 

Source: SDCA (1985). 
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Capital and operating costs of solar thermal systems 

In the international market, flat plate collectors (single glazed, matt
black, non-selective absorber) are reported to cost around $110/m2 (1980) and 
the whole solar thermal system should cost $170/m2 according to Halcrow (1983). 
It is reported that a commercial firm in India is selling collectors at a price 
range of $170-$250/m2 (depending on the glazing and selective coating). An 
average figure of $200/m2 for the collector is used. Assuming that the cost of 
the collector is 70 per cent of the cost of the system, the latter will cost 
$286/m2. Using this, the capital costs of solar thermal systems are estimated 
as varying between $5,000 and $15,000 for a 1 ha farm in Ghazipur. The repair 
and maintenance costs of a solar thermal system will be equal to or higher than 
those of a diesel engine. Given the lack of any field data on this, a notional 
figure of $30/yr is used although this cost will vary significantly from one 
country to another. The present values of costs for different crop rotations 
are given in Table 2.9. 

Capital and operating costs of dual-fuel engine and biogas plant 

The estimated costsl for selected cas~s are shown in Table 2.7. Similar 
costs have been calculated for other crop combinations as well. Cost of cow 
dung is not included since the slurry which comes out of the biogas plant is at 
least as good a fertiliser (if not better) as cow dung. Hence, there is no 
resource cost in using cow dung. Present values of costs for the system under 
various assumptions are in Table 2.7. 

lThere are significant possibilities for reducing capital costs of biogas 
plants. In fact, some improved versions of the KVIC design and units of Chinese 
design (Janata type) are already available. The Janata type plant is estimated 
to cost about 40 per cent less. However, it is not clear whether the Janata 
design has the same level of gas output of KVIC design for equal capacity. 
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Capital and operating costs of small-scale gasifier-cum-dual-fuel engine 
system 

These costs are shown in Table 2.7. It is assumed that a 5 hp gasifier 
costs $450 (at 1983 prices) and with derating (70 to 80 per cent) a 3 hp dual
fuel engine is able to provide enough pumping capacity to irrigate more than 
1 ha. The life of a gasifier is estimated at ten years and the annual repair 
and maintenance costs at 15 per cent of capital costs. The opportunity cost of 
fuelwood is most difficult to estimate. It is reported that current prices of 
fuelwood in the semi-urban areas in UP and MP range between $40/t and $45/t. 
The use of wood for paper mills and construction poles can fetch a higher 
price. An additional demand for fuelwood by gasifiers may result in overall 
shortages and may lead to deforestation and high environmental costs. Besides, 
true opportunity costs of land and unskilled labour are expected to vary from 
region to region and season to season. A detailed analysis of these factors is 
beyond the scope of this study. Hence, a notional price of $40/t of fuelwood is 
used to reflect its social cost.1 It is further assumed that a dual-fuel engine 
will use 0.135 l/hp-hr of diesel and 1.1 kg of fuelwood (assuming 3.5 kg of wood 
replaces 1 litre of diesel and 0.450 l/hp-hr of diesel is consumed if gas is not 
used). The present values of the irrigation system using producer gas and 
diesel are shown in Table 2.7. For a 1 ha farm using crop rotation I, the 
present value of costs would be $2313 when economic cost of fuelwood is taken as 
$40/t. These would decline to $2170 under conditions where the economic costs 
of fuelwood production are $10/t. 

lThe estimation of economic cost of fuelwood in a region is a detailed 
study in itself. The most important consideration is the opportunity cost of 
land. Another is the possibility that the use of fuelwood and/or other biomass 
for gasifiers may deprive the poor of cooking fuel which they may be getting 
free. 
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A comparison of present values of economic costs 

A comparison of the sum of present values of capital and operating costs 
of alternative systems at Ghazipur for two farm sizes (1 ha and 0.4 ha) is 
presented in Table 16. For a baseline case of 1 ha farm, the use of diesel and 
biogas in a dual-fuel engine is the most economic option for crop rotations I 
and III, except the solar photovoltaic system under assumption D (projected 
system cost $4.5/Wp and projected 4.6 per cent instantaneous efficiency). This 
is true for crop rotation II as well, except the diesel pumpset. 

The use of electricity from the regional grid is consistently more 
expensive from the viewpoint of society when the real resource costs of 
supplying electricity to rural areas are taken into account. Although the 
differences in present values of costs between biogas-cum-diesel option and 
conventional sources range from 10 to 25 per cent, the present analysis shows 
the need for a thorough investigation of the socio-economic and management 
aspects of using biogas for irrigation pumping. In particular, pricing and 
tax/subsidies on energy sources must be studied carefully. Given the subsidised 
rates of electricity and no charges for electricity connections, farmers prefer 
grid-electricity to diesel pumpsets and dual-fuel systems using biogas and 
diesel. They might not prefer electric pumpsets if they were charged the real 
costs of providing grid electricity. If it were the case, investments in a 
biogas plant along with a dual-fuel engine might be financially feasible. 
However, if subsidies on electricity cannot be removed, there is need to give an 
equivalent subsidy to biogas plants used for irrigation. Some of these aspects 
are discussed in the next section. 

The costs of producer gas (from a gasifier) with diesel oil are found to 
be higher than those for grid electricity and diesel/biogas options, primarily 
because of high costs of repair and maintenance and of fuelwood. However, apart 
from the high costs, the technical parameters of using wood-based (and even 
charcoal-based) gasifiers in India have yet to be firmed up. There is need to 
sponsor a few field studies to document various techno-economic aspects of using 
gasifiers for pumping. 
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Table 2.11: Present value of capital and operating costs for alternative 
technologies for 1 ha. farm and 0.4 ha. farm for Crop Rotation I 

(in 1986 $) 

1 ha. 0.4 ha. 

Shadow Market Shadow Market 
Prices Prices Prices Prices 

Electric Motor 2277 626 1697 601 

Diesel Engine 1789 1401 1371 1135 

Dual-fuel Engine with Biagas Plant 2038 1495 1835 1365 

Dual-fuel Engine with Gasifier 3960 3498 3370 2998 

Solar Photovoltaics (A) 5000 5000 2110 2110 
(B) 3740 3740 1610 1610 
(C) 2030- 2030 920 920 
(D) 1550 1550 730 730 

Solar Thermal (E) 5820 5820 2550 2550 
(F) 3030 3030 1450 1450 

Wi ndmi 11 s (G) 4960 4960 1980 1980 
(H) 6060 6060 2420 2420 

Rows (A) through (H) include different assumptions as noted below: 

(A) 

(B) 

(C) 

(D) 

(E) 
(F) 
(G) 

Current costs ($11.75/Wp); current efficiencies (3.4 per cent overall 
instantaneous). 

(H) 

Current costs ($11.75/Wp); current efficiencies (4.6 per cent overall 
instantaneous). 
Future costs ($4.5/Wp); current efficiencies (3.4 per cent overall 
instantaneous). 
Future costs ($4.5/Wp); current efficiencies (4.6 per cent overall 
instantaneous). 
$286/m2 for the whole system and 0.5 per cent daily average efficiency. 
$286/m2 for the whole system and 1.0 per cent daily average efficiency. 
Appropriate technology (Ghazipur-Allahabad multivane type with a piston 
pump). 
Hybrid technology (NAL sail type with a centrifugal pump). 

Source: Tables 2.3 to 2.10. 
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The photovoltaic option, under the lowest-cost and highest-efficiency 
assumptions (case D), is much cheaper than the average of the first four 
alternatives in respect of crop rotations I and II. It is much more expensive 
for crop rotation III (sugar cane) because the capacity for meeting water 
requirements in the critical month (May) is very high. At current prices, the 
present values of costs of photovoltaic systems are 2-2.5 times higher than 
those of other alternatives (for crop rotations I and II). In the intermediate 
situation of future costs and current efficiencies (case C), the solar 
photovoltaic option is cheaper than grid electricity for crop rotation I. The 
best case for solar thermal systems is more expensive than the best of 
photovoltaic system for crop rotations I and II. Windmills are 2-3 times more 
expensive than conventional systems. The Ghazipur windmills is almost as 
expensive as the photovoltaic system at current costs. The hybrid technology 
windmill is much more expensive than the photovoltaic system. In fact, this 
shows that areas like Ghazipur in northern India are not suitable for windmills 
on account of their inadequate wind resources. 

For a smaller farm of 0.4 ha in Ghazipur, under crop rotations I and II, 
the photovoltaic option is cost competitive with conventional energy options at 
the assumed future prices and current and future efficiencies (cases C and D) -
Table 16. The photovoltaic option is economic even under current costs and 
better efficiency (case B) if the estimated costs of grid electricity are higher 
by about Rs.600 for the same crop rotation. For this 0.4 ha farm, the 
photovoltaic pumping system is economic even under current costs and current 
efficiency for regions/farms where the cost of extending grid electricity is 
higher (by Ra.5,600 per pumpset) than that estimated in this study. Solar 
thermal with higher efficiency (case F) also becomes attractive for crop 
rotations I and II in Ghazipur. Biagas with diesel remains competitive with 
conventional energy options but producer gas with diesel is more expensive in 
the 0.4 ha case. Even for crop rotation III, which requires relatively more 
pumping, the savings in diesel oil do not outweigh the capital costs of biogas 
plant/gasifier or extension of grid electricity. 
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The above discussion is based on the assumption that the average costs of 
providing grid electricity are of the order of $2,000 per pumpset (of 4 kW). 
The results regarding renewables, especially for photovoltaics will change if an 
average figure of $3,700 per pumpset is taken as estimated by the Rural 
Electrification Corporation for the Seventh Plan (1986-90). Such costs are 
ncurred under a variety of situations relating to distance from the nearest 
distribution network and connected load. For example, assuming a load of 20 kW, 
the costs are about $18,500 if a low-tension line is extended beyond a distance 
of 10 km. Since there are a number of villages in the orthern plains which are 
more than 10 km away from the existing electricity distribution system, it is 
interesting to review the results in the context of a higher figure for grid 
electricity costs. According t~ our calculations, if a figure of $3,700 per 
pumpset is assumed, the following conclusions are reached: 

(i) under case C (future costs, current efficiencies), the photovoltaic option 
is more economic than grid electricity for crop rotations I and II for a 1 ha 
farm; 

(ii) for a smaller farm (0.4 ha), the use of the photovoltaic system is more 
economic than the electric pumpset under extension of grid electricity, in all 
three crop rotations even under assumption A, i.e., current costs and current 
efficiencies; 

(iii) the use of gasifier and dual-fuel engine is also economic compared with 
grid electricity for farm sizes of 0.4 and 1.0 ha. 

