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The production of methane in biogas for applying as an alternative source of energy from starch-

rich tubers of cassava plant and cassava pulp residue, was investigated in laboratory scale using simple



single-state digesters of 5 to 50-L working volumes and operated at ambient temperature (29-31°C)
without stirring. The following achieved results meet the research aims. The high contents of methane
that potentially served as an energy source, were obtained from the efficient bioconversion of cassava
tuber, one of the cheap and abundant agriculture products in Thailand, and from the cassava pulp residue.
When operating the single-state digester of 50-L working volume under optimum conditions
investigated in this study, cassava tubers from two plant varieties, CMR 35-22-196 (Rayong 11) and
Rayong 5, containing 25.56 and 28.72% of starch, respectively, were compared. The starch-rich tubers
were prepared as the dry forms (17.37 and 14.18% moisture content, respectively), then fed into the
digester using 1.0% (w/v) total solids (the result obtained from the investigation of 0.25-16.0% total
solids) with the supplement of the suitable nitrogen source, 0.04% (w/v) urea (the result from the
investigation of 3 types of nitrogen source). Total yields of biogas composing the average methane
contents of 52 and 61% (v/v), of 313 and 304 L or 626 and 608 L/kg total solids fed, respectively, were
generated. One kilogram of the fresh cassava tubers (52 and 56% moisture content) could be efficiently
converted to 363 and 340 L of biogas or 161 and 185 L of methane, respectively. And one kilogram of
the dry cassava tubers (17.37 and 14.18% moisture content) could be converted to 322 and 370 L of
methane. The maximum methane contents of 75.9 and 76.0% (v/v) were achieved at 21 and 19-day
retention times, and fermentation reactions ceased after 38- and 35-day operation, respectively. For
cassava pulp residue, a fresh representative sample collected from a tapioca starch factory containing
83% of moisture content and 24.40% of starch, was used to prepare dry cassava pulp containing 15.19%
of moisture content for preparing raw cassava pulp slurry. The digester was fed on a batch basis with the
slurry containing 1% (w/v) total solids with adding 0.04% urea. The bioconversion performed in 50-L
working volume. The total yield of biogas composing the average methane content of 56% (v/v), of 148
L or 296 L/kg total solids fed, was achieved. One kilogram of the fresh cassava pulp (83% moisture
content and 24.40% starch) could be efficiently converted to 69 L of biogas or 82 L of methane. And
one kilogram of the dry cassava pulp (15.19% moisture content) could be converted to 165 L of methane.
The maximum methane content of 75.4 % (v/v) were detected at 38-day retention time, when the
fermentation reaction ceased. The high methane contents (75-76%) produced from raw cassava tuber
and cassava pulp using the simple single-state digesters, were also resulted from the developed seed
cultures having capacity to digest raw cassava starch and produce methane. In addition, data of principle
factors affecting methane production from raw cassava tuber and cassava pulp were achieved from this

study. The data are useful for enhancing and further scaling up the biogas production.
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(Y002) Tagruidlugudn antueungavigil 60 aasnaied 11unal 20 31119 tazunazden

v @ oA Y tiyd = dy . ] A A d
WANUNHIUM SO VLI HTUS A MNFY (Moisture content) 11399 9-12% Naulsenouidlu
4 { @ 4
m31ulaasa (Carbohydrates) Tnoinae 80-86% 115U (Crude protein) 1v3iu (Crude lipid) twely
(Crude fiber) tazidn (Ash) Taeamaslugia 1.2-1.8, 0.1-0.8, 1.5-3.5 tag 1.3-2.8% AWa1al (1319

N1
=~ o o ] A 4 a Y| o ) [ a
nyamniudlzrauiuveunaoninngaamnssumsnaauilaiudilenas Tumswae
ulaiud)endadr leiniudlendas 100% i ldmaiudilznds 7% nasauasa
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@wsulsaa) 1l we. 2549 TlSwa 22584 Awdu auiuazimniudnlzndian
nszuIuMINanlsuIa 1,580,800 auaell dwmsuwananlull w.a. 2550-2556  NUSwaumae
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M3197 1.1 @aulsznoumunlyesi N 1de natounreadIuIu 5 TYNUD (ﬂﬁJﬁfJLlflJ\i 100 NTY)

Genotype Composition (g/100 g)
Moisture Crude protein Crude lipid Crude fiber Ash Carbohydrate

Rayong 5 9.6+0.2 1.5+0.2 0.4+0.8 1.84£0.3 1.4+0.5 85.4+0.5
KU 50 9.6+0.4 1.2+0.3 0.3+0.6 1.5+0.2 1.3+0.2 86.3+0.4
Rayong 2 12.3+0.2 1.3+0.5 0.2+0.2 3.5+0.5 2.8+0.4 80.1+0.3
Hanatee 9.2+0.3 1.8+0.6 0.2+0.3 2.5+0.3 1.740.2 84.6+£0.4
YOO2 10.6+0.6 1.5+0.6 0.1+0.7 3.5+0.5 1.9+0.3 82.4+0.2
Range 9.2-12.3 1.2-1.8 0.1-0.8 1.5-3.5 1.3-2.8 80.1-86.3

117 Charles et al. (2005)

J o o ] 1 Y] 1 a Y] Ly ) (%

240152 n0oVVDININT UYL HAUANA A UM VLY AINAANBIVNINNHANUF 1 2 viad

v J ] < ~ @ [l @ o v A 3 = =\

nanralsmeRu§IasAN0IgNUMed dred1anniudlzrainianuisulaomas 5-11% U
=Y 4 { 1 =Y [} 4 : ]

e 1u'lamsalaomaslusig 40-64% UsuraTalsau luiu wele uazid Tasmasyig

0.3-1.6, 0.5-1.1, 21-51 uag 0.7-1.5% MUA1AY (A15197 1.2)

d‘ ' IS Y 9 v d’d
M3190 1.2 @rutlszneumuaiyesmnuud iz nasnnnisenu

Composition Reference
(g/100 g dry weight)  Soccol (1994) Cereda (1994)  Sterz (1997) Vandenberghe (1998)
Moisture 5.02 9.52 10.70 11.20
Protein 1.57 0.32 1.60 1.61
Lipid 1.06 0.83 0.53 0.54
Fiber 50.55 14.88 22.20 21.10
Ash 1.10 0.66 1.50 1.44
Cafbohydrate 40.50 63.85 63.40 63.00

11: Pandey et al. (2000)
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UIAT1  AMBNA  uazAmz  (2552)  ANMIMIHAAMEAININIINMANUT I AN
Anunputtikul (2004) ﬁﬁmm%u 72.53% uazauilizneundnae Organic carbon, Total nitrogen,
Crude fiber, Protein 1122 Total solids 11171 38.14, 0.72, 3.86, 0.65 LA 27.47% mua1ay l¥ninsiu
dnlzvdaiinndudulugy Total solids i 0.5, 1.0 wag 2.0% uazgBoiuuvdslulasou

(Anunputtikul, 2004) 8A35189% C:N 91 10:1, 20:1 ttag 30:1 YSu1asnin 3.75 ans ludaminuuia 5
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ans wﬁ’ﬂ‘ﬁqmﬁgwm duna 44 Hu ma%i’ﬂwawaﬂﬁ"whaﬁiwﬁm%’ﬁuﬁ’qﬁmiq 4N NaOH
nowdhdufvazauie numskaaildnandamadinmgega 153.5 das ilel¥mniiudilends
1A U 2% (Total solids) 1tazdATIE@IU C:N 1A 20:1 ﬂixmumiﬁﬁﬂ?’?quﬂ' 44 YDIMINUD
18RI IMINAAMEFING 3.49 AasaeTu

Parawira et al. (2008) waﬁﬁ"wﬁmumﬁagmﬁaﬁmwmamym (Potato L9y Sugar beet
leave) Gluﬁwuwﬂ’ﬂamﬂ%umuaeiwdw (A simple two-stage anaerobic digestion process) Tunaniin
Anaerobic digestion 148 Methanogen biofilm reactor) YU1AUTTY 10 L1Ag 2.6 Qﬂ‘l_l”l?ffsl'm@]i CRERLehT
wu'jm1'5wﬁmﬁ”wﬁmuﬁ“l%’ﬁmﬂ’ﬂﬂm”j”ffﬂml"ﬂﬂfﬁmammﬂ Potato, Peeled potato ¥30 Beet leave
I nanaandanunanya (Total gross energy yield) lugduoalimumiiny 2.5, 3.4 uag 2.1 dladad-
F2TuanenTansu Volatile solids mud1ey uaziiio1danniin Potato 1ag Beet leave 3auiu 1:2-
113 aunsanaAfaTimuiua 60% 11 Total gross energy yield i 3.9 Alaiaddonlansu
AN

Okarech et al. (2012) waﬁﬁ”w%mwmﬂgaqﬂmaﬁa@mﬁaﬁqmqmimym i
U32A9UMY Bean husk, Cassava peel, Plantain peel Li8¥ Yam peel YSuwedeay 1 nlansu waw
nuyagnsaailSum 16 nlaniy dnhnduaeaiie 20 das (Sandanaquiinderwmsy 1:1)
wiinTudawiinuinaussy 100 ans Wunar 16 T arenuiwounnaite (1491115 Nutrient
agar) IMAY 1.5-3.5x10"" CFU/mI $1mauswazdad (14011113 Potato dextrose agar) (1A 0.8-
1.4x10° 1182 1.8-2.4x10° SFU/mI muasy vivisin Tudadl p fnsnlasulasiugag 5.2-7.1 Tae

a 1

] ' Y i
asasluszezisudundnIaguAuioInanT s UMM E0e Tgmnniiog 1 Ue9 26-34 ossusaiFed
v A © ' A A a v Y
Iawanaanmalugie 85.5-314.5 mm H,0 maFanminan lallseneudie CH,, NH,, H,S tag CO,
[ o o a o
N 70.6, 13.2, 5.3 11ag 4.7% f14a19U élgl}f)ulﬁ’g]}llldiEI‘U“U’ENfnﬁWaﬁﬂ1cﬁ%’3ﬂ1W%1ﬂEQQﬂiﬁﬂu@ﬂ‘iﬂﬂ
Y ' @ Y o o A @ Y3+ A [ o a 4

%$Ulﬂll‘ﬁa\‘lwﬁ\i\ﬂl!l!ﬁ’)ﬁl\‘]ﬁuﬂiﬂu1ﬂ1ﬂlﬁﬁ@%1ﬂﬂ15ﬁuﬂiﬂﬁlslﬂﬂuﬂULW@ﬂWiﬂi‘Uﬂ?\‘]U1§\1@u1@

Panichnumsin ef al. (2012) tiuranaaiimulumssaanlsmniudnlendssunoyagns
< o . . .
131 Feedstock Tael45zu1main Two-phase anaerobic system Tu Two-phase continuously stirred tank

1 ] [ a o a
reactor 1A8%I Hydrolysis/Acidification ag“lumﬂ;]ﬂsmﬁﬁ Active volume 0.5 995 Hydraulic
v [ a 4 a {
retention time (HRT) 2 9U La¥ Methanogenic phase Glumﬂgﬂimmmﬂms@ 5 an5 N Active
volume 3 @A3 ag HRT 133U Wunnanssuueuuniiizengu Hydrolytic/Acidogenic anauilold
1 Y

sanaIuvesmaiud 1z ndunnni 50% Wesnniimsdugaate pH Uszana 4 uaz ldnanan
Tinmugagai 370 Hadansaonsu Volatile solids (added) tiipl¥oasidruszninamniudnlznaa
wazyag AFININY 60:40 WU Co-digestion Tudanin Two-phase continuously stirred tank reactor

1 Y 1
anf Solids a4'lA 14% uazliwandalimuiinay 36% Weiisuiunmswanludaniin Single-phase

continuously stirred tank reactor
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o a o o o v J
Imam ez al. (2013) WALINTLUIUMIHAANEEININIINIAAHINYA 1A (Cow dung) yade
n (Poultry waste) azHNALYI (Water hyacinth) @285V UNINUULUNL (Batch) Tudansinduuuy
<] . . A o o 4 9 o
YUIALAN (Small size model biogas plant) N359950YT A1 0.5-1.0 ANUIANINAT Gl‘]f‘lr’imm?ﬁﬂ
] a ] 1 a o ~ o ax Y a o = ~ A
Wi 135 Alansy wuNMsHaamesrInImnyadadtnlvwanaamesiningangan 0.058
4 1A o a o = A 4 A @
2NNANUATABN lanNTu HAAMEBININYTUIATZIgAN 0.026 gNINANINAT NITE1IA 8 TUUDI
Y] @ o ] o a o [
mMsin  maninaeiaguinyga latazAnaunIinandanadinwminy 0.034 uag 0.014
4 1A o a o 1 4 o w
9NINANIAIABN 1anTy HARMEFINIWITUIATZIgAN 0.0263 taz 0.012 @RINANNAT AINEIAY
A @ @ v @ 4] =~ A a @ @ ?x’a a = =
N 26 Tuveamsnmin amlszneunanlumessinmnnannnIagninng 3 sia UiSuaiimu
75.9% 11U
= 9 . a . . A a ? o
Larsen et al. (2013) ANYIA5 1% Crude glycerine 31NN1THAA Biodiesel oy luduaenn
TSN”I‘L!NS@]LL%JQ?TM??”ITJ%WETQ?IL%”I@E%1J1J Anaerobic digestion reactor 1% Horizontal semi-
. Y a 9y AN Y "o o %A
continuous flow reactor A281U311A5 8.77 @n5 19 Seed culture N11A91N Sludge MNUDVIVAUNTY
TssnuudlaiudilzvasfSina 30% aauguguaungin 26 serusaded WUIMSIAN Crude
. 9 9 ? a a Y o o v A o a o A ~
glycerine 1UUU 2% luindean Issnunaauilaiud e vaslnamuonsimsnaamssann (1
NTmu 48.31%) 110U 1.979 aAsAeansAp U MeUNUMsKAAN Ay Crude glycerine NSRS
a 1w a 1A 1 o @ . I
MINAANIND 1.168 ANTADAATADIU tazdalnaanua Total solids (TS) 910 81.19 11/1 55.58%
. . I
1ag Total volatile solids (TVS) 910 90.21 WU 61.45%
Zhang et al. (2013) AnEIMsnanimunmMniud1leraaas Cassava distillage 910N1T
NaAENIUOA IUTZTUUHIN Single-stage process g Two-stage process A8 Seed culture NATENIN
[ H H v
Anaerobic sludge Hidniodosmniudtlzraen imunazimutunsumswsonInemsdosnie
nuanedesag laaludaniin Anaerobic sequencing batch reactor WUIINTEVIUMIHAATINY 11
Y X v
YW Methanogenic step Ianuadesiien Organic loading rate 11771 20 A3N COD ADANTADIU
FTUVHUN Two-step process T¥ian Specific methane yield MR 0.147 ansaensy CoD Ny G?QE;N
ANTTUVHNALLY Single-stage process N 1ARNY 0.125 anTABATY COD 4 17.6%
@ 1 a . 24 @
degnvesmsnaauas l4se Toewilmu MaFinmw) luszavgaamnssululszmalng
I8un Trsnuraauilaiudnlzvdwes 131 anudgaamnsiu 9109 saniauasydun Anaa

v 9

! 9 o ' A A A A ¥ ¥ a
meﬁ\iﬂﬂﬂuﬂ\111uﬁTﬂ%WaQﬁTﬂiﬁﬂluﬂl@ﬂﬂiglﬂﬂqﬂﬂuagumﬂﬂﬁﬂ‘ﬂWia'E)inﬂqg’]ﬁﬁlﬂﬂiiuvmu%ﬁmmz

[
=

Y] o @ I A o o o ] 3 X o w o
mndudlzndsinaeilulymuanzndeny lnedidanaddanasmslumsiia dagaiu
a o a 3}/ 3 % %’ 2 { ! I a b4
U5 Idaaaaszuumstiniasinae (s ulgaulull we. 2546) nidonla1uiluTsanunaanilaiu

o [ 1 = [ =S Y ~ o %‘ =S a

dilzndauransnvestlszma Insuazio@oaz Tueaneald N UTeINNIZUIUNTHAANN
~ I @ ~ ] Y [ [ = Aa A a o = < I A <]

naswiunasnunyudounduinlylndedailsz@ninmlae VSN adu WWLEII Anadel-

4 = Y 3 ~ o ¥ o 9 A U ' @ Ay ¥ 1
WUN (ﬂau"hna) LL‘JJL‘]J‘L!L‘WEJ\‘]ﬂ”Ii‘Vlﬂai’Nu”lu”ILﬁEJiJﬂ‘MWEN‘]J”N?T’JL! LL@]WﬂQﬁuTIllﬂﬁnﬂiﬂ%’JEJﬂﬂ
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' Y1 Y [ A v 9 ,3 ? o o 9 ' ~
ﬂﬂﬂm&lmuwawmmauazuuamum“lumﬁ%@ummmmmmﬂmqﬂﬁzmﬁ 1uﬂ W.F. 2546 58U
' &Y ~ A 3 ' o Y ¥ o Y o
591N FBINN AULmuuaulsenovlszunm 62% wmmumimmmmumﬂwﬂumq

d 1w o a o 4 a
T5991u 100% U5z 120,000 NUIANLNATADIY iz 159914 ENfJL!WHﬂWiWﬁﬂﬂVb’%’JﬂTWLﬁ@Waﬂ

U a IS

) Y
aszua 1 naununs 14 Iihanms Iihauaiing dmudiomn Tududeg luliatudunavu

3 Y] ~ "9 a Y 1 9 v Aa 4 Aa o

Aundsnuazerad luadwansldunTan @oyann wenawa AuANY Uszsiunssums U5Em
4 o w 1] a 4 [ J

AVUNHYATHNNTIN 3109; WiTsTonuw gaaniseou lail, 2546; Cohen, 2004) I w.a1. 2552 Tnsans

T34 T wdsnuanud ous 1N T (Biomass Co-Generation Power Plant) U99U3 5N 1a5 15197

d o @ a

FONFULLAAOUAY 1 “lumiﬂizmﬂwmmﬁﬁuwﬁwmmmmu !,Lﬂgﬂ”liﬂiél%ﬂ‘]&lWﬂN”l‘L!iﬁﬁﬂ‘]J{]iJﬂ1ﬂ

v
=

= A X o 3 a 9 &Y = 1A =
PUFHU 130 “ASEAN Energy Awards 2009” BaiviiluTseauwaa Iihnmagimwi vy ngaluedse

a o

uazeglulnsamsnaNazo1a 130 CDM Project voeanilszanana Taguiunsvnldduiugsna

Y o w

a o [l [ { [ I~ 1
MumskaatazsmugmsIInnuaznszua Wihn lEmssinwdl unvasdusias 1uil 2556 1
o w a o = 4 " @ a FY] 9 v I &’ a
MAIWAANITTINM 150,000 gnunanuasae Ty uazkaanszud WA 1A 8 wngziad nedludomas

Y v a o A d‘ 9 o Y Y %‘ %’ ] o (9 = ~ A o 9
Tinuusynluasadis lsnusurdedy lorimaunniniwan lumseuiu maFdnwinmaeiii 114
I 1 o w a o [l o 1 a @
Wunnasdumaslumswaanszua lflwazsmireldnums IWihaugiing Teaeldsunis

@ [ o A ?;‘; a Y| Y 9 Y 4
aivayunnnsznsanasnulumsduiumsaslswda i 10 Sruum @oyann wesoiand

o ) a o 4 o w o a1 <] <
T%ﬂmai Ej:‘ﬂﬂﬂWiﬂ’]vlﬂ UTHN FNIUNHYATINNTIN 10N, ?fmﬂsunvl’a.mu.l,’au. (INN: Independent

] a @ A
News Network) U1UATHIND TN 12 AANN WA 2556)
1.6.2 ISMIATYUBBIINAY (Seed culture) INONAANIBUINY

= A A g A A © o . =
MISIATONTDITUAY (Seed culture) INONAAMYFININ (Biogas) Hazlinu (Methane)
g ¥y 2 o & 1 . .
Tagn liligsouninazneuiinnano Sludge tazaInyadad 14 yagns (Panichnumsin ez al., 2012)
~ ) o ﬁ’ A Y a A Y [
Zhang et al. (2013) 101583 Seed culture dm5uiwdoisuaulumsnaalimunnmniudidenas
%’ le a A Y A Y Aa (Y =
HazinannmMIHaaeNIuea 1ag Seed N1Hesou 1aa1n Sludge AT pH 1117V 7.8 uazliAn Total
suspended solids, Volatile suspended solids, Total solids tt6% Volatile solids RTasT 32.4,23.6, 35.6,
o 1T A o w @ YA 1 ) ] Y j‘ o
uag 24.4 nfuRedns Mmua1ay  USU Seed culture IvNamminshdmsuwilunduyoninliag
119919 Anaerobic sludge 151105 10 A5 A28 Cassava distillage U31105 2 83 vuludindnarungy
aa I o ke v A U
QUNYIN 55 parusaiiae 1Wunar 2 4 9nuulunng Ay Cassava distillage 1aZIEIBETIN
1a20enAIe1511As 0.5 8a3 AU UNsZNITTILNGanZaUgaNay Seed culture Jdnw
Jod TwmdenlFnusasunszuiumsninlaemsiauaisazals  Hydrolysate Niei3enunmsdey
mMniudlzvdamenuniizemmy WioAy Cassava distillage 1udaniinlagnse  Larsen ef al.

