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{1),/0”1/ tted System Kill 128-Col. 6

| The Detroit Free Presg o A

PLANES IN WHICH 128 DIED |
' FOUND IN CANYON'S DEPTHS'

13 [from Delroil Area
3 lemt (l in Dlsaste

» On June 30, 1956, two airliners, TWA Flight 2 and United
Airlines Flight 718, collided in mid-air near the Grand
Canyon, killing 128 persons. Known as the 1956 Grand
Canyon Collision, this disaster changed the airline industry
forever.

» On December 2, 1984, the Union Carbide pesticide plant in Bhopal, India, released
more than 40 tons of highly toxic methyl isocyanate gas, killing 3,800 people, causing
significant morbidity and premature death for many thousands more, and forever
changing the chemical industry.

» On January 28, 1986, the Space Shuttle Challenger exploded
/3 seconds after take-off, kiling all seven crewmembers and
forever changing the space industry.
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Hydrogen Incidents... Seeing the Common Thread

» Electrolyzer

« Personnel did not fully understand the interrelation
of electrolyzer membrane gas permeability,
membrane degradation, and dynamic operating
range

» Hydrogen Vehicle Fueling Station

« Assembly error of an end plug for the high-pressure
hydrogen tank

» Hydrogen Transport

* Incorrect pressure relief devices installed during
maintenance

> HYdrogen anker Loqding Counesyof/Gngw‘Firﬁé;:iQar
- Unauthorized repair and failure to follow procedures Damage trom Electrolyzer Incident

» Hydrogen Bus Fueling Station
*  An incompatible pressure relief device installed
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All fuels contain energy and can be hazardous if handled improperly

» Gasoline

+ ~1,000 fueling station fires per year in the U.S. as
a result of gasoline ignition (2004-2008) (NFPA)

- ~171,500 highway vehicle fires in the U.S.
between 2014 and 2016 (FEMA)

o 345 deaths
o 1,300 injuries
o $1.1 billion USD in property loss
o 13% of all fires responded to by fire departments
» Natural Gas — average/year (U.S. 2007-2011)
(NFPA)
+ 13,730 fires
- 35 deaths
« 254 injuries
+ $303 million USD property damage

2019 Gasoline Station Fire
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Safety issues can be a 'deal breaker’ and must be addressed for successful hydrogen
technology acceptance and deployment

Stable Foundation

» Hydrogen can be used safely... It has been
for nearly a century by industry

» Safety knowledge and best practices exist

Its Use as a Fuel is New to Many

» Users may lack experience or expertise for
its safe use

» Some users have misconceptions... and
may not know that they don’t know

Dangerous Assumptions

» “We already know how to use hydrogen safety” (apathy - established users)
» “Hydrogen is like any other flammable gas” (misconceptions - new players)
» “Hydrogen is too dangerous” (fear - general public/AHJ’s)

Failing to address the knowledge gaps can result in impactful incidents and industry
setbacks

February 7, 2023 / 6
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‘ Codes and Standards

‘ Best Safety Practices & Lessons Learned

@Scale & Hub
Projects

‘ Expert Support (HSP/CHS)

‘ Workforce Development

‘ Qutreach
‘ Safety Culture
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Hydrogen regulations, codes and standards (RCS) are maturing quickly for many mainstream fuel cell
applications

» RCS provide the information needed to
safely build, maintain, and operate
equipment, systems, and facilities

» Ensures uniformity of safety _ o3 7
Pt o

requirements _— ; = | Fuel Quali
‘ . v NFPA 2/55

» Provides inspectors and safety officials : ! \ -
the information needed to approve Vehicle Standards %4

GTR-13

systems and installations SAE 12579

HGV 2-2014

» Bolsters public and stakeholder b
confidence and helps protect ANSI/CSA FC3-2004 SAE 12601
) SAE J2799
INnvestments SAE J2600

N

Did you know? Many codes and standards were developed using industry best practices.