Thus, to recapitulate, use of biogas and diesel for pumping is found 
economic under a variety of conditions. Photovoltaic systems are economic for 
small farm sizes even at the current high capital costs when compared with the 
alternative of extending low-tension lines beyond 10 km. Use of gasifiers is 
also found economic where costs of grid electricity are high or diesel costs are 
high due to higher depth to water table. However, none of these alternatives 
will be adopted and used by the farmers under existing conditions of subsidies 
on use of electric motors and low diesel prices. Diffusion of these 
technologies requires policies which are discussed in section 4. 
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3. ECONOMICS OF SOLAR PHOTOVOLTAICS VIS-A-VIS GRID ELECTRIFICATION IN INDIA 

Provision of energy for lighting, water pumping and agro-processing has 
been considered a priority area by the Indian planners and policy makers. 
However, rural energisation has been considered synonymous with rural 
electrification (RE) which has been implemented through extension of low tension 
(LT) distribution· lines from the regional grid. By the end of the Sixth Plan 
(in 1984), 368,840 villages out of a total of 576,000 villages had been 
electrified (i.e., at least one electric pole was available in these villages). 
The Seventh Five Year Plan (1985-90) seeks to extend the benefit of electricity 
to 118,000 villages and energise 2.39 million pumpsets for irrigation. Thus, 
after 1990, only about 90,000 vi'llages, mostly small and inaccessible ones, 
would remain non-electrified. A total outlay of Rs.2,108 crores or Rs.21,000 
million (US $1,800 million) has been allocated for RE programmes. In the State 
of Uttar Pradesh alone, it is proposed to electrify 25,170 villages which is 
about 20 per cent of the all-India target for 1985-90. 

However, a major problem with RE is that grid extension projects have not 
been coordinated with plans for increasing generating capacity. Hence, there 
are a number of states (notably, Bihar) where villages, though listed as 
electrified, have had electricity only for a few days a year. There are also 
problems of coordinating plans of transmission and distribution and, in some 
areas, the distribution network is inadequate to take additional load resulting 
in breakdowns and voltage fluctuations. The low electricity tariffs (heavily 
subsidised) charged for irrigation pumping have often resulted in excess demand 
for electricity which was not matched by supply. Faced with uncertainty of 
supplies and voltage fluctuations, many farmers and other consumers have 
purchased "back-up" systems such as diesel or petrol generators, resulting in 
over-capitalisation. Another problem worth noting has been that the benefits of 
RE have been concentrated in the top 15-20 per cent of the population in 
electrified villages because of hook up charges and related costs.1 

lFor details on India's RE programmes, see Joshi and Sinha (1986), 
Fluitman (1983), Bhatia. (1983). 
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The Government of India has initiated programmes of production, 
installation and field-testing of photovoltaic (PV) systems in various parts of 
the country. According to the annual report (1984-85) of the Department of 
~on-Conventional Energy Sources, under the national solar photovoltaic energy 
1emonstration programme, 207 water pumping systems, 38 community TV and lighting 
systems and 879 street lighting systems were installed between April 1984 and 
~ebruary 1985. A considerably larger number of systems with a capacity of 600 
~ilowatts (kW) per year were installed up until October 1985, by one agency 
alone - the Central Electronics Limited (CEL). 

Under the stand-alone street lighting programme, approximately 1,311 such 
systems have been installed by both CEL and Bharat Heavy Electricals Limited 
(BHEL) in a number of villages. The BHEL, for example, supplies the solar 
module type PV-1, 230A for street lighting which is related for an operating 
current of 1.85 amperes (A) at 16.2 volts (V) DC (30 peak watts - Wp). Each 
module consists of 36 solar cells which are connected in series to raise nominal 
voltage above 12V for efficient charging of batteries. A typical 20W 
fluorescent lamp/independent street lighting system consists of a PV module, a 
lead-acid 12V 80 AH (ampere-hours) battery, a load controller, a timer, an 
inverter (20W, 12V DC to 230V AC), a lamp post, a 20W fluorescent fixture with 
tube and necessary fixtures. The system produces electricity from sunlight 
during the day and charges the battery. A reverse blocking diode is 
incorporated to prevent discharge of the battery through the PV modules at 
night. The tubelight starts instantaneously at dusk and gives illumination 
(1,000 lumens) for approximately 3.5 hours on a normal sun-day. The main 
advantage of such a stand-alone system is that it can easily be transported to 
any site and installed within a short time. In addition to the stand-alone 
systems, larger PV systems for village electrification have been installed by 
CEL and BHEL in Salojipally in Andhra Pradesh and Achheja in Uttar Pradesh. 
Details on the Achheja village system are given in the following sub-section. 

In order to evaluate the systems on a wider scale and sensitise potential 
user agencies, a programme for the installation of solar-powered street lights 
in 220 villages has been taken up through the Rural Electrification Corporation, 
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State Electricity Boards and nodal agencies of some State governments. Since 
the evaluation reports of these systems were not available in the beginning of 
1986, we made field visits to village Achheja and interviewed officials of the 
CEL (which was responsible for installation and initial maintenance of the 
system) to ascertain the techno-economic parameters of using photovoltaics for 
lighting in rural areas. Thus, our analysis is confined to a relatively 
centralised system with solar panels and batteries housed at one location and 
electricity distributed to the street lighting poles. For lack of data, we do 
not analyse the socio-economic and organisational aspects of centralised PV 
street lighting systems vis-a-vis decentralised stand-alone systems. The latter 
are conceivably more equitable, and also easier to monitor since individual 
responsibility for maintenance can be determined. 

3.1 The Experience of Photovoltaics at Achheja 

Achheja is located in Ghaziabad district of western Uttar Pradesh, about 
35 kilometers (km) from Delhi on the main Grand Trunk Road. The village is 
linked by a 0.5 km paved road (pucca) and the nearest railway station is 
Maripat, about 1 km away. When the solar PV lighting system was installed in 
October 1984, there was no electricity in the village and the nearest point 
where grid electricity was available was about 3 km. by the end of 1985, a part 
of the village was provided power for irrigation purposes. Even at this time, 
power from the grid was not being used for domestic lighting (except in farm 
houses where it was taken from the pole). 

The system at Achheja was designed and installed by the CEL after 
considering the enthusiasm shown by the villagers, particularly the headman who 
is knowledgeable about the renewable energy technologies and is actively 
involved in village development activities. The system, which started working 
in October 1984, consists of 72 panels and 13 batteries and 30 tube lights (20 W 
each) and is housed in a shed provided by the head of the village organisation 
(panchayat). As the guarantee of the system supplied by CEL expired in November 
1985, its repair and maintenance became the responsibility of the gram sabha 
(village council), although it is actually being maintained by a college 



graduate residing in the village who is employed by the Department of 
Non-Conventional Energy Sources under CEL's supervision. 
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It was planned that street lighting would be provided from 7.30 p.m. to 
10.30 p.m. in Summer and from 6 p.m. to 9 p.m. in Winter. The above employee 
reported that during the continuous cloudy periods, the system worked between 
two and two and a half hours in the first day, about one hour in the next day 
and about half hour in the following day. Even with a two-hour charge during 
the day, the system could work normally if the next day was not cloudy. It 
stopped working only when there were dark clouds for three to four days in a 
row. During the first year of operation (October 1984 to October 1985), the 
system did not work altogether for only about 15 days, and at least 24 out of 30 
street lights were working for most of the remaining period. During one of our 
field visits in December 1985, only one light was not working. This therefore 
suggests that the panels, batteries and lights worked satisfactorily in a 
technical sense, and that in fact the PV system was quite reliable compared with 
grid extension, under which load shedding is common because of insufficient 
capacity and distribution problems. The few deficient lights were caused by 
loose electrical connections and vandalism (e.g., by children climbing the 
poles). A more serious problem, however, was that some people (four to five 
persons per day) were occasionally taking unauthorised connections for lighting 
their homes. Because of this, the system stopped functioning altogether during 
the Diwali festival of lights in November 12-17. Thus, delivery was sometimes 
poor (or a total failure as in this five-day period) because of deliberate 
misuse of the system by some consumers. Although the project authorities 
planned for three hours of lighting at night, the preferences of the users were 
evidently different and could not be accommodated. For example, there was a 
demand for extending the hours of the morning when a large number of villagers 
carried milk to the nearby railway station. It was also reported that women 
showed preference for early morning lights compared with night lights because 
they could perform their household chores and tending of cattle more easily when 
the outside streets were lit. 
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Since the street lighting system is located only in a part of the village, 
it covers only about 200 households, i.e., about 30 per cent of the total 
households in the village. Meanwhile, the Electricity Department has fitted 35 
poles during the last two months with a view to providing connection to 
households in that part of the village where street lights were not available. 
About 100 households have already taken illegal connections by putting wire on 
the poles. As a result, the remaining 300-350 households (mostly located on the 
left side of the main entrance to the village) do not get the benefits from 
solar or grid electricity. These villagers do not enjoy the benefits of 
domestic or street lighting, community TV/radio and community water pumping. 
They are very unhappy with the developments in the village and generally 
complained that the headman (pradhan) and his friends and family had monopolised 
the use of the conmunity TV/radio. Given the fact that the entire village has 
not been covered by the solar lighting system, this has been viewed by the poor 
of the village as another attempt by the dominant groups to provide benefits of 
new technology to members of their own class/group. Hence, it is necessary to 
ensure that such schemes are carefully planned, implemented and monitored 
because if the PV technology is also monopolised by the rural rich, it can 
result in resentment and increased rural tensions. 

