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Abstract

The purpose of this paper is to weigh the issues and options for increasing electricity access in remote and geographically

challenged villages in interior Rajasthan, the desertstate in Western India where power sector reforms are currently underway. By

first providing an overview of reforms and various electrification policy initiatives in India, the paper then analyzes the specific

problems as studied at the grass-roots level with respect to rural electricity access and the use of off-grid renewables. Finally, it

discusses interventions that could facilitate access to electricity by suggesting a sequential distributed generation (DG)-based

approach, wherein consecutive DG schemes—incorporating the requisite technological, financial, and institutional arrangements—

are designed depending on the developmental requirements of the community. In essence, this approach fits under the broader need

to understand how the three ‘‘Rs’’— rural electrification (the process), power sector reforms (the catalyst), and the use of renewable

energy technologies (the means)—could potentially converge to meet the needs of India’s rural poor.

r 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

1.1. Rural electricity access—the gravity of the situation

An estimated 1.64 billion people worldwide lack
access to electricity, of which approximately 80% live
in rural areas of South Asia and Sub-Saharan Africa
(IEA, 2002). In India itself, electricity access is
approximately 44% in rural areas as per the Census of

India 2001 (GoI, 2003). Non-access to electricity and
rural poverty are closely correlated. This is because not
only is electricity a pre-requisite for ameliorating living
standards, it is also an indispensable input for produc-
tive and economic activities. For vulnerable rural
populations, the positive impacts of electricity inputs
for basic activities such as pumping water for drinking
and irrigation; lighting for extending working and
learning hours; and powering small-scale rural industry
are considerably greater due to a bundling of socio-
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economic benefits. For example, reduced labor time for
obtaining electrically pumped and hygienic drinking
water may potentially free up time for income genera-
tion activities by women, which may in turn be aided by
electricity inputs (Cecelski, 2000). Literature also points
to the fact that the positive contribution of electricity to
the Human Development Index is strongest for the first
kilowatt-hour (EDF, 2002), reflecting that the poorest
are most likely to benefit from even minimal electricity
inputs. However, electricity supply to this category in
particular should be enhanced keeping broader devel-
opment goals in mind, such as health, education, and
economic productivity.
There is no universally applicable prescription to the

problem of non-access to electricity in rural areas. In
situations with dense and concentrated rural popula-
tions, extension of the grid may be feasible and cost-
effective. In others, particularly remote locations with
dispersed populations, extending the grid is physically
and economically unviable. Deprivation for the latter
category is indeed multi-faceted: a lack of sufficient
attention by government programs is compounded by a
lack of access to infrastructure services, markets, and
information. Moreover, in many developing countries
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1The Ministry of Power has stated that ‘‘rural electrification is vital

for social-economic development of rural areas. The objective is to (a)

trigger economic development, (b) generate employment by providing

electricity as an input for productive uses in agriculture and rural

industries and (c) improve the quality of life of the rural people

through lighting of rural homes, shops, community centers and public

places in all villages (MoP, 2003a)’’.
2The two main government bodies responsible for rural electrifica-

tion are the Ministry of Power (MoP) for grid-accessible villages and

the Ministry of Non-conventional Energy Sources (MNES) for those

that are unreachable via the grid. Additionally, the Rural Electrifica-

tion Corporation (REC), a public sector enterprise, provides finance
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even where grid electricity is available, supply is often
erratic and of poor quality (UNDP, 2000). Where
alternatives to the grid exist, such as solar home lighting
systems (SHS) available at subsidized rates, the technol-
ogy itself is unsustainable unless accompanied by
effective follow-up servicing and maintenance support.
Yet another issue is that provision of electricity,
particularly through off-grid renewable energy technol-
ogies (RETs), does little to significantly raise living
standards unless it also enables income generation.
These and other commonly acknowledged issues are in
fact just the beginning of the rural electrification
problem. Given that electrification occurs within a
macro-economic framework—which, for India, is in-
creasingly being transformed through reforms and
restructuring—a host of complexities enter the picture.
India’s rural areas are by no means homogeneous.

Large socio-economic disparities exist in terms of land
and livestock ownership, level of education, and
livelihood practices, thus affecting the ability of
individual rural dwellers to pay for electricity services.
Within a given district, electrification of a village may
take place based solely on its physical location and the
ability of the population to meet the utility’s cost of
extending the grid. Among states too, while certain have
achieved relatively lower T&D (transmission and
distribution) losses, others are plagued by long power
cuts and voltage fluctuations. This, coupled with
inordinately high tariffs for rural end-users, has resulted
in a harbored mistrust for grid-quality electricity.
Moreover, the pace of village electrification has slowed
greatly in the last decade with the number of villages
electrified in the ninth five year plan (1997–2002) being
approximately a tenth of the number in the seventh and
eigth five year plans (1987–1997) (MoP, 2003a). This
slowdown has been exacerbated by ‘‘de-electrification’’,
a phenomenon occurring in a number of villages where
supply has ceased entirely due to vandalism or a lack of
infrastructure maintenance.
Recognizing the urgency of the electricity access

situation in rural areas, the Government of India has
issued a number of policy statements and goals for the
next decade. In addition, on-going state-level electricity
reforms in the country are likely to have a number of
impacts on rural access. These are discussed in the
following section.

1.2. Power sector reforms, rural electrification and scope

for renewables

Two distinct and evolving sets of contexts are
currently framing the backdrop for rural electricity
access in India. On the one hand, state-level power
sector reforms have been launched in many states to
increase the financial viability of the sector. On the other
hand, increasing electricity coverage to all villages and
households in India has been announced as a national
developmental goal.1 At the outset, both sets of
measures appear divergent in nature. This is because
in general, two seemingly irreconcilable situations
dominate the power sector scene in developing countries
like India: the ill financial health of state-run power
utilities and the existence of a vast unserved poor
population with low paying capacity. Thus, while
power sector reforms seek to recover losses and
introduce competition in the sector, government-admi-
nistered subsidies for rural electrification are still
recognized as essential for increasing access to the poor.
As of yet, there appears to be little connection

