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The Effects of the U.S. Energy Policy Act 2005 (EPACT05) Over the Risk-Financing Spectrum in the Fuel Cell Vehicle (FCV) Sector

Mario Valentino Romeri(
Abstract:

The United States Federal strategy on hydrogen and fuel cell is based on the EPACT05. The EPACT05 (Title VIII) promoted an integrated approach to move these technologies from the labs to the market in which the Research and Development phase financing are strictly linked to the Deployment phase and the Industrial Development. 

For the U.S. FCV sector the EPACT05 fixed only 2 simple goals (regarding hydrogen vehicles penetration in the market) but it identified research and development programs and demonstration projects and provided consistent appropriations.

From our point of view, the EPACT05 will have a tremendous and positive effect especially under the risk-financing profile, at present not completely understood. In this paper we try to describe in which way, in our opinion, the EPACT05 will be able to finance the pre-commercial financial gap (typical of every technology development and demonstration phase) for the U.S. FCV sector.

Summary: 

The first paragraph is a President Bush statement regarding the United States energy and environmental challenges. In the second paragraph is given an overview about the current administration's main energy and environmental initiatives. In the third paragraph are summarized the U.S. hydrogen and fuel cell Federal initiatives. In the fourth paragraph the effects of the U.S. EPACT05 over the risk-financing spectrum in the FCV sector are analysed.
1 - The United States energy and environmental challenges

“Energy security and climate change are two of the great challenges of our time. The United States takes these challenges seriously. The world's response will help shape the future of the global economy and the condition of our environment for future generations. The nations in this room have special responsibilities. We represent the world's major economies, we are major users of energy, and we have the resources and knowledge base to develop clean energy technologies.(…)

For many years those who worried about climate change and those who worried about energy security were on opposite ends of the debate. It was said that we faced a choice between protecting the environment and producing enough energy. Today we know better. These challenges share a common solution: technology. By developing new low-emission technologies, we can meet the growing demand for energy and at the same time reduce air pollution and greenhouse gas emissions. As a result, our nations have an opportunity to leave the debates of the past behind, and reach a consensus on the way forward.” 

2 - The United States energy and environmental initiatives

There are two key issues now affecting all debates on the future United States (U.S.) energy supply: how to increase energy security by reducing the currently growing dependence on imported supplies and how to address growing emission of greenhouse gases (GHG) with the effect on climate change. These two challenges are closely connected. Today the U.S. is moving to address these two challenges, largely through the development and deployment of cleaner energy technologies
. Hydrogen
 and fuel cell
 are two of these.

To address these challenges, the current administration's “National Energy Policy” 
 (NEP), published in May 2001, called for expanding the development of diverse domestic energy supplies and highlighted hydrogen as one of several R&D priorities.

In August 2005, President Bush signed into Law the National Energy Plan: the “U.S. Energy Policy Act of 2005”
 (EPACT05). The President's national energy plan encouraged energy efficiency and conservation, promoted alternative and renewable energy sources, increased domestic production, modernized the electricity grid, and encouraged the expansion of nuclear energy. Energy Legislation encourages energy conservation and efficiency, by supporting new energy efficient technologies, diversifying the Nation's energy supply with renewable sources. The EPACT05 supports a new generation of energy-efficient vehicles (that include Fuel Cell Vehicles - FCV), and promotes the use of renewable energy sources with tax credits for wind, solar, and biomass energy, including the first-ever tax credit for residential solar energy systems. It also expands research into developing hydrogen technologies and establishes a flexible, national Renewable Fuels Standard to encourage greater use of renewable fuels like ethanol and biodiesel. 

In January 2006, in the State of the Union address
, President Bush announced the Advanced Energy Initiative (AEI)
, that grants a 22% increase in clean-energy research at the Department of Energy (DOE), with the aim to accelerate the development of advanced technologies that could change the way American homes, business and cars are powered. To change how to power homes and offices, the AEI will invest more in zero-emission coal-fired plants, revolutionary solar and wind technologies, and clean, safe nuclear energy. To change how to power automobiles, the AEI will increase the research on better batteries for hybrid and electric cars, and on pollution-free cars that run on hydrogen. The AEI also funds additional research of cutting-edge methods of producing ethanol (from wood chips and stalks, or switch grass). Breakthroughs on this and other new technologies will help U.S. to reach another great goal: to replace more than 75% of oil imports from the Middle East by 2025. 
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In September 2006, the “U.S. Climate Change Technology Program’s – CCTP” published the “Strategic Plan”
 (draft version was unveiled in September 2005
). It’s a multi-agency programme, led by the DOE, to accelerate the development and reduce the cost of new and advanced technologies that avoid, reduce, or capture and store greenhouse gas emissions. The Strategic Plan is the most comprehensive effort to support development of the long term climate change technology portfolio in the U.S. The Strategic Plan provides strategic direction and organizes nearly $4 billion in federal spending for climate change-related technology research, development, demonstration, and deployment, needed to both reduce greenhouse gas emissions and power economic growth.

