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Tassnsdoedi 2: nsnssarsusulneanlenlagamsigludiuguasninanluladiva
Aaansusulneenlas (CO,) WuAmSsunszanudnmAnanMamnnsvesitiudemauas
AasssuRTslada N uansag1glunIsAe CO, NEULNINUTIEINIARIESNSNIBA NLazLAS]
Tuvasfiigmsiinmildamserundnieduisiiussansamuiy Wesnamseisnsnis
duresiuaannnitiuazamseunsameiusiviinaluiugs eedlviudwingdulpsndiwelsdas
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pdngAvduieiall Faidnennlunsinunldiduuasingiundalulefiwaluanideassilanuin
amsgIwIRan Nannochloropsis sp. \Wuanniefivangaulunisnis CO, uarazamiuludulaziinig
asadednieluwadligenmsfinvmaresruduuaiasszeznaiiiuawionsan CO, waznINaR

o ! A = 1 a o a -2 -1 = o 1Y)
Tasiu wudtanmMziuingay A AULNLEDUAT 60 pmol photon m™s ™ Lagdinsliileas 24 Falus
° Y ' -1 a o a
Vibilddanavesaniegige fe 0.850+0.16eL tnedusunailudu 44.7+1.2% uwazivsuonding
WLTWED A SUNS I ULALANTUINMSANEINATDY 3 dn1zlalamdNTurwad ans 8L uAY
Usnal CO, kagdniMsiviavodiia waras1aluUda0ImNAtnmEnInI1875N1IMoUAUDINURITILA
a o v 6 [ d' 1 1 d'd a é U 23 o
nMsnmaUdumusuagseRuvzan wulmsiuemandusuna CO, aludnsnisivavesinggein
Tamsedidanageaauniivsunaludumnigldanneimvugauyilvianunsaiuussdnsnmnangs
= v a X -1 -1 o w o
Frurawavlvdudvuidu 1.30£0.103 gL way 0.515+0.010 gL a1uadu  nsnladuves
Nannochloropsis sp. daulugliiu C16-C18 Fadidinanmlunisliduingivdmsundnlulofiva
TullagiuiivanedsaldiunedanaamsaunmsTusennIsnNssIn1sANAZNaUsTSUY IR LaS
nmsanaznaumsusltua wlnensHandenasddulngdonnsulens enmsnsesiemuus oAy
Aenamgegslsimunszuiumsiuiealagldnismyunismsenisnseasmuusuazldnd sy
a9 walulagnseseguldunildumeidamadeniuiaulaiieantunounisueniuiaeenanveuma,
Tnganusainuiieamsensigulanuisnisnssauuing lideddndsnuannnsfnyasatvansli
< 1 1 . N o r.:l' = [ v a a LY
Windnamisne Nannochloropsis sp. fnenmgenazgneiebiludinadaduanasliluniswdnledunis
Unmhmeanlssnuaindidulidumeuas uagnisan CO, lngamsgnieguaunsaidnlulasiau
wazeanasaanaslauinnin 90% uwazan CO, U1NNI1 99% uanaNLTN1sHanTIuanasladule
WU 1.30£0.05 nFusednsuag 0.356=0.097 NTusadnTMUEIRUNITReIEMT1gnTIFURUUNING YN
Tinanandaunauazlvduiudu 2.66 Wilag 1.41 WaNa 1A ULaTNUIINITVEIBVUINNTTNAATUE S
Ufnsaduuungdladiunalidiuiageganiniu 3.280£0.049 nIusednsuazluiuwiniu 0.362+0.010 nSu
I a ¢ = & o v vao e a .
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Tassnnsgosdi 4: nswannsaduviduazieulusianduinduidiuainduirdaingiu
Sduunduisu (OPT) uasmeunduisiu (OPF) Wudunafifiusasnnlunialdvessume
e n§snsariniina (64.59 niureansveniduioudy way 57.68 nYuseansvawnAumMaIEN)
mMndefunduuazninmatdu (OPTr and OPFY) axldfuduawmsniienswaneuladannidosiiinen
¥lngldmsmsinuuuemuds (SSP) wazemnsiva (SmF) snideniuentd 8 aewug nuih daidenld
a’lﬂﬁuﬁ TT1, TM3 uag TT2 LLazﬁﬂLLuﬂlﬁLﬂUL‘%’a Ceratocystis paradoxa, Trichoderma koningiopsis
WAz Hypocrea nigricans MUY waznneiulndudninninvaudy C paradoxa TT1 wan
CMCase 'légegn (18.16 Unit gds ) Tuenwnsivan @ T. koningiopsis TM3 sianldAnAanssuganues
wulal xylanase (56.46 Unit gds ) wae FPase (2.13 Unit gds ) lumsidsauuamsuds annmisees
aanenmnideduudusatoula Wudﬂﬁﬂ%mmﬁwmaqaqﬂ (11.92 oL ) ToelVinandn 0.48 gg 9103
Toulasinidomeiug TM3 TutBum 25 Unit ¢ flgamgd 50 °C Wiunan 15 $3lus dwsunssde
mueadnlalaslalanvesdrduiian (aelidna1senis) wuin - Saccharomyces — cerevisiae
TISTR5055 iiUsz@visnwiind1 Candida shehatae TISTRS843 uasidionausidowin daunswan
nsnesdRnlneldilonan S. cerevisiae and Acetobacter aceti Tnsmsuidunuuaasduney (two-
stage) LUSBULBUAUMIRINNTaUAU (simultaneous fermentation) WuU31 MSLANENTDS YM Tu