between state-level reforms and rural electrification
goals. Moreover, given the current trend of reforms, it
would appear that access through the grid by rural poor
end-users might face additional barriers. Firstly, since
reforms in India aim to refocus subsidies and rationalize
tariffs, it is likely that rural customers will have to pay
more for services (which may be far from satisfactory as
seen through the case study). Secondly, with ‘‘return on
investments’’ becoming a critical evaluation parameter
for electrification projects under reforms, addressing the
sheer magnitude of rural electricity deprivation may in
fact become increasingly expensive. The poorest and
most underprivileged sections of rural society may be
entirely excluded from electrification plans, since an
electricity industry that is attempting to increase its
financial viability (as is the case in India) may tend to be
biased towards those areas that are more profitable in
the short run. Geographically disadvantaged areas with
rural poor dwellers are particularly liable to get ignored.
It is therefore crucial that the independent regulatory
processes emerging from reforms ensure that the rural
poor segment of society is not shut out of the market. In
this light, it must be recognized that, due to the above
reasons, distributed generation and supply based on
renewable sources of energy are becoming increasingly
cost-effective and thus competitive with conventional
modes of generation and supply. The above is the basis
for the Rajasthan case study described in the following
sections.
As mentioned, national objectives are specifically

attempting to address both grid and decentralized
electrification in rural areas.2 Targets have in fact been
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set for 100% village and household electrification. A
remaining 80 000 villages are to be electrified3 in the
country by the year 2012, 18 000 of which will
require non-conventional sources of energy due to their
remote and inaccessible locations. To achieve this goal
of Power for all by 2012’’, a Rural Electricity Supply
Technology Mission has been launched by the Ministry
of Power with an annual resource allocation of
approximately Rs. 20 billion4 (MoP, 2003a). The
purpose of this mission is to accelerate electrification
through both grid extension and stand-alone distributed
generation options, and to encourage decentralized
management by rural cooperatives and non-govern-
mental organizations. Further, rural electrification is
given high priority as a Basic Minimum Service under
the Prime Minister’s village improvement program—
Pradhan Mantri Gramodaya Yojana (GoI, 2001) and
both grid and off-grid electrification projects are eligible
for funding under this program. Finally, apart from
goals, schemes and financial support, the Government
of India has also announced specific renewable energy
goals, in which it sets the ambitious target of achieving
10% of new power generating capacity by 2012 through
renewable sources of energy.
2. Electrification of remote villages in Rajasthan—a case

study

This section of the paper discusses the issues inherent
in electrifying geographically disadvantaged areas in
Rajasthan as studied in villages in and around Kailadevi
wild life sanctuary, a part of Ranthambhore National
Park in Rajasthan.5 In effect, the study region covered
two districts—Sawai Madhopur (SM) and Karauli; the
latter being a new district carved out of the former in the
year 1997. The study spanned a total of seven villages in
SM district and eight in Karauli district. An overview of
the electricity sector in Rajasthan and its status vis-"a-vis
reforms and restructuring is provided first.
(footnote continued)

directly to electricity boards and power utilities for extending the grid

to rural areas, while the Indian Renewable Energy Development

Agency (IREDA) finances consumers and providers of renewables-

based electricity services.
3The definition of an electrified village has undergone many

revisions and still awaits consensus. While the MoP deems a village

to be electrified if electricity is used within the inhabited locality of a

census village for any purpose whatsoever, MNES considers a village

electrified when 60% of the households are electrified using renewable

resources (MNES, 2001).
41 USD=Rs. 50 approximately.
5 It is important to note that the villages studied here, although

geographically disadvantaged, are not amongst the 18 000 very remote

villages identified by the government for electrification via renewables.

These villages therefore fall under the jurisdiction of the recently

unbundled power utilities.
2.1. Status of electricity sector in Rajasthan

In 1999–2000, the Rajasthan State Electricity Board
(RSEB) had over 5 million consumers. The per capita
consumption of electricity in that year was 338 units (1
unit=1kWh). Current peak demand (2001–2002) is put
at 5606MW, which is expected to rise to 11 066 MW by
2011–2012 (RSEB, 2002).
On the village electrification front, electricity is

available to only 34% of the population in rural areas,
where four districts, namely Jaisalmer, Barmer, Dhol-
pur, and Jalore have electricity deprivation levels of
80% or more (UNDP, 1999).
A review of the performance of the RSEB states that

in 1990–1991, the Board had a total deficit of about Rs.
1 billion, which rose to over Rs. 17.5 billion in 1999–
2000. With the business-as-usual scenario, it was
doubtful whether the Board could meet the growing
demand for generating capacity, as well as sufficiently
take care of the supply side. Thus it was felt important
to first make the Board viable (Personal communica-
tion, 2001).
The restructuring and reforms exercise started in

Rajasthan under the Electricity Regulatory Commis-
sions Act, 1998, followed by establishment of the
Rajasthan Electricity Regulatory Commission (RERC)
in January 2000. In June 2000, the Rajasthan State
Regulatory Act came into force, and in July, the
RSEB was unbundled. It was divided into five compa-
nies in the first phase itself. The structure adopted by
the board involves a generation company, a transmis-
sion company, and three distribution companies. Unlike
the generation and transmission sectors, which are
technology-intensive, the distribution sector is manage-
ment-intensive. By unbundling this sector first, the
restructured electricity sector hoped to be more bene-
ficial to the consumers through good management
practices in the distribution of electricity. The statistics
support the efficacy of the above approach. As per their
records, the three distribution companies have electrified
96%, 95% and 83% of the villages/towns in their
respective circles with collection efficiencies of 93%,
95% and 93%, respectively. Their T&D losses, how-
ever, are higher than the national average of 25% at
40%, 35% and 39%, respectively (Personal commu-
nication, 2001).
While the statistics may indicate that the status of

electrification has improved, gridbased electrification of
villages in and around protected sanctuary areas in
interior Rajasthan is very low and not a uniformly
available option. By virtue of their isolation, their
geographical location in the sanctuary, the difficult
terrain that surrounds them, and other factors beyond
their control, most of the rural communities in these
areas are yet to receive the benefits of electricity as the
following case study highlighted.
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2.2. The case study region

SM and Karauli together occupy an area of
10 527 km2 (3.08% of the state’s total area). Karauli
has more than 30% forest cover, bringing it close to the
national forest policy of maintaining one-third area
covered under forests while SM has only 15.2% forest
cover. The intensive soil erosion and degradation of the
environment in this region have created the critical
problem of formation and spread of ravines. Further to
this geographical disadvantage, the region is severely
deprived in terms of overall socialeconomic develop-
ment. To cite a few statistics from the Rajasthan Human
Development Report, in both Karauli and SM, 20–25%
of the population belongs to scheduled castes and tribes,
and a large proportion live below the poverty line
(40.81% in Karauli and 37.47% in SM). The Human
Poverty Index (HPI) which concentrates on deprivation
in three essential dimensions of human life—longevity,
literacy, and decent standard of living—ranks these
districts as the sixth poorest in the state. Seventy five
percent of the population is deprived of electricity and
these districts have among the highest number of
villages that are still to be served by potable water
scheme (UNDP, 1999).
Notwithstanding the economic backwardness of the

region, it is on the international tourist map due to the
location of Ranthambhore National Park (a national
tiger reserve) in SM district and Kailadevi wildlife
sanctuary in Karauli. There are 80 villages that fall
within and on the periphery of Kailadevi sanctuary.

