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As transit use and ridesharing continue their steady decline, motor vehicles
are becoming more dominant than ever. They are ?lso becoming .larger,
increasingly powerful, and more laden with accessories anc% conveniences.
One adverse consequence of motor vehicle proliferauon.——mr pollution—is
being mitigated by a continuing stream of technological enhanccmcr.zts,
while concern for other consequences, especially petrolc.um consumption
and greenhouse gas (GHG) emissions, languishcs:What will be tl'.xc resgon;e
to continuing calls for still cleaner air, and episodic (anc'l perhaps intensified)
concern over growing petroleum imports and global cll:mate c¥1ange? F.:xtrai-
ordinary consumen\wealth in the United States, combmf:d with a veritable
revolution in automotive technology, creates the pot?nual for a large armay
of responses. As the magnitude and potential effectiveness of thcse.tech-
nologies become appreciated more widely, the well-documented hc?sxtan;y
of U.S. political leaders to reduce the harmful consequences of vehicles by
restricting their use is likely to be still further weakc::ned. . '
In this paper, the author focuses on the role of air quality and energy in
the design and commercialization of vehicles and fuels. F)ther adver:v.e <1:on-
sequences—such as noise, land consumption,.and aesthetics—are unlikely to
play as central a role in the evolution of vehicles. : e
Today, virtually all motor vehicles are povxfered by internal com u;t;:ex;
engines (ICEs) and petroleum fuels: larger vehicles g?nerally burn diese
in compression ignition engines, whereas lighter vehicles tf:nd to burn gaswci>l-1
line in spark ignition engines. But to what extent and in what way
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energy and environmental concerns alter these patterns? Because more
stringent emission standards are in place and good progress is being made in
achieving them, one outcome is highly certain: emissions of conventional
pollutants will continue to decline. What is less certain is whether regula-
tory and legislative inidatives will force a reduction in fuel use or a shift
away from petroleum fuels and ICEs. This paper focuses on how, when, and
where these changes may occur, and the implications of those changes for
the transportation sector.

ICE VEHICLES

Even if ICE technology is retained, extensive changes are likely, though the
implications of these changes for users, the environment, and society would
be modest. For instance, continued modifications of gasoline and diesel fuel
composition are likely, as refiners and regulators search for the optimal
trade-off between emissions and cost. Refiners already have been modify-
ing fuels for years as a means of reducing lead levels, increasing octane,
adapting temporally and geographically to different climates, and respond-
ing to the needs of electronic fuel injection. Since 1990 these efforts have
been accelerated as a result of regulatory requirements for reduced emissions
from gasoline and diesel fuel. Future petroleum fuels will have varying
amounts of oxygenated compounds and other components, with major
implications for refiner investment, but little effect on vehicle users and
suppliers, '

Greater changes are likely with the engines and vehicles. For instance,
huge investments are being made in electronics for the following purposes:
safer operation, lower emissions, greater energy efficiency, route navigation,
emergency notification, and enhanced accessories. Likewise, the use of
lightweight materials, especially lighter steels and aluminum, continues to
grow. More composite materials are also being used, but high costs still limit
their use (NR.C 1996).

The effect of these many innovations on fuel consumption is difficult to
predict. Certainly, the energy efficiency of vehicles will continue to im-
prove. Whether these efficiency gains will be translated into fuel economy
gains is uncertain. For instance, from 1986 to 1996 average vehicle weight
increased 8 percent (from 3041 to 3285 Ib) and average acceleration
improved 23 percent (from 13.2 sec for 0 to 60 mph to 10.7 sec), but fuel
consumption per mile barely changed (Heavenrich and Hellman 1996). The
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exception of most of California and a few other major regions—are ex-
pected to attain federal ambient air quality standards within the next decade.
Because clean air has such strong public support, and air quality laws and
rules have such strong enforcement provisions built into them, public inter-
est groups have used air quality concerns as a surrogate for a raft of other
environmental, energy, and social concerns, including “livable cities,” urban
sprawl, and decay of urban downtowns. But will curtailed federal commit-
ment to clean air slow efforts to create more benign motor vehicles? Prob-
ably not, for three reasons.

First, continued growth in population and vehicle usage in many regions
of the country will forestall federal efforts to absolve itself of responsibility.
As air pollution concentrations continue to drop, local regulators will prob-
ably dispense with the less effective strategies—especially those aimed at
reducing travel—in favor of more effective technology-based initiatives.

Second, California, where air pollution is a permanent problem, has
always been the international leader in reducing vehicle pollution; recent
examples of California being imitated include reformulated gasoline and
tightened “low-emission vehicle” standards. Even where the federal govern-
ment has not consciously imitated California, it has adopted initiatives
intended to provide a relief valve, as with the Partnership for a New Gen-
eration of Vehicles, or indirect support, as with the U.S. Advanced Battery
Consortium (US ABC).The US ABC, funded half by the U.S. Department
of Energy (DOE) and half by industry, has provided more than $200 mil-
lion in the past few years to develop advanced batteries for use in the zero
emission (battery-powered electric) vehicles (ZEVs) mandated by Califor-
nia. The PNGV, a loosely organized program 6f the Big Three automakers
and the Clinton Administration, was in part a desire to develop an environ-
mentally attractive alternative to battery electric cars (i.e., California’s man-
dated ZEVs) that has performance attributes more comparable to those of
conventional cars.

