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Abstract - In accordance with the clean hydrogen-centered hydrogen industry development plan, technol-
ogy development and demonstration operation of water electrolysis devices are being actively carried out.

Risk assessments are performed on newly developed hydrogen-using facilities and supplies to identify po-
tential hazard factors. However, in general, most industrial accidents are caused by operator’s human error or
incorrect work practices. Additionally, the possibility of accidents occurring during operation control, main-
tenance, and inspection increases. For this reason, for equipment developed for demonstration operation, the
correct work methods for the main jobs of operator must be reviewed and work procedures must be prepared.

Accordingly, in this study, we conducted a job safety analysis (JSA) on major jobs in the operation of water
electrolysis facilities to study safe work methods and necessary measures.

Key words : risk assessment, job safety analysis, alkaline water electrolysis, work procedures, electro-
lyte
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Fig. 1. The conceptual diagram of water electro-
lysis equipment under development.
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Fig. 2. The process flow diagram of alkaline
water electrolysis under development.
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Table 1. The main job of water electrolysis faci-
lity demonstration operation.
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Table 2. The criteria for likelihood and severity

of scenarios.

No. Job name Explanation likelihood Explanation
5 (often) Occurs more than once during 1 month of work
® After completion of X -
Preparing for initial installation, check the 4 (sometimes) | Occurs more than once during 3 months of work
operation of equipment | operating status of each unit 3 (rarely) | Occurs more than once during 6 months of work
#1 - . Y,
(ga1e] 27] e of the water electrolysis
39)) facility and confirm that 2 (almost) Occurs more than once per year of work
normal operation is possible. 1 (doesn’t exist)| Occurs less than once per year of work
. . . Process
L]
Flushing inside the Cl~eamn,g~ of residual gases Severity Human Property loss -
©» equipment (air, moisture, etc) and
ien s Over 1 billi 30 da
R Za4 =) .for"ngn bubSIaIICCS(.dl']SI, etc) 3 » 2 or more deaths ver 1llion ys
inside BOP and piping. (catastrophic) won or more
Pr & leak 4 1 death, multiple {100 million ~ less| 7 to 30
essure & leak 1St pting the airtightness of (critical) | injuries possible |than 1 billion won| days
“n (initial installation) he BOP and bipi d
(%= 71EAE) the F and piping, ete. an No deaths, less |10 million won ~
= A= checking for leaks. 3 Less than
Hz A A than less than 100
(normal) .. e 7 days
- 1 injured million won
® Charging the electrolyte,
checking the operation status 2 No injuries Less than 10 |Less than
of the circulation pump, and (Minor) million won 1 day
- additionally replenishing the 1 Safoty deci Improve No lost
4 Elect:olyte(KOH) jlllng electrolyte. ‘ (ignore) y design drivability days
(A3 ¥ KOH) F7%) |e (KOH, the electrolyte, is a
hazardous chemical and
caution must be taken Table 3. Th iteria ik . d risk
against leakage and human able 3. € Crl.terI? or risk matrix and ris
exposure.) level criteria.
® Inspection of normal Risk Matrix
operation of equipment, such .
Trial operation/start- nfirmation of hydr Severity
45 rial opera ion/start-up | as confirmation of hydrogen likelit 5 4 3 2 1
FHzx A 1) production and purification
status through current supply 5 5 5 4 3 2
and electrolyzer start-up. 4 5 4 3 3 5
o H i hi h 3 4 3 3 2 1
46 Normal operation/restart ydro;gen prqductlon throug
A AA 7S normal operation or restart 2 3 3 2 2 1
procedure after safety stop.
1 2 2 1 1 1
Emergency stop ® Emergency response such as Risk Explanation
(in case of electrolyte | emergency stop & D K not
#7 (KOH) leakage) neutralization in case of 5 unaccep- Stop work ang:tro;s( x[vor nok
A R) electrolyte leak, and table risk|  immediately permittes ed.s f‘; wor
(A3 A KOH) FZA) | inspection after maintenance. immediately)
4 grave | Emergency temporary | Conditional acceptance
B s B . . 3 danger safety measures of hazardous work
‘_l“% 7E']A_}— T AT FF Aol e X7 LR 5 significant | Safety measures during (carry out risk
sttt £3] A Y o 2 AH8-E = KOHY 7% A = risk maintenance period | reduction activities)
e AW FalsetE A A% o] SR 4 T B
A7h Q1A o2 Y| 7) Wl v)g- Fo 8 ke P e | periodetmimne | Accept risky work
= 5 t t
Zkgjo] & AolH, KOHS| F&A &HtE 22 8 1 negligible | Maintain current (pozj;r]z-ngo ;Oril:)nue
2 EH%, =) 7} o] Fo A ok gt o] 213k A& A3 risk safety measures
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Table 4. The sample sheet of Job safety analysis for water electrolysis facility operation - KOH filling.