2.3. Key stakeholders

A survey of the key stakeholders in the region, in
terms of their direct and indirect contributions to
expanding rural access to electricity, determined the
following:

* Jaipur Vidyut Vitran Nigam Limited (JVVNL), the
distribution company, is wholly responsible for sale
and supply of grid-based electricity to these two
districts. In Karauli, the company employs engineers
and other staff, all of whom are mainly responsible
for overseeing electrification of various villages in
their jurisdiction. It is in their scope of work to
determine the cost of electrifying a particular village.

* Rajasthan Renewable Energy Corporation Ltd.
(RREC),6 a state-level agency, is entrusted with the
task of providing renewable energy systems such as
solar photovoltaic (SPV) technology-based home
lighting systems, commonly known as SHS, and
pumping systems. RREC has a project office located
6When the fieldwork described in this paper was carried out, RREC

was known as REDA (Rajasthan Energy Development Agency). The

name was changed to RREC in 2002.
in Sawai Madhopur City, which is responsible for
servicing SM as well as Karauli. A project officer and
one technician manage the office. RREC executes all
the schemes deployed by the central Ministry of Non-
conventional Energy Sources (MNES) for promotion
of renewable energy technologies in Rajasthan.

* The Public Health Engineering Department (PHED),
another state-level body, is responsible for the
provision of safe drinking water by digging bore
wells and installing electrical pumps on them.

* The District Forest Office (DFO) (for reserved and
non-reserved forests) is duty-bound to protect the
forests, governed by the rules and regulations of the
central Ministry of Environment and Forests
(MoEF), Government of India. The DFO is also
responsible for rehabilitation of communities living
inside the forest.

* The District Magistrate, the most powerful adminis-
trative body at the district level, has the overall
responsibility, as well as resources, for the develop-
ment of the district and welfare of its population.

Access to electricity by a common villager is affected
by the workings of all of the above departments and
agencies as this case highlighted.

2.4. Impact of electricity on the region

Specific to this region, electricity (subject to its
availability) has brought some level of improved living
standards in terms of domestic comfort and safety,
facilitation of certain commercial activities, and supply
of clean drinking water. However, there is no perceptible
impact of electricity in terms of fostering a faster pace of
economic development, for instance through the intro-
duction of cottage and small-scale industries. This is
perhaps attributable to the fact that the most common
income-generating activities in this region are animal
husbandry, farming, labor, and minor service activities
that have minimal dependence on electricity inputs. As
such, the introduction of greater electricity access
cannot be a solution in and of itself. In fact, a sample
survey carried out through the study indicated that
neither is household electrification contingent upon
yearly income, nor does household electricity access
necessarily lead to a higher level of income. Relative
well-being in this region, rather, is dependent upon a
variety of other factors, such as the availability of non-
farming employment; sufficient and clean water for
drinking and irrigation; health and education services,
and support through village institutions and governing
councils.
Reliable and quality electricity can in many ways

bolster these factors. For instance, it was found that
dairy production—a common non-farming activity—
could be more lucrative if it is facilitated by the use of
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Electronic Milk Testing machine which correctly esti-
mates the fat content of the milk, thus making it more
competitive in the market. Hence for electricity to truly
make a difference in terms of improving rural liveli-
hoods, it is crucial to understand the impacts of various
electricity end-uses on various development processes,
particularly where the poorest and most vulnerable
categories of the population are concerned. Literature
also points to the crucial emerging lesson that produc-
tive uses of renewable energy requires much greater
attention from donors, development agencies, and
governments (Martinot et al., 2002). The Rajasthan
case study investigated some of the less-understood
aspects of renewables for rural energy and aimed to
design solutions accordingly.

2.5. Approach and findings of the case study

As mentioned above, the case aimed to study the most
deprived and vulnerable groups in terms of access to
electricity and possible reasons for the predicament of
poor quality service or no access to electricity. The
relevant question asked was who are the ‘‘have nots’’
and what are the prevailing conditions that hinder the
‘‘have nots’’ from becoming ‘‘haves’’ in terms of
electricity access. The five identified categories of
deprivation are enumerated as follows:

(a) The first category of a deprived population is one

that cannot afford the electricity services that come to it

at a higher price than its neighbors due to its non-

existence as per national census records: The study
started in SM district where all villages are reported to
be electrified as per the JVVNL office, but very few
neighboring hamlets are electrified (thus ‘‘haves’’ and
‘‘have nots’’ live in fairly close proximity to each
another). It was discovered that the reason for this
situation is that electrification plans are made and
implemented for census villages only. A hamlet is
neglected until it is recognized as a census village. In
this context, a clarification from the erstwhile RSEB
states that for electrifying those hamlets that are located
away from the main inhabited village, and where no
electrification equipment currently exists, villagers are
expected to pay extra charges calculated on the basis of
actual expenditure that would be incurred for extending
the low-tension (LT) line from the inhabited village upto
the hamlet.
(b) A second type of deprivation is a situation where the

consumers pay for what they do not get: The situation
with respect to supply and usage of electricity itself is
alarming in these districts. The current users of
electricity have paid between Rs. 1500 and 3000 for
the initial electricity connection, and another Rs. 1000
for internal wiring and fixtures. The tariff rates are
calculated based on fixed charge and energy charge
rates. The fixed charges are Rs. 50 if the consumption
remains within 50 units (kWh), and Rs. 75 if it exceeds
this. Energy rates are Rs. 1.7 per unit for consumption
upto the first 50 units, and Rs. 2.75 per unit for
subsequent consumption. Minimum billing amount in
rural areas is Rs. 65 for the first 50 units and Rs. 90
subsequently. On an average, a consumer pays an
electricity bill of Rs. 110–150 per month (JVVNL, 2001).
The electricity services on the other hand are far from

satisfactory, frequently characterized by blackouts and
brownouts. According to these consumers, continuous
power cuts to the tune of 16–20 h for 20 days in a month
is a common occurrence (as determined by the primary
survey findings).

