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Techno-economic analysis of coal-fired power plant integrated with proton
exchange membrane electrolyzer
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Abstract: The proton exchange membrane (PEM) electrolyzer can convert green electricity into hydrogen energy,
but the conversion efficiency of PEM electrolyzer is low, the thermal energy in the electrolyzer outlet water is not
fully utilized. To fully use the waste heat in the PEM electrolyzer hydrogen production system, integrated systems
incorporating a 660 MW coal-fired unit and PEM electrolyzer are proposed in both power generation (PG) and
combined heat and power (CHP) scenarios. EBSILON and MATLAB Simulink softwares are applied for
modelling, and thermodynamic and economic analysis is conducted. In PG scenario, the electrolyzer outlet water
is used to heat the feedwater of coal-fired unit. While for CHP scenario, the electrolyzer outlet water is used to
heat the return water from heating supply network along with the extraction steam. The produced oxygen is sent
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into the boiler for combustion. The results show that, compared with the reference coal-fired unit, in PG scenario,
the power output is enhanced by 2.55 MW with an power supply efficiency rise of 0.17%, and the boiler
efficiency increases by 0.04%. While in CHP scenario, the power output can be enhanced by 5.83 MW with an
efficiency rise of 0.40%. After attributing the net power output increment to the PEM hydrogen production
system, the exergy efficiency of the PEM hydrogen production system is 69.74% in PG mode with an increase of
3.44%, and 75.41% in CHP mode with an increase of 9.11%. For these two scenarios, the system exergy
efficiencies reach up to 40.20% and 40.18%. Economic analysis shows that, the annual income growth by selling
electricity for PG and CHP scenarios are 5 460 000 yuan and 12 460 000 yuan, with the increments of net present
value of 61 320 000 yuan and 140 140 000 yuan, respectively. The levelized cost of hydrogen production in the
reference system is 42.72 yuan/kg. The levelized cost of hydrogen production in PG and CHP modes in the
integrated system is 42.55 yuan/kg and 40.79 yuan/kg, respectively.

Key words: proton exchange membrane electrolyzer; coal-fired power station; hydrogen production;
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Fig.1 Schematic diagram of the PEM electrolyzer
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Tab.1 Operational parameters of the PEM electrolyzer
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Fig.2 Schematic diagram of the reference coal-fired unit in PG scenario
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Fig.3 Schematic diagram of the reference coal-fired unit in CHP scenario
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Tab.2 Thermodynamic parameters of the reference
coal-fired unit under design condition
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TR CRHEER 6%) /MW 39.64
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Tab.3 Basic parameters of the heating supply system
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Fig.4 Schematic diagram of the integrated system in PG scenario
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Tab.4 System performance in PG scenario
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Tab.5 Exergy analysis results in PG scenario
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Tab.7 Exergy analysis results in CHP scenario
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Tab.10 Economic analysis results

o T
WH . —
KH I
AL B R AP/MW 2.55 5.83
SEALH R E/(GW h) 12.75 29.15
A IR & ACiH Ti Tt 546 1246
HBUEE NPV/ITT 6 6132 14014

Cout = ACequipment (13)
Z—EEEP: ACequipment %m@%ﬂ%iﬁﬁﬁiﬁﬂﬁi%, fl:o
#z 8 &FMHITEEARIE
Tab.8 Basic data for economic analysis
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F 9 MBI ARKITEEREIE
Tab.9 Basic data for investment cost calculation for heat

exchanges
gE|
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LY SR AR U N3 &y 546 5 70, LN 1 BN
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Fig.10 Variation curves of NPV increment of the integrated
system during the lifespan
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Tab.11 Calculation results of levelized cost of hydrogen
production Lcon

TH /LE
FL AR BT AR/ (TG kW) 6 000171
e FAAS AT RA (I8 m2) 115017
A i) S FL R AR 5 TG 1 700071
EAKE &R &TI T 200171
KANGE £2) 707
AL R G PFAE L SR A LCOH/(Jt kg?) 42.72
K Eﬁﬁﬁfi‘ﬁgﬂﬂziﬁfwﬂiﬁi$ 4255
Lcon, pe/(JG kg t)
IR R AT R T HELL 40.79

i ZUHAR Leon, crp/ (TG %gt)

54 it

A THES 660 MW BAIENLZHL A PEM H

http://rlfd.cbpt.cnki.net

fRTEEE R RS, ERBBT, A KA
FINASRIENL 257K MERBR 0T, H
FERE 1) K T AR [ K o S8 #4 ) 2n2
BEoy i, KBS .

DEERARGHE R R, fEH RS T 2.55 MW,
BORIERE T 007 B AL B cRIEm T 004 H
Y R. 65, 75/ 8 SHIKIMRERE M. 7
AR, g EIE N 5.83 MW, RURSE S
0.40 H 73 iio PR TR HIHHIA 13.00 ko/s 9 /b 2]
6.90 kg/s. JEiLKs PEM Hifiihti 5 RN 34T 4
M, RGHRITFEIERA RIS, KB EMVAHNE
B3 25T

2) fER AT, PEM HIE RS Mk E
LT 69.74%, T 344 HA s MWEH A
661.37 MW, RZMHZIET] 40.20%, $Em 1 0.13
B4 R R HET, PEM HlE RS 1L
RKILF] 75.41%, T 911 HArs; HEH A
661.08 MW, RGHAE A 40.18%, Heim | 0.32%.
IR R0, ERRGIHBERSR TS, i
RYMEREAAR R T

