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##4772311823 : MAJOR BIOTECHNOLOGY 9
KEY WORD: BIOGAS / SOLID WASTES / BIOHYDROGEN / PALM / ANAEROBIC
MICROORGANISM

TUKSADON WUTIKHUN : BIOGAS PRODUCTION FROM INDUSTRIAL OIL-PALM

SOLID WASTES. THESIS ADVISOR : ASSOC. PROF. NAPA SIWARUNGSON, Ph.D.,

THESIS COADVISOR : ASSIST. PROF. NIPON PISUTPAISAL, Ph.D., 109 pp. ISBN 974-

14-2033-1.

This research was the study on biogas production from oil-palm solid waste leftover in the
palm-oil extraction industry. The experiment was conducted into two reactor types, 100-mL serum
bottle and 2-L glass bottle, using UASB granules as an inoculum. Initial study was focused on the
biogas production in 100-mL serum bottle in the different experimental conditions including varied
oil-palm solid waste concentrations of 0%, 5%, 10% and 15%; pHs of 5.8 and 7.0; and temperatures of
37°C and 55 °C. The results showed experiments with oil-palm concentration of 5%; pH 5.8 and 7.0;
and 37 °C yielded the highest methane and hydrogen volume. At pH 5.8, methane production rate was
0.46 ml/gTVS/day, and the total accumulated mole and volume were 246.79 + 7.27 pmoles and 81.78
+ 2.41 ml, respectively, whereas the hydrogen production rate was 0.32 ml/gTVS/day, and the total
accumulated mole and volume were 57.79 + 4.16 pmoles, and 19.15 + 1.38 ml. At pH 7.0, the
methane production rate was 0.60 ml/gTVS/day, and the total accumulated mole and volume were
320.08 + 6.31 pmoles and 106.07 + 2.09 ml, whereas the hydrogen production rate was 0.26
ml/gTVS/day, and the total accumulated mole and volume were 47.35 + 1.32 pmoles or 15.69 + 0.44
ml. The methane and hydrogen yields inversely proportions to the oil-palm concentrations for all
experimental conditions. The experiment conditions with oil-palm concentration of 5%; pH 5.8 and
7.0; and 37 °C were chosen to set up in 2-L bottle. At pH 5.8, the methane production rate was 8.33 x
10° ml/gTVS/day, and the total accumulated mole and volume were 3.86-pmoles, and 1.28 ml,
respectively, whereas the hydrogen production rate was 0.06 ml/gTVS/day, and the total accumulated
mole and volume were 255.44 pmoles or 84.65 ml, respectively. At pH 7.0, methane production rate
was 3.15 x 10° ml/gTVS/day, and the total accumulated mole and volume were 16.30 pmol or 5.40
ml, whereas the hydrogen production rate was 0.06 ml/gTVS/day, and the total accumulated mole and
volume were 305.59 pmoles or 101.26 ml. At the same experimental conditions, higher methane and

hydrogen production rate in 100-mL reactor compared with 2-L reactor.
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M9 2.1 nsraauRany uazune lalasaudedTnedimw (Heguang, 2002)

mInaaufaiimu m3naaunalalasinn (hydrogen production)
(methane production) ¥ ﬁﬂ‘g Aunss
anoxygenic phototrophic | hetrotrophic anaerobic
bacteria bacteria
LY aaa {‘U ® U | acetic acid, CO, saccharide, lipid, protein, | cellulose, saccharide,
(carbon sources) fatty  acids, aromatic | lipid, protein, aromatic

compound, alchohol rﬂu

v
AU

IS
compound Audu

HWHAIWEI9TUY

(energy source)

oxidation of H,

oxidation of reductive

organic compounds and

oxidation of reductive

organic compounds

light energy
BU Ul“lﬁj‘ﬁ lfdl‘ RUGE! Hydrogenase Nitrogenase and | Hydrogenase
(key enzyme) Hydrogenase
Fiufis (inhibitors) 0,, S,.80,”,NO; 0, NH," Co, 0,
narlunisyin | 510 7 (QUglg) <47u <49u
(retention time) 10-20 74 QR {]ﬁ 51)
pH ‘ﬁm neau 6.7-7.4 6.5-9.0 6.5-8.5
Sanmanaaufai (o 9 &
T uwd s
(30 ﬁuﬁ Methanosarcina methanica Rhodobacter sphaeroides | Clostridium butyricum

Methanothrix sp.
Methanobacter sp.

