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Process Simulation and Techno-Economic Analysis of a Heat Pump-Integrated
Alkaline Water Electrolysis System Considering Sector Coupling
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junghunnoh@iae.re.kr Abstract >> Conventional alkaline water electrolysis systems discharge most of

their waste heat, reducing overall energy utilization. This study proposes a heat
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Accepted 14 August, 2026 heat. A MATLAB/Simulink model was developed to evaluate energy and econom-
ic performance under five operating scenarios. As heat pump utilization in-
creased, the overall energy efficiency improved by 22.3%p, effective heat supply
ratio to waste heat reached 127.9%, and the exergy efficiency increased from
61.0% to 74.0%. The by-product-based LCOH (Levelized Cost of Hydrogen) de-
creased from 9,470 to 8,548 KRW/Kkg, while the payback period decreased from
11.5 10 9.9 years. These results demonstrate that the proposed system can im-
prove both energy efficiency and economic evaluation.
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Fig. 1. Concept of sector coupling based on power-to-x tech-
nologies

Journal of Hydrogen and New Energy <<



422 MEPISES 11051 S|EHD QU L7 IRIQ1 o) AIARIC| SEGHA B XY B F S
I

2] £351 7)dolt}. P2G (Power-to-Gas), P2H (Power-
to-Heat), P2L (Power-to-Liquid) 7]&2 £33 A9
o, @ 9 AAAR 59 oA mA= Heksto]

A = e T oA 28de =
= 2 oA AAE ekl Ao A 284S
EY Ak ot 2 d9e A 3 daene] A
Tt REs 1 T 29 AHeke s &
i e Hde 28e Tl Ag-ea-d dAe
28 7T 7d avE HES 7|2 dEA
oo g Z=t

2. 7ol AJAH SFoliM H FHIE Yot

2.1 g7fafel sl AlAH” 712 Hz2|

H, 0,
Purification Purification
Demister Demister
Dryer Dryer
H,+H,0+KOH 0,+H,0+KOH
|—— —_—
Gas-Liquid Gas-Liquid
Separator Separator
H,0

Cathode Anode

Heat exchanger

Pump

Fig. 2. Schematic diagram of an alkaline water electrolysis
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Fig. 3. Process flow diagram of the heat pump-integrated alkaline water electrolysis system with sector coupling
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Table 1. Major components of the heat pump-integrated alka- E]Eq %_Ha}ﬂ o]]}\ﬂ IA] oEﬂ‘_% ,g__/’:@— %UH‘E ?}:%—7]% 74
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Table 2. Input parameters for economic evaluation
Input .
Value Unit
parameters
Project
Lifetime 2 yr
Discount o
Rate > o
Annual
. 4 h/
Operating Hours ;000 .
Rated Power of 250 W
Electrolyzer System
Hydrogen Selling Price 10,310 KRW/kg
Oxygen Value 115 KRW/kg
Heat Value 126 KRW/kWh
Electricity Price 106 KRW/kWh
Water Supply Cost 500 KRWr/ton
Initial Investment Cost
of an Alkaline water 981,721,125 KRW
electrolysis system
Initial Investment
Cost of a Heat Pump 107,819,361 KRW
Annual Maintenance
Cost of an Alkaline water| 19,634,423 KRW/yr
electrolysis system
Annual Maintenance
1,211,2
Cost of a Heat Pump 211,250 KRW/yr
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Table 3. Operation scenarios for the heat pump-integrated
alkaline water electrolysis system

Case (.:1.11111?1‘ He.a t pL.me Description
utilization utilization
Case 1 100% 0% Conventional
system
Partial t
Case 2 60% 40% artiat waste
heat recovery
Case 3 50% 50% Equal load sharing
Heat pump
Case 4 40% 60% dominant
operation
Case 5 0% 100% Full waste
heat recovery
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Table 4. Operating conditions and performance parameters
of the heat pump for each case

Case COPyp Wyp T,
[-] [kW] [°C]
Case 1 0 0 0
Case 2 4.99 5.40 62.7
Case 3 4.54 7.26 66.4
Case 4 420 9.28 69.9
Case 5 4.36 14.79 64.3
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Table 5. Annual cash flow and economic evaluation results by
case

Parameter | Case 1 ‘ Case 2 ‘ Case 3 ‘ Case 4 | Case 5

Annual
hydrogen
production
[kg/yr]
Annual
oxygen
production
[kg/yr]
Hydrogen
sales

revenue 193.9
[million
KRW/yr]
Oxygen
utilization

credit 17.3
[million
KRW/yr]
Recovered
heat
utilization
credit
[million
KRW/yr]

18,805

150,438

- 13.7 17.1 19.7 325

Total
revenue
[million

KRW/yr]

211.2 | 224.8 | 2283 | 230.8 | 243.7

Total
OPEX
[million
KRW/yr]

125.7 | 1292 | 130.0 | 1309 | 1332

Annual net
cash flow
[million
KRW/yr]

85.5 95.6 98.3 100.0 | 110.5
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Fig. 8. Economic performance indicators: net present value
and payback period for different cases
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