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Hydrogen Industry Safety Approach

• As we build out the hydrogen 

industry applications there will be an 

unprecedented integration of 

hydrogen into many aspects of 

industrial and non-industrial uses.

• There is a network of global 

regulations, engineering standards, 

codes, and guidance for best 

practices for hydrogen safety.

• Following good design codes and 

standards is not considered best 

practice for good safe plants and 

operations.
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Hydrogen Industry Safety Approach

• Process safety in addition is the “gold 

standard” for safety management of 

hazardous chemical processes

• PSM regulations v voluntary mgmt system 

• Vary depending on the country of operation 

and their regulatory frameworks. 

• Gaps? – 

• Others may operate in countries that do 

not have a PSM regulation or they may be 

excepted by threshold quantitates or 

exemptions as fuel.

• Recommendation - Producers, suppliers, 

facility operators, users, and their 

contractors and employees would all benefit 

from an industry approach to voluntary PSM  
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Causes of Accidents in the 
Chemical Industry

A.Human error

◦ Failure to follow safety protocols 

◦ Slips in operations 

◦ Inadequate maintenance practices

◦ Design or manufacturing defects

 Root causes may include:

◦ Inadequate training

◦ Process safety competency gaps

◦ Poor communication 

◦ Lack of supervision

◦ Lack of change control



Causes of Accidents in the 
Chemical Industry

B. Equipment failure 

C. Natural events

• Earthquakes

• Extreme weather conditions 

• Possible Contributing factors:

• Lack of safety culture 

• Cost-cutting measures 

• Inadequate emergency response 

plans 



US DOE Hydrogen Safety Panel – Hydrogen Incident Examples

https://h2tools.
org/sites/defaul
t/files/Hydrogen
_Incident_Examp
les.pdf



US DOE H2Tools Website Incident Summaries

https://h2tools.org/



US DOE H2Tools Website Incident Summaries - Trends

Courtesy of Nick 
Barilo, Director, 
Center for 
Hydrogen Safety



• Scaling at a rapid pace

• Propensity for hydrogen to leak and high potential for ignition; oxygen hazards

• Overpressure explosion hazards when hydrogen is released into confined or 
congested areas or internal explosions where hydrogen and oxygen may interface

• Lack of operating experience 

• Unfamiliar technology to many engineers and operators

• Range of operating parameters (P, T, power density, lifespan) 

• Novel technology developments expected as the industry evolves 
– Operating history and safety and reliability data is lacking

• Balance of plant (BOP) components can differ across electrolyzer stack designs

• Design codes and standards are developing 

Hydrogen Safety Challenges



Example – Compressed Gas Association Process Safety 
Management and EPA Risk Management 
Guidance Document

• The U.S. Occupational Safety and Health Administration (OSHA) 
Process Safety Management (PSM) standard and the U.S. 
Environmental Protection Agency (EPA) Risk Management Program 
(RMP) rule require that some U.S. industrial gas facilities comply 
with these regulations”.

• P-28: OSHA Process Safety Management and EPA Risk 
Management Plan Guidance Document for Bulk Liquid Hydrogen 
Supply Systems

• This publication is designed to help owners and operators of liquid hydrogen bulk 
tanks comply with PSM and RMP rules in addition to the requirements of CGA H-5, 
Standard for Bulk Hydrogen Supply Systems (an American National Standard). CGA 
H-5 refers to NFPA 55, Compressed Gases and Cryogenic Fluids Code, for the 
minimum setback distances between bulk hydrogen systems and exposures. 

• P-29, Guideline for Application of OSHA PSM and EPA RMP to the 
Compressed Gas Industry.

• More details about the application of OSHA PSM and EPA RMP to hydrogen supply 
systems and other compressed gas and cryogenic fluid systems can be found in CGA
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Process Safety Management Systems – License to Operate

• There is a strong business case for 
implementing process safety 
management systems – the value is in 
preventing the loss of lives, preserving 
the integrity of operations and 
protecting the environment. 

• Safety management systems are well 
developed over the past 50+ years

• It takes years of development to make a 
PSM system effective and diligence to 
sustain that level
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Long View North Carolina, OneH2 Hydrogen Tube Trailer 
Filling Facility, 4/7/2020

Quoted from: Explosion at hydrogen fuel plant 

damages 60 nearby homes in Catawba County

Officials say all 44 OneH2 employees have been 

accounted for. It’s unclear how many, if any, 

employees were inside the facility at the time of 

the explosion.

It appears the explosion happened near the back, 

outside part of the building, according to officials. 

Damage was reported to the building and 

about 60 surrounding homes.

Fire officials say the homes were inspected and 

one was deemed uninhabitable. All the other 

homes suffered “mostly minor damage from the 

explosion.”

