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Abstract. One of alternative waste-to-energy technologies to treat organic waste is anaerobic digestion.
This study conducted by three stage of experiments using the laboratory scale biogas production from cow
dung and rice husk as co-digestion. Based on the first stage experiments, TS 10% gave the highest
accumulation of biogas 458 ml and 506,95 ml. In the second stage of the experiments, 10 ml media in TS
20% gave the highest accumulation of biogas production (743.1 ml). The last stage of experiments showed
that Blank TS 30% with 5 ml media gave the highest accumulation of biogas production (922.2 ml). From
the last stage we can conclude that the presented of rice husk as a co-digestion didn’t give the significant
effect to increase biogas production in anaerobic digestion, at least at room temperature. This caused by the
high lignin and cellulose concentration in the rice husk that might resist or inhibit the production of biogas
production. This is contrast situation when TS 40% occured, the existing of rice husk in AD will give

positive impact to biogas produce.
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1 Introduction

Anaerobic digestion performance is heavily influence
by the characteristic of organic material such as food
waste, manure, sewage sludge, organic fraction of
municipal solid waste, and energy corps, and others [1].
The popularity of the technology is due to its ability to
turn organic waste into energy [2].

In Indonesia, cow dung volumes are increasing
annually and most of them are disposed without any
treatment. Anaerobic digestion could be an alternative
option to treat the cow dung and thus reducing the cost

of disposal and produce biogas for energy recovery.
Methane and carbon dioxide which is mainly contained
in biogas production, can be used as renewable energy
sources [3].

Other type of organic waste that is abundant in rural
area is agricultural waste, such as properly such as rice
husk, rice residues and rice straw from the drying
process. The waste is abundant particularly during
harvest and is mostly burnt in the field causing air
pollutant. As a matter of fact, these wastes have high
carbon content which can be used as for biogas
production through anaerobic digestion process.
However as the rice residues are to optimize anaerobic
digestion performance and obtaining energy by
considering digestion of rice residues are difficult to
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degrade, the parameters of the anaerobic digestion
should be set properly [4].

Table 1 Characteristic of Rice Husk Reported in Literatures

Parameters Pillaier, Bronzeoak, Kumar,
1988 2003 P.Senthil,
2010
Crude protein, % 1.7-2.6 - -
Crude fiber, % 31.71 - - -
49.92
Mineral Ash, % - - 13.87
Pentasans, % 16.94 - - -
21.95
Crude fat, % 0.38 - -
Nitrogen free 24.7 - - -
extract, % 38.79
Cellulose, % 34.34 - - 31.12
43.80
Ash, % 13.16 - 22.0-29.0 -
29.04
Hemicellulose, % - - 22.48
Lignin, % 21.40 - - 22.34
46.97
Bulk Density - 96-160 -
(kg/m3)
Nitrogen, % - 0.23-0.32 -
Carbon, % - ~35.0 -
Moisture, % - 8.0-9.0 -
Hydrogen, % - 4.0-5.0 -

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 73, 01013 (2018)

https://doi.org/10.1051/e3sconf/20187301013

ICENIS 2018
Parameters Pillaier, Bronzeoak, Kumar,
1988 2003 P.Senthil, Cow Dung 140,5 137,4 134,6 ml
2010
Oxygen, % : 31.0-37.0 : Aquades 110 115 120 ml
Sulphur. % - 0.04 - 0.08 - Nutrient 30 30 30 ml

Co-digestion of several feedstocks, for example,
grain waste-rice husk, banana- plantation peels, sewage-
brewery sludge, pig waste-cassava peels, will increase
methane production up to 60% in comparison to the
methane production from single substrates [7] [9] [28]
[29]. The flexibility of anaerobic digestion also enable a
wide range of organic substrate such as industrial wastes
such as carbonated soft drink sludge, animal and plant
wastes, and brewery wastes that can be used as digester
feed [8] [19] [20] [21] [22] [23]. In this study we will
used rice husk (RH) as co-digestion to anerobic
digestion. However based on the Table 1, lignin in RH
have outstanding micro-biological characteristics that
resistance to enzymatic degradation [17].

This paper will contain three experiment that related
each others. The aim of this paper was explore and
investigate rice husk together with cow dung can be a
source of renewable energy through anaerobic digestion
technology with variation of total solid, composition rice
husk and cow dung, and nutrient

2 Materials and Method

2.1 First Experiment

Goal of first experiment was to know the best total solid
that can produce the highest biogas by cow dung only,
without the presented of rice husk. The first step was
prepared basic nutrient and acidified brine solution.

Table 2 Composition of nutrient

Substances Mass Unit
CaClz 5 gram
K>HPO4.H20 200 gram
NH4CL 100 gram

Put all the substances into one liter of glass bottle
and filled by aquades until the bottle was full. The
substance which is K;HPO4.H>O and CaCO; was
needed to achieve pH during digestion, they provided a
stable environment inside digester [16].

