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What we do 



California ZEV Action Plan 

• By 2015: California major metropolitan areas “ZEV-
ready” with infrastructure and streamlined permitting 

• By 2020: California ZEV infrastructure can support up to 
1 million vehicles 
� Including widespread use of ZEVs for freight and public transit 

• By 2025: Over 1.5 million ZEVs in California 
 

4 https://www.opr.ca.gov/docs/Governor's_Office_ZEV_Action_Plan_(02-13).pdf 
https://www.opr.ca.gov/docs/ZEV_Guidebook.pdf  
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California is taking the lead 

Funding For at least 100 H2 stations through 
California Energy Commission 

ZEV Action Plan Agency actions to enable FCEVs and BEVs 

ZEV Manager Governor appointee to help with planning 
and permitting for H2 and charging stations 

State Fire 
Marshal 

Including hydrogen and FCEVs in state 
training guidelines 

Weights & 
Measures Setting standards for certifying dispensers 

Evaluation Survey of OEM deployment plans 



Here come the 

FCEVs…. With more to follow, 
including… 
 
Mercedes 
GM 
Nissan 
BMW 
Volkswagen 
Audi 
 



FCEVs are electric vehicles 



Today in California 

• Hyundai and Mercedes lease cars  
� 300+ FCEVs on the road  

• Toyota introduced the Mirai in 2015; Honda in late 2016  
� Many automakers will come to market:  
� Audi, BMW, Ford, GM, Lexus, Mercedes, Nissan,  Volkswagen 

• 3 transit agencies operate 19 buses  
� East Bay 
� Coachella Valley 
� Irvine 

• 16 open stations  
� 35 stations in development  
� GFO on the streets (minimum of $17.3 million) 

 



 

California’s Hydrogen Network as of 4/9/16 
 

• Includes Santa 
Barbara 

• Hayward as of 
4/27/16 



Open Retail H2 Stations – Northern & Central CA 
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West Sacramento 

San Jose 

So. San Francisco 

Coalinga 

Saratoga 

Not pictured: Hayward 



Open Retail H2 Stations – Southern CA 
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Long Beach 

Costa Mesa 

UC Irvine 

Not pictured: San Juan Capistrano, Santa Monica, and Lake Forrest, 
Santa Barbara 

La Canada 
Flintridge 

Long Beach 

Diamond Bar 

West LA 

UC Irvine 



San Jose 
Saratoga 
South San Francisco 
West Sacramento 
*Coalinga 
Hayward 
 
 

Campbell 
Foster City 
Los Altos 
Mill Valley 
Mountain View 
Palo Alto 
*Rohnert Park 
San Ramon 
*Truckee 
Woodside 

Retail: Open 

Retail: In Development 

Northern CA 
Hydrogen Stations 

March 2016 

*Not shown on map 

Other: Open 
Emeryville – AC Transit 



Southern CA 
Hydrogen Stations 

Costa Mesa 
Diamond Bar 
Irvine – UC Irvine 
La Cañada Flintridge 
Lake Forest 
Long Beach 
Los Angeles – Santa Monica Blvd. 
San Juan Capistrano  
Santa Monica 
*Santa Barbara 
 
 

Anaheim 
Burbank (upgrade) 
Chino (upgrade)  
Lawndale 
Los Angeles - Beverly Blvd. 
Los Angeles – Cal State LA 

Los Angeles – LAX (upgrade) 
Los Angeles - Lincoln Blvd. 
Los Angeles - Hollywood Blvd. 
Los Angeles - Pacific Palisades 
Los Angeles - Woodland Hills 
Ontario 
Orange 
*Riverside 
*San Diego 
South Pasadena 

Retail: Open 

Retail: In Development 

*Not shown on map 

March 2016 

California Fuel Cell Partnership 
www.cafcp.org/stationmap 

Burbank 
Fountain Valley – OCSD 
Los Angeles - Harbor City 
Newport Beach 
*Thousand Palms – SunLine Transit 
Torrance 

Other: Open 



CaFCP Station Map 
http://cafcp.org/stationmap  
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http://cafcp.org/stationmap


