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Capacity configuration methodology for integrated electricity-hydrogen-thermal

parks based on a two-stage hybrid optimization algorithm
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Abstract: To achieve optimal economic planning for a wind-solar hydrogen production system, this paper develops a capacity optimiza-
tion model that couples electricity-hydrogen-thermal multi-energy storage. The model aims to maximize the net present value, compre-
hensively considering equipment investment, operational constraints, and by-product revenues such as oxygen sales and carbon emis-
sion reduction, while incorporating thermal storage benefits into the full lifecycle economic assessment framework. To address the mod-
el’ s high-dimensional nonlinear characteristics, a two-stage hybrid optimization algorithm based on the Genetic Algorithm and Sequen-
tial Quadratic Programming ( GA-SQP) is proposed. In the first stage, the genetic algorithm is employed for global exploration, and in
the second stage, sequential quadratic programming is applied for refined local solution, effectively balancing global optimality and
computational efficiency. An off-grid wind-solar hydrogen production park is established based on the wind and solar resource data from
a region in Northwest China, with year-round hourly simulations over 8 760 hours. The optimized configuration yields an electrolyzer
capacity of 35 MW, hydrogen storage capacity of 555 kg, electrochemical energy storage of 10 MW -h, and thermal storage device of
5 MW -h. Under this scheme, the annual hydrogen production reaches 2 182. 70 t, with total carbon emission reduction of 43 654 t,
and the levelized cost of hydrogen is reduced to 15.42 CNY/kg, representing a 3. 80% decrease compared to the benchmark model.
Moreover, the computation time is shortened by 46. 80% relative to the conventional genetic algorithm, which validates the effectiveness

of the proposed model and algorithm, and provides both a theoretical foundation and practical implementation methodology for planning
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decision-making in renewable-energy-based hydrogen production systems.
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Figure 1 Schematic diagram of an integrated electricity-

hydrogen-thermal park architecture
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Figure 3 Hourly wind power output for a full year
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Table 3 Equipment and economic model specifications by solution
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Table 4 The configuration results of the three schemes
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Figure 5 Comparison of hydrogen supply levels among three schemes
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Table 5 Algorithm comparison results
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Figure 6 System operation results
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Table 7 The impact of equipment parameters on NPV and LCOH

S AR 0. 8 £

AR 1.2 1%

145 . :

g JBL eIk mARH fRRE BAA AR JABL OBIK mRHh AR fEA BEAN
ANPV/% 8.82 0.61 2.40 0. 64 0. 06 0.11 -8.82 -0. 61 -2.40 -0. 64 -0.06 -0.11
ALCOH/% -13.97 -0.97 -3.80 -1.01 -0.09 -0.17 13.97 0.97 3. 80 1.01 0. 09 0.17




LN S5 R TP BOIR S D0k Y L A — Al X T 549

%51

a W& S0 LCOH iUkt

i (=131
fiti#

etk

fitsfie

FL A

R

15 -0 5 0 5 10

ALCOH /%

b

WA SHRINPV ISR
fle — R
B
FetR
f#RE
EAL A
KA
-10 -5 0 5 0
ANPV /%

a.b SRR B4 S 80 LCOH Ml NPV 1Y ik vk
B 7 i&&mMAX LCOH & NPV K&
Figure 7 The impact of equipment costs on LCOH and NPV
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fobr LS Wk A/ (T t) AR/ (Ot -k ) AR/ (DB kW R
o 0.20 0. 60 50 0.15 0.30 0.05 0.15
ANPV/% 28. 04 -21.63 —4.27 4.27 ~1.44 2.15 ~0.00 0.00
ALCOH/%  -15.41 16. 88 9.20 -9.20 3.09 —4.64 0. 00 0. 00
a e LCOH UM b X NPV U
AW HAW )
TRARUC R PRI
MEEL R MEPRER

-40 20 0 20 40 60 80

ALCOH/%

-100 -80 -60 —40 20 0 20
ANPV/%

a.b 40 B R i 36 % LCOH A NPV Ay ki
B8 WHIE W#Hx LCOH & NPV B &0
Figure 8 The impact of discount rate and revenue parameters on LCOH and NPV
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