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Power Generation from

_Biomass _
% Gasification§

A Renewable Energy Source based Technology

Energy is essential for sustenance of life in the biosphere. This article covers Biomass
gasification and highlights the need of bioenergy for electricity generation covering its potential
in India and power scenario in the world. Finite energy resources will get consumed in the near
future. And bioenergy is essentially renewable or carbon neutral. For electricity generation, the
biomass is required to be upgraded in terms of more easily handled fuels, namely gases,
liquids, and charcoal using various technologies such as pyrolysis, gasification, carbonization,
digestion, fermentation, etc. Biomass gasification is the renewable energy options of future
energy and has potential in electricity generation from biomass.

- Pratik N. Sheth and B.V. Babu
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Due to the
energy crisis in
most of the
countries and
towering cost of
petroleum,
biomass based
gasification
process is again
in focus in the
recent past.
Gasification of
biomass is one of
the main
processes used
to increase the
efficiency of
energy
harnessing

Il living organisms rely on an external

source of energy to grow and to

reproduce. The principal perpetual
energy resources are solar energy, wind energy
and bioenergy, all of which ultimately depend
on an extra-terrestrial source, namely the Sun.
These energy resources may be categorized
into two groups: finite (e.g. minerals) and
perpetual (renewable resources such as solar,
wind, tidal, etc.). The finite resources comprise of
a number of organically-based substances such
as coal, crude oil, oil shale, natural bitumen &
extra-heavy oil, and natural gas, together with
the metallic elements such as uranium and
thorium. And the principal perpetual resources
are solar energy, wind energy and bioenergy.
The finite fossil energy and perpetual energy
resources are used to produce the electric
power. Based on the raw energy source, the
power plants whose prime motive is to convert
any source of energy (thermal, solar, wind,
nuclear etc. into electric energy, are categorized
into:
e Thermal power plants (coal, gas and

petroleum oil based)
e Nuclear power plants
e Hydro power plants, and
e Renewable energy sources based power
plants.

Renewables

the electricity requirements in different
locations across the country. The grid power of
14,485 MW from renewable sources has been
installed up to March 31, 2009. In addition,
renewable energy sources are being utilized for
off-grid power generation to meet electricity
requirements at decentralized locations. The
fossil energy is limited and depleting continually.
Moreover the effects on global and
environmental air quality of pollutants released
into the atmosphere from fossil fuels provide
strong arguments for the substitution of these
fossil fuels with renewable energy resources.
Power Scenario in the World

The world's primary energy consumption is
about 400 EJ/year (~12684 GW) as per estimates
reported by Fridleifsson and is mostly provided
by fossil fuels (80%). The renewable sources
collectively provide 14% of the primary energy,
in the form of traditional biomass (10%), large
(>10 MW capacity) hydropower stations (2%),
and the “new renewable sources such as
geothermal, solar, small hydro (<10 MW), tidal,
wind” (29%). Nuclear energy constitutes 6% of
the total energy. The total electrical installed
capacity in the world was 4034 GW at the end of
the year 2006. Fig. 2 shows the distribution of
power generation in various regions of the
world.

Total = 152148.41 MW

Fig.1: Installed capacity of power generation

from various energy sources in India

Installed Capacity of power generation in
India

Fig.1 shows the installed capacity of power
generation in India from various energy sources
as on August 31, 2009. The percentage of power
production from fossil energy is approximately
67.5 and that from water resources is 24 %. The
power generation based on renewable energy
sources is just 8.7 %. Power from the renewable
energy sources such as wind, biomass, small
hydro and solar energy is being generated in
grid-interactive and off-grid modes for meeting

55%

Fig.2: Installed power generation capacity at
end of year 2006

Fig. 3 shows the installed capacity of power
generation in the world from various energy
sources as at the end of year 2006. The World

