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Abstract - As interest in sustainable and eco-friendly energy increases due to various problems in the car-
bon economy, a hydrogen economy that utilizes hydrogen as a main energy source is emerging. Among the
methods of producing hydrogen, the water electrolysis method based on renewable energy produces environ-
mentally friendly green hydrogen because it produces hydrogen from water. The water electrolysis facility cur-
rently under development produces hydrogen by receiving electricity directly from renewable energy and uses
KOH(potassium hydroxide) as an electrolyte. In this study, HAZOP(Hazard and Operability Study), a qual-
itative risk assessment, was conducted on alkaline water electrolysis facilities to find problems and risk factors
in the design and operation of water electrolysis facilities. Risks related to oxygen and KOH, an electrolyte,
were identified as major risks, and it is believed that the safety of facilities and workers can be secured based
on emergency action plans and safe operation procedures.
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Table 1. Combination of guidewords and parameters
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2.2. HAZOP Study
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Guide word
Parameter
More Less None Reverse Part of Other than

Flow High flow Low flow No flow Back flow Wrong amount | Wrong component

Pressure High press Low press Vacuum - - -
Temper-ature High temp Low temp - - - -

Level High level Low level No level - - -
Reaction Runaway reaction | Slow reaction No reaction Decompose Incompl-ete ‘Wrong reaction

Phase Too many phase | Too few phase | Single phase Inversion Emulsion -

Time Too much time | Too little time No time - - -

Step Step late Step early Missed step Back step Partial step Wrong action

Safety - - - - - -

KIGAS Vol. 28, No. 2, June, 2024

- 18 -



el s A A R 9o b

Table 2. The criteria of intensity
Intensity
5 1 dead, 2 or more injured
4 1 or more injured
3 2 or more minor injuries
2 Less than 1 minor injury
1 Safety design
Table 3. The criteria of frequency

Frequency

5 | Frequency of occurrence:

more than once a year

4 | Frequency of occurrence:

once every 1 to 5 years

3 | Frequency of occurrence:

once every 5 to 10 years

2 | Frequency of occurrence:

once every 10 to 30 years

1 | The frequency of occurrence is less than once every 30 years
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Table 4. Risk matrix
Intensity
5 4 3 2 1
Frequenc
5 (25 (20) 15) 10 ®)
Grade 5|Grade 5|Grade 4|Grade 3 |Grade
4 (20 (16) 12) ® (C))
Grade 5|Grade 4|Grade 3|Grade 3 |Grade 2
3 15) 12) ©) 6) 3
Grade 4|Grade 3|Grade 3|Grade 2 |Grade
2 10 () ©6) @ ()]
Grade 3|Grade 3|Grade 2|Grade 2 |Grade
e)
1 ®) (C)) 3) ()] @) I
Grade 2|Grade 2|Grade 1|Grade 1|Grade
Table 5. Risk level
N2 Gas
Risk Detail
level
Dangerous work not H2 Gas
Grade 5 Unacceptable risk permitted
(Stop work immediately) =
Grade 4 Grave danger Conditional risky work
acceptance ™
Grade 3 Significant risk (Implementation of risk U
reduction activities)
Grade 2 Slight risk Accept risky work
(Status work
Grade 1 Negligible risk (Continued)
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Fig. 1. Process flow diagram.

7}~ 83 %] A|28E A|235 2024\ 69



AHA7] - AFd - o] Fd - AEE - 3AHE
3.2. Node &4 FRAAANZEE AR 7|HEE7], ] o] Th
Node+= Table 67 20| 5 5702 o] 194 3 Node 5= A2l 0 2 715 25 Adn] o] Al
7HE R3S = SA Y] e b By AdE A4 &
Node 12 Reverse osmosis(Ro) & H 5= A| &2 O HE B3] ZEHE 24 7128 A YEE HA A
Z Fgdo] BEa)E7] wj & yF 3= 7| HE A A& FHE3EA AFLE WA St

2]7] W59 F97F RolA A FES AA% H H
ZE B RoE T T2 AAZE=RoHE, Ro
B3, 8ol 5] Atk

Node 2+ A3 3R Z 7] B3| = A2tE A
AL F|HBEE 7oA 1A A T2} AR
Aoz BeEy EeE Asde A=3hE o]
oA Az FAE T A7) 2ol whs-e &y
A 717] W&o Ay dusr|E AAA «3d
o FRAANZE Faath Z|AEE7], Gud),
sz To] Aok

Node 32 F4 AAHRZ At Fa7tne S
5 AAWA 4tAE AAS SetolHE SHstd
Azt SRS AASIS HFDA AT &BIAE
dots T2 &S 9 1=y FAE A5
o FFATH FLAANZE Fa AR, Eud
7], &l © 3, =efolo] Fol Ut

Node 4= AHAERICE R IES 93] AFA 7h2
E :

Risk level distribution

Fig. 2. Risk level distribution.