See http://www.fuelcellstandards.com/... a database of international codes and standards

February 7, 2023 / 8
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U.S. Codes and Standards for Hydrogen Facilities Hydrogen
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Model Code
References
to NFPA 2

Hydrogen Technologies
Code

National Hydrogen Specific Codes™

« NFPA 2 Hydrogen Technologies Code

- NFPA 30A Motor Fuel Dispensing Facilities and Repair
Garages

« NFPA 55 Compressed Gases and Cryogenic Fluids
Code

Component Design Standards

- ASME Boiler and Pressure Vessel”

- ASME B31.12-Hydrogen Piping and Pipelines

- ASME B31.1-Power Piping

- ASME B31.8-Gas Transmission and Distribution Piping
Systems

- ASME B31.85-Managing System Integrity of Gas
Pipelines

« ASME B31.3-Process Piping

« CGA S-1.1-3: Pressure Relief Device Standards

« CGA-G-5.5: Hydrogen Vent Systems

« SAE J2600-Compressed Hydrogen Surface Vehicle
Fueling Connection Devices

« UL 2075-Standard for Gas and Vapor Detectors and
Sensors

« NFPA 77 and API RP 2003 offer guidance on
grounding and static electricity

Model Codes
 International Fire Code
* International Building Code

Component Listing and Design Standards

Currently, few existing components are

tested to listing standards implemented by a
nationally recognized testing laboratory (NRTL).
AHJs may allow the station manufacturer to
provide technical information to prove that

the compression, storage, and dispensing
components used are fit for service. As the
market develops, the list of listed components
(and systems) is expected to grow.

Station Developer Standards
(For informational use)

« SAE J2601-Fueling Protocols for Light Duty
Gaseous Hydrogen Surface Vehicles®

« SAE J2799-Hydrogen Surface Vehicle to Station
Communications Hardware and Software

« SAE J2719-Hydrogen Fuel Quality for Fuel Cell
Vehicles

« HGV CSA Series Standards (currently being
updated)

February 7, 2023 / 9



Hydrogen Safety Panel

Purpose: Share the benefits of extensive
experience by providing suggestions and
recommendations pertaining to the safe
handling and use of hydrogen.

Objective: Enable the safe and fimely

transition to hydrogen technologies by:

» Parficipating in hydrogen projects to
ensure safety is adequately considered

» Providing expertise and
recommendations to stakeholders and
assisting with identifying safety-related
gaps, best practices, and lessons learned

» Supporting the safe deployment of
hydrogen hubs

Share
Learnings

Identify

Industry

Gaps &
Learnings

Provide
Safety
Planning
Guidance

Participate
in Incident
Fact
Finding

CENTER FOR

Hydrogsm

ecting a Global Community

Perform
Design &
SEVCIVAMEND
Reviews

Perform
Site Visit
Reviews
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THE HSP PROMOTES SAFE OPERATION, HANDLING, AND USE OF HYDROGEN

Background

>
>

Formed in 2003

22 members with 600+ yrs 20
combined experience

Hydrogen safety reviews — 603
hydrogen fueling, auxiliary power,
backup power, CHP, portable 433

power, and lab R&D
White papers, reports, and guides 200"‘

Provides support on the 1 5
application of hydrogen codes
and standards

H, safety knowledge shared
through the H, Tools Portal
(h2tools.org)

Years
Reviews
Projects
Presentations

Guides

Impact

» Non-regulatory, objective, and
neutral
» Helps reduce costs
Costs from over-engineering
Delayed approvals

Missed safety
considerations/features

» Provides a balanced solution to
questions and problems

» Helps projects avoid safety
incidents

» Helps establish stakeholder and
public confidence

February 7, 2023 / 1
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Hydrogen Safety Panel Support H!dfwggg
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HYDROGEN Successful
Safety Panel y ®) Project
Program Implementation
Early Support
Operations

y
£ Early
Pre- Design
Project Potential Activities

» Design and document reviews
1T » Hazard analysis participation/review
Eorlglugggﬁepf » Site safety evaluations
» Safety training and webinars
» Qutreach
» Incident investigation

