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What we do

A Road Map for Fuel
Cell Electric Buses in
California
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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
= |ncluding widespread use of ZEVs for freight and public transit

« By 2025: Over 1.5 million ZEVs in California
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Zero Emission Vehides in California
COMMUNITY READINESS GUIDEBOOK

California’s Roadmap to
1.5 Million Zero Emission Vehicles

Governor’s Office Summit on Zero Emission Vehicles

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

= Fundin For at least 100 H, stations through
: 5 California Energy Commission

@« ZEV Action Plan Agency actions to enable FCEVs and BEVs

a : : :
ZEV Manager Governor-ap.pomtee to help Wlt|:1 plann-mg
| and permitting for H, and charging stations
v State Fire Including hydrogen and FCEVs in state
Marshal training guidelines
' Weights & Setting standards for certifying dispensers

Measures

I Evaluation Survey of OEM deployment plans



Here come the
FCEVs....

~

With more to follow,
including...

Mercedes
GM

Nissan
BMW
Volkswagen
Audi
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FCEVs are electric vehicles

The Toyota Fuel Cell System (TFCS) moves the Mirai

High-pressure [ I SERES

hydrogen tanks

— Power control unit

Drive battery —
FC boost converter



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

a0

a0

a0

30

20

10

H2 Stations

Seeking new site
M Finalizing site change
m Finishing permit apps
B In permitting
® Planning approval
m Approved to build
B Under construction
m Fully constructed
m Open - Non-Retail
m Open - Retail

Includes Santa
Barbara

Hayward as of
4/27/16
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Open Retail H2 Stations - Northern & Central CA

n

7 . Coalinga
Not pictured: Hayward -
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Open Retail H2 Stations - Southern CA
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Not pictured: San Juan Capistrano,
Santa Barbara



March 2016

Northern CA

Hydrogen Stations

@ Retail: Open

San Jose

Saratoga

South San Francisco
West Sacramento
*Coalinga

Hayward

@ Other: Open

Emeryville - AC Transit

O Retail: In Development

Campbell
Foster City

Los Altos

Mill Valley
Mountain View
Palo Alto
*Rohnert Park
San Ramon
*Truckee
Woodside

*Not shown on map
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Southern CA
Hydrogen Stations

@ Retail: Open

Costa Mesa

Diamond Bar

Irvine - UC Irvine

La Canada Flintridge

Lake Forest

Long Beach

Los Angeles - Santa Monica Blvd.
San Juan Capistrano

Santa Monica

*Santa Barbara

@ Other: Open

Burbank

Fountain Valley - OCSD

Los Angeles - Harbor City
Newport Beach

*Thousand Palms - SunLine Transit
Torrance

O Retail: In Development

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

*Not shown on map
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CaFCP Station Map
http://cafcp.org/stationmap
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© CALIFORNIA FUEL CELL PARTNERSHIP

Coalinga

Commissioning Complete

RETAIL: IN DEVELOPMENT
Santa Barbara

Construction Complete

Burbank

Commissioning Complete

RETAIL: IN DEVELOPMENT
Los Angeles - Woodland Hills

proval to Bui

RETAIL: IN DEVELOPMENT
Los Angeles - Hollywood Blvd

Approval to Bu te



http://cafcp.org/stationmap

Next Stations

* Los Angeles - Woodland Hills
« Los Angeles - Beverly Blvd.

- Cal State LA

* Riverside

- Hayward

- Campbell

For estimated open dates, please see the CaFCP station map at www.cafcp.org

15


http://www.cafcp.org/

Commissioning Process

Metrology Sticker

Station Developer
Ready for Customers

Fill Protocol
Confirmation

16



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

g o B " HYDROGE




Table 4: Core Market Areas Needing Hydrogen Refueling ’

Target Areas for Next CEC Funding

Maximum #
Core Market Areas of Stations
to be
Funded*
San Francisco 2
Berkeley/Oakland/Walnut Creek/Pleasant Hill 2
Greater LA/Sherman Oaks/Glendale/Pacific 1
Palisades
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

Santa Cruz

Irvine/Tustin

San Mateo/Palo Alto/Cupertino/Campbell/San
Jose

Sacramento/Carmichael

San Clemente

Laguna Beach

CEC GFO15-605, April 2016: http://www.energy.ca.gov/contracts/GFO-15-605/

20
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Hydrogen Tools 5

A Transformative Step Towards Hydrogen Adoption

CENTRALIZED / organizes current Ho res.ources : ,::' s
LOCATION / inone robust location —including e

many proven tools, with plans for @ HYDROGEN TOOLS

adding future content T

(10"
©
About 10 percent of the weight of Iving.

