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Received 30 July, 2024 society by building hydrogen cities. Hydrogen cities are intended to use hydrogen

Revised 17 September, 2024 i ’ ) ) )

Accepted 30 September, 2024  €nergy for urban infrastructure, and hydrogen fuel cells are installed in resi-
dential buildings to provide heat and electricity. In this study, hazard and oper-
ability (HAZOP) which evaluates the risk of the process, and job safety analysis
(JSA), which evaluates the risk of human error, were conducted for the integrated
system of hydrogen extractor and fuel cell. The risk assessment is analyzed and
a safety manual is prepared to ensure the safety of the integrated system.
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Table 1. Table of HAZOP frequency

No. Frequency
5 |More than one occur on operating time
4 |Not more than one occur on operating time
3 |Sometime can occur on operating time
2 |Probability of hazard exists on operating time
1 | Very rarely occur on operating time

Table 2. Table of criticality

No. Criticality
5 |Fatality, more than two men injured
4 |More than one man injured
3 |More than two men hurt
2 |Not more than one man hurt
1 |Safely designed process

Table 3. Risk matrix

requoncy Criticality 5 4 3 ) |
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

Table 4. Risk scenarios of integrated system

No. Hazard

Mixing of produced hydrogen between steam methane
1 |reforming (SMR) can cause damage to the SMR. Check
valve is recommended
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Table 5. Table of JSA frequency

Insufficient hydrogen bombe residual pressure can cause
2 |SMR shutdown and stack damage. Process line
modification to minimize fuel cell damage

Stack damage is possible when low-purity hydrogen is
3 |mixed in the hydrogen bombe and SMR production.
Modify the process line

No. Frequency
5 |Occurs more than once per month
4 |Occurs more than once in 6 months
3 |Occurs more than once in 1 to 5 years
2 |Occurs more than once in 5 to 10 years
1 |Occurs less than 1 in 10 years
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Table 6. JSA steps list

No. Job lists Steps

- Making ultra-pure water and verifying water quality

- Purge the steam methane reforming (SMR) with nitrogen and standby mode
1 |Startup and normal operation - Start SMR

- Start #1, #2 fuel cells

- Start #3 fuel cell

- Shutdown #1 and #2 fuel cell and SMR operations
2 |Shutdown (normal shutdown) - Shut down #3 fuel cell and SMR operations
- Closing of hydrogen pipes front and rear of the integrated system

- Verify facility status and utilities

- Verify nitrogen purge status of SMR and startup
- Startup #1 and #2 fuel cells

- Startup #3 fuel cell

3 |Restarting after a shutdown (normal shutdown)

- Opening of hydrogen pipes front and rear of the integrated system
- Purge #1, #2, #3 SMR and lines with nitrogen

- Shut down ultrapure water manufacturing unit and utilities

- Shut off gas and main power

4 |Long pause after a normal stop

- Detecting fire and judging the potential for propagation
5 |(Emergency) emergency stop in case of fire - Shut off natural gas (NG) supply and release buffer tank residual hydrogen
- Emergency shutdown of SMR and fuel cells

- Detecting hydrogens leak and judging the potential for propagation
- Leak in #1 and #2 SMR

- Leak in #3 SMR

- Leak in the fuel cell room

6 |(Emergency) actions in case of hydrogen leak

- NG blocking
7 |(Emergency) actions in the case of a power outage|- Check device operational status via human machine interface
- Perform the initial commissioning procedure

Table 7. Safeguards for safe work

No. Hazard

1  |Establish specific manuals for sampling operations due to the risk of hydrogen leakage during sampling tests

2 |Wear insulated gloves when powering up due to the risk of electric shock

Monitor stack internal temperature and polymer exchange membrane fuel cell internal temperature before the operation due to

3 the risk of operator burns and degradation damage when high-temperature emissions are released from the exhaust flue

4  |Train workers and wear safety equipment to protect workers from burns

5 |Emergency shutdown if distance from protected facilities is not sufficient due to possible facility fire or explosion

6 |Follow the illumination standard (lux) due to the risk of worker injury due to low lighting

7 | Train workers to operate valves due to the narrowness of the control room, which may cause injury to workers

8 |Train operators due to possible slipping in the control room

9 Monitor operation status and check interlock list and operation status due to possible leakage, fire, or explosion of natural gas

or hydrogen
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Safety manual of integrated system
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Contents

1. Integrated System Overview
1.1 Process Overview
1.2 Integrated Systern P&ID
1.3 Related laws and regulations

2. Maintenance Plan
2.1 Overview
2.2 Safety Inspection

3. JSAbased safe operation procedure by steps
3.1 Clagsification of steps
3,2 Startup and Momnal Operation
3.3 Shutdown (nomnal shutdown)
3.4 Restarting after a shutdown {normal shutdown)
3,5 Long pause after a normal stop
3.6 (Emergency) Ernergency stop in case of fire
3.7 (Emergencyd Actions in case of hydrogen leak
3,8 (Emergency) Actions in the case of a powsr outage

4. HA7OP-based Emergency Response Manual
4.1 Overvew
4.2 Definition of Emergency Situation
4.3 Emergency Response Manual

5. Education and Training Plan
5.1 Overview
.2 Safety Manual Education
5.3 Emergency Response Training

Fig. 2. Safety manual of integrated system
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