February 7, 2023 / 12
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Streamlined Access to HSP Services Hydrgen
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HSP service request form: hitps://h2tools.org/form/request-for-hydrogen-safety-pane

HSP Service Request Form

Requesting Organization
DOE HTFO and Some Other Projects | |
CEC* Funded Projects

Contact Name

Safety Plan Review Send the plan to Submit service request | |
hsp@h2tools.org

Position

Document/Design Review Submit service request Submit service request | |
Phone |
HAZOP Participation or Review Submit service request Submit service request Email
Other reviews Submit service request Submit service request Project Title
Contract for work needed No Yes** Scope/Summary of Project:
Client funding needed No Yes
0 o 0nQ A
Time needed for contract dlsposmon N/A 1-2 weeks Select HSP services requested and specify the expected need by date for eat
Some reviews and assoicated reports may take 6-8 weeks to complete.
Review time 6-8 weeks 6-8 weeks Service Requested Need By Dale
O Satety Plan Review
Time to process an NDA with the 4 weeks 4 weeks
. . [ Preliminary Designinformation Review
HSP, if one is needed
[ 30% Design Review

* Check with the CEC or contact us direct to determine if Client funding is needed.

**A sighed AIChE/CHS contract and a deposit are needed to initiate the review activity. Client
contracts and substantial revisions of the AIChE contract cannot be accommodated. February 7, 2023 / 13


https://h2tools.org/form/request-for-hydrogen-safety-pane

EEEEEEEE

nnnnnnnnnnnnnnnnnnnnnnnnn

@ HydrogenTools

An online hydrogen information portal

Hyd rogen

An international nonprofit focused on
applied hydrogen safety




@ HydrogenTools URL: h2tools.org H)'drOgSAFETY

ecting a Global Community

Significant hydrogen safety resources in one location

Lessons Learned Compatibility of Materials

Best Safety Practices Bibliographic Database

HYDROGEN

TOOLS

Hydrogen Safety Panel Analysis Resource Tools

Training Codes and Standards

» Supports implementation of the safe handling practices and procedures
» Brings together a variety of tools and web-based content on safety of hydrogen

» Informs designers, stakeholders and first responders

February 7, 2023 / 15



: Hydrsgen
H2tools.org/bestpractices... yroesn

Sharing Experience, Applying Best Practices

» Introduction to Hydrogen
- So you want to know something about hydrogen?

> Hyd rogen Pro perties HOME /BESTPRACTlCES /BEST PRACTICES OVERVIEW
*  Hydrogen compared with other fuels Best Practices Overview

S qfety Prq Ct.c es Best Practi VIEW EDIT UNPUBLISH MANAGE DISPLAY DELETE DEVEL
> I st Practices -

So You Want to Know What is a best practice? References
Something about v Acronyms

° S O fe'l' C U | 'I'U re Hydrogen A best practice is a technique or methodology that has reliably led to a desired result. Using best
Bibliography

practices is a commitment to utilizing available knowledge and technology to achieve success.
Hydrogen Compared with Codes and Standards

.
3 2 Glossary
° S d f e ‘I‘y p | annin g Sk e , Whatis HyTools.org/BestPractices? NFPA 2, Hydrogen Technologles
. Safety Planning 5 Awealth of knowledge and experience related to safe use and handling of hydrogen exists as a result Code, 2016 Edition
° | n C I d e n-I- p ro C e d U res of an extensive history in a wide variety of industrial and aerospace settings. Hydrogen is gaining Safety Snapshot
Incident Procedures ¥ increasing attention worldwide as a possible energy storage medium, for later conversion to electricity

g through fuel cells or for use as a combustion fuel. This focus has introduced many new participants to

Communications v

° C O m m U n i C O ‘I'i O n S . research, development, demonstration, and deployment of hydrogen technologies (e.g., fuel cell

Facility Design vehicles and stationary fuel cells).

