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1. Introduction

The term market transformation refers to a significant or radical change in distribution of products in a given market, in which more efficient products substantially displace less efficient ones [1].  The U.S. Department of Energy’s (DOE) Office of Energy Efficiency and Renewable Energy has already taken a leadership role within the federal government in solar, wind, and bio-energy, by undertaking market transformation activities to facilitate accelerated commercialization of these technologies.

The DOE Hydrogen Program’s market transformation activities are focused on eliminating non-technical barriers and increasing opportunities for widespread use of hydrogen fuel cell technologies.  DOE is taking the initial steps to move these technologies from the laboratory to real-world use by encouraging the use of the resulting products in government and industry.  
DOE is now working with other U.S. federal agencies, state governments, and industry to promote early adoption of fuel cells, create near-term market pathways for industry, and inform a broad array of investors on the status of technologies being developed and performance characteristics of various fuel cell systems. The program assists industry in accelerating fuel cell commercialization by providing technical, regulatory, institutional, financial, and educational solutions to market transformation barriers.  The program promotes the formation of partnerships and interagency agreements. Partners include industry participants; universities; federal, state, and local government; utilities; and other non-governmental agencies.  
DOE’s market transformation strategy includes analysis of hydrogen and fuel cell markets, developing hydrogen and fuel cell manufacturing technologies, and facilitating “early adopters” in various state and federal government agencies.

2.  Government As An Early Adopter

The Federal government, through its various agencies, can play a critical role in enhancing the market introduction of new technologies, both by policy actions (e.g., tax credits, loan guarantees) but also as an early adopter  to stimulate initial market niches. 

Historically, there have been numerous examples, large and small, where new technologies have gained market introduction due in large part to the government’s role as an early adopter.  For example, in the development of jet engines for aircraft, the government’s military needs created the initial market for the technology.  Subsequently, building upon the market established by the government as an early adopter, a full-fledged commercial market for jet-powered aircraft emerged.  As a more recent example, global positioning systems (GPS) were first developed and used by the government as the early adopter, but now have become very successful commercial products.

Several directives are stimulating the adoption of hydrogen and fuel cell technologies across the Federal government.  Sections 782 and 783 of the Energy Policy Act of 2005 authorize Federal agencies to procure fuel cell vehicles, hydrogen energy systems, and portable or stationary fuel cells.   Executive Order 13423, signed by President Bush in January 2007, directs Federal agencies to increase energy efficiency and reduce greenhouse gas emissions by 3 percent annually through 2015, relative to 2003 baselines.  This order also directs agencies to meet these goals through the use of renewable energy sources and the implementation of renewable energy generation projects.   DOE is implementing the executive order through activities at its sites and laboratories. 
EPACT Provisions 

The Energy Policy Act of 2005 (EPACT 2005) includes specific provisions for the early government acquisition and use of fuel cells:

· Section 782 requires any Federal agency that uses a light-duty or heavy-duty vehicle fleet to lease or purchase fuel cell vehicles and hydrogen energy systems to meet any applicable energy savings goal by January 1, 2010 (and authorizes $105 million through 2010).

· Section 783 requires any Federal agency that uses electrical power from stationary, portable, or micro-portable devices shall lease or purchase a stationary, portable, or micro fuel cell to meet any applicable energy savings goal (and authorizes $345 million through 2010).

In addition, EPACT 2005 allows for grants and cooperative agreements to accelerate the introduction of fuel cell technology:

· Federal grants to state, local, or municipal governments for the purchase of alternative fuel, hybrid, and fuel cell vehicles, installation of infrastructure, and operation and maintenance are provided under Section 721. 

· Grants for up to $10 million for fuel cell transit bus demonstration program in consultation with the US Department of Transportation (DOT) under Section 731.

· Cooperative agreements to cover up to 50% of costs with private sector fuel cell bus developers for development and demonstration of fuel cell school buses and up to 20% for infrastructure under Section 743.