Next Stations 

• Los Angeles – Woodland Hills 
• Los Angeles – Beverly Blvd. 
• Cal State LA 
• Riverside 
• Hayward 
• Campbell 
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For estimated open dates, please see the CaFCP station map at www.cafcp.org  

http://www.cafcp.org/


Commissioning Process 
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AHJ  
Permit 

Fill Protocol 
Confirmation Metrology Sticker  

Station Developer 
Ready for Customers 



Global launch  

• Germany 
• Japan  
• South Korea 
• U.S. (California)  
• U.S.  (other states)  

� Northeast corridor:  12 stations 
funded by Toyota 

� 8-state MOU regarding zero-
emission vehicles in 2014 

• United Kingdom 
• Scandinavian countries 

 
 

 

Examples 
• German consortium to 

build 400 hydrogen 
stations 

• Tokyo government 
commits $330 million to 
showcase hydrogen 
economy at 2020 Olympics  

• California commits to 100 
stations  
 
 

 



More than cars… 



Fuel cell buses and trucks 

• 19 fuel cell buses in 
California 

• >1.5M miles in service 
• >2.5M passengers carried 
• Buses adopt technology 

first; pave the way for 
heavy-duty vehicles 

• Medium and heavy-duty 
are coming 
• Demonstration projects 
• Action plan in draft to 

develop commercial 
path 
 

 



Target Areas for Next CEC Funding 
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CEC GFO15-605, April 2016: http://www.energy.ca.gov/contracts/GFO-15-605/   

Core Market Areas 

Maximum # 
of Stations 

to be 
Funded* 

San Francisco 2 
Berkeley/Oakland/Walnut Creek/Pleasant Hill 2 
Greater LA/Sherman Oaks/Glendale/Pacific 
Palisades 1 

San Diego/La Mesa 1 
Torrance/Manhattan Bch/Redondo Bch 1 
South San Diego/Coronado 1 
Pasadena/San Gabriel/Arcadia 1 
Long Bch/Huntington Bch/Buena 
Park/Fullerton 1 

Santa Cruz 1 
Irvine/Tustin 1 
San Mateo/Palo Alto/Cupertino/Campbell/San 
Jose 1 

Sacramento/Carmichael 1 
San Clemente 1 
Laguna Beach 1 

Table 4: Core Market Areas Needing Hydrogen Refueling 
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A Transformative Step Towards Hydrogen Adoption 

Hydrogen Tools 

21 



• Introduction to Hydrogen 
� So you want to know something about 

hydrogen? 
• Hydrogen Properties 

� Hydrogen compared with other fuels 
• Safety Practices 

� Safety culture 
� Safety planning 
� Incident procedures 
� Communications 

• Design and Operations 
� Facility design considerations 
� Storage and piping 
� Operating procedures 
� Equipment maintenance 
� Laboratory safety 
� Indoor refueling of forklifts 

H2tools.org/bestpractices 
…sharing experience, applying best practices 

Safety events from “H2incidents.org” illustrate what 
can go wrong if best practices are not followed. 

April 27, 2016 22 

http://h2tools.org/bestpractices  

http://h2tools.org/bestpractices


Each safety event record contains 
� Description 
� Severity (Was hydrogen released? 
     Was there ignition?) 
� Setting 
� Equipment 
� Characteristics (High pressure? Low 

temperature?) 
� Damage and Injuries 
� Probable Cause(s) 
� Contributing Factors 
� Lessons Learned/Suggestions for 

Avoidance/Mitigation Steps Taken 

 

H2tools.org/lessons 
…capturing the event, focusing on lessons learned 

23 April 27, 2016 
Tube Trailer Rollover 

http://h2tools.org/lessons  

http://h2tools.org/lessons


Quantitative Risk Assessment 

24 April 26, 2016 

• Developed toolkit to enable integrated 
probabilistic and deterministic modeling  

– Relevant H2 hazards (thermal, 
mechanical) 

