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Resolution calling upon the United States Congress to fully explore adopting legislation and/or regulatory measures to incentivize the immediate marketing and use of hydrogen fuel cell vehicles, to develop the re-fueling infrastructure to support these vehicles and to consider making the manufacture and importation of gasoline combustion vehicles unlawful by a date certain; and calling upon the city of New York to take steps to advance the use of hydrogen fuel cell technology and to find ways to  promote New York City as an economic center for hydrogen fuel cell technology.

Oversight:  
Hydrogen Fuel Cell Vehicles and the Transition to Alternative Technologies 

I.   INTRODUCTION

On Thursday, May 7, 2009 at 1:00 p.m., the Committee on Environmental Protection will hold an oversight hearing on the transition to Hydrogen Fuel Cell Vehicles.  Invited to testify are Acting Commissioner Steven Lawitts of the New York City Department of Environmental Protection, Suzanne Mattei, Regional Director of the New York State Department of Environmental Conservation, George Pavlou, Acting, Regional Administrator of the United States Environmental Protection Agency, Region 2, Laura Haight of NYPIRG, Steven Ellis, American Honda Motor Company, Janna Hartline, Toyota Motor Sales, Inc., Dan O’Connell, Jim Kiley, General Motors Corporation, Nick Mittica, Commercial Manager, Hydrogen Energy Systems Air Products and Chemicals, Inc. and many others.  

II.  BACKGROUND 


The United States uses more oil every year than any other nation in the world, consuming more than 7.5 billion barrels of petroleum annually.
  Of those 7.5 billion barrels of oil, 58 percent is imported, with twelve percent imported from Saudi Arabia.  Importation of foreign oil is expensive.  The United States spends more than $200,000 per minute on foreign oil,
 and with just three percent of the world’s oil reserves
 is highly dependent on foreign oil.

In the United States and Canada, oil use is almost double the consumption of oil per capita of other industrialized nations and unlike most other industrialized nations, two-thirds of all petroleum use is for transportation.
 In many other countries, petroleum use is balanced more evenly among other sectors.  Other countries mostly use oil for space heating, manufacturing and power generation. Use of petroleum and other fossil fuels is responsible for eighty-two percent of total United States anthropogenic (derived from human activities) greenhouse gas emissions.

With the enactment of Local Law of 22 of 2008, New York City committed to reduce the greenhouse gas emissions by City government in its own operations by thirty percent by the year 2017   and citywide by 30% but which need not be reached until 2030, and although total United States consumption of liquid fuels declined in 2008
, and is expected to decline further in 2009
 we still continue to seek ways to reduce our use of fossil fuels and thereby reduce local air pollution and greenhouse gas emissions.  One emerging technology that is generating considerable interest is the use of hydrogen fuel cells for transportation. 

III. History of Hydrogen Fuel Cells and Hydrogen Fuel Cell Vehicles

Hydrogen fuel cells are not new and vehicles powered by hydrogen fuel cells are not new.  In fact Sir William Robert Grove is credited with discovering that electricity could be generated by reversing the electrolysis of water (decomposition of water into its constituent parts due to an electric current being passed through it) in 1839.
  In 1860. Etienne Lenoir of France developed the Hippomobile which initially ran on hydrogen and was later modified to run on coal gas.  He built and sold between three hundred and fifty and four hundred of these vehicles.  Lenoir’s work was followed in 1889 by the work of Charles Langer and Ludwig Mond who coined the term “fuel cell”. 
  However it was the work of British engineer Francis Thomas Bacon that resulted in the development of the first practical application of a hydrogen fuel cell to power a welding machine in 1959 and then, ultimately to power a farm tractor.

Ironically Francis Thomas Bacon had hoped to see his invention develop into high efficiency, low pollution transport applications, but he died in 1992 before that could happen.  Instead, Francis Thomas Bacon lived to see application of his invention in the NASA Space program which used alkali fuel cells based upon the original Bacon patent in the Apollo Moon Mission and until the present day in Space Shuttle flights.
  The fuel cells provide electricity for the functioning of the system and drinking water for the crew.

As noted earlier, the hydrogen powered vehicle is also not new.  Francois Isaac De Rivaz, a Swiss inventor, relying on the experiments and papers developed by the Dutch physicist Christian Huygens in 1673, developed the first internal combustion engine in 1806 relying on electric ignition to ignite hydrogen gas inside a chamber to power his rudimentary vehicle.

III. How Hydrogen Fuels Cells Work

Hydrogen does not exist in its most elemental form in nature but must be produced from hydrogen containing compounds such as fossil fuels, biomass or even water.  Hydrogen is not an energy source but an energy carrier that can power a variety of end use energy needs. Hydrogen stores and delivers energy in a usable form but it must be produced from compounds that contain it.  Hydrogen fuel cells directly convert the chemical energy in hydrogen to electricity with by products of pure water and heat.   

A single hydrogen fuel cell consists of an electrolyte sandwiched between two electrodes, an anode and a cathode.  There are different types of hydrogen fuel cells classified by the type of electrolyte used.

