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The Program has been addressing the key challenges facing the widespread
commercialization of fuel cells

Fuel Cell Cost & Durability

Targets™:
Stationary Systems: $750 per kW,

3 . 40,000-hr durability Technology
2 9 Vehicles: $30 per kW, 5,000-hr durability Validation:
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Hydrogen Storage Capacity

Target: > 300-mile range for vehicles—without
compromising interior space or performance

Assisting the growth
of early markets will
help to overcome
many barriers,

Safety, Codes & Standards Development including achieving
significant cost
Domestic Manufacturing & Supplier Base reductions through

economies of scale.
Public Awareness & Acceptance
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Hydrogen Supply & Delivery Infrastructure

* Targets and Metrics are being updated in 2010.
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Safety

Develop and implement safety practices and
procedures to ensure the safe operation, handling and
use of hydrogen and fuel cell technologies.

Codes and Standards

Support critical R&D for the development of scientifically
and technically sound codes and standards that enable
the safe use of hydrogen and fuel cell technologies and
facilitate harmonization of domestic and international
regulation, codes and standards (RCS).




U.S. DEPARTMENT OF

E Efficiency &
ChallengeS ENERGY R:::e%\‘r,able Energy

« To synchronize codes and standards
development and adoption with technology
commercialization needs

» To coordinate enabling R&D with the codes and
standards development cycle

» To promote domestic and international
consistency

* To make approved codes and standards readily
available

« To streamline and standardize the permitting
process for hydrogen facilities

« To minimize knowledge gaps by disseminating
safety information

» To generate hydrogen safety information due to
lack of available data
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The Federal government is uniquely positioned to facilitate progress towards
harmonized codes & standards and improved safety because of the number of diverse
parties interested in codes and standards activities

« Conduct research to support the development of codes and standards and facilitate international
harmonization of codes and standards, including fuel quality standards.

« Support and facilitate the promulgation of essential codes and standards by 2015 to support the
widespread commercialization and market entry of these technologies.

» Support and facilitate the completion of all essential domestic and international RCS by 2020.

« Support and facilitate the development of the Phase | Global Technical Regulations (GTR) for hydrogen-
fueled vehicles under the United Nations (UN) Economic Commission for Europe, World Forum for
Harmonization of Vehicle Regulations and Working Party on Pollution and Energy Program (ECE-
WP29/GRPE) by 2012 and Phase Il by 2015.

» Develop appropriate test methodologies, such as for measuring hydrogen cycling effects, and component
testing for certification; coordinate with established testing facilities such as Underwriters Laboratories.

» Complete critical assessment of indoor refueling and system operation and recommend relevant code
modifications.

« Understand and mitigate risk to facilitate the safe use of hydrogen and fuel cell technologies and
insurability.

» Promote widespread sharing of safety-related information, procedures and lessons learned with first
responders, Authorities Having Jurisdiction (AHJ) and other stakeholders. 5
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2010 Codes and Standards Progress ENERGY

National Codes and Standards Template

National Template: Vehicle Systems & Refueling Facilities
STANDARDS DEVELOPMENT ORGANIZATIONS

mssss | FAD STANDARDS DEVELOPMENT ORGANIZATIONS [SDOs) Interface

National Template: Stationary & Portable Systems
STANDARDS DEVELOPMENT ORGANIZATIONS

mm— (EAD STANOARDS DEVELQPMENT ORGANIZATIONS (SD0s)
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www.hydrogenandfuelcells.energy.gov/codes/pdfs/cs templates.pdf
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Regulatory Hierarchy of Hydrogen Codes and Standards

Level2: Ty
Building and fire codes directly
adopted by jurisdictions. Ll STATUS: 100%
‘ Complete
Primary Building and
Fire Codes (I codes)
IFC Chapter 22

Level 2: —

Hydrogen specific codes STATUS: 75%
referenced in bUlIdlng and ﬁre complete Hydrogen specific codes and standards
that the IBC and IFC reference such as

codes. NFPA 2, NFPA 55, and NFPA 853
NFPA 52: Vehicle Dispensing Operations

LEVEL

Level 3:
Component standards S o
. Component standards that are referenced in the NFPA codes
referenced in hyd rogen Aprox. 57 documents and standards such as:
. a. SAE documents J2719, J2579, J2601
S peCIfI C codes. 0 e CSA America H series of documents for hydrogen dispensers

b. CGA H series for hydrogen storage and transfer
¢. CGA S documents for venting

d. ASME B31.3 and ASME BPV
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Timeline of Hydrogen Codes and Standards

