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Study for the facility layout of hydrogen stations

SungJoo Cho

Department of Safety Engineering, The Graduate School,

Pukyong National University

Abstract

To reduce greenhouse gas emissions, the government plans to build
1,200 hydrogen stations by 2040 through Hydrogen Economy Roadmap.
However, contrary to the government’s plan and growing demand, there
are many difficulties in expanding the hydrogen stations due to the
problem of securing the necessary site to install the stations and the

danger and concern of hydrogen.

Considering the situation, in this study, when constructing a hydrogen
station, considering the expected damage to station facilities and
buildings surrounding the station, this study propose a method for
estimating the damage so that the facilities can be arranged and the

installation location can be found.



The overpressure form hydrogen station VCE (Vapor Cloud Explosion)
is calculated using the TNT model, and a methodology for estimating
the damage to the main facilities of the hydrogen station and the
buildings installed around the hydrogen station according to the
calculated overpressure is proposed. This study intend to devise a
method to minimize damage to hydrogen stations, and apply the
methodology through case studies to select the least damaged candidate

site among the station candidates to be installed.
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Table 1. Damage type by overpressure'

Overpressure Type of damage
0.21kPa Partial damage of window made of glass
1.03kPa Glass bursting pressure
2.07kPa 10% of glass window is broken
2.76kPa Small damage limitation of building
4.83kPa House small breakage
8.96kPa Building steel frame flexure
13.80kPa Weak concrete wall fracture
15.86kPa Serious structural damage low-level
20.68kPa Steel frame building flexure
27.58kPa Oil storage tank explosion
41.37kPa House whole breakag
68.95kPa Whole destruction of building
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Table 2. Building Damage Levels

18)

Building
Damage Level

Description

1

2

2.5

Onset of visible damage to reflected wall of building
Reflected wall components sustain permanent damage
requiring replacement, other walls and roof have visible
damage that is generally repairable

Reflected wall components are collapsed or very severely
damaged. Other walls and roof have permanent damage
requiring replacement

Reflected wall has collapsed. Other walls and roof have
substantial plastic deformation that may be approaching
incipient collapse

Failure of substantial areas of the building roof and walls

Ssilew  Major Collapse

Fig. 3. Building Damage Level (BDL) Categories (Examples)

BDL 2 - Moderate

Y 1 BDL3 BDL 4

el

18)
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Table 3. Building Types and Descriptionlg)

Building Type Description Construction

3 Steel frame concrete

buildings masonry walls

Commercial buildings
5 including office and

apartments cladding
Control room/ shop/
11 cAoSrinapressor building in dasonfy walls
14 House and small shops
18 Portable trailer

Steel frame with unreinforced

Steel frame with precast concrete

Concrete frame with unreinforced

Wood frame with brick or siding

Wood frame with steel or
aluminum_cladding
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()

Loss 8; = Vulnerability X B;

(Vulnerability > 0% and Vulnerability < 100%)
Loss8; = B; (®)
(Vulnerability = 100%)

LossB; =0 ©)

(Vulnerability = 0%)

(10)

Total Loss = Y_ Lossa;+ Y_ Lossp;

i=1 i=1
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Fig. 15. Layout B and Surrounding buildings (Green)
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Table 4. Basic equipment information for hydrogen station
; . Purchase cost
Number Equipment Width [m] Depth [m]
[Won]
Compressor
1 4.2 3.6 570,000,000
Package (A, B)
2 Compressor C 3.6 2.4 260,000,000
Pressure Tank
3 . 965 1.3 430,000,000
Package (A, B, C)
4 Dispenser 1.1 3.6 270,000,000
5 Chiller Package 5 2.14 220,000,000
6 Control Room 6 3 151,000,000
ESE AP FaFds FeMNEE FE Ao A4Y A% 9am
REe AYE 7ol FuA W gestdh AF Jus BF s
e s8 F A4 e d BRI
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Table 5. Distance between each equipments and the blast wave source

. Layout A Layout B layout C
Number Equipment
(m) (m) (m)

Compressor
1 6.9 59 6.4

Package (A, B)
2 Compressor C 3.2 3.2 3.4
3 Dispenser 10.4 12.1 11.1
4 Chiller Package 10.8 11.1 10.9
FaFAs FWe AR BE Ant AT A} w=F Hel @rtel o

Table 6. Building information surrounding hydrogen station

Num Building surrounding . Purchase cost
] Width [m] Depth [m]

ber  H2 Station [Wonl

1 Office (three-story) 35.6 11.8 1,093,000,000

2 Security Office (ground) 4.3 7.1 6,200,000

3 Control Room (ground) 32.4 8.6 241,600,000
Gas Cylinder Storage

4 24.8 17.2 369,900,000

Room (ground)

Other Company Office
5 45.6 20.6 2,443,600,000
(three-story)

HRS Control Room
6 6 3 151,000,000
(ground)
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Table 7. Distance between each buildings and the blast wave source

Buildings Layout A Layout B layout C
Number .
surrounding HRS  (m) (m) (m)
1 Onsite-Office 35.3 451 N/A
2 Security Office 24.4 13.1 N/A
Operation Control
3 42.4 40.1 N/A
Room
Packaged Gas
4 Cylinder Storage N/A N/A 94
Room
5 Offsite-Office N/A N/A 9.3
6 HRS Control Room 4.5 3.5 4.2
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Total Loss = Y_ Lossa,+ Y_ LosspB; (10)

i=1 i=1

[ ] Facilities of HRS
= \ [ | Buildings surrounding HRS
Blast Wave

Fig. 10. Blast Wave from the source
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Compare Amount of Damage

WA400,000,000
W350,000,000
W300,000,000
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W150,000,000
W100,000,000

W50,000,000

. 1 [T

Compressor Compressor C  Dispenser Chiller  Onsite-Office Security Offce: Operation Packaged Gas Offsite-Office HRS Control
Package (A, B) Package Caontrol Room | Cylinder Room
Storage Room

mlayout A ®mlayoutB ®layoutC
Fig. 19. Comparing amount of damage from each layouts
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Table 8. Comparing total cost of each layouts

Facilities and Buildings distance from the Total Cost
Layout

source (m) (Won)

F1 (69 m), F2 (3.2 m), F4 (104 m), F5 (10.8 m),
A 724,703,153

B1 (353 m), B2 (244 m), B3 (424 m), B6 (4.5 m)

F1 (59 m), F2 (32 m), F4 (12.1 m), F5 (11.1 m),
B 731,912,605
Bl (45.1 m), B2 (13.1 m), B3 (40.1 m), B6 (3.5 m)

F1 (64 m), F2 (34 m), F4 (11.1 m), F5 (10.9 m),
C 727,712,186
B4 (94 m), B5 (9.3 m), B6 (4.2 m)

ool Abel AT TS AMeIAE Tt g A algEE A FrA

e AR FIAE AAsAY.

- 44 -



Barriers (Blast wall) to
protect the surrounding
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L |

Fig. 20. Barriers of Hydrogen station
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