The #H21Q Hour

Today’s Topic:

What’s New with the Center for Hydrogen Safety?

This presentation is part of the monthly H21Q hour to highlight research and development activities funded by U.S.
Department of Energy’s Hydrogen and Fuel Cell Technologies Office (HFTO) within the Office of Energy Efficiency and
Renewable Energy (EERE).
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Enabling Widespread Success: Addressing Safety

» Safety issues must be addressed for
successful hydrogen technology
acceptance and deployment

» Safety issues can be a ‘deal breaker’

» Hydrogen technology stakeholders may not
be able to identify and effectively address
all safety issues

» Stakeholders benefit from an independent
and experienced hydrogen safety review
resource involved in early design and safety
planning activities
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Safely Fueling Our Future...

by building on a strong foundation of resources built through collaboration

Safety Knowledge Resources
» Hydrogen Tools Web Portal

» Hydrogen Lessons Learned
» Best Safety Practices

First Responder Training Resources

» Online Awareness Training

» Operations-Level Classroom Training

» National Training Resource B

Hydrogen Safety Panel e AIChE =
» Reviews Projects and Facilities

» ldentifies Gaps and Shares Learnings

June 23, 2020 /
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Timeline of Our Hydrogen Safety Resources

@ Hydrogen Safety Panel
@ Safety Knowledge Tools
@ First Responder Training
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Building Blocks

While hydrogen has been used safely in industrial applications for nearly a century, a
substantial expansion of its use as a fuel involves a wider and more diverse group of
stakeholders

Communication of hydrogen
specific safety guidance will be
critical fo the success of
hydrogen as a part of the global
energy transition

Establishing and communicating
best practices from a trusted,
independent safety resource is @
valuable part of the hydrogen
safety ecosystem
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to expand the body of safety knowledge
Vision
» The Center for Hydrogen Safety is a
global non-profit dedicated to Exper’r
promoting applied hydrogen safety Reviews Conferences
and best practices worldwide
Mission
» Support and promote the |
safe handling and use of Global Be§T Thought
hydrogen across applications in Resources Practices Leadership

the energy transition

» Provide a common communication

platform with a global scope to . :
ensure safety information, guidance Working 'II:D,ecl?nllcaI Lessons
and expertise is available to all Groups ulletins Learned

stakeholders
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Membership Benefits — Focusing on Applied Safety

Project/Facility support Outreach

» Design Reviews » Stakeholders

» Hazard Analysis Support » Code Officials

» Facility/Site Reviews » Communities
Networking

» H, Safety Conferences
» Collaborative Teaming

Training & Education Incident Management Resource
» First Responders » Timely Information on Incidents
» Researchers » Facts Sheefts

» Technicians » Resource Guide
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Training and Education Resources

Online Courses

) AIChE
* First Responders INSTITUTE FOR
+ Researchers and Academia (coming soon) LEARNING &
- Workforce Development INNOVATION

Focused Webinars and Custom Training

+ Project Safety and Safety Planning Future Language Support
. ®
- Researchers and Academia 0e0 English

- Code Officials == Fench
+ Ofthers (based on customer needs) Dutch (current First Responder)

Japanese (legacy First Responder)
% Information Materials

 First Responders Lz I I
) A —— .
« Public
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First Responder Hydrogen Safety Training

» Goal

« Support the successful implementation of hydrogen
and fuel cell technologies by providing technically
accurate hydrogen safety and emergency response
information to first responders

» Integrated Activities

* Online, awareness-level training
+ Classroom and hands-on operations-level tfraining
- Trainer material (PowerPoint slides with speaker notes)

A properly trained first responder community is critical to the successful infroduction of
hydrogen fuel cell applications and their transformation in how we use energy.

