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Abstract: [Introduction] The fuel cell distributed generation technology is an important application direction to adapt to the future
development trend of low-carbon, clean and high-efficiency energy. There are few domestic fuel cell power station projects , and there is
a lack of actual project experience accumulation. In order to promote the application of fuel cell distributed power station technology, the
research outlined the current application status at home and abroad, summarized the advantages and disadvantages of high temperature
fuel cells, investigated domestic fuel cell construction and application cases, and established solid oxide fuel cell (SOFC) and molten
carbonate fuel cell (MCFC) power generation system processes. [Method] After literature research and field research, two fuel cell
distributed generation technologies suitable for the construction of large-scale power stations were identified. Chemical simulation
software AspenPlus was used to establish the process model, electrochemical model and energy analysis model for the fuel cell system,
and the performance simulation analysis of the system was carried out. [Result] The analysis results show that they are consistent with
the actual operation results and the system performance trend predicted by the analysis is consistent with the existing research.
[Conclusion] The simulation method can be used in the research of MW-level high-temperature fuel cell distributed generation system,
and can provide data support for expanding the application scale of fuel cells.
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Fig. 1 Proportion of distributed energy generation by country
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Tab. 1 Power generation efficiency of some
foreign application products

FE% Al AR FAEL R BBR %
¥ F-PEMFC 700 W 39
Z{5HEHL-SOFC 700 W 46.5
HA ¥ F-PEMFC 5kW 57
—{i-SOFC 42 kW 50
IHI/A H)-MCFC 1 MW 46.7
ESE| Bloom Energy-SOFC 200 kW ~ 1 MW 53~ 65
o LG-SOFC 200 kW 60
Fuel Cell Energy-MCFC 2.4 MW 47
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SOFCFH#%: H, +0* — H,0+2e” (1)

Blfi: 20, +2¢" - O™ (2)
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Tab.2 Comparison of technical characteristics
between SOFC and MCFC "”

S SOFCI 5 164y MCFCHFRlRR
JS S ER S B ER
S KRS R, B
FLfiPE BT YSZ TR /4
HfRTEZS S WA
PR Ni-YSZ Ni/AL, Ni/Cr
[ LSCF Li/Ni
SN B C 800 ~ 1000 650 ~ 700
R HHW 1~10° 1~10°
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Tab. 3 Operating parameters of a 25 kW SOFC system
=] 28
HIE IR 25 kW
U L LU 660 V,38 A
HTt A R, 140 mmx140 mm, $£800 4
HL g ST R ARz R e RS & R % YSZ
FRAR A A} BR-SASRE AL 4 B P ENI-YSZ
1A% bA At PAERAL R E AL WILSCF
R} EERIRR, MK
BEYIRKW 11 17 18 23 25
R P i i/ SLM 59.9 64.9 69.9 69.9 72.4
i DRAW 11.5 17.1 18.8 23.5 253
R AR % 32 44 45 48 61
: SLM FROLT (0 °C, 1 atm ) F+4543-44 (Standard litre per minute)

F 4 PELRERFEERFERAMRIE 5 kW10 kW
MCFC REIEITSHE
Tab. 4 Operating parameters of 5 kW and 10 kW MCFC systems
of China Huaneng Group Clean Energy Research Institute

5 kW MCFC 10 kW MCFC
HLET70 V, L85 A FLET70 V, FLIE160 A
A HEERES AL WRELFI I 77% IREFI IR 70%
L2 85 mA/em’ LI E 80 mA/em”
iR 5.88 kW 11.2 kW
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Fig. 2 SOFC power generation system process model
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55 SOFC EiSig& kA H2+§Oz—>H20+Power+Heat (8)
Tab.5 SOFC model equipment type selection %\/ Lﬁﬁi¥@
B AspenPlusf&izl Uitie
D1 HEBIA CURBHE ) LIZ A THE 23 D Mt = ) Roudiou+ Wae+ 0 (9)
0 (SR T R ) S =S (10)
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- ompt A5 R B2 R S
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) MG ZE 1085 HL (STCR) 43T M FH AR \ e e s
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0,, % 6 2511 T SOFC ZAREIKRT 2280,

%6 SOFC &l
Tab. 6 SOFC modeling conditions

®7 SOFCHEBEIMHAER

Tab. 7 SOFC model calculation results

L 24 Kt LI 24 Hefl
VIV 0.912 IA 1728149.2
Vil V 0.168 JIAm?) 1938.77
Vil V 0.112 Weorc/ kW 1015
Verl V 0.043 1% 55.4
Vsorc/V 0.588 no/% 30.15

