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Abstract: Problem statement: A 500 ni semi-commercial closed anaerobic digester wastaared

for Palm Oil Mill Effluent (POME) treatment and rh@ine gas capture for renewable energy. During
the start-up operation period, the Volatile Fatgids (VFA) accumulation could not be controlled and
caused instability on the systefpproach: A settling tank was installed and sludge was reayals

to provide a balanced microorganisms population tf@ treatment of POME and methane gas
production. The effect of sludge recycling rate waslied by applying Organic Loading Rates (OLR)
(between 1.0 and 10.0 kgCOD hday™?) at different sludge recycling rates (6, 12 andnfglay™).
Results: At sludge recycling rate of 18%day™, the maximum OLR was 10.0 kgCOD Yday* with
biogas and methane productivity of 1.5 and 0am7 day™, respectively. By increasing the sludge
recycling rate the VFA concentration was controlkedow its inhibitory limit (1000 mg T¥) and the
COD removal efficiency recorded was above 95% wihiclicated good treatment performance for the
digester. Two methanogens speciddethanosarcina sp. and Methanosaeta concilii) had been
identified from sludge samples obtained from thgedter and recycled strea@onclusion: By
increasing the sludge recycling rate upon highgliegtion of OLR, the treatment process was kept
stable with high COD removal efficiency. The biogasd methane productivity were initially
improved but reduced once OLR and recyclitg were increased to 10.0 kg COP aay* and

18 nT day” respectively.
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INTRODUCTION effluent discharge compared to other oil extraction
proces¥l. Unfortunately in Malaysia, the most popular
Globally there is a great concern for reducing thetreatment method for POME which is utilized by more
emission of Green Houses Gases (GHG) through Cleathan 85% of the mills is the open ponds sy&terhis
Development Mechanism (CDM) projects for is due to its low capital and operating costs. Heeve
renewable energy. In Malaysia one of the attractivewith the implementation of CDM project under the
projects for CDM and renewable energy is the maethanKyoto Protocol, open ponds treatment system is
gas capture from anaerobic treatment of Palm Oll Mi becoming less attractive because the valuable gas
Effluent (POME) because it contains high amount of(methane) is wasted to the atmosphere and thensyste
organic substances which are mainly lignocellulosiccould not be certified for Carbon Emission Reduttio
materials. In the world, POME contributes the lastge (CER) trading.
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In an anaerobic digestion process, the organisettled sludge was then returned to the digester at
materials are converted into biogas which mainlydifferent recycling rates (6, 12 and 18° may?).
composed of methane and carbon dioxide by theractioMinimal mixing was applied intermittently for emy
of a consortium of microorganisms through series o6 h (for 30 min) by using the mixing pump as to
metabolic stages namely hydrolysis, acidogenesigrovide good contact between substrate and
acetogenesis and methanoger&disBy closing the microorganisms. The COD, pH, Volatile Fatty Acids
digester in oppose to the conventional system, th€VFA), alkalinity, biogas mass flow and POME mass
methane gas could be captured and used for elictric flow were measured by using the standard methads fo
generation. In addition, high Chemical Oxygen Dethan the examination of water and wastewater (American
(COD) removal efficiency could be achieved in short Public  Health  AssociatiofY. The methane
retention time. So far there were many reportsten t concentration was measured using a portable methane
anaerobic treatment of POME and methane generatiogas analyzer (XP-314A, Shin-Cosmos Electric Co. Ltd
however none has been tested at a large pilot scallapan).
specifically for CDM stud{y*®. Therefore in 2005, a The analyzer was calibrated at the manufacturer’s
500 n? semi-commercial anaerobic digester wassite in Japan. The probe MSMX860, complementary to
constructed and the digester has been in opersitice  the 16S rRNA of some methanogens including
thert™ The objective of this study is to investigate theMethanosarcina  spp., Methanococcoides  spp.,
digester performances on COD removal efficiency andViethanolobus spp., Methanohalophilus spp. and
methane gas productivity at different OLR and skuidg Methanosaeta spp. was used to directly analyze the

recycling rates applied. methanogenic populatifl. To determine the sludge
bacteria, the 16S rRNA probe EUB338 for the baateri
MATERIALSAND METHODS domain was uséd. Oligonucleotides and their

