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Two years ago at the previous transportation energy conference, the theme was: "Is 
Technology Enough?" The answer was a resounding "Yes!" We concluded, though, that 
those technologies would be widely adopted only ifthere were policy, government, and 
behavioral changes. What changes in policy will facilitate behavioral changes in individuals 
and companies that, in turn, will lead to widespread use of benign transportation technology? 
Pricing instruments, land-use strategies, and regulations are the issues that we will be 
addressing. We will provide insights into policy and regulatory initiatives. The first session 
introduces the problems and issues relevant to this conference, developing the context. The 
subsequent sessions will focus on policies that can promote commercialization of more 
sustainable technologies and provide motivation for alteration of present patterns of 
transportation technology use. 

Session I: Problems, Trends, and Issues 
Sunday, August 17, 1997 
Dr. David Greene, Senior Scientist, Center for Transportation Analysis, Oak Ridge National 
Laboratory, Chair 

In his introductory remarks, Dr. David Greene provided an example of recently discovered 
footprints in sandy deposits made by humans thousands of years ago. He noted that it is a 
shame that we do not often enough think about the effects of our actions on humans many 
years into the future-perhaps even thousands of years into the future. 

Dr. Greene noted that Prof. Sperling mentioned how the theme of this conference 
came to be chosen, and how we had, at the previous Asilomar conference, investigated the 
questions of whether technology could achieve sustainable transportation. We came to the 
conclusion that technology could achieve sustainable transportation, the way that we had 
defined it, i.e., up to the year 2015. 

Dr. Greene observed that we have set for ourselves a much more difficult task in this 
conference. What policies and behavioral changes can lead us to sustainable transportation? 
Along the issue of behavioral change-what types of research and research designs should be 
done? How do you achieve changes that will bring about sustainability? In A World Without 
End, published by the World Bank, sustainability is consistent with economic development 
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(growth), only if the coefficient, which translates a nation's level of economic activity into its 
global impact magnitude, is consistently reduced enough to offset economic growth, through 
a realized technological improvement rate. According to Dr. Greene, there is no proof that 
external cost pricing will lead to such technological change. So what should we do? This is 
why we are here. There is an outstanding group of speakers this evening. Each speaker is an 
innovator in his field, insightful, and always thought provoking. 

Policies for Fostering Sustainable Transportation Technologies 
Dr. TR. Lakshmanan, Director, Bureau a/Transportation Statistics, US. Department of 
Transportation 

Given the scope of this conference, Lakshmanan indicated that he would engage in an 
intellectual experiment in sustainable transportation. His experiment goes along these lines: 
discuss the need for sustainable transportation; define transportation according to 
sustainability; and come up with three classes of solutions: demand, supply, and change in 
the context of the problem. Supply solutions are represented by efficiency improvements, 
such as are sought in the Partnership for a New Generation of Vehicles (PNGV) program. 
Demand can be changed by altering pricing-the economic incentive structure. There seems 
to be a potential problem with the demand option-a lack of will to implement price changes. 
Changing the context is represented by land use policy, but changing the behavior of people, 
through land-use planning offers opportunity for only marginal changes. 

How can technology intervene? When one iooks at the problem carefully, un thi;; 
supply-side there are a number of solutions to promote. Often we look to technology as a 
solution. There are some solutions that seem applicable to advanced countries that are now 
implemented in less developed countries, for example, a multi-modal bus system in Brazil. 

We often feel that there is not much that you can do outside of technology. However, 
we should look at question of sustainable transportation more carefully and conduct a 
thought experiment. Is there a path to sustainable transportation? Perhaps we must think of 
the integration of the ecological, social, and economic systems in the context of sustainability 
of these intertwined systems. Can we change the incentive and institutional structure? Can 
we change the normative structure? All of these changes will involve some time. Structural 
change-a transition phase-will be necessary. A "non-marginal" change may be required. 
What are the implications of discontinuities, if they must occur? 

What Does Sustainable Mean? 

Begin by defining sustainable transportation. 

The Brunt/and Report. "Sustainable development is development that meets the needs of the 
future generations without compromising the ability of future generations". Sustainability 
implies that there are several returns generated over a period of time. Part of what the 
Bruntland Report says is to provide and achieve the following: 

• Stability of social and cultural systems; 
• Intragenerational Equity; 



• Intergenerational Equity; 
• Decision making frameworks for socially sustainable development. 

Development Notion 

• Growth vs. development 
• Growth is an increase in the quantitative level of activities and scale of social 
structures 
• Development is a dual structural change 

Path to Sustainable Transportation 

Provide changes in: 

• Incentive system for demand and supply of transportation 
• New normative approaches 
• Institutions 
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Solow (1996) writes: A society that invests in reproducible capital and provides competitive 
rents on its current extraction of exhaustible resources will enjoy a consumption stream that 
is constant over time. 

Allen (1990) provides that development depends upon conservation, and conservation 
depends equally upon development. . .interdependence is an inescapable fact of life. 

Markandya and Pearce (1988). Sustainability ought to mean that a given stock of 
resources-trees, good quality water and so on-should not decline. 

Modeling a Sustainable System 

When we attempt to quantify these definitions, it is important to model flow, stocks, and 
infrastructure that operate during different time structures. Infrastructure is really about a set 
of attributes associated with capital. Changes in flows can be very fast. However, changes 
in capital stock-the infrastructure-are generally much slower. They are also lumpy, 
discontinuous. 

We seem to model transportation and land-use areas in the same temporal frame of 
reference. We do not seem to analyze according to economic process. Variables should be 
monitored according to process, e.g., slow and fast processes. We should understand that the 
stock of vehicles can be changed more rapidly than the stock of highways, rail lines, 
waterways, and housing. The dynamics of the system that we model must take into account 
the time scale of the process. 

Within What Context Does Transportation Operate? 

Transportation is an intermediary group. The context in which transportation provides its 
intermediary services is very important for us to understand. Lakshmanan divided this 
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context into four categories - (1) economic, (II) demographic, (III) public vs. private, and (IV) 
global. 

In the economic context, Lakshmanan noted that we are experiencing a 
dematerializing economy, a shift that may well make it easier to achieve sustainability. He 
pointed out that the value of shipments of products is increasing more rapidly than the tons 
shipped, observing that 2% oftons shipped are associated with 41% of the value of 
shipments. Lakshmanan presented three graphs that illustrated his point that, over a long 
time period, dramatic and beneficial changes do take place in the transportation system. The 
first two of these graphs may be classed as a part of the domestic economic context, while the 
third crosses this boundary and illustrates interactions of globalization with the structure of 
the U.S. economy. Lakshmanan presented a graph that included steel, cement, and paper 
generated per unit of GDP, illustrating noteworthy declines - the dematerialization of the 
economy that he had mentioned. Though he did not make note of the fact, utilization of steel 
per unit of GDP plunged during the time that new vehicle mass was sharply reduced for 
purposes of improving vehicular fuel economy. Another graph that Lakshmanan presented 
might be termed the "technological optimists"' graph. He graphed results from Lundgren, 
who in 1996 presented information showing declining costs of transportation for the 1800s 
and 1900s, documenting very dramatic declines over that long time period. 

The third graph illustrated the change in the mix of exports in the products produced 
in Detroit and San Jose in a matter of just a few decades. It illustrated a decline in Detroit in 
comparison to a huge increase in San Jose. Lakshmanan noted that there has been a dramatic 
f:hift in the amotu1t of exports from the e~5t ~ml west coasts of the U.S. , with the west coast 
rising dramatically in importance over the last few decades. Lakshmanan noted that this 
change was associated with a dramatic change in the transportation infrastructure - a shift to 
containerization of cargo. This is not a trivial shift, and might even fit Lakshmanan's 
definition of a "non-marginal" change. This change has been brought about by both a 
globalization of markets and by a significant shift in the spatial locus of economic power. 

Unfortunately, however, Lakshmanan also observes that the same globalization of 
markets, resources, and leisure destinations may represent a direction making reduced use of 
transportation more difficult. 

In tlie category of public vs. private, Lakshmanan focused on the trend toward 
deregulation, noting that "if you want to reduce public sector activity, transportation is a very 
good target." Within public sector transportation, as Lakshmanan sees it, there has been an 
"accountability revolution," and a push toward inclusiveness of all groups for which services 
are provided. He indicated that planning methodologies were now given more attention than 
in the past. In the private sector, he mentioned two transportation system "models", the 
"control" model and the "coordination" model. An example of a private sector corporation 
using the control model was Federal Express. As Lakshmanan sees it, we are in the midst of 
a long-run shift in the line between private and public transportation activities. He observed 
that the problem in transportation planning may be for transportation planners to do a better 
job of determining how you deal with other people's money, more and more according to the 
rules used by the private sector rather than by the traditional methods used to allocate public 
sector transportation funds. 
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The Global Context in the Future 

In closing, Lakshmanan noted that the world's energy demand increases by transportation 
from 2000 to 2030 can be expected to be considerably greater than for other sectors of the 
world economy. Less developed countries (LDCs) can be expected to expand transportation 
energy use more rapidly than the developed economies. This will put increasing pressures on 
physical and natural capital, calling for changes in transportation pricing and natural 
resource use. Licensing of the rights to use advanced technologies in LDCs may be a 
productive route to explore to help technologically restrain the rate of world transportation 
energy use growth. 

Policies for Fostering Sustainable Transportation 
Dr. Lee Schipper, Lawrence Berkeley Laboratory and International Energy Agency 

Dr. Lee Schipper, in contrast to Lakshmanan's broad sweep of points on the varying time 
periods over which the transportation system has changed and may change in the future, 
focused on the last two decades, and addressed what might be done in the next two. 

Dr. Schipper categorized policies that might lead to sustainability into those designed 
primarily to change human behavior vs. those designed to improve technology, taking 
behavior as given. 

Dr. Schipper introduced the audience to his new book, Indicators of Energy Use and 
Efficiency: Understanding the Link Between Energy and Human Activity, published by the 
International Energy Agency. 

Dr. Schipper noted the challenge in offsetting the inherent behavioral tendency to 
travel more as income rises. He pointed to the link between aggregate growth in national 
income-GDP-and individual income. Whether looked at from the household level or the 
national level, rising incomes create increasing travel. In fact, in some nations, transport 
activity is actually rising even faster than income. Consistently, in all nations examined, 
transport energy use is rising faster than in other sectors of the economy. 

Dr. Schipper noted that VMT per vehicle is largest in the U.S. and Canada, and that, 
among the countries examined, Japan is at the bottom. Australia was not included. Dr. 
Schipper observed that the length of car trips taken are very similar by country. As far as per 
vehicle fuel economy (liters per 100 km) is concerned, Dr. Schipper presented a graph 
showing that, over the last 20 years, the U.S. and Canada have nearly closed what used to be 
a large gap with the other countries examined. 

Vehicle Design and Consumer Choice Inconsistencies with Achieving Sustainability 

Dr. Schipper pointed out that there are some rather key disconnects between the need for 
sustainability and the choices made by automobile manufacturers and consumers with respect 
to vehicle design. First, note that the average distance a person drives is about 12-15 
kilometers. Typically, the car is used for local trips. Yet, we are building and buying cars 
with adequate space and range to serve a full household on long trips, although we are 
mainly using them for short trips, usually occupied by only a fraction of the household. 
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The second disconm:ct is the devotion of efficiency improvements to ever more 
powerful, more rapidly accelerable vehicles. Adjusted to hold horsepower constant, motor 
vehicles in advanced nations have steadily become more efficient. However, horsepower is 
not being held constant, it is rising consistently for a given size of vehicle, thereby offsetting 
the potential fuel economy improvements. From the consumers baseline perspective today, in 
most countries of the developed world, more powerful cars are regarded as a desirable 
evolution of the motor vehicle. 

A third disconnect is that consumers are offered little range of choice. Vehicle 
standardization on the modal desires of the consumer is a common cost-cutting strategy of 
motor vehicle manufacturers. In all of the developed countries, manufacturers rarely offer 
many discrete set of choices for the automobile consumer. Dr. Schipper mentioned the Audi 
A6 as a desirable counterexample of this tendency, noting that four t:ngim: choices are 
available in this vehicle. 

In view of these trends, it is small comfort to know that consumers are still saving 
fuel in the thermodynamic energy-efficiency sense. While aggregate fuel economy (vehicle 
mpg) of all vehicles is not changing much, the fuel economy of vehicles with a given zero to 
100 km acceleration time has been improving. This trend raises the question of how 
advanced technologies, capable of significantly reducing energy use, might actually be used 
after consumers adapt the capabilities of the technology to their behavioral preferences. 

Vehicle Design and Consumer Choice Consistencies with Achieving Sustainability 

The picture is not entirely bleak. There have indeed been some significant improvements in 
motor vehicles, some of which one would agree provides significant movement toward 
sustainability. 

Emissions of air pollutants from motor vehicle have been reduced substantially over 
the last two decades. Lead-a highly toxic material-has been removed from gasoline in the 
U.S., and Japan, and is being removed in Europe. The catalytic converter, whose use is 
enabled by the introduction of unleaded gasoline, has been introduced and perfected to 
reduce hydrocarbons, carbon monoxide, and nitrogen oxides, thereby also reducing ozone 
concentrations in U.S. cities considerably. 

The factories that produce vehicles and materials for vehicles have also been made 
much cleaner and recycling is much more frequent than in the past. 

While safety is not directly a sustainability issue, those thermodynamic energy 
efficiency and emissions reductions that have been achieved have occurred while at the same 
time dramatically improving the safety of the motor vehicle. 

Dr. Schipper contended that, in total, transportation is a great deal for the consumer. 
Those who question its value are required to examine its costs "at the margin." It is necessary 
to draw attention to those cases and conditions where transportation is not such a great deal. 

The (Remaining) Deadly Sins of Transport 

Dr. Schipper listed seven "deadly sins" of transport, conceding that the seriousness with 
which they are regarded depends on perspective, time, and location. In Dr. Schipper's view 
each of the seven are worsening. 
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Road dust, tailpipe and secondary particulates. Since there are more and more 
vehicles on the road, and road dust is an increasing problem. Diesel vehicles emit 
considerably more tailpipe particulates than do gasoline vehicles. Europe is expanding use of 
the diesel, and the U.S. is considering doing so. Thus, tailpipe particulates are rising in 
Europe or are likely to rise in the U.S. 

Spatial issues: parking places, asphalt, and urban sprawl. More vehicles, more 
roads, and more transport use all equate to increases in these factors. 

Congestion and access. Dr. Schipper noted that people are moving out of crowded 
areas, so highway congestion is a result of people being willing to travel more to get further 
away. He said that increasing density is not likely to work. He pointed out that Swedes keep 
moving away from transit stops. 

Noise; habitat disruption,· CO2 emissions; and Energy (oil) use and imports. Dr. 
Schipper noted in his talk that there is no "here and now" problem perceived for CO2 
emissions and energy/oil use. The politics for these issues has to move from the near-term to 
the long-term. Dr. Schipper also pointed out in his talk that it is necessary, in view of the lack 
of general concern for CO2 and oil use, to attach these issues to the those other problems 
(sins) mentioned above that are of immediate concern to users of transport and those affected 
by it. 

European Strategies 

Dr. Schipper indicated that European countries are putting the CO2 issue together with other 
transportation packages that are important in designing vehicles. He said that pricing is a key 
element of European strategies, while technology is next, but is linked to behavior. Rather 
than fuel economy regulation as in the U.S., voluntary agreements to improve new vehicle 
fuel economy are being adopted by companies in Germany, and in Sweden. Congestion 
pricing is "on the table. " 

A problem with use of pricing strategies is that the estimates of price elasticity of 
demand are too broad for policy makers to be happy with them. Dr. Schipper indicated that 
his investigations lead to the conclusion that there is not much of a rebound effect, regardless 
of country. The rebound effect refers to the tendency of consumers to "take back" the fuel 
savings made possible by higher vehicle mpg through more travel. 

Dr. Schipper noted that only Denmark and the Netherlands appeared to be serious 
about policies to reduce global warming, while neither produces motor vehicles. 

US. Strategies 

Dr. Schipper criticized the U.S. for not even wanting to understand its patterns of fuel use. 
According to Dr. Schipper, the U.S. has not surveyed oil use in transportation since 1985 (in 
1986 oil prices collapsed, and have not risen to 1985 real dollar levels since). Dr. Schipper 
estimated that it would take $800,000 to do this correctly. Pricing appears not to be an option 
in the U.S. Dr. Schipper expressed the opinion that the U.S. needs to change its attitude 
toward pricing. He contended that, by ignoring pricing, the U.S. has a tendency to try very 
expensive options. He contended that the cost per ton of carbon emissions reduction from an 
HOV lane is equivalent to $150/ton (he did not give a value for the congestion reduction of 
the HOV lane), far above usual estimates of the value of reducing carbon emissions. Dr. 
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Schipper expre sed the opinion that the U.S. does not have a good track record for future 
payback for today's expense on transportation (a point also alluded to by Lakshmanan). 

Growth in CO2 Emissions in !EA Countries 

Over the study period, (two decades) per capita emissions from travel have increased from 0 
to 80 percent among IEA countries. Increased travel represents the largest component of 
these increases. Modal shifts represent a small positive cornponent. In general modal 
intensity has changed only by small amounts, often increasing rather than declining.The U.S. 
and Canada are a clear exception to this tendency for changes in modal intensity to be small. 
Dr. Schipper attributed the significant reductions in modal intensity in the U.S. to the 
adoption of the Corporate Average Fuel Economy Standards. 

Per capita emissions from fre ight have increased from +20 to 60 percent. This is due 
to increased freight, increasingly on trucks, and to more light trucks. Fuel intensity savings 
for freight have been realized in half of the countries 

Fuel (and indirectly CO2) elastici ties for the IEA countries have been studied: The 
"macro approach" indicated that the response in use of car fuel to fuel price is represented by 
an elasticity from -0.6 to -0.8 . The elasticity ofresponse of car fuel use to income was 
estimated to be from +0.4 to perhaps even more than one. The response in use of truck fuel to 
fuel price is represented by an elasticity from -0.2 to -0.5 less than for car fuel use. The 
elasticity ofresponse of truck fuel use to income was estimated to be from +0.7 to perhaps 
more than one. 

Dr. Schipper asked the rhetorical question, "if so little was saved when fuei prices 
were high, what can happen when prices are low?" 

Five Questions for a Green Future: 
Without Answers, Can There Be Sustainable Transport? 

• Future of the automobile and oil industries? 

Increasingly, there is worldwide competition. For freight transportation deregulation is 
increasing. There is slow modal shifting and restructuring. 

There are uncertain environmental goals, and technical risks in achieving already 
stated goals. 

• Future of driving and freight? 

Congestion is likely to increase due to more use of the motor vehicle, not due to more people 
per hectare in cities. Traffic policies at the local level will become more critical. 

• Future of the car? 

What level of economy, CO2 emissions, and comfort are to be provided? 
Perhaps a highly efficient car - the Amory mobile or three litre per 100 km car is on 

the way? Will it sell? Such a vehicle might be able to "break the link" between increasing 
travel and increasing CO2 emissions, energy, and oil use. 



Can low-energy use trucks be developed? 

• Future of driver? 

Getting older? 
OECD: In industrialized nations, mobile populations are aging and will have more 

free time 
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ROW: Outside the industrialized countries, population growth is rapid, and there are 
young populations itching to drive. 

• Future of policy? 

Dare we ask? 

Restraining CO2 Emissions From Transportation: Which Tools Should be Used? 

• Honest pricing 
• Fuel efficiency improvements. Dr. Schipper did not favor CAFE, he preferred 
the European Voluntary Agreements. 
• Alternative fuels or fools? Dr. Schipper said it was important to price the bad 
fuels where they belong. A resident of Paris, he expressed the opinion that there are 
too many diesels in France. 
• Electric road pricing to deal with congestion. 
• Freight. Implement fuel and congestion pricing. 
• Put traffic restraints into place. Some European cities are implementing no car 
zones. 
• Urban structures 
• Vigorous research in a new price environment is needed. The last time that the 
US took a statistically valid sample on fuel use was 1985. Oil prices have been low 
ever since. We need to understand the effects of these sustained low prices in contrast 
to pre-1986 prices. 
• Fighting CO2 alone offers little hope, attacking "sins" almost always restrains 
CO2. 

Questions for US. Policy Makers: Not for the Weak Hearted 

• Change attitude to pricing? 
• Confront past mistakes. 
• Understanding weakness in the policy process 
• Decide if we, our leaders really care about CO2. Dr. Schipper conceded that 
several European countries appear not to care. 

Dr. Schipper expressed the opinion that few of the policies that he had discussed would be 
adopted by nations for which the production of motor vehicles was a significant part of the 
economy. He repeated that only Denmark and the Netherlands, countries without a domestic 
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automobile industry, appeared to be serious about policies to reduce global warming. He 
indicated that the U.S. has to change its attitude toward the use of pricing, but he does not 
think it will happen soon. 

Uses of Social Cost Analysis 
Dr. Mark Delucchi, Institute of Transportation Studies, University of California, Davis 

Dr. Mark Delucchi, a researcher affiliated with the University of California at Davis, is the 
author of a recently completed 20 volume study of the social costs of motor vehicle use. Dr. 
Delucchi titled his remarks, "Uses of Social Cost Analysis." 

Dr. Delucchi nolt!u lhal mud1 of his work has been an analysis ofthc full-social cost 
of transportation. He observed that his work has included estimating costs of travel time, 
pollution, private user costs, etc. He proceeded to talk about uses of social cost analysis. 

Dr. Delucchi suggested that there is a need to develop a "change of context." He 
offered the proposition that some of the uses of full social cost pricing might be to develop 
inspiration for a long-term vision, and to lead to that vision itself. He argued that the primary 
purpose of social cost analysis is to change our view about the transportation world. 

Dr. Delucchi began with a story from his own personal experience, used to illustrate 
that "appearances" matter. One interpretation of the purpose of his story is that the proper 
presentation of facts can be as important as the facts themselves. His presentation was a 
reflection u_pon his original motivations for employing social cost analysis of the 
transportation sector, in comparison to an emerging vision of how his analysis, and the 
methodology itself, might be used in ways different than he intended. 

Dr. Delucchi indicated that during the conduct of his social cost analysis research 
project he thought that getting the prices right would be the most important use of social cost 
analysis. 

He then proceeded to discuss an experience that changed his view, and began the 
contemplation leading to the points to be made in this presentation. He related that, in May, 
he was invited by Senate staffers to Washington, DC, to come and advise them on how his 
research might be useful to them, e.g., how his data might be useful to defend those portions 
ofISTEA (CMAQ in particular) that allow state and local governments to transfer funds 
within transportation, but away from road building. It was a goal of these Senate staffers to 
make use of Dr. Delucchi's work against the assertions of the highway lobby that the only 
appropriate use of gasoline tax revenue is for roads. 

Dr. Delucchi regretted to report that he was never able to tell the staffers - in a way 
that they could readily take advantage of - what the uses of this information might be to aid 
them in their mission. Since then, Dr. Delucchi has come up with five potential uses of a 
social cost analysis. These are: 

1. Marginal social cost pricing: "Getting the Prices Right." 
2. Use a social cost analysis as part of project analysis or benefit-cost analysis. Use 
of the methodology and data in a least cost paradigm is a logical application of the 
methodology. This, however, is still not an application that captures people's 
attention, however, and was not of interest to the Senate staffers. 
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3. Allocation of funds. This in Dr. Delucchi's view is important. Dr. Delucchi's 
social cost study (and the underlying research upon which it is based) implies a 
misallocation of funds with respect to control of ozone vs. particulate matter, 
implying significant underspending on the particulate problem and overspending on 
the ozone problem. 
4. Social cost analysis can be used as a source of inspiration for a long-term vision of 
the transportation system. Social cost analysis could be used as a well-spring for our 
changing our world view. 

Dr. Delucchi acknowledged that the form of delivery of the message can be as 
important to developing inspiration as the message itself. 

