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sdhyoun02@naver.com Abstract >> As interest in sustainable and eco-friendly energy sources is increas-

. ing due to various problems in the carbon society, a hydrogen economy using hy-
zi\izgzd ;; BZE::;EZ: zgi drogen as a main energy source is emerging. While the natural gas reforming
Accepted 28 January, 2022 method generates carbon dioxide, the water electrolysis method based on re-

newable energy is eco-friendly. The water electrolysis device currently being de-
veloped uses a 2 Nm3/hr class alkaline aqueous solution as an electrolyte and
produces hydrogen based on renewable energy. In this study, risk assessment
was conducted for these water electrolysis devices
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Fig. 1. Process diagram of alkaline water electrolysis process
based on renewable energy
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3.2 Hazard and operability studies (HAZOP)
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Table 1. Part of guideword and parameter of HAZOP
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Table 2. Frequency classification

Frequency

Occurs more than once a month

Occurs more than once in 6 months

Occurs more than once a year

Occurs at least once every 5 years

— N W B Ww

Occurs less than once every 10 years

Guideword Table 3. Intensity classification
Parameter
More | Less | None | Reverse | Part of As::ell Intensity
5 Fatality, more than two men injured
High | L No | Back | Wrong |99
Flow '8 ow © ac rong compo 4 More than one man injured
flow | flow | flow | flow flow
nent 3 More than two men hurt
High | Low | Vacuu 2 N h h
Pressure R R - ot more than one man hurt
press. | press. | m -
- 1 Safely designed process
High | Low
Temperature - - - -
temp. | temp.
High | L N
Level el e - - Table 4. Risk matrix
level | level | level
Reaction High | Low re:Ic(iio Decomp | Imcom R::j:fio nensiy 5 4 3 2 1
rate | rate N ose plete N Frequency
5 5 5 4 3 3
. Too Too
Time much | little ) ) ) ) 4 > 4 3 3 2
Phace Too | Too 3 4 3 3 2 2
many | little 2 3 3 2 2 1
Safety - - - - - - 1 3 2 2 1 1
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Table 5. Hazard classification

Hazard
5 Unacceptable Stop Not allowed
risk immediately dangerous work
Emergency
4 Serious risk | temporary safety Accepting
measures

conditionally
Maintenance period | hazardous work
safety measures

3 |Significant risk

2 Minor risk Periodic training

Accepting

Maintain nt
a curre dangerous work

1 |Negligible risk

safety measures

HAZARD CLASS

H Grade 1 Grade 3

B Grade 2

Fig. 2. Hazard distribution
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Table 6. Result

Risk
Node Action
1 2 3 4 5 Total
#01 21 11 8 0 0 40 20
#02 | 23 18 8 0 0 49 35
#03 10 9 4 0 0 23 13
Total | 54 38 20 0 0 112 68
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Table 7. Example of HAZOP sheet sample
St Risk leveL )
. afety. ctio
D
eviation Cause Consequence management Frequ Ir{ten Level| recommendation
ency | sity
Node 1
KOH loss, external DYI DVZ.
locking device
leackage installation
No/Low flow DV1, DV2 open Hazard sign 1 3 2
Operator by .
pzir(c))rsiolilms, Damage review for
KOH leaks
DI WATER Damage review for
Fittine. oints leackage Leak-proof tape 2 1 1 KOH leaks
More flow connectii;ljs leak;l e =
£l KoH leackage Hydrogen sensor 1 3 2 | Safety check before
H2 leackage 1 4 3 operation
Node 2
Electrolyzer
overreaction due to Differential pressure
overcurrent gauge
application
Sensor damage | Hydrogen generation
Hich ressur Block of adsorbent meter 3 ) Periodic check and
g1 pressure breakage H2 differential replacement
pressure PT
CF filter blockage
SHUT DOWN
Block of CT catalyst S.P. SBAR
breakage
H2 leackage
fety check beft
No/low flow Connection leakage Creating an H2 sensor 1 3 Safety ¢ ec. before
- operation
explosive
atmosphere
Node 3
Install the hydrogen
Hydrogen concentration in
i ti . t
As well as flow (]gl;”?rgt(:;irl;r;l Explosive OXygen meter 1 4 3
operation) DPT detection and
automatic shutdown
Electrolyzer DPT
overreaction due to| Sensor damage
Hioh pressure overcurrent PG | 3 Periodic check and
E1p application 02 differential replacement
pressure SHUT DOWN S.P.
CF filter blockage SBAR
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