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Abstract. Greenhouse gas emissions go hand in hand with fossil energy
consumption. The use of fossil energy has increased sharply in the past 15
years. Biogas is one of renewable energy derived from biomass that can
overcome greenhouse gas emissions and reduce the generation of organic
solid waste. Some materials with high lignin content are good substrates
to increase biogas production. Rice husk is a potential material to be used
as a biogas substrate and it is quite abundant in Indonesia. However, its
utilization for full scale operation has not been maximized. This review
article will discuss the potential of rice husks as substrates and prospects
in their implementation including various characteristics, influence factors
to optimize and up-scale the biogas production. Further research is needed
to increase biogas production and overcome existing obstacles.
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1 Introduction

The fossil energy used to this day still dominates world energy consumption. Its
availability is expected to reach scarcity. Efforts to develop renewable energy sources that
are more environmentally friendly and meet the aspects of water, wind and biomass-based
energy sustainability are continuing. Biomass energy derived from agricultural waste has
great potential because its availability coincides with the food needs of the world's
population. Utilization of biomass waste will not only increase the resilience of the
agriculture and forestry sector systems but will also reduce dependence on fossil energy
and reduce greenhouse gas emissions. This biomass energy is then processed into biogas
which can be used as fuel for motor vehicles and power plants [1].
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Biogas is a second generation biomass waste conversion product as a renewable energy
source. Biogas is methane gas produced from biomass waste decomposition. Bioenergy
generated from agricultural waste is considered to be able to contribute to reducing
methane emissions from organic sources and fossil fuel substitution [2]. In general, biogas
is produced through anaerobic processes that break down the constituent components of
biomass. Biogas technology has been developed in Indonesia by using raw materials for
animal manure. However, other potential in the form of agricultural biomass waste has not
been utilized optimally as a renewable energy source.

The availability of rice as one of the staples in Indonesia is quite abundant. In 2018 rice
production in Central Java Province reach 9 million tons of dry milled un-hulled rice [3].
The high number also shows that the waste generated from rice production is quite high
but its utilization has not been optimized. Rice production waste, especially rice husk, is a
material that has a high lignocellulosic content. However, high lignocellulosic content can
inhibit biogas production so it needs to be overcome with various efforts such as involving
co-substrate in the biogas production process and providing pre-treatment on the biomass
substrate.

Co-substrate acts as a counterweight to the production process factors [4]. Various
studies related to the use of co-substrate in the production of biogas based on biomass have
been carried out. In addition to the use of co-substrates, an increase in biogas production
can also be done by giving pre-treatment to the biomass substrate. Pre-treatment is
considered capable of breaking the bonds of lignocellulose compounds in biomass thereby
increasing biogas production (Figure 1). The various studies then encourage other studies
by using both methods to overcome the characteristics of biomass waste.

This article is a review of various studies related to biomass and rice-based biogas with
the use of co-substrates and other factors influencing biogas production. This article will
also discuss the results of various biogas studies from biomass waste, the efforts needed to
improve the quality of biogas production.
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Figure 1. Steps involved to produce biogas from lignocellulosic biomass
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2 Rice husk characteristics

Rice husk is agricultural waste that cannot be consumed so that it is not further processed
after harvesting. Most farmers only accumulate and burn rice husk waste without further
utilization. This can cause other environmental problems such as piles of waste that can
damage soil quality and greenhouse gas emissions into the atmosphere. Even though rice
husk is one of the biomass raw materials that can be utilized. Biomass is a renewable
energy source that is rich in carbon content so that it is potential to be used and processed
as fuel and other environmentally friendly materials such as bricks [5]. Agricultural waste,
especially rice husk, is one type of waste produced as a result of human activities so that it
can be categorized as an appropriate alternative for bioenergy production.

General characteristics of rice husks are the raw material for lignocellulosic biomass
because they are mostly composed of cellulose, hemicellulose and lignin (Table 1). These
three compounds cause lignocellulosic biomass to have a low level of biodegradation due
to the crystalline structure of lignin which envelops cellulose and hemicellulose. The
structure must be broken down so that the hydrolysis process can run faster [6].