1

lelaslaamvosdrduingy Baelinsianemuoaiiiniy @10 oL @ 12 lus uay 401 oL’ 7 18
Faluslummiandeutv) daunsudnndeudulagldfinsduasemnsnuinldsnsnisndnnsaezdin
auan (212 oL 7 24 dalue) nnsliidonan naflddganinafldnnnisuinuuuaestuseu 1.7 wi
ez 4w (123 oL 7t 54 Flu9)
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Tassnisdesh 5: nsaiaeliwaglasanidulevemearguraulduaznisuszandldinenisuan
lala-ledlnuwanlsauazlalasiaa
n3lgIsMIaslunoUANa1fUAD 19 peracetic acid (PA) uag alkaline peroxide (AP) 7

v a a

gamgiitaunan (20-35 °0) anansaridmaniusenanidulevesmeaisunduan (EFB) 1¢ 98% wleld
Fulewes EFB 1 Alansu uonladiuveuds 200-250 n5U wavdumznou 120-170 nsu dhduvouds
indosgeteulal (45 °C 72 F3lue) diena 629.8 nfusonlan3uves EFB wis dowSsudisusunsly
wulmiden EFB Aliiumsusuaninlas Whieaifies 3 ndusionlansuves EFB wie sty 3amsusu
a0y PAAP Fathelildmaifisdu 210 wih nsvuunswaaildinanieau 93 $alus (dnan 9
laefl 35°C leuSuanimane PA wavldinan 12 aluasiousuanimgie PA (20 °C, 4% NaOH) uag72
Fluadlogesdeioul)
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Tassmsgandi 6: mslddunavadlssnuafnifuldudiondndensin
Tssuafmirfundusnldidulovnds (PP Wuidoimddliiundelotuarlifinngld
Usglomianninagnoufiuawnes (D) sidedwiosnislitaqmuniemariifiendaloviin lng
Anwnaveinsivennia ldaiunauues PPRDC wirdu 1:1 wazusulvidian O/N wiriu 30-40:1 lag
mMaiugds Arduduiu 50-70% Tagldthilvanedesiuaumes 19Hude wa 1 Tumsutnaua
natar 1000 Alansy (1 fu) Wisuileunisudin 3 wuu fe wuunadaglingy wuulalaglveinie
uazuuundunesdensin wui uuvlleguuazuuunduneddvidensiniliuinggi (N < 20:1)
melusesznan 55 3u (/N Wi 19.9:1 wag 19.7:1 auadiv) druuuuledilrernalailduinsgiu
(C/N winiiy 22.7:1) ﬂuﬁﬁzamméjuq@mwﬁﬂ (60 1)
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LA 47,696 Taansufadng Yaaudauriuasy 19,066 Hadnsuradng dhmaravsn 8,550 daansume
ams Tlusarianun 1,670 dadnsunodns Tulpsiausisvun 800 ﬁaaﬂ%’m\'aémswﬁy’qﬁt,lﬁ'mcepi’m6’] Tu
Usinaudniies efnwinavessnsndivenomueadiy POME  wazgauvniironananvomediies
WUISnIIET 5.0 WinanAngaan Sodnzumiminliana wuih nedwesUszneuseaesmiae
ton 5V SC-S and SC-L uazdhiminlananaiiniu 1,223 uay 2,525 masu nud i Wnardasiiu
65.31% and 12.82% iy dievhudavsunsdruuasAnwanaud® wui weduwesmandavanelsd
fislutuay DMSO udlslavaneluivinasaedunid 8 viafivinnismagey (acetronitrile, methanol,
acetone, propanol, dichloromethane, chloroform, diethyl ether and hexane). Lﬁaﬁ’lLLuﬂwaama%

PUINUTENBUAIYUIANAVMUAVINAU 241.29 way 231.70 DaanNSUFDaMST AUAINU NAIINNITIHATIZN



A HPLC %aen1sgosniensa wudl wedlues SC-S way SC-L Useneusiensangdilsiin axsndlua
wazlalaaluuSunal 25.60, 43.20 war 10.20 HaanSufeans @ mSumeawas SC-S wag 10.40, 11.20

way 20.90 adnsusadng dmsunedwes SC-L HaanNMsinszinedwesivaesiln nuinlingulans
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anda, Bwes uoawu uaza1sueia Tadunqulianavesaa Ay wedwesiddnlunediwesvin
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wodurArTlse wasliumiinluanaminiu 1,223 way 6,431 aadu ANy
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AdnAsy: Wnelssnuaiauiulgy, weduraalsd, n1sviusSansuisa, Auautivenediues

Tasanstosdi 8: msusnnsalusiudaszeananinduundudulaelénisassiavasasennia
8.1 msfnwnaenihduudufunsngedaefnglulnnauiiagniizanuduussennia