Fuel Cell Bus Demonstrations

The Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU) was signed into law in 2005.  Section 3045 requires the DOT to establish a national fuel cell bus technology development program. DOT awarded a total of $49 million in Federal grants to three not-for-profit organizations, namely the Center for Transportation and the Environment in Atlanta, the Northeast Advanced Vehicle Consortium in Boston, and Westart/Calstart of Pasadena, CA.  This program will facilitate the development of commercially viable hydrogen technologies, facilitate their market introduction, and increase public awareness and acceptance.  In addition, data from this program will be used to support the development and introduction of light-duty fuel cell vehicles.  The program will deploy 8 buses in California, Massachusetts, New York, South Carolina, and Washington, DC. 

DOE is actively collaborating with DOT in the fuel cell bus demonstration to fulfill the requirements of Section 731 of EPACT 2005, which requires the DOE in consultation with the DOT to establish a program to demonstrate fuel cell transit buses and related infrastructure in five geographically dispersed localities.  The DOE will analyze the data resulting from the above DOT program to better understand the performance of the technology under real-world conditions and redirect research as needed.

Integrated Renewable Energy Systems

EPACT 2005, section 355, requires that a techno-economic assessment be conducted to assess a portfolio of renewable energy options (including hydrogen) to displace the use of refined petroleum products in the state of Hawaii.  In compliance with this requirement, the DOE Hydrogen Program has undertaken the task of developing the Integrated Renewable Energy Stations (IRES) project in Hawaii.  The purpose of this project is to demonstrate the viability of an integrated hydrogen system for distributed power generation under real-world conditions.  The system will provide enough flexibility to integrate and test different hydrogen technologies, which will provide valuable operational experience.  The application and integration of renewable technologies through IRES will help identify barriers to a hydrogen infrastructure, demonstrate hydrogen technologies, educate local authorities and the general public, and provide a basis for future economic analyses and technical designs.  The energy stations will produce both hydrogen and electricity using renewable resources and will allow electricity produced in off-peak periods to be stored as hydrogen and used for peak energy requirements or for fueling vehicles.   Geothermal, wind and biomass resources are being considered for the production of hydrogen. 

EPACT 2005 section 808 authorizes funding for demonstration projects that help determine the maturity, cost-effectiveness, and impacts of hydrogen technologies.  A careful assessment of the results of the IRES project will lay the groundwork for such demonstration projects.

3.  Manufacturing R&D

Manufacturing R&D is needed to enable reliable, low-cost, high-volume fabrication of hydrogen production, storage, and fuel cell technologies.  The DOE Hydrogen Program’s manufacturing R&D subprogram element works with industry, universities and national laboratories to develop and demonstrate manufacturing processes that reduce cost while ensuring product reliability of hydrogen and fuel cell technologies, with manufacturing processes that have effective control strategies for high manufacturing volumes.

Challenges

To achieve technology readiness from a manufacturing R&D standpoint, technical and economic barriers must be overcome.  Existing fuel cell membrane electrode assembly (MEA) fabrication processes are still slow and expensive.  In-line high volume, high speed fuel cell assembly and manufacturing techniques that meet quality standards need to be developed to achieve lower costs.  The high cost of carbon composite and conformable hydrogen storage tanks must be reduced by developing advanced processing methods that can reduce the per unit fabrication time.  The lack of automated methods for reliable joining, coating, cladding, stamping, and extrusion to produce system components in a continuous basis has put hydrogen fuel production technologies at a disadvantage when compared to competing fuels.

Standardization 

Establishing technical standards will ensure interoperability of components, therefore optimizing the economic use of resources and expanding the supplier base.  A set of consistent standards will benefit manufacturers as well as consumers by ensuring the uniformity in the supply chain, lowering costs, reducing scrap, and improving the overall quality of products.  While standards will be formally established by industry trade groups, the government will provide supporting assistance to aid in the creation of standards.

Industry Participation

Industry has helped DOE establish the strategic foundation for manufacturing technology development.  The U.S. manufacturing sector has assisted in identifying and prioritizing the manufacturing R&D needs found in the DOE’s Roadmap on Manufacturing R&D for Hydrogen Technologies  [2].  Continuous communication with industry is needed to develop manufacturing processes and supplier chains necessary for high-quality hydrogen energy products to be mass produced.  Effective market transformation will require the development of low-cost manufacturing technologies for new materials, adaptation of laboratory-scale methods, and establishment of quality control manufacturing techniques.  This will enable industry to meet customer requirements for hydrogen systems and develop a competitive domestic supplier base for hydrogen system components.

