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Abstract

Biomass is an important renewable energy resource in Thailand, but some lignocellulosic
agricultural residues are still not utilized. Thus, this research aimed to evaluate the feasibility of electricity
generation using biogas produced from lignocellulosic agricultural residues. The study firstly identified high
potential lignocellulosic resources, and then searched for high-efficiency pretreatment methods, hydrolysis
processes and biogas reactors. Six different sizes of biogas engines, ranging from 200 to about 2,000 kW
were used in this feasibility study. Levelized unit costs of electricity generation were evaluated both n the
cases of pretreated and non-pretreated lignocellulosic feedstocks. The results showed that rice straw and
sugarcane tops and leaves have high potential as lignocellulosic feedstocks for biogas production. In this
study, steam explosion and enzymatic hydrolysis processes were selected for converting the feedstocks
to sugar. Upflow anaerobic sludge-fixed film (UASFF) reactor was selected for feedstock pretreatment.
Levelized unit costs from the calculation for the cases of 187 kW to 1,966 kW biogas engines were
9.29 Baht/kWh to 4.77 Baht/kWh for rice straw and 11.29 Baht/kWh to 6.21 Baht/kWh for sugarcane
top and leaves, respectively. Due to the relatively high cost of the pretreatment process, the calculated
electricity unit costs were higher than the electricity buyback rate (including the adder rate). In the case of
non-pretreated feedstocks, the continuous stirred-tank reactor (CSTR) was selected for biogas production.
When using non-pretreated rice straw and sugarcane top and leaves as feedstocks, the calculated levelized
unit costs of 187 kW to 1,966 kW biogas engines were 8.17 Baht/kWh to 4.55 Baht/kWh for rice straw and
9.37 Baht/kWh to 5.39 Baht/kWh for sugarcane top and leaves, respectively, which were also higher than
the electricity buyback rate. To promote the power generation from biogas produced from lignocellulosic
biomass, the buyback rate should cover the levelized unit cost. Thus, the adder rate for biogas produced

from lignocellulosic biomass should be higher than the current one.
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UASFF 11.58 3 0.628 0.377 60 21,535.69
CSTR 217 19 0520 0.260 50 18,958.83
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Anaavisunsaliuy CSTR = 2,800
ym/m®
A1 O&M 28N UUANTHINTWLLL UASFF=5%
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A O&MTNTL UL BB INWILLL CSTR=3%
P9TIAINeaI NIz VUi BEINWILL CSTR
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asefl 5 deyadusauuazAlddeiniaseudinedinim

AUNALATDIBUR Electrical D , A1 O&M Major overhaul Major
o A ALATDY A1 O&M .
NYPININW Efficiency maaﬂmqmﬂm'}u overhaul
(kW) (%) (L) (LMA) (UmA) @)
187 29.4 5,038,416 20,477 73,624 5
770 31.9 10,864,085 84,315 194,924 5
1136 379 14,485,446 124,392 211,204 7
1551 39.1 21,980,090 169,835 303,407 7
1966 39.4 28,341,090 215277 387,895 7
fian ‘ﬁagamn@jaﬁwmﬂLﬂ%ﬂdﬂuﬁﬁwﬁﬁa Caterpillar U55n CAT Metro
A1919% 6 vshLLiawﬁfmmmaﬂio‘Mmeuv;ns:uummmmLﬂ%f'awuﬁﬁw%amwlu 1 9 [39]
2UALAIBIEUAR BTN (KW) 187 770 1136 1551 1966
AlFanewiineu (unA) 2,610,000 | 3,174,000 | 3,834,000 | 4,956,000 | 5,076,000
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o ANTIVIINURLANTINIA ANTURNTUINTAVIINN 7 AU ATRADAGU
FUATININ . . a . .
(U/Fiu) sepzmalaiiiin 100 km (UN/6) (L /eiu)
Wi 950 400 1,350
voauazludo 840 400 1,240

3. NANTIATIEH
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8 Wty VS gan'jmammﬂuﬁaﬂ Wagan
wWednfivinuresaglasuaziafisaglasgoniy
vaaualudoy

A5 8 WANIAIUINAT VS LazA COD andmnanimaludaiais 2 oila (kg/kg DM)

