UNAALa

Walasems . MRG5580074

Folasems : mMIaTIzeuaIrguaInIialnuwszay lialissaanszuiung
sagaanouuyi3nmeandaiinuwaninislssnuaiaingududy

Houn3ee NAL.AT.FNNIA Llanad NRINLRLNN

E-mail Address: sompong.o@gmail.com

‘538&’3611@13\1?1’13 2 NINGIaN 2555 91 nIngHIay 2557

niznundasaany lfamagnihanldagenisensdunssdafadininan
ielssnuataindulsudy uaznuirdgwmaialiusszansliwiosesszuy
JutTywmfisdydinansznuidiaudesuuniamadinminlduandamadininaaas
wazttasnEe lddnas asiwnInanesiassfinunavesesflsznaninfielssuana
iniwhsududenisiialWuuaznsnaafoiinn Imm%ﬁaﬁ;auﬂ%sﬂmzuuNﬁ@lﬁ”ﬁsﬁ
FanwganmsiialWuuazaubilsfissasszuundafmatinw msudladywinsiie
Tuuaza L ado520932 VUNRARNTTININAIBNTTLIRANTLAUEANE bFan AR
duaan LazMIUSURaTIass Ut aa e Fo1nARasd wae uE I RIREINTEUINKES
FTTAININ HANTNARDINDINANUTNTUDITN TAIT LA ETAINa LN 159975
anainTwsuaussnadansiialnuuazanuaissras Wy srswanlysiu (BSA)
lodon (Na)  niauan@n iaaglas sanadansiialwyluwin ud Indoulaaian uas
Tndsnssnadamaialnauluinfalssnuanaingduldudyu §m nadafisn nseasdan
nuniden (Mg™) SDS 111/Taw 1aandn waz BSA ssnadannuanuLadosuaslnaluii
falssamanainawindudy  lunsdasaaslfornmemifislssnuanasiidulsuauls
NANAATIN®  11.15-1595  Anyvasiinudadaninfsuazliualeiing 179.05-256.08
fasaaslinudonsuvasudaszineld BSA 10andu siduthdy uas nsauandnssnade
anuaissvasmsfialulussuunaafaiinwaninfslssnuaiainguhdudu s
Lﬁ@IWNlmzuuwﬁﬂﬁ”ﬂsﬁ%’;mwL'ﬁ@w%’auﬁ'ummaMa‘[mmuua:qﬁuﬂ‘%ﬁﬁL@iuluizuu
E%dulﬁt].,iLﬂuﬂ@;u Thermoanaerobacterium sp. (3088 66) ngy Desulfotomaculum  sp.
(388az 28) WAz N Clostridium sp. (Y88az 6) ssungasaanelionmasasiwaanlas
ﬂjv'mlauu‘m@hLﬁumsﬁqmugﬁga 60  asrmmaLioa) Idszaswnnnuiuin 2 S uas
ﬂgu@auﬁaaa@‘hLﬁumiﬁqmwgﬁﬁaﬂ“ﬁszmﬁ'ﬂﬁmﬁuﬁw 15 % sanInundninisie
I‘V\I&JLL@:E&GNalﬁLﬁuLﬁ'mwé’aamlugﬂmaaﬁ”w%amwvlﬁgoﬂdﬁ%u@am?wlmﬁﬁaﬂa: 34
seuul¥amesastuaanmansonaalalasanuazdmuld 210 daslalasaudenlansud
1a6 uaz 315 aasRinudanlansuglad 1ﬁwé’amu1u3ﬂ"[ﬂﬂwﬁgmm 15.34 wunzyada



Alansudlad  lamouauntadalsznauuad Sinuiauaz 51 lalasawsosas 14 WAz
ANsuanlanan oLz 35 L‘%ﬂﬂﬁ"’]eﬁwawﬁdﬂﬂa%mw’%oﬁﬂizaw%ﬂ’]wn’mmvlﬂﬁga

AR TTINTIN Twawa amnnwﬁm"[aimmuwﬁuﬁamwﬂﬁﬁﬂumju
Thermoanaerobacterium sp. WAz UIUAUNFRINEATLNULAUGILDITLA Uluﬂég'w

Methanoculleus sp. MININNIRAINTELIRINIHNAATTTIA NN TIwUTUR LTI UIUAE
usnlvmandalalasiam 4.4 [aslalaslandafaTinNILazNanfaiing 16.6 aTNiNuea
0711719 NIHUINIRRINTZUIRNTHAA AN TTINTWNITI 8L TUN L a Tl e a3 19
nandalalasianluszuudaiadle 3.6 favlalasandadastinng szuunlidsuniasle
22 8a71alaTandafasinny NI AIRRINTEUIRNNINRA M ITIATWNITI LU TURN