Social cost analysis could be used as a tool for changing perception. For example, 
Silent Spring, by Rachel Carson, changed how Americans perceived their relationship with 
the environment. Dr. Delucchi believes that it influenced a fundamental change. In addition, 
Amory Lovins work on "Hard Path vs. Soft Path" had a great influence on our world view. 

[Editors' note: Lovins defined the linking of fossil and nuclear energy consumption 
and economic growth as the "hard path," while defining the switching to biomass and solar, 
and the use of conservation (Lovins coined the term "negawatts") as the "soft path." Since 
Lovins' publication of this idea, it has clearly been demonstrated that economic growth and 
energy consumption growth are not inexorably linked, and that the potential for energy 
conservation far exceeded the "conventional wisdom" projections before Lovins publication. 
Note also that Lovins has been a strong advocate of the idea that cars can be far more 
efficient.] 

Dr. Delucchi expressed the opinion that it would be nice if someone could write about 
social costs in an influential manner, like Carson and Lovins have done. Concepts such as the 
new "green" GDP figures may help in this effort. Social cost analysis is clearly part of doing 
a green GDP index. Dr. Delucchi suggested that maybe someone could write a piece that 
would help us change our perceptions of what growth is over time. However, he also 
expressed the opinion that this is probably not going to be the approach that changes our 
world view. He expressed the opinion that the future will turn out differently than we predict. 

Finally, Dr. Delucchi said that social cost analysis might lead to a very fundamental 
change in long-term vision. In his own case, his thinking, as stimulated by his own work, 
suggested a transport system not confined to two dimensions. He suggested that the future of 
the three dimensional transportation system might be like the George Jetson vision of travel 
(Jetson was a human cartoon character in a world in the future). 

Session II : Technology Development 
Monday, August 18, 1997 
Part A: Industry Behavior 
Prof Dan Sperling, Director, Institute of Transportation Studies, University of California, 
Davis, Chair 

As moderator of the industry behavior session, Prof. Sperling began by noting that the 
companies presenting at the session are among those that will be taking the lead on 
developing the vehicles and fuels of the 21st century. Ballard Power Systems is the leading 
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fuel cell manufacturer in the world, General Motors and Toyota are developing electric and 
hybrid vehicles, and ARCO is an independent-minded oil company that in 1989 broke ranks 
with the oil industry to promote and sell reformulated. The purpose of this session would be 
to hear from actual suppliers of technologies and to explore the issue of what industry can do 
to help to develop the market for vehicles with new attributes. 

Perspectives on Ballard's Development of the Fuel Cell for Use in Transportation 
Dr. Geoffrey Ballard, Founder and Chairman of the Board, Ballard Power Systems 

In the first presentation, Dr. Ballard began by noting that his company di.d not appreciate the 
potential of the technology that they were developing until it was quite advanced, and in this 
sense they were lucky to be successn1I. He stres ed that industry does not merely supply the 
market with what it wants but that it in fact influences the market to demand what is 
profitable. In this sense, he feels that Ballard and other companies have the power to help 
change the world. 

Dr. Ballard presented some information on the Ballard fuel cell bus, which 
incorporates a 275 horsepower fuel cell engine system. The fuel cell in this bus is five year 
old technology, which is an example of the need to freeze technology development for 
manufacture. Since the development of this early system, Ballard has produced several more 
generations of fuel cell stacks with steadjly increasing performance. The first generation 
system produced 3 kW per cubic foot. The second generation system produced 10 kW per 
cubic foot. The third generation, developed in conjunction with Daimler-Benz, produced 25 
kW per cubic foot. he recentiy deveiope<l. fuuril1 generation bas a similar pmver density, but 
the design is simpler, more advanc d, and lighter. 

Dr. Ballard then stressed that the fuel cell stack itself is just the core of a large and 
complex system. The modular design of the fuel cell system allows it to be placed easily into 
the engine compartment, and the support systems will also soon fit in this space. 

For vehicular applications, costs much approach $25 per kW, and this means that the 
manufacturing cost must approach $20 per kW. Stationary applications can suppo1t costs that 
are ten times higher, but the systems must last ten times longer. 

Dr. Ballard continued by outlining two possible paths to bring fuel cells to market. In 
the first path, niche markets would be the focus wh re the unique attributes of the product 
allow it to be used despite its high costs. A gradual diversification strategy could then be 
followed, but the problems with this strategy are that the company would not have much 
Liquidity to attract investors and that patents would be limited. A second strategy would be to 
go all out to change power systems on all fronts. This strategy requires considerable capital, 
and patent protection. Ballard would also ne d partners and as a result they would give up 
some autonomy. 

Ballard is capitalized at $800 million today, and by 2002 this figure should reach $2 
billion. In order to achieve a 10% return in 2002, profits must be $200 million. If only 
transportation markets were targeled, this wouJd require sy terns to be placed in 5.5 million 
vehicles per year, and this is about 10% of the market. This simple calculation shows that 
Ballard must also target the stationary power market, follow the second technology 
commercialization path, and move forward in all segments. While the bus was a significant 
accomplishment, and has benefited the company by providing it with "green photo 
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opportunities," the heavy duty vehicle market is not large. The locomotive application would 
be the easiest for fuel cells, but funding for this application has not yet been found. 

Dr. Ballard then stressed the importance of technological "legitimacy," in the sense 
that a technology can be legitimate by capturing the ideology of a given community. This 
ideology defines what is good and acceptable, and it shifts with time. For example, 
ideological shifts since the 1960's have made some technologies illegitimate. Technology 
must thus follow social and environmental constraints, and there is now an emerging 
communitarian ideology that contrasts sharply with the older individualistic ideology. Thirty 
years ago, the second technology commercialization path would not have been viable 
because the public did not expect innovation from small companies. Today, even people who 
have never bought stock shares before are buying shares of Ballard because they want to be a 
part of the company. 

In conclusion, Dr. Ballard noted that the PEM fuel cell technology is an inherently 
forgiving technology in the sense that it gets simpler and better over time rather than more 
complex. In the automotive market, many automakers are working to make fuel cells the 
technology of the future, and as a result it will have considerable impact. Ballard has chosen 
to attack on all fronts, and they have chosen a highly visible example to showcase the 
technology in the urban bus demonstration project. 

Questions and Comments 

Q: How have the costs of the technology changed over time? 
A: The price has fallen with the increase in power density, but economies of scale have not 
yet been captured. 

Q: What will be the fuel used for the automotive sector? 
A: We will probably want to use the existing infrastructure, so this supports the use of a 
liquid fuel and probably an alcohol fuel. This type of fuel could be introduced just as zero 
lead fuels were introduced. 

Q: In order to reach the cost goal, what volumes would need to be produced on production 
lines? 
A: If 100,000 vehicle systems per year were produced, then 95% of the cost could be 
removed. 

Q: How much funding is public versus private? 
A: Today, about 10-15% of funding is public, while originally the level of public funding 
was 80-90%. 

Q: Can you give some sense of the fuel efficiency of alcohol/fuel cell vehicle versus 
conventional vehicles? 
A: Alcohol fuels have about half of the heating value of conventional gasoline, but the fuel 
cell system is 35-45% efficient, so the overall efficiency is perhaps nearly the same. 
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Q: Are there different emissions from different fuels? 
A; Yes, and this type of system allows for a choice of where pollution goes. There is some 
exciting research at MIT on hydrogen storage, and advancements may allow the use of pure 
hydrogen in five to seven years. 

Q: What is the obstacle to reducing costs? Are there technological issues or is it simply a 
matter of mass production? 
A: There are no major technological or material issues. The main problem is the design of 
high volume production techniques. 

Q: What are the relative greenhouse gas emissions from fuel cell systems versus 
conventional gasoline systems? 
A: The fuel cell is two to three times as efficient, so roughly half the CO2 of conventional 
systems would be produced, depending on the specific nature of the fuel used. 

Factors that Influence the Successful Introduction of New Technologies 
Ms. Jane Beseda, Strategic Planning Corporate Manager, Toyota Motor Sales USA 

Ms. Beseda began her presentation by noting that for many years Toyota would not 
participate in conferences of this sort, and would not disclose much at all about plans and 
technologies. The company is now trying to adapt to a changing environment and they are 
becoming more open as a result, and more assertive with their actions. 

There are three key factors that influence the successful introduction of new 
technologies. These are: I) changing consumer values and attitudes; 2) external issues; and 3) 
the role of government. Eco-consumers are important today, and "corporate 
environmentalism" is being sought. Commercial viability is critical, but environmental 
concern is a marketing tool today and this is also important. However, survey research has 
shown that over the last two years there has been a drop in consumer willingness to pay for 
environmentally-friendly vehicles. From 1995 to 1997, the percentage of consumers who 
said that they strongly agree that they would pay extra for an eco-friendly vehicle declined 
from 27% to 20% in California, and from 22% to 16% nationwide. Concern seems to have 
peaked in 1994, and it now is declining. Consumers claim to care about the environment, but 
they are unwilling to make actual sacrifices. 

Ms. Beseda went on to discuss which market segments might be most responsive to 
these new vehicle types. Many marketers dismiss baby boomers and traditionals as 
participating in the "consumer revolution" and have instead focused on younger groups. The 
Youth group is seen as being more receptive to environmental products because of the 
emphasis that is being placed on the environment in schools, from grade school onward. 
Despite the concern expressed by young members of society, however, most seem unwilling 
to make big sacrifices for these concerns. 

To reinforce this point of how concern differs from action among the Youth segment, 
Ms. Beseda then showed a video clip of focus group research on West Coast college 
students. The young people shown in the video expressed purchase intentions based on value 
and convenience, despite the fact that they had been screened to be pro-environment. They 
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expressed that they expect safety, service, performance, reliability, range and affordability, 
and that AFVs would need to meet the same criteria met by the traditional family car. 

Ms. Beseda then noted that eco-friendly households will pay more and will consider 
alternative fuels, but these household make up only 8% of intender households. Furthermore, 
the eco-friendly consumer group is more conservative and practical than the early adopter 
group, preferring safety over price and being more willi11g to wait for a vehicle to become 
established in the market before buying. These findings suggest that if a technology is to take 
hold, the product must be practical , converuent and affordable. 

The factors that influence today's decisions appear to be traditional, but are there 
other factors, such as global warming, that could alter the process? This issue is likely to 
grow in importance with public awareness, but in the recent focus groups we found that at 
least among this group of young people, there is little awareness or concern for the subject. 

Ms. Beseda then noted that despite this apparent lack of public knowledge and 
concern, Toyota does not feel relieved of responsibility for taking proactive measures, and 
that the company feels concern about the environmental impacts of its operations in every 
country where it does business. This is why the company's U.S. products have the "best 
combination of size, performance, and fuel economy in every segment" in which the 
company competes, and why it has the highest CAFE rating of any full-line automotive 
marketer in the U.S. By the end of l 997 Toyota will have placed more LEVs in the public's 
hands than any other company. Every g n ration of the company's products has been cleaner 
and more fuel efficient, and they are planning to move as quickly as possible to introduce 
new high-tech products such as the RA V4-EV and the hybrid EV. 

Ms. Beseda cautioned that while Toyota supports protecting the planet, regulatory 
actions must be realistic, practical and "economicaliy responsible." Given the competitive 
nature of the industry no company can unilaterally commit to emission reductions or fuel 
economy increases that would put them at a cost disadvantage. From the company's research 
and recent experience marketing the RA V4-EV it has c ncluded that the future of the AFV 
market will require manufacturers to accept more r span ibility for educating present and 
futw·e customers. Toyota plans to leverage its ex isting educational grant programs to reach 
school-aged children as well as college students. The company still believes that youth are 
the future and an important key to long term success and an increasingly visible role will be 
played by the company in educating the young. Furthermore the company plans to 
increasingly use its brand image and advertising campaigns to "place the environment in the 
forefront of consumer attention when purchasing an automobile." The company also is 
developing support and training operations to assist in the establishment of the market 
development of AFV s. 

Even 100 years after the introduction of the first EV s, Ms. Beseda noted, the same 
issues of lack of range and public recharging, and tbe abundance of cheap gasoline, still 
confront electric transpo1tation options. Perhap it is thi abundance and low cost of gasoline 
that is the greatest deterrent to relieving consumer preference for gasoline powered cars, but 
many energy and petroleum experts predict that demand will outpace oil production between 
2007 and 2014. Toyota subscribes to these predictions of a declining oil future, and a wide 
range of alternative fuel technologies are being pursued so that the company will be prepared 
to offer practical products to meet changing needs and to make the transition away from 
petroleum as painless as possible. 
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Ms. Beseda then emphasized that while focus group participants stressed that the 
government and automakers are responsible for maintaining the environment, in Toyota's 
opinion the answer does not lie in technology forcing mandates. The California ZEV 
initiative has clearly resulted in the manufacture of EVs but it is unclear if these vehicles will 
be commercially viable. Manufacturer mandates do not necessarily result in vehicle sales. 
Only EPACT requires purchases of AFVs, and government fleet managers are balking at 
being forced to purchase transportation that is eco-friendly but that does not fully meet their 
needs in terms of range, performance, and maintenance pa.rticul~·ly when it comes at a 
premium price. Automakers cannot afford to subsidize EV costs indefinitely or in high 
volumes, and the requirements that will go into effect in New York next year run the risk of 
stunting market acceptance rather than supporting it. 

Toyotn has stated a goal to r~rl'icipate in government initiatives that promote market 
driven incentives to develop environmentally friendly vehicles. The company's technical staff 
is working with EPA in the development of the Tier II st'uldards and Toyota is an active 
participant in Enterprise for the Environment, which advocates a performance oriented 
regulatory framework. Toyota strongly supporls the EPA's "Green Car" program, which will 
incentivize manufacturers to produce environn:1entally friendly vehicles and educate 
consumers about the environmental integrity of different automobile types. The government 
should be promoting policies like these that stimulate and encourage a viable market, rather 
than forcing one. 

Ms. Beseda went on to emphatically state that Toyota's strongest suggestion to states, 
CARB, and the EPA is to allocate to the auto makers their fair share of inventory reduction, 
and to then provide the maximum ievej of flexiuility to mc"t tltc overall requirement. 
Mandating specific technologies is likely to stifle innovation and potentially to result in less 
than the optimal solution. Other potential programs include: more Federal and state funds to 
support manufacturer and university research into battery technology, cleaner engines, and 
cleaner fuels; a stronger government role in enforcing tough and consistent fuel quality 
standards; a public-awareness campaign to promote th viability of AFVs; expanded funding 
for demonstration programs such as BART's statio11 car program; tax credits to promote the 
installation of EV and CNG refueling capacity; manufactmer and dealer tax credits to 
promote the training and development of sales and service per onnel; and state and local laws 
that provide more incentives to purchase and use AFV s such as the use of HOV lanes, 
registration fee exemptions, and tax credits. 

In conclusion, Ms. Beseda assured that pure EV like the RAV 4, hybrids, CNG 
vehicles, and direct-injection vehicles will all play a role in the company's future vehicle line 
up. She stated that the company believes that it is well po itioned to achieve environmental 
leadership, and that education technological development and the proper regulatory 
framework will ensure that technologies Lake hold i11 the marketplace and become self
sustaining. The challenges that are posed are formidable, but they can be overcome. 

Questions and Comments 

Q: Would Toyota support emission caps? (Jonathan Rubin) 
A: Yes, the company favors overall goals and flexibility in meeting them. 
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Q: How can change be encouraged without the stick ofregulation? Would we even be here 
if not for the ZEV mandate? (Lee Schipper) 
A: Toyota does business in 165 countries, and it would develop these vehicles with or 
without mandates. 

C: I've been working on the Tier II standards and Toyota has been very cooperative. (John 
German) 

Q: Dealerships are what interface with consumers. What are the barriers involved in this 
interface? 
A: Toyota has chosen a fleet strategy due to these barriers. There are service training issues 
for low volume vehicles, although some dealers are excited about the prospects of selling 
these vehicles. 

Q: What will the batteries for the EVs in New York be? (Lester Lave) 
A: Nickel-metal hydride batteries will be used. 

Q: If consumers do not care about the environment, why spend so much time on consumer 
environmental marketing? 
A: There will not be much direct product advertising, but rather print ads for corporate . . 
image issues. 

Q: What is the cost ofNiMH battery replacement? 
A: The life of the battery depends on usage, and this will affect the cost. The chief engineer 
for Toyota is optimistic about the batteries, and confident that the company can offer a three 
year warranty, reflecting a greater than 3 year battery life. The company has engaged in a 
joint venture with Matsushita to build a battery factory. 

Q: What about markets outside of the U.S.? (David Chien) 
A: As in the U.S., the main initial market will presumably be among the older and wealthier 
vehicle purchasers. 

Q: Given fiscal constraints, how can the government offer incentives? What about 
disincentives to balance incentives? (John DeCicco) 
A: We would recommend looking at a variety of incentive programs. 

A Discussion of General Motors' EV-1 Program 
Mr. Robert Purcell Jr., Executive Director, General Motors Advanced Technology Vehicles 

Mr. Purcell began his comments by quoting Jack Smith, GM's CEO, who said that no car 
company will be able to thrive in the future with a 100% dependence on ICE vehicles. 
Instead, companies should develop a portfolio of options. In March, 1994, he directed those 
in charge of the EV-1 program to "make a business out of it." 

In 1992, the EV-I was taken off production because of the company's financial 
condition and because of the ZEV mandate . Then, in 1994, the vehicle went back on 
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production status. In the subsequent PrEView demonstration program, 700 participants drove 
the vehicles, and the reaction was good. 

Mr. Purcell stressed that there are really only two main challenges: technical 
feasibility and commercial viability. In terms of a price/utility curve, the divergent curve for 
advanced technology vehicles (ATVs), relative to the curve for the core vehicles that the 
company now builds, must shift to reflect greater utility for a given price. An important effort 
in this regard is to make sure that customers understand the benefits and unique attributes of 
new vehicle types. For example, with EVs there is no need to go to gas stations, there are low 
maintenance requirements, and existing EV -1 customers have found that their electricity bills 
for recharging are only $8-10 per month versus about $50 for their previous gasoline 
vehicles. 

From the investors pt:rspective, Mr. Purcell noted, the relevant curve is a risk/return 
curve. The ATVs have higher risk for a given return, and this curve must shift as well. 
Lowering costs will help to shift both the price/utility and risk/return curves. 

Mr. Purcell then showed a cost/volume graph with a step function reflecting three 
generations of vehicle technology and declining costs with volume. Each step function is 
about two years apart, and costs can be reduced as much as 50% with each step. The current 
vehicle is generation 1, and high volume production is not expected until generation 3. This 
generation will have perhaps 25% the design costs of generation 1. 

The GM ATV program, Mr. PurceU noted, will also have the effect of raising the 
product and process capabilities of core vehicles because of the knowledge transfer that will 
occur between the ATV progran1 and other programs. 

The program to produce the EV-1 consumed $200 million, 2 years, and the efforts of 
250 people. With the exception of the radio, taken from the Aurora, and the door handles, 
taken from the Corvette, every other part of the vehicle is new. The body weighs only 290 
pounds, and this is only 10% of the final weight of the vehicle. The drag coefficient is 0.19. 
The EV- I is the first example of the use of a heat pump in a vehicle. The steering is electro
hydraulic, the rear brakes are electric with regenerative capability, and the front brakes are 
hydraulic. The total investment from 1990 onward has been about $500 million. Many of the 
technologies used in the EV-1 are transferable to other vehicles. Some components, 
particularly in the chassis and interior, are moving into high volume production through use 
in core vehicles for the European market. 

Mr. Purcell went on to note that the same electric driveline used in pure EVs can be 
used in hybrids and fuel cell vehicles. Technologies such as electric drives, advanced 
combustion systems, and lightweight structures provide a portfolio of advanced technology 
options for the diverse demands of the future. 

To date, 215 EV-ls have been leased, and 200 electric S-l0s. GMs strategy has been 
to use these early adopters to spread the word about these new vehicles, and this is 
happening. Two owners have had press conferences about their vehicJes and one has 
developed advertisements. The experiences of less rs and those in PrEView has been critical, 
and issues have been brought out that GM engineers would never have considered. GM has 
found that the only way to learn is to get the vehicles out on the road, and the company is 
confident that greater numbers of purchasers will come with time. 

Mr. Purcell then contrasted the EV-1 program to other vehicle programs that are 
assessed based on their performance over the last 10 days. "This car is not about the last 10 
days, it is about the next 10 years." The EV-1 creates a set of options to draw from over the 
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next 10 years - it is a different type of program. In a recent Wall Street Journal article on June 
16, 1997, several technologies were compared with regard to the length of time it took them 
to reach 25% market penetration. Household electricity took 46 years, the telephone took 35 
years, the automobile took 55 years, the VCR took 34 years the radio took 22 years, and the 
cellular phone took 13 years. 1n the first year that the microwave was produced 1953, only 
50 were sold. Tl1is is an 'interesting analogy to the EV in that the microwave cannot compete 
directly with the conventional oven, but rather serves as a complement to it. While the EV-1 
was originally thought to be a supplementary vehicle, it is often being used as a primary use 
vehicle because it is to easy to use just as microwaves are used widely today because they 
are easy and efficient. 

Questions and Comments 

Q: What are the safety versus cost issues for light materials? 
A: The EV-1 meets all of the FMVSS through lots of engineering effort. It has been built to 
absorb energy in different ways. Lots of crash tests were performed on computers before the 
actual vehicle was crash tested. 

Q: When will high volumes be produced? 
A: High volumes will be a function of market development and cost reductions. 

Q: What is the role for government in the development of EV infrastructure? (Doug Howell) 
A: Recharging infrastructure is a barrier. GM will match funds for installing public 
recharging stations, and after this announcement the number of stations doubled in 70 days. 
Infrastructure is not the responsibility of automakers, but GM is willing to partner to make it 
happen. 

Q: What have you learned from the dealerships? 
A: The 25 Saturn dealerships have been enthusiastic and they have been contributing to a 
fund to develop an EV retailing team. This team would isit homes to discuss leases, and it is 
possible that consumers could do everything from home and just have the vehicle delivered. 
Investigating this type of arrangement has taught us a lot about selling upscale products, and 
the creative approaches that can be used. 

The Future of Alternative Fuel Vehicles: An Oil Company Perspective 
Dr. Anthony Finizza, Chief Economist, Atlantic Richfield Company (ARCO) 

Dr. Finizza started by commenting that ARCO has leased an EV-1, and that every executive 
has driven it for a week to develop their own impressions. In response to Dr. Ballard's 
mention of methanol as a possible fuel for fuel cell vehicles, he also commented very frankly 
that the RFG effort showed that methanol was not required, and that ARCO has partnered 
with Exxon and GM to develop a fuel cell vehicle that runs on gasoline. 

Most of the increase in oil demand in the near term will be in developing countries 
[Figure 1], Dr. Finizza noted, and that transportati.on will be the big source of oil demand 
increase. Perhaps 18 out of the 27 million barrels per day i11crease from 1997-2010 will be 
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for transportation. [Figure 2] The oil indu try is under intense scrutiny by investors, and more 
joint ventures are likely for expansion and cost cutting. Mega-mergers are not likely in the 
near future, but in time they could occm. 

Dr. Finizza noted that while there is a strong appetite for environmental improvement, 
emissions will reach an asymptote. [Figure 3] Transp rtation accounts for about one-third of 
greenhouse gas reductions worldwide. [Figure 4] Despite these issues however, ARCO has 
concluded that there will not be much competitio11 with gaso line as an ICE fuel over the next 
10 years. CNG will only find use in niches. Electric ru·i ve is a hjgb-chance event, and it is 
likely that it will form the basis for a new vehicle platform. However improvements in fuel 
economy for conventional vebi.cles are still possible through such measures as friction 
reduction and improved waim-up procedures. These could easily produce a 5% efficiency 
increase. [Figure 5] Overcoming the EV range limitation will prove dif-ficull. [Figure G] A 
gasoline fuel cell hybrid vehicle could attain an efficiency of 45-55% compared to 15% for 
an ICE operating on RFG 20-30% for an advanced ICE, and perhaps 20-25% for a battery 
EV. [Figures 7-9] 

Questions and Comments 

Q: What about the comparative emissions from gasoline reformers versus conventional 
vehicles? 
A: The fuel cell is two to three times more efficient, so greenhouse gases should be reduced 
by- about the sa.i~e amount. 