The Strategic Plan sets six complementary goals: reducing emissions from energy use and infrastructure; reducing emissions from energy supply; capturing and sequestering carbon dioxide; reducing emissions of other greenhouse gases; measuring and monitoring emissions; and bolstering the contributions of basic science to climate change. 

The Strategic Plan outlines approaches toward attaining these goals, articulates underlying technology development strategies, and identifies a series of next steps toward implementation (see the figure on the right
).

In January 2007, in the State of the Union address
, President Bush proposed the “Twenty in Ten” vision: reduce gasoline usage in the United States by 20 percent in the next 10 years. To reach this goal, the supply of alternative fuels must be increased by setting a mandatory fuels standard to require 35 billion gallons of renewable and alternative fuels in 2017 (nearly five times the current target). At the same time, it is necessary to reform and modernize fuel economy standards for cars and conserve up to 8.5 billion more gallons of gasoline by 2017.

In December 2007, President Bush signed into Law the “Energy Independence and Security Act of 2007” (EISACT07)
. The Bill responds to the President's "Twenty In Ten" vision and, as promised at the U.N. climate change meeting in Bali, will produce some of the largest CO2 emission cuts in U.S. history. The EISACT07 will help reduce America's dependence on oil by: increasing the supply of alternative fuel sources by setting a mandatory Renewable Fuel Standard (RFS) requiring fuel producers to use at least 36 billion gallons of biofuel in 2022; reducing U.S. demand for oil by setting a national fuel economy standard of 35 miles per gallon by 2020 (which will increase fuel economy standards by 40 percent and save billions of gallons of fuel). EISACT07 funds additional research on new battery technologies to power plug-in hybrids, spend money on innovative ways to capture solar power and provide incentives for nuclear energy. By addressing renewable fuels and CAFE standards, EISACT07 will build on progress made by the EPACT05 in setting out a comprehensive energy strategy for the 21st century.

3 - The U.S. hydrogen and fuel cell Federal initiatives

3.1 The initiatives before the EPACT05

Also the DOE recognises that the development of hydrogen as an energy carrier will help address national concerns about energy supply, security, and environmental protection. DOE also underlines that the transition to an hydrogen economy will require a co-ordinated national effort and in this aim it promoted a series of initiatives in the context of the “DOE Hydrogen Program”.

In response to the NEP recommendations, in November 2001, DOE convened a workshop to discuss the potential role of hydrogen systems in America’s energy future. The aim of the meeting was to identify a common vision for the hydrogen economy, the timeframe in which such a vision could be expected to occur, and to define the key milestones. The report, “A National Vision of America’s Transition to a Hydrogen Economy – To 2030 and Beyond”
 (Vision), published in February 2002, documents the results from this workshop.

In April 2002 DOE convened a National Hydrogen Energy Roadmap Workshop to identify the path forward to achieving the vision. The results were included in the “National Hydrogen Energy Roadmap”
 (Roadmap), published in November 2002. The Roadmap outlines key issues and challenges in hydrogen energy development and suggests paths that government and industry can take in order to expand the use of hydrogen-based energy. It defines a common set of objectives and activities agreed upon by government, industry, universities, National Laboratories, environmental organizations, and other interested parties. It identifies four phases in the transition to the hydrogen economy.

In January 2002 the original “FreedomCAR Partnership”
 was established as a research and development (R&D) partnership between the DOE and the USCAR (an association that includes Ford Motor, General Motors and DaimlerChrysler) A major thrust of FreedomCAR is to develop and validate the technologies necessary to enable mass production of affordable hydrogen-fuelled fuel cell vehicles.

In the 2003 State of the Union address
, President Bush acknowledged that hydrogen has the potential to play a major role in America’s future energy system and announced the “Hydrogen Fuel Initiative”
. The President’s Hydrogen Fuel Initiative set target date of 2020 to make the hydrogen vehicles commercially available to consumers in order to achieve his goal of allowing a child born in 2003 to be able to drive a hydrogen vehicle as his or her first car. The Hydrogen Fuel Initiative commits $1.2 billion over five years to accelerate research, development and demonstration of hydrogen and fuel cell technologies. These technologies can ultimately help shift America’s primary transportation fuel from petroleum, which is increasingly imported, to hydrogen, which can be produced using a wide variety of domestic feedstock. The mission of the Program is to research, develop and validate hydrogen production, delivery, storage and fuel cell technologies so that hydrogen from diverse domestic resources can be used in a clean, safe, reliable and affordable manner in hydrogen fuel cell vehicles and stationary power applications. If the research is successful, the U.S. could achieve the energy, environmental and economic benefits of a hydrogen economy. In January 2008 the U.S. Government Accountability Office presented the “Hydrogen Fuel Initiative” report to Congressional Requesters (GAO Report) relative to the DOE activities realized
.

