msﬂ%’uﬂ‘gamzmumwﬁ@ﬁ”ﬂﬁﬁvl,aimmmmzﬁwﬁmumﬂﬁwﬁﬂsamu
aﬁ@ﬁwﬁumﬁuﬁa Uiz‘]J‘Uﬂ’]‘iiiPJUﬁa’]ilLLU‘]JVL%'EJWﬂW?IE‘TENTv%@ﬂ‘l«m’]illﬁ
FNIZAMANNRY
9 U U
Enhancement of hydrogen and methane production from palm oil mill

effluent by two-stage anaerobic digestion
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Abstract

Palm oil mill effluent (POME) was contained of 85.5 g/l COD. Thus, POME is
suitable substrate for hydrogen production. This research aims to study on hydrogen
production from POME by dark fermentation. POME was tested at different initial COD
loading levels of 20, 40 and 60 gCOD/I. Gas production from POME reached an H,
yield of 130-200 ml H,/g COD. At the end of the BHP tests, lactic, acetic, butyric and
propionic acids are the main products of POME hydrogenic effluent with a concentration
of 3.95, 2.13, 0.25, 1.5 and 0.99 g/l respectively. Consequently, VFA could be
converted into a suitable product or energy carrier such as methane via

methanogenesis by methanogens under anaerobic digestion. Methane yields from



POME hydrogenic effluent at VS loading of 11.8, 17.7, 23.6 and 29.5 gVS/l
corresponding to initial volatile fatty acid loading of 0.9, 1.8, 3.6 and 4.7 ¢/,
respectively, was 510, 467, 428 and 401 mICH,/gVS. Response surface methodology
was employed to study the effects of mixed VFA concentrations in biohydrogen effluent
on methane yield and microbial community. It was found that acetic and butyric acid at
high concentrations (8 g/l) were found to significantly inhibit the methane production
process, more significantly than lactic and propionic acid ( P<0.01). An optimization
analysis showed that lactic, acetic, butyric and propionic acid at concentrations of 2.88,
5.01, 0.44 and 5.55 g/l, respectively, led to the methane yield of 447 ml CH4/gVS. The
concentration of volatile fatty acid at higher than 10 g/l were found to inhibit thermophilic
methanogenic archaea but it did not happen in thermophilic methanogenic bacteria.
Methanoculleus thermophilus was the most abundant species identified in normal
conditions, but was not present at inhibited conditions. The result was found that POME
is suitable substrate for hydrogen production and POME hydrogenic effluent was high
methane production. This study also demonstrates the feasibility of the two-stage
hydrogen and methane from POME. A two-stage thermophilic fermentation and
mesophilic methanogenic process shown very promising method for the combined
energy recovery and removal of COD and SS in POME with the sequential anaerobic
production of hydrogen and methane production. The hydrogen production in first stage
was operated in anaerobic sequencing batch reactor (ASBR) under a temperature of
55°C hydraulic retention time (HRT) of 2 d and organic loading rate (OLR) of 60 gCOD
/I/d with maximum hydrogen production rate of 1.84 | H, /I/d and an average of 1.8 | H,
/I/d. The maximum and average of methane production rate in the second stage were
2.6 and 2.4 | CH, /I/d, respectively at 15 d HRT. The sequential generation of hydrogen
and methane from POME markedly increases the energy yield with 34% higher than
single stage methane production and 90% higher than single stage hydrogen
production. Hydrogen reactor was dominated with hydrogen producing bacteria of
Thermoanaerobacterium thermosaccharolyticum, while Methanoculleus sp. was the

dominant methanogen in methane reactor.

Keywords: Palm oil mill effluent, Thermophilic hydrogen and methane production,
Volatile fatty acids, Response surface methodology, Two-stage hydrogen and methane

production, Microbial community analysis
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noluiasl fUAn1s (Angenent et al., 2004) wanniiTedvasiinisii de RUNIL
80MIATY AnumEalumIndalalanaudaudregs maduiiunslisududas
louss wazldfidynidasnaaangian sawgaﬁunulumiw§m@%11uisaawu°uu1@Lﬁﬂ
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HanAalalasaulasnszuiunisninvesafunidanuasfedunid 1 Wudy
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saccharolyticum (Tbm. thermosaccharolyticum) Lﬂu%ﬁdluﬁlﬁﬂ?ﬁwﬁﬂﬂmwu CRFUaba)
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Tuaanfigas (Liu et al., 2013) HRAN NN lalasiandanuda NN INIL
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80/20 lasn1315e BN @135 n19851@ Response Surface Method (RSM) 374U Central
Composite Design (CCD) lumsaanuuummasadiiafinsusuas VFA damInaading v
mwﬁ'ﬂﬁ'qmugﬁ 55 °C 1M 45 TUTEWININMINARRIEINNEIALAI8E 19N NI LazYin
Myleneinndaassninimnasas fs Usunnussfionsaladiszmedns daoe3os

v 1a o a a = o { a X \
HPLC 7Tad3uaInia ’JLﬂﬁzﬁ“]ju@LL&:Lﬂai‘?L‘ﬁuﬁmadﬂﬂsﬁﬁ LAY LT ﬁLV]u vLaI@iLﬁ]u



anfuanlasonled uazlulasan Mfatn (agld GC-TCD) uaziiam=¥en COD pasimen
auﬂszﬁ;a"l,@i”ﬂ%mmﬁmuazammﬁ’imq@mimaaa nnaunauitasldannsnmunzanlung
niafmulasafunidudazafia dnwlevsaideminniunidnguuuailiSouazandsd
anatia denaturing gradient gel electrophoresis (DGGE)
5. nsndainalalasiaw (luasdnsoiuuy ASBR) uazdnu (luasdinsaiuuy

