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Overview 
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Barriers addressed1 

A. Safety data and information: limited access 
and availability 

C. Safety is not always treated as a continuous 
process 

D. Lack of hydrogen knowledge by AHJs 
G. Insufficient technical data to revise standards 

 
Partners 
 Panel member organizations  

*Project continuation and direction determined annually by DOE 
 1Technical Plan – Hydrogen Safety, Codes and Standards, Section 3.7, Multi-Year Research, Development and 
Demonstration Plan, July 2012. 

Hydrogen Safety Panel 
 Project Start Date: 2003 
 Project End Date: 2014* 
 FY13 DOE Funding: $625K 
 Planned FY14 DOE Funding: $625K 
 Total Project Value: $8,979K 

 
Safety Knowledge Tools 
 Project Start Date: 2003 
 Project End Date: 2014* 
 FY13 DOE Funding: $100K 
 Planned FY14 DOE Funding: $100K 
 Total Project Value: $1,750K 
 
 

 
 

 
 



PNNL Hydrogen Safety Program 

• Identify Safety-Related Technical Data Gaps 
• Review Safety Plans and Project Designs 
• Perform Safety Evaluation Site Visits 
• Provide Technical Oversight for Other Program Areas 

Hydrogen Safety Panel 

• H2incidents.org 
• H2bestpractices.org 
• Hydrogen Tools (iPad/iPhone mobile application) 

Safety Knowledge Tools 

• Hydrogen Emergency Response Training for First Responders 
• Maintain Live-Fire Burn Prop 

Hydrogen Safety Training 
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Objectives 

Hydrogen Safety Panel 
Provide expertise and recommendations to DOE and assist with 
identifying safety-related technical data gaps, best practices and 
lessons learned. 
Help DOE integrate safety planning into funded projects to ensure that 
all projects address and incorporate hydrogen and related safety 
practices. 

Safety Knowledge Tools 
Collect information and share lessons learned from hydrogen 
incidents and near-misses, with a goal of preventing similar safety 
events from occurring in the future. 
Capture vast and growing knowledge base of hydrogen experience 
and make it publicly available to the “hydrogen community” and 
stakeholders.  
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Approach  
Priority attention to safety and enhanced visibility 

Hydrogen Safety Panel 
Conduct ongoing safety assessments of DOE projects through design reviews, safety 
plan reviews and site visits  
Utilize Panel expertise to develop and maintain safety guidance tools;  address 
technical safety gaps and make recommendations to DOE 

Safety Knowledge Tools 
Enhance safety knowledge tools through interactions with code officials, stakeholders 
and project proponents 
Use multiple approaches to identify new safety event records 

Encourage all DOE projects to submit records of incidents and near-misses with clear 
descriptions of lessons learned.  
Pursue addition of new records by actively reviewing media reports of hydrogen incidents.  
Contact private-sector companies who experience hydrogen incidents and near-misses to 
solicit permission to publish records.  

Bring greater visibility to hydrogen safety and the project’s safety knowledge tools 
through presentations to audiences not familiar with fuel cell technologies 
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Accomplishments: 
Hydrogen Safety Panel 
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Vision: Hydrogen Safety Panel 
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Name Affiliation 
Nick Barilo, Program Manager Pacific Northwest National Laboratory 
Bill Fort, Chair Consultant 
David Farese Air Products and Chemicals 
Larry Fluer Fluer, Inc.  
Donald Frikken Becht Engineering 
Aaron Harris Air Liquide 
Richard Kallman City of Santa Fe Springs, CA 
Miguel Maes NASA-JSC White Sands Test Facility 
Glenn Scheffler GWS Solutions of Tolland 
Andrew J. Sherman Mescoat Inc. 
Ian Sutherland General Motors R&D 
Steven Weiner Pacific Northwest National Laboratory 
Robert Zalosh Firexplo 

Safety practices, incorporating a wealth of historical experience with new knowledge and 
insights gained, are in place. Continuous and priority attention is being given to safety in all 
aspects of hydrogen and fuel cell technologies: research, development and demonstration; 
design and manufacturing; deployment and operations.  

