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1. Introduction

Expanding the use of hydrogen as an energy carrier requires a sustained education effort to lay the foundation for future commercial market introduction.  Current knowledge and awareness levels of hydrogen and fuel cells are low, however, and prevalent misunderstandings of hydrogen properties have bred negative opinions about the safe use of hydrogen.  Given the correlation between knowledge and opinion, the U.S. Department of Energy (DOE) Hydrogen Program seeks to facilitate hydrogen and fuel cell demonstrations and support future commercialization by providing technically accurate and objective information to key target audiences both directly and indirectly involved in the use of hydrogen and fuel cells today [1].  These audiences have been prioritized according to their involvement or role in the use of hydrogen and fuel cell technologies in the near term and include first responders, code officials, local communities and the general public, state and local government representatives, potential end users, and students and teachers. [2]
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First responders play a crucial role in the first steps toward widespread acceptance of hydrogen and fuel cell technologies – not only must they know how to respond to potential incidents in their jurisdiction, but also, as public safety professionals, their leadership status in the community can affect public opinions of hydrogen.  Further, their understanding of hydrogen can facilitate local project approval of early market fuel cell deployments.  Given these factors, and given the current low levels of awareness of hydrogen, the DOE Hydrogen Program created the Introduction to Hydrogen Safety for First Responders.  

The seven-module course, designed to be completed in just over an hour, serves as a stand-alone tutorial, but it also provides an information set specific to hydrogen that other organizations can draw from to supplement their ongoing training programs.  It provides a very basic overview of hydrogen, its basic properties and behavior, and how it compares to other familiar fuels; hydrogen use in fuel cells for transportation and stationary power; potential hazards; and initial protective actions should a responder witness an incident.  The course is not intended for detailed training or certification, but rather it is an “awareness-level overview” for first responders including fire, law enforcement, and emergency medical personnel who may witness or be called to an incident involving hydrogen and must initiate a response sequence.
2. Course Development

To ensure the accuracy, comprehensiveness, and relevance of its educational resources, the DOE Hydrogen Program seeks to pair hydrogen and fuel cell technology experts with professionals representing (or those intimately familiar with) the target audience.  Accordingly, the Introduction to Hydrogen Safety for First Responders was produced as a collaborative effort among the DOE Hydrogen Program Education and Safety, Codes, and Standards teams; hydrogen safety experts at the Pacific Northwest National Laboratory (PNNL); and experienced first responders and trainers from the Volpentest Hazardous Materials Management and Emergency Response (HAMMER) Training and Education Center.    

Course development included multiple iterations based on input from increasingly larger representations of the hydrogen safety community.  Informal interviews with first responders and hydrogen experts in industry and the research community formed guidelines for the content and structure of an initial prototype tutorial.  In an internal review, the DOE Hydrogen Program and Safety Panel provided technical input to formulate a more refined curriculum.  Using this draft of the course, HAMMER conducted in-person pilot tests for an audience composed of industry experts and first responders.  Finally, hundreds of reviewers from the hydrogen and emergency responder communities were asked to provide suggestions on a web-based prototype to refine the materials into a more comprehensive and precise final product.  Table 1 provides a short list of organizations invited to provide comment.  The broad review resulted in more than four hundred comments from approximately one hundred individuals; comments ranged from praise and requests for the final product to specific suggestions for improvement.  The development team sorted through each comment, categorized responses in a database, and made appropriate modifications to the course. 
Table 1: Organizations invited to participate in the broad review.
	· Auto companies

	· Energy companies

	· Fuel cell companies

	· FreedomCAR & Fuel Partnership Codes and Standards Technical Team

	· Hydrogen and Fuel Cell trade associations (e.g., National Hydrogen Association, U.S. Fuel Cell Council)

	· National Laboratories

	· Hydrogen-related state organizations (e.g., California Fuel Cell Partnership, NextEnergy, Upper Mid West Hydrogen Initiative)

	· Other Federal agencies (e.g., U.S. Department of Transportation)

	· International partners (e.g., International Partnership for the Hydrogen Economy, HySafe, JARI)

	· Fire protection/prevention membership associations (e.g., International Association of Fire Fighters, National Association of State Fire Marshals)

	· Individual fire fighters 

	· Individual law enforcement personnel

	· College fire science programs

	· National Fire Academy


3. Course Overview

To accommodate a range of learning styles, the tutorial uses videos, animations, graphics, and a narrative transcript to present information in a dynamic and engaging way.  Course modules include: Hydrogen Basics, Transport and Storage, Hydrogen Vehicles, Hydrogen Dispensing, Stationary Facilities, Codes and Standards, Emergency Response, and Summary and Quiz.  Table 2 outlines the concepts introduced in each of the seven modules and the concluding summary and quiz.  A library with videos, supporting documents, and related links provides an in-depth compendium of resources and additional information for those who need it.