Table 1. Characteristic of Rice Waste (%) [7, 10]

Rice Husk Rice Straw

Cellulose 344 44.3
Hemicellulose 29.3 35.5
Lignin 19.2 20.4

Proximate analysis (dry basis)

Fixed carbon 16.22 15.86
Volatile matter 63.52 65.47
Ash 20.26 18.67

Ultimate analysis (dry basis)

Carbon 38.53 38.24
Hydrogen 4.75 5.20
Oxygen 35.47 36.26
Nitrogen 0.52 0.87
Sulphur 0.05 0.18
Higher heating value (MJ/kg) 15.84 15.09
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3 Anaerobic co-digestion

Anaerobic process is a complex system and responsive to the presence of various kinds of
microbes during the process. Biogas is a product of anaerobic processes that break down
organic compounds with the help of microbes without the presence of oxygen. Biogas
generally contains as much as 50-70% CH4, CO2 as much as 20-45% and other gases. In
general, degradation of organic material through anaerobic processes to produce biogas
through the stages of hydrolysis, acidogenesis, acetogenesis and methanogenesis. The
whole process involves microorganisms that are very diverse with their respective
functions at each stage [6]. The anaerobic process uses only a single substrate. However,
the use of substrates more than 1 is able to maintain a more stable process. Anaerobic co-
digestion technology uses various types of biomass waste as a substrate or raw material to
produce methane gas. Various studies have been carried out to find out various co-
digestion mixtures using industrial, agricultural, livestock and domestic waste to increase
biogas and methane production [11].

Anaerobic co-digestion is an effort to optimize biogas production by mixing two or
more substrates. The benefits of anaerobic co-digestion are that it increases the stability of
the process, weakens the inhibitory effect, the moisture content in the digester is more
stable, increases the synergy of microorganisms, and reduces greenhouse gas emissions [4,
11]. The quality of raw materials and environmental conditions need to be adjusted to
design an appropriate reactor / digester so that the production of methane gas can be
optimized. Based on several studies it is known that co-substrates suitable for agricultural
waste are co-substrates which have high nitrogen content and are easily degraded. Factors
in the biogas production process in general such as the C / N ratio, pH, and alkalinity need
to be considered to determine the ratio of co-substrate used.

Lignocellulosic biomass has a high organic load, microbial diversity and low nitrogen
content. These factors are potential inhibitors of the anaerobic digestion process.
Agricultural waste that does not involve co-substrates in the biogas production process will
produce low biogas. The high C / N ratio and the high percentage of lignin and pesticide
contamination can affect the biogas production process. These obstacles can be overcome
by adding co-substrate to the reactor. This method is considered to be able to increase
biogas production to more than 20% CH4 than predicted [6, 12]. Various studies have
been carried out related to the use of co-substrates in the production of biogas with
biomass substrates. Livestock waste such as chicken manure [13], goat [14, 15], cattle [6,
16, 17], domestic wastewater [18] and food scraps [19, 20] are widely used as biomass
waste co-substrate for biogas production. While the research specifically for co-substrate
of rice husk is manure such as cows, pigs, and chickens, and tofu industry liquid waste
(Table 2).
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Table 2. Anaerobic co-digestion of rice husk in previous research

Substrate Process Condition Result Refference
Food Waste:Rice Husk Continues 82% VS removal [19]
Cow Dung:Rice Husk Rice Husk not Not significant, highest biogas [21]
pretreated yield for TS 40%
Rice Husk:Cow Dung Adding EM-4, TS and Highest biogas yield for TS [22]
stirring variation 20%+EM-4+stirring
Tofu Liquid  Waste:Rice| Fixed dome reactor, Methane started to form on the [23]
Husk batch, EM-4 as starter 14" day
Cow Dung:Rice Husk Varying prorportion | 50:50 proportion produced the [24]
of biomass highest cumulative yield
Thai Rice Noodle| Batch, different type Thai rice noodle+rice [25]
Wastewater:Rice of manure, ash husk+Chicken manure+ 6
Husk:Manure supplement as trace gram of ash produce the
elements highest yield

