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ABSTRACT: [Objective] To address practical issues such as limited transmission channels for large-scale wind-solar
bases in desert and arid regions of China and insufficient local consumption, this paper proposes a collaborative planning
method for an integrated electricity-hydrogen energy system (IEHS) that considers solid-state hydrogen transport
interactions. The method aims to alleviate the coupling bottleneck between renewable energy curtailment and the
disconnection across hydrogen production, storage, transport and utilization. [Methods] First, an IEHS model is
established, comprising electrolyzers, hydrogen storage tanks, gas — solid conversion units, and hydrogen vehicle loads.
Solid-state hydrogen transport vehicles (SHTVs) are introduced to enable efficient interregional hydrogen transport and
energy interaction. A bilevel planning model for hydrogen production, storage, transport, and utilization is then formulated.
The upper-level objective minimizes equipment capacity configuration costs and the lower-level objective minimizes system
operation optimal dispatch costs. The bilevel model is transformed into a single-level linear model using the Karush-Kuhn-
Tucker (KKT) conditions and the Big-M method. [Results] The results demonstrate that adopting SHTVs for cross-regional
hydrogen interaction reduces annual electricity purchase costs and renewable energy (wind and solar power) curtailment
costs. Compared with independent operation in each region, the annual total system cost decreases by RMB 74. 79 million,
representing a reduction of 17. 7%. In addition, relative to hydrogen tube trailer (HT)-based interaction, the annual transport
cost decreases by RMB 15. 52 million, or 67. 9%. [Conclusions] The proposed method facilitates the accommodation of
wind and solar power while reducing CO- emissions by 9,450 t, thereby effectively improving the overall economic and

environmental performance of the system.
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Fig.1 Integrated electric-hydrogen energy system with hydrogen energy interaction via SHTV
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Fig.2 Schematic diagram of double-layer model solution
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Fig. 3 Dispatch results of cross-regional solid-state

hydrogen transportation volume and available hydrogen

volume at station on typical days
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Fig.4 Electric power balance diagram
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Fig. 5 Hydrogen mass balance diagram

BN 6 s o

FH &1 6 T2, i S e AT — B 20 AU AT 3647 78 &
[5G B a8 i B R R T L 2 P
AR5 78 ORI, DL A e Yok 2 &, It
PR R RETR MY IEH AT
4.2.6 HLRREHCR ST

FERELERREIR ARG, A ROR 25 i i
ST N 2, LT 53 R, R SOR X &R
Guas e B M2 GRS I A & 7 TR o

P L7 AT, 24 H R A SOR H 70% 42 T 2 95%
B, 2R G076 T AR R SUK - B R 82 R H i i 2
RS T P 2l A s, R 5B R 2
R IR R U, E R B /N T A, U
S8 3 W fu 1] T G AR Ak A AT R DX B I 4R W i
ORI LB . A A TEAS AR IRCR XIS R L &
SR X AR, 22 B Y ORI R G0 7% ZAK S K
) S EAT T B i 20 25 5 o AT 45 1 T AR R A%
AL R RS T R, R T 7 A S
AN I 4R e AR A OR BRI — P R IR R A T
A FETHRLRI T 25

http://www. cepc. com. cn



PINGE 5 75 TR I s ST A HL R 255 RE IR AR 2 D] L&) 159

55 6 1]
3007 :lﬁﬁ,'%:kﬁﬁfl% 11500
vy I BRERETER
2008 \ e B
_ * \ H 1250 &0
< / \ <
@ 100-[I \ ﬁ
ﬁ! 0 : 1000 ?@
& [| €
ﬁ -100¢ ™
1750 E
200t
-300 . ; : ; ; 1500
00:00 04:00 08:00 12:00 16:00 20:00 24:00
i ZI
() F7 37 5 1T X i AU RE A e Ak
1000 . I REERERRE 5500
800k SN SESHEE 15000
600} \T** it EEA Al
/ . 14500
= 400} : \ 12000 £
E} N
= 200 =
= \ 13500
B 0 o H
= / i 13000 &
= =200t &
et / i <
4 2500 &
- B 5
R _gool / 12000 3z
—800+ ./ 11500
~1000} S 11000
—1200 . N N . N 1500
00:00 04:00 08:00 12:00 16:00 20:00 24:00

2
(b) FRIMANG 1T L b X it U7 1Ak

Elo fESRELWL

Fig. 6 Hydrogen storage tank capacity variation
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Fig.7 Influence of electrolyzer efficiency on capacity

configuration and cost
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Table B1 Time-of-use electricity prices
vadiny 2 HLH/(T/kWh)
07:00—11:00
lib 1.02
R 18:00—24:00
11:00—14:00
Rai) 05:00—07:00 0.73
00:00—03:00
03:00—05:00
Zalih ’ ’ 0.51
Gl 14:00—18:00
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Table B2 Simulation Parameter Settings

/% 4.9 £,/(TL/kW) 0.025
T Ja 25 &,/ (Ju/kW) 0.03
@ 20 T /a 15
T,/a 15 T2 15
€ ind TGIKW) 4000 &,/ (TGkW) 0.03
e, /(TLkW ) 3800 wy,/(Tt/kg) 0.5
¢,/ (TT/kW) 6 500 £, (JC/kW) 0.6
¢,/ Oti/kg) 5250 s /(Jt/kg) 0.15
G 0.1 &4, (TCKW) 0.15
o 650 Q,../(kg/10°%km) 5.3
&,,(Jt/ke) 18 My 0.75
M 0.95 Cauetl (TC/KW) 1 800
p/MPa 0.12 E,/(J/mol) 148 500
P/ MPa 2.5 E /(J/mol) 100 230
Jits™ 200 000 Jls! 500 000 000
AH,/(J/mol) -74 400 AS /[J/(mol*K) ] -135
AH,/(J/mol) -74 400 AS,/[J/(mol-K) ] 135
N 1 V1% 8
T,/K 673 T,/K 673
&, (JL/kW) 0.03 ¢, /(TCKW) 2500
1.1/ OTkE) 32 Nty 0.9
Tyrla 15 Tym/a 15
Capry! TT/H) 1 400 000 cyy! (TT/5) 1100 000
CSHTV , back 0.1 CHV , back 0.1
&, ] (kg/kW) 1.08 T /a 15
&,,/(Jt/km) 11.7
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