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ABS'IRACr The concern for greenhouse gas emissions and a
potential global warming crisis are relatively new concerns

As we approach the 21st century, sentiments run high compared to other environmental and energy concerns of
in the U.S. for improved air quality in our cities and for a the last few decades in the U.S. The fact that the U.S.
more secure energy future, hopefully to bc manifest in has not yet adopted a policy for dealing with the global
lesser dependence on foreign supplies of oil. These warming issue has been criticized by some in the U.S.
sentiments are reflected in intense political activity on However, the lack of a stated policy should not, in this
both the federal and state levels to enact legislation that author's opinion, be interpreted as a dismissal of the
will help alleviate both problems. At the same time importance of the issue but rather as evidence of the
though, the recent emergence of awareness of a threat of difficulty of finding solutions to this newer problem at the
global warming due to ever increasing emissions of same time that long-term, satisfying solutions to the older
greenhouse gases has only served as an additional problems of environment and energy have not yet been
complicating factor, one which has not been fully dealt established. Mutually satisfying solutions to all of the
with either socially or politically in the U.S. Much concerns, including global warming, will require complex
discu_ion and deliberation on the issue of the greenhouse interactions of government policies, both internally as well
effect is underway in the U.S. and aimed at understanding as internationally.
the size of the problem as well as identifying options for This paper will describe the current U.S. political
solutions, climate and recent legislative actions with regard to

This paper will review the recent political climate on environment and energy. Then, it will describe the nature
i_ues of environment and energy and will include brief of the problem of greenhouse gas emissions with their
descriptions of the recent U.S. Clean Air Act intrinsic relation to fuel consumption. Finally the paper
Amendments, the California Clean Air Act, the National will describe some of the options available for
Energy Strategy, and the Alternative Motor Fuels Act of governments to combat rising greenhouse emissions. To
1988. These policies and programs form a backdrop for serve as a backdrop for the discussion of greenhouse gas
the additional and more recent challenges brought about emissions, we shall describe recent U.S. legislation
by the issue of global warming. To integrate ali of these regarding air quality, conventional fuels, and alternative
concerns will require complex solutions. First an fuels. Policies on energy form part of the backdrop;
understanding and discussion of ali the options must exist, therefore, the U.S. National Energy Strategy is also
It is that integration process that is currently underway in discussed. That discussion will be found within the
the U.S. The paper will also review the current sections on fuel consumption.
understanding of greenhouse gas emissions as well as Opinions expressed herein are those of the author or
options for mitigating them, especially as related to the those of the authors of references who are explicitly
transportation sector, quoted and not necessarily those of the Oak Ridge

National Laboratory or the U.S. Department of Energy.

INTRODUCIION
THE BACKDROP

This is a time of great concern in the U.S. for
environmental and energy problems, and the concern THE U.S. CLEAN AIR ACT AMENDMENTS -
brings with it much discussion, debate, and political Concern for urban air quality in the U.S. dates back at
activity. While air quality in our cities is unquestionably least to the 1950s and probably coincided with the growth
better than it might have been without controls on of suburban America and the great economic growth of
emissions, it certainly can still be improved. Energy the post-World War II era. Both factors likely
security is becoming an issue of crisis proportions again, contributed to developing air quality proble.ms. Concern
the awareness of which was elevated greatly with this and debate about air quality problems led to mandated
year's military conflict in the Persian Gulf. This situation controls on emissions from cars and trucks beginning in
serves as a backdrop for any new and different issues the 1960s and culminating in the enactment of the 1970
concerning environment or energy and will serve to Clean Air Act. This, it was hoped, would bring about
complicate the process of finding solutions to both new great reductions in smog and other urban air quality
and old problems, problems.