June 23, 2020 / 1



Hydr gen

tgG|b|Cmm ty

Online First Responder Hydrogen Safety Training

Awareness-level Training

Redeployed on the AIChE Academy on
10/08/2019 offering CEU/PDH credits

Updated in May 2020 to include video clips and
information on transportation safety in response to
the 2018 Diamond Bar incident

First Responders Micro Training Learning Plan
(video based)

Introduction to Hydrogen Fuel Cell Vehicles For

Incident Response Awareness-level Training
Fire R 8 Extricati f o Hvd Fuel https://www.aiche.org/academy/courses/ela253/in
Ire kesponse Xiricarion of d Rryarogen rue froduction-hydrogen-safety-first-responders

Cell Vehicle
Micro Learning Plan

Transport of Hy.drogen. Fuel . https://www.diche.org/academy/courses/elp001/c
Hydrogen Fueling Statfion Incident Response hs-first-responders-micro-training-learning-plan



https://www.aiche.org/academy/courses/ela253/introduction-hydrogen-safety-first-responders
https://www.aiche.org/academy/courses/elp001/chs-first-responders-micro-training-learning-plan
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Hydrogen Safety Resource for Trainers

The template is a PowerPoint slide deck
intended to serve as a resource and guide
for the delivery of a variety of training
regimens to various audiences

The material is adaptable for different
presentation styles, ranging from higher level
overview formats to more comprehensive
classroom training

Recent updates

Updated with links to video clips from micro
learning courses and to address fransportation
issues

Additional information provided on
transportation considerations

Moved to universal 16x9 format
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Custom Training

Can be done by virtually or onsite
Available for a wide variety of audiences

Code officials, fire prevention officers and
inspectors

Academia and laboratories
OEMs and equipment producers
Military organizations
Topics can be tailored to specific needs

Materials include slides, videos and
animations

Led by members of the Hydrogen Safety
Panel
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New Hydrogen Safety Training Courses Being Developed

New courses based on H2Tools.org Best Safety Practices

Fundamentals of Hydrogen and Fuel Cell Technology Safety
Hydrogen Facility Design

Compressed Hydrogen Systems Design

Liquid Hydrogen Systems Design

Maintaining Hydrogen Equipment

Operating Hydrogen Equipment

Hydrogen in the Laboratory — Safe Design

Hydrogen in the Laboratory — Safe Operations

Hydrogen Safety Best Practices and Considerations for Management
Hydrogen Materials Compatibility

Fuel Cell Forklifts and Indoor Refueling
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Translating Resources (multi-language support)

Will focus on addressing education
materials and safety information
bulletins

Utilize CHS membership to help establish
priorities and support the translation
process

First product was a safety bulletin issued
in Japanese in December 2019

Next products will be the First Responder
training template

Dutch

French

Japanese



CENTER FOR

Hydrog en

ecting a G|b|Cmmuny

Credentialing/Certification for Hydrogen Safety

AIChE

CREDENTI/ L AIChE
INSTITUTE FOR

As the hydrogen industry grows there is an increased need LEARNING &

for workforce development and validation INNOVATION

» AIChE has a credentials activity as part of its Institute for ———_—_—
Legrning & |nnov01_ion :{\/ ‘;/.-’i'_-._ﬂ..'f:\.}‘;':f----_:':;\:’:A(:/:___-_-ﬂ.:-.\.:.({i;;-__-.’-‘;\“ j{\/

» CHS is in the early stages of working with industry CERT)IFI\CA“
members for developing credential program for
hydrogen safety

» Itis anticipated that CHS members and the Hydrogen v RN :/; LB Y
Safety Panel will help direct the process and review SRR
content

June 23, 2020 / 18
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Hydrogen CHS Holds CHS-HSP Participates CHS Develops CHS Publishes
Incident Occurs Member Meeting in Fact Finding Incident Record Lessons Learned

\
@ ;‘\:fzcis’E;anel @ HydrogenTools
CHS reaches out CHS convenes CHS and the CHS creates members- | %*‘{S,,T'Or,]?gmes .
through established members to discuss Hydrogen Safety Panel | only incident report to ‘ﬂiio’r_”pf'lo'j " O_JpFJ“DJC
channels to gather all incident and share are available to help | track latest information "Sb‘?”bb‘ig”’\“b cne
relevant information information determine cause and lessons learned publishes on
H2Tools.org

Other resources CHS may use for responding to an incident:

B Education Materials — new courses, revised course content, etc.

