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Fuel Cell Cost & Durability 
Targets*:  

Stationary Systems: $750 per kW,                               
40,000-hr durability

Vehicles: $30 per kW, 5,000-hr durability

Safety, Codes & Standards Development

Domestic Manufacturing & Supplier Base

Public Awareness & Acceptance

Hydrogen Supply & Delivery Infrastructure

Hydrogen Cost
Target*: $2 – 3 /gge, (dispensed and untaxed)

Key Challenges

Technology 
Validation:
Technologies must 
be demonstrated  
under real-world 
conditions

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

Assisting the growth 
of early markets will 
help to overcome 
many barriers, 
including achieving 
significant cost 
reductions through 
economies of scale.

Market 
Transformation

* Targets and Metrics are being updated in 2010.

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



Safety, Codes and Standards

Objectives

Safety

Codes and Standards

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

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).



Challenges 

• 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

Federal Role

• 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 I 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 II 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.



2010 Codes and Standards Progress

National Codes and Standards Template

www.hydrogenandfuelcells.energy.gov/codes/pdfs/cs_templates.pdf
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Level 2:
Hydrogen specific codes 
referenced in building and fire 
codes.

Focus Area and Progress

Level 1:
Building and fire codes directly 
adopted by jurisdictions.

Level 3:
Component standards 
referenced in hydrogen 
specific codes.

Regulatory Hierarchy of Hydrogen Codes and Standards



Codes and Standards Accomplishments

FY 2010 FY 2011 FY 2012

Timeline of Hydrogen Codes and Standards
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• 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

Safety, Codes and Standards
Technology Roadmap



R&D Timeline

Technology Roadmap



• Hydrogen Behavior
• Physical properties
• Flammability and transport
• Material compatibility
• Detection

• Hydrogen Fuel Infrastructure
• Production
• Distribution and delivery
• Fueling station

• Fuel-Vehicle Interface
• Fueling nozzle and protocol
• Fuel quality
• Cross-cutting issues

• Hydrogen Vehicle
• Onboard hydrogen storage
• Onboard fuel handling
• Parking requirements

Focus Area and Progress
Sample of Regulatory Hierarchy of Hydrogen Codes and Standards



Technical Performance Requirements

Sensitivity: 1 vol% H2 in air Temperature: ‐40oC to 60oC

Accuracy: 0.04‐4%
1% of full scale

Durability: 5 yrs without 
calibration

Response time: <1 min at 1%
And <1 sec at 4%
Recovery <1 min

Low cross‐sensitivity to 
humidity, H2S, CH4, CO, and 

VOCs

2010 Progress & Accomplishments 

Separation Distances

• 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 
signal degradation  

Fuel Quality Specification

Safety Sensor Development

Materials and Components Compatibility

• Performed testing of forklift tank 
materials to enable design qualification

• Added two additional Nickel alloy 
chapters to the Technical Reference

Provided technical data and incorporated risk-
informed approach that enabled NFPA2 to update 
bulk gas storage separation distances in the 2010 
edition of NFPA55

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

• Technical Specification (TS) published and 
harmonized with SAE J2719, Committee Draft 
(CD) prepared

• Developing standardized sampling and 
analytical methodologies with ASTM

• Draft International Standard (DIS) to be 
submitted to ISO TC197 Dec 2010 



2010 Progress & Accomplishments 

Hydrogen Safety Training 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



2010 Progress & Accomplishments 

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) 

www.hydrogenandfuelcells.energy.gov/codes



Hydrogen Safety Knowledge Tools

2010 Progress & Accomplishments 

www.hydrogen.energy.gov/biblio_database.html

www.h2incidents.org/
h2bestpractices.org/



Workshops - Key Forums to Identify Gaps
Compressed Natural Gas (CNG), Hydrogen and Hydrogen Blend Fuels 12/2009 –DC

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 

Workshop Objectives:
1. Address and share data and information on specific technical topics that emerged at the Washington, DC, workshop. 
2. Review test protocols and requirements under specific RCSfor on-board hydrogen tanks, including SAE J2579 and Global Technical Regulations
3. Identify and discuss key issues requiring additional R&D and testing to ensure safe use of storage tanks for hydrogen, CNG, and blend fuels 
4. Enhance domestic and international harmonization of regulations, codes and standards for storage tanks for hydrogen, natural gas, and blend fuels 
5. 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 

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

Workshop Outcomes:
1. Delineation and discussion of codes and standards development process and regulatory structure and procedures in China on pressure vessels
2. More specific data and information on Type 4 tank testing procedures and results in China 
3. Information and data on composite tank manufacture, testing/certification, and field performance from two major international tank manufacturers 
4. Identification and characterization of need to harmonize testing and certification of composite tanks by a global automotive OEM
5. Discussion and identification of testing and data needed for safe deployment of pressure vessels for vehicles 
6. Procedures and timeline established to strengthen collaboration between China and the US on data sharing and harmonizing tank test procedures, 

requirements, and regulations.



Thank you

antonio.ruiz@ee.doe.gov

www.hydrogenand fue lce l l s .energy.gov
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Network and Collaboration

DOE             
Fuel Cell 

Technologies 
Program*

− Applied RD&D 

− Efforts to Overcome 
Non-Technical Barriers

− Internal Collaboration 
with Fossil Energy, 
Nuclear Energy and 
Basic Energy Sciences

Federal Agencies Industry Partnerships 
& Stakeholder Assn’s.
• FreedomCAR and Fuel Partnership
• National Hydrogen Association
• U. S. Fuel Cell Council
• Hydrogen Utility Group
• ~ 65 projects with 50 companies

Universities
~ 50 projects with 40 universities

State & Regional 
Partnerships

• California Fuel Cell Partnership
• California Stationary Fuel Cell 

Collaborative
• SC H2 & Fuel Cell Alliance
• Upper Midwest Hydrogen Initiative
• Ohio Fuel Coalition
• Connecticut Center for Advanced 

Technology

• DOC
• DOD
• DOEd
• DOT

• EPA
• GSA
• DOI
• DHS

P&D = Production & Delivery; S = Storage; FC = Fuel Cells; A = Analysis; SC&S = Safety, Codes & Standards; TV = Technology Validation

International
• IEA Implementing agreements –

25 countries
• International Partnership for the 

Hydrogen Economy –
16 countries, 30 projects

− Interagency coordination through staff-
level Interagency Working Group (meets 
monthly)

− Assistant Secretary-level Interagency 
Task Force mandated by EPACT 2005. 

•NASA
•NSF
•USDA
•USPS

* Office of Energy Efficiency and Renewable Energy

National Laboratories
National Renewable Energy Laboratory

P&D, S, FC, A, SC&S, TV 
Argonne A, FC, P&D, SC&S
Los Alamos S, FC, SC&S

Sandia P&D, S, SC&S
Pacific Northwest P&D, S, FC, SC&S, A
Oak Ridge    P&D, S, FC, A, SC&S
Lawrence Berkeley    FC, A

Other Federal Labs: Jet Propulsion Lab, National Institute of Standards & 
Technology, National Energy Technology Lab (NETL)

Lawrence Livermore    P&D, S, SC&S
Savannah River    S, P&D
Brookhaven S, FC
Idaho National Lab P&D

U.S. Department of Energy



International Partnership for Hydrogen and Fuel 
Cells in the Economy

International Collaborations  

Partnership among 18 member countries & the European Commission

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

International Energy Agency – Hydrogen 
Implementing Agreements

International Association for Hydrogen Safety 
(HySafe)

International Conference on Hydrogen Safety

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

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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