After that brine solution was acidified by saturating
NaCl in distilled water. The addition of brine solution is
to inhibit biogas dissolution in the water when biogas
measurement occurred and then input cow dung,
aquades, and nutrients into the anaerobic digester as
seen on the Table 2

. Table 3 Composition of cow dung, aquades, and nutrient of
experiment 1

Substances | TS20% | TS15% | TS 10% | Unit

Next step, was measured the biogas produced by
using water replacement method with the steps as
follows. First, connected the balloon with plastic hose,
give a small amount of water (as an indicator of the
presented gas that will come out from the balloon),
clipped the plastic hose by paper clip and put the
needles at the end of the plastic hose. Injected the
needles into the bottle (as a laboratory scale reactor)
and opened the paper clip. Wait until the bubbles from
the water indicator has stopped forming and clipped
again by paper clip. After that, connected the balloon
to buchner flask which contain acidified brine solution
and pressed until all the gas come out from the balloon.
The water that replaced into the other container was
measured to know the gas that produced in the
anaerobic digester.
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Fig. 1 Biogas Measurement Method

2.2 Second Experiment

Second experiment was done to determine the amount
of nutrient should be input into anaerobic digester to
support the process. The anaerobic digester we made is
by input 150 gr cow dung (CD) and 13 gr rice husk
(RH), 160 ml aquades and the nutrient we had made
before (with variation 0 ml, 5 ml, 10 ml). After that
measured the biogas with the method that we used in
first experiment.

Table 4 Composition of RH, CD and Aquades for Second

Experiment
Substances Mass Unit Density
Rice Husk 13 gram 0,258 g/ml
25%
Cow Dung 150 gram 1 g/ml
75%
Aquades 160 ml 1 g/ml

2.3 Third Experiment

The purpose of the last experiment was to know the best
total solid of CD and RH composition in AD experiment
to yield the highest biogas. Almost steps in third
experiment were same as first experiment. The
difference is only on the materials were input into the
reactor. The materials can be seen on the table down
below. Those experiments was doing with duplo method,
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in each TS variance was made twice. The composition
of AD in third experiment can be seen on Table 4.

TS 20% TS 30% TS 40%
5]
2
S |ru |, [rRH |, [RH+|
¢ + T + < CD < =
3 CD = CcD = S 7
75} m [as] m ]

Cow [ 150 | 150 | 150 150 150 150 ar
Dung

Rice 13 0 13 0 13 0 ar
Husk

Aqua | 160 | 160 140 140 120 120 ml
des

Nutri | 5 5 5 5 5 5 ml
ent

Table 5 Composition of Substances in Third Experiment

Table 6 Characteristic of Inoculum, substrate, and mixture of

feedstock
Parameters Inoculum Rice Husk
Total Solid (%) 92,1 8,9
Volatile Solid (%) | 74,3 83

3 Result and Discussion

3.1 Biogas Production Experiment 1

Total Solid is an important thing in anaerobic digester
performance to determine condition for optimum gas
production [11]. The content of TS will affect
performance of digestion in AD digester and methane
production efficiency [12]
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Fig. 2 Biogas Result of First Experiment

The result of the second experiment in the figure
above showing that TS 10% is the suitable total solid
would yield biogas production among another TS
content ( TS 15%, TS20%) for cow dung composition in
anaerobic digester. Abbasi Gundeouz et al, study

depicted that for TS content increasing from 10%-20%

the total methane production in batch anaerobic digester
with mesophilic conditions would correspondingly
decrease [13]. The previously work also by Forster-
Carneiro at al., showed if there is an increasing TS from
20%-30% there will be decreasing the biogas methane
yield, it means that low TS will make a positive effect
for AD performance [11]. This corresponds with another
previous work in the batch anaerobic digestion of food
waste which depicted that lower total solid content
yielded higher biogas production. In addition, using TS
lower than 20% will have positive impact to the methane
product. [14].

3.2 Biogas Production Experiment 1

The second experiment we did by variate the amount of
media and keep the other treatments same for all
samples. Based on Fig. 2, rice husk and cow dunk (25 :
75) with media variation 0 ml, 5 ml, and 10 ml give a
different results. Anaerobic digestion with 10 ml media
produced the highest gas volume, continued by 5 ml
media and the lowest is 0 ml media.
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Fig. 3 Biogas Result of Second Experiment

In 10 ml media, the most significant gas produced
from day 2 to day 3. After day 3 the gas still increasing
but was not significant. This is in accordance with 5 ml
media, gas produced slowly started from day 2,
increased significantly from day 3 to day 4, and still
continued to produce gas until the end of the day of
experiment.