FOCUSED [ tailored to the specialized , ol : ST
CONTENT / needs of Ha user groups L -

RESPONSIVE [ enables Hy safety work across —
DESIGN / both desktop and mobile devices welome!

tydrogen Tools Portall
heologi d approving. of

—

+ Mobile Friendly

. Arnold Schwarzenegger to drive pace car at Sonoma Safety :ultur: . :lekolr;: :; ;,h: ':‘rlxveslors
TRUSTED J fostered through social networking oAzt 2WeExS 1 DAY AGH dscnson ot
= 5 Promating the July 1 premiere of Terminator Genisys, i
COMMUNITIES around H2 Subject matter expertlse the honorary pace car drver for the Toyota/Save Mart 350 Sprint Cup racejune. e e
p (it Codes and Standards
1 MONTH 1 WEEK AGO

i " standards ide the Welcome to the Insurers/Risk
Marine Corps Base Hawa'i fast-fill hydrogen fueling station enabling zero :‘m *‘:“ "m; :: M:M‘m e
& ; s :
. i o e |
Energy ed 3 Fast uniformity Loginorreg
H 2 hydrogen fueling station at the Marine Corps Base Hawai'l (MCBH). This state... local.
EXPANDABLE [ built with frequently requested ot
i i Know Something
FORMAT [ future feature sets in mind o oo

http://h2tools.org

> Credible and reliable safety information from a trustworthy source



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

* Introduction to Hydrogen
= So you want to know something about
hydrogen?
* Hydrogen Properties
= Hydrogen compared with other fuels
- Safety Practices
= Safety culture
= Safety planning
= |ncident procedures
= Communications

+ Design and Operations
= Facility design considerations
= Storage and piping
= QOperating procedures
= Equipment maintenance
= Laboratory safety
= |ndoor refueling of forklifts

http://h2tools.org/bestpractices

Focusing On Safety Knowledge

HYDROGEN TOOLS

Harme » Best Practices » Facility Design » Properties Imgacs Design

Best Practices

Hydrogen
Introduction

S0 You Want to Know

Something sbout
Hydrogen

Hydrogen
Properties

Hydrogen Compared

with Other Fuels

Safety Practices
Safety Culture
Safety Planning
Incident Procedures.

Communications

Design and
Operations

Facility Design

Properties Impact
Design

Pevsive versilatien
etive vantlation

cal

Clenificatizn

tse of Desestars

Prosan ssrage, Use

and vesting

[ —
Selection of Materials
Inherently Safer Design
Concepts.
Piping Layout and
Design
Safety Interlock
Systems

Storage & Piping

Operating
Procedures

Equipment
Maintenance

Laboratory Safety
indoor Refueling

Impact of Hydrogen Properties on Facility Design

View Edit Track

An ungerstanging of the properties ef hydrogen is critical for the prier design of & facility or workspace. A workspace can be
configured 1o mitigate hazards by understanding and taking aduantage of some of the characteristics of hydragen

Destigners ility £ane & vary wige compared
1o othes fusls. Additianally, under optimal combustion conditions (at a 29% hydrogen-ia-air volume ratio). the energy required to
nitiate hydrogen eombustion & much lower than that required for other comman fuels (e, 2 small spark).

perators of Pydragen Storage [acities must be aware that hycrogen's fla

Hydrogen  Methane

Praperty " o Gasaline
Narmal bailing goirs’
253 162 37205

(KEP) [°C]
Physicalstate L 25°C,1 o as i
avn

. 2
Heatig Vaiues: . @ s

LV el 142 555 a8

HHV (ki) §
Fammabiity s bolte o
Wealecular weight 02 160 -107
Rame temperature oo s om0
i Tl
Whinirnurn igniti - . -
energy” [mi]
Quenching distance - 20 20
]
Density at NBP (g/L} ECE az 700
v ific gravity
epor specific gaviyst o s .