Note:  Addison Bain retired from the Panel in December 2013 



Review of a preliminary hazard analysis for the “Demonstration of Fuel Cell-
Based Auxiliary Power Unit (APU) for Refrigerated Trucks” project in July 2013 

new safety vulnerabilities were identified by the HSP 

Preliminary design review of the LLNL Cryogenic Refueling and Testing Facility 
need for additional tank analysis was revealed during the review 

Early design review for the MARAD-DOE Maritime Fuel Cell Deployment 
Project, May 2014 at Hydrogenics in Toronto, Canada 
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Our presentation at the 2013 
AMR discussed the best 
methods for utilizing the HSP 
for project reviews.  The 
following projects participated 
in this approach since the last 
review: 

Accomplishments 
Positive Impacts in Early Project Reviews 
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White paper, “Safety of Hydrogen Systems 
Installed in Outdoor Enclosures,” provided to 
DOE and the NFPA 2/55 Technical Committees 
in December 2013 

An enclosures risk assessment task group is 
performing qualitative and quantitative risk 
analyses for enclosures. 

A second task group is evaluating the current 
NREL Secure Data Center composite data 
products and templates with the goal of utilizing 
the actual safety-related data and information 
reported by project teams in support of safety 
learnings.  Efforts include: 

1. An analysis of safety-related composite data 
products (CDPs) for discussion/Q&A with NREL, 
and 

2. Providing modified templates for potential use by 
NREL for future data collection  

 

The Panel’s work on this 
topic has raised awareness 
of the need for changes to 
NFPA 2 and NFPA 55. 

Accomplishments 
Identifying Safety Gaps/Supporting 
Codes and Standards Development 



Two Panel members travelled to Flint, Michigan on March 19, 2014, to meet 
participants in a hydrogen fueling station and repair garage project. The 
purpose of the meeting was to introduce participants to the Hydrogen Safety 
Panel and discuss their safety learnings from recent hydrogen projects.  
The meeting included representatives from: 

Flint Mass Transportation Authority 
Grand Blanc Fire Department 
City of Flint (inspectors) 
Ino-Tek (installers of the gas detection and alarm system).  

The clear message from project participants was the need for more education 
and networking among those involved in plans review and inspection.  

This type of interaction offers an opportunity for the program to learn from 
actual commercial projects (understanding safety issues and barriers) and 
better prioritize future activities. 
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Accomplishments 
Learning from Commercial Projects 



Branding (in use now) 
The consistent and appropriate 
use of branding will strengthen 
recognition of the Panel and its 
reputation as a safety resource 
Branding will also validate that 
information is coming from a 
reliable and credible source 

Website/Social Media 
HSP web page (2015) 
HSP on LinkedIn (2015) 
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Current and future activities for enhancing the HSP’s 
role as a safety resource for enabling the 
widespread acceptance of hydrogen: 

Accomplishments 
Highlighting the HSP as a Safety Resource 



European/U.S. bilateral webinar, What Can We Learn from Hydrogen Safety 
Event Databases?, brought lessons learned and related knowledge to the 
forefront of the hydrogen community. 

Presentations offered highlights of accomplishments of the Hydrogen Safety 
Panel and other international collaborations. 
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Brussels, September 9-11, 2013 

Deploying Fuel Cell Systems: What  Have                                                      
We Learned? – examining safety                                                        
considerations in early market applications                                                       
for hydrogen and fuel cell systems 

Advancing the Hydrogen Safety Knowledge 
Base – a white paper of the IEA Hydrogen 
Implementing Agreement Task 31  

 
 

 

Accomplishments 
International Conference on Hydrogen Safety 
Highlighting our Hydrogen Safety Work 



Activity Since the 2013 AMR 
Total for the Project 

Duration 

Project Reviews  
(including safety plans, site visits 
reviewed, follow-up interviews and 
design review activities) 

12 
(includes 3 early 
project reviews) 

395 

Panel Meetings 2 (Washington, DC and 
Golden, CO) 20 

White Papers & 
Recommendations  
(e.g., Safety of Hydrogen Systems 
Installed in Outdoor Enclosures) 

1 7 

Accident Investigations 0 3 

Publications and Presentations 
(both projects combined total) 5 39 

Accomplishments 
Hydrogen Safety Panel Scorecard 
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Accomplishments 
Responses to 2013 Reviewers’ Comments 

“The project team should increase the safety reviews and start outreach to the 
AHJs.” 

 The number of safety reviews conducted is dependent on FCTO project activities.  
A limited number of projects required such a review between the 2012 and 2013 
AMRs.   However, since the 2013 AMR, 12 project reviews have taken place. 

