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Abstract

In this work, an integrated system of biogas tri-reforming and fuel cells (MCFC and SOFC)
were studied by using Aspen Plus v.9.0. Biogas obtained from sewage of sugar industry contained
75 % CH, and 25 % CO,. The effect of several parameters including tri-reforming temperature
(200-1,200 °C), steam/carbon (S/C) molar ratio (0.1-3.0), oxygen/carbon (O,/C) molar ratio (0.1-1.0),
MCFC temperature (600-750 °C), and SOFC temperature (800-1,000 °C) on power generation were
investigated. The simulation results showed that the optimal operating conditions provided the
highest hydrogen production from tri-reforming were tri-reforming temperature of 700 °C, 5/C
molar ratio of 3.0, and O,/C molar ratio of 0.1. Under these conditions of tri-reforming, the optimal
operating conditions of MCFC and SOFC provided maximum power generation were temperature
of 750 °C for MCFC and temperature of 1,000 °C for SOFC under atmospheric pressure. Moreover,
the comparison of system performance in term of power density was evaluated. The results showed
that power density of SOFC was 5807.33 W/ m?, which was higher value than that of MCFC system
(3085.14 W/m?).

Keywords: tri-reforming; process simulation; biogas; power generation system; molten carbonate

fuel cell (MCFQC); solid oxide fuel cell (SOFC)

1. uni wianuvemyudiuniy dealiludeguud

maRsTuvesuUssnslanuaznts nasAinenideuasiaundomdoadoning
genefvaassghonalfifatigmiudannden (alternative fuel) Funrldnaunuuaiuiv
W anrlandounarnisnivd suwvasanin  laslanigedied dulssmaiWamnuda leud

- o v ¥ o a ) < v o qwv
giiome §udunausnanudosnisnisld  anfgewsnn wesud Swngw duu Wudu Fadv

2294



I 28 atiudl 12 §upu 2563

1M5ar5inemaasuasivalulad

auailauaviilunuituiteduansidoma
Ussinvilwsianningiivene q Ausgnunswanouay
wilduuffedomaslalasiou (hydrogen) [1]
nstdademadelnsouannsayildvas
ASEUIUNTT UANSEUIUNTTATNISAN®I SN

P
Viam Ao

A

A o/ 13 «a = L)
Pgauaziaugnsninludamndadlade

v e

nsEUNTTINDSURS (reforming) [2] Hauudléidu
wargUssiand uey fuansii 19luy 75 e
nszuaumMsInesule laun nszuiunsiviesuile
grulath (steam reforming) AssuIuMTINE T
faufi1ga1suaulasanles (dry reforming)
AsEUIUNIToRNdInduUINau (partial oxidation)
oolawasueaineiuils (autothermal reforming)
uazlnsivosulle (r-reforming) [3]
Tuofiafiiiuin undandaedildaaning
Tnamsudemas uidhorudonisndnu
AR unasnineinsiifioget1edrindslad
N19A NWINAEWAILIUNE NS UL oNaUNY
wdunhiudonds femadenvidantsly
wadifainds (fuel cell) wadidainaadugunsal
viliiAnuFAzeIwied daudsunday
Jowmadhdundsanulnilaoasdaglisiums
wilnd 1wadifamdsanusouvUseinvildvans
¥ila Iun wadifaimdauuudanilay (alkaline
fuel cell, AFC) Lwadtd otWE sLuUATT UBLUA
nasuLal (molten carbonate fuel cell, MCFC)
\wadiamasuuusanledud (solid oxide fuel
cell, SOFC) 1wad ¥ sindsuuunsavioanain
(phosphoric acid fuel cell, PAFC) uazigas
Wamdwuumanusunandeulusney (proton
exchange membrane fuel cell, PEMFC) 18 usu
[4] wad dandifdnuaensviieusiufures

wasuAMNsautunsednnseualnia Ao wad

L#’GLWﬁQLLUUﬂﬁfUSLUMMﬂQMWla'J Laviga

2295

4

3

e

& a ¢ & o ° )
§in] LWﬂ\’LL'UUE)@fﬂ‘UﬂLL%Q FIAAWULNITNINTULYUY

o

AvBnmgauasiiauafiwiiauningad

@
o

denalvitius
3u 9 [5]

Fomaswin
fing81am (biogas) lundsumyuiiey
o w ) o
(renewable energy) NdAYDE1NUIVDIUTEINA
4 o @ vy a
vy psnduussmenwasnssui il ingau
l:i‘ ] = o v 13
Aarursahundaiigdnnldedrmainuane
1y veufeviarndsannirgramnsaulszy
2113 UAdnT gy uazanuUsznaun1snig g
16] ¥nliuseinalneiiveliusaulunisidvelulad
A’ - o~ = 1 J‘ = ;23
Wowdslalasiau As Juvaadandsainisald
ndnlslasiulduinuny Wy fesssueid S
Fanm Jag Fana diuiu wieudusionueasin
9 winUsswmdalneanuisawaiumaluladlunag
4 LY =3 a 1 o d v
wWasulngAudnanluduirelelasiou ield
I3 J’ - v v 2
luwadidamdaldfasdunisanduyudy
wauvewsumalneldeeiwin [2]
MATEEN q [7-17] Fefnwinszuiunis
o v ¢ & a ' ¢ & a
nanlviihMswaditownds nuinwadivendauuy
AfuBuAvRsLWIaILATITad T aIWA s UUBDN YA
uwdafiuszdnsamluntsudandesulnialige
agslsfimu nsheuitu (coal) inlHilutngdiu
Tunisudalniadewadifoinduiu eenslvifa
Y P P v as
feasuaulasenledidusumnddyueniy
v & a & a o v
Tandou wonandouiuduluuvandondsnld
v 1 73 Qs 5 - U Jq 3
uanualusae feusddenieaulafnwnisii
fredrnnunldiduuna wdsanulunisndalni
Franszriumslasiviefufisufuwaddomas 2
wuu 18U wadidamasuuuanfusiuavasiivan

wavigadidemduuoanleiuds

2. 3159398



Thali Science and Technology Journal (TSTJ)

Vol. 28 No. 12 December 2020

HEX1

TO-REACT

REACTOR

Figure 1 Process diagram of H, production via tri-reforming process
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Figure 2 Process diagram of power generation system via tri-reforming combined with MCFC process
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Figure 3 Process diagram of power generation system via tri-reforming combined with SOFC process
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Parameters Values
Tri-reforming temperature (°C) 700
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Figure 4 Effect of temperature and S/C molar ratio on H, production from tri-reforming process at

0,/C molar ratio of 0.1

2299



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 12 December 2020

5 8 & 38

<

Molac fleb cate of hydrogen (o)

o, =/C ratio

Temperature ("¢}
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Figure 6 Effect of S/C molar ratio and O,/C molar ratio on H, production from tri-reforming process

at temperature of 700 °C
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