Table 8. Distribution of risk levels by node and

% FasEE BRlsjo] e Aol A MEAIT recommendations
. Risk Level
Table 6. The Summary of major hazard factors Node e Recomm
and cotrols for each Job list. 1 2 8 4 5 total | endation
Node Name #01 4 11 0 0 0 15 2
#01 Ro Supply line #02 0 25 2 0 0 27 13
#02 Electrolyte Circulation line #03 1 34 1 0 0 36 11
#03 Hydrogen production line #04 2 26 0 0 0 28 3
#04 Oxygen line #05 0 15 0 0 0 15 5
#05 Nitrogen line Total 7 111 3 0 0 121 34
Table 7. Abnormal state for each node
FLOW PRESS. TEMP. LEVEL S
NODE TY SUM
No. REVE | PART| AS
NO | LESS [MORE RSE | OF WELLOTHER NO | LESS [MORE| LESS [MORE| NO |LESS [MORE|OTHER|
#01 O o O X X (0] X X (0] O O O O (0] (0] O 12
#02 (6] (6] (6] O O (o) O (6] (6] (6] (6] O O O (0} (6] 16
#03 O O O O X (0] X X (0] O O O X X X (0] 10
#04 O o o O X (0] X X (0] o o (0] X X X O 10
#05 (0] (0] (0] X X (0] X X (0] (0] X X X X X (0] 7
SUM 55
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Table 9. Example of HAZOP result
NODE| Deviation Cause Consequence Safety Recommendation
- A lati f
- Use of general water foiz?musitll)cs)?alfces in - Filter in Ro
ADDED H. ilsl liquid separator generator
401 COMPONENT | - Impurities cannot be 2 gasd P - Regular replacement
(AS WELL purified due to poor - Electrolyte filter of Ro generator filter
- Damage to electrolyzer
AS) Ro generator .
due to foreign NPT .
performance - Periodic inspection
substances
- Periodic sampling
and concentration
- Establish k
WRONG - Decreased KOH - Increase in electrolyzer check :oze(;lslre:;); d wear
AMOUNT concentration voltage and decrease protective ear when
(PART OF) in efficiency - Replace electrolytic fe lacin. &
power supply P e
every 4 to 5 years
#02
- Establish work
- Concerns about procedures and wear
Harmfulness of damage to humans and | Place MSDS protective gear when
SAFETY the environment in . handling electrolyte
electrolyte KOH - Confirmation of
case of leakage or harmful risks
spillage - Establishment of safe
driving procedures
- Quality deterioration
- Hydrogen gas due to large amount . . .
temperature rises and of water vapor Review of installation
HIGH volume expands due contained in hydrogen - Install temperature of temperature
PRESSURE . p. ydrog P measuring device at
to deterioration of controller
(MORE) the rear of the heat
heat exchanger - Concern about damage exchanger
performance to measuring &
equipment
#03
- PSV front end rupture
disk installation or
- KOH chemical - Deterioration of PSV | - PSV o resistance
SAFETY corrosion in H, performance (seal corrosion-resistant
gas-liquid separator corrosion, etc.) material selection - PSV emission capacity
calculation and design
reflection
LOW - Review of cold
TEMPERATU - Oxygen SEAL POT . weather driving
4 - Col h - H
#0 RE Cold weather freezes and bursts cated wire methods or driving
(LESS) bans
ADDED » Atn exf;ios“’? fi d Check val
COMPONENT . . atmosp e.re.ls ornjne ek valve - Separate pneumatic air
#05 - Pneumatic AIR inlet due to air inflow into .
(AS WELL . supply line
AS) the H, gas-liquid - Oxygen sensor

separator.
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