UASB) 9ntnislsssnuanatinsishdudisssuunsgesamouuyldonmeasosiuaas

izuumiwﬁmvlaimﬁmﬁqmwgﬁgmazmiwﬁ@ﬁ i annd wlaRanaasiunon
NIzUIUNINEAUIENAUEAIY 3 821 A DINEN DIUJNIokLUY ASBR #1%3UNINAARD
lalanian uszaafnTnfuuy UASB #WILnanaading useaasmmni 3.1 siafisnndinas
'ﬂmﬂﬁwv’ﬁwdﬁhﬂﬁmtﬁuuu ASBR 710 1 803 Adammslna 100 mid lag 1 saumaida
WEes e 24 Talus Geszneudas My 30 Wi ﬂ’ﬁLﬂ@ﬂQﬂiEﬂ 22 57139 40 Wt
anNaznak 30 w17 Waz 20 win mmumswnm FnsiauITULR pH 5.5 gounn il 55°C 7
FHAHNAY (HRT) 2 35 dunaideduduiasas 50 289050 59nN% EEBIRIALEHRPE
A7 (steady state) ilaUSumlalasian ssdusznavlalasian uazanudutusasnyalusiu
szwmpla (VFA) Twindisnsii (ﬁmimﬁiyuuﬂmﬁaﬂmfﬁaUaz 10) Auaragimasmaiie
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Lﬂﬁiﬂuuﬂmﬂswﬁmiﬁ;ﬁuw%'ﬁﬁaﬂmﬂﬁﬂ DGGE

fAsunINaafiading inmnasaslunslfnsoiuuy UASB 1w1a 3 8as N3
L‘%lmi”mﬁmzumﬂﬁﬁ@mﬂauﬁgﬁum%‘ﬁmﬂszuuwﬁmﬁ"w%amw%aﬂaz 80 vaIUINININ1I
Na8ad MNAWANTININNSUIBMIHA s lastauTasas 20 Ua9U5INATINAREI Hinli
muludsninegluannzliomalasuiislulasiauduina 10 wifl insudsdu
segzannAUEn (HRT) A 20 39 duszuuluudas HRT auns:ﬁas:umﬂwgﬁama:mﬁ
(steady state) 1 a1/Sunmding asddsznauding luiminas? @madasuwudasiasnin
$ownz 5) 1wan 45 T4 (Kaparaju et al., 2009) 320U UASB ¥matéiuszuui aownnil 35 °C
pH 7.5 Ba e NN MUl s sz ez ANALIN 10-20 33 Fnmsiudaegoiiada pH
NNI% VFAs "Emiwzﬁnﬂé'ﬂmﬁ i’mﬁmmmiw§@1ﬁ"’1611°‘1"1'3mw1@sm’mmuﬁ'ﬁmﬂﬂ'u LR
Slensasssznaupasiiaiinweoniasialasulansi nnaaai’u TR LATIEN
Uszrnaaunidlasinaiia PCR-DGGE wisuifisunugamnasasnsndnd WL
ﬁﬁmnﬁmzwﬁqmﬁgﬁ 35 °C pH 7.3-7.5 szpzannuiutia 17 S



6. M3Anwlassaielszrnigdunid lasis Denaturing Gradient Gel Electropho-
resis (DGGE)
8na total genomic DNA 31neiatsaznaugdunidluganisnfaiiinu nasan
wusharededsuiana lanrimadudsinmlasinafia PCR #msunisvh PCR a9
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AnwiUszranseanidod) 1492r (5 GAAAGGAGGTGATCCAGCC 3') uas 27f (5
GAGTTTGATCCTTGGCTCAG 3') (§w3u@nwni/semnsuuafise) i PCR Product A133
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TTACCGCGCGKGCTG 3' with 40 bp GC clamp) tk &8 ¢ Arch340f (5'
CCTACGGGGYGCASCAG 3' with 40 bp GC clamp) #nsuuuafiiselsinsinas 518r (5'
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TiAI 1R U B 8% (v/v) polyacrylamide gels, denaturant gradient ‘ﬁl Jauae 40-70,
electrophoresis 71 70 1286 wiw 16 T21us 11 0.5x TAE buffer A1 60 avALTaLTos aa
LOUBLHALE LA N8 DGGE udasluSiameddrauuaiinadlelng waildinly
Wisuiflsunudduiuared3auniddn98s lug udaya NCBI web interface

(http://www.ncbi.nim.nih-.gov) (Kongjan et al., 2010)
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niaasdanuaznIadINInNaNuLTNTW 23,450-3,580 az 3,250-4,250 mg/l L1 w
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