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Abstract — The purpose of the refueling protocol and the contents of SAE J2601, which is used as the basis for
hydrogen vehicles refueling around the world, were investigated, and research contents related to domestic protocols
were also investigated. In addition, the components of the hydrogen refueling performance evaluation device developed
in Korea and the method for evaluating the performance and safety of hydrogen refueling stations were reviewed. And,
the result were analyzed by applying it to the hydrogen refueling stations currently operating in Korea. In addition, an
economic feasibility analysis was conducted using data collected from domestic hydrogen refueling stations. In order to
secure the safety and economy of a hydrogen refueling station, the protocol must be satisfied, and in order to satisfy the
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protocol, it is necessary to evaluate whether the refueling temperature, refueling pressure, and refueling flow are

controlled within a safe range.

Key words: SAE J2601, Hydrogen refueling protocol, Performance Evaluation of HRS, Safety evaluation of HRS, Refu-

eling pressure
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Table 1. Difference between refueling and hydrogen refueling [2]
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Oil refueling

Hydrogen refueling

Fuel Liquid

High-pressure gas

How to fill up the fuel

Drop or pump pressure
due to fuel load

Pressure difference
(High pressure — Low pressure)

Difference in flow rate due to
surrounding environment Few
(Density change due to temperature)

Big

Measurement method

Flow sensor

Temperature, pressure, flow rate
(Many measurement elements for accurate measurement)
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Fig. 1. Vehicle-mounted hydrogen refueling station evaluation equipment (Hy-PAS).

Table 2. Comparison of U.S. and Korean evaluation devices

us

Korea

Equipment mounting type Trailer type

Attaching removable equipment to the truck

* Trailer : Can be operated without special vehicle inspection  * Trailer : Need a license to drive a special car in Korea.

Hydrogen container 1 installation (Small)

8 installation (Large capacity)

Evaluable mobility

Heavy duty evaluation not possible

Heavy duty evaluation is possible.
- Unable to charge for forklift
(One neck saw container) when evaluating

Bent

Refueling and venting are in one line, so it cannot
be done at the same time

Refueling, vent separate line
(Can be charged and vented at the same time)
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Table 3. Comparison of Hy-PAS performance evaluation items with SAE J2601 [10]

SAE J2601

Hy-PAS

IR communi-cation Accepting IR communication based on SAE J2799

IR communication based on SAE J2799
— Communication evaluation

Tempe-rature Charged H, temperature control

- Charged hydrogen cooling availability (T40, T30, T20)

Temperature (-40°C to 85°C)
— General assessment, table-based assessment

Filled hydrogen pressure regulation

Pressure (0-87.5 MPa (NWP*1.25)

Pressure - H, compression performance (Up to target pressure) —General assessment, table-based assessment
Charged hydrogen flow control Meas_urement & adjustment . .
Flow control : R - Indicate the flow rate of hydrogen during refueling
- Adjustable up to the hydrogen refueling limit flow rate
— Mass flow assessment
Leak detection  Leak detection when refueling Leakage —Confidential Assessment
(Measurement) Safety
. . - Emergency stop button
H, pressure, temperature, atmospheric temperature when refueling
. N - Hydrogen detector
Other matters  (Dispenser Performance : Self)
- Flame detector

- H, storage system capacity calculation
- H, storage system SOC calculation

- Pressure safety valves
- Container safety valve

Table 4. Key inputs for economic analysis [11]

Key items Key input values
Building a HRS Construction start year, operation start year, site acquisition cost, site rental cost, refueling station area, etc
s Hydrogen supply status (compression/liquidation), hydrogen supply method (pipeline/tube trailer), filling pressure, filling
HRS facilities - .
speed, tube trailer pressure (maximum and lowest pressure)
FCEV Vehicle storage container type
HIRS operation Opc?ratlng period, daily operating hours, the amount of hydrogen charged per hydrogen vehicle, average number of charged
vehicles per day
Other matters Country (US/Korea), exchange rate
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Table 5. Amendment to high pressure gas safety management act [10]

Present Revised plan

A container of a hydrogen vehicle shall not be charged more A container of a hydrogen vehicle shall not be charged above
than the maximum refueling pressure at a normal temperature, the maximum refueling pressure at normal temperature and
and shall be charged appropriately according to the pressure of shall be in accordance with the refueling protocol to be charged
use of the container. appropriately with the pressure in use of the container.

