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OBJECTIVE 

To develop and demonstrate a prototype hydrogen-fueled fuel celI-powered automobile engine that 
can be used to power light-duty transportation vehicles. 

BACKGROUND 

The transportation sector is a mjot cause of anthropogenic pollution (especklly air pollution) both 
globally and in the United States (U.S.). The U.S. al present has the largest global automobile 
population.’ However, by the turn of the century, emerging nations such as China and India will 
have a number of vehicles comparable to those in the US. and Western Europe.* Unless corrective 
~ i o m  are taken, this increasing use of automobiles is likely to result in significantly increased 
global environmental emissions. For example, in 1992, the transportation sector was responsible 
for mora than 78% of the carbon monoxide, 44% of the nitrogen oxides, 36% of the volatile 
organic mmpounds, 32% of the Garbon dioxide, and 29% of the particulates emitted in the U . S 5  
Thirty-nine U.S. cities have severe air pollution and air quality that is ihr below the National 
Ambient Air Quality Standards.‘ Globally, the World BmF estimates that motor vehicles are the 
greatest source of man-made air pollution. Many cities (e.&, Los Angeles, Mexico City, Shanghai, 
and Dellhi) suffer chronic (and ever worsening) air pollution problems caused by automotive 
emissions. Air pollution at this scale results in serious health problems to the populace in these 
areas. 

The continued unchecked use of petroleum-derived fbels for transportation is  likely to have serious 
global consequences such as severe environmental degradation (with the resulting public health 
costs and concerns) and potentially destructive internatiOna1 conflicts. Some ofthe reasons for 
these prediolions are as follows: 

The expected large increase in the global automobile papulation due to rising expectations 
in the rapidly industsializing nations (ng., China, India, and Indonwia, to mention a few). 
The number of automobiles is expected to rise from 600 million currently to more than one 
billion in the early 21 st century.‘ Unless innovative sotutions are developed, this rise will 
result in significantly increased environmental pollution and degradation and exert 
tremendous pressure on the global crude oil resources. 
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The global crude oil resources are finite and are being consumed extremely rapidly to meet 
the rising global energy demands. The large known principal crude oil reserves are 
primarily located in politically volatile regions of the world, and the rights to these sources 
of energy have resulted in global tensions and conflicts. As the global demand for crude oil 
soars, there is increased likelihood of more potentially serious conflicts as nations vie to 
improve their economic status and secure their energy lifelines. 

To avoid the dire consequences, and yet ensure continued economic development, the global 
transportation sector needs to undergo a paradigm shift. The sector needs to move away from 
relying on internal combustion engine (ICE)-powered automobiles (that use petroleum-derived 
fuels) to developing and using fuel cell-powered vehicles that operate on hydrogen. A hydrogen- 
fueled, fuel cell-powered vehicle has several desirable attributes: 

A fuel cell power plant is more efficient than the best ICE. Fuel cells can achieve 
efficiencies of over 80% as compared to 3540% efficiency for ICE because fuel cells, 
unlike ICES, are not limited by the Carnot cycle efficiency. Proton exchange membrane 
(PEW fuel cells are the preferred fuel cells for automotive applications, and hydrogen is the 
preferred fuel for PEM fuel cells. 

Hydrogen is an environmentally clean fuel. When it is used in the PEM fuel cell, the only 
emission is water. No noxious, toxic, or hazardous emissions such as carbon and nitrogen 
oxides, particulates, aldehydes, and other nonmethane hydrocarbons are produced during the 
energy-conversion process, as is the case with ICE vehicles. A hydrogen-fueled, fuel cell- 
powered engine is a true zero-emission vehicle. 

