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[Abstract]

Several cities around the world are embodying the concept of hydrogen cities as they invest in the most important hydrogen
supply facilities and by partnering with private companies to develop hydrogen vehicles and related technologies. However, the
high cost of hydrogen production and transportation, as well as the large-scale infrastructure investments required for energy
substitution, remain an obstacle to hydrogen’s uptake. Nevertheless, hydrogen is a promising energy source for a sustainable and
carbon-free future. In Europe, North America, and Australia, efforts are being strengthened to streamline the supply of hydrogen
production, demand, and supply connection system, charging station supply system, and road transportation for the reduction of
hydrogen logistics costs. In fact, Korea's 2050 Carbon Neutral Promotion Strategy also announced a plan to build hydrogen
charging stations in city centers and hubs by utilizing public sites or gas stations. In this study, policy trends, technological trends,
and existing studies from each country related to the hydrogen supply chain and charging station arrangement were reviewed, and
a methodology for establishing a distributed hydrogen supply hub facility for domestic regional bases was proposed.
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Fig. 1. Hydrogen tube trailer in South Korea
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Table 1. Hydrogen production configuration and supply

target
Division Current Year 2022 | Year 2030 | Year 2040
® ®
® : @ @
® ® ® ®
Combination @ @

130,000 470,000 | 1,940,000 | 5,260,000
ton/year ton/year ton/year ton/year

™ Byproduct hydrogen
@ Extraction hydrogen

(® Water electrolysis hydrogen
@ Oversea production

Source: KIS Special Report (2021)
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Table 2. Hydrogen production capacity by petrochemical

complex
Region Production Capacity (ton/year)
Ulsan 949,677
Yeosu 645,626
Daesan 210,222
Others 106,764
Total 1,912,289

Source: KIS Special Report (2021)
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Table 3. Status of hydrogen vehicles and stations between countries.

Country Korea China U.S.A Japan Germany
Hydrogen vehicles 10,906 7,115 8,890 4,212 875
Stations 47 33 68 137 93
Total (veh./stations) 232 215 130 30 9.4
E 4. TARZF 34 XD $LEHL 6l
Table 4. Status of hydrogen vehicles and stations between large cities.
Country Seoul Gyeonngi Busan Incheon Kangwon California
Hydrogen vehicles 1,671 1,578 916 488 856 8,469
Stations 4 6 2 2 1 47
Total (veh./stations) 417 263 458 244 856 180
¥ 5. %Hs} ™A}
Table 5. Optimization procedure
Research Process Contents

Data collection

- Network for traffic analysis
- Taxi/Navigation/Map data

- DTG data

- Highway/Public transit data

Data Processing

- Rest area coordinate information matching
- Rest area (gas station) and road network matching
- Establish of a highway network considering travel time via rest areas

Flow analysis

- Use traffic analysis model
- Estimate traffic volume by individual path based on User Equilibrium
- Actual data available
- Verify with TransCAD

Flow maximize with OD routes

- Maximize traffic volume of individual rest areas
- Simultaneously, building a model that minimizes path detours for hydrogen refueling

Sensitivity

- Maximum capacity by individual gas stations

- Ratio of traffic volume and detours

- Full supply

- Percentage of hydrogen vehicles in traffic volume

- Conduct sensitivity analysis by adjusting the above parameters

HAae] YAE HHslels 21S aLgldit) 7€ A= A o AlE ZHAAL Qo] el Sl ol s 3
A dlolg s} 55 o s BY TS 84w aelst Atk AHolAE At 1996l Faabsat 3 bdtA
A ggkont, B ECdM = 78, FREA, AAlvolH, Fejststo] T4 zeke] =S E A=) Sl AL
aejal §5 3 s BT Al argekes g 2 b vkelR) Al Al S AR vk dvk e
thuk WP R Al A WA e jokst AL A= vk S FAaFHLY 248 LPG 2 CONG F4 49 5Y3 214
Aoltt. 53], AT g FAlolt Fasdas o7 kg Aot} wkebA ol 7k yAlE areldh A 7t
APTRF QAW AldgrE, vk dkA|e] A7) TS FRAR Aol =AA QT AT
Arb3E A H7E 71 S 2 ks A A WA 7he AL E=AEE W A8 el F7kE A
S, AEQPW, BRI -2 1% QP AR A FA ARl = A7} &gk 3 7€ LPGEHA &
1A, EAE A T v iAol o] sl Al FasAseke] 5o HA Al S 30%%E FAH O A
Srasidls IB=AIY Ao AFARE Aol wet et v-go] HE o
= A 2 A= R o] FAAA A3 AT oje} T2 ARES to], 1&ee FHS 4o
o A7} B7bs g Aol st kel wet o4 A g Fasdal] HA AAF AT, A om 7}

http://dx.doi.org/10.9728/dcs.2023.24.9.2037 2042



Optimize with
User Equilibrium

Gas station near highway network
Rest area and gas station capacity
Transportation network
Individual OD-Path demand
Expected supply and demand
HHHE ™

