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1. Introduction

5

Coal has been widely used for power generation, especizlly to drive steam turbines such as
combined heat and power (CHP) and Integrated Gasification Combined Cycle IGCCH. However, there
iS 8 growing need 1o explore other power generation systems with higher efliciency, In this regard,
gasification systerns integrated with fuel cells were found to be nmreﬁiciﬁn{ than CHF and HGCC
[1,2] Fuelcells has numerous advantages, among which is its ability to eonvert chermical energy into
glectrical energy, high efficiency, environmental friendliness, modularity, and guick installation [3].
Despite these advant3@mes, the use of coal to poweer these cells is still rare, particularhy with kow-rank
coal. There are manvvy:pas of fuel cells namely polymer electrolyte membrana fuel cells (PEMFC),
alkaline fuel cells [AFCH, phosphoric acid fusl cells [PAFC], molten carbonate fuel cells [MCFC), and
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Qid axid I cells {SCFCH SOFC has been found to have high efficiency and produce low poliutants
compared to the other types of fuel cells, and Its electrical E‘fﬁE|Ea'g' ranges between 35 to 60% [4-
10]). Accordingly, the cembination of a gasification system and 3 fuel cell & called an Integrated
Gasification Fuel Call {iGFC) system [11].

The integration of $0FC and gasification processes was first carried out in around 1990, 2nd since
then, several studies have been corducted onintegrated coal gasification fuel cells [12]. Forinstance,
Mu et ol, [12] conducted study on integrated coal gasification fuel cells (IGFC) and also on integrated
coal gasification with hybeid fuel cells and gas turbines, which showed that the latter had greater
efficiency than the former. Gheeml-Ayagh ef ol, [13] studied 500 MW IGFC power generation, ard
established a baselne of 500 MW IGFC with a hybrid fuel cell, steam burbene, and gas turbine in the
farm af the layout and cost of the plant. Stmilarly, Taufig er of, [149] conducted a simulation of a
power generaton systemn that combined a coal gasification system, steam turbine system, gas
turbine system, and fuel cell system, and the simelation results indicated an efficiency of 46.35 1o
B60.32%. Recalde et al, [1%] performed a comblned power plant simulation with a supercritical water
gasification system and a S0FC using Aspen Plus. The simulation results showed that the resulting
efficiency was around 50 to 70%. Nandwana et @f., [16] also carrled out a simulathon that involved
the integration of gasification, gas turbines, and fuel cells using oycle tempe, and the final abtained
efficiency was approximately 55.9% using coal and con manure as

Aravind ef ol, [17] conducted a simulation of the integration af biomass gasitication with gas
turbines and fuel cells using cyde tempo software, which resulted in an efficiency of up to 73%,
Slmilarly, Oxgeli et af, 18] simulated an Integrated coal gasifigpsion SOFC, pas turbines, and Cascaded
hurnidification advanced twrbine (CHAT) wsing cyele tempo. The simulation results showed that the
addition of CHAT could increase efficency by 45% compared to Integrated cosl gasification $0FC and
gas turbine. In another simulation, Pappinisserl et af, [19] investigated the Integrated biomass
gasification S0FC, and their simulation results produced power in the range of 1,99 to 348 kW,
Additionally, Thattai et gl, [20] simulated a biomass 1GCC retrofit with $0FC and COz capture. Their
obtained results showed that retrofitting can Increase system efficlancy . Taufg et o, [21]
conducted 3 sl'rnulatiora'lng Aspen Plus to integrate a coal gasification selid oxide fuel cell and a
steam turbine, and the results showed that the resulting efficiency was within the range of 30% m
45,35%, Femandes et af, [22] also carrled out simulations and experiments on integrated gasification
solid oxide fuel cells. The simulation and experiment results are very comparable, with respective
output power of 1631 and 1.632 kW, and an efficlency of approximately 273

Skrzypkiewics etal, [23] also experimented on the integration of biomass gasification S0FC,
demonsirating an oulpul power af approximately 1.3 KW, Meanwhile, ali € af, [24] conducted a
siulation invalving the integration of pasification, fuel calls, gas turbine, and HRSG using cycle
ternpe, which showed an efficlency of 33.64% In the same weln, Liu et ol, [15] carrded aut a
simulation using cycle tempo to integrate biomass gasification and 50FC to penerate electricity and
heat, resulting i an electricity efficlency of 30% and a total efficiency of 60%. In enother simulation,
which was performad by Kamal et ol [26], cyele tempo was wsed to integrate biomass gasification
and SOFCs, produding electrical power of 424,06 kWel with an efficiency of 44 6%,