Hydrogen can be produced from a variety of practically limitless resources such as water, 
biomass, fossil fuels, and other hydrocarbons. These resources are globally much more 
widely and uniformly distributed than are petroleum resources. Thus, the perceived national 
self-interest needs to safeguard and procure vital fuel lifelines are significantly reduced. 
This, in turn, greatly lessens the potential for global conflicts because nations can utilize 
their domestic resources to fuel their economies and do not have to compete with other 
nations to obtain vital fuel supplies from the oil-rich countries for their economic survival 
and national well-being. 

The fuel cell-powered drivetrain is mechanically much less complicated than an ICE- 
powered drivetrain. Because of the simpler design of the fuel cell drivetrain, both the 
manufacturing and the maintenance costs of the commercial vehicle could well be lower 
than that of a comparable ICE-powered vehicle. 
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PROPOSED SOLUTION 

A research, development, and demonstration (RD&D) program is proposed to establish the 
superiority of the hydrogen-fueled, PEM fuel cell-powered engine as compared to the present ICE 
powertrain. This program will develop and demonstrate vehicle powertrains that will meet the 
driving schedules for various current vehicle types such as automobiles, light-duty trucks, and two- 
and three-wheeled vehicles (e.g., motorcycles, scooters, and motor rickshaws). The program will 
also demonstrate the environmental benefits of the drivetrains by concurrently measuring the 
emissions (or lack thereof) from these fuel cell vehicles as they are operated through the various 
driving cycles. 

A sketch of the typical proposed fuel cell powertrain is shown in the attached figure (Fig. 1). 
Briefly, the powertrain consists of a hydrogen-fueled fuel cell stack that generates an electric 
current. This current is fed to an electronic power c ~ n t r o l l e r . ~ ~ ~  Depending upon the demand, the 
power controller feeds the current to drive either the variable-speed, electric-traction motor’O~*’ or 
the energy storage device. The variable-speed, electric-traction motor directly drives the vehicle 
wheels, thus providing motion. The energy storage device, which can be either a conventional 
battery, a flywheel, or an ultracapacitor, is used to provide power for auxiliary loads and to meet 
the peak power demands of the electric drive motor, when needed. Oak Ridge National Laboratory 
(ORNL) has already developed (under other programs) most of the components of the powertrain 
(see Refs. 7-1 1) and has evaluated the infrastructure requirements for providing hydrogen as a 
transportation &el.’* All this information can be readily transferred to the development of the fuel 
cell vehicle powertrain. 

There is a radical difference in the design and manufacture of the fuel cell-powered vehicle and that 
of the ICE-powered unit. Thus, from a resource utilization viewpoint and with the objective of 
reducing the further deterioration of the global environment, it would be prudent if the emerging 
nations embarked on developing their automobile manufacturing infrastructure to support the 
production and use of fuel cell-powered vehicles rather than ICE-powered vehicles. This action 
would result in placing these countries at the forefront of environmentally responsible technology 
development. The developed world could then learn and profit from their experiences as the 
emerging nations modi@ their manufacturing base from producing ICE-powered to fuel cell- 
powered vehicles. 

The successful demonstration of this new drivetrain will pave the way to a major decrease in 
environmental pollution because of the inherent nature of the fuel cell engine. This program has 
immediacy, if one recognizes the deteriorating environmental quality in many of the major global 
urban areas. Once successfully demonstrated and commercialized, the fuel cell engine will permit 
the current global development to continue apace without the predicted consequences associated 
with the continuing use of ICE-powered vehicles. The sooner the fuel cell powertrain can be 
demonstrated and commercialized, the sooner the impending threat to the global environment will 
be arrested, and even reversed. 
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ORNL, a multidisciplinary national laboratory, has the technical capabilities and facilities to 
accomplish this program efficiently and cost-effectively. Funding is sought to undertake the 
development and demonstration effort. 

Additional details on the proposed RD&D program can be readily provided. If such additional 
information is desired, please contact Dr. Surnan P. N. Sin& at O N :  telephone, 
(423) 574-6639; telefax, (423) 576-0327; and Internet address, spn@ornl.gov 

mailto:spn@ornl.gov
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