3.2 Economics of Photovoltaics vis-a-vis Grid-extension 

As the experience of village Achheja shows, PV street lighting is 
technically feasible and its performance is reasonably reliable given the 
conditions of solar insolation in a larger part of the country. However, the 
initial capital costs of the PV alternative are quite high and investment in 
solar systems must be justified from the viewpoint of society. The economics of 
PV can be analysed in one of the two ways: (i) comparing the social benefits 
from street lighting with the corresponding costs or (ii) comparing the 
alternative methods of providing street lighting assuming that social benefits 
from basic needs such as lighting are quite high, though inmeasurable. Since 
the policy-makers have already shown their preference for providing electricity 
to rural areas by allocating Rs.21,000 million for the Seventh Plan period, the 
real question is not whether street lighting (along with other end uses) is 
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socially desirable but whether grid extension is the most economic way of 
meeting these needs. Hence, the economic analysis done here is in terms of 
comparing the economic costs of PV street lighting with those of providing the 
same service through grid extension. Thus, no attempt is made here to compare 
the economic costs of these alternatives with other available technologies of 
"decentralised electricity generation" such as generators powered by diesel, 
biomass, wind, micro-hydro stations, biogas systems and gasifier systems. 
Although the analysis would have been quite comprehensive if these options were 
considered, it was not possible to do so because of the lack of reliable data, 
based on actual field experience of these technologies.1 Moreover, some of 
these technologies (wind generators, micro-hydro stations and biomass-guelled 
generators) are site-specific and they need to be analysed in the context of a 
particular village situation. Hence, the economic analysis that is carried out 
below is not to be considered as a recommended methodology for evaluation of 
renewable energy technologies (such as photovoltaics) but is to be seen in the 
special context of the Indian situation where a decision has been taken to 
electrify 118,000 additional villages in 1985-1990 and, in principle, 10,000 of 
these villages will use alternative energy sources. Thus, the economic analysis 
is confined to comparing grid extension with the alternative of supplying PV 
systems for street lighting. It is designed to identify conditions and 
situations (e.g., total load in the village, distance from the grid) under which 
photovoltaics would be more economic than grid extension from the viewpoint of 
society. 

Capital costs of the two alternatives 

Capital costs of PV systems 

Capital costs of a PV street lighting system consist of (i) the costs of 
solar panels and (ii) the balance of system (BOS) costs covering batteries, 

lAccording to a survey conducted by the Programme Evaluation Organisation 
of the Planning Commission, in the villages with street lighting 80 per cent of 

·the beneficiaries reported more safety (due to street lighting), 75 per cent 
mentioned convenience to move at night and 30 per cent reported fewer thefts. 



47 

structures, control system and installation costs. For the sake of 
illustration, we use a PV street lighting system of 600 W (peak) capacity along 
with the relevant BOS as used in the Achheja village. For a system of this 
size, the costs of the panel of cells is around US $4,800 Rs.96 or US $8 per 
watt (peak).1 These are the prices currently used by the Department of 
Non-Conventional Energy Sources of the Government-of India. It is reported that 
PV panels can be imported at prices lower than US $8 per Wp if a sufficiently 
large order is placed. However, in India, the Government has opted for domestic 
manufacture of PV cells based on imported silicon. The CEL has set up a 
commercial plant to supply solar PV modules and systems. Production equipment 
with a capacity of 600 kW per year has been installed which is being increased 
to 1 MW. The Government of India has recently approved the installation of a 
larger commercial plant by CEL, with a capacity of 5 MW (peak) of solar cells 
per year. With the experience of last six years in manufacturing and the 
necessary Rand 0, it is expected that the indi~enous manufacture of solar cells 
at Rs.100 per Wp would be possible.2 To this estimate of US $4,800 for the 
photovoltaic panels, one must add US $3,000 as BOS costs. Thus, the total 
capital costs of 600 Wp PV system are estimated at US $7,800 (Table ). 

Capital costs of grid extension 

The capital costs of the alternative system of grid extension are 
difficult to estimate and involve a number of assumptions. Provision of 
electricity in a village through conventional means involves the installation of 
power-generating capacity in a central station, the establishment of a matching 

lA 600 Wp system would charge the batteries during the day to meet the 
power demand of 30 lights of 20 W each, for 3 hours per night during most of the 
year (except very cloudy days). 

2According to the Indian Planning Commission, CEL expects a reduction in 
cost to about Rs.60 Wp when production capacity is increased to 5 MW per year. 
See T.K. Bhattacharya: "Solar photovoltaics: an Indian perspective", in Solar 
Cells, Netherlands, Elsvier Publishing Co., No. 6, 1982, pp. 251-256. 
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transmission and distribution system, and_a sub-transmission system comprising 
of a 11 kV line, transformer, etc. Given the transmission and distribution 
losses (averaging 30 per cent for rural supply) and auxiliary consumption (10 
per cent) in thermal stations, it is assumed that at least 1,000 W or one kW 
additional peak capacity would have to be provided in the system to meet the 
additional peak demand of 600 W for street lighting.1 Since this power demand 
occurs at the system peak (at night time), the additional capacity costing 
around Rs.10,000 per kW would have to be added. Since, by definition, this 
demand occurs at peak period, the entire additional capital cost has to be 
attributed to street lighting. To this, we add Rs.10,000 towards matching 
investments in transmission and distribution. This gives a total figure of 
Rs.20,000 (US $1,667) for the capital costs of generation and transmission. 

The capital costs of a sub-transmission system attributable to street 
lighting would depend on the (i) cost per km of an 11 kV line, (ii) distance of 
the village from the grid, (iii) cost of transformers and (iv) connected load of 
the village. The total investment cost attributable to street lighting would be 
very sensitive to assumptions made regarding the connected load (in kW) and the 
distance of the village from the grid for which an 11 kV line has to be 
provided. Since these figures are site-specific and would vary from one village 
to the other, the analysis here is attempted in terms of a few possible 
situations as described below. 

The capital costs for an 11 kV line estimated by the Rural Electrification 
Corporation (REC) are Rs.21,400 per km. However, according to the Central 
Electricity Authority (CEA) this figure is Rs.41,000 per km. We have taken an 
average of the two, i.e., Rs.31,200 per km or US $2,600 per km (assuming the 
average conversion rate of Rs.12 per US$ in 1985). For a 3 km distance, the 
total cost of distribution line is US $7,800 and the cost of transformer for a 1 
kW load is about US $70. For a 10 km distance, these are US $26,000. To this, 

l1n actual practice, a number of such PV units will be working along with 
other peak demands for power. However, the analysis is presented here in terms 
of one unit. 
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one should add the cost of transformers, etc., estimated at US $2,000 for a load 
of 20 kW and US $210 for a load of 3 kW. 

However, these capital costs of distribution have to be apportioned among 
all the uses of distribution lines.1 In the survey of 32 villages in Uttar 
Pradesh done by the Programme Evaluation Organisation (PEO) of the Government of 
India, the average connected load in 1977-78 for agricultural load was only 13 
kW per village. The average connected load for domestic use was 1.6 kW per 
village (five consumers per village) while the industrial load was 3.0 kW (for 
13 consumers). This gives a total of 17.6 kW per village excluding street 
lighting. The results of another survey in the hill regions of Uttar Pradesh2 
indicate that in these areas the only demand for electricity was for domestic 
lighting and commercial lighting (shops on the roads, etc.). There was very few 
irrigation pumpsets, agro-processing units or rural industrial units in the hill 
areas. Based on this information, three typologies or village situations are 
analysed in this study. Under Case I, it is assumed that the village will be 
3 km away from the grid and the only additional load for the village will be 
600 W of street lighting.3 For this system, the capital costs attributable to 
street lighting are US $7,870 as shown in Table . For Case II, it is 
assumed that the village is 10 km away from the grid and the total connected 
load for the village is 20 kW (including street lighting). This gives a capital 
cost component of US $1,400 attributable to street lighting load up to 1 kW. 
Under Case III, it is assumed that there is no agricultural and industrial load, 

lAnother method would be to estimate the loads for different end uses such 
as domestic lighting, street lighting, water pumping and agro-processing and 
then evaluate the total system costs of meeting the demand for all these end 
uses through (i) solar photovoltaics, (ii) grid extension, and Tfli) other 
alternatives. This could be fruitfully done in the context of a particular 
village situation. 

2Joshi and Sinha. 

31t may be mentioned that the total connected load will be much higher if 
incandescent bulbs (as is the usual practice in villages) are used instead of 
fluorescent tube lights. The required load could be around 2,000 W. However, 
we have taken only 600 W to be delivered at the village to make the correct 
comparison with photovoltaics. 
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and the electricity lines are being brought to the village essentially to 
provide one kW street lighting and two kW of domestic and commercial lighting. 
Under this assumption, the capital costs of sub-transmission attributable to 
street lighting are estimated at US $8,733 (Table ). It is possible to 
generate a number of combinations of distance and loads and present a number of 
situations which are different from those being considered here. However, for 
analytical purposes, we have selected these three typologies. It is hoped that 
out of 25,170 villages being considered for electrification in Uttar Pradesh 
during 1985-90, there are a number of villages which will fall under these three 
categories. Analyses similar to those presented here should be carried out for 
the remaining villages as a part of the planning studies for rural 
electrification. 

To reflect the viewpoint of society, these capital costs should be 
adjusted by using appropriate values for the shadow price of foreign exchange 
and the shadow wage rate for unskilled labour. In the PV system, a part of the 
capital costs, represented by imported silicon, is in terms of direct foreign 
exchange outflow. An accurate estimate of this component of cost was not 
available from the CEL sources. The conjecture is that it accounts for about 
one-third of the cost of manufacturing solar cells. There may also be some 
indirect foreign exchange costs involved in materials, batteries, controllers, 
etc., as these are either imported or could be exported. Similarly, there are 
direct and indirect foreign exchange components in the capital costs of thermal 
power generation and transmission. Estimates of these foreign exchange outflows 
would vary from one power project to another depending on methods of financing, 
extent of foreign credits and purchases, etc. Data on such details were not 
available for some recent projects. In the absence of necessary details, it is 
assumed that the foreign exchange outflows (both direct and indirect) would be 
similar in the two cases. 
exchange have been made. 
unskilled labour are made 

Hence, no adjustments for shadow price of foreign 
Similarly, no corrections for shadow wage rate for 
since both the systems are highly capital-intensive 

and the unskilled labour component of capital costs is low. 
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Table 3.1: Total system costs of street lighting by solar photovoltaic (PV) 
and grid extension systemsl 

Distance from the grid 

Total village load including 
street lighting 

Required capacity at the point 
of generation to provide 600 W 
in the village after taking 
into account transmission and 
distribution losses 

Capital costs2 of Solar 
panels for PV system 
(US$ 8/Wp) 

Capital costs of sos3 for PV 

Present value of co~ts of 
replacing batteries 

Share of street lightings in 
total capital costs of low 
tension, 11 kV distribution 
line 

Capital costs of generation 
and transmission of 1 000 W 
(from a large thermal unit) 

Annual operating costs of 
street lighting from grid6 

Present value of operating 
costs assuming 10 year life 
at 10% social rate of discount 

Total system costs? 