•"The submitted manuscript has been authored by a contractor of the U.S. Government under contract DE-AC05-84OR21400.
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While the success of the Clean Air Act is the provisions of this new legislation, concentrating on the
unquestioned with regard to reductions of emissions from requirements placed on mobile sources and fuels for those
vehicles, there continue to be problems with air quality in sources.
many U.S. cities, probably resulting from large increases in The Clean Air Act Amendments contain at least 30
the number of vehicles and the number of miles traveled, new regulations for vehicle emissions and on clean fuels
along with contributions from the industrial, commercial, to be established in the future. Standards for emissions
and residential sectors. Figure 1 shows the U.S. areas that from light duty vehicles (cars) are established as in Table
were not in compliance with the ozone national ambient 1.
air quality standard in 1987-89, according to the Other provisions of the Amendments govern the
Environmental Protection Agency (EPA). Today, 84 contents of gasoline and reformulated gasoline and
million Americans are exposed to air quality that violates establish a program for the introduction of alternative fuel
at least one federal standard, and 67 million live in vehicles. Some of the many provisions are summarized as
counties where the smog standard is exceeded (1)'. Ali follows (this list is not all-inclusive):
of this points to the need for further reductions in Gasoline - Ali gasoline is required to contain
emissions from ali sources, including cars and trucks, and detergent additives to prevent the accumulation of
for this reason, the U.S. Congress enacted the 1990 Clean deposits, beginning January 1, 1995. By the summer of
Air Act Amendments (2). This section reviews some of 1992, maximum Reid vapor pressure of ali gasoline is 9.0

pounds pcr square inch (psi); there are exceptions,
however. Ethanol fuel is granted a 1.0 psi waiver.• Numbers in parentheses designate references listed at
Beginning January 1, 1996, ali lead and lead additives are

the end of the paper, banned from gasoline.
Reformulated Gasoline - The Amendments set

standards for reformulated gasoline, establishing allowable

._. ranges of a number of ingredients. Requirements are also
stated for performance that must be achieved by the fuels,

• e.g., standards are set for percentage reductions of volatile
organic compounds and air toxins. Minimum oxygen
content for reformulated gasoline is set at 2.0% by weight
year-round on a pool-average basis. Benzene content
cannot exceed 1.0% by volume on a pool-average basis.
Aromatic hydrocarbons cannot exceed 25% by volume, on
a pool basis. Credits are offered for additional oxygen
and additional reductions of benzene and aromatics.

• Introduction of Alternative Fuel Vehicles - Provisions
Fig. 1. U.S. areas failing to meet ozone standards, for a nationwide introduction of alternative fuel vehicles

1987.-89. Source: Environmental Protection Agency are included in the Amendments. Clean fuels arc defined
(Ref. 1). as methanol, ethanol, reformulated gasoline, reformulated

Table 1. New U.S. Federal Emissions Standards -- light-duty vehicles (grams pcr mile).
Source: Clean Air Act Amendments (Ref. 2).

_ Emission Standards' Model Year 1994 - Light Duty Vehicles (gpm)

5 Years/50,000 Miles

NMHC CO NO,

0.25 3.4 0.4

10 Years/100,000 Miles

NMHC CO NO x

0.31 4.2 0.6

NMHC = Non-methane Hydrocarbons
CO = Carbon Monoxide

NO,, = Oxides of Nitrogen
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diesel fuel, natural gas, liqueficd pctroleum gas, hydrogcn, be required to increase the numbcr of cars that mcct the
and electricity. By the 1996 model )'ear, automobile stricter standards. The four groups are:
manufacturers must provide at least 150,000 alternative
fueled cars and trucks pcr year. For model year 1999 and -- "Transitional low emission vehicles" CI'LEV) must
beyond, manufacturers must produce 300,000 clean fuel represent 10 to 20% of new car production in 1994-
vehicl 4 ._.'achyear. 1996.

Requirements of the Amendments are very serious -- "Low emission vehicles" (LE-V) -- must rcprc.scnt 25 to
and ambitious. They will give rise to considerable 75% of new car production in 1997-2003.
research and development in the automotive and l'uels -- "Ultra low emission vehicles" (ULEV) -- must
industries, and will surely impact the deliberations and represent 2 to 15% of new car production in 1997-
policies for addressing greenhouse gas emissions and 2003.
global warming i_ues as they relate to the U.S. -- "Zero emL_sion vehicles" (ZEV) -- must represent 2 to
transportation sector. 10% of new car production in 1998-2003.

