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substitute fossil fuels in many applications such as heat, electricity and biofuels. The increased use of the
agricultural biomass can help the agricultural based societies in achieving energy security and creating
employment without causing environmental degradation. But, the viability and feasibility of electricity
generation from agricultural biomass depends upon the availability of biomass supply at a competitive
cost. The present study investigates the availability of agricultural biomass for distributed power
generation in Punjab. The total production of the crop residues has been estimated by residue-to-
product ratio (RPR) method. Further, the restrictions introduced by competitive uses as well as

Power potential
Agricultural residues
Power plant

harvesting practices are taken into considerations to evaluate the available biomass potential. The
biomass power potential has been obtained on considerations of energy contents of the particular crop
residues and selecting appropriate conversion route. A total of 55.396 Mt of the agricultural residues are

sustainable produced from various major crops. Out of these, 22.315 Mt (40.17%) of the agricultural biomass has been
found to be surplus with an average density of 443 t/km?. These surplus residues can significantly be
used to provide continuous, reliable and sustainable fuel supply for power plants. Cereals (rice, wheat,
maize and barley) have major contribution (74.67%) in the surplus biomass, followed by cotton (25.01%)
and sugarcane (0.2%). The estimated annual bio-energy potential of unused crop residues is 0.35 EJ
(8.43% of India’s potential), which is equivalent to 1.43% India’s annual primary energy consumption. It
has been revealed that a power potential of 2000-3000 MW can be exploited from these resources
depending upon thermal efficiency. The study concludes with a discussion on significance and
challenges of decentralized electricity generation for rural energy supply, including brief description

about economical, social, environmental and technical aspects of bioelectricity.
© 2014 Elsevier Ltd. All rights reserved.

Contents

B OO oV o« LT (o o PP 287
1.1.  Role of renewable energy in energy Portfolio . . .. ... ... ottt e 287
1.2.  Status of bio-energy and future pPlanning. . . ... ... . .ttt e e e 287
1.2.1. Sustainability and current uses of DIOMASS TESOUITES . . . .. v vt vttt ettt e e et e e e e ettt et ees 287
1.2.2. Biomass cONVersion t0 @leCIIC POWET . . ...ttt ittt ettt e et e et e e e et et e et et e ettt e 288
1.2.3. Assessment of bio-energy potential . . . .. ... ... .ttt 289
1.3.  Need of decentralized power generation in PUNjab. . . ... ... .ttt et e e et e 289
2. MethodOLOgY . . ..ottt e e e e 289
2.1, Theoretical biomass POtENtIal. . . . . ..ottt e e e e e e e e e e e 289
2.2, Available biomass POtENtial. . . . ... .ot e e e e e 290
2.3.  Available bio-energy POtential . . . .. .. ...ttt e e e e e e 291
2.4. Available biomass POWeT POteNtial. . . .. ...ttt e e e e 291

*Tel.: +918146592592; fax: +911882282221.
E-mail address: jaswinder_80@yahoo.co.in

http://dx.doi.org/10.1016/j.rser.2014.10.015
1364-0321/© 2014 Elsevier Ltd. All rights reserved.


www.sciencedirect.com/science/journal/13640321
www.elsevier.com/locate/rser
http://dx.doi.org/10.1016/j.rser.2014.10.015
http://dx.doi.org/10.1016/j.rser.2014.10.015
http://dx.doi.org/10.1016/j.rser.2014.10.015
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2014.10.015&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2014.10.015&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2014.10.015&domain=pdf
mailto:jaswinder_80@yahoo.co.in
http://dx.doi.org/10.1016/j.rser.2014.10.015

J. Singh / Renewable and Sustainable Energy Reviews 42 (2015) 286-297 287

3. Case study: Available biomass power potential in Punjab..........
3.1.  Background of thestate ................ .. ...,

3.2, Data input SOUICES. . . vt e ettt e ee e e eeeeeennn

3.3, Resultsand analysis. ...........coviiniiiiiiinnnn..
3.3.1. Theoretical biomass potential . .. ................