The “Fuel Cell Report to Congress” 
 was published in February 2003. This report outlined the economic and technical barriers to the use of fuel cells and included input from stakeholders representing 100 public and private sector organizations. Two different and detailed “Timelines to Obtain Commercialisation Information” are made (one for Stationary and Distributed Generation and one for Transportation and Infrastructure). These Timelines would produce the information necessary to determine if commercialisation of fuel cell technology is viable by 2015.

In 2003, DOE used the portions of the Roadmap created for each of the key activities in the Hydrogen Program to develop the “Multi-Year Research, Development and Demonstration Program Plan” 
 for the DOE Hydrogen, Fuel Cell and Infrastructure Technologies Program (HFCITP). The Multi-Year RD&D Plan is a living document, unveiled in a draft version in June 2003 and published in a first final version in January 2005. During the 2002-2004 period the National Research Council (NRC) made a review to assess the effectiveness of the Multi-Year RD&D Plan draft version. The Multi-Year RD&D Plan is a fundamental document in which the DOE identified the key program milestones necessary to meet all the identified technical targets of the hydrogen energy system and the fuel cell technology until 2010. These milestones support the critical path technologies outlined by DOE. Every timeline specifies a delivery date for the given technology development, improvement, or demonstration. Many go/no-go decision milestones are consistently identified.

In September 2003 the original “FreedomCAR Partnership” was expanded to the “FreedomCAR and Fuel Partnership”
 (Partnership) by bringing the major energy companies (BP, ChevronTexaco, ConocoPhillips, ExxonMobil and Shell) to the project in order to focus on reducing the cost and improving systems for hydrogen production, storage and delivery. The Partnership represents a cooperative industry-government effort to meet societal needs and customer requirements. It is organized around joint industry/government technical team. DOE manages the program and industry sets the research agenda and technical goals. The focus is to develop high-risk technologies that justify the use of federal funds in a very challenging program.  The Partnership program presents aggressive 2010 and 2015 targets (in terms of: size, weight, efficiency and cost of components; cost of fuel and supply system). The goals are: to allow the private sector to be able to take a commercialisation decision on hydrogen-fuelled FCV by 2015; to address the vehicle and infrastructure development technologies needed for a practical and cost-effective choice to use FCV from a large numbers of Americans by 2020. In August 2005, the NRC completed a review
 of the FreedomCAR and Fuel Partnership Program and recognized that it is well-planned and identifies all major hurdles the program will face. 

In November 2003 Secretary of Energy Abraham launched the “International Partnership for the Hydrogen Economy”
 (IPHE) to foster international co-operation.
In February 2004 the National Research Council (NRC) released "The Hydrogen Economy: Opportunities, Costs, Barriers and R&D Needs"
. The report notes that a transition to hydrogen as a major fuel over the next 50 years could fundamentally transform the U.S. energy system, creating opportunities to increase energy security by producing hydrogen from a variety of domestic energy sources. The report indicated that DOE's broad approach to produce hydrogen from domestic coal resources as well as renewable energy is important for the emerging of a viable transportation system. The NRC recommended that DOE more fully coordinate its hydrogen programs in its renewable energy, fossil energy, nuclear energy, and science offices. The report stressed that there are challenges to the achievement of a hydrogen economy, and indicated that the DOE Hydrogen program was probably under-funded.
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In February 2004, DOE integrated the plans into its first “Hydrogen Posture Plan”
, a single high-level agenda (see the figure on the right 
). The Plan’s approach is to conduct R&D in multiple pathways within key technology areas with the intent of providing several promising options for industry to consider commercialising. Based on its review of the Plan, the NRC made recommendations, most of which were incorporated by DOE. The Plan outlines the activities, milestones, and deliverables DOE plans to pursue to support America's shift to a hydrogen-based transportation energy system. The Plan integrates research, development, and demonstration activities from the DOE renewable, nuclear, fossil, and science offices, and identifies milestones for technology development over the next decade, leading to a commercialisation decision by industry in 2015. The Plan established priorities for hydrogen R&D areas and set interim and final targets, focused on developing hydrogen-powered fuel cells that match the performance of gasoline-powered vehicles in terms of driving range, durability, and cost. 

3.2 The U.S. EPACT05

The “Title VIII – Hydrogen” of the EPACT05 extended the Hydrogen Fuel Initiative beyond the President’s initial 5-year program by authorizing R,D&D funding through 2020 under the DOE leadership. 

The purposes of the Title VIII of the EPACT05 are
: 

· to enable and promote comprehensive development, demonstration, and commercialisation of hydrogen and fuel cell technology in partnership with industry; 

· to make critical public investments in building strong links to private industry, institutions of higher education, National Laboratories, and research institutions to expand innovation and industrial growth;

· to build a mature hydrogen economy that creates fuel diversity in the massive transportation sector of the United States; 

· to sharply decrease the dependency of the United States on imported oil, eliminate most emissions from the transportation sector, and greatly enhance our energy security; 

· and to create, strengthen, and protect a sustainable national energy economy.

