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Environmentally Benign Automobiles

BY DANIEL SPERLING, LEE SCHIPPER, MARK DELUCHI, AND QUANLU WANG

His dream has come true. There's now more than one veh-
icle for every licensed driver in the United States, and
other developed countries are not far behind.

But has the car's success created the conditions
for its own demise? Conventional wisdom of market
researchers, consultants, and other experts is that the
automobile and its petroleum-powered internal combus-
tion engine will be with us for a long time and that any
energy and environmental problems can be readily solved.

The automotive industry would very much like to
believe that cheery prognosis — and perhaps it's correct.
But suppose it's not. What if global warming and climate
change accelerate? What if people and governments begin
to demand and expect even higher environmental quality?
And how will the United States and other developed
nations respond to growing oil imports?

The truth of the matter is that the automotive and
energy industries are not prepared — neither in terms of
technology nor corporate thinking — for the major
changes that are imminent. Just as the American auto
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industry underestimated the market threat of Japanese
imports 20 years ago, the industry may now be underesti-
mating demands for “greener” and more socially responsi-
ble vehicles and fuels. If the industry itself is not respon-
sive, government will undoubtedly intervene, as it has in
California. And it boils down not to the survival of the
automaobile itself, bul of the automobile manufacturers.

TRENDS

Increased car usage has already created tremend-
ous environmental stresses, along with parallel economic
and political problems. Passenger travel, expressed as
passenger miles per capita, is rising virtually everywhere,
especially in the United States where cars are readily
available. As shown in Figure 1, auto travel accounts for
76-86 percent of all domestic travel in virtually every deve-
loped country except Japan. But even in Japan, where dis-
tances are short, congestion nightmarish, and rail transit
accessible, autos still account for almost 60 percent of
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total travel — a figure that continues
to rise. It is simply a myth that pub-
lic transit is the principal passenger
transportation mode in Europe and
Japan; in developed countries, auto
use is far more prevalent than transit.

The auto industry benefits
from thé high value that most people
place on the mobility and accessibil-
ity offered by motor wvehicles, and
those people will likely sacrifice
much to maintain freedom of move-
ment. But those same people are
becoming less tolerant of the growing
energy and environmental stresses
created by the current transportation
system. Tensions are increasing be-
tween continuing demand for mobility
and the adverse effects of automobile
use,

Increasing use of gasoline and
diesel vehicles will exacerbate prob-
lems of petroleum supply. The predic-
ament is not one of inadequate world
supply: all signs indicate plentiful
amounts of oil will be available at rea-
sonable prices for years to come. The
hitch is that for the United States,
Europe, and Japan, those plentiful
resources lie elsewhere. Virtually all
forecasts anticipate a large drop in
oil production in the United States
and other countries outside the Per

sian Gulf region in the 1980s and
beyond. So automotive energy use in
our country is increasing at the same
time that petroleum production is
declining, indicating potential politi-
cal and economic problems domesti-
cally and internationally,

More use of petroleum-powered
autos leads to increased emissions of
greenhouse gases, Although there has
been no definitive proof of global
warming, scientists do know that
emissions and atmospherie concentra-
tions of greenhouse gases, especially
CO,, are rising at a rapid rate. It
would be unwise to proceed as if cli-
mate change is not a potential prob-
lem, We would be grossly irresponsi-
ble, not to mention disrespectful of
future generations, if we did not
attempt to reduce these emissions
now. As the Rio conference made
clear, civic leaders around the world
are demanding policies and actions to
forestall further environmental dam-
age, and governments are responding
in turn.

OPTIONS

So what are the remedies?
Several possible options for reducing
petroleum use and vehicle emissions
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are at hand — some that involve be-
havioral changes and some that re-
quire technological developments,

Behavioral changes range from
rethinking government policy to modi-
fying individuals’' conduct. For individ-
uals it means switching from single-
occupant autos to carpool and transit,
and also rearranging job-residence lo-
cations. For government it means im-
proving land-use management and re-
gional transportation systems with
the aim of reducing numbers and
lengths of single-occupant car trips.
Of course, substantive behavioral
changes are hard to influence and
slow to occur. Current research shows
that politically palatable strategies
aimed at behavioral change are likely
to achieve vehicle travel reductions of
only a few percent. More sweeping
changes may be possible over the
long term, but they would require
aggressive road pricing and land use
management initiatives.
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Technological fixes appear to be more effective at reducing emissions
and petroleum use, in part because they are politically more aceeptable. One
technological approach to the problems of increased petroleum use and green-
house gas emissions that promises modest improvement is improved fuel effi-
ciency in automobiles. In fact, the fuel efficiency of new cars soared in the
United States between the 1873-74 energy crisis and the late 1880s and im-
proved slightly elsewhere. But, as shown in Figure 2, when a country's entire
vehicle feet is taken together, one finds virtually no improvement over time,
except in the U.S. where vehicles were previously huge and heavy,