(see notes on following page) 

Solar 
photo
voltaic 

600 w 

600 Wp 
panels 

US$ 4 800 

US$ 3 000 

US$ 1 032 

US$ 8 832 

Conventional 
(Regional grid extension) 

Case I Case II Case III 

3 kms 10 kms 10 kms 

1 000 w 3 000 w 20 000 w 

1 000 w 1 000 w 1 000 w 

US$ 7 870 US$ 1 400 US$ 8 737 

US$ 1 667 US$ 1 667 US$ 1 667 

US$ 65.6 US$ 65.6 US$ 65.6 

US$ 406 US$ 406 US$ 406 

US$ 9 943 US$ 3 473 US$ 10 810 
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(Notes on Table 3.1) 

1 Case I assumes to provide street lighting load up to 1 kw; 
Case II assumes to provide 20 kW total load per village; 
Case III assumes to provide 1 kW street lighting load and 2 kW for domestic 
and commercial lighting. See text for further details. 

2 All costs are at 1985 prices. US$ 1 = Rs.12. 

3 These exclude the costs of village-level distribution lines since these are 
common to both the alternatives. 

4 

5 

According to available estimates, costs of batteries and tubes accounted for 
about 27 per cent of the BOS costs, i.e., US$ 816. Assuming that these 
batteries and tubes will be replaced after 3 years, i.e., in year 4 and in 
year 7, the sum of the present value of these costs is US$ 1 032 (US $613 + 

US$ 419) using 10 per cent as the rate of discount. 

Assuming US$ 2 600 per km plus US$ 2 000 for a transformer and accessories 
for a 20 kW load. 

6 Assuming a shadow price of electricity of 6.56 cents (excluding capital 
charges) per kWh for 1,000 hours. For the photovoltaic system there are no 
fuel and labour costs. The costs of replacing batteries have already been 
included. 

7 These are life-cycle costs, i.e., these represent the sum of present value 
of capital and operating costs. 

Source: See text. 
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Operating costs of alternative systems 

As there are no fuel charges, the operating costs of the PV system are for 
routine check-up of panels and batteries and replacement of some defective 
panels, batteries and tubes, etc. There is no adequate experience of the 
working of these PV units, to speculate on the costs of replacement and labour. 
We assume that batteries and tubes are replaced every three years, i.e., in the 
years four and seven. According to the available estimates, batteries and tubes 
account for about 27 per cent of the BOS costs, i.e., US $816 will be spent in 
year four as well as in year seven for replacing these items. This gives a 
present value of US $1,032 over the life of the system (assumed at 10 years) 
assuming a social rate of discount of 10 per cent. These figures give a total 
cost of PV system at US.$8,832 in present value terms over its life time. 

The capacity costs of providing power in rural areas of northern India are 
estimated at Rs.281/kW per month and 25 per cent of these costs were accounted 
for by annual operation, maintenance and administration (OMA).1 Assuming a load 
factor corresponding to 1,600 hours per year (1,000 hours for street lighting 
and 600 hours for other uses), this indicates an OMA cost of Rs.0.50/kWh. Fuel 
costs are estimated at Rs.0.287/kWh using a shadow price of Rs.170/tonne of coal 
and a conversion factor of 0.79 kg of coal to generate 1 kWh of electricity.2 
This, added to the estimated operating cost (OMA) of Rs.0.50/kWh, gives an 
estimated operating cost of Rs.0.787/kWh or US $0.656/kWh. This estimate is 
used for the operating cost of the grid extension system. Taking a 10 per cent 
social discount rate, the present value of these operating costs over a ten year 
period is US $406. These are added to the estimated capital costs under Cases 
I, II and III. 

lsee Bhatia (1986). 

2The cost of fuel on these assumptions is Rs.0.1343 per kWh generated. 
Account is taken of assumption in the power plant, and transmission and 
distribution losses; the estimated fuel cost is Rs.0.287 per kWh at peak 
periods. 
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Results of economic analysis 

Thus, the total system costs of PV street lighting are estimated at 
US $8,832 while those of grid extension (Case I) are estimated at US $9,943. 
Under these assumptions, PV system has lower life-cycle costs than those for 
grid extension. For grid extension (Case II), however, the costs are much lower 
at US $3,473. The PV system is found economic compared with grid extension 
under Case III, i.e., under the assumption of lower load for a distance of 
10 km. 

This limited economic analysisl shows that if the connected load in a 
village is low, the PV street lighting system is economic for a village located 
at a distance of 3 km or more from the grid. Even under relatively higher loads 
(3 kW for domestic lighting, commercial lighting/fan, etc., along with street 
lighting) a photovoltaic system is cheaper for villages located at 7.8 km or 
more from the grid. However, when there is a considerably higher level of 
connected load (20 kW) including pumpsets for irrigation, the conventional grid 
extension is economic for smaller distances since the capital costs of 
sub-transmission get distributed over a larger load. For example, the total (in 
present value terms) costs of the grid extension alternative for street lighting 
(under the combination of 20 kW and 10 km) are only US $3,473 compared with 
US $8,832 for the photovoltaic system. This means that for the photovoltaic 
system to be economic in villages with higher potential loads, the cut-off 
distance will have to be much higher. 

Using the above methodolo~ and assumptions, present values of costs of 
grid extension have been calculated for representative loads and distances. The 
results of these calculations are illustrated in Table and Figure 1. These 

lAs was discussed earlier, a comprehensive analysis would require (i) a 
consideration of all the major end uses for which ener~ is needed; (ii) an 
evaluation of all the available technologies for meeting these demands (e.g. 
diesel engines, biogas plants, windmills, gasifiers, etc.) and (iii) an 
evaluation of decentralised methods of electricity generation (from diesel, 
biomass or wind) along with the conventional method of grid extension. 



Table 3.2: Present value of costs of providing streetlighting ( 1000 W) through grid-extension 
for different load conditions and distances 

( 1986 u. s. $) 

Distance (in kilometers) 
Total Load 

(KW) 2 3 5 8 10 15 20 25 30 35 

1 7,343 9,943 15,143 22,943 28,143 41,143 54'143 67'143 80' 143 93,143 

3 3,876 4,743 6,476 9,076 10 ,810 15,143 19,476 23,810 28 ,143 32,476 

10 2,693 2,953 3,473 4,253 4 '773 6,073 7,373 8,673 9,973 11,273 

20 2,433 2,563 2,823 3,213 3,473 4 ,123 4,773 5,423 6,073 6,723 

Source: Table 3.1 and the text. 

(..Tl 
(..Tl 
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Figure 2: A comparison of present value of costs for photovoltaic systems and 
grid-extension for street lighting for different load conditions and 
di stances. 
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results show that at current prices, the cut-off distance is 2.6 km for a total 
load of one kW and 7.6 km for a total load of 3 kW. Similarly, the cut-off 
distance for an estimated connected load of 10 kW is 25.4 km or more. Since the 
total costs of distribution are allocated to a higher load, the cut-off distance 
for 20 kW is 52 km. 

These calculations show that even at the current high capital costs, the 
solar PV systems are economic from the viewpoint of society for low loads for 
distances around 3 to 8 km away from the grid as well as for relatively higher 
loads for distances beyond 25 km. The economics of the PV system will improve 
further if a significant breakthrough takes place in the technology of cell 
manufacture and the increase in' the scale of production of solar cells and 
modules results in lower unit costs. Assuming that the unit costs of solar 
panels decline from US $8/Wp to US $3/Wp but costs of BOS and batteries remain 
the same, the present value of costs for the photovoltaic system are estimated 
at US $5,832. At these low capital costs, the cut-off distance is 4.4 km for a 
3 kW load, while for a 10 kW load, it is 14.4 km. 

Social aspects of promoting photovoltaics 

If solar PV systems are used for communications, home lighting, street 
lighting, flour-milling and small industry applications in non-electrified and 
remote areas, this modern technology can have very significant social 
implications. Since the technology does not require long gestation 
infrastructure investments in electricity generation, transmission and 
distribution systems, the benefits of electricity can be provided to a large 
number of people relatively quickly. 

PV systems can be used for promoting rural-urban, inter-regional and 
inter-personal equity by implementing judicious schemes of tax-/subsiczy 
mechanisms. Communications and street lighting are benefits which can be made 
available in rural and inaccessible areas, thus improving the quality of life in 
these regions. If grain milling, particularly milling of wheat, is mechanised, 
it will provide relief to women from a back-breaking work and provide them with 
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time for other gainful activities. If PV systems are used for industries where 
power requirements are low, this can generate employment and income which is 
otherwise not available due to non-availability of grid electricity. However, 
as with any other technology, the actual distribution of benefits from PV 
systems would crucially depend on the policies and implementation strategies 
followed by the governments.1 

Solar PV systems can be a reliable technological alternative (though not 
the only alternative) for creating employment through irrigation and small-scale 
industry. It can also help reduce income gaps by bringing the technology of 
irrigation within the reach of small and marginal farmers. Although energy for 
these activities can also be provided through diesel engines and dual-fuel 
engines (using biogas or pyrolysis gas) the advantages where PV scores over 
other technologies are: (i) minimum size of equipment; (ii) low maintenance 
requirements; and (iii) no need of transportable fuels. The PV system can be 
installed in any size, depending on the need, from 20 W to 1,000 W, while a 
diesel engine is available only in a given size range (the smallest being 2.5 hp 
or 1,875 W). Besides, the diesel consumption per horsepower-hour is relatively 
high for engines below 5 hp. Hence, where loads are low and scattered, the PV 
system can be installed in an appropriate size without transmission of energy. 
The solar PV system can work without any maintenance if proper care is taken at 
the time of installation, i.e., the panels are properly sealed, batteries and 
other equipment are of good quality, etc. This is a great advantage in 
rural/remote areas where a number of diesel engines or windmills are known to be 
inoperative on account of lack of skilled manpower for repair and maintenance. 
Since PV systems do not require any fuel, there is no need to transport diesel 
over long distances and store it over time. To the extent that solar PV can 
provide the under-privileged sections of society a means of getting benefits of 

lFor a discussion of the organisational aspects of promoting renewable. 
energy technologies, see A. Pereira: "Organisational and institutional aspects 
of improved stoves 11

, in R. Bhatia and A. Pereira (eds), 1986, op. cit.; and 
Douglas V. Smith: Photovoltaics: socio-economic impact and policy implications, 
Geneva, !LO, mimeographed World Employment Programme Research Working Paper WEP 
2-22/WP.151, 1985. 
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modern technology, it may result in reduced social tension. However, these 
schemes would have to be carefully implemented and monitored because, if the PV 
technology is also monopolised by the rural rich, it can increase intra-village 
tensions rather than reduce them. One example of this concern will be to 
provide street lighting to the entire village rather than restrict it to a part 
of the village. 