Storage & Piping v The purpose of the Hydrogen Safety Best Practices online manual is to share the benefits of

> D eSig n q n d o p era ti o n s Operating Procedures ¥ extensive experience by providing suggestions and recommendations pertaining to the safe handling

and use of hydrogen. Best Practices have been compiled from a variety of resources, many of which
Equipment Maintenance ¥ are in the public domain and can be downloaded directly from the References section. Many others

ope . . .
® F O C I | I Ty d es I g n C O n S I d e rO TI O n S Laboratory Safety v can be obtained via reference links found at various places within the manual.

' Best Practices are organized under a number of hierarchical categories in this online manual,
Indoor Refueling v

° S 1' g d p 1 p i g beginning with those displayed down the left-hand column. Because of the interdependence of the
O rO e O n I I n topical areas, however, individual pages are often accessible via multiple internal links. A web-based
+ Operating p d
eratin roceaures Website features

electronic document format lends itself well to this type of overlapping content.
. . 5 : . 5 2 :
Please notice the tool tip feature on this website. When a word in the text appears in green font, you
- Equipment maint
q U I p e n O I n e n O n C e can see its definition by clicking or tapping the word. All the definitions are compiled into a Glossary
that can be accessed from the References section of every page. There is also an Acronyms list and
Y L b 'I' y f 'I'y a Bibliography that can be accessed from every page. When you click on the link to the Bibliography,
O O rO O r S O e it will take you to the alphabetized list of references for the particular section from which you
accessed it. Please contact us if you notice any definitions, acronyms, or references that should be in

+ Indoor refueling of forklifts inese it bt aront

URL: https://h2tools.org/bestpractices/best-practices-overview February 7,2023 [ 16
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H2tools.org/lessons
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...Capturing the Event, Focusing on

Each safety event record contains:
» Description

» Severity (Was hydrogen released?
Was there ignition?¢)

Setting

Equipment

Damage and Injuries
Probable Cause(s)
Contributing Factors

vV vVvvvyvyyvyy

Steps Taken

URL: http://h2tools.org/lessons

Characteristics (High pressure? Low temperature?)

Lessons Learned/Suggestions for Avoidance/Mitigation | 22

Lessons Learned

HydrogenTools

RESOURCES ~ HYARC~ FORUMS ABOUT

HOME / LESSONS LEARNED / HYDROGEN TUBE TRAILER OVERTURNS IN FIELD

Hydrogen Tube Trailer Overturns in Field

Severity Leak Ignition

Incident Yes

A hydrogen leak occurred when hydrogen tube trailer traveling on a rural roadway left the road, overturned on its side, and resulted in a single hydrogen tube
valve being opened or broken. The cause of the accident is unknown, however, it appears to be unrelated to hydrogen (i.e., it is likely that human driving
errors caused the accident). The hydrogen tubes contained compressed hydrogen gas at 200 bar (2,900 psi). The back end of the tube trailer containing the
high-pressure hydrogen plumbing and valves contacted the ground and resulted in the valve opening or breaking and losing all the hydrogen from one tube.
The tube/valve that leaked was located on the bottom tier in the center position. The first firefighter crew to arrive at the accident scene verified that the
leakage was limited to one tube/valve and that there was no overheating condition as verified by a thermal imaging device. The second firefighter crew
(HAZMAT team),which was sent to recover the hydrogen remaining on the overturned tube trailer, determined that hydrogen recovery at the accident scene
was not safe. The hydrogen tube trailer was lifted using lifting straps slung around the trailer near the hydrogen tube anchorage points, since the trailer did
not have any fixed lifting points. After the tube trailer was righted, it was transported to the hydrogen supplier, where the hydrogen was removed and
reclaimed. No injuries occurred related to the hydrogen leak.