FY03 FY05 FY06 FYO07 FY08 FY09
bPrima_lry = CSTT formed = RD&D
il ICC Chaptor o NDCD Aoadmap Soalne Changes submitted B e
Codes 22 Hydrogen IFC to coordir y Primary Building
Code Adopted [ National and NFPA requirements and Fire Codes
Templates ' i .
(I codes)
[ NFPA 52
\ Hydrogen Specific
I NFPA 52 2006 edition B NFPA 2 L g | | Coces G Hydrogen specific codes
Dispensing Hydrogen Specific Hydrogen NFPA' | [#NFPA 55 and standards that the IBC
Codes and Standards Technologies .. and IFC reference such as
Code Public draft of ¢s Draft NFPA 2 4
NFPA 2 published NFPA 55, and NFPA 853
published #2010 edition
NFPA 853 published
= CSA HGV4 Series [#1S0 DIS
14687-2 _
b UL 2267  SAF 2579 CSAH sorlas it 4 Component standards and design codes that are referenced
@ published QAE L SAE 2601 ASME B31.12 4 documents published in the NFPA codes and standards such as:
©/ b SAE 2719 published v a. CSA FC 1 Stationary Fuel Cell Power Systems
! b. CGA P1 Safe Handling of Compressed Gases in Containers

¢. ASME B31.3 and ASME BPVC
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Technology Roadmap

* Initial Version: Completed 2004
« Updated in 2006 and 2008

« Details Needs & Gaps
In each Target Area:

— Hydrogen Behavior
— Hydrogen Fuel Infrastructure

— Fuel-Vehicle Interface

— Hydrogen Vehicle
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Technology Roadmap

[Task Name |2005 [2006 [2007 [2o08 [2009 2010 2011 2012 2013 2014 2015
GREEN = DOE Funded Proyect pia.m'ied

BLUE = Hm—DOE Funded Project p]m‘u'bed
Red Strtpg on GREEN = Related DQE Project underway, wark ooru:luc‘ted at H,a'l:bonat Lab
Blue stn'l:'.e on GREEM = DOE SC&S Project l.u'bderway' work conducted by non-National Lab entities
Black Bar on GREEN = DOE SC&S Prcgec:t Jnde_rway,. work _oondl.lr.:ted at National Lab
% Date prqect schedl.ﬂed to be l::omp‘]-ete

HYDROGEN BEHAVIOR (2.3.1)
ﬂrerrrID—Ph}rsmal F'rl:rp-erhe:s |:2 i T e

FwC Furm&tu:m lgnrtu:m |:2 3.1.2)

10  |Jet= and Flames (2.3.1.2)

11 |LHZ Releases (2.3.1.2)

12 Ela.rrieré., T.unnel.s, Gari.iges.leS..‘l 2}

13 |Materials Compatability (2.3.1.3)

14 Ldw. Storage Mats and Behawvior |:2 3.1 2}
18 HZ Sensors 2.3.1.4)

16 Risk Assessment |:2.3.1 5}

W | | @i || M =3

g I}O_EHydrogen_Storage

18 |HYDROGEM VEHICLE (2.3.2)
19 Life-Cycle Testing (2.3.2.1 ¥
20 |P-Relief Devices (2.3.2.1}

21 |P-T Sensors (2.3.2.2)

2 Parking Certification (2.3.2.3)

74 |HYDROGEMN FUEL INFRASTRUCTURE (2.3.3)

70 Mpa Fast-fill Refueling (2.3.3.5)

At-zcale HZ Release (2.3.3.5) Multiple funding sources for this task
-

Quality: Prod - Nozzle (2.3.3.5) :

Mitigation/Detection (2.3.3.5) !

Pipeline=s (2332 OO KRR RN NN RN RN AR T DOE Hydrogen Delivery

High P Composite Mat (2.3.3.5y i e e ) S ﬁ,} DCFE Hydrogen Delivery

Fuel Measuremsnt ]:2.3.3.5}

FUEL VEHICLE INTERFACE (2.3.4)
Fuel GQuality: Nozzle Fuel Cell (2.3.4.1)
Feedback Strategies (2.3.4.2)
ﬂ'BpEns,Br PrDtDch &nd TESt"Tg (2343} b b b b e e b bR e e o bR e e e oo oo b o b o R o o b o b o
Fueling Components (2.3 .4.4) F : y
35 |Station Grounding (2.3.4.5)
40 |Integrated Engr-Design (2.3.4.5)

BlY 8 5 R BRI BN ER
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Sample of Regulatory Hierarchy of Hydrogen Codes and Standards