fluorescent derivatives (5 -labelled with either FITC or
Figure 1 shows the diagram of the digester systermhodamine) were purchased from First Base (Malaysia

used previously by Yaco#t al.! except for the sludge Sdn. Bhd. Cells were fixed and hybridized using the
settling tank which was installed for this studyheT protocol reported by Ammé&d with some
POME used was obtained daily from the mixing pondmodification§"®. Fluorescence was observed using an
of the Serting Hilir Palm Oil Mill by using a pumphe  epifluorescence microscope (BX50; Olympus, Tokyo,
POME was stored temporarily in the holding tanlopri Japan) and photomicrographs were taken using a
to feeding. The sludge from the treated effluens wa chilled 3-CCD color camera (64883 pixels, C5810;
collected in the settling tank and let to settlheT Hamamatsu Photonics, Shizuoka, Japan).
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Fig. 1: Schematic diagram of the 508 memi-commercial closed anaerobic digester; (18sFPOME inlet; (2):
Feeding pump; (3): Sampling ports; (4): Gas caltectchamber; (5): Biogas safety relief system; (6):
Settling tank; (7): Sludge recycling pump; (8): pkbbe; (9): Temperature probe; (10): Mixing punit )¢
POME mass flow meter; (12): Biogas mass flow meter
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RESULTS Figure 2 shows the VFA concentration in the

_ . digester, methane yield achieved and productivity o

Table 1 shows the sludge recycling rate applledb. d th t diff t OLR d slud
COD levels in the raw POME, raw POME feeding 'ogas and methane at diferen and sludge
rate, Hydraulic Retention Time (HRT), Organic _recyclmg rate applu_ad. The VFA level was |n|t|_alt;w
Loading Rate (OLR), digester's pH and COD removal” the d|ge_ster but increased on_ce OLR was incrkase
efficiency recorded in this study. A total of 114y  BY increasing the sludge recycling rate the VFAelev
of operation was sustained in this study at difiere Was controlied below 1000 mg_ll_and_lOLR was able
COD concentration (66,400-118,100 mg")l. OLR to be applied up to 10.0 kgCOD fday ™. Productivity
(1.0-10.0 kgCOD i day™) and sludge recycling rate ©f biogas and methane also increase with OLR but
(6.0-18.0 m day?). The variation of OLR applied reduced towards the end of study. Initially the imaeie
resulted in different POME feeding rate and HRTYield was high but slowly reduced once higher OLR
applied as well. The last two columns show theand sludge recycling rate was applied.
digester’s stability in terms of pH and COD removal The results of methanogens population analysis in
efficiency achieved. The COD removal efficiency the digester and the recycled sludge by using
recorded the same performance for different OLR andFluorescentn Stu Hybridization (FISH) technique
sludge recycling rate applied which indicated loweris shown in Fig. 3A and B respectively. These
recycling rate was sufficient for lower OLR applicm  diagrams confirm the presence of filamentous

and higher recycling rate was required once OLR waMethanosaeta concilii  and the clover-leaved
increased in the system. Methanosarcina sp. in both  sludge  samples.
Table 1: Feeding profiles, stability and COD renmigerformance of the digester
Feeding profiles Digester stability and perfance
Sludge
Operation recycling COD of raw Feeding rate  Hydlcaretention  Organic loading COD removal
period days rate iday® POME mg [ m’day® time days rate kgCOD Hiday® pH efficiency (%)
1-9 6.0 66,400 7.7 64.9 1.0 6.8 97.3
10-28 6.0 75,900 155 32.2 2.0 6.8 97.6
29-38 6.0 80,700 21.8 22.9 3.0 6.9 96.6
39-58 12.0 86,300 27.4 18.2 4.0 6.9 96.7
59-78 12.0 98,900 33.5 14.9 5.0 7.0 98.1
79-84 12.0 103,000 38.3 13.0 6.0 7.1 97.7
85-95 18.0 111,600 37.8 13.2 7.0 7.0 97.7
96-105 18.0 118,100 39.3 12.7 8.0 7.0 97.6
106-111 18.0 111,100 46.6 10.7 10.0 7.0 97.5
900 - Recyeling rate 18 m® day™! _ 16 i
850 - Recyeling rate 12 m® day™! v L 15§ T
300 A ] 114 = 8
L) ,._ =3
~ 7301 Recycling rate 6 m?® day™! & "+ + 1.3 -E °
T, 700 - L p 13 & &
b G50 A el ’ IS a
E 600 - : TLL &4
g 550 4 ’ T &%
& 500 4 ) 09 3=
% 450 - . Log & &
g 400 . ; 07 o %
g 3501 ' & 06 §
ﬁ 300 4 ' ‘l {0s % g
= 250 A . ' Lo4 g3
200 | . 03 o
150 - 1 T=: 5 >
100 {7 i ; 102 & &
sq M ! g v t0.1 g8
0 : : ; L : : : —r—— ; . 00 22
0 10 20 30 40 50 60 70 g0 o0 100 110 120
Days
------YFA —— Biogas —— [lethane : Methane Yield

