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ABSTRACT

The present study examines rural differential and aggregate resource potentials for
renewable resources in India and defines important characteristics affecting the fuel mix in
rural areas. Rural constrains on renewable supply are evaluated and the potential effects on
local, regional and global environmental attributes are discussed.

A model for studying energy mix alternatives for rural areas is proposed. This model
emphasized social needs rather than economic goals. Analyses the renewable energy outlook
in India, the potentials and infra structures required for renewable energy have been
considered for the same. The rural India has been categorized in the different system scenarios
of the model. The basic algorithm uses the quality of life (QOL) as indicators and a
methodology is proposed which would enable the policymakers to estimate additional energy
demands needed to ascend the QOL ladder.

Key Words : Quality of life (QOL), Demand and Supply, Social Development
Model (SDM), Renewable energy technologies (RETs).
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INTRODUCTION
In rural areas of India people are

engaged in a contest for resources and market,
and face great obstacles in economic survival.
Villages in India have vast variety of categories
as for their social or economical development
is concerned. Indeed, in some cases the gap
between those developed, and those not so, is
widening and energy availability is probably a
responsible factor.1

Energy consumption patterns in rural
areas are mainly dependent on indigenous fuels,

especially biomass. Other renewable resources
such as wind and PV systems appear to have
unexploited potential since lower population
densities in rural areas are better matched with
distributed renewable supplies. Further, rural
people in most areas have limited or unreliable
grid based energy supplies, and willing to
accept intermittent renewable resources than
their urban counterparts.2-3

This paper examines the current profile
of the energy consumption pattern in rural
areas, potential substitutes for conventional
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electricity services, and aggregate resource
potentials for renewable resources in India.
Important characteristics affecting the fuel mix
in rural areas are also discussed. Rural
constrains on renewable supplies were studied
and the potential effects on local, regional and
global environmental attributes are discussed.

Most of the energy currently consumed
in rural areas is derived from biomass by
definition, renewable resources if harvesting
practices are sustainable.4-5 Therefore, the
emphasis of this paper is on the renewable
energy recourse potential for electricity
generation, rural households, and for pumping
water for domestic use and irrigation.

 In this paper we outline the modeling of
these approaches with different energy mix
systems. Because energy availability is a prime
consideration in enhancing the qualify of life
(QOL), the model attempts to quantify the
relation between different levels of social
amenities, and the energy that would be
necessary for a society to function at that
particular level.

QOL Indicators
Quantification of the qualify of life

(QOL) is extremely complex not only because
social factors are difficult to quantify, but also
because there is no general agreement as to
what social characteristics are indicative.6 The
matter is further exacerbated because the
tastes of people differ widely.

However we have attempted to develop
quantitative measures to determine the living
conditions of the populace. It is interesting to
note, in the intervening some three decades,
the factors involved have more than doubled.
Of particular interest to this paper is the
observation that science, technology, and
technological change due to innovation have
increased in major importance. Also of
considerable importance are the statistical
evaluations of the various factors contributing
to social well being. These include the eight
social indicators-Health, public safety,

education, employment, income, housing,
leisure and recreation, and population and the
twenty-four development indicators used by the
World Bank. Among these, only the World
Bank makes specific reference to energy
production and consumption. While useful,
these later figures are not helpful in constructing
the present model. So the present study is based
on human needs, i.e. biological, physical,
intellectual and otherwise.

The factors responsible for Evolution of
Social Indicators7-8 should be

 The Individual
 Equality
 Democratic Process
 Education
 Science
 Democratic Economy
 Economic Growth
 Technological Change
 Agriculture
 Living Conditions
 Health and Welfare

MATERIAL AND METHODS
The Basic Algorithm

The basic model is both a demand and
supply model for the energy sector. It would
be optimal when demand to supply ratio is at
least unity. Thus the optimal model should have
the balance

Demand = Supply.   ..……..(1)
However, we break down each side into

pertinent components. Thus, the LHS. is
defined as follows:

Demand = Absolute Human Needs +
Quality of Life + Industrial Mix   ...…….  (2)
In turn, the RHS. is defined as follows:

Supply = Nonrenewable Energy +
Renewable Energy - (Efficient Use of Energy)

              .......….  (3)
Equation (3) is used because technology

makes it possible to reduce the actual supply
needed to meet the demand. In (4) the term in
brackets, i.e., the efficient use of energy can
be broken down still further. How we do this
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depends on whether we want to use an
economic approach or a technical approach,
although, of course, the distinction is not clear-
cut. Consider the economic view first