4 a (4] %} a 9] ) [
2013) 14 Seed culture tioNAAMFFININIINU TSI T591UMAATl G UA 121 a (Larsen e al.,

1 o v %‘ = v 9 v
2013) 910 Sludge MntothiaindsvesIssnuudlaiudrendawas 15 uaF i 30%
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Y
v A

F) ~ 4” a £ 3 j’ = j’ A a A 3‘/ =\
AUMITIAIBY Seed culture MNFDUITYNTNINUFOIRBMALIFONTUINDHAAINULUY
msany1 1@un Kvesitadze et al. (2012) 1% Clostridium thermocellum GCD7 wag Clostridium
I 4 ) ) o ] ] H)
thermosaccharolyticum  GSC2 1HluFeisududmsumsdooaarvats luanalnn 1d ldesasdu
a a ) A A Y A A
UDINITNAAUINU uaz“l‘mmﬂmiaﬂ’qwaiwumu A®  Methanoculleus thermophilicus GMLI,
. . g A A g v q Y YO
Methanotrix GMK2 Wag Methanoculleus thermophile GMHT Wuiseizudulumsninly lana
Y
FInnuaz Uy 1aees Clostridium thermocellum GCD7 W Clostridium thermosaccharolyticum
a { I y 1
GsC2 13y luemns Modified GS-2 #1% Cellobiose, Glucose 1a¢ Xylose Hluniamasasuou
] % 1 A Qldy a A A Y A k4
HAZUHAINGINY T IMIN IFRsuANEenguiaslmuilszneudis NH,Cl, MgCl, 2H,0,
KCl, KH,PO,, NaHCO,, Na,S 8¢ CH,COONa (T34 0.31, 0.25, 0.30, 0.28, 1.0, 0.05 1ag 5.0 5y
AOANT LAZIANATAZa18 Micro-elements, Vitamins 1182 Resazurine Y511015 2.0, 1.0 11ag 0.002
A aa o [ I H 1
iadans 19 Ethyl alcohol, Acetic acid 118 Butyric acid 8@351891 1.0:1.1:0.2 (HJuesaady @eald

= o . { v { '
19314 Thermophilic condition AIUAN pH 1 7.2 1ALNIUAWEATUTIAIN 50 TOUADUIT



UNN 2
AaA o o\ X%
IFANUHUNIFTIVEY

o Aa a o v W @ o (% 4 I 1 @
MIAUTUNUV0 IATINTIVY ﬁmumﬂ‘wanuuaxmﬂuumﬂwamﬁ@i%}gﬂmmmwmqm

A

{ (a ua a oa 4 J a 4
Tdaouiliianudie newlfiamsemansedilo 2 uag 3 gudiasesiioInemnansiazimna TuTad

=) @ 14 [ A o A

a @ J o [ f
wrmnendemaluladgsuis 1¥ngsuniuasiag-gUnsaindn uagliisdutiumsasil

q

2.1 ginsaiilFlumsauiiumsise

2.1.1 Az

Fead  samin m%uzu'ﬁfgnﬁamiwﬂ’ﬂﬁ”w%mwﬁm%uﬂ‘%ums
Wi 5, 20 WAz 50 AnT FAIANRANYTM 4 esrurAEEA (FOC225T Velp® Scientific, Progen
Scientific Ltd., UK.) é)l;!,"];!,!,“]cjﬂ 20 e TR (HLLE-370 Heto, Heto-Holten, Denmark) isi}@‘]_l
lo¥ou (Hot air oven; 1375FX Shel Lab, Sheldon Manufacturing, Inc., U.S.A.) Lﬂém“ﬁ}mm%ﬂﬂ
(Analytical balance, TC-205, Denver Instrument Company, Japan) Lﬂ%@i“ﬁbiﬁﬁlm (Pan balance,
LB3200D Sartorius, Sartorius AG Géttingen, Germany) Lﬂdﬁ'@ﬁ’ anuilunIa-A1g (pH meter, Mettler
delta 320, Mettler-Toledo Ltd., England) Lﬂ%ﬂﬂﬂﬁullijlﬁaﬂ (Magnetic stirrer, C-MAG HS 7
TKAMAG", IKA"-WERKE GMBH & CO. KG, Germany) Ifi304310512 ¥04/1) 52 no1ve s (Gas
Analyser, Geotechnical Instruments Ltd., England) Lﬂ%@iﬂﬂﬂﬁw (Blender, Waring Comercial,
US.A) n3eeara’lusiy (Soxtec™2050, Auto Fat Extraction System, FOSS, Sweden) 173 p3ariale
9111151810 (Fibertec' 2010, Auto Fibre Analysis System, FOSS, Sweden) ®UH1 (Chamber
Furnaces, 1100°C-1200°C Chamber Furnanaces CSF 1200, Carbolite®, England) E)'foWﬂ’J‘UﬂiJ
qmwgﬁ (Water bath, 1245PC Shel Lab, Sheldon Mamufacturing Inc., U.S.A.) Ta@ﬂmmcﬁu
(Desiccator) mo3 Iuines (Red spirit-filled thermometer, Carolina Biological Supply Company,
U.S.A.) CNS-2000 Elemental Analyzer (LECO® Corporation, U.S.A.), Flamephotometer (BWB-1,
BWB, England), High performance liquid chromatography (Agilent 1200 Series LC System and
Module, Agilent Technologies International Sael, Morges, Switzerland), Microcentrifuge (Strip-
FugeTM, Clover Labs, Taiwan), Micropipette sets (Nichipet EX, Nichiryo, Japan), High speed
refrigerated centrifuge (Avanti 26 XPI, Beckman Coulter, Beckman Coulter, Inc., U.S.A.),
Spectrophotometer (UV/VISIBLE GBC 916, Scientific Equipment Ltd., Australia), Vortex mixer

(Finevortex, FinePCR®, Korea)
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2.1.2 709

v Aq Y o 1 dy A Y j‘ ) 1% a oA =S a Y =
aqi ldhasae 1l nsewnnugud ms vl iamsgasine vasaun vaadunden
YUIAVTIY 250 L 500 Haaans Centrifuge tubes YUIAUTTY 50 LAz 250 Nadans N3IYNTBI Ia9
Y T ]
Fuilasalagmnizod1989 189NT 09 (Membrane filter) N5 A1 NI O (Whatman Nos. 1 & 4),

Microcentrifuge tubes, Micropipette tips LLQE 131 Uszau fAUNIN Laboratory grade, Commercial
Y
grade 118 Analytical grade 91NUTHN IZ‘TN anAazI1u1e A9l Asia Pacific Chemicals Limited (Ajax,

Australia), Carlo Erba Reagenti (Carlo Erba, Italy) 18¢ Sigma (Sigma-Aldrich Inc., U.S.A.)

2.1.3 gAY

v W o v A [ o (% g d‘ a 9| Y]
Waiudlenasauuazmniudnlevdiaa niumizilgn vazTssnuwaauilagiy

alerasludaniauassyain

2.2 AvautuMHIdY

[

o Aa aw 3 2 2
msmmums’mammqumnﬂu"lﬂmmuﬁau JU

a

2.2.1 MIdavImaznIgNIngal

Q

A A o o o

k4 1
TarwazmssnIagaune udznasaunniuilgn nazmniudnlendsaasn

Q

a v o o [ o 1 A A o o
Tssnuraanilaiudnlzrdddusmiaunsnadun Tasmwizod1aoe U5 EN a9IUEgad11MNT5)
i@ 1@UN 120 Wy 4 DUUTIFEN-TA%Y MuarueIma sunoed HIAUATIIFTNT 1Ay
U3En gaamnssuudliIng e $ina wuh 61 Wy 3 auuswdN-Tnsede dmuanuesazun suno

E]

199 JIIAUATIIFAN
= &, Q’ Y Aax = &’ Q' Y
2.2.2 MSNBTOISHAY (Seed culture) HAZHIITNSIAILHITDISNAY

= A A 9 ax = A A 9 Aa A a ' Y o
193 9B UAUIAT T MTIEs e uduN N seanTmmgalumsdesuilaiy
dlznasavuazmanaadimuanniniuuazmndudlznas Tasisunndeyaninmsane 1iam

a =

% A { { <1 o w1 @ ¢

Rodtong and Anunputtikul (2005) #935msimmzani latiiarudnyaomsldlssTemigaunio

a A a A 9 Y a Y 3 = a a = X 2 g

mwzrianquineraaimunnuil @ilsd) 1dedesiai wazlilsz@nsam maws surei uay
A ' ¥ y 2 a v o o 1 o A

Funmslgya’ln mahama vazinaan Tssaugamunssunaauilaiudlzvdsennd 1910

1 1 @ (=Y %’ @ 1 A %‘ &
Tssamluvaniauasssdin Tudasdiu yaln 100 nfuaedas mmitma 20 nfuasans 1NN
A a Al A 2] A a dzj @ Yy 9

159911 25 %50 50 aas wanlumyuzllanawsoszuensimayuesnnndlaiing vinaussy

a o a a 3 2 Y a < {

Uszana 100805 U5v5uasdremamuitazerali 1ddS masganiominy 10085 nuh

a9 I A o I a 3 @ v @ o v Y Y a
Qm‘wguwmsﬂunm 31U 1unﬂﬁﬂﬂ114l,@1uﬂ1ﬂu1ma 100 NV ez udznawriaua (ﬁﬁf}ﬂﬂ



16

Aq ¥ a o = dy @ Y 9 o o ' I v
ﬂi“ﬁiuﬂWﬁﬂﬂﬁ@ﬂWﬁﬂﬂJmuﬂl@ﬂﬂ1iﬁﬂ‘]ﬁjﬂﬁﬂﬂ15U) 250 N5 1 wau lvnnu dsuainnudunsa-aig

YOI IUHAN Seed culture 19 16 pH 15zanat 6.8 drelwden lalasmumsivemn (NaHCO,)

a d LYY v A v o v
2.2.3 ﬂ1§3!ﬂ§1$1"id’31&ﬂ§$ﬂﬂ‘]J@Qh‘H‘.ﬁ1V(]ﬂ11’11ﬁﬂlﬂﬁﬂﬁﬂuﬁ1ﬂ$ﬁﬁﬂﬂﬂ!!ﬁ$ﬂ1ﬂN‘In!ﬁT]JZ‘I"iﬁQ

'
a A

a d 9 Y 1 o I J 4
’Jmi”lgﬁﬁiluﬂ5$ﬂ9‘]_|ﬂ11!‘ﬁ”liﬂ’f)”l1ﬁi”li (Luuﬁ]u‘ﬂigﬂi’]Uﬂli’]\‘l?@]ﬂﬂﬂ‘ﬂlﬂﬂll‘ﬁﬁ\iﬂWiﬂ@u

Q

a A dA

L} o o a { QJ a g
uammaﬁﬂmmummummmﬂaﬁ;aumamﬁm%qﬂumswa@ﬁmu) wazllsunannudu

v W o v Aa o ) = Y I [ a o A =
EUB\TVVJ?JuﬁTﬂgﬁaQﬂUL!ﬂ3ﬂTﬂlluﬁ”lﬂ%ﬁaxﬁﬂil%clclﬂﬂL!’J@]ﬂﬂﬂiuﬂig‘]J’JuﬂTiW?JﬂTﬂfli]ﬁuV]ﬁfJ

q

A Yya a Y Yoy o A
WﬁNLWﬂﬁlmﬂﬂNmu @381%3ﬁu1@3§1uﬂ\1u

1) YSnannuru (Moisture)
g v @ LY 9 [ axy . .
mfsmnannuiuveiniuazmniiud)eramnuIsuInsgIu Association  of
. . . . o g g {
Official Analytical Chemists (AOAC) International (2000) Tagaumauzdmsumanuiuludend
A a 3 o o £ ! 9 A A Ay
gangl 105 esruwaidod Wunar 3 51 heonnngeuld 13 ludaannusunguugiides e

Rl

o v 3 Y A 4 o ' v 3 o A 1 [ 1 X A
uaz%wullﬂumuﬂﬂm ﬂfﬂ@]?@ﬂTQiﬁlIQHTWuﬂﬂtluu@u 5 N3y 1ﬁaﬂumﬂmzmmmwummm

a =

¥ o o Yy A < < o Y ' Y
HINUD 91J@’J@EJN1‘L!Q@‘]JTI’OQL‘H?I3J 105 oAy aLsa nJunm 6 ‘H’JI?N ‘L!”I@@ﬂmﬂ{i]i’]‘ﬂ Glﬁclu{i]@jﬂ

Q G

s Y 1
%’ = U v < %‘ I

&’ A g vy & ¥ Y = Y v ¥ o A
ANMUTUNBEIULAIFIUIMUD oUF10AATI A9z 30 4N G]N‘Lnﬁuﬂﬁluulﬂu']WUﬂﬂﬂQV]

° £
muudTnannuru

2) 3anamily (Starch)
a 4 g v @ o [ o A . .
anszdFinandlanualuiniud iz vdwaznniug1e3% Colorimetric (Phenol-
4 H
sulphuric acid) A1 Dubois ef al. (1956) #1911 U559@158za100 206719 (Migis ou It anududu 1% uag
A ] Y ?:} < A Aaa o ] AAa 4 A
1999749 100-500 1111 #2011 1nau) U3 11a3 2 aaans aslurasanaasd (A10819NAT1LHAITTO
¥ I ] v 1 A Aaa a F o
TS uanhmaduduegluras 10-70 luTasnSuaeiiadaas) @u Phenol (80% Tagiimiin) U5uas
Y L} a
0.05 JaAAAT 1130 Phenol (5% Tag1iniin) Usuas 1.0 Hadaas Tunaoad 10619 1AL Sulphuric acid
E = an !91‘1 lg’ ?1‘1 1 g
wnt 95.5% Taoiiin 151nas s Taaans asna lszana 10 w1l aimiuwdasazaneldidnu
o { o v A s 3 (] 1 H Aaa
imasanaassiussymsHaudmsuInsiziiaa lduglueraimiuguguug i 30 eeem
= I A o [ A 9 ~ A
waiFod 11una1 20 i 1l aAnsganaunesdle Spectophotometer NANWETINAULLEAT 485 U1

%’ 3}./ (J 1A o o
Tuins LLazmaﬁmmu1@11@1/1&%@11&@13@81&3;@1513%TﬂfmmammﬂﬁnmsﬂﬁWmmgm

3) Y3naeziilaa (Amylose) tazoziilatnaAy (Amylopectin)
S naei laauazesd Tamaau luriuudnlevawasMnuuauI5vod Sene ef al.

(1997)

4) e Alpha-Cellulose (s Beta-Cellulose
wifSuaezil laguazezil Jamaau luriiudlzvaanazmniiuauIsves

Xiao et al. (2001) 1% Sun et al. (2004)
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P &
5) fnamsveunanug (Total carbon)
Y
mﬂ‘%mmm%naumwmmmwaﬂmi Infrared radiation detection 11912 Thermal
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33 ﬂ"lﬁ'J!ﬂi1$ﬁd3uﬂ§$ﬂﬁﬂﬁ1uﬁ1ﬁ!i')"l‘}"i"lﬁT@Qﬁﬁuuﬁﬂjgﬁﬁﬂﬂﬂlmzﬂ1ﬂ3~luﬁ1ﬂ3‘ﬁaﬂ

'
v a A Y1 °

v @ o [ Y @ @ = "o A a 4
W’JNHﬁWﬂ%‘ﬁﬁ\‘l%mﬂu'NIQﬂUﬂﬁ11ﬂ\‘ﬂﬁlllﬁ$ﬁl\‘]ﬂ\‘l“ﬂﬂqﬂ'ﬂuNaﬂWHl,ll HIWNUATIEU NN

U

'
9 [Z o a A J v Aa  w

AN UMENIMMIANNINEIToINUTINOIMITA M UAUNT I YoITagAUN Uz MINTY

Q
Yy
A

dmlznda uaziitenses suiagAudmumsmin1n Idmadimu fe U1nannudu (Moisture content)
#187311MTFIUAY AOAC International (2000) A1ANMTI UATA-A19 (pH) @28 pH meter (Mettler-Toledo
Ltd., England) ﬁmmmgmuﬁmm (Total carbon) LLaxhluTmmuﬁxmm (Total nitrogen) AUNANNT
Infrared radiation detection Li81& Thermal conductivity detection ﬁgl} 38 CNS-2000 Elemental Analyzer (LECO®
Corporation, U.S.A.) S amila (Starch) GLugaJmmﬁmmﬁ’ 28 Colorimetric (Phenol-sulphuric acid) method
(Dubois et al., 1956) U5 1194 Amylose LLa% Amylopectin #2875MU Sene et al. (1997) YSuau Alpha-ttae
Beta-Cellulose #2835 A1 Xia0 et al. (2001) tag Sun et al. (2004) USuauneane e (Phosphorus) A1
Vandomolybdate method (AOAC International, 2000) wazls e Inunad ey (Potassium) g0882875 Wet
digestion method LAZATINIAT 1$1 A28 Flame photometer (BWB-1, BWB, England) wuNHudzvas
aunanldenenylusnaszine 8 Meu S1uau 8 aeWus Ao CMR 35-22-196 (1ienuf szeeq 1), CMR

[

I'4 { ¥ { ]
89 INBATANEAST 50 HIOUT 60 53809 5 53899 7 52899 9 uay 52899 90 NUgnluiunienia
= =S 1 dtd'd Ll 1 1 (%} (%] Ll A = dy
UATTFAW Tamdsznounamemuuaziainial luuanaeduuninnanae tU5mannuiu
4 g‘/ g’/ [
51-68% il 25-33% Usinamsueunanua 32-40% 15 luTasunaviug 0.06-1.04% oaese
= d’ g‘/ Y A 9 Y] o [ Y] 4
0.04-0.11% uag Inunaidon 0.28-0.72% (13199 3.) 1nuuldideniidudlenaswug cMR
A v A A 9 A 9 A v ~
35-22-196 (M3oWUFIZe0 11) tiosnntdiuliznouausigeig ulsmanlnamesnuamasues
[ v W o v A ) 4 I ) & A v W Y j‘ A o @
daudsznovvesiiiudilzvasdn 7aewug uaziluiugnuiiaiulddelunundamia
1 d‘d d’i a

= Y o a A [ = v W
umswamiummamﬁﬂm Lwamaaﬂmﬂumaﬂ‘uiumiwamumuiugﬂmcﬁmmw NIUU

Q

) v o o 1 o I v o {a 4 g
drlznaaiugaana @il sudlusiaiuudsuaroun Bas iz mls naanusy 17.34%

Q
Y 1

I~
133UV UUININUA (Total solids) 82.66% L1az Volatile solids 98.54% (mmﬁ 3.1)
mafudlzvdanlgane ldonnnizuiumaes suuilanniniudilendves Issnunan
FY Y] o [ i‘ A o [ = A g o @ 1 d‘ a 4
il aiudleraslunun e IauAITIFENN 2 15997 NNUITIVTINIIUIU 6 A28 1D WATITH
[ =) 1A i‘ ] 9
gausenounemennuazind wunNUsuaanusulugig 77-83% pH3.9-5.0 Tnile 24-44%
Y 9y
S vounanua 31-49% Usualulasunanug 0.15-029% Woaneia 0.02% uaz
Tnunanden 0.24% 15197 3.2)
3‘; A @ Y] ] d' d' zi'l = @ 1 Y é Y] o (2 Y
NAUUADNMANUAIDENN 1 (M15197 3.2) 1D TIUAIBENHI FINNHUF 1L
{ g < & i ) )
MesonlANANUFY 15.19% TUSUUDWAUININUA (Total solids) 84.46% uag Volatile solids

97.37% (M15199 3.3) AMTUNTNADDINAATINY
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Y] 9

M99 3.1 amszneunemenmuazialivesiiudnlzvdionglaomae 8 Hou $1uu 8

s A

@ < X 4 @ @ =
YN UT V]Lﬂus’]us’]uﬂ']ﬂwumﬂQﬂiu%QWQQUﬂ§§1ﬂfﬁu1

Q

Composition Cassava variety
(%) CMR CMR Kasetsart Huay-bong 60 Rayong Rayong Rayong Rayong
35-22-196 89 50 Lot1 Lot2 5 7 9 90
Fresh tuber:

Moisture content ~ 51.95 58.52 50.87 58.23 69.13  56.42 54.09 66.51  68.05

pH 6.04 6.25 6.16 6.83 6.51 6.44 6.02 6.59 6.61
Starch’ 25.56 26.38 25.32 33.75 32.05 28.72 2774 2640  28.10
Amylose” 9.16 7.33 7.69 9.06 ND ND 727 1344 ND
Amylopectin® 11.81 6.26 6.65 5.59 ND ND 648 958 ND
Alpha-Cellulose’ 11.79 9.12 13.99 10.72 ND ND 11.36 14.20 ND
Beta-Cellulose’ 9.12 9.04 10.37 11.36 ND ND 9.04 8.25 ND
Total carbon’ 39.62 39.50 39.41 22.64 36.67  39.93 39.68 39.88  40.72
Total nitrogend 0.33 0.21 0.06 0.07 0.47 0.14 0.18 0.06 1.04
Fiber® 8.44 5.14 9.85 8.88 ND ND 5.50 8.54 ND
Ash’ 1.46 2.59 1.08 2.02 1.80 ND 2.11 1.25 2.06
Phosphorus® 0.04 0.10 0.03 0.05 0.11 0.04 0.04 0.10 0.02
Potassium” 0.40 0.72 0.50 0.29 0.44 0.50 0.50 0.64 0.28
Dry tuber:

Moisture content ~ 17.34 17.78 18.08 18.34 18.00  14.18 17.55 17.61 18.80
Total solids' 82.66 82.22 81.92 81.66 82.00  85.82 8245 8239  81.10
Volatile solids' 98.54 97.41 98.92 97.98 97.50  98.65 97.89 9875 97.20

* Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)

b Amylose (182 Amylopectin (Sene et al., 1997)

¢ Alpha-Cellulose 182 Beta-Cellulose (Xiao et al., 2001; Sun et al., 2004)
d CNS-2000 Elemental Analyzer (LECO® Corporation, U.S.A.)

© Fiber (AOAC, 1990)

" Ash (AOAC International, 2000)

& Vandomolybdate method (Barton, 1948)

" Wet digestion method & ’JEJLﬂ%EN Flamephotometer (BWB-1, England)

"Total solids (AOAC International, 2000; Zhang and Zhang, 1999) tiag Volatile solids (AOAC, 1990)

ND, Not determined
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1 U v o v o J I { g
Ms1ai 3.2 muﬂizﬂ’em‘wNm&lmwuazmﬁmmmﬂuumﬂwmmmu 6 AIDYN “ﬁlﬂ‘ﬂ

sausmmnaavasnanuilaiudilendsludaiauassvaun

Composition Cassava pulp from different plants in Nakhon Ratchasima
(%) Province (sample no.)

1 2 3 4 5 6
Moisture content 83.03 78.64 79.34 80.35 77.02 79.58
pH 3.90 4.22 4.76 5.05 4.87 4.47
Starch’ 24.40 28.38 31.98 27.20 34.09 44.37
Amyloseb 7.38 11.64 14.08 12.89 11.83 9.22
Amylopectin® 6.43 10.52 13.02 12.89 12.54 9.03
Alpha-Cellulose’ 10.41 17.85 22.46 13.46 13.19 11.98
Beta-Cellulose’ 7.68 17.84 19.20 13.46 13.73 12.11
Total carbon’ 31.58 37.77 39.02 35.69 41.86 49.98
Total nitrogend 0.23 0.29 0.29 0.22 0.29 0.15
Fiber® 7.15 10.57 11.51 11.46 11.30 10.34
Ash' 2.63 1.41 1.51 1.60 1.72 2.48

Phosphorus® 0.02 ND ND ND ND ND

Potassium" 0.24 ND ND ND ND ND

* Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)

b Amylose (182 Amylopectin (Sene et al., 1997)

¢ Alpha-Cellulose 182 Beta-Cellulose (Xiao et al., 2001; Sun et al., 2004)
d CNS-2000 Elemental Analyzer (LECO® Corporation, U.S.A.)