For vehicles
, the goals of the program are
: 

· to enable a commitment by automakers no later than year 2015 to offer safe, affordable, and technically viable hydrogen fuel cell vehicles in the mass consumer market; 

· and to enable production, delivery, and acceptance by consumers of model year 2020 hydrogen fuel cell and other hydrogen-powered vehicles that will have, when compared to light duty vehicles in model year 2005: fuel economy that is substantially higher; substantially lower emissions of air pollutants; and equivalent or improved vehicle fuel system crash integrity and occupant protection.

In order to meet these goals the EPACT05 defines only two main targets
. The DOE’s Secretary shall submit to Congress reports describing progress, including progress in infrastructure, made towards achieving the goal of producing and deploying not less than 100,000 hydrogen-fuelled vehicles in the U. S. by 2010; and 2,500,000 hydrogen-fuelled vehicles in the U.S. by 2020. 

The EPACT05 globally defines funding and appropriation for hydrogen and fuel cell Research & Development & Demonstration (R,D&D) activities for more than $ 3.4 billion for the 2006-2010 period and such sums as are necessary for each of fiscal years 2011 through 2020. In other words EPACT05 fully authorized all the funds necessary for the Hydrogen Fuel Initiative. In detail: 

Section n. 805 identified programs and related appropriations. With regard to appropriations: Hydrogen supply. There are authorized to be appropriated to carry out projects and activities relating to hydrogen production, storage, distribution and dispensing, transport, education and coordination, and technology transfer under this section: $160,000,000 for fiscal year 2006; $200,000,000 for fiscal year 2007; $220,000,000 for fiscal year 2008; $230,000,000 for fiscal year 2009; $250,000,000 for fiscal year 2010; and such sums as are necessary for each of fiscal years 2011 through 2020. Fuel Cell Technologies. There are authorized to be appropriated to carry out projects and activities relating to fuel cell technologies under this section: $150,000,000 for fiscal year 2006; $160,000,000 for fiscal year 2007; $170,000,000 for fiscal year 2008; $180,000,000 for fiscal year 2009; $200,000,000 for fiscal year 2010; and such sums as are necessary for each of fiscal years 2011 through 2020”.

Section n. 808 identified demonstrations and related appropriations. In general: ”In carrying out the programs under this section, the Secretary shall fund a limited number of demonstration projects, consistent with this title and a determination of the maturity, cost-effectiveness, and environmental impacts of technologies supporting each project. (...)” With regard to System Demonstration: ” As a component of the demonstration program under this section, the Secretary shall provide grants, on a cost share basis as appropriate, to eligible entities (as determined by the Secretary) for use in:  devising system design concepts that provide for the use of advanced composite vehicles in programs under section 782 (…)”. With regard to appropriations: “There are authorized to be appropriated to carry out this section: $185,000,000 for fiscal year 2006; $200,000,000 for fiscal year 2007; $250,000,000 for fiscal year 2008; $300,000,000 for fiscal year 2009; $375,000,000 for fiscal year 2010; and such sums as are necessary for each of fiscal years 2011 through 2020”.

Section n. 809 supported the development of safety codes and standards with related appropriation. With regard to appropriations: “There are authorized to be appropriated to carry out this section: $4,000,000 for fiscal year 2006;  $7,000,000 for fiscal year 2007; $8,000,000 for fiscal year 2008; $10,000,000 for fiscal year 2009; $9,000,000 for fiscal year 2010; and such sums as are necessary for each of fiscal years 2011 through 2020”.
Section n. 811 identified and requested specific reports and related appropriation. With regard to reports: “Not later than 2 years after the date of enactment of this Act, and triennially thereafter, the Secretary shall submit to Congress a report describing: activities carried out by the Department under this title, for hydrogen and fuel cell technology; measures the Secretary has taken during the preceding 3 years to support the transition of primary industry (or a related industry) to a fully commercialised hydrogen economy; any change made to the strategy relating to hydrogen and fuel cell technology to reflect the results of a learning demonstrations; progress, including progress in infrastructure, made toward achieving the goal of producing and deploying not less than 100,000 hydrogen-fuelled vehicles in the United States by 2010; and 2,500,000 hydrogen-fuelled vehicles in the United States by 2020; progress made toward achieving the goal of supplying hydrogen at a sufficient number of fuelling stations in the United States by 2010 including by integrating hydrogen activities; and  associated targets and timetables for the development of hydrogen technologies (...)” . With regard to appropriations: “There is authorized to be appropriated to carry out this section $1,500,000 for each of fiscal years 2006 through 2020”.
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Also Section 782 (in “Title VII – Vehicles and Fuels”) dealt with hydrogen and fuel cell and regarded the Federal and State procurement of fuel cell vehicles and hydrogen energy systems and related appropriation. The purposes of this section are: “to stimulate acceptance by the market of fuel cell vehicles and hydrogen energy systems; to support development of technologies relating to fuel cell vehicles, public refuelling stations, and hydrogen energy systems; and to require the Federal government, which is the largest single user of energy in the U. S., to adopt those technologies as soon as practicable after the technologies are developed, in conjunction with private industry partners.”  With regard to the mechanisms: “Not later than January 1, 2010, the head of any Federal agency that uses a light-duty or heavy duty vehicle fleet shall lease or purchase fuel cell vehicles and hydrogen energy systems to meet any applicable energy savings goal (…).  The (DOE) Secretary may lease or purchase appropriate vehicles developed under section 808 to meet these requirement.” With regard to Cooperative program with State Agencies: “The Secretary may establish a cooperative program with State agencies managing motor vehicle fleets to encourage purchase of fuel cell vehicles by the agencies. In carrying out the cooperative program, the Secretary may offer incentive payments to a State agency to assist with the cost of planning, differential purchases, and administration”. With regard to appropriations: “There is authorized to be appropriated to carry out this section:  $15,000,000 for fiscal year 2008; $25,000,000 for fiscal year 2009; $65,000,000 for fiscal year 2010; and such sums as are necessary for each of fiscal years 2011 through 2015”.