25°C, 1 (air=1)

*The bailing point at 1aun pressure
EHeating values ere the energy, per gram of fuel generated by a combustion reaction. The higher heating velue (HIN) &
abtained when all of the water forrmed iy combus et The: Ionwer heating value (L] is obtained when all of the water
farried by combustion is vapor.

“Experimentally determines lame temperatures are shown in the table. These values do nat difer sy
aiabatic flarme temzeratures. See Ref, [3] for discussion.

ir 11 atem pressure

ificarity from thearetical

For any incident invol
e 3 by cgen leak

hytirogan, keegin mind the properties of hydrogen and waceh far potertial ignition sources that can

= elecirical fe.g., static electrichy, sleciric charge from oper
» mechanical (&, imgact, frictior, metal fracture)
o thermal{e.g. open flame., high-velacity jet heating, hat surfaces, vebicle exhaust)

equipment)

There should be na grass o shrubs planted near areas where hydragen catentially may ke released 1o prevern the need for
using poweret garden tnals in the ares. Actording to NFPA 55, both compressed gaseaus hydrogen storage vessels and liguid
fydrogen storage vessels must be located at less S0 7ot fror combustible materials.

Mixures near optimal combustion conditions should be conside e 10 Spantaneous

MY ACCOUNT  LOG OUT

I

/EDITL‘R / ROLES / RESOURCES / TOOLS fF ccmMuNmf/ PARTNERS / ABOUT

CGA G5, Hydragen

Tk bt Terminology
Bsteiated wih Hysrogen
Fuel Technalagies

B. Lewis and G. von Elbe,
Combustian, Flames and

= of Gases, 3rd ed,,
Precs, Orlande,
1587, g 717,

Hydrogen Data Boak

Babrauskas, Yy
Handbook”
Publishess, Essaquah, WA

Hard, Is Hydragen Safe?
National Bureau of Standands
(NBS) Technical Nate 630,
Cetober 1976

P Edeskuty ang WE.
Steveart, Safety in the
Handling of Cryageniz Fluids,
Plennarm Press, New York,
1596, pg. 102,

Glossary | Acronyms |
Sibliography

Codes & Standards
Safety Snapshot
NFPA 2, Hydrogen

Technologies Code, 2011
Edition

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



http://h2tools.org/bestpractices

H2tools.org/lessons

~

...capturing the event, focusing on lessons learned

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

http://h2tools.org/lessons

J (Z}» Hydrogen Tube Trailer Over... * \-ﬂ-

(- @ h2tools.org/lessons/hydrogen-tube

@ HYDROGEN TOOLS

Focusing On Safety Knowledge:

Woe» LessonsL eaened Home » yteogen Tube Trader vt nFl
Hydrogen Tube Trailer Overturns in Field

Severity: Leak: Ignition:

O Incident O Yes

2004

/REELKNE f ToOLS j-’ PARTNERS / ABOUT

=

I C.

Tube Trailer Rollover


http://h2tools.org/lessons
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Quantitative Risk Assessment

. . L5 HyraM
« Developed toolkit to enable integrated
e g T . NFPAMode ||QRAMode | Tests | [4]+]|Risk Metrics
probabilistic and deterministic modeling
Calculate the risk in terms of FAR, PLL, and AIR
— Relevant H2 hazards (thermal, [[ s oy ]]
m eCh a n ica I ) [ Data / Probabilities ] Risk Metric Value Uniit
ilicti i i 7.365¢ 004 Fataltes/eystem year
- PrObab"'St'C mOdels (trad|t|0na| QRA [ ] ‘ atal Acem [1DDM exposed hours 12‘:;3? Eata:rtias’\‘:y:‘[)"sparsunho...
modeIS) & H2—SpeCifiC Component data . Average individual risk (AIR} 3.363=-006 | Fatalties year
— H, phenomena (gas release, heat flux,
overpressure)
. [ Scenario Stat: ]
» Variable Users | ]

— High level, generic insights (e.g., for
C&S developers, regulators)

— Detailed, site-specific insights (e.g.,
station designers, engineers)

V HYRAM

HYDROGEN RISK ASSESSMENT MODELS

First-of-its-kind software tool for

* Currently, two interfaces (views): : :
. Y, WO | (views) integrating H2 consequence models w/

“QRA mode” and “Physics mode”
— Planned “performance-based design”

QRA models
mode for targeted analyses 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_ljvkrLIU



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

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.