Fig. 2: Productivities of biogas and methane, mathgeld and VFA concentration profiles
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%

& group of clover-leaved Methanosarcina sp.

Fig. 3: Fluorescenn Stu Hybridization (FISH) picture
for the samples taken from the digester (A):
1000X magnification and recycled sludge (B):
200X magnification showing the distribution of
methanogens Methanosaeta concilii  and
Methanosarcina sp.)

In the recycled sludge sample, the population o
Methanosarcina sp.was lower but there is a considerable
amount ofMethanosaeta concilii observed.

DISCUSSION

COD removal efficiency and OLR applied: In many

studies the COD removal efficiency recorded was hig
althou
applie Similarly in this study, the COD
concentrations  fluctuated
118,000 mg [* as shown in Table 1. The anaerobic
treatment system was stable which was due thebdeiita
anaerobic treatment system design for POME. Th

-10]

productivity once the project has been approved for
CDM. From Table 1, the COD removal efficiency
maintained removal efficiency of greater than 95%
despite higher OLR applied to the system. Thisifjgn
the importance of applying higher sludge recycling
rate in order to maintain high COD removal once OLR
was increased. During 111 days of continuous
operation, the OLR was increased in step-wise (from
1.0-10.0 kgCOD ¥ day™). This resulted in higher
POME feeding rate and shorter Hydraulic Retention
Time (HRT). In the previous study at OLR of
between 5.0 and 6.0 kgCOD day" the digester
became unstable due to VFA accumulation inside the
digester and the treatment could not be sustfined
However in this study higher OLR was achieved (up
to 10.0 kgCODn? day’) and the system remained
stable (neutral pH with COD removal efficiency deza
than 95%) by increasing the sludge recycling redenf
the settling tank at different rates. From daysOltde
sludge recycling rate was fixed at 6° may' and
increased to 12 fday™* (from days 39-78) and finally to
18 nt day® (from days 91-110) as shown in Table 1.
During these different periods, the OLR were also
increased steadily from 1.0-10.0 kgCOD>miay ™ with

an increment of 1.0 kgCOD Tday ™ except for the last
increment.

Volatile Fatty Acids (VFA) accumulation: Figure 2
shows the VFA concentration in the digester,
productivity of biogas and methane and methanalyiel
achieved in this study. From this study at lowerROL
applied (from 1.0- 4.0 kgCOD thday™), the measured
VFA concentration inside the digester was low which
indicates good VFA utilization by the methanogens.
However after 40 days of operation, the VFA
concentration was recorded higher (nearly 900 ity L
1Jn order to avoid the process to turn acidic artubit

the methanogenesis process, higher sludge recycling
rate was applied at 12 °nday’ by increasing the
pump’stimer. The VFA concentration in the
digester reduced steadily with time as shown in Eig

