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Abstract: To improve the service efficiency of the
hydrogen refueling station and reduce the infrastructure
investment and scientifically select the station location,
according to the particularity of highway travel, a one-
dimensional road hydrogen station location model on
expressway is established. First, the economic model of
the hydrogen refueling station is introduced to refine
economic analysis. Then, the location and filling capacity
of the

considering the influence of boundary conditions and

hydrogen refueling station are optimized
randomness, and the hydrogen supply scheme is given. In
the

hydrogen refueling stations were enumerated, and the
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filling capacity problem was converted into a linear
programming problem to solve. Finally, taking the G15
expressway in the Yangtze River Delta as an example, the
location layout of hydrogen refueling stations is conducted

to construct the intercity hydrogen refueling station

network.
Key words: hydrogen refueling station; location
optimization; hydrogen highway; economy; linear
programming

f= b

SR — P T AL E BRI,
21 2L H B ST T BT T IR 2 — , SRR

L= ol

R RRE (B =W A A E i 48 -7 S El = A B e

W2, BTGy N, BHRONOE S . n Sl 5t 2
ZUPRE R YR ZE B R VR AR A sl X R H b YR AR 1)
KA SRR CEE, #uk 20204, P ED
RN 118 i, AR Iy e 5 B BE IR T R R S
AREELE 2. 0y ALK, 31 2025 45, 38 [ 3R 2 Ak
1 000 JE N3 -

in &l R AR 1R, X S i PR A e A TR BE Y
SR, BRI, i A s B — e R BR T . R
B LR R RIS A B TR ERL R G
RIEFURIEIRE S S G AR T g ibis s
i A s SR A TR B I S A L B
B B R P RS PR FEANME

FEESN, C A T AP35 IE l Ai S A5 Al
HEAT THFSE o TE Ik 5 A B i, 224y
T ST s B BRI 2R, 7E Ttaoka 5511
Kuby 25 5T AR AR A28 SR, 40 5016 2 T 05
AT sh A /LAY IS AT A BRE AT T8
G ——R T B N AT S AR SR A 4 R
THT A5 5 T RAR AR IR s, 76 T X 5 11

SEN S

ARERA AR ARG A2

5



122 [l o K 2 2 MCH 9K BE 2% O

% 50 %

Sl SRS, AT T AR S B N HE R SR R
FET U RA . FEH T AR S SRR AL
Ty a8 b, R A2 p-median A8 H:
e & 24 W 0 J& 2 [ Advanced Power and Energy
Program HH il M K24 Firiff & 19 STREET RS &
PAFET S AR A Al 254 GIS B4 s vl Lk
Ay S5 I T S DN i hn Sl A . AR
T U BRI ST RO T M rh R R L i
A i L Hodgson 46 4 H |, Kuby 5575 AL
oL LR DR 2R IR FH It A 4, 42 FRLMUBERY,
IR, — S B FE R a5 1A SUmERE ™
AR B AR R R CDFRLMABE ALY X5
PIZSHEAY  Honma 55 HEFT T LA, 40 T4 Y
FERLS

HeAh  FERE R b S S AR AT
b, X WA W R SR B ISR,
ST L S~ W e VA L 2 i O P i Y
Almansoori % *F 2006 4F 1 e, MR 7E X A
B LT Z AR Bt s AR SR E
PEN AT AR BRIR R A SR I I, B AR ek
MG T B HER PRSI e 2 A AU A
fo LiSEXT X RS T — > RERZER™Y, I e
2 E R 2B AT T A B 2 B

TEEN , T &t A s 7 T AT e e b
Lin ZE# SR E MO BUE KT 45 2 8000 AL 5
b mT T A XA SRR K, IR p-median A R4 T
MR INESR A2 am R Wn X, IR SR
PEEUY 77 2, X AU SR B i A ST T AR
AL FRF B RR LA R A 5 e A B S
i, HFEHABIE N Z &I &k i v fe
TVERANIE VR IF R TS B At V4 3y
PRI &S IR B AR XTI b A B A iy
SRR (T B, LR R W bR AR 43 oy R AR
FLEE A, 2T — AN EE(E , RS Tl AR
SCLA R A b B S A LR I A
TEPNE SR B WF IR Sty I, i — 25 Al T A
Wiz B TR Rl SO a8 ) Ao & sk 47
BB AT S L 255 5 O Al fin i fig
i R A FUORE FL VR G as A TR, I R
PR AN SR i R A T e O DT T, R v 2 B P I s
A s BT SY , FERH = A G15 g 20 £ 3ok Bt ey
OB TT JRE S A A5