I¢dnwinisldviesfinglulnsiau (N, bubbles) LiteuuanmiiiuurduAunsngs (High free fatty
acid crude palm oil, High-FFA CPO) frnusuussennassuiisuiulaly N, ﬁqmmﬁ 100, 150
uay 200 °C lufaunuaansinssuonuuansliffhauiinng 40 das Uii@ﬁuﬂﬂu 28 GRIAIUAN
oaumgiisnefamuaudianinsiiauuy PID fsovistuiiingumgiiuuy Pt-100 uazdnineslyiih Tu
s N, 1nsne (air stone) NsanszuanawIALGn 3 93 §M5IN1INUTIN 2 L/min CPO Hgaumngd
Laﬁamauwmu 46.7 °C Bunanaaesiieniang N, wiou q funislienufeuudihiiuauisgumad
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yn 30 unit 93Tl 3 uag 4 90 60 UIT HANIIIARBINUTNT 100 °C (Raviuuaglaiviu N,) s2avied
150 °C (laiwiu Ny Wanunsaanuunansalasiudasy (Free Fatty Acids, FFA) Tu CPO ¢ daudl 150
waz 200 °C (W N,) an FFA 990 27.94% 10U 25.12% wazain 27.88% 1Ju 17.19% suaisu CPO
71 200 °C (lainiu N,) FFA ana1n 26.52% 18u 19.48% dusunisinades CPO lunsdinu N, W 3
gaungiinuin CPO TAdutuminfusaug 30 unlusnveamvaans luvedingdilaiviu N, & CPO i
Judandn Auneseanledues CPO saviuuarlaiviu N, s 3 gungiaoudtsasiioglutag 2-5 meq
O,/kg oil fi'm’;'mﬁ?iyut,l,azafliimaéw (moisture and volatile matter) ¥89 CPO anadsan 0.20-
0.50% Wae 0.04-0.12% (WuN,) way 0.1-0.28% (lainuN,) n1swunas N, lu CPO ﬁammﬁ&gﬂw}'

a

100 °C wam’a‘"uaiaWmmaﬂmﬂﬁawa@mm%uua A3TTssLAIgIean FFA lﬂﬁ NN

Y

G]QLLG] 150 °C uwazduwdliuazan FFA lﬂﬂﬂﬂWBMMﬂNﬂﬂﬂ'J’] 200 °C E]EJ']\‘ibLiﬂG]’]ﬂJ@m%ﬂu \‘11/]’]1‘1/1

ArdAgy: Wdudufunsngs, nsuen, nsatedudasy, Weafglulasiau, nisliaueu, Anudu
U3987NA

8.2 maAnwmananirduurdufunsageiaefelulnsauiianiazaanudugainie
lﬁﬁﬂﬁwﬁuma‘mﬁummqq (High free fatty acid crude palm oil, High-FFA CPO) fifinsmlusiudasy
(free fatty acids, FFA) 27% snwiugefelulasiou (N,) figamad 100, 150 uaw 200 °C neld

an1eayaIne (700 89 -730 mmHg) Wisuilsuiunislinu N, Wiegauauisalunisien



asUszneufissimedionas FFA pona1n CPO lagltgunsaliiuseneusemiiessmeuiung 40 L 14
CPO28L oAy ynmuuiiy wasgavaeidu Waudouud CPO dedvimaslnihauia 2,500 W waz
ﬁ']szymmﬂé’w%uqﬁgmmmwkmﬁ Wunes N, fesns1 2L/min muﬁaﬁiwﬁv‘mmﬁ’amwﬁ
Uanuuadurigudnats 18 mm wazen 40 mm S1uuanmsh (1desiag 0.67 L/min) Guduse
mslmnusou vhagania uazwiu N, (n3dliiviu N, lunfeudu auldgamalindmun wdrsnw

! Y 1

anmeaainadlifeludn 240 min Fegudiegtluiiesent nanismaaensallainu N, nuitusun
FFA Tu CPO flgaumgil 100 °C lalUAsuutas vauzdigamndl 150 wag 200 °C U3unas FFA Tu CPO
anandu 24.22% uay 15.12% auadudmSunsainug N, nuinusunad FFA Tu CPO # 100 °C 'l
Wasuuas mmzﬁqmmﬁ 150 way 200 °C U3ua FFA Tu CPO anaallu 23.91% waz 14.97%
pud1dy dves CPO utuilerugumnifigetiu Andosoenlus (peroxide value, PV) 499 CPO
nsdllaiviu N, Tunngamgll Aeudrsnaiiedil 1.70-1.90 me/kedneens vazdilunsdniu N, A1 PV
qa%umaﬁna?ia 1.30 \Ju 4.94 mg/kgiaena AP ulazanssEmedie (moisture and volatile
matters) ﬁgﬂamqmmﬁﬁmammmﬂ 1.75% 18u 0.08% nsvasasiuandliifiuiinsviunas N,
aeldannzangnmefigamaiigandt 200 °C fuuliuane FFA ldunnninfigamgiisindt 200 °C
dumutularansssedsasoanldvansausigamgl 100 °C agndlsAnunafilduandliiuin
fanzagannia mavuuazliviululasieulinalndidsstu

AdARY: ﬁf;wﬂuma‘mﬁmimqﬂ, nsuen, nsnlusiudasy, asuszneuiisvivedie, wesdglulnsiay,

N5lANTY, AUAUEYINTA

Tassnsgendt 9: mswanlulefiwanazanswdaauianinainaznautinialseauingduundudie
ASZUIUNISLIINITININ

thislssnuasminulhda ﬁﬂ%mmﬁﬂﬁuuaﬂﬁuﬁuqﬂ (5,569.82 fiadnSuseans) thielseeu
afnthifuuduazgninunadmittudiensvenaniilasldansaraonansening Lanau lwniuea
wazezdlauduivinazats wdenadanuitazldisiunarlustuainifislssnuadaingulidy
Wiy 4,455 fiadnduredns andulesidudnsiiuier 80 Wesidusd Wiewrduitadaldu
Ansziosdusenouresnsaluiu nuluhifuasingeloiuluyiinags (27.67£0.10%) Auduly
ihifuflareldanminds Wiy 2.20£0.07% dufuraleuiifiedu uazanaluanavesisiufiadald
WU 201.9620.21 fadn3u Tnunadeslonsenlesiensuingiu uas 833 ndusolua AudIsy