© Fiber (AOAC, 1990)

" Ash (AOAC International, 2000)

& Vandomolybdate method (Barton, 1948)

" Wet digestion method ﬁ’aam’%m Flamephotometer (BWB-1, England)
ND, Not determined

d‘ v o [ Y v ' A A Aq ¥ o A
M1319%0 3.3 MnuUderaaume (919N 1 AUANTNN 3.2) Nl¥naaaninme

a a
WanuInNu

Composition (%) Dried cassava pulp prepared for methane production

Moisture content 15.19
Total solids” 84.46
Volatile solids’ 97.37

* Total solids 148% Volatile solids 913 AOAC (1990) ttag Zhang and Zhang (1999)
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(% a ¢ o a 4 v
3.4 dulfnsailFnaassmdaiimilusliaimmiesnsesialFnaiadinm

(Y] ¢ A
3.4.1 oansanilinaasswaniimulugdieyinin

[ a I A v A a A 2 = v o o [

palgnsainmnlylumsninienanimulugdvesmesyinim mnwaiudilsnas
a v o v A ~Aq ¥ A ] a A o a = Aq ¥
AvuazmMniudlenas Jvnaussgnlsfsuesyin 5-50 aas nsanvlgnsaiainmnlalsunes
WiINeena1 50 8A5 1 3 YUIA A0 5, 10 (NALNUBIVUIA 5 AR5 FIFITANAINT IFUABILBINY

1 [ n Y 1 o A a I o a <3
uaz liannsadamlnd I8 lugremsduiivauvesinsams) uaz 20 aas Wudiwaradnudansa
fmaen ANUNIG 10, 13 1A 18 IFUAWAT AN 20, 26 LAT 30 IFUANAT HAZAGA 25, 30
LAE 40 HUANAT VUIAVTITY 7.50, 10.14 1A 21.60 ans Aa1AL (13199 3.4 uazgili 3.7-3.9) 1
aa A v o o ks o @ A A F Y
Mee19Fa InudoudotaninnuglnsainsiaiadSuiasvesmainaald  (Gas  counter) @29
o a3 3 A 3 ¥ d A qu Vo A a A

nanmMsunuin Tagrnussylu Gas counter WUINAUNUTUA pH 1MAD 2 1WBHANALING

o s e o s @ A
azavoamamivou laeen lyandlussndsznouvesmadinm

@ a R QY @ Y a I @
pulgnsaimanmnlslunmsnindsuasmin 50 aas HudequanmansingzuenINMI

[ Y Y a oA d'i a v =1 =S 9 ] 4 a
saainluneuliamsivomsditenazmseumsaeu NAUMgUINAI 30 IHUALAT g3 80

a = A = 4
IFUANAT HVUIAVITTY 56.50 AT (®MINN 34 uazgﬂ‘n 3.10)

H o [ a 4 o [ a
mswﬁ 34 ﬂmaﬂymzmamamwmmmﬂgmm/ m%uzmsﬁ;mmumswaﬁﬁmu

NT311951559 (Working volume) 5, 10, 20 118 50 AnT

Parameter Digester size for working volume (L)

5 10 20 50
Digester height (cm) 25.00 30.00 40.00 80.00
Digester length (cm) 20.00 26.00 30.00 -
Digester width (cm) 10.00 13.00 18.00 30.00 (Diameter)
Digester volume (L) 7.50 10.14 21.60 56.50
Filled volume (L) 5.00 10.00 20.00 50.00

J [
3.4.2 gunsamsniatSinasmainn
A o a o A A ayve ¢ av o 9 X g9 =
wsevialsuasmadinmiinga ldiluglnsaiimelasamsiveiivaainauldies
?x‘a @ I Y 9 ] 4 A a
naanvauztlulvaunInganszuen (aumgudnanloomas 11 wuAwas  uazAuge 31
IFUANAT) HBGNTTINNIITHAGN (NI 24 IFURWAT 817 45 WUALAT UBZFI 30 IUAILAST) 1)
1 aa ~ = g aid' v &Y oA @ a L4
Naedsa Inunssdmmasugnuanegmelugiiensndumayannenaeainasljnse lagnis

~ ¥ Y 1w Aa aa A
UNUNYT N15IA 1 500 IMNUYSINAT 60 Haaans (qﬁj']J‘V] 3.11)
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3.5 MsnaaddNanmuININUA I raRuuazmnualzyas

3.5.1 MsNAaINANIINUIINTINUT Iz HaIAY

J

a A I Y I J @ ) =~ Y v o o v o
naaoswaatimuld Iddludmilsznouvanvosnastanm  Tagldiniudnlznaaiug
A 4 A o Li’ A o [ =) Y
CMR 35-22-196 (W3enugszeas 11) Nignlaemldluiuitiauassadu tazmldie
1 o A d" ~ v o g 2 o Y a S ¥ i‘ ~
TuseaudumsInsemst  wseniiuiusuludnyuzuis AT lannurulaamae
. I o a o a =) @ o a A
17.34% wag Total solids 82.66% (uingauludallfnsalainmilsuasiaanin 5 aas a1 Total
a o j‘ {a 4 { Aa Aa o 1 A
solids 1.0% (MAKamM3Iveiieady) Hil5uauilaninszyldlaemassd 5,000 Haansuaeans
[ Y Y
A83ZUV Single-stage digester NQUUANRDY (2327 osrnaiFod YuziMsnAaoITUADUT)

g 2 d' % d' = 1
nazlresudu (Seed culture) gAanInaaesd 1 (B30 1 310 3.50) Sum 10% (Snasae

U

v Ed

A A v A

1 o 2 ~ [ Yoy 49@} a ~ 1
']ENW]S) NUNNISWIUMTHUNTUFAN 21 U !,mx"lﬂmmmﬂﬂwmwmﬂa 19.24 aaT My

a o ~ a 1 A @ . = Yy 9 A o A
NANAANIYYINTN 385 ansaen lansy Total solids fed umuwmuqqaﬂiﬂﬂmaﬂ (62%) Tuiun 16

YDINMITHUN (GﬂiNWH’Jﬂ‘ﬁ 1)
1BIENNTZUIUMINIIN Acid forming-bacteria 1931y Hnsa31ansa a1 pH veIidgwin
(Slurry) #1171 Neutral pH (pH 7.0) UHaaANs Lﬁ]aiﬂluellm Methanogenic bacteria (g Methanogenesis
a 14 ' A @
ﬂTiL@IiJIcmaﬁmhlajﬂi!ﬂu?ﬂi‘ﬂﬂluﬂﬁ1u1iﬂ“ﬁ’]ﬂlww Alkalinity U8332UUNUN (Cuzin et al., 1992)
=2 dy Y Aa = 14 o g 1 @ @ J
Glumiﬁﬂmu”lﬂmﬂ%mau"laiﬂi!,i]umimmﬁ 0.25% IUIU 4 AN igﬁ’31\‘]ﬂ1ﬁﬁi~lﬂﬁluﬁﬂ@ﬂﬁ
Y H 1
13N NUUM pH GUf]\‘l'J?f@]“VilJﬂﬂ@u%ﬁﬂi“ﬁﬁaﬂﬂﬂWiﬂﬂﬁ@ﬂ (?ITD'NWH'Jﬂ“ﬁ 1)
MIALTY Volatile fatty acids (Acetic, Propionic @& Butyric acids) Tunszuaumsnun
v @ o o o A Y = Y 9 .. . . LA
muumﬂwaﬂuizﬂwma%wu% WUNUANWUINUIUUDY Propionic acid i8¢ Butyric acid U
' - . 0 v . .Y <
WA Acetic acid ¥4 Acetic acid a11139111 11/ 19 1ag Methanogenic bacteria {EGRARERLIER! (M3
4
WUINN 1)
a A 9] = v W o v A g’/ dy = a 1
mimamwa@mmuiugﬂmclmmwmﬂmuumﬂz‘ﬁm@mﬂiﬂu"luumimmmm
A d’d v W o [ d' = YR A a A a 1
"luimmmwumﬂwﬂummumﬂzwm ®™MInNn 3.1) il\?llﬂﬂﬂklTL‘WEJﬂ”liWﬂ@]iJW]HIﬂEJMlJLL‘HaQ

TuTasmuderiiauazdsaimuzay (@ 3.6)

3.5.2 MINAABINAANMNUINMANUT LA

naaesnaalmunnmniudlzasdemslszmnaiaamins uduninnaniinaaa
v v Y
wiinn laanmsldiiudnlzudsdy Awunmsleiiudlendunts @nuau 17.34%) TualSuna
{ a 4 { A Aa o 1T A a {
Total solids 1.0% (RS mawdlanas1adnaizst 18 Inemaesn 5,000 Haansuaeaas) IrHanaatimun
Y Y =\ PR Lg a 9 K a A (4 = Y]
anududugaiisaneszannsnlniuyomacla JanaacwaatimulugUmadinmanmngu
) v Y J = v v v v o v 9 . . [
drlendautaluts naazaunau@esun Ui iud1eras #2852V Single-stage digester 1HH
a e { [ a [ Iy a { o 1

Ugnsaidanmntilfsinasmin 10 8as aunmussninlSanaes 5 aas Ngauas higunsanmaunu

a9

Y 1 = dy ~ = o ?x‘a dy
]'I,ﬂ1“%3@ﬂ13ﬂﬂ1&ﬂﬂl@\11ﬂ5\1ﬂ151&) NYUNDUH DY (29-31 DIA UGG YN VYAUSNINITNAADIVUADUU)

L] G
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Y 2 H o a [
wazld¥raisudunniwannld (@o 3.2) Usuna 10% Taesuas lananaanssinnlulSunanios
=Y [ g‘/ a @ Qy a (4]
Tag @S snarua 1685235 910 Total solids 1.0% A MINIUTUFANTLUIUNITHAAN 1
v [ 1 a (4] a 1T Aa @

Fammaal9ar 21 T NeUIHAREANITFININ 168.50 AnIADN 1an5y Total solids fed HAZAIY
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v @ o o Y o o A o ~Aq U =
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AONIZUIUMINANNMTIININAINANT AU Ardadrvvosamsuouvay luTasuanunisganu
1 1 a o [
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¥ 1 =) 1 1 %
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A a ~ @ v 1 a Y a o
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v = 2 a o a o A o A
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NIEFININ 519.55 aﬁiﬁ’ﬂﬂiﬁﬂill Total solids fed HUTMUMBNIHUATDAVUNINY 103.91 BAS

A 9 = Qy a o = =\ =

mn‘n“l«mm 35U WAUFANTTUIUMTHAANILEFINTN LL@%NIGNWQHJW]HQ’Q 70-80% Iﬂﬁl‘lﬁlﬂﬁli
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LJJ@‘H‘?JﬂU]Jﬂ 16-28 YU (AT NAUINN 5)

=

I J o Y~ = 1 A a 1 [ @ A
anuiunsa-a1e (pH) vosiaguinitlunandmuio@unnas luTasnuaenu fe gise
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1 = (% d‘ 9 1 9 9 1 A dy 1 9 9] o w
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450,300 t1az 290 1M d w5 U Twumandeon Tuasn wow Tutlsudama nazgiso amudny Naagoin1sd

=2 ?1’1 d" =2 = g PY v+ = = %’ o a v A
hluﬂ”liﬂﬂkl”lﬂiﬂu) TJlliNEJLiEJEJ\‘]ET”I?J”I?ﬂW”I“H@llﬂ‘luigWU']JElflﬁfl FIUTHUNNITETAOU 50 nlansu 51
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=

@ I J v @ o v ! .
a T9g1u511 650 1 SudenldgiEadluuvaslulasou Taeldiniudnlznawi e Total solids
%‘ 9 ! a = %’ @ ! =2
1.0% (U minae1lsuag) uaznaasuangiielualFina 0.02-020% (Iminaellsuas) wamsanm
J a = 3 o 1 S v @ g v Y g A
WUIMTIANYITE 0.04% (U1Tna1f31109) aeluaiudnendauma (ANurY 17.34%) N Total

. o Y Aa A 2] =~ ~ A ~
solids 1.0% SapalvimamanaaimulugUmedinmanga G 3.14-3.15)

4' a A Y ) @ 9 ?x‘a = g ~ 9
M3199N 3.5 ManaasIRaalimunniiudleraaianalaon (ANUBY 17.34%) 114 Total
solids U3 uat 1.0% tauunacluTasnuaesiadreanududumouminu Tae

A g ! g s H
UszmunnilsualuTasnunivuanduesnlsznon 5198009 3-5 Lag 17)

Nitrogen source/ Digestion Retention Maximum Total gas  Total gas Starch concentration
Concentration volume time methane yield (L) yield (mg/L)
(%) (L) (Day) (%, v/v)/ (L/kg TS 0 day End of
Duration fed) fermentation

Urea/0.04 20 35 77.3/ Day 27 93.68 468.40 4,663.45 210.72
Urea/0.04 50 38 75.9/ Day 21 313.02 626.04 4,124.56 300.00
(NH,),SO,/0.088 20 35 78.0/ Day 35 70.18 350.90 4,557.30 198.06
KNO, /0.142 20 35 80.4/ Day 31 103.91 519.55 5,292.15 217.66

TS, Total solids
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FINNT 440 BAABN 1aN5V Total solids fed NganI15u1a Total solids duNNAaDIIUTIAT

Yin 10 a9

3.6.2.2 wriadlulasiou
A o o [ Y g ot . A
@eNMNTUALHaUR (ANNFY 15.19%) N Total solids 1.0% IHONATDUN
a ~ U ~ a v A I Yy = o &2
siauazlsnanmunzasvesiad luTasnuinsauasluszuuminme 19 Idmaimu asll
1) siiaveaunadlulasiou
a 1 4 =Y 9 9 Y] 1 ~
siiavoaunad luTasouTagszunamsainnlsunanihdrsdadiuaiun
o < Y v o o v o 4 A a A 9
NAA0Id139910015 190U A1 e aIWUF CMR 35-22-196 (M3932803 11) HAANINUAIY
Ysu1asniin 10 aas JanaaeldnminiudiznaaudstTum Total solids 1.0% 1ANgIT o 0.04%
A = o A = 1
wsouen Tuitloudaa ((NH,),S0,) 0.088% W3e Twunaidon luiasn (KNO,) 0.142% W131n13
a 3 1 = %‘ 9 1 a2 a {
wugFodlunvasuTasnuludSum 0.04% hinaedSuiag) Tnanisnaalimudngea
d' d' = 9 a A @ ) [ d' .
(15199 3.6 MIEWINT 7, 12 naz 13) 3 Idnaaswdaiimuinniniudiilsnaai Total solids

A v Yy 9y A

1.0% uazgaumiﬂmﬂmmmmuwum@hﬁu@ia”lﬂ

U

2) Y3 (mudindy) vearadlulnsou

= A o I 1 A o o FY a A
nnwamsany1  giiedinaiunvas lulasunadimsulslumseaatimu
o o (% 1 = [ v W o [ = a Y Ly a d' 9
NAMANUAIU AT FUWRASINVIINTINUAIL AT Janaaeananalelsuiasvin 10 ans Al
. a = %‘ o 1 =Y 1 Y = d'
3110 Total solids 1.0% 181838 0.02, 0.04 1Az 0.08% (U1HUNABITNIAT) WUNMFFININD

a Y A I J 1T W o w

naa lanlmuiluesdilszneugagaminy 55.7, 63.6 uaz 55.9% lasliuias awdey (3N

~ a =) 3 U Y a A A
HUINd 7, 14 wag 15) madvgiFoduuvaslulaseululum 0.04% Idwamskaaimuanige
NnnmMnudlzrds JmaaosnaniimuaeaiulseneumniudilevaaluSuin Total solids

1.0% 1AugiEe 0.04% (1Iniinae1/5u1as) Aaw1f511as4iin 50 aas (90 3.7)
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Y a % o U g .
M3197 3.6 NTNARINAATNUIINAINNUFIL AT (ANVFY 15.19 %) NTAT Total solids 1.0%
¥ Y =~ a = ™y A ~
ahwminaefsuag) Bingise 0.04% U3uasnain 10, 20 tag 50 aas (A1 WUINT

7-13, 16 1ag 19)

Substrate Substrate ~ Digestion Retention Maximum  Total  Total gas  Starch concentration
concentration  volume time methane gas  yield (L/kg (mg/L)
(%, w/v) L) (Day) (%)/ yield TS fed) 0 day End of
Duration L) fermentation

Cassava pulp 0.5 10 22 53.0/ 16.85 168.50 1,515.22 127.84
concentration Day 21

(TS) with 1.0 10 28 63.6/ 44.27 442.70 2,160.26 260.53
0.04% urea Day 19

1.5 10 34 69.7/ 49.09 32727 4,749.51 152.75
Day 20

2.0 10 34 71.0/ 71.72 358.60 7,147.88 305.02
Day 21

3.0 10 22 60.6/ ND ND  9,892.24 ND
Day 20
4.0 10 22 38.7/ ND ND 10,551.40 ND

Day 20

Type/concentra-  (NH,),SO,/ 28 60.9/ 32.68 326.80 2,299.06 378.98
tion of nitrogen 0.088 0 Day 22

source added to  KNO,/ 10 28 63.6/ 31.49 31490 2,290.90 138.87
1.0% TS 0.142 Day 24

Optimal 1.0% TS, 20 39 70.3/ 58.58 29290 5,718.58 247.05
conditions 0.04% Urea Day 23

Optimal 1.0% TS, 50 39 70.0/ 148.23 296.46 4,820.43 22991
conditions 0.04% Urea Day 29

TS, Total solids

ND, Not determined because of very low rate of biogas production
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a A ) = L) [ Y Aa Lg
mﬁwaﬁ1Jmuiugﬂmqﬂnﬂ1W%1ﬂﬂ1ﬂuumﬂwmummmmw 15.19%
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2.0 (D) uazANgiIy 0.04% 1U Single-stage digester NN31IATHIN 10 A
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d' . . A J a o ~ v o [ Y A
31]1’1 3.17 Volatile fatty acids NEALAUTEHINMINAAMFTINININNNNUE T HaIHING

g 30‘ v 1
AN 15.19% 19 Total solids 1Tu1as (%, 1minaslSu1as) 0.5 (A), 1.0 (B),

1.5 (C) uag 2.0 (D) uaziangise 0.04% 11 Single-stage digester NNUTWATHIN

10 @915
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4 1 { 1 a o v o o
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(A), 1.0 (B), 1.5 (C) uaz 2.0 (D) uaziANgize 0.04% U Single-stage digester

t:'d -9 a
nuYsuIasHEn 10 ans
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a A I U @ ~ v @ o v w
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Q/ d' o j‘ d' (4 v =
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1 ' o A 2 G v o @ £ Y 9 a 1 ¥ ry d'
Pelugreduiumslasemst  wseniuutusuluanyuzuda (3&?]513141@?]31%%1!1@8&%@8
3 @ a @ a '~ Y Y a Aa
17% 118 Total solids 83%) iuingauludlfnsaisanmilsinasiagniin 20 taz 50 dns Al
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a I 1 {
Total solids 1.0% 1ANgIFo 0.04% WunnasluTasiou d1e53 1Y Single-stage digester NYUNYANR 01
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a o 2 & gy & L g Ay v

(25-32 ovsaraiFed vaziminaasstuaoull) taz IM¥eisuAY (Seed culture) N1 1dvINMIsANYT

{ v A { 1 [ I
gad 1 (699 1 319 3.5 a) WS 10% Snasaeifsiney) Taslulimsnumay aruguanuiy

1 %’ o Y a = 14 d'i

nsa-anvesihmiindremsay Tsdey la Tasnumivena (NaHCO,) 0.25% lai5uias Wowy
o 1 1 1 [ <3 o 1 %‘ o @ 4
9n31TIUVBY Volatile fatty acids 910 Alkalinity HA1WINNI1 0.8  tNUAIBEIIMIinYnTuiNe
a J ] 1A @ v ad @ v =y
Azt 2.2.4 aaaiuduninuazaasaszeznamsniniaugaannmsdunad lufinie

A o Y a dsl Y [ dy
ﬂﬁmwﬂmaﬁ]unﬂ?mm"lmﬂmu "lﬂwami‘wﬂammu

n. Ysuiasnun 20 aas
Aa A 9] = v o [ 9 g’/ A v J
mswanumulugdmaainmaniaiudilzvduimanlaeniug CMR 35-22-
Y
a =Y a o
196 (ANWFU 17.34%) A28 Total solids U5 1% @ugse 0.04% Tagil5u1as 1dnamaanay
3‘; Qy @ ~ a 1 = Y a o =) a A
Nadu 35 U Nguugiluge 2931 essuraden lawanaamaTInImIn 468 aas NUAWY
Yy v <= I s o A a1 ~
uUYINIEUMU (CH,) 1 U9A152npUueIMa3InINgaga 77% JagSinas taziiziwain
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Imswaanmesn S amatmunanlueg 70-77% Tasdsuas dunar 17 31 dawaniinld 17
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= o o Y = @ A 3‘/ 1w
N3zeznaIMInin 21 T4 ANuEINILvemuIags 1 IS NaINMaF MW MUY 52% lag
Y3103 (3190 3.7 MINEUINT 17 uazgii 3.19)

Tunszuaumsnaatimunniniudlzvdaius CMR 35-22-196 i 3 pH oglurag 6.34-

a Yy A

1 [] <3 ] 19 o
8.30 TaglAUTUAUN 8.30 UAZANAIDYINTIAGI IUFIITLEZIAT 4 TULSH lagaduIial 6.34 uag
] A ] 1w 1o £ a o 1 ] v
AP INNAULAT pH MU 8.14 Niudugamsmaamadinm manumiunsalviuiuszive
(Volatile fatty acids) 08114533 750-6,900 HaaniulugilvetosHanaoans (mg as acetate/L) @71
I 1 ?x’; 1 1 A Aa o [ [ [
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] I v W 1 I [ 3}./ $ A o [
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a o ~ v o o del a o o J
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A g
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Parameter Reaction volume (L)
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Volatile fatty acids RPREUR PGATRRR Acetic, Propionic l9& Butyric acids n5uasvin 20
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Parameter Reaction volume (L)
20 50
Retention time (Day) 38 38
Total biogas yield (L) 58.58 148.23
Total biogas yield (L/kg Total solids fed) 292.90 296.46
Average methane content (%, v/v) 57 56
Maximum methane content (%, v/v)/ Duration 72.6/ Day 35 76.4/ Day 38
Total methane yield (L) 33.41 82.24
Total methane yield (L/kg Total solids fed) 167.07 164.83
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1 Total solids 1.0% (Hmiinaedsuas) veeimiin

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate  Propionate Butyrate
CaCOB/L)C acetate/L)”