From the resulis of the literature review, it can be deduced that the use of low-rank coal Tor SOFC
through gasification technology is 56l not widely studied, Mareover, there are few published
cimulations on the standalone SOFC wing producer gas as fuel and the integration of low-rank coal
gasHication SQFCS, Therefore, this study dims o simulate 3 standalone SOFC using producer gas as
fuel without the gasification system (Mode 1) and anintegrated gasification SOFC wsing low-rank coal
as fuel (Mode 2. The ultimate objective of this stedy & to achleve a power output of areund 30 Mive.
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2 Methodology

This stedy simulates the performance of two mode Cell power plant using Cyele Tempo
Release 5. The first mode {I) is stan alone of Fuel Cell using producer gas as fuel as shown in Figure 1,
The constant producer gas © ithzn for mode | in mole fraction were C0 21.5%; H; 19.3
3.15%; Oy 10.50%; N; 45.79%, and the mass flow rate of the gas ranges between 8.35 to 1&?1%:
The Lower Heating VYalua of producer gas is 5438 54 kg,
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FUEL CELL SYSTEM
Fig- 1. The fuel cell systemusing pradurer gas as fuel

arrangad im the cyde tempo simulator (Mode 1)

The second moede (1) invabees the integration of the gacification syctem with the fueel cell system
a5 shown in Figure 2. The simulation was carried out under gasification conditions with an air-fugl
ratho of 1.25, and the consumption rate of low-rank coal in the range of 4.8 to 9.7 kg's. The ultimate
analysis of the coal for gasification, which was cbtained frem South Sumatra, Indoresia is referred
from Vidizn et ol, [27]. The block cycle tempo model for the gasification unit was medeled wsing a
two-stage egullibrium principle with temperature of equilibrium of 500°C and &50°C respectively
[2E]. The producer gas was produced from gasification with compasitions in male fraction about C0
I1.23 M Hp 19.08%; CHy 3.31%; ©0; 10, 50%; Nz 44.86%, &r 0.53%, H:O D.4%%. The Lower Heating
Walue of producer gas 15 545304 kifkg
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GASIFICATION 5¥STEM FUEL CELL SYSTEM
Fig: 2. Gasification system cambined with a fuel cell systemarmanged in a opcle ternpo dimulatar {Made 2}

The simulaticn was performed using agﬁj oxide fuel cell [SOFC)- internal by wanying the
cell surface area (15000, 20000, 2500, and 30000 m?), Call Temperature | “C, 850 °C, 950 "C, and
1050 "C), Current density (1500, 2000, 2500, 3000 4/m?), and cell pressura {1 mz.u, 3.15, and 4.15
bar]. The ather boundarny condition of simulation as shown in Table 1. Lastly, it s important fo note
that the gasification system can be integrated directly with the fuel cell system without gas cleaning
[12]. The efficiency of the system was calculated wsing Eq. {1}, The structure of manuscript follows
Bahambary et of, [29] and ¥ahya et al, [30].

Table 1
Thie boundary cond ition of simulation
Parameter of Fued Cell Value
Praswire gt anode ink 115 bar
Pressure atcathode inlet LiSbar
Temperature At arode inket TR '
Temperature at cathode putlet 700 °C
Praywure Feaction 115 bar
Temperature Reaction S50 "C
Cel Resistarce 000007 5-chm m'
Fusl-Thifis ation [uls: L
4 _ Dalbvery pet pawor (R}
EII':II:!H"I'II.']:I' T Almerbei power (KW {”
%nuh: and Discussion

