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Abstract: A model for hydrogen production and storage during deep peak-shaving (less than 30% of rated capacity)
was established by coupling a gas turbine combined cycle (GTCC) unit with a solid oxide electrolysis cell (SOEC),
demonstrating the feasibility of efficiently matching electrothermal resources within the system to accommodate
renewable energy. Machine learning was used to predict GTCC variable-load power output, heat recovery boiler
models were used to calculate steam parameters, and SOEC thermochemical models were applied to determine
hydrogen production electricity and heat consumption. Results show that SOEC electrolysis voltage and hydrogen
production can quickly respond to changes in input electrical energy, with the thermal inertia temperature difference
of hydrogen production stabilizing at 25~27 °C. When the peak shaving depth (the ratio of accommodated
renewable energy to rated capacity) increased from 50% to 100%, the overall efficiency of the energy storage peak

Y %5 B Hi: 20250622 1& B H HB: 2025-07-18 3% F H HA: 2025-07-28

H & I B: ETHyENERIEFESTEEERTI (B8 (T1-25-TYK38)

Supported by: Research on Key Technologies for Health Management of Heavy-duty Gas Turbines Based on Digital Twins (Supporting) (T1-25-TYK38)
FE—EEEN: £ % (1994, B, Wt FEFTE AT HLALAS I S TRk, ywang058@e.ntu.edu.sg.



2 F£—F % GTCC-SOEC fill S fiff BEAR R L 1 I 5 Gt AT 7t 159

shaving system rose from 47.8% to 55.3%. Using GTCC-SOEC to accommodate renewable energy reduced the
total energy consumption of hydrogen production from 6.7 kJ/m3to 5.8 kJ/m3with a reduction of 13.4%. SOEC
hydrogen production heat consumption is about 80% of the electricity consumption, and the efficiency of the
coupled hydrogen production system is only approximately 3.15%~3.34% lower than the efficiency of GTCC
standalone peak-shaving power generation. For every 1% increase in peak shaving depth, hydrogen production
increases by about 0.1 t/h, and CO. emissions from natural gas combustion decrease by 0.64 t/h. Considering storage
costs and weather impacts, when the unit operates for 8 hours per day, as the peak periods for wind and solar
generation increase from 0 to 1.5 hours, the hydrogen blending volume ratio increases to 30%, and the average
efficiency of the hydrogen storage-release cycle increases from the baseline 56.7% to 62.5%; When the daily online
duration of renewable energy reaches 2.5 hours, the average efficiency within the cycle can reach 67.1%. When the
ratio of peak-shaving subsidy to electricity price is less than 0.2, the cost-to-output ratio initially decreases and then
increases with the ratio of stored to grid electricity. When the subsidy-to-electricity price ratio is greater than 0.2,
the cost-to-output ratio continuously increases with the stored-to-grid electricity ratio.

Key words: combined cycle power generation; heat recovery steam generator; deep peak regulation; solid oxide

electrolysis cell; dynamic modeling
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Tab.1 Boundary conditions and fuel parameters of the
GTCC unit under operating conditions

TiH Bl TiH Hufe
RARZURALIAE/ (KW h) kg ™) 135 | ¥ Ji/kPa 101.56

BRI (kg (KW R)Y) 0184 | FREGE/% &

SURBAMEW R k) 333 | HfBEIREE/C 152
UMY ) 108 | WHRAR/MW 300
FIRAUERAEIMI ) 358 | WhHCE% %67
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Fig.8 Historical data of boundary conditions of the HRSG
and efficiency of the GTCC under variable conditions
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Tab.2 Calculation results and verifications of the

HRSG model
TiH Python #7132 4T44fs ®2%
IR EH LR IK 877.15
IRSEHUHES IR (kg s78) 662.1
TR K 829.96 830 0
FHIE S1/kPa 9.86 9.99 -1.30
TEARRR R (kg s7) 79.73 78.7 1.31
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WiH Python U] JZf7 il TREM% * 3 ¥t T SOEC M it#dh; & 4 47T
TR C BasL e 006 SOEC MM 1151 45 B 15 SLub HO R L. ARARE 4 7
ARV J1/kPa 2.25 2.3 —217 /NI SOEC THHEBERL, VEANX 4 T L FEF AN
TR (kg 57 88.84 873 L.76 R MR HFERE . MIRZELHIRATE H SOEC B
IRFEARIH LI 3L sEed 019 RV SR R, A R AR R 2
IR i (kg st 11.82 12.1 —231 N = TSN ON
:&Ef ;"kgs ) 2.80%, MFEHLEIIAIRRZE N 3.64%, A ALHEN
ICEZ&VUE J1/kPa 041 0.42 -2.38 v s g e s VLAY gk
mm;w o1 o1 L FHXTRZE N 0.83%. % 5 FIH TSR E RiF 34
K L a . . T S P > Sy —=| /4
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Tab.3 Design parameters of the SOEC
TiH Hifl TiH HufH
MR 2/m 02345 WA A ol (0 (kg K) ) 595
F R B BE yim 0.2345 AR 14 BE ol (kg ) 7740
AR B BE x/m 0.001 AR ] A T B R B m3 6.23
L e 0.326 WA -2 S A A m? 5522
HE i 3 AR KBS Fm? 4640
FHLEKFE 6(H20)/m 2.64x1010 Il R4 Q(Ho) 59.7
FHLEKE 6(Hz)/m 2.83x<10°1° Il R4 Q(0) 106.7
FHEASE o(O2)/m 3.47x10-10 A £ 40 Q(H20) 809.1
HAAH R B (W (m? K) ) 100
F 4 SOEC #ATH Z R 530k LI &R b T e
Tab.4 Comparison between the calculation results of SOEC BORIE T .
model and the published experimental data
WA Python B S HIR 0% 277 1+
A5 =/(kg sY) 243 25 2.80 —~ 120 ~
HL AL L MW 310.29 gl &
WA RS RE /MW 23.1 I 11.5 =
PERAET IS FE /MW 6.39 :; lio =
BRRI% 3 e o i
JAFEHLR/MW 349.97 362.77 3.64 e — H,OM # 405 ®
AT AR S AERE/ (KW R) m-3) 3.57 36 0.83 ok | — HL R L |

=5 REEFRITESH
Tab.5 Design parameters of the hydrogen storage device

TH Kt TiH Kl
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I8 i ) 52 B 2 e T 28 VRIS PR AR . SOEC 7K
I RE R AN SR A L 1 T Ve R A il 2R a1 9 B
o HE9 LR, S EMESZRIEFERRE
I (AR f B A m EE R 2P . 7E SOEC EBIM B 2
BEW S, FEhE e, 75 SOEC S HLMY
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Fig.9 Peak shaping curves of water vapor consumption and
hydrogen generation of the SOEC
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Fig.10 Peak shaving curves of power consumption and
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Fig.11 Peak-shaving curves of electrolytic hydrogen and
oxygen temperature of the SOEC with time
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Fig.12 Change curves of fuel flow rate and low-level heat
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