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Abstract: Nowadays, the world highly depends on the fossil fuels like coal, oil and natural gas for its energy
source. Yet within the next decades, fossil fuels will be depleted. Furthermore, environmental issues such as
greenhouse emission enforced the government to switch to renewable energy. Biomass is one of the promising
renewable energy due to its unique characteristics and availability. The fact, however, utilization of biomass as
a source of energy, particularly in small scale for a rural area, is very limited. Some challenges in converting
biomass for power generation will be stressed in this review. As one of the most challenging steps, gasification
of biomass will be highlighted for investigation. In accordance with the latest reports, an excellent gasification
method could produce a specific gas composition suitable for power generation in the rural area.
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1. Introduction

Energy has become one of the most fundamental
needs for the human. Everyday energy is used for the
industrial sector such as agriculture, mining,
manufacturing, construction, transportation, housing
like heating, cooling, lighting, and many other
appliances. Based on IEA [1], the world still relies on
fossil fuel as its main energy source. Oil, coal, and
natural gas remain on the top of energy source,
followed by renewable energy like biomass,
geothermal energy, hydropower, solar energy, tidal
and wave power, and also wind power.

Fossil fuels need more than a million years to be
formed. Once being used, it could not be filled
anymore. It is estimated that the world will run out of
fossil fuels within the next 50-120 vyears.
Environmental issues caused by the use of fossil fuel
such as carbon dioxide (CO,) emission that will form
the layer in our atmosphere and prevent heat emitted
by the earth. As a result, the temperature will be
increased and climate will be changed. Climate
change could lead to flood, drought, famine, or spread
of disease through the world. The need of renewable
and sustainable energy is critical.

According to Basu [2], human is very familiar with
energy conversion from biomass, since it is as old as
the history of civilization. Even some of its process
already began from the early days of vegetation on the
earth. Forest burnt because of the lightning is an
illustration of flaming pyrolysis. Decomposition of
biomass with methane gas formation and combustion
could be seen in the blue fame in the swamp. While
increasing soil fertility by burning trees is a model of
biochar production.

Biomass is a natural energy source, coming mostly
from agricultural crops and waste, forest waste, and
animal waste. Biomass could also come from
municipal waste produced by human. As one of the
renewable energy, only biomass could be produced
into solid, liquid or gas fuel. As a renewable energy
source, biomass is environment-friendly carbon
neutral attribute as stated in McKendry [3]. It is a
condition wherein net zero carbon emissions achieved
due to balance amount of carbon released as a result
of combustion, with an equivalent amount of carbon
absorbed by the source of biomass, explained by
Anderson [4]. According to Asadullah, M., [5]
biomass gasification based power system made up of
several steps including pretreatment of biomass,
gasification of biomass, gas cleaning, and feeding the
product gas into gas turbine or gas engine to produce
electricity, or as a fuel for boiler to generate steam
able to run the turbine.

2. Biomass Pretreatment

Moisture content in biomass gasification plays a
critical role from technical point of view. During
gasification process, heat added will generate steam
derived from the moisture content and acts as
gasifying agents, reacting with volatile matters and
char to convert them to product gas, also enhance the
hydrogen content in the reaction as explained by
Yuan, Z., et al. [6] and Yan, F., et al. [7]. For compost
with moisture content less than 40%, self-combustion
will be taken place investigated by Torii, S., and
Watanabe, S., [8]. Higher moisture content above
40% however, reduces the thermal efficiency of the
gasification system as investigated by Hosseini, M., et
al. [9].
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The drying of biomass as a pretreatment has a crucial
impact on the overall efficiency of the biomass-based
power generation, as described by Asadullah, M. [5].
Raw biomass, like palm empty fruit bunch in
Malaysia and Indonesia usually content more than
50% of moisture, even though its plentifully available
in these countries as reported by Ma, A. N., and
Basiron, Y. [10]. Biomass drying is one of the most
challenging factors for maintaining the constant
supply of biomass. There are several ways to lower
the moisture content of biomass. Biomass could be
dried by the sun at the source of origin where the
biomass is produced. Sun drying is less expensive, but
longer time is required, and also highly depends on
the weather. The longer the drying process, the more
chance the biomass get mold and reduce its quality.
While another way of drying is by using heat
produced by the processing plant. This method,
however, is more expensive due to additional
equipment and constant heat needed. Acharjee, T.C.,
et al. [11] had already explored these methods.
Physical size of biomass often caused operational
issue in the gasification process. Especially feeding
the biomass into the gasifier. Biomass such as rice
straw, wheat straw, grass, and empty fruit bunch are
bulky and fibrous, hence usually get stuck in the
feeding line. While some biomass like palm kernel
shell and wood chips are easily fed into the
gasification unit, though. The characteristics low bulk
density of biomass could have a negative impact on
the gasification process as mentioned by Chevanan,
N., et al. [12].