 A polymer electrolyte membrane (“PEM”) fuel cell uses a solid polymer (usually plastic) as the electrolyte and porous carbon electrodes containing a platinum catalyst. The electrode in an electrochemical cell is referred to as either an anode or a cathode. The anode is the electrode at which electrons leave the cell and oxidation occurs, and the cathode is the electrode at which electrons enter the cell and reduction occurs.  Bipolar plates on either side of the cell help distribute gases and serve as current collectors. 

On one side of the cell, hydrogen gas, once produced, flows through channels to the negatively charged anode, where a catalyst causes the hydrogen molecules to separate into protons and electrons. This is an oxidation reaction.  The membrane allows only the protons to pass through it. This is because the polymer electrolyte membrane is a semipermeable membrane generally made from ionomers and designed to conduct protons while being impermeable to gases such as oxygen or hydrogen.  While the protons are conducted through the membrane to the other side of the cell, the stream of negatively-charged electrons follow an external circuit to the cathode. This flow of electrons is electricity that can be used to do work, such as power a motor.

On the other side of the cell, oxygen from outside air flows through channels to the electrically positive cathode.  The cathode allows the oxygen to move through it.  This results in a reduction reaction involving the gaining of electrons.  When the electrons that have traveled through the external circuit return, they are reunited with the hydrogen protons which have moved through the PEM at the cathode to form water and heat, the byproduct of the reaction.

Hydrogen stores and delivers energy in a usable form but it must be produced from compounds that contain it.
  Hydrogen can be produced from diverse resources, such as renewable energy technologies including renewable liquid fuel reforming, as is used with ethanol or biofuels, high temperature water splitting, which uses high temperatures to drive chemical reactions that produce hydrogen from water, high temperature water splitting using solar concentrators, high temperature water splitting using nuclear energy and electrolytic processes such as renewable electrolysis, photolytic processes, including photobiological water splitting and from fossil fuel sources, including natural gas and coal and from nuclear power and using a variety of technologies.


The amount of power produced by a fuel cell depends on the fuel type, the cell size, the temperature at which it operates and the pressure at which the gases are supplied to the cell.
 In general, a single fuel cell produces one volt of electricity and fuel cells must be stacked to increase the amount of electricity generated.


Hydrogen must be produced, from a wide range of available sources, and delivered through an infrastructure system from the point of production to a dispenser at a refueling station, either through pipelines or other means of transportation such as trucks, rails, ships or barges.  Hydrogen storage presents a problem due to its low volumetric energy content. 

The volumetric energy content of hydrogen is low because on a pound-for-pound basis, while hydrogen has a higher heating value than the other fuels shown, a volume comparison shows that hydrogen has the lowest heating value per unit volume among the fuels (excluding the lithium ion battery). Even liquid hydrogen at -253 °C has only one-fourth the volumetric energy content of gasoline. Furthermore, liquid hydrogen requires complex cryogenics, while gasoline is liquid at room temperature and can be stored and transported easily in inexpensive containers. This is why hydrogen storage facilities either must be very large or gases must be compressed using cryogenics.

IV.  Applications of Hydrogen Fuel Cell Technology

 Hydrogen fuel cells have a wide range of applications.  They can power any portable application that can be powered by batteries.  They can provide primary and auxiliary power for transportation, including cars, trucks, buses and marine vehicles.  Hydrogen fuels cells are also currently being used by the Army, Air Force, Navy and Marine Corps in stationary applications such as central heating plants, barracks, hospitals, swimming pools, office buildings and by the Naval Academy and the Air Force at dormitories.

With respect to transportation uses, a number of vehicles have been developed since 1807 that use hydrogen, but beginning in 1966, General Motors produced the Electrovan, first hydrogen fuel cell vehicle of record. The Electrovan was based on the 1966 GMC Handivan and carried all of the fuel cell parts and hydrogen storage tanks in the back of the van. The 1966 General Motors Electrovan was powered by a 5 kw Union Carbide fuel cell and had a range of 120 miles.

After the production of the Electrovan, car manufacturers throughout the world began to produce hydrogen fueled vehicles.  Currently they are made by BMW, Daimler-Chrysler, Ford, General Motors, H2Logic, Honda, Hydrogen Labs (which modifies the Ford Crown Victoria for resale to the Police), Hyundai, Mazda, Nissan, Peugeot, Quantum, Toyota and Volkswagen.
V.Transition to Alternative Technologies 

The National Research Council, acting under the auspices of the National Academy of Sciences, undertook an assessment of resource needs for fuel cell and hydrogen technologies and determined that the maximum practical number of hydrogen fuel cell vehicles that can be operating in 2020 is two million vehicles out of a fleet of two hundred and eighty million light-duty vehicles.
  This conclusion is based upon the maximum market penetration rate assuming all technical goals are met, that consumers are ready to accept hydrogen fuel cell vehicles and that policy instruments are in place to facilitate the introduction of hydrogen fuel cell vehicles.
  The estimated government cost to support the transition to hydrogen fuel cell vehicles is approximately fifty-five billion dollars between 2008 and 2023 and the estimated private sector support would be approximately 145 billion dollars for research and development, vehicle manufacturing and hydrogen infrastructure.
  However, the federal government’s current commitment to research and development for hydrogen fuel cell vehicles is only approximately three hundred million dollars annually.