28 BE

CH, 96.12%, C,H; 0.501%,

JRBHEH O3 C;H; 0.118%, C,H,, 0.033%,
CsH,, 0.012%, CO, 2.6%, N, 0.147%
SOFCizA T 910 °C
SOFCizAT ) 1.08 atm
R 1 MW
HIFR 140 mmx 140 mm
HESRRHRLRE /) 15 °C/1 atm
HEAZRE/NE T 15 °C/1 atm
R ES 0.85
TRk L 2.5
FEARHLE T 3
DC/ ACKA% 92%

DAHT A H A 2E AR S B R, 25 5 25 kW AL
SOFC il H & 4t 25 (G 4f it Al RF | AL T2 B
HERPR ), AT 1 MW 92043 R T R 4D
ARG, IFXNZ KRG HEAT T 5 AL, 5 EAHE
FELERANER 7 PR, R MR R vy R A L, D8
FRRIBARR Vs ALK Vs MEERALIR Vion
o 2 H A T LS Vigopes R FH A2 R LR 76 FL il )
T RS TR BB R R R TR, R
R R AR T B 353 0 55.4% F1 30.15%

72 3 KL PRz T & AR 50% ~ 60% Z ],
LEAMUR MBI 80%; MR 7 15 BTSRRI 45 51,
BATRCRAT A L PRis I TE L. B 3 HE— 245 H T
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Fig. 3 SOFC model performance
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A B Ak R, i B SE BRAZ 1 T CO,T AT RS -
KHEERIHE R 5 SOFC AL
2.2.2 MCFC Hifh2fpsiony

MCFC 1) B fb 24 45 AU A L SOFC fij #t, 2%
JE =4 HUBEL Y B2 (W26 8 ), 1AL LA SCHikfif
IE"Y, B TR 5 R Gk BER A 5 SOFC &
G, B HE S,
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Fig. 4 MCFC power generation system process model

# 8 MCFC HE{LZ&a
Tab. 8 MCFC electrochemical model

RT Y/ P,
En=Eo+ 71“% . C02e
2F H20.a Pco,a

(112 TS REEN AN =
Hr, Eg=1.2723-2.7654x107*T
_ Eqy, . . 5
A5 e L Ranode = 2.27% 10 9exp($)PHg'42PC%£7 Polo
_ Ejyet, _ _
% HL B Reathode = 7.505x 10 1%exp (%) POBPLOY
1 1
4 B REL Rohm = 0.5 x 10™%exp 3 016(?—@)]
%?JHJ' '-H'E Vcel] = EN - j(Ranode + Rcathode + Rohm)

B‘E PHZ g/ﬁ‘é}’j—i, Poz Q%ﬁﬂ—i, Pcoz :g/f‘tﬁ&ﬁjiv PHZO 7J(;3‘t/ﬁ4§'}“}£, a, an, anode—ﬁﬁ*&, X‘TBZE(J%IE%}]FH$& E/‘J%IE%, ¢, cat,
cathode——RA%, X107 (P Bty BHAR ) 4 3 i s R—— 3 U 8K, H8.314 J/(mol K); F—— iR 4L, 96485 C/mol; T—— I HE TAEIRLEE
(K); E——F iR (V)5 E,— % fLAE (kI/mol)

47 800 mA/em’, ARG IRBE A Ky B filh, X¥F MCFC & 48

N . R £ 9 MCFC#EITELR
AT AL, % MCFC RSG5 B4 Rk 9

Tab. 9 MCFC model calculation results

Ji, TR REIT R Yy, BRIBR Vo PHARE 2 - i P i
2 5 W= IH = H

Vs BRI R V., 15 2] H M 4 HH H T Vygere, M HH

UIR Weres A HL SR B AR FH SR 23 31 8 49.7% v 0.82 VeV 0.68

il 26.5%, *EJE%% 4 ':P 10 kW %Wﬂ, ﬁ%%{ﬂj %}‘T’“j‘j Van/V 0.02 Waerc kKW 1094

0.7V, 2GR BBCRA N 51%; %t L & BT EE5 50 5

s T N 4 e \ — N N g5 o N Veat/V 0.068 nJ% 49.7

SRz AT RCE AR VT 5 [R] I 3 Tz 40 B, fIF9E 1%

HB A PEREAR S, Wil 5 prow, HtERe Ak 52 Vawd V 0.052 no/% 26.5

A WEGESCHk b AR
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Fig. 5 MCFC cell performance: (a) literature data; (b) simulated data
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