Efficient use of Energy = Conservation
+ Substitution + Storage + Technological
Innovation.        ...............…………. (4)

However, from an engineering or
resource view, thermal energy storage must
comply with the first law of thermodynamics,
namely energy balance. Thus, thermal storage
(or any form of storage) is really a deferral of
energy use to a time when it can be purchased
more cheaply and/or without accruing new

capital and/or operational costs. Thus, we can
write for the engineering version of (4)

Efficient use of Energy = Conservation
+ Cogeneration + Substitution + Technological
Innovation.

……...          …………………. (5)
It is evident from the above, that the

developing countries can by judicious planning
incorporate into their energy system design, the
various items on the RHS. of eq. (4) and (5).
In general, we will want to improve the LHS in
these equations. So that the demand expressed
by eq. (1) is reduced by virtue of eq. (3). One
can then present the algorithm as in Fig. 1
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The Social Development Model (SDM)
The SDM model is an integral part of

the energy scenario analysis of the present
study. It is formulated as per the basic algorithm
conceived for the optimal energy mix model.
The SDM serves as driver to the model and is
illustrated as a flow chart in fig.2. The SDM
program requires inputs obtained from the
energy demand / supply and options available.
The outputs consist of the present energy
demand of the local area and various future
energy supply scenarios. The SDM model, and
consequently, is divided into the five steps
described as follows:
1. Assessment (initial overview) of the

energy demand, the industry/Local
Economical Developmental Activities
demand, the energy conservation, and the
energy supply.

2. Evaluation of level standard of living, the
energy driven activities and calculates the
energy demand per sector (residential,
agriculture, mass transportation, industry,
and electric power)

3. This step builds up energy supply scenarios
or energy input profile which can be used
to achieve the desired output.

4. The assessment of local suitable RETS;
alternative sustainable measures and
potential for conservation is to be done in
this part of the model.

5. This step prepares output profile on the basis
of the assessment report obtained in step 4.

6. This step simulates all the parameters
associated with the complete model
process.

In this paper we discuss the Quality of
Life input to the model, which we shall call the
social development model (SDM). We shall be
primarily considering the local energy options
with those aspects that contribute potentially
in the sustainable development of that area. The
emphasis is on better understanding of the
Renewable Technologies available and Optimal
Energy Mix options.
Current Status of RETs

India, with its vast population, economic
compulsions and varied energy needs, is a land

Assessment of the energy demand, the energy conservation, and the 
energy supply. 

 

Evaluation of QOL indicators and calculates the energy demand per sector 

Building up Energy Input Profile 

Potential for RETS and Conservation 

Energy Output Profile 

Model Simulation 

SDM Flow Chart 

Fig. 2.
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of opportunities for exploiting the renewable
energy technologies (RETs). India’s fossil fuel
resources are limited compared to global
reserves. On the other hand, renewable

resources have not yet been fully assessed or
adequately tapped. The estimated RE potential
in India and current achievements in some of the
key sectors are shown in the table below:

Table 1.

(Sourse: MNES report…………….As on year 2003.)

Table 2.
B. Decentralized Energy Systems

Sl 
No 

Sources/Technologies Units 
* 

Approx Potential Achievements 

1 Wind Power MW 45,000 1,870 
2 Small Hydro Power (up to 25 MW) MW 15,000 1,519.28 
3 Biomass Power/Cogeneration MW 19,500 484 
4 Biomass Gasifiers MW  53.17 
5 Energy Recovery from Wastes MW 1,700 25.75 
6 Solar Photovoltaic Power MW 20 MW/sq.km 2.50 
 Power from Renewables (Total) MW 81,200 3,950.93 
 

Sl 
No 

Sources/Technologies Units * Approx 
Potential 

Achievements 

7 Family-size Biogas Plants lakhs 120 34.40 
8 CBP/IBP/NBP Plants Nos.  3,902 
9 Improved Chulha crores 12 3.52 
10 Solar Photovoltaics MW/sq.km 20  
I Solar Street Lighting Systems Nos.  47,969 
Ii Home Lighting Systems Nos.  2,56,673 
Iii Solar Lanterns Nos.  5,09,894 
Iv SPV Power Plants kWp  1,637 
11 Solar Water Heating Systems (million sq m 

collector 
area) 

140 0.70 

12 Solar Cookers    
I Box Solar Cookers Nos.  5,41,000 
Ii Concentrating Solar Cookers Nos.  632 
Iii Solar steam cooking systems Nos.  6 
13 Solar PV Pumps Nos.  5,113 
14 Wind Pumps Nos.  854 
15 Hybrid Systems kW  183 
 (Sourse: MNES report…………….As on year 2003.)