(c) Yet another type of deprivation exists in certain

villages where, by virtue of their physical location,

provision of grid electricity is techno-commercially unvi-

able, and in some cases, prohibited by forest law: This is a
region where many villages fall within and on the
periphery of the national park and wild life sanctuary/
reserve forest. Hence rules and regulations that govern
the forests also affect electrification. Since no population
can live inside the national park, its original occupants
have now been rehabilitated. In the case of a wild life
sanctuary, the population is encouraged to move out as
there is no scope of providing electricity to these villages
since the MoEF does not allow transmission lines to go
through the forests. Those villages which are outside the
sanctuary area, but whose electrification plan depends
on laying the transmission line through the sanctuary,
are also affected by the prohibition. All villages that
were inside the Ranthambhore National Park have been
rehabilitated, but there are still about 40 villages inside
the Kailadevi wild life sanctuary that will never be
electrified. Similarly, there are villages just outside the
sanctuary where execution of the electrification plan is
virtually impossible. Such villages will be discussed in
more detail later on.
(d) SHS, whose distribution is managed by the

government, is limited in its reach due to paucity of funds

and lack of infrastructure. The forth category of

deprivation is thus precipitated by the above wherein the

population is eager to procure SHS, but supply is

inadequate: Parallel to the efforts of JVVNL, RREC is
also facilitating access to electricity by supplying SHS to
households under the central subsidy scheme. SHS
either as the only source of improved lighting, or as a
supplement to the grid during blackouts, has found
many takers in both electrified and unelectrified areas.
Broadly, the sale of these systems occurs under a target-
oriented central subsidy scheme, which reduces the price
of these systems to the customer by half. Typically, a
system worth Rs. 12 000 is sold at Rs. 6000. However,
there are several other schemes at the state level that
have piggybacked on the central subsidy scheme to
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further bring down the price of the system to the user.
The central subsidy scheme itself has undergone many
changes. Unfortunately, the non-uniform pricing struc-
ture sends twisted signals to the population, which waits
in vain for the lowest SHS system price.
Further, these schemes are limited by funds and hence

can serve only a part of the population, usually on a
first-cum-first-serve basis. The rest of the aspiring
population—sometimes within the same village—waits
for the following scheme to be announced, which may
never actually happen.

(e) Households that have already invested in SHS now

face a problem with respect to repair and maintenance.

This represents the fifth category of deprivation: A graver
concern has been due to unreliable repair and main-
tenance services for the SHS in the region. Due to
difficult terrain and low density of systems, the services
that are contracted by RREC to the system supplier,
have been very poor. Although most of the faults are
minor in nature, such as the need for a fuse replacement,
the user has to wait for the all too infrequent visit of the
maintenance contractor for simple procedures. Though,
SHS offer a technically viable and acceptable option for
minimum electricity supply needs, they are unable to
serve the population due to inadequate servicing
infrastructure. Distribution schemes, under which these
systems were made available, have ignored the require-
ment for enhancing local capacity that could very ably
manage and sustain the systems.7

To summarize, the preliminary study highlighted five
similar, yet distinct categories of electricity deprivation.
In order to probe possible reasons for the existence of
these categories, and to understand the prevailing
conditions that hinder access to electricity, five villages
in Karauli district were studied in detail (listed here as
categories A, B and C). The studied villages were
grouped in the following categories:

* Category A—electrified villages with some users of
SHS (e.g. villages Karanpur and Mandrayal).

* Category B—unelectrified villages (grid electrification
is technically feasible, but they are not electrified as of
yet); many users of SHS (e.g. village Nibhera).

* Category C—unelectrified villages (electrification
technically unfeasible); no users of SHS (e.g. villages
Khateki and Lakhruki).

Sample surveys of households in the above villages
were carried out in order to assess the status of
electrification, socio-economic characteristics of the
villagers, and electrification-related problems. Interviews
7Local capacity in this context means user awareness on how to

operate and undertake preventive maintenance, and local enterprise

development to undertake fault repair, potentially leading to backward

integration for local assembly.
with the key stakeholders were also carried out in order
to highlight the perceived bottlenecks and to help
formulate possible interventions. The findings based
on the three categories are as follows:

* Category A villages: These villages are relatively the
most privileged in terms of having both grid and SHS
users. Village Karanpur is situated at the tail-end of
Kailadevi Sanctuary, about 33 km away from the
main town. It is one of the largest villages having
about 500 households in the main village and many
more in surrounding hamlets (altogether around
3000). Similarly, village Mandrayal has approxi-
mately 3000 households. About 500 households are
already connected to the grid and 200–250 have
applied to get the connection by depositing
the required amount, but are yet to be connected.

People in these villages are employed in a range of
activities, from farming to service to shopkeeping. Those
households with access to electricity use 40 and 60W
incandescent bulbs for 2–5 h per night. A few house-
holds also have fluorescent tubelights, which they use
for 3–5 h a night. The average electricity bill for those
with only grid electricity is Rs. 130 per month, while for
those with both grid and solar systems, the average bill
is lower at Rs. 100 per month.
Access to electricity in Karanpur, however, stops at

the main village because this access is facilitated through
extending an 11 kVA transmission line by a distance of
35 km. It is technically not feasible to extend this line
further to electrify any neighboring hamlets. Even in
Karanpur, the supply is inadequate. There are about 15
neighboring hamlets (indeed, large enough to be called
villages themselves) which need to be electrified urgently
in view of the acute water shortage. The PHED has dug
a borewell in Karanpur and has installed an electric
pump over it for pumping water. However, due to
erratic electricity supply, the villagers are deprived of a
reliable supply of drinking water. In fact, the prevailing
water crisis—aggravated by the electricity shortage—
has motivated the District Magistrate to pursue the
electrification plans vigorously in the region. Electrifica-
tion of Karanpur however faces a problem due to the
fact the 33 kVA transmission line has to necessarily go
through the reserved forest as there is no alternative
route available. The total project cost is estimated to be
Rs. 22.5 million, which includes compensation to
the forest department for acquiring the same land and
developing similar forest elsewhere.
The project will probably never be implemented due

