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GRAPHICAL ABSTRACT ABSTRACT

Biomass Simulation model of the biomass gasification combined cycle power generation system

Operating conditions

This research investigates

the simulation of a biomass

Ywmwn  gasification combined cycle power

generation system and the
assessment of its global warming

potential (GWP). Process simulations

N

were conducted using Aspen Plus

Power output

Global warming potential assessment (GWP)

g B8 coen o 5, @mw y ;g Ex@ V.12.1 to investigate the effects of
Total Power | Total Pomer % < gasification temperature and the

|
4726.87 kW 4689.02 kW 0.032 0.055 |

s eI 1 O o it kgCOze/kWh kgCOze/kiWh steam-to-biomass ratio on power
generation. Two types of biomass
widely available in Thailand, namely cassava pulp and corncob, which are residues from the starch and feed mill industries, respectively,
were selected as feedstocks. The results indicated that the optimum operating conditions for maximizing total power generation were a
gasification temperature of 1000°C and a steam-to-biomass ratio of 1. Both biomass feedstocks exhibited comparable power generation
performance. However, cassava pulp achieved a higher total power output of 4,726.87 kW and a net power output of 2,693.69 kW. In addition,
the environmental impact in terms of GWP was evaluated under a cradle-to-gate system boundary. The results revealed that both biomass
feedstocks exhibited comparable GWP values, with cassava pulp having a GWP of 0.032 kgCO e/kWh, which was slightly lower than that of
corncob under the optimal operating conditions.
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FanalunszsuIuNSLUTANWWAISUY 10U AT
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(Gasification) 3371189 MnunasAneg iiosd
Usznauuanaeiy danasen1Ausau (Heating
value) Usgdnsnmnisinlugl uagesausenouves
Arewansnmiilalaivingu 8]
nM3UsgfiunuandAvesdauialaevily
pIfINaNITIATIERDIAUSENBY 2 Uselan taun
MIAATIERRIAUIZNBUNAAT (Ultimate analysis)
KaENTILATIENRIAUTENOUTSANTR (Proximate
analysis) dufudoyatiugruiiiauddysonts
1809UATNTIATIERANTIOULVINTEUIUNITAY
ity ToyanuaniRvesdunadlilumsfnud
wEned Table 1 uddeiiniunssivsuas
1481989d0ya91n2550n3503910153 95y
nszuaunMInTUsndulnedvsinund vailas
hlvesrusznauniineninukaziaivesiuig
Ussanideniuaziimeglugidndifiesiu udenany
AnuuUsiuladndessulunaunantladediuans
§ wrasnndaniegiimans aningieinia
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WAs [9, 10]

2.2 N52UAUNTALTNLATY (Gasification)
ASLUIUNITALTNLATUTINIE (Biomass
gasification) 1Junssuiunsiudsudunaliedly

sUvesinwdansen (Syngas) HIUNTEUIUNT
pondinduusduiionmgiigs Jeufieuaiivand
Antuluaniedliess (Gasifier) uluauauns
fdl 1]

Water-gas reaction
C+HO=CO+H  AH=131kl/kmol (1)
Boudouard reaction
C+CO,=2C0 AH =172 kJ/kmol - (2)
Water-gas shift reaction

CO+HO=CO, +H, AH=-41k/kmol (3)
Methane formation reaction

C+2H =CH AH = =75 kJ/kmol  (4)
Methane reforming reaction

CH, +HO=CO + 3H, AH =206 kl/kmol  (5)

2.3 Tseludwasaudousau (Combined cycle
power plant)

Tsdlwimdsnnudousiy Buszsuuiifinns
M9 2 SEUUSINAU Ae SyuuAsiuing (Gas
turbine) yiausanfuszuuitiuletn (Steam
turbine) TneszuuiaiufeUsznauisniessn
91meA el wagiedoartaviu TngasiinUfAzen
mswnlvslusossnlniaed (12, 13]

Hydrogen combustion reaction
H2 + % O2 = HZO AH = -285.8 kJ/kmol (6)

Table 1 Proximate analysis and ultimate analysis of cassava pulp and corncob

Feedstocks Proximate analysis (wt%) Ultimate analysis (Wt%)
Fixed Volatile Moisture
Ash @ H N o] S
carbon matter content
Cassava pulp [9] 8.13 81.67 1.44 8.88 4290 572 0.73 49.09 0.12
Corncob [10] 12.11 71.38 6.51 10.00 41.16 511 0.46 5327 0
65
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Carbon monoxide combustion reaction
CO+%0,=CO, AH = -283 kJ/kmol (7)
Methane combustion reaction