Opportunities for enhancing manufacturing
capacity of different end-use applications of
RETs through

 Low-cost, proven RE devices and
systems produced on a mass scale.

 Biomass gasifiers for providing electricity
and as prime mover in rural areas.

 Small capacity wind electric generators.
 Standard SPV power packs for supply

of electricity in private buildings.
 Stand-alone systems and hybrid s ystems.
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Cumulative Achievements of Renewable Energy Programms in India
(as on March 31, 2003)

Table 3.

Source/Technologies Units* Cumulative 
 Achievements** 

India's Position in 
the World 

Power Generation 
Wind Power MW  1,870  Fifth 
Small Hydro Power (up to 25 
MW) 

MW  1,519.28  Tenth 

Biomass-based Power MW 484  Fourth 
Biomass Gasifiers  MW  53.17  First 
Solar Photovoltaics (Grid 
connected)  

MW  2.50  -  

Energy from Urban & 
Industrial Wastes  

MWe  25.75  - 

Total    3,954.70   
* MW - MegaWatt 
** As per the latest figures available.  
 (Sourse: MNES report…………….As on year 2003.)

A total capacity addition of about 470
MW through various non-conventional energy

Wind Power 288.4 MW 
Biomass Power  89 MW 
Biomass Gasifier 11.11 MW 
Solar Power 0.375 MW 
Waste-to-Energy projects 3.75 MW 
Small Hydro Power 80.39 MW  

Table 4.

Renewable Energy Outlook for India
There appear to be good reasons for the

increasing optimism regarding renewable
energy potential in rural India. The merits of
the renewable technology are technically
and financially viable alternatives where
conventional resources may not be readily
available. A growing global concern for
sustainable development is the added impetus.
One estimate of renewable energy investment
in India for the five-year period between 1993
and 1997 is $ 1.2 billion (Sinha).

Much of rural population of India dose
not has any grid based energy supplies. Even
those rural areas that are served by grid-based

sources has been made during the year 2002-
03:

energy, such as electricity, suffer from
unreliable supplies because of the problems
associated with electricity generation and
distribution. Therefore rural populations may
be more willing to accept intermittent renewable
resources than their urban counterparts. Where
topography permits, pumped water could be
stored instead of storing electricity in batteries
to meet irrigation demand without costly diesel
back-up and battery storage. PV electric cells
can be used to provide electric services for
house hold consumption when seasonal
irrigation demand is low thereby reducing the
per unit cost and realizing high capacity factors
for equipment requirement. Low population
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densities in rural areas provide greater access
to capture and use distributed renewable energy
supplies. Where renewable energy is already
in widespread use, such as biomass combustion
for cooking and hot water, impressive energy
gains can be made with improved and
renewable energy systems.

The consequences of realizing
renewable energy potential in India can be
highly beneficial to the local, regional, and global
environment. Improved cook stoves can greatly
reduce human exposure to the toxic gasses and
particulates while cutting fuel consumption by
more than half. Reducing dung fuel
consumption increases forest sequestration of
biomass and allows manure to be recycled to
add organic matter to the soil. Biomass digesters
can provide fertilizers and gas fuel for
equipment and transport, while simultaneously
reducing sewage and wastewater that
contaminates shallow water supplies.
Increased use of wind turbines and photovoltaic
devices could avoid the construction of some
additional coal-fired capacity and result in
lowering GHG emissions.
Renewable Energy Sources

Renewable energy systems provide an
excellent opportunity to increase the amount
of energy supplied to rural areas within short
time frame, as these small, modular and flexible
systems generally have short construction lead
times and need limited or no transmission
systems. Small renewable energy systems can
also avoid the cumbersome and time consuming
Indian bureaucratic system that are embedded
in the production and supply of electricity, and
more distributed generation could both ease the
strain on electricity transmission grid and reduce
transmission losses. Developing a renewable
energy equipment industry would allow India
to retain foreign exchange for other purposes,
aiding its own development. India can go for
CDM projects and Carbon trading as well.