Concluding Remarks 

Cost comparisons between community PV systems and grid electrification 
depend on the end uses of grid electricity, the overall capital costs 
apportioned to such end uses, the distance from the grid, and the load which 
varies from village to village. Bearing in mind these considerations, this 
study has compared a community PV system of 600 Wp capacity against a 
conventional grid extension with 1,000 W capacity after allowing for 
transmission and distribution losses of 40 per cent under a number of 
hypothetical scenarios for the latter. While using an official current capital 
cost figure of US $8 per Wp for PV modules it is concluded that community PV 
systems for lighting can be more economic than conventional lighting at 
distances as low as 3 km from the grid - this distance increasing according to 
variations in load and non-lighting uses of electricity distribution lines. The 
economics of PV system will improve further if a significant breakthrough takes 
place in technology of cell and the increase in the scale of production of solar 
cells and module. 

The findings of this study can provide some guidance for decisions on 
electri.fication of villages but here are policy issues beyond the scope of this 
study which also need assessment in such a decision-making process. One issue 
is the priority that must be given to alternative end uses when supply capacity 
is limited by economic factors. This is particularly important in so far as 
views of the government and the consumers about priori ti es are likely to differ 
depending on supply capacity. Thus, for a small village with low household 
incomes and low demand for electricity from household and productive activities, 
the high initial investment costs of grid extension may not be justified. With 
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a PV system, however, power capacity can be increased in small increments and, 
as a result, increases in demand can be met as and when they arise. Government 
agencies may give priority to the use of PV systems for street lighting under 
special programmes based on socio-political criteria, but most consumers will 
not if they have to pay for the PV systems themselves. Furthermore, men may 
appreciate street lighting a lot more than women, while the latter are likely to 
give top priority to electricity uses which can reduce their work load. 

Another issue is whether PV systems for lighting and other end uses should 
be diffused through community projects or fully decentralised at the household/ 
farm level. Two major factors affecting this issue are the availability of 
government resources for commun.ity-level investments and the possible 
overlapping of stand-alone systems. There are, however, two important 
advantages of fully decentralised PV systems. First, they are most likely to be 
used for income-generating activities (if these are totally or partly paid by 
consumers themselves) which have a high social marginal product while 
contributing to increases in effective demand for electricity for less 
productive (albeit desirable) uses in the future. As the experience with biogas 
shows,1 however, this fully decentralised approach tends to lead to further 
disparities of income because the rich will make use of the technology more than 
the poor because of deficient subsidy schemes. This problem can be avoided, 
however, by establishing incentives according to income brackets and possible 
end uses. Second, decentralisation of PV systems avoids the type of 
organisational problems evidenced in village Achheja, which are typical of 
community projects.2 

lsee R. Lichtman: Organisational, manpower and institutional aspects of 
bi ogas programmes: Lessons from Indian experience, in R. Bhatia and A. Pereira 
(eds.) op. cit. · 

2see in particular, Part III of R. Bhatia and A. Pereira (eds.), op. cit. 
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As has been pointed out in a number of studies,1 the process of diffusion 
of rural innovations depends on a complex interaction of individual, social and 
government actions and it may not be possible to pinpoint the specific actions 
and it may not be possible to pinpoint the specific actions (or devices) which 
led to a successful adoption of a new technology. However, it is important to 
assess situations, preferably from actual field experiences, where an innovation 
was adopted so that it can be promoted under a similar environment elsewhere. 
Although it is difficult to say which of the individual experiences can and 
should be duplicated elsewhere,' it is necessary to evaluate, in-depth, the 
conditions under which an innovation was successfully adopted or not adopted. 

The main factors2 which are considered important for acceptability of a 
new technology are: (i) it should meet the felt needs of the users as perceived 
by the users (which may not coincide with the perception of the promoter); (ii) 
it should be technically reliable (in terms of its performance) in meeting those 
needs; (iii) it should be made financially viable through the system of taxes 
and subsidies; and (iv) it should have an organisational support for purchase, 
installation, repair and maintenance. There are some other factors which, 
though not necessary, help in the process simplicity and scale, integration with 
existing technology, functional discreteness, adaptation to existing pattern of 
distribution (income/assets), compatibility with existing work organisation and 
harmony with prevailing values and ideology. 

lThe available literature on diffusion of innovation in rural areas either 
relates to green revolution, or to biomass energy technologies including the 
improved wood stove. There are, however, not many studies which focus on the 
adoption of renewable energy technologies. For a detailed discussion on various 
aspects, see Bhatia (1985a); Agarwal (1983), Appur (1974), Biggs and Clay 
(1981), Hoffman (1984), Rogers (1980), Pereira (1986), National Research Council 
(1982). 

2For a discussion of factors affecting technical, economic and socio
cultural acceptability of new technologies, see National Research Council 
(1982). 
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Apart from understanding the factors which promote the adoption of an 
innovation, it is also important to assess and quantify (if possible) the 
economic and social (both direct and indirect) impact of these technologies. 
Conceptually, there is need to separate the issues of adoption from the concerns 
of impacts of a given technology. Once an understanding of the impacts of a 
given technology is gained, it is open for the policy makers to help or not halp 
in the process of adoption/diffusion. However, an overenthusiasm with the 
social impacts of technologies in situations where income and other assets are 
unequally distributed may not be conducive to the understanding of the processes 
of diffusion. This is not to advocate that something whichis socially 
undesirable should be promoted, but, to suggest that both the direct and 
indirect impacts of these innovations should be studied along with the factors 
which lead to successful diffusion of a given innovation. 

4.1 Diffusion of Dual-Fuel Biagas Engine in India 

The Government of India has promoted the use of biogas through its scheme 
known as the National Project on Biagas Development (NPBD). According to the 
Annual Report (1985-86) of the Department of Non-Conventional Energy Sources 
(ONES), about 600,000 family-size (average 4 m3/day capacity) were installed 
by the end of January 1986, about one-half of which were installed during 
1981-82 to 1984-85. In addition, 134 large-scale projects (average size 
100 m3/day) known as Community/Institutional Biagas plants have also been 
installed in the country. The approved budgetary allocation on biogas programme 
for 1985-86 was Rs.707 million (US $60 million) which accounted for about 60 per 
cent of the total outlay on new and renewable sources of energy. 

However, the focus of this programme (NPBD) has been on the use of biogas 
for cooking and, to some extent, for lighting. A private manufacturerl and 

lKirloskar Oil Engines Limited is the largest manufacturer and exporter of 
oil engines in India. It produces, annually, about 60,000 engines from 3 to 

· 600 BHP which are used for pumpsets, threshers, generators, etc. 
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exporter of oil engines, the Kirloskar Oil Engines Limited (KOEL), took 
initiatives in producing, promoting and commercialisation of a dual-fuel biogas 
engine during 1976-1980. Although a lot of effort was made during 1976-80 in 
promoting the use of dual-fuel engines through demonstrations, seminars and 
field officers, the success of commercialisation of biogas engine was much less 
than expected on account of a number of technical, locational, economic and 
financial constraints. The programme has been dormant for the last six years 
although the Company is manufacturing and marketing dual-fuel engines ranging 
from 5 HP to 72 HP. A few smaller manufacturers of diesel engines and 
agricultural machinery in Uttar Pradesh are also producing dual-fuel engines on 
order from the farmers. Some farmers in the State of Bihar in northern India 
have got their engines converted by the retail sellers (known as dealers) of 
agricultural machinery so that these can be run on a mixture of diesel and 
biogas. During field visits to the districts of Patna and Nalanda, a few 
farmers who have been using biogas engines were contacted and interviewed. 
There seems to be a lot of enthusiasm among the large farmers (in these 
districts) to use biogas when electricity is not available for pumping water for 
irrigating crops all the year round. The farmers have found it economic to 
install biogas plants because the savings in diesel cost was considered adequate 
to pay for the capital costs of'c·onversion ($15) of diesel engine and 
installation of biogas plant ($500-$600) after taking into account the available 
subsidy (which accounted for 50 per cent of the total cost of biogas plant). 

In view of the potential of biogas engines inreducing diesel consumption 
and promoting the use of renewables, a detailed study of the constraints to 
diffusion of dual-fuel biogas engines has been undertaken by the author. This 
has involved interviewing manufacturers, traders, government officials as well 
as farmers in the field. Since a large number of agencies are involved in 
production and sale of these engines, it is necessary to document the 
motivations and perceptions of these agencies towards successful promotion and 
adoption of this technology. An attempt is made below to discuss the role of 
various agencies as well as the variety of factors which affect the successful 
adoption of biogas engines in India. 
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Market Structure of Dual Fuel Biagas Engines 

Biagas can be used in internal combustion engines either as 100% gas in a 
petrol engine or as a mixture of biogas and diesel oil in a diesel engine. The 
dual-fuel biogas engines, when running on full load consume about 15-20% of 
diesel, rest of the energy being obtained from methane in biogas. The biogas is 
supplied to the engine at the rate of 15 c f t/bhp-hr (424.5 litres/bhp-hr) by 
arranging suitable pipe connections from the gas plant to the engine. Usually 
dual-fuel engines are so designed that when biogas is available, engine will 
utilise biogas for developing power, and when the biogas is exhausted, the 
engine on its own switches over to diesel without the slightest interruption. 
When the same engine is to be run where biogas is not available, it will work on 
diesel. When running on biogas, the nozzle and fuel pump of the engine create a 
pilot diesel spray in combustion chamber to initiate the combustion of biogas. 