From organizational point of view the EPACT05 directed the President to establish the Interagency Task Force
, chaired by the Secretary of Energy, to coordinate federal agencies’ hydrogen and fuel cell R&D efforts and promote hydrogen technologies; and established the Hydrogen and Fuel Cell Technical Advisory Committee
 (HTAC), to review and make recommendations to the Secretary of Energy on DOE’s implementation of its hydrogen R&D programs and activities and long-term R&D plans.
3.3 The initiatives after the EPACT05

Published in August 2006 DOE's “Hydrogen Goal-Setting Methodologies Report to Congress”
 summarizes the processes used to set Hydrogen Program goals and milestones (this report reply to the EPACT05 Section 1819).

At the highest level, the Program goals are set to be competitive with the projected performance and cost requirements of vehicles and fuels in the U.S.
 The high-level targets are established in collaboration with the FreedomCAR and Fuel Partnership (see the first figure on the next page
) in order to ensure sufficient discourse with the private sector responsible to commercialise the technologies.

The high-level Program goals are supported by lower-level goals, technical targets and milestones, which are documented in the technology roadmaps and research, development and demonstration plans. These research plans are critical to keep the Program on track.

The research and development activities of the Hydrogen Program address the goals and milestones in the Program planning documents. The projects funded by the Program are awarded using competitive solicitations which are open to proposal submission and independently reviewed for selection. Each May DOE convenes the Program Annual Merit Review where the status, accomplishments and research plans of DOE-funded applied research, technology development and demonstration projects are independently evaluated by experts. The review brings together scientists and engineers conducting research funded by the Program, including those involved in basic research projects in key technical areas.
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The National Hydrogen Learning Demonstration includes four industry teams
that are working towards meeting the 200 targets listed below.

Performance Measure. 2009° 2015+
Fuel Cell Stack Durability 2000 hours 5000 hours.
Vehicls Range 250+ miles 300+ miles
Hydrogen Cost at Station $3.00/gge 52.00 - $3.00/gge

“To verify progress toward 2015 targets. “*Subsequent projects to validate 2015 target
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The “Hydrogen Posture Plan”
, transmitted to Congress in December 2006 (as requested by EPACT05 Section 804), outlines a coordinated plan for activities under the Hydrogen Fuel Initiative, both at the DOE and the Department of Transportation (DOT). This document serves as an update of the previous plan (Feb. 2004) to integrate ongoing and future hydrogen research, development, and demonstration (RD&D) activities into a focused Hydrogen Program. The program will integrate technology for hydrogen production (from fossil, nuclear, and renewable resources), infrastructure development (including delivery and storage), and fuel cells for transportation and stationary applications. A coordinated Hydrogen Program will improve the effectiveness and accountability of the government’s RD&D activities and increase the Program’s ability to achieve its goals (see the figure on the right
).

The policy assumptions in the Hydrogen Posture Plan are as follows (1) The program is focused on the research and development activities needed to overcome the barriers to make hydrogen and fuel cell technologies competitive with alternative technologies. (2) Learning demonstrations will be used to measure progress; identify issues during real-world operation that will provide feedback to the R&D program; validate the performance, durability, and cost of the technologies; address systems engineering issues; enable the DOE to provide information to Congress and the public on the status of the technology; and educate the public, especially safety and code officials and first responders. 

