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Abstract >> The risk assessment (safety assessment) must be performed to ver-

ify the risks during operation and installation of the hydrogen system and to en-
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sure safe design and operation. Among them, hazard and operability study
(HAZOP), a qualitative risk assessment, is most often used to discover risk fac-

tors and secure safety. However, in HAZOP performance, there is a difference in
the level of evaluation results depending on the level and experience of the eval-
uator, and there is a high possibility that subjective results will be derived. This
study aims to develop a risk factor library that can list and provide information on
potential risk factors in order to solve these problems when performing HAZOP,

reduce risk factors that are omitted or overlooked.
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Fig. 1. Example of a typical configuration of a hydrogen filling E] l *‘g}—%‘]—— T %E]'

station = E0l, FE EdfLe|olA 20 MPad] 45

Table 1. General deviations used in chemical processes

Guide word
Parameter
MORE LESS NONE REVERSE PART OF |AS WELL AS OTEjSi}I{
WRONG ADDED WRONG
FLOW HIGH FLOW | LOW FLOW | NO FLOW |BACK FLOW AMOUNT | COMPONENT|COMPONENT
PRESSURE | HIGH PRESS | LOW PRESS | VACUUM - - - -
TEMP HIGH TEMP | LOW TEMP - - - - -
LEVEL HIGH LEVEL | LOW LEVEL | NO LEVEL - - - -
AGITATION | TOO MUCH | TOO LITTLE - - - - -
FAST DELAYED NO SIDE WRONG
REACTION REACTION | REACTION | REACTION DECOMPOSE INCOMPLETE REACTION | REACTION
MIXING TOO MUCH | TOO LITTLE NONE - - - -
ADDITION | TOO MUCH | TOO LITTLE - - - - -
EXTRA WRONG
MPOSITI HIGH L E - -

COMPOSITION | HIGH CONC | LOW CONC NON COMPONENT|COMPONENT
PHASE TOO MANY | TOO FEW SINGLE INVERSION | EMULSION - -
TIME TOO MUCH | TOO LITTLE - - - - -

MISSED PARTIAL EXTRA WRONG
STEP STEP LATE | STEP EARLY STEP BACK STEP STEP ACTION ACTION

*The gray cell is a gaseous hydrogen filling station.
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Table 2. The partial example of cataloging hazard factor library data
Parameter Deviation Library Cause
Manual valve opening failure or non-opening due to operator error
Maintenance valve not open after maintenance
Block Failure to open due to malfunction of the actuation valve itself
Insufficient supply of working fluid to the fluid actuation valve
Filter blocking due to particles accumulate
Blocked of flow control valve or flow meter
NO/LOW Fail to control the flow control valve (setting below the standard value)
(%gl\x Fail to control | Fail to control the pressure control valve (setting below the standard value)
/LESS) Low flow rate supply due to failure of the flow control device itself
leak of piping/valve connection and fitting unit
Leak Poor connection and failure of tube trailer hose
FLOW Fail to close of tube trailer ventline valve
Fail to close of tube trailer drain valve
Decrease in Insufficient supply or replacement delay of tube trailers
supply Fail to hydrogen supply system
Fail to control the flow control valve (setting over the standard value)
Fail to control the pressure control valve (setting over the standard value)
Fail to control High flow rate supply due to failure of the flow control device itself
HIGH Damage to the flow control device or regulator (in the case it can not reduce
FLOW pressure when damaged)
(MORE) Leak Fail to close of process outlet ventline valve
Fail to close of process outlet drain valve
High pressure tube trailer connection
Wrong supply
Hydrogen supply side oversupply
> otmp RN U Xt =2 X343 A4z 2023 8
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. The user himself selects the variables and guidewords required for || + The list is listed so that users can

the node. select causes organized in terms

2. Library data for the selected deviation is provided that suit their preferences.
3. Click on the library data provided to see a detailed list of causes. ||+ The specific details are written by
4. The user selects “autofill of detailed cause list" or "select and the user

input multiple cause”.
5. The user can freely additionally write the written cause.

Fig. 2. How to apply hazard factor library data within the pro-
gram
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Steam Methane Reforming Hydrogen Liquefaction Plant

1. NG Supply Facility 1. Nitrogen purge in LH2 liquefier (nitial process)

2. Steam generator 2. Hydrogen purge and cool-down in liquefier (initial process)
3. Desulfurization & Steam Reforming 3. Hydrogen liquefaction process (LH2 liquefier)
4. low-temperature hydrogen supply pipe

5. Heat Exchange in cold box

4..CO conversion process (Water Gas Shift)
5. gas-liquid separator

6. tail gas return process

7. Pressure Swing Adsorption system

6. Liquefied hydrogen storage to LH2 tank
7. Liquid hydrogen supply to trailer (Pressure Build-Up unit)

Water Electrolysis facility Hydrogen filling Station using Liquefied

1. Feed water supply

2. Stacks and BOP(Balance of Plant)

3. Hydrogen production, dryer process

4. Oxygen Production and Emission Process

1. Nitrogen purge in LH2 storage tank (initial process)

2. Hydrogen purge and cool-down in LH2 tank (inital process)

3. Liquefied hydrogen storage unit (LH2 storage tank)

4. Vaporization compression storage unit (vaporizer-
compressor-storage tank)

5. BOG(Boil Off Gas) reliquefaction process

Fuel Cell - PEMFC
1. Polymer Electrolyte Membrane Fuel Cel
2. Hydrogen Supply line
3. Air Supply line
4. Stack Exhaust line

6. Liquid vaporization storage unit (liquefaction
pump-vaporizer_storage tank)

Hydrogen filling Station using Gaseous

1. hydrogen Tube Trailer
2. Medium or High-Pressure Compressor and Storage Tank
3. Hydrogen fillng for vehicles

5. Stack Cooling system
6. Atmospheric radiation or waste heat recovery
7. Cascade Composite Exhaust system

4. Hydrogen filling for ships

5. Hydrogen fillng for trains and trams

Fuel Cell - SOFC

1. solid oxide fuel cell

6. Hydrogen filling for construction equipment vehicle
7. Hydrogen filling for Bicycle/Drone vessel

2. Hydrogen Supply line

3. Air Supply line

4. Stack Exhaust line

5. Stack Cooling system

6. Atmospheric radiation or waste heat recovery

Piping system to Hydrogen Supply

1. Hydrogen Pressure Regulator or Gas Governor facility
2. Hydrogen supply buried piping
3. Hydrogen supply above ground piping

7. Cascade Composite Exhaust system

Fig. 3. The 8 groups of hydrogen systems and the main proc-
esses of each group
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