Q: What gasoline fuel properties would need to change? 
A: Low-sulfur fuels would be required. 

Q: There was a previous comment about tightening in the oil supply - what do you think 
about this? 
A: This is not a high probability scenario. Natural gas can be converted to a low sulfur 
diesel. If anything, there is likely to be a glut. 

Q: If methanol became the fuel of choice, would this be a problem for the oil industry? 
A: Yes, it would be a problem because of the infrastructure issues. Because of methanol's 
affinity for water, we would almost have to start again with infrastructure development. 

Session II: Technology Development 
Monday, August 18, 1997 
Part B: Technology Acceptance 
Dr. Philip Patterson, Supervisor, Planning and Analysis, Office of Transportation 
Technologies, U.S. Department of Energy, Chair 

Mr. Patterson introduced this session with some remarks about previous surveys of 
consumers with regard to their potential interest in electric vehicles. He noted that, in 1975, 
J.D. Power conducted a survey of City Car owners. The biggest problem owners had with the 
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Earlier this year J.D. Power conducted a survey in San Diego and Los Angeles of 
persons making more than $75 000 per year. Half of the respondents declared they knew 
something about electric vehicles. Those who know something were twice as willing to buy 
electric vehicles as those who had heard nothing about electric vehicles. When asked which 
of four automobile firms would be the best to produce electric vehicles, those respondents 
who claimed no prior knowledge of electric vehicles ranked them: 1) Toyota; 2) Honda; 3) 
Ford; and 4) General Motors. Those who did know something of electric vehicles ranked 
them in just the opposite order. 

The average consumer is not a useful concept when speaking of electric vehicles. 
Instead, producers need to break up the mark t into niches uch as the eco-friendly sector and 
the high mileage sector to know better what types of vehicles to make for different people. 

Redefining the Market 
Dr. Tom Turrentine, Institute of Transportation Studies, University of California, Davis 

Dr. Turrentine began by noting that there is a VMT problem today, the main cause of which 
is the end of traditional, local culture and the development of global lifestyle and a 
biographical self. In the absence of local culture people develop lifestyles independently of 
their ancestors. Friendship place of worship, workplace, home, and recreation must be 
chosen rather than acquire. The automobile has been developed as an essential tool for this 
process, providing access to a widening set of opportunities for lifestyle formation. 

Dr. Turrentine continued his remarks by observing that much to the despair of energy 
researchers, there is considerable consumer desire today for what he called "Urban Assault 
Vehicles" in the U.S. today (a.k.a. Sports Utility Vehicles). Consumers pay high prices for 
these vehicles; and profits are excellent, encouraging automakers to spend most of their 
design efforts on new types of Urban Assault Vehicles. These vehicles offer many attributes 
that are different than more conventional vehicles, such as increased cargo space, high 
visibility from the driver's seat over traffic, and a sense of collision safety and personal 
security. More importantly they offer the promise of new lifestyle opportunities and access 
to less traveled terrain-"promising people the mountains." 

Meanwhile, green car technologies are making great strides, with new electric 
vehicles, hybrids and fuel cells. But the technology goals for the "Green Vehicle" seem to 
head in the opposite market direction from the Urban Assault Vehicle-"Small," 
"Alternative Fuel," "Efficient," and "Clean." If one pays close attention to average vehicle 
weights, size, efficiencies and such one might conclude that there is no room for Green 
Vehicles in the market. It would seem that social goals are at odds with private goals. 

However, averages and trends don't tell all. A closer look at the market reveals that 
the greater process in the market might be towards something called "specialization" of 
household vehicles. Over time, the way households view and use their vehicles has changed. 
For the U.S., the early part of the century was an era where the automobile was a luxury. 
From 1920-1960, the vehicle developed into a household n cessity and then developed into 
an individual necessity from 1960-1980. The 1980s and 1990s saw the emergence of 
multiple/specialized vehicles in households, and we are entering an era of 
multiple/specialized autos per individual. More and more households have multiple vehicles, 
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especially among households that purchase new vehicles. Furthermore, these households 
have small fleets with dissimilar body types. This is encouraging for the EV market, since 
EV s will be bought to serve as a specialized vehicle. 

Not only will consumers want the diverse practical features of different types of 
vehicles but the diverse meanings as weJL Along with the growth of Urban Assault Vehicles, 
many studies have found that there is a basic environmental sensibility amongst much of the 
American public that has grown over the past decades (Gallup, 1990; Cambridge Reports, 
1990). And while staunch environmentalists might see the trend to Urban Assault Vehicles as 
incompatible with "green', many citizens will find it not only acceptable, but perhaps 
preferable to have both a green vehicle to express their envirnnmental sensibilities and a 
Urban Assault Vehicle for their ski trip. This will not be a perfect process, but is an 
improvement over today's markel a beachhead for a new change process. 

The new change process involves niche lifestyle marketing by the automotive 
companies, addressing both household lifestyle and community design. Car companies will 
move aggressively to offer car buyers the image of ' saving the earth" and to enhance their 
corporate goals. Community design will turn on health and lifestyle culture, regulatory 
institutions, demand for parking efficiency, and demand for traffic calming. These variables 
will be strengthened through social marketing. Government has yet to make a strong 
statement on vehicles, the way it has made a social statement on tobacco but the potential is 
imminent. The beginning of the transformation of smoking culture was the first no-smoking 
zone. From these small islands tobacco culture lost territory, the smell and habit of smoking 
·was inerei'lsingly stigmatized. 

The promise of green vehicles is to find a place in the iifestyie of ~a\;h home, fu"'1d to 
create no-emissions zones in communities. These zones will evolve into new lifestyle 
enclaves, providing an essential lifestyle tool to individuals but also promising distinct, 
meaningful, and better quality of life regions. 

Questions and Comments 

Q: What are some examples of paradigms where the market is being redefined? (Victoria 
Nerenberg) 
A: GM is an example of starting a new paradigm in Los Angeles and other places with the 
EVl, as well as the BART station car program in the Bay Area. 

Q: Isn't asking people their opinions on themselves and their possible behavior less useful 
than observing how they act? (Geoffrey Ballard) 
A: The opportunities for consumers to reveal their preferences in these sectors is only 
beginning to exist now. It is important that people identify themselves as environmentalists, 
even if in truth it is only when it is convenient for them. The potential is still there and 
greenness becomes a fungible attribute to put in a car. 



Sustainable Transportation: Analyzing the Transition to Alternative Fuel Vehicles 
Mr. Paul Leiby. Research Staff, Energy and Global Climate Change Section, Oak Ridge 
National Laborato,y 
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Dr. Jonathan Rubin, Assistant Professor, Department of Economics, University of Tennessee 

In their presentation, Mr. Leiby and Dr. Rubin described their efforts at developing a model 
to examine the transition to alternative fuels and vehicle . Dr. Rubin began by explaining 
that studying the transition is in1portant because AFV require fuel and vehicle 
infrastrnctures different from those of gasoline vehicles. In a market economy transitional 
barriers may prevent the introduction of technologies that provide social benefits . This 
requires an examination of the way suppliers and consumers react to each other and amongst 
themselves. 

The limitation of previous long-run equilibrimn analysis performed by the U.S. 
Department of Energy and others is that they typically assume a futme world characterized 
by widespread fuel availability, mature fuel and vehicle industries, and a rich variety of AFV 
makes and models. Alternatively, some studies compare the costs and benefits of AFVs 
given today's low vehicle production volumes and low fuel retail availability. Neither 
approach gets at the issues of how we get from here to there. 

The principle objectives of the transition analysis are to: explicitly model the 
transitional fuel and vehicle time paths; model sunk investments in vehicle and fuel 
infrastructure; integrate consumer and producer behavior; include feedback effects from early 
purchase decisions by fleet operators· and ass ss a broad range of federal AFV incentives. 

The model solves yearly for 1996-2010 iJ1 the U .. with urban and non-urban regions. 
It forecasts both new vehicles and on-road vehicle stock fuel use by sector, and estimates 
greenhouse gas emissions. The model incorporates endogenous feedback effects to examine 
vehicle economies of scale, vehicle diversity effects on choice retail economies of scale, and 
fuel availability costs to consumers. The choice among vehicle and fuel types is based upon 
the underlying attributes of the various fuels and vehicles . These include the endogenously 
determined fuel and vehicle prices, and exogenous factor such as truck space and 
acceleration. 

In particular, Mr. Leiby and Dr. Rubin's work demonstrates that transitional barriers 
will severely limit the penetration of alternative fuels and vehicles in the absence of 
significant policy intervention by the government. Nonetheless, Mr. Leiby and Dr. Rubin 
conclude that transitional barriers can be overcome by well-targeted, but possibly expensive, 
policies. However, when policies encourage AFV use, transitional barriers promote the 
specialization of the market in one or two fuels in order to capture economies of scale; this is 
in stark contrast to the diversity of fuel technologies introduced in USDOE' s long-run 
analysis. 

On a hopeful note, Mr. Leiby and Dr. Rubin show that greenhouse gas emissions 
from the U.S. light-duty vehicle sector can be stabilized by converting the current $0.54 per 
physical gallon renewable ( ethanol) fuel tax credit into a tax credit for low-greenhouse gas 
fuels. In this case, the emission reductions occur due a 21 % penetration of E85 (from 
biomass) and a 16% penetration of LPG by 2010. 
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Session II : Technology Development 
Monday, August 18, 1997 
Part C: Government R&D Strategies 
Dr Larry Johnson, Director, Center for Transportation Research, Argonne National 
Laboratory, Chair 

As moderator of this government research and development session, Dr. LaiTy Johnson noted 
that this session would not only focus on automobiles but would also examine the impacts of 
aviation R&D on technology and the environment. 

Energy, Environment and Civil Aeronautical R&D in NASA 
Mr. Howard Wesoky, Assistant to the Director, Aviation Systems Technology Division, NASA 
Headquarters 

Mr. Wesoky began his remarks by noting that air travel is the fastest growing mode of 
transport and commercial aircraft are second only to highway vehicles as consumers of motor 
fuels. According to U.S. DOE statistics, within the U.S. transportation sector, jet fuel use is 
expected to experience an annual growth rate of about 2.3%, compared to 1.5% for diesel 
fuel, and 0.8% for motor gasoline. However, aviation fuel is still just a significant fraction of 
total transportation fuel use, e.g., a little more than 20 percent in the OECD countries and 
about 6 percent in China. Boeing projects that on an average basis worldwide air travel will 
grow at 5.5% per year over the next decade and 4.9% per year over the next 20 years. At this 
rate, air travel will approximately double every 15 years. And although aircraft efficiency has 
doubled over the last two decades, passenger growth is increasing faster, so total fuel use is . . 
mcreasmg. 

With regard to airport community pollution from aircraft, Mr. Wesoky described the 
standards for emissions of oxides of nitrogen, carbon monoxide, smoke, and unburned 
hydrocarbons that have been developed by the International Civil Aviation Organization 
(ICAO) for operations during landing and takeoff below 900 meters in altitude. Control of 
NOx emissions has been of increasing concern because of the general inverse relationship of 
NOx with fuel efficiency. Over the history of jet aviation, NOx emissions on a unit of thrust 
basis have somewhat decreased. 

Regarding broader issues, Mr. Wesoky noted that governments of the world, through 
the Intergovernmental Panel on Climate Change (IPCC), agree that "the balance of evidence 
suggests a discernible human influence on global climate." Aircraft are estimated to have 
contributed about 1.5% to the total human related increase of CO2, the greenhouse gas of 
greatest concern, in the present atmosphere. Aircraft engine exhaust is the only direct 
anthropogenic source ofNOx in the upper troposphere and lower stratosphere, and these 
emissions are of concern because NOx is a precursor to the greenhouse gas ozone. It has 
been previously assumed that such emissions have a disproportionate impact on climate, 
relative to surface sources, but recent research suggests that significant amounts of surface 
emissions do in fact reach the upper atmosphere. 

Environmental Defense Fund scenarios for aviation growth suggest that demand may 
grow by as much as 1030% over the next 60 years. Fuel use would grow only by about 270% 
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during this same period due to a 60% projected improvement in energy intensity. Growth in 
the developing countries will have a major impact. 

In recognition of this situation, the U.S. National Science and Technology Council 
has recognized that' Environmental issues are likely to impose the fundamental limitation on 
air transportation growth in the 21st century.' NASA has the lead responsibility to coordinate 
civil aeronautical research and technology activities. Approximately $1 billion per year are 
spent in this Tegard, with oversight from academia other government agencies, and industry. 
Oversight is also provided by the National Research Council which has highly prioritized 
emission reductions. 

Goals for the next ten years are generally related to ongoing R&D programs, while 
achievement ofrecently established twenty year goals will rely on new programs. All of 
these efforts will rely on government and commercial interests working together, and various 
means of investment will be considered. A range of contractual options exist for NASA's 
involvement in technology development, including recoupment of government funds as 
previously accomplished with the McDonnell Douglas MD-80 aircraft and its Pratt & 
Whitney JT8D-209 engines, and various relationships with industry will be used in the 
future. 

A continuing strong motivation for the Federal government to stimulate technology 
development, other than for energy and environmental considerations, is that the aeronautics 
industry supplies the nation's number one manufactured export, and directly supplies nearly a 
million high-quality jobs. The industry's positive trade balance has been more than $20 
billion for many years. Over the next twenty years the total market for new commercial jets 
is expected to be approximately $1.1 trillion. 

In conclusion, Mr. Wesoky summarized his remarks by stating that the cost of 
acquiring aircraft has increased over the last three decades but that the air line yield per 
passenger has decreased. Therefore, a fundamental challenge is to control the cost of aircraft 
as environmental pressures are increased. Government funding and input to technology 
development may be critical in this regard. 

Questions and Comments 

Q: How do you get technologies commercialized that are beneficial to sustainability? (John 
DeCicco) 
A: Improvements in aircraft efficiency are continuing today, and it is not forced by 
regulation, so something is working in this sector. 

Q: Is there a lesson in this for other sectors? (John DeCicco) 
A: Efficiency improvements were historically pursued by the aircraft industry because fuel 
was expensive and it was in their interest. But fuel is now only 15% of costs, so the impetus 
is smaller today. It is a difficult question and we need to determine what may be necessary 
for further improvement. NASA is now sometimes considered a problem for industry 
because it is developing technologies that may be mandated, and that industry does not want. 
But it takes a lot of time to get these technologies to the market, and regulators do not always 
realize this. Today's new aircraft technology was developed 15 to 20 years ago, so 
commercialization is difficult. There is a role for government to get technologies out there 
faster. Aviation may have has less options than other industries to further mitigate its 
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environmental impact and improve energy efficiency. For example, hydrogen use is not 
economical, so petroleum is probably the only real fuel alternative. The government will 
likely have to decide how to trade-off between modes in bringing down CO2 effects on 
climate. 

Q: How can government play a role in R&D support? Historically aircraft manufacturers got 
money through the military. How much money has gone to civilian air developments rather 
than military? (Dan Sperling) 
A: The Reagan administration considered terminating civil aeronautical R&D, but was 
convinced otherwise by Secretary ofD fense Weinberger and others. In the Clinton era, a 
larger percentage of funding is going towards civilian programs. The Space Act which 
established NASA, is directed at helping to maintain the U.S. lead in aeronautical science 
and this is not considered "corporate welfare." 

Q: How significant is that $1 billion annual investment for NASA aeronautical R&D versus 
the industry's investments? (Davjd Greene) 
A: NASA looks further out on the horizon than industry for example industry presently has 
a large debate about the need for larger aircraft. Boeing canceled a project to make bigger 
versions of the 747 aircraft, and their stock went up as a result. The marketplace does not 
value high risk development. NASA is working on a high speed aircraft that would travel at 
Mach 2.4 and that could go from Los Angeles to Toi. yo in about four hours, and this is a 
high-risk project. The government is spending $2 billion on it now, but future industry 
development costs will likely reach tens of biilions. The governmenl i:s investing now in 
order to make the technology more available, and to reduce initial risks. 

Q: The industry will have to look at more than fuel costs to reduce overall costs. Al Gore is 
addressing environmental concerns. How is the aircraft industry looking at environmental 
problems? (Edith Boyden) 
A: Air carriers in the U.S. have only recently begun to recognize the problem. The 
International Air Transport Association had seminars on this topic but few U.S. airlines were 
represented. Now that the ICAO could lose control over regulations to the UN Framework 
Convention on Climate Change, U.S. companies are becoming concerned. 

Q: You painted long term R&D as being successful, but that it is taking a long time. The 
pick-up of technologies is falling off as fuel use continues to be improved. What does this 
say to us with regard to LDVs? We have PNGV, which is focused on technological pick-up, 
but fuel cost is a small part of LDV costs so there in no incentive. 
A: This is a regulatory issue, and I am an engineer, so I do not have any comment. 

Q: A slide showed a I 000% increase in air travel, but an offset through efficiency 
improvements. Do all interests agree on this? 
A: Industry is developing its own scenario under ICAO auspices. Industry agrees that a 50% 
reduction in energy intensity is possible in a fe decades, but feels that the EDF scenario for 
growth in air travel is not realistic because th necessary infrastructure does not exist in the 
underdeveloped nations. 



The Next Automotive Revolution 
Dr. Carl Nash, Aqjunct Professor, George Washington University (recently retired.from 
NHTSA) 
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Dr. Nash began by noting that his remarks would not be focused on Federal R&D because he 
is skeptical that Federal R&D can have a meaningful impact on the automotive industry. 

Taking a historical perspective, Dr. Na h went on to state that in the past as 
automobile use increased, regulations were focused on hazards that were obvious. Roads 
grew and the role of automobiles was transformed in a minimal regulatory environment. In 
little more than a decade, a motor vehicle design was set and this basic design is still in 
production. In the ensuing decades automobiJes became the primary focus of transportation, 
today accounting for 88% of all personal miles of b"avel. Automobiles have become integral, 
and replacing them will be difficult because their influence extends through many levels of 
our society [Figure 1]. 

Dr. Nash then posed the question of how, given this situation, the automobile's 
impacts can be reduced. In contrast with automobiles, the evolution of commercial airplanes 
was strongly driven by government-sponsored research by NASA and its precursor, the 
National Advisory Committee for Aeronautics. Approximately $1 billion is spent annually by 
NASA, and this has resulted in dramatic improvements in airline safety, speed, efficiency, 
and range [Figure 2]. 

Three revolutions and one counterrevolution have had profound impacts on the 
automotive industry. The next revolution will result from similar major dynamic forces, such 
as an energy or environmental crisis, a major new market entrant, or a shift in the public's 
needs and desires. The first automotive revolution was a productivity revolution by Ford, 
starting in about 1907. Ford became the first to 11 more than 10,000 cars in a year, and 
productivity was increased by concentrating on highly integrated manufacturing processes. 
Between 1911 and 1920, Ford build 40% oftbe cars sold in the U.S. and these sales weTe 
facilitated by the productivity revolution, and the push of Ford's productivity innovations 
[Figure 3]. 

The second revolution, Dr. Nash described, was the marketing revolution. General 
Motors successfully challenged Ford's dominance by playing to the pull of the market. GM 
helped consumers to finance their purchases and made more comfortable, stylish, and easily 
operated vehicles at prices only moderately higher than Ford's. GM was able to overtake 
Ford in 1927 through this strategy of credit financi ng, annual model changes, minor product 
differentiation, price class stratification and improved ease of operation. GM also joined 
efforts to undermine transit services by buying systems and dismantling them [Figure 4-5). 

Ford and Chrysler were then in the position of hav ing to compete on GM s level, in 
their game. Innovations such as the V-8 engine power steering and brakes, and air 
conditioning were all made on the same decade -old platform. In 1956 Ford tried to 
emphasize safety by offering safety belts, padded instrument panels and sun visors, and 
dished steering wheels, and this has led some to state-that "Ford sold safety while Chevrolet 
sold cars." While Ford could not meet the demand for safety, having clearly identified a 
latent public concern, it dropped the campaign after a year, allegedly under pressure from 
GM [Figure 6]. 
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Dr. Nash further noted that GM's strategy also killed Kaiser, the most successful other 
postwar insurgent, and various other companies. This left only the Big 3, but GM's victory 
lasted only one more generation [Figures 7-9]. 

The first sign of the third revolution wa Volkswagon's entry into the U.S. market in 
the late 1950s. VW beetles were well-built, functional cheap easy to repair, and fuel 
efficient, but they were also small, noisy, and not particularly safe. The next sign was the 
epidemic of public concern about smog and highway deaths. As large numbers of sporty 
muscle cars proliferated with the increase in baby boomer drivers, highway fatalities 
increased sharply. Air pollution in cities like Los Angeles became oppressive, and could be 
associated directly with automobile use. 

The Federal government intervened by passing safety and environmental legislation, 
and then several years later the first energy crisi hit and became the defining event in the 
third revolution, which was the efficiency/qua lity revolution. The growing Japanese industry 
began to compete largely spurred by consumer demand for vehjcles with higher fuel 
economy. VW's past success was overwh I.med by the higher quality of the vehicles made by 
Toyota, Nissan, Honda Mazda, and Subaru [Figure l O]. 

The strong fuel economy law of 1975 succeeded in doubling fuel economy over a 
decade, but the smaller Japanese cars were more effective competitors than the U.S. models, 
which were essentially scaled down models of larger v hicles and in many cases, such as the 
Falcon, the Corvair, the Vega and the Pint were disastrous. Only GM, due to its large size, 
was able to delay the ensuing corporate crisis, but as a result Ford and Chrysler emerged 
better managed and more productive. 

Dr. Nash went on to describe the counlt:1tevolution t..11nt started in 1984. A 
combination of unequal application of fuel economy standards to cars and light trucks, and 
new market demands, created a major shift toward light trucks that resulted in the light truck 
and van counterrevolution. Today, light truck and van sales are approaching half of all new 
vehicle sales, and a significant part of the gain from the doubling of passenger fuel economy 
has been lost. In addition light truck and vans compromise safety both clue to their poor 
rollover characteristics and because they pose a serious collision threat to smaller vehicles 
[Figure 11]. 

This counterrevolution was driven by market pull. Auto makers could not have 
pushed these homely impractical and overpriced vehicles on the public, but once the public 
decided that they liked them the automakers could not make enough to meet demand. They 
are particularly attractive vehicles for the automal ers, however, because of their high profit 
margins and because they are subject to weaker fuel economy standards [Figure 12]. 

Dr. Nash noted that he stnnmc1rized this automotive history to illustrate the forces and 
conditions that drive change in the automotive industry. ustainable transportation will 
depend on some fairly serious changes in motor vehicles and in the industry that makes them. 
Three questions are important. First, what forces ,vill drive future changes? Second, what 
direction will these changes talce? Third, what can be done to direct these changes toward 
sustainable transportation. 

In some cases, automotive revolution hav been push d by companies making 
vehicles with new appeal to buyers. The first two revolL1tions were driven by individual 
companies, and the third was driven by a group or Japane e companies that capitalized on the 
opportunities offered by fuel economy regulation and the energy crisis. However, since so 
little money is spent on serious R&D in the auto industry new innovations rarely play a role 
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in major changes in motor vehicles in the absence of market pull or regulatory pressure. GM 
experimented with air cooled engines in the early twenties, but management and technical 
difficulties, and the lack of obvious market demand, caused them to abandon the idea. GM 
has been more innovative than the other U.S. companies, in an effort to retain its dominance, 
but the fruits of its innovative efforts have all been market failmes. At least part of the reason 
for this was that the company was not seriously committed to the technologies, and they 
therefore appeared half-baked and trouble-pron . 