Table 2: Outline of core course content.
	Hydrogen Basics
	· Basic properties and behavior
· Comparisons with other fuels

· Industry designs for safe systems

	Transport and Storage
	· Bulk transport of hydrogen
· Types of storage containers for transport

	Hydrogen Vehicles
	· Review of alternative fuel vehicle types

· Basic vehicle/common components

· Storage systems, tank testing

· Vehicle safety systems

	Hydrogen Dispensing
	· Refueling demonstration (video)

· Comparison to refueling with other fuels

	Stationary Facilities
	· Overview of bulk storage, stationary fuel cells, refueling stations

· Common safety systems

	Codes and Standards
	· Overview of codes and standards

· Links to more specific information

	Emergency Response
	· Recognition and identification of hydrogen equipment 
· Detection of hydrogen releases and flames

· Initial protective actions

· Additional information sources

	Summary and Quiz
	· Most important “need-to-know” information in summary

· 13-question quiz tests knowledge and reinforces learning


4. Distribution Mechanisms

The course is primarily distributed as a web-based tutorial available in both Flash and HTML at http://hydrogen.energy.gov/firstresponders.html.  Hard copies of the tutorial are also available, however, both as a stand-alone CD and in print as a PDF through the DOE/EERE (Energy Efficiency and Renewable Energy) Information Center at 877-EERE-INFO/877-337-3463.  A poster summarizing essential information is currently in development and will also be available through the Information Center.  This “Cliffs notes” poster can be posted in a communal space, such as fire station break rooms and on hallway bulletin boards, and used to convey fundamental hydrogen safety knowledge and stimulate interest in the full-length version of the course.  Initial distribution relied on announcements sent out to the broad review list, state firefighter training centers, first responder trade organizations, and the Federal Law Enforcement Training Center.  Communicating through established first responder networks and providing a variety of formats through easily accessible venues has maximized visibility and accessibility of the course.
Future outreach efforts include in-person demonstrations at major first responder conferences and events such as Firehouse Expo and fire department instructor conferences.  Upcoming press in trade journals and magazines such as Firehouse, Law Enforcement News, and Emergency Medical Services will also help to advertise the course and reach a wider audience (especially those who are off-line and may not have seen initial email and website announcements).  A partnership with the U.S. Fire Administration’s National Fire Academy may yield distance learning offerings and a larger picture alternative fuel “break room” book.
5. Usage and Feedback

Since it launched on January 24, 2007, course usage has exceeded expectations, with an average of 250 unique users per week (for the on-line course only).  Visitors must enter their email address, and a “submit a comment” feature on each frame allows them to ask questions or provide comments.  Similar to the broad review prior to course launch, questions and comments are submitted to the course development team for response.  Users from more than 40 states have included fire fighters, fire department training coordinators, fire marshals, fire plan examiners, and law enforcement personnel, as well as industry, university, and nonprofit organization representatives and members of four military services.  
Usage is also likely to increase.  Among the many questions and comments received since the launch date, fire fighter training coordinators have requested permission to use a single email address to access the course for multiple personnel.  In one instance, a county fire department in Florida plans to have teams of five at a single computer so that the more than 1,000 fire fighters in the department can take the course.
6. Related Work

The DOE Hydrogen Program is also developing two hands-on “props” for more advanced training at fire fighter training facilities.  The first, which is already complete, demonstrates the properties of a hydrogen flame.  Modeled after an existing fire extinguisher prop, it uses two burner units, one with hydrogen, and one with propane (see Figure 2).  The intent of the prop is to safely illustrate to fire fighters the relative visibility and heat of the flames (i.e., the hydrogen flame is nearly invisible in daylight and although it burns as hot as propane, it does not radiate as much heat).
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A second prop, still under development, is designed to realistically and safely simulate an emergency response event involving a hydrogen vehicle.  Mobile, for on-site training at different fire fighter training centers, the prop will include typical fuel cell vehicle components including a high-pressure storage tank, fuel cell stack, electrical storage device, electric motor, high-pressure fuel lines, vent line, high-voltage electrical conductors, and safety devices such as a pressure relief device, tank valves, and manual shut-off valve.  Planned training scenarios will demonstrate safe approach to a vehicle, extinguishment of a compartment fire, extrication techniques, and hydrogen venting during a component fire.  An accompanying prop curriculum is being prepared to support its use.

In another related effort, the DOE Hydrogen Program and U.S. Department of Transportation are co-funding a project at the University of Montana to develop an eight-hour course for fire service and transportation professionals.  Consisting of three modules, the course will provide in-depth coverage of hydrogen properties, safety and potential hazards, and emergency response procedures.  It is designed to be delivered in the classroom and initially will be offered at the University of Montana, as well as partner West Virginia University.
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Figure � SEQ Figure \* ARABIC �1�: Screen capture of web-based tutorial Introduction to Hydrogen Safety for First Responders.
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