*  Hydrogen Behavior
* Physical properties
« Flammability and transport
* Material compatibility
» Detection
*  Hydrogen Fuel Infrastructure
* Production Primary Building and
» Distribution and delivery Fire Codes (I codes)
o 5 IFC Chapter 22
* Fueling station g
* Fuel-Vehicle Interface ~~l BiiReReeeacacesennnon s o
* Fueling nozzle and protocol NFPA 52

International
Fire Code
Chapter 22

® Fuel quallty Hydrogen specific codes and standards Vehicle
. . that the IBC and IFC reference such as : ;
+ Cross-cutting issues NFPA 2, NFPA 55, and NFPA 853 Dispensing

N Hyd rogen Vehicle NFPA 52: Vehicle Dispensing Operations Opefaﬁﬂﬂs

- CSA H series

Component standards that are referenced in the NFPA codes documents
and standards such as:
a. SAE documents J2719, J2579, J2601 - SAE J2719:
CSA America H series of documents for hydrogen dispensers J2579, J2601
b. CGA H series for hydrogen storage and transfer

c.CGASdocumentsforventing o e bttt
d. ASME B31.3 and ASME BPV

* Onboard hydrogen storage
* Onboard fuel handling
* Parking requirements
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Separation Distances Materials and Components Compatibility

Provided technical data and incorporated risk- , :
:  Performed testing of forklift tank
informed approach that enabled NFPA2 to update materials to enabgle design qualification

bulk gas storage separation distances in the 2010 N _
edition of NFPA55 » Added two additional Nickel alloy
chapters to the Technical Reference

Barrier walls reduce separation distances —
simulated position of allowable heat flux iso-surface
for 3-minute employee exposure (2009 IFC). Safety Sensor Development

» Completed extensive life testing - 4,000 hrs and
10,000 thermal cycles - of a robust, ceramic,
electrochemical Hydrogen safety sensor with
exceptional baseline stability and resistance to H2

Fuel Quality Specification

- Technical Specification (TS) published and signal degradation
harmonized with SAE J2719, Committee Draft
(CD) prepared
° DeV8|OpIng Standardlzed Samp“ng and Sensitivity: 1 vol% H, in air Temperature: -40°C to 60°C
analytical methodologies with ASTM o e A Oy e
0 OT TUll scale calibration
- Draft International Standard (DIS) to be R S
submitted to ISO TC197 Dec 2010 Recovery <1 min vocs
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Hydrogen Safety Training for First Responders

Introduction to Hydrogen Safety for First Responders

First Responder Education

» Completed upgrade of web-based
Introduction to Hydrogen Safety for First
Responders — averaging 300-500 unique
visits/month for a total of 17,000 visits since
January 2007

» Held two pilot courses for the advanced-
level, prop-based course at the Hazardous
Materials Management and Emergency
Response (HAMMER) training center

« Held three official deployments of the
advanced-level, prop-based reaching 90
students from 18 states.

www.hydrogen.energy.gov/firstresponders.html



U.S. DEPARTMENT OF

2010 Progress & Accomplishments ENERGY | cocroy Frictency &

Renewable Energy

Codes and Standards Training and Outreach

Permitting Tools for Code Officials
« Expanded Permitting Compendium — online database
» Published Introduction to Hydrogen for Code Officials — online course

« Permitting Workshops — classroom training (over 300 code officials trained)

““hydrogen.
=energy.gov

Introduction to Hydrogen for Code Officials
ey

COURSE MATERIALS LIBRARY

& Hydmgen & Fuel CelBasics B Hydrogen & Fuel Cell Applications 0 Permiting Hydrogen Fueling Stations 0 Permiing Fuel Cell Faciities

= Permitting Proces:
= Codes & Standards  The objective of this LS. Depariment of Eneegy Hydrogen Permitting Wab st 15 to bdp local permitting officials deal with proposed hydrogen
= Search stations, fused cell installabons for telecommanications backup power, and other hydrogen projects.
Construction Approval E fusing :
Anumber of national codes and standards govem requirements for the general design and To view examples of related hydrogen codes and ‘::"' A permitting process section Seeks to hefp project developers and the public understand the general procedures imohved
Ry sy facice. S e e s e oot CeRhe " Technciogy oveniews of hyengen uling stations and elcommusicsicos el coll sa and i should proide
[For example, moded code provisions cover » Equpment design > Hazard & Risk hiedpful informatian for local permitting oficials to address project proposals
+ Fugling station design . ii_a?I | design ! Hydrogen Fueling Stations Telecommunication Fuel Cell Use
= 3
+ Equipment dasign (including listing and labeing) Weather proocon ; -
+ Bamier wall design, orientation, and consinuclion
+ Weather protection

2 ..
MeadelCades Search
Technulog Oreninw
I you have any suggestions for making this site more useful, please lt us know

5 Pintablg Vasion

4 Back Slide 3 of 21 Next » 4

www.hydrogenandfuelcells.energy.gov/codes
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Hydrogen Safety Knowledge Tools

H:BestPractices Home

Hydrogen Properties

Welcome!