The goal of the Program is to develop hydrogen production, delivery, storage, and fuel cell technologies that enable the automobile and energy companies to opt for commercial availability of fuel cell vehicles and hydrogen fuel infrastructure by 2020. 

Commercial demonstrations and market transformation will occur only when the performance and durability of the technologies are validated. The decision to commercialise rests entirely on the private sector. Automakers may decide to market a fuel cell vehicle in a different time frame than the DOE validation activities might suggest. 

The Federal government will play a key role in the near term, supporting the materials and component research necessary to overcome critical path technology barriers. When the performance and durability of the technologies are validated, the government may consider becoming an early technology adopter
, and could enact policies to nurture the development of an industry capable of delivering significant quantities of hydrogen to the market place. Industry’s role would become increasingly dominant as market penetration increases.

In October 2007 a new edition of the “Hydrogen, Fuel Cell and Infrastructure Technologies Program: Multi-Year Research, Development and Demonstration Program Plan”
  was published. This new edition reflects the technical progress made since inception, and the improved forecasts that come from actual experience. More revisions are expected in the years ahead.

The Multi-Year RD&D Plan also directly supports the EPACT05. The Plan serves not only to establish the milestones and tasks of the programs, but also reports goals, challenges, and progress to the Secretary of Energy, Congress, and stakeholders.

The Multi-Year RD&D Plan’s aim is to bring technologies to the point where early adopters can begin to implement them and manufacturers can invest in plant and capital equipment with confidence that markets are emerging. While the government’s role is essential to advancing hydrogen and fuel cell technologies in the early stages of development, once the technical targets are validated in a systems context, the government’s role will diminish and industry will take over commercialisation. The government will help by promoting market transformation through policy and incentives, and support of early adopter activities. To continue moving efficiently towards the goal of technology readiness, the Plan will be updated periodically to reflect technological advances, system changes, and policy decisions.
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Section805 | Section 805] _ Section 808 Section 809 Section 811
HYDROGEN SUPPLY | FUEL CELL | DEMONSTRATION | CODES & STANDARDS | REPORTS | Total
2006| 160.0 150.0 185.0 40 15 5005
2007| 2000 160.0 2000 70 15 568.5
2008| 200 1700 2500 80 15 649.5
2009| 2300 180.0 3000 10.0 15 7215
2010] 2500 2000 3750 9.0 15 8355
Total 1,060.0 860.0 13100 38.0 75 32755




The reasons why I chose to focus this report on fuel cell vehicles application are better explained in the Multi-Year RD&D Plan where it underlines that: “Abundant, reliable, and affordable energy is an essential component in a healthy economy. The  diversity in hydrogen production options, and flexibility in use, also opens the door for new players in energy markets. In addition to the energy security benefits, this has economic equity implications due to broader energy choices and greater competition”. And where it observes that: “The competitiveness of U.S. industry is also of vital importance to the well-being of the Nation. The U.S. auto industry is the largest automotive industry in the world and it is also a major exporter. America’s automakers are also among the largest purchasers of aluminium, copper, iron, lead, plastics, rubber, textiles, vinyl, steel and computer chips. Remaining competitive in the international market is essential to the carmakers and the U.S. economy as a whole. And supporting the U.S. auto industry by providing a new, non-petroleum transportation fuel option, such as hydrogen and fuel cells, is a key element in ensuring U.S. economic viability”.

The rate of market penetration of the FCV will determine how fast they can impact U.S. petroleum consumption. A penetration scenario is provided in the Multi-Year RD&D Plan (see the figure on the right
), which is based on a market model of past U.S. transportation fuel systems, and assumes that the necessary RD&D to overcome the technical and cost barriers is completed. Meeting the milestones in the Multi-Year RD&D Plan means that FCV are not just competitive with conventional vehicles in both performance and cost, but also provide additional energy and environmental benefits, making rapid market acceptance feasible such that by 2025 half of all new light duty vehicle sales are FCV.

In March 2008, the Oak Ridge National Laboratory (ORNL) released the “Analysis of the Transition to Hydrogen Fuel Cell Vehicles and the Potential Hydrogen Energy Infrastructure Requirements”
, prepared for the DOE. This study, focused on policy and economics issues, describes an analysis of how FCV may enter the U.S. market, looking at three scenarios in the timeframe 2012-2025, and the associated infrastructure requirements. The purpose of this study was not to select any one scenario but to assess the costs and impacts of achieving each.
The executive summary of the ORNL-DOE report underline that: “Achieving a successful transition to hydrogen-powered vehicles in the U.S. automotive market will require strong and sustained commitment by hydrogen producers, vehicle manufacturers, transporters and retailers, consumers, and governments. (...) The transition to hydrogen-powered transportation faces imposing economic barriers. The challenges include developing and refining a new and different power-train technology, building a supporting fuel infrastructure, creating a market for new and unfamiliar vehicles, and achieving economies of scale in vehicle production while providing an attractive selection of vehicle makes and models for car-buyers. The upfront costs will be high and could persist for a decade or more, delaying profitability until an adequate number of vehicles can be produced and moved into consumer markets. However, the potential rewards to the economy, environment, and national security are immense. Such a profound market transformation will require careful planning and strong, consistent policy incentives”
.
The main conclusions
 of this ORNL-DOE study are:

