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m ABSTRACT : The most common form of biomass used as renewable energy and it is widely
used. Recently more attention has been focused on identifying suitable biomass species, which
can provide high-energy outputs, to replace conventional fossil fuel energy sources. The type of
biomass required is largely determined by the energy conversion process and the form in which
the energy isrequired. To provide energy the use of biomass has been mainly to the devel opment
of civilization. Recently pressures on the global environment have led to callsfor anincreased use
of renewable energy sources. Biomassis one major potential source of renewable energy and the
conversion of plant material into a suitable form of energy, usually electricity or as a fuel for an
internal combustion engine, can be achieved using anumber of different routes, each with specific
pros and cons. A brief review of the main conversion processes is presented, with specific regard
to the production of the fuel.
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worldwide due to speedy development in

industrialization and rise in population whereas
devel opment of energy sourcesisnot keeping pacewith
consumption. Developed countries are also finding it
difficult to compensate even after increasing the energy
production multi-fold due to growth pressure. Indiais
recognized as one of fastest growing economies of the
world but basic energy needs of thousands of millions of
its citizens are yet to be fulfilled. It is reported that by
2031-2032, power generation capacity must increaseto
nearly 800 GW from the current capacity of around 183
GW (Hiloidhari et al., 2014). As energy demand is
increasing continuously due to speedy development in
population and industrialization, the development of
energy sources is not keeping pace with consumption
(Saxena et al., 2009). With rapid increase in fossil fuel

Energy demand is increasing continuously

use, shareof biomassin total energy hasdeclined steadily
over past few years. Biomass still contributes 14% of
theworld energy and 38% energy in devel oping countries
(Woodsand Hall, 1994). Globally, the energy content of
biomass residues in agriculture industries annually is
estimated at 56x10%J, nearly aquarter of globa primary
energy use of 230x10%J (World Energy Council, 1994).
Wood fuels, including charcoal, are the most prominent
biomass energy sources. Substantial use of biomass
energy in the devel oping countries continuesto beinthe
rural and traditional sectors of the economy. Most
biomassisnot traded, but ishome grown or collected by
the households. It is used very inefficiently and causes
substantial health damage due to indoor air pollution
(Shukla, 2000).

A society which utilized the quantum of energy is
regarded as benchmark for social and economic
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devel opment of the society. Punjab being an agricultural
state of India there is an ever-growing requirement of
energy and obtaining energy fromfossil fuelsisbecoming
difficult and expensive. Also, creating new nonrenewable
energy generation facilities involves relatively longer
gestation periods (Bhargava et al., 2009). Since
renewable energy resources vary according to
geographical conditions, bio—energy generation from
paddy straw has very wide scope in Punjab state (Vijay
et al., 2016 and Trivedi et al., 2017).

Biomass :

Biomass which is produced by green plants
converting sunlight into plant material through
photosynthesis and includes all land and water based
vegetation, as well as all organic wastes. The biomass
resource can be considered as organic matter, in which
the energy of sunlight isstoredin chemical bonds. When
the bonds are broken by digestion, combustion, or
decomposition, these substances release their stored
energy. Biomass has always been a major source of
energy for mankind and is presently estimated to
contribute 10-14% of the world’s energy supply. Also,
biomass can be defined by the plant material derived
from the reaction between CQO, in the air, water and
sunlight, via photosynthesis, to produce carbohydrates
that form the building bl ocks of biomass. In general, the
characteristics of the ideal energy crop are high yield,
low energy input to produce, low cost, composition with
the least contaminants and requires less nutrients.
Desired characteristicswill al'so depend onlocd climate
and soil conditions. Biomass can be converted into
different types of product like electrical or heat energy,
transport fuel and chemical feedstock (Saxena et al.,
2009).

In fact, biomass is a source of 5 ‘F’, which are,
food, fodder, fuel, fibreand fertilizer. In addition to that
biomass has advantage that it is widely available
technology for production and conversion which is
suitable for small or large applications. The production
and utilization of biomass energy require low light and
low temperature (5°-35°C) that incorporates advantage
of storage and transportation along with low and negligible
pollution (Rathore et al ., 2007).

