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Abstract Biochemical methane potential (BMP) was evaluated for biogas production with different substrate and
different seeding sources. Biological solid state fermentation (SSF) on organic waste was done in our Lab. With the purpose
to evaluate an efficiency of SSF biodegradation processes about jar tests of farm waste and biological pretreatment of Napier
grass mixed kitchen waste. In this study, a soluble leachate from aerobic SSF processes and a liquid substrate from
biodegradation farm waste (anaerobic SSF) were investigated for biogas production. A difference of COD concentration and
seeding sources were conducted. Our results revealed that, with a substrate from kitchen waste achieved highest CH,4
production. Efficiency of biodegradation was demonstrated by biogas production rate, removal efficiency of chemical
oxygen demand (COD). It was found that the highest soluble COD removal was 86%. In the experimental studies, two

different seeding sources were used and compared through biogas fermentation.
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1. Introduction

To our knowledge, anaerobic biogas fermentation is
anaerobic degradation processes of organic material to
methane and carbon dioxides production. The biochemical
reaction divided to four groups: hydrolysis, acidogenesis,
acetogenesis and methanogenesis. Batstone et al. showed a
model of anaerobic process with six steps conducted
substrate to final methane biogas production. First, it is sugar
and amino acid production from hydrolysis stages. In this
step, a soluble substrate can be directly converted to methane
production by acidogenesis methanogenesis processes. In
addition, a long chain fatly acids (LCFAs) from hydrolysis
stage of compound fats converted into the hydrogen
production by acetogenesis processes. Brief of principal
from complex particulate waste and inactive biomass would
be transferred into the methane and carbon dioxides
including [1].

In anaerobic digester processes, a reaction of anaerobic
fermentation is complex and has many relationships with
other factors, such as a temperature, pH, organic loading,
hydraulic retention time (HRT), gas concentration. A total
COD input is the most important through anaerobic
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processes, as a consideration fraction of the input COD may
be non-biodegradable. A gas liquid exchanges gas transfer
rapid or medium occurs in fermentation processes. A
liquid-solid transformation, this reaction is important in
system with precipitation and solubilisation of ions.
Therefore, when we control and set point of pH values
almost need to consider about the physical chemical sate in
anaerobic reactor [1]. In our research, a substrate from
aerobic SSF and anaerobic SSF was collected and used as
food for biochemical methane potential processes (Figure 1).
This study aimed to evaluate the substrate on biodegradation
processes for biogas production. Therefore, BMP test was
conducted on the substrate from SSF processes.

2. Materials and Methods

2.1. Substrates from Biological Pretreatment Processes

Our aim is to identify and evaluate a biogas production of
substrates from SSF biodegradation processes with different
seeding sources. Seeding inoculation collected from
activated sludge of food processing plant and the sludge was
from anaerobic kitchen-waste. In this case, there are three
important indicators need to be considered through BMP test,
which are food, microbes, and bioreactor. First substrate is
collected from anaerobic SSF in batch jar tests. Food for this
BMP test was a leachate from Jar tests and from oxic
leaching filter (OxLF) with same dry weight. 70g samples
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from each Jar were collected and diluted in the water (1:5),
after that only a soluble COD was collected. Second
substrate is collected from aerobic SSF with aerobic leaching
filter bioreactor. Food for this BMP test was leachate from
aerobic SSF with soluble COD in different concentration at
300, 600, 1200 and 1500 mg L. Microbes were an activated
sludge and collected from different seeding sources. In our
experiments, soluble COD in both final anaerobic and
aerobic SSF processes was conducted. A reactor of BMP test
was conducted in serum bottle at thermophilic temperature
and was kept at 55°C.

Garbage compost, kitchen
waste compost

Monitoring
biodegraded process

Biodegradation
on Jar tests
Anaerobic SSF
Kitchen waste,

Leaves, Duckweed Collect soluble

COD for BMP
test

Napier grass
Biodegradation on
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compost
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Figure 1. Overall for the conductive experiment BMP test

2.2. Biochemical Methane Potential Test (BMP)

Flow values

control the gas in to the flaks system

Procedure of BMP test was done according to Owen et al
(1979). We were designed the experiment step by step was
followed the procedure below [1, 2].

a) Soluble COD from anaerobic and aerobic SSF prepared,
fixed at the concentration for BMP test.

b) The medium for our experiment was prepared and
showed in Table 1, and according to Owen et al [2]. The
medium Resazurim S1 is added to detect oxygen
contamination (pink when oxidized), and sodium
sulfide S5 is added to provide a reducing environment.

¢) Substrate solution and a bottle were prepared. Solution
and nutrient were prepared following the steps above:

e Add 1.9 L of deionized water to 2 L volumetric flask.

e Add 1.8 mL S1 medium, 5.4 mL S2 medium, and 27
mL S3 medium.

