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Abstract >> There are various types of hydrogen production methods, but among

them, the alkaline water electrolysis method produces hydrogen by electrolyzing
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water, and unlike other methods, it can produce green hydrogen that does not

Accepted 3 November, 2023 emit pollutants and greenhouse gases. There are many different potential risk
factors inherent in the water electrolysis process. So it is necessary to predict an
emergency situation in advance and to safely manage and take counter-
measures according to the emergency situation. Korea Gas Safety Corporation
(KGS) CODE AH271 stipulates legal matters to secure safety, but it is not
detalied. Thus it is necessary to take measures to safely control and manage it
according to the situation in which an emergency stop is required. In this study,
based on KGS CODE and HAZOP for alkaline water electrolysis facilities, factors
that can cause emergency situations were derived and countermeasures were

prepared.
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Fig. 1. Process diagram of alkaline water electrolyzer

Table 1. Node division of water electrolysis

Node No. Name
#01 Ro supply line
#02 Electrolyte circulation process line
#03 Hydrogen production and supply line
#04 Oxygen line
#05 Nitrogen line
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Table 2. Risk matrix

Frequenc;mensrcy 3 4 3 2 !
5 5 5 4 3 3
4 5 4 3 3 2
3 4 3 3 2 2
2 3 3 2 2 1
1 3 2 2 1 1
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Table 3. Emergency stop situation by node
Node Emergency stop situation Characteristic

Electrolyte supplementation and hydrogen production impossible due to manual valve opening General
failure
Accumulation of foreign substances in the hydrogen gas-liquid separator and damage to the General

#01 |electrolyzer due to impurity purification in the Ro generator
System damage and fire explosion due to external fire Fire and explosion
X}:;rll att}ilz ngeltisl;:glrigi ::gla;g:;r Ro supply is exhausted, the hydrogen gas flows into the electrolyte Fire and explosion
Increased hydrogen/oxygen mixture concentration by reducing the residence time of the gas-liquid General
separator due to pump overrun
Gas-liquid separation operation wave and catalytic reaction/purifier regeneration efficiency General
deterioration during cold weather operation
Nitrogen purge process impossible due to manual valve opening failure General
System damage and fire explosion due to external fire Fire and explosion
]Siiizz(;lz;:)leakage and human casualties due to manual valve closing failure (hazardous chemical KOH (electrolyte)

o fﬁi:;ﬁggfﬁ;ﬁi :;nd human casualties due to valve/piping connection leakage (hazardous KOH (electrolyte)
g;:/t)rzlrylzesrs )voltage increase and efficiency decrease due to decrease in electrolyte concentration KOH (electrolyte)
Increased hydrogen partial pressure due to blockage at the rear end of the hydrogen line and inflow
of electrolyi]e togothzr linesp ¢ Y KOH (electrolyte)
Concerns about human and environmental damage in case of waste liquid treatment KOH (electrolyte)
Freezing at the freezing point of the KOH aqueous solution during cold weather operation KOH (electrolyte)
:;)\;rzét:(l)ir‘ormance deterioration and seal corrosion due to KOH chemical corrosion in the gas-liquid| KOH (electrolyte)
Unable to circulate electrolyte and damage to electrolyzer due to manual valve opening failure |KOH (electrolyte)
Overpressure cannot be discharged due to backflow from the safety valve discharge line to the low General
pressure vent line
Excessive inflow of moisture due to deterioration of heat exchanger performance and deterioration General
of condenser filter performance
Deterioration in performance of the heat exchanger causes the temperature of the hydrogen gas to
rise and the volume to expand, resulting in deterioration of hydrogen quality and damage to General
measuring devices
Excessive back pressure of PSV discharge line due to complicated structure such as seal pot of PSV] General
discharge line

#03 Excessive inflow of moisture in hydrogen and deterioration of hydrogen quality due to excessive General
accumulation of moisture in the gas-liquid separator
System damage and fire explosion due to external fire Fire and explosion
Fire and explosion due to excess oxygen concentration in hydrogen Fire and explosion
When air is used as a working fluid for an actuated valve, if it leaks inside, it explodes when mixed| . .
with hydrogen Fire and explosion
System damage and fire explosion due to backfire during venting Fire and explosion
Hydrogen leakage due to facility damage and valve/piping connection leakage Hydrogen leak
Loss of hydrogen due to failure to close automatic valve in discharge line Hydrogen leak

#04 |System damage and fire explosion due to external fire Fire and explosion

405 Explosion due to air inflow into hydrogen gas-liquid separator due to pneumatic air inflow Fire and explosion
System damage and fire explosion due to external fire Fire and explosion
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