Thus a farmer who has adequate number of cattle to install a biogas plant 
has the following options: (i) to use 100% biogas in a petrol engine, (ii) to 
purchase a dual-fuel biogas engine which will use gas plus diesel or (iii) to 
get his diesel engine converted to a dual-fuel mode by paying approximately 
$15. The exact choice made by a farmer will depend on his ownership of diesel 
engine and electric motor as well as the availability and prices of diesel oil, 
electricity and petrol engines and dual-fuel engine. The market for dual-fuel 
biogas engines is the same as for electric motors and diesel engines, namely for 
water pumping for irrigation, chaff-cutting and agro-processing. The market 
segment is further restricted to those farmers 

(a) who are in a position to invest capital in installation of a biogas 
plant of appropriate size; 

(b) who can obtain subsidies and soft loans available for installation of 
biogas plant; and 

(c) who have adequate number of cattle to provide dung for running a 
biogas plant of adequate size. 
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India has a large, developed and growing market for electric motors and 
diesel engines. By March 1985, there were 5.7 million electric pumpsets in 
India compared with 3.9 million pumpsets at the end of March 1980. In recent 
years, almost 300,000 pumpsets have been energised per year. It is proposed to 
energise 2.39 million pumpsets during the Seventh Plan (1985-90), i.e., an 
annual rate of 480,000 pumpsets. The number of diesel pumpsets have increased 
from 2.6 million in March 1980 to about 3.5 million in March 1985, an addition 
of 180,000 pumpsets per year. In addition to pumpsets, diesel engines are also 
used for threshing, chaff-cutting, cane-crushing and oil-processing. The market 
for diesel engines is in areas which have not yet been electrifies as well as in 
areas where electricity supply is uncertain (where a diesel pumpset acts as a 
11 back..;up11 system). Thus, new dual fuel engines have an annual market of about 
180,000 units per year •. Although petrol engines can also be used for pumping, 
these have not been used in practice because the Indian government has fixed 
petrol prices which have been much higher (about 2 to 2.2 times the price of 
diesel per litre) than the price of diesel. Besides, the efficiency of a petrol 
engine and its life are lower than the corresponding values for a diesel engine. 

The price of using an electric motor has been kept artificially low by the 
Indian government since the cost of connection and electricity distribution are 
not charged to the fanner. As a contrast, there is no subsidy in the capital 
cost of a diesel engine and the farmer has to pay its cost of production. 
Besides, electricity is highly subsidised for rural areas while the price of 
diesel is 111.1ch closer toits economic cost.1 This distorts the choice of the 
farmer in favour of electric motors and creates an additional demand for 
electricity which cannot be met due to shortages of power. This results in 
over-capitalisation since farmers invest in diesel engines as "back-up" 
systems.2. 

lAs discussed elsewhere in this paper, the price of electricity is roughly 
15 to 20 per cent of its economic cost while the market price of diesel is 
roughly equal to 60 per cent of its economic cost. 

2For a detailed discussion, see Bhatia (1985). 
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The market for diesel engines is also divided into two segments, namely, a 
large-scale organised sector along with a small-scale organised sector. 
Kirloskar Oil Engines Limited (KOEL) is the largest producer with 60,000 engines 
ranging from 3 to 600 BHP. Although there are a few other firms in the 
organised sector (e.g. Rustom & Hornby (I) Ltd.), they do not compete with KOEL 
in the low BHP engines. In the unorganised small-scale sector there are a large 
number of manufacturers spread over different states. Many of these units 
produce agricultural machinery along with diesel engines/pumpsets.1 The diesel 
engines produced in the unorganised sector are cheaper (by 15 to 20 per cent) 
but have relatively lower energy-efficiency compared with those produced in the 
organised sector. Thus, diesel engines produced in the country cater to the two 
segments of the market; one which wants better quality product at relatively 
higher prices and the other which buys relatively cheaper product without 
concern for energy-efficiency and reliability. 

Organisations Involved in Promotion of Biogas Engine 

As can be seen from Figure 3, a large number of organisations are involved 
in the manufacture and sale of dual-fuel biogas engines. These include the 
Central and State governments who can provide funds for R & D to research 
institutions and for giving subsidies to consumers or manufacturers. The 
government agencies also provide coordination among various agencies involved in 
promoting the RETs and can also recommend to the Finance Ministry the tax 
concessions and subsidies which can be provided to manufacturers/consumers. The 
KVIC (Khadi and Village Industries Commission) along with other voluntary 
agencies act as major institutions for building biogas plants and providing 
training facilities to masons, etc. These agencies help the farmers (through 
village level organisations) to obtain subsidies, bank loans, cement, steel, 
etc. for the construction of biogas plants. The retail traders help the farmers 
in obtaining funds for purchase of biogas engines and/or help the farmers, in 

lit has been reported that there are 1500 units manufacturing diesel 
engines in one district (Rajkot) of Gujarat. A large number of brandnames for 
diesel engines are available in Gujarat, Uttar Pradesh and Bihar. 



Figure 3: Organisations involved in manufacture and promotion of biogas dual-fuel engine in India 
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converting their diesel engines to dual-fuel operation. Each one of these 
institutions/agencies plays a significant role in the process of diffusion of an 
innovation. Hence, it would be important to discuss the role of these 
institutions as well as the motivation and perception of each agency in 
promoting the use of biogas engines. It is expected that a detailed evaluation 
of the role played by these institutions will provide insights into the 
constraints implicit or explicit to the diffusion of biogas engines and other 
RETs. It is hoped that such a detailed analysis will enable us to suggest 
possible policies/programs/actions to overcome these constraints. 

The Role of the Central and State Governments 

Although the ONES has sponsored a National Project on Biogas Development, 
its focus has been on family biogas plants meeting the cooking and lighting 
needs of households. There has not been any explicit effort on promotion of use 
of biogas engines for water pumping or agro-processing. This is seen from the 
fact that the Annual Report (1985-86) of the ONES does not have any explicit 
mention of the role of biogas agencies either under the biogas programme or 
under the biomass programme. A few places where these engines get a mention are 
under the list of R & D projects on development of biogas engines and under the 
Community/Institutional biogas where biogas is primarily used "for cooking but 
is also used for various other purposes such as running biogas engines for 
mechanical work or generating electricity. Since biogas engines are already 
being marketed, it is not clear what is meant by "development of engines which 
can run on biogas alone (100% biogas) and dual-fuel (20% diesel, 80% biogas). 
Among the tax concessions and subsidies available to biogas engines (along with 
other RETs) are:l (i) Under the income tax laws for the firms, the depreciation 
allowance on machinery and lant installed for manufacturing renewable energy 
devices and systems was increased from 10 per cent available at present 
(1981-82) to 30 per cent; (ii} Depreciation on renewable energy devices and 
systems used for business or profession was also allowed at the enhanced rate 

lFor detailed explanations, see Government of India (1985). 



69 

(since 1981-82); (iii) Exemption (from tax) of any expenditure (not being in the 
nature of capital expenditure) laid out o~ expended on scientific research 
related to the business; (iv) Exemption from Central Excise duties on 
manufacture of RETs since May 1981; (v) De-licencing of equipment since January 
1982 for exploitation of alternate sources of energy like solar insolation, wind 
power, biomass including biogas, geothermal energy, tidal power and sea power; 
(vi) Central government subsidy ranging from 25 to 45 per cent of capital costs 
on family biogas plants (depending upon the region and the type of beneficiary 
and 100% of capital cost for community biogas plants (CBP) including cost of 
controlled operations up to one year; (vii) Almost all the State governments 
have exempted from the payment of sales tax all the equipments using solar and 
wind energy; only seven states have explicitly exempted biogas engines. These 
states are: Madhya Pradesh, Maharashtra, Orissa, Bihar, Rajasthan, Tamil Nadu 
and Uttar Pradesh. Although these incentives have been made available by the 
governments, the market for biogas engines did not develop much as seen from the 
experience of a leading manufacturer of these engines. 

The Role of Financial Institutionsl 

The assistance from financial institutions is available in three forms: 
(i) as concessional loans and refinance to manufacturers of renewable energy 
devices, (ii) eligibility of manufacturers under the existing deferred payment 
schemes of the financial institutions, (iii) facility of institutional finance 
for using renewable energy appliances for productive purposes. Schemes of soft 
loans (interest rates of 12.5 per cent instead of 15 per cent) for manufacturer 
and users of RETs have been operated by banks, Industrial Development Bank of 
India and Industrial Finance Corporation of India since 1981/1982. National 
Bank for Agriculture and Rural Development (NABARD) has also provided refinance 
assistance to banks (since 1982) against their loaning for installation of 
biogas plants, etc. at concessional interest rates. 

lFor a detailed description, see Government of India (1985). 



The Motivation and Perception of the Manufacturers 

As discussed earlier, KirloskarOil Engines Ltd. (KOEL), the largest 
manufacturer and exporter of diesel engines in the country took initiative in 
development and commercialisation of duel:..fuel biogas engines in 1976. The 
details of their experience have been documentedl below: 
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The worldwide shortage of conventional sources of energy and continuously 
growing fuel price posed many problems during early seventies. KOEL's R & D 
division undertook a research project to increase the efficiency of their 
engines to meet the challenges of the fossil fuel crisis. KOEL started 
educational programmes to educate farmers for proper selection and installation 
of pumpsets and engines. During that time one of the sales officers happened to 
see a biogas engine in Uttar Pradesh. He proposed to the management to take up 
a research project to manufacture dual-fuel biogas engines. This project was 
taken up by the R & D division of KOEL in 1976. Three scientists of the R & D 
division worked on this project and developed a 5 HP engine which came into the 
market in 1977. They further worked on the development of higher HP engines. 
At present they have marketed engines up to 30 HP on dual-fuel. The KOEL R & D 
aims to develop dual-fuel engines up to 75 HP. 