- ¥fiafwia | A1 COD 370 | A1 COD 310 | A1 COD 910 | @1 COD A1 VS*
WwUwEAW | . L e, a . )
IAYAVANG LERGLAN LﬁNLﬁﬁgIaﬂ Acetic Acid TN I
Steam Wt 295.4 158.0 10.1 4635 4414
Explosion | saauazludoy 267.9 146.9 10.1 4249 404.7

“1 kg VS = 1.05 kg COD (31NN13AIUIIN)

3.2 wamsIATIERsTUURAA IWiha Rt
sruunINAnlNH1a AN s8In1wn sl
MIUSUEATWLLL Steam Explosion Wamdléisa
U 1 waznsdllsifinmsuSuanmnuanesioguil 2 uas
NaNIANUIUMNYINUBINIaLA s USNR TN BTIN TN

AgpenslinanluiinfinIaseudfodinmauiasieg
uaadlumsei 9 deufnsaluun CSTR THszoziom
msfnfuaBundiuuds 19 Ju fesanfisnsnig
Fun3ranBuNnIdenuies 2.17 kg COD/m*-day ¥ilH
Foufiauatujnsnilvaindrdsunsaluuy UASFF
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Boiler

Calylase
15 FPU/g Celukose

Electricity ( )——

Electric Generation
®

Gas Engine*
@

Co ity Ty
'7'32“';: " Hybfid@Rcactor

Biomass . NS
v e = 57
>
T Cogling Water n Cooling Water
mill Steam Explesion Lighoeellulose Enzyme Hydralysis)
Reactor Tank Reactor
@ @ @ @
Sugar
S5

Sugar Tank
@

U 1 szuuwdalwiianfadanmeedeinsaluuy UASFF fifinnsusu

AN WEINIafIui5 Steam Explosion

Biomass

mill

Electricity O—

Electric Generation  Gas Engine*
® @

Capacity Type:
187 kW

Hiogas inlet

@

770 kW
1136 kw
1551 kw
1966 kw

e [T
% ocling !_%x

Acid Tank

Cooling Water out

CSTR Reoctor

Efficiency = 72.69%

suit 2 szuundalwiinieginmdedejnsaiuuy CSTR #lsifimsusy

qNNEINIR
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A39i 9 VSsnaulwitiindald Usinudmas Usinestodinm uazsuedefnsnludazdsziandidecldsmsy

waalnihzaaasaveudistnwie 1 Ju

Usendy | dseam 2UIALATDILUR Ysuaulniin Usuuis AUIADY U3audina
Ufjnsnl Fana | Medham kW) | Andald (kwh/Au) | $aaw m¥Au) | Ufnsal (m?) (Fu/u)
UASFF Wt 187 4,488 2,551.8 470 11

770 18,480 9,684.0 1,800 41

1136 27,264 12,025.2 2,200 51

1551 37,224 159144 2,900 67

1966 47,184 20,019.0 3,700 84

ARSI 187 4,488 2,551.8 470 17
hhf 770 18,480 9,684.0 1,800 65

1136 27,264 12,025.2 2,200 81
1551 37,224 159144 2,900 107
1966 47,184 20,019.0 3,700 135

CSTR A9 187 4,488 2,899.20 4,200 10
770 18,480 11,000.20 16,000 37

1136 27,264 13,659.70 20,000 46

1551 37,224 18,077.50 26,000 61

1966 47,184 22,740.00 33,000 76

HaRALAL I 187 4,488 2,899.20 4,200 13
bRl 770 18,480 11,000.20 16,000 51
1136 27,264 13,659.70 20,000 63

1551 37,224 18,077.50 26,000 84
1966 47,184 22,740.00 33,000 106

3.3 Aunun1swanlwil (Levelized Cost of
Electricity)
HaN1IAIIUMGuuNIIRaAlWR s
wanslédozul 3 wud nsldvnsdnadiutaghudesu
fsuquainiweauszludos uaznslddafnsaiuuy
CSTR filaifinsusuanwduna figfununswaalnii

mnimslddeuinsaluuy UASFF Aifinnsusuanm
Fana fwdidefnsaluuy CSTR azdasldaun
Tnaindusitilavandiunumsuan wasudnegeds
Wilnsldfeufnsaiuuy CSTR Alifinmsusuanw
Frunaildiunumsadaluiiifisingd
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= i (UASFF) [ weauazludon (UASFF) [ wheii (CSTR) B weauazludos (CSTR)
E 11.29

