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Abstract: In order to solve the problems of waste heat utilization, carbon capture and liquid natural gas (LNG)
cold energy utilization of solid oxide batteries fueled by methane, a new type of combined cooling, heating and
power system was established. The system includes the improved recompression supercritical mixed working
fluid Brayton cycle, the transcritical CO; heat recovery Rankine cycle and the secondary mixed working fluid
organic Rankine cycle. The thermodynamic analysis, equipment exergy analysis, economic cost analysis of the
circulation system, and the multi-objective optimization of the system by using the genetic algorithm in
MATLAB. The results show that, increasing P1, T16 and the mass fraction of R14 in the second-stage Rankine
cycle can improve the network, thermal efficiency, and exergy efficiency of the system, and reduce the average
unit cost. P1 is the pressure at inlet the expander in the compressed supercritical mixed working fluid Brayton
cycle, T16 is the inlet temperature of the expander in the transcritical CO, regenerative Rankine cycle. Under the
optimal working conditions, the thermal efficiency, exergy efficiency and average unit cost of the system are
64.70%, 47.85% and 24.20 dollars/GJ.
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Fig.1 Flow chart of the CCHP combined circulation system
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Tab.1 Main parameters of the simulation

TH il
45 7/kPa 101.325
IR EIK 298.15
SOFC S MG IR E/K 853.15
SOFC fHl5 JE J1/kPa 101.325
LNG A FIR /K 111.15
LNG A HJE Ji/kPa 101.325
CO.-Kr i i/ (kg 571 4.20
CO, Jii & it/ (kg 57Y) 450
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LNG Jfi E i/ (kg s7) 9.40
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N IR LA 20 1% 85.00
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Fig.2 Effects of inlet pressure of Brayton cyclic expander of
supercritical mixed working fluid on thermodynamic
properties of the system
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a2 L&:%lfmvﬁ wﬁiﬁﬁ?: &?Jgfz}\
JEZRKHL 1 22.01 0.38 0.082
JEZRKIL 2 46.91 0.81 0.088
A 3 80.05 1.39 0.137
JEREAL 4 309.06 5.37 0.224
AL 5 1027.63 17.84 0.277
JE4ENL 1 6.16 0.11 0.225
JE4ENL 2 4.06 0.07 0.097
JE4EHL 3 9.10 0.15 0.107
#H1 17.85 0.31 0.164
R2 6.32 0.11 0.197
%3 11.45 0.21 0.369
LNG % 50.44 0.88 0.667
AR 17.50 0.31 0.094
HRE2 125.78 2.18 0.175
HRE3 963.90 16.73 0.856
AR A 19.43 0.33 0.719
Htad 1 1.19 0.02 0.618
Hrias 2 24.78 0.43 0.905
Bl as 3 665.94 11.55 0.937
Bl as 4 936.07 16.24 0.566
K EeE 5 751.68 13.04 0.200
K kEes 6 159.60 2.77 0.382
Wltas 7 373.66 6.48 0.544
RIS 1 0.32 0.01 0.034
e A 1 1.73 0.03 0.023
AR 1 14.19 0.25 0.503
fen i [T AR 2 11453 1.98 0.340
222 K& MRADAT

TEIA RGBS AR B ROA (5 LL & 8 s,
Bl 8 n L, FZMKHLAYH BT A o5 b o, T R Zi AL
(1 o5 b el o IX R BRAREIK LN TR B R 7 &
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Tab.3 The thermal efficiencies of CCHP systems with
different configurations
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Fig.9 The Pareto front result
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