At the first glance, it would appear that
PV or wind electric-powered pump sets would

have costly disadvantages relative to direct
mechanical pumping, because solar radiation
or wind power must first be converted to
electricity then to mechanical lift. The fact that
solar cells and wind turbines can generate
surplus electricity for other consumption
purposes, especially during the monsoon
season, allows much higher capacity utilization
of the equipment and lowers per unit costs.
Solar cells in particular would provide their
greatest electrical output when the sun is at its
brightest, presumably during the hottest and
driest seasons in India.

RESULTS AND DISCUSSION
Model Applications for the Energy
Systems

Initially, the model reviews each of the
various energy resources for data availability;
Data availability is defined as the information
gathered concerning, quantity, origin (imported
or indigenous) and the user of an energy
resource. Usually, energy resources not
explored area wise for particular village and
the energy information is not gathered because
our national budget normally cannot support
such studies. Without the information, such
studies either decides to make guesses
concerning each energy resource. Presently,
the model has to rely on the information available
and guidelines of the Ministry of Non-
conventional Energy Sources Government of
India (MNES_GOI). The over all energy
sources available, their potential and status of
RETS in India has already been described. The
Optimization Model primarily requires

To analyze the MNES data in a
decentralized view to be substituted in the basic
algorithm i.e.

 Absolute Human Needs
 Quality of Life (QOL)
 Industrial Mix Scenario
 Nonrenewable Energy Sources
 Renewable Energy Sources
 Scope of Efficient Use of Energy
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1. After considering each energy resource and
each energy sector, the possibility of energy
savings through conservationism is
determined. The energy saved is used
toward meeting the desired reduction in the
supply required to meet current energy
demands.

2. Energy habits among populations differ
depending on population density, income,
housing, and climate and so on. For this
reason, the rural sector is divided into three
income groups to better represent the energy
demand. For example, in highest income
group people generally do not gather fuel
such as wood); instead, energy is usually
available in each individual housing unit. For
example, the middle class populations can
typically afford to purchase commercial fuel,
since the average per capita city income is
grater than the country’s average per capita
income. Since the SDM system provides
for diverse energy uses, it assumes the
residential commercial energy consumption
is divided as follows: the poorest group
consumes 10 percent, the rural middle class
area consumes 30 percent and the highest
area consumes the final 60 percent.

3. Traditionally, rural energy consumption is
difficult to determine accurately. It depends
on fuel gathering habits of the populous.
Frequently, the energy habits in rural areas
are characterized by cheap, traditional
energy sources and little commercial energy.
In some interior rural area is primitive and
only the cheapest from of energy (e.g.
wood, and /or animal and /or crop wastes)
would be considered. Cheapest in this case
defines energy resources typically hand-
gathered within a day’s walk from the
principal residence.

4. In the model, the agriculture, mass
transportation and electric power sectors are
grouped together because each sector is

required to answer the same type of energy
demand questions. However, the industrial
sector demands some elaboration.

5. Than explores the possibilities for
- Efficient use of Energy
- Conservation of Energy
- Substitution of Energy Technologies
- Storage of Energy
- Technological Innovation.

This data is formulated in the desired
format of the input for the SDM of fig. 1.The
SDM flow chart shown in the fig.2. describes
the process of development of the Optimal
Energy Mix Model.

CONCLUSION
 The point is that the model presented is

an optimal energy mix option; the technologies
suggested are based on state-of-art knowledge,
rather than the low-technology options often
offered as solutions for the rural areas. The
underlying belief is that only the modern
technology can provide the efficiency and
price-performance ratio required. On the other
hand, in many cases there is a no-people basis
for installing and operating such equipment in
rural areas. The suggestion made in this respect
is to rely on highly educated sections of city
population to settle in the rural areas. However
this may also pose a number of problems.

The present model can be used to arrive
at energy mix estimates for typical rural area.
It appears social need oriented model is a
useful compliment to the more traditional
economic models.

A potentially more serious problem is the
acceptance of the influx of intellectual people
by the villagers and other current rural
inhabitants. Due to traditional convictions and
lack of education, it is not expected that an easy
collaboration will emerge immediately.
However, to establish a highly successful
ecological energy-agriculture system and derive
profits from it, the sight of such possibilities in
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their neighborhood may sway the skepticism
of the original inhabitants, especially if the
newcomers show the needed openness at the
right moments.
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