to cost considerations alone. Besides, the forest autho-
rities are unlikely to allow the transmission line to go
through the forest as the use of forest-land for any
infrastructural purpose is considered on a case-to-case
basis by the central Ministry of Environment and
Forests. This is not an easy task. As a result of poor
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supply of electricity, only 50 households have taken the
connection by paying Rs. 1900. Most households pay a
minimum monthly tariff of Rs. 110. Ten of them have
purchased SHS at a subsidized price of Rs. 6250.
The above case highlights a very important issue

related to the techno-economic viability of grid exten-
sion in villages with geographical hurdles. With ‘‘return
on investments’’ becoming a critical evaluation para-
meter for rural electrification projects, it might be
worthwhile to look at alternative technology options
such as distributed generation and supply, both for
short term and long term electrification planning. It also
points to the need for re-evaluating the top-down
planning process, which tends to overlook local situa-
tions and concerns, as well as local opportunities and
the knowledge base that could be instrumental for
sustaining electrification projects if utilized effectively.

* Category B villages: Although grid can be extended
technically to category B villages, their low demand
does not justify doing so. Village Nibhera with 115
households, for instance, lies on the periphery of the
sanctuary area. The sole occupation of the villagers
here is animal husbandry and farming. Nibhera does
not have access to grid electricity. In order to draw
the electrification plan for the village, the demand
estimation was carried out by the JVVNL in the year
1999 under the Government’s Minimum Needs
Programme.8 Accordingly, the total load comprising
domestic, non-domestic, and industrial applications
has been estimated at around 12 kVA.

In the absence of grid electricity, about 90 households
have been using SHS for the past 4–5 years. These
systems were purchased from RREC under the special
scheme with an initial deposit of Rs. 730 and Rs. 30 per
month for operation and maintenance after 1 year of
use. About 10–15 SHS are not working at present.
Although RREC has trained and appointed one person
for maintenance, his visits to the village are not regular.
An enterprising village youth, who has a knack for
repairing machines, has been undertaking some minor
repair jobs. Villagers feel that someone from their own
village, if given proper training, would be more effective
than unreliable external sources.
This village clearly indicated the viability of SPV

technology as an alternative option to the grid. The
community has felt the benefits of improved lighting by
SHS. For example, these villagers were using 5–6 l of
kerosene per month for lighting, which became a direct
saving after their switch to SHS.
The case of this village points to one well understood

and acknowledged, yet unsolved barrier to wider
8The Minimum Needs Programme was instituted by the Govern-

ment to meet certain basic needs of the rural poor, including water,

sanitation, electricity, and roads.
penetration of SPV; i.e. absence of local capability to
repair and maintain the systems. Like any other battery-
operated electronic device, SPV systems are very user-
friendly. The technology is mature and easily repairable
in the field. Spares are locally available. The local youth
have demystified the technology and used their entre-
preneurial skills to fill the gap created by the standard
subsidy-driven distribution schemes. In fact, all the skills
and resources required to assemble and service an SPV
system, except manufacturing of SPV modules, are
present locally. They only need to be harnessed and
enhanced.

* Category C villages: Villages in this category repre-
sent the most vulnerable group with respect to non-
access to electricity. These are small villages (about
50–60 households each) located inside the sanctuary
area. By virtue of their location, they are denied
access to a motorable road, electricity, and drinking
water supply. The population does not have any
regular source of income, except for dependence on
cattle. The villages are aware of the fact that it is near
impossible for grid-based electricity to reach their
villages. Their immediate requirement for electricity
is for improved lighting to facilitate their daily chores
at dawn and after dusk. Almost all the respondents,
during a brief survey of households in these villages,
unanimously cited theft, insect bites, poor lighting for
cooking, lack of social interaction as some of the
main problems faced due to non-electrification.
Some of the villagers are willing and able to pay the
subsidized price of SHS. However, the RREC
schemes have also not reached them.

Thus the above results not only identified the groups
of people without access to electricity, they also high-
lighted the practical limitations for grid-based electrifi-
cation in this region as perceived by the utility and
by the community. It is clear from the study that
electrification of this region is very low priority for
JVVNL due to both technical and financial un-viability
of grid extension. Unfortunately, it is also a low priority
region for RREC. The majority of the popula-
tion, in contrast, keenly aspires for improved electricity
services.
These results further pointed at the need to examine

other technological and institutional options that could
supplement the demand-supply gap for grid-
based electricity. In the given scenario, where grid
electrification is not viable, distributed generation
(DG) and supply of electricity could be a preferred
source of power, particularly in the overall context of
the national mission of providing power to all by the
year 2012. The next section discusses the specific
interventions that could facilitate and improve rural
electricity access.
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3. Possible solutions for electricity provision in

inaccessible areas

3.1. Distributed generation and supply of electricity

Distributed generation includes the application of
small modular power generating technologies (such as
turbines and micro-turbines, renewables, hybrids, typi-
cally in the range of 1 kW to 50MW), that can be
combined with energy management and storage systems,
and used to improve the operations of the electricity
delivery systems at or near the end user. These
technologies may or may not be connected to the
electric grid. In India, the DG programme is likely to be
favored in view of the need to tackle the problems of (i)
peak load shortage, (ii) transmission and distribution
losses, (iii) remote and inaccessible areas, and (iv) rural
electrification. As explained, rural electrification is an
integral part of rural development and assumes a high
degree of priority as a declared objective of the
Government.
By constituting a Committee on Distributed Genera-

tion under the aegis of Ministry of Power, the
Government of India has already accorded importance
for promoting the use of DG under a designated
program (GoI, 2002). The terms of reference of the
Committee lay emphasis on the potential for DG in the
context of rural electrification. However, there has been
no study as of yet on the types of DG technologies
needed to actually spur the process of development. It is
likely that different levels of development would require
different technologies, thus the need for progressive DG
implementation.
Although small and dispersed household devices such