Manufacturing Inter-agency Working Group

The Manufacturing Research and Development Interagency Working Group (IWG) was established in 2004 as one of the recommendations in the January 2004 Department of Commerce report, Manufacturing in America: A Comprehensive Strategy to Address the Challenges to U.S. Manufacturers.  Created as part of the National Science and Technology Council, the IWG serves as the focal point for communication and collaboration with the national manufacturing sector on research needs pertaining to advanced manufacturing technologies and helps to focus national attention on critical manufacturing technologies and associated research needs.  The DOE is one of 15 Federal agencies participating in the IWG with three priority areas: Manufacturing for the Hydrogen Economy; Nanomanufacturing; and Intelligent and Integrated Manufacturing Systems. Each area links to existing Presidential initiatives:  the President’s Hydrogen Fuel Initiative, the National Nanotechnology Initiative, and the Networking and Information Technology Research and Development Initiative. To address the Manufacturing for a Hydrogen Economy area, the DOE Hydrogen Program and Department of Commerce’s (DOC) National Institute of Standards and Technology (NIST) conducted an industry workshop resulting in a technology roadmap (i.e. Roadmap on Manufacturing Research and Development for the Hydrogen Economy) designed to guide research and development of manufacturing processes to reduce the cost and enhance the reliability of critical hydrogen and fuel cell components and systems  The Roadmap on Manufacturing Research and Development for the Hydrogen Economy serves and a guide for coordinating interagency development of manufacturing technologies. Under the auspices of the IWG, a working group has been formed specifically to coordinate manufacturing R&D and early adopter actions. This working group meets monthly and member agencies include: DOE, DOT, DOC-NIST, National Science Foundation, National Aerospace and Space Administration, Environmental Protection Agency, and the Departments of Defense,  Agriculture, Labor, and Education.
4.  Market Analysis and Early Niche Markets

There are many near-term hydrogen and fuel cell market applications for which a value proposition can be made. The U.S. Fuel Cell Council has developed a detailed product listing [3], with over 40 fuel cell products that are now commercially available.  In addition, several fuel cells products are now available on the GSA schedule.  There are several promising areas in which fuel cell technologies may find early market acceptance -- forklifts in warehousing and distribution centers, ground support equipment at airports, and backup power for telecommunications and emergency response.
Forklifts

Forklifts and related material-handling equipment have been identified as early market applications of PEM fuel cells, based on the need for lower emissions and longer runtimes as compared with conventional hydrocarbon or battery powered forklifts.  Forklift applications at high-throughput distribution and warehousing centers are one of three most promising near-term market opportunities for PEM fuel cells.  Analysis has shown that PEM fuel cells can provide value over incumbent technologies for indoor applications by offering longer runtimes than batteries, thus increasing productivity and reducing operation and maintenance costs.

The market for forklifts was $3.2 billion in 2003 and is projected to grow to $5.2 billion in 2013.  Current and projected market share of battery-powered forklifts is approximately 58% of the total forklift market.  While lead-acid batteries are a known technology and are fairly reliable, there are concerns with their operation and maintenance, issues with power loss as the batteries discharge, and downtime during battery change-outs or recharging.   Compared to battery-powered forklifts, fuel cell demonstrations show that fuel cells offer longer runtime, faster return to service, and no decrease in power capability during the operating shift.  Compared to ICE-powered forklifts, fuel cell powered forklifts offer zero emissions and are quieter.

From a lifecycle cost perspective, PEM fuel cell powered forklifts require significantly less investment (calculated as NPV of costs) than battery powered forklifts under conditions of near-continuous use.  While fuel cell powered forklifts require more initial capital investment than battery-powered forklifts, they require less investment in operation and maintenance over their lifetime.  Six companies -- including Wal Mart and Bridgestone -- are currently conducting trials with forklifts that run on hydrogen rather than lead-acid batteries.  