Biomass comprisesall theliving matter present on
earth. Itisderived from growing plantsincluding algae,
trees and crops or from animal manure (Bridgewater,
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1991). The biomass resources are the organic matters
inwhichthe solar energy is stored in chemical bonds. It
generally consists of carbon (C), hydrogen (H), oxygen
(O) and nitrogen (N). Sulphur is also present in minor
proportions. Some biomass also consists significant
amounts of inorganic species. Plants produce
carbohydrateswhich formthe building blocks of biomass
through photosynthesi s process (Saxena et al., 2009).

Advantages of biomass as energy source :

Biomass has always been amajor source of energy
for mankind from ancient times. Biomass can be
converted into three main types of products: electrical/
heat energy, fuel for transport sector and feedstock for
chemicals. Sriram and M ohammad (2005) reported some
of the advantages of using biomass asasource of energy
as follows. Biomass energy is an abundant, secure,
environmental friendly and renewabl e source of energy.
Biomass does not add carbon dioxide to the atmosphere
asit absorbsthe same amount of carbon in growing asit
releases when consumed as a fuel. One of the major
advantages of biomassisthat it can be used to generate
el ectricity with the same equipment or in the same power
plantsthat are now burning fossil fuels.Biomass energy
is not associated with environmental impacts such as
acidrain, mine spoils, open pits, oil spills, radioactivewaste
disposal or the damming of rivers.Biomass fuels are
sustainable. The green plantsfrom which biomassfuels
arederived fix carbon dioxide asthey grow, so their use
does not add to the levels of atmospheric carbon. In
addition, using refuse asafuel avoids polluting landfill
disposal.Alcohols and other fuels produced by biomass
areefficient, viableand relatively clean burning.Biomass
is easily available and can be grown with relative ease
inal parts of theworld.

Biomass resources that can be used for energy
production cover a wide range of materials which can
be categorized in two ways, namely, modern biomass
and traditiona biomass. Modern biomassusually involves
large-scal e uses and aims to substitute for conventional
energy sources. Traditional biomassisgenerally confined
to devel oping countries and small-scal e uses (Demirbas,
2001).

Biomass types :
The various types of biomass are available but, it
can bedefined infour main types, namely woody plants,
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herbaceous plants/grasses, aquatic plants, and
manures.However, there are other factors which must
betaken into consideration in determining the selection
of the conversion process, apart from simply moisture
content, especially in relation to those forms of biomass
which lie midway between the two extremes of ‘wet’
and ‘dry’. Examples of such factors are the ash, alkali
and trace component contents, which impact adversely
on thermal conversion processes and the cellulose
content, which influences biochemical fermentation
processes (Volesky, 1994).

Biomass properties :

Properties of the biomass source that determines
both the choice of conversion processand any subsequent
processing difficultiesthat may arise. Equally, the choice
of biomass sourceisinfluenced by theforminwhichthe
energy isrequired and it isthe inter play between these
two aspectsthat enablesflexibility to beintroduced into
the use of biomass as an energy source. The main
properties of interest, during subsequent processing as
an energy source, relate to moisture content (intrinsic
and extrinsic), calorific value, proportionsof fixed carbon
and volatiles, ash/residue content, alkali metal content
and cellulose/lignin ratio. For dry biomass conversion
processes, the first five properties are of interest, while
for wet biomass conversion processes, thefirst and last
properties are of prime concern (Peter, 2002a).

Biomass energy conversion technologies :

Biomass can be converted into useful forms of
energy using a number of different processes. Factors
that influence the choice of conversion process are the
typeand quantity of biomassfeedstock; the desiredform
of the energy i.e. end-use requirements; environmental
standards; economic conditions; and project specific
factors. In many situations, it is the form in which the
energy is required that determines the process route,
followed by the availabletypes and quantities of biomass.
Biomass can be converted into three main products: two
related to energy power/heat generation and
transportation fuels and one as a chemical feedstock
(Peter, 2002b and Warren et al., 1995).

Thermo-chemical conversion :
Combustion :
The cycle used is the conventional Rankine cycle

with biomass being oxidized in ahigh-pressure boiler to
generate steam. The net power cycle efficiencies that
can be achieved are about 23% to 25%. The exhaust of
the steam turbine can either be fully condensed to
produce power or used partly or fully for another useful
heating activity. In addition to the exclusive use of
bi omass combustion to power a steam turbine, biomass
can be co-fired with coal in a coal-fired power plant.