Dr. Nash continued by noting that better motor vehicles in recent years have mainly 
been developed as a result of regulatory pressure. In hi view, major product innovations tend 
to come from new entrants in the market, or revitalized competitors, that do not subscribe to 
the overt or tacit agreements within the old oligopoly. By defining new products, such as the 
Japanese with their high-quality smaller cars or Chrysler with its minivans, new or 
reinvigorated competitors can be the most effective forces for change in the industry. 

The automotive industry does not like to compete on externalities, and it prefers 
minimum standards for all. When two highly visible safety factors arose, the New Car 
Assessment Program and air bags, manufacturers quickly redesigned their vehicles to get 
good NCAP scores and installed air bags. They could then advertise that they bad a high 
level of safety without having to compete by making their vehicles safer than their 
competitors. 

The factors that moderate the push and pull of th market fall into several categories, 
including opportunity, economics, regulation and information. Vehicle regulation in 
particular, has been a key factor in shaping changes in vehicles in the last thirty years, and it 
has many achievements to its credit but also some limitations. R gulation has improved 
safety and decreased emissions but recent experience with air bags and fuel economy shows 
the limitations of regulation where it is pposed by industry. The q11ality and strength of 
regulation are dependent on several factors that are mostly political. The quality of 
regulations defines the powers of government to develop, impose, and enforce regulations, 
and with the exception of the fuel economy rules that treat light trucks and vans differently 
from passenger cars, both EPA and NHT A have relatively good legislation. An agencies 
appropriations affect its ability to op rate in an effi ctive and timely manner. Appropriations 
also limit how much research an agency can conduct. ongress has used the appropriations 
process to discipline aggressive agencies with the current prohibition against NHTSA 
spending funds on fuel economy improvements being a good example. Political 
appointments can also be a problem in that they determine whether an agency has leadership 
and a willingness to achieve its goals. The courts have also defa1ed regulatory powers in 
some cases supporting government authority and in others limiting it [Figure 13]. 

Shields against product liability and state power have also been instituted by the 
Federal government, and these have been welcomed by industry, as well as the impact on 
deflecting public relations problems and preempting stater gulations. Still, the industry uses 
its political power mainly to minimizer gulatory impacts. 

Taxes based on externalities can facilitate regulatory goals, and some states and 
foreign governments have traditionally taxed vehicles based on weight or horsepower. The 
primary goal has been revenue generation, but such taxes have dampened demand for larger, 
more powerful vehicles. In the U.S., the gas guzzler tax has virtually eliminated vehicles with 
really poor fuel economy [Figure 14]. 
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Formal corporate research, as a push factor, had a modest but important role in the 
early development of motor vehicles. Such innovations as the self-starter, lead additives for 
gasoline, and fast drying lacquer finishes were a few products of automotive R&D programs. 
Prior to 1965, most R&D efforts were directed toward making motor vehicles cheaper and 
easier to build, simpler to operate, more comfortable and durable. 

Small Federal safety research programs were initiated in fifties and early sixties, and 
these were combined in 1966 with the establishment of the National Highway Safety Bureau 
that later became NHTSA. The purpose of this agency was not to improve automobiles, but 
rather to help the government deal with safety issues. The government has conducted much 
research on automobiles, particularly on motor vehicle crashes, air pollution, the 
biomechanics of human trauma, test equipment and procedures, and the construction of 
prototype vehicles lu demonstrate the feasibility of regulatory e;oals. 

The primary impact of Federal R&D has thus been secondary, through the regulations 
that it supports. The PNGV program has the goal of demonstrating the feasibility of tripling 
fuel economy from 27.5 to 82.5 miles per gallon. At first the industry said that this goal was 
infeasible, and now it says that it is feasible but that the high costs of the program would 
exceed the value of the fuel saved. The PNGV program was the weak initiative of a President 
who talked about the importance of fuel economy, but would not even propose a modest 
increase in fuel economy standards. Both the OTA and National Academy of Sciences found 
that an increase to 33 to 35 miles per gallon would be feasible and cost-effective, and had the 
president successfully proposed a one mile per gallon per year increase in fuel economy, next 
year's cars would get 32.5 miles per gallon and next year's light trucks and vans would get 
26.5 miles per gallon. 

The lack of impact of Federal R&D, beyond supporting regulations, is partly due to 
the lack of funding devoted to it. Demonstrating potential or feasibility is very different from 
developing a marketable product, and there has been almost no incentive to use the results of 
the work on automotive efficiency because the market is biased too heavily against improved 
fuel economy. Compared with other industries, such as computers, telecommunications, 
aircraft, and pharmaceuticals, auto industry spending on basic R&D (as opposed to 
developing specific new vehicles) is a small proportion of its income [Figure 15]. 

Dr. Nash continued by noting that ma[ket mechanisms are often more acceptable to 
the public than regulation, and they may be a more robu t motivator of change. IfU.S. fuel 
costs were raised, fuel economy could be a mark table characteristic, but even at $4 per 
gallon gasoline is less than half the cost of owning and operating most cars. Gasoline at this 
price has not had a major effect on fuel economy in Europe. A price rise ofthis magnitude 
could be offset by a car U1at got 80 miles per gall n. [fa $3 tax could be instituted, it could 
replace personal income taxes for all but the richest Americans, or it could replace another 
regressive tax, the employment tax for Social Security and Medicare. 

Conswner information can have an impact on the market if it is relevant, accurate, 
useful, and readily available. But the primary benefit of consumer information comes from 
its impact on manufactmers who do not want the bad publicity and lost sales from poor 
product ratings. Consumer information can complement Federal regulation, and the NCAP 
progran1 has effectively raised the frontal impact test speed for restraints to 35 miles per hour 
from the regulated 30 miles per hour. Information could be effective in describing rollover 
safety, which is an area that does not lend itself readily to regulation. 
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Insurance rates and conditions can be market incentives where an insurable loss is 
involved, such as with crashes, but since the insurance industry is even more conservative 
than the automobile industry insurance has had an influence only with dramatically unsafe 
situations such as drivers with poor records who own muscle cars. This model would not 
apply to fuel economy or emissions, and in fact auto insurance may work perversely against 
fuel economy since lighter vehicles are less safe than heavy ones. There is, however a 
potential connection between insurance and fuel economy in that automobiles release 
massive arnow1ts of greenhouse gases, and climate change could result in more hurricanes, 
floods, and other weather hazards that can result in massive losses to the property insurance 
industry. Insw·ers are sufficiently concerned about th.is to have established and funded the 
Insurance Institute for Property Loss Reduction to study th_e problem and this organization 
could become a useful ally in a campaign to reduce worldwide automotive fuel consumption. 

In conclusion, Dr. Nash quoted Thomas Jefferson who once said, "a little revolution 
now and then is a good thing, and as necessary in the political world as storms in the 
physical .. .. it is a medicine for the sound health of government." This is also true in the 
business world. The American auto market got a valuable boost from the stimulation given 
by the oil shortages twenty years ago and the challeng of Japanese competition and what 
we need today is a similar cleansing storm. This could be initiated by an economic or 
environmental crisis, or it could come from a company that arises from or goes outside the 
current club of auto companies. Unlikely to motivate a revolution would be research results 
without market push and pull to make them part of th market, but technological innovation 
can serve a new revolution when it occurs. But without well-defined market demand or a 
radical new competitor, innovation rarely forces change in a mature industry [Figure 16). 

While information teclmologies may replace some uses of motor vehicles, we should 
not forget that the TV did not eliminate the movies and that computers have not lead to the 
paperless office. Competition provides a stimulus for change when there is an active, fluid 
market. As capital concentrates in an industry, there is a natural tendency toward stabilization 
unless there are strong pressures for continuing innovation and cost cutting. 

Regulation in the U.S. has been the product of crisis and public concern. A future 
crisis may come from international and political conditions, as with the energy shortages, or 
from environmental factors such as pollution or global wanning. 

A natural entrant in the automobile business might come from the computer industry, 
and new materials and manufacturing processes could radically cut capital costs for such a 
venture into a thin market. Products could incorporate comput r technologies to a far greater 
extent than current automobiles. Smart can might drive themselves and there already are 
powerful computer capabilities 111 today's cars that are invisible to consumers. If computers 
and communications were used with the same innovation in automobiles as in personal 
computers, cars could be transformed to the point where the line between mass transit and 
motor vehicles might forever blur. Thus, the leaders in the next revolution might be computer 
entrepreneurs who are looking for new market. They could be foreign automakers, looking 
for a repeat of the Japanese success. Envi ronmental educators may convince Americans that 
global warming is affecting their children's lives and the public could demand that 
politicians take bold steps toward taming the transportation beast. We may not yet have 
identified the source of the revolution, but those of us who are about sustainable 
transportation must try to catalyze the revolution and be ready to shape it when it occurs 
[Figure 17]. 
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Questions and Comments 

Q: Going back to your NHTSA roots why has there been a shift in the market with regard to 
demand for safety? What happened and why? (Dan perling) 
A: Safety has always been of interest, but it has been latent. The public always had a 
concern, and everyone has someone they know who has been killed in a car crash, so they are 
concerned. People who have had accidents have become skittish. The new thing is ability of 
the public to express their concern, and to understand the relative safety of vehicles through 
the NCAP. In the past, automakers have tried to suppress public safety concerns. 

Q: There is concern about the government being too involved in the technology process. We 
need the right balance in sharing money, regulations, etc. F lying is safer than riding in a car, 
but the public does not see it this way. The government has to decide where to invest its 
shrinking money, for example in aircraft safety or efficiency. It is not clear where to invest. 
A: EPA sponsored a study on public perceptions of safety. It also has to do with a person's 
understanding, their ability to control their sunoundings etc. so there are factors other than 
the actual risk. As far as government involvement a more effective way to improve safety is 
to make it a marketplace demand rather than regulated. If aircraft were crashing every day, 
the private sector would work fine. In the auto area, we have accepted 40-S0k deaths per year 
as OK. Beyond where public investment can be a big player, we need market mechanisms 
like insurance and fees in tandem with some regulations maybe in concert with fuel 
economy and emissions. Changes in pricing could do something. 

Q: One problem with government and industry working together are the structural problems 
that exist. What other problems exist? 
A: When NHTSA started regulating safety, what would the industry do if they saw 
regulations they did not like? The number one strategy was to lobby to get the regulation 
changed rather than put money into complying. Industry is too often not capable of making 
changes in the way it does business based on the public interest. It has its own bureaucracy, 
its share holders, and other incentives. Goverm11ent regulations only work well if there is an 
agreed goal that helps industry with profit and is als in the interest of the public. Industry 
will follow if it is in their interest. 

Q: Moynihan has suggested putting aside regulations by complying together to eliminate 
competition - what about this? 
A: Moynihan was a supporter of safety. Nader s unsafe at any speed helped start the increase 
in awareness. Industry says the govenunent is at fault for bad regulations, but really industry 
bas the requirement to meet standards with technologies that do not have other defects. 
However, they cannot be blamed for new and unrelated failures in regulated technologies 
because we have to make sure they are safe. For example air bags may have been oversold. 

Q: There are safety problems with light duty trucks. Are there safety regulations coming to 
deal with this? 
A: NHTSA tried to figure out a new definition to di tinguish commercial and public light 
duty vehicles, but it could not, so instead it tried to shift standards closer to those required for 
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regular cars. Often the problems are a propensity to rol I over, weakness in the roof, and 
hazards inside the cars. NHTSA jg working on dealing with this, and there are some ways to 
deal with these rollover issues. They potentially are asy to deal with because they have low 
centers of gravity. NHTSA has been remiss in moving fo1ward on these standards. These big 
trucks are also battering rams for smaller vehicles, they have rigid frames that do not crush, 
they are higher and heavier, so they increase fatalities. They do meet the same safety 
standards as passenger cars, but due to their size, they have additional issues. 

An Industry Perspective on the Partnership for a New Generation of Vehicles 
Ms. Christine Sloane, General Motors Corporation Technical Director for the Partnership 
for a New Generation of Vehicles (PNGV) 

Ms. Sloane introduced her remarks by stating that she would provide the industry perspective 
on PNGV, and would explore the circumstances in which government and industry can work. 

She then posed the following questions: What are the keys for effective industry and 
government R&D partnership? When does it make sense? Ms. Sloane listed several notions 
relevant to these questions: social significance, commitment, market forces, technical 
challenge, diverse resource base, and accountability. 

Ms. Sloane then elaborated on each of the concepts in turn. First, with regard to social 
significance, it is not only government that is focused on social benefits. Industry has 
employees, whose interests it helps, and the market is driven by society and its wants. 

The government point of view is focused on energy efficiency and environmental 
concerns, economic security and a competitive global position, and reinvestment of military 
R&D. The industry point of view, meanwhile, favors the effic iency of non-adversarial 
problem solving. The potential for big gains is a lure to the industry, and it is willing to work 
in partnerships, with levered resources, to solve big problems. Resources can be pooled in the 
interest of promoting economic security and competitiveness. 

There is an emerging point of view that competitiveness and environmental quality 
can go together. There is an opportunity for increasing credibility, especially through non
adversarial problem solving to show that this is a viable research strategy. This type of effort, 
which includes PNGV, can serve as a future model of how industry and government can 
work together, and how industry can lead national programs. 

With regard to the commitment concept Ms. loane stressed that PNGV has a very 
high level of commitment. Three CEOs are involved, along with the head of the UAW and 
Vice-President Gore. This is a key ingredient, and it is needed for success. If the CEOs make 
a commitment to the Vice-President, it is a big deal. They are putting their public image on 
the line. Commitment is needed for success, and other agents need to know that things will 
happen before they join in. 

In elaborating on the market forces notion, Ms. Sloane pointed out that low oil prices 
have reduced market forces to support private investment in energy efficiency. Market forces 
were in other areas and have shifted. For example, fuel economy was a number two priority 
in 1980 and in 1994 was number fifteen. This is not the whole story, however, and industry 
knows that today's market is not the future market. It anticipates that in the future the market 
may have to do with fuel efficiency, and it is also cognizant of the needs of developing 
countries. 
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The level of investment in PNGV has been tremendous, but industry is still not sure 
that can reach the goal of tripling fuel economy. It has seen that it would have to re invent the 
wheel, and this requires lots of resources. Every component and subsystem must be 
reinvented, and with a 10 year goal, this translates into a big resource requirement. 

All parts of the vehicle must be examined, and Federal R&D has focused on 
powertrain area, or the supply side. There is also the demand side: aerodynamics, rolling 
resistance, braking, etc. These need to be focused on as well, but PNGV focuses mostly on 
the supply side. 

A big challenge is also in reinventing relationships. There is a lot of overhead and 
work in putting together and maintain the partnerships. Relationships with government and 
other partners in industry need to be reinvented. There is a need to relate U.S. car 
manufacturers, the U.S. government, and the extended enterprise (suppliers, universities, and 
federal labs). The individual U.S. automakers are not organizations that wish each other well, 
rather they are in competition. This is an unusual circumstance for a partnership, and it has 
required significant work. A common goal is needed for a successful partnership. Bob Mull 
of Ford examined the Japanese example and how MITI had government working with 
industry and helping them. The realization was made that in order to get goals accomplished 
in proper timeframe, the three companies would have to work together. 

There are several guiding principles for getting partnerships together and achieving 
technology goals. The primary objectives are to achieve technical goals, credibility in social 
concerns, and national competitiveness. Credibility requires sustained commitment and 
visible progress. Collaboration is the preferred approach, but it requires lots of discipline. 
PNGV will be putting out concept vehicles this and next year, and they am lry ing to spread 
the word that they are pfbgressing. 

Reinventing relationship.with government requires joint commitment, and a goal and 
vision of success. The j-0.int technical strategy has defined roles for government and industry. 
The government roles are for resources, in terms of direct funding and through the 
government labs, for the convening power of Federal agencies and R&D organization, and 
for translating regulations and infrastructural issues. The industry roles are for resources, 
especially in terms of thei,upply base, convening power, particularly with regard to suppliers 
and the need to hold workshops on technical issues, and in market translation to make sure 
the market-gets what it wants. 

Thus, a joint technical strategy has emerged with a technical team structure that helps 
to identify expertise in focus areas, e.g., turbines, batteries, flywheels, and lightweight 
structures. It is comprised of people in industry, the national labs, and program level people, 
and they work out what targets need to be and what opportunities exist to meet the goals. 
They figure out which targets are realistic and practical, and then university researchers and 
others can review the goals. 

It is also necessary to reinvent relationships with suppliers. The automakers and 
suppliers used to simply work on near term needs and commitments, but they must now shift 
to meeting future needs as well. Suppliers are encouraged to do the following: join the 
national PNGV initiative, understand PNGV needs and challenges, focus on breakthrough 
technologies, deploy technologies early via evolutionary applications, leverage capabilities 

4 • 

and resources, and collaborate with customers and the government. 



PNGV is drawing on a diverse and non-traditional resource base, and it is looking 
into new areas, such as batteries and fuel cells, ceramics, etc. These resources are often 
outside of the auto industry or the government. 
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There are a few critical elements of the funding situation. The stability of the 
government effort is important, but it changes year by year so this is a difficulty. There are 
also corporate welfare issues. The industry does not want government money or welfare, but 
it needs resources to offset the risk associated with the endeavor. A recent analysis on GM's 
corporate welfare revealed that of the contracts that had come to the automakers, most are 
funneled to suppliers. The final analysis concluded that only about 3% of the money is 
expended within the corporation, mostly on vehicle integration. There is not much money 
that stays with the Big 3. Last year it was at about 8%, but a lot of that was to Delphi for fuel 
cells, and this is technically part of GM. 

The relevance and focus of government effort is also important, particularly when 
agency missions are aligned and coupled with PNGV. Cost sharing issues involve pluses and 
minuses. Active engagements and a focus on commercialization are pluses, and a mismatch 
of risks and costs is a minus. 

Accountability is important, and it is necessary to have defined deliverables. PNGV 
aims to have proof of concept by 2000 and a prototype in 2004. Milestones are important to 
reach goals. 

Ms. Sloane went on to elaborate on some of the realities of working with the 
government. First, the government is not a monolith, and there are many voices to deal with. 
A high level of support is critical when dealing with the bureaucracy. There are always 
budgetary issues. Lack of alignment with different agencies is a problem. The government 
sometimes does not understand the technical issues, and the engineers do not understand the 
government. The benefits of working with the government include the talent pool, which is a 
natural resource, and the fact that Federal skills complement those of industry. 

Questions and Comments 

Q: Bechtel is building infrastructure in an automated highway partnership, and the 
advantages and disadvantages are similar. It has found that engineers are trying to understand 
government more than Congress has. What are advantages of having only the government 
and the Big 3 involved in primary decisions? 
A: The suppliers are involved, but the drivers and goals are more focused on technical 
targets and barriers. This is made operable by workshops on targets and opportunities, and 
participation has been very broad. It is important the Big 3 does not take too much 
dominance, and they want other input. But in terms of the overall organization, of who works 
with who, where administrative overhead is focused, and so on, this mainly concerns the 
government and the Big 3, and the suppliers are lucky to be out of it. In terms of getting 
things done, however, the R&D community is very important and helpful. The goal is to 
move more and more work outside to the technical community but there are biases toward 
the big corporations. 

Q: The third National Academy review said that the PNGV program was underfunded and 
was in danger of not meeting its goals. What is your comment on this? (David Greene) 
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A: This is true. If one wants to reach an extremely tough target, one wants to manage the 
risk. One wants a "fast horse," but also more than one horse. It is best to have a primary path 
and some secondary paths. In order to have a lot of secondary paths under development, 
money is required. The resource constraints of smaller companies can be a barrier, so 
funding them is important. There are currently not enough horses in the race and some are 
developing too slowly, but iu order to not drop them, resources get diverted to the secondary 
paths. This can jeopardize the near term success of the primary paths, but the secondary paths 
are needed for safety. The primary paths may work out, but it is tough to take the chance. 
The primary paths have good funding, but once again the risk must be managed. The 
organization feels committed to meeting the target, so in some ways no money is enough. 
When they started they did not know how to meet the goals but significant improvements 
have been made and they now think they will meet the pr of of concept challenge. The issues 
of cost and wide deployment (marketability) are really important and we need to work on the 
cost challenge. 

Q: How much underfunded do you think the program is? (David Greene) 
A: They are getting on the order of $250 million, but only $100 million is on the more sure 
bets. Industry is matching these commitments and the share is growing. 

Q: You have set yourself an extremely difficult goal looking for high fuel economy with all 
of today's benefits with no cost increase. Has the industry talked about what they will do 
when o.r if they are there technically, but not at the right cost? 
A: We need to handle the risk. If hypotheticaiiy they met:l tcdmical goals, but not cost goals, 
it will be difficult to get market penetration. But it is not an all-or-nothing type of thing. 
There are spin-offs, for example, that can be deployed in other forms. They will try to deploy 
as much as possible as soon as possible. Technologies with high cost differentials will be 
pushed out to longer introduction dates . They need to make a return on these efforts, but they 
know where the competition is. Automakers have historically failed to anticipate their ability 
to drive costs down, so we should not let that necessarily be a stopping point. 

Q: What do you think of the Toyota hybrid? 
A: It does not make the PNGV goals, and it is not triple fuel economy. There are also 
emissions problems. It is missing some customer "goodies" so it would not sell in the U.S. 

Q: The Toyota vehicle is very good on emissions isn't it? 
A: There is no cold start in the Japanese test cycle, so the emissions appear better than they 
would really be. 

Q: Bob Purcell said that they will not move on to mass production till generation three, but 
you are talking about putting a generntion one vehicle on the road and commerciali.zing it. 
(Dan Sperling) 
A: Not all of the technologies are generation one. There are lots of generation three 
technologies that will be incorporated that have never been in the market, and these will be 
drawn on. 
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C: Oil companies have had the same problem in terms of underestimating their ability to cut 
costs or provide resources. We probably will not have oil problems or gas price increases, so 
80 mpg is a good goal, but there may be no drivers. 

Q: Is this the best way for government to help? What about a $1 billion challenge by the 
president? The U.S. could give $1 billion to the first automaker to produce an 80 mpg car 
with x thousand sal.es. You say that there are lots of obstacles in the government. Is there a 
simpler way that this partnership? 
A: This would be an interesting experiment, but its effectiveness would be uncertain and I 
cannot really comment on it. Once could get carried away with optimization never move. 
There are a number of avenues that work, and we have to pick some that work based on what 
we have at hand to work with. The effectiveness of this program will be determined by how 
it does. 

Q: You say the current market undervalues fuel economy, so what do you think will change 
to make your investment worthwhile? (Jason Mark) 
A: This too speculative to answer. It really is a global requirement that we are looking at. 
We will benefit even if our own market will not support it. Market circumstances can change, 
and a crisis can change the situation. We do look at fuel use as one thing that can impact 
marketing, so we are pursuing it as one strategy. 

Q: What strategies have you developed to deal with the infrastructure issues? 
A: We cannot really identify a highway infrastructure issue, but there may be fuel quality 
supply issues 

Q: What about lightweight vehicle issues? 
A: That is an issue the we have to deal with. Education about safety, the need to deal with 
regulations, and other issues will be examined, and efforts will go in those directions. 

Session III: Policies 
Tuesday, August 19, 1997 
Part A: Regulation 
Why CAFE Worked 
Dr. David Greene, Senior Scientist, Center for Transportation Analysis, Oak Ridge National 
Laboratory, Chair 

Dr. Greene started by noting the achievements of automakers since the beginning of CAFE in 
1975. He noted that in 1975 the average fuel economy of light duty vehicles regulated by 
CAFE was 13 mpg. IfU.S. consumers had driven the same 2.2 trillion vehicle miles in 1995 
in light vehicles that obtained 13 mpg than the realized 20 mpg, the U.S. would have 
consumed 55 billion gallons of fuel, costing $70 billion. Considering the fact that consumers 
would have compensated for the low fuel economy of their vehicles, the net savings after the 
anticipated reduction ofVMT would be about 45 billion gallons. Dr. Greene argued that it 
should be obvious that CAFE has been successful energy policy. 