4 Pre-treatment

Lignin compounds in biomass can inhibit hydrolysis or breakdown of cellulose and
hemicellulose compounds. Therefore various techniques were developed to facilitate the
anaerobic process of biomass to produce biogas. Pre-treatment technique is one way to
simplify the process of biogas production with lignocellulosic biomass substrate. This
technique is broadly divided into two groups, namely non-biological and biological pre-
treatment. Non-biological pre-treatment takes place without the help of microbes and is
divided into several categories, namely physical, chemical, physico-chemical, and
biological pre-treatment. Each type of pre-treatment has

Pre-treatment is a special process that can work on certain substrates. Optimum results
obtained on one biomass substrate with pre-treatment may be different on other biomass
substrates with the same pre-treatment. So it is necessary to know more about the
effectiveness of pre-treatment of certain biomass substrates through selective selection of
the characteristics of each biomass. Pre-treatment of lignocellulosic raw materials is one of
the important steps to change the structure of biomass waste and to break lignocellulosic
bonds so that the process of reducing sugar takes place more easily [26].
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5 Factor effecting anaerobic co-digesting

5.1 Co-substrate characteristic

Understanding the specific characteristics of the co-substrate that will be used in the biogas
production process is one of the important things. The characteristics of the ingredients can
determine the product produced from the anaerobic process. The chemical composition of
an ingredient is important to know because it will determine its ability to produce biogas.

The characteristics of each material are different so the choice of co-substrate must be
adjusted to the characteristics of the main substrate. The content of the constituent
ingredients will differ from one another so biogas production conditions can be affected.
Carbohydrate-rich production materials are one example of materials used for biogas
production. Plant substrate and its derivative products are one of the ingredients that are
rich in carbohydrates. Other materials used as ingredients for biogas production are
materials with high protein content. Materials with high protein content have the potential
to produce methane in the biogas production process [11].

The characteristics of the material used will affect the stability of the anaerobic biogas
system. If the material contains one specific compound that is too much then the system's
stability factors will be easily disturbed. Carbohydrates on the substrate will be broken
down through the process of acidogenesis to form volatile fatty acids (VFA). The higher
the sugar content in a substrate, the formation of VFA will also increase and decrease the
pH value while the protein content that is too high can form inhibiting compounds, namely
ammonia

5.2 C/N ratio and pH

Comparison of carbon to nitrogen content or C / N ratio on a substrate can affect the
overall anaerobic process, especially the anaerobic co-digestion process. Substrate with an
optimal C / N ratio can meet nutrients for microorganisms so that optimum biogas
production. A low C / N ratio can increase the ammonia content and inhibit the growth of
microorganisms. Whereas a high C / N ratio can increase VFA production [11]. Based on
research the optimal C / N value is 33.45 with TS <15% [27]. Another thing related to the
operational process of the digester is the pH value.

The pH value is one of the factors that affect the anaerobic system because it
determines the solubility of organic compounds. In addition, pH also affects the life of
microorganisms, especially enzymatic reactions. In the biogas production process, pH
significantly influences the fermentation process because each type of microorganism that
plays a role in the biogas process can only live in a certain pH range. Research shows that
maintaining a pH range of 6.8-7.2 can support the biogas production process which is the
optimum pH for microorganisms of methanogenesis. However, hydrolysis and
acidogenesis microorganisms can work optimally at pH 5.5-6.5 [11].
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5.3 Temperature

Temperature is one of the important factors in the biogas production process. The selection
and regulation of the right temperature in the anaerobic process can increase biogas
production. Anaerobic processes can take place in the range of psychrophilic, mesophilic
and thermophilic temperatures. The mesophilic temperature range which is at 35° C is
commonly used because in that temperature range more microorganisms that can live and
pathogens that die so that supports anaerobic processes for biogas production. The
mesophilic process is considered more stable than thermophilic. An increase in
temperature in the anaerobic process will also increase the metabolism of microorganisms
and accelerate the degradation process. However, the system will be more difficult to
control as well as in the thermophilic temperature range. Also in the thermophilic
temperature range ammonia is more easily formed so that it can inhibit the degradation
process and make the process unstable. The optimum conditions for methane production
are in the range 32-35 ° C[11, 28].

