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1. The Problem

An important theme at the 2006 Annual Meeting of the National Hydrogen Association was that, as attendance at the hydrogen conferences increased, the problems that give rise to the interest have also intensified. These problems were noted as 


Environmental pollution, global warming and the impact transportation 
has on 
these problems


Energy security, i.e., depending on unreliable or unfriendly sources of 
crude oil

Massive export of dollars to oil exporting countries, and 


Increasing cost of petroleum products

A number of things have happened in the past year that have caused the public to focus on these problems, a number of States to start programs to develop hydrogen-fueled transportation systems, and business opposition to global warming legislation to melt faster than the polar ice cap.  
Gasoline temporarily increased in price to about $3 per gallon as a result of crude oil rising to $77 a barrel. This impacted everyone’s budget and increased our export of dollar from $230 billion in 2005 to about $268 billion in 2006. The Energy Information Administration expects that demand for crude oil imports will increase by 37% and natural gas imports will rise 55% by 2025.

The public began to accept that global warming was a growing problem that impacted on the United States as the public in other countries have accepted the fact of its impact on the world. Al Gore’s movie “An Inconvenient Truth”, seen by millions, was a visual focal point. The unusual weather conditions experienced throughout the country further reinforced the public’s acceptance. 
The demand for pickup trucks and large SUVs has dropped and automobile companies are offering hybrid vehicles with some improved mileage and dual fueled ethanol fueled vehicles.  
As has been the case since President Carter’s Administration, politicians continued to talk about energy security, the high cost of gasoline, being addicted to gasoline and proceed to do very little about it except encourage the production of ethanol from corn. Universities have calculated that it takes about 80%, or more, energy to produce a gallon of ethanol from corn than is contained in the ethanol. Other studies have shown that ethanol is only 80% as efficient as a vehicle fuel as gasoline. So ethanol from corn, no matter how politically popular, does little, or nothing, for our energy security or global warming concerns. 
Ethanol production from sugar is an efficient process, so it has been suggested that if the country is to rely on ethanol, the tariff on ethanol produced from sugar should be eliminated and importation encouraged. Farm state senators were shocked at the suggestion. 
California, because of its LA Basin environmental problems, has been focused on the use of hydrogen for transportation purposes for almost a decade. Only now are other states beginning to show initiatives that should result in a broader scale national approach to the problems we face.    

The early reluctance of states to address the environmental and security problems with hydrogen fueled vehicles was undoubtedly due to the fact that the 
Federal Government with its FreedomCar program, focused the development of hydrogen as a transportation fuel on determining by 2015 if there is a commercial potential for hydrogen-fueled fuel cell vehicles. The Federal Government proposed to spend $1.2 billion on fuel cell vehicles and the infrastructure to support them and gave no consideration to the possibility that hydrogen-fueled internal combustion engine vehicles could be made available today at a modest cost premium and that this effort would begin the process of creating a hydrogen fueling infrastructure. 

Consequently, the automobile industry focused on spending the Federal Government’s money and State governments continued to focus on CNG fueled vehicles.  
In California, one of the early hydrogen development efforts was in 1993 at a Xerox facility where a photovoltaic system and an electrolysis facility produced hydrogen for two or three Ford pickup trucks that had been modified to use hydrogen as the fuel in the standard internal combustion engines.. 
The first commercial effort to promote the use of hydrogen-fueled internal combustion engine vehicles was the proposal Quantum Technologies made to the Air Quality Management District in 2003 to modify Toyota Prius hybrid vehicles to use hydrogen  In 2004 Quantum was awarded funds to produce 30 such vehicles.

2. New York State’s First Hydrogen Projects
AWP&H was formed to pursue the opportunity to use hydrogen - fueled internal combustion engine vehicles now to address the current problems and not wait until after 2015. The company joined forces with West Point Graduates to form Thayer Gate Energy LLC and propose to the US Army Material Command a project at West Point. The project consisted of a wind farm in the hills back of West Point, electrolysis, and the modification of the base’s internal combustion engine vehicles to use hydrogen as the fuel. Thayer Gate was awarded funding by the Army and the study undertaken. West Point ultimately decided against developing the project because it felt the effort was inconsistent with the objectives of the Academy.
AWP&H presented a similar idea to the New York Power Authority (NYPA). NYPA subsequently provided New York State Energy Research & Development Authority (NYSERDA) $1.5 million so that NYSEDA could issue the Program Opportunity Notice 889 to solicit proposals for hydrogen technology demonstration projects.. 