Introduction to Hydrogen for Code Officials @1 s v

O Hydrogen & Fuel Cell Basics O Hydrogen & Fuel Cell Applications 01 Hydrogen Fueling Stations ) Fuel CellFaciites

« Hydrogen and fuel cell basics

While a hydrogen fueling station is still on the drawing board, developers conduct a safety analysis To view references for related hydrogen codes

to analyze, quantify, and mitigate potential risks. and standards and leam more about hydrogen
. Hyd rogen and fuel cell S

Safety planning tools include: « Operatior ire Safety

Emergen
« Safety Planning Guidance for Hydrogen
Projects document (PDF 157 KB)

applications
« Hydrogen fueling stations
« Fuel cell facilities

A hydrogen fueling station in Oakland,
Califomia.

Grsphic courtssy of Califomia Fuel Call Parinership

oo ®| T | [l
Developed by the National
Renewable Energy Laboratory

http://h2tools.org/content/training-materials
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Codes & Standards Permitting Tools

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

HYDROGEN TOOLS o

I C,

. { { | { {
Focusing on Safety Knowledge f.' WORKSPACES f.' RESOURCES f.' FORUMS f.' PARTMERS f.' ABOUT

Codes & Standards - Permitting Tools

A National Renewable Energy Laboratory resource

Permitting Hydrogen Fueling Station Stations

Video giving basic background on hydrogen technologies followed by a description of the permitting process done through the Orange County Fire Authority in Irvine, CA
Contains interviews with code officials, emergency responders, and technical experts as well as footage of hydrogen stations. (available early 2016)

Code Official Training Course

Online interactive format. This online training is divided into the following modules:

» Module 1 Hydrogen & Fuel Cell Basics

» Module 2 Hydrogen & Fuel Cell Applications
» Module 3 Hydrogen Fueling Stations

» Module 4 Fuel Cell Facilities

The course includes questions at the end of each module to confirm the student has learned the basic points of the module. Currently available online
at httpu/fwww. hydrogen.energy.govicode_official_training.html. & (Update available early 2016.)

National Permit Guide for Hydrogen Fueling Stations
PDF Format. Complete update of the 2004 document including updated references to the 2016 edition of NFPA 2 Hydrogen Technologies Code (available early 2016)

Permitting Web Site




Technical Reference for
Hydrogen Compatibility of Materials

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

technical reports

» Plain Carbon Ferritic Steels
« Low-Alloy Ferritic Steels

« High-Alloy Ferritic Steels

» Austenitic Steels

* Aluminum Alloys

» Copper Alloys

* Nickel Alloys

 Nonmetals

http://h2tools.org/tech-ref/technical-reference-for-
hydrogen-compatibility-of-materials

Home » Resources » Compatibility of Materials

TECHNICAL REFERENCE : Al
Technical Reference for Hydrogen Compatibility of
HYDROGEN ial
COMPATIBILITY OF Materials
MATERIALS
TECHNICAL DATABASE ASandia National Laboratories Resource
FOR HYDROGEN .
Sandia
COMPATIBILITY OF :
MATERIALS National
Laboratories
ADVANCING MATERIALS
TESTING IN HYDROGEN Guidance on materials selection for hydrogen service is needed te support the deployment of hydrogen as a fuel as
GAS MEETING well as the development of codes and standards for stationary hydrogen use, hydrogen vehicles, refueling stations,
and hydrogen transportation. Materials property is needed on , fracture and fatigue of
GASEOUS HYDROGEN metals in environments relevant to this hydrogen economy infrastructure, The identification of hydrogen-affected
EMBRITTLEMENT OF material properties such as strength, fracture resistance and fatigue resistance are high priorities to ensure the

MATERIALS IN ENERGY
TECHNOLOGIES

HYDROGEN TOOLS

Focusing On Safety Knowledge RESOURCES PARTNERS

safe design of load-bearing structures.