Even though additional process, energy consumption
and cost needed, balling, briquetting and palletizing
are the common techniques to overcome the low bulk
density of biomass as investigated by Chen, L., et al.
[13] and Mani, S., et al. [14]. These techniques could
make biomass more compact, thus avoid issue in
regard to biomass feeding. Balling due to its size
sometimes not applicable for constant feeding. Pallets
are suitable for constant feeding instead, because of
its size and shape, however, is difficult to break. Not
to mention additional cost and energy to convert to
pallets. Briquette comes as another option with
balanced density, transported, stored and feed easily.

3. Biomass Gasification

As reported by Dahlquist [15], there are many
methods to convert biomass to energy. Main biomass
energy conversions are through combustion,
gasification, pyrolysis, and torrefaction. Combustion
is 100% oxidation of all organic contents of the fuel
using air or oxygen. Gasification indicates partial
combustion, where only 15-30% of the oxygen is
being added in relation to what would be needed for
100% oxidation. Pyrolysis uses heat but without air,
as a result, gaseous components of the organic
material are evaporated and later condensed as a
liquid. And torrefaction is partial pyrolysis aim to
remove some of the gaseous components, so that

instead of liquid hydrocarbons produced, but a
compact residue that could replace coal for coal
power plants.

Compared to direct combustion, gasification
technique produces lower NOx, CO and particulate
emissions, and have more potential for efficient
conversion process when generation power. On the
other hand, gasification technology is currently still in
the development phase and during the process need
fuel with rather low size distribution and low moisture
content. According to Knoef, H.A.M., [16] health,
safety and environmental issues are found to be an
important barrier for biomass gasification market.
Hence risk assessment in biomass gasification is
becoming increasingly important.

Biomass gasification is a promising, energy efficient
technology for renewable energy generation and
considered as a key technology for the use of biomass
as described by Heidenreich and Foscolo [17].
Biomass gasification is a thermal conversion of
biomass into useful combustible gas called producer
gas or syn gas. Product gas produced by the
gasification of biomass occurred at temperature
ranging from 700 to 1000 °C could be burned in a
boiler for heat production or in an internal gas
combustion engine for combined heat and power
generation.

Saidur, R., et al. [18] within his exergy analysis
research conclude that compared to other methods,
gasification found to be the main thermochemical
process and was the most effective method of
converting biomass. Gasification also determined as
one of the main sources of exergy losses. This means
that exergy in gasification was the most transformed
into energy during its process.

Fluidized bed combustion, fixed bed combustion, and
pulverized bed combustion are some of the available
biomass combustion techniques as a fuel for boilers.
According to Saidur, R., et al. [19], fluidized bed
combustion was considered as the most excellent
technology compared to other methods due to its
ability to deal with low quality biomass, high ash
content and low calorific value that often abundantly
available in the rural area.

Due to the endothermic behavior of the process,
gasification require a significant amount of energy,
hence the energy consumption is one of the most
dominant restriction on the thermal efficiency and the
design of the gasifier. In order to achieve optimal
gasification process parameters, several modeling and
simulation were needed in order to anticipate the
actual process. Ahmad, A. A, et al. [20] conclude that
reaction temperature, ER value and the presence of
catalyst are the most important parameter in
gasification that will determine the process
performance and the quality of gas produced. While
the biomass particle size was found to be the least
significant parameter for process. Among the tools
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that could be used for modeling are Aspen Plus and
Aspen Hysys, that able to apply the kinetic and
equilibrium model.