In the opposite, 0 ml media gas did not produced
until the end of experiment. This happened because of
RH consists of high lignin and cellulose content which
made the enzymatic degradation become inhibited and
affected the overall biogas production [6]. Media give
impact to the rice husk and cow dunk because media
help the microorganism to degrade the cellulose and
lignin from rice husk so they could produce more gas.
This similar with Iyagba (2009), research that rice husk
as co-digestion with cow dung can not be together to
produce methane gas, at least at the room temperature
without any media.

3.3 Biogas Production Experiment 3

Another experiment conducted is experiment 3 which
used rice husk — cow dung composition as feedstock
AD. This result experiment shown, TS 40% was the best
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condition to produce biogas for RH-CD composition
among TS 20%,TS 30%. The result also shown Blanko
TS 30% was the best TS condition for CD composition.
Difference TS condition from experiment 2 and 3
occurred because of the difference substrate had been
used. This result also showing that biogas still produce
increasingly from TS 10%, TS 20% and TS 30% for CD
composition. As shown in this figure, biogas produced in
3rd day was restrained for all variation. This might be
caused by the production of Volatile Fatty Acids (VFA)
that obtained from acid forming bacteria which
subsequently decreased pH and reduced the growth of
methanogenic bacteria. As such, methanogenesis
become lower in initial biogas production stage [15]
[30].
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Fig. 4 Biogas Result of Third Experiment

Knowing the presented effect of rice husk, we
comparing biogas produce between TS variation and
blank variation. In TS 20%, blank produce the biogas
with the amount almost the same as TS 20% RH-CD
composition. There is a significance difference in TS
30%, the blank produced biogas more than TS 30% RH-
CD composition. The result of TS 20% and 30% was
contrast with result of TS 40%, in TS 40% the blank
producing less biogas than TS 40% RH-CD
composition. Therefore in general result, showed that TS
30% is the optimal condition of gas production without
and RH and TS 40% produced highest gas with addition
of RH. Generally, the existence of rice husk will
decrease the produced of gas if we conducted in TS 30%
and 20%, but in TS 40% rice husk will increased the
biogas produce.

The high level of cellulose and lignin in the rice husk
made enzymatic degradation become resistant and
ultimately reduce the biogas production [6].
Nonetheless, with co-digestion with cow dung in
experiment 3 and TS 40% biogas could be produced if
we mix RH and CD as AD feedstock.

These results showed that rice husk does not have
potential to improve the methane gas production together
with cow dung, at least at room temperature. Based on
this biogas production study, the contribution of rice
husk as the co-digestion together with cow dung does
not give significant result, however rice husk that
contained in the residue could be used as fertilizer source
[14].

Indonesian Central Agency on Statistic (BPS) noted,
ther are five provinces that experienced the highest
increase of rice production until June 2015. The five
provinces are Lampung, West Jaba, South Sumatra,
Central Java, and East Java. In Lampung, rice production
increased to 541,000 tons in the period (from January to
June 2015. Furthermore, the total tice production in
West Java in the first half of this year was recorded at
373,000 tons. Then South Sumatra is 434,000 tons. Then
the source of rice barn, Central Java produced as much
as 954,000 ton. Other granies, East Java, produced as
much as 381,000 tons (Badan Pusat Statistik,
2015).Grain harvest in addition to producing rice, also
produces rice husks. Based on literature study, the ratio
for grain husk is 1:0.24. Means every ton of grain
produced will leave the rice husk 0.24 tons (Kesuma,
2014). So the amount of rice husk in the period from
January - June 2015 from 5 provinces are 643,920 tons
and his number will continue to increase as the rice
production also increases, so we have to handle RH
waste before it gets abundant and more dangerous and
difficult to treat.

Besides using AD, rice husk is usually burnt by
incinerator. However this method can produce emission
CO between 200-2000mg/Nm? and NOx between 200-
300 mg/Nm? which is dangerous for human health [27].
The amount of those emission have high possibilities
being above of the quality standard based on regulation
of the minister of environment and forest of the republic
of Indonesia number 70 Year of 2016. Therefore it is
expected AD can be a best solution of rice husk waste
management and environmental friendly.

4 Conclusion

Rice husk is one of potential renewable energy
sources that have abundant amount as waste especially
in agricultural countries. Based on this study, to produce
biogas through anaerobic digestion method, carbon
source could be obtained from rice husk. Furthermore,
biogas could be one of alternative energies with
environmental-friendly technology to substitute the
fossil fuels. The optimum total solid condition for CD
only and CD-RH as AD feedstock. This study shows that
TS 10%, TS 20% and TS 30% for CD composition give
the positive impact for biogas produced of AD with TS
30% produced the highest yield, meanwhile in CD-RH
composition TS 40% produced the highest yield. RH
gave negative impact for AD performance in total solid
concentration of 10%, 20% and 30% except in 40%
condition.
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