– Probabilistic models (traditional QRA 
models) & H2-specific component data 

– H2 phenomena (gas release, heat flux, 
overpressure) 

• Variable Users 
– High level, generic insights (e.g., for 

C&S developers, regulators) 
– Detailed, site-specific insights (e.g., 

station designers, engineers) 
 

• Currently, two interfaces (views):  
– “QRA mode” and “Physics mode” 
– Planned “performance-based design” 

mode for targeted analyses 

First-of-its-kind software tool for 
integrating H2 consequence models w/ 

QRA models 
Includes behavior models & data 

developed through FY12 
Now available at: http://hyram.sandia.gov 
Press Release: https://share.sandia.gov/news/resources/news_releases/sandias-

hydrogen-risk-assessment-models-toolkit-now-available/#.Vx_IjvkrLIU   

http://hyram.sandia.gov/
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Introduction to Hydrogen for Code Officials 

http://h2tools.org/content/training-materials  

Provides an overview of hydrogen and fuel cell technologies, discusses 
how these technologies are used in real-world applications and 
discusses the codes and standards required for permitting them. 

• Hydrogen and fuel cell basics 
• Hydrogen and fuel cell 

applications 
• Hydrogen fueling stations 
• Fuel cell facilities 

April 26, 2016 25 

Developed by the National 
Renewable Energy Laboratory 

http://h2tools.org/content/training-materials
http://h2tools.org/content/training-materials
http://h2tools.org/content/training-materials


• Cooperative with National Renewable Energy Lab  
� AHJ workshops 

• Hydrogen Technologies Safety Guide (Jan. 2015) 
• DOE permitting web site link 
• In development: Permitting video with OCFA 

 

Codes & Standards Permitting Tools 



Consists of material specific chapters (as individual PDF files) 
summarizing mechanical-property data from journal publications and 
technical reports 

Technical Reference for 
Hydrogen Compatibility of Materials 

• Plain Carbon Ferritic Steels 
• Low-Alloy Ferritic Steels 
• High-Alloy Ferritic Steels 
• Austenitic Steels 
• Aluminum Alloys 
• Copper Alloys 
• Nickel Alloys 
• Nonmetals 
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http://h2tools.org/tech-ref/technical-reference-for-
hydrogen-compatibility-of-materials  
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H2USA Public-Private Partnership 

to address H2 Infrastructure Challenges 

28 April 26, 2016 

The mission of H2USA is to promote the commercial introduction and widespread 
adoption of FCEVs across America through creation of a public-private collaboration to 
overcome the hurdle of establishing hydrogen infrastructure. 

http://h2usa.org  

http://h2usa.org/


How can you be ready? 

• Resources 
� Fuel Cells and Hydrogen Energy Association (http://www.fchea.org/)  

• Safety Report: http://www.hydrogenandfuelcellsafety.info/  
 

� NFPA Alternative Fueled Vehicles Safety Training Program 
(http://www.nfpa.org/training/online/alternative-fuel-vehicle-safety-
training)  

 
� CaFCP (https://cafcp.org)  - stations status, fueling video, resource links, 

downloadable documents 
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How can you be ready? 

• Education/training 
� AHJ workshops 
� ER training 



/ 31 April 26, 2016 

National 
Hydrogen and Fuel Cells  

Emergency Response 

TRAINING 

This presentation does not contain any proprietary, confidential, or otherwise restricted information. 



National First Responder Training Resource 

32 April 26, 2016 

Can be downloaded at http://h2tools.org/fr/nt  

http://h2tools.org/fr/nt


What and Why? 
National Hydrogen and Fuel Cell Emergency Response Training 

A properly trained first responder community is critical to the successful introduction of hydrogen fuel cell 
applications and their transformation in how we use energy. We envision that hydrogen and fuel cell-related 
first responder training will be delivered locally to serve missions to protect life and preserve property, 
utilizing this national emergency response training resource as a consistent source of accurate information 
and current knowledge. These training materials are adaptable to the specific needs of first responders and 
training organizations and are meant to complement the extensive training programs already in place to 
serve their missions. The note pages format of these slides provides more details for the instructor to 

conduct the training. Instructors should share this information when presenting the slides. 