236 

Dr Greene noted that his paper shows theoretically that a properly designed fuel 
economy regulation and tax on VMT can be an economically efficient carbon tax. He noted 
that implementation of regulations is the critical matter. Ifthere is no tax with a well 
designed regulation, households can be better off. Even ifthere is a tax, you can also be 
better off if you regulate properly. The important point is that regulation, done well, can 
function even better than a tax. 

Following this quick summary of his theoretical :findings, Dr. Greene presented a 
series of slides to demonstrate some fundamental points related to the theoretical findings. 
First, he described the market for fuel efficiency as a "sluggish" market. He presented graphs 
of the estimated change in cost of selected motor vehicles needed to cause fuel economy to 
increase, and the net savings in fuel that would result. His point was that the net savings over 
a range of values representing an increase of up to 30% is less than $100. This is not enough 
savings to make much difference to a consumer. As Dr. Greene put it, "increased fuel 
economy is down in the range of better hub caps". The choice of a vehicle is a complex 
multi-dimensional choice in which fuel economy is only one factor. Dr. Greene doubted that 
anyone actually takes out a calculator and does an analysis of the net present value of fuel 
savings when comparing light duty vehicles. He asked if anyone in the room had done this. 
No hands were raised. Dr. Greene said that choosing fuel economy is a "fuzzy" process in 
which consumers cannot be expected to optimize. 

He also noted that the fuel economy regulation itself presents distorted information to 
the consumer, since use of the average of mpg for city and highway fuel economy results in 
about a five percent error relative to (the correct) use of gallons per mile (the harmonic 
average of mpg). 

The converse of these points mentioned by Dr. Greene was that one could raise fuel 
economy requirements by nearJy 10 mpg and typical consumers would not care too much. He 
pointed out that if all manufacturers are committed to provide better fuel economy it is much 
less risky for any single manufacturer. Though the individual manufacturer will need to raise 
prices to cover the increased cost of the regulation, that manufacturer will not suffer from the 
same pdce elasticity risk as when all manufacturers raise their price by such an amount. The 
price elasticity of demand for an individual car line is approximately -5 when no other car 
line raises its price though it is only -1 for all cars- i .e. when all cars raise prices by the 
same amount. Thus, if the industry acts together to increase fuel economy, the consequences 
can be small in total. However, if individual manufacturers act alone, their risks of losses are 
great. 

Dr. Greene noted five objections to CAFE standards that are typically used by 
opponents. These are: (1) People will offset fuel economy savings by driving more, (2) 
people will hold onto cars longer thereby reducing the fuel economy of the fleet at a lesser 
rate than anticipated, (3) consumers will switch to light trucks (4) lighter cars and trucks are 
less safe, (5) consumers won't like the new vehicles, and sales will drop. 

Concerning objection number one, Dr. Greene noted that the estimates of the amount 
of driving increase that would arise from a one percent decrease in fuel operating cost per 
mile were on the order of 0.5, when studies using data up through the early 1980s were done. 
However, since that time, this estimate has dropped sharply to O. l to 0.2. Thus, 80-90% of 
the fuel economy gains of the vehicles can be expected to be realized as reduced fuel 
consumption. 
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Dr. Greene estimated that the effect of increased vehicle life since 1975 has been to 
reduce realized fleet fuel economy by perhaps one mpg. He questioned whether all of that 
can be blamed on fuel economy standards noting that the quality, durability, and reliability 
of vehicles since that time has risen sharply. 

The shift to light trucks that has occurred since the early 1980s was conceded to be at 
least in part a result of CAFE. One question posed by Dr. Greene is whether the minivan
which was classed by NHTSA as a light truck despite the fact that it was built on a car 
platform-would have emerged without CAFE. This wa clearly a vehicle that revealed a 
consumer preference for a lot of enclosed passenger volume, and for a relatively high seating 
position. Dr. Greene noted however, that within the light truck class of vehicles there had 
been a significant introduction of smaller truck models so that "within class" trends in mpg 
had been positive. Though the effect was not as large, there was also a shift toward smaller 
size within cars. Across classes, however, there was clearly a shift from cars to trucks, a shift 
to larger, less efficient vehicles. Dr. Greene estimated on net, that there was a slight positive 
effect. 

While light duty vehicles did change in weight during the period of implementation 
of CAFE, the fatality rate dropped throughout the period. While Dr. Greene concedes that 
weight reduction does increase fatalities when all other things are held equal, he points out 
that the weight issue is very complex. He mentioned a HTSA study that had evaluated the 
safety effects for pedestrians, bicyclists, passengers, and drivers. He noted that weight 
reduction increases the fatality rate of drivers, but decreases the fatality rate of all others 
involved in light truck accidents. He cited a NHTSA study that examined a theoretical 
average reduction of truck mass of 500 lb in combination with one for cars of 66 lb. In this 
study the net number of fatalities was essentially w1changed after the weight reduction. In 
this case, making the mass of vehicles on the road more similar was beneficial to all but the 
light truck drivers. Dr. Greene did not consider the fact that some drivers might actually 
realize the nature of these trade-offs and buy light trucks as a form of protection from other 
light trucks, but he did point out that NHTSA now recognizes that there is a compatibility 
problem between cars and light trucks 

Though it is asserted that consumers will not like or buy vehicles with greater fuel 
economy, consumers do state consistently that they like CAFE. In his paper, Dr. Greene 
provides results of five surveys that indicate favorable responses to the idea of increasing fuel 
economy to 45 mpg, with "support" obtaining from 72-82% and strongly support or favor 
obtaining 51 & 56%. Support rose to 84% and strong support to 63% in the one question 
where th.e goal was 40 mpg. When the question was worded more vaguely - "improving fuel 
efficiency" - support rose to 95% and strong support to 75%. While there does seem to be 
evidence in these results that consumers recognize a risk of pushing fuel economy standards 
too high, the overwhelming evidence is that they support the standards and would support a 
reasonable increase in their level. 

Dr. Greene alluded to comments in focus group presentations shown earlier in the 
conference by Jane Beseda of Toyota, concerning an unwillingness to individually sacrifice 
for the environment, but an indication that the government and industry needed to get 
together to solve environmental problems. Like the ant maker who cannot afford to risk 
increasing fuel economy when otJ,ers arnund him do not, young consumers who identified 
themselves to Toyota as favorable to the environment did not individually appear to be 
inclined to take actions supporting the environment on their own. 
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In closing his presentation, Dr. Greene indicat d that well designed regulatory 
standards work and should be considered. In the clo ing of his paper he reminded the reader 
that he had shown theoretically that a well designed combination of a fuel economy standard 
and vehicle use tax (such as a gasoline tax) would be best for economic efficiency when there 
are external costs of oil consumption such as global warming and oil import dependence. 
Even without a vehicle use tax, Dr. Greene asserted that a well designed fuel efficiency 
regulation such as CAFE would make us better off. As a result, "it deserves careful 
consideration as a key policy for creating a sustainable transportation system. 

An Environmental Regulator's Perspective on the Effectiveness of Regulations in 
California 
Mr. Tom Cackette, Chief Deputy Executive Officer, California Air Resources Board 

Mr. Tom Cackette of the California Air Resources Board presented a discussion of the use of 
regulation for reducing criteria pollutants, from a California l erspective. California, due to 
the severity of its air quality problems compared to those of other states in the union, was 
given the right to establish regulati ns different from Lhose in the rest of the U.S. 
Accordingly, with respect to emissions regulation stringency California has tended to be 
ahead of the rest of the nation and has also forced ·U,e adoption of many emissions control 
technologies later adopted in the rest of the U.S. 

Mr. C.ackette pointed out that the regulatory approach used in California has been 
successful, when looked at in retrospect. He asserted that, on th~ whole, performance based 
standards had been used successfully by California. During the question and answer period 
he was challenged about this statement and reminded that CARB had introduced the "ZEV" 
emissions standard, one clearly designed to force the introduction of a specific technology, 
electric vehicles. Mr. Cackette conceded the point, but said that on the whole the approach 
had been one of use of performance standards. He al o noted that CARB had exhibited 
flexibility in the implementation of this particular standard . He noted that effective 
technologies had been developed as a result of the "ti rcing" effect of regulation and the key 
had been providing adequate lead time to allow introduction of reliable effective 
technologies. 

Mr. Cackette presented a graph showing that the costs for "marginal control" had not 
risen to date. [Figure 1] This graph did indicate, however that RFG costs had been 
considerably higher than the other technologies shown on the slide ($2.5/lb of ozone 
precursors vs. $1/lb or less for several others shown). He nsserted that trade-offs (sacrifices 
due to high costs) had not been required. He presented a graph showing the declining trend in 
ozone in the Los Angeles (South oast) area, indicating that serious ozone days per year had 
dropped from about 100 to less than seven I er year. [Figur 2] Mr. Cackette said that similar 
successes occurred inmost of the rest of A although progress had been less in the 
Sacramento and San Joachin Valley. 

Mr. Cackette argued that regulations led to the development of the catalytic converter 
and closed-loop feedback fuel control and that the 0.4 g/mi. NOx emission standard forced 
the replacement of carburetors with fuel injection. He observed that the exhaust gas 
recirculation technology for reducing NOx got off to a bad start, but is now a standard, well 
performing technology. He pointed out that the emissions improvements have not come at 
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the cost of vehicle performance, since today's vehicles perform far better than those of the 
past. In view of the fact that th re are limited engineering resources that can be devoted to 
development of new technology, CARB has learned to be flexible and not push regulation 
too fast. As a result of this evolution of technology rather than revolution, costs per pound of 
emissions reduction for the last decade have not increas d over time. Thus, the incremental 
cost of emissions control has not changed over tim due to technological innovation done 
within a reasonable development period. 

Mr. Cackette indicated that the process of devel ping and implementing regulations 
had changed a lot since the 1970s. In the l 970s he d scribed it as adversarial and inflexible, 
with a regulatory strategy of 11 adopt and wait". Technical i sues were resolved in public view 
in a public hearing. Industry took the position that regulation was abhorrent. Mr. Cackette 
described the process as a regulator/industry dance. In the 1990s the process has become 
consultative and flexible with more public involvement, with the exception of discussion of 
technical issues, which now more often occurs in consultations before pub.lie hearings. 
Working out the technical details before public hearings are held is regarded by Mr. Cackette 
as a good change to the process. It wa asserted that public involvement has increased, and 
policies are now decided at hearings. There are more consultants involved and more 
implementation follow-up. Industry now says that regulation is sometimes OK In fact, if a 
corporation can develop a method of inexpensively reducing emissions, that corporation 
might develop an advantage over competitors by ignaling to regulators tbat it would accept a 
tightening of the standards. 

Mr. Cackette cited the example of reduction f diesel NOx emissions from 11 grams 
per brake horsepower-hour in 1983 to about one third of that level in 1996. Generally, the 
initial reaction of maufacturers is that they caruiot meet th regulation or that it will be 
extremely expensive. Looking back it is obvious that industry can accomplish a great deal 
when asked to do so. 

In the future, CARB may consider a Low Emis ions Vehicles 2 (LEV2) standard, 
which would require new light duty vehicles to have emissions very near zero by 2005. By 
2008 CARB might be requiring new heavy duty vehicle. to have NOx emissions down to 
only one gram per brake-horsepower hour, another 50% below the recently adopted, stringent 
2 gram standard for 2004. The question is whether uch regulations would simply cause 
further evolution of current spark and compression inanition engines, or would lead to a "leap 
frog" of technology perhaps the fuel cell. Although the electric vehicle production mandate 
has been moved to 2003, it remains in place and is a driving force. Marketability is 
recognized as an issue, with both cost and acceptance of the unique attributes of the EV 
technology being issues of concern. 

Criteria Pollutant Emissions vs. Oil Use and Greenhou ·e Ga ·es. When we look forward, we 
can see the time when the automobile is a very mall part of the pollution problem in 
California. Near zero smog emissions seem possible in which case the automobile will 
represent only about 10% of the problem. However, this success for criteria pollutants may 
not translate into success in reducing greenhouse gases and/or oil use. Criteria emissions may 
be reduced with little efficiency gains, or efficiency gains may come at the expense of criteria 
pollutant increases. The direct injection gasoline engine is expected to improve fuel economy 
by perhaps 10%, but at the present time it increases NOx. Advanced diesels might offer up to 
50% increases, but they may increase NOx and PM missions. To obtain high efficiency 
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there are two technologies of interest, the light duty diesel and the fuel cell. The cost for 
these technologies is seen as less than twice as much as fo r gasoline. The fuel cell involves 
infrastructure issues if it uses hydrogen or methanol as th fuel. On efficiency grounds, it 
appears that the direct injection compression ignition dj sci may be comparable to a fuel cell 
refonner combination (required by methanol) also using liquid fuels. However, for the diesel, 
criteria pollutant emissions are a major challenge in comparison to the fuel cell system. At 
the present time, aftertreatment ofNOx for a diesel 011ly offers about 30% conversion of 
NOx. For the diesel, ULEV seems a stretch, and near zero emissions with the diesel are 
speculative at best. It is possible that an adversarial relationship will develop if PNGV 
pursues a diesel engine that California cannot accept. Perhaps this is a classic trade-off in the 
making. Despite the present concerns over the emissions of the diesel, it is still possible that 
an advanced compression ignition engine/fuel/aftertreatment combination can be found to 
provide very low emissions. Cooperation in the development and evaluation of this 
technology will be critical. Vice President Gore has indicated support for development of the 
diesel, but no exceptions or exemptions with regard to emissions. 

Decision Making in the 1990s. Decision making for regulators is more difficult in the 1990s. 
Legislators are much more ideological and do not know much from a technical perspective. 
More hurdles have been put in place. Requirements for review and careful cost/benefit 
analysis can be interpreted two ways. One interpretation is that it will improve the process. 
Another is that these are steps designed to inhibit the process. Congress has recently taken 
back authority originally given to the Environmental Pr tection Agency, threatening to 
review and overturn EPA actions required by the Ci tan Air Act. 

Within the executive branch the process of setting regulation has become more 
politicized. Organizations responsible for regulation are 'graying.' Work done is technically 
sound, generally with good data gathering. The organizations now move more slowly and 
deliberately, but they are still moving. 

The public still strongly supports clean air. Questionnaire responses indicate a 
consistently high level of support for clean air. However it is also clear that consumers 
prefer improvement of teclmology to life style changes. Talk show hosts are a new part of the 
mix. They have power to cause strong public reaction. Environmental groups have become 
more pragmatic. The public as a whole does not participate in the process, and is not 
knowledgeable and effective in any case. 

Questions and Comments 

In response to questions from the audience, Mr. Cackette gave one reason that land use 
regulation and planning had not been used by CARB to address the smog problem. The legal 
goals for smog reduction have always been about 5-J O years out. When one projects the 
effects of land use controls and planning effects tend not to show up for 30 years or more. 
Accordingly, land use is not seriously considered. Mr. Cackette also mentioned that the 
promotion oflifestyle changes through Transportation ontrol Measures (TCMs) may be six 
feet under. 

Rich Kasssel of the Natural Resources Defense Council indicated that there was a 
disconnect between the PNGV efficiency goal, apparently relying on the diesel, and the 
environmental community wanting anything but the diesel. 
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Mr. Cackette noted that the PNGV had originally been called the "Clean Car" 
initiative by some, but that had been lost. He noted that states and interest groups had been 
kept out of the PNGV, but could be reconnected to it. Mr. Cackette noted that there is 
presently a gap between the emissions of a diesel and gasoline vehicle, but there is also some 
misinformation on how dirty the best diesel technology really is. It is uncertain whether you 
can have a clean diesel engine without another breakthrough in technology. 

In response to a statement by Steve Plotkin that the ZEV mandate was not a 
performance standard and was not developed by consensus building, Mr. Cackette defended 
the ZEV mandate. Although these were in effect technology specific, the implementation has 
in fact been flexible. Despite the contention that the standard forced one technology (EVs), 
Mr. Cackette argued that it may have forced consideration of electric dive and then fuel cells 
in conjunction with electric drive as "equivalent zero emissions vehicles" (EZEVs). Plotkin 
also said, if gasoline vehicles can achieve near zero emissions, why the ZEV mandate? Mr. 
Cackette responded that the near zero emissions of gasoline vehicles that he projected are not 
guaranteed, and there remains a significant risk that such emissions levels might not be 
achieved by gasoline vehicles throughout the vehicles' life. 

Comments on the Presentations by David Greene and Tom Cackette 
Dr. Lester Lave, University Professor and Higgins Professor of Economics, Carnegie Mellon 
University 

Lester Lave provided comments on the presentations of Dr. Greene and Mr. Cackette. 
Dr. Lave was a resident of the Los Angeles area as a young man. He recounted a story of his 
first driving in the smog, with tearing eyes causing him to pull over to the side of the road to 
wait for the tearing to stop. He then recognized that it was not a temporary problem, and that 
he would have to make a rather long drive ahead with tearing eyes for the duration. He then 
acknowledged that CARB, as represented by Mr. Cackette, had accomplished a great deal on 
behalf or residents of California, and offered his congratulations for that accomplishment 

Dr. Lave did offer criticism, however. His principal criticism was that one cannot 
simply worry about air pollution and greenhouse gases arising from transportation 
technology substitutions. Solid and liquid wastes might also be important, while broader 
economic impacts should be examined. Dr. Lave stated that it is necessary to cast the 
evaluation net more widely. In particular, he pointed out that Carnegie Mellon had done an 
assessment of the introduction of one half million battery powered EV s in California by 
2007, and had estimated that peak ozone would be reduced only from 200 ppb to 199 ppb. 
He also reminded Mr. Cackette of the Carnegie Mellon study that had estimated large 
increases in national emissions of lead, due to the introduction of such electric vehicles. Dr. 
Lave mentioned a new modeling system developed at Carnegie Mellon, which makes use of 
Input/Output tables and methods to estimated total national emissions changes from a 
particular regulation. 

Dr. Lave asserted that he does not think the EV 1 should be out on the road. He 
indicated that it is great in the laboratory, but terrible public policy. 

Dr. Lave mentioned that economists generally use static models that ignore technical 
change, implicitly acknowledging the difficulty of applying standard economic tools in a 
situation with reasonably rapid technical change. 

Dr. Lave indicated that he thought that CARB had done a better job of technology 
forcing, though he did not specify the basis of the comparison. The comment could be 
interpreted as "better than in the past", or perhaps better than the US EPA. 
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Dr. Lave acknowledged that CAFE worked if your goal was to increase fuel 
efficiency. He agreed with Mr. Cackette that the PNGV would need to address the problem 
of criteria pollutant emissions as well as efficiency. He cited the risk of developing an 
efficient vehicle with emissions that would be unacceptable in urban environments, such that 
you could distribute the vehicle widely so long as you did so where there were not many 
people. 

Dr. Lave acknowledged that Dr. Greene's analysis of CAFE could be correct insofar 
as the most efficient regulation can be determined. He said the fundamental issue is 
efficiency, not whether it is accomplished by regulation or by taxation. Dr. Lave said that 
there certainly are economists who will say that one should use taxes or nothing at all, but he 
clearly indicated that he is not one of them. He indicated that CAFE did a wonderful job 
through the mid-80s, but a poor job since. Dr. Lave agreed with David Greene's point that 
there is a range of possible light duty vehicle fuel economy ratings for which there are small 
fuel efficiency dollar benefits when selecting the higher level of mpg, while there are larger 
collective benefits to be had by moving to the higher end of the range where net individual 
owner benefits still occur. He mentioned that Jack Gibbons, U.S. Science Advisor, has, in 
addition to David Greene, made this point. Dr. Lave agreed that setting CAFE at a higher 
level within this range is probably desirable. However, he expressed the opinion that there 
should not be such an increase in CAFE unless there is a commensurate increase in fuel 
price. Specifically, if there were a commensurate increase in fuel price then it would be 
acceptable to go to a standard of 32-34 mpg for cars, but if th increase were only for cars 
and not trucks, then the change would be defeated to a large degree by a shift to trucks. 

Dr. Lave alluded to the high gasoline prices in Europe vs. the U.S., with little or no 
increase in per vehicle fuel economy, stating, with only slight hyperbole, that gasoline prices 
alone have "no effect". Dr. Lave indicated that he would be in favor of an increase in CAFE 
with a commensurate increase in fuel price, but he noted that the fuel price justifiable on 
grounds of greenhouse gas emissions is only on the order of 25¢ per gallon. Saving of oil was 
asserted to be worth about $1-5 per barrel, equivalent to 2-12¢ per gallon. At present gasoline 
prices, a 25¢/gallon tax would be offset by an increase in car CAFE fuel economy from 27.5 
mpg to around 33 mpg. This is essentially equivalent to Dr. Lave1s recommendation. 

Dr. Lave asserted that a significant problem is that we cannot come to agreement on 
our goals. National energy security-i.e. oil use reduction-and greenhouse gas reduction 
can directly conflict. If we want to use coal to back out oil use such a policy would contradict 
greenhouse gas goals. PNGV, on the other hand may place oil savings above air pollution 
reduction. 

Dr. Lave expressed an opinion that PNGV vehicles will not be able to be sold without 
a commensurate increase in fuel price. As he closed, it became less clear what his personal 
positions were vs. his recommendations to the conference attendees, given their own 
interests. He indicated that oil savings may no longer be very important, given an estimate 
that world natural gas reserves are probably equal to coal reserves. Under these 
circumstances, Dr. Lave does not see oligopoly power of the Middle East as a threat. Since 
the highest estimates of the damages due to global warming amount only to 25¢/gallon, 
which in tum only justifies an increase of CAFE to 32-34 mpg, why are we working so hard 
to try to save fuel? He seemed to think that the present discussion was probably tilted too 
much toward energy savings and not enough toward solving criteria air pollutant problems. 



He noted that CAFE had been far more effective in reducing fuel consumption than a 
previously imposed tax of 25¢/gallon would have been. 
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David Greene's response to Dr. Lave was to remind him that there was also a CAFE 
standard for trucks, and that an increase in the CAFE requirements for both cars and trucks 
probably would not lead to a shift to trucks that would eliminate the benefits. He also noted 
that he had examined the mix effects within car and truck classes and across classes, and the 
shifts "had not mattered" to the overall light duty fleet mpg obtained. 

A European Perspective on Transport Regulation and Taxes 
Dr. Stephen Peake, Leader, Transport Analysis for the Energy and Environment Division, 
International Energy Agency, Paris 

Dr. Stephen Peake came to the conference with international experience, having worked for 
the Energy Information Agency and having recently written an article on criteria pollutant 
emissions reduction technology and regulation for the Financial Times of London. He 
reminded the audience that we had really made progress in reducing criteria pollutants. Dr. 
Peake noted that he sees a large gap between what has been done for criteria pollutants-i.e. 
significant reductions-and what needs to be done for carbon dioxide reduction. He has just 
completed a computer model of world carbon dioxide emissions. Out of that experience came 
an observation about "technological optimism and behavioral doom". In effect, Peake 
ascribed to the thought that, although great technological advances can be foreseen, the 
magnitude of the problem and the momentum of present human behavior is such that there 
will be growth in carbon dioxide emissions despite considerable improvements in 
technology. 

Dr. Peake went on to mention several things that "worked" in Europe, by country. He 
described Denmark as "regulatory utopia", indicating that they are doing what Dr. Greene 
and Lave had talked about - i.e. combining an integrated package of taxes and regulations. 
Germany's auto industry is adopting voluntary agreements to reduce motor vehicle fuel 
consumption. The Netherlands is working to reduce congestion and introduce alternative 
fuels. Sweden has adopted a strong fiscal approach, using fuel taxation. The United Kingdom 
has decided to raise fuel taxes 5%/yr. for a number of years. This was a major shift in policy 
for the U.K. 

Dr. Peake noted that raising fuel prices in the U.S . does not appear to be an option. 
The U.S. searched for technical solutions. In his judgment, CAFE was a powerful regulation. 
He was the only participant in the conference who pointed out that the federally driven air 
quality changes in the U.S. had not succeeded. While this is a matter of perspective, it is, in 
fact, true. Great improvements in air quality have been achieved in the U.S., but the standards 
have not been met in all locations, so it is correct to say that the U.S. regulatory approach has 
failed to ( completely) meet the goals that it has set for itself. 