Incident Date
Feb 01, 2004

Hydrogen Delivery Vehicle/Tube Trailer

Equipment
Vehicle & Fueling Systems > Gaseous Hyc

Damage and Injuries
Property Damage
Probable Cause
Vehicle Collision

Contributing Factors
Operation Induced Damage

Characteristics
High Pressure (> 100 bar)

When Incident Discovered

Increased structural protection is needed)
(valves, pressure-indicating devices, manif
A system of designated lifting features is

February 7, 2023 / 17
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A global non-profit dedicated to promoting Rich in Resources
hydrogen safety and best practices : :
worldwide Strong in Collaboration

Focused on Impact
Mission

Best Practices

Lessons Learned
Expert Reviews
Education & Training
Conferences
Webinars & Workshops
Incident Coordination
Working Groups

» Support and promote the
safe handling and use of hydrogen across
industrial/commercial uses and applications
in the energy transition

» Provide a common communication platform
with a global scope to ensure safety
information, guidance, and expertise is
available to all stakeholders

LN X X X X X X

See www.aiche.org/chs for more info rebruary 7,202 [ 18
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CHS Mission and Activities H)’dr Ben
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Collaborate in a global hydrogen safety community

Demonstrate commitment to safety - “License to do business”
Participate in member meetings

Contribute to working groups and conferences

@ @ Access resources to remove barriers and manage risk
@ H®) Hydrogen Safety Panel

Hazard analysis, site evaluation, custom fraining
Outreach, incident investigation

o' Increase knowledge and expertise

Q Training courses, credentialing, and webinars
-p , =
== Conferences and workshops

Best practices and incident resources
Technical bulletins
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[f3] Follow CHS on Linkedin Hydragen

Connecting a Global Community

Showcase Page
» Follow us at www.linkedin.com/showcase/center-for-nydrogen-safety/

» Posts will include member highlights and news, h2tools resources, upcoming events,
conference promotion and snapshots, among others

» Let us know if you have news for us to cross-post

CENTER FOR

Hydrgen
SAFETY
Connecting a Global Community

H, SAFETY

Center for Hydrogen Safety
Connecting a global community to enable the safe and timely transition to hydrogen and fuel cell

technologies.
Public Safety - New York, New York - 1,524 followers

February 7, 2023 / 21
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Workforce Development ,
Creating, Sustaining, and Retaining a Viable Workforce Hydrogen

In the face of rapid technological change, industrialized economies worldwide share concerns about
a growing mismatch between employers’ needs and workers’ skills.!

» Hydrogen's use as an energy carrier is new to much of the
population, and workers lack the basic knowledge and skills

» The need for workers is likely to grow very quickly

» Short and long-term planning is needed
« Short courses, technical schools, colleges, and universities may all o |
be needed oM

» Key aspects need for the success of hydrogen and fuel cell
technologies
*  Recruitment

- Training and Education i = L'Ej"‘ Il 9 Y
o Pre-employment oo nl B0
il 10
o On-the-Job

o Incumbent worker training
o Apprenticeships

+  Retentfion and up-skilling

I hitps://workofthefuture.mit.edu/wp-content/uploads/2020/07/WotF-Working-Paper-04-2020.pdf February 7, 2023 / 22
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Participating organizations
Centralia College

San Juan College

Washington State University
University of Houston

University of Southern Mississippi
University of Quebec
Colorado State University
Myongji University

Zhejiang University

GTl Energy

HyStor

Hydrogen Fuel Cell Partnership
Star Scientific

US Department of Energy

ldentify Academia’s needs for
supporting workforce
development for hydrogen
industries

Evaluate needs based on
worker functions

Develop outlines to support
curriculum development for
basic skills and technical
knowledge

NS N N N U N N NN

Let us know if you would like to participate in this important activity — email chs@aqiche.org.