Methanococcus sp.

Rhodobacter capsulatus

Methanobacterium sp.
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< A % a
asluagadn 1wy nsalvalu nIaezily waznglaa

UA3enm3nanIa (acidogenesis)
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a Y
anavaIUANLIST I

a a A k4 <4
BUAVUBDIUU ANLIYTI 1N

uRENINY (Order) un altny (Family) unaimu (Genus) WNU (Species)
Methanobacteriales Methanobacteriaceae Methanobacterium M. formicicum
M. bryanri
M. thermoautotrophicum
M. ruminantium
Methanobrevibacter M. arboriphilus
M. smihii
M. vannielli
Methanococcales Methanococcaceae Methanococcus M. voltae
M. mobile
Methanomicrobiales Methanomicrobiceace Methanogenium M. cariaci
M. marisnigri
Methanosprillum M. hungatei
M. barkeri
Methanosarcinaceae Methanosarcina M. mazei
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a A A @ a [ = % a
C’ﬂﬁNﬁ 2.3 BUAVDAUUANLTY Lgazmiméfucluﬂizmumiwammaumu (EI‘}J‘(ZL! Nngl, 2548)

a A
TUAVBIUUANLIE

o v
aINAU

a S A
T UAVDILUATIL Y

o v
a1y

Methanobacterium bryantii

H

2

Methanogenium cariaci

H, 11lazHCOOH

M. formicium

H, 11ag HCOOH

M. marisnigi

H, 11azHCOOH

M. thermoautotropicum H, M. tatii H, ttazHCOOH

M. alcaliphilum H, M. olentagyi H,

Methanobrevibacter H, M. thermophilicum H, ttazHCOOH

arboriphilus

M. ruminantium H, ttag HCOOH M. bourgense H, 4acHCOOH

M. smithii H,ttag HCOOH | M. aggregans H, uagHCOOH

Methanococcus vannilii H,uag HCOOH | Methanococcoides methylutens | CHNH, — Lag
CH,OH

M. voltae H, tag HCOOH | Methanothrix soehngnii CH,COOH

M. deltae H, ttag HCOOH | M. concilii CH,COOH

M. maripaludis H, ttay HCOOH | Methanothermus fevidus H,

M. jannaschii H, Methanolobus undarius CH,OH,
CH,NH, uag
(CH,),NH

M. thermolithoautotrophicus | H,Wag HCOOH | Methanosarcina barkeri CH,OH uag

M. frisius H,, CH,0OH, CH,COOH

CH,NH, uag
(CH),N

Methanomicrobium mobile

H, uay HCOOH
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2.2.2 uuaniGe lung UM KaauAF TN

AA Ay [ = a oszl 9 o Y v dy
UUANETINTINUNTUNUA WY UAUDIT 1T FINAY mmmmuun"lﬂﬂ \Wl@ll‘ﬂl!

wuniiGenguita s NufadmuL NN 190X FAN (obligate acetoclastic methanogen)
< Aa A ) an o ' J ' Y Y
dlunuaiGenannsaldnsae «danitlunvasvesmsveu azunaave mawulames
penaden NI e sa I alimunnnseey FANLAAIRITUNITN 2.3

CH,COOH +H,0 — CH,+H,CO, ~ ... (2.3)

wynailiSengunaswunaimusnusa lale siu (obligate hydrogenotrophic methanogen)