¢ Boiling solution for 15 minutes while flushing with
N, gas at around 1L minute™.

e Cool to room temperature (but keep a flushing with
N, gas).

e Add18 mL S6 medium, 1.8 mL S4 medium and 1.8
mL S5 medium.

e A gas composition about 30% CO, and 70% N,
mixture and continue flushing about 1 L in minute™
were adjusted. Then 8.40 gram NaHCO; as powder
was added. After that bubble 30% CO,and 70% N,
gas mixture were controlled and managed pH value
stabilities about 7.

In Figure 2 and in Table 1 show the assay transfer
inoculate and substrate into serum bottles under anaerobic
and equilibrate condition. Gas volume sampling and removal
during incubation is performed with glass syringes (5-50 mL
depend on gas volume).
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Figure 2. Anaerobic transportation system conducted for BMP test
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Table 1. The medium composition of BMP test

Solution Compound Unit (g L) Solution Compound Unit (g L)
S1 Resazurin 1 CoCl,.6H,O 2
S2 (NH,),HPO, 26.7 H;BO; 0.38

CaCl,.2H,0 16.7 S3 CuCL.2H,0 0.18
NH,CI 26.6 Na,Mo00,4.2H,0 0.17
S3 MgClp.6H,0 120 ZnCl, 0.14
KCl 86.7 S4 FeCl,.4H,0 370
MnCL.4H,0 1.33 S5 Na,S.H,O 500
Biotion 0.002 Patothenic acid 0.005
Folicacid 0.002 Nicotinic acid 0.005
S6 Pyridoxine HCI 0.01 S6 Vitamin B12 0.0001
Riboflavin 0.005 p-Aminobenzoic acid 0.005
Thiamin 0.005 Thiotic acid 0.005

The most important during the BMP test is we need to
consider and make sure the CO, and N, gas bubble into the
flaks and serum bottles to make sure an anaerobic condition
without oxygen. In addition, a pH values was adjusted before
do BMP test. During the time take sample for monitoring
biogas production, glass syringes cleaned to make sure the
water level steady in a bottle. After that value of biogas was
obtained stable and at balance condition. An anaerobic
transportation system processes is shown in Figure 2.

Biogas production was calculated by the Gompertz
equation and showed the composition of biogas such as: H,,
CH,, and CO, [3]. The equation 1 showed below:

v = Pexp {— exp [Rpg (A—1t)+ 1]} (1)

Where:
y = Accumulative biogas production (mL).
P = Potential biogas production (mL).
A = Lag time (hours).
R ., = Maximum producing rate (mL h™).

2.3. Experimental Designs for BMP Test Substrate from
Difference of Biological Processes with two Seeding
Sources

Table 2. Experimental design for BMP test with substrate form Jar tests

No Jar1 | Jar2 | Jar3 | Jar4 | Jar5 | Jar 6 | Blank

Seeding (mL) 20 20 20 20 20 20 20

Substrate (mL) 80 80 80 80 80 80 80

Total volume (mL) | 100 | 100 | 100 | 100 | 100 | 100 100

In this study, a substrate from oxic leaching filter and
batch jar test were collected and realized in different COD
concentrations at 0, 300, 600, 1200, 1500 mg L. We used
different seeding sources. Seeding 1 was collected from

anaerobic activated sludge of processing food plant. Seeding
2 was collected from pilot kitchen waste digester in Ping
Tong City, Taiwan. The SS and VSS values were measured
and presented in Table 2 and in Table 3.

Table 3. Experimental design for BMP test with substrate form OxLF
bioreactor

CODs (mgL")| 0 300 | 600 1200 1500
Seeding (mL) | 20 20 20 20 20
Substrate (mL) | 80 80 80 80 80
Total volume 1,50 |99 100 100 100
(mL)

Seeding sources SS (mgL™) | VSS (mg L")

Seeding 1: Anaerobic activated sludge of

processing food plant 679,000

482,000

Seeding 2: Pilot kitchen waste Digester, Ping

Tong City 4,578

8,133

3. Results and Discussions

3.1. BMP Test with a Substrate from Jar 5 and Jar 6 of
Biodegradation Jar Tests

An anaerobic digestion for biogas production has been
applied for several organic wastes. It was operated and
recovered a bioenergy from waste, which consists mainly of
CH, and CO, [4-8]. The result illustrate that a substrate was
easy for methane fermentation after biodegradation. After 60
hours fermentation percentage of CH, was achieved at
highest value, the percentage of CH, maintain during biogas
fermentation was more than 70% (Figure 3).