What is a best practi

A best practice is a technigue o

Hydrogen Compared with
Other Fuels

Safety Practices

available k ge and technold
What is H.BestPractic

A wealth of knowledge and expeg
of industrial and settirf

Safety Culture
Safety Planning
Incident Procedures

Communications

Design and Operations

Facility Design Considerations
Storage & Piping

Operating Procedures
Equipment Maintenance

Laboratory Safety

Last Updated:Ssptemosr 14, 2010

of the

conversion to electricity through
development, demanstration. ant

The purpose of the Hydrogen Saf
and recommendations pertaining|
many of which are in the public d
reference links found at various

Best Practices are organized un
hand column. Because of the int)
A web-based electronic documer

Website features

Please notice the mouse-over fed
cursor over the word. All the defi
is also an Acronyms list and 2 B}
you to the alphabetized list of ref
definitions. acronyms. or referend

A word about safety

No information resourcs can proy
and implementing any system c4

This online manual is directly link

following safe practices and proc
when proper procedures and eng
importance of avaiding complace}

h2bestpractices.org/

Nawgatith @

Settings

r Laborstoey (53]

T fusling Station (19)

T Commersiat Fasitiy (19)

T ity sweet 2
I Hagardous Weasts Facility (2}

r. Passenger Vehicle (Z)

4 Show AllOotions

~ Welcome!

inciaent keportng
dlld Lessons Learnea
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What is Hzncidents?

Halncidents is a database-diven wel
gained from actual expeniences usin
capturing records of events imohing

The focus of the database is on
leamed from those events. Al id
like, is removed to ensure confid

More Abo

How does H:lIncidents

You can access incident reports on
to the latest posted incidents using
also contains a total for the number!
you can view a complate. alphabelig

To look for incidents related to spack
Factors, Damage and Injuries, Equl
to find those that interest you. At an
Advanced Search form for some mof

If you have an incident you would
incident. Please enter as much of
information, your company's name,

www.h2incidents.org/ _

u.s.

Home About

> Hydrogen
Production

> Hydrogen Delivery
> Hydrogen Storage

| > Hydrogen

Manufacturing
> Fuel Cells

> ppplications/
Technology
validation

> Safety
> First Responder
Training

> Bibliographic
Database

= Newsletter
> Codes & Standards
> Education
> Basic Research
> Systems Analysis

> Systems
Integration

DEPARTMENT  OF

Hydrogen Program

hydrogen.
=energy.go

DOE Participants International

Home > Safety > Bibliography Database

£ Printable Version

Hydrogen Safety Bibliographic Database

The Hydrogen Safety Bibliographic Database provides references to reports, articles, books, and other
resources for information on hydrogen safely as it relates to production, storage, distribution, and use.
The database includes references related to the following topics:

Hydrogen properties and behavior

Safe operating and handling procedures

Leaks, dispersion, and flammable vapor cloud formation
Embrittlement and other effects on material properties
Fuel cells and other energy conversion technologies
Sensors, tracers, and leak detection technologies
Accidents and incidents involving hydrogen

In addition to bibliographic references, the database provides select full text documents or links to other
Web sites that offer these documents. To obtain full text documents that arentincluded in the database,
contact your local library.

Looking for a safety-related bibliographic reference that isnt currently available in this database? We
welcome your suggested additions.

www.hydrogen.energy.gov/biblio_database.html
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Compressed Natural Gas (CNG), Hydrogen and Hydrogen Blend Fuels 122009 -bc

Workshop Objectives:
1. Share safety requirements and regulatory framework in each country to harmonize domestic and international codes and standards
2. Collect data and information from demonstration activities and real-world applications in Canada, Brazil, China, India and the U.S.
3. Discuss safety and testing of storage tanks and identify research, regulations, codes and standards needed to ensure their safe use
4. Compare properties, behavior and R&D efforts for CNG, hydrogen and hydrogen blend (HCNG) fuels
5. Conduct follow-up workshops, conduct collaborative R&D & testing, share hydrogen roadmaps and education and training plans
Workshop Outcomes:
Brazil, Canada, China, India and the U.S. to identify activities to collaborate in the following areas:
1. R&D and Testing: Conduct life cycle tests and analysis of high-pressure CNG and hydrogen tanks
2. Codes and Standards: Harmonize regulations, codes and standards for CNG, hydrogen and HCNG vehicles & fueling facilities
3. Education and Training: Conduct programs to train labor force & increase education and outreach
4. Regulations: Encourage participation in international forums and the development of Global Technical Regulations (GTR) for hydrogen fueled vehicle