0 26.0 26.0 7.89 0.00 0.00 0.0 0.0 0.0 4,886.71 2,250 626 0.28 0.00 144.10 149.73
1 26.0 25.5 6.53 1.40 1.40 12.1 24.4 62.3 3,860.10 2,183 1,391 0.64 ND ND ND
2 26.0 25.0 6.86 2.31 3.71 ND ND ND ND 3,533 2,096 0.59 ND ND ND
3 26.0 26.0 6.79 1.35 5.06 339 48.1 15.4 2,857.01 2,983 2,220 0.74 24.73 145.17 154.12
4 26.0 26.5 6.74 1.35 6.41 ND ND ND ND 2,617 2,250 0.86 ND ND ND
5 26.0 26.5 6.86 1.29 7.70 ND ND ND ND 3,533 2,775 0.79 ND ND ND
6 26.0 26.0 6.97 0.60 8.30 35.6 44.6 17.6 2,706.35 3,800 2,801 0.74 12.21 163.67 161.34
7 26.0 26.5 7.04 0.60 8.90 ND ND ND ND 3,900 2,775 0.71 ND ND ND
8 27.0 26.5 6.99 1.03 9.93 ND ND ND ND 3,783 2,825 0.75 ND ND ND
9 27.0 27.0 7.02 0.98 10.92 435 343 20.4 1,937.41 3,800 2,801 0.74 10.72 162.44 161.97
10 27.0 27.0 7.06 0.73 11.65 ND ND ND ND 3,717 2,850 0.77 ND ND ND
11 27.0 26.0 7.10 1.03 12.68 ND ND ND ND 3,900 2,625 0.67 ND ND ND
12 26.0 25.0 7.19 0.93 13.62 52.3 234 22.0 1,287.25 3,733 2,525 0.68 0.00 161.29 161.09
13 25.0 24.5 7.26 0.88 14.50 ND ND ND ND 3,767 2,501 0.66 ND ND ND
14 25.0 24.0 7.30 0.97 15.47 ND ND ND ND 4,900 3,000 0.61 ND ND ND
15 24.0 24.0 7.43 0.95 16.42 61.6 15.5 20.6 836.71 4,967 2,400 0.48 0.00 165.20 279.98
16 25.0 24.5 7.56 0.72 17.14 ND ND ND ND 5,100 2,261 0.44 ND ND ND
17 25.0 25.0 7.59 0.78 17.92 ND ND ND ND 5,317 2,100 0.39 ND ND ND
18 24.0 24.0 7.60 0.72 18.64 60.1 10.0 23.0 977.25 5,367 1,800 0.34 12.50 163.64 165.65

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)
b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)
¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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Wminudanlinnudu 17.34% u Single-stage digester NT133@513in 5 a0 19 Seed culture A 1 (597 1 317 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d

(Day) Room Slurry per day accumulated CH, CO, N, (mg/L)b (mg as (mg as Acetate Propionate Butyrate
4 2 2
CaCOS/L)C acetate/L)C

19 23.0 23.0 7.60 0.40 19.04 ND ND ND ND 5,350 1,725 0.32 ND ND ND
20 24.0 24.0 7.60 0.10 19.14 ND ND ND ND 5,500 1,650 0.30 ND ND ND
21 25.0 24.0 7.62 0.10 19.24 ND ND ND 532.25 5,550 1,600 0.29 0.00 149.25 153.02
22 26.5 26.0 7.54 0.00 19.24 ND ND ND ND 3,825 938 0.25 ND ND ND

* Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) ¢ HPLC method (Neves et al., 2006)

® Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956) ND, Not determined

¢ Titration method (AOAC International, 2000) A, Alkalinity; VFA, Volatile fatty acids
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1 Total solids 1.0% (Hmiinaedsuas) vesmiin

[

1 { a =} %’ v A 1 U a d' d' 1
uINTANNIY 17.34% Augi5e 0.04% (1IMiinae1/511a3) Tu Single-stage digester NUF3NA 54370 5 a0 19 Seed culture gaN 1 (8391 1 317 3.59)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCOB/L)C acetate/L)

0 26.0 26.0 6.47 0.00 0.00 0.0 0.0 0.0 4,648.50 2,250 1,950 0.87 ND ND ND
1 26.0 25.5 6.72 9.24 9.24 ND ND ND ND 3,283 3,290 1.00 ND ND ND
2 26.0 25.0 6.73 1.87 11.10 ND ND ND ND 3,550 3,251 0.92 ND ND ND
3 26.0 26.0 7.02 1.30 12.40 32.0 44.7 214 1,648.02 4,567 3,551 0.78 22.46 147.75 272.18
4 26.0 26.5 7.14 1.18 13.59 ND ND ND ND 4,783 3,551 0.74 ND ND ND
5 26.0 26.5 7.26 1.40 14.99 ND ND ND ND 5,033 3,000 0.60 ND ND ND
6 26.0 26.0 7.44 1.32 16.30 48.1 31.6 18.4 1,552.49 5,067 2,900 0.57 11.87 137.49 388.32
7 26.0 26.5 7.44 1.50 17.80 ND ND ND ND 5,250 3,075 0.59 ND ND ND
8 27.0 26.5 7.55 2.02 19.82 ND ND ND ND 5,233 3,050 0.58 ND ND ND
9 27.0 27.0 7.64 1.98 21.80 66.1 20.5 114 1,497.23 5,500 2,285 0.42 15.75 181.97 165.33
10 27.0 27.0 7.71 1.68 23.49 ND ND ND ND 5,883 2,201 0.37 ND ND ND
11 27.0 26.0 7.79 1.10 24.59 ND ND ND ND 5,733 1,676 0.29 ND ND ND
12 26.0 25.0 7.834 0.98 25.57 62.5 10.1 21.7 1,500.06 5,700 1,700 0.30 15.87 185.28 165.39
13 25.0 24.5 7.82 0.68 26.25 ND ND ND ND 6,933 1,976 0.28 ND ND ND
14 25.0 24.0 7.83 0.52 26.77 ND ND ND ND 7,033 1,800 0.26 ND ND ND
15 24.0 24.0 791 0.13 26.90 64.3 8.8 25.0 1,332.16 7,240 1,700 0.23 15.11 180.17 161.14
16 25.0 24.5 7.88 0.08 26.98 ND ND ND ND 7,433 1,616 0.22 ND ND ND
17 25.0 25.0 7.89 0.04 27.02 ND ND ND 1,311.48 7,300 1,560 0.21 ND ND ND
18 24.0 24.0 7.90 0.00 27.02 ND ND ND ND 7,350 1,500 0.20 0.00 219.14 192.24

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)
b
Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956) ND, Not determined

¢ Titration method (AOAC International, 2000) A, Alkalinity; VFA, Volatile fatty acids
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=

4 ¥ a g % 1 § U = d'
URINTANUFU 17.34% 1AN8IT0 0.04% (Imiinaodsunas) Tu Single-stage digester NT33AsHaIN 20 Ans 19 Seed culture AT 1 (B

@
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Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCOB/L)C acetate/L)

0 31.0 31.0 6.59 0.00 0.00 0.0 0.0 0.0 4,663.45 900 600 0.67 323.49 0.00 0.00
1 31.0 30.0 6.51 2.54 2.35 12.7 86.9 0.1 3,120.26 1,900 1,800 0.95 ND ND ND
2 30.0 30.0 6.58 3.63 5.98 20.4 77.7 1.4 2,695.68 3,400 3,690 1.09 ND ND ND
3 29.0 29.0 7.06 7.98 13.96 23.8 73.7 1.9 2,524.22 4,860 4,020 0.83 2,787.82 892.69 1,000.74
4 29.0 29.0 7.10 7.15 21.11 19.8 79.9 0.2 1,748.54 6,200 5,100 0.82 ND ND ND
5 29.0 29.0 6.89 6.71 27.82 14.7 79.9 5.0 1,294.77 6,300 5,460 0.87 ND ND ND
6 29.0 29.0 6.77 4.90 32.72 18.7 79.1 1.5 1,498.89 5,720 5,790 1.01 3,705.06 1,642.22 1,187.09
7 30.0 29.0 7.13 2.97 35.69 25.5 74.2 0.1 1,819.06 6,300 5,550 0.82 ND ND ND
8 29.0 29.0 7.38 2.31 38.00 33.1 65.8 0.7 1,400.61 7,300 5,550 0.76 ND ND ND
9 30.0 30.0 7.40 1.87 39.87 38.7 57.0 3.9 1,047.00 7,200 6,150 0.85 3,460.17 1,996.18 2,188.54
10 29.0 29.0 7.31 1.93 41.80 44.6 50.8 43 1,123.75 7,500 5,670 0.76 ND ND ND
11 29.0 29.0 7.44 2.15 43.95 50.3 45.0 4.6 782.45 7,800 5,370 0.69 ND ND ND
12 29.0 29.0 7.61 2.20 46.15 54.3 38.8 6.5 930.99 8,020 5,190 0.65 2,519.26 1,125.23 1,282.47
13 29.0 29.0 7.73 2.69 48.84 58.6 34.1 7.1 817.09 8,040 5,100 0.63 ND ND ND
14 29.0 29.0 7.62 3.19 52.03 62.5 30.0 7.4 632.09 7,300 4,440 0.61 ND ND ND
15 29.0 29.0 7.74 3.36 55.39 62.6 18.3 18.9 610.05 7,400 4,200 0.57 2445.23 1,342.15 1,046.85
16 29.0 29.0 7.81 5.78 61.17 69.1 24.9 5.8 677.82 7,940 4,320 0.54 ND ND ND
17 30.0 29.0 7.75 5.33 66.50 71.6 22.6 5.7 707.21 7,300 4,440 0.61 ND ND ND
18 29.0 29.0 7.92 2.37 68.87 72.0 22.0 5.8 935.83 7,400 4,200 0.57 2,292.12 1,178.89 0.00

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)
b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956) ND, Not determined

¢ Titration method (AOAC International, 2000) A, Alkalinity; VFA, Volatile fatty acids
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MINNUING 3 ((10) Marantmuluzimadinmnniaiualsnasaunaulasnug CMR 35-22-196 (W3032804 11) N Total solids 1.0% (1141iNABTINAT) YB3

o Y =

Y ‘d e a = %‘ 7 1 § U a2 d' U d'
Wminudanlinnuiu 17.34% 1augise 0.04% (minae15uas) lu Single-stage digester N1U311015%370 20 805 19 Seed culture A 1 (897 1

317 3.57)
Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)’ Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate ~ Butyrate
CaCOS/L)C acetate/L)
19 29.0 29.0 7.88 3.68 72.55 74.3 19.6 6.1 875.41 7,300 3,960 0.54 ND ND ND
20 30.0 30.0 7.93 3.25 75.80 75.0 18.4 6.2 782.33 7,500 3,660 0.49 ND ND ND
21 31.0 30.0 8.27 2.75 78.55 72.1 16.5 10.4 881.13 7,860 3,420 0.44 1,894.54  1,705.14 0.00
22 30.0 30.0 8.41 2.58 81.13 75.4 15.7 8.4 1,055.04 8,040 3,300 0.41 ND ND ND
23 29.0 29.0 8.08 2.42 83.55 76.3 14.7 8.6 886.03 7,600 2,850 0.38 ND ND ND
24 30.0 30.0 8.25 1.60 85.15 76.4 14.1 9.1 1,058.31 7,800 2,940 0.38 910.93  1,541.33 0.00
25 30.0 30.0 8.35 1.92 87.07 76.6 13.6 9.4 917.05 7,800 2,430 0.31 ND ND ND
26 30.0 30.0 8.51 1.54 88.61 76.7 12.7 10.1 853.37 7,800 2,250 0.29 ND ND ND
27 29.0 29.0 8.19 1.10 89.71 77.3 12.5 9.7 657.41 7,400 1,950 0.26 424.24 835.86 0.00
28 31.0 31.0 8.32 1.04 90.75 76.0 12.5 10.9 615.76 8,060 1,860 0.23 ND ND ND
29 30.0 30.0 8.38 0.94 91.69 74.5 13.0 11.9 330.34 7,960 1,890 0.24 ND ND ND
30 30.0 30.0 8.45 0.99 92.68 74.0 13.1 12.3 296.04 7,640 1,650 0.22 222.84 790.80 0.00
31 29.0 29.0 8.45 0.44 93.12 74.0 12.9 12.7 273.59 7,900 1,500 0.19 ND ND ND
32 29.0 29.0 8.48 0.28 93.40 72.3 13.1 14.2 451.99 7,900 1,650 0.21 ND ND ND
33 30.0 30.0 8.23 0.11 93.51 70.6 13.0 16.0 311.56 8,020 1,980 0.25 149.67 837.33 0.00
34 30.0 30.0 8.33 0.11 93.62 68.1 13.2 18.3 253.99 8,400 1,830 0.22 ND ND ND
35 29.0 29.0 8.41 0.06 93.68 67.1 13.8 19.0 232.36 8,820 1,890 0.21 ND ND ND
36 29.0 29.0 8.46 0.00 93.68 60.0 13.7 25.8 210.72 9,000 1,710 0.19 117.19 683.25 0.00

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)
b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956) ND, Not determined
¢ Titration method (AOAC International, 2000) A, Alkalinity; VFA, Volatile fatty acids
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MINWUINN 4 mﬁwa@1m‘nu“lug1Jmcmnmwmﬂmuumﬂzﬁaw‘umgﬂaaﬂwuﬁ CMR 35-22-196 (5952804 11) N¥ Total solids 1.0% (Hminaedsuias) vesmiin

1 ¥ a = o o v 1 H
URaNTIA N 17.34% auueun Tuilousama 0.088% (1iv1inaeY5u1as) lu Single-stage digester 7

=

(X

Hf3mnastiain 20 ans 19 Seed culture 3 1 (097 1

317 3.57)
Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCOS/L)C acetate/L)

0 31.0 31.0 6.74 0.00 0.00 0.0 0.0 0.0 4,557.30 800 750 0.94 74.81 244.72 0.00
1 31.0 30.0 6.21 1.90 1.90 8.2 67.7 21.7 2,769.17 1,600 2,280 1.43 ND ND ND
2 30.0 30.0 6.37 2.733 4.63 13.5 83.6 3.5 3,120.26 2,900 3,210 1.11 ND ND ND
3 29.0 29.0 6.66 8.91 13.54 13.0 85.6 2.5 2,573.21 3,900 3,660 0.94 2,152.64 951.08 1,075.21
4 29.0 29.0 6.78 5.34 18.88 10.3 89.0 0.1 1,801.00 4,800 5,040 1.05 ND ND ND
5 29.0 29.0 6.75 3.36 22.24 10.4 89.8 0.1 1,388.67 6,200 5,400 0.87 ND ND ND
6 29.0 29.0 6.76 2.53 24.77 13.3 85.9 0.1 1,511.14 6,100 5,670 0.93 2,547.91 1,240.22 1,839.76
7 30.0 29.0 7.16 2.48 27.25 16.5 82.7 0.5 1,737.41 6,800 5,550 0.82 ND ND ND
8 29.0 29.0 7.26 1.71 28.96 19.6 80.1 0.1 1,463.88 7,120 5,610 0.79 ND ND ND
9 30.0 30.0 7.35 1.38 30.34 24.1 73.0 2.9 1,241.33 6,200 5,550 0.90 3,309.90 1,708.12 1,762.97
10 29.0 29.0 7.02 1.38 31.72 27.8 67.9 3.9 1,246.23 6,460 5,760 0.89 ND ND ND
11 29.0 29.0 7.15 1.21 32.93 32.5 63.0 4.2 831.44 7,040 5,850 0.83 ND ND ND
12 29.0 29.0 7.25 1.49 34.42 36.8 59.2 3.8 689.72 7,400 6,060 0.82 2,603.62 1,676.97 1,209.86
13 29.0 29.0 7.45 1.65 36.07 39.0 52.8 7.6 623.58 7,500 5,850 0.78 ND ND ND
14 29.0 29.0 7.41 1.54 37.61 43.2 47.8 8.5 748.85 7,500 5,640 0.75 ND ND ND
15 29.0 29.0 7.50 0.83 38.44 49.4 42.0 8.1 782.33 7,040 5,220 0.74 2,603.62 1,676.97 1,209.86
16 29.0 29.0 7.50 2.64 41.08 54.2 37.3 8.0 678.63 7,660 5,610 0.73 ND ND ND
17 30.0 29.0 7.53 1.16 42.24 60.0 32.6 7.1 989.72 7,840 5,550 0.71 ND ND ND
18 29.0 29.0 7.67 1.43 43.67 63.2 30.2 6.6 854.18 7,240 4,950 0.68 1,794.17 1,327.94 737.09

‘ Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England)
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)
¢ Titration method (AOAC International, 2000)

d

HPLC method (Neves et al., 2006)
ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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MINNUING 4 (10) Manaatmuluzimainmnniaiualenasaunaulasnug CMR 35-22-196 (W3035804 11)

E4

Y
°

3 Total solids 1.0% (Mr1naeUIu1A5) VDI

vhwinudaitinnuan 17.34% @unewTufioudanla 0.088% ahminae13u1as) T Single-stage digester NIAFM1ATHIT 20 A5 19 Seed culture
il 1 (e 1307 3.50)
Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulat CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
ed CaCOB/L)C acetate/L)”
19 30.0 29.0 7.59 0.93 44.60 66.1 27.3 6.6 908.07 7,340 4,680 0.64 ND ND ND
20 30.0 30.0 7.68 3.14 47.74 67.7 25.2 7.1 788.86 7,480 4,650 0.62 ND ND ND
21 31.0 30.0 7.98 3.08 50.82 70.1 24.1 5.8 930.93 7,400 3,900 0.53 2,154.64 1,795.87 579.07
22 30.0 30.0 8.11 3.19 54.01 71.2 22.8 5.9 870.51 7,800 4,230 0.54 ND ND ND
23 29.0 29.0 7.81 2.64 56.65 70.4 21.7 7.5 851.73 7,400 3,810 0.51 ND ND ND
24 30.0 30.0 7.95 0.88 57.53 72.0 21.1 6.8 647.61 7,480 3,750 0.50 1,753.79 1,452.73 385.92
25 30.0 30.0 8.17 2.36 59.89 72.2 20.1 7.6 1143.22 7,600 3,450 0.45 ND ND ND
26 30.0 30.0 8.34 1.93 61.82 75.3 18.4 6.2 1,126.89 7,800 2,850 0.37 ND ND ND
27 29.0 29.0 7.95 1.98 63.80 73.6 20.6 5.7 1,026.46 7,440 2,700 0.36 1,466.55 1,671.01 0.00
28 31.0 31.0 8.16 0.44 64.24 77.1 16.7 6.1 959.51 7,700 2,880 0.37 ND ND ND
29 30.0 30.0 8.24 1.71 65.95 77.0 16.0 6.9 724.36 7,760 2,490 0.32 ND ND ND
30 30.0 30.0 8.44 0.94 66.89 76.3 15.2 8.4 480.23 7,400 2,400 0.32 713.68 1,272.80 0.00
31 29.0 29.0 8.46 0.28 67.17 75.1 14.2 10.4 362.18 8,200 2,340 0.29 ND ND ND
32 29.0 29.0 8.44 0.99 68.16 75.9 13.8 10.2 327.89 7,300 1,710 0.23 ND ND ND
33 30.0 30.0 8.23 0.94 69.10 76.9 13.5 4.5 322.17 7,700 2,340 0.30 641.61 1,752.68 266.75
34 30.0 30.0 8.23 0.66 69.76 77.0 13.5 9.5 239.30 7,820 2,190 0.28 ND ND ND
35 29.0 29.0 8.40 0.42 70.18 78.0 13.6 8.4 222.15 8,680 2,250 0.26 ND ND ND
36 29.0 29.0 8.25 0.00 70.18 74.8 12.9 12.1 198.06 8,600 2,100 0.24 345.68 1,186.10 0.00

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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MINHUINN 5 mﬁwa@1m‘nu“lug1Jmcmnmwmﬂmuumﬂzﬁaw‘umgﬂaaﬂwuﬁ CMR 35-22-196 (¥15952809 11) N} Total solids 1.0% (W1vinaeifsuias) vesiniin

A
Y A A

2 H YR ~ o A v [l
URINTANUFY 17.34% @uTnunaidon luasn 0.142% (hminaelSunas) 1u Single-stage digester NT331A3HIIN 20 805 19 Seed culture AN 1 (97

131 3.50)

[

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)b (mg as (mg as Acetate Propionate Butyrate
CaCOS/L)C acetate/L)”

0 31.0 31.0 6.73 0.00 0.00 0.0 0.0 0.0 5,292.15 900 480 0.53 241.37 0.00 0.00
1 31.0 30.0 6.80 1.90 1.90 32 67.8 28.1 3,038.61 2,320 1,320 0.57 ND ND ND
2 30.0 30.0 6.42 2.30 4.20 6.5 94.2 4.2 3,087.60 3,660 4,170 1.14 ND ND ND
3 29.0 29.0 6.97 12.54 16.74 10.4 88.9 0.2 3,038.61 5,600 4,410 0.79 2,211.39 765.93 775.62
4 29.0 29.0 7.09 10.95 27.69 9.9 89.6 0.1 1,968.38 7,200 5,550 0.77 ND ND ND
5 29.0 29.0 6.93 6.93 34.62 12.0 87.5 0.1 2,086.77 7,600 6,000 0.79 ND ND ND
6 29.0 29.0 6.82 6.16 40.78 12.8 86.8 0.1 1,270.27 6,960 6,330 0.91 2,984.80 880.88 1,977.32
7 30.0 29.0 7.17 2.70 43.48 22.7 76.8 0.1 1,629.23 7,700 6,300 0.82 ND ND ND
8 29.0 29.0 7.26 1.82 45.30 29.8 69.8 0.1 1,431.22 7,940 6,180 0.78 ND ND ND
9 30.0 30.0 7.30 1.65 46.95 36.1 61.8 1.8 1,110.69 6,520 6,510 1.00 4,117.03 2,346.61 1,523.92
10 29.0 29.0 7.24 1.82 48.77 43.0 56.5 22 1,396.46 6,800 6,330 0.93 ND ND ND
11 29.0 29.0 7.32 2.15 50.92 47.5 48.1 4.1 808.58 7,600 6,600 0.87 ND ND ND
12 29.0 29.0 7.45 231 53.23 52.6 43.0 43 746.06 7,840 6,390 0.82 3,164.76 2,186.13 737.21
13 29.0 29.0 7.71 2.75 55.98 56.5 37.4 5.8 815.87 8,400 6,090 0.73 ND ND ND
14 29.0 29.0 7.60 3.14 59.12 60.1 32.5 7.0 888.13 8,400 5,940 0.71 ND ND ND
15 29.0 29.0 7.83 3.24 62.36 65.7 27.9 59 1,056.67 8,000 5,100 0.64 2,684.55 2,182.42 684.66
16 29.0 29.0 7.80 435 66.71 69.8 25.5 4.6 1,037.08 8,520 5,400 0.63 ND ND ND
17 30.0 29.0 7.77 4.24 70.95 73.0 21.7 52 817.44 8,000 4,800 0.60 ND ND ND
18 29.0 29.0 7.82 2.09 73.04 74.8 20.4 4.7 775.80 8,000 4,650 0.58 1,848.32 2,325.88 277.85

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)
ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)
 Titration method (AOAC International, 2000)
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MINNUING 5 (910) Maraatmuluzmadinmanniaualsnasaunaulaeniug CMR 35-22-196 (M3932803 11) N Total solids 1.0% (HMinaslf31a3s) ves

o Y =

‘d e a g % 1 1 U a2
vinuianiinnuasu 17.34% @y Tnunadon luasn 0.142% hminaedSinas) 1u Single-stage digester N33OI 20 8015 19 Seed culture
g