In December 2004, NYSERDA made two awards under PON 889, one to AWP&H for a hydrogen – fueled internal combustion engine vehicle project at the SUNY Campus in Buffalo and the other to American Honda/Plug Power for a fuel cell vehicle project in Albany. AWP&H’s original intent was to convert existing pickup trucks but Quantum offered to supply modified Prius vehicles and a fueling station which AWP&H accepted. The small amount of hydrogen required by the Prius vehicles was to be supplied by cylinder hydrogen from AirGas. 
AWP&H chose Buffalo for the hydrogen project because of the proximity to Niagara Falls which is the ultimate in renewable resources and potential source of electricity for electrolysis facilities to produce hydrogen in the future.
3. The SUNY Buffalo Experience

The introduction of the SUNY Buffalo hydrogen project started with some of the SUNY staff questioning whether there was any future for hydrogen as a vehicle fuel, and expressing concerns about the safety of the project. When the introduction was completed, those concerns had been replaced with tremendous support by the automotive staff at the University. The Schatz Energy Research Center at the Humboldt University in California was engaged to handle the safety training for the project. The training program started with an appraisal of the environmental and energy security issues that were leading to the need to develop the hydrogen economy and finished with technical details of the fueling station and vehicle operation. At the conclusion of the training sessions the automotive technicians who were reluctant at the outset, were enthusiastically discussing energy policy and the role of hydrogen in the country’s future.

The following photograph (Figure 1. The SUNY Buffalo Project) shows the first fueling of the Prius vehicle. The red cylinders to the right of the picture are the compressed hydrogen cylinders. Since the Prius is a hybrid vehicle and has only 1.6 kilograms of hydrogen storage the need for the capital expenditure for a hydrogen generation facility was avoided. 
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Figure 1. The SUNY Buffalo Project

The two vehicles were placed in operation in August 2006 and have been in service until the winter months. Because of its proximity to the Great Lakes, Buffalo has very heavy snow falls during the winter months. The funding available for the project was insufficient to provide for a heated containment area, and the University’s garage did not have suitable ventilation or safety monitoring equipment, so the units were stored until the spring. 

The success of this effort plus the recognition that fleets of hydrogen fueled vehicles can be fueled at dedicated fueling stations has led AWP&H to focus on transit operations, to seek other HICE vehicles and to develop relations with other companies that can contribute to the evolution of the hydrogen transportation economy in New York State. 
4. New York State’s Hydrogen Road Map
New York State has been a leader in the use of compressed natural gas as a vehicle fuel.  In 2001 Governor Pataki had issued an Executive Order 111 requiring an increasing number of State vehicles to be fueled by alternative fuels. In late 2004 the State decided to add hydrogen as one of the available alternate-fuels, and NYSERDA undertook to create a Hydrogen Road Map.
To help develop the Hydrogen Road Map, NYSERDA held stakeholder meetings in various cities. With the exception of AWP&H, participants laid out visions for 2015 and 2020 based on fuel cell vehicle developments. AWP&H, however, presented a vision of fleets of hydrogen-fueled internal combustion engine vehicles using dedicated fueling stations and renewable resources such as Niagara Falls to produce hydrogen. It was noted that at the turn of the 20th Century, Buffalo was known as the Electric City because of Niagara Falls, and the turn of the 21st Century it could become the Hydrogen City also because of Niagara Falls. 
NYSERDA’s Hydrogen Road Map contains a vision for New York State which recommends for 2010, among other ideas, State incentives to encourage private investment in hydrogen developments, 10 public transportation projects, and a Hydrogen City. The State is well on its way to achieving these goals.

5. Hydrogen Internal Combustion Engine Vehicles and NYS Authorities

In the spring of 2005 AWP&H brought ISE’s hybrid HICE transit bus to Buffalo and Albany for a demonstration to the local transit authorities. This effort led to establishing a working relationship so that when funding opportunities arose we could work with them and submit proposals to NYSERDA. 