Thomas (2003) devel oped measures for emission
reduction viz-a-viz specific fuel properties. It was
observed that pollutant formation occurs due to two
reasons; (1) Incomplete combustion can lead to high
emissionsof unburnt pollutants. Although improvements
to reduce these emissions have been achieved by
optimized furnace designincluding modelling, thereistill
arelevant potential of further optimization. (2) Pollutants
suchasNO, and particles are formed as aresult of fuel
constituents such as N, K, Cl, Ca, Na, Mg, P, and S.
Hencebiomassfurnacesexhibit relatively high emissions
of NO, and submicron particles. Air staging and fuel
staging have been developed as primary measures for
NO, reduction that offer a potential of 50% to 80%
reduction.
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Asper (Khanet al., 2009), among the technol ogies
that can be used for biomass combustion, fluidized beds
are emerging asthe best dueto their flexibility and high
efficiency. Although agglomeration problems associated
with fluidized bed combustors for certain herbaceous
biofuelsis still amajor issue, however, successful and
applicable/implementabl e sol utions have been reported.

Johansson et al. (2003) carried out the study on
particle emissions which are compared with emissions
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from combustion of wood pellets and wood briquettesin
commercia small-scale combustion deviceslike, apellet
stove, two pellet burnersand two smaller district heating
boilers. Theinfluence of operating parameters and fuel
quality was investigated. Mass concentration, number
concentration and number size distribution of particles
were determined. The mass size distribution was
analyzed aswell astheinorganic components. Gaseous
compoundswere recorded to give information about the
combustion conditions. The number concentration was
inthe range of 10"-108 particlesper N/cm®. The particle
emission was dominated by submicron particles (size
<1um), both from number and mass perspective. The
main inorganic components of the submicron particles
were potassium, sulphur, chlorine and oxygen. Small
amounts of sodium, magnesiumand zinc were also found.
The contents of potassium, chlorine, and sulphur in the
fuel are important for the composition of the emitted
inorganic submicron particles.

Gasification :

Gasification isachieved by the partial combustion
of the biomassin alow oxygen environment, leading to
the release of a gaseous product (producer gas or
syngas) (Fig. 2). So, called “allothermal” or indirect
gasification is also possible. The gasifier can either be
of a “fixed bed”, “fluidized bed” or “entrained flow”
configuration. The resulting gas is a mixture of carbon
monoxide (CO), water (H,0), CO,, char, tar and
hydrogen (H) and it can be used in combustion engines,
micro-turbines, fuel cellsor gasturbines. When used in
turbinesand fuel cells, higher electrical efficienciescan
be achieved than those achieved in asteam turbine. It is
possible to co-fire a power plant either directly (i.e.

biomassand coal aregasified together) or indirectly (i.e.
gasifying coal and biomass separately for use in gas
turbines).

Gasificationisaprocessthat exposesasolidfuel to
high temperatures and limited oxygen, to produce a
gaseous fuel. The gas produced by the process (Fig. 2)
is a mix of gases such as carbon monoxide, carbon
dioxide, nitrogen, hydrogen, and methane. Thegasisthen
used to drive a high efficiency, combined-cycle gas
turbine. Gasification has several advantagesover burning
solid fuel. One is convenience — one of the resultant
gases, methane, can betreated in asimilar way asnatural
gas, and used for the same purposes.

Another advantage of gasificationisthat it produces
a fuel that has many impurities removed and could,
therefore, cause fewer pollution problems when burnt.
Under suitable circumstances, it can also produce
synthesis gas, a mixture of carbon monoxide and
hydrogen which can be used to make hydrocarbon (e.g.,
methane and methanol) for replacing fossil fuels.
Hydrogenitself isapotential fuel without much pollution
which can conceivably substitute petroleumin thefuture.

Fixed bed updraft gasifiers (Fig. 3A), are
characterized by high conversion and high efficiency.
Theexit gastemperatureis generally 100-300°C dueto
the counter current flow of solid fuel and hot gas. The
product gas containslarge amounts of hydrocarbons. Tar
(large hydrocarbons) make up approximately 15% of the
energy content of thegas. Thebiomassfuel specifications
are mild, but there is arisk of too high-pressure drops
over the bed if very small particles are fed. Fuels with
slagging tendency can cause problemsin the hot bottom
zone, but updraft gasifiers can also be made “slagging”
(Veringa, 2009). This means that inert material leaves
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Gasification process (Sriram and Mohammad, 2005)
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the gasifier as a liquid slag. This generally requires
oxygen in order to reach the desired high temperatures.