In addition, the CO, production in this BMP test was also
high value around 25-30%. It means that during biogas
fermentation, a hydrolysis also convert a substrate into
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simple compound and CO, production. A comparison
between two jars, jar 5 was achieved methane and carbon
dioxides higher than jar 6. It means that in jar contained
kitchen waste was suitable and obtained higher biogas
production. Figure 3 shows the percentage of CH, of jar 5
which was steady more than 70%, in jar 6 was 45%.
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Figure 3. Methane production in jar 5 and Jar 6 tests

In other hand, the percentage of CO, also was quite
different between jar 5 and jar 6. In jar 6 the value of
percentages of CO, was about 28-32%, in jar 5 was about
10-20% (Figure 4). We concluded that a substrate of jar 5
after biodegrading processes was much achieved ability for
biogas production.
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Figure 4. Carbon dioxides production in jar 5 and Jar 6 tests

3.2. BMP Test with a Substrate from Jar 1 to Jar 4 of
Biodegradation Processes

Biological pretreatment investigated for cellulose
substrate of Agro-Industrial residues, organic waste. Then it
was used for biogas fermentation with different conduction
and various efficiencies of biogas production [9-12].

Experimental results showed that there is beneficial effect
at different substrates using for CH, production between
each jar (Figure 5). Jar 2 and jar 4 contained leave, duckweed
and seeding where were obtained percentage CH, production
higher than jar 1 and jar 3. However, percentage and volume
of CHy, in the jar 2 was highest value about 40%, 3 mL day",
respectively. In samples mixed kitchen waste with a

substrate enhanced biodegradation processes and anaerobic
biogas production.
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Figure 5. Methane productions from jar 1 to Jar 4 tests

As seen from Figure 6, the CO, production was different
between each jar. In jar 2, a percentage and volume of CO,
were highest value, but a value was smaller than jar 5 and jar
6.

Comparable results for biogas production, from jar 1 to jar
4 achieved the biogas lower than jar 5 and jar 6. Therefore,
biogas production revealed that a substrate contained kitchen
waste after biodegradation was suitable for anaerobic biogas
fermentation.
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Figure 6. Carbon dioxides production from jar 1 to Jar 4 tests

3.3. BMP Test of a Substrate from Biological
Pretreatment in OxLF with Seeding 1

In our BMP test, a COD value of leachate from aerobic
biological pretreatment processes in differences of COD
concentrations was conducted. Sludge from food proceeding
wastewater was used as a seeding source, like as an inoculum
for fermentation methane production.

As can be seen the results of Figure 7 and Figure 8
revealed that a lag phase took long time for biogas
production, which was more than 5 days. Almost of biogas
production was achieved until 7 days fermentation processes.
A percentage of CH, obtained 40%-50% in each sample.
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Figure 7. CH, production in different COD concentrations and seeding 1
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Figure 8. CO, production with different COD concentrations and seeding 1

Our research showed that a CO, production was similar
between different soluble COD concentrations. Results
showed that after 5 days percentage of CO, achieved 8-10%,
volume of CO, was 1.6-1.8 mL day™.

Otherwise, the volume of biogas production was increased
lowly until 12 days fermentation. It means that, in this BMP
test we need to check and maintain a process in long time for
good results.

3.4. BMP Test of Substrate from Biological Pretreatment
in OxLF with Seeding 2

The different between two seeding sources is given in our
study. Seeding 2 was used for this BMP test, which was
collected from anaerobic kitchen waste digester. Figure 9
provided that cumulative and a percentage of CH, obtained
with variable value when different soluble COD
concentrations were used.

In addition, the results illustrate that in the differences of
soluble COD concentrations took variable time for a first
stage of anaerobic fermentation. A percentage of CH,4 in
different soluble COD concentration was similar value about
75-78%.

Other remark of biogas production at different seeding
sources was achieved various value. CH4 production during
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anaerobic digestion between seeding 1 and seeding 2 were
noticed and compared. In seeding 2, which was a seeding
from anaerobic digester kitchen waste, where the substrate
was similar with our substrate. Therefore, cumulative and
percentage of CH, was produced higher than the seeding 1,
cumulative of CH, was about 20-25 mL day™. Meanwhile
cumulative of CH, from seeding 1 was obtained low value, 2
mL day.

X COD=1500(ml)
COD=300(ml)
COD=1200(%)

@ COD=1200(ml)
il B anilc
= COD=600(%)

A COD=600(m)
&= COD=1500(%)
= COD=300(%)
60

CH4(%)

Cumulative CII4(mL)

-]
o]
8
7
6
5 A
4
3
2
1
0

Batch biodegradation time (d)

Figure 9. CH, production in different COD concentrations and seeding 2
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Figure 10. CO; production in different COD concentrations and seeding 2

The aim of this experiment is to evaluate biogas
production in different seeding sources. Figure 10 shows a
CO; production in different soluble COD concentration were
no more various values. Moreover, the percentage of CO,
after two weeks was maintained at steady value around
12-16%.