Appended
Table 5 of the Enforcement
Rules No.1 (b) 2 (b)

Table 6. Performance and safety evaluation of hydrogen refueling stations

Safety inspection derivation items For initial completion inspection For change completion inspection
Inspection items 21 categories and 51 items 15 categories and 37 items 10 categories and 25 items
Estimated time required 4 to 5 days 1 day

Korean Chem. Eng. Res., Vol. 61, No. 4, November, 2023
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Table 7. Economic analysis results (6 Hydrogen refueling stations)
HRS 1 HRS 2 HRS 3 HRS 4 HRS 5 HRS 6
Start building / Start operations 2013/2014 2017/2018 2019/2020 2020 /2020 2021 /2021 2021/2022
Hours of operation per day 12h 12h 12h 12h 12h 9h
Refueling station size Passenger cars ~ Passenger cars ~ Passenger cars Passenger +  Passenger + Bus Bus only
(refueling capacity) (19.6 kg/h) (25 kg/h) (30 kg/h) Bus 30 kg/h 60 kg/h 120 kg/h
Amount of charge per car (kg) 3.692 4.0 3.975 6.464 4.233 12.433
Average number of charged cars per day 16.175 27.675 42433 21.536 43.025 10.978
H, sales price (won/kg) 43314 32,276 24,518 26,576 12,408 26,174
Break-even period relative to investment 7.54 years 7.40 years 7.36 years 7.36 years 7.98 years 7.36 years
Table 8. Hydrogen sales price when refueling with the maximum amount of charge
HRS 1 HRS 2 HRS 3 HRS 4 HRS 5 HRS 6
Average cars per day 16.175 27.675 42.433 21.536 43.025 10.978
Present Z‘)’ :ﬁ?;‘;{ 34% 46% 59% 30% 30% 31%
H, sales price 43314 32,276 4518 26,576 12,408 26,174
(won/kg)
Max nu.mber of Ppassenger Passenger Passenger Passenger Passenger cars Bus 36
. refueling car cars 48 cars 60 cars 72 cars 72 72+ Bus 12
Economics -
H, sales price 24,202 10,167 9,887 8918 9,160 9,280

(won/kg)

Table 9. Hydrogen sales price when buffering and refueling the car at '"HRS 1' max per day

Present Economics 1 Economics 2
Average cars per day 16.175 Max passenger cars 48 Max passenger cars 48
Amount of charge per car (kg) 3.692 kg 3.692 kg 5.0kg
H, sales price 43,314 24,202 10,457
Zaj0] 1A HjQlul &3 B Q1A v go] gl S0l gk sl Azl wla) 350 £ 7170) A Folo] g e o)t 54
Hat T4 e 7t 200 o)kl HE g FHL e TR TF FE(TEMA A8, 60 kg, Hl) el v
WHOR & 52 WO P U3 3142 k)02 ST Wollslolol Ao o) Bt S SR Bt 4 A 57} 3ol T)elein,
AA QLOP], FHA 1~6 RE T4 FAh th] 2013 BN ol Al FAATAN SR S 1
A2 7R #4736 01 511‘41 7.98'd © & BlSzEhA| 24 H ato] A A4S AAISHITH Table 8) Ho T4 st o
Atk FaF A4 £ Aol WE R4 £l dHY), FAV] W] FAE0] 9%l FHL 39 @A S Fit FH AR
o ke o A Adnle] wAl A17191 10:dvitt ﬂil HgoR 4243302 AV TAS AAEE A, A 7 EAL 24,518€
8] 372 Spelo] L o] e, B 1-6 o, S50l A Flo] /P $85) 72ckE Falsied ¢
) ol ASA S B 5 AU UL SETE S & RobAL ogs7eloR SIE o 5 Slleh. el

Annual profit (KRW)
Annual profit (KRW)

2015 2020 2025 2030 2035 2040 2045 2015 2020 2025
Operation year (yr)

Operation year (yr)

Annual profit (KRW)

| ] -10 [

! [ l
2035 2040 2045 2015 2020 2025 2030 2035 2040 2045
Operation year (yr)

(Present)
Average of 3.692kg per car,
Average 16.175 cars charged
per day

(Economics 1)
Average of 3.692kg per car,
Average 48 cars charged per

(Economics 2)
Average of bkg per car,
Average 48 cars charged per
day

Fig. 2. Annual revenue according to the operating year assuming the average 5 kg of “HRS 1”.
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