To support the needs of the hydrogen community, Sandia National Laboratories is conducting an extensive review
of reports and journal publications to gather existing materials data for inclusion in the Technical Reference for
Hydrogen Compatibility of Materials. Additionally, Sandia is working internationally with collaborators to acquire
newly generated data for inclusion in the Technical Reference. SAND2012-7321 J- is an archival report issued by
Sandia National Laboratories representing the reference information compiled as of September 2012. Individual
sections of this report may be updated or added periodically at this website.

Plain Carbon Ferritic Steels

Nominal
Sub Metal Type Designation omina Revision  Section
composition
C-Mn Alloys Fe-C-Mn 5/07 1100 -
Low-Alloy Ferritic Steels
Sub Metal Type Designation Nominal Revision  Section
composition
Quenched & Tempered Steels €r-Ma Alloys Fe-Cr-Mo 12005 1211 K
Quenched & Tempered Steels Ni-Cr-Mo Alloys Fe-Ni-Cr-Mo 12/05 1212 <
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H2USA Public-Private Partnership I%JSA e

to address H2 Infrastructure Challenges http: //h2usa.ore

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.
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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 Free Training for Permitting Officials
= ER training rem TEINREL

MATIOMAL SEMEWALLE ENERGY LABORATORY

ma,u

’m‘ e
‘ 4\ @ :

DYV AN IHE FUTURE

December 9th, 2014 (Morning refreshments & lunch provided)

9:00 AM to 2:00 PM

Sprinkler Fitters Local Union 483
2531 Barrington Court
Hayward, CA 04545

RSVP: hitp://decOh2permitworkshop.eventbrite.com

A hydrogen station is coming to your communitity.
Learn codes & standards and permitting best practices at this free workshop.

Hydrogen and Fuel Cells
Emergency Response

TRAINING

Hydrogen Fuel Cell Vehicles California Deployment

In the next five years a commercial hydrogen fueling infrastructure
(and other associated facilities) will be constructed in California.
Several of these proposed stations will be located in the greater

San Francisco Bay Area and Northem Califomia.

This training will include the following topics:

- Overview of Hydrogen Fuel Cell Vehicles (HFCV) and hydrogen fueling stations
- Codes and Standards for hydrogen technologies infrastructure
- Existing hydrogen fueling station performance

- Resources available on hydrogen technologies

Training Audience:
Code officials, Project Developers, Municipal planners

B e I e b

www.cafcp.org/toolkits/cities
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Emergency Response
Training Resources

PATICNAL LABCRATORY
Pl et e B Sy

National
Hydrogen and Fuel Cells
Emergency Response

TRAINING

d Hydrogen Vehicle Safety Systems

When a leak is detected by hydrogen sensors, solenoid valves close, shutting
off the flow of hydrogen, and the vehicle safely shuts down

When collision sensors activate:
= Tank solenoid valves close so that hydrogen remains locked in the tank.

= In FCVs, high-voltage relays open so that the high-voltage battery/capacitors are
isolated from the system

Tank solenoid valves also close
when the vehicle is turned off
or the power is disrupted

Tanks have thermally activated
pressure relief devices (TPRDs)

October 16,2014 | 61

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

HYDROGEN
Emergency Response

Training Resources

National Hydrogen and Fuel Cells

EMERGENCY

A properly trained fir
hydrogen fuel cell app|
that hydrogen and fug
missions to protect Iif
training resource as a
training materials are]
organizations and are
to serve their mission
instructor to conduct thy
slides.

This nationally-focuse
delivery of a variety of]|
for different presentd
comprehensive classrg

+ L1 (Overview)
that has little kn
is limited to bac|
technologies an
additional slides

L2 (Short Cour]
has an intermeq
not necessarily
classroom  ses

Example Uses
of Training Slides

A TEMPLATE for TRAINING

NATIONAL HYDROGEN AND FUEL CELLS

EMERGENCY RESPONSE TRAINING 3 g §
Slide #1: What and Why 3 E

Slide #2: National Hydrogen and Fuel Cells Emergency Response Training 5 g 3 1 :} E

1. Introduction and Background

Slide #4: Fuel Gefls Overview and Benefits v oV v
Slide #5/6/7: Fuel Cells — Where are We Today? v
v