The DOE Hydrogen Program is assisting the DOD Defense Logistics Agency (DLA) with pilot tests of hydrogen fuel cell forklifts.  DLA supplies the nation’s military services and several civilian agencies with the critical resources they need to accomplish their worldwide missions.  They operate warehouses located throughout the US and around the world, storing 4 million different stock items in 327 million square feet of storage space and processing more than 26 million transactions annually.  In total, DLA operates over 3,000 forklifts, of which approximately half are electric-powered.  Current plans are to deploy 20 to 40 hydrogen fuel cell forklifts at the Defense Distribution Center in New Cumberland, PA.  DLA program managers, in coordination with the Hydrogen Program, are planning similar pilot tests at additional DOD locations in Tracy, CA, Norfolk, VA, San Diego, CA, Albany, GA, and Anniston, AL.

Ground Support Equipment  

Ground support equipment (GSE) for airport operations includes baggage tractors or tugs used to tow baggage between aircraft and terminal; aircraft pushback tractors used to push the aircraft back from the terminal to the taxiway or tow aircraft to and from the hangar for maintenance; cargo loaders and forklifts; utility vehicles for transporting personnel and materiel; and ground power units or ground-based mobile generators used to supply electricity to the aircraft when it is parked.  

The most attractive applications for fuel cells may be baggage tugs and aircraft pushback tractors [4].  Air quality concerns and pressure to reduce emissions at airports and surrounding metropolitan areas are perhaps the most important drivers in this market.  Many airports are located in emissions non-attainment areas, where the use of zero-emission technologies is encouraged or in some cases mandated. 

The US Air Force recently opened its first hydrogen generation and fueling station at Hickam Air Force Base in Hawaii.  The $1.5 million station, the first on the Hawaiian Islands, will help to refuel a fuel cell-powered aircraft tow tractor.

Energy Conversion Devices plans to develop a new hydrogen-powered airport tow tractor as part of a $1.8 million contract with the US Army.  The Environment Protection Agency has expressed concerns about the air quality and regulated emissions at airports; hydrogen fuel cells could provide an emission-free alternative, contributing to improved air quaility. 

The Vancouver Airport will conduct a field test of fuel cell-powered baggage tuggers.  General Hydrogen Corp. recently announced it will participate in a project examining the use of fuel cell power packs in "tuggers" that tow baggage to and from the aircraft at Vancouver International Airport. The Government of Canada's Canadian Transportation Fuel Cell Alliance is providing $867,000 for the project, which will take place in cooperation with Air Canada at its Vancouver Ground Support Equipment Site.  Most conventional baggage tuggers have diesel engines and are required to go in and out of terminals and service buildings.  An earlier project at the Air Canada facility used the same fuel cell power pack to significantly extend the operating time and performance of a battery-powered forklift.
Emergency Response Power 

The emergency response market represents a promising early niche for PEM fuel cells as a backup power source at radio tower sites.  Many states are considering mandating backup power at call centers and radio tower sites.  Various user requirements, such as system size, reliability and ease of use, fit well with the performance of PEM fuel cells relative to alternatives. 

PEM fuel cells offer many advantages over incumbent technologies.  Fuel cells offer a longer continuous run-time compared to batteries.  Compared to generators, fuel cells have lower maintenance requirements since they have fewer parts, they can be monitored remotely, reducing actual maintenance time, and they have lower emissions.  Financial incentives, demonstration projects and fuel availability will be critical in order for fuel cells to exploit these advantages and compete effectively with current backup power technologies for radio towers.
Adoption of hydrogen and fuel cell technologies across the Federal and state governments in these areas will act to stimulate the much larger industry markets.  For example, the Federal Aviation Administration (FAA) has 15,000 radio tower sites across the United States that require backup power.   Fuel cell penetration into this market could ultimately lead to penetration into the much larger telecommunications industry, which includes upwards of 250,000 telecommunication towers.   

Stationary Power Market Scenarios

Based on a recommendation in a report by the National Research Council [5], DOE has initiated a study on fuel cells in the stationary power market. The study is expected to identify a RD&D strategy that incorporates considerations from the lessons-learned in previous attempts by fuel cells to enter this market.

5. Conclusion

DOE is working with other U.S. federal agencies, state governments, and industry, to promote early adoption of fuel cells, create near-term market pathways for industry, and inform a broad array of investors and end-users on the status of technologies. 
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