Because of the continuing air pollution problems in California, the state
will probably continue to pursue clean air aggressively through zero emis-
sion technology. On March 28, 1997, it softened the ZEV mandate, adopted
earlier in 1990, by eliminating the requirement that 2 percent of vehicle
sales be zero emitting in 1998 and 5 percent in 2001, instead requiring that

the seven largest marketers of cars in California implement what is essen-
tially a very large demonstration of advanced electric vehicle (EV) technol-
ogy. The requirement for 10 percent ZEVs in 2003 was retained. Whether
the 10 percent requirement continues to be retained depends in large part
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on automaker success in building and marketing EVs during the rest of the
decade.!

' Third, air pollution levels are increasing and becoming of greater concern
in many cities of Europe and Asia. As a result, other nations and European
and Japanese automotive companies are stepping up their investments in
fuel cells, hybrid electric drivelines, and other very clean (and efficient) pro-
pulsion technology. The unveiling by Mercedes-Benz of a fuel cell car on
May 14, 1996, and its announcement that it may be ready to sell fuel cell
cars by 2010, indicates global demand for environmentally benign vehicles
and the intention of international companies to supply that technology.

In summary, because of its continuing air pollution problems, the large size
of its market, and recognized leadership role, California will most likely be
effective in continuing to stimulate investments in EV (and other electric-
drive) technology. Growing concern for air pollution elsewhere in the
world will probably strengthen support for these advanced technologies.
Hc?wever, momentum will likely slow, in the United States at least, if air pol~
lution continues to be the sole policy justification.

LANGUISHING ENERGY AND ENVIRONMENTAL
CONCERNS

Public demand for reductions in imported oil, GHG emissions, and other
environmental impacts such as noise have been muted. Energy security
arouses occasional interest, but government initiatives since the early 1980s
have become weaker. Perhaps the only notable action has been to increase
corporate average fuel economy (CAFE) standards for light trucks by a small
f).l mpg per year, but in 1996 Congress called for an end to even these small
increases.

Government intervention on behalf of other concerns has been even less
visible. Although the Clinton Administration signed an international agree-
ment to reduce GHG emissions to 1990 levels and prepared a “Climate
Action Plan,” the only substantive GHG reduction initiative aimed at the
transport sector launched in recent years has been the PNGV. Meanwhile,
a high-level advisory board to the President (known as “Car Talk”), estab-

"Ncw York and .Massachusem. the only other states with mandates for ZEV sales requirements,
did not drop their 2 percent ZEV sales requirement and have thus far survived court challenges
from the automobile manufacturers.
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reaching those goals is a set of rules requiring fleets to switch to alternative
fuels. But in the 4 years since the act was passed, only the rules pertaining
to federal fleets had been adopted, and funding for that program had been
mostly eliminated. Rules for state government and fuel provider fleets are
pending, and rules pertaining to the vast majority of fleet vehicles, those
belonging to nonenergy businesses, are not under consideration at this time,
Where fleet rules are adopted, the preferred choices are fuel-flexible alcohol
vehicles (which are almost always fueled with gasoline) and N GVs, but con-
gressional enthusiasm for fleet rules has mostly dissipated.

ELECTRIC-DRIVE TECHNOLOGY

EVs encompass a much wider range of technologies than just battery-
powered vehicles, and the potential benefits are far broader than air quality.
One can hybridize a small ICE (e.g., gas turbine, gasoline, or diesel engine)
with an electric motor, by combining it with a small energy storage device
such as a flywheel, ultracapacitor, or small battery. Alternatively, a fuel cell
could be substituted for the ICE. The advantages of electric-drive vehicles
are many, but they vary depending on the source of energy and the combi-
nation of power system technologies. It is this rich profusion of technolog-
ical opportunities that makes electric-drive vehicles so attractive. In addition
to energy and environmental benefits, various technological combinations
provide consumers with the benefits of less noise, lower energy cost, greater
reliability, longer vehicle life, less maintenance, and the ability to recharge at
home (Sperling 1995).

Although these various attractions exist, they have not been sufficient to
inspire automotive companies to invest seriously in electric-drive vehicle
technology. The start-up costs and risks are too large. California’s ZEV man-
date, premised solely on air quality benefits, has been the principal motiva-
tion. But electric-drive vehicles provide other large nonmarket benefits:
reduced use of petroleum and GHGs, in virtually all combinations and set-
tings. These reductions, approaching 100 percent for some combinations
and fuels, are the result of greater energy efficiencies with electric drive and
the greater potential for fuel substitution. The point is, electric-drive vehi-
cles provide the potential for huge improvements along a number of envi-
ronmental dimensions, not just air quality. If the momentum is to be sus-
tained by government action outside California, it will have to be for
reasons other than just air quality.
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But all environmental effects of electric-drive technology are not uni-
formly positive across technologies and space, which creates even more
uncertainty over government support for electrics. For instance, the emis-
sions benefits of battery EVs are much greater in regions with very clean
electricity generation, such as California, than in those that burn mostly
coal. The use of batteries introduces large amounts of new materials into
the environment, some of which may be toxic. This problem, seepage of
battery materials into the environment, may be more perceptual than real,
however. The more toxic materials, such as cadmium, are likely to be re-
stricted, and others are likely to be almost completely recycled.