Lynn Brigsbee’s home was the one heavily 

damaged. by the explosion.

“95 percent of my windows are gone,” she said.

Lynn was on the sofa when the blast happened 

less than 100 yards away.
Hydrogen Quantity:  50-60kg

https://www.wbtv.com/2020/04/07/homes-damaged-explosion-fuel-facility-catawba-county/
https://www.wbtv.com/2020/04/07/homes-damaged-explosion-fuel-facility-catawba-county/


Long View North Carolina, OneH2 Hydrogen Tube Trailer 
Filling Facility, 4/7/2020

Title Long View, North Carolina, USA  
One H2 hydrogen tube trailer production and filling facility

Date 4/7/2020
Description While the exact cause is unknown, it is generally accepted that hydrogen was released from a failure 

within a compressed hydrogen storage system. The failure resulted in the formation of a hydrogen/air 
mixture which subsequently ignited, apparently in a relatively open area.

Incident Type Structural damage to a wall of the company’s facility as well as to nearby residences.
Contributing factors Confinement - Outdoor storage equipment was located close to the wall of the facility.

Weak fire barrier walls - The facility walls were not designed to withstand the level of overpressure 
caused by ignition of the released fuel. 

Insufficient separation distance - Offsite risk had not been adequately assessed with the distance 
from nearby houses to prevent damaging overpressure levels at those locations. 

Mechanical integrity - The vent system may not have been adequately supported. 
Estimated Hydrogen Quantity 50-60 kg
Impact Community - damage to residences

Property - equipment damage, structural damage to facility wall
Local News media coverage

Technical References
Media Coverage Explosion at hydrogen fuel plant damages 60 nearby homes 

in Catawba County
Catawba County, North Carolina

Incident's relevance Sites where facilities have fire barrier walls constructed next to hydrogen equipment.

PSM Elements found as contributing 
factors

Risk Assessment, Siting

https://www.wbtv.com/2020/04/07/homes-damaged-explosion-fuel-facility-catawba-county/
https://www.wbtv.com/2020/04/07/homes-damaged-explosion-fuel-facility-catawba-county/
https://www.catawbacountync.gov/news/explosion-confirmed-under-investigation-in-town-of-long-view/


• There is a need for continuously diligent 
hydrogen safety culture to improve overall 
performance

• It must be the foundation of the operating 
philosophy

• We believe enhancing culture is key to a 
potential breakthrough in more effective 
program results.

Safety Culture for Hydrogen Industry 
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Core Principles of Process Safety Culture

 Establish an Imperative for 
Safety

 Provide Strong Leadership
 Maintain a Sense of 

Vulnerability
 Understand and Act Upon 

Hazards/Risks
 Empower Individuals to 

Successfully Fulfill their Safety 
Responsibilities

 Defer to Expertise
 Ensure Open and Frank 

Communications
 Foster Mutual Trust
 Combat the Normalization of 

Deviance
 Learn to Assess and Advance the 

Culture

CCPS 
Guidelines PSM 
Culture (2017)



 Conduct of Operations (COO) is 
the embodiment of an 
organization's values and 
principles in management 
systems that are developed, 
implemented, and maintained 
to:
◦ 1) structure operational tasks in a 

manner consistent with the 
organization’s risk tolerance

◦ 2) ensure that every task is 
performed deliberately and correctly 

◦ 3) minimize variations in 
performance 

Conduct of Operations – Principles1

1 “Conduct of Operations and Operational Discipline – For Improving Process Safety in Industry”, CCPS, Wiley, 2011 



Conduct of Operations and Operational Discipline 
Contribution to Major CSB Incidents

1 “Driving Continuous Process Safety Improvement from Investigated Incidents”, CCPS, Wiley, 2021

See www.csb.gov for incident investigation reports

http://www.csb.gov/


CCPS Risk Based Process Safety v OSHA PSM v HSP Safety Plan



CCPS Risk Based Process Safety v OSHA PSM v HSP Safety Plan



Model Risk Based 
Process Safety 
Management System

 Based on AIChE CCPS Risk 
Based Process Safety Model

 4 Pillars
◦ Commit to Process Safety
◦ Understand Hazards & Risks
◦ Learn from Experience
◦ Manage Risk

 20 elements

 Plan Do Check Act (Deming 
Cycle)

20



Presentation Summary

• Hydrogen incidents are occurring due to preventable causes and 

contributing factors that speak to the need for process safety frameworks

• Industry experience of over 40 years of PSM has shown that it has 

positively changed the way safety is managed 

• The application of a PSM framework to hydrogen operations can apply 

throughout the lifecycle and ecosystem

• Manufacturing of hydrogen. 

• Transportation.

• Use of hydrogen as a fuel 

• It is recommended to influence the industry for to ensure hydrogen safety 

through a modern process safety framework
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