Design Feature and Characteristics of Dual-Fuel Engines 

The dual-fuel engine utilises biogas for developing power and when biogas 
is exhausted, the engine automatically switches over to diesel without 
interruption. The same engine can be run on diesel when biogas is not 
available. The engine requires 15-20% of diesel and rest of the energy is 
obtained from biogas. The gas and diesel proportion is governed automatically. 
The biogas is supplied to the engine at the rate of 15 cft/BHP/hr (424.5 litres/ 
bhp/hr) by connecting the gas plant to the engine by a suitable pipe. There is 

lThis is based on a case study reported in Chaudhuri, Dixit and Moulik 
(1984). Also see a pamphlet issued by Kirloskar Oil Engines Limited, Khadki, 
Pune, entitled "Kirloskar Dual Fuel Bio-gas Engine". 



no loss of power from the diesel version to dual-fuel version and vice-versa, 
i.e. horse power and torque developed remain the same in boththe cases when 
working only on diesel or when working on diesel and bfogas mixture. 

Advantages of Dual-Fuel Engines 
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(1) Saving in diesel: Biagas dual-fuel engine requires 15-20% diesel and rest 
of the energy is obtained from biogas. A normal diesel engine requires 
175 grms/bhp/hr. For one day (8 hrs) 5 HP engine would require: 

175 x 8 x 5 = 0.45 litres 
1000 x 0.03 

For one month (taking 25 working days) 5 HP engine would require 8.45 x 25 = 
211.25 litres. However, dual fuel 5 HP engine would require only 20% diesel, 
i.e., 42.20 litres. 

(2) Cost recovered in one year: The cost of the dual-fuel engine can be 
recovered in one year. The cost of diesel at the rate of 3.25/litre for one 
month would be 211.25 x 3.25 = Rs.686.56. A dual-fuel 5 H engine requires only 
20% diesel, i.e. 42.20 litres. The cost of diesel = 42.20 x 3.25 = Rs.137.15. 
Saving per month Rs.686.56 - 137.15 = Rs.549.41. In one year saving would be 
Rs.549.41 x 12 = Rs.6,592.92. The cost of 5 HP dual-fuel engine is Rs.5,155/-, 
so in one year a farmer would recover the cost of engine. 

(3) Dual-fuel engine is less polluting: Exhaust smoke density of the engine 
is less when the engine runs on biogas as compared to the smoke created while it 
runs fully on diesel. Smoke density on diesel: 1.5 Bosch units. Smoke density 
on biogas/diesel operation: 0.5 Bosch units. 

(4) General cleanliness: General cleanliness of the engine, with biogas is 
better than the diesel operation. Rocker box cover, cylinder liner, valve 
grinder are cleaner than the diesel operation. 

(5) Exhaust gas temperature of the engine remains almost the same. 
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Saving with Biagas Engines 

D H.P. at Diesel con- Diesel con- Diesel Rs. saved 
Engine 1500 RPM sumption sumption saving per hr (at 
Seri es BS when on when on per hr the rate of 

diesel diesel and (litre) Rs.3.10/litre) 
(g/bhp:hr) biogas 

(g/bhp-h) 

AV 1 5 175 26 0.93 2.88 

TV 1 - G 7 176 26 1.31 4.06 
AV 2 - G 10 199 30 2 .11 6.54 

TAF 2 - G 12.50 196 29 2.60 0.06 

TV 2 - G 14.00 176 26 2.62 0.12 

RDA 2 - G 19.00 173 26 3.36 10.41 

RB 22 - G 29.00 169 25 4.33 13.42 
RB 44 - G 50.30 169 25 9 .11 20.24 

RDA 6 - G 55.50 173 26 10.19 31.50 

Perceived competition: There are more than 9 companies which are their 
major competitors. However, they don't have much competition in dual-fuel 
engines as their major competitor Rustom & Hornby (I) Ltd. do not manufacture 
engines of lower H.P. They have advantage of first entering into the 
manufacture of dual-fuel engines. KOEL distribution network is well developed 
as compared to other companies. 

Perception of Government Policy: They mentioned that KOEL is not getting 
the recent incentive announced by the government. They feel that the Government 
policy is ambiguous. 

Under the 20 point programmes, financial institutions are required to 
advance for purchase of renewable energy sources. However, they are not coming 
forward for financing dual-fuel engines. Financial institutions officials are 
not convinced about the usefulness of the dual-fuel engines. Excise duty 
exemptions are not applicable on dual-fuel engine like other renewable energy 

equipments. 
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Constraints in commercialising the dual-fuel biogas engines 

(1) The biogas has multiple uses. It is used for cooking, lighting and 
running the pumpsets. The biogas plants are near the house of the farmer to use 
the gas for cooking and lighting. For running the dual-fuel engines a farmer 
needs biogas at his farm site. Biagas cannot be charged to the dual-fuel engine 
through pipes having length more than 500 feet as the gas in the biogas plants 
is at a low pressure of about 100 mm of the water column. 

(2) It is not feasible to compress the biogas at a high pressure in a cylinder 
like other gases as it will require very thick cylinders and complicated safety 
valves. For compressing the ga~ additional energy equipments are required. No 
other methods are available for transporting the biogas. In the initial stage 
this was a great hurdle in commercialisation of dual-fuel engines. KOEL 
contacted Swastic Rubber Ltd. to develop a biogas balloon for the purpose of 
transporting biogas. As methane reacts with rubber ordinary rubber is not 
suitable for the balloon. Swastic Rubbers R & D division has developed a 
balloon linked with nylon fibre of 60 and 120 cft. capacity. 

A 5 H.P. Kirloskar biogas engine can run approximately for two hours with 
the help of this balloon. These biogas balloons are filled from a biogas plant 
directly and no additional equipments or gadgets are required to fill up the 
balloons. After filling the balloon it can be sealed by an ordinary plug and 
clip and carried to the place where biogas engine is to be operated. However, 
the cost of the balloon is relatively high ($60 for 60 cft. capacity balloons 
and $100 for 120 cft. capacity). 

(3) Farmers find it difficult to get financial help from banks for dual-fuel 
engines as the bankers are not convinced about its usefulness. 

(4) The farmers do not get subsidy on biogas engine like other renewable 
energy equipments. 



74 

(5) A farmer cannot run the dual-fuel engine for longer durations as the 
volume of gas required is large. Further, to produce that much gas the number 
of cattle required is beyond the means of an individual farmer. This is evident 
from the table below: 

Sl .No. HP CU. ft. of gas CU. ft. of gas No. of cattle 
required for required for required 
running the running the 
engine for engine for 

1 hour 8 hours 

1 5 75 600 40 
2 10 150 1200 80 
3 15 225 1800 120 
4 20 300 2400 160 
5 25 375 3000 200 
6 30 450 3600 240 

In a recent (April 1986) interview with a senior officerl in the marketing 
department of KOEL, it was ascertained that after 1980 the Company had stopped 
the kind of vigorous efforts that were made during 1976-80. In the initial 
period (1978-79) the Company had organised hundreds of one-day seminars as well 
as demonstrations for bankers, farmers and panchayats for pupularising biogas 
engine. Distributors and sales employees were given targets of sale of biogas 
engines at the rate of 100 per state per year which amounted to a total sale of 
about 1000 per year. However, the actual sales were not more than 200-300 per 
year during 1977-80. According to him the major constraints in the sale of 
biogas engines were: high additional cost of biogas engine (compared with a 
diesel engine) which was about $40; additional cost of a balloon for carrying 
gas which was about $100 per 120 cft. capacity; problems associated with 
carrying of balloon to the farm; the size of farm where it would be economic to 
use will be quite large; availability of bank finance which was not easy for 
farmers who had borrowed for other purposes. 

1The officer contacted was Area Manager, Kirloskar Oil Engines Ltd., New 
Del hi. 



Perceptions of a Small-Manufacturer 

Another manufacturer! whose name was given by the Department of Non
Conventional Energy Sources (ONES) was also contacted for his opinions and 
perceptions. This manufacturer, who claimed to be the only producer of dual
fuel engines in northern India, started production of biogas engines in 1976. 
Production of dual-fuel engine was to specifications received from the 
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consumer. Al though the factory was located in Uttar Pradesh, not e
1
ven a single 

biogas engine was sold in Uttar Pradesh. A few engines that have been sold were 
to an organisation in far-away Gujarat (Gujarat Milk Cooperative Marketing 
Federation, Anand). According to the management of this firm, the following 
constraints were important in understanding the diffusion of dual-fuel engines: 
(i) Use of gas for 8 hours in a 5 HP engine would require a large biogas plant 
for which dung will not be available; (ii) the farm size is small and fragmented 
(has a number of plots); (iii) diffusion of filling and transporting gas in a 
balloon since it can get punctured and is a fire-hazard; (iv) since each farmer 
owns a small number of cattle, only cooperatives can use biogas engine and 
allocate water to fragmented plots; (v) the additional cost of having a dual
fuel mechanism is only $30 which is relatively low compared with the cost of a 
diesel engine ($400 to 450) and the savings in diesel oil. Since the use of 
lubricant in dual-fuel engine is also reduced by 50 per cent, the additional 
cost of a dual-fuel engine is not the problem.2 According to this opinion, the 
future of biogas engine in Uttar Pradesh did not look bright because of 
fragmentation of holdings, non-availability of adequate dung and problems 
associated with transportation of biogas. 

lThe person contacted was Mr. R.P. Agarwal, Managing Director, Sterling 
Machine Tools Ltd., Foundry Nagar, Agra, Uttar Pradesh. 

2rt may be noted that this opinion is based on the consideration of 
additional cost of dual-fuel attachment compared with the savings in diesel oil 
and lube oil. This does not include the cost of biogas plant. 
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The Perception of the Retail Trader 

As a part of this study a major distributorl and retail trader of engines, 
pumpsets and agricultural machinery was contacted in Patna. His perception was 
that it would be better to encourage farmers to convert their diesel engine to 
dual-fuel operation rather than expect them to buy a new dual-fuel engine. The 

price difference between a diesel engine and a dual-fuel engine should be kept 
nominal so that farmers who are willing to experiment with the use of biogas do 
not consider the additional cost a significant burden on the purchase price. 
The current price difference of Rs.425 ($35) on a diesel engine cost of Rs.8624 
($718) on a Kirloskar engine (5 HP) was considered rather high. It was also 
pointed out that the farmers usually purchased diesel engine of manufacturers in 
the small scale sector which were relatively cheaper than those marketed by 
Kirloskars. The price difference could be as much as 25 to 30 per cent. Thus, 
the purchase of a Kirloskar biogas engine would involve an additional cost of 
Rs.3000 for a diesel engine plus Rs.425 for the biogas kit and Rs.1500 for a 
balloon (120 cft.) taking the total additional cost to Rs.4925 ($400) which was 
almost equal to the cost of an additional diesel engine. Thus, the relatively 
high capital cost of a Kirloskar biogas engine was acting as a constraint in the 
use of biogas. Another constraint that was affecting the choice of farmers was 
that the commercial banks and NABARD had imposed a limit of Rs.5000 for loans 
granted to an individual farmer for purchase of diesel engine.2 This prevented 
the farmer from buying an engine which cost more than Rs.5000 and 11 forced 11 the 
farmers to buy sub-standard (low energy efficiency) diesel engines manufactured 
by small-scale producers. 