 As shown in earlier slides, the project team has been working to identify ways to 
bring safety knowledge to a broader audience outside of the “hydrogen community.”  
Activities include a presentation at the 2013 NFPA Conference & Expo, a NFPA 
Journal article on hydrogen safety and a scheduled educational session for the 
2014 NFPA Conference & Expo.  Additionally, the project team is exploring methods 
to reach additional AHJs through interactions on ICC-related activities.  The project 
team is also seeking opportunities to meet with AHJs from completed hydrogen 
projects (Flint, Michigan) to better understand their learnings and what information 
or tools would have helped them through the design and commission process. 
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Accomplishments: 
Safety Knowledge Tools 
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There are currently a variety of electronic 
safety resource tools currently available.   

The widespread availability and communication of safety-related information are crucial to 
ensure the safe operation of future hydrogen and fuel cell technology systems. The entire 
hydrogen community benefits if hydrogen safety-related knowledge is openly and broadly 
shared.  [Fuel Cell Technologies Office Multi-Year Research, Development, and 
Demonstration (MYRD&D) Plan] 

Do we have the right tools to 
support the next phase of 
hydrogen and fuel cell 
commercialization? 

To answer that 
question a planning 
session was held 
in Los Angeles, CA 
In April 2014. 

Accomplishments 
Strategizing future safety resource needs… 



Session Activities 
20 individuals representing a variety of user 
groups and owners of the existing resource tools 
participated in the meeting. 
Session participants agreed on user group 
designations. 
The brainstorming portion of the meeting 
focused on soliciting unconstrained ideas 
(tickets) for each of the user groups (136 total). 
Tickets which had common themes were 
organized by session participants into stories.  
The stories were rated by a smaller group based 
on their impact and ease of development. 
Existing DOE-funded resource tools were also 
evaluated for their impact/ease of development 
or maintenance. 
The final stories and their ratings were sent to 
session participants and discussed with the 
Hydrogen Safety Panel. 
The results and recommendations are being 
incorporated into a final report. 

 

Organizations Represented 
o Air Products 
o Air Liquide 
o Orange County Fire Department 
o Daimler 
o Santa Monica Fire Department 
o Santa Fe Springs Fire Department 
o NASA 
o California Fuel Cell Partnership 
o Hydrogen Frontier 
o California Office of the State Fire Marshal 
o Toyota 
o DOE 
o NREL 
o Sandia 
o PNNL 
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User Groups 
o Authorities Having Jurisdiction (AHJ) 
o First Responders (FR) 
o Project Proponents (PP) 
o Operations & Maintenance (O&M) 
o Stakeholders (STK) 
o Research & Development (RD) 
o The Public (PUB) 
o Insurers and Risk Managers (INS) 

 

Accomplishments 
Electronic Safety Resource Tools Planning Session 



The results of the session revealed areas 
where the various user groups could benefit 
from a different approach to providing safety 
knowledge resources, including: 

Hydrogen safety web 
portal – a “one-stop shop”  
for credible and reliable  
safety information  
Codes and standards  
wizard – utilizing  
questions to direct  
users to the applicable  
requirements and  
resource documents 
Videos, Wiki’s and  
networking tools to  
help educate and  
connect users 
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Accomplishments 
Preliminary Results of the Planning Session 



Reaching out to spread hydrogen safety 
knowledge and learnings to new audiences 

“Design to Operation: Integrating Safety into 
Hydrogen and Fuel Cell Projects,” will be 
presented at the 2014 NFPA Conference & Expo, 
Las Vegas, NV. The session will focus on activities 
necessary for integrating safety into a hydrogen 
project and the resources available to designers, 
AHJs and first responders.  
“Deployment of Hydrogen Fuel Cells – Safety 
Considerations and Resources,” presented at the 
2013 NFPA Conference & Expo, in Chicago, IL. 
The conference was attended by approximately 
4,000 persons. The presentation was included on 
the USB drive provided to attendees. 
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Accomplishments 
Disseminating Safety Knowledge 



Accomplishments 
Disseminating Safety Knowledge 

Authored a May/June 2014 
NFPA Journal® article focusing 
on hydrogen safety which 
highlights the Hydrogen Safety 
Panel and DOE’s Hydrogen 
Emergency Response Training 
for First Responders 
NFPA Journal® is the official 
magazine of the National Fire 
Protection Association and 
reaches all Association members 
(70,000 individuals in 100 
countries) 
Article is also available online at 
http://www.nxtbook.com/nxtbook
s/nfpa/journal_20140506/index.p
hp#/80  

 
20 



PNNL and DOE met with personnel from the US Fire Administration in November 2013. 
This meeting identified potential collaborations in three hydrogen safety-related areas to 
be explored: 

first responder training 
incident records (NFIRS and h2incidents.org) 
educating stakeholders/AHJs in support of commercialization activities  

