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Abstract—A biorefinery is a facility that integrates biomass conversion processes and equipment to produce
value-added products such as fuels, chemicals, feed, pharmaceuticals, materials and energy from biomass. The
objective of a biorefinery is to optimize the use of resources and minimize wastes, thereby maximizing benefits
and profitability, enhancing the energy efficiency and material recovery. Biorefineries consist of various
processing facilities such as digestion, fermentation, pyrolysis, gasification, etc. This work presents a potential
of bioenergy development in West Sumatra based on the availability of raw material for feedstocks such ail
palm, cacao, gambier, rice, forest waste, etc. Key challenges in developing biorefinery commercialization is also

reviewed.

l. INTRODUCTION

The world has realized that the time had come
for the community to develop a sustainable
industry that shifts our dependence on petroleum to
the utilization of renewable resources. In this case
there is no doubt that biomass from agriculture and
forestry will play a key role and a foundation for
the development of biomass-based economy.
Integrated biomass utilization is a key technology
in a sustainable society. Agricultural land can no
longer be seen merely as a medium for the growth
of crops for food and feed. Now it has much bigger
roles and multi-functions as a supplier of biomass
from energy crops, industrial crops and by-products
from the food and feed production. Thus, its
functions are not only in terms of land use but also
in the case with regard to the full utilization of
biomass harvested (Nel, 2009).

Renewable resources can be converted to
biomass-based products using physical, chemical,
and biologica  (including enzymes and
microorganisms) processes to make products such
as the chemicals, pharmaceuticals, food and feed,
paper and pulp, textiles, energy. Indonesia has
abundant of potential biomass feedstock for
biorefinery process. It includes empty fruit buch
from oil pam, cocoa pod from the cocoa
plantation, straw from rice production, and waste
from logging and wood processing industries,
baggase, etc. However, this paper limits the
discussion on the potential of biomass existing in
West Sumatra province.

Biorefinery Concept

A biorefinery is a term used to refer to the
manufacturing facility using biomass as feedstock
to produce fuels, power, and chemicals. Biomass is
any organic matter that are available on a

renewable or recurring basis including “dedicated
energy crops and trees, agricultural food and feed
crop residues, aquatic plants, wood and wood
residues, animal wastes, and other waste materials”
(Ohara 2003). As it is renewable and abundant,
biomass is potentia to replace fossil fuels and
petrochemicals (Yang and Yu 2013).

Biomass mostly used for biorefinery is generally
classified into “four main categories depending on
their origin: energy crops, agricultural residues and
waste, forestry waste and residues, and industrial
and municipal wastes” (de Lasa et al., 2011). The
energy crops are, crops that are commonly planted
densely and have high-yielding and short rotation.
They are low cost crops and usually need low
maintenance. These crops are intendedly planted or
grown to supply a large number of consistent-
quality biomass for biorefinery. Woody energy
crops are hardwood trees that grow fast and
normally harvested within 5-8 years of plantation.
The short rotation woody energy crops are
traditionally used for manufacture of paper and
pulp. Unlike agriculture crops and perennia
grasses, the productivity of woody biomassis little
affected by seasona variations (de Lasa et al.,
2011).

Agricultural waste and residues mostly consist
of stalks and leaves which are usually not harvested
from fields for commercia porposes. The forestry
waste and residues are biomass that usualy not
harvested from logging sites in commercial
hardwood and softwood stands. Biomass resulted
from forest management operations like thinning of
young stands and removal of dead and dying trees
are aso included in the forestry residues.

Industrial and municipal wastes include
municipa solid waste (MSW), sewage sludge and
industrial waste. Residential, commercial and
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institutional postconsumer waste usually contains
good amounts of plant which are derived from
organic materials which can be used as potential
source of biomass. Black liquor, the waste product
generated during wood pulping, is an example of

industrial waste (de Lasa et al., 2011).

There are many agricultural waste and food
processing wastes of the current agricultural and
food industries that have little use. They, however,
can be converted to higher-value fuels and
chemicals. Accordingly, the traditional agricultural
processing industry should incorporate the inte-
grated biorefinery concept to minimize the negative
impact of biofuel production on food supply while
maximizing its revenues.

A reliable supply of feedstock and processing
technologies are needed in developing the biomass
resource base for industrial sector applications.
Now, numerous biorefinery technologies for
processing lignocellulosic materials are in the
development in many parts of the the world. In
order to achieve efficient conversion of the raw
material, a mixture of mechanical, biocatalytic and
chemical treatments needs to be combined.

There are several advantages for current bio-
processing industries to reinvent themselves as
biorefineries through the production and marketing
of multiple products (Pye, 2005). The advantages
includes:

e The enhanced revenue from a single facility
that utilize its infrastructure and raw material
resource to the maximum possible extent, and
the additional revenues from high value co-
products that could reduce the selling price of
the primary product.

e A lower financia risk, since the profitability
of the facility will be less dependent on
fluctuations in the selling price of, and market
for, a single commodity product.

e A reduction in waste generation and the lower
disposal and treatment costs, since more of
the raw materia is converted to saleable
products.

e The opportunity for more efficient operations
through greater process integration and
utilities optimization.

e A possible degree of operating flexibility
through changes in the ratio of the different
products that can be made in response to
changes in markets and raw materials

The key to successful development of
biorefineries will ultimately depend on the progress
in three areas (Nel 2009): (i) low energy milling of
bio-feedstocks to its components, (ii) efficient
bioconversion of mixed sugars to products and (iii)
the utilisation of by-products. These improvements
will require integration of biomass conversion
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technologies with all major areas of industrial
biotechnology such as novel enzymes and
microorganisms, functional genomics, pathway
engineering, protein  engineering, biomaterial
development,  bioprocess  design,  product
development and applications (Nel 2009).