Very litde of the lead from the more than 70 million lead-acid batteries
sold each year for ICE vehicles ever causes a health risk because virtually all
the lead is recycled, and lead processing plants are tightly controlled. (Lead
levels in blood dropped 86 percent between 1960 and 1990, from 20 pg/dL
to 2.8, despite increased sales of lead-acid batteries and a 17 percent increase
in total lead usage per capita over that period. The drop in lead levels was due
to reduced use of lead in gasoline. Industrial production and the use of lead
in batteries are considered a minor health threat.) In any case, lead-acid bat-
teries are unlikely to gain much usage in EVs, and other battery materials are
likely to be less toxic. Moreover, the large size and weight of batteries and the
high value of the materials almost ensure close to 100 percent recycling of
traction batteries. The reality is that all new technologies and fuels will have
some adverse environmental consequence; the regulatory process will guide
investment choices toward those choices-that are more benign.

The roadblocks to electric-drive vehicles are many. These roadblocks
have much to do with uncertainty over cost and performance, as well as
public commitment to energy and environmental goals. If costs and perfor-
mance do not improve sufficiently and government fails to reward the
energy and environmental advantages of more benign vehicles and fuels, the
market for electric-drive vehicles will be limited to niches. Technological
progress and government intervention are a function of many factors, most
of them linked to corporate and consumer support.

How the interplay of interest groups will play out is difficult to de-
termine. Certainly, the powerful oil industry, whose economic interests
are threatened, will oppose (and have opposed) government support for
electric-drive vehicles, but other industrial interests will provide suppbrt, in-
cluding the electricity and perhaps natural gas industries, and the various
high-technology industries that see an opportunity to expand their sales to
the automotive industry.
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Fourth, the transition away from gasoline and diesel fuel can be seen as a

» threat to the financial integrity of the transportation financing system, or as

an opportunity. FHWA could passively await steadily diminishing gas tax

revenues or could start devising new methods that are more rational and
equitable (Reno and Stowers 1995).

CONCLUSIONS

In summary, abetting the public pressure to create more benign vehicles and
fuels is a far-reaching revolution in various vehicle-related technologies.
Recent and continuing advances in storing electricity and gases, electro-
chemically converting chemical fuels to electricity, biologically converting
cellulose to chemical fuels; designing less expensive and bulky electronics,
storing and manipulating information, and manufacturing inexpensive
lightweight materials are bringing more benign vehicles closer to commer-
cial reality. What is unknown, and unknowable, is which of these techno-
logical improvements will be commercialized first and in what combina-
tions. The implications for the transportation sector are not revolutionary,
but they could be significant and far-reaching.

REFERENCES

Abbreviations

NRC National Research Council
ORNL. Ozk Ridge National Laboratory

Deluchi, M.A. 1991. Emissions of Greenhouse Gases from the Use of Transporta-
tion Fuels and Electricity. R eport ANL/ESD/T. M-22,Vol. 1. National Tech-
nical Information Service, Springfield, Va.

Greene, D.L. 1996. Transportation and Energy. Eno Foundadon, Inc., Lans-
downe, Va,

Heavenrich, R.M., and K.H. Hellman. 199¢, Light Duty Automotive Technol-
ogy and Fuel Economy Trends Through 1996, U.S. Environmental Protec-
tion Agency. Report EPA/AA/TDSG/ 96-01.

Mintz, M., and Vya;s, A. 1993.Why is Energy Use Rising in the Freight Sec-
tor? In Transportation and Global Climate Change (D.L. Greene and DJ.
Santini, eds.), ACEEE, Berkeley, Calif.

N it et e e

et ek v e

Appendix E 163

NR.C. 1996. Review of the Research Program of the Partnership for a New Gen-

! ] i ,D.C.
OFS T Teprts By Bk 15 B O
Re6nsos.6AI.\’I;:1:Z:ll g:;wtcs, J.R. 1995. NCHRP Re}'zort I3 77::::;:;&5;;;
Motfar Fuel Taxes for Fx‘nani;irg/ af:ifgc:o;l;r,ags.;grtatwn mpro :
sz;ii;,xg. 1:‘;;:’;2;: ;"r::;o'rfation. F;els:ABS::i:‘lgci; Approach to Technologi-
Spi{:iix?:,agei ;'19‘;“’;1::::; cgriﬁlglzx:::c I;;lsisc,les and Su'stainable Transportation.

Island Press, Washington, D.C.