Similar to the NFPA Journal article and presentation at the NFPA Conference & Expo, 
PNNL is also exploring methods to bring safety knowledge to code and fire officials 
through interactions with the International Code Council (ICC).  We are currently 
evaluating messages and methods (e.g. magazine article, webinar, presentation at 
annual meeting/show) to best share that knowledge.  
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Accomplishments/Future Plans 
Identifying New Opportunities for Sharing 
Safety Knowledge 



Accomplishments 
Safety Knowledge Tools Stats… 

22 

Year Visitors* 
Max Visitors in 

1 month 
2006 3,357 751 
2007 15,797 1,928 
2008 25,539 4,568 
2009 17,081 2,084 
2010 17,502 1,954 
2011 20,936 2,339 
2012 19,635 2,347 
2013 15,273 1,613 

H2incidents.org 

Year Visitors* 
Max Visitors 
in 1 month 

2008 703 93 
2009 1,029 113 
2010 1,373 166 
2011 1,373 167 
2012 1,658 188 
2013 1,684 194 

H2bestpractices.org 

*Visitors = unique visits as tracked by PNNL on a monthly basis. Regardless of how many times a particular 
individual may access a website during a particular month, they are counted as one unique visitor. 

Total Visits for 2013 
• H2incidents.org - 26,665 
• H2bestpractices.org - 5,062 New safety knowledge content:  6 lessons 

learned events added to H2incidents.org since 
the 2013 AMR (213 total) 



Accomplishments 
New Ways to Share Safety Knowledge  
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First mobile app being developed for the Fuel Cell Technologies Office 
Released in September 2013 
Integrates H2incidents.org and H2bestpractices.org into 
a single, searchable, iPad and iPhone application 
Features include safety planning guidance and checklists 
All tools (except H2incidents.org) are available without a 
data connection 

563 

302 

53 
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iPhone

iPad

Desktop

iPod Touch

By Platform 

544 

215 

107 

39 

36 

USA & Canada

Europe

Asia Pacific

Latin…

Afr, ME & Ind

By Territory 

941  
Downloads 

since 
September 

2013 



Accomplishments 
Responses to 2013 Reviewers’ Comments 

“The proposed work is appropriate. A caution on the app is in order. The project team 
should define the audience and then address the app to the audience. If the intended 
user is an AHJ, the project team should write the information in the app for a fire 
marshal, not a PhD or a researcher. This is easier said than done.”  
“Weaknesses include the limited safety reviews and the need to determine the audience 
for the app.” 

 The Hydrogen Tools app was developed and released to address comments from previous 
AMRs and requests by the FCTO to bring increased visibility to the Safety Knowledge Tools, 
and to make the content of h2bestpractices.org available offline.  While similar statements (to 
the ones above) were raised during the app’s development process, the resources were not 
available to fully address the issue.  The electronic safety resource tools planning session that 
was conducted in April 2014 (and discussed in previous slides) was undertaken to address this 
topic.  Rather than just considering the Hydrogen Tools app, the session took a more global look 
at what resource tools are needed (whether apps, websites or other formats) for the next phase 
of commercialization. 

 The number of safety reviews conducted is dependent on FCTO project activities.  A limited 
number of projects required such a review between the 2012 and 2013 AMRs.   However, since 
the 2013 AMR, 12 project reviews have taken place. 
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Proposed Future Work 

Remainder FY2014 
Hydrogen Safety Panel 

Continue early project engagements (e.g., MARAD-DOE Maritime Fuel Cell Deployment 
Project) and safety plan reviews 
Continue HSP task group work on the enclosures risk assessment and NREL data evaluation 

Safety Knowledge Tools 
Develop a Hydrogen Tools portal that combines H2incidents.org, H2bestpractices.org and other 
safety resources into one website 
Present “Deployment of Hydrogen Fuel Cells – Safety Considerations and Resources” at the 
National Fire Protection Association Conference and Expo 

FY2015 
Hydrogen Safety Panel 

Utilize Panel resources to address safety knowledge gaps through white papers, 
recommendations to DOE, manuscripts, presentations and technical oversight of the Safety 
Knowledge Tools 
Expand the Panel’s visibility through a web page and integration into key social media tools 
Work with DOE FCTO to strengthen FOA and contract language to support HSP early 
involvement in projects and a commitment to NFPA 2 implementation 
Integrate the HSP into H2USA activities 

Safety Knowledge Tools 
Implement new safety resource tools identified during the FY14 planning session 

