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Abstract — Hydrogen emerged as a sustainable transport energy source. To increase hydrogen utilization, hydrogen
refueling stations must be available in many places. However, this requires large-scale financial investment. This paper
proposed a methodology for selecting the optimal location to maximize the use of hydrogen charging stations. The
location of gas stations and natural gas charging stations, which are competing energy sources, was first considered, and
the expected charging demand of hydrogen cars was calculated by further reflecting data such as population, number of
registered vehicles, etc. Using k-medoids clustering, one of the machine learning techniques, the optimal location of
hydrogen charging stations to meet demand was calculated. The applicability of the proposed method was illustrated in a
numerical case of Seoul. Data-based methods, such as this methodology, could contribute to constructing efficient
hydrogen economic systems by increasing the speed of hydrogen distribution in the future.
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Fig. 2. Types of hydrogen refueling stations by hydrogen supply [6].
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Fig. 4. Flowchart of k-medoids clustering [20].
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Table 1. Goal of supplying hydrogen vehicles and hydrogen refueling station for domestic demand [22]

Year 2018 2022 2040
Total 0.9 thousand 6.7 million 290 million
Sedan 0.9 thousand 6.5 million 275 million
HFCV Taxi 12 million
Bus 2 2 thousand 6 million
Truck 12 million
HRS 14 unit 310 unit 1200 unit
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Table 2. The number of populations and vehicles at individual administrative district of Seoul

Cities & provinces Administrative district Vehicle Type Population # of Vehicles # of Vehicles Per Person
Seoul Gangnam-gu Sedan 545,024 196,316 0.36
Seoul Gangdong-gu Sedan 433,251 111,435 0.26
Seoul Gangbuk-gu Sedan 314,306 60,615 0.19
Seoul Gangseo-gu Sedan 592,309 161,445 0.27
Seoul Gwanak-gu Sedan 500,803 99,969 0.20
Seoul Gwangjin-gu Sedan 351,699 79,790 0.23
Seoul Guro-gu Sedan 407,090 109,901 0.27
Seoul Geumcheon-gu Sedan 232,889 66,550 0.29
Seoul Nowon-gu Sedan 533,498 126,769 0.24
Seoul Dobong-gu Sedan 333,902 76,683 0.23
Seoul Dongdaemun-gu Sedan 346,166 78,089 0.23
Seoul Dongjak-gu Sedan 396,460 92,267 0.23
Seoul Mapo-gu Sedan 374,028 97,230 0.26
Seoul Seodaemun-gu Sedan 309,312 71,443 0.23
Seoul Seocho-gu Sedan 430,697 151,740 0.35
Seoul Seongdong-gu Sedan 301,527 82,467 0.27
Seoul Seongbuk-gu Sedan 443,111 100,151 0.23
Seoul Songpa-gu Sedan 675,843 199,124 0.29
Seoul Yangcheon-gu Sedan 458,691 123,978 0.27
Seoul Yeongdeungpo-gu Sedan 367,800 111,779 0.30
Seoul Yongsan-gu Sedan 228,507 65,914 0.29
Seoul Eunpyeong-gu Sedan 480,701 107,276 0.22
Seoul Jongno-gu Sedan 151,457 38,662 0.26
Seoul Jung-gu Sedan 126,209 38,445 0.30
Seoul Jungnang-gu Sedan 397,297 86,413 0.22
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Table 3. Estimated number of hydrogen electric vehicles and expected number of hydrogen refueling stations

2019 2020 2022 2040
Estimated number of hydrogen electric vehicles in Seoul 591 1,854 4,000 16,923
Estimated number of hydrogen electric vehicles in Korea 9,000 28,000 65,000 275,000
Expected number of hydrogen stations 4 13 28 109
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Fig. 5. An illustration of gas station locations in Seoul.
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Fig. 7. Expected optimal location of hydrogen stations in Seoul. (a) k=4, (b) kK =13, (c) £ =28, and (d) £ =109

Table 4. Results of k-medoids closeting in target station of Seoul

Avg.