o

Tunsnnaesiazimsudnlulefeanihislssemasniiuududeisnmasaeuledla
Wa dwfueulullawaziaeswiafe euledlawansmsiildangdunid Candida rugosa
waglawaiiiunsviudaniunsdmanuatidundanniuiien 120 92lus Tunisuanlulediealag
Mlawaneimunianssuveseulssidl 36 giase 10 nfuvenintu dwmivasisiulunimanlule
Raadldhiuiiataldannihidssnuatniiiudy wesinaswheufiser neudieameiie
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(91.75+2.519%) anusaetoulsiflaiaanuauidudiiiunsvitusaniuidiu (91.04+1.98%) uay
ulaglaangrane1uainuaundu (90.37+1.43%) dusunisiseufisenmelaisulansenlenay
Tinawanlulefuasdinfian (89.30+2.51%) anmzimnzaslunisudslulefwannieulelaaeis
peuInHaUId fie Samdnssrinsumueadetu wihiy 61 TaefiRenssuveseules 36 gi

Afa10 nuvesndu Unfigamall 35 esmnwaidud musiluniswg 200 seudeuyl ul 36

a

Falas agldnandnlulefiwairiniy 92.07+1.04% wandaildlifanuuanssanwandslulediva
SeufRseeouleflaamanisdn (92.11+1.54%) ethlulefeaildiomunuiinszsianis
1A551U ASTM wui anaudfveslulefwaiiléannsssufiserseieulmilaasgemenuniiy
wmsgrululefwavesuszinalng way ASTM

lulofwaiildasgninunldderioiduasieilumsdnasdodudanmdienseuiunsm
seamesniudnads Inelfieulsdlaasufulasufialalnsmuduinswiasen meldane
MaLssUfATeTmanzan Usznousne Aanssuveseules] 70 Alagin dndruveslnsiuiialalnginy
3.15 findAnssoansadiy 1 fadans A1mdu 3 % gamadl 30 esrwaldea Ausiseulunisiug
250 sousoun w18 Halus agldaavaeautinn 83.5% Liletharsvdedudinimliase
AndnwazUNUTTMINUIEsdeauTinmimeamia 193 9921ulil 210 ssmwalea wagku
NAUTNATFIUANTVEDAU L3R VG32

o o w

¢ aa o 901 Qy a v g L% (3
AdnALy: MIudieamesiadu Uinie lulefiwa Tssnuadinunduuian lawa

Tasenseadl 10: nisldmanaseldarnnisudanasauanin alasay, Jww) Juduanm
fvSunsHananseNgNaNSENEsUTINW

10.1 nsuanlalasiuanndweseanulnenszurunmsudnuuudassunauluaniazlaley
uaanazlduas

nswanlelasiauannaweseanusienisudnuuvassiuneuluanzlilduasineldide
Klebsiella sp. TR17 wazanmzlduadaaide Rhodopseudomonas palustris TNL (Rps. palustris TNL)
wud luanmgldlduadinmsndnlalasiay 64.246 mmol Hy/L lnglvnandalalasiau 5.74 mmol Hy/g
coD Fsdisnsnslénfiweseadu 80.219% thilsiildanmandnuuulalduasgninldlumandnuuy
THuas insAnwanududuresinfeildannsusinuuuldlfuas (Gzdunsiienns 0-5 i) iy
warliifiy yeast extract (2.3 /L) + NaHCO, (0.63 ¢/L) uay glutamate (2-8 mM) wuinan1ied
wnzausiensnanlglasiaulaeide Ros. palustris TN1 fie tinedildarnnisnsuuulilduaiisss
30979 5 wih L yeast extract + NaHCO, uag 2 mM glutamate Fawdnlalasiauld 3.12 mmol
H,/L waylinananlalasiay 0.68 mmol H,/g COD INNSHARTIADITURBUNUT TiNanEn
lalasiau 6.42 mmol H,/g COD (10.4%)

o o o
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ABSTRACT

The project entitled ‘Bioenergy and Bioproducts from Wastes of Oil Palm and
Palm Oil for Sustainable Development’ aimed to research and develop new products and
increase the efficiency of biogas production for palm oil mill. The research work was
consisted of 10 subprojects covering the production of bioenergy (hydrogen, methane,
biodiesel, ethanol) and bioproducts (organic acid, xylo-oligosaccharide, hydrogel, compost,
oil, fatty acid, polymer, polyhydroxyalkanoate, etc.). Palm oil and oil palm wastes (oil palm
trunk, oil palm frond, empty fruit bunch, palm pressed fiber, decanter cake, palm oil mill

effluent, crude glycerol) were used as feedstock. The research

Subproject 1: Sustainable Conversion of Palm Oil Industrial Wastes to Bioenergy and
Biofuels

This research work aimed to produce and/or increase the conversion of palm oil
industrial wastes from plantation (felled oil palm trunk (OPT), oil palm frond (OPF)), palm oil
mill (palm pressed fiber (PPF), palm oil mill effluent (POME), decanter cake (DC)) and
biodiesel plant (crude glycerol) to bioenergy and biofuels (biogas, biohydrogen, biomethane,
biohythane (mixture of hydrogen and methane), bioethanol, acetone-butanol-ethanol (ABE)).
These objectives were achieved through the research and development on thermophilc (55-
60 °C) fermentation technology, co-digestion (using mixture of different wastes such as POME
with DC, POME with para-rubber latex wastewater), two-stage fermentation for hydrogen-
methane  production (thermophilic-thermophilic, thermophilic-mesophilic  condition),
optimization studies (medium composition including trace elements and environmental
condition), implementation of immobilized cells. Microbial community and strain
improvement of the pentose-fermenting yeast including fermenter design for production of
hydrogen from POME at high temperature were also carried out. Recently, our most efficient
hydrogen producer at high temperature, Thermoanaerobacterium thermosaccharolitycum PSU-
2, was classified to be a new species based on the data from the whole genome sequencing.