The simulation resufts indicated that Lm:r-eme in cell temperature frem 750 ta 1050 °C at
constants of eurrent density (1500 Afm?), eall area (20000 m?), Pressure of cell [1.15 bar) and ather
boundary condition, led to a decrease in the ac power genarated by the S0FC in both mode § and
mode 2, as deplcted in Rgure 3. In mode 1, the power output decreased from 24 to20.2 MWe, while
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in mode 2, it dacreased from 24.1 to 202 MWe. Although the electric power generated showed a
similar terdency, the decrease was not significant for both modes [20]. Interms of system efficlency,
the temperatore, which increased from 750 to 1080 °C led to a decreased efficency in each
simulation mode, a5 presented in Figure 4. In mode 1, the efficiency decreased from 52.9 to 84.4%,
which is consistent with Seitarides et oi, [9], while in mode 2, it decreased from 22.3 to 18.7%. The
reduced efficiency of both mode 1 and mode 2 is dueto a decrease in the amount of energy released
[power AC) and enargy absorbed by system simultanecusly, From the review of system efficiency, it
s evident that the difference in system efficiency was very significant in both simulation modes.
Mode 1 produced two times higher efficiency than mode 2, primarily because the efficiency system
in mode 1 only conslders the energy absorbed of the SOFC unit, while mode 2 invelves the energy
asarbed of the gasification and S0FC system wnits,

LA
4.0 ® Minile
E 3.0 m Pilnidar )
2.0
=
T n
£ .0
1%
15.0
TR B0 L] [Eeiid
Cell Temperaturs { %C)
Fg. 3. Power AC under Inflence ternperature
W0
i

g

Sypsiem Efficesncy (%)

g

11N

coll Temperature (*CE)
Fig. 4. System efficlency wder influence temperature

The simulation results also indicated that an increase in the cell area from 20000 to 23000 m? at
constants of current density (1500 &/mY), termnperature cell (350 "C), Pressure of cell |1.15 bar) and
other boundary condition, ledto a proportional increase in the AC power genersted by SOFC for both
mode 1 and mode 2 at shawn in Fligure 5. Specifically, in mode 1, the AT power output inereated
from 21.5 1o 24,7 MWe, while in mode 2, thers it increased from 21.5 10 24.83 MWe. Furthermaors,
the results revealed that the electric power generated had the same tendency for both simulation
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modas. Regarding system efficiency. the results show that an increase in cell area from 20000 o
23000 m? led to relatively constant system efficlency in each simulation mode, as shown In Flgure &.
In both modes, the efficlency produced was 47 3% and 20% res pectivedy. This is due to an increase in
energy released (Power AC) accompanied by an increzse in enerpy absorbed which is not toa large.
From this review, it was found that the difference in system efficiency was very significant in the two
simulation modes, However, the efficiency produced in mede 1 was two times higher than that of
maode 2, This was because, in mode 1, only the energy sbeorbed the SOFC was considered, unlike
mode 2, which imeolves the energy absorbed of the gasification and SOFC system units,

26.0

B0 | mModel =Mode?
g 20
< a0
Lo
B o
-

0.0

19.0

TN 1000 FH000 J3000

cell Area jm?)
Fig. 5. Power AC under influence cell area{m?’)

kb

Cell Area jmd)
Fig. & System efficiency under nfluence el area (m'}

Syillein EMbeincy (%)
ELELEERERERE

The increase of Chens from 1500 to 3000 [&/m?) 3t constants of temperature of cell (950 "C),
Pressure of cell (1,15 bar), cell area {20000 m*) and other boundary condition, resulted in a
proportional incredse of the AC power generated by the SOFC in both moge 1 and mode 2, & shown
in Flgure 7. In maode 1, there was an horease in Ac power from 21.3 to 37.3 AMWe, whereas, in mode
2, it increased from 21.3 to 37 4 MWe. From the simulation results, it can be seen that the electric
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power penerated had & similar terdency for both modes, which corresponds to kamel et ai, [26].
However, with respect to system efficlency, the resulis showed that the Chens, which initially
increased from 1500 to 3000 (A/m?], decreased in each simulation mode, as shown in Figure 8. In
mode 1, there was a decrease in efficiency from 47.3% to 41.1%, whereas in moda 2, the decrease
was from 20 to 17%. This is due to an increase in energy absorbed which is greater than the increase
in energy released, From the review, it was found that the difference between the system efficiency
of the two simelation modes was very significant. Accordingly, mode 1 produced an efficiency twao
times higher than that of mode 2, This disparity arises because mode 1 measures the an
absorbed of the SOFC unit alone, whereas mode 2 considers the energy absorbed of both the
gasification system unit and the SOFC system wnit.