The nationally-focused training template that accompanies these materials is intended to serve as a 
resource and guide for the delivery of a variety of training regimens to various audiences. These materials 
are adaptable for different presentation styles, ranging from higher level overview formats to more 
comprehensive classroom training. Three example uses of the slides are provided in the companion Word 
file.  

Feedback from presenters and audiences to the developers of the National Hydrogen and Fuel Cells 
Emergency Response Training will help ensure that the development of new and updated training content 
and techniques serves to continually enhance the value of this resource. 

This material was prepared as an account of work sponsored by an agency of the United States Government. NEITHER THE UNITED STATES 
GOVERNMENT NOR THE UNITED STATES DEPARTMENT OF ENERGY, NOR ANY OF THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTORS, 
SUBCONTRACTORS OR THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR 
RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR USEFULNESS OR ANY INFORMATION, APPARATUS, PRODUCT, OR PROCESS 
DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS. 

Revision Date:  December 22, 2015 

 





First Responder Hydrogen Safety Training 
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► National 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 
 (http://hydrogen.pnl.gov/FirstResponders/) 

� Classroom and hands-on operations-level training 

� National training resource (enabling trainers) 
 (http://h2tools.org/fr/nt)   

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

http://hydrogen.pnl.gov/FirstResponders/
http://hydrogen.pnl.gov/FirstResponders/
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Training Resources Timeline and Accomplishments 
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Accomplishments 
• Online training – 

over 32,000 visits 
• Operations-level 

(in-person) 
training has been 
attended by 1,030 
firefighters  

• CaFCP training 
has reached over 
7,000 first 
responders 

2002 
CaFCP 

developed an 
ER education 

program 

2007 
DOE releases 

online 
awareness 

level training 

2009 
DOE makes 
operations 
level class 
and props 
available 

2014 
DOE/CaFCP 
release the 

National 
Hydrogen 
and Fuel 
Cells ER 
Training 
Resource 

Future 
Enhancements 
to the training 

resources 



Online Awareness-level Training 
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http://hydrogen.pnl.gov/FirstRespond
ers/  • 100 from hydrogen and emergency response 

  community conduct broad review (Summer 2006) 
• On-line training launched January 27, 2007 
• 200-300 unique visits monthly; >30,000 total. 



Classroom and Hands-on Training 

38 April 26, 2016 

► Classroom Content 

� Hydrogen and Fuel Cell Basics 
� Hydrogen Vehicles 
� Stationary Facilities 
� Emergency Response 
� Incident Scenarios 

► Demonstrations/Hands-on 

Exercise with FCEV Prop 

� Demonstration of Hydrogen 
Flame Characteristics 

� Student Participation in 
Rescue Evolutions 

 A “rescue” at Sunnyvale (CA)  
Department of Public Safety  

Multiple instructors for classroom training 



National Training Resource Downloads 
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Since October 2014 
 
• 278 downloads 

 
• in 6 Continents 

 
• and 35 of 50 

states 
 

• translated into 
Japanese in 
support 
of Japan fuel cell 
activities 



CaFCP/NREL events 



Agenda 

Introductions, ZEV Action plan, station locations priority announcement- J. Hamilton,  10:00 -10:30 

Hydrogen 101, Vehicles, Stations & Overall safety – 10:30-11:15 - Jennifer Hamilton, CaFCP 

Break- 11:15-11:30 

C&S overview for hydrogen fueling stations and facilities – 11:30 – 12:00 -Carl Rivkin, NREL  

Repair Facilities – Spencer Quong, QAI 

Lunch and Static Display of vehicles– 12:00-12:45  

NFPA 2 – Susan Bershad, NFPA 

Brief overview 12:45-13:15 (compare 2011 and 2016)  

QRA/Chapter 5 – 13:15 – 13:45 

Progress on ‘helping’ the AHJ (work at NREL/ESIF, HyStEP, PNNL, etc.) and resources (web sites) – Carl 