Dr. Peake reminded the audience that transportation taxes designed to achieve a given 
amount of CO2 reduction are very expensive. He raised the question whether the transport 
sector should be given a reduction goal commensurate to its contribution to the CO2 

emissions problem, implying that it should not. 
Dr. Peake noted that energy measures alone do not have much effect on mobility. He 

indicated that the model that he uses involves multiplication of mobility times modal 
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intensity times fuel mix. He indicated that constraining mobility is difficult, and seems to be 
off the agenda. This leaves modal efficiency and fuel mix. 

Dr. Peake noted that the European Auto/Oil study was not going well. 
In a comment on David Greene's assessment of the effectiveness of CAFE, he 

wondered if there would have been an autonomous increase in mpg in the absence of CAFE. 
In closing, Dr. Peake expressed optimism that air quality can be improved, but 

reducing CO2 emissions will be difficult. He also asked whether we should be worrying 
about equity while determining how much transportation should contribute to greenhouse gas 
and air pollution reduction 

Due to time constraints, neither Dr. Greene nor Mr. Cackette offered "rebuttals" to 
Dr. Peake's comments. 

Session III: Policies 
Monday, August 18, 1997 
Part B: Pricing 
John DeCicco, Research Scientist, American Council for an Energy Efficient Economy, 
Chair 

John DeCicco introduced the session. He pointed out that "policy people" think that pricing 
is important to deal with the concerns of the conference. However, John also pointed out that 
taxes would be needed to maintain the revenue stream in the event that the fleet efficiency 
were improved dramatically. Thus, from DeCicco's perspective, changes in tax rates are 
necessary in order to offset revenue losses, so why not make those taxes as efficient as 
possible? 

Effects of Fuel Prices on Motor Vehicle Technology and Consumer Choices in Four 
Low Density Nations 
Mr. K G. Duleep, Managing Director, Energy and Environmental Analysis, Arlington, VA. 

Mr. K. G. Duleep initiated the discussion of prices. He presented results of an international 
study that had been designed so that the countries being examined were as similar to the U.S. 
as possible. In particular countries were selected that had (a) low overall population densities 
(< 60 persons/sq. mi.), (b) high urbanizaUon (>80%) ( ) car friendly cities, and with (d) 
potential for long distance auto trips. The countries selected also happen to test the fuel 
economy of their vehicles in the same manner as in the U.S. The countries selected were 
Sweden, Canada, and Australia. Among the four countries, the highest fuel prices are found 
in Sweden, the U.S. the lowest. The period of time covered was 1979-1992. 

It is difficult to compare fuel prices across countries due to wide swings in exchange 
rates. Mr. Duleep therefore used an index designed to correct for this problem, the 
purchasing power parity index. The study indicated that fuel economy ratings of vehicles in 
the four countries had converged by 1992 in spite of big differences in the level of fuel prices 
and the changes in prices for the four countries. 

Gasoline prices for Sweden rose to a peak in 1982 and dropped somewhat thereafter. 
The U.S. peaked in 1981. Canada exhibited a slower rise than the U.S. and Sweden, but 
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stayed high! Generally speaking, the price of gasoline rose and fell in all four countries over 
the twelve year period examined. Mr. Duleep's interpretation was that, although there was a 
big change in fuel prices over the period, there was only a small change in fuel economy. 

Mr. Duleep noted that all four countries had a significant population of light trucks in 
1990, with Sweden having the lowest percentage (9 .4 % ), followed by Australia ( at 14% ), 
while the U.S. and Canada had a very similar total of 30 and 29% respectively. 

As far as the inducement of fuel efficiency is concerned, Mr. Duleep asserted that fuel 
prices-50¢/gallon to $3.00 per gallon above those in the U.S. have little effect on the mpg 
rating of new vehicles. On the other hand, however, Mr. Duleep did note that vehicle sales do 
vary across countries generally consistent with the ordering of vehicle prices. He presented 
graphs that indicated that per capita sales were highest in the U.S. and Canada, lowest in 
Australia and Sweden. Making use of the affordability ratio-price of vehicle to income-Mr. 
Duleep showed that affordability was highest in the U.S . and Canada (ratio lowest), lower in 
Sweden, and lowest in Australia. 

Mr. Duleep noted that all four countries appear to specialize in production of large 
cars for the domestic market, importing a significant proportion of small cars. He also noted 
that the trend to minivans and sport utility vehicles is worldwide. The vehicles in Sweden and 
Australia have not gone to four wheel drive and/or four valve per cylinder engines to the 
extent that the U.S. and Canada did. The U.S. and Canadian cars have lower coeffficients of 
drag than the Swedish and Australian cars. The U.S. and Canada tend to have larger internal 
volume cars. Despite the higher prices in Sweden and Australia, the level of technology 
appears to have lagged behind the U.S. and Canada. 
Overall, at the end of the period (1992), there were only small differences in the fuel 
economy of the average vehicle sold in the four countries. So we do not see evidence that 
higher prices induced greater vehicle efficiency. 

Mr. Duleep presented results of some simple regressions on the determinants of total 
sales over the study period. The analysts found that the affordability index (income over 
price) had the largest elasticity, at 0.72. Fuel cost over income had an elasticity of -0.34. 
National unemployment had an elasticity of -0.45. An indicator of pent-up demand using 
prior years' sales rates also had an important effect. The goodness-of-fit of the equation for 
all four countries was 80% or better. While the elasticity of response to vehicle price is larger 
than to fuel price, it must be remembered that the net effect is a result of the total change in 
vehicle price and/or fuel price and the respective elasticities. If the percent variation in fuel 
price over a given period is more than double the variation in vehicle price during that 
period, then fuel price changes can be the more important net 

Mr. Duleep found that the level of the stock market had a significant effect on the 
demand for luxury cars. Mr. Duleep concluded that vehicle affordability or vehicle price to 
income ratio, rather than fuel price, had the largest effect on sales. 

A binomial tree model of auto demand was constructed by Mr. Duleep. 
He noted from experience in developing this model, that if you change prices to force 

people to substitute technology, people then buy smaller cars. The manufacturer responds to 
this in two ways, by producing smaller cars and by reducing prices of larger cars to maintain 
sales. Thus, manufacturers respond to loss in sales share by lowering prices. The lack of 
information on transaction prices led Mr. Duleep to use list prices in the analysis of market 
share dynamics. It was noted that, when fuel prices rise, the demand shifts away from large 
cars to small cars, but the manufacturer responds to this by lowering the price of large cars in 
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such a manner that the market segment shift from large to small is reduced. This statement is 
a bit at odds with a figure presented by Dr. Greene for the U.S. in which he showed that 
small car share and real fuel price in the U.S. tracked each other fairly well from 1974-96. 
However, many other variables also track fuel price, such as personal income. 

In closing, Mr. Duleep reiterated that, as fuel prices are increased, manufacturers of 
large cars defend their market share by lowering prices. Consistent with this, given the wide 
range of vehicles and fuel taxes in the four countries examined, lack of large scale response 
in consumer demand to vehicle supply is remarkable. According to Mr. Duleep, small 
changes in fuel economy are almost entirely due to consumer demand, not technology 
supply, in the four countries. Total vehicle sales appear to be well explained by vehicle price 
and fuel cost, each relative to income, across the four countries. Sales by class appear to be a 
stronger function of vehicle price than gasoline price. Wealth effects have successfully been 
shown to be related to the purchase of luxury vehicles by linking the behavior of the stock 
market to the purchase of this class of vehicles. For these four countries, which each 
specialize in the domestic production of large cars, the ability of the domestic manufacturers 
to defend their position as suppliers of large cars (by lowering price to maintain sales 
volume) tends to dampen any intended effects of gasoline price increases. 

In response to an audience question, Mr. Duleep stated that the VMT per vehicle in 
the four countries was not estimated, but he did not think that it varied much, perhaps by a 
couple of thousand miles per vehicle, or 10-15%. In response to an assertion by Lee Schipper 
that the sale of company cars in Sweden is considerably different from that in the other four 
countries, Mr. Duleep "begged to differ', asserting that Dr. Schipper was referring to Volvo 
company car sales in Sweden. The entire fleet of cars sold actually had proportions of 
business fleet sales that are similar to those in the U.S., if one counts sales to auto rental 
companies as business fleet sales, Mr. Duleep did concerlf': thr1t the sales of business cars in 
Sweden accounted for 45% of sales, and that fuel costs were not paid by the owner, while 
first costs were treated as income and taxed accordingly. In the U.S., business sales account 
for perhaps 30% of the total sales, with many of these sales to rental fleets. 

Mr. Duleep did not have a complete explanation for the large differences in levels of 
technology within the four countries (front wheel drive, 4 valves per cylinder, coefficients of 
drag), but suggested that it may be due to differences in the level of competition experienced 
by domestic manufacturers in each country. 

Congestion Pricing in the United States: A Review of Early Implementation Experience 
Mr. Michael Cameron, Transportation Program Manager, Environmental Defense Fund 

Mr. Cameron initiated his talk with a bit of near-term historical perspective. He noted that 
four years before all of his discussions had been theoretical and prospective, discussing the 
goodness and likeliness of road pricing. In today's talk, he was able to provide real world 
examples. 

Mr. Cameron indicated that he was giving his presentation from the perspective of an 
advocate of pricing. He thinks that (improved) road use and congestion pricing - motor 
vehicle user fees-are good ideas, and that they will happen. 
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The purposes of motor vehicle user fees are to: (1) reduce congestion, (2) make 
better use of infrastructure (3) raise investment capital, and (4) reduce pollution. Types of 
fees that can be applied include: (a) fuel taxes, (b) emission fees, (c) feebates, (d) VMT fees, 
(e) congestion fees, and (f) parking fees. Mr. Cameron's interest, and the focus of this 
presentation, is congestion pricing. 

Four examples were discussed. These are: 

I. State route 91 in Orange County California 
II. Interstate 15 in San Diego 
III. Lee County, Florida (bridges) 
IV. The San Francisco-Oakland Bay Bridge 

Cameron's considered judgment, after examining these cases, is that success needs three 
elements. 

A. Public finance and externality benefits 
B. Flexibility at the local level, consideration of improvement of congested 
corridors 5-15 mi. long 
C. For the pricing strategy to increase travel options. 

I. State Route 91, Orange County, Calif. This is a ten mile four lane facility built in 
the median of an eight lane freeway. It is the most well known of the four. It has been open 
for a year and a half, serves 25,000 daily users, and 86,000 persons have signed up for 
accounts. Cameron notes that this represents a tip-of-the iceberg relative to what is possible. 
He notes that collection of the fees on this corridor represents 86,000 collection points, while 
the state gasoline tax is presently collected at the wholesale level at nine collection points in 
the state. The toll itself is highly flexible, depending upon the level of congestion in the 
freeway and on the facility itself. The toll varies from 25¢ to $2.75. By prior agreement, high 
occupancy vehicles go free. The tolls are to pay for the facility itself, so those who pay are 
those who benefit (aside from HOV occupants). In order to allow for the possibility that 
revenues might not be adequate, it is possible that HOV occupants could be charged in the 
future. The average vehicle occupancy is 1.65, in comparison to a regional average of 1.2. 
This shows that the intended effects are being realized. An important attribute is that you are 
not forced to pay the toll. Those who do not pay the toll obtain benefits from those who do, 
since the level of congestion on the freeway is reduced. 

II. Interstate 15 in San Diego. This project is much more modest in scope and 
purpose than the SR91 project. It did not involve new construction, and involves only one 
HOV lane on the existing interstate. There is about eight months of experience with the 
project. The facility is eight miles long. Single occupancy vehicles (SOVs) can buy a pass to 
get on the HOV lane. There is no debt. The purpose is to make better use of existing 
infrastructure, and to provide funding for alternatives to the highway. Revenues are used to 
fund transit. Only a limited number of passes can be sold, because they are subject to the 
restriction that the rate of flow on the HOV lane cannot be diminished. The allowable 
number of passes sold out quickly. There are presently 500-700 daily users. This project also 
has flexibility. You do not have to buy the pass to travel the corridor. 
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III. Lee County, Florida. This is a prospective case. There are two very congested 
bridges in the county. It has been determined that the County cannot afford another bridge. 
Accordingly, the plan is to lower tolls during the off-peak period in order to encourage peak 
period bridge users to shift trips to the off-peak period. In this example, an actual reduction 
of fees is planned, and the projected effects are a reduction in peak period congestion. Thus, 
efficient pricing need not always imply price increases. The area is a growing one, so 
increases in tolls in the future to provide funds for new capacity are open for consideration. 

IV. The San Francisco-Oakland Bay Bridge. In this case, the proposed policy 
involved an inflexible increase in tolls for every user of the bridge, justified as compensation 
for external costs only. Spending of the revenue involved transfers and did not involve 
reduction of congestion on the bridge. Revenue was to go to area transit improvements. 
There was no way to avoid the proposed toll increase in this case. The highway cases have 
options - either pay/no pay. The project to date has not been implemented, despite 
considerable public support and advocacy. The proposal here was somewhat like that in Lee 
County, in that it involved greater differentiation between peak and off-peak tolls. However, 
in this case it involves a considerable on-peak toll increase from $1 to $3. It was projected to 
decrease congestion by 40%. 

There were two reasons that the proposal did not succeed. First, there was no 
institution concerned about raising the revenue and making use of it. A spending plan was 
put together, but it was not the focus of the project, and was not considered a compensation 
or offset for paying the toll. Spending on public transit was proposed, but apparently bridge 
users regarded this as a nearly complete loss of value with respect to their own needs. 
Second, on equity grounds, the president pro tem of the California Senate, Bill Lockyer, 
strenuously objected to the proposal and made a political issue out of it. Lockyer considered 
it a rich vs. everyone else issue, increasing stratification hP-tween the haves and have nots. 
Many people agree with Lockyer's views, though Mr. Cameron does not. 

In summary, the first three examples show that differentiated user fees can be 
politically feasible, while the last shows that this is not guaranteed, and that development of 
acceptable user fee and revenue use structures can, under some circumstances be a long-term 
battle. 

Mr. Cameron reminded the audience that sustainability has at least two different 
meanings, depending on the group using the term. For many, it means a transportation 
system and charging structure that assures a sustainable flow of funds to facilitate auto
mobility and growth. For others, it means development of institutional and charging 
structures more focused on consuming less energy and fewer resources, and generating less 
overall pollution than does our current auto-dependent system. 
Mr. Cameron pointed out that congestion pricing is being considered for both reasons. 

In closing, Mr. Cameron observed that user fees may fit a perceived trend to 
decentralized transportation systems decision making. Congestion pricing is a "bottom up" 
approach in which local concern over congestion over transportation links a few miles long 
can lead to local action to address the problem. He noted that a diversity of options is 
important, and, with such diversity, success is more likely. Punitive fees and fees that are 
seen as discriminatory may not work. In Mr. Cameron's estimation, the projects discussed in 
this presentation may not look like what will be seen in the future. In effect, these projects 
are designed to increase capacity and make travel easier and may therefore contribute to 
more sprawl. Mr. Cameron reiterated that a spending purpose is needed for revenue 
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generation. He still sees the San Francisco-Oakland Bay Bridge toll proposal as "on the 
table", because the present discussion focuses on use of the revenue for bridge upgrades for 
"seismic retrofitting". This appears to be a more popular and acceptable use of the revenue 
that would be generated. However, at the moment, the seismic retrofit fee is proposed to be a 
toll increase to $2, and not be time differentiated. 

In the question and answer session,Mr. Cameron conceded that no estimates of net 
energy effects of these policies had been generated. 

In response to another question, Mr. Cameron noted that the need for the SR91 
upgrade was very great. The corridor had level of service F - i.e. very severe congestion. 
Since it was completed by private financing, tolls had to be used to finance the road. It has 
been found that the toll revenue is not great enough to cover the debt incurred. Tolls were 
raised in peak hours to attempt to increase revenue, but the authority is still not covering its 
debt. There is thought now of selling the facility to the state. Mr. Cameron said that the lane 
usage on the toll facility does not represent "Lexus lanes". Instead, the mix of users is similar 
on the freeway and on the tollway. Pricing experiments did show elasticity effects. When 
increasing fees from $2.50 to $2.75, they lost 10-15% of SOVs and HOVs increased. They 
may have to impose tolls on HOVs to meet costs. 

Mr. David Chien, a conference participant and "slugger" from Washington DC, noted 
that planning these facilities can have some intricate complexities. "Sluggers" stand in line 
and get picked up by SOVs who want to become HOVs and use HOV lanes. The "slugger" 
gets a free ride without downtown parking fees, and the driver gets to work faster. Sluggers 
generally drive to the pick-up point. However, they are known to use transit line parking lots. 
Transit authorities do not want them doing this, as it reduces transit ridership. Mr. Cameron 
indicated that he thought the same phenomenon occurred in the San Francisco area at Bay 
Area Rapid Transit Station parking lots. 

Open Discussion 

John DeCicco noted that "deals" might need to be struck between those concerned with 
causing the externality costs of motor vehicles to be internalized, and those interested in 
raising revenue for new roads, road maintenance, or infrastructure upgrading. 

A paper on congestion pricing by a David Jones was mentioned. This paper was 
reported to have found that London residents and visitors were willing to pay tolls into 
London if the money were used for (a) transit, (b) traffic calming, and (c) improving the 
environment. This was an example illustrating that multiple uses for user fee revenues might 
draw different constituencies together in support of increased user fees. It also illustrated that 
user fee revenues don't necessarily have to improve the system on which the user fee is 
collected. 

Mr. Cameron reacted to this statement with a point concerning the fondness for roads 
in California. He noted that federal and state funds for roads had been falling in CA, so the 
counties have been raising sales taxes to pay for roads rather than pricing the roads. Mr. 
Cameron thought it would be better to get the funds from users than from a general local 
sales tax. 

Mr. Cameron was accused of not caring about equity in his work on the Bay Bridge 
case. Cameron disagreed with this assertion, indicating that work had been done on setting up 
low income subsidies. He conceded that these obviously did not adequately address the 



250 

concerns of Lockyer, and raised the issue of the value of efficiency vs. equity, and where the 
balance lies. 

A comment from the audience indicated that the gasoline tax was not politically 
acceptable in California at this time, but roads were desired. Thus, use of sales taxes to fund 
roads was likely to be put on the ballot and achieve some success. This was portrayed as 
"expedience," i.e., go for the more readily available funding source. 

Session III : Policies 
Monday, August 18, 1997 
Part C: Land Use and Mode Shift 
Mr. Don Chen, Surface Transportation Policy Project (STP P), Chair 

As chair of this session, Mr. Chen began by noting that when looking at the future of 
transportation and land use, it really pays to look at the past. It is widely accepted that 
transportation infrastructure and land development patterns follow each other quite closely in 
a mutually enforcing manner. Our own GIS analysis of Interstate-era highway investment 
patterns and development reflects this relationship. [Chen shows slides of highway 
construction and developed land in the Chicago metropolitan area from 1950-1990.] 

But in recent years, states and regions across the nation have expressed alarm over 
rapid growth, or "suburban sprawl," on the metropolitan fringe. [Chen shows a slide of 
metropolitan land growth and population growth.] Over the past several decades, land 
development in some American metropolitan areas has outstripped population growth by an 
order nf magnitude, and many local leaders believe that this has contributed to environmental 
problems, fiscal concerns, and the decline of central cities. 

Therefore, to better manage growth, regions wish to arrest the haphazard chicken
and-egg cycle in which roads enable development which in turn, justifies more roads. They 
are looking at ways to direct transportation investments in an effort to guide development so 
that fewer costs are incurred. A key manifestation of this effort is the Intermodal Surface 
Transportation Efficiency Act of 1991, which gave metropolitan planning organizations 
(MPOs ), rather than states, the authority to determine how best to spend federal 
transportation dollars. This local empowerment was also coupled with requirements that 
MPOs develop long-range transportation plans that considered land use impacts. 

This MPO planning framework has changed priorities, as reflected in a number of 
new trends. [Chen shows slides on federal transportation spending.] Since ISTEA was 
passed, we have actually had a decrease in federal spending on new highways and an 
increase in maintenance of existing roads. We have also had dramatic increases in federal 
funding for bicycle and pedestrian projects, as well as the transfer of funds from highway 
programs to transit. 

These federal spending trends are also influencing state decision making. Numerous 
states have embraced the planning principles of IS TEA and have adopted goals of system 
preservation, intermodal infrastructure development, and improving service delivery rather 
than expand the highway network. Also, many states have come to realize that building new 
highways doesn't solve congestion problems, partly because of induced demand effects, and 
have begun to focus on innovative ways to reduce congestion. These include measures to 
better support carpool, transit, paratransit and other services; encourage non-motorized 
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transportation; implement high-technology measures such as time-of-day pricing and 
telecommuting; and facilitate the development of high-access neighborhoods. Some states 
have even launched their own "smart growth" initiatives. These include Maryland, New 
Jersey, Colorado, Georgia, Maine, Oregon, Rhode Island, Vermont, Washington State, and 
Florida, and typically call for a combination of land use planning, incentives for downtown 
development, developer impacts fees, transportation incentives, and zoning rules. 

With these developments, we have seen a change in the "sprawl" debate - one that 
has shifted from a debate about the environment and energy consumption to one that also 
includes fiscal and social concerns. We believe this issue will gain strength because now it 
seems likely that ISTEA will be reauthorized more or less in its present form and the 
transportation and land use planning provisions will be left in place. This means that in the 
future, we will have more and more opportunities to influence VMT and energy consumption 
in the transportation sector. 

Land Use Policy and Transportation: Why We Won't Get There From Here 
Prof Genevieve Giuliano,, Professor and Vice Dean, School of Urban Planning and 
Development, University of Southern California 

Prof. Giuliano began her remarks by saying that she was going to tell a very simple story. 
The story would be one that land-use policy would not be a promising strategy to achieve 
environmental or sustainability objectives. To effectively tell the story, Prof. Giuliano said, 
she would have to go outside the United States. 

Prof. Giuliano continued by saying that land-use policy is a trendy issue. It is 
attractive because it seems to be the "no cost" policy, and benefits will follow. Some car 
ownership and travel trends include the fact that car ownership is increasing everywhere in 
the world. Growth in car ownership and populations-for different classes in the world-are 
the highest in less developed locations across the globe. 

We are seeing the lowest rate of increase in U.S. The highest rate of increase is in 
Japan. Car use is increasing and also taking away shares from other modes. One of the things 
that we attribute to car ownership is rising income. There is a relationship between GDP and 
car-ownership rates. There is a message: Sustainability is more about pricing than it is about 
land use. 

Prof. Giuliano described her efforts to look at different metropolitan areas around the 
world, and mode shifts over time. For London, car use is increasing, and transit use, cycling, 
and walking are decreasing. The car eats out of transit and walking modes. Perhaps this is 
representative of the lack of walkable environments. 

With rising income comes a whole array of demands that need to be made. Household 
size is an important variable, and it is dropping in many countries. It is not only in the U.S. 
that the presence of "traditional" nuclear families is on the decrease. There are more adults in 
the household. There is an increase in labor force participation among women. Women are 
approaching the participation of men in the work force. The incidence of people living in 
multi-worker households is increasing. There are a lot of things going on independent of any 
type of policy activity. 

In land use, the story is one of decentralization. Many refer to this as sprawl. This is 
happening everywhere around the world. Populations are settling outside of central areas into 
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suburban areas. Employment decentralization is happening too. Employment is shifting to 
suburban areas. Poor cities are accounting for this trend due to the shrinking share of all jobs 
in metropolitan areas, and more job gains are being realized in outlining areas. The same 
trends are present in Europe. Again, the evidence is pretty clear. Urban areas in Europe 
started out much more dense, but the scale for analysis is quite different in contrast to the 
U.S. 