The experimental work of these new findings were published in 8 international
papers, 2 submitted manuscripts and one electronic book chapter cited as following.

O-Thong, S. 2016. Microbial Population Optimization for Control and Improvement of
Dark Hydrogen Fermentation. in: Angela Faustino Jozala (Eds.), Fermentation Process, INTECH
2016, p. 119-144. (ISBN 978-953-51-4825-8).

Keywords: biogas, biohydrogen, biomethane, biohythane, palm oil industrial wastes
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Subproject 2: Biocapturing of CO, from Biogas and Biodiesel Production using
Oleaginous Microalgae

Carbon dioxide (CO,) is the main greenhouse gas produced during combustion of
petroleum fuel and natural gas. Many attempts including physical and chemical treatments
have been used to recover CO, from atmosphere. In biological approach, microalgae appear
more photosynthetically efficient than terrestrial plants and are the candidates as efficient
CO, fixers. As an extra benefit, microalgal biomass and lipids for energy use are produced
after the CO, capture by microalgae. Lipids from microalgae mostly accumulated as
triglycerides are chemically similar to common plant oils and have been suggested as a high
potential source of biodiesel. In this study, Nannochloropsis sp. was found to be the most
suitable oleaginous microalgae to fix CO, from simulated flue gas and produce lipids and
pigments. For efficient CO, mitigation and lipid production by the microalgae, the synergistic

effects of light intensity and photoperiod were investigated. The saturation light intensity was

60 pmol-photon-m™s ", and with full illumination the biomass obtained was 0.850 + 0.16 gL
with a lipid content of 44.7+1.2%. The pigment content increased with increasing light energy
supply. Three main operating factors including initial cell concentration, CO, content and gas
flow rate were mathematically modeled and optimized through Response Surface
Methodology. Their interaction effects and optimal levels were successfully determined. The
feedings with a low CO, content at a high gas flow rate gave the maximum biomass but with

low lipid content. After optimization, the biomass and lipid production were increased up to

1.30+ 0.103 g-Lf1 and 0.515+0.010 g-Lfl, respectively. The fatty acids of Nannochloropsis sp.
lipids were mainly C16-C18 indicating its potential use as biodiesel feedstocks.

To date, there are several methods that have been used for harvesting of microalgal
biomass such as centrifugation, foam fractionation, filtration, flocculation, and g¢ravity
sedimentation. Most commercial systems choose centrifugation or filtration to harvest
microalgae. However, the harvesting processes using centrifugation or filtration consume
large amounts of energy. The immobilization technology is one of interesting alternative
techniques to simplify the separation of microalgal biomass from liquid phase. The
immobilized microalgae can be harvested by a simple sieving method without involving huge
amounts of energy input. This study also showed that oleaginous microalga Nannochloropsis
sp. has high potential to be immobilized in alginate gel beads and used for lipid production,
phytoremediation of secondary effluent from palm oil mill and CO, mitigation. The
immobilized cells contributed to removal of nitrogen and phosphorus >90% and CO,

mitigation >99%. They also gave the biomass and lipid production of 1.30+0.05 ¢/L and
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0.356+0.097 ¢/L, respectively. The repeated-batch cultivation improved the biomass and
lipid production by 2.66 folds and 1.41 folds, respectively. The scale up in 3 L-fluidized bed
photobioreactor gave the maximum biomass of 3.280 + 0.049 ¢/L and lipid production of
0.362 + 0.010 ¢/L. The immobilized cells could be easily harvested by a simple sieving
method without involving huge amounts of energy input. This strategy could be a promising
biorefinery concept which is effective not only in CO, mitigation and removal of pollutants
but also low-cost production of renewable energy.

Keywords: carbon dioxide capturing, oleaginous microalgae, lipid, biodiesel, Nannochloropsis sp.

Subproject 3: Field biomass modeling: Oil palm biomass availability model for power
production in Southern Thailand

This project simulated economic competition scenarios for biomass power plants
business in the most oil palm -dense provinces in Southern Thailand. There were two
scenarios, namely independent investors where the power plants can be set up anyplace
along the main highways and those at the mills, which the mills residues can be incorporate
in the fuel supply. For the first scenario, five power plants are feasible with the total capacity
of 112 MW. The frond biomass from the plantation must be acquired at not more than
178.98 Baht per ton. However, the most competitive sites for power generation business are
three power plant at the mills (scenario 2), where the total capacity of 148 MW could be
installed.