as the SHS are generally not considered as a DG option,
they cannot be ignored in the context of the villages such
as those studied in Rajasthan, which lack many minimal
needs. This is also in view of the fact that the design and
implementation of DG schemes is very site-specific—
often depending on the geographic and demographic
details of the population, load pattern, availability of
other infrastructure (roads, communications, repair
facilities), and requirement for energy services, among
others. Millions of poor households in remote, inacces-
sible communities, whose individual electricity require-
ments may be no more than a few watts, will be
completely left out if solar home systems are not
considered as a viable DG option.
The Rajasthan case revealed that different villages

have varying degrees of developmental requirements.
Keeping this in mind, the solutions approach proposed
here designs the scheme in accordance with the
development requirement of the community. Electricity
provision and development are hence synchronized
because the focus is on electricity services that are
appropriately designed and attuned to developmental
levels. While facilitating a required level of development,
the scheme may in turn prepare the community for the
next level, which may then be ready for the higher
capacity DG scheme. A sequence may thus emerge
where the DG scheme is categorized such that it starts
from a fairly elementary scheme, namely small-scale
household level RETs, and graduates to higher capacity
DG (possibly through the establishment of mini power
plants, each with their own distribution network), and
finally integration of such mini power plants into a
localized grid or into the main grid itself. Thus at each
level, not only would the respective technologies be
different, but the institutional arrangements and finan-
cing policies would also be adapted accordingly. This
sequence is explained further in the context of the
studied villages.

3.2. DG scheme based on small-scale RETs for small

isolated communities

To reiterate, the case study clearly found that the
majority of the population in these villages aspires for
improved lighting, which could also be considered as the
first step towards development. Such a pattern of
demand suggests SHS as a viable option, at least for
the short-term future of 3–5 years until some other
option such as the renewablediesel hybrid becomes
techno-commercially viable. Globally, SHS have been
accepted in many cases as a least-cost rural electrifica-
tion option with added local and global environmental
benefits. Vastly superior to kerosene lamps, electric
lights powered by SPV technology enable families to
extend their days after sunset productively and enjoy-
ably, by studying, working, or simply cooking and
eating dinner in a well-lit home (Kaufman, 2000). SHS
are also amenable to distribution, servicing, and
financial networks that can employ people in many
communities with varying degrees of skill and knowl-
edge. While markets are starting to develop in many
countries primarily due to cost-reductions facilitated by
a learning process and cost-economies, SHS dissemina-
tion still faces substantial constraints. Barriers include
lack of information about the technology, purported
grid extension plans, lack of capital for SHS businesses
and consumer financing programs, and lack of trained
technicians, managers, and other human infrastructure
needed for system delivery and maintenance.
Although India has one of the largest government-

supported and subsidized SHS programs in the world—
about 180 000 currently in use (MNES, 2002)—it
continues to face problems due to limited financial
resources and outreach as the current case study amply
revealed. In Rajasthan, the RREC scheme is not only
limited by financial resources from the MNES, it is
further restricted due to grossly inadequate field-level
infrastructure. Unless the local community and NGOs
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9Minigrids, in the current context, refer to mini-power plants that

supply 220V 50Hz threephase AC electricity through low-tension

distribution networks to households for domestic power, commercial

(e.g. shops, cycle repair shops, flour mills) activities, and community

requirements such as drinking water supply and street lighting. They

use state-of-the-art batteries and inverters to ensure long life and

reliable field performance In the users’ perception, it also has all the

features of grid power supply, e.g. substation, overhead LT lines,

service connections, tariff structure etc., that brings it close to the

conventional power supply system. An appropriately designed mini-

grid can easily supply power for 8–10 h daily.
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pitch in with some alternate delivery scheme, RREC
alone will never be able to service the vast unelectrified
and poorly electrified community in this region that
clearly sees SPV technology as an alternative and often
preferred option to electricity from the grid.
For villages in this category, a DG scheme for

household electrification based on SHS needs to be
designed not only for augmenting the supply of SHS in
the region, but also for strengthening the distribution
chain by facilitating the development of local capabil-
ities to assemble, supply, and service the systems. This
type of DG is not only expected to facilitate enterprise
development on the supply side, it could also potentially
enhance livelihood activities that can be linked to the
provision of electricity services.
With respect to villages in this region, which require

basic infrastructure for socioeconomic development,
SPV could be a facilitator for this development. The
sample survey indicated that the population in this
region is unable to pay the high price of SHS. Some
successful models across the world have shown that
access to credit improves the purchasing conditions to
the potential customer and they find it easier to buy a
system on credit. For populations in this region,
availability of credit can only follow an initial phase in
which their ability to repay the loan has been enhanced.
Any SPV scheme for these households has to be linked
with an income generating activity. Involvement of the
local community and NGOs in developing local
enterprises is crucial in such schemes.
Moreover, the study highlighted two potential in-

come-generating activities that could be facilitated by
SPV-based interventions. These are related to income
generation through formulation of a milk cooperative,
and reliable water supply for irrigation. Since most of
the villages have a sizeable cattle population, there is
plenty of surplus milk that can be collected daily from
every village in this region. Milk cooperatives are
common in villages which have access to electricity as
they use Electronic Milk Testing (EMT) machines,
which provide reliable assessment of the fat content in
the milk, based on which purchase price is decided.
Villagers no longer place their confidence on manual
milk testing techniques. Lack of electricity to use EMT
is one of the primary reasons why villagers from inside
the sanctuary area do not form milk co-operatives. A
PV powered EMT, for which the prototype exists in the
country, could facilitate this intervention.
The other activity is irrigation that has the potential

for income generation through agricultural productivity
in a few villages where the water table is not very deep.
Villagers are interested in exploring an alternative to
diesel. In fact, water pumping is an activity that interests
the entire population, as water both for irrigation and
for safe drinking are equally as desired as improved
lighting in this region.
Hence, for the above category of villages, a DG
scheme based on small-scale RETs such as SHS at the
household, SPV-powered EMT for the village coopera-
tive and a few water pumps can clearly usher an era of
development facilitated by improved lighting and a few
livelihood enhancement activities. This scheme based on
small-scale RETs, however, is still limited in its ability to
power higher capacity productive activities. It is possible
that the scheme may induce a further demand for
electricity not only at household level, but for activities
related to telecommunication, health and education; as
well as for motorized loads such as timber cutting, flour
milling, and machine grinding. In this case, a higher
capacity DG scheme may be more appropriate. The
higher capacity scheme would be ideal for a cluster of
small villages similar to the above or a large village such
as those belonging to category A.