6 Discussion: future prospect and challenges

Previous studies have shown the potential of rice husks to be used as biogas substrates.
Rice husk is produced as a by-product of rice production. As much as 20% of rice
production is rice husk [29]. The rice husk produced is generally burned or simply piled
without further processing. Rice husk in Indonesia until now is widely used as a planting
medium and fertilizer. If seen based on its chemical characteristics, rice husks have the
potential to be used as a renewable energy source.

Utilization of rice husk waste into energy sources will benefit the environment. Rice
husk waste that is stacked and burned will certainly emit greenhouse gas emissions that are
harmful to the environment. Based on studies of greenhouse gases released into the
environment from agricultural waste is 53% of the average GWP [30]. Utilization of rice
husks by processing them into energy sources will certainly be more useful. Based on
research adoption of biogas technology affects the use of firewood as stove fuel used in
the kitchen so that it is more environmentally friendly [31]

However, the production and availability of rice husks will depend on the production of
rice plants. Rice husk production will decrease if rice production decreases and vice versa.
Rice production is also influenced by various factors such as weather, land conditions and
pests. Based on data from the Central Statistics Agency or Badan Pusat Statistik (BPS),
Indonesia's rice production until 2015 has increased. Throughout 2018 rice production in
Central Java reached 9 million tons of dry grain [3]. One of the factors that affects the
availability of materials is data related to their availability and utilization [32]. Data that is
widely used in various studies is data obtained from assumptions based on research
conducted in different places or countries with study locations. This can be influential
because the production of each country or place is different from one another. Besides the
availability of material is also influenced by the level of utilization of it into other
products. The processing factor for grain waste in developed and developing countries will
be different. So empirical data based on the results of research related to the availability of
materials is needed so that the sustainability of production can be measured accurately.
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The characteristics of rice husks that have high lignocellulosic content have also been
overcome by using pre-treatment techniques that can be carried out chemically, physically
and biologically. Pre-treatment techniques have shown the results that with pre-treatment
of biogas production with rice husk material can be increased. The characteristic of strong
lignocellulosic material causes the pre-treatment process to be one of the steps that needs
to be done to optimize biogas production. In addition to pre-treatment, biogas production
can also be increased by adding co-substrates as an alternative to increasing nutrients for
microorganisms during the anaerobic process. The addition of the substrate in addition to
increasing biogas production is also able to stabilize the production process.

However, most of the previous studies were limited to laboratory-scale research. Most
of the researches in laboratory-scale are not evaluate the environmental risk from the
process. The pre-treatment stage which is carried out before the anaerobic process begins
certainly requires chemicals and energy sources. This will not have a big effect if
production is carried out on a small scale or on a laboratory scale. If the scale of biogas
production is increased, of course the amount of material and the amount of energy needed
will increase. Further analysis related to energy consumption and the impact on the
environment is certainly needed so that biogas production can be used massively [28].
Therefore, we need a pre-treatment process that uses a low amount of energy and
environmental friendly but able to break the bonds of lignocellulosic compounds.

7 Conclusion and recommendation

Agricultural waste, one of which is rice husk, is one waste that has a great opportunity to
be utilized as a renewable energy source. The content of lignocellulose which compiles
rice husk makes rice husk has the potential to be processed into an energy source as well
as an obstacle in its processing. Various studies have been done before to be able to
process rice husks into energy sources that can be utilized by the wider community. The
pre-treatment process and the addition of substrates in the anaerobic process are
considered good ways to increase biogas production from rice husks.

However, research on biogas from rice husks has not been done up-scale. Pre-treatment
techniques that need to be done on rice husks require a large amount of material and
energy that will have an impact on the environment. Various studies are still needed
further research both at the laboratory scale up to full scale so that the impact to the
environment can be reduced.
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