il

Current Density [COENS) [Afm? )
Fig. 7. Power AC under influence CD Dens (A'm?|

1}

Carrent Dessity (CDENS) (A'm")
Flg. 8. Systern effciency under influsnce C0 Dens (& /m)

Poweer of &C | MW
e e EEBEEBEEE
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50
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50
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Lastly, it was also found that an increase in the cell pressure from 1,15 to 4,15 bar at constants of
temperature of cell {350 *C|, current density (15030 &/m?), cell zrea (20000 m?} ard other boundary
condition, bed to a proporticnal increase in the AC power g2nerated by the SOFCs in both mode 1 and
mode 2, as shown n Figure 3. In mode 1, there was an increasse inthe power from 21,5 o 23.4 MWe,
reanwhile, in mode 2, the increase was from 21.5 to 23.5 MWe. This result & In line with that of
Taufig &t al, [14]. Furthermara, from the simulation results, it was found that the electric power
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generated has the same tendency for both modes. In terms of system efficency, an increase in cell
pressure from 1.15 to 4.15 bar was experienced, and this led to an increase In the efficlency of each
simulation mode, as shown in Figure 100 In mode 1, the increas efficiency was from 4735 to
51.4%, and in mode Z, it increased from 20 to 21.7%, This is due toan increase in energy released
and a decrease in enargy absorbed by the system. These resuits are comparable tothat of Campitefl
etal, [31]

40
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Flg. 9. Power AC pnder Influence cell precsure
0.0
s M |
§ Moo 2
E 400
g o
.E n.n
10.0
nn
LI1% i1z XI5 415

Cell Prevurs (hari
Fig. 10. Power AC under influence call pressare

4. Conclusions

In conclusion, the simulation results provide valuable insights ntothe Impact of varlous - tng
parameaters on the performance of the integrated gasification fuel call syste n'@paciﬁcill','. it was
found that increasing the operating temperature from 750 to 1050 °C resuited i a decrease in the
AC power and efficiency of the system. Conversely, an increase in the cell area from 20000 to 23000
m’ led to a propartienal increase in the AC power of the system, with no significant impact on the
efficiency. i was also found that increasing CDens from 1500 to 3000 A m?® will ultimately result in
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increased AC power and reduced efficiznoy. On the other hand, an increase in the operating pressure
froem 1.15 to 4.15 bar significantly increased the resulting power and efficiency of the system It [s
impartant to note that the power produced by the two modes exhibited the same tendency, but
moda 1 consistanthy a-munftrated greater effidency than mode 2. Moreover, it was obsarved that
the enargy absorbed system plays 2 crecial roke in determining the overall efficiency of the integrated
gasification fuel cell system.

Acknowbedgment
Special thanks to Rektor Universitas-Sriwijoya for HIBAH 2022,

References

[z

121

E}
4]

151

L]

7

1=

1200

|11]

112

(33

|14

[15]

Magel, F. P, 5. Ghash, C. Picta, T. L Schildhsuer, and 5. Biodlaz. “Bsomass integrated gasifcation fued ed systems-
Carncept development and empermental results” Bomess oed Bioesergy 35, noo 1 (HAAL 354-362,
bt ol 10,10 16/3 mibrios 200,08 067

Wi, Chang, Zheen Ly, Chufu Ly Susirder Singh, Hacren Lo, Yudong Gang Pingping Lot al. "Status ef an MW 1k
Integrated gasification fuel cefl power-generation system in China® tnterratlanal journal of Coof Sdesce &
Techmofogy 8 (20211 A01-411. hiips: fdos org 10, T007 4 OFEd-02 1-00475-]

Diry, £ia Ud, and Z. & Zainal. " Béomass integratod gasdicaton-S0FC systamis: Technology ovordew.” Aeacde bie and
Sust@inabie Energy Rewews 53 | 2006): 1356- 1376, hipos:'del orgf 10, B016 rier 300509013

Harg, Sung Kook, Seng Késun Deng, ard le Bek Yarg. "Exparimental ard simuilated mvestipaton of 1 kW wofid oxide
fuel el Balance of power system  Joumol of  Power Sources 214 (2013 1832,
hiitpsfdolorg /10 1016/ ipowsaur 200704044