Slide #8: Diverse Fuel Cell Transportation Applications

2. Hydrogen and Fuel Cell Basics

2.1 Hydrogen — Where does it come from and how do we use it now?

minimized and 4 Slide #10: Why Hydrogen? v | v v

+ L3 (Full Cours{ Slide #11: Where Do We Get Hydrogen? v v

materials contal Slide #12: Hydrogen Uses v v v
groups would d

for purposes infs Slide #13: Hydrogen Distribution v

Feedback from presen! Slide #14: Transporting Hydrogen Today v

Cells Emergency Resp| 22 Properties of hydrogen and its safe use

updated training contes

resource. Feedback shi Slide #15. Hydrogen Properties and Behaviors v v

Slide #16: Hydrogen Properties: A Comparison v v v

Slide #17: Relative Vapor Density v

Revision Date: September 30, 201 Slide #18: Auto-lgnition Temperature v

Slide #19: Comparison of Flammability s v v

Slide #20: Fliammability Range v

Slide #21: Explosive Range v

Slide #22: Comparison of Fuel Odorants and Toxicity v

Slide #23/24/25: Designing Safe Systems — Gaseous Hydrogen v

Slide #26: Designing Safe Systems — Liquid Hydrogen v

Revision Date: September 30, 2014 2
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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
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This nationally-focused training template 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
included Excel file National HFC _ER_Training_Guide Examples.xlsx based on the discussion
below.

« L1 (Overview) — This example refers to a course directed to a responder audience
that has little knowledge about hydrogen and fuel cell technologies. The presentation
is limited to background information to provide the attendee with an overview of the
technologies and their applications. The instructor may very well choose to use
additional slides appropriate for the audience.

* L2 (Short Course) — A short course would be directed to a responder audience that
has an intermediate level of knowledge about alternative fuel vehicle technologies not
necessarily including hydrogen. One example could be an auto extrication classroom
session for which background and other detailed information are minimized and
operations-related slides are highlighted.

« L3 (Full Course) - A day-long classroom curriculum could very well cover training
materials contained in all the slides including practical exercises for which small
groups would discuss incident scenarios. Some of these slides could also be used for
purposes intended for an L1 and/or L2 training regimen.
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First Responder Hydrogen Safety Training

» 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/)

= (lassroom 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/
http://hydrogen.pnl.gov/FirstResponders/
http://h2tools.org/fr/nt
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Training Resources Timeline and Accomplishments

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

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




Online Awareness-level Training

M B ks » &~

Address [e] http: f fvoww, ehammertraining. usfenergy hydrogenfcontraller . cfm

~_1"% U.S. Department of Energy

Introduction to Hydrogen Safety for First Responders () b immmetate

& Hydrogen Basics 6 Hydrogen Vehicles

E(Transpon & Storage Enydrogen Dispensing E(S!anonary Facilities 8 Codes & Standards &(Emergency Response I!(Summary

The Course Materials cover the following topics:

INCREASE YOUR

» Hydrogen Basics
Transport & Storage O l°
Hydrogen Vehicles n lne cou rse
Hydrogen Dispensing

Stationary Facilities - Content

www.hydrogen.energy.gov

Codes & Standards
Emergency Response _|

You can view the topic modules in sequence or select them in random order
using the top navigation bar.

A short quiz follows at the end of the course. User responses will be
collected but will not be attributed to you as an individual.

Begin the Course
————————————l

http://hydrogen.pnl.gov/FirstRespond

® Internet
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Classroom and Hands-on Training

» Classroom Content
= Hydrogen and Fuel Cell Basics
= Hydrogen Vehicles
= Stationary Facilities
= Emergency Response
= |ncident Scenarios

» Demonstrations/Hands-on
Exercise with FCEV Prop

= Demonstration of Hydrogen
Flame Characteristics

= Student Participation in
Rescue Evolutions

A “rescue” qq‘ Sunnyvale (CA)
Department'ef Public Safety




Fire Department Force

. 101 - 1,000

nloads and Potential Impact

Government

Military

Emergency Management
College/University

Other

International

Source:|US National ParkiService!