4. Biomass Gas Cleaning

Product gas from gasification process could be used
directly without further treatment for boiler
application. In boiler application, product gas being
used to generate steam, that will rotate the turbine to
produce electricity. This method still, will reduce the
overall efficiency of power generation through steam
turbine to below 20% level, compared to about 50%
in gas turbine and engine. One of the most
challenging part is the cleaning of product gas in
order to meet the gas turbine requirement and engine
operation, especially for tar contaminant less than 100
mg N/m? as reported by Asadullah, M. [5].

Raw syn gas produce by gasification of biomass
contains essential gas like CO, CO,, H, and CH,,
however raw syn gas also consist of small but
significant amount of unwanted contaminants like
tars, nitrogen compounds, sulfur compounds,
hydrogen halides and other metals such as Sodium
and Potassium. It is important to clean up the raw gas
produced by gasification by employing cold, warm,
and hot gas clean up technigues. Abdoulmoumine, N.,
et al. [21] found that cold gas cleanup was the most
effective way to remove the contaminants at desirable
lower concentration limit. This method posses some
disadvantages because will reduce the overall
efficiency caused by cooling, and increase cost as a
result of complexity and additional steps needed for
raw syn gas treatment.

Gas cleaning method could be done by physical gas
cleaning. This method employs filter or wet scrubbing
of the product gas so that tar and other particulate
matter could be removed. This method may use
gas/solid or gas/liquid interaction in high or ambient
temperature. High temperature filter must utilize high
tolerance material like ceramics, fiber glass, or sand.
While ambient temperature may use other materials
such as cotton fibers, charcoal and so on. Obstacle of
these procedure are the fouling of particulate matter
and sticky tar occurred in the passages. For greater
application, filter may cause significant pressure drop.
Water scrubbing could be one of the option to collect
the particulate and tar, however in is difficult to
handle a large amount of contaminated water and
could be dangerous to the environment.

Tar could be cracked down into less dangerous
molecules like methane, carbon dioxide and hydrogen
by thermal process. As reported by Abuadala, A., and
Dincer, L. [22], tar thermal process could be done
with very high temperature, it may reach 1000 °C.
This will initial another issue like construction of high
temperature and expensive alloys that need highly
controllable and complex heating system. In addition,
the ash melts in this temperature, and after the

process, the product gas still need to be cooled with
an intensive system.

Since physical filtration and thermal process found to
be inefficient for gas cleaning process, utilization of
effective catalyst may draw our attention because not
only could reduce the concentration of tar and
ammonia effectively, but also occurred in lesser
temperature (600-800 °C). Another benefit for this
techniques are due to same operation temperature, it
does not need to be heat up or cool down. In addition,
catalyst could convert tar into CO and H,, so will
increase the burnable gas composition described by
Asadullah, M. [5].

Absorption and adsorption process combination
proven to be a feasible option for purification,
because carbon grabbing, desulfurization, and
moisture control occurred in the same period of time.
As reported by Al Mamun, M. R. and Torii, S. [23],
nanotechnology were applied for removal of H,S and
H,O, while CO, could also removed by aqueous
solution.

5. Small
Generation

Scale Biomass Gasification Power

Spark ignition or compression ignition engines are the
choice of technologies in gasification based power
generation from biomass for the size range under 5
MW , as described by Larson [24]. While Williams
[25] said that fuel cell and micro gas turbines couples
with biomass gasifier will offer considerably high
efficiency at small scale compared to typical internal
combustion  engines, however this advanced
technologies are still being developed. Product gas or
syn gas from gasification process could be used for
small scale Combined Heat and Power (CHP) units.
Dong, L., et al. [26] classifies small scale CHP when
produce less than 100 kW, and micro scale CHP for
less than 15 kW. CHP or cogeneration has been
considered as an alternative for energy saving as
stated by Denntice [27], and according to Bernotat
[28] heat will be produced along with power for
environmental conservation.