Aciry, Mghammad AR, Jacak Brouwer, aml Desek Cuann-Rankan, " Anabtical svestigation of high temperature 1 &W
wodid oxide fuel cedl systemn feasgility in methare hvdrabe recoevery and deep oosan power generation.” Appbed
Emorgy 179 (2005 ): 906 528 httpeyfdodorg) 10, 1006/ | apenangy 30 16.06.119

Shamma, Maonianiang, M, Ratesh, and 5. Dasappa. ™% 0 gosde fued Call cperating with hiomass danved prodicar
gat:  skabas  ard chaBenged” Senewebie ond  Seitmieebie  Energy Beviews 60 (2016 £50-463.
it doLarg,/10.10 16/ L rer. 2016 .01 075

Costa, Paula, HAlomena Pato, Rul feto Ardré, and Paula Marngues. Sintegration of gasification ared soild colos tusl
cells  4S0FG) Ry comBmes]  hest o and  powees  [CHPL®  Processer 9, a1 2028 254,
itps://oi.org{10.3350/ 0 3000254

Tonekabansmoghaddam, Mina, and Ahmad Shamirl. “Simalation and Serstivty Anakgsls for Varkous Geometries
and Optimiz@aton of Sclld Cwide Fued CeBs & FReview”™ Eng 2, a3 {20211 3EBe-415.
Mtpss doiarg 303390 enz J0000 5

Seitarides, Th, C. Atharasou, and A Zabanksotow. *Modular biomass gasificaton-based solicd awde fuel cells (SOFC)
far sstainzhle deselapment.” Renewshle ond Sustolmehle Feergy Rewews 120 o 5 (20080 1251-127%

Ptk i orge 10,1 0 6 ey, 200700020

Chen, Shiyi, Moam Lar, and 'Wergus Xiarg. "Coal gasfiction nbegration with sobd avide fuel c=lland chemical
lcoping comibustian for Mgh-efficlency power generation with nFarant CO; capture.” Appied Encrgy 146 {2015):
298-312. fttpa i doi oo 0 101 6] apenergy,. 201501, 200

Singh, Zurirder F., Brandon Ohara, and Arthony ¥. Ky, “Progpects for cost-competithe integrated gasificabion fusl
cell systerms.” Apgiied Lpengy 290 {20211 116753, hitgs: ADME 101018 | apenergy. 2L 116753

Pdu, L |, dshek D Rag, lacoh Broveer, and G Soott Samuelsen, "Dedipn of lighly ethicent coal-based imegrated
gasfication fuel cef power plants.” Jowno! of Fower Sowess 195, noo BT (2010 EROT-STIA
hitps s dolore 100016/ ipowsonr 2000.03.045

Gheiel-Ayagh, Hoviean, Richard Way, Peng Hwang, Jen Waltak, Stewen Jolly, Dilip Patel, Carl ‘Willman st 2l

“hdvances i devslapment of coal-based mtegrated gafication fuel c2ll systems wlilicing solid oxide fuel cell
tachralogy.” ECS Tramsactions 30, no. 1 (2028): 157-165. hitpe/fdod. org/ 10013451 3562070

Taufic, Bin Mur, Yasunom Kikuchi, Takayoshi ishemota, Kunakl Honda, and Michinlsa Koyama, "Sensithiny Anakyss
Far the EFRcieroy improvement of a Light Integrated Gasificabon Fued Cafl # oeer Plart.” EC5 Tromsochions 68, ro. 1
(2015]: 333-342. hitps:/fdoi.arg 10 11454802 033 3ecx)

Recalds; Mayra, Ther Waodstra, and P Y, Arseend, "Gasifier, wolld celde fued ool Integrated systems for enerpy
sl ug tian Trarem el lisgemn ami" Fromiiers i Ermergy FResearch 7 (20490 1243,
hittps:/doi arg 10,3380 fen g 201900128

EL




v’ 8 ilebvan i Brsea D o il Mk osad Tivemd S
Widemie M, Bwne | (XFES) 3160

|iE] mMancwana, Dev, Amest Ba), Tejas Despak Kadkade, and Manavala Sreekanth. "Lresgy Analyss and Optemiztion of
GasfierSolid Owda Fusd Cell-Gae Turbine Hybod Systam ™ infermationa) Esergy urmal 18, ma. 4 {20008) 233.243.