AN 1 (899 1 317 3.57)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d

(Day) Room Slurry per day accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCOS/L)C acetate/L)’

19 30.0 29.0 7.88 1.87 74.91 75.3 19.0 5.7 787.23 8,200 4,800 0.59 ND ND ND
20 30.0 30.0 7.89 5.28 80.19 76.2 18.3 54 798.66 8,040 3,600 0.45 ND ND ND
21 31.0 30.0 8.25 1.65 81.84 75.5 17.3 6.9 941.55 8,400 4,050 0.48 1,705.71 2,041.89 0.00
22 30.0 30.0 8.47 3.03 84.87 76.1 16.8 7.2 675.37 8,600 3,600 0.42 ND ND ND
23 29.0 29.0 8.12 3.03 87.90 77.2 15.6 7.0 819.07 8,440 3,360 0.40 ND ND ND
24 30.0 30.0 8.27 2.36 90.26 78.3 15.4 6.1 724.36 7,900 2,700 0.34 866.34 1,686.39 0.00
25 30.0 30.0 8.46 2.64 92.90 76.6 13.6 9.4 607.60 8,500 2,880 0.34 ND ND ND
26 30.0 30.0 8.51 2.04 94.94 78.9 133 7.5 621.48 8,600 2,460 0.29 ND ND ND
27 29.0 29.0 8.19 1.76 96.70 80.1 13.3 6.4 662.30 8,120 2,610 0.32 404.18 1,400.15 187.38
28 31.0 31.0 8.35 1.65 98.35 80.2 13.1 6.4 327.54 8,800 2,340 0.27 ND ND ND
29 30.0 30.0 8.45 1.54 99.89 79.8 13.3 6.6 475.33 8,200 2,100 0.26 ND ND ND
30 30.0 30.0 8.50 1.43 101.32 79.9 13.0 6.8 534.11 8,300 2,640 0.32 124.47 1,275.40 136.20
31 29.0 29.0 8.53 0.72 102.04 80.4 12.6 6.7 347.48 8,600 2,040 0.24 ND ND ND
32 29.0 29.0 8.56 0.82 102.86 80.4 12.7 6.7 351.56 8,400 1,980 0.24 ND ND ND
33 30.0 30.0 8.28 0.44 103.30 80.1 12.3 7.4 240.11 8,400 1,980 0.24 70.25 1,309.38 0.00
34 30.0 30.0 8.37 0.50 103.80 78.5 12.4 8.7 245.83 8,680 1,920 0.22 ND ND ND
35 29.0 29.0 8.44 0.11 103.91 80.1 12.8 7.0 212.76 9,600 2,100 0.22 ND ND ND
36 29.0 29.0 8.35 0.00 103.91 773 12.8 9.8 217.66 9,700 2,190 0.23 20.00 1,101.60 0.00

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)
b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956) ND, Not determined
¢ Titration method (AOAC International, 2000) A, Alkalinity; VFA, Volatile fatty acids
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A1INNNHINN 6 m:iwa@1m‘nu“lug1Jmcmnmwmﬂmnuumﬂzﬁmm Total solids 1.0% (umuﬂmﬂ?mm) VDIUIUUNUHINUANNYY 15.19% °l,u Single-stage digester N

311054370 10 a5 19 Seed culture a7 1 (3

@

an 131 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)‘1
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCOJ/L)c acetate/L)’

0 31.0 31.0 7.67 0.00 0.00 0.0 0.0 0.0 3030.44 1,000 600 0.60 87.47 244.72 0.00
1 31.0 30.0 7.15 1.60 1.60 25.5 442 28.8 1560.14 2,400 1,260 0.53 ND ND ND
2 30.0 30.0 6.96 2.40 4.00 27.4 72.0 0.2 862.02 4,100 1,980 0.48 ND ND ND
3 29.0 29.0 7.46 1.60 5.60 28.8 66.6 4.2 919.18 5,700 2,130 0.37 1,584.84 142.24 125.34
4 29.0 29.0 7.47 1.80 7.40 29.2 66.9 3.5 1111.06 7,400 2,700 0.36 ND ND ND
5 29.0 29.0 7.43 1.40 8.80 327 61.7 52 1719.92 7,980 2,850 0.36 ND ND ND
6 29.0 29.0 7.36 0.80 9.60 37.5 55.5 6.5 1320.64 7,600 3,030 0.40 1,712.99 722.96 245.11
7 30.0 29.0 7.75 0.60 10.20 40.3 50.3 9.2 1511.72 7,900 2,700 0.34 ND ND ND
8 29.0 29.0 7.94 0.80 11.00 41.0 44.4 13.8 1269.22 8,500 2,580 0.30 ND ND ND
9 30.0 30.0 8.24 0.70 11.70 43.4 41.7 14.8 1014.46 8,000 2,850 0.36 1,507.63 286.56 691.79
10 29.0 29.0 7.69 0.80 12.50 44.4 37.8 17.0 1203.08 8,340 2,550 0.31 ND ND ND
11 29.0 29.0 7.75 1.00 13.50 48.2 36.1 15.1 1043.86 8,480 2,100 0.25 ND ND ND,
12 29.0 29.0 7.82 0.80 14.30 47.8 34.1 17.7 1078.02 8,640 2,280 0.26 1,030.91 238.67 0.00
13 29.0 29.0 7.98 0.50 14.80 50.3 32.8 16.8 1117.22 8,800 2,340 0.27 ND ND ND
14 29.0 29.0 7.84 0.40 15.20 50.2 31.1 18.2 852.54 8,900 2,610 0.29 ND ND ND
15 29.0 28.5 7.92 0.40 15.60 50.8 29.4 19.5 647.60 8,720 2,190 0.25 965.67 242.51 0.00
16 29.0 29.0 7.95 0.30 15.90 50.6 28.8 20.1 912.98 8,900 2,160 0.24 ND ND ND
17 30.0 29.0 7.91 0.25 16.15 50.4 26.3 22.6 630.46 8,200 1,740 0.21 ND ND ND
18 29.0 29.0 7.97 0.35 16.50 50.4 25.6 23.6 490.84 8,200 1,500 0.18 763.97 188.73 0.00

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)
ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids

b

Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)
C

Titration method (AOAC International, 2000)
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NiSanaswiin 10 8as 19 Seed culture a® 1 (5391 1 37 3.50)

A . ¥ v H o Y Aa X . .
N3 Total solids 1.0% (U1rinaoUsnag) o HunUnINNANNTY 15.19% Tu Single-stage digester

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)’ Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulat CH, Co, N, (mg/L)b (mg as (mg as Acetate Propionate Butyrate
ed CaCOB/L)C acetate/L)’
19 30.0 29.0 7.85 0.20 16.70 49.0 24.2 26.0 430.42 8,300 1,830 0.22 ND ND ND
20 30.0 30.0 7.96 0.15 16.85 50.7 24.1 25.1 316.92 8,400 1,920 0.23 ND ND ND
21 31.0 30.0 8.22 0.00 16.85 52.7 23.0 24.1 255.68 8,300 1,440 0.17 716.06 182.18 0.00

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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1 solids 1.0% (umuﬂmﬂ?mm) VDIUIHUNUHINUANINTU 15.19% ANYLTY 0.04% (WU UNND

U5ua9) lu Single-stage digester N133A3130 10 805 19 Seed culture °];‘$511L7l 1 (699 1 giﬁl 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)’ Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulat CH, Co, N, (mg/L)b (mg as (mg as Acetate Propionate Butyrate
ed CaCO,/L)"  acetate/L)’

0 31.0 31.0 7.21 0.00 0.00 0.0 0.0 0.0 2,160.26 1,400 600 0.43 60.83 244.72 0.00
1 31.0 31.0 7.14 5.36 5.36 16.5 82.9 0.2 1,882.65 3,100 1,950 0.63 ND ND ND
2 31.0 31.0 7.64 8.73 14.09 19.6 79.8 0.2 1,747.93 5,100 2,400 0.47 ND ND ND
3 30.0 30.0 7.72 4.55 18.64 21.9 77.5 0.2 1,723.43 6,900 2,880 0.42 602.02 678.10 447.62
4 30.0 30.0 7.64 4.46 23.10 17.2 82.1 0.2 1,237.61 6,900 3,150 0.46 ND ND ND
5 29.0 29.0 7.68 3.29 26.39 232 76.0 0.1 1,347.53 7,300 3,390 0.46 ND ND ND
6 29.0 29.0 6.81 2.25 28.64 322 65.9 1.5 1,133.20 5,000 5,250 1.05 750.91 338.76 377.20
7 30.0 29.0 7.35 1.44 30.08 37.9 54.8 6.9 998.48 6,300 4,110 0.65 ND ND ND
8 29.0 29.0 7.41 1.04 31.12 41.6 49.2 8.9 1,527.16 6,560 4,230 0.64 ND ND ND
9 30.0 30.0 7.51 0.95 32.07 43.6 442 11.8 1,321.00 6,700 4,200 0.63 1,096.90 476.94 589.20
10 30.0 30.0 7.59 0.72 32.79 45.5 39.4 14.8 1,323.04 6,500 3,900 0.60 ND ND ND
11 31.0 30.0 7.54 0.77 33.56 47.0 35.8 16.9 1,697.69 6,960 4,050 0.58 ND ND ND
12 29.0 29.0 7.47 0.72 34.28 49.1 32.8 17.7 1,751.58 7,000 3,900 0.56 1,019.58 1,100.82 955.52
13 29.0 29.0 7.49 0.99 35.27 53.6 28.1 17.8 1,626.65 7,120 3,900 0.55 ND ND ND
14 30.5 30.0 7.54 0.13 35.40 56.0 26.0 17.5 1,379.25 7,100 3,690 0.52 ND ND ND
15 31.0 31.0 7.57 1.13 36.53 58.7 24.7 16.2 678.70 6,960 3,450 0.50 1,471.83 767.01 795.60
16 31.0 30.0 7.60 0.41 36.94 59.0 232 17.2 1,203.64 7,000 3,480 0.50 ND ND ND
17 30.0 30.0 7.79 0.63 37.57 62.5 235 13.6 1,061.57 7,200 3,390 0.47 ND ND ND
18 29.0 29.0 7.95 1.00 38.57 62.9 22.4 14.3 1,205.28 7,400 3,390 0.46 1,497.89 1,209.38 0.00

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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MWUINT 7 (fe) mamaaiimuluzlmadinmanmniiudnlzwdaill Total solids 1.0% (Iinae1Su1as) veuhminuianlinnui 15.19% @ugise 0.04%
H 1 A o a = o A =
(hminaeSuas) Tu Single-stage digester NHUS1NAIHIMN 10 8As 19 Seed culture gah 1 (697 1 317 3.57)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)‘1
(Day) Room Slurry per day accumulat CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
ed CaCOS/L)C acetate/L)’

19 29.0 29.0 791 1.00 39.57 63.6 21.0 15.0 810.09 7,760 3,480 0.45 ND ND ND
20 29.0 29.0 8.06 0.80 40.37 59.2 20.3 20.2 477.71 7,840 2,880 0.37 ND ND ND
21 29.0 29.0 8.00 0.80 41.17 59.1 19.7 20.8 314.41 8,000 2,910 0.36 1,140.18 1,826.60 0.00
22 30.0 29.0 8.00 0.80 41.97 59.3 19.5 20.8 490.78 8,360 2,820 0.34 ND ND ND
23 29.0 29.0 7.95 0.70 42.67 57.3 19.1 232 495.27 7,700 2,550 0.33 ND ND ND
24 30.0 30.0 8.19 0.60 43.27 56.8 18.1 23.8 483.43 8,800 2,700 0.31 997.87 938.26 0.00
25 29.0 29.0 8.28 0.40 43.67 59.0 19.0 21.7 467.10 8,500 2,700 0.32 ND ND ND
26 29.0 29.0 8.09 0.40 44.07 56.5 18.5 24.5 492.82 8,800 2,550 0.29 ND ND ND
27 29.0 29.0 7.99 0.20 44.27 57.3 18.3 242 397.29 8,260 2,100 0.25 832.93 691.97 0.00
28 29.0 29.0 8.05 0.00 44.27 56.6 17.9 253 260.53 8,800 1,920 0.22 ND ND ND

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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[

A . %‘ @ 1 %‘ o Y A g a = %} o
INU Total solids 1.5% (umuﬂmﬂ?mm) VDIUIHUNUHINUANINTU 15.19% ANYLTY 0.04% WU

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)’ Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulated CH, Co, N, (mg/L)b (mg as (mg as Acetate Propionate Butyrate
CaCO,/L)"  acetate/L)’

0 31.0 31.0 7.06 0.00 0.00 0.0 0.0 0.0 4,749.51 1,200 750 0.63 0.00 244.72 122.18
1 31.0 31.0 6.84 5.76 5.76 8.7 90.8 0.2 4,187.85 3,100 2,100 0.68 ND ND ND
2 31.0 31.0 7.42 8.10 13.86 13.0 86.4 0.2 4,426.66 5,100 3,450 0.68 ND ND ND
3 30.0 30.0 7.27 0.81 14.67 6.9 82.5 0.2 3,413.59 6,300 3,930 0.62 1,638.92 1,203.07 1,501.71
4 30.0 30.0 7.25 3.06 17.73 18.1 81.3 0.2 3,348.27 6,400 4,800 0.75 ND ND ND
5 29.0 29.0 7.20 0.32 18.05 20.1 78.9 0.2 2,784.88 6,900 4,710 0.68 ND ND ND
6 29.0 29.0 6.21 2.30 20.35 21.5 77.9 0.1 2,458.28 3,700 5,100 1.38 1,904.72 1,363.15 1,402.97
7 30.0 29.0 6.92 1.67 22.02 27.3 71.2 1.0 1,805.08 5,760 5,700 0.99 ND ND ND
8 29.0 29.0 6.91 1.17 23.19 345 61.7 3.5 2,008.90 6,200 5,910 0.95 ND ND ND
9 30.0 30.0 7.16 1.40 24.59 39.6 55.0 5.1 1,655.76 6,200 5,760 0.93 2,648.21 1,481.98 1,868.28
10 30.0 30.0 7.30 1.20 25.79 41.9 48.1 9.7 1,376.11 6,500 5,850 0.90 ND ND ND
11 31.0 30.0 7.21 1.20 26.99 45.9 41.2 12.4 959.70 6,000 5,700 0.95 ND ND ND
12 29.0 29.0 7.25 1.40 28.39 51.6 36.3 11.8 831.10 6,400 5,700 0.89 1,670.26 1,585.03 1,634.53
13 29.0 29.0 7.29 1.20 29.59 57.3 30.9 11.5 1,484.30 6,400 5,550 0.87 ND ND ND
14 30.5 30.0 7.40 1.40 30.99 58.2 26.9 12.5 1,935.41 5,500 4,500 0.82 ND ND ND
15 31.0 31.0 7.53 1.20 32.19 62.0 242 133 1,052.24 5,800 4,500 0.78 1,419.92 1,873.98 1,634.57
16 31.0 30.0 7.41 1.20 33.39 63.7 222 13.6 1,223.71 6,480 4,500 0.69 ND ND ND
17 30.0 30.0 7.69 1.20 34.59 66.6 21.8 11.2 1,087.76 6,640 4,500 0.68 ND ND ND
18 29.0 29.0 7.85 1.40 35.99 66.6 20.9 10.9 1,796.61 6,800 4,200 0.62 1,548.60 2,086.95 1,494.09

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids
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H ' A o a {
(ihmiinaedsuas) Tu Single-stage digester NT33NAsHIIN 10 a5 19 Seed culture YA 1 (119

%

N

A . 3 L 3 @ Y A X a =
U Total solids 1.5% (UWWuﬂGIE]‘]FHJWlﬁ) VOIUIUUNUVINUANNUYU 15.19% nyYLIY 0.04%

@

1310 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate Butyrate
CaCOS/L)C acetate/L)”

19 29.0 29.0 7.87 2.40 38.39 67.9 20.9 13.0 1,598.61 7,040 4,050 0.58 ND ND ND
20 29.0 29.0 7.92 1.60 39.99 69.7 20.9 13.0 1,277.13 7,400 3,930 0.53 ND ND ND
21 29.0 29.0 7.87 1.20 41.19 67.1 20.9 11.6 1,038.71 7,260 3,750 0.52 1,416.68 3,018.65 1,294.62
22 30.0 29.0 7.89 1.00 42.19 64.7 20.0 15.1 618.56 7,860 3,990 0.51 ND ND ND
23 29.0 29.0 7.86 1.20 43.39 65.0 19.1 15.6 522.21 7,420 3,570 0.48 ND ND ND
24 30.0 30.0 8.07 1.20 44.59 62.5 18.2 15.6 514.86 8,000 3,690 0.46 881.77 0.00 0.00
25 29.0 29.0 8.11 1.00 45.59 67.7 17.8 14.1 499.76 8,100 3,600 0.44 ND ND ND
26 29.0 29.0 8.06 0.80 46.39 66.0 17.4 16.2 434.03 8,300 3,480 0.42 ND ND ND
27 29.0 29.0 7.96 0.60 46.99 65.6 17.3 16.7 397.70 8,500 3,390 0.40 758.69 0.00 0.00
28 29.0 28.5 8.01 0.40 47.39 65.1 17.5 16.9 496.49 8,460 3,180 0.38 ND ND ND
29 29.0 29.0 8.06 0.50 47.89 65.0 18.1 16.7 474.04 8,800 3,120 0.35 ND ND ND
30 29.0 29.0 7.96 0.40 48.29 64.3 18.0 17.4 434.03 9,000 3,030 0.34 573.58 2269.78 0.00
31 30.0 29.5 8.01 0.40 48.69 61.6 17.9 20.2 391.98 9,020 2,970 0.33 ND ND ND
32 29.0 29.0 8.10 0.20 48.89 62.6 18.3 18.9 362.18 8,900 2,850 0.32 ND ND ND
33 29.0 29.0 8.08 0.20 49.09 64.5 17.8 17.2 285.02 8,320 2,400 0.29 255.42 1572.79 0.00
34 30.0 29.8 8.01 0.00 49.09 65.6 18.0 16.2 152.75 8,400 2,370 0.28 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids
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1 solids 2.0% (umuﬂmﬂ?mm) VDIUIHUNUHINUANINTU 15.19% ANYLTY 0.04% (WU UNND

U5ua9) lu Single-stage digester N133A3130 10 805 19 Seed culture °];‘$511L7l 1 (699 1 giﬁl 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulated CH, CO, N, (mg/L)b (mg as (mg as Acetate Propionate Butyrate
CaCO,/L)"  acetate/L)’

0 31.0 31.0 6.85 0.00 0.00 0.0 0.0 0.0 7,147.88 1,260 600 0.48 60.83 244.72 100.99
1 31.0 31.0 6.68 7.65 7.65 7.0 92.5 0.2 6,024.98 3,000 2,760 0.92 ND ND ND
2 31.0 31.0 7.02 8.69 16.34 9.9 89.6 0.2 4,128.02 5,000 4,350 0.87 ND ND ND
3 30.0 30.0 7.18 6.80 23.14 13.7 85.7 0.2 3,482.99 7,000 5,100 0.73 2,396.70 1,961.46 1,739.59
4 30.0 30.0 6.84 4.05 27.19 16.7 82.6 0.1 2,225.58 6,900 5,550 0.80 ND ND ND
5 29.0 29.0 6.55 2.93 30.12 19.3 79.9 0.2 2,650.16 6,900 5,940 0.86 ND ND ND
6 29.0 29.0 5.38 1.62 31.74 214 78.1 0.1 2,515.44 2,600 3,600 1.38 3,169.21 2,180.40 1,749.20
7 30.0 29.0 6.37 3.20 34.94 11.9 87.5 0.1 1,560.13 5,500 7,050 1.28 ND ND ND
8 29.0 29.0 6.42 1.58 36.52 20.6 78.9 0.1 1,572.38 5,600 7,740 1.38 ND ND ND
9 30.0 30.0 6.56 2.40 38.92 27.6 68.9 32 1,976.24 5,840 7,890 1.35 4,179.74 3,064.17 2,876.58
10 30.0 30.0 6.65 2.20 41.12 34.3 59.0 6.4 2,553.91 5,600 7,800 1.39 ND ND ND
11 31.0 30.0 6.62 2.00 43.12 39.9 50.3 9.5 1,935.41 5,700 7,650 1.34 ND ND ND
12 29.0 29.0 6.72 2.00 45.12 46.3 433 9.7 1,661.89 5,600 7,500 1.34 3,296.02 2,680.65 2,518.60
13 29.0 29.0 6.89 2.20 47.32 56.2 353 8.0 2,087.16 7,000 7,500 1.07 ND ND ND
14 30.5 30.0 7.13 2.00 49.32 61.7 30.0 8.1 1,714.83 5,760 6,780 1.18 ND ND ND
15 31.0 31.0 7.28 2.00 51.32 62.7 24.6 12.3 1,235.96 6,500 4,710 0.72 2,406.29 3,266.99 3,109.24
16 31.0 30.0 7.29 2.00 53.32 64.4 21.0 14.1 986.11 6,000 5,250 0.88 ND ND ND
17 30.0 30.0 7.64 2.00 55.32 70.0 19.3 10.4 1,450.23 6,200 5,070 0.82 ND ND ND
18 29.0 29.0 7.84 2.00 57.32 70.6 17.9 11.2 1,487.79 7,040 5,400 0.77 1,442.95 3,041.39 2,856.69

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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AMININHINN 9 (91D) miwammu‘lugﬂmcmnﬂ1wmﬂmnuumﬂzﬁmm Total solids 2.0% (umuﬂmﬂ“}mm) VIHTHUNUHINUANNTU 15.19% 9INYLTY 0.04%

@

(ihminaedsunas) Tu Single-stage digester NT33NAsHIIN 10 a3 19 Seed culture gaT 1 (597 1 317 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)’ Starch Alkalinity VFA VFA/A Volatile fatty acids (pprn)d
(Day) Room Slurry per day accumulat CH, Co, N, (mg/L)b (mg as (mg as Acetate Propionate ~ Butyrate
ed CaCO,/L)"  acetate/L)’