Fixed bed downdraft gasification, (Fig. 3B) concerns
small scaleby definition, the maximum capacity isseveral
tens of MW, . Furthermore, the conversion generally is
low. Downdraft gasifiers can also be made “slagging”,
which means that inert material leaves the gasifier asa
liquid slag and the conversion risesto almost 100%. This
generally requires oxygen in order to reach the desired
high temperatures.

Fluidized bed gasifiers (Fig. 3C) are characterized
by the presence of an inert heat carrier like silica sand.
Fluidized bed gasifiers can be separated in three types:
BFB, CFB, and coupled fluidized beds (indirect). BFB
(bubbling fluidized bed) isthe simplest concept. It also
seems suitable for applications where oxygen must be
used instead of air. CFB (circulating fluidized bed)
reactors are often seen as the most suitable for large
scale applications. BFB as well as CFB gasifiers show
alimited conversion of 90-95%. This can be increased
to approximately 98% by using smaller fuel particles.
Indirect gasifiers contain two reactors where gasification
and combustion are separated. Two gases are produced
which are N, free product gas and a “conventional” flue
gas. Because the conversion is complete, indirect
gasifiers seemto bethe attractive alternative of oxygen/
steam-blown fluidized bedswhen N, freegasisrequired
(Veringa, 2009).

Entrained flow reactors (Fig. 3D), are practically
empty vessels, where small fuel particles are converted
at high temperature. It can either be slagging or non-
dagging. Slagging gasifiersare preferableif biomassis
used. The conversion isamost complete, but oxygenis
needed to achieve the high temperatures needed.
Biomassshould bepulverizedtoasizeof 1 mm. Entrained
flow gasifiers are used to produce syngas to be used
either assyngasor for electricity generation. Thismeans
that these gasifiers in practice operate at elevated
pressure. The entrained flow technology (Fig. 3D) is
primarily developed in the petrochemical industry as a
means to gasify heavy residues (Veringa, 2009). Hasler
(1997) investigated the possibility of using activated
carbon granular bed filter to remove tar. The activated
carbon filter wasinstalled in the front of afabric filter.
In the experiments, the removal efficiencies for high
boiling hydrocarbons and phenols were relative high.
Meanwhile, the ‘tar’ laden activated carbon can be

recycled as an extra feedstock.

Hermann (2002) studied a pre-coated fabric filter
used to remove particles and tar at a gasifier plant in
Austria. Thefilter had been tested for morethan 2500 h
without any problems. The disadvantages of thefilters
were the following: the tar deposited in filter could not
be easily cleaned; tar accumulation on thefilter surface
would lead to eventua plugging. Generally, barrier filters
were not suitable for tar removal even thoughthefilters
were successfully demonstrated in some cases.

Pyrolysis :

Pyrolysis is a subset of gasification systems. In
pyrolysis, the partial combustion is stopped at a lower
temperature (450°C to 600°C), resulting in the creation
of aliquid bio-oil, aswell asgaseous and solid products.
The pyrolysis oil can then be used as afuel to generate
eectricity (Fig. 4).

Biomass _| Biocrude Qils

Non-condensible Vapors

Char & Ash | Exhaust Gases

Fig. 4: Biomass pyrolysis process diagram (source:

www.physi cs.oregonstate.edu)

Wright et al. (2010) explored the cost of converting
corn stover into naphtha-range and diesel-range stock
fuel viafast pyrolysis and bio-oil upgrading. Based on
the current analysis, naphtha and diesel can potentially
be produced from biomass. For apioneer plant, projected
fuel PV increases cost of hydrogen-production
technology as compared to hydrogen-purchase
technology. To obtain biomass pyrolysis models, the TG—
FTIR techniqueprovides useful input intheform of kinetic
information under low heating rate conditions. The
analysis was applied to wheat straw, three types of
tobacco and three biomass model compounds (xylan,
chlorogenic acid and Dglucose) (Bassilakiset al., 2001).