B Technical Bulletins — members only and public safety bulletins developed and disseminated

B Working Groups — to address important safety issues and develop learnings for community and industry
B Conferences & Workshops — share incident information and learnings

B Incident Management Guide
June 23, 2020 / 19
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CHS Response to The Diamond Bar Incident

CHS members have been provided
access to short lesson learned
bulletin (Incident Record)

First responder training materials
have been revised to address the
transportation issues and a
recommendation provided by the
US National Transportation Safety
Board in 2019

Incident record will be input into the
H2Tools Lessons Learned database
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Tracking Recent Hydrogen Incidents

Electrolyzer (2019)

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

Hydrogen Vehicle Fueling Station (2019)

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

Hydrogen Transport (2018)

Incorrect pressure relief devices installed during
maintenance

Hydrogen Tanker Loading (2019) Damage from Electrolyzer Incident
Unauthorized repair and failure to follow procedures

Hydrogen Bus Fueling Station (2012)
Incompatible pressure relief device installed
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Hydrogen Safety Panel (HSP)

>
>
>

Formed in 2003
16 members with 500+ yrs combined experience

Hydrogen safety reviews — hydrogen fueling,
auxiliary power, backup power, CHP, portable
power, and lab R&D

White papers, reports, and guides

Provides support on the application of hydrogen
codes and standards

H, safety knowledge shared through the H, Tools
Portal (h2fools.org)

1 7 Years

535
369
100+
12

Reviews
Projects
Presentations

Guides
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Impact of the HSP

Serves as a non-regulatory, objective, and neutral resource

Sees the "big picture”
Shares learnings
|dentifies gaps

Can help reduce costs

Over-engineering resulting in
unnecessary features

Delayed approvals
Missed safety considerations/features

A group with diverse experience can:

Respond with a balanced solution to questions, problems, and
issues

Aid in avoiding repeating costly mistakes among disparate project
proponents

Help project proponents avoid industry-impacting incidents
Help establish stakeholder and public confidence
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Hydrogen Safety Panel Activities — MON AL

HYDROGEN
Safety Panel

Pacific Northwest ‘8¢ I
NATIONAL LABORATORY

AIChE* has partnered with PNNL to establish a
Center for Hydrogen Safety (CHS). CHS will expand
the HSP's access to new customers by:

» Making the HSP more readily available to
industry, state, and federal government agencies
(national and international)

» Enabling less cumbersome/time-consuming
contracting efforts (from 3-6 months to 1-2 weeks)

PNNL is transferring its first responder hydrogen safety
training resources to AIChE to enable broader
access to online and in-person fraining resources

* AIChE is the world's leading organization for chemical engineering professionals, with more than 60,000 members from more
than 110 countries. AIChE has the breadth of resources and expertise to support industries or emerging areas, such as hydrogen

and fuel cell technologies.
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Support for the Safe Implementation of H, Technologies

Activities that can significantly benefit from CHS Project/Facility Support

Pre-Project Early Design Early
Operation
» Safety » Safety plans
. plagpmg reviews ~ (sl
Q webinars » *Review safety
O — » Pre-project project and features of
(C) 6 outreach to facility early completed
o Q stakeholders designs facilities
QO Q » *H, Safety » Participate in » Onsite safety
> (;) training and risk analyses evaluations
% orien’roﬂqg for development < Pevice i
L code officials » Review risk responder H,
» Projectteam analyses safety
:)ch:\i:ing » *Address AHJ fraining
. safety
consultations questions
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O
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O
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* Support for AHJ and code officials can bridge the gap for inexperienced staff, facilitate faster approvals, support a greater

confidence in project safety and provide more technically justified safety features
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Networking Member Meetings
r-j Monthly forum to update members
and get collective feedback

Incident Response
Meetings
Members share thoughts

and ask questions
related to incidents

Working Groups

Small groups facilitate
discussions around
domain-specific topics

Conferences ‘” @
Webinars

Venues to share
learnings, see what Engage members on relevant
others are working on, and important topics

and create connections
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CHS Member Feedback

>

Member feedback is a driver for CHS
activities and developing our safety
community

Feedback collected during member
onboarding is posted on CHS website

Feedback has directly led to:
* New educational resources
+ Focused member meeting discussions
+ Working groups
« Additional member benefits

* Member participation in development
of safety resources

Feedback

Provide more training
in Spanish for first responders.

Conference presentations
should be made available for
all members.