Can fuel efficiency be improved further, and at what cost? The auto
industry says new car efficiency could rise by 10-15 percent in the next 15
years, but many environmentalists insist that 40-50 percent improvements are
necessary. Studies show that improvements in the range of 15 percent will
provide a net economic gain. Upping efficiency beyond that may be socially
desirable, but will likely require higher prices and down-sizing.

In any case, since the late 1980s, fuel economy has been falling, while
per capita car ownership and use continue to rise. The result is inereasing use
of petroleum by passenger cars, as measured on both per capita and per coun-
try bases. Adding in expanding truck and air travel means that total transpor-
tation energy use is on a steady upswing. All this tells us that market forces
alone won't result in improved efficiency and reduced oil consumption and
that, even with substantial government intervention, it will be difficult to
reduce total petroleum consumption.

The most promising long-term technical fix for reducing petroleum
consumption and environmental threats is to substitute alternatively fueled
vehicles, especially electric vehicles. Unfortunately, methanol (made from nat-
ural gas) is no better than gasoline in reducing greenhouse gases, and natural
gas vehicles are only slightly better, as shown in Table 1. Nevertheless, both
offer modest air quality benefits along with replacing petroleum imports. The
only way to obtain large reductions in greenhouse gases is to shift to non-fossil
fuels — which means creating alcohol fuels from cellulosic biomass, and pro-
ducing electricity and hydrogen from solar and nuclear sources.

The biomass option is promising. The U.S, Department of Energy is now
targeting biomass production and conversion as a primary strategy for reducing
greenhouse gases from transportation. However, because biomass plantations
require large tracts of land, biomass fuels are unlikely ever to be the dominant
source of transportation energy in any developed country (except perhaps in
sparsely populated Scandinavia and New Zealand),

In the long run — which may not be far off — there loom two promis-
ing large-scale options. The first is electricity, produced from solar (and per-
haps nuclear) sources and used to drive electric cars. The second is hydrogen,
separated from water, using solar energy via photovoltaic cells, then burned
directly in internal combustion engines or, more likely, in fuel cells.

Fuel-cell and solar technologies are immature and expensive, Ulti-
mately, though, as the technologies are improved and the costs are reduced,
electricity and hydrogen will likely become the dominant transportation energy
sources, If climate change proves to pose a real threat and energy security
becomes a high priority, we'll likely see accelerated development and use of
solar-based hydrogen and electricity. —




Table 1. Greenhouse Gas Emissions
of Motor Vehicles, Full Fuel Cycle,
Relative to Gasoline Vehicles

Fuel cells using hydrogen made from water

with selar power -90 to -85
Ethanol made from wood =75 to -40
Hydregen from water using nuclear energy -70 to -10
EVs, electricity from natural gas powerplants -50 to -25
Compressed natural gas -0t 0
Methanol made from natural gas -10 ta +8
EVs, current U.5. powerplant mix -20ta O
Gasoline —_
EVs, electricity from new coal powerplants 0o +10
Methonol made from coal +30 to +70

Source: M.A. Deluchi, Emissiont of Greenhowre Goses from the Use of Transpariolion

Fuwli ond Eleciricity, Argonne Motionol Loboratony, ANL/ESD/TM-22. NTIS: Springfiald,

WA, 199
Haote: Emisions af all relevant greenhoule goses [CH,, N0, NO,, COy and MMHC)

ware coluloted ond weighted occarding to their "global worming™ effect. Coloulotion

inglyde aminions from the entire lusl cpde, including production, franiporiotion, end
viw, ond wahicle mamfociuning,

Table 2. Emission Impacts of Electric
Vehicles, Full Fuel Cycle, Year 2010

Balgiuvm -89 =09 -70 322 130
Canada -9 -99 =65 -38 14
France -99 -99 -B3 LAl 12
Germany -9 99 -%0 a 3
Greece -89 -g0 =21 1048 493
Italy =09 -9 &8 L] 2432
Jepan -9 -99 -73 -7s n
Naotherlonds -o9 -99 -B2 =17 a9
Norway -99 -99 -89 -98 =92
Spain 99 99 -59 483 258
Swaden -9 -9 -85 -05 -18
United Kingdom -9 -9 -37 n a7e
United States 95 -99 &7 104 22