9.3%

Fig.3: Installed capacity of power generation

from various energy sources throughout the

world
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Energy Council (London, UK) expects the
world primary energy consumption to
have grown by 50-275% in 2050,
depending on different scenarios. The
renewable energy sources are expected
to provide 20-40% of the primary energy
in 2050 and 30-80% in 2100.The technical
potential of the renewable sources is
estimated at 7600 EJ/year (~ 240996 GW),
and thus certainly sufficiently large to
meet future world energy requirements.
Potential of Power Generation from
Renewable Energy Sources in India
Based on the study of Ministry of New
and Renewable Energy, the potential of
onshore wind power is about 48,500 MW
and that of small (approx. 25 MW) hydro
power projects is 15000 MW. The
availability of biomass in India is estimated
at about 540 million tonnes per year
covering residues from agriculture,
forestry, and plantations. Principal
agricultural residues include rice husk, rice
straw, bagasse, sugar cane tops and
leaves, trash, groundnut shells, cotton
stalks, mustard stalks, etc. It has been
estimated that about 70-75% of these
wastes are used as fodder, as fuel for
domestic cooking and for other economic
purposes leaving behind 120-150
millions tones of usable agro industrial
and agricultural residues per year which
could be made available for power
generation. By using these surplus
agricultural residues, more than 16,000
MW of grid quality power can be
generated with presently available
technologies. In addition, about 5000 MW
of power can be produced, if all the 550
sugar mills in the country switch over to
modern techniques of co-generation.
Although the potential of wind energy
is approximately 50 GW, the installation of
onshore wind turbines and the
transportation & distribution of electrical
energy from onshore regions to the urban
area would involve huge investments. The
installation of hydro power plants and
biomass based power plants might
provide the solution for power deficit. The
present article discusses the biomass
based power generation technology.
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Bioenergy

Biomass is a term used to describe all
biologically produced matter and it is the
name given to all earth’s living matter. Itis a
general term for material derived from
growing plants or from animal manure
(which is effectively a processed form of
plant material). The chemical energy
contained in the biomass is derived from
solar energy using the process of
photosynthesis. It is a natural process that
the entire biomass ultimately decomposes
to its molecules with the release of heat.
And the combustion of biomass imitates
the natural process. So the energy obtained
from biomass is a form of renewable
energy and it does not add carbon dioxide
to the environment in contrast to the fossil
fuels. Carbon dioxide released during the
energy conversion of biomass (such as
combustion, gasification, pyrolysis,
anaerobic digestion or fermentation)
circulates through the biosphere, and is
reabsorbed in equivalent stores of biomass
through photosynthesis. Fig. 4 shows the
combustion of wood and thereby CO,
generation. It also depicts that net CO,
generation is zero as new biomass could
be developed photosynthetically for the
growth of which this CO, is utilized.
Biomass energy is a renewable and unique
form of solar energy. Of the massive
178,000 x 1012 Watts of solar energy that
falls on the Earth’s surface, some 0.02% or
around 40 x 1012 Watts is captured by
plants via photosynthesis and is available
as biomass energy. This translates into the
production of some 220 billion dry’tonnes
of biomass per year, which as an energy
source representing some ten times the
world’s total current energy use. Currently
some 15% of the planets energy
requirements are met from biomass,
mainly for cooking and heating in
developing countries. Biomass is also
supplied as a fuel in a growing number of
large scale, modern biomass energy plants
in industrialized countries. By comparison,
the world population consumes around 10
EJ/year (~ 317.1 GW) of energy in the form
of food, which of course is a biomass
energy resource in itself.

Biomass Conversion Technologies

In nature, biomass is not concentrated,
and so, the use of naturally occurring
biomass requires transportation, which
increases the cost and reduces the net
energy production. Biomass has a low
bulk density, which makes transportation
and handling more difficult and costly.
Apart from transportation, incomplete
combustion of biomass generates a
concern among the environmentalists, as
it may produce organic particulate matter,
carbon monoxide and other organic
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Fig.4: Lifecycle of forest biomass

gases. If high temperature combustion is
used, oxides of nitrogen would be
produced. The health impact of air
pollution is a significant problem in
developing countries, where fuel wood is
burnt inefficiently in open fires for
domestic cooking and space heating. The
conversion technologies for utilizing
biomass can be separated into three basic
categories: direct combustion processes,
thermo-chemical  processes  and
biochemical processes. Direct combustion
deals mainly with primary fuels, eg, the
form in which it is available in nature or
after some form of processing (drying,
sizing, briquetting, etc). Biomass-fired
power plants have been installed in a
number of countries in Asia. The main
disadvantage of this process is the
incomplete and inconsistent combustion
of solid fuel. Direct combustion of biomass
materials usually results in smoke and ash
pollution unless special filtering