Small scale gasification biomass power generation
bring a better way to adapt biomass characteristic in
rural area that very diverse and scattered. Bubbling
fluidized bed gasification with steam, indirect heat
supply and primary conditioning method with
catalysts will improve product gas earning and
quality. This system is more reliable, because of the
better annual operation hours, more different types of
biomass being used, greater load variation and other
benefit. However due to the early development stages,
global capital cost will be higher. As reported by
Bocci, E., et al. [29] for high energy efficient heat and
power generator like gas turbines or fuel cells, syngas
quality still need to be refined, especially for syngas
cleaning materials using catalyst.
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Small scale CHP system is satisfactory for
commercial building appliance, like hospitals,
schools, industrial area, office building, and domestic
houses. This system could supply adequate amount of
energy required while keeping the positive social
impacts. Environmental issues such as greenhouse
emission effect, improved energy security, and also
economical savings as a result of excessive electricity
transmission omission distribution network and will
lower the energy cost to the consumer. This already
explained by Hawkes, A. D., and Leach, M. A. [30].
A small CHP also possess higher standard of
dependability since this system operate independently,
hence will not be affected by blackout from the grid.

Rural area has decentralized characteristic source of
energy, hence biomass is consider as the fittest
substitute of fossil fuel due to its intrinsic properties
as mentioned by Fischer, 1.J. [31]. Transportation cost
reduction will be a very good asset for small scale
biomass plants, while it will be more tough to find an
end user for the heat produced in larger power
generation user, according to Eriksson, O., et al. [32].

Larson [24] stated that in rural areas, small scale
gasification based biomass power generation is a
promising strategy for maintain the sustainable
electricity supply. Small scale gasification biomass
power generation could contribute to rural
development area in several manners. Biomass
collection, delivery, power plant operation could
employ people around the power plant. Economically
competitive electricity produce by the power plant
could attract even more employment, and benefit for
income generative activities within the area,
especially energy intensive industries. Surplus
electricity power could be sent out to urban area that
will lead to other advantages.

6. Conclusions

As an alternative source of energy, biomass has
interesting characteristics suitable for rural area where
limited electricity is to be expected. Plentiful point of
supplies and historical background make biomass is
familiar as a replacement of fossil fuels. Wood
biomass remains the main energy source for
widespread biomass powered CHP systems at small
scale. Gasification of biomass using a gas engine (or
gas turbine) presents interest possibility for small co-
generation. Yet biomass gasification possess several
aspects to be considered for the permanent
replacement of fossil fuels. Pretreatment of biomass,
syn gas contaminant are some of the barriers need to
be solved. Researchers have done meaningful
progress to overcome these obstructions. Briquetting
techniques for pretreatment, modeling and simulation
tools for biomass process flow prediction, the use of
fluidized bed combustion, and syn gas cleaning
process using catalyst or material selection are some
of them. Integrating these most advanced techniques

seems to be feasible and will promote the use of
biomass and reduce fossil fuel in the near future.

Acknowledgments

The first author acknowledges support from the
Indonesia Endowment Fund for Education (LPDP).

References

[1] International Energy Agency, “2014 Key World
Energy Statistics”, 2014, www.iea.org, PP. 6, 38

[2] Basu, P., “Biomass Gasification, Pyrolysis and
Torrefaction”, 2nd ed., Elsevier Inc, San Diego,
2013

[3] McKendry P., “Energy production from
biomass”. Part 1: Overview of biomass,
Bioresour Technol, 83, PP. 37-46, 2002

[4] Anderson, D., Cunningham, P., Damon, D.,
Angel, Y., “A Study for Carbon Neutrality : The
Impact of Decision, Design and Energy”,
Perkins+Will Research Journal, 01(02), 2009

[5] Asadullah, M., “Barriers of Commercial Power
Generation Using Biomass Gasification Gas : A
Review”, Renewable and Sustainable Energy
Reviews, 29, PP. 201-215, 2014, DOI:
http://dx.doi.org/10.1016/j.rser.2013.08.074