Distance 4.3345 km Computing time 0.066844 sec
k=4 Lat 37.6244 37.50457 37.50272 37.55337
Lon 127.0507 127.0774 126.9351 126.8586
Avg. L
Distance 2.2649 km Computing time 0.142817 sec

k=13 Lat 37.48739 37.6196 37.52451 37.49343 37.57037 37.51612 37.52568 37.5839 37.66224 37.61436 37.56335 37.56599 37.49074
Lon 127.04 127.0807 127.1344 126.9565 126.8031 127.0188 126.8641 127.0801 127.0474 127.0314 127.0329 126.9248 126.8835

Avg.

Distance 1.4389 km

Computing time

0.529627 sec

k=28  Lat 37.5459 37.60275 37.48429 37.59069 37.50915 37.56497 37.53092
Lon 127.0029 127.032 126.8979 126.9177 126.8393 126.9299 126.8935

37.53311 37.62592 37.54408 37.52568
126.9631 127.0855 127.0646 126.8641

Avg.

distance 0.4602 km

Computing time

7436137 sec

k=109 Lat 37.48139 37.54505 37.50816 37.62695 37.51346 37.59707 37.49511
Lon 126.8998 127.1698 126.9103 127.0719 127.0538 127.087 126.8823

37.58112 37.50421 37.50689 37.52568
126.8978 126.8861 126.839 126.8641

5. E 9

FHIUEAA 7es 2HE W2 Aol IT 7= v we
HlolElE A Hg-0= AL, 71 et 5= A 31t webA 3t
8t gl 37 AkQl gl o] Rofell A vlolHES 4, 7Hy, &-8-8t
of A Z& F7PHAE vhse] W 5 Sl A7t #8ie 3 dlo]
Bl 24 W2 5 TRt 38 AIAE ofel] ALA] 7)o 2 o]

o}, 7120 $8h mdlS sk, 1 5 A UlelA 249
AL AR S UEd A% tiale]] disti HolgEellA A2t 5
HE bsto] R A ghRety] of gAY, e At
FE7} 5 QQlel ket Wigalor k= 797 ol wA] o2 st
glolg] 7|9k Wi o] thA] Zhgkar Qlok,  ltollA] AA g /1
st olgl st Al d S5 AAIE Ut 7 AFelAe 2ty
Ql g4 T4 1zt 8l 717 <5 71 F Q] k-medoids
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s A
2 uhgo R Aakste] Aud a3 $5 o dslel £4 F
o] o} X5 FG ) AnT} A del] whe} 4217} Eo
A 2 datell ] AR FAF AT 204000 1093207 S0}
A71E L AlRlska glk

e

A
=
25 Ak A

2

AAR e FHRE AdeP] Asids ddd 2055 e
aflof & Zlojrt. ok} gl g A ES FHL ol AR ok
&I 9lE Zloftt mEbA oled 2SS WAL = Qe F
B A 7T Qe Aode] AARE o A R ok wH
ofm] A 7pAo] A 2] B FAA B & v
EE S odh 5 wEgolt AT T Ve a8 FH e
2 aEste] 719 A} MR T4 AE FHshs 5
the A7k dest Aow Al Hrt

Fa AA BAEE A A T B2 AgHolnh
AR A T4V HAX O R o] grbs s Held W A
Mol Ashrh, 2 =2 22 o] dAEo] AL %
Agol whats= AP717EE Aol

5) 25-0] A0 7 el XA
Mk AL 9] A 91-S wro} 3 ¥ THNRF2019M3E6A 1064287).
3

A s gk

Nz k=2
PEM : Proton-exchange membrane
MCLM  : Maximal covering location model
FCLM  : Flow capacity location model
FRLM  : Flow refueling location model
NREL  : National Renewable Energy Laboratory
PAM : Partitioning around medoids
k : Number of clusters
Xy : Each point of station location
dy : Euclidean distance
\ : Value to find center point
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