OB 3. MokE dHHE A Eof het s
Fig. 3. The concept of applying the proposed methodology

e e e e

Tl
Aol iRk 914] #3517} 7he sttt
w ATl HTA o R Agkehs WY
LrEhdTh 2 e A Q

ARglell A A= AR 7]

2 AA B F a4 FAAEE

T 1%

of "
2L e oX Mo
B gl{m N cj_\?,

fi
g
o
)

g

AT 3 g L o
T8 vEOe R Qi) g BYAIES
J(user equilibrium)& 2GS} A A F<1
Fa By B3 NEAQ AT A

= %
4
gl TFeRER She FATRAL A 9

[e]

X
Rl

]

Aol A AlA]
< ODE A% dlolE

8%e

A 5 gk 49E 4 5 ek

= TR
HESAE S48 98 428 ¢
2e g glom, webd 7P B AL

= A= Well S5 wiAIshs A

20 A 5=

ol
ol ™ o

o ox rlo & mlf W = O

3]
w3k AR He (user equilibrium)
22 A3 57 e wEEE
29| o5 AlFFe LA}

L

Travel time based user equilibrium state

2043

Hydrogen Logistics
Optimal Supply Model
with decision variables

Optimal hydrogen supply hub facilities
location
(Model estimation results)

Wb} gl @ ol 4
Folt}. e} @ 71 Felslert e &
ol A28 4 o] Al 2Elo] AL
Holel= 2L oJnjs}A| = Zlo]t},

S = o)k
N=

RIS R w
3} 2L o)) A Assehs e
FaFFHE AR Fue] MEFLF ALY 8%
mefstel 91207 A7) ol a0 ot B
Ao Fe,

il

)

- B8

B ATE HIEARENY FTHAN/|EATY AT
£GNA G AR A 0.2 S E 20
230104-001, 424 7IMPAES] Qb 2 5284 S

< 7).

22

[1] European Commission. A Hydrogen Strategy for a
Climate-Neutral Europe [Internet]. Available: https://www.h
2greentech.eu/a-hydrogen-strategy-for-a-climate-neutral-eur
ope/

[2] Ministry of Environment. South Korea to Move towards the
Goal of Carbon Neutrality by 2050 [Internet]. Available:

http://www.dcs.or.kr



C|X ™ 2El X &t5[=&X|(J. DCS) Vol. 24, No. 9, pp. 2037-2045, Sep. 2023

[10]

[11]

[13]

http://dx.doi.org/10.9728/dcs.2023.24.9.2037

https://eng.me.go.kr/eng/web/main.do.

D. Y. Choi, Y. J. Jeon, M. S. Choi, Y. J. Seo, S. K. Park, M.
H. Park, ...
Survey, Ministry of Trade, Industry and Energy, Sejong, pp.
92-93, March 2022.

S. McQueen, J. Stanford, S. Satyapal, E. Miller, N. Stetson,
D. Papageorgopoulos, ...

and H. N. Jeong, 2020 Energy Consumption

and R. Costa, Department of
Energy Hydrogen Program Plan, U.S. Department of
Energy, Washington: DC, DOE/EE-2128, November 2020.
European Commision. Hydrogen Mobility Erurope 2
[Internet]. Available: https://cordis.europa.eu/project/id/700
350/results.
Korea Innovation Foundation (INNOPOLIS). Issue Report
Hydrogen Car [Internet]. Available: https://www.innopolis.
or.kr/board/view?pageNum=11&rowCnt=10&no1=849&lin
kId=46202&menuld=MENU00999&schType=0&schText=
&boardStyle=&categoryld=&continent=&country.
B. Tang, H. T. Arat, E. Baltacioglu, and K. Aydm,
“Overview of the Next Quarter Century Vision of Hydrogen
Fuel Cell Electric Vehicles,” International Journal of
Hydrogen Energy, Vol. 44, No. 20, pp. 10120-10128, April
2019. https://doi.org/10.1016/j.ijhydene.2018.10.112
D. Apostolou and G. Xydis, “A Literature Review on
Hydrogen Refuelling Stations and Infrastructure. Current
Status and Future Prospects,” Renewable and Sustainable
Energy Reviews, Vol. 113, 109292, October 2019.
https://doi.org/10.1016/j.rser.2019.109292
J. Kurtz, S. Sprik, and T. H. Bradley, “Review of
Transportation Hydrogen Infrastructure Performance and
Reliability,” International Journal of Hydrogen Energy,
Vol. 44, No. 23, pp. 12010-12023, May 2019. https://doi.or
2/10.1016/j.ijhydene.2019.03.027
R. Moradi and K. M. Groth, “Hydrogen Storage and
Delivery: Review of the State of the Art Technologies and
Risk and Reliability Analysis,” International Journal of
Hydrogen Energy, Vol. 44, No. 23, pp. 12254-12269, May
2019. https://doi.org/10.1016/j.ijhydene.2019.03.041
D. L. Greene, J. M. Ogden, and Z. Lin, “Challenges in the
Designing,
Refueling Infrastructure for Fuel Cell Electric Vehicles,”
eTransportation, Vol. 6, 100086, November 2020.
https://doi.org/10.1016/j.etran.2020.100086
R.-H. Lin, Z.-Z. Ye, and B.-D. Wu, “A Review of
Hydrogen Station Location Models,” International Journal
of Hydrogen Energy, Vol. 45, No. 39, pp. 20176-20183,
August 2020. https://doi.org/10.1016/j.ijhydene.2019.12.0
35
R. Lin, Z. Ye, Z. Guo, and B. Wu, “Hydrogen Station

