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Fig.1 Hydrogen refueling system of highway
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Fig.2 Single-side road model of highway
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Fig.3 Distance between two hydrogen refueling stations

and time of each hydrogen refueling for HFCV
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Fig.4 Fuzzy comprehensive evaluation factor set
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Layout planning for highway hydrogen refueling stations considering
different hydrogen production methods
WANG Shuzheng,SHAN Tingting,ZHAO Yang,LI Peilin, JJIANG Yu
(School of Electric Power Engineering, Nanjing Institute of Technology,Nanjing 211167, China)
Abstract: Aiming at the problem of imperfect hydrogen refueling facilities on highway, a highway hydrogen
refueling station layout method based on improved adaptive genetic algorithm is proposed. According to the
highway characteristics and the electronic toll records, the highway network and hydrogen refueling judge-
ment model are established. Based on a multilevel-fuzzy comprehensive evaluation method, the hydrogen
production method suitable for highway hydrogen refueling stations and the combinations of hydrogen pro-
duction locations are provided from the perspectives of economy,environmental protection as well as safety.
Then, combined with the input of distributed photovoltaic, two sets of objective functions for hydrogen pro-
duction outside and inside the highway station are constructed with the goal of achieving optimal economic
benefits. The improved adaptive genetic algorithm is used to optimize the layout and capacity allocation res-
pectively. The Zhejiang section of the ShenHai Highway is analyzed as a research object,and the layout
schemes of hydrogen refueling stations and the capacity configuration of related facilities under different
hydrogen production methods are provided,and the results of calculative examples and the fuzzy comprehen-
sive evaluation mutually verify the validity of the model.
Key words: hydrogen fuel cell vehicle; hydrogen refueling station planning; highway; fuzzy comprehensive

evaluation;adaptive genetic algorithm
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Table A3 Parameters related to the calculation of correlation in fuzzy evaluations
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Table A4 Raw material consumption per unit of hydrogen produced by different hydrogen production methods
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Table C1 Hydrogen filling station candidate points and hydrogen source coordinates
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J=1 (156, 22) )=
Z Al R 5N AR
7 (168, 0) (134.2, 15.8). (156, 22) 15 (399, 0) (392, -22). (394.7, 18)
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Table C2 Parameters related to calculation of correlation in fuzzy evaluations
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Table C3 Parameters of HFCV
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Table C4 Layout results of traditional genetic algorithm off-site natural gas to hydrogen refueling stations

1 (24, 0) 663.39 700 28 350 28.77 10.5

2 (108, 0) 990.45 1000 38 500 25.84 9.4

(195, 0D 836.79 900 78 450 27.71 10.1

4 (335, 0) 916.07 1000 62 500 27.84 10.1

5 (456, 0) 559.33 600 77 300 29.16 10.6
PRI TR/ T TG 3958.65 AEM /T 55

g1 /ke
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Fig.C2 Distribution of daily hydrogen refueling demand in study section (Conventional genetic algorithms)
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Table C5 Layout results of improved adaptive genetic algorithm off-site natural gas to hydrogen refueling stations

1 (24, 0) 670.89 700 28 350 27.74 10.1

2 (108, 0) 870.79 900 38 450 26.69 9.7
(264, 0) 848.36 900 48 450 27.38 10.0

4 (364, 0) 858.83 900 43 450 27.02 9.8

5 (456, 0) 717.16 800 77 400 29.07 10.6
PRI L G R/ T TG 3978.16 &4 /T8 55

EFCER B O AT R0/ ke

B 1] /h

EC3 MRBERAMEFERSHE (BEER)
Fig.C3 Distribution of daily hydrogen refueling demand in study section (Improved adaptive genetic algorithm)
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Fig.C4 Variation of electricity purchased and sold at hydrogen refueling station under photovoltaic(Scenario 1)
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Fig.C5 Variation of electricity purchased and sold at hydrogen refueling station under photovoltaic(Scenario 2)
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Fig.C6 Variation of electricity purchased and sold at hydrogen refueling station under photovoltaic(Scenario 3)
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Table C6 Comparison of annual electricity costs with and without photovoltaic at the 2nd hydrogen refueling station

BNI6R 450 -28.63 123.10 -603.65  —1229.37 -9.50 -38.13
AN 0 0 -1430.2 -52.2 -52.2




®C7 REBENEEERBINREFISMESENE

Table C7 Improved adaptive genetic algorithm off-site methanol-to-hydrogen hydrogenation station layout

1 (24, 0) 670.89 700 54 400 28.86 10.5

2 (108, 0) 870.79 900 73 500 26.65 9.7

(264, 0) 848.36 900 87 500 27.34 9.9

4 (364, 0) 858.83 900 84 450 27.02 9.8

5 (456, 0) 717.16 800 92 400 29.07 10.6
LU/ T TG 3953.40 ASEM/ T 55

£CS B ERLREEE R AR SRS M
Table C8 Improved adaptive genetic algorithm station layout for natural gas hydrogen generation and hydrogen refueling station

1 (24, 0) 670.89 700 158.76 700 33.22 12.1

2 (108, 0) 870.79 900 195.43 1000 29.58 10.8

(264, 0) 848.36 900 182.75 900 30.41 11.1

4 (364, 0) 858.83 900 187.82 950 26.67 9.7

5 (456, 0) 717.16 800 175.60 800 33.54 12.2
LML/ T TG 3552.29 HAEM /T 55

® O MEBENEEEREARETISMESENE

Table C9 Improved adaptive genetic algorithm station layout for methanol-to-hydrogen hydrogenation in station

1 (24, 0 670.89 700 'y} 600 31.62 11.5

2 (108, 0) 870.79 900 58 900 28.25 103

3 (264, 0) 848.36 900 97 800 29.08 10.6

4 (364, 0) 858.83 900 76 850 25.35 9.2

5 (456, 0) 717.16 800 115 750 31.46 11.4
FELH /T TG 3770.72 AAEM /T 55

*C10 ARSI 2 RERNAREABERALLE
Table C10 Comparison of annual electricity costs for second in-station hydrogen generator and refueling station with or without
photovoltaic

BNSAR 900 -57.25 -3116.55 -472429 —6068.17 -145.66 -202.91
REENSGAR 0 0 -1430.2 -236.68 -236.68