Currently, there are approximately two hundred to three hundred hydrogen fuel cell vehicles in the country including such vehicles as trucks, buses, forklifts and golf carts, so having two million light duty vehicles on the road does seem like it is a long way off.  While the use of hydrogen fuel vehicles can result in a significant reduction in oil consumption and greenhouse gas emissions, a transition period must take place before that can happen. 

For example, currently there are five hydrogen fueling stations in New York State, in White Plains, Ardsley, Albany, Latham and Rochester. The White Plains facility was built by Shell Oil and is used by Distributive Energy Systems, Air Products Company, General Motors, the Department of Energy, and the City of White Plains.  The Ardsley facility was built by General Motors and serves General Motors vehicles in the New York City Area.  The Albany facility was built by Honda and is used by Honda Air Products, Plug Power, The New York State Energy Research and Development Authority and Homeland Energy.  The Latham facility was built by Honda and serves Honda and Plug Power.  The Rochester facility, Rochester Green City  serves Rochester fuel cell buses using hydrogen produced with water power using electrolysis.  Furthermore,  Plans are underway in the near future for hydrogen fueling stations in the Bronx for the Department of Sanitation, in JFK Airport under the initiative of the Port Authority of New York and New Jersey, and in Hempstead as a result of a joint initiative with the Town of Hempstead and the New York State Energy Research and Development Authority
.   

VI. Challenges and Obstacles to Market Penetration 

Reducing the costs of fuel cells presents a challenge to market penetration.  Hydrogen fuel cell vehicles could cost anywhere from $50,000 to $110,000 today, although it is expected that the cost of hydrogen fuel cell vehicles may be competitive with traditional vehicles by 2023.
  They are most likely not available for sale yet although several companies are leasing the vehicles for as little as $600 per month.  This is slightly higher than traditional vehicle lease costs.  These vehicles use the existing refueling infrastructure and the fill up is like filling up any other car. but as noted earlier, there are only a couple of hundred vehicles on the road and available for any purpose.

Another challenge is the fuel cell system durability which, according to the United States Department of Energy, has not been established.
  Obstacles also include reducing the cost of hydrogen production, and improving hydrogen storage technology.
  There is no hydrogen storage technology currently available that will enable a hydrogen fuel cell vehicle to travel three hundred miles or more per fill up while still meeting vehicular cost and performance requirements.
 

Technology acceptance is also a barrier and as the public lacks familiarity with the technology, a public education effort is required that will also reach elected officials, industry and schools.  According to the National Academy of Sciences, carefully targeted technology push incentives such as federal tax credits and subsidies for vehicle purchasers or minimum sales share quotas imposed on manufacturers will be need to kick-start the market.
  Substantial incentives would be required before the vehicles could go into mass production to achieve economies of scale.  Without these incentives, consumers may be reluctant to switch to a new and unfamiliar technology.

Most hydrogen produced today uses hydrocarbon feedstocks and these produce CO2 emissions.  As a result, to reduce CO2 emissions, hydrogen production processes must mitigate CO2 emissions through capture and sequestration, or must use non-emitting fuel sources such as nuclear, wind, solar or any other renewable power sources.  As hydrocarbons are currently the cheapest feedstock, this would result in additional costs.  

Finally, the hydrogen fueling infrastructure must still be built.  This could cost as must as four hundred billion dollars by 2050 and would include 180,000 hydrogen fueling stations and 210 hydrogen production plants. 

VII. Benefits of Conversion to Hydrogen Fuel Cell Vehicles

Despite these barriers, there are potential long term benefits to use of hydrogen fuel cell vehicles.  These benefits include reduced oil consumption and therefore greater energy independence, as well as improved public health benefits from the reduced air pollution and reduced production of greenhouse gases.  Another potential benefit is multiplicity of fuel resources and production methods that will rely more heavily on indigenous energy resources and even on renewable energy sources although they do require additional development.
 

Conclusion

These benefits will likely take many years to materialize and are dependent on significant commitments of resources from government and the private sector.  However to achieve these benefits government must show leadership now and employ hydrogen specific targeted policies to push hydrogen fuel cell vehicles into the marketplace. 

In line with this thinking, the proposed Resolution 1223-A calls upon Congress to fully explore adopting legislation and/or regulatory measures to incentivize the immediate marketing and use of hydrogen fuel cell vehicles, to develop the re-fueling infrastructure to support these vehicles;

It also calls upon Congress to consider making the manufacture and importation of gasoline combustion vehicles unlawful by a date certain.

Finally, the proposed resolution calls upon the city of New York to take steps to advance the use of hydrogen fuel cell technology and to find ways to promote New York City as an economic center for hydrogen fuel cell technology.
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