AWP&H has identified to the public entities the approach of starting with a specific project, probably limited by available funding, that has the potential of growing into a larger project. The public operators of vehicle fleets realize that the experience gained from the small demonstration projects is necessary to prepare their organizations for the larger projects.

Sufficient interest was expressed by the Capital District Transportation Authority in Albany that a proposal was made to NYSERDA to undertake a Prototype Study of a Hydrogen Fueled Bus Transportation System based on Albany’s requirements. Funding was not provided for that study. 

AWP&H undertook a study of the fleet vehicles operated by six authorities in the Western New York (Buffalo, Niagara Falls and Rochester) and found there were 1077 transit buses, shuttle buses and pickup trucks, all of which could be replaced by hydrogen fueled vehicles and fueled at a limited number of fueling stations. 

6. NYSERDA’S Second Hydrogen Technology Solicitation
In early 2006, NYSERDA issued a second solicitation (PON 957) for hydrogen projects. Awards were made for a fuel cell operated fork lift truck, a fuel cell operated turf maintenance demonstration, engineering and construction of a fueling station in Syracuse, and public out reach projects.
7. New York Power Authority’s Buffalo/Niagara Falls Project
In March 2006 the NYPA announced it had teamed with the Electric Power Research Institute (EPRI) to undertake an engineering feasibility study exploring the use of Niagara Falls’ hydropower to produce hydrogen for a fleet of vehicles. The intent of the study was to recommend the size of the electrolysis facility and identify the types of hydrogen-fueled vehicles with the long-term goal of installing a hydrogen fueling station that could be replicated at other locations.

In a speech in June 2006, Timothy S. Carey, President and CEO of the NYPA noted that the hydrogen initiative was consistent with the Governor’s Executive Order No. 111 requiring that State purchases of alternatively-fueled vehicles increase progressively until all vehicle purchased were alternative-fueled vehicles. Mr. Carey also expressed the hope that the project would demonstrate commercial viability and be a model for similar facilities in other parts of the State. In October, 2006, NYPA’s Board of Trustees approved up to $21 million for the project and the Governor made the announcement. 
On October 4, 2006, at the NHA Renewables to Hydrogen Forum, a Hydropower to Hydrogen presentation was made that outlined the background for the NYPA study and the results of the feasibility study. Four cases were studied, 20, 120, 300 and 1,000 kilograms per day of hydrogen production. The following chart show the economics for the four cases based on 6 cents per kwhr electricity. 
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Figure 2. Hydrogen Production Costs (New York Power Authority Study)

The final recommendation was to build two 120 kilograms per day electrolysis facilities, one at a Niagara Frontier Transportation Authority’s (NFTA) site and the other at a Niagara Falls State Park site. The transit company carries 94,000 people a day and the Park hosts 6 million visitors a year.
The vehicle fleets were to include fuel cell and internal combustion engine transit buses. shuttle buses, pickup trucks and the conversion of the Park’s fleet of CNG vehicles

NFTA will be responsible for operating one of the largest electrolysis facilities in the United States and the largest fleet of hydrogen fueled vehicles
8. NYSERDA’s Third Hydrogen Technology Solicitation
In fall 2006, NYSERDA issued a solicitation for hydrogen transportation development project proposals.  The primary objectives of this solicitation were described as follows : “1) to support the development of efficient hydrogen-fueled transportation technologies in commercially promising applications, and 2) to help support hydrogen transportation demonstration projects involving hydrogen internal combustion engine (HICE) vehicles and the development of hydrogen fueling stations.  NYSERDA seeks as many efficient HICE vehicles and as much refueling capacity as possible.”  NYSERDA has not formally announced its awards under this funding solicitation.  AWP&H participated in preparing five project proposals in response to the solicitation. AWP&H has been informed that the two Albany projects will be funded.

(a) Albany Airport is proposing to establish a project with two hydrogen-fueled Silverado pickup trucks, a fueling station, a supply of commercially-produced hydrogen and maintenance services.  

(b) The Capital District Transportation Authority (“CDTA”) in Albany is proposing a project including three hydrogen-fueled hybrid Ford Escape SUV vehicles, together with a fueling station, a supply of commercially-produced hydrogen and maintenance services.  This project and the Albany Airport project will be managed independently, but both authorities plan to work closely to expand the use of the hydrogen-fueled vehicles in Albany.