|87 Avavend, PO D Schilt, B Torkes, and T, Woudstra, "Themodyramic model of a veary high efficency powesr plant
based an 2 beormass gasafier, SOFRCE, and a gas furbine” fntermationa fourne! of Renewoble Erengy Develoomest 1,
ra, 2 (20KD): 51, tesc Aol orpe 10 147 10 resl .26 1-55

[¥8] Cizgo¥, HazsanAl, Mesam Maghadasi, Foad Farkani, and Maziar Sadigh. “hodeling and simulation of an integrated
gasfication SOFCACHAT cyde to Impross poses and afficienoy.” Enviroemontal Progress & Sustainobic Emergy 35,
rea, 2 42007 610-618. hitpsfYdol orar 0. D07 en ] 987

18]  Pappiasiaen Sarath, Priyak Malikks Kardivan, Vasanth Parthasacatsy, and ok Tharappe! Devasys, "Modeling of
# gasibier using oyche-tempa for SOFC appications.” in A Conferance Proceadings, vol. 7184, no. 4, po D3000E. AP
Publishing LLC, 2009, https: i org/ 10106371 5120206

200 Thattai, &, Thallam, v, D, W N, Bderbroek, L, Schoemmakers, T, Wiousbire, and P Y, Aravind, "Towands retrafittng
imtegrated gasdcation combined cpcle IGEC] power glants with sofd mdde fuel cedls (20FC) and 00 capiwe-A
thesmiadynamic caza study.” Apaiied Fhormal Engimitnimg 134 (017 170185,
it dolorgy 1010 16/ soplthermaeng 2015, 11167

|28] Taufig, B Mur, Yasursori Kkoec®, Takayoshi Ishimote, Kuniak Honda, and Michibera Koyama "Conceptual design
ol light mtegrated gasification fuel pell bazed on thermadynamie process simulation.” Appied Erergy 147 {I015):
A%5-49%, It/ dol.osE 0. 101 64 apenargy. 2015.03. 017

122] Fermandes, ahaco, loery Brabendl, Ofiver Paadiiech, Ali Saadoebacdi, Mayra Recalile, Lnoean Far, Bea O Promes,
Plimg Lou, Theo Wawdstra, and Purushathaman Vellayan Seavind. "Desapn, constructsan, and testing of a gasafier-
specific zolld adde fued cell system.® Epergles 11, no. 3| 2018, 1985, hitos)/ dol.ong/10. 2380 /en 11081 585

23] Skrzypkiewicz, Marek, Michal Weszhickl, and Micral Staplery, “5olld Qxsde Fued Colls couplsd wein a3 blomass
gasfication unit” Imn E1F Web of Conferesces, wal 100 p 00135 EDP Sgierces, 2046
bitps:fdouarg £ 10.1051 fe 3scanf 3016 1000115

|24| AN, Copod Hazcan, Ghadamizn Hosoedn, and Farransh Hooman. “Erongy sfficlency improvement anabsc
canmideving ermednmental aspects mregacd Lo Do mass gasilicatzm PRORCNGT power gereraioon sysiem,” Procedia
Eowronmental Soemees 17 [2033); 831-84 1. hitnps o dol orgf 10 101 60 L psoer, 2013 802,301

2% Las, b, PN Aravind, 2. 0w, W Woudsta, A K M. Verkoaljen, and V. R Cobas. *hadding work of a smal scale
gasflar/SOFC CHR systemy” in The &tk losn-Amencan Coagress on Blectrioity Generation and Tramsea/sskan -
Clogter, po. 1-7. Libatuba, S {ErazE), 2009,

|28] Kamed, Salah, Shaymaa Bakheet, Hoda Abd EH3attar, Franosco Jurado, and Mahammed Hassan Sbmed, *hdadeting
Anayim ol Downdeadt Gaishcation Wbegrated with S0FD For Powes Generation,” In 2018 Intermational Cosference
ow Computer, Control, Sectrenl and Eecfroves  Sagieeering (ICCCEEE), pp. 145 IEEE, 2013.
batpssdolarg A0, 109 COCEEEARRI0 20ES 90T 1237

127] Widar, Fajm, Hasan Baei, and Dedi Sdotang, "Design, Comstructson and Eaperiment on Imbest Deraynlealt Gasiley
Lking South Surmatera Bomass ard Low Rank Coal ai Fuel” Intermctional Javemsd of Engireerisg Ressarch and
..ﬂ,up.l.l.:aﬂm 7, o, 3 [2007): 39-44. hr_tﬂ:-,-_'.-_'dm.um,l ]IJ.EWD_EEHJJMJEIEM