Application of thefluidized bed systemin the study
of the formation of gases from municipal solid waste
(MSW) pyrolysis at high nominal temperatures (700-
850°C) was researched. Biomass decomposition followed
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by tar cracking reactions took place inside the reactor.
Theyieldsof the gasesformed were determined asCH,,

CH,CH, CH,CH,CH, CH, H, COand CO
asafunction of operation conditions (GarC| aetal. 1995)

Bio-chemical conversion :

Two main processes are used, fermentation and
anaerobic digestion, together with alesser-used process
based on chemical conversion.

Fermentation :

Fermentation isused commercially onalargescale
invarious countriesto produce ethanol from sugar crops
(e.g. sugar cane, sugar beet) and starch crops (e.g. maize,
wheat). The biomass is ground down and the starch
converted by enzymes to sugars, with yeast then
converting the sugarsto ethanol. Purification of ethanol
by distillationisan energy-intensive step, with about 450
lit. of ethanol being produced per ton of dry corn. The
solid residue from the fermentation process can be used
as cattle-feed and in the case of sugar cane, the bagasse
can be used as a fuel for boilers or for subsequent
gasification (Peter, 2002b). As with many micro-
organisms, S. cerevisiae metabolizes glucose by the
Embden—Meyerhof (EM) pathway. Beside this, the
Entner—Doudoroff (ED) pathway is an additional means
of glucose consumption in many bacteria, such as
Zymomonas. The high ethanol yield and productivity
observed for Zymomonas are a consegquence of itsunique
physiology. Zymomonasisthe only micro-organismthat
metabolizes glucose anaerobically using the ED pathway
as opposed to the EM or glycolytic pathway (Matthew
et al., 2005). All the enzymesinvolved in fermentation
are expressed constitutively and fermentation enzymes
comprise as much as 50% of the cells’ total protein
(Sprenger, 1996).

Anaerobic digestion :

Anaerobic digestion is the conversion of organic
material directly to abiogaswhichisamixture of mainly
methane and carbon dioxidewith small quantities of other
gases such as hydrogen sulphide. The biomass is
converted by bacteria in an anaerobic environment,
producing a gas with an energy content of about 20—
40% of the lower heating value of the feedstock.
Anaerobicdigestionisacommercially proven technol ogy
and is widely used for treating high moisture content

660 Internat. J. agric. Engg., 10(2) Oct., 2017 : 655-663
HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE

organic wastes, i.e. 80-90% moisture. Biogas can be
used directly in gas turbines and can be upgraded to
higher quality i.e. natural gas quality, by the removal of
CO, (Peter, 2002b). Researchers from Austria try to
optimizing anaerobic digestion of maize and dairy cattle
manures. Manure received from dairy cowswith medium
milk yield that were fed awell-balanced diet produced
the highest specific methane yield of 166.3 NI CH, kg
V St Lateripening varieties produced more biomassthan
medium or early ripening varieties. Silaging increased
the methaneyield by about 25% compared to green, non-
conserved maize. Maize (Zea mays L.) is optimally
harvested, when the product from specific methaneyield
and V Syield per hectare reaches a maximum. Maximum
methane yield per hectare from late ripening maize
varieties ranged between 7100 and 9000 Nm?® CH, ha*.
From the digestion experiments a multiple linear
regression equation, the Methane Energy Value Model,
was derived that estimates methane production fromthe
composition of maize. It is a helpful tool to optimize
biogas production from energy crops. The Methane
Energy Value Model requires further validation and
refinement (Amon et al., 2007).

The anaerobic digestion process results in a
mineralization of organically bounded nutrients, in
particular nitrogen and in a lowering of the C/N ratio.
Both effects increase the short-term N fertilization
effect. The digester allows an accurate dosage and
integrationinafertilization plan with areduced application
of additional mineral nitrogen fertilizers. The ammonia
nitrogen content increases in some cases by a factor of
three if energy crops are used as the only substrate.
The most common reactor configuration employed for
wet fermentation isthevertical continuoudly stirred tank
fermenter which is applied in nearly 90% of modern
biogas plantsin Germany (Gemmeke et al., 2009).