The retailer, however, appreciated the tremendous efforts made by the 
Kirloskar Oil Engines, KVIC and nearby Agricultural University in popularising 
biogas engines. A large number of demonstrations, seminars and fairs 

lThe interview with Mr. Q.P. Bakshi, Assistant Executive (Sales), Western 
India Industries (Ltd.), Patna took place in January 1986. 

2The veracity of this claim could not be verified from the offices of 
banks and NABARD. 
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(congregations) were organised in the early eighties which resulted in making 
the farmers aware of this technology. However, high cost of engines coupled 
with problems of transportation of gas have been the major constraints in large 
scale adoption of this technology. It was suggested that the solution would be 
to compress gas ina cylinder which could be easily taken to the farm house. 

Motivation and Experience of Farmers 

Although it was known that a number of farmers were using biogas engines 
in Nalanda, Saran, Patna, Vaishali and Muzaffarpur districts of Bihar, it was 
not possible to obtain a list of these farmers from the energy department of the 
Government of Bihar. In fact, ,the energy department was not aware that biogas 
engines were being used for irrigation since this was not included as a part of 
their programmes to promote renewable energy devices. 

A list of biogas engines which were being operated or had been under 
operation was obtained from (i) the Patna office of the Khadi & Village 
Industries Commission, (ii) a manufacturing firm producing biogas holders in 
Biharsherif, and (iii) a voluntary agency in Biharsharif promoting the use of 
biogas engines. Based on this information, in-depth interviews were conducted 
with eleven farmers spread over three districts of Bihar. Five of these farmers 
were running biogas engines at the time of visit (January 1986) while six 
farmers had used biogas engines in the past but were not operating these for 
various reasons. A tentative review and analysis of these data have been 
attempted so far. The following conclusions can be drawn from the experience of 
farmers in Nalanda district: 

(i) Farmers were motivated by a number of agencies which included KVIC, a 
manufacturer of biogas holders, a voluntary agency and the experience of 
neighbours. 

(ii) Farmers using DFE are all relatively large farmers owning and operating 
areas between 4 to 9 hectares (average farm size in Bihar is 1.1 ha and 76 per 
cent of holdings are below 1 ha). Besides, they are all totally dependent on 
pumping of groundwater since there are no canals in this region. 
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(iii) These farmers use electric motors as well as DFE while the latter is used 
essentially as a supplementary source of energy. They find it economic to use 
electricity since it is much cheaper as and when it is available. They use 
dual-fuel engine or diesel engine when electricity is not available. If supply 
of electricity were improved (both in terms of quantity as well as less voltage 
fluctuation) they would have no motivation to use diesel/OF engine. 

(iv) Apart from irregular supply of electricity, shortage of diese,l oil during 
peak season was also stated as the motivating factor. 

(v) These farmers are well-educated and are engaged in scientific farming. 
They take two to three crops which are irrigation-intensive and they realize the 
importance of "benefits foregone" if water pumping devices are not functioning. 
So, they have installed biogas plants and biogas engines to act as insurance 
against risk of power failure. 

(vi) Given their cropping pattern, they use their pumpsets almost the entire 
year-round. This means that there is adequate saving in diesel engine when 
biogas engine is operated. This saving is considered sufficient to invest about 
$12 to $20 in converting an existing diesel engine to operate as a dual-fuel 
engine. Since the estimated saving in diesel oil per year is around $50 to $90, 
the investment in the conversion device is considered economic (see Table 4.1). 

(vii) Since some of them are using biogas for household purposes and get.a 
substantial subsidy (50 per cent) on investment in a biogas plant, they do not 
consider the cost of a biogas plant in the context of running a dual- fuel 
engine. If, however, the farmer's investment in the biogas plant is also 
considered, the payback period would be much longer ranging between 8 to 15 
years (Table 4.1). 

(viii) Almost all the farmers said that they did not face any operational 
problems in running of biogas engines or biogas plants. In these villages, 
people with sufficient experience in handling mechanical devices were available. 



Table 4.1: Details of experience of five farmers in using dual-fuel biogas engine in 
Nalanda District of Bihar 

Farmer 1 Farmer 2 Farmer 3 Farmer 4 

Village (location) Silao June di Baburbana Deepnagar 

Farm size (hectares) 4.0 4.0 9.0 6.5 

Major crops Paddy + Paddy + Paddy + Paddy + 
Wheat Wheat Wheat + Wheat 

Sugarcane 

Capacity of dual-fuel engine 5 hp 5 hp 5 hp 5 hp 

Cost of conversion of dual-fuel 
($ 1985) operation 13 13 20 12 

Capacity of biogas plant (Cft/day) 875 525 1235 875 

Cost of biogas plant ( $ 198 5) 
- Own funds 835 660 750 667 
- Subsidy 835 660 750 667 
- Total TOm TI2TI T5M TI34 

Number of months DFE operated 5 6 5 6 

Value of diesel saved ($ 1985) 
per year (estimated) 92 50 72 40 

Capacity of electric motors 3 hp 5 hp 7.5 hp+ 5 hp 3 hp + 2 hp 

Electricity charges ($ 1985) 100 42 87 85 

Source: Household Survey conducted in January 1986. 

Farmer 5 

Shukan bigha 

5.0 

Paddy + 
Wheat 

5 hp 

19 

525 

500 
500 

moo 
5 

45 

5 hp 

40 

-...J 
l.O 



(ix) Almost all the farmers felt that getting finances from the bank was a 
problem and invariably a high percentage (up to 20 per cent) of the loan was 
given to bank staff. 

Factors which can Promote the Use of Biagas Engines 
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The following discussion shows that farmers can be motivated to use biogas 
for water pumping if appropriate measures are taken to promote their use. It is 
clear that this technology will not be adopted by each of the 3.5 million owners 
of diesel engine in the country. However, it should be possible to identify 
regions and categories of farmers where biogas engine can be promoted as a 
technology which is not only technically feasible but is financially viable and 
socially profitable. The following factors can be kept in mind while promoting 
the use of this technology: 

(i) This would be best suited in States where untapped potential of 
groundwater exists and rural electrification is either partial or there is 
overall shortage of power. Such states are: Bihar, Orissa, East U.P., West 
Bengal, West U.P., and Gujarat. 

(ii) Farmers who have relatively large holdings of land and maintain a number 
of milch cattle and work animals are in a better position to make use of this 
technology. Here again, farmers whose land is near their house or those who 
maintain farm house will find it easier to transport gas and dung. 

(iii) Investment in biogas engines should be made more attractive either by 
raising the prices of diesel oil and electricity or by giving equivalent 
11 investment support11 or subsidies for ~iogas plants used for water pumping and 
agro-processing. As has been seen from Table , the annual savings in diesel 
oil are such that even a subsidy of 50 per ce.nt in capital cost is not 
sufficient to recover the investment in a reasonable period. Although it is 
possible to reduce the size of the biogas plant which can meet the requirements 
at minimum cost, a subsidy or 11 i nvestment support11 of 50 to 60% of capital costs 
seems to be necessary in order to attract farmers to this technical 
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alternative. To begin with, 100 per cent subsidy may be given to biogas plants 
which are located near the fields and use gas for dual-fuel engines. This could 
be reduced over time when people become familiar with the technology. It may 
also be advisable to subsidise the cost of conversion of diesel engines to 
dual-fuel operation as well as to subsidise the cost of balloons for carrying 
gas to the field. In fact, efforts should be made to ensure that farmers find 
the use of gas in water pumping and agro-processing more profitable (and 
preferable) to its use for cooking. 

(iv) The manufacturers, e.g., KOEL may be advised to charge only the actual 
cost incurred on providing the gas carburetter in a biogas engine. This would 
reduce the additional cost to about $5 as compared with the current orice 
difference of $40 between a diesel engine and a biogas engine of the same size. 

(v) NABARD and commercial banks may be asked to provide subsidised loans under 
the priority allocations for purchase of a dual-fuel engine and for installation 
of a biogas plant. 

(vi) Retailers and distributors should be convinced that selling biogas engines 
is a national priority as it saves on imported diesel oil and/or electricity 
which is in short supply. They may be given some incentives for the sale of 
biogas engines in the initial period. 
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5. SUMMARY AND CONCLUSIONS 

As has been discussed above, comparative economic evaluation of 
alternative technologies is a very complex, agronomic and economic parameters. 
Judgements are required at the time of selecting the correct methodology, 
estimation of equipment capacities of alternative technologies, current and 
future efficiencies, current and future capital costs, changes in costs of fuels 
and electricity, etc. The economic evaluation should be carried out for a new 
representative situations (region, crop patterns, future prices, farm sizes, 
etc.) to derive conditions under which a given technology is more economic than 
others from the viewpoint of society. This can be done by using total costs 
incurred by society on various components as well as by valuation of inputs at 
economic costs (or shadow prices). It is also important to evaluate these 
technologies at market prices (or at costs actually incurred by the farmer) and 
analyze the reasons for divergence between the ranking of technologies and 
shadow prices vis-a-vis at market prices. These results can, then, be used for 
suggesting policy changes with regard to (i) pricing of fuels dieseloil, 
kerosene and electricity; (ii) level of subsidy required to promote the use of 
renewable energy technologies; and (iii) organisational/institutional structure 
under which efforts of various agencies will be co-ordinated. Similarly, it is 
important to quantify the constraints to diffusion of a renewable energy device 
and identify the role of government, voluntary agencies, manufacturers and 
retailers, financing agencies, implementing agencies, etc. Such analysis may 
also indicate required changes in pricing policies, investment support and 
institutional structure. 
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