Both of these proposals can be expanded as experience is gained in the use of hydrogen as a transportation fuel. For instance:
(a) The Albany Airport uses deicer fluid eight months of the year, collects the spent deicing fluid, and converts it to methane in an anaerobic digester.  The methane off gas can be converted to hydrogen.  Currently, most of the methane is flared to the atmosphere.  AWP&H, in cooperation with Air Liquide, the world’s largest industrial gas company, is working with the Airport to provide the technical support for a facility to convert the methane to hydrogen.  The hydrogen would support an enlarged project at the Airport and, if sufficient in quantity, also supply CDTA’s requirement.  A possible source of funding is the Federal Aviation Administration. The Albany Airport is already one of the few airports in the nation that has used the FAA program funds for projects to reduce the Airport’s emission profile..  The proposed expansion project would address a significant source of greenhouse gas emissions and maintain Albany Airport’s prominent position as a “green” airport.

(b) CDTA has filed appropriation requests for $5.25 million with Senator Schumer and Representative McNulty for funds to purchase the internal combustion engine version of the light weight battery dominant bus GE is developing under its FTA grant, and to develop the supporting infrastructure.  CDTA would site the infrastructure facility either in Schenectady where it has a bus depot, or at a site near the Albany Airport. The facility would serve to support the testing effort GE will require for the bus it is developing.
9. GE Global Research

The Federal Transit Authority has awarded $49 million of funding for hydrogen fuel cell bus development under the 2005 National Fuel Cell Bus Technology Development Program 

GE formed a $13 million partnership with the FTA, Ballard Power Systems and A123 Systems to develop a lightweight, battery dominant hybrid fuel cell bus for the New York Power Authority. Mobile Energy Solutions which has developed a bus body built with composite material expects that one third the buses power will come from batteries and the remainder from fuel cells. Battery dominant fuel cell designs can lower the total capital cost and operating costs. Improving the aerodynamics and lowering the weight of the bus body will further reduce the costs.

.An artist version of the bus is shown in Figure 3. 
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Figure 3 Battery Dominant HICE to Fuel Cell Hybrid Bus

The design of the bus body will allow it to be used with the GE hybrid drive train with, either a fuel cell power source, or a hydrogen internal combustion engine power source
The hybrid development effort will be based on a two battery strategy to deliver the horsepower needed under a wide range of driving conditions. One battery will supply the bursts of power need to get the bus moving and the other battery for storing energy to supplement the fuel cell or other power source.

Development work will be undertaken at GE’s Niskayuna facility. The facility is located in the Capital District Transportation Authority’s Albany/Schenectady transit area. CDTA has offered to cooperate with GE in the testing phase, as the Schenectady depot is only a short distance away from GE’s facility. CDTA can put the demonstration bus in real time services on routes between Schenectady and Albany. 

10. White Plains Hydrogen Fueling Station
In October 2006, the City of White Plains announced that Shell Hydrogen would build a hydrogen fueling station in White Plains and that GM would supply hydrogen fueled fuel cell vehicles.  The City also plans to acquire three hydrogen-fuel internal combustion engine vehicles.  A contract has been awarded to Air Products to build the station.

11. New York’s Potential Hydrogen Transportation Projects
The West Point hydrogen study has served as the acorn for the growth of the hydrogen transportation oak. Current and proposed New York projects for 2007 and 2008 amount to $40 to 50 million. Possible sources of funding for most projects have been identified. 

Hydrogen – fueled internal combustion engine vehicles are reasonable in cost and make projects possible today to address today’s problems. Infrastructures created today will be available for future use when fuel cell vehicles are affordable. Focusing on fleets of vehicles which can be fueled at one dedicated fueling station limits the need for multiple highway stations. 
AWP&H’s projects include the Toyota hybrid Prius, the Chevrolet Silverado pickup truck and the Ford hybrid Escape SUV which have been modified to use hydrogen as the fuel. The Prius and Silverado vehicles, already in service in California and Vancouver, have a range of 110 to 180 miles.

Other hydrogen-fueled internal combustion engine vehicles are expected to be available in 2007.  
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