1 RE R —4EE R NSk 7h B T

1.1 #HBGARENG

AR TN N N A e A T A
T VAsse /M TN  19 75 5 2 AR BR A H A pR AL
LA o SR A 32 AL HE A R Al A R S R A L hn &
B e IR 5 R SR A R PR
o AR A GLEE LR A AR A IR
i Y BAS S0 AN R s 1 FH B A% U A 7 i
R I R E LA IIN =BT /Al B2 Y8 A VA
R Ili B) AT R S LRI A A 32k 55 4,
LI i L AR 0 A A B T RE O A R
AT AR Hbr R EUE S

FRAEXT REALEAL B AN [R]  BEA 25 PR 2R
FH P AT ARE 5 B BRI ) — 28, O& et &, 1D
FE NN sk ) e R T 0 P &R
RIGETHE T AL T O F IR S HLE T,
LBt e — B AR ik
1.2 MEHEIZIEEFEFIERE

AT NI 7 T I o i s A
PR | AR R TS5 T LR 1, A £ 8
RN IIN GEv a0 | beaw =91 % N ) E v s AR s i
- b A A A (5 FH AR | A A ) AT
WA B A (5 FRAAHL i Z0 INE AL L R G LA
A) 538 B A HE N TR A48 430 A (BRI
FERAS (35 FH AR LA BB IR AR ) L &0 AR
A B A BAS 5 He o & U EEALTE
A,

PR I s B A — 2, UL, 25 &l
F B TR AR OIS HUE R RGeS e A |
N TAS B B A AR o bt aT A0 A o AL, Tt
TR, SR P, R IEARE 2 1Y
BB A Ry 42

(1) ShnE s mEfe S PAH A Co, 45 R
AL SR RAS , = (D) T
— P B

Qeon*Teom®0 Qu

K. o HEAEE ; £ 0N A k04 a5l o
HERE T Y LUAEL, S A b A SRS AH O 5 Qoo MR
S5 ML A B 8] B I A 5 T oo AR ZEAL H TAERTH] 5
P FEA FRAEHLI AR 5 Qoo LA SR i S
It P WA EU A BUAS 5

(2) HmaEh &3 B Que MHCHA Co, 2
FEA G ARAFN AU A, R (2) 71

Cr



5 140 HUh, A5 = G5 S RE o B Ul A Ao 123
P HEJHABDT
CQ - thd. Phyd + Plra.d + l + TN ) — S ,
min C,,=
% .Pele.Ecom ( 2 ) F

Qeom

K d IBHIEE S 5 Py AL RS A LA 5 P,
SR BT I B T e SRS AR P, o H A
A G A FH G5 AR 5 Qe N LA A 2 1 8
P WM E o N EARHLEAA BRI AFE R 5

(3) HHudgiA 5 A HUSAS , 55T PrwsSine Sian
SR A

(4) H A B A TR Ry 7 B, A0 435 45 5% [ 5 AR
Crop (B A MEWNA | RGLLENA) Fliz
B AR Crope (37 N AR (A HED lAS At
AR AR ) o

ZEUF VST T 25 SE A RS AR D7 T, PR
AU B R — KR TAE AR 20 JLAE A fE
SEHLEAS I, R, AR TR S I T il a,
FHR R B RN HE R A 2 o B C, THR AN
)P

Cow =232 (Coe = Cope) *
(1+a) (3)

Kb Co WINEE HAFIA 5 Cop MM, Y AFIE
JAS s A

4 C,, BT IS, R ERTEE C. B, LALES Y
7 G AT PR N R A B 2 5

ARSCW R TIE G XA, X T
FUVFIM A A gl i b, BT A B3 AT 5
wli e BOEE A T R R 5 R A b A R T
BAS

7 PR 5 e B A RO B RO AR RN A T R
Al BETT AR B A 5 B AR PR AR R 1Y Slcfe T v
FIAT 73— —— R 8 (A SCBCHAE %50
Cou KR Hm Rk, an=X (4) s

Ce

Co o (4)

ATLLE R X TFL, C M R IRA &
I ElE R =
1.3 R —YETE BRI S T R EUEAR R

FERSRI SRy T R4S s AR B, TR A
AR FR S R HE T AR R AR bR R A K
TN FEAMA LA CRUE) AT 2 e A B L I 225
A BEAE AR AR . BRI S, TR Il T A St A
e AR ARER A, R Tl ot ot , A4S
SR Z T ) P A TR R A s 2 R A HE N - P