Planning and Deployment of Hydrogen

2044

[14]

[13]

(18]

(21]

Location Optimization Based on Multiple Data Sources,”
International Journal of Hydrogen Energy, Vol. 45, No.
17, pp. 10270-10279, March 2020. https://doi.org/10.1016/
j-ijhydene.2019.10.069

S. L. Hakimi, “Optimum Locations of Switching Centers
and the Absolute Centers and Medians of a Graph,”
Operations Research, Vol. 12, No. 3, pp. 379-517,
May-June 1964. https://doi.org/10.1287/opre.12.3.450

S. L. Hakimi, “Optimum Distribution of Switching Centers
in a Communication Network and Some Related Graph
Theoretic Problems,” Operations Research, Vol. 13, No. 3,
pp. 462-475, June 1965. https://doi.org/10.1287/opre.13.3.
462

O. Derse, E. Go¢men, E. Yilmaz, and R. Erol, “A
Mathematical Programming Model for Facility Location
Optimization of Hydrogen Production from Renewable
Energy Sources”, Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, Vol. 44, No. 3, pp.
6648-6659, 2022. https://doi.org/10.1080/15567036.2020.
1812769

M. Kuby, L. Lines, R. Schultz, Z. Xie, J.-G. Kim, and S.
Lim, “Optimization of Hydrogen Stations in Florida Using
the Flow-Refueling Location Model,”
Journal of Hydrogen Energy, Vol. 34, No. 15, pp.
6045-6064, August 2009. https://doi.org/10.1016/j.ijhyden
¢.2009.05.050

Q. Zhao, S. B. Kelley, F. Xiao, and M. J. Kuby, “A
Multi-Scale Framework for Fuel Station Location: From
Street

International

Highways to Intersections,”  Transportation
Research Part D: Transport and Environment, Vol. 74, pp.
48-64, September 2019. https://doi.org/10.1016/j.trd.2019.
07.018

B. Gim, J. H. Kook, and S. M. Cho, “A Construction Plan
of Hydrogen Fueling Stations on Express Highways Using

t)

Geographic Information System,” Transactions of the
Korean Hydrogen and New Energy Society, Vol. 25, No. 3,
pp. 255-263, June 2014. https://doi.org/10.7316/KHNES.2
014.25.3.255

G. Kim, J. Park, and S. Go, “Location Problem of
Hydrogen Refueling Station Considering Hybrid Hydrogen
Supply System,” Journal of Transport Research, Vol. 26,
No. 2, pp. 53-70, June 2019. http://dx.doi.org/10.34143/jtr
.2019.26.2.53

M. A. Nicholas and J. Ogden, “Detailed Analysis of Urban
Station Siting for California Hydrogen Highway
Network,” Transportation Research Record, Vol. 1983,
No. 1, pp. 121-128, January 2006. https://doi.org/10.1177/

0361198106198300117



[22] K. Itaoka, S. Kimura, and K. Hirose, “Methodology
Development to Locate Hydrogen Stations for the Initial
Deployment Stage,” in Proceedings of the 2018
International Symposium on Hydrogen Energy and Energy
Technologies (HEET 2018), Nagoya, Japan, 01014,
November 2018. https://doi.org/10.1051/e3sconf/2019830
1014

[23] S. Bae, E. Lee, and J. Han, “Multi-Period Planning of
Hydrogen Supply Network for Refuelling Hydrogen Fuel
Cell Vehicles in Urban Areas,” Sustainability, Vol. 12, No.
10, 4114, May 2020. https://doi.org/10.3390/sul2104114

=3l (Choongheon Yang)

2000y : WA it wEE
2002 : WA st nE-y-sk ’S!/\]—
2008 : Ph.D. in Civil Engineering at

Univ. of California, Irvine

o

i UN

i

20009~ Al FHAAVEAdTY EEAFATFER AT
)
A ROl RO, =23, S5

) )

oy

21712 (Ki-won Lim)

20124 : Slshe Sk AL F S wpA}
20154 © Slekeh ki AL F S A}
2021 : sk st 2R AR

Wetn st E Y AR FELAT
2028 ~A Al ROV EATY ERLEATEY
wEA ROl ERIE, WEFL, BREL, $HYR

2045 http://www.dcs.or.kr



	수소도시를 위한 분산형 수소공급 허브시설 구축 방안 제언
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 국가별 수소정책 및 연구 동향
	Ⅲ. 수소공급허브시설 구축방안
	Ⅳ. 수소공급허브 시설 위치 선정을 위한 방법론
	Ⅴ. 결론
	참고문헌