[6] Yuan, Z., Ma, L., Wu, C., Chen, Y., Zhu, J,,
“Hydrogen Rich Gas Production from Biomass
Air and Oxygen Steam Gasification in a
Downdraft Gasifier”, Renewable Energy, 32, PP.
2173-2185, 2007,
DOI:10.1016/j.renene.2006.11.010

[7] Yan, F., Luo, S., Hu., Z.,, Xiao, B., Cheng, G.,
“Hydrogen Rich Gas Production by Steam Gas
Gasification of Char from Biomass Fast Pyrolysis
in a Fixed bed Reactor Influence of
Temperature and Steam on Hydrogen yield and
Syngas Composition”, Bio resource Technology,
101, PP.5633-5637,2010,DOl:
10.1016/j.biortech.2010.02.025

[8] Torii, S and Watanabe, S, “Combustion
Characteristics of Combustion Chamber Using
Compost as a Fuel”, Energy Procedia,
International Conference on Applied Energy, 61,
PP. 9-12,2014,DOl:
10.1016/j.egypro.2014.11.893

[9] Hosseini, M., Dincer, 1., Rosen, M. A., “Steam
and Air Fed Biomass Gasification : Comparisons
Based on Energy and Exergy”, International
Journal of Hydrogen Energy, 37, PP. 16446-
16452, 2012, DOl:
10.1016/j.ijhydene.2012.02.115

[10]Ma, AN., and Basiron, Y., “Biomass Energy
from the Palm Qil Industry in Malaysia and
Indonesia”, Ingenieur, 27, PP. 18-25, 2005

[11] Acharjee, T.C., Coronella, C. J., Vasquez. V. R.,
“Effect of Thermal Pretreatment on Equilibrium
Moisture Content of Lignocellulosic Biomass”,
Bio resource Technology, 102, PP. 4849-4854,
2011, DOI: 10.1016/j.biortech.2011.01.018

International Journal of Earth Sciences and Engineering
ISSN 0974-5904, Vol. 10, No. 02, April, 2017, pp. 341-345


http://www.iea.org/
http://www.iea.org/
http://www.sciencedirect.com/science/journal/18766102

Small Scale Biomass Gasification Challenges For Power Generation
In Rural Area: A Review

[12]Chevanan, N., Womac, A.R., Bitra, V.S,
Igathinathane, C., Yang, Y.T., Miu, P.l,
Sokhansani, S., “Bulk Density and Compaction
Behaviour of Knive Mill Chopped Switchgrass,
Wheat Straw, and Corn Stover”, Biomass and Bio
Energy,101, PP.207-214,2010, DOl:
10.1016/j.biortech.2009.07.083

[13] Chen, L., Xing, L., Han, L., “Renewable Energy
from Agro Residues in China, Solid Biofuels and
Biomass Briquetting Technology”, Renewable
and Sustainable Energy Reviews, 13, PP.2689-
2695, 2009, DOI: 10.1016/j.rser.2009.06.025

[14]Mani, S., Tabil, L. G., Sokhansanj, S., “Effect of
Compressive Force, Particle Size and Moisture
Content on Mechanical Properties of Biomass
Pallets from Grasses”, Biomass and Bio Energy,
30, PP. 648 - 650, 2006, DOI:
10.1016/j.biombioe.2005.01.004

[15] Dahlquist, E., “Technologies for Converting
Biomass to Useful Energy”, CRC Press, Taylor &
Francis Group, Florida, 2013

[16] Knoef, H.AM,, “Handbook Biomass
Gasification”, BTG Biomass Technology Group
BV, 2nd Ed, PP. 374 - 432, 2012

[17]Heidenreich S., and Foscolo P.U., “New concepts
in biomass gasification”, Progress in Energy and
Combustion Science, 46, PP. 72-95, 2014

[18] Saidur, R., BoroumandJazia, G., Mekhilef, S.,
Mohammed, H.A., “A Review on Exergy
Analysis of Biomass Based Fuels”, Renewable
and Sustainable Energy Reviews, 16, PP. 1217-
1222, 2012, DOI: 10.1016/j.rser.2011.07.076