A J—
(/pir -

3 .
21( PiooQuyai — Copei ) 8
AR A (6)— (19 B E -

Cep.t= Prn*Sin + Criy +
P PPy
Qeon* Teon0 AR (6)
Cope.i = Cre 2 Quyai*( EQP + Pyya, +
Poed,,+ Po ) ((1+C.) €
Quen
Do<<| 2, =2, | <Dpuo Vgi=g,=181> g, =
0, . <x,<x, (8)
., =0, <X, x>T4 (9)
Qua.i =27 gy = 2] Quis =P, (10)
ng=mn,, €=
1,2,3, . (11)
fi=2 (= 200) ¢
n, (12)
d,-.,:‘xi—x,-‘erj (13)
>8=k (14)
> g=1 x€(an,a.) (15)
Dlag=<l (16)
> Quuiy =L, (17)
Poig <P, <<P..°g (18)
g€{0,1}, a.,€[0,1] (19)

K (6)—9) . 7, m, n ¥ R B E SRS )
HEREG] ;P WINE I T EN ; Con ABLILEIL
A (38 8 AR B FL s, y A AR A AR S A
MRAR 5 g IR TR AR H 2 A S I vk R 1, 75 )
F0;q R sh ARG, RIS AR T 2 30k T AH W] )
LS 50, c sl SURZ s T R 51
Doy Do 53 5 AR AR TS0 0 BE 25 Br S 1 e /IME
S5EKEa,, Mifish g 7 i A IME W W i He 52, R
sl g h AR A RE B SR s, 3, HTRB g Y
L 8 525 s, R s g TR ZEEURE  n, AR TSN
q AT RERVRZEECR: , R ML A2 5 £, R i 80 g 1Y
SATR R R E RN E B Lo &R ik
FPAE 3 P Proin 53 3R IS 1Y) B K5 fe /N iniE

L
He JJ o



124 [l o K 2 2 MCH 9K BE 2% O

% 50 %

3 (5) AR ) H b kK, 27 BN Sl B 44
i Coir B /I 5 30 (6) F 7R &3t @ W 1R $5 58 A 1 3
B R[] —Hb R L 2 P Y — R 2 (7) s
Ak A IS E AR BT 2 Qua. 9 — IR BREL
3 (8) 713 AH &I 3k red 22 ) P 15 9 Fe B ) PR i 5 =X
(9) FRAIM A ATEZ IS A2 1 iR sl AN fE
TEZAL A X (10) R & i S M B =5 T
JIT A e SRAE 2k s B i 2, AR R Tk
AnERE ) s 2011 Fon i sh R BEALIE R R | 4ok &
BRIETT G2, O 5 B R AR5 U (12) Fon T s &
AT SR A TP B AR AT Bl R v R S AR
i N (13) Fn & s 2 it X (14) Form
S A E R 5 20 (15) o AH Q08 Y B sl i 1) 22
DIFE— I 2 (16) R EME TR b 2
Z An—W & A7) Fn AR 2 U A
RERE T AR Y 77 i 20 (18) & &b I i g 71 A ik
SRR 2 (19) )28 B A HUE S
1.4 HEiEgit

g Eat AL 2 2 (8) M (14) iy 2y
W AR L  WOR N TT 20K . T2 FF 520
SRt AL B 2H A, R R S PR T ] A e A
N i BE (G BOBGE A ) e Bl i B A5 P, i
FANEBE TR PR B B30

H1 AR R AT R, A RE S 4 v S B R
T A AR, EINAE S A, Sk
R R TFAS N E R, ZRMINER AR
THICA B2 ISA o 25 200 B 55 T S
PNTERE SIS, i Sl AR A e DRI, B 2 ol 2%
PR R RAL ST B, 8O T 2 i g, BIZYIR,
AL A

zswp = o

Py
Ejs@ﬁﬁ%& = Mrﬂ

=3
zm@;rﬂw&P = qdy-f‘[

Zﬁﬁrﬂmp ”22(1][‘1

Hovp, 22 2 s B L 1) s B RE A v LB 1B A —
FRIECM PR BRGNS X S B B 1 Y
i s I RE I HEATSRAN ;s R AR qdy” F7m e sl 3l it A1
LT B AEA S A T Y 1 2 24 s B B
8l A X SR S AT SR A, X — RPN
AR ORI 3h 1Y S AR EBRE B T 20 12