1 Y (9 1 @ 43
uua iz elunauiaz 1dusalaTasmuduiva e andsau (H, utilizen nazl¥uia
s 7 ' 7 4 A W A A a &
arsuou laoonladidunudsve wrsuemionaandiimy uuaiiseviatiuonainag
Y o Y o D) /a g S Y vyx v o A

awsaldunelalasaundad s wsalinsaos niiluasasdulddnale iaitiiio wnann

1 Ia { < 1Y s N Y Aaan
nsaesinannsaldewiluunalelason nazmiveulasenlydaladie Ugnsems
A @ A (9 Y A aaa A Ia 9
adnunatmuvinend lalasiauuaasdaaunisi 24 uazlgaseimsaldeunsaesinli

3 o @ A
Wuuna'laTas @ utaa I99aunsNn 2.5

4H,+CO, —> CH, +2H,0 +324keal ... (24)

HCOOH — CO,+H, .. (2.5)

uuniiFengunasivunalimuosinuna lalasiau uSensaazFan

(hydrogenotrophic/acetoclastic methanogen)

~ 1 dy Qs: aa 2] < 3 a
nuaftFelunguiiszawisn 1¥laninsaozsan wazunalelasmwiuasdsdunda
o~ " g A & A A Y o < S v
ufadin neeg s inwuuaii alungutias Ianusou e 1duna lalasmmiueasa iy

YNNI INTADLTAN
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J 122 A 1 ~
ailsznevuegiedetezaoy  vssemelulaniiunelalasoueglszana 0.1 ppm. Ha21w
<3 V@ 4 < =4 { ] '
udansalumstaluanaii i 436 kl/mol (104 keal/mol) una'la Tasmuwdunnanuid wazly
Unau ieagluanuzunazinamm uuiiv 0.0899 g1 luaniuzveaunalrszlulid A viscosity
° A4 dAyoa < S < aA Ao g ¥ = = a
A naoun 18157 Tuanuzvewdsazitluvewdaliia Sdanvuziulaseadwndn 6 ivaon 1
i aeuvalINguunll 259.2 'C tazlyadeaigamal -252.77°C desmsnasarulumsaalil
o { wa 4 ) [ o 19
M @319 24 vaaenuamiavewnd leTasnw) nszurumarihlalasau I lhdundeauds
Tliine TiRave saz auihildinauai saodunadouade 1nsiznandaganador laTasiau 1)
<3| :‘ a =
g 1@ wiws gnd
@ 23 I @ A 1 o 9 a a ) Y
wasuanund leTasmuwilundsnunazera hishlninauaivdedeuindon au1sn

Y ¥ v qd o £ g = g VW = d'
adnunaunulanaen nazdilinasanugeae una lelasouiuduuvawdsnuiinzaniog
) < @ o <3| @ [ )
v ladundsnunaunu uialalasnuuenainaziir 1l dund semnddeamns ovi 1 1%

Tugunuae 1480



d‘ CZ ) .
M1 2.4 autiave wnala 1asiau (www.iahe.org)

Hydrogen

wraluena (Molecular weight)

2016 g

ANUHU UL UY (Density)

0.0838 kg/m’

Higher heating value 141.90 MJ/kg
11.89 MJ/m’
Lower heating value 119.90 MJ/kg
10.05 MJ/m’
%qﬂlaf)ﬂ (Boiling temperature) 203K
ANUHU WUUNTD1ULUO W Q) 70.8 kg/m’
(Density as liquid)
9INQA (Critical point)
LI ) (Temperature) 32.94 K
ANVAY (Pressure) 12.84 bar
ANUNUUIUY (density) 31.40 kg/m’
Self-ignition temperature 858 K

Ignition limits in air

4-75 (vol. %)

Stoichiometric mixture in air

29.53 (vol. %)

Flame temperature in air

2318K

Diffusion coefficient

0.61 cm’/s

Specific heat (cp)