Keywords: modeling, oil palm biomass, power plant in Southern Thailand, case study

Subproject 4: Production of organic acids and enzymes from oil palm trunk (OPT)

Oil palm trunk (OPT) and oil palm frond (OPF) are abundant biomass in Southern
Thailand. After extraction of sugars (64.59 gL_1 OPT sap and 57.68 gL—1 OPF sap), their residues
(OPTr and OPFr) were used as substrates for production of enzymes by various fungal
isolatesthrough solid-state fermentation (SSF) and submerged fermentation (SmF). Among
eight strains tested, the isolates TT1, TM3 and TT2 were selected and identified as
Ceratocystis paradoxa, Trichoderma koningiopsis and Hypocrea nigricans, respectively. OPTr
was a better substrate for enzymes production than OPFr. C. paradoxa TT1 gave the highest
CMCase (18.16 Unit gds_l) in SmF while T. koningiopsis TM3 exhibited the highest xylanase
(56.46 Unit gds ) and FPase (2.13 Unit gds ) activity in SSF. Enzymatic hydrolysis of OPTr
revealed that the maximum reducing sugars (11.92 gLfl) with the vyield of 0.48 gg’l was
obtained by using the TM3 enzymes at 25 Unit g_1 at 50 °C for 15 h. For ethanol production
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from the OPTr hydrolysate (without nutrients added), Saccharomyces cerevisiae TISTR5055
was more efficient than Candida shehatae TISTR5843 and the co-cultures. Two-stage
process and simultaneous fermentation using the co-cultures of S. cerevisiae and
Acetobacteraceti were compared. Supplementation of YM nutrients to the OPTr hydrolysate
exhibited strong influence on ethanol production (4.10 gL_1 at 12 h in two-stage process and
4.01 gL>1 at 18 h in simultaneous fermentation) but not acetic acid production.Without
nutrients addition, the maximum acetic acid concentrationand productivity (2.12 gL’1 at 24 h)
were achieved from the simultaneous fermentation of the co-cultures which were 1.7 folds
and 4 folds higher than those from the two-stage process (1.23 gL>1 at 54 h).

Keywords: Cellulase and xylanase, Oil Palm Residues, Solid-State and Submerged

Fermentation, Fungi, Ethanol, Acetic Acid

Subproject 5: Extraction of hemicellulose from empty fruit bunch (EFB) fiber and
applications for the production of xylo-oligosaccharide and hydrogel

A sequential two-step treatment with peracetic acid (PA) and alkalinity peroxide (AP)
at mild temperatures (20-35 °C) removed more than 98% of the lignin from oil palm empty
fruit bunch (EFB) fiber. For each kilogram of EFB fiber treated, 200-250 ¢ of a solids fraction
and 120-170 g of a precipitate fraction were recovered after the treatment. Subsequent
enzymatic hydrolysis (45 °C, 72h) of the recovered solids (excluding the precipitate) resulted
in a glucose yield of 629.8+0.5 g per kg of the original dry EFB biomass. Enzymatic hydrolysis
of untreated EFB yielded only 3.0+0.0 g slucose per kg of dry EFB. Therefore, the PA-AP
pretreatment enhanced slucose recovery from EFB by nearly 210-fold. The total treatment
time was 93 h (a 9 h PA treatment at 35 °C, a 12 h treatment with AP (20 °C, 4% NaOH), 72 h
of enzymatic hydrolysis).

Keywords: pretreatment, hemicelluloses, cellulose, EFB fiber, xylo-oligosaccharide

Subproject 6: Utilization of Palm Oil Mill Biomass Residues for Production of Compost

In Thailand, all palm oil mills have been utilized palm pressed fiber (PPF) as boiler
feedstock for a long time while the decanter cake (DC) was left unused. Alternative approach
for utilization of these residues for production of bioproducts such as compost was
proposed. This study was conducted at a palm oil mill to investigate effect of aeration
modes on compost making from PPF mixed with DC at the optimum ratio of 1:1. The carbon
to nitrogen (C/N) ratio of the mixture was adjusted to 30-40:1 by adding urea. The initial

moisture content was adjusted to 50-70% using decanter effluent. The mixed cultures
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Supper LDD1 was inoculated to each pile (1 ton/pile). Different aeration modes were applied
to the three mixtures piles: no covered aerated pile, covered aerated pile and turning pile.
Physical and chemical changes of the composting materials were observed during 60 days
fermentation. Temperature increased in all treatments indicating the biodegradation of
organic matter in the residues. The C/N ratio of the no covered aerated pile and turning pile
met the Compost Standard (C/N < 20:1) within 55 days (19.9:1 and 19.7:1, respectively) but
not for the covered aerated pile (22.7:1) even at the end of fermentation (60 days).

Keywords: palm pressed fiber, decanter cake, compost, aeration

Subproject 7: Utilization of palm oil mill effluent for oil recovery and polymer production

Palm oil mill effluent (POME) had the following characteristics; pH 5.05, 120,000 mg/l
COD, 47,696 mg/l total solid with 19,066 mg/l suspended solid, 8,550 mg/| total sugar, 1,670
me/l total phenol, 800 mg/l total nitrogen and contained trace amount of mineral salts.
Effects of ethanol to POME ratio and temperature on yield of the biopolymers were studied.
Among various ratio examined at room temperature, the ratio of 5.0 gave the highest yield.
The biopolymers contained two subunits with the molecular weight (MP) of 1223 (SC-S) and
2525(SC-L) dalton determined by gel filtration chromatography with Sephadex G-25 column
eluted by distilled water. The yields of SC-S and SC-L were 65.31% and 12.82%, respectively.
The biopolymers were partially purified and studied on some properties. They were soluble
in both water and DMSO but insoluble in eight organic solvents tested (acetronitrile,
methanol, acetone, propanol, dichloromethane, chloroform, diethyl ether and hexane).
Characterization on the biopolymers revealed that they were composed of total sugars at
241.29 and 231.70 mg/|, respectively. Results from HPLC, after acid hydrolysis, revealed that
the biopolymers SC-S and the SC-L were composed of glucuronic acid, arabinose and xylose
in the amount of 25.60, 43.20and 10.20 mg/g (SC-S) and 10.40, 11.20 and 20.90 mg/g (SC-L),
respectively. FT-IR spectra of the two biopolymers showed the presence of hydroxyl, ether,
alkane and carbonyl groups which indicated a group of sugar molecule. So they were
classified as polysaccharide polymers. The molecular weights (MP) were 1223 and 6431 Da,
respectively.