25 



Collaborations 
Hydrogen Safety Panel and Safety Knowledge Tools 

Hydrogen Safety Panel 
Sandia National Laboratories – workshop on the tools for hydrogen fuel cell quantitative 
risk assessment (June 11-12, 2013) and  enclosures risk assessments (current 
activities) 
International Energy Agency Hydrogen Implementing Agreement Task 31 (Hydrogen 
Safety) 

Weiner lead author for task white paper, “Advancing the Hydrogen Safety Knowledge Base,” 
presented at the 2013 ICHS and to be published in the International Journal of Hydrogen 
Energy (IJHE) 
Weiner submits final report for Subtask D, Knowledge Analysis, Dissemination and Use 

Organizations representing various Hydrogen Safety Panel membership 
Safety Knowledge Tools 

European Commission Joint Research Centre (JRC) and the International Association 
for Hydrogen Safety (HySafe) 

Bilateral webinar, What Can We Learn from Hydrogen Safety Event Databases?, ICHS, 
Brussels, Belgium, September 10, 2013. 
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Summary 

Hydrogen Safety Panel 
Safety planning is a critical step! 
The HSP’s early engagement of projects can be beneficial for the safe 
deployment of these technologies. 
Learnings from the Panel’s specific project involvement and interaction with 
code officials, stakeholders and project proponents can benefit the FCT 
program more broadly. 
Bringing greater visibility to the Hydrogen Safety Panel through branding and 
outreach activities is a positive step toward reinforcing it’s role as a safety 
resource. 

Safety Knowledge Tools 
New and improved safety knowledge tools warrant increased DOE investment 

Reaching out to new stakeholders and users is essential for enabling a safe 
transition to commercialization of hydrogen and fuel cell technologies 
To remain vital and useful, databases and websites require a concerted effort 
beyond general maintenance. The content must be current, relevant to the 
community being served and valuable to the user.  
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Thank you 

U.S. Department of Energy 
Fuel Cell Technologies Office (Sunita Satyapal, Program Manager; Ned 
Stetson, Will James and Kym Carey, Safety Codes and Standards Team)   

All of my colleagues at Pacific Northwest National Laboratory, the 
Hydrogen Safety Panel and other collaborators  
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Technical Back-up Slides 
for the 

FY2014 Merit Review and Peer Evaluation 
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Existing Hydrogen Safety Knowledge 
Resource Tools (from Slide #10) – 1 of 3 
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Existing Hydrogen Safety Knowledge 
Resource Tools (from Slide #10) – 2 of 3 
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Existing Hydrogen Safety Knowledge 
Resource Tools (from Slide #10) – 3 of 3 
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1. Safety Plan Review – LLNL Cryogenic Pressure Vessel Refueling, July 31, 2013. 
2. Safety Plan Review – FC-Based APU for Refrigerated Trucks (Nuvera), October 15, 2013. 
3. Barilo, N.F., “Safety of Hydrogen Systems Installed in Outdoor Enclosures,” a Hydrogen Safety Panel 

white paper, PNNL-22960, November 2013. 
4. Safety Plan Review – Demonstration of a Fuel Cell-powered Transport Refrigeration Unit (Plug Power), 

February 24, 2014. 
5. Design Review – ESIF Fueling Facility (NREL), March 10, 2014. 
6. Design Review – LLNL Cryogenic Refueling and Testing Facility, March 12, 2014. 
7. Safety Plan Review – Fuel Cell Powered Airport Ground Support Equipment Deployment - GSE 

Gendrive Safety Plan (Plug Power), March 23, 2014. 
8. Safety Plan Review – FC-Based APU for Refrigerated Trucks (Nuvera Revised Safety Plan), March 24, 

2014.  
9. Safety Plan Review – High Performance, Durable, Low Cost Membrane Electrode Assemblies for 

Transportation Applications (3M), March 25, 2014. 
10. Safety Plan Review – Marine Corps Base Hawaii Hydrogen Fueling Station Project Safety Management 

Plan (HNEI), April 7, 2014. 
11. Safety Plan Review – FC-Based APU for Refrigerated Trucks (Nuvera, 2nd Revision), April 22, 2014. 
12. Design Review – MARAD-DOE Maritime Fuel Cell Deployment Project (Sandia), May 9, 2014. 

 
 
 
 
 
 
 

 
 
 

HSP Project Review Reports and White Papers 
(Since the 2013 AMR) 
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2009. 
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Institute), Rome, Italy, October 5, 2010.  
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June 8, 2011. 
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