International Hydrogen Fuel and Pressure Vessel Forum 09/2010 — Beijing, PRC

Workshop Objectives:

1. Address and share data and information on specific technical topics that emerged at the Washington, DC, workshop.
Review test protocols and requirements under specific RCSfor on-board hydrogen tanks, including SAE J2579 and Global Technical Regulations
Identify and discuss key issues requiring additional R&D and testing to ensure safe use of storage tanks for hydrogen, CNG, and blend fuels
Enhance domestic and international harmonization of regulations, codes and standards for storage tanks for hydrogen, natural gas, and blend fuels

Identify and initiate future collaborations to address R&D, testing, and validation needs and to harmonize requirements in regulations, codes and
standards among participating nations

Al

Workshop Outcomes:

1. Delineation and discussion of codes and standards development process and regulatory structure and procedures in China on pressure vessels
More specific data and information on Type 4 tank testing procedures and results in China
Information and data on composite tank manufacture, testing/certification, and field performance from two major international tank manufacturers
Identification and characterization of need to harmonize testing and certification of composite tanks by a global automotive OEM
Discussion and identification of testing and data needed for safe deployment of pressure vessels for vehicles

Procedures and timeline established to strengthen collaboration between China and the US on data sharing and harmonizing tank test procedures,
requirements, and regulations.

S
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Thank you

antonio.ruiz@ee.doe.gov

www.hydrogenandfuelcells.energy.gov
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- , h s a
Federal Agencies 4 DOE N Industry Partnerships
- DOC * EPA *NASA 3
. DOD . GSA -NSF Euel Cell & Stakeholder Assn’s.
« DOEd « DOI *USDA ue e » FreedomCAR and Fuel Partnership
« DOT « DHS «USPS TeCh nologles  National Hydrogen Association
* U. S. Fuel Cell Council
— Interagency coordination through staff- ﬁ * ﬁ o
level Interagency Working Group (meets P rog ram * Hydrogen Utility Group
monthly) * ~ 65 projects with 50 companies
- Assistant Secretary-level Interagency - Applied RD&D N
\_ Task Force mandated by EPACT 2005. J e
- \ - Efforts to Overcome I
Universities Non-Technical Barriers SIS & Regl_onal
Partnerships
L S SU eI DTN ) B In_temal C_O”aboratlon  California Fuel Cell Partnership
- ~N with Fossil Energy, + California Stationary Fuel Cell
International Nuclear Energy and Collaborative
. IEA Implementing agreements — \_  Basic Energy Sciences / - SCH, & Fuel Cell Alliance
25 countries » Upper Midwest Hydrogen Initiative
« International Partnership for the * Ohio Fuel Coalition
Hydrogen Economy — » Connecticut Center for Advanced
16 countries, 30 projects Technology
\ y o J
s . . A
National Laboratories
National Renewable Energy Laboratory Sandia P&D, S, SC&S Lawrence Livermore P&D, S, SC&S
P&D, S, FC, A, SC&S, TV Pacific Northwest P&D, S, FC, SC&S, A Savannah River S, P&D
Argonne A, FC, P&D, SC&S Oak Ridge P&D, S, FC, A, SC&S Brookhaven S, FC
Los Alamos S, FC, SC&S Lawrence Berkeley FC, A Idaho National Lab P&D
Other Federal Labs: Jet Propulsion Lab, National Institute of Standards &
Technology, National Energy Technology Lab (NETL)
\_ P&D = Production & Delivery; S = Storage; FC = Fuel Cells; A = Analysis; SC&S = Safety, Codes & Standards; TV = Technology Validation )

U.S. Department of Energy * Office of Energy Efficiency and Renewable Energy
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o International Partnership for Hydrogen and Fuel
H'E Cells in the Economy

Partnership among 18 member countries & the European Commission

International Energy Agency - Hydrogen
0 iea_.. Implementing Agreements

21 member countries and the European Commission Advanced Fuel Cells Implementing
Agreement — 19 countries

h International Association for Hydrogen Safety
YSafe (HySafe)

L ASSOCIATION
E FE

Facilitate the international coordination, development and dissemination of hydrogen safety
Knowledge by being the focal point for hydrogen safety research, education and training

International Conference on Hydrogen Safety
International safety conference organized by HySafe and the HIA

The fourth international conference will be held in San Francisco September 12 — 14, 2011
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