“A) directed policies of cost sharing and tax credits over a decade would enable the industry to bring competitive automotive and infrastructure products to the marketplace by 2025 if fuel cell and storage cost targets are met;

B) without such policy actions, it does not appear that the industry would have a compelling business case to introduce hydrogen vehicles in the marketplace or that a coordinated vehicle and infrastructure program could be implemented;

C) the actual scenario of car introduction will depend on the industry's ability to reduce the cost of the fuel cell power-train and the willingness of the public to purchase the vehicles which will be significantly dependent on the infrastructure;

D) the government’s peak annual costs for policy support could range from $1 to $6 billion, with cumulative costs of $10 to $45 billion over 14 years;

E) low cost hydrogen fuel can be a factor in the public purchasing hydrogen FCV”.
3.4 The status of the art of the U.S. Federal initiatives

An effective description of the present situation of the U.S. hydrogen and fuel cell initiatives was given in January 2008 in the “Comments from DOE”
 at the “Hydrogen Fuel Initiative report to Congressional Requesters” (GAO Report). In this official communication is wrote: “The program’s detailed multi-year R&D plans describe hundreds of tasks, milestones, and deliverables in hydrogen production, delivery, storage, and fuel cells based on system requirements, the current status of the technology, and the pace of technology progress over the past 15 years. The program’s Technology Validation efforts have shown that significant progress has been made in the critical path technology development efforts. Vehicles in the learning demonstration include laboratory fuel cell technology developed by the program three to five years ago. These first generation vehicles include fuel cell systems demonstrating up to 58 percent efficiency, 1,600 hours durability (48,000 miles), and up to 190-mile range. We expect laboratory stack demonstrating greater than 2,000 hours durability today to be in second generation vehicles by 2009, and membranes demonstrating 5,000 hours durability (our 2015 target) in the laboratory today to be in fuel cell vehicles in 2015. We agree that significant challenges remain, particularly in hydrogen storage; however, based on the progress to date, we have determined what reasonably can be achieved by 2015”.

4 - The effects of the U.S. EPACT05 over the risk-financing spectrum in the FCV sector

“The age of clean energy also requires transforming the way we fuel our cars and trucks. (…)  We're on track to meet our pledge of investing $1.2 billion to develop advanced hydrogen-powered vehicles that emit pure water instead of exhaust fumes. We're also taking steps to make sure these technologies reach the market
”.
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A general view of the financial aspects relative to the fuel cell industry is provided in the K. Fitzgibbons report “Future Prospects and Public Policy Implications for Hydrogen and Fuel Cell Technologies in Canada”
. “In general, access to risk capital was identified by the fuel cell industry as a major impediment to commercialization. Long gestation periods and lack of adequate financing instruments for fuel cell companies can severely handicap start-up firms that face huge development and marketing costs. 
The “valley of death”
 analogy (see the figure on the right
, as represented from Sustainable Development Technologies Canada) is typical in this industry
.
As transformative technologies, fuel cells will take time to develop, be integrated into commercial products, and gain acceptance in the marketplace. Development of the fuel cell sector will require processing through the various stages of industry development from basic R&D to applied R&D/product development to testing/engineering and development of codes and standards, demonstration, market demonstration, and production and sales. Issues at any one of these stages can slow the overall commercialization process. (…) Support for the Hydrogen Economy related stages of commercialization and the government’s ability to share risk with technology developers with good ideas and end users willing to adopt new solutions will continue to help move companies to proof of concept stage and attract large partners and investors which are key in their transition to market ready profitable companies”.

In my opinion the EPACT05 law, when it stated that the purposes of the Title VIII is “to enable and promote comprehensive development, demonstration, and commercialisation of hydrogen and fuel cell technology in partnership with industry”, introduced and adopted a new and integrated approach to support the hydrogen energy carrier and fuel cell technology “From the Lab to the Market”. 

In fact, the EPACT05 identified, in a federal law, the Target, the Funds and the roles of Public Players involved to support the complete transition phase of these technologies by 2015 from the actual developing status to the new product able to compete in the mass markets, with particular focus on FCV. 

