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Multi-Stage Planning Method for Integrated Energy Stations at Highway
Service Areas Considering Hydrogen Energy

HU Yayuan', ZHANG Yongxi', YIN Ziliang', ZHAN Runze', MA Rui', CHEN Fubin’
(1. School of Electrical and Information Engineering, Changsha University of Science and Technology, Changsha 410114,
China; 2. School of Civil Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: The current operation of China’s highway energy system heavily relies on the external power grid, with low penetration
rates of renewable energy and huge carbon emissions. Therefore, a multi-stage planning method for comprehensive energy stations in
highway service areas considering hydrogen energy is proposed. Firstly, a comprehensive energy station architecture that includes
electricity, cold/hot, gas, and hydrogen energy is constructed to simulate the charging needs of clean energy vehicles within the
highway service area. Based on the market ownership of hydrogen fuel cell vehicles in different periods, the planning cycle is divided
into multiple stages, with the goal of minimizing total investment and operating costs. A multi-stage planning model for
comprehensive energy stations in highway service areas considering hydrogen energy is constructed to determine the capacity
configuration schemes for electricity, heating/cooling, gas, and hydrogen energy equipment, as well as operational strategies under dif-
ferent typical daily scenarios. Finally, based on the actual energy load data of a high-speed service area in northern China, it is veri-
fied that the proposed multi-stage planning model can effectively improve the economy of comprehensive energy stations and
promote the consumption of renewable energy.
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BiER CiRIIESS P R RERE
Fir B HFCV  EV HFCV EV
HFCV EV _1 .
/kg  /kWh /(kg-km ) /(kWh-km ')
1 0.1 0.2 6 100 0.2 0. 195
2 0.2 0.3 6 100 0.2 0. 195

TE: HFCV N EURH L% %2 (hydrogen fuel cell vehicle) ; EV
kL B4 (electric vehicle) .

A SCHLAE 25 Re IRl B H AP SEHLRE L R
SR ARMYPRBIAN L 2 000 kW, Ak, Sk
IS I IR S5 DX 25 R VR 1) R U A5 T R B 401 6 22 s
ATto [, AL R AR R R 0 R R
SEEE R 10 M2 G, Hf, AR TR
HFH 100 kW, FERCFRF 90 %, HBINA N 2. 1
Jigts A AL A H R S 30 kg
B ERRESy S AR I E LN A
Jo A EHRBHA A b (bl 2 v A e A 4 RE 5 A )
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Fig. 3 Photovoltaic power outputs in highway service areas
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Fig. 4 Energy consumption variation curves for three typical daily scenarios at different stages
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0.32 5 JE/kW'™ | B0 3% 4E B A< K 0. 01 TC/KWh,
AR SC T F R ) B8 IR 5 A A UF B R S 800 B SC Rk
(18], F2MTEHRMERER TR TFEASE, £
3N HLARAY . R S A S AT RS E
FL O EEL PSR FH A B FL AL, R S A b B
T, EAINE S R KRR MR E 2.2
JU/kge 7% TR AH S A4 AR KX A AR 5
e, B B M A% 43 il 15 2 o 20 Jo/kg 15 T8/
kg™, HABMHXESEGEN % 4,

KT B UEA ST R R IR A R, RS
BIrh i E T 24 s T AT .

Yise 1. A% BN KEA, Irfaeliin
AT — R PRI

Yise . ZIEA N KR, SREM L&
KHZB B, A AT — PR R T

Fo B REFEASH

Tab. 2 Economic and technical parameters of energy storage

equipment

s ?F/fﬁl %/J\ %j: Elfi{%éﬁ#}ﬂilzk %ﬁjii&ﬁ&zj& FAiT
R ORE ORE /GEkWh) /(FIEkWhT)  /a
fikfigrH 0.95 0.10 0.90 0. 096 0.1500 8
fHEHE  0.90 0.10 0.90 0. 008 0.200 0 10
HSHE 0.90 0.10 0.90 0.018 0.0200 10
iR 0.90 0.10 0.90 0.016 0.003 5 10
f#A# 0.90 0.10 0.90 0.016 0.003 5 10

®3 HMZEEFRASH

Tab. 3 Other economic and technical parameters of the

equipment

HL il 0. 85 0.03 0.28 20
PRRHRE 0. 6(HL) 0.08 0.3 20
GERITD 0.9 0. 04 0.1 25

HL TV HIL 0.9 0.015 0. 097 15
RREEHL 0.35(KH) 0.02 0.6 30
5.2 MIERKRDH
5.2.1 AN[EEHRIGER ot

I #475K

i 3 8 A L I A T s T
fift, FHEUARIEZ R T LR BRI R BORAS | 184
JEAS | W RERAS ANZE 5 iz, 3 6 WS P A7 5t
AR A RETR UG Y RE TR i A A L IC B T 2%