EER NS TS N WK 5 T ST |

TR N SO A K E (R, Rl B/ MEAS . 78
Gl AL E G HRE N WG C, N P —
R, 38 B A Coper H Qupa o I — U PREL, LT,
MR PR A5 T BTSSR D) a4 (3224
BEAG E AS ) AT i b iz 8 A (e AW
N JBAH B S ) SERE T 22 B MR (B
AEisHiE A 2 ) i B AR R BT DLk (20) -
min wCl, ; +vC,. (20)

s w R 50 /MU . X REAT DU H B e
BARAS R D, B e IR o Co,. B/ ME L SR
FRRHZ E AR Cope, /M

FUAR eR B 2 TSR EE A Qoo 1 P HYER
PECFR , AT AR 7 2R % -

TEBEVETT FE b, B AR O T AW
3K AU Bl U AR, Wl AU B o i A A B
REMS AR TR . 7575 PRI ShREAILIER , i A E , Hiol
SUR AR i3 RF o S T Rm) DANNA S SRS N
WRAERTPIAL T B AR ek g, 2 0GR, 171k .
A F DA A 1R .

EIEOIN
v

CEEare S
RrEMAE

eI ?

N Y
U R AR, BT RESIARE
AR5 SRR

HRRETT R WAV R

1 I
v

LIRS

1 HikimiE
Fig. 1 Flowchart of the algorithm

1.5 =B

ARSCUA L N R A RS R R} Rt
TRZE R RIS, T A G15 T I i b i —3
DR B A TN Ak A SIS

B AR R . BEEELL R ( I G155
W Bt ) SRy D e, b R 3 A R A 1 T ] D% AR
ST A AR BR (B k) S B (0,0) , FR 0N (24
TF & XU B ) (53,0) , ma il (244023 ) (89,0)
5 (AU 2 3 ) (140,0) , 308 (BRI s i 26 3 )



o511 Bk S K = G5 A RS A N Ut A A 125

(259,0) REMS X (177,0), KFEMRSX.(230,0)
T e 5 T B R IR 5 X, A S NNEE AR A SR 1 . % EE

Ak (AT km) : KOTNEIRSS X (32,0) , JRERFRIR - 3:2: 1A =20 S ms 2 i &t i A — Ao s 36
%1X(68,0), 5EEE R4 1X.(83,0) , W ARS X (122,0), W, Ffll—Z T il i 48 =4 4 AU, HAR 4 2
SN , BOm b g & 5 ERER 0. 84
F1 MEBRASH

Tab.1 Cost parameters of hydrogen refueling station
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Tab.3 Hydrogen source data in Yangtze River Delta
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Fig. 2 Distribution of cities, service areas, and hydrogen sources
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Tab.4 Results of locations of hydrogen refueling stations in robust scenario
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Tab.5 Results of locations of hydrogen refueling stations considering uncertainty
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Tab.7 Hydrogen purchase scheme at a proportion
of capacity of hydrogen source of 0.4

kged ™'
Bgsa ik mEf TR

whE A TR SRR

KEVWE 0 776 0

J3E KA 264 0 136
g 0 0 400
F ] 0 0 400

*8 SEFEAFRMNOSFHPNESUANATR
Tab .8 Hydrogen purchase scheme at a proportion

of capacity of hydrogen source of 0.5

kged ™
AR RSO EER D ERAE M TRAR
KEVE 0 776 0
e 30 0 370
st 0 0 400
RE 0 0 400

f LA 8 e/ NP T At 7 8 e A T R Ak . 2R AR
(49, 2% u RUITE RE T 10 AR A o 2 ol T AR A BEAT
PEALE o D L T LA 31, 0 S A s AR e —
K, T ELR G IR ZTT I E

KT AR RIS EC, BPRLe ] P KBRS A
N, AR I S A R T R — . AR S
SR A 3 BE 7 32 RE AN Sk A fre MU Y R G fe
Do B , A3 I 0 SR B i e A AN A
JEAS e/ IMEPIANTT T S SR S f KA 1 Hs
PP B R SR 23 BE 22 4% Il ol i, (875 i 2 B9
SR IR A TEAJEAS e/ M 2 S
oK AT AR ARl TS 00T, AT BEAF TR 2 Fh 23T
772, Mrp gt R At 0 A A Fre /MY
— o WITRETR PR LIE ARG g5 X
Bl s AP R LA LA i S0 KA 22, 32 PR by ik A
R S A A R, T REALIERA7 A, 242
FIN S I BE TR TR R R I, RS A
(19 B 5 2K 2 D0 S0 5 R FE 21 Lty i DRI I
u PR A o RO RGBTSR T A
B8 T R B R A Y 2K 7 e



128 [l o K 2 2 MCH 9K BE 2% O

% 50 %

=9 EBEMARTHESERSE
Tab. 9 Distribution of hydrogen demand in the ro-
bust scenario
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