February 7, 2023 /
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i A Hvydrogen
CHS Education | Hydrgn )'g

. o FUNDAMENTAL
and Training s
~ hitps://tinyurl.com/CHS-Course

Fundamental Hydrogen
Safety E-Courses

* Hydrogen as an Energy Carrier
* Properties and Hazards

» Safety Planning

 Facility Design

* Equipment and Components

e Liquid Systems

* Material Compatibility

e System Operation

* Inspection & Maintenance

New Free elearning Course
* Hydrogen Laboratory Safety

First Responder Hydrogen
Safety E-Courses

Introduction to Hydrogen
Safety for First Responders

First Responders Micro
Training Learning Plan

Introduction to Hydrogen
Fuel Cell Vehicles for
Incident Response

Fire Response & Extrication of
a Hydrogen Fuel Cell Vehicle

Transport of Hydrogen Fuel

Hydrogen Fueling Station
Incident Response

Other Training Resources

Recorded webinars:

Safety of Water Electrolysis

Global Hydrogen Safety Codes
and Standards

Ventilation Considerations for
Hydrogen Safety

Material Compatibility
Considerations for Hydrogen

Overview of Hazard Analysis for
Hydrogen Applications

Safety for the Transportation and
Delivery of Hydrogen

Liquid Hydrogen: Safety and
Design Considerations

February 7, 2023 / 24
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» Outreach will be necessary for community
acceptance
*  An uninformed community is less likely to
accept or embrace new technology

» Qutreach should highlight technology
differences and address safety issues

» Key audiences include stakeholders,
approval authorities, first responders, and
the public

» In-person events offer the best opportunity
for a positive impact

» Provide opportunities for questions and
interaction (at least half of the time should
be reserved for Q&A)

In-person outreach will typically yield a positive experience for most atfendees and bolster public confidence.

February 7, 2023 / 25



Safety Culture H)’dIr gen
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The UK Health and Safety Executive defines safety culture as “...the product of the individual and group values,
attitudes, competencies and patterns of behavior that defermine the commitment to, and the style and
proficiency of, an organization's health and safety programs.” (1) A more succinct definition has been suggested:
“Safety culture is how the organization behaves when no one is wafching.”

It's important because... Investigations of catastrophic events
have identiflied common safety culture weaknesses that are
often factors

Efforts to nurture and sustain a sound safety culture must occur
everywhere, from the boardroom to the production floor.
Safety culture is critical for:

Building a sustainable legacy

Maximizing an organization’s impact and reaching goals

Ensuring long-term acceptance of the hydrogen industry

Safety is a Clearly Recognized Value
Leadership for Safety is Clear
Accountability for Safety is Clear
Safety is Integrated into All Activities
Safety is Learning Driven

RN NN

How'’s your organization’s safety culture? Take our questionnaire af:
hitps://h2tools.org/form/hydrogen-safety-culture-question



https://h2tools.org/form/hydrogen-safety-culture-question
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Concluding Thoughts Hydrogen

Connecting a Global Communit: y

» How will you ensure that hydrogen safety is a
We must demonstrated value in your project and
activitiese

recognize thaft o
. . » How will you identify and address hydrogen
with the promise of safety vulnerabilities in your project or activitiese

hydrogen comes » How will you ensure that your staff are frained

IRIE and equipped to identify and address hydrogen
The I’eSpOﬂSIbI/IT}/ Of safety questions, concerns, and challenges?
safety

Be prepared and avoid having to deal with the
consequences of an incident
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Thanks for Your Attention! CENTER FOR

Hydrogen

SAFETY
Connecting a Global Community

Nick Barilo

Executive Director | Center for Hydrogen Safety, AIChE

Hydrogen Safety Program Manager | Pacific Northwest National Laboratory
120 Wall Street, 23rd Floor

New York, NY USA

Tel: 509-371-7894

nickb@aiche.org

http://www.aiche.org/chs

http://h2tools.org

CHS... Bringing individuals and organizations together to develop and
share best safety practices and learnings

ed with mapchart.net ©
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