3.3. DG scheme based on off-grid mini power plants with

localized distribution for a cluster of villages

The possible solutions to problems faced by category
A villages lie in exploring DG options such as mini
power plants with localized distribution network (mini-
grids)9 based on locally available resources rather than
extending the grid. As mentioned during the survey,
none of the households that had grid electricity were
satisfied with the existing voltage level; power cuts were
frequent, occurring upto 20 h a day and for 20 days in
the month. To recall, the cost of electrification of these
villages could be as high as Rs. 22.5 million. For the
same cost, it is possible to set up a 60–75 kWp SPV
based minigrid that could benefit close to 1000 house-
holds instead of the current 50 users of electricity with
the same demand pattern. Better still, it is possible to set
up 750–800 kWe biomass gasifier-based minigrids deli-
vering electricity at Rs. 4–5 per unit, if resource
availability permits such a scheme (MNES, 2002).
The socio-economic significance of the DG scheme

based on minigrids is much higher in remote and distant
rural areas, forest areas, and islands as shown by the
Sunderbans experience. The experience with minigrids
on Sagar island in the Sunderbans has already shown
that it is possible to link activities for income generation
with the provision of high quality and reliable electricity,
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10This is further elaborated by Dunn (2000) who states that the US

transmission and distribution expenditures have exceeded those of

generation since 1994, and now stand at more than $10 billion

annually (Dunn, 2000). According to a report prepared for the Energy

Foundation, between $800 and $2.5 billion of these expenses could be

profitably diverted to small scale generators and improved energy

efficiency given the financial benefits of avoiding outages and spending

more on grid updates.
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and enable the beneficiaries to pay for the services.
Noticeable improvements in education are one such
impact. Women in the island enjoy the improved
lighting facilities for their movement and carrying out
the additional work at night, including some income
generating activities such as running a tea and eatery
stall, and odd tailoring jobs (Chakrabarti and Chakra-
barti, 2000). Some of the larger capacity minigrids, such
as those based on biomass gasifiers (500 kWe and above)
have facilitated all the benefits (and more due to assured
supply of electricity) associated with electrification such
as reliable supply of drinking water, water for irrigation,
power for activities such as timber cutting and flour
milling, and health and social welfare services.
However, the effectiveness of the chosen institutional

and financial model for such a DG scheme is critical in
deciding its success. While it may be necessary to offer a
onetime capital subsidy on the plants and the assets, the
mode of delivering such a concession could be through
competitive bidding which special incentives to local
enterprises and local bodies such as the village
committee. Further, an innovative approach is required
to finance the DG scheme which may assume the form
of a concessional equity, debt financing, and offer of
guarantees to the enterprise that take up the DG
scheme, among others. As far as institutional mechan-
isms are concerned, close cooperation with manufac-
turers, vendors, financial intermediaries, village-level
bodies, and NGOs is crucial in the operation and
management of such schemes. The case study of the
pilot project on micro-privatization of power distribu-
tion through the formulation of Village Electricity
Committee (VEC) in the state of Orissa in India has
clearly shown that it is possible to improve the
operational and commercial viability of the DG scheme
if community is made an important stakeholder
(Harper, 2000). The VEC is a committee of consumers
from the village with participation of field staff of the
utility with an objective of facilitating a single point
contact. In this case, the VEC is recognized by the
Distribution Company to have quasi-judicial power. At
the first stage, the VEC acts as a Consumer Care Center
in the village and facilitates interaction, education,
grievance redressal, bill distribution, metering, and cash
collection. In the interim stage, a greater accountability
is transferred to the VEC by making it aware of the
inputs at the transformer level and actual billing being
achieved. Subsequently, the energy accounting is com-
pletely transferred to the VEC whereby it acts like a
cooperative or electricity association: it will be billed on
transformer reading as a bulk consumer and the entire
responsibility of collection will be transferred to them.
(Sinha, 2001). The experience of Orissa shows that the

involvement of local communities can be very useful in
improving the financial and institutional viability of the
DG scheme.
Although these off-grid mini power plants facilitate
greater community welfare and economic development
as compared to the household level schemes, they are
still constrained by factors such as limited power supply
(particularly with RET-based schemes), low load factor,
limited opportunities for innovative financing, and other
market-based business approaches. In order to improve
their techno-commercial viability, integration of several
off-grid DG schemes into the main grid would be one of
the options.
The next link in the sequence deals with interconnec-

tion of regional minigrids to the main grid with the
purpose of feeding surplus power to the grid as well as
strengthening the grid network.

3.4. DG scheme based on integration of local minigrids

with the grid network

Some of the DG technologies such as wind turbines
and biomass cogeneration systems feed electricity to
high-voltage transmission systems. However, a small
DG unit, typically of less than 10MW capacity can
instead be connected to the low-voltage local distribu-
tion network or installed on buildings. Significant
advantages of such a scheme is to improve the supply
of electricity by reducing the load on the local systems
through on-site generation, and by improving the
voltage at the end of the village distribution systems.
Other benefits include avoiding the costs associated

with upgrading power lines and transformers to avoid
power outages, and improving the financial viability of
the scheme through third party sale and net-metering.10

DG options that feed into the main grid network have
been tried and tested in urban as well as in rural
situations. For example SPV power plants have been
installed on the roof of urban buildings, particularly on
commercial buildings. These schemes are meant for
peak load shaving of the power demand curve. So far, 26
such schemes are operational in the country with their
aggregate capacity at 1.9MWp (MNES, 2002).
However, grid connected small PV power plants are

more relevant in rural situations where they are used for
voltage support at remote sections of the weak grid.
Such a scheme is highly applicable in a remote rural
situation—both for providing power to the local
community and for strengthening the local distribution
network. Typical plant size is in the range of 25–
100 kWp. Another useful scheme is to promote small
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hydroelectric projects of upto 25MW capacity each,
which are connected to the grid network. Similar
projects based on biomass power have also been
promoted. Such plants are ideal for supplying power
to remote communities and for feeding extra power to
the grid.
Thus, integration with the main grid network is a

desirable state because it not only improves the
economics of rural electrification, it also becomes
amenable to market driven business approaches. Such
a scenario ideally envisages a number of independent
power producers competing in a subsidy-free and
adequately regulated rural electricity market, with
increasing the number of consumers being a key profit
motive.
The above discussion on developing a progressively