CH +20,=CO+ 2H O AH = -890.8 ki/kmol (8)

2.4 n1sUsziliudneninnasiinninzlaniau
(Global warming potential, GWP)
HaduddgildlunisAuinusuimnis
Uaneiwisounsyan As A1Uaden1sUaesieisou
Aszan (Emission factor) dauduaiilduansusuna
fradeunszaniivdeseanuireniieianssunse
wirendsuiild dusuardadenisudesing
Founsranlunuideiensdsainosdnisusnig
Inn1sigiTounsranuieUsendlneg (TGO) lne
1§A1 Emission factor vesu1UszUrn15iaL
9AANMNTIH iU 0.2512 kgCO e/m’ dmiuliiu
as1sayUlaatunisudnlnill uag Emission factor
dwsumsvudstainavessagdusmnieming 18 &e
32 61 100% Loading iy 0.0449 kgCO e/tkm
sgUsTNNAMING 18 &8 32 i 0% Loading Wiy
0.821 kgCO e/tkm Fatvueaaiunisalduluny
WUINVDIBIANITUSUITIANISANWS D UNTEAN
[14] dwsuTanaiiilundaluiy S5ldun nn
Judlenas wagdsdnalne 191 Emission factor
Wiy 0.0287 ua 0.0893 kgCO e/kg MU [15,
16] STimsaUﬂaquﬁy’msimsm%‘wﬁu n1szUgn
MIUasnY Mo wazn1ssnnsudsennnis
Ui Tnemseuadnonwlunsiilmannig
TanFeuamnsarmuwaldanuiinaingiuusiazeia
auiuAtadunisudesfedounszanesasii
teutadledluzuansusulmeenlariitau (O -
equivalent) [17]
Wasanfigasueulaeenledfiinein
AsEUIUNSAednduLarn s lnsitinadndu
%1 (Biogenic co) AULIATFIUTEAVAING
TurAseilsdithisafveulaoenladitingn

Science34-N4.indd 66

66

nsrUIUNsiedindularnsndduiaundn
sullumsussilunanssnumudnenInnisiinndg
Tanou iflesanmsusussnarnduansueudieglu
Tpdnssssund Teedunaldgadufing CO, 9n
USTHINARIUNTEUIUNM TALATIEAAILUAITENT
masaivlanasidofnagminldidudemas
mfvsuiiUasUdesnduiugussenmaisieidunis
nywdguvesasuewin lildnisudesaisueu
Weoadalvilidhgsyuuussenie [18]

3. /ANTUUITY
Tunsdnasszuundnlniimenszuiunig
fnadRatuiinuasiuiuszuundn il indinm
Sousi Funausavviingndoutngssuumednm
vasana 1000 Alanfusedalus Inethdoya
AuauTRveTINIa loun Proximate analysis Uay
Ultimate analysis andiudeyadasilunisdiaes
nsEUIUNs Inedenltaunisaniie Peng-Robinson
lumsAuinaunavesseuy [19] Funounssians
nszUIUNIMElUILATU Aspen Plus V12.1 fauans
U Figure 1 Usznausig Msuvasdunalvieglusy
aqﬁﬂixﬂauﬁug’m (C, H, O, N, S waz Ash) lag
14 RYield reactor mu“ﬁa;ﬂa Proximate analysis
waz Ultimate analysis N1391809052UUNTAY
FALAtueIY RGibbs reactor neldauuAgiuauna
MN9QUVNAA1EAS (Thermodynamic equilibrium)
lngruinesRusEnevaunavesiwduns gy
NANNITAAAIMNEIUDATEVOIAUA (Gibbs free
energy minimization) s¥UUAWUA (Gas turbine)
Usenause Compressor waziioaniniidediaes
A28 RStoic reactor lngauudlilinn1swiivdodns
auyazﬁmaﬁwﬁaméq wavsruuiaillenh (Steam
turbine) Famnufeunaeianiglodendun
Tﬁwﬁmblaﬁmm Heat recovery steam generator
(HRSG) n13s1aeenszuIunIst fvusldszuy
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Merunelaaningnsna (Steady-state) law
ladfiansunsgadenuieu (Heat loss) way
nsgeuideAINeY (Pressure drop) anglugunsal
99