The cumulative of CO, also took about two weeks for
biogas fermentation and achieved at 4-5 mL CO, day™". It is
seen that in our research the BMP test is taken long time for
microorganisms consumed a substrate and converted it into
biogas production.

A characteristic of the important parameters during BMP
test was showed in Table 1, Table 2 and Table 3. The
percentage of CODs removal of each jar tests was different
(Table 4). The highest value of soluble COD removal was
85%, in jar 5; in Jar 6 was about 65% and in jar 2 was 60%.
In jar 1, jar 3 and jar 4 obtained similar values of COD
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removal around 50%. Therefore, it is concluded that an
efficiency of biodegradation of each jar test is significant
effect of biogas production and COD removal. This findings
may confirm that the kitchen waste and kitchen waste
composting were enhanced for biological processes and
anaerobic fermentation processes.

On the other hand, a difference of substrate concentrations
were achieved various values of biogas conversion. The
CODs removal was also different. A higher COD
concentration was obtained higher efficiency of CODs

removal. During BMP test, COD removal of seeding 1 and
seeding 2 were different. In seeding 2 obtained higher CODs
removal than in seeding 1 around 60% and 40%, respectively.
This can satisfactorily illuminate that in seeding 2, which
was collected from anaerobic kitchen waste mixed Napier
grass, where the substrate was similar as substrate of our
experiment. Therefore, the substrate was easy performed and
achieved with high efficiency of CODs removal (Table 5 and
Table 6).

Table 4. Characteristics of SS, VSS, COD initial and final during BMP test of substrate from biodegradation Jar tests

Initial Initial Initial Final Final Final Slgf;flle sﬁiﬁ?ﬁe COD

No MLSS MLVSS | MLVSS MLSS MLVSS | MLVSS | °/ 00 oD Removal
mgL") | (mgL") | MLSS (mgL?) | (gL | MLSS' | AR (%)

Jar 0 4540 4120 0.91 4360 3930 0.90 154 120 22.00
Jar 1 4560 4130 091 4410 3850 0.87 500 224 55.14
Jar 2 4900 4360 0.89 4830 3890 0.81 712 280 60.60
Jar 3 4860 4390 0.90 4820 3830 0.79 442 213 51.79
Jar 4 4940 4410 0.89 4050 3520 0.87 510 215 57.77
Jar 5 5168 4530 0.88 4370 3780 0.86 2000 280 85.98
Jar 6 4970 4420 0.89 4320 3680 0.85 904 308 65.88

Table 5. Characteristics of SS, VSS, COD initial and final during BMP test of substrates from OXLF bioreactor with seeding 1

. . . . . . Initial Final
COD Initial Initial Initial Final Final Final COD
soluble soluble
conducted MLSS MLVSS MLVSS MLSS MLVSS | MLVSS COD COD removal
(mg L™ (mg L™ (mgLh | MLSS' | (mgL") (mgL?') | MLSS™ . N (%)
(mgL7) (mgL™)

0 6900 5500 0.80 6820 5380 0.79 275 206 25.09
300 7950 6550 0.82 7680 6250 0.81 393 278 29.26
600 8180 6830 0.83 8011 6605 0.82 709 444 37.38
1200 8800 7321 0.83 8620 7042 0.82 1329 844 36.49
1500 8950 7450 0.83 8798 7010 0.80 1635 956 41.53

Table 6. Characteristics of SS, VSS, COD initial and final during BMP test of substrates from OxLF bioreactor with seeding 2

. . . . . . Initial Final
COD Initial Initial Initial Final Final Final COD
soluble soluble
conducted MLSS MLVSS MLVSS MLSS MLVSS MLVSS COD COD removal
(mg L™ (mg L™ (mgL') | MLSS' | (mgL?) (mgL™h) | MLSS* N N (%)
(mgL™) (mgL™)

0 7500 6950 0.93 6850 5550 0.81 190 151 20.53
300 8050 7500 0.93 7650 5980 0.78 483 255 47.20
600 8400 7950 0.95 7530 5950 0.79 785 401 48.92
1200 8350 7850 0.94 7440 5891 0.79 1410 689 51.13
1500 8950 8600 0.96 7380 5810 0.79 1698 679 60.01
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4. Conclusions

This study shows that the substrate from SSF processes
was suitable for biogas production. With a jar contained
kitchen waste through anaerobic also aerobic SSF processes
almost achieved higher biogas production than other jar did
not add kitchen-waste. The highest soluble COD removal of
jar 5 was 86%.

Moreover, the study demonstrates that in the jar contained
kitchen waste compost showed a soluble COD removal was
also high about 66%. Therefore, kitchen-waste was an
important role in aerobic biodegradation processes also
anaerobic biogas production. In difference of seeding
sources achieved various CODs removal value and biogas
production. Among two seeding, seeding from anaerobic
kitchen waste digester was much more suitable for biogas
production than seeding from sludge of food processing
plant.
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