Since October 2014
e 278 downloads
* in 6 Continents

« and 35 of 50
states

* translated into
Japanese in
support
of Japan fuel cell
activities



CaFCP/NREL events

Free Training for Firefighter Instructors

Train the Trainer for the National Hydrogen & Fuel Cell Emergency Response Program*

Free Training for Permitting Officials
Permitting Workshop for Hydrogen Fueling Installations

From LQ N G % | e
BEACH '\!9,:)' &

CleanCities e ot T R

|

August 4th, 2015 - Moming refreshments & lunch provided

10:00 AM to 3:00 PM

Cerritos College, Advanced Transportation, Technology and Renewable Energy (ATRE)
Automotive Partners Building, Room AP-12A
11111 New Falcon Way, Cerritos, CA 00703

ASVP: https-//eventbrite.com/event/17694876853/

Hydrogen fuel cell vehicles and stations are coming to your community.
Get the training information you need to ready your department.

j e
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CleanCities  Deing What MATTER

August 5th, 2015 - Moming refreshments & lunch provided

10:00 AM to 3:00 PM

Cerritos College, Advanced Transportation, Technology and Renewable Energy (ATRE)
Automotive Partners Building, Room AP-12A
11111 New Falcon Way, Cerritos, CA 90703

ASVP: htips://eventbrite.com/event/17694966120/

A hydrogen station is coming to your communitity.
Leam codes & standards and permitting best practices at this free workshop.

Hydrogen Fuel Cell Vehicles California Deployment

In the near future a commercial hydrogen fueling infrastructure
(and other associated facilities) will be coming to your area.
Several of these proposed stations will be located in the greater
Los Angeles and Orange Counties. http://cafcp.org/stationmap

This class will take trainers through the National Program and discuss topics such as:

- Overview of hydrogen properties and safety

- Hydrogen vehicle and station safety

- Recommended response

- Resources available on hydrogen technologies

Training Audience:
Fire Department Training Officers and Trainers

" Free resource available for download at https://h2tools. org/fr/nt/ www.cafcp.orgitoolkits/cities

Hydrogen Fuel Cell Vehicles California Deployment

In the next five years a commercial hydrogen fueling infrastructure
(and other associated facilities) will be constructed in California.
Several of these proposed stations will be located in the greater

Los Angeles and Orange Counties. http//cafcp.org/stationmap

This training will include the following topics:
- Overview of Hydrogen Fuel Cell Vehicles (HFCV) and hydrogen fueling stations
- Codes and Standards for hydrogen technologies infrastructure
- Existing hydrogen fueling station performance
- Resources available on hydrogen technologies

Training Audience:
Code officials, Project Developers, Municipal planners

" Free resource available for download at https:/h2tools.org/fr/nt/ www.cafcp.org/toolkits/cities
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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, QA
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
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The Basics...

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



| \ I National Fire Protection Association
w | The authority on fire, electrical, and building safety
NFPA

NFPA 2, Hydrogen
Technology Code

g

Training Seminar

August 3, 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
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Contact Information

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

Jennifer Hamilton

e Safety, Education, Codes & Standards
i California Fuel Cell Partnership
(916) 375-4914
DRNING FOR THE FUTURE jjhamilton@cafcp.org
Nick Barilo, P.E.

\¥- Hydrogen Safety Program Manager

Pacific Pacific Northwest National Laboratory
Northwest 509-371-7894

MATHOMNAL
LABORATORY

nick.barilo@pnnl.gov

Carl H. Rivkin, P.E.

i iNREL

NATIONAL RENEWABLE ENERGY LABORATORY

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



mailto:nick.barilo@pnnl.gov
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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

Santa Barbara County
Air Pollution Control District

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

Santa Barbara County
Air Pollution Control District
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Streamlining H, 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

Santa Barbara County
Air Pollution Control District

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

Santa Barbara County
Air Pollution Control District
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Training Resources

Tri-Counties Hydrogen Readiness Plan Overview

First Responder Training Template

Hydrogen - Emergency Response Training Guide (matrix)
Hydrogen - Emergency Response Training Slides (Powerpoint)
Vehicle Emergency Response Manual (example for Hyundai)
Link to “Lessons Learned” website (maintained by DOE)

e @G B @IS =

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

Santa Barbara County

Air Pollution Control District

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

Santa Barbara County

Air Pollution Control District