19 29.0 29.0 7.86 1.90 59.22 70.9 17.5 11.2 1,278.76 6,400 4,800 0.75 ND ND ND
20 29.0 29.0 7.92 1.80 61.02 70.2 17.8 11.6 1,194.66 6,800 4,860 0.71 ND ND ND
21 29.0 29.0 7.91 1.80 62.82 71.0 18.3 10.4 1,055.04 7,160 4,980 0.70 1,071.84 1,009.82 0.00
22 30.0 29.0 7.78 1.60 64.42 69.0 18.8 11.9 850.85 7,100 4,800 0.68 ND ND ND
23 29.0 29.0 7.73 1.20 65.62 69.3 19.1 11.3 745.12 7,600 4,800 0.63 ND ND ND
24 30.0 30.0 7.98 1.00 66.62 68.2 18.7 12.8 718.17 7,800 4,740 0.61 830.17 1,359.47 0.00
25 29.0 29.0 8.15 1.00 67.62 69.2 18.5 11.9 647.55 7,360 4,380 0.60 ND ND ND
26 29.0 29.0 7.98 0.90 68.52 65.7 17.7 16.2 609.17 7,640 4,470 0.59 ND ND ND
27 29.0 29.0 7.90 0.80 69.32 66.5 17.4 15.6 577.33 8,160 4,560 0.56 773.94 3,252.07 0.00
28 29.0 28.5 8.03 0.60 69.92 66.0 17.3 16.3 675.72 8,500 4,050 0.48 ND ND ND
29 29.0 29.0 7.98 0.60 70.52 64.1 17.4 18.4 547.52 8,360 3,780 0.45 ND ND ND
30 29.0 29.0 8.08 0.40 70.92 64.8 17.4 17.6 510.78 9,120 4,050 0.44 520.19 3,231.19 0.00
31 30.0 29.5 7.91 0.40 71.32 63.8 18.2 17.8 563.85 8,140 3,600 0.44 ND ND ND
32 29.0 29.0 8.02 0.20 71.52 63.2 19.0 17.6 527.52 8,200 3,360 0.41 ND ND ND
33 29.0 29.0 7.96 0.20 71.72 63.9 18.9 16.7 391.17 8,500 3,420 0.40 394.10 3,777.35 0.00
34 30.0 29.0 8.01 0.00 71.72 62.3 19.9 17.4 305.02 8,800 3,360 0.38 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)
b
Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956) ND, Not determined
¢ Titration method (AOAC International, 2000) A, Alkalinity; VFA, Volatile fatty acids
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mawuInd 10 mswaatimulugiiadinmonmadudlynasiil Total solids 3.0% (minaed3ias) veniminudeailinnuiu 15.19% 1AugiTeo 0.04% (imin

A01311A5) 1u Single-stage digester N1U33NA5HIN 10 33 19 Seed culture 3T 1 (5391 1 319 3.59)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)*
(Day)  Room Slurry perday accumulated  CH, Co, N, (mg/L)’ (mg as (mg as Acetate  Propionate  Butyrate
CaCO,/L)*  acetate/L)’

0 31.0 31.0 6.63 0.00 0.00 0.0 0.0 0.0 9,892.24 1,014 720 0.71 0.00 203.60 130.20
1 31.0 30.0 5.81 3.84 3.84 ND ND ND 8,132.47 1,620 3,240 2.00 ND ND ND
2 30.0 30.0 5.62 9.04 12.88 13.4 84.9 1.6 5,366.43 2,961 4,590 1.55 ND ND ND
3 29.0 29.0 6.09 14.73 27.61 12.8 86.2 0.8 4,527.89 4,409 5,820 1.32 2,426.40 1,901.30 1,540.50
4 29.0 29.0 6.42 5.10 32.71 9.9 89.9 0.1 2,893.25 5,309 7,380 1.39 ND ND ND
5 29.0 29.0 6.66 1.58 34.29 11.0 88.6 0.2 3,445.21 6,802 7,890 1.16 ND ND ND
6 29.0 29.0 6.48 2.40 36.69 12.6 86.8 0.1 3,270.07 7,500 9,000 1.20 3,012.20 2,020.30 1,659.10
7 30.0 29.0 6.55 1.20 37.89 13.5 86.1 0.2 2,028.17 7,676 10,440 1.36 ND ND ND
8 29.0 29.0 7.12 1.00 38.89 14.5 85.3 0.1 2,044.09 9,612 9,900 1.03 ND ND ND
9 30.0 30.0 7.23 1.50 40.39 16.7 83.0 0.2 2,569.11 9,658 11,010 1.14 4,051.54 2,812.14 2,562.50
10 29.0 29.0 7.17 1.20 41.59 21.8 77.8 0.2 3,320.08 5,612 7,800 1.39 ND ND ND
11 29.0 29.0 7.36 1.00 42.59 26.6 70.6 2.3 2,516.03 5,709 7,650 1.34 ND ND ND
12 29.0 29.0 7.53 1.25 43.84 30.5 63.6 5.9 2,160.46 5,597 7,500 1.34 3,129.10 2,435.77 2,438.65
13 29.0 29.0 7.70 1.10 44.94 30.0 54.1 15.1 2,713.31 7,009 7,500 1.07 ND ND ND
14 30.0 30.0 7.53 1.22 46.16 459 40.6 13.5 2,229.28 5,746 6,780 1.18 ND ND ND
15 29.0 29.0 7.48 1.20 47.36 52.8 343 12.6 2,235.96 7,293 6,710 0.92 3,406.29 2,266.99 2,109.24
16 30.0 30.0 7.65 1.10 48.46 54.5 30.7 14.5 1,986.56 6,888 6,750 0.98 ND ND ND
17 30.0 30.0 7.70 1.04 49.50 57.0 30.2 12.5 1,950.64 7,283 6,700 0.92 ND ND ND
18 29.0 29.0 7.78 1.00 50.50 56.8 30.6 12.3 1,987.44 6,667 6,600 0.99 3,442.95 2,041.39 1,856.69
19 29.0 29.0 7.79 1.90 52.40 58.6 28.9 12.2 1,978.65 6,211 5,900 0.95 ND ND ND
20 30.0 30.0 7.82 1.80 54.20 60.6 26.6 12.5 1,994.55 6,341 5,770 0.91 ND ND ND
21 30.0 30.0 7.89 1.80 56.00 60.0 27.1 12.6 1,955.70 6,533 5,880 0.90 2,071.84 1,009.82 215.00
22 30.0 30.0 7.88 1.60 57.60 59.0 27.9 12.8 1,850.90 5,816 5,700 0.98 ND ND ND

‘ Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

d
HPLC method (Neves et al., 2006)
ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids
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; o o v oo (o wd 1o 1o i A o y o
mawund 11 mswaatimulugiiadinmonmndudlsnasiil Total solids 4.0% (hmingedsiag) veniminudeailinnuiu 15.19% 1@ugizeo 0.04% (imin

A01311A5) 1u Single-stage digester N1U33NA5HIN 10 33 19 Seed culture 3T 1 (5391 1 319 3.59)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)*
(Day)  Room Slurry perday  accumulate  CH, Co, N, (mg/L)° (mg as (mg as Acetate  Propionate  Butyrate
d CaCO,/L)’ acetate/L)"

0 31.0 31.0 6.67 0.00 0.00 0.0 0.0 0.0 10,551.40 840 840 1.00 40.83 222.30 98.80
1 31.0 30.0 5.27 3.05 3.05 ND ND ND 9,942.47 1,278 3,360 2.63 ND ND ND
2 30.0 30.0 5.55 8.93 11.98 6.0 76.1 17.7 7,017.63 2,833 5,100 1.80 ND ND ND
3 29.0 29.0 5.71 4.62 16.60 5.5 74.6 19.1 5,921.08 2,896 6,660 2.30 2,124.44 1,561.47 1,236.56
4 29.0 29.0 5.75 3.20 19.80 6.2 78.8 14.8 3,783.49 4,703 8,700 1.85 ND ND ND
5 29.0 29.0 6.15 2.58 22.38 4.1 83.5 11.7 4,505.27 6,880 9,150 1.33 ND ND ND
6 29.0 29.0 6.23 2.40 24.78 3.7 84.3 11.2 4,276.25 7,393 10,350 1.40 3,169.21 2,180.40 1,749.20
7 30.0 29.0 6.18 2.20 26.98 5.3 93.7 10.2 2,652.22 8,019 12,750 1.59 ND ND ND
8 29.0 29.0 6.67 1.50 28.48 4.3 95.4 10.1 2,673.05 10,000 13,200 1.32 ND ND ND
9 30.0 30.0 6.87 1.20 29.68 7.6 91.8 10.1 3,359.61 9,073 11,250 1.24 3,880.74 2,198.88 2,376.60
10 29.0 29.0 7.03 1.20 30.88 11.8 79.7 6.1 4,341.65 4,892 6,800 1.39 ND ND ND
11 29.0 29.0 6.98 1.50 32.38 17.9 91.4 10.2 3,290.20 4,963 6,650 1.34 ND ND ND
12 29.0 29.0 7.33 1.20 33.58 19.9 89.9 10.2 2,825.21 4,851 6,500 1.34 2,090.02 1,780.67 2,018.50
13 29.0 29.0 7.07 1.30 34.88 20.1 67.9 11.5 3,548.17 6,075 6,500 1.07 ND ND ND
14 31.0 30.0 7.13 1.10 35.98 20.8 67.0 11.7 2,915.21 4,898 5,780 1.18 ND ND ND
15 30.0 30.0 7.20 1.15 37.13 22.7 64.8 12.0 2,835.90 5,143 5,760 1.12 2,071.05 2,865.90 2,909.40
16 30.0 30.0 7.23 1.10 38.23 24.5 62.9 12.1 2,986.45 5,653 5,540 0.98 ND ND ND
17 30.0 30.0 7.34 1.10 39.33 30.2 57.9 11.4 2,750.64 5,946 5,470 0.92 ND ND ND
18 29.0 29.0 7.25 1.20 40.53 30.8 57.2 11.5 2,487.60 5,520 5,410 0.98 1,980.60 2,545.90 2,832.90
19 29.0 29.0 7.65 1.30 41.83 36.5 51.7 11.3 2,278.55 6,212 5,280 0.85 ND ND ND
20 29.0 29.0 7.74 1.18 43.01 38.7 49.4 11.4 2,194.65 5,724 4,980 0.87 ND ND ND
21 29.0 29.0 7.78 1.19 44.20 37.1 523 10.1 2,055.75 5,400 4,860 0.90 1,880.40 1,469.80 1,605.01
22 29.0 29.0 7.81 1.10 45.30 36.9 51.0 11.6 1,850.50 5,640 4,850 0.86 ND ND ND

‘ Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England)
b

Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

d
HPLC method (Neves et al., 2006)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids
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d' a A 2] = v o U Aa . H o 1 H o Y Aa zﬁ/ a = o
MyNNuInn 12 mawaalmulugdmessininainmniiuan)zwasni Total solids 1.0% (Hn1inaAp151103) YvouhuinuRInNANLFsL 15.19% @uten Tudiondama
0.088% (Minae1/511a3) lu Single-stage digester NT1F3A5%37N 10 a3 19 Seed culture YA 1 (530 1 31/71 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday accumulated CH, Co, N, (mg/L)b (mg as (mg as Acetate Propionate Butyrate
CaCOS/L)C acetate/L)”

0 31.0 31.0 7.36 0.00 0.00 0.0 0.0 0.0 2,299.06 1,000 1,200 1.20 0.00 0.00 0.00
1 31.0 31.0 6.98 3.42 3.42 6.9 92.3 0.2 2,045.95 2,800 1,650 0.59 ND ND ND
2 31.0 31.0 7.52 7.02 10.44 16.0 83.3 0.1 2,062.28 4,620 2,550 0.55 ND ND ND
3 30.0 30.0 7.68 3.83 14.27 19.0 80.5 0.2 1,862.24 6,300 2,550 0.40 529.13 586.51 299.00
4 30.0 30.0 7.57 4.50 18.77 18.7 79.9 0.8 1,429.49 6,900 3,450 0.50 ND ND ND
5 29.0 29.0 7.73 2.48 21.25 21.5 75.3 2.7 1,939.50 7,200 3,450 0.48 ND ND ND
6 29.0 29.0 6.86 1.53 22.78 26.1 66.8 6.3 1,133.20 5,000 4,800 0.96 1,187.47 554.39 625.95
7 30.0 29.0 7.45 1.13 2391 28.9 57.5 13.2 1,306.71 6,400 3,900 0.61 ND ND ND
8 29.0 29.0 7.43 0.77 24.68 32.7 52.2 14.7 1,323.04 6,400 3,990 0.62 ND ND ND
9 30.0 30.0 7.49 0.72 25.40 355 47.1 16.8 1,355.70 6,500 4,050 0.62 1,296.91 507.12 705.36
10 30.0 30.0 7.57 0.63 26.03 38.4 42.5 18.4 1,178.11 6,600 3,810 0.58 ND ND ND
11 31.0 30.0 7.47 0.58 26.61 41.6 39.8 18.2 1,478.46 6,700 3,900 0.58 ND ND ND
12 29.0 29.0 7.38 0.59 27.20 42.4 36.2 20.8 1,289.85 6,800 3,900 0.57 949.31 902.11 1,062.25
13 29.0 29.0 7.35 0.72 27.92 46.0 31.8 21.7 1,149.00 6,900 3,960 0.57 ND ND ND
14 29.0 29.0 7.59 0.63 28.55 46.0 28.8 24.7 817.09 6,840 3,540 0.52 ND ND ND
15 30.5 30.5 7.62 0.77 29.32 50.0 27.3 222 884.45 7,000 3,600 0.51 1,006.12 865.07 1,166.58
16 31.0 31.0 7.64 0.76 30.08 52.0 25.8 21.8 1,370.21 7,100 3,630 0.51 ND ND ND
17 31.0 30.0 7.76 1.08 31.16 54.1 252 20.1 1,224.06 7,000 3,240 0.46 ND ND ND
18 30.0 30.0 7.93 0.24 31.40 56.1 23.6 19.7 1,433.08 7,200 3,150 0.44 1,584.04 1,187.65 130.08

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids
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c; 1 a A %) = U o
AT INUINNT 12 (71D) miwammu"lugﬂﬂwmmwmﬂmnuumﬂzﬁa

0.088% (1 miinaedSuas) Tu Single-stage digester i

%

=

U

311054300 10 85 19 Seed culture 3 1 (839 1 31/%1 3.57)

{ H 1 %} v
IN¥ Total solids 1.0% (1111inAeUSu195) vosrmiiny

@

Y

d'd dy a = Y
RINUANUFU 15.19% 1auon Tutlousama

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCO,/L)"  acetate/L)’

19 29.0 29.0 7.86 0.26 31.66 59.1 22.0 18.2 1,245.29 7,300 2,400 0.33 ND ND ND
20 29.0 29.0 8.04 0.20 31.86 60.0 22.0 17.5 659.79 7,700 2,760 0.36 ND ND ND
21 29.0 29.0 8.03 0.20 32.06 60.3 21.6 17.7 585.49 7,400 2,350 0.39 1,387.62 930.90 93.74
22 29.0 29.0 8.02 0.16 32.22 60.9 20.7 18.2 823.16 8,200 3,090 0.38 ND ND ND
23 30.0 29.0 7.96 0.18 32.40 60.1 20.0 18.8 409.54 8,000 3,090 0.39 ND ND ND
24 29.0 29.0 8.11 0.12 32.52 59.2 19.5 20.9 394.84 8,480 2,520 0.30 885.77 852.05 82.03
25 30.0 30.0 8.19 0.08 32.60 59.7 19.3 20.7 314.41 8,400 2,400 0.29 ND ND ND
26 29.0 29.0 8.19 0.04 32.64 58.1 18.8 229 286.65 8,440 2,400 0.28 ND ND ND
27 29.0 29.0 7.99 0.04 32.68 58.1 18.1 23.3 205.00 8,320 2,250 0.27 693.25 1,139.53 0.00
28 29.0 29.0 8.08 0.00 32.68 57.2 17.3 25.0 378.98 8,860 2,250 0.25 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids
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- a A S v o
AT NNHINN 13 mswamm‘wu“lugﬂmmmmwmﬂmnuumﬂzﬁa

[

N

; y : y
17 Total solids 1.0% (Y¥1inae1/3u1a3) veariminuia

0.142% (Hmiinae1/511a5) T Single-stage digester NHUSaA5HIIN 10 8As 19 Seed culture yah 1 (6901 1 317 3.57)

A g a ~
NUANUTU 15.19% LGI?JTWLW]’(?{L%EJNIIHLGI?VI

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCOy/L)°  acetate/L)’

0 31.0 31.0 7.26 0.00 0.00 0.0 0.0 0.0 2,290.90 1,100 1,500 1.36 60.83 244.72 0.00
1 31.0 31.0 7.20 2.30 2.30 23.1 61.2 14.9 2,172.51 3,300 1,350 0.41 ND ND ND
2 31.0 31.0 7.46 8.37 10.67 0.0 99.3 0.1 1,490.73 4,800 2,940 0.61 ND ND ND
3 30.0 30.0 7.66 432 14.99 0.0 99.9 0.1 935.51 7,400 3,750 0.51 1,165.44 936.16 172.06
4 30.0 30.0 7.71 1.17 16.16 6.1 93.1 0.1 739.55 8,000 3,960 0.50 ND ND ND
5 29.0 29.0 7.80 1.53 17.69 18.2 81.2 0.2 1,490.42 8,200 4,050 0.49 ND ND ND
6 29.0 29.0 6.30 2.43 20.12 222 76.8 0.5 986.23 5,500 5,700 1.04 1,634.37 844.81 436.52
7 30.0 29.0 7.26 1.94 22.06 21.5 77.6 0.7 1,020.93 6,780 4,950 0.73 ND ND ND
8 29.0 29.0 7.33 0.77 22.83 23.5 66.2 9.8 939.28 6,600 4,800 0.73 ND ND ND
9 30.0 30.0 7.41 0.76 23.59 29.4 60.6 9.6 924.99 6,700 4,800 0.72 1,699.39 433.39 596.08
10 30.0 30.0 7.45 0.54 24.13 342 54.4 11.0 1,501.73 7,000 4,950 0.71 ND ND ND
11 31.0 30.0 7.36 0.22 24.35 38.5 49.7 11.2 2,207.18 6,400 4,500 0.70 ND ND ND
12 29.0 29.0 7.30 0.41 24.76 42.9 45.5 11.1 1,916.92 6,600 4,650 0.70 1,738.39 1192.88 843.37
13 29.0 29.0 7.34 0.45 25.21 46.8 39.1 13.7 1,196.77 6,840 4,620 0.68 ND ND ND
14 30.5 30.0 7.52 0.90 26.11 47.7 353 16.6 1,040.00 6,900 4,500 0.65 ND ND ND
15 31.0 31.0 7.53 0.58 26.69 47.2 314 21.0 1,582.50 7,200 4,440 0.62 1,839.94 1,298.57 689.92
16 31.0 30.0 7.56 3.38 30.07 50.0 28.6 20.9 1,064.02 7,200 4,260 0.59 ND ND ND
17 30.0 30.0 7.78 0.22 30.29 55.5 272 16.6 810.09 7,400 4,050 0.55 ND ND ND
18 29.0 29.0 7.93 0.20 30.49 57.0 24.9 17.6 677.82 7,600 3,840 0.51 1,515.32 1,251.22 616.14

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids
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c; 1 a A %) = U o
A1 INUINN 13 (71D) miwammu"lugﬂﬂwmmwmﬂmnuumﬂzﬁa

%

N

A . 3 v 1 3 Y Y A X a =
NU Total solids 1.0% (u?ﬁuﬂ@l@iﬁiﬂ?ﬁﬁ) VOIUIUUNUVINUANNUYU 15.19% maﬂmmm%u"lu

1A5N 0.142% (H1inae1/5u1a5) Tu Single-stage digester NHUSaNAsHIIN 10 8as 19 Seed culture o 1 (5391 1 317 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
C€:1C03/L)C acetate/L)”

19 29.0 29.0 7.88 0.18 30.67 59.6 22.8 17.1 670.82 7,300 3,600 0.49 ND ND ND
20 29.0 29.0 8.08 0.16 30.83 59.6 21.8 18.2 531.60 8,000 3,720 0.47 ND ND ND
21 29.0 29.0 8.05 0.14 30.97 61.5 21.0 17.1 565.90 8,200 3,660 0.45 1,148.01 801.45 0.00
22 30.0 29.0 8.00 0.12 31.09 61.3 20.2 17.9 581.82 8,000 3,450 0.43 ND ND ND
23 29.0 29.0 7.92 0.12 31.21 62.4 19.8 17.3 467.10 8,600 3,540 0.41 ND ND ND
24 30.0 30.0 8.11 0.10 31.31 63.6 19.7 16.4 445.05 8,840 3,540 0.40 1,082.88 1,164.05 0.00
25 29.0 29.0 8.28 0.08 31.39 63.5 19.3 16.9 396.88 9,000 3,450 0.38 ND ND ND
26 29.0 29.0 8.12 0.06 31.45 62.6 19.1 17.8 326.66 8,600 3,150 0.37 ND ND ND
27 29.0 29.0 7.97 0.04 31.49 62.2 18.5 18.8 272.36 8,800 3,120 0.35 800.69 1,047.63 0.00
28 29.0 29.0 8.07 0.00 31.49 62.4 18.1 18.7 138.87 9,200 3,000 0.33 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids
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AT NNHINN 14 mswamm‘wu“lugﬂmmmmwmﬂmnuumﬂzﬁa

Gi’f]’lﬁiﬂ@]i) Tu Single-stage digester nNSaasvain 10 803 19 Seed culture °];‘$511L7l 1 (ﬁ'\ﬁ?l 1 giﬁl 3.50)

[

A . %‘ @ 1 %‘ o Y A g a = %} o
30U Total solids 1.0% (umuﬂmﬂ?mm) VDIUIHUNUHINUANINTU 15.19% ANYLTY 0.02% WU

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)*
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate  Propionate  Butyrate
CaCO,/L)*  acetate/L)"

0 30.0 29.0 7.25 0.00 0.00 ND ND ND 2,744.06 1,220 750 0.61 60.83 244.72 0.00
1 28.0 28.0 6.91 0.50 0.50 15.6 31.2 50.5 1,760.17 1,760 900 0.51 ND ND ND
2 29.0 29.0 6.66 4.10 4.60 22.2 73.8 3.5 2,282.73 2,500 1,830 0.73 ND ND ND
3 29.0 29.0 7.11 5.31 9.91 22.6 76.5 0.2 2,560.34 3,700 2,550 0.69 1,376.57 642.07 613.71
4 30.0 29.0 6.96 4.28 14.19 24.6 74.5 0.1 1,990.53 5,100 3,630 0.71 ND ND ND
5 31.0 30.0 7.07 3.78 17.97 22.0 77.3 0.2 1,949.70 5,500 3,900 0.71 ND ND ND
6 30.0 30.0 7.04 1.17 19.14 28.9 70.3 0.4 1,349.57 5,840 3,930 0.67 3,369.38 2,388.39 1,490.47
7 30.0 29.0 7.20 1.22 20.36 323 64.5 2.7 1,559.82 6,200 3,990 0.64 ND ND ND
8 30.0 30.0 7.20 1.13 21.49 354 59.4 4.8 1,504.71 6,300 4,050 0.64 ND ND ND
9 29.0 29.0 7.21 1.04 22.53 36.9 54.8 8.0 1,210.77 6,360 4,020 0.63 1,516.84 928.22 871.04
10 30.0 29.5 7.41 0.80 23.33 40.8 49.7 9.1 1,212.81 7,000 4,320 0.62 ND ND ND
11 29.0 29.0 7.30 0.59 23.92 44.5 46.8 8.3 1,304.67 7,000 4,140 0.59 ND ND ND
12 28.0 28.0 7.37 0.36 24.28 45.0 43.1 11.6 384.06 7,100 4,110 0.58 1,411.50 1,131.66 717.64
13 30.0 30.0 7.36 0.77 25.05 45.0 39.5 15.3 584.11 7,000 3,900 0.56 ND ND ND
14 29.0 29.0 7.44 0.86 2591 47.4 36.5 15.8 829.06 7,320 3,750 0.51 ND ND ND
15 29.0 29.0 7.61 0.86 26.77 50.0 33.5 16.2 739.93 7,420 3,780 0.51 1,521.85 1,115.74 279.39
16 29.0 29.0 7.64 0.95 27.72 51.0 30.7 17.9 750.49 7,400 3,750 0.51 ND ND ND
17 29.0 29.0 7.66 0.99 28.71 52.5 28.9 18.1 378.10 7,500 3,390 0.45 ND ND ND
18 29.0 29.0 7.59 0.65 29.36 54.4 27.4 17.7 434.03 7,300 3,360 0.46 2,199.34 1,137.4 253.58
19 27.0 27.0 7.65 0.54 29.90 55.7 26.1 17.9 390.76 7,100 3,360 0.47 ND ND ND
20 28.0 28.0 7.80 0.43 30.33 54.0 25.2 20.4 376.20 7,500 3,300 0.44 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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ATNNNUINT 15 mswa@m‘wu“lugﬂﬂwmsmmwmﬂmnuumﬂzﬁ

