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Abstract—Anaerobic digestion has stronger
advantages other than alternatives method as it
not requires energy for aeration purpose. To
prevent the reactor failure, many factors need to
be considered to maintain the performances of
anaerobic digesters. Thus, the objective of this
study was to investigate the effect of some
parameters such as pH, alkalinity and carbon to
nitrogen ratio towards anaerobic digestion of
palm oil mill effluent (POME) with food waste in
two-phase reactor was experimentally evaluated.
The experiment was performed with three different
ratio of palm oil mill effluent and food waste at a
temperature of 45°C. The result shown that the
range of pH obtained for all three ratios was 4.0 to
7.4. The value of alkalinity was between 8200 to
33000 mg/L meanwhile between 26.9 to 4.8 values
of C:N ratio was obtained from the three different
ratio of experiment conducted. The best ratio for
pH recommended in this study was at a ratio 3 for
reactor B because the optimum value of pH
obtained for microbial growth compared to the
other ratios. In term of C:N ratio, all three ratio for
all reactor shown an acceptable value for C:N ratio
although at the end of the process, the value of
C:N ratio was decreased.
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INTRODUCTION

The production of crude palm oil has created
environmental issues for the palm oil mill industry in
Malaysia due to its polluting characteristics that
generated liquid waste known as palm oil mill effluent
(POME) ™ ™. The characteristic of POME is thick
brownish liquid with fine suspended solids, high
biological oxygen demand, chemical oxygen demand,
high solid concentration and acidity and pH ranging of
4-5 [17, 19]_

The water used during processing of crude palm oil
(CPO) is estimated about 5-7 tonnes for each tonnes
of CPO produced. So, more than 50% of water wills
ends up as POME . Therefore, about 2.3-3.75
tonnes of POME will be generated for per tonnes of

CPO production. Without a proper waste management
implemented in palm oil mill, this huge quantity of
POME will pollute the watercourses nearby the palm
oil mills ™I,

The current available alternative method for POME
treatment are aerobic treatment ¥, evaporation
method ® and membrane treatment system ™ but,
anaerobic digestion has a stronger advantages other
than alternative methods as it not require energy for
aeration purpose 19 To prevent the reactor failure,
many factors need to be considered to maintain the
performances of anaerobic digesters. The few major
factors that greatly influence digester performances in
POME treatment are pH, alkalinity and C: N ratio.
Thus, the objective of this study was to evaluate the
effects of these parameters toward anaerobic
digestion of POME and food waste.

Food waste was used in this study as a feedstock
during anaerobic digestion of POME in two-phase
reactor. This is because, food waste which is putrefies
can causes a leachate problem when it dumps at the
landfill site. The physical and chemical characteristics
of food waste include high organic content, high
moisture content, high nitrogen content, loose
%wsical structure and low carbon to nitrogen ratio 6.

Methods and Materials

Feedstock and Inoculums Preparation of
Anaerobic Reactors: Food waste as a feedstock was
collected from stalls and restaurant near School of
Environmental Engineering, UniMAP. The
components of food waste include waste from food
preparation such as uneaten rice and noodles, fish
bond, chicken, egg shells fruits and vegetables. Food
waste was prepared according to the group
percentages which are rice and noodles (45%), fish
bond and egg shells (30%) and vegetables (20%) for
one kilogram of total weight in wet basis. Then, food
waste was blended with one liters of water according
to the ratio of food waste. After that, the blended food
waste was mixed together with palm oil mill effluent
(POME). POME as inoculums used in this study was
obtained from holding pond of palm oil factory which
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are Malpom Sdn. Bhd, Nibong Tebal Pulau Pinang. It
has been acclimatized at 45°C in the reactors for a
period of one week.

Experimental Setup of Anaerobic Solid-Liquid
Reactor: A laboratory double phase reactor which is
Anaerobic  Solid-Liquid Reactor (ASLR) was
conducted in a batch mode for 60 days. The ASL
reactor consists of acidification reactor and
methanogenic reactor. The acidification reactor was
designed with Inner Diameter (ID) of 140mm with total
effective volume of 5 liter and the methanogenic
reactor with working volume of 3 liter. Figure 2.1
shows the ASL reactor.

Three runs of experiment with different ratio of
feedstock and inoculums were conducted. The three
working ratio used include 1kg food waste to 2L
inoculums (Ratio 1), 2kg food waste to 2L inoculums
(Ratio 2) and 2kg food waste to 1L inoculums (Ratio
3). After three days of acclimatization, the acidogenic
reactor was connected to the methanogenic reactor to
establish the ASL reactor. About 400ml leachate from
acidification reactor was feed into the methanogenic
reactor every three days. Nitrogen gas was injected
every time when feeding and sampling the sample in
the methanogenic reactor. Both reactors were
operated in the waterbath instrument of 45°C. Sample
taken were characterize for pH, alkalinity and C:N
ratio. The pH value of the sample was measured
immediately after sampling by using a portable
electrochemical pH meter. Alkalinity was measured
according to APHA 2005 and analysis for C: N ratio
was done by using CHONC Analyzer (Series Il
CHNS/O Analyzer 2400).
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Figure 2.1 Schematic diagram of ASL reactor

Results and Discussions

The Effect of pH during the Digestion Process
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Figure-1: Graph pH changes for three ratios used
during the digestion process; (a) ratio 1, 1kg food
waste: 2L inoculums, (b) ratio 2, 2kg food waste: 2L
inoculums, (c) ratio 3, 2kg food waste: 1L inoculums

Fig. 4.1 shows the pH values for all three ratios
involved in two reactors during anaerobic digestion of
food waste and palm oil mill effluent (POME). The pH
values for ratio 1 (1kg food waste: 2L inoculums) was
in a range of 4-6.8 for both reactors A and B. The pH
values of both reactors A and B for ratio 2 (2kg food
waste: 2L inoculums) was in a range of 4-7.01. For
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ratio 3 (2kg food waste: 1L inoculums), the pH value
recorded was about 5.6-7.4 for reactors A and B.