14.89 kI/(kg K)
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a %) as @
mswanung la1asiauale33i 920 IWenT NN steam hydrocarbon reforming
= ] 3’ Y a F) @ [43 a o 9 4
Tﬂﬂ%mﬂwu”lamaauqmwgmqqmwauﬂuLmﬁﬁssnwm ﬂ?iﬁimaﬂﬁulﬁiﬂiﬂTiU@u

a @ 1 d' d' I
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AuM LA eI NTe1M31AANT YUIUMS steam hydrocarbon reforming UBNINUFIDN

WritlaiFon N gasification AvM I UNTM Nz AU Taeldqungiig

CH +nH,O - nCO+(n+m/2)H, ... (2.6)

¢cO+HoO -—>»COo,+x, L 2.7
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Standard Electrolysis

a ] A
2.2 m3waauna la lasaudrens electrolysis (www.greencarcongress.com)
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Green algae

Scenedesmus obliquus

Schnackenberg, 1993

Chlamydomonas reinhardii

Greenbaum, 1990

C. moewusii

Greenbaum, 1990

Cyanobacteria Heterocystous

Anabaena azollae

Banerjee, 1989, Shi, 1987

Anabaena CA

Kumar,1991

A. variabillis

Tsygankov, 1997, Vyas, 1995

A. cylindrica

Smith, 1992 Stewart, 1975

Nostoc muscorum

Spiller, 1978

N. spongiaeforme

Vyas, 1995

Weatiellopsis prolifica

Vyas, 1995

Nonheterocystous

Pletonema borynum

Sarker, 1992

Oscillotaria Miami BG7

Kumazawa, 1981

O. limnellca

Belkin, 1978

Synechococcus sp.

Reddy, 1984

Aphanothece halophytico

Belkin, 1978

Mastidocladus laminosus

Bothe, 1990

Phormidium valderirnum

Bagal, 1998

Photosynthetic bacteria

Rhodobacter sphaeroides

Fescetti, 1998, Sasikala, 1995

R capsulatus Krahn, 1996
R. sulidophilus Peng, 1987
Rhodopseudomona sphaeroidess. | Singh, 1991

R. palustris

Vincezini, 1982

R. capsulate Vrati, 1983
Rhodospirillum rubrum Zurrer, 1982
Chromatium sp. Miami PSB1071 | Ohta, 1981

Chlorobium limicola

Gogotov, 1991

Chloroflexu aurantiacus

Gogotov, 1991
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Photosynthetic bacteria

Thiocapsa roseopersicina

Gogotov, 1991

Halobacterium halobium

Khan, 1991

Fermentative bacteria

Enterobacter aerogenes

Tanisho, 1983

E. cloacae

Kumar, 1999

Clostridium butyricum

Tanisho, 1987

C. pasteurianum

Brosseau, 1982

Desulfovibrio vulgaris

Bothe, 1990

Magashaera elsdenii

Bothe, 1990

Citrobacter intermedius

Brosseau, 1982

Escherichia coli

Tanisho, 1987
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Biophotolysis of water using al / bacteri

A @ . = <3| A = @

T119201/8NILVIUMS photosynthetic  HI9Z1TUNTLUVIUMINILAUBINAINULE
o = 4 J I A

dundenu @umsh 28) ieaamelwangavenir 1 1A ues ndau Tilsasou

= A

wazdidnaseu o ) 1lunszuaumsdu q 1wy waailuaislszneuaisveuly

I
biomass 1 udu

CO, +H0 +light - (CH,0).+O0, =~ ... (2.8)
[ J -dy Y A ] [ 4 ]
nszuIuMsduasiziuastogny I luily vazamsiedunsigiue L