ATeEvhnsFnwanefmnzasluns
ANIUUYDINTLUIUMSTALATUTINIATINAY
sruurAnliThndsnnudousn e lilaiaslad
gean lagvinsdnwdninavesiuusgumgiives
AsvUILNsEEdTiedy warsasidunsdeulath
FaTLIRAMSUTINA 2 ¥da taun NMnsiudUymag
wazdedlng lnggarmesdnUsivhnising leun
gaumginszuIunsie@iladuluyis 800-1000°C
[18, 19] uazdnsrdnlersedauna (S/B ratio)
Tudne 0.1-1 [20, 21] lAeMIRUAAIUAUTBY
ASTUIUNTALBATU WINAU 1 bar 9R51d@IUAES
899017 (Compression ratio) 1M1AU 14 8031113
Inal@anavesernie (Air flowrate) Wiy 8000
kg/h [22]

dmsunisuseifiudneninnisiinnniglan
Youtiu 1§ muaveuANMSANEILUY Cradle-to-
Gate s‘ﬁqmaumqmé?aLwiSETyumumstwﬂqn n19
Auiier nsvudeiagavludalselldia auds

Aszuaunswaalni Tnesmualilnihildnngly
nszurunsu1n bl findaldesnelusyuu
fuuanan15veY (Functional unit) #ldlu
mMsUseiiuivuadunisean i Wity nnsuae
wardsgngldi 1 Alatas-dalus (1 kwh) Sewdieu
Fumslniigndindnlaanseuy uagiuia
A1 GWP Tumiae kgCO e/kWh nsAnwaillalle
Aseumgusieaialssluin mswanedednsuas
gunsal mawalassadieiiugiu nisthsednw
nsidnveade maamumﬁmmnﬁaéuzjmm&gmﬁ
THauvesszu 1ilesniiingussasdioussidiu
lannznisUaseinedounssaniindulussning
AMSATLILYBINTEUILNISWINT YBnaniiay
Woilildmmuniideadsmu dduidddaya
JYYLNIINITVUAID19DINIUULUINIINITU T U
m%vauvﬂmw%uﬁmﬁmﬁm%mmﬂszmﬂl‘wa Tnuensn
AINATIAUIIINANIUNTINITVUAITZELING 700
Alawns AosaiafienlUuesiflondu [17]

a o =
4. NanN1578aZaNUIENE
NI TINNSANIENIT N TALTUIUN
WLNEANVBINTEUIUNTOIBR AL ATUT 1L U

Figure 1 Simulation model of the biomass gasification combined cycle power generation system using.
Aspen Plus V.12.1.
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ameglandeuvesszuulursuwanisussiiuiuy
Cradle-to-Gate ¥1nN1591889A52UIUNITAY
FRaduaznszuIunsHan liiindanuseusiy
selusunsu Aspen Plus Fapanuindedoveauuy
SrapenszUILNSTITRILNTugeTUSUASY Aspen
Plus lusudsedlésunisasaaasulagnis
WIBULEUNAN1391809NTEUIUNTANETALATUAU
NUITYDBWUWITEYBS Zhao et al. (2023)
[23] LagNaN1T91a9nTEUIUNISNARLHNAINS
AMNSaUsIUAVNUITBYDY Al et al. (2023) [22]
NAN1TNAADULUUIIADINUINTAIUEDAAGBINU
foyavesnuAdeluseauiiimels msnsieaeuLUy
Frasadanamiuguiuusiass Aspen Plus 7
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HARMTELATIZIIINNTEUINANSIT AT UTI0a

v v
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1000°C fiaudiu 1 bar wazimuasnsnisinada
118U9TWNAINAU 1000 ke/h wadnsIdIUAIT
Joulethde Fhaa (S/B ratio) whitu 1 lnednsna
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fupszinaiansly Figure 2
nan1sAnwINUINdadIulagUI U0
eRUTznoUieduATIzRdALanaeiuluan1z
qmmﬁﬁ&hqﬁuImawudﬂé’mdauimaﬂ%mm%aﬁw
lelasiau (H) fuultuanasdntiosflgnmaiigetu
(800-1000°C) wualtuminanaunsaesuiglaann
fanenisiudsuannavesufiserfiiAeadesiu
ASWAR H lawn UfA3e1 Water-gas reaction
(1) wag Methane reforming (5) Msfigaumgfigeas
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Figure 2 Effects of gasification temperature on syngas