Rajaonahy et al., (2016) % stated that through the
process of anaerobic digestion, the pH plays an
important role in the growth of microorganisms. The
optimum pH for microbial growth is between 6 and 7.
pH value lower than 4 and higher than 9.5 are not
tolerable . Methanogenesis is also favoured at pH
between 6 and 7 . When pH in the digester deviates
from the optimum value, the methanogenic activity will
decrease .

The pH value in this study was fluctuated because
of the fermentation process happen during the
digestion process. At the end of the process, the value
of pH for all ratio of reactor B was drop. This indicated
that the acidic intermediate like volatile fatty acid
(VFA) was produced in a considerable quantity
causing decreased in the pH value. The biogas
methane producing methanogens will also be affected
by the accumulation of VFA as a result from the lower
of pH value 24,

The Effect of Alkalinity during the Digestion
Process
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Figure-2: Graph alkalinity changes for three ratios
used during the digestion process; (a) ratio 1, 1kg
food waste: 2L inoculums, (b) ratio 2, 2kg food waste:
2L inoculums, (c) ratio 3, 2kg food waste: 1L
inoculums

The result of alkalinity during the anaerobic
digestion of POME with food waste was showed in
Fig. 4.2. The alkalinity values for ratio 1 (1kg food
waste: 2L inoculums) was in a range of 8200 to 33000
mg/L for both reactors A and B. The alkalinity values
of both reactors A and B for ratio 2 (2kg food waste:
2L inoculums) was in a range of 8800 to 27200 mg/L.
For ratio 3 (2kg food waste: 1L inoculums), the
alkalinity value recorded was about 10200 to 26000
mg/L for reactors A and B.

The alkalinity also plays an important role during
the digestion process. By buffering the acidity derived
from the acidogenesis process, alkalinity important pH
controlling role in the anaerobic treatment process .
Alkalinity also observed during the process to
increases the value of carbon to nitrogen ratio of the
feed thereby to lead a better process stability .
Besides that, the value of alkalinity need to be
maintained by recirculation of treated effluent to the
digester as a Purpose to control the level of fatty acid
in the system 7.

The Effect of C:N ratio during the Digestion
Process
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Figure-3: Graph pH changes for three ratios used
during the digestion process; (a) ratio 1, 1kg food
waste: 2L inoculums, (b) ratio 2, 2kg food waste: 2L
inoculums, (c) ratio 3, 2kg food waste: 1L inoculums

Figure 4.3 demonstrated the result for C:N ratio for
all ratios in each reactor during the digestion process.
The C:N ratio values for ratio 1 (1kg food waste: 2L
inoculums) was in a range of 22.9 to 6.6 for reactor A
and in a range of 22.2 to 6.6 for reactor B. The C:N
ratio values for reactor A was 32.4 to 6 and 14.4 to 4.8
for reactor B for the ratio 2 (2kg food waste: 2L
inoculums). For ratio 3 (2kg food waste: 1L
inoculums), the C:N ratio value recorded was about
15.6 to 6.3 for reactor A and for reactor B in a range of
910 6.

During the anaerobic digestion, the C:N ratio in the
organic matter plays a crucial roles 2. To achieved a
better process stability during the digestion process,
the value of C:N ratio through the process need to be
increases ?®. The only factor that causing a limiting
anaerobic digestion of organic wastes was the
unbalanced nutrients content .. All the values of
nutrient content for all reactors shown were decreased
at the end of the digestion process. This is happen
because microorganisms in the POME has insufficient
nutrients mainly carbon source 8.

The value of C:N ratio obtained in this study was
not achieved an optimal value, since the optimal value
of C:N ratio for anaerobic degradation of organic
waste was 20-35 ™ Li et al, (2011) *¥ also

mentioned that the optimum condition of C:N ratio for
anaerobic digestion was in a range of 20-30.
However, some researcher stated that the digestion
process also proceeded well at a low C:N ratio of 15-
20 % % g0, the feedstock and inoculums during
anaerobic digestion will influence the optimum C:N
ratio obtained during the process 24,

CONCLUSION

From the research done, it can be conclude that
pH, alkalinity and carbon to nitrogen ratio was some of
the important parameters to be evaluated during the
digestion process especially for methane production.
The pH was important for the growth of
microorganisms during the anaerobic digestion
process. Alkalinity directly related to the pH in which
important pH controlling role by buffering the acidity
derived from the acidogenesis process in anaerobic
treatment process. Carbon to nitrogen ratio was
important because it plays a crucial role anaerobic
digestion in the organic matter. The best ratio for pH
recommended in this study was at a ratio 3 for reactor
B because the value of pH obtained is between 6-7 in
which, this is the optimum pH for microbial growth
compared to the other ratios. In term of C:N ratio, all
three ratio for all reactor shown an acceptable value
for C:N ratio although at the end of the process, the
value of C:N ratio was decreased. However, it can be
increased added some supplementary carbon source
into the POME sample.
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