Risk
No. STEPs HAZARD CONTROLs s
R
Worker injury and environmental . .
* Cl both ends of the he th end
pollution due to residual KOH Caozmg oth ends ot the hose with en 2 2
Transportation and leakage P
1. preparation of KOH
filling hose & pump | Injuries to the worker’s feet and |® Wear safety shoes 3 2
damage to the pump due to
dropping the pump ® Use transport box 3 2
KOH splashes out when opening |® Wear protective gloves, safety glasses, ) 2
the KOH drum cap protective clothing, and a gas mask.
Hose missing from drum ® Provide drum hose fixing stopper 2 2
pump misconnection : KOH
backflow and external leakage or
Connecting hose & | Injuries caused by environmental |® Pump In/Out direction indication 2 2
) pump between KOH pollution and worker contact
’ drum and injection with KOH
valve
® Connection order: Connect the pump
inlet hose -> Connect the pump outlet ’ ’
KOH leaks due to hose -> Connect the equipment -> Connect
connection in the wrong order. | o drum hose.
® Reflected in work procedures 2 2
Connect hose to another inlet |® Indication to KOH injection port 2 2
Unexpected accidents may occur |® Have an operator monitor the equipment
if the operator leaves while the | next to it until KOH injection is 2 2
filling pump is in operation. complete.
Operation of KOH
4. filling pump and filling ® Use of a reversible pump 1 2
of KOH . . .
. ® Review pump type and installation 1 2
Over filling of KQH due to location
pump stop failure
® Charge at a location where the level
1 2
gauge can be checked
® Wear protective gloves, safety glasses, 3 2
protective clothing, and gas mask.
10 KOH Drum Hose & When disconnecting the hose, |® Review of valve installation at the end 3 5
’ Pump Disconnection KOH leaks in the hose. of the hose equipment
® Be furnished witha adsorption cloth and 3 5
prevent the spread of leaks.
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Table 5. The summary of JSA results.

Risk
No: Level | Level | Level | Level | Level Total
1 2 3 4 5

#1 1 6 0 0 0 7

#2 6 15 0 0 0 21

#3 5 11 0 0 0 16

#4 9 24 0 0 0 33

#5 1 15 0 0 0 16

#6 2 14 0 0 0 16

#7 2 16 0 0 0 18
Total 26 101 0 0 0 127

]

'o]o‘(_'

Risk result distribution

Level1
26
20%

Level 3

Level 4

Level 5

Level2
101
30%

mlevell mlevel2 Level 3 mleveld mlevelS

Fig. 3. The distribution of risk result.
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Table 6. The Summary of major hazard factors and controls for each Job list.

No. Hazard Controls
. ® Check the Power Shutoff Device
Worker electric shock -
® Check the checklist
#1 . ® Check the open/close status of the manual valve
Nitrogen/hydrogen leak —
® Worker training
KOH leak ® Wear protective clothing and gas mask
Injuries to the worker’s feet due to dropping the |® Wear safety shoes
“ filter housing ® Do not use slippery cotton gloves
Hand injury caused by tools when tightening clamps |® Wear protective gloves
Contact with waste liquid when processing waste liquid|® Wear protective clothing and gas mask
L. . ® Wear protective clothing and gas mask
Injuries caused by worker contact with KOH -
® Worker cross-checking to leakage
#3 | Stack damage when supplying pressure over 7 bar |® Cross-check pressure gauge and pressure sensor
Workers” musculoskeletal disorders and collisions |® Wear a hard hat and safety shoes
due to narrow work space ® Maintaining proper posture or stretching regularly
KOH splashes out when opening the KOH drum cap |® Wear protective gloves, safety glasses, protective clothing, and gas mask.
Hand injury when tightening operator clamps |® Wear protective gloves
L. ® Connection order: Connect the pump inlet hose -> Connect the pump
KOH leaks due to hose connection in the wrong outlet -> Connect the equipment -> Connect the drum hose.
' ® Reflected in work procedures
o Workers are confused about the injection port |® Indication to KOH injection port
® Use of a reversible pump
Over filling of KOH due to pump stop failure |® Review pump type and installation location
® Charge at a location where the level gauge can be checked
. . . ® Wear protective gloves, safety glasses, protective clothing, and a gas mask.
When disconnecting the hose, KOH leaks in the N - - -
hose. ® Review of valve installation at the end of the hose equipment
’ ® Be furnished witha adsorption cloth and prevent the spread of leaks.
Electrical shock to workers when working with |® Confirm power cut and sign ‘No operation during work’ on PLC panel
live wires ® Wear insulated gloves
Risk of fi d explosion due t . . . .
Sk of e an. E.:Xp oston cue 0. ® Design the control logic so that the next step is impossible when the
hydrogen/oxygen mixing when producing
. oxygen sensor exceeds 30ppm.
#5 hydrogen due to poor nitrogen purge.
® Do not manual operation
® Worker trainin;
Accidents due to arbitrary operation by workers g - - —
® Set the control logic to require a password to be entered when switching
to manual mode.
Failure to respond when an accident occurs due . L
® Two-person team shift monitoring
. to worker departure
Injuries caused by worker contact with KOH |® Check to KOH level/concentration/leakage
during sampling operations ® Wear protective gloves, safety glasses, protective clothing, and gas mask.
® Evacuate the site and contact the 119 after an emergency stop
KOH leak worker contact ® Establishment of emergency response manual
® Establishment of equipment emergency stop logic
® Wear protective clothing, safety glasses, and a gas mask.
#7 | Environmental damage due to external leakage of |® Neutralize and prevent leakage of KOH leaked outside the container

KOH

® Ensure a safe distance when neutralizing.

® Be furnished witha adsorption cloth and prevent the spread of leaks.

KOH leaks into the environment when cleaning
hoses

® Review of hose cleaning methods or review of how to completely empty
the inside of the hose
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