Source: . Spering and M.A. Delechi [1992), Allernative Tromportation Fueh and Air

Pallution. Prepared for the Orgonisation for Econfimic Cooperation ond Develapmant
{OECD), Poris, France Forthcoming

As for now, continuing development of electric
vehicle (EV) technology, along with modest improvements
in vehicle efficiency, are the most sensible options. EVs
provide a “least-regrets” and least-cost strategy in prepar-
ing for the hydrogen and electricity future. While it's true
that present generation EVs are more expensive, require
longer refueling periods, and have limited driving ranges,
they also have positive atiributes — less maintenance,
convenience of home recharging, and quiet operation.
More important from a policy perspective, they provide
modest greenhouse and huge air-quality benefits in most
regions of the world. (See Table 2.) In general, the less
coal used for electricity generation, the greater the bene-
fits. But even in the U.S., where 55 percent of electricity
is made from coal, electrification of the entire automaobile
fleet would still result in up to 20 percent reduction in
greenhouse gas emissions and substantial reductions in
ozone pollution. ;

In most countries, EVs will be a boon to air qual-

‘ity. They eliminate hydrocarbon and ecarbon monoxide

emissions and substantially reduce nitrogen oxides. They
do tend to increase sulfur oxide and particulate emis-
sions, but these increases are generally unimportant
because cars generate less than 2 percent of those pollu-
tants. Thus even a tripling of sulfur oxide emissions from
cars would cause a relatively small overall impact. If
introduced on a large scale, EVs would provide much larg-
er air quality benefits than would any other serious
option, including any liquid or gaseous fuels. In the long
term, as electricity supply shifts to renewable sources,
electric vehicles promise almost complete elimination of
air pollution and greenhouse gases, as well as almost
complete reliance on domestic resources.

THE FUTURE

Throughout industrialized countries, then, cars
play an increasingly dominant role in passenger transpor-
tation, placing great stress on cities, the environment, and
political institutions. Politicians and voters will continue
to push for stricter environmental and social policing of
the auto's effects. Not a single auto manufacturer has per-
suasively marketed itself and its vehicles as being socially
responsible. Even if one had, who would have noticed?
Most car owners — most people — would probably con-
tinue to behave as free riders, unwilling to pay extra for
environmentally sound cars and fuels even if they do have
strong environmental ideals. These same people will, how-
ever, vote to force car and fuel suppliers to act more
responsibly, to subsidize the expenses associated with
reduced environmental pollution. And politicians sense
that.



That's what happened in California, where, in late
1890 and 1991, voters adopted strict regulations on vehicle
emissions and the quality of gasolines. The new standards
require vehicle manufacturers to reduce emissions by up
to 80 percent over the next 12 years and require gasoline
to be reformulated to reduce hydrocarbon and other emis-
sions by 20-30 percent, at an estimated cost to consumers
of about 15 cents per gallon.

The state also mandated that all major automakers
must begin selling electric or other zero-emission vehicles
by 1998, In that year, 2 percent of the cars sold in the
state by each manufacturer must be zero-emitting. The
percentage increases to 5 percent in 2001 and to 10 per-
cent in 2003 — accounting for about 200,000 cars per year
in 2003.

The facts regarding automobile use are unambigu-
ous: cars provide accessibility and mobility, and they will
dikely dominate passenger transportation into the foresee-
able future, The challenge is to commercialize a car that
is environmentally benign. But that's not likely to happen
without increased governmentally sponsored research aimed
at such energy sources as fuel cells, biomass, and solar-
hydrogen. Nor is it likely to happen without high taxes on
high-impact fuels and on gas-guzzling cars — taxes high
enough to motivate consumers and industry to turmn to
those fuels and vehicles, Government must also redesign
anti-pollution regulations, making them more flexible and
incentive-based. Current regulatory systems are economica-
lly inefficient, inappropriate for promoting alternative
fuels, and lacking incentives for improvement and innova-
tion. More appropriate incentives and effective regulations
will spur the adoption of fuels and vehicles that are sensi-
tive to regional differences and that provide major air
quality, greenhouse, and energy-security benefits. O
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of another year.