S 12

= 9.2 9.37

a 10 817__

_§ 8 = 5.62 76-21 5.39
£ 6 — 455
g 4

&

3; 2 Hi =
X0 -
&

s 187 770 1136 1551 1966

PUIALATBIBUARTBEININ (KW)

sui 3 dunulnihdenmbeindnaniadinmlasldmgavreiusseeauasludoeesiojnsal

7N 2 B

sruuwAnlninaue 1966 kW fildwneing
Wuimgavuaclidojnsaiuvy CSTR #ilsifimsusy
anmdunaiifiunumgn Ao 455 UW/AWh uaziid
funugegalduiszuunanlviioun 187 kw #ldly
uazpandenduingiy waclddojnsaluvy UASFF
AfnsusuanmEamaiisuugege fe 1129 ww/

MIUSUENNWEINIaAI8I5 Steam Explosion 2849

deufnsaluuy UASFF ddadudeudregerssan
50-60% BeIFUNUMTHARTIONAN Snunsallds
Ufnsaluuy CSTR #lifimsysuanndasna woh
hadviifinasofiugunisdalniianniige Ao szuud

Ufjnsnindnfinsdinm seiAszann 48-56% 289

kWh Lﬁaﬁﬁmm'lé’fmdaummﬁunumswﬁm‘tﬂﬂwm AUNUNTHRRTIINNA
919 2 szumﬁ’mam‘lugﬂﬁ 4 uaz U 5 wud duyu
- AN NALNIU
™ SeuUHARLWGn 3% .
ruundnfing KA ALHDLWRY
Fanmw : 21%
N i, L > 2

seuulalaslada
5%

et
SSse3sagasseeesees

ittt :
e

B Tt e R T
'.‘.

JruuUSuanw
50%

U 4 dasuzesduunisndalniiianfhasdinwessdedjnaniuuy UASFF fifinnsusuanm

Faad835 Steam Explosion
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SLUUHAALWTN
17%

AN INAUIU
3%

-1 a
- ﬂﬂ ¥ RIYIEN
ot

JTUUNIRUTINIR
0%

-

JLUUNRANTA
3%

T e el
e et e e e o

e e e el el

SLUUNINANY
Fanw
56%

suil 5 daduduuniswanlwihanfirsiinmassdafnsaluvy CSTR flaifimsususam

TN

4. 83

madszifiudnenmoasiimnaludszina 2 wiad
dnednfaiinwiiawdalwin TasdsnainySunn
fmdeannisldstlemiuasySamnanoaglas 1od
iaglasi wudn Wi seauszludesiidnenm
gefiga dununiseanlwiildvneinnduinghu
sodulunisnanfiisdinmfiduyudiniieeauas
Tudes sruunAalwihiindnfsdinwaindeingal
wwy CSTR Alifimsusuanndsnaifunusiniy
faUfnsaiuun UASFF fifinnsduanmdana funu
sfulvarestsvunialiiniindnfinsdinan a1nds
Ufnsaluuy CSTR ilsifimsusuanmdanaagiie
szoudsUfnsaiuuy CSTR iilpsannlaifinisuiuann
Jesialdtioninounalvajin susiisunuessszuy
nan A lFSsUAnsaluwy UASFF fifinnsuSusnm
Funasgfidazuuysuanw aglsia maUsuanm
FruransutiuendnaINIIatIBanIUINYTNIAT
vandnlaan sl Seireanilymdssiavesiud
dpenslé

TusuraauulltinvessnAsuunanfinsdinw
WUU UASFF uazssuy CSTR 879189 viniu
Yszinmafimasivayuuasimumaluladfussuy
nanfsdI Wiz andunsidaunelulseina
Foazaanaindnnalulafanselssmaiisdeeiinng
WWond uazmndnisdanisidduingavildidu
Wonde Taviedanideaiuayuninianlisslomi
Frundsounauny  e1aasnaliiagmisldninis
mwmﬁgaﬁuﬁu%u ualdladnansznusifununs
waalviisnnin mszegludasdufimmnu3eudioy
fun1swasunlassimszuurdniiadinam sadu
AN arINE L LSRN UAINTIANTEUUNARRNT
I

5. AnAnIINUsENA
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