Another approach is to apply continuous dry
fermentation processesfor substrates that contain more
than 25% dry matter (Weiland et al., 2009). For
continuous dry fermentation, horizontal mechanically
mixed fermenter or vertical plug flow fermenter are
applied, which are known from anaerobic treatment of
municipal organic solids (Schon, 1994 and De Baere and
Mattheeuws, 2008).

Bio methanation was carried out in, two anaerobic
digesters of 3400 m® water volume capacity. The
prepared paddy straw substrate wasfed to two digesters
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through thefeeding unit using pumps. No external heating
source was provided in the digester as annual mean
temperature in the area lies within mesophilic range.
Loading rate was kept constant at 6.75 tonne V S/day to
maintain 8-10% TS in the digester, while the digester
was maintained at a hydraulic retention time (HRT) of
30 days based on previouswork done by our group. The
digested slurry was passed through two horizontals solid—
liquid separating machineswith adurry handling capacity
of 8.0 m¥h. The system was able to separate solid
material at the rate of 600 kg/h with 65% moisture
content. The separated liquid was recycled to prepare
paddy straw substrate in blending tank (Trivedi et al.,
2017).

M echanical extraction :

Extractionisamechanical conversion processused
to produce oil from the seeds of various biomass crops,
such as oil seed rape, cotton and groundnut. The process
produces not only oil but also a residual solid or ‘cake’,
which is suitable for animal fodder. Three tons of
rapeseed are required per ton of rapeseed oil produced.
Rapeseed oil can be processed further by reacting it with
alcohol using a process termed esterification to obtain
RME or bio-diesel. RME is used in some European
countries as a supplementary transport fuel (Peter,
2002a). Some researchers studied the effect of
mechanical extraction method to the physio-chemical
properties of the extracted oil from the seed of Jatropha.
The oil extraction was performed using a specially
designed laboratory scale mechanical extractor, and the
yield was calibrated. They took four types of sample
(seeds, kernel, crushed seeds, and crushed kernel), four
extraction temperature (ambient, 50°C, 60°C and 80°C),
and three preheating time (600 s, 1200 s, and 2400 s),
and analysed. The results show that crushing the kernel
of Jatropha before extracting the oil mechanically will
give higher oil yield and higher extraction efficiency.
However, the maximum applicable temperature for
mechanical extraction is60°C (Tambunan et al., 2012).

Indian biomass energy conversion policy :

In recent years, India’s energy consumption has
beenincreasing at arelatively fast rate due to popul ation
and economic growth. With rapid urbanization and
improving standards of living for millions of Indian
households, thedemand islikely toraisealot. Therefore,

Govt. of Indiaisnow making various planning and policies
In energy sector. Since sustainable development is now
the key target of the world, therefore renewable energy
resources are considering for power generation. Ministry
of new and renewable energy of India has developed
many project and policiesin thisfield and promoting to
adopt these methodol ogies by providing varioussubsidies
and incentives (Bhat et al., 2001 and Ravindranath and
Balachandra, 2009).

Conclusion :

The use of biomass, as atraditional energy source
for thethird world, can play amajor role in helping the
developed world reduce the environmental impact of
burning fossil fuels to produce energy. Biomass is an
accepted form of renewable energy and is seen as a
means of helping to reduce global warming. The four
main types of biomass, woody plants and herbaceous
plants and grasses are the main types of interest for
producing energy. The stored chemical energy in plants
is contained in the cellulose, hemicellulose and lignin
components of the plant, the proportions varying with
the type of plant. All biomass can be burned in thermo-
chemical conversion plant i.e. combustion, to produce
steam in a turbo-generator to produce electricity: some
biomass species are better suited for biochemical
conversion processesto produce gaseousor liquid fuels.
The energy content of biomass (on adry, ash-free basis)
is similar for all plant species, lying in the range 17-21
MJkg. Theprincipal selection criteriafor biomass species
are growth rate, ease of management, harvesting and
intrinsic material properties, such asmoisture/ash/alkali
content, the latter propertiesinfluencing the operational
characteristics of thermal conversion plant. Selection of
a conversion technology for biomass depends upon the
form in which the energy is required pyrolysis,
fermentati on and mechanical extraction all produceliquid
fuels suitable for use as transportation fuels other
conversion processes produce energy in aformthat is
best used at the point of production i.e. hot air or agas
pyrolysisoilsand liquid fuel sare suitable only for diesel
cycle engines.
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