(b) Corncob.
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compositions at S/B ratio of 1 (a) Cassava pulp
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FenseAulisenganituieu (Endothermic
reactions) 3uBeromsriedates H, ogdlsfnuiile
Qm‘wqﬁLﬁmqamﬂﬁuamqamawﬁﬁ%m Water—gas
shift (3) Baduufidermennuousziadoulunis
4o dwmaliiniafiutures H, yzanfawtelEuan
audntioslutrsguugigatu [24] luvnesieaiy
dndulneUinns ves CO TuultufisTuogng
m'al,ﬁ'aﬂLﬁaqmmmﬁuqﬁuﬁmmﬂﬂgjﬁ%mﬁ
\Aeadeaffunsndn CO wu UFATEN Boudouard
(2) Aduufisengrenuieugnnszsunelsanmnd
a9 dawalil CO nanewduesdusenauddgyuesing
dpreilutisguuniige uenaninuindaday
Tneuumsves CO_anasaddmauilogamafiidia
gty Faduwaninmsit Co_ grlfiduaseiily
Ufji3en Boudouard (2) meildgaumniige Javinlw
Co, gnidsunduludu co wntu wagludan
Y93 CH, 1{19491nUJA381 Methane formation
(@ Juuffzeuuumeninusou Lﬁaqquﬁqqsﬁu
vilvaumavesufiteuasulumadng deuali CH,
grlfiduansieiuuiiten Snagangigedadae
nsedunis 1§ CH Tuufiisen Methane reforming
(5) Sl CH_ Tufheduasiginnelddisgamgll

FvhnsAnsdusisiosunn [24] Tnenanisenild
Juuilduaenndesiuauves Cvetinovic et al.
[20] wag Gao et al. [24] %aswaamduﬁaqwmﬁ
YesnsrUILNsiedadufintu Ufiseganiu
Sou lAuA Water-gas reaction wag Boudouard
reaction aufinlénniy daalidnaruves CO iy

YU VLN CO, amas

4.2 wansAnuaNSwavassasdunstauleth
fa%au7a (S/B ratio) AoN1sWARRIYHLATIZRANN
AszuIUMINNeTNLAYgY

NN1SANYIBNTNAVDIORTIE@IUNITUBU
TothreTafitinadonisnaniadansizian
ASEUIUNMSMLTRATUT NG talA nndudusvag
wardadnlng Inefnwsnsdrumsilovletise
Franalurie 0.1-1.0 Imefvundnsinsivadewna
Y9977138117U 1000 kg/h wazgun)ives
NSLUIUNTMLBRATWINAY 1000°C Indvdna
yesdnsdunsioulethdednareinszuiuns
fradiladuiifinansssiussnovvesieduass
Aauanslu Figure 3
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Figure 3 Effects of steam-to-biomass ratio on syngas compositions at gasification temperature of 1000°C

(a) Cassava pulp (b) Corncob.
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NanN1sANEINUIEadIUlAEUTUINTUD
29AUTLNBUATAUATITRUANAAUAILORSIEIY
mstleulethredina Tadlor /B ratio iindu
dadrulnelsuinsvesinelalasiay (H) wazfing
asuauneuenlesiiuunltuanas susiidndlag
Usumsvesieansuaulneenlasiuualinfiuiy
fauanslu Figure 3 Wi msviudnsdunsteu
Tovhrefamnadwmalrirnusugesvaslothnieglum
Aadfladuiuiy wasvhliaunavosfserineg
melusguu Wy Water-gas (1), Boudouard (2)
way Water—gas shift (3) Wasuulas Tngiamz
UFA381 Water—gas shift Ssdaiaiunmsiudeufing
Asuaulausnldliluieasueulneenlyddma
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Figure 4 Effect of operating conditions on total power generation at gasification temperature of 1000°C

and S/B ratio of 1 (a) Cassava pulp (b) Corncob.
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Table 2 Net power output, global warming potential (GWP), and biogenic CO, emissions of cassava

pulp and corncob in the gasification combined cycle power generation system

GWP (kgCO e/kWh)

Biogenic CO, (kgCOZ/ kWh)

Biomass Net power (kW)
Cassava pulp 2693.69
Corncob 2658.34

0.032 0.253

0.055 0.248
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