28] Wid@am, Farl, and Ferdi Kurmdgwan, ™ Pragicicn of Producer Gas Composimom fom Ceal Gasiicatan ussng Cwlle
Tempa,” Wterecionol fourasal of Mechandce Engineeniag 1L no, §{2022) 31-36

[2%] Bahambary, Khahayar Haknamay, ard Bran Sfeck. "0 study of mfiow parameters on the performance of 2 wnd
turhing im an atmosphans boundary Bwar” Jowmal af Advesced Research in Mumeredl Hear Trnesfer 11, no, 1
(322]: =11,

130] Yahwa MWaoe Fatesn Afikah, Neger Dasreh Khiswl, and Norahime [Beghim, "Gresn electricty orocuction By
Epdpremnum Aureum and bacterla in plant mécrobeal fuel cedl.” Jowsnol of Advanced Ressarch in Agplied Soences
ond Epginsenng Technofagy 5 na. 1 (1006 11-31.

135] Compitell, Genanarg, Stefanc Cordiner, Mrdul Gavtam, Aleszandeo Mariare, ard YWencenzo Molens, "Biomase
fuefing of a SCHC by integrated gasifier: study of the effect of operatng conditiors on System performance.”
intermatianal Jewmol af Hydrages Energy 38, na 1 {213): 30-337.

bt o e/ 10 10 163 it 2002004 2

4a




Simulation Integrated Low Rank Coal Gasification SOFC Fuel
Cell using Cycle Tempo: Energetic Analysis

ORIGINALITY REPORT

O

SIMILARITY INDEX

PRIMARY SOURCES

B 0 B

I\:}\Q/r\ﬁ\é\t/.intechopen.com 24 words — | 06
Iiiesri.us 18 words — 1 %
CPrgsczgfress in Clean Energy Volume 2, 2015. 17 words — < 1 %
gtbjrgf.univ—angers.fr 17 words — < 1 06
Irme(jneetarchspace.ukzn.ac.za 13 words — < 1 %
Naraharisetti, Pavan Kumar, S. 11 words — < 1 %

B B

Lakshminarayanan, and I.A. Karimi. "Design of
biomass and natural gas based IGFC using multi-objective
optimization", Energy, 2014.

Crossref

docplayer.net 11 words — < 1 %

Internet

- : " o . 0
K|V|sa§r|, T.. | The f§a5|b|I|ty of a coal gasifier 10 words — < ’] /0
combined with a high-temperature fuel cell",

Chemical Engineering Journal, 20040715



Crossref

Md Sumon Reza, Iskgkova Zhanar Baktybaevna, 10 words — < 1 %
Shammya Afroze, Kairat Kuterbekov et al.

"Influence of Catalyst on the Yield and Quality of Bio-Oil for the

Catalytic Pyrolysis of Biomass: A Comprehensive Review",

Energies, 2023

Crossref

W jree.Ir 10 words — < ] %

Internet

Dehimi, S., D. Haddad, B. Mebarki, T. Bendris, and <1 0%
. . 9 words —

A. Aissat. "Thermal field under the effect of the

chemical reaction of a direct internal reforming solid oxide fuel

cell DIR-SOFC", International Journal of Hydrogen Energy, 2014.

Crossref

Gergrdo Valadez Hue'rta,Johanan AIvarezJordan, 9 words — < 1 %
Tobias Marquardt, Michael Dragon, Keno Leites,

Stephan Kabelac. "Exergy analysis of the diesel pre-reforming
SOFC-system with anode off-gas recycling in the SchiBZ project.