A biorefinery is not a completely new concept.
Many of the traditiona biomass converting
technologies such as sugar, starch, and pulp and
paper industries use aspects connected with this
approach. The combinations that involve raw
materials, conversion or technology processes, and
final products are amost not limited in the
biorefinery concept. The final decision as to what
product will be prioritized in a biorefinery will
much depend on the availability of raw materials,
technological  knowledge, public  policies,
regulations, and market dynamics (Yang and Yu
2013)

Potential Raw material for feedstocks in West
Sumatra

Current commercial biorefineries are using
traditional sugar- and starch-based feedstocks like
corn, soybeans, and sugarcane to produce value-
added products for food and feed applications, and
fuel ethanol and specialty chemicals (Yang and Yu
2013). The potential raw material for biorefinery
feedstock from West Sumatra are discussed in this
section.

Cocoa pod

West Sumatra has approximately 137,355
hectares of cocoa plantation with potential
production of dry weight cocoa bean between 900
kg/halyear—-2500 kg/halyear. Cacao is an
industrially important crop since cocoa beans and
its processed products are the main ingredients of
chocolate, one of the world’s most popular foods.
However, in the production of the cocoa beans,
waste in the form of cacao pod is also generated.
Every ton of dry cacao beans generates 10 tons of
wet cacao pod (Mansur et al., 2014). Proper usage
of the husks could provide economic advantages
and decrease their environmental impact. Figure 1
illustrates the part of cocoa fruit and chemical
composition cocoa pod potential for ethanol and
pectin production. Proposed integrated cocoa pod
biorefinery for ethanol and pectin production is
illustrated in Figure 2.

Empty Fruit Bunch of Oil Palm

West Sumatra has approximately 357,079
hectares of oil palm plantation. Average
Productivity of oil pam plantationsis 16 tonnes of
Fresh Fruit Bunch (FFB) per ha for smallholder
plantation, while the potential for using superior
seed in intensive farming could reach 30 tons FFB /
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ha. Every tonne of FFB generates 250 kg of Empty
Fruit Bunch (EFB). Proper usage of the EFB
provide economic advantages and decrease their
environmental impact.

Cocoa Bean
(31%)

PULPAND PLACENTA
(3%)
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Rice Sraw

West Sumatra has approximately 236,874
hectares rice farming. Table 1 illustrates the
potential ethanol production from rice straw in
West Sumatra with assuming the production of 6
ton/ha

Cocoa Pod

Figure 1 Part of cocoa fruit and chemical composition cocoa pod potential for biorefinery
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Figure 2. Integrated cocoa pod biorefinery for ethanol and pectin produc

Gambier

Gambir (Uncaria gambir Roxb.) is one of the
important non timber forest products in West
Sumatra. It is traditionaly used for numerous
purposes such as medicine, batik and leather
industry. West Sumatra has approximately 21,412
hectares of gambier production. Gambier
processing in West Sumatra begins with the
extraction of gambier juice from boiled leaves,
leaving behind biomass waste around 7,000
kg/halyear. This biomass is potential for

biorefinery. Figure 3 illustrates the biomass from
gambier extraction industry.

Sugarcane

West Sumatra has approximately 7,364 hectares
of land in sugarcane production.. Sugarcane
processing in West Sumatra begins with the
extraction of juice and leaving behind bagasse.
This fibrous material is potential lignocellulosic
source for producing ethanol. Most of the sugar
juice is used to produce brown sugar which is
produce by boiling the sugar juice until very thick.
It isthen left to dry in the molding.
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Challenges of biorefinery Development

The diversity of feedstock available.

The physico-chemical properties and chemical
compositions and cost of feedstock vary
considerably depending on the types, sources and
collection logistics. This diversity creates
challenges to develop replicable biomass supply
systems and specialized conversion technologies to
bio-power or bio-fuels for various types of biomass
waste.

Collection and transportation logistics problem
and cost.

The collection and transportation of biomass
from distant field to biorefinery location is costly.
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The viability of market.

The integrated biorefinery must optimize the use
of biomass to create products matched perfectly
with  market demands and economicaly
competitive with fossil fuels (Maity 2014).

Sustainability.

Understanding of economic, environmental and
social impacts of biorefinery must receive special
attention.

Budget al.,located in research and devel opment.

The government, researchers and industries
contribute significantly to the development of
feedstock and technologies to foster growth of
biorefinery. Many of these technologies need on-
going and consistent supports to achieve profitable
manufacturing processes.

BOILING

Figure 3. Biomass from Gambier Extraction Industry
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Figure 4. Proposed integrated biorefinery from sugarcane processing industry

1. CONCLUSIONS

West Sumatra has numerous raw materias
potential for biorefinery feedstock especialy for
bioenergy. However, the utilization of the material
is still low. Technical challenges (such as variable
quality of feedstock, immature technology),

commercial (such as high investement cost,
expensive production cost) and strategic challenges
(such as regulation, consumer acceptance) and also
sustainability challenges (Reduction of GHG
emission requirement in biorefinery products life
cycle) have to be solved and need multidisciplinary
studies. Andalas University would be the best host
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for any collaboration on accelerating biomass
utilization in West Sumatra.
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