3; d' v a = 1 dl' % a = 1 a g’ nq' A 1
LTl naawngad FNaNRa sz uudaiiadle 14 fasimudafasiinng szuud bal
UsuNtarle 12.2 Aasdinudafasiing ﬁ‘aaaﬁu@aummmmquﬁLaﬂﬁmmmmia

%

miﬁwmuﬂnaaqauw‘%ﬂ(ﬁaLLa:Lﬁwawﬁm"LaImmu FTUURDITHADUBIUN N INAS
ATELIWANINAARITTIANINT8USUR BT ANA Lo balaTianuasiiny 135 s
lalasiaudensuvasudsrzmele uas 414 afaatiinudansuvesudiszinela i
wan'lulelamuifossdsznaves Sinusouss 544  lalasiauioss: 133 uas
anfuonlasanlodiosas 32.2 sou 13N MEALLURBITHABBULULININ AR INTZUINNT
HAafaTinMwIntediulessusiNszmnuuaiiisolunga Thermoanaerobacterium
sp. uazasnalwiitszansmwlunsnaalalasiananninfelssnuanainduwduanle
duaaniinits szunlfamauuusestunouiilszinsanlunmsiuRgIna s weazun b

Tywimaialluuazanyldisissasszuuniafodinin

aman: a1y iedgsreIrzuy mafalwuluszuutassanslSa1me szuutassanyls

NARAITWA DU NI ITInanavinautauay malulalamn



Abstract
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Anaerobic digestion (AD) process is a widely applied method for biogas
production and wastewater treatment of palm oil mill effluent (POME). AD foaming is
one of the major problems that occasionally occur in many biogas plants, since it affects
negatively the overall digestion process. The effect of individual substrates and
intermediate compounds on foaming potential in POME anaerobic digestion systems
was investigated. Effect of interaction of each compound was investigated by fractional
factorial design and tested, for foaming potential in both pure water, POME and POME
under AD. The microbial community structure during AD foaming was analyzed by 16S
rRNA gene clone library techniques. A two-stage thermophilic fermentation and
mesophilic methanogenic process for biohythane production from palm oil mill effluent
(POME) was investigated for solving foaming problems. Two-stage thermophilic
fermentation and mesophilic methanogenic process with methanogenic effluent
recirculation to hydrogen reactor for biohythane production from palm oil mill effluent
(POME) was investigated. The results showed increased concentration of substrate and
intermediate compounds in waster could create more foaming tendency but not effect
on foaming stability. Each compound in a complex mixture showed that BSA, Na+, lactic
acid and cellulose has foaming tendency in water while no created foaming stability. Na-
oleate and Na' showed strong foaming tendency while butyric acid, acetic acid, Mgz+'
SDS, peptone, gelatine and BSA showed more effect on foaming stability in POME. In
AD systems found that highest methane production about 11.15-15.95 L-CH,/L-POME
and vyield about 179.05-256.08 mL- CH,/g-VS added. BSA, gelatine, oil palm and lactic
acid has highest foaming stability in AD systems. The microbial community was
dominated by Thermoanaerobacterium species (~66%). The remaining microorganisms
belonged to Clostridium and Desulfotomaculum spp. (~28% and ~6%, respectively). A
continuous two-stage process with hydraulic retention time (HRT) of 2 d for hydrogen

reactor and 15 d for methane reactor, obtained 34% higher energy yield than single



stage methane production. The hydrogen and methane yields from two-stage were 210
L H,/kgCOD and 315 L CH,/kgCOD, respectively with total energy yield of 15.34
MJ/kgCOD. Mixed hydrogen and methane (biohythane) production rate was 4.4 L
biogas/L/d with containing of 51% CH,4, 14%H, and 35% CO,. Hydrogen reactor was
dominated with hydrogen producing bacteria of Thermoanaerobacterium
thermosaccharolyticum, while acetoclastic Methanoculleus sp. was the dominant
methanogen in methane reactor. Maximum hydrogen (4.1 L H,/L-POME) and methane
production (16.6 L CH,/L-POME) from POME in batch tests were achieved at 30%
recirculation rate of methanogenic effluent. Continuous hydrogen production of without
and with recirculation phase was 2.2 and 3.8 L H,/L-POME, respectively. Continuous
methane production of without and with recirculation phase was 12.2 and 14 L
CH,/LPOME, respectively. Both reactor effluents were effective to keep at optimal pH
with 2 times increasing in hydrogen production. The hydrogen and methane yield were
135 mL H,/gVS and 414 mL CH,/gVS, respectively. Biohythane gas composition was
composed 13.3% of hydrogen, 54.4% of methane and 32.2% carbon dioxide. Two-stage
process with methanogenic effluent recirculation flavored Thermoanaerobacterium sp. in
the hydrogen reactor and efficiently for energy recovery from POME. Two-stage process
for biohythane production could efficiently for energy recovery from POME and foaming

prevention.
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