Keywords: palm oil mill effluent, polysaccharides, partial purification, property of polymer
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Subproject 8: Separation of free fatty acids (FFA) from crude palm oil using bubble
flotation

8.1 Study of N, bubbles refining of high free fatty acid crude palm oil at
atmospheric pressure

This project was aimed to study effects of sparging of nitrogen (N,) bubbles in crude
palm oil (CPO) at atmospheric pressure and temperatures of 100, 150 and 200 °C. The
experiments were performed in a 40 liter-vertical-cylindrical stainless tank with 28 liter-
working volume. The CPO temperature was controlled by electronic PID controller equipped
with Pt-100 temperature sensor and electric heater. Three small cylindrical-shape air stones
were used to generate small N, bubbles in CPO with total N, flow rate of 2 L/min. With
initial temperature about 46.7 °C, CPO was heated to the desired temperatures together with
N, sparging. The desired temperatures were kept for 4 hours. Samplings were made at the
beginning and during the 4 hours of the desired temperatures. Analysis of free fatty acids
(FFA), color, peroxide value, moisture and volatile matter were carried out. Results showed
that N, sparging together with heating at 100 °C and heating at 100 and 150 °C without N,
sparging could not reduce FFA in CPO, whereas the N, sparging at 150 and 200 °C could
reduce FFA from 27.94% to 25.21% and 27.88% to 17.19%, respectively. Heating of CPO at
200 °C without N, sparging could reduce FFA from 26.52% to 19.48%. For all 3 temperatures,
heating together with N, sparging made the CPO equally darker since the first 30 minutes of
the experiments, which was faster than the case of heating without N, sparging. For all
experiments, peroxide value (PV) remained constant in the range of 2-5 meqOy/kg oil.
Moisture and volatile matters reduced from 0.2-0.5% to 0.04-0.12% with N, sparging and to
0.1-0.28% without N, sparging. Dispersion of N, bubbles at atmospheric pressure in CPO at
temperature above 100 °C helped to reduce moisture and volatile matter, whereas
reduction of FFA content in CPO could be achieved at temperature greater than 150 °C.
Predictably, efficient separation of FFA can be obtained at temperature above 200 °C.
However, the high temperatures make the oil darker.
Key words: high free fatty acid crude palm oil, separation, free fatty acid, nitrogen bubble),
heating, atmospheric pressure

8.2 Study of N, bubbles refining of high free fatty acid crude palm oil at
vacuum pressure

Crude palm oil (CPO) containing 27% free fatty acids (FFA) was sparged with N, at
temperatures of 100, 150 and 200 °C under vacuum (-700 to -730 mmHg) in order to see

ability of N, to separate volatile compounds and FFA from CPO. The device consisted of a 40
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L stainless steel evaporator filled with 28 L CPO, water cooled condenser, a 2500 W electric
heater, a rotary vacuum pump and 3 air stones (cylindrical shape) for N, sparging with total
N, flow rate of 2 L/min. The vacuum pressure in the evaporator were made before N,
sparging together with oil heating. The desired temperatures were held for 4 hours.
Samplings were taken just before and after the experiments. Experiments with non N,
sparging were made for comparison. The non-N, sparging tests showed that %FFA remained
constant at 100 °C whereas at 150 and 200 °C, FFA reduced to 24.22% and 15.12%,
respectively. The N, sparging tests showed that %FFA remained constant at 100 °C whereas
at 150 and 200 °C, FFA reduced to 23.91% and 14.19%, respectively. The color of CPO was
darker at higher temperatures. Peroxide values (PV) of CPO in case of N, sparging at all
temperatures were quite stable at 1.70-1.90 mg/kg. While in case of N, sparging, PV increased
from 1.30 to 4.94 mg/kg oil. The moisture and volatile matters of the three temperatures
decreased from 1.75% to 0.08%. These experiments demonstrated that N, sparging under
vacuum at temperatures above 200 °C have a potential to decrease more FFA. Moisture and
volatiles compounds could be reduced at temperature 100 °C. However, vacuumed CPO
with and without N, sparging showed quite similar results.

Key words: high free fatty acid crude palm oil, separation, free fatty acid, volatile

compounds, nitrogen bubble, heating, vacuum pressure

Subproject 9: Production of biodiesel and bio-lubricant from sediment and PHA from
supernatant of palm oil mill effluent (POME) using by biological catalyst process

POME is considered as an alternative source for oil because it contained high oil and
grease content (5569.82 mg/L). Oil was extracted from POME by the soxhlet method using a
mixture of hexane, methanol and acetone. The highest oil and grease content that could be
recovered from POME was 4455 mg/L which means that 80% of the oil and grease could be
recovered from POME. High FFA in residual oil (27.67%), moisture content of residual oil was
2.20 = 0.07%. The saponification value of 201.96 + 0.21 mg KOH/¢ oil gave the average
molecular weight of 833 g/mol.