Member is currently working
on infroducing hydrogen gas
to existing natural gas system

Member identified need for a
training course specific to
Engineers and Operators

CHS should develop a white
paper on cryogenic hydrogen
material data and testing

Member suggested a list of
hydrogen applications
beyond fransportation

Form working group around
topic of H,and NG pipelines Complete

CHS Response Status

In Progress

Send the National Training
Template to member to
translate materials

CHS will soon launch mem-
ber-only resources and this will
be included

Complete

AIChE will consider this further
as we apply for funding for the Complete
H2@Scale Training opportunity

CHS will consider this request

and work with the requestor to In Progress
get more information

CHS will consider the value of

creating an infographic In progress
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Hydrogen Safety Conferences

October 2019
Sacramento, CA - 75 attendees

September 2020:
US Virtual Conference

October 2020:
Europe Virtual Conference

Late 2020
South Korea — TBD
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The best of both online content and in-person events

Cost

AcCcess

Networking

Presentations

Proceedings

Grants

In-Person Event

High + travel + hotel

Regional and Limited global
due fo fravel cost

Face-to-face, limited by time
and place

Live quality subject to preparation
and AV quality; short live audience
engagement

Only abstracts available

Support few participants

Virtual Event

Low

Global

A/V/text chat throughout conference;
easily find all attendees in one place

Pre-record content + live Q&A for best quality;
chat engagement with live audience;
content available following presentation

All content available (including video)

Support up to 5x more participants
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Membership Levels

& Government ($25K USD/per year)

cc€COI35,

GO Industry ($15K USD/per year)
fﬁ? Small Business/Startups ($5K USD/per year)

National Laboratory ($5K USD/per year)

University ($2K USD/per year)
Executive Board ($50K USD/per year)

For more info: www.aiche.org/chs

Hydr gen
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Impact of Membership

» Demonstrate that safety is a fundamental
principal for those deploying the technology

» Ensure that neutral and trustworthy I IYdrOg

hydrogen safety resources will be sustained
and have global impact INDUSTRY MEMBER

CENTER FOR

SAFETY

» Ensure safety is not a significant impediment
to stakeholder and public acceptance of
hydrogen technologies

CHS will facilitate a safe and timely transition to hydrogen and fuel cell
technologies, contribute fo stakeholder and public accepfance of hydrogen
technology, and help assure the safe operation of hydrogen facilities
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CHS Membership

EXECUTIVE BOARD GOVERNMENTS STRATEGIC PARTNERS
EE e By T H yd rogen @
@ ™ Council
Asia-Pacific

Hydrogen Association

JXTG Nippon Oil & Energy
FirstElement sce
Q' yl: nswc Itg gf l'ﬂsl'lvls”!ﬂlllnlug

nationalgrid 1 | PLUG L{:)
Nebraska Public Power District @ N I KD I—A POWER M SoCalGas TOYOTA

Always there when you need us )
A gg Sempra Energy utilit
9 gy utility

SMALL BUSINESSES UNIVERSITIES NATIONAL LABS

@ HVSUT HySﬂlylngiggﬂfture Argonne a Y @ N R E L

AAAAAAAAAAAAAAAAAA Pacific Northwest

g

BAYOTECH NATIONAL LABORATORY
< Sandia
9 WCWER @ r‘1 National .SRNL
INNOVATIONS laboratories =~ savawwan miver naTionaL caosroRy
Gangwon PROTIUM WASHINGTON STATE
Technopark UNIVERSITY
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Join Our Global Community and Get Involved

‘i"' » Become a member

¢ » Utilize the resources to remove
barriers and safeguard your
mission

» Parficipate in working groups,
9 workshops and conferences

- Network
- Share knowledge

+ Help plan conferences and
other events

@
&

.b Recent member comments:

“The timely incident response call affer a
recent incident was a huge benefit to our
company and employees who had
questions about the incident. Industry
incident communications are crucial to
prevent accidents from happening again.”

“The Hydrogen Safety for First Responders
fraining is incredibly useful for our
organization when we hold safety tfrainings
with local First Responders.”
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Concluding Thoughts

» The future will likely see an increase in the use of
hydrogen and fuel cell technologies

» Because hydrogen as a fuel is still relatively new,
best methods of handling, storage, transport, and
use may not be well understood by participants

» Safe practices for production, storage, distribution,
and use of hydrogen are essential for deployment
of hydrogen and fuel cell technologies

» The Center for Hydrogen Safety and its resources
are available to users and stakeholders understand
and apply safe practices

Hydr gen
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The #H21Q Hour
Q&A

Please type your
guestions into
the Q&A Box




The #H21Q Hour

Thank you for your participation!

Learn more:

energy.gov/fuelcells
hydrogen.energy.gov