[

a

=1

U5ua9) lu Single-stage digester N331A3130 10 805 19 Seed culture °];‘$511L7l 1 (690 1 giﬁl 3.50)

A . %‘ @ 1 %‘ o Y A g a = %} @ [
NU Total solids 1.0% (umuﬂmﬂ?mm) VDIUIHUNUHINUANINTU 15.19% ANYLTY 0.08% (WU UNND

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)° Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)"
(Day) Room Slurry per day  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCO,/L)"  acetate/L)’

0 30.0 29.0 7.17 0.00 0.00 ND ND ND 2,184.75 1,200 750 0.63 36.11 290.39 0.00
1 28.0 28.0 6.78 1.44 1.44 16.2 38.2 45.1 1,992.88 2,000 960 0.48 ND ND ND
2 29.0 29.0 6.63 10.88 12.32 18.7 78.4 2.5 2,539.93 2,520 1,950 0.77 ND ND ND
3 29.0 29.0 7.06 7.52 19.84 24.6 74.7 0.2 3,131.89 4,000 2,850 0.71 1,197.06 1,280.63 414.72
4 30.0 29.0 7.14 4.64 24.48 30.4 68.0 1.2 2,004.82 5,800 3,570 0.62 ND ND ND
5 31.0 30.0 7.28 3.52 28.00 31.4 66.4 1.9 1,943.58 6,800 3,840 0.56 ND ND ND
6 30.0 30.0 7.29 1.60 29.60 32.7 62.8 4.2 1,827.23 6,980 4,140 0.59 3,811.58 2,820.99 1,856.27
7 30.0 29.0 7.33 1.44 31.04 31.8 60.3 7.6 1,365.90 7,500 4,260 0.57 ND ND ND
8 30.0 30.0 7.25 1.52 32.56 33.2 58.4 8.0 1,298.54 7,560 4,350 0.58 ND ND ND
9 29.0 29.0 7.25 1.44 34.00 35.1 56.6 8.0 1,108.71 5,800 4,680 0.81 1,821.23 1,007.14 911.72
10 30.0 30.0 7.42 0.96 34.96 37.0 52.4 10.4 1,298.54 8,440 4,620 0.55 ND ND ND
11 29.0 29.0 7.37 0.88 35.84 37.1 48.7 13.9 1,163.82 8,500 4,680 0.55 ND ND ND
12 28.0 28.0 7.49 0.80 36.64 38.3 45.5 15.9 976.03 8,440 4,410 0.52 1,717.24 1,286.83 757.23
13 30.0 29.5 7.40 0.80 37.44 40.0 41.1 18.4 1,012.77 8,560 4,350 0.51 ND ND ND
14 29.0 29.0 7.46 0.76 38.2 44.9 40.7 14.2 575.94 8,700 4,290 0.49 ND ND ND
15 29.0 29.0 7.65 0.52 38.72 46.0 37.2 16.4 455.79 8,640 3,900 0.45 2,199.34 1,137.40 253.58
16 29.0 29.0 7.65 0.44 39.16 50.2 354 15.1 289.98 8,720 3,900 0.45 ND ND ND
17 29.0 29.0 7.65 0.30 39.46 523 32.6 14.4 385.04 8,800 3,750 0.43 ND ND ND
18 29.0 29.0 7.57 0.23 39.69 54.4 30.7 14.4 403.00 8,000 4,050 0.51 1,655.14 991.22 0
19 27.0 27.0. 7.66 0.15 39.84 55.9 29.3 14.5 378.92 8,400 4,050 0.48 ND ND ND
20 28.0 28.0 7.76 0.00 39.84 53.0 27.6 18.9 316.14 8,840 4,290 0.49 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids

14!
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30U Total solids 1.0% (umuﬂmﬂ?mm) VDIUIHUNUHINUANINTU 15.19% ANYLTY 0.04% WU

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCOS/L)C acetate/L)’

0 31.0 31.0 7.21 0.00 0.00 0.0 0.0 0.0 2,718.58 1,420 420 0.30 0.00 0.00 0.00
1 31.0 31.0 6.94 6.80 6.80 17.6 81.9 0.1 2,330.74 3,200 1,950 0.61 ND ND ND
2 31.0 31.0 7.56 12.47 19.27 19.7 79.7 0.2 1,687.94 5,400 2,700 0.50 ND ND ND
3 30.0 30.0 7.78 6.08 25.35 22.8 76.9 0.2 1,818.58 7,500 3,060 0.41 967.40 506.70 385.31
4 30.0 30.0 7.60 5.72 31.07 18.2 81.1 0.1 1,785.92 7,400 3,600 0.49 ND ND ND
5 29.0 29.0 7.66 3.69 34.76 21.8 71.7 0.1 1,365.21 7,280 3,540 0.49 ND ND ND
6 29.0 29.0 6.82 3.02 37.78 33.0 66.5 0.2 1,650.99 4,900 5,190 1.06 1,385.17 858.48 612.78
7 30.0 29.0 7.20 0.99 38.77 39.1 55.9 4.6 1,323.56 7,100 7,050 0.99 ND ND ND
8 29.0 29.0 7.43 0.50 39.27 44.6 50.5 4.5 1,156.18 7,000 4,140 0.59 ND ND ND
9 30.0 30.0 7.47 1.22 40.49 47.0 443 8.1 1,421.23 7,200 4,050 0.56 1,364.18 1,056.69 900.78
10 30.0 30.0 7.57 1.35 41.84 50.5 38.6 10.2 1,182.40 7,000 3,750 0.54 ND ND ND
11 31.0 30.0 7.46 1.35 43.19 54.2 355 9.6 949.70 7,400 3,930 0.53 ND ND ND
12 29.0 29.0 7.45 1.40 44.59 56.1 314 12.1 912.90 7,300 3,900 0.53 1,269.27 963.13 1,141.66
13 29.0 29.0 7.43 1.49 46.08 62.2 28.3 9.0 921.06 7,200 3,660 0.51 ND ND ND
14 30.5 30.0 7.50 1.76 47.84 64.7 26.8 8.1 870.31 6,800 3,450 0.51 ND ND ND
15 31.0 31.0 7.54 1.26 49.10 66.7 25.5 7.5 810.67 6,900 3,330 0.48 1,184.84 1,051.58  1,055.85
16 31.0 30.0 7.45 1.31 50.41 67.5 242 7.9 707.21 7,120 3,300 0.46 ND ND ND
17 30.0 30.0 7.76 0.32 50.73 68.2 23.9 7.5 536.56 7,200 3,210 0.45 ND ND ND
18 29.0 29.0 7.97 1.22 51.95 69.2 234 7.2 694.15 7,200 3,060 0.43 1,126.48 884.02 709.86
19 29.0 29.0 7.90 0.72 52.67 69.1 224 8.1 626.51 7,320 3,090 0.42 ND ND ND

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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(ihminaed3uas) Tu Single-stage digester NT133nAsHIIN 20 Aas 19 Seed culture AT 1 (5
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@

an 131 3.50)

A . 3 L 5 o Y Aa X a e
INY Total solids 1.0% (mwuﬂmﬂ“}mm) VDIUIUUNUHINUANNYU 15.19% nyYLIY 0.04%

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionate  Butyrate
CaCOS/L)C acetate/L)”

20 29.0 29.0 8.04 0.72 53.39 68.5 21.5 9.5 770.13 7,600 3,090 0.41 ND ND ND
21 29.0 29.0 7.96 0.81 54.20 69.3 21.2 9.1 804.42 7,900 3,180 0.40 1,104.04 1,004.55 721.16
22 30.0 29.0 7.87 0.27 54.47 70.1 21.2 8.5 827.24 7,900 3,000 0.38 ND ND ND
23 29.0 29.0 7.87 0.41 54.88 70.3 21.1 8.3 599.37 8,400 3,000 0.36 ND ND ND
24 30.0 30.0 8.01 0.49 55.37 69.1 20.8 9.6 517.31 8,200 2,700 0.33 967.78 1,237.59 0.00
25 29.0 29.0 8.14 0.27 55.64 68.8 20.5 10.2 498.13 8,400 2,550 0.30 ND ND ND
26 29.0 29.0 7.95 0.36 56.00 68.1 20.1 114 424.64 8,520 2,580 0.30 ND ND ND
27 29.0 29.0 7.94 0.27 56.27 68.2 19.2 12.2 448.32 8,720 2,400 0.28 905.82 884.02 0.00
28 29.0 29.0 8.06 0.23 56.50 68.7 18.9 12.0 378.10 8,600 2,220 0.26 ND ND ND
29 29.0 29.0 7.96 0.36 56.86 70.4 18.9 10.5 409.54 8,000 2,070 0.26 ND ND ND
30 29.0 29.0 8.25 0.27 57.13 69.6 18.8 11.3 454.85 8,240 2,100 0.25 420.85 933.49 0.00
31 30.0 29.5 7.97 0.27 57.40 69.2 18.6 11.8 44424 7,800 1,890 0.24 ND ND ND
32 29.0 29.0 8.04 0.23 57.63 70.5 18.0 11.1 398.51 8,400 1,950 0.23 ND ND ND
33 29.0 29.0 8.03 0.27 57.90 71.1 18.3 10.3 381.37 8,220 1,860 0.23 269.47 947.32 0.00
34 30.0 29.8 7.97 0.22 58.12 72.2 17.7 10.0 319.72 7,700 1,710 0.22 ND ND ND
35 29.0 29.0 8.12 0.18 58.30 72.6 17.6 9.7 300.13 7,600 1,650 0.22 ND ND ND
36 29.0 29.0 7.98 0.16 58.46 72.4 17.3 10.2 278.49 7,800 1,890 0.24 74.36 397.36 317.24
37 30.0 29.0 7.80 0.12 58.58 72.2 17.3 10.4 253.99 7,800 1,800 0.23 ND ND ND
38 30.0 30.0 8.30 0.00 58.58 71.2 17.6 11.0 247.05 7,860 1,590 0.20 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids

€Cl
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MINWNUINN 17 mﬁwa@1m‘nu“lug1Jmcmnmwmﬂmuumﬂzﬁaw‘umgﬂaaﬂwuﬁ CMR 35-22-196 (5952804 11) NH Total solids 1.0% (Hminaedsuias) vesmiin

; g - Y . ;
URINTANUFU 17.34% 18NgiT0 0.04% (Imiinaod3uas) Tu Single-stage digester 7

=

Hf3mnastiain 50 ans 19 Seed culture 3 1 (@

@

an 131 3.50)

Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate Propionat  Butyrate
CaCOJ/L)c acetate/L)’ e

0 31.0 31.0 8.30 0.00 0.00 0.0 0.0 0.0 5,847.37 1,400 750 0.54 1,775.29 597.08 851.63
1 31.0 31.0 7.32 28.49 28.49 29 16.2 64.9 4,083.73 3,700 1,800 0.49 ND ND ND
2 31.0 31.0 6.83 54.66 83.15 1.5 12.0 69.7 2,858.98 3,640 3,300 0.91 ND ND ND
3 30.0 30.0 6.35 26.73 109.88 0.7 5.5 75.3 2,323.56 3,300 4,200 1.27 2,128.48 840.97 1,552.12
4 30.0 30.0 6.73 16.01 125.89 0.5 3.6 77.1 1,825.49 6,600 6,900 1.05 ND ND ND
5 29.0 29.0 6.67 10.07 135.96 20.1 74.0 53 2,156.18 3,880 4,350 1.12 ND ND ND
6 29.0 29.0 6.73 15.18 151.14 19.7 74.7 4.9 3,225.79 4,400 4,350 0.99 1,877.35 835.24 1317.23
7 30.0 29.0 6.67 14.85 165.99 19.6 74.6 5.0 3,242.12 4,800 4,500 0.94 ND ND ND
8 29.0 29.0 6.39 10.23 176.22 20.6 76.7 2.1 2,133.41 3,500 4,350 1.24 ND ND ND
9 30.0 30.0 6.34 8.50 184.72 23.1 75.3 1.1 1,974.20 3,600 4,800 1.33 2,011.51 1,079.09  2,025.94
10 30.0 30.0 6.42 12.00 196.72 26.3 68.5 1.2 1,721.08 3,700 4,890 1.32 ND ND ND
11 31.0 30.0 6.43 14.00 210.72 33.6 64.5 1.5 1,242.08 3,400 4,410 1.30 ND ND ND
12 29.0 29.0 6.56 13.60 224.32 41.0 55.7 2.9 1,188.19 3,640 4,560 1.25 1,359.97 1,125.27  1,438.02
13 29.0 29.0 6.67 12.00 236.32 49.0 44.5 5.8 1,057.14 3,700 4,200 1.14 ND ND ND
14 30.5 30.0 7.23 10.20 246.52 59.2 342 6.0 1,172.27 3,720 3,600 0.97 ND ND ND
15 31.0 31.0 7.56 9.15 255.67 66.6 25.5 7.4 903.17 4,100 3,300 0.80 1,358.04 1,169.90  1,399.48
16 31.0 30.0 7.60 8.25 263.92 72.0 18.5 8.8 574.47 4,400 3,120 0.71 ND ND ND
17 30.0 30.0 7.80 8.80 272.72 73.7 16.6 9.2 534.87 4,800 3,000 0.63 ND ND ND
18 29.0 29.0 7.71 6.00 278.72 74.4 16.7 8.5 723.07 4,740 2,730 0.58 182.66 1,106.01 1,110.75
19 29.0 29.0 7.63 5.60 284.32 74.9 16.8 7.8 658.57 4,820 2,550 0.53 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)
¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids

174!
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CMR 35-22-196 (3952804 11) N1 Tota

1 solids 1.0% (WvinaeUsu1as) vod

3 v Y Aa X a A 3 v 1 . . Aa o a v A o A
UIHUNUHINUANNTU 17.34% 1ANYLTY 0.04% (umuﬂmﬁmms) Tu Single-stage digester NNY3a1ITN 50 805 19 Seed culture Pan 1 ®In 1
317 3.57)
Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry per day accumulated CH, CO, N, (mg/L)b (mg as (mg as Acetate Propionat ~ Butyrate
CaCOJ/L)c acetate/L)’ e

20 29.0 29.0 7.68 5.20 289.52 75.7 15.9 8.0 558.14 4,800 2,490 0.52 ND ND ND
21 29.0 29.0 7.87 3.60 293.12 75.9 14.5 8.9 547.93 5,000 2,400 0.48 36.98 1,219.61  1,364.92
22 30.0 29.0 8.02 2.80 295.92 75.7 13.5 10.5 516.91 5,500 2,340 0.43 ND ND ND
23 29.0 29.0 7.97 2.40 298.32 75.8 13.6 10.1 476.49 5,800 2,400 0.41 ND ND ND
24 30.0 30.0 7.86 2.00 300.32 72.5 13.5 13.5 640.61 5,300 2,100 0.40 84.06 1,130.50 0.00
25 29.0 29.0 7.87 1.60 301.92 71.2 14.2 14.5 447.10 5,200 1,950 0.38 ND ND ND
26 29.0 29.0 7.88 1.20 303.12 68.6 14.2 16.7 435.66 5,400 1,950 0.36 ND ND ND
27 29.0 29.0 7.90 1.60 304.72 69.6 18.8 11.3 559.36 5,400 1,830 0.34 49.71 1,341.61 0.00
28 29.0 29.0 7.78 1.40 306.12 64.9 154 19.4 494.86 5,600 1,860 0.33 ND ND ND
29 29.0 29.0 7.96 1.20 307.32 65.3 15.6 18.7 561.81 5,700 1,860 0.33 ND ND ND
30 29.0 29.0 7.90 0.80 308.12 62.8 16.2 20.1 434.44 5,800 1,770 0.31 1.63 1,129.34 0.00
31 30.0 29.5 7.83 0.60 308.72 66.7 17.5 15.7 487.10 5,400 1,650 0.31 ND ND ND
32 29.0 29.0 7.89 1.00 309.72 66.8 17.6 15.6 446.28 5,240 1,500 0.29 ND ND ND
33 29.0 29.0 7.73 0.60 310.32 67.1 17.5 15.4 409.13 5,080 2,010 0.40 0.00 910.71 0.00
34 29.0 29.0 8.04 0.80 311.12 67.1 17.6 153 381.37 5,300 1,380 0.26 ND ND ND
35 30.0 29.0 8.10 0.60 311.72 66.7 17.7 15.5 373.20 5,540 1,530 0.28 ND ND ND
36 30.0 30.0 8.18 0.40 312.12 67.0 17.7 15.2 374.02 5,500 1,470 0.27 0.00 939.96 0.00
37 31.0 30.0 7.86 0.60 312.72 67.2 17.5 15.1 371.16 5,360 1,440 0.27 ND ND ND
38 30.0 30.0 7.94 0.30 313.02 67.3 18.1 14.5 300.13 5,240 1,560 0.30 ND ND ND
39 30.0 30.0 8.14 0.00 313.02 64.9 18.5 16.1 339.73 5,100 1,500 0.29 0.00 748.38 0.00

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids

SCl



4 a a 2] v U o v A - o J { ~ ¥ o ¥ o Aa -
maawuwInil 18 mawaalmulugdmadinmonFaniudnlzndsdunulfoniugszees s 1l Total solids 1.0% (Wriinae1/5u1as) veuhminuieanlinnudn 14.18%

g ! 1 o a $ o A H
1ANYITY 0.04% (HrinAed3u1as) T Single-stage digester N1U31IAsHIIN 50 805 19 Seed culture A 1 (597 1 317 3.57)

Time Temperature o) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA Volatile fatty acids (ppm)"
(Day) Room Slurry per day accumulated CH, CcO N H,S (mg/L)b (mg/L as (mg/L Acetate  Formate Propionate  Butyrate
(ppm) CaCO,)° as acetate)’
0 28.0 27.0 7.22 0.00 0.00 0.0 0.0 0.0 0.0 5,290.98 575 323 0.00 0.00 0.00 0.00
1 29.0 28.0 6.44 21.56 21.56 20.5 63.3 15.1 509 3,366.21 2,385 1,095 589.17 610.97 115.89 90.09
2 29.5 29.0 6.60 46.86 68.42 20.9 76.8 2.1 452 2,546.05 3,750 2,205 564.07 686.83 193.03 419.06
3 26.0 25.0 6.99 21.62 90.04 20.8 77.2 1.8 765 2,433.79 4,025 2,723 1,316.79 538.01 811.39 912.78
4 23.5 23.0 7.01 11.06 101.10 25.0 69.5 4.0 544 1,950.01 5,185 3,510 1,916.91 393.94 732.24 1,516.80
5 26.0 25.0 6.95 13.22 114.32 29.0 67.0 3.7 426 1,690.77 5,690 3,675 1,986.99 453.25 803.80 1,639.86
6 28.0 27.0 7.08 11.37 125.69 34.0 62.7 3.1 561 950.51 5,620 4,185 1,789.37 459.38 866.04 1,639.47
7 28.0 27.5 7.47 10.82 136.51 41.9 55.0 2.9 541 769.86 6,390 3,788 1,883.37 408.81 902.88 1,639.03
8 28.0 28.0 7.14 12.31 148.82 49.0 47.2 3.5 534 720.87 2,285 983 1,750.56 413.42 848.08 1,454.22
9 30.0 29.0 7.53 12.36 161.18 56.5 39.4 3.9 673 710.66 2,275 705 1,515.24 407.58 989.55 1,046.10
10 28.5 28.0 7.52 13.09 174.27 63.0 329 3.9 444 551.67 1,940 810 1,382.06 401.95 887.70 1,380.93
11 28.0 28.0 7.67 12.84 187.11 67.4 28.4 4.0 446 537.79 1,965 855 1,412.37 406.28 856.41 1,050.38
12 27.0 27.0 7.68 13.16 200.27 69.4 25.7 4.6 430 482.67 6,310 2,768 1,494.39 391.81 685.28 505.95
13 27.0 27.0 7.29 11.95 212.22 71.1 24.4 42 377 530.03 1,910 878 1,913.23 397.86 849.21 318.70
14 28.0 27.5 7.67 11.10 223.32 71.8 23.6 4.4 304 493.29 2,050 713 1,977.65 405.79 713.04 0.00
15 29.0 28.0 7.79 10.77 234.09 71.5 21.8 6.2 332 487.98 6,285 2,558 2,342.35 421.02 799.07 0.00
16 29.0 30.0 7.47 9.29 243.38 73.1 21.5 52 337 387.96 1,925 705 1,616.66 393.08 772.01 0.00
17 28.5 29.0 7.68 7.87 251.25 74.3 19.8 5.9 330 359.38 2,000 653 1,448.21 418.16 680.65 0.00
18 29.0 29.0 8.23 6.27 257.52 73.3 18.1 8.3 140 343.46 3,150 1,013 960.77 404.56 660.18 0.00

d
! Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

C
Titration method (AOAC International, 2000)

A, Alkalinity; VFA, Volatile fatty acids

9C1
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14.18% Lafugfiﬂ 0.04% (niinaedsunag) Tu Single-stage digester il

=

%} v ' %‘ o 1 g
1 solids 1.0% (umuﬂmﬂ?mm) memmunuﬁ’aﬁﬁmm%u

31054300 50 85 19 Seed culture yA% 1 (039 1 319 3.57)

Time Temperature o) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA Volatile fatty acids (ppm)*
(Day) Room Slurry per day accumulated CH, CoO, N, H,S (mg/L)" (mg/L as (mg/L Acetate Formate Propionate  Butyrate
(ppm) CaCO,)° as acetate)’