How do land use and travel interact? Commuting patterns have changed. The suburb 
to suburb commute is the dominant commute in the US. The same pattern is occurring in 
Europe; however, longitudinal data are difficult to obtain. Along with commuting patterns 
goes mode share. Transit is losing its market. The journey to work is the same as that of the 
U.S. in European cities. 

Why did this happen? We can blame our own culture, e.g., our political and social 
culture. When decentralization happens in other countries, something else may be an 
important factor. 

What happened? There are several important factors. First, incomes have risen. 
Second, housing preferences have become such that the demand and preference for 
decentralization are there. Third, job decentralization has resulted in a shift to an information 
and service-based economy. Services are becoming far more mobile, as they grow in market 
share. The highly qualified job employers are moving out to the suburbs. Firms have less 
incentive to invest in high-cost locations. We have had a great change in decentralization, 
and the issue of access starts to diffuse, as well. This will only increase with an information
based economy. Fourth, economic restructuring has occurred. Information technology is 
shifting the way firms organize themselves. Networks have tremendous flexibility to respond 
to incentives in different localities. 

Prof. Giuliano then suggested two land-use proposals for the future. First, an urban 
design policy based on transit oriented development (TODs). The idea behind this proposal is 
to make walking and transit use more attractive. Second, an increase in development 
density-the "compact city" proposal. In this way, automobile use would become less 
attractive. 

What is the empirical evidence? With respect to urban design, it is all very 
contradictory. There is nothing there for policymakers to hold. Newman and Kenworthy have 
studied the relationship between density and transit use. The only point at which there is a 
shift in mode use is when density is very high. This is the challenge for the long term. 

Can we design better neighborhoods? This can certainly be done, but it will not have 
anything to do with greenhouse gas emissions. 

Prof. Giuliano went on to describe why increasing density does not work. First, the 
firm location incentive issue means that firms do not have an incentive to locate in dense 
areas. There is evidence that firm location in these areas will continue to decline in the future. 
Getting more employment in core, central areas is very expensive. Second, the trend toward 
globalization creates a challenge for these kinds of policies. Globalization makes firms even 
more footloose. How can we impose policies on firms? The global firm is highly flexible. 
How can we impose restrictions on where firms go? Third, the household location incentive 
issue means that; while there are people who love to live in core, dense areas, the mass 
market seems to be going in the other direction. Furthermore, households are becoming more 
footloose over time. If I telecommute, I can move even farther away from my workplace. I 
have less and less incentive to live near a particular job at one point in time. Fourth is the 
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political support issue. Land-use controls reside at the local level. Communities vote to 
reduce their densities. The European situation might be very different; nevertheless, we do 
not know what are the limits. The fifth factor is the range of larger trends that are occurring. 
Whatever can be done to increase densities will be only incremental. Sixth is the increase in 
private vehicle demand. In 1990, Singapore imposed regulations on new car purchase. 
Certificates are now sold on auction. Taking the cheapest car and adding all the fees, a 
$10,000 car becomes $19,000. Demand is inelastic in Singapore, given this anecdote. 

Questions and Comments 

Q: I disagree very strongly that land-use policy is not a viable policy to implement 
sustainable transportation. My experience in Portland, Oregon, and in Europe shows me that 
your conclusion is not true. (Sam Sadler) 
A: I tried to make it clear in my presentation that things are quite a bit different in Europe. In 
terms of the Portland story, we can spend a lot of time debating whether or not land-use 
policies can have an impact on sustainability. I am not sure that the land-use policies in 
Portland are very effective-time will tell. 
C: I find some of what you are saying somewhat inspiring with respect to providing 
walkable areas. Decentralization of jobs is not that important because work trips are only 
about 25 percent of VMT. In suburbs, with high land values, we are building things very 
densely, but we do not build in walkability. (Bob Noland) 

Q: GDP vs. travel per capita data, in the U.S., Europe, and Japan, provide that land use is 
important. Newman and Kenworthy show that the interaction goes either way in Japan. You 
do not move very far when you move in Japan due to the expense. I think it is fair to say that 
it is difficult to find a land use policy in Europe that works. You cannot rule land use out. 
The cost of housing is left out of your analysis, as well. What the World Bank proved is that 
the bigger your home is the more fuel you use. Clearly, you can not deduct your mortgage in 
France and Canada. It is difficult to separate out policy impacts from trends and statistics. 
(Lee Schipper) 
A: This conference is about grand issues of global warming and environmental solutions. If 
you ask me about what are better answers, we have had better solutions all day, e.g., 
technology, than land use policies. 

Q: Would you comment on a policy reflected in a SCAG draft regional transportation plan 
that provides people who choose to buy a home near a transit station or transit development 
with a higher mortgage qualification. The theory is that you will be using transit, not a 
personal vehicle, and you will have more income to invest in the home. 
A: You might or might not use transit. If I was looking to buy a house, I would research this 
deal. 

Comprehensive Urban Modeling 
Prof Bob Johnston, Professor of Environmental Studies, University of California, Davis 

Prof. Johnston began by providing an overview of his talk and the four main points that he 
would cover. These included the following topics: types of models; experience in the U.S.; 
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current developments; and research program needed. He also mentioned four questions that 
would be addressed, and these included: research issues; the need for an open modeling 
process; modeling for sustainable development; and equity. 

Prof. Jolmston began by covering some general points. He mentioned that there are 
many cases of successful land-use development, for example in Portland and Toronto, but 
that he would be agnostic about whether or not these policies would work. Many regions in 
the U.S. do need to look at land use policies in conjunction with transit, maybe with pricing 
of the auto mode as well. There was a good debate in the Journal of the American Planning 
Association in 1997 (Ewing v. Gordon and Richardson). Prof. Johnson then noted that he had 
read dozens of articles on the topic, and that all had significant flaws in the empirical 
research. 

There are statutory requirements that bear on the need to do land use modeling. First, 
the CAA rules require that land use effects of changes in accessibility be taken into account 
in serious or severe nonattainment regions. Second, ISTEA requires that transport networks 
and land-use patterns be "consistent" in regional plans, and all MPOs must do this. Single 
land use projections are used for all scenarios in these types of exercises, however, and no 
MPO uses multiple projections, as required. 

Comprehensive urban models have a land use side, which includes economic activity 
and land consumption. These are zonal models with exchange of persons between zones, like 
normal travel demand models. There is a time lag from changes in transport systems to 
changes in land use. 

History of Model Development (Highlights) 

The history of model development is characterized by the following highlights, in terms of 
progressive improvements. The progression has been from static models, to integrated 
models, to inclusion of a land market with prices, to inclusion of an 1-0 model for goods, to 
inclusion of a floor space submodel, to multipurpose software packages, and finally to 
including the effects of land prices on wages. 

The models typically run now in Windows95. A lot of work has been done on these 
models in Europe and Japan. The best categorization of the models has been done by David 
Simmonds, but the paper has not been published. 

Different types of land use models are available. There are predictive models, which 
can be either static or dynamic. There are three types of dynamic models: entropy based 
(ITLUP, LILT); activity based (IRPUD, MASTER IV -- these represent human 
demographics and housing construction but they are very data hungry); and spatial 
economics based models (e.g., MEPLAN, TRANUS -- these have submodels inside). There 
are also optimizing models (e.g., TOPAZ, TOPMET, and SALOC). The best compromise 
between behavioral models and tractability is the spatial economics based model family. 

Why not run a land use model in iteration with a travel model? This is the commonest 
practice in the U.S., but only an integrated model can consistently treat prices and utilities in 
land use and transport, so we can compare the economic effects of land use and 
transportation policies. TRANUS, for example, is a big nest of MNLs. This is a well-known 
statistic in terms of measures of confidence and other statistics. 

The experience in the U.S. has been that about 11 MPOs have custom models. These 
are not transportable, and so experience with them has been limited. DRAM/EMP AL is used 



in about 12 MPOs and thus is the commonest. MPOs prefer it, because they can use their 
own travel model in iteration with DIE. However, DIE did not estimate acceptably in 
Portland and it produced poor results in Seattle and Los Angeles. 

There are some important criteria for a useful land use model. First, it should be 
behaviorally based (on stochastic economic decisions). Second, it should be sequentially 
dynamic. Third, it must be tractable. 
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There have been current developments related to the use of TRANUS in Sacramento. 
There are papers, reports, and a web page. It has produced acceptable results, but many 
improvements are planned, such as adding another base year for calibration. SacTRANUS 
feeds land use projections into a GIS-based land allocation model, and produces fine-grained 
land use maps. SacTRANUS now has an energy model for vehicles and buildings, plus a 
greenhouse gas model. A model comparison study has been undertaken on TRANUS, 
MEPLAN, and DRAMIEMPAL using the same Sacramento data. METROSIM may also be 
included. The paper will be modeled after Wegener, Mackett, and Simmonds, 1991 
(Dortmund study). 

There is an irony in that MEPLAN was supported by U.S. DOT until about 1981, but 
then it was dropped. 

TRANUS is being used in the state of Oregon and in Baltimore. TRANUS is also 
being used in Lyons and Brussels, as well as in about 10 Latin American regions. MEPLAN 
is being applied all over, but not in N. America. 

Academic and owner improvements are being made to statistics, algorithms, and user 
interfaces in Japan, Europe, Latin America, and the U.S. There is a challenge for modelers to 
model different regulatory regimes. 

Research program support needs include the need for multi-year support. TMIP is 
under funded, but a conference was held in 1995 and a good report was generated. There are 
also needs for multi-year cross-sectional estimation and calibration, model estimation from 
longitudinal panel data sets, stated preferences surveys to estimate behavior, and multiple 
model meta-analyses. There are also needs for better data to improve the models (e.g., VMT, 
employment by sector, floor space lease values, I-O tables, vacant land, etc.). However, 
because integrated models are highly interrelated, they are highly synthetic, that is they can 
create missing data that can then be checked for reasonableness. 

In conclusion, Prof. Johnston addressed some questions that arise regarding the need 
to conduct such modeling exercises. In response to the potential lack of need to worry about 
air quality given the introduction of cleaner vehicles, the response given was that the fleet 
would be cleaner but still mixed over the next 20 years, so it still needs to be modeled. In 
response to the critique that differences across scenarios are not statistically significantly 
different, Prof. Johnston said that this is true for most policies examined with travel models. 

He continued to say that with 50 year scenarios, as he is now doing with citizens 
groups in the Sacramento region, people stop worrying about what their agencies told them 
to say, and they think more freely. Future work will examine a variety of projects including 
new rail starts, cashing out workplace parking, commuter rail, habitat protection, and 
incentives for in-fill development. 

Land use and transport options are being developed that are not on anyone's agenda 
right now. With 50-year modeling, people do not like what they see (100-200% growth). 
With 20-year modeling, about a 50 percent increase in development is usually seen. The 
long-range scenario approach is going to allow for transportation planning that has not yet 
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been done in the U.S. Agencies are just embarking on this in the US. The biggest concern in 
most metropolitan areas include equity, quality of local services, and habitat loss. The issues 
are not air quality and global warming. Sustainable development should be the focus. 

Questions and Comments 

Q: In terms of land use, there is a life-cycle issue across the population. Many people at 
different times of their life are interested in different types of land-use patterns. Could we see 
significantly different travel patterns and land-use patterns if we could have urban living that 
was accommodating of the life cycle? (Dan Sperling) 
A (Guliano ): The aging population now is a population that has lived its entire life around 
the automobile. We do not see a preference yet in the graying population to move to urban 
areas. In Europe, the aging phenomenon is occurring as well. This is viewed as a major 
concern. There is a breakdown of "traditional" family structure, e.g., the extended family. If 
cities were less crime ridden, then perhaps we can move people to urban areas. If you have 
an environmental objective, there are better ways to get there. You should invest in cities, but 
not necessarily for environmental reasons. 
A (Johnston): The number of aging people who will not be safe to drive is rising. 
Governments cannot fund services for the aging, given our current land patterns. If the 
greenhouse gas issue turns out to be real, we are going to have to come up with policies, e.g., 
a carbon tax. A lot of issues will intersect in certain ways, including urban renewal. 
C (Chen): The social cost study by Mark Delucchi can make people more aware of costs and 
who pays for them. This information can give people a new outlook. Understanding social 
costs of information is a novel issue for the general public at present. We have similar 
subsidies and distorted economics, which undervalue open space and farmland. If we can 
take some of this information and understand cross-subsidies, then we can start to apply this 
information in Mark's five different ways. 

Q: Are you looking at ITS modeling? (Pat Conroy) 
A (Johnston): We have already modeled several ITS technologies. There are many thorny 
issues to address going out 50 years. This model is not very well calibrated going 50 years 
out, however. All we need to do is agree on two or three scenarios to conduct a 50-year 
modeling exercise. 

Q: What about telesubstitution as a transportation option? (Pat Conroy) 
A (Johnston): Just tell us what you want, and we will put it in there. 

C: For a wide range of people, sustainability is related to a very large set of issues, including 
equity. I would suggest that if this is an issue that we want to think about, then certain ideas 
brought up in the previous presentation should be considered further. 
A (Johnston): I think this is why my presentation was put last. We need a broader definition 
of sustainability. 

C (Lee Schipper): I would like to comment on the difference between the U.S. and Europe. 
There is a huge gap between women and men and the elderly. This trend is still going on 
throughout Europe; we have already past through this in the U.S . We will not have as many 



licensed drivers in thousand-year old cities. There are not many places in the U.S. that are 
similar to European cities. There are bigger issues as to where people live. We need to 
understand these issues better to address greenhouse gases. Perhaps we are looking at the 
wrong issue in VMT. 

C (Bob Noland): Land use is probably not going to give us a lot of reduction in VMT. 

Open Mike Session 
Barry McNutt, Office of Policy, Planning and Analysis, US. Department of Energy, 
Moderator 
Station Cars 
Victoria Nerenberg (BART Office of Technology Advances) and Martin Bernard (National 
Station Car Association) 
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Victoria Nerenberg recommends that we do not look only at vehicles, technologies, and 
regulations. Instead we should look at new ways to use vehicles, such as car sharing 
organizations (which are becoming popular in Europe), station cars, smart jitneys, and casual 
carpools. Transit agencies in the US are spending billions of dollars to provide parking for 
their customers to leave their cars at a transit stop all day. These vehicles have cold start 
emissions in the morning and evening and hot soaks when they get to the station. Thus, even 
though individuals choose to use transit, perhaps in part with the idea that they will reduce 
pollution from their automobile, most of the emissions still occur. Instead of the present 
approach, transit agencies could provide access (with help from a rental company perhaps) to 
a fleet of clean vehicles. A transit user would drive one to the station from home and park it 
at the end of a queue and then get on the transit. On the other end they would take the first 
vehicle from that queue and drive it to work, using it through the day as needed. There would 
thus be less need for parking while at the same time opening up transit to a wider range of 
people for whom it was previously too inconvenient. The limits of EV s are not such large 
constraints for transit users since most of the potential market would work in a circle around 
the transit stop, beyond walking range. Future improvements would be to make the system 
smarter with GPS, smart cards, and improved reservation systems. BART now has a program 
with 40 EV s at three stations in the Bay Area on an experimental basis. 

Martin Bernard said that by the end of the year there will be more than 100 station 
cars on the road. Iµ the future these will be used at any location with high access volumes 
such as college campuses, airports, and stadiums and will be run by the private sector. He 
described the personal enthusiasm that comes from ceasing straight analysis and working in 
the field to improve the transportation system. He indicated that it is necessary to reverse the 
transit death spiral, and it needed to be done without subsidy. 

Questions and Comments 

Carl Nash (retired from NHTSA) said that the cars are too small to be safe ("death traps") 
and these will inflict much greater costs on society. Victoria Nerenberg responded that the 
station car concept is technology neutral and could give us increased efficiency with 
conventional vehicles. Marty said that they are probably as safe as conventional vehicles as 
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long as they are kept off the highway. He noted that the cars being used do meet European 
safety standards, though not the Federal Motor Vehicle Safety Standards set by NHTSA. Dan 
Sperling (ITS-UC Davis) defended the vehicles being used in the initial program, stating that 
the transportation system today is too homogenous and that we need to do experiments to 
find different ways to improve the system. Furthermore, motorcycles are dangerous too, not 
to mention bicycling, walking, etc. 

Greg Dana (Association of International Auto Manufacturers) said that when people 
leave their cars in the queue they will leave them dirty. Nerenberg and Bernard replied that 
there will have to be a checkout procedure of vehicles as they are in the queue. 

Charles Lave (UCI) asked how successful are station cars for providing vehicles for 
both ends of the trip. Victoria Nerenberg said they are improving the reservation system 
using web pages for now and developing in-vehicle tracking. While they eventually want 
automation it will initially be run with humans. 

K.G. Duleep wondered how the cost would ever get competitive. Martin Bernard replied that 
it would just take a few people using the car each day, noting that costs per user a halved by 
just getting two users per day. Present rental fees are $150/month for home rental, and $100 
for rental at work. They are looking into having the cars be shuttles at work sites once 
-individuals have been delivered to the job site. In some cases corporations are cosponsoring 
the costs. The Bank of America is splitting costs 50/50 with employees. A member of the 
audience suggested they hire an operations research expert with prior experience in the 
airline industry to set up a reservation system. 

A Penny for Progress 
Mr. Doug Howell (Environment and Energy Study) 

Mr. Doug Howell expressed the opinion that it will be impossible to get Congress to go for a 
tightening of CAFE standards. Mr. Howell then proposed a political ( or politically feasible) 
model for funding alternative fuels and jump starting the industry. Create a one cent gas tax 
that can be given back to each state in proportion to its fuel use that matches on a dollar per 
dollar basis their contribution to the fund. The stipulation would be that the funds would have 
to be applied in such a way that they reduced greenhouse gas emissions, criteria pollutants, 
and/or oil use. Reduction of all three would not be required. Each state would have to 
maintain some minimum change for each but could concentrate in one category if they found 
a technology with a special advantage. After a certain time, including an evaluation program 
the 'winning' fuel or technology would get the money. By giving each state the autonomy to 
choose their own methods to make desired reductions, this method would be more politically 
feasible. 

Mr. Howell saw the proposal as a way of integrating the goals of the 1992 Energy 
Policy Act (EPACT), and the Clean Air Act Amendments of 1990, adding in legislation 
designed to address the greenhouse gas issue. To be consistent with he asserted that 
acceptable fuels should be at least 50% non-petroleum. He thought that 5-10 years would be 
needed to see significant results. 



259 

Questions and Comments 

Lester Lave asked if we should eliminate the uninteresting alternatives first since a fuel like 
E85 is clearly not worth it. Doug said that would be up to the state. He noted that ethanol 
from com has to be allowable for this program to have a chance of passage. He noted that a 
recent pro-ethanol federal legislative proposal had 129 signatories. 

Michael Cameron asked if the EPA really wants the competition and someone asked 
if alternative fuels should really be fighting amongst themselves. Mr. Duleep said there 
would be no economies of scale and what if gasoline turns out to be the best alternative after 
the time limit. David (?) said that even a one cent tax is nigh on impossible. 

Regulatory Flexibility 
Prof Daniel Sperling, Institute for Transportation Studies, University of California, Davis 

Right now we have a regulatory framework that has worked fairly well to reduce air 
pollution from a system with one propulsion system and one fuel. The present regulatory 
paradigm will not work so well with multiple fuels and multiple propulsion systems. What is 
needed is a regulatory approach that connects the goals of reduced pollution, greenhouse gas 
emissions, and improved fuel economy, and does so in the context of the full fuel cycle. We 
need to be able to handle tradeoffs posed by diesels, whereby NOx and PM are increased 
while CO2 is decreased. One option is to use marketable credits and emissions trading, as 
CARB has done in California with the LEV and ZEV program. 

Questions and Comments 

Greg Dana asked if we are trying alternative fuels only for energy security reasons since 
hybrids can cut CO2 in half and criteria pollution is hardly a problem. 

Carl Nash suggested a regulatory negotiation (reg-neg). He asked what mechanisms 
are used for past negotiations and trading and suggested that the ASTM has a very good 
program set up for negotiations of standards. 

Martin Bernard said that although the air might be cleaner in California, in many 
places around the world it is not and we need to think about those places as well. 

Lester Lave said that we live and die by the trade offs we make and that we can not 
depend on the EPA to know what it is happening. He said that trading is very complex and 
depends greatly on good knowledge of technical details. He indicated that economists often 
do not know enough. He indicated that a trading system that EPA negotiated with ARMCO 
steel was highly favorable to ARMCO. We need to know more and need to have the 
flexibility to change our course when we do find out more. Regulations end up being too 
vague as little is known to begin with. Mike Lawrence agreed that trades are very complex. 

John DeCicco said that the measurements problem for increasing flexibility is very 
big. A complex regulation can expand the scope to make negotiations very difficult. Michael 
Cameron said that the simulations are difficult to understand and it is difficult to keep track 
of these flexible negotiations. Dan Sperling replied that this was not the case in the case of 
vehicles. He asserted that we have plenty of baseline data to compare from. There are very 



260 

few suppliers who need to be monitored and these suppliers can easily negotiate between 
themselves. 

Considering the Toyota Hybrid 
Mr. John German, US. Environmental Protection Agency 

Mr. John German was enthusiastic about the Prius hybrid vehicle being produced in Japan by 
Toyota, which had been described to EPA and others by Toyota. Mr. German had driven the 
vehicle, and had a considerable amount of presentation material that Toyota had provided. 
The new Toyota Corolla hybrid EV uses an Atkinson Cycle engine, meaning it has a longer 
expansion cycle and is able to recover more of its heating losses. The engine in the HEV is 
designed to run to a peak of 4000 RPM, it has low friction, and variable valve timing. 
Conventional small car engines are designed to run from 5500-6800 rpm. This engine design 
allows the engine to have half the weight of a conventional engine. The catalyst is able to be 
attached right on to the manifold, greatly decreasing light off time and reducing cold start 
emissions. The HEV uses an electric drive system, incorporating regenerative braking and 
using a specially designed nickel metal hydride battery for energy storage. As a result of the 
more efficient engine, operated in an inherently more efficient region, and as a result of the 
regenerative braking and the elimination of engine fuel use at idle, there is an 80% 
improvement in fuel efficiency over the EPA city and highway test cycle (CAFE), according 
to Mr. German. On the Japanese test cycle, it doubles fuel economy. 

The vehicle is said to have extremely low criteria pollutant emissions, and better 
acceleration than the comparable Corolla. Its low emissions are because of quick catalyst 
light-off and consistent 3toichiometric operation. Average NOx conversion effidenc.y is 
raised because there are not any rapid transients in engine operation. According to Mr. 
German, this engine will achieve 85-90% of the CO2 reduction that could be obtained with a 
diesel, without the PM and NOx problem. He wonders why one should go to the diesel in the 
PNGV HEV with this technology available. The extra cost is $4500, although the engine 
itself is cheap. Most importantly it is in production. 

Dan Santini and Steve Plotkin asked questions and expressed doubts that the fuel 
economy gains could be as high as Mr. German claimed, if the vehicle were tested on both 
the city and highway cycle. Santini predicted lower fuel economy on the highway cycle. Mr. 
German conceded that mpg gains were less on the highway than for the city cycle, but 
maintained that the claimed 80% gains were for the combined city and highway cycles. 

NPGV 
Dr. Mark Delucchi, Institute for Transportation Studies, University of California, Davis 

The PNGV folks are proposing a diesel hybrid that will produce the same NOx as a gasoline 
car and close to the same PM. But PM is the most damaging pollutant (and NOx is most 
dangerous as a precursor to another particulate, ammonia nitrate). The improved fuel 
economy serves to cause a transfer in wealth from Saudi Arabia to the US. Using a 
wealth/mortality function this leads to a few more deaths in Saudi Arabia and a few less in 
the US. However, at the same time the increased PM serves to kill more people in the US 



than before. They should therefore use the name NPGV, the Negative Population Growth 
Vehicle. 