R sS—e T LIA N, Bt Dapufkits . &

WAL , 45 . T MR RR Y R IR 5 X SR RE TR 22 B B A v 11
0.90
0.85
0.80
0.75
< 0.70
=
£ 065
U.i 0.60
= 055
&
2 0.50
0.45
0.40
0.35
0'300 4 8 12 16 20 24
t/h
E5 SHEEM
Fig. 5 Time-of-use electricity pricing
=4 MUEHAMSE
Tab. 4 Other parameters of the model
240 ol
Hrogse 0. 068
SRR I LA L 1.71
IRFHL R IT L 0.78
HL U 2 kWhekg ) 37.38
FAR AR A/ (KWh kg ™) 12.55

R5 MMIERTHEAREREMIRA

Tab. 5 Planning costs of the integrated energy station in the

two scenarios ik

5758 HUBNA  BYERA WRERA AR
75| 1515.83 72. 10 634.30 2222.23
75| 1482.23 70. 78 614. 87 2167. 88

f R AR R T ) BRI A B T T, iR
ML, fERERTh . AR BEIER . AEAEERGE A
WER SRR AR T3 T, AR & 7 a5
AV, XFEERER K. DIIAGBRASTE—E
FREE BRI TR A B R 55 X 25 G B TR S X B R K
HL AT AN RE 75 2) i asd W IRk v it U L AR B 4y
PRI, E—E R FD T RS LA L B
IS, IR B T RETR A P AR AL B RCR o

HE— 2 PRI Iz A7 P 4 J2 T 43 M AR 22 57 1
JRR . e 2 0E, RIER e R, Bl
TS — B BOIM AL i U A T E A A s
=52 =, BN ERE IS I NS
PO, R E AR AR T 2 =,
T 1, o 0 S A > T2533.6
TG, FERA2.2 % L, ASCHEH 02 Hr B
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*6 MHBPETEAREHERIEFTEREFR
Tab. 6 Energy equipment capacities configuration schemes for
integrated energy stations in the two scenarios

Wi e A
Bt 1 =gl
JNEHL kg 180 120 60
HL A A kW 386 295 102
it kg 152 100 31
IO kW 116 71 60
AR A5 /KW 2768 2 800
fi# 8 HL /K Wh 2310 2217
HL TV HLAW 243 241
IR FHLRW 159 142
HL R kW 112 98
FEHLAE/KW 400 400
it <k 80 56
fHAR /KWh 278 262
4 #/kWh 236 234

Rl 7 S R HE E W fE 25 A e VR uh FH Be 75 SR T4 T,
AR EARELGT AT, 3k f AR i i AR R T U A
IR 2

TEBA T2, AR ST HERELE AR
S IB AT L  BIHEAT 00T . T 6 R T Rk 2=
AU H AR 5 50T il A 6 R 55 IX 25 6 g T il 1) 1)
B KRR SRR, K702 THEME
A H SRE A B A 1 IS . AL 6—7 A L
Fit, ZorBTHM S, 1E00:00—07: 00 A,
Wy H o) S AR T B &, PR 2 REA s [r)
A L A 3G s 7E 11:00—13:00 (1 61k H
JI W, SRR A I SR AR T [ A1 S Ha D

A, SR S0 S H I S B A R O s T
17:00—23:00 HL 4 b TFAt B, e il SR A TH s
PR e 2 A I A

TESR—BE:, Yo I A NFU S A SR B
%, FEHRERAMX 5 T e ; 58/
B, T | BB AR DA RN, RISEE
LA LI ERRETR R . R 7R, s I
BB TR e A, BRI E R LN
HLAE, X R LRI T S I H AAS . AH
BTy 1, YRR A > T 19. 4375
JC, AR RANE D2y 54. 35700, MHIER T4 ¢
P Z I BRI T N 4T . A
5.2.2  AN[FERAFFRI SRR o B

B8 /R Tt fe sk . KR R IL A K 22
o3 A SR AE R SR A il A b A WSSO X L A
SRR RR A, 3 PR A B B RASE R 5 A3 AR R B
YIsE  100, FEPEAT T 10 Yk S7 E 2 S LIBCE
B, 455 EM, EAERNT, 3FEEEEIK
S A — Hbn, H SR p sk B 2 LT 5L
PG RR I

6 it

ARSCHRE T — it S U RE Y s 2 B R 55 X 25
FREVR I Z O BORLRI Tk . B, M TR
e AL AMSGEREIRM AN, JF B B SR
R RIS KR, S5 TRFZEAE
IHRETR A RYFEREME R AL RL, RIS T REIRIR 4
A FE AN ST oK o TEMCEERT B, DLESAS /b
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Fig. 6 Typical daily power procurement, hydrogen, and natural gas powers in spring/autumn
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Fig. 8 Convergence speed solved by different algorithms
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