1% s ~ ) 9 A a (9] dy = a
AsTUIUNITAUAsIEua Iz w ldme manuna lalasiauil vzl asuainnisnan
4 4 a < (22
a3 sgnoun1sueuly biomass Mwaaduunala Tasmuuny Tagnszuiuns
o P -4 = 9 ) A ~ ' o A
AUAIIZHUT I ILINYIVOINUITE VVUBINIANAUUTINUANANNY 2 UDY AD
photosystem I %30 PS T @499 ANAUAIN $29A NU8TIAAY 700 nm 118 photosystem IT
= = A A A =& ng dy o 9y A @
%30 PS II 992 ANAULAINTNAIMWENATY 680 nm FIN9 2 sz VVUILHIMIMT WY
A ] ' o ] ) '
ol ainsooreneana s uadldlslumsasias ATP uag NADPH msonenon
a . . I~ [ = & A Av Aav Y o
dranasoulu light reaction 11193110 2.3 FeWNUITe a1y wITeldhimsnaaes
Y
manaaunalalasauawdstinasldaiuiie wuia1ws wamsondauna lalasoula
(Gaffon (1a¥ Rubin, 1992, Benemann et al., 1980, Lee ilaY Greenbaum, 1997, Kumazawa

18 Mitsui, 1981, Healey, 1970)
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Lauric acid (C12) 445 -52.0 44.1-51.3
Myristic acid (C14) 14.1 - 18.6 13.1-18.5
Palmitic acid (C16) 6.5-10.4 7.5-10.5
Stearic acid (C18) 1.3-35 1.0-3.7
Arachidic acid (C20) 0-1.9 0-1.5
nsalaiilaiBuih
Palmitoleic Acid (C16:1) 0-0.6 0-13
Oleic acid (C18:1) 10.5 - 18.5 50-8.2
Linoleic acid (C18:2) 0.7-25 1.0-2.6
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a 2
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4 4
MT VUV LD 9@ (CO) 5
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Wnu (CH,) 4
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g (°C) pH AT mihen (%) USnawnaazen (ml)
Timwu Talasou
0% 151.25 +7.31 0
5.8 5% 81.78 +2.71 19.15 +1.38
10% 13.10+0.16 13.51 £0.35
37°C 15% 7.91+0.21 12.74 £0.59
0% 190.83 +1.69 0
7 5% 106.07 +2.09 15.69 +0.44
10% 102.34 +0.45 6.01 +0.63
15% 49.31+0.73 7.11+0.15
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10% 2784027 0
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0% 153.27 +0.18 0
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10% 3.16+0.24 0
15% 1.90 +0.21 0
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5% 0.60 0.26
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15% 3.59x 107 0

[ 9 3 A v {
#na U 1¥ 5o LM AA NN INARD I uﬁmuﬁ 74 UBINIINAADN

9 v v
**uﬁvﬁ"l,aiﬂmucl%jixﬂmm AILALTUM TNAQDID uﬁﬁu N 25 VY9INTNANDY




92

a ~ a © 1 o A ac & v . .
MINN 4.3 L‘]J%EJ‘].IWI?JU”]JﬁJ 10T LN AV INTNADN TUUDIT 1T DUNTULUUIT %L‘ﬁﬂvlﬂ (total volatile solid)

SzezMI pH qamgims | mswad | ufa®imm (mugTvs) Huna
) #3n (C)
74 3u 5.8 37 mnihay H,8.01 i3Sl
7.0 CH, 44.38
59U 5.6 55+ 1 IAIHDIYNS H, 91.50 Hang-Sik llagnni
(2004)
50 3 - 55 VIS YN BU CH, 495 Trine Ll AT ABIE (2004)
7 5u 67 39 B0 Y CH, 77 Kivaisi 118 Eliapenda
i Tna CH, 64 (1995)
7.8 11 29913277 CH, 33.60 Rene (A (2006)
115 3 291521 CH, 19.30
7.8 35 29913¢1) CH, 131.30
2TTANN CH, 84.10
120 2 Tug 5-6 37 VYL PN B U H, 180 Jiunn-Jyi uagaate (1999)
150 2l | 4.7-5 36+ 1 v H, 68.10 Yao-Ting LA¥AME (2006)
(Rusaen39)
vhadm H, 0.50
(laidn
1604111 | 4.8-5.6 36+ 1 mmiles H, 68.60 Yao-Ting tagAae (2006)
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