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Abstract: [Objective] Conventional combined heating and power (CHP) systems often suffer from suboptimal
thermal integration and limited exergy utilization, resulting in low overall energy efficiency and significant carbon
emissions. To address these challenges, this study proposes a novel high-efficiency CHP system based on the
synergistic integration of a solid oxide fuel cell (SOFC) and a lithium bromide (LiBr) absorption heat pump. The
architecture is specifically designed to maximize cascaded energy recovery and enhance comprehensive
thermodynamic and economic performance. [Methods] A comprehensive steady-state model encompassing
thermodynamic and economic analysis was developed to evaluate the system behavior. In the proposed
configuration, unreacted fuel in the SOFC anode exhaust is combusted using oxy-fuel technology, yielding a CO5-
concentrated flue gas suitable for carbon capture while simultaneously upgrading waste heat quality. The high-
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temperature flue gas is then recovered through an advanced cascaded heat exchanger network, sequentially enabling
cathode air preheating, endothermic methane reforming, and high-pressure steam generation. This steam serves as
the thermal driving source for the LiBr absorption heat pump to meet heating demands. A detailed parametric
sensitivity analysis was conducted to investigate the effects of the steam-to-carbon ratio, SOFC operating
temperature, and fuel utilization factor on key performance indicators. [Results] Simulation results show that
increasing the steam-to-carbon ratio monotonically reduces both SOFC electrical efficiency and overall thermal
energy utilization efficiency, whereas the coefficient of performance (COP) of the absorption heat pump remains
stable at approximately 1.72. Higher SOFC operating temperatures significantly improve electrochemical kinetics
and flue gas quality, thereby enhancing both electrical and thermal performance. A clear trade-off is observed with
fuel utilization: higher fuel utilization factor increases electrical output but diminishes the availability of high-grade
heat for downstream recovery. Under optimized conditions (with the steam-to-carbon ratio of 2, temperature of
1000 C, and fuel utilization ratio of 0.85), the system achieves an electrical efficiency of 52%, an exergy efficiency
of 56.6%, and an overall thermal energy utilization efficiency of 100.54% (defined on the basis of the fuel’s lower
heating value, including all recovered thermal energy). Compared to a conventional natural gas-fired CHP
benchmark, the proposed system improves the thermal utilization efficiency by 20%, and increases the exergy
efficiency by 2.6%. Economic evaluation yields a levelized cost of exergy of 0.102 6 dollars/(kW h) and a dynamic
payback period of 8 years under current industrial energy pricing. [Conclusion] This coupled system significantly
improves the energy utilization efficiency and comprehensive performance through the optimization of the energy
cascade utilization mode. It demonstrates substantial economic feasibility and potential for engineering applications.
The identified influence mechanisms of key parameters provide a theoretical foundation for the optimal design and
operational control of such systems.

Key words: solid oxide fuel cell; lithium bromide absorption heat pump; cogeneration; energy efficiency
evaluation; dynamic payback period
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Fig.1 Flow chart of the SOFC coupled lithium bromide heat pump system
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Tab.2 Key node flow parameters of the system

Wi W EIC JE 771/MPa BE /R i &/ (kmol s71) H R BEIR i b/ %
1 25.0 0.100 0.050 02:21, H2:79
3 760.0 1.500 0.050 02:21, H2:79
02:0.2, N2:51.7, CH4:2.1, H»0:32.9,
4 10000 1.500 0.076 H»:4.8, C0O26.7, CO:1.7
5 1000.0 1.500 0.040 0,:0.4, N2:99.6
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Tab.3 Exergy destruction distributions across the system components

TiH AW ARG /% ZWRS di H/%
F e 6 884.0 98.8 6 884.0 99.3
. A [ml 7K 59.0 0.8 25.0 0.4
AW R 232 0.4 232 03
it 6 966.2 100.0 6932.2 100.0
ARG R R 3042.0 45.1 3042.0 439
i JHA 22.5 0.3 225 0.3
Wi/ AUk 62.5 08 300 43
B 7K 818.4 121 500.0 7.2
Hhgg 1 129.0 1.8 129.0 1.9
G 2 62.0 0.9 62.0 0.9
Hhdg 3 1180.0 17.0 1396.0 20.1
A 4 73.0 1.0 50.0 0.7
AR 5 187.0 2.6 135.7 2.0
A 6 163.0 23 145.0 2.1
Hhae 7 107.0 15 74.0 1.1
A 8 247.0 35 218.0 3.1
AR kW
s o 9 49.0 0.7 37.0 05
FEAMLL 26.0 0.4 26.0 0.4
JESML 2 40 0.1 40 0.1
PRI 86.0 1.2 86.0 1.2
Bobes 222.0 3.1 222.0 3.2
& 70.0 1.0 70.0 1.0
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Tab.4 Price list of the system components