3) fERHBAA, FBER N 12.75 GW h,
TFELERS N 6 132 Jit. ERAEB 10, R
WA 29.15 GW h, S#BUEIE A 14 014 JiTt.
AT R G B UEAGHI A 42.72 Je/kgs 45
DEMEIT R BRI SRS G, KA P
HIEAN 42,55 Jo/kg, TGRS T
A A 40.79 Tolkg. BRGNS PEM HIA
RGATERG, AT BRI &30 A m] LA
PAFRON AT MG TR RS, (RSP TRERN H R B
RS e,

(& % 3 #K]

(1] &, Bk, AT HTXIGEFHMK SOEC R4

2P ) R g [0, 3 77 LR Rk, 2023, 43(12):
1626-1633.
WU Xin, FENG Ge, XIONG Xingyu. Power control
strategy of the SOEC system for smoothing wind power
fluctuations[J]. Journal of Chinese Society of Power
Engineering, 2023, 43(12): 1626-1633.

[2] COOPER N, HOREND C, ROBEN F, et al. A framework
for the design & operation of a large-scale wind-powered
hydrogen electrolyzer hub[J]. International Journal of
Hydrogen Energy, 2022, 47(14): 8671-8686.

[3] QIANJF, WANG C Y, ZHANG X J, et al. Synthesis and
properties of anion exchange membranes with dense
multi-cations and flexible side chains for water
electrolysis[J]. Journal of Power Sources, 2023, 564:
2328717.

[4] FEER, FifEse, kAW ROAE T 568 HGE




20

kA% e

2024 F

[5]

(6]

[7]

[8]

[9]

[10]

[11]

TR B[], 3 TR, 2022, 42(1): 10-18.

LU Wanglin, LU Qiliang, ZHANG Zhihong. An
overview of the integrated energy systems’ development
under the background of carbon neutralization[J]. Journal
of Chinese Society of Power Engineering, 2022, 42(1):
10-18.

ABDOLLAHIPOUR A, SAYYAADI H. Optimal design
of a hybrid power generation system based on integrating
PEM fuel cell and PEM electrolyzer as a moderator for
micro-renewable energy systems[J]. Energy, 2022, 260:
124944,

GU X F, YING Z, ZHENG XY, et al. Photovoltaic-based
energy system coupled with energy storage for all-day
stable PEM electrolytic hydrogen production[J].
Renewable Energy, 2023, 209: 53-62.

MARR V, VIVES A, WANG RUIQI, et al
Techno-economic analysis of large-scale green hydrogen
production and storage[J]. Applied Energy, 2023, 346:
121333.

ZHAO H B, DU H C, PENG Z X, et al. Thermodynamic
performance analysis of a novel energy storage system
consist of asymmetric PEMEC and SOFC combined
cycle[J]. Energy Conversion and Management, 2023,
286: 117077.

CHEN Z D, WANG Z H, FAN Z X, et al. Safe-efficient
operation strategies for integrated system of photovoltaic
and proton exchange membrane electrolysis cells[J].
International Journal of Hydrogen Energy, 2024, 49:
184-206.

WANG Z M, WANG X Y, CHEN Z C, et al. Energy and
exergy analysis of a proton exchange membrane water
electrolysis system without additional internal cooling[J].
Renewable Energy, 2021, 180: 1333-1343.

CHEN Z D, HOU Y C, LIU M Y, et al. Thermodynamic
and economic analyses of sewage sludge resource
utilization systems integrating drying, Incineration, and

[12]

[13]

[14]

[15]

[16]

[17]

http://rifd.cbpt.cnki.net

power generation processes[J]. Applied Energy, 2022,
327: 120093.

CHEN Z D, SU C, WU Z X, et al. Operation strategy and
performance analyses of a distributed energy system
incorporating concentrating PV/T and air source heat
pump for heating supply[J]. Applied Energy, 2023, 341:
121125.

XU C, LI X S, XU G, et al. Energy, exergy and economic
analyses of a novel solar-lignite hybrid power generation
process using lignite pre-drying[J]. Energy Conversion
and Management, 2018, 170: 19-33.

YANG Y P, XU C, XU G, et al. A new conceptual
cold-end design of boilers for coal-fired power plants
with waste heat recovery[J]. Energy Conversion and
Management, 2015, 89: 137-146.

TN AR S W & 2 35 R A | [Z/0L]. [2024-05-11].
http://dzjf0118.okhy.cn/.

Dezhou Jiufa Technology Co.,
[2024-05-11]. http://dzjf0118.0khy.cn/.
CORREA G, VOLPE F, MAROCCO P, et al. Evaluation
of levelized cost of hydrogen produced by wind
electrolysis:  Argentine and Italian  production
scenarios[J]. Journal of Energy Storage, 2022, 52:
105014.

RIS, BOE R, S, S5 BT A K R
il A S AL A 2 AT 0], R REREE B R
2023, 12(11): 3572-3580.

LIN Qili, QI Hongxun, HUANG lJingjing, et al.
Levelized cost of combined hydrogen production by
water electrolysis with alkaline-proton  exchange
membrane[J]. Energy Storage Science and Technology,
2023, 12(11): 3572-3580.

Ld. [Z/OL]

(DUESHE HEE)