Rivkin, NREL  - 13:45-14:00 

Break- 14:00-14:15 

CA stations update - 14:15-14:30 – Joe Gagliano & Jennifer Hamilton, CaFCP 

Questions and wrap up – 14:30-15:00 - All 



Hydrogen safety, much like all flammable gas safety, relies on five 
key considerations: 

► Recognize hazards and define mitigation measures 

► Ensure system integrity 

► Provide proper ventilation to prevent accumulation (manage 
discharges) 

► Ensure that leaks are detected and isolated 

► Train personnel 

The Basics… 

42 April 27, 2016 



NFPA 2, Hydrogen 

Technology Code 

Training Seminar 

August 3rd, 2015 |  Susan Bershad: NFPA Fire Safety Engineer 



We’re here to help 

www.cafcp.org 
info@cafcp.org 

@cafcp 
Facebook.com/cafcp 

mailto:info@cafcp.org


Contact Information 

Please let us know if you have any questions or comments! 

Nick Barilo, P.E. 
Hydrogen Safety Program Manager 
Pacific Northwest National Laboratory  
509-371-7894 
nick.barilo@pnnl.gov 

 
 

 

Jennifer Hamilton 

Safety, Education, Codes & Standards 
California Fuel Cell Partnership 
(916) 375-4914 
jjhamilton@cafcp.org 

Manager, Safety,  Codes and Standards 
National Renewable Energy Laboratory 
carl.rivkin@nrel.gov 

Carl H. Rivkin, P.E. 

mailto:nick.barilo@pnnl.gov
mailto:nick.barilo@pnnl.gov
mailto:nick.barilo@pnnl.gov
mailto:jjhamilton@cafcp.org
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Tri-Counties Hydrogen Readiness Plan
Project Summary
January, 2017
• Introductions
• Hydrogen Station Siting
• Permitting and Plan Check
• First Responder Awareness
• FCEV Promotion
• Recommendations

Ivor John, Project Coordinator
Jack Armstrong, Safety Professional

Hydrogen Station Priorities
• Thousand Oaks/Newbury Park/ Westlake (eastern Ventura Co.)
• Simi Valley/Moorpark (eastern Ventura Co.)
• Santa Barbara County South Coast (second station)
• Camarillo/Ventura (western Ventura Co.)
• San Luis Obispo County (first station)

For San Luis Obispo, the need is two-fold – (1) to provide 
101 connector station, and (2) to initiate local FCEV use



5/8/2017
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Streamlining H2 Permitting and Plan Check
• SB City successfully permitted the first station locally
• Positive feedback from City Fire and Planning & Development 
• Cooperation and support form California Fuel Cell Partnership
• Adapting Governor’s office Hydrogen Permit Guide (Go-Biz) for 

local application
• Emphasis on NFPA 2, Hydrogen Technology Codes

Safety –Training and Awareness for Responders
• Hydrogen ER training courses have been developed by the DOE, 

partnering with organizations such as the California Fuel Cell 
Partnership

• Their website H2Tools.org has an Emergency Response portal for 
hydrogen and fuel cells designed specifically for first responders
L1 – Overview – basic awareness of hydrogen and fuel cell technlogies
L2 – Short course, focused on response operations
L3 – Full Course, day long course

https://h2tools.org/content/training-materials
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Training Resources
1. Tri-Counties Hydrogen Readiness Plan Overview
2. First Responder Training Template
3. Hydrogen - Emergency Response Training Guide (matrix)
4. Hydrogen - Emergency Response Training Slides (Powerpoint)
5. Vehicle Emergency Response Manual (example for Hyundai)
6. Link to “Lessons Learned” website (maintained by DOE)

Website Links:
https://h2tools.org/
https://www.ourair.org/wp-content/uploads/THRP-Part-2-Permitting-Guidance-082816.pdf

THRP Recommendations
• Keep the plan a living document
• For permitting and planning, provide resources to agencies and 

access to peers with previous experience
• Provide access to training resources and support for local first 

responder trainers.
• Ensure ongoing local support