A iR IEVI i L%
FEASMLL 5.03x10° 434
FEAML 2 9.61x10° 0.83
Hehds 1 1.78x10° 0.15
Heds 2 8.24x10* 0.07
a3 1.08106 0.93
Heihdt 4 6.12x10° 0.53
Hehdt 5 3.19x10° 0.28
He g 6 3.96x10° 0.34
Hehdt 7 4.39%10° 0.38
Heds 8 5.6610° 0.49
a9 481105 0.41
IR 7.56%10° 0.65
JREEHL 1.03x107 8.88
HE RN A 1.01x107 8.71
AR N 4.61>10° 3.97
SOFC 5.31x107 45.78
TR 2.70%107 23.28
pstan 1.16 X108 100.00

A SCHRE T — T A A % k) H T
(SOFC) R#MIKAN I Z B R4, EidH A
SOFC HEMUH iy /K 728 S8 A AL Gl /K B 44
VEIRAAR I IR, 55T REVR R FH R « ANIF)
BHHRAG L IE 5. BUH SCHR R G0 R0k
WAET 90%, WAL ARG SRFHRIAS 100.54%, ML
%N 56.6%, SOFC HLZAHA 52%. AHALT ARG B4
[T % (AnSCiR[18] . [21]3%% 50.0%~78.3%), A
BB AR S 2 s Rt AL, R RS
REROMEN, oA 2CRE I = AR AL TR AL T B %42

*5 TRSZEXMMAGIILL

Tab.5 Comparative analysis of the reference systems in literatures

CER S ARG EAEI% TR % SOFC HLZ#/% P 75 2 BT
[18] 50~60 45~55 50~60 SOFC A E#H A CLC /™ &%t
[19] 62.50 55~65 55~60 LT-SOFC 5 HT-PEMFC #i4 TR AR B R 50
[30] 70.49 57.29 60~65 SOFC A IR A IR AL HL I 4 LW RS
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SR S REEERI% e SOFC H1L%%/% SR O 20 I
[32] 75~80 65~70 60~65 Il Sk S AL+SOFC R RS
[33] 78.30 65~70 55~60 W AR AR ZERE CCHP &4t
[20] 80.00 70~75 60~65 SOFC-GT+KRH el Bl =UhL AL JHHEAN RS
[21] 78.30 68~73 50~55 SOFC R#AZH (O BE Rt 5Bl i
[34] 65~70 55~60 55~60 SOFC ¥ #h L BE LR R RERC B RACHT 7
[26] 80.70 (Je#) 33.80 55~60 KBH#E PEMEC-SOFC %It/ JeHiE— Ak
[41] 85~90 70~75 MR GE#FIAD T PERE SRR

KIH RS 100.54 56.6% 52 SOFC A RS AL F 1) B4 EZ IR

2023[R]. Paris: IEA, 2023: 1.
545 iﬁ [3] FEarfh. EFFRBRTIRIRA (BRI TR 2019)

ASCHE T — ol [ R S A R ) rE R T
WAL B IR AR ™ R 48, R0 T )
RGHAT T RIS T AN R 8 S 500
REGtERemszm, EELERIT.

1 @it SOFC MHAE FUAKe 5 /K& ST IR
SR RIE RER S, BRI AR ZESE
PERIE RS KB, AR R 20%-~
30%, fifpdle 1 FP R A FA S AT AR T 5 B0 R A K el

2) KB SOFC TAEIRE SRR 2
FroeBetE. KBRHEEE S 2.0 I, #IE COP FaE T
1.72, {H SOFC & HLALZ H 52%F# (K% 48%, R4t
PO H 100.54% %K% 95.3%; SOFC REAE
1000 C, KHFEH 48%THEE 52%, MBEH
55.7%7t =1 2 56.6%; MARLELILEE 0.85 B, REH
IR IE(E 100.54%, (HA R R AR FAENSOCAS 2 1
FEAK

3) SR, KBk N 2, SOFC LIER
fEN 1000 C, #AEMEALZ 0.85 A& L L,
BEI R BLRCR A 52%, MR A 56.6%, UK
N 100.54%. HE TSRS, HRCERET 20%,
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