higher capacity DG schemes attuned to the develop-
mental requirements of various village categories is
summarized and is shown in Fig. 1. The next section
deals with issues that need to be addressed in order
to mainstream DG schemes into the power sector
planning.
11Chile has one of the oldest and most thorough experiences in

reforming its power sector. Success in increasing access to its rural

population is heartening and important to note. In the 1980s, Chile

liberalized its electricity markets, and allowed private-sector invest-

ment in the sector. The National Energy Commission (CNE) was

created as the main policymaking and regulatory body. In 1994, the

country launched a rural electrification program to develop ways in

which to involve the private sector in electricity delivery to remote

rural communities among other things. Under the program, subsidies

are available to companies for rural electrification projects on a

competitive basis. Project proposals are passed only if they meet

certain social objectives and investment criteria. Importantly, the

program does not only consider extension of the grid network, but also

other technological solutions based on photovoltaic, hybrid, and small

hydro technologies. Decentralized decision-making and involvement of

local communities are important facets of the program. As a result of

this initiative, rural access has increased from 53% in 1992 to 76% at

the end of 1999 (Jadresic, 2000).
4. Mainstreaming DG—dealing with the risks and

looking for future directions

Distributed generation is yet to be tried on a large
scale in rural electrification projects. There are still many
barriers—technical, financial, regulatory, and institu-
tional—that need to be addressed adequately. In other
words, a clear and well-established framework is
required to design, implement, and mainstream such
schemes.
Although there are many technologies available for

off-grid schemes that are mature and field-proven, the
solution to electricity access does not lie in selecting the
winning technological innovation alone, but also in
developing mechanisms for effective delivery of its
services. To illustrate with an example, it is not merely
adequate to set-up a biomass gasifier-based minigrid in a
village, it is equally important to tie-up biomass delivery
systems, fool-proof metering and billing, effective
consumer redressal, and supply of quality end-use
appliances. There are only a few examples that point
to the use of such innovative delivery mechanisms. An
equally big challenge is to involve the local community
at various stages of planning and implementation of the
scheme.
Then there are also issues related to technology

development and customization itself that need to be
taken up on a mission mode. In this light, it is highly
recommended to develop rural power supply technolo-
gies that have specific end-use purposes in mind, such as
water pumping for drinking and agriculture and cold-
chain refrigeration of vaccines—in other words, tech-
nology policies should aim to establish clear cut linkages
between off-grid electrification and provision of value-
added services.
It is obvious that in many cases the off-grid schemes

may not be commercially viable and concessions may
have to be given, particularly in the initial stages of
setting up the scheme. Even though the word ‘‘subsidy’’
has become unpopular in the reforms scenario, it cannot
be outrightly rejected in view of the need to electrify
low-demand, inaccessible rural areas. Concessions are
beneficial if they encourage access, rather than cover the
operating costs. Competitive bidding, concessions to
local bodies, low household connection fee, among
others, are some of the ways of administering subsidies
and concessions that would encourage electricity service
provision and its use.
For rural electrification schemes that may eventually

connect to the grid, policies regarding net-metering,
third party sale, wheeling and banking of surplus power,
along with others, play an important role in deciding the
viability of the scheme. Sensitizing the independent
regulator to enable him to appreciate the risks asso-
ciated with renewable energy projects is an important
area to be addressed.
Other developing country experiences with reforms,

notably Chile, have been successful in expanding access
in rural areas in large part because alternative electri-
fication technologies, as well as their requisite institu-
tional and financial arrangements, were stipulated in
national policies.11 There is some evidence that India is
moving in this direction. The national goals ensuring
universal electrification and the recently announced
Electricity Bill 2003—already passed by the lower and
upper houses of Parliament (MoP, 2003b) and awaiting
enactment—are good starting points. They are unpre-
cedented in their attention to non-conventional forms of
electricity, especially in their application to rural
situations. The Electricity Bill 2003 makes specific
reference to ‘‘permitting stand alone systems including
those based on renewable sources of energy (and other
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Fig. 1. Framework of DG schemes for electricity provision in remote rural areas. In the first level, small-scale RETs such as solar home systems for

homes and dispersed productive activities can be provided through government subsidies and alternative delivery mechanisms with the involvement

of local NGOs. These schemes will have certain positive impacts for the initial stages of development, particularly those of meeting the basic

electricity demands (in the few tens of watts range). However, they may not meet the requirements of a variety of commercial as well as social welfare

activities that require power in kW and even higher ranges. Thus, in the next stage, other RETs such as biomass gasifiers, wind-diesel hybrid

generators and more advanced DG technologies, such as microturbines, can additionally be deployed at the village level. These would be set-up as

off-grid generation and localized distribution schemes (localized mini grid), and could potentially spur certain types of rural industry. Though these

schemes may generate sufficient revenue to take care of O&M requirements, they may still need government support for initial capital investment.

Additionally, they will have the inherent constraint of limited power supply due to limited resource availability. Plant load factor may also be low due

to several reasons. In order to improve the economics of such DG schemes, integration of various off-grid schemes into the main grid network would

thus be a next stage. Integration with the main grid could also serve to facilitate a market orientation for rural electricity provision by increasing

competition between individual providers, as long as there is adequate regulation. This, ultimately, may help to wean villages away from government

subsidies due to increased efficiency and cost-effectiveness of localized generation and supply, as well as grid interconnectivity.
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non-conventional sources of energy) for rural areas’’
(Clause 4, Electricity Bill 2003) (MoP, 2003b). Further,
it supports complete rural electrification by increasing
the involvement of local stakeholders (NGOs, village
institutions) in the management of local distribution and
by allowing license-free generation and distribution in
rural areas. However, in order to realize the provisions
in the Electricity Bill and move the REST mission
forward, a concrete roadmap or plan of implementation
is the need of the hour. Such a roadmap should look at
appropriate distributed generation technologies and
their distribution channels for enhancing electricity
access; the necessary institutional and financial arrange-
ments for facilitating the same; and the required
capacity at all levels. It is anticipated that taking such
a step, the three ‘‘Rs’’ that have been the topic for
discussion, i.e. rural electrification (the process), reforms
(the catalyst), and the use of renewable energy technol-
ogies (the means), will work concomitantly to meet the
electricity needs of India’s rural poor.
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