Biodiesel was produced from POME using by via an enzyme-catalyst. The crude,
partial purified (recovered from oil palm fruit at 120 h) and commercial lipase (Candida
rugosa) was utilized as the catalyst. Each enzyme was dissolved in buffer and the
concentration was fixed at 36 U/10 ¢ oil. POME was used as the sole substrate for the
transesterification process. Biodiesel yields from all lipase tested in this study were not

significantly different. The highest biodiesel yield (91.75 + 2.51%) was obtained from
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commercial lipase-catalyst followed by partial purified lipase (91.04 + 1.98%) and crude
lipase (90.37 + 1.43%). The lowest biodiesel yield (89.30 + 2.51%) was achieved from NaOH-
catalyst. The optimum condition for biodiesel production from POME using crude lipase
containing a 6:1 level of methanol-to-oil using 36 U/10 ¢ oil of lipase under incubation
temperature, a mixing speed and reaction time of 35 °C, 200 rpm and 36 h, respectively.
92.07 + 1.04% of biodiesel yield was achieved under these optimal conditions. Similar yield
(92.11 + 1.54%) was also obtained from commercial lipase under the same condition.
Biodiesel from residual oil and crude lipase as the substrate and catalyst was characterized
according to ASTM standards. The results show that most properties of biodiesel from crude
lipase are acceptable, according to Thai biodiesel and ASTM standards.

Biodiesel was used as the substrate for the bio-lubricant production by
transesterification process. The lipase and trimethylolpropane) was utilized as the catalyst.
The optimum condition containing a 70 KUnit lipase, 3.5:1 trimethylolpropane to biodiesel
ratio, 3% moisture content and under reaction time of 30 °C, 250 rom and 18 h, respectively.
Under these optimal conditions, the maximum bio-lubricant yield reached 83.5%. The bio-
lubricant was characterized results show that density of 193 and flash point of 210 °C, the
properties of bio-lubricant are acceptable, according to bio-lubricant standards VG32.

Key words: transesterification, palm oil mill effluent, biodiesel, palm oil mill, lipase

Project 10 Utilization of the by-products from bio-fuel production (hydrogen, methane)
as the substrate for active compounds or biofuel production

10.1 Biohydrogen production from crude glycerol by two stage of dark and
photo fermentation

Hydrogen production from crude g¢lycerol by two-stage processes of dark
fermentation using Klebsiella sp. TR17 and photo fermentation using Rhodopseudomonas
palustris TN1 (Rps. palustris TN1) was investigated in batch experiments. In dark
fermentation, the cumulative hydrogen production and hydrogen yield was 64.24 mmol H,/L
and 5.74 mmol H,/¢ COD consumed, respectively with 80.21% of glycerol conversion rate.
The dark fermentation effluent (DFE) was employed for photo fermentation. Effect of DFE
concentrations (0-5 times dilution), with and without supplementation of yeast extract (2.3
¢/L) + NaHCO; (0.63 g/L), and glutamate (2-8 mM) were optimized. The optimal conditions
for hydrogen production from Rps. palustris TN1 were 5 times dilution of DFE without the
supplement of yeast extract + NaHCO; and 2 mM glutamate. Under the optimum conditions,

the cumulative hydrogen production of 3.12 mmol H,/L and hydrogen yield of 0.68 mmol



17

H,/eCOD consumed was obtained. The total hydrogen yield of two-stage processes was
estimated to be 6.42 mmol H,/g COD consumed which was 10.4% of the theoretical yield.
Keywords: biohydrogen, crude glycerol, dark fermentation, photo fermentation

10.2 Bioactive compounds from Streptomyces philanthi RM-1-138

Streptomyces is a genus known for its ability to protect plants against many
pathogens and various strains of this bacteria have been used as biological control agents. In
this study, the efficacy of Streptomyces philanthi RM-1-138, S. philanthi RL-1-178, and
Streptomyce mycarofaciens SS-2-243 to control various strains of Botrytis cinerea was
evaluated both in vitro and in vivo. In vitro studies using confrontation tests on PDA plates
indicated that the three strains of Streptomyces spp. inhibited the growth of 41 strains of B.
cinerea. Volatile compounds produced by Streptomyces spp. had an influence on the
growth of ten strains of B. cinerea while its culture filtrate at low concentration (diluted at
10_3) showed a complete inhibition (100%) of spore germination of B.cinerea strain BC1. A
significant protection efficacy of tomato against B. cinerea was observed on both whole
plant test (57.4%) and detached leaf test (60.1%) with S. philanti RM-1-138. Moreover, this
antagonistic strain had a preventive and a curative effect. These results indicated that S.
philanthi RM-1-138 may have the potential to control gray mold caused by B. cinerea on
tomato. Moreover, S. philanti RM-1-138 could produced Chitinase and B—1,3 glucanase.
Chitinase and B—1,3 glucanase are enzymes that play important roles in the biocontrol of
fungal plant pathogens. The effects of environmental conditions and culture medium
composition on simultaneous chitinase and B -1,3 glucanase production from S. philanthi
RM-1-138 were investigated using a conventional (one-factor-at-a-time) method and a
response surface methodology (RSM), respectively. The optimum cultivation conditions were
at pH 7.5 and a temperature of 30 °C. The optimized medium (4.88 ¢/l chitin, 6.27 ¢/|
glucose, and 17.05 ¢/l malt extract) exhibited 53- and 80-fold increase in the activity of
chitinase (0.53 U/ml) and B—1,3 glucanase (8.79 U/ml), respectively, compared to the original
medium. The culture filtrate from the original and the optimized medium were partially
purified and tested (by agar-well diffusion assay) for their antifungal activities against
Rhizoctonia solani PTRRC-9 compared to the chemical fungicides carbendazim® and
propico- nazole® (100 pg/ml). The partially purified enzymes from the optimized medium
exhibited 4.0-fold stronger antifungal activities against R. solani PTRRC-9 compared to that
from the original medium and equal to that of the chemical fungicide propiconazole® but
slightly lower than that of carbendazim®.

Keywords: biological control, culture filtrate, chitinase, B -1,3 glucanases, partially purified
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