Questions and Comments 

261 

Stephen Peake ( from the International Energy Agency, in Europe, where diesels are prevalent 
and increasing in number) said that studies into PM are an emerging science that there is a 
small group of U.S. scientists recycling data and that episodic pollution dominates overmuch. 
We should not ignore the research but should use caution and take care. Peake's comment 
was apparently interpreted by Dr. Delucchi as a comment about the so-called "harvesting" 
effect, where individuals very close to death have the date of death accelerated a few days 
when a PM episode occurs. Mark Delucchi replied that there are good studies and that his 
conclusions have taken into account the expected lifespan of those who were already sick 
when they were killed prematurely due to PM (i.e., he did not place a high value on deaths 
caused a few days earlier). Dr. Delucchi indicated that he included three "classes" of death, 
the least important of which are harvesting deaths. 

Lester Lave said that the past 27 years of epidemiological research has produced 
many studies with uniform results showing that the benefits of PM reduction are large and 
clear. There is, however, controversy as to what makeup of the PM is the culprit but that the 
danger of PM generally is not in doubt. Dr. Lave noted that economists have estimated that 
the benefits of PM control exceed the present expenditures (costs) of control. He noted the 
controversy over whether sulfates, nitrates, or general carbonaceous particulate is the key 
culprit in causing PM damages. 

Peake also noted that there are many sources of PM in the environment, with motor 
vehicles only one of the many. 

Fuel Formulation Regulation 
Barry McNutt (US. Department of Energy Office of Policy, Planning and Analysis) 

Barry McNutt asked if we should be paying more attention to regulating the quality of fuel. 
Our fuel production system is very sophisticated today and we can alter fuels at the refinery 
to lower the oil content or the greenhouse gas component. We would give the fuel provider a 
range of options, asking for performance and not a specific recipe and the costs would not be 
prohibitive. McNutt mentioned dimethyl ether (DME), a potential compression ignition 
engine fuel (i.e. diesel engine) that appears to be able to greatly reduce PM and NOx 
emissions from the diesel engine. McNutt indicated that fuel prices are not the major issue, 
but fuel quality needs to be "on the table" with respect to any of the issues of interest -
criteria pollutants, greenhouse gases, or oil use. 

Questions and Comments 

Tom Cackette said it made more sense to put the burden on those who make the engines. 
McNutt replied that a better fuel will do better even if you do not change the engine and that 
it is difficult to get engine makers to work together with oil producers. McNutt indicated that 
fuel quality would very likely be an issue for heavy duty diesel engines in order to meet 
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anticipated 2008 standards. Lester Lave said that an Ultraclean diesel engine can be designed 
only if a clean fuel is available, and that he had heard from two oil companies that this would 
be possible using natural gas as a feedstock. (Author's note: two possibilities are Fischer
Tropsch diesel fuel and DME, both typically made from natural gas) 

Terry Day of Exxon said that government is too inconsistent in its message to 
business. Exxon is not willing to engage in alternative fuels if they are being held up with 
subsidies that can disappear at any time. With market or government guarantees they would 
be willing to put efforts into alternative fuels. Day indicated that the lowest performing 
corporate asset at this time is refined fuel in the U.S. The present strategy is to lure customers 
into gasoline stations to sell high margin items (popcorn, candy, pop). Exxon (per Day) sees 
no problem with alternative fuels but does not see any that can be successful without subsidy. 
Methanol does not make sense without subsidy. He could go through all of the alternatives 
and make this statement. In other places in the world governments have shown that 
alternative fuels will be subsidized. 

John DeCicco said we should move to low sulfur fuel, then to designer fuels reducing 
carbon over time. Carbon sequestration and other steps might also be necessary. 

On CAFE 
Steve Plotkin (Argonne National Laboratory, Center for Transportation Research) 

With respect to CAFE, the 'do nothing' alternative appears that it will win out in the end, 
although a stricter CAFE may have a chance. David Greene missed the point when he said 
that we may miss the optimum CAFE standard. The key point is that the risk involved in 
selecting the right tux is more than the risk involved in selecting the right CA FF level. 

Lester Lave was wrong in his opinion that we moved to SUV s because of CAFE, just 
because they were contemporaneous. Minivans were a marketing revolution. Trucks lag 
behind cars in mpg but people are spending (much) more on them anyway, so it is not fuel 
economy cost issues that are driving them away from cars. It is consumer preference for 
usable interior volume and other amenities, as the popularity of the minivan indicates. 
Furthermore, in Plotkin's opinion Dr. Lave was incorrect to assert that CAFE did not hurt the 
Japanese. In Plotkin's opinion it just gave them the opportunity to move in and compete in 
the large car market as well. 

Questions and Comments 

Greg Dana said that CAFE worked at first because it was easy and now we need price 
incentives because people are not buying efficient cars. Steve Plotkin said that CAFE could 
still go higher before it would be pushing away consumers. 

Lester Lave said that diminishing marginal returns as we keep raising CAFE mpg 
makes it less and less useful. It is his opinion that ifthere had been just one standard that 
included trucks consumers would have demanded that the standard be knocked down so they 
could buy them. Steve Plotkin said that was a red herring. The technology that has improved 
cars can improve trucks even if they must remain below cars in terms of the level of mpg 
required. A uniform standard including cars and trucks can work if trading is allowed. 



David Chien said that standards are a political nightmare and are just not going to 
happen in the foreseeable future. 

John DeCicco said that even though a doubling of mpg now might provide less 
reduction in fuel consumption compared to that achieved in the past 25 years, it is still a 
doubling of mpg and leads to major improvements. 
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Dr. Lave indicated that the low hanging fruit had been picked for the motor vehicle 
and that it made sense to go after utilities instead of transportation. Paul McArdle pointed out 
that utilities use very little oil, so oil savings would not be obtained by "going after utilities", 
even though greenhouse gas reductions might. 

A comment from the audience was that we can grow more fruit on the tree, i.e. 
develop new technologies at reasonable cost by working on the problem. 

Green Marketing 
John DeCicco (American Council for an Energy Efficient Economy) 

John DeCicco indicated that the American Council for an Energy Efficient Economy 
(ACEEE) is fighting for higher CAFE standards. Toyota's and Tom Turrentine's 
presentations brought up the points that there is a green market out there, but that we have 
never tried to plug into it. There are environmental values present in a portion of society that 
we must try to tap. ACEEE is therefore making a clean car guide to present information on 
the different makes and models. However, the environmental movement suffers in that it is 
not good at marketing. Environmental advantages should be an attribute that is sold in cars, 
but who should educate the consumer on this? This guide uses an absolute scale, looking at 
emissions and the full fuel cycle. 

Questions and Comments 

Barry McNutt wondered whether the "greenness" of automobiles will help sell cars. 
Steve Plotkin said that there needs to be a political force to make such a document 

really useful. A comment from the audience was that only a shock will lead to a big change. 
Greg Dana wondered how ACEEE planned to get the information on these ratings 

out. 
John DeCicco responded to a question on the weighting scheme explaining that it is 

very difficult to weight and compare different pollutants with each other and with greenhouse 
gases and that it is important to not run counter to CARB or EPA when the rating is 
developed. 

Air Quality vs. Energy Savings 
Mr. Richard Kassel (Natural Resources Defense Council) 

Mr. Richard Kassel is concerned with the bifurcation between air quality and energy 
planning and policy, with regulations like EPACT concerned solely with energy and ones 
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like CAAA dealing just with emissions. He mentioned that the allowance of RFG as a "clean 
fuel" in the CAAA is inconsistent with EPACT, which focuses on alternative fuels that are 
predominantly non-petroleum. He stated that half of PM in Manhattan is diesel exhaust. The 
progression of urban transit buses to natural gas has large air quality benefits (via PM 
reductions) even if it has other tradeoffs, such as increased greenhouse gas emissions. He 
indicated that one of four buses ordered are CNG and that it is well worth the CO2 trade-off 
involved. One gets an 80-90% PM reduction vs. even the best diesel. He indicated that one 
third ofNOx in New England is due to over-the·-road heavy trucks. Unfortunately, in his 
opinion, alternative fuels for heavy duty trucks do not work. Finally the incomplete goals of 
PNGV-fuel savings only-have led to down-select to a diesel, which is a huge risk and will 
greatly hamper attainment efforts. We must think long term and set inviolate standards. 

Questions and Comments 

McNutt said that setting inviolate standards denies tradeoffs that might lead to larger overall 
benefits, such as the reduced PM for increased CO2 trade-off in Kassel's CNG bus example. 
Kassel said it was very hard to tradeoff between different environmental problems. Paul 
McArdle pointed out that LNG is promising in over-the-road trucks. Kassel noted that New 
England does not have abundant inexpensive natural gas. 

On Land Use 
Sam Sadler (Oregon Office of Energy) 

In contrast to Prof. Genevieve Giuliano's extremely critical present::ttion, land use planning in 
Portland, OR has led to considerable improvements in the transportation system with VMT 
leveled out and the bike modal share going up. The Portland area is growing 10%/yr. 
Portland has had land use planning for 20 years. In Sadler's view, billions of dollars of 
international corporate relocations to Portland were occurring because of the history of past 
land use planning and promise that it will be maintained. Portland will have mixed use. One 
of the hottest areas in Portland is now row houses and lofts. $140 million is going into high 
density development. Zoning is being used in conjunction with the light rail line. Building 
out along the line is occurring. It is long-run. There is a strong constituency for holding the 
urban growth boundary. Prof. Giuliano said that the controversy among planners mean that 
there is no guidance and no certainty but Portland has found certainty. More constraints 
develop from political problems. Finally, it is a state goal to reduce VMT per capita by 20% 
by the year 2025. (Author note: This will hardly offset the effects of present population 
growth rates, if they continue). 

Questions and Comments 

David Greene said there are ways to improve efficiency that do not require changing people's 
behavior. Steve Plotkin and Robert Noland questioned the validity of the data presented. 
FHWA data indicates that VMT is rising at rates similar to the rest of the U.S. Sadler noted 
that transit ridership has risen by 30% in a few years. Dan Santini noted that, given the rate of 
population growth described, this could actually have happened with a decline in share for 



transit. Nevertheless, if one had not invested in transit, then what would have been the 
consequence? 

Comments on EP ACT 506 Report 
Mr. Paul McArdle (US. DOE Office of Technology Utilization) 
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EP ACT has set goals to reduce oil dependence in light duty vehicle fuels by 10% in 2000 and 
30% by 2010. It includes federal fleet purchase requirements, followed probably by state and 
then municipal and private fleet requirements. EP ACT includes tax incentives, R&D, public 
information, emissions testing and many other components. Section 502 addresses 
replacement fuels - blends of non-petroleum fuels and gasoline or diesel. Your input into the 
approaches for use of replacement fuels will be needed in the medium term. We are working 
with stakeholders in these actions, as represented by our recent Long Beach stakeholder 
meeting in June. Section 506 requires an evaluation of the program and realistic scenarios to 
reach these goals. A document will be published soon and comments will be requested in a 
Federal Register notice to come out on Sept. 1. Your comments would be greatly 
appreciated, and will be attached to the report when it is sent to the President and the 
Congress. 

When to Educate 
Mr. Jesse Herbert (University of CA at Davis) 

Mr Herbert indicated that he had chosen this field of study because people had brought these 
issues up to him when he was young. He asked rhetorically, what is the best way to present 
these issues to the young so that they remain concerned with them as they come of age to 
affect substantial change on the transportation system? He requested that the attendees in the 
audience educate the young, from kindergarten on. 

Questions and Comments 

Tom Cackette replied that grade schools love EV demonstrations and could well create 
strong impressions for the kids. "Kids love cars." DeCicco felt that scholarships should be 
sought to help bring in non-Davis students to this conference to help spread the message. Phil 
Patterson mentioned the success of the student competitions in educating everyone, including 
the young. Many of the competitions even involve grade schools. 

Session IV: Concluding Session 
Wednesday, August 20, 1997 
Barry McNutt, Office of Policy, Planning and Analysis, U.S. Department of Energy, 
Moderator 

On the Importance of Greenhouse Gas Emissions Reduction 
Ms. Linda Lance, Associate Director, White House Council on Environmental Quality 
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Ms. Lance began her remarks by noting that there is currently a sense of urgency in the 
White House regarding the greenhouse gas issue, and that transportation sector emissions are 
of particular concern. She added that we need to decide what the goal should be, and how 
badly we want to achieve that goal. Sustainable transportation is a goal, but this means 
different things to different people. For the White House, greenhouse gases are the main 
sustainability issue. 

Ms. Lance continued by noting that consumers are entrenched and that they are not 
moving in the right direction. People may not do what they say they will. In contrast, 
industry is not entrenched, in that it sees technology investment as being in its long term 
interest. 

There is a need to get technologies on the road, but risk is a barrier. Experimentation 
should be encouraged. 

Pricing policies are not a magic bullet. They have important limitations. Public 
support for policy goals is critical to regulation. Support is there for air pollution control 
efforts, but perhaps not for greenhouse gases. Industry might actually be more with the White 
House than the public is. 

Technologies cannot be separated from the people and the industry. A more creative 
set of solutions is required, and the needs and wants of public and the industry cannot be 
ignored. The n;al goal is to put mass quantities of vehicles on the road that reduce CO2. 

Ms. Lance concluded her remarks with two points. First, greenhouse gas reductions 
from the transportation sector will not occur without regulation. Second, the most effective 
regulation will be collaborative, flexible, and evolutionary. A mix ofR&D, regulation, and 
consumer education can be effective, but consumer education is not of paramount importance 
bt:l.:ause citizens are not ignorant. 

Questions and Comments 

Q: Is a revolutionary crisis needed, such as an oil crisis? (Carl Nash) 
A: We want to start acting before a crisis hits. In the case of greenhouse gases, the effects 
may be too far away to concern people, but that does not mean that there is no problem. We 
do not want to wait. 

C: Even though CAFE is stagnant, it does provide a floor. (Steve Plotkin) 

Q: EPA has worked with FHWA on ISTEA reauthorization that would benefit the 
environment, but they did not get as far as EPA would have liked. What is the White House 
view? (Bob Noland) 
A: The political context of the bill is relevant, and highway funding has only recently begun 
to change so it is hard to use it for environmental goals. There is still the idea that funds 
should only be used for infrastructure. ISTEA cannot solve the CO2 problem. 

Q: Consumers are modeled as having fixed preferences, but this is not true is it? (Steven 
Bemow) 
A: The education of the citizenry could raise policy sophistication and awareness. 
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Conclusions and Recommendations from Volvo's Perspective 
Mr. Stephen Wallman, Director of Strategic Business Development, Volvo Car Corporation 

Mr. Wallman started by commenting that industry is often viewed as the "bad guy" but that 
at this conference a broader view had emerged. 

He then mentioned some facts about Volvo, starting with the figure that the company 
produces about 400,000 vehicles per year, of which about 25% goes to the U.S. market. The 
home market in Sweden is very small. The bus division currently on the Swedish market sells 
about one-third of its buses as CNG fueled. The company also makes flex-fuel cars and 
buses. They are working on a hybrid vehicle, rather than a pure battery electric, because their 
vehicles are family cars, and these require long ranges . 

Mr. Wallman then posed a question: "What problem are we trying to solve?" There 
are several possibilities, including congestion, CO2/fuels, safety, and pollutant emissions. 
Customers tend to notice the congestion problem most. The CO2/fuels issue is a major focus 
in Europe. 

There are European emissions goals for 2000 and 2005. The 2000 goal is similar to 
the LEV standard, and the 2005 goal is similar to ULEV. The recent auto alco/oil program 
was not as successful as hoped. 

As mentioned, CO2 is a big focus in Europe. There is a goal in Germany to reduce 
fuel consumption by 25%. The French have a goal of 150 gm of CO2 per km. Volvo has a 
target of producing vehicles with a 25% reduction in fuel use by 2005. 

Fuel quality is an issue, particularly in Europe where fuels have a high sulfur content. 
For AFV s, some sort of subsidy will be needed for low volumes of production, but 

with higher volumes subsidies should not be needed. 
The average European car sold today, tested on the EU cycle, gets about 40.4 MPG 

(7.1 liters per 100 km). There is a EU proposal for fuel economy of 5.0 liters per 100 km by 
2005. The Parliament has even asked for 3.75 liters per 100 km by 2005 . 

At this point, Mr. Wallman showed a slide with "Customer" in the center and "Auto 
Industry," "Policymakers," "Oil Industry," and "Researchers" in a ring around the sides. He 
suggested that all interests must work together, and that the needs of the customer cannot be 
overlooked. 

CO2 is a global problem, and this suggests that all must work to help solve it. In the 
U.S., fuel price will eventually have to be dealt with. Legislation is a part of the changes that 
will need to be made, but it should not be technology forcing. Rather, targets should be set 
and flexibility should be allowed in meeting those targets. 

It is a good idea to combine cars and light trucks into the same CAFE calculation, to 
give more flexibility. There might then be more large cars instead of light trucks, and this 
could benefit safety and the environment. Efficiency should be the goal, not small cars. 
Direct injection diesel is attractive, but high NOx and PM emissions are a concern and these 
will have to be reduced. Direct injection gasoline would improve CO2 emissions, but NOx 
and PM increase. 

Mr. Wallman then commented that he was surprised that there were negative 
comments expressed about some of the more innovative notions that had been raised at the 
conference, for such ideas as station cars, "penny for progress," and regulatory flexibility. He 
said that we need to try new potentially good ideas in order to encourage experimentation. 
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Mr. Wallman concluded by mentioning some key issues. These include fuel price, 
where in the U.S. a gradual price hike is needed, the CAFE/light duty truck issue, regulatory 
goals and flexibility, and the fact that market demand is customer driven. 

Questions and Comments 

Q: What is the status of cellulosic biomass in Sweden? 
A: Calculations show that the costs would be about four times as high as gasoline, but these 
could probably be lowered in volume production. No other European country is looking at 
alcohol fuels, so the vehicles would have to be flex-fuel to allow for use in other countries. It 
is impossible to optimize a vehicle for two fuels, so it would not be a good idea for vehicles 
produced in high volumes. 

Technology Is Still the Answer 
Dr. Charles Lave, Professor of Economics, University of California, Irvine 

Dr. Charles Lave began by contemplating the notion of producing vehicles with higher PM 
emissions, but lower greenhouse gas emissions. Given the health effects of PM, he asked, 
would we be killing today's people to save tomorrow's? 

He went on to say that by the "Law of Large Propo1tions" the focus should be on the 
big components of the system that really matter, rather than on the small components. After 
the OPEC cartel was formed, efforts to save fuel could have focused on getting people to use 
transit, or improving cars. While cars use 97% of the energy, the focus has been on transit, so 
the law oflarge proportions was not followed. Transit energy efficiency has actually 
declined, and little mode shift has occurred. Transit actually now uses more energy per 
passenger mile than automobiles -- the crossover occurred in 1990. Dr. Lave commented that 
"we fail when we try to change people and we succeed when we try to improve technology: 
make existing behavior less harmful." 

U.S. motor vehicle related greenhouse gas emissions are only about 3% of the global 
total, so why should this be our focus? Large countries, such as China that account for a 
growing share of emissions, should be helped with technologies that can reduce their 
emissions. Six months of Chinese economic growth would offset any feasible reduction in 
U.S. greenhouse gases. 

Dr. Lave closed by arguing that if one really cares about greenhouse gases, one 
should help the developing countries. One should help China and other couutries by 
exporting engineers, and bringing their engineers here for education. He said that "spreading 
guilt is not a solution." Finally, he said "technology is still the answer." 

Questions and Comments 

Q: What about speed limit policies to save fuel? 
A: Speed limit policies to save fuel consumed lots of effort, and only reduced fuel use by 
one half to 1 %. 
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Q: Another perspective is to focus on what you can change. Why would other countries want 
technologies that we are not using? (Steve Plotkin) 
A: They would want the technologies because they could gain greater energy efficiency; 
that's the incentive. 

Q: Is pricing the best way to change people? 
A: This only moves people along the demand curve, but it does not shift the demand curve. 

C: Developing countries have low CO2 emissions per capita. Should we not therefore focus 
on the U.S.? 

C: U.S. cars and light trucks, if a "nation" of their own, would be the fifth largest source of 
greenhouse gas emissions. 

C: Would it be cheaper to import Chinese engineers or export U.S. engineers? 

Conclusions and Wrap-Up 

One theme that has emerged from the conference is that Federal policy interventions must be 
collaborative, R&D oriented, regulatory based, and perhaps education oriented. An important 
question is: "How badly do we want this?" (Barry McNutt) 

We need also to have the concept that "price matters." (Alex Farrel) 

We need the idea of innovation, and how the Federal government can encourage it. (Bob 
Noland) 

The best policy would be a mix of regulation and pricing, but people are not ready for this 
yet. R&D and education are more practical. We can put more money into R&D. There are 
four areas in which the government spends lots of money on R&D and these are defense, 
agriculture, health, and aerospace. But these areas are not lagging -- we need more for 
transportation. (David Greene) 

We need a crisis, or a revolutionary new auto entrant. One might be able to argue that 
weather disasters are increasing. Perhaps Bill Gates could be the new entrant who could 
make a revolutionary change. (Carl Nash) 

The "collaborative" concept needs to be fleshed out. (John DeCicco) 

There is a willingness to embrace policies where everyone shares the pain. Education can 
raise awareness. (John German) 

Bill Gates is already involved in automobiles. The government is spending money on ITS 
infrastructure, and not just vehicles. Behavior could change through the information that 
some ITS technologies can provide. (Holger Spielberg) 
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We should set targets, and then decide what tools to use. (Sam Sadler) 

Assume that there is a greenhouse gas reduction target. What levers should the federal 
government use? (Linda Lance) 

The U.S. should provide leadership for the rest of the world (Pat Conroy) 

The issues are complex. There is no one solution. We should look at the whole spectrum of 
options. It is a tough environment for these policies. (David Chien) 

The R&D and technology themes have run through the conference. We should put more eggs 
in the basket. Constituencies get created around R&D efforts. Research should be 
consultative, not necessarily collaborative. (Dan Sperling) 

The Nunn/Lugar amendment to help Russia with nuclear issues is an interesting model for 
possible U.S. aid to other countries. (Charles Lave) 

What should the policy be to get the 80 MPG cars out there? (Tom Cackette) 

Academics should not just do what is interesting, but also what is needed for policy in the 
near-term. (Linda Lance) 

Technology is notoriously "leaky." Thus ifth<~ U.S. promotes the development of fuel 
efficient technology, but is unwilling to use pricing or reg11lation to introduce it, those 
countries willing to llS pricing as a lever may introduce the technology before the U.S. We 
have seen that some EV-1 platform developments are first expected to be incorporated into 
European vehicles. Where global warming is concerned development of more efficient 
technologies that are introduced anywhere is of benefit (Dan Santini) 

Technology might be the answer, but the question is important. Other issues may not be 
helped by technology. (Bob Noland) 

Technology is the way, but what is the how and why? A crisis is necessary to cause 
introduction of more efficient technology (Carl Nash). 

We want to prevent a crisis, so we need creative policies. (Linda Lance) 

The answer depends on the question. The narrow greenhouse gas question has technology as 
the answer. (Sam Sadler) 

CAFE changes are feasible today, but fuel taxes are a ways off. (Alex Farrel) 

Pricing can be incentives, not just fuel price. (John DeCicco) 

Stephen Wallman's key policy issues that remain are relevant: fuel prices, CAFE/LDTs, 
need for flexible regulation, and influence of consumer demand. 
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We should encourage experimentation with policies and technologies. Let's see what works. 
Why is there so much despair? Good things have happened. (Dan Sperling) 

I agree that technology is the answer, and that new vehicle types can get around political 
expediency. The technology will be developed outside the U.S. and the crisis will emerge 
because of that. (Geoffrey Ballard) 

There should be policy support for new ways of using vehicles, not just the technologies. 
(Victoria Nerenberg) 

PNGV is too narrow. There are new ways for vehicles to complement technology. (K.G. 
Duleep) 

Change can result from experimentation. Let's think about that and close the conference now. 
(Dan Sperling) 