In particular, the vision roadmaps and the detailed programs realized by the DOE, find in the EPACT05:

The main targets to be achieved – For the transportation sector, the DOE’s Secretary shall submit to Congress reports describing progress, including progress in infrastructure, made towards achieving the goal of producing and deploying not less than 100,000 hydrogen-fuelled vehicles in the U. S. by 2010; and 2,500,000 hydrogen-fuelled vehicles in the U.S. by 2020;

All the economic and financial resources necessaries - The EPACT05 globally defines funding and appropriation for hydrogen and fuel cell Research & Development & Demonstration (R,D&D) activities for more than $ 3.4 billion for the 2006-2010 period and such sums as are necessary for each of fiscal years 2011 through 2020;

The definition of the roles of the public players involved – All public initiatives are led by the DOE. Also the President has established the “Interagency Task Force” (to coordinate all federal agencies) and the “Hydrogen and Fuel Cell Technical Advisory Committee” was established (to review and make recommendations to the Secretary of Energy). Last but not least any Federal Agency will be involved in the demonstration and commercialisation phases (in fact, not later than January 1, 2010, the head of any Federal agency that uses a light-duty or heavy duty vehicle fleet shall lease or purchase fuel cell vehicles and hydrogen energy systems to meet any applicable energy savings goal).  

The alignment of EPACT05 with the President Initiative and the DOE activities demonstrates the unified commitment of the nation’s leaders to reduce dependence on foreign oil through the development of a hydrogen-based energy system and provide all the necessary instruments useful to move towards this new energy era. But the concise directives provided by the EPACT05 couldn’t be able to have a tremendous and positive effect, especially under the risk-financing profile, in the hydrogen and fuel cell sectors, without all the previous work done in the framework of the DOE programs and the President’s Hydrogen Fuel Initiative. 

The EPACT05, in Titles VIII and VII, promoted an integrated approach to move these technologies from the labs to the market in which the Research and Development phase financing is strictly linked to the Demonstration and Commercialisation phases.  

In particular I have appreciated the close link between the vision documents, the EPACT05 and the detailed multy-year plan that, for each initiative, identified a 3 phases roadmap characterized by the research and development activities strictly connected to the demonstration and commercialisation phases. At every specific pre-defined dates were set the goals that must be realised in terms of first applications, new prototypes generation, pre-series, scale-up and mass production. At the same dates were set the new technologies improving performances specific objectives. Only the initiatives that were able to meet the goals at the correct time could move on the next program phase. I’m persuaded that only these precise sequence of analyses and decision-taking moments (go/no go decision) can guarantee the best effective allocation of the effort made on the transition phase towards the hydrogen economy. Again, the EPACT05 defined all the public financial resources appropriated to finance the complete technological development foreseen to move the FCV from the labs to the market.
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In this new comprehensive approach that aims to support completely the new technologies from the labs to the market phase, the public financial institutions activities should be carried out in a harmonized way which differs from one stage to another (see the figure on the right
). In the first phase, characterized by basic research, all funds provided are public. In the applied research and technology development phase the private partners are involved with a maximum of 20% cost share. In the learning demonstration phase the privates are involved with a maximum of 50% cost share. 

In the transport sector the first EPACT05 target to be achieved is the goal of producing and deploying not less than 100,000 hydrogen-fuelled vehicles in the U. S. by 2010. To meet this target the law globally defines funding and appropriation for more than $ 3.4 billion for the 2006-2010 period.

In my opinion, in the crucial pre-commercialisation phase, all the public institutions, and in particular all  the Federal Agency, could play a fundamental role and have a tremendous and positive effect especially under the risk-financing profile under the statement of the EPACT05 Title VII Section 782 “Federal and State procurement of Fuel Cell Vehicles and hydrogen energy systems”.

As mentioned above, Section 782  stated: “To stimulate acceptance by the market of FCV and hydrogen energy systems; to support development of technologies relating to FCV, public refuelling stations, and hydrogen energy systems; and to require the Federal government, which is the largest single user of energy in the U. S., to adopt those technologies as soon as practicable after the technologies are developed, in conjunction with private industry partners. Not later than January 1, 2010, the head of any Federal agency that uses a light-duty or heavy duty vehicle fleet shall lease or purchase fuel cell vehicles and hydrogen energy systems to meet any applicable energy savings goal (…). There is authorized to be appropriated to carry out this section $ 105 million for the 2008-2010 period, and such sums as are necessary for each fiscal years 2011 through 2015”. 
From my point of view, the EPACT05 Section 782 could have a tremendous and positive effect especially under the risk-financing profile, at present not completely understood. In fact this section give the legal framework necessary to build a completely financed, coherent and effective program of FCV introduction into the U.S. market leaded by public subjects and institutions. 
Thank to the EPACT05 the DOE have all the necessary elements to define an effective FCV introduction into the U.S. market phase program in the 2010-2015 period, led by public institutions and subjects. In this way the EPACT05 will be able to finance the pre-commercial financial gap and the U.S. FCV sector should be able to bridge the classic “valley of death” phase.

I hope that an effective commercialisation phase program
 for the 2009-2015 period will be included in the 2008 DOE “Hydrogen Posture Plan” review.
( IAEE and IAHE member, Italy. Email: valentino.romeri@alice.it
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