19 23.0 26.0 8.17 4.51 262.03 76.4 17.3 6.1 298 287.27 2,070 443 1,068.42 397.78 628.52 0.00
20 23.0 23.5 7.87 2.46 264.49 75.4 15.2 9.1 40 278.28 2,240 563 1,003.83 391.86 607.22 0.00
21 27.0 26.8 7.48 2.15 266.64 75.2 13.9 14.9 49 353.20 3,065 983 654.88 408.85 482.50 0.00
22 27.0 25.8 8.05 4.81 271.45 73.9 14.2 11.8 115 243.17 3,360 683 775.98 391.08 331.64 0.00
23 27.5 27.0 7.87 3.31 274.76 74.9 14.1 10.7 187 239.50 2,315 518 586.87 408.15 383.28 0.00
24 28.0 27.0 8.27 3.70 278.46 74.6 14.1 11.0 167 413.21 6,715 1,485 460.01 416.77 223.31 0.00
25 27.5 27.0 8.11 4.10 282.56 75.8 14.0 10.0 222 457.71 6,975 1028 456.75 391.16 334.66 0.00
26 28.0 28.0 8.05 341 285.97 75.4 14.0 10.4 220 460.36 6,920 953 330.67 395.65 244.10 0.00
27 29.0 29.0 7.95 341 289.38 74.3 13.9 11.5 192 465.26 7,350 1793 257.25 421.06 118.26 0.00
28 28.5 28.5 7.95 2.90 292.28 74.8 13.9 11.1 240 463.43 7,245 735 211.67 412.44 103.73 0.00
29 29.5 28.5 8.34 3.30 295.58 73.7 13.8 12.2 220 445.87 7,970 863 89.66 397.41 89.65 0.00
30 30.5 30.0 7.98 2.57 298.15 74.6 14.0 11.2 128 403.82 7,540 1890 78.90 457.21 27.87 0.00
31 31.0 30.0 8.25 2.57 300.72 74.3 14.0 11.4 157 258.69 7,950 825 41.08 510.6 0.00 0.00
32 30.0 30.0 8.10 1.62 302.34 73.9 14.4 11.5 167 288.29 8,085 840 0.00 419.67 0.00 0.00
33 31.0 31.0 8.03 1.32 303.66 72.9 14.6 12.4 168 356.67 7,845 900 0.00 403.87 0.00 0.00
34 31.0 31.0 7.86 0.34 304.00 71.5 15.0 13.4 181 286.45 7,670 810 0.00 412.28 0.00 0.00
35 32.0 31.8 8.07 0.00 304.00 69.9 15.1 14.8 171 210.92 7,410 683 0.00 398.47 0.00 0.00

‘ Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois et al., 1956)

¢ Titration method (AOAC International, 2000)

d
HPLC method (Neves et al., 2006)
A, Alkalinity; VFA, Volatile fatty acids

LTI
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Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)d
(Day) Room Slurry perday  accumulated CH, CO, N, (mg/L)b (mg as (mg as Acetate Propionate Butyrate
CaCOB/L)C acetate/L)’
0 31.0 31.0 7.19 0.00 0.00 0.0 0.0 0.0 2,820.43 1,400 750 0.54 60.83 244.72 0.00
1 31.0 31.0 6.87 17.33 17.33 18.6 80.8 0.2 1,993.49 3,000 1,650 0.55 ND ND 400.00
2 31.0 31.0 7.41 31.24 48.57 19.1 80.4 0.1 2,622.20 5,100 2,400 0.47 ND ND 950.00
3 30.0 30.0 7.52 13.53 62.10 223 77.2 0.1 3,993.92 7,000 2,700 0.39 644.48 378.07 0.00
4 30.0 30.0 7.41 14.96 77.06 18.8 80.7 0.1 2,148.63 7,100 3,390 0.48 ND ND 1,290.00
5 29.0 29.0 7.49 7.81 84.87 19.6 79.8 0.1 3,629.96 7,300 3,300 0.45 ND ND 1,450.00
6 29.0 29.0 6.62 6.22 91.08 28.8 70.6 0.2 2,311.31 4,900 4,800 0.98 1,098.35 696.19 0.00
7 30.0 29.0 7.25 7.04 98.12 34.6 64.8 0.4 1,845.91 7,000 3,600 0.51 ND ND 1,100.26
8 29.0 29.0 7.31 5.39 103.51 40.4 57.4 1.9 1,805.08 6,700 3,900 0.58 ND ND 750.29
9 30.0 30.0 7.38 4.13 107.64 44.7 51.3 3.6 1,772.11 6,800 3,750 0.55 1,321.80 930.59 0.00
10 30.0 30.0 7.43 2.58 110.22 47.7 45.7 6.1 1,814.98 6,620 3,750 0.57 ND ND 810.28
11 31.0 30.0 7.35 2.15 112.37 50.4 42.6 6.7 1,286.30 6,520 3,840 0.59 ND ND 700.29
12 29.0 29.0 7.23 1.98 114.35 53.4 38.5 7.8 1,084.21 6,500 3,900 0.60 1,520.88 973.59 0.00
13 29.0 29.0 7.30 2.75 117.10 58.3 33.6 7.6 990.31 6,600 3,900 0.59 ND ND 700.30
14 30.5 30.0 7.32 2.59 119.68 61.0 31.7 6.9 712.70 6,600 3,540 0.54 ND ND 940.27
15 31.0 31.0 7.40 2.69 122.38 61.5 29.6 8.4 1,755.25 6,600 3,510 0.53 2,975.48 2,713.39 1665.52
16 31.0 30.0 7.35 2.33 124.71 63.3 28.5 7.9 1,419.67 6,700 3,540 0.53 ND ND 990.26
17 30.0 30.0 7.48 2.15 126.85 64.0 28.3 7.2 1,735.66 6,800 3,300 0.49 ND ND 1200.24
18 29.0 29.0 7.79 2.02 128.87 64.0 27.1 8.4 1,496.83 7,400 3,540 0.48 1,613.55 1,066.15 0.00
19 29.0 29.0 7.68 1.80 130.67 65.7 25.5 8.3 1,488.26 6,840 3,000 0.44 ND ND 1,420.22

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined
A, Alkalinity; VFA, Volatile fatty acids
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Time Temperature (°C) pH Biogas yield (L) Biogas composition (%)" Starch Alkalinity VFA VFA/A Volatile fatty acids (ppm)°
(Day) Room Slurry perday  accumulated CH, Co, N, (mg/L)’ (mg as (mg as Acetate  Propionate  Butyrate
CaCO,/L)  acetate/L)’
20 29.0 29.0 7.87 1.80 132.47 66.0 24.5 9.1 1,420.89 7,400 3,150 0.43 ND ND ND
21 29.0 29.0 7.82 1.60 134.07 66.6 23.6 9.3 1,217.52 7,100 2,850 0.40 1,111.33 1,708.04 0.00
22 30.0 29.0 7.82 1.60 135.67 68.3 23.0 8.6 970.94 7,760 3,090 0.40 ND ND ND
23 29.0 29.0 7.75 1.40 137.07 66.4 22.5 10.6 858.26 7,900 2,940 0.37 ND ND ND
24 30.0 30.0 7.94 1.40 138.47 67.5 22.0 10.1 1,091.78 7,160 2,490 0.35 1,377.78 3,019.00 0.00
25 29.0 29.0 8.01 1.30 139.77 67.1 21.8 10.4 1,026.46 8,200 2,880 0.35 ND ND ND
26 29.0 29.0 8.09 1.20 140.97 68.8 21.6 9.2 1,084.44 8,440 2,700 0.32 ND ND ND
27 29.0 29.0 7.78 1.05 142.02 68.4 21.1 10.0 921.14 8,400 2,550 0.30 1,111.33 1,708.04 0.00
28 29.0 29.0 7.89 1.10 143.12 69.8 20.9 8.9 978.29 8,600 2,550 0.30 ND ND ND
29 29.0 29.0 8.05 1.00 144.12 70.0 20.6 8.9 449.95 8,500 2,490 0.29 ND ND ND
30 29.0 29.0 8.08 0.90 145.02 69.2 20.5 9.7 460.16 7,920 2,250 0.28 1,024.38 972.39 0.00
31 30.0 29.5 8.01 0.80 145.82 69.0 19.6 10.1 486.70 8,560 2,400 0.28 ND ND ND
32 29.0 29.0 7.94 0.50 146.32 72.0 19.7 8.2 400.55 8,800 2,400 0.27 ND ND ND
33 29.0 29.0 7.90 0.55 146.87 72.6 20.1 6.7 469.96 8,600 2,250 0.26 990.45 1,422.47 0.00
34 30.0 29.8 7.97 0.49 147.37 72.8 19.1 7.2 407.50 7,900 2,040 0.26 ND ND ND
35 29.0 29.0 8.05 0.28 147.64 73.0 18.9 7.5 396.88 7,840 1,740 0.22 ND ND ND
36 29.0 29.0 8.00 0.33 147.97 74.4 18.6 6.9 380.14 8,000 1,770 0.22 809.60 1,108.88 0.00
37 30.0 29.0 7.98 0.14 148.11 74.3 18.6 7.0 307.88 8,000 1,710 0.21 ND ND ND
38 30.0 30.0 8.32 0.12 148.23 76.4 16.6 6.8 22991 8,100 1,740 0.21 ND ND ND

d
: Gas Analyser (Geotech Biogas Check Analyzer, Geotechnical Instruments Ltd., England) HPLC method (Neves et al., 2006)

b
Colorimetric (Phenol-sulphuric acid) method (Dubois ef al., 1956)

¢ Titration method (AOAC International, 2000)

ND, Not determined

A, Alkalinity; VFA, Volatile fatty acids

6¢Cl
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Abstract: The production of biogas, an alternative source of energy, from starch-rich tubers of cassava
plant, was investigated in the laboratory scale using the simple single-state digesters of 5- and 20-liter
working volumes. The digesters were fed on a batch basis with the slurry of dry cassava tuber
containing the average moisture content of 18%, and operated at ambient temperature (29-31°C) for 30
days. When operating the single-state digester of S5-liter working volume fed with the optimal
concentrations of carbon and nitrogen sources, 1.00% (w/v) total solids and 0.04% (w/v) urea, the gas
yield of 1.95 liters/day containing the maximum methane content of 67.92% was achieved at 10-day
retention time. The fermentation reactions were ceased after 16-day operation. The fermentation
volume was then scaled up to 20 liters. The gas yield of 5.50 liters/day containing 55.70% methane
was obtained at 10-day retention time. Whereas the methane content of 67.57% and the gas yield of
3.88 liters/day were obtained at 14-day retention time. The fermentation reactions were ceased after
24-day operation. Biogas containing 67% methane content could be achieved from the digestion of
cassava tubers using simple single-state digesters.

Keywords: Biogas, Cassava, Cassava Tuber, Methane, Single-state Digester.
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Introduction

Biogas, the gas generated from organic digestion under anaerobic conditions by mixed population of
microorganisms, 1s an alternative energy source which has been commenced to be utilized both in rural
and industrial areas at least since 1958 [17]. The gas generally composes of methane (55-65%), carbon
dioxide (35-45%), nitrogen (0-3%). hydrogen (0-1%), and hydrogen sulfide (0-1%) [11]. The
composition of biogas depends on feed materials. Organic waste has been mainly used for the biogas
production, and several kinds of waste materials have been reported to be exploited (4, 6. 7, 9, 10, 20).
Raw cassava tubers, the cheap and abundant agriculture product in Thailand [12, 13, 14], are initially
investigated to be applied as a raw material for the bio-energy production in our previous [2] and this
studies. In this study, the maximum production of biogas and methane from the starch-rich tuber 1s
determined in laboratory scale using the simple single-state digesters

Materials and methods

Preparation of the raw material for biogas production

Fresh cassava tubers were collected from their plantation area in Nakhon Ratchasima Province,
Thailand. To obtain the consistency of the raw material for biogas production experiments, dry cassava
tubers containing the average moisture content of 18% were prepared by chopping the whole tuber into
pieces, dried under sun light over a two-day period, then crushed into small pieces (<0.2 cm’) using
blender (Waring Commercial, U.S.A.). Total solids (TS), volatile solids (VS), ash, and phosphorus
contents of the raw material were determined using standard methods [1. 3]. Total carbon and nitrogen
contents were also determined using CNS-2000 Elemental Analvzer (Leco Corporation, U.S.A).
Starch

concentration was basically detected by spectrophotometry at 580 nm absorbance in the soluble form
and presence of 1odine [8, 14].

Preparation of seed cultures

Seed cultures were prepared by mixing animal manure and liquid waste collected from the anaerobic
pond of the cassava starch production factory in Nakhon Ratchasima Province, then kept in a closed
container at room temperature with regular adding a small amount of cassava starch for 3 months
before inoculating the biogas production digester.

Biogas production from cassava tubers

The production of biogas from raw cassava tuber was performed using the simple single-state digesters
with working volumes of 5 and 20 liters (L) (Table 1, Fig. 1). The digesters were fed on a batch basis
with the slurry of dry cassava tuber containing the average moisture content of 18% and 10% (v/v) of
seed cultures. The biogas fermentation was then operated in triplicate at ambient temperature for 30
days.

Table 1 Physical Characteristics of 5-L and 20-L working volume digesters

Parameter 5L 20L
Digester height (cm) 25.00 35.00
Liqud height (cm) 13.50 31.30
Empty volume (L) 7.50 26.00
Filled volume (L) 5.00 20.00

Since the amount of main nutrients (carbon and nitrogen sources) affects the growth of
microorganisms and the production of biogas, the optimal concentrations of TS (carbon source) and
nitrogen source
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added were determined. The high carbon-to-nitrogen ratio (approximately 80:1) of cassava root (dry
weight) has been reported [16]. The optimum ratios for the maximum biogas generation have been
suggested to be 20-30:1 [15, 19]. In this study, various TS concentrations: 0.25, 0.50, 1.00, 2.00, 4.00,
and 8.00% (w/v), were applied to the 5-L reaction volume to obtain the optimum TS content. Then the
addition of urea (46% of nitrogen) as a nitrogen source at 0.00, 0.02, 0.03, 0.04, 0.10, and 0.20% (w/v)
was investigated. For stabilizing pH of cassava slurry during the anaerobic digestion, the addition of
sodium bicarbonate (0.25%, w/v) was considered whenever the volatile fatty acids-to-alkalinity ratio
was greater than 0.8. The volume of biogas produced in the digester was measured by the displacement
of water in the gas holder compartment. The pH of water 1n this holder was adjusted to 2 to avoid
carbon dioxide dissolution [1]. Gas production was measured daily. The composition of biogas
collected over water, was analyzed using the Gas Analyser (Shimadzu, Class-GC14B, Japan) equipped
with a thermal conductivity detector (TCD) and 1-M Porapak Q (80-100 mesh) column. Helium was
used as a carrier gas at a flow rate of 25 mL/min. The oven, injector, and detector temperatures were
80, 120, and 120°C respectively

Gas collector

e
!I!*II'!!III

Gas collector
Fig. 1 Single —state digesters of (A) 5-L and (B) 20-L working Volumes.

Volatile acids (acetic, propionic, and butyric acids) were analyzed using the Gas Analyser (Shimadzu,
Class-GC14B, Japan) equipped with a flame ionization detector (FID) and DB-FFAP column. Helium
was used as a carrier gas at a flow rate of 40 cm/sec whereas nitrogen was used as a makeup gas at a
flow rate of 30 mL/min. The oven, injector, and detector temperatures were 100, 250, and 300°C,
respectively. Peak areas were used to calculate concentrations by comparing to calibration curves
prepared from standard solutions of acetic, propionic, and butyric acids.

Starch content, alkalinity, and volatile fatty acids (VFA) of cassava slurry during digestion were
determined daily. Alkalinity and VFA were determined by the direct titration with sulfuric acid [1].
The VS content and the reduction of VS in the slurry were detected and calculated [20], respectively.
The measurement of pH value and temperature was also performed.

The optimal concentrations of both total solids and nitrogen were applied to produce biogas in the
scaled-up digester, 20-L working volume.
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Results and Discussion

Raw material for biogas production

Cassava plant variety KU 50 was one of dominant varieties cultivated in Nakhon Ratchasima
Province. Fresh starch-rich tubers of the plant were collected. Some physical and chemical
compositions of the tuber were analyzed (Table 2). The fresh tuber has approximately 18% of starch,
62% of moisture, 0.9% of ash, and 0.08% of phosphorus. Soccol (1996) stated that fresh cassava roots
had 20-30% of starch, 65% of moisture, 0.9% of ash, and 0.03% of phosphorus [16]. The dry starchy
material of variety KU 50 containing 18.65% of moisture, 81.35% of TS, 1.95% of ash, 98.05% of VS,
39.56% of total carbon, 38.10% of starch, 0.46% of total nitrogen, and 0.18% of phosphorus, was used
to prepare slurry to feed the simple single-state digesters. The average carbon-to-nitrogen ratio of the
dry cassava material 1s 86:1 which 1s very high ratio compared to the optimum ratios of 20-30:1 for the
maximum biogas generation [15, 19].

Table 2 Compositions of cassava tuber, plant variety KUSO0, collected from the plantation area in
Nakhon Ratchasima Province

Composition (%) Fresh weight Dry weight
Moisture 61.66 18.65
Total sohds (TS) 38.34 81.35
Volatile sohds (VS) 99.12 98.05
Total carbon 18.64 39.56
Total mtrogen 0.22 0.46
Starch 17.96 38.10
Ash 0.88 1.95
Phosphorus 0.08 0.18

B iogas production from cassava tubers

When the single-state digester with working volume of 5 L was used for optimization of some biogas
production conditions, the maximum yield of 356.35 L'’kg TS fed of biogas was achieved from 1.00%
(w/v) TS (Fig. 2). The gas yield of 1.20 liters/day composing the maximum methane content of
64.35% was obtained at 22-day retention time. The fermentation reactions were ceased after operating
for 25 days. The volatile solids reduction of fermenting slurry was 39.10%.

The supplement of urea (0.04%, w/v) to the cassava slurry (1.00%, w/v, TS) could stimulate the
maximum biogas production. The maximum yield of total biogas was 569.29 L'’kg TS fed. The gas
yield of 1.95 liters/day contaming the maximum methane content of 67.92% was achieved at 10-day
retention time (Figs. 3C, 4A and 5). The utilization of volatile solids was 56.83%. But the fermentation
reactions were ceased after 16-day operation (Fig. 4A).

When the optimal concentrations of total solids (1.00%, w/v) and urea 0.04% (w/v) were applied to the
scaled-up experiment, 20-L reaction volume, the gas vield of 5.50 liters/day containing 55.70%
methane was obtained at 10-day retention time. Whereas the methane content of 67.57% and the gas
vield of 3.88 liters/day were obtained at 14-day retention time. The fermentation reactions were ceased
after 24-day operation (Figs. 4B and 5).

When the digesters was mitially fed, acid forming-bacteria quickly produced acid resulting in
declining pH below the neutral pH and diminishing growth of methanogenic bacteria and
methanogenesis. The pH could be maintained by adding sodium bicarbonate to increase digester
alkalinity. In this study,
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sodium bicarbonate was added four times during the first week of fermentation for both bioreactor
sizes. Afterwards the digesters could maintain themselves (Fig. 4). At the daily methane yield of more
than 50% of biogas composition, the digesters operated at a pH range of 7.2 to 7.8 and 7.4 to 8.1 with
the alkalinity of 7000-7550 and 6800-9400 mg/L, and VFA of 1585-4218 and 2250-4350 mg/L, for 5-
L and 20-L cassava tuber slurry, respectively (Figs. 5 and 6).

Volatile acids (acetic, propionic, and butyric acids) accumulation during cassava tuber fermentation
were detected (Fig. 7). The concentration of propionic and butyric acids were higher than that of acetic
acid in both digester sizes. Temperatures of the cassava slurry during fermentation were found to be
between 29 and 31°C for all experiments
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Fig. 2 Biogas production from cassava tubers using (A) 0.50, (B) 1.00, (C) 2.00, (D) 4.00, and (E)
8.00% (w/v) total solids without supplementing a nitrogen source in the single-state digester of 5-L
digestion volume.
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(Fig. 4) Total biogas yield, total methane yield, and VS reduction obtained from the two bioreactor
sizes were compared (Table 3). The total biogas yields of 5-L and 20-L cassava slurry were 569.29 and
611.32 L/kg TS fed respectively. The biogas yield from 20-L working volume was 6.88% higher than
the yield from 5 L. The total methane yield was also higher (339.53 L/kg TS fed from 20 L and 263.90
L/kg TS fed from 5 L). But the average methane contents for overall reactions of 5-L and 20-L
digestion mixtures were 46.22% and 55.54%, respectively.

The theoretical biogas yield from carbohydrate has been reported to be 886 L/kg VS fed [5]. From our
experiments, the total biogas yields per kg VS fed were 474.67 L and 509.71 L from 5-L and 20-L
digestion volumes, respectively (Table 3). The obtainable products were lower than theoretical yields.
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Fig. 3 Biogas production from cassava tubers using 1.00% (w/v) total solids and urea supplements at
various concentrations: (A) 0.02, (B) 0.03, (C) 0.04, and (D) 0.10% (w/v), in the single-state digester
of 5-L reaction volume.
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Table 3 Biogas production from cassava tubers in laboratory Scale experiments

Parameter Reaction volume (L)
3 20
Total biogas yield (L'kg TS fed) 56929 611.32

Total biogas yield (Lkg VS fed) 47467 | 509.71
Total methane yield (L'kz TS fed) | 26300 | 339.53
Volatile solids (VS) reduction (%) | 36.83 | 6151

Conclusions

Biogas containing the methane content of 67% could be efficiently produced from cassava tuber slurry
(1%, w/v, TS) and the supplement of urea (0.04%, w/v) in the simple single-state digester with both 5-
L and 20-L reaction volumes. Cassava tubers used to prepared the slurry contain the average contents
of 81% of TS, 40% of total carbon, 38% of starch, and 0.5% of total nitrogen. One kilogram (kg) TS of
the dry tuber was obtained from 1.23 kg of the total dry mass prepared from the whole tuber. And one
kg of the dry cassava mass was achieved from 2.11 kg of fresh cassava tuber. From these practical
calculation results, one kg of dry cassava tuber could be biologically converted to 497.01 L of biogas,
and one kg of fresh cassava tuber could produce 235.12 L of biogas. If the energy value of biogas (50-
70% of methane content) was 22000-26000 kJ/m’, one kg of fresh and dry cassava tubers used as raw
materials for biogas production, could produce 5172.64 kJ and 10934.22 kJ energy, respectively
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Fig. 4 Biogas production from cassava tubers using 1.00% (W/V) total solids and 0.04% (W/V) urea
supplement in the single-state digesters of (A) 5-L and (B) 20-L working Volume.
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Fig.5 Methane and carbon dioxide composition of gas measured during cassava tuber fermentation in
the single-state digesters of 5-L. working volumes.
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Fig. 6 Alkalinity and volatile fatty acids measured during biogas production from cassava tubers in the
single-state digesters of 5-L and 20-L working volumes.
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