3.3.2.  Available biomass potential.....................

3.3.3.  Available bio-energy potential ..................

3.3.4.  Available biomass power potential . ..............

3.3.5. Exploitable biomass power potential .............

4. Various issues in decentralized power generation. ...............
4.1.  Economical aspects . ..........c.vuuiuiiniiniinenannann

41.1. Electricity production cost. .. ...................
4.1.2. Employment generation .......................
4.1.3. Investment required ............... .. ...,
4.2, SoCial @SPeCtS. . v vttt e
4.21. Energy security for rural areas ..................
42.2. Management of power plants...................

4.3. Environmental aspects . .............iiiiiiiiiinenn
43.1. Sources of pollution. . .........................
Biomass as a clean energy resource . .............
4.4, Technical @spects. . ........ouuiiii i
4.4.1. Logistics of collection. . ........................
Densification of biomass .. .....................
Development of combustion systems.............
4.5.  Future scope and challenges. ..........................

5. ConCIUSION . . .ot
Acknowledgement. . . ... ...
References . . ..ot

4.3.2.

4.4.2.
4.4.3.

1. Introduction
1.1. Role of renewable energy in energy portfolio

The electricity demand in the world, particularly in India is
expected to increase drastically, due to rapid industrial growth and
increasing population. The installed capacity of the power plants
(Utilities) has increased to about 186 GW (by December, 2011) from
a meagre 1.713 GW in 1950 [1]. Similarly, the electricity generation has
increased from about 5.1 billion kW h in 1950-1951 to 789 billion
KW h in 2010-2011. The per capita consumption of electricity in the
country is also increased from 15 kW h in 1950 to about 814 kW h in
2011. Therefore, the country continues to have mismatch between
demand and supply and experienced energy and peak shortages to the
tune of 8.5% and 10.3% respectively during the year 2010-2011.

The native energy reserves of India are not adequate to fulfill
the growing energy requirements in the country. This would result
excessive pressure on fossil fuel resources, which have inherent
problems such as diminishing fuel reserves, precarious oil markets
and global warming. According to Kumar and Jain [2], the
consumption of coal, which is the major fuel used to produce
electricity in India (with contribution of 53%), has increased from
71.2 million tons (Mt) to 462.7 million tons (Mt) during the period
1970-1971 to 2006-2007. Moreover, the electricity produced by
conventional resources (thermal, gas and hydel) is distributed
around the country through a centralized grid without reaching
the remote areas. Non-access to electricity and rural poverty are
closely correlated.

Electricity is a prerequisite for improving living standard, also
an essential input for productive and economic activities [3]. Poor
electricity supply not only hampers household activities but also
badly affect health facilities, education system and agricultural
activities in rural areas [4]. The growth of rural industries includ-
ing agro based industries is also badly affected due to inadequate
supply of assured electricity in rural areas. This in turn results in

unemployment and associated socio-political problems in a
region.

To ensure continuous power supplies to these areas, there is
urgent need to construct decentralized power plants, based on
renewable energy resources available in a region [4-5]. It has been
revealed that only 18% of global electricity is currently met by
renewable sources and without hydropower it is only 2.5% [6].
Although the renewable energy sources accounts for 33% of India’s
primary energy consumption, but their share in the total installed
capacity (excluding large hydropower projects) was only 12.7% in
June 2014 [7].

India is increasingly adopting responsible renewable energy
techniques and taking positive steps towards carbon emissions,
cleaning the air and ensuring a more sustainable future [8]. The
Government of India (Gol) has also made it mandatory for State
Electricity Boards (SEBs) with favourable policy incentives to
supplement installed capacity through renewable energy resources.

Solar, wind, micro-hydro and biomass are some of the feasible
components of renewable energy resources, which can be used to
produce heat, electricity and mechanical energy. Each of these
options has its own merits and demerits, primarily due to location
specific availability of the resources. In an report presented by
statistical office (Gol), it was revealed that the wind energy can be
used to produce about 50 GW of electric power, while the hydro
and biomass resources (including cogeneration bagasse) has power
potential of 15 GW and 22 GW, respectively [9]. The source-wise
estimated potential of renewable energy sources is presented in
Fig. 1. Therefore, these resources can be explored for sustainable
development and energy security in various parts of the country.

1.2. Status of bio-energy and future planning
1.2.1. Sustainability and current uses of biomass resources

In the past decade, there has been renewed interest in the
biomass as a renewable energy source worldwide, due to many
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