In earlier study the sludge recycling strategy was
suggested in order to supplement alkalinity and
maintain the system’s pH{. By recycling the sludge,
the active microorganisms could be returned to the

gﬁh high fluctuation of COD concentration Weredigester and provide a balanced population of

microorganisms that responsible for converting

between 66,000 an@rganics materials to VFA and methane gas. The

system was stable until OLR of 6.0 kgCOD*may™
where the VFA concentration in the digester shoaed
éncreasing trend. In order to avoid the processuto

actual organic level in POME varies daily and theacidic, the sludge recycling rate was inocedago

ability of the system to run continuously is im@ort as

18 nt day’. As a result, the VFA concentration was

to ensure minimal down-time and increase biogasnaintained below 1000 mgt
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Productivity of biogas and methane and methane
yield: The productivity of biogas and methane and
methane yield are shown in Fig. 2. The productivity

population of both important mesophilic acetolastic
methanogens which responsible for methanogenesis
procest®.

shows the biogas volume at standard temperature and

pressure measured in a day over the volume ofoeact
In this study, the gas productivity increased wWithR

M ethane emission reduction: Based on this study the
methane emission reduction could be estimated by

applied where the maximum biogas and methaneising the volumetric ratio of methane produced and

productivity were recorded at 1.5 and 0.9m?® day?,
respectively at OLR of 8.0 kgCOD fday *. However,

POME utilized. From this study the calculated rasio
approximately 12.0. In 2007, the total volume of\f

after 100 days of operation when OLR and sludgegenerated for a 54 tones'8erting Hilir Palm Oil Mill

recycling rate were increased to 10.0 kgCOD day
and 18 m day’ respectively, biogas and methane
productivity reduced to 1.3 and 0.4°*m™ day?,
respectively. This reflects the occurrence of amigier
inhibition in the system. Theoretically, higher gé&s
productivity should be achieved with higher OLR
applied but this was not observed towards the érideo
study which may be due to the organic washout

was 192,372 th This accounted for methane emission
reduction of 2,308,464 fof methane. Considering that
there are hundreds of palm oil mills in Malaysiad an
CER could be traded at the rate of USD10/ton of, CO
equivalent, there is a huge potential for CDM bas
in Malaysia.

CONCLUSION

Towards the end, the sludge recycling rate was

increased to 18 frday™® and some of the organics were

washed out from the digester and could not bd

converted into biogas even though higher amount o
microorganisms available. In addition, higher feedi
volume was also introduced to the digester whicly ma
have resulted in shock loading to the microorgarésm
well and might have contributed to the reduced &#og
generatiol!. For the methane yield the trend was
different where it was highest at lowest OLR applie
and slowly reduced once it was increased as shawn
Fig. 2. At lower OLR the methane yield was around
0.15 kgCH kgCODremoved but reduced to
0.10 kgCH kgCODremoved and finally to
0.06 kgCH kgCODremoved when OLR was
increased to 5.0 and 10.0 kgCOD *mday?,
respectively. Although the sludge recycling raterave
increased to 12.0 and 18.G day” it was not sufficient

to increase the methane yield performance.

Fluorescent In Situ Hybridization (FISH): The
analysis of methanogens population in the digester
the recycled sludge by using the FluorescentStu
Hybridization (FISH) technique confirmed the presen
of filamentousMethanosaeta concilii and the clover-
leaved Methanosarcina sp. in both recycled and
digester sludge samplesas shown in Fig. 3. The
population of Methanosarcina sp. was lower in the
recycled sludge sample (Fig. 3B) as compared to th
digester sludge sample (Fig. 3A). However thera is
considerable amount d¥lethanosaeta concilii in the
recycled sludge which highlights the importance of
recycling the sludge to the digester to maintaighhi
5

This study demonstrated the feasibility of methane
as capturing project for CDM from anaerobic
treatment of POME. The maximum OLR achieved was
10.0 kgCOD ri® day™* and gas productivity were 1.5
and 0.9 m m?2 day”, respectively for biogas and
methane. By increasing the sludge recycling ratenup
higher application of POME loading rate, the treztin
process was stable with VFA concentration recorded
below its inhibitory limit (1000 mg T%) and the COD

iremoval efficiency recorded was higher than 95%sTh

indicated good treatment performance of the digeste
However, the methane productivity was recorded towe
at high OLR which was due to organic washout and
methanogens shock loading. The total methane
emission reduction for a 54 tons'tpalm oil mill was
more than 2 millions fh
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