Part Il: System exergetic evaluation”, International Journal of

Hydrogen Energy, 2019

Crossref

n W al) 0
Vera, D.. S'Fudy of a dovyndraft gtasm‘er and 9 words — < 1 /0
externally fired gas turbine for olive industry
wastes", Fuel Processing Technology, 201110

Crossref

Wei Li in Liu, Parikshi i, Yulin Deng. 0

” ei Liu, Congmln iu, Pariks |t.Gog0|, ulin Deng. o v ords — < 1 /0
Overview of Biomass Conversion to Electricity and

Hydrogen and Recent Developments in Low-Temperature
Electrochemical Approaches", Engineering, 2020

Crossref



— — —
(0¢} ~ (@)

N )
(@)

1

N N
w N

Zia Ud Din, Z.A. Zainal. "The fate of SOFC anodes <1 0%
. . . 9 words —

under biomass producer gas contaminants",

Renewable and Sustainable Energy Reviews, 2017

Crossref

- 0
researchrepository.wvu.edu 9 words — < '] /0

Internet

i 0
WWW.jmst.org 5 words — < 1 )0

Internet

Dyah Wahyynl,.Fltra Yosi, Gatot I\/Iusllm. P'engaruh8 words — < 1 %
Larutan Belimbing Wuluh (Averrhoa bilimbi L)

Sebagai Bahan Marinasi Terhadap Daya Terima Daging

Kambing", Jurnal Ilmu Peternakan dan Veteriner Tropis (Journal

of Tropical Animal and Veterinary Science), 2021

Crossref

Zubaidah, Wiwin A. Oktaviani, M. A. B. Sidik. <1 0%

" : . 8 words —
Breakdown Voltage of Biodegradable Oil RBDPO

Olein and Oleum Maydis by Nanoparticles Addition", 2019

International Conference on Electrical Engineering and

Computer Science (ICECQOS), 2019

Crossref

. 0
I%E]eetrlenmka.org swords — < 1 A
- 0
encyclopedia. pub g words — < 1%
link.springer.com swords — < ] %

Internet

. : 0
onlinelibrary.wiley.com s words — < 1 %

Internet



25

26

. 0
strathprints.strath.ac.uk 3 words — < '] /0

Internet

tuengr.com 3 words — < 1 %

Internet

" . . . 0
AIIanJ.Jacob;on. I\/Iaterla.ls for Solid Oxide Fuel 7 words — < 1 /0
Cells ", Chemistry of Materials, 2010

Crossref

C.heng Xu, Tuantuan'lX|n, Gang Xu, X|.aosa Li, Wenyl 7 words — < 1 /0
Liu, Yongping Yang. "Thermodynamic analysis of a

novel solar-hybrid system for low-rank coal upgrading and

power generation", Energy, 2017

Crossref

Javad Hosseinpour, Ata Chitsaz, Beneta Eisavi, 7 words — < ’] %

Mortaza Yari. "Investigation on performance of an
integrated SOFC-Goswami system using wood gasification”,
Energy, 2018

Crossref

Mona It%a.varlan, Masogd Solllfoush, Ioan‘nls G. 7 words — < 1 %
Kevrekidis, Jay B. Benziger. "Mathematical

Modeling, Steady-State and Dynamic Behavior, and Control of

Fuel Cells: A Review", Industrial & Engineering Chemistry

Research, 2010

Crossref

S. Santhanam, C. Schilt, B. Turker, T. Woudstra, < 1 %
: : : 7 words —

P.V. Aravind. "Thermodynamic modeling and

evaluation of high efficiency heat pipe integrated biomass

Gasifier-Solid Oxide Fuel Cells-Gas Turbine systems", Energy,

2016

Crossref



Thomas A. Adams, Jake Nease, David Tucker, Paul < 1 %
. : . ) . 7 words —

|. Barton. "Energy Conversion with Solid Oxide Fuel

Cell Systems: A Review of Concepts and Outlooks for the Short-

and Long-Term", Industrial & Engineering Chemistry Research,

2012

Crossref

. . . " . 0
Wangylng Shi, I.\/I.lnfa.ng Han. "A concgptual design 7 words — < 1 /0
of catalytic gasification fuel cell hybrid power plant

with oxygen transfer membrane", Journal of Power Sources,

2017

Crossref

n H H H H n 0
Adyances |.n Fluid and Thermal Eng.lneerlng , 6 words — < 1 /0
Springer Science and Business Media LLC, 2019

Crossref

. . 0
Obara, Shin ya,Jorg(?' Morel, Masaki Okadf':\, and 6 words — < 1 /0
Kazuma Kobayashi. "Study on the dynamic

characteristics of an integrated coal gasification fuel cell

combined cycle", International Journal of Hydrogen Energy,

2015.

Crossref

ON OFF
ON OFF