[19] Saidur, R., Abdelaziz, E.A., Demirbas, A,
Hossain, M.S., Mekhilef, S., “A Review on
Biomass as a Fuel for Boilers”, Renewable and
Sustainable Energy Reviews, 15, PP. 2262-22809,
2011, DOI: 10.1016/j.rser.2011.02.015

[20]Ahmad, A.A., Zawawi, N.A., Kasim, F.H,
Inayat, A., Khasri, A., “Assessing the
Gasification Performance of Biomass : A Review
on Biomass Gasification Process Conditions,
Optimization and Economic  Evaluation”,
Renewable and Sustainable Energy Reviews, 53,
PP. 1333-1347, 2016

[21] Abdoulmoumine, N., Adhikari, S., Kulkarni, A.,
Chattanathan, S., “A Review on Biomass
Gasification Syngas Cleanup”, Applied Energy,
155, PP. 294 - 307, 2015, DOI:
http://dx.doi.org/10.1016/j.apenergy.2015.05.095

[22] Abuadala, A., and Dincer, L., “Investigation of a
Multi Generation System Using a Hybrid Steam
Biomass Gasification for Hydrogen, Power and
Heat”, International Journal of Hydrogen Energy,
35, PP. 13146 - 13157, 2010,
DOI:10.1016/j.ijhydene.2010.08.012

[23]Al Mamun, M.R., and Torii, S., “Removal of
Contaminant Gases from Biogas by Chemical
Purification Processes”, International Journal of
Mechanical Engineering, 3, 2015

[24]Larson, E.D., “Small Scale Gasification Based
Biomass Power Generation”, Biomass Workshop,
Changchun, China, 1998

[25] Williams, R.H., “Biomass Gasifier Fuel Cell Gas
Turbine Power System”, Biomass Workshop,
Changchun, China, 1998

[26] Dong, L., Liu, H., Riffat, S., “Development of
Small-Scale and Micro-Scale Biomass Fueled
CHP Systems-A literature review”, Journal of
Applied Thermal Engineering, Elsevier, 29 (11-
12), PP. 2119, 2009, DOl:
10.1016/j.applthermaleng.2008.12.004

[27] Denntice, M., Sasso, M., Sibilio, S., Vanali, L.,
“Micro Combined Heat and Power in Residential
and Light Commercial Application”, Application
Thermal Engineering, 23, PP.1247-1259, 2003,
DOI:10.1016/S1359-4311(03)00030-9

[28] Bernotat, K., and Sandberg, T., “Biomass Fired
Small Scale CHP in Sweden and the Baltic
States, a Case Study on the Potential of Clustered
Dwellings”, Biomass and Bioenergy, 27, PP.
521-530, 2004, DOl:
10.1016/j.biombioe.2003.10.010

[29] Bocci, E., Sisinni, M., Moneti, M., Vecchione, L.,
Di Carlo, A., Villarini, M., “State of Art of Small
Scale Biomass Gasification Power Eystems:a
Review of the Different Typologies”, Energy
Procedia, 45, PP. 247 - 256, 2014, DOI:
10.1016/j.egypro.2014.01.027

[30] Hawkes, A.D., and Leach, M.A., “Cost Effective
Operating Strategy for Residential Micro
Combined Heat and Power”, Energy, 32, PP.
711-723, 2007, DOl:
10.1016/j.energy.2006.06.001

[31] Fischer, LJ., “Technologies for Small Scale
Biomass CHP Plants - An Actual Survey”,
Biomass Information Center, Institute for Energy

Economics and Rational Use of Energy,
University of Stuttgart, 2003
[32] Eriksson, O., Finnveden, G., Ekvall, T,

Bjorklund, A., “Life Cycle Assessment of Fuels
for District Heating : a Comparison of Waste
Incineration, Biomass and Natural Gas
Combustion”, Energy Policy, 35, PP. 1346-1362,
2007, DOI: 10.1016/j.enpol.2006.04.005

International Journal of Earth Sciences and Engineering
ISSN 0974-5904, Vol. 10, No. 02, April, 2017, pp. 341-345


https://doi.org/10.1016/j.biortech.2009.07.083