THE CALIFORNIA CLEAN AIR ACT - The state Emission standards for these vehicle categori,"s, at

of California has the most aggressive and advanced air 50,000 miles, are shown in Table 2.
pollution control program in the nation; it also has weil- The California act also specifies requirements for
known examples of urban smog, most notably in Los gasoline volatility, reformulated fuel ingredients, and bus
Angeles. The state has assumed a position of leadership and truck emissions, and it contains a new requirement
in the stringency of its emissions control legislation and related to on-board computer systems. This will require
has pioneercd standards that have brought about many the on-board computer to monitor engine parts that are
developments in automotive emissions controls, critical to the performance of emissions systems. In all, as
Nevertheless, while urban air quality in California is .many as 15 engine systems will be monitored, and these
recognized to be much better than it would have been diagnostic systems are expected to help in reducing
without controls, remaining problems are large enough to hydrocarbon and nitrogen oxide emissions.
warrant even more stringent controls. This was the Since California represents such a large market for
motivation for the California Clean Air Act of 1988 which automobile sales, a situation that is difficult to ignore in
calls for increasingly stringent controls on automotive and planning new product lines, the toughness of the new
other emissions (3). California requirements will represent great new

The California Air Resources Board (CARB), under challenges for the auto and fuel industries.
authority granted by the state legislature, adopted a
program that will require increasingly stricter emi_ions THE U.S. ALTERNATIVE MOTOR FUELS ACT
standards to be phased in between 1994 and 2003. It also OF 1988 - The Alternative Motor Fuels Act of 1988 was
will require the production of "zero emission" electric cars basically a mandate for the establishment of alternative
beginning in 1998 and accumulating as many as 200,000 of fueled fleets of cars, trucks, and buses, and was expected
them in the state by 2003. This program of "ultra clean" to be carried out mostly within federal fleet operations. It
cars has been divided into four categories representing the called for ears that would operate on methanol, ethanol,
progressively stricter standards. Auto manufacturers will or natural gas to be obtained from original equipment

Table 1 California Air Resourc_ Board E.missions Standards (at 50,000 miles)
(grams per mile). Source: Clean Fuels Report (Ref. 3).

Vehicle _ l .... :_ ::

Category NMOG CO NO,, Benzene Formaldehyde

Current 0.41 3.4 0.4 No req'mt 0.015

Conventional No

(1994 + vehicles) 0.25 3.4 0.4 req'mt 0.015

TLEV 0.125 3.4 0.4 0.006 0.015

LEV 0.075 3.4 0.2 0.004 0.015

ULEV 0.04 1.7 I 0.2 0.002 0.008
,, I

NMOG = Non-methane organic gases
CO = Carbon monoxide

NO, = Oxides of nitrogen
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manufacturers. These would be placed in government Many systems and lifestyles in the U.S. have evolved
service, and their performance would be monitored and and developed around a growing personal transportation
reported. Dual-fuel and flexible fuel vehicles would be system and now depend on that system for their own
allowable and, in fact, were expected to be the earliest survival. In the 20th century, as the U.S. population grew
models available since auto manufacturers were beginning dramatically and, as cities grew and developed, it was

to produce such models for other demonstrations, natural for many cities to develop and evolve around a
For heavy-duty alternative fuel trucks, retrofit transportation system based on cars rather than on mass

technology would be allowable since manufacturers wcre traasit, especially given the vast amounts of land available
not offering alternative fuel engines for purchase at the for growth of cities. Today, many of those same cities
time of the legislation. Alternative fuel bus fleets would could not survive as we "know them if there were to be a
be supported through the Urban Mass Transit Authority, massive curtailment of citizen's rights to personal
which already has a large program of demonstration of transportation, and many people will resist the mere
alternative fuel buses, suggestion of potential curtailments.

Implementation of the provisions of the Act is under As a result of the growth of such a large personal
way, with the first deliveries of alternative fuel cars having transportation system and infrastructure, the U.S. is a
been received. These were flexible fuel methanol cars massive consumer of energy for transportation, mostly
that were available early since the manufacturers were based on oil. The U.S. continues to account for about
producing similar cars for the state of California. one-fourth of the world's oil consumption, some of which

An interesting aspect of the Act is its provision for is domestically produced but an increasing share of which
credits on the Corporate Average Fuel Economy (CAFE). is imported (4). In 1977 imported crude oil represented
This makes credits available for manufacturers who offer 47.7% of total U.S. consumption, a figure which declined
alternative fuel vehicles for sale to the public. It provides greatly in the 1980s, then rose again to the point where
that the CAFE calculations will be based on the assumed today the figure is approximately 50%. Figures 2 and 3
gasoline content of the fuel, creating a bonus fuel illustrate these statistics and show that while
economy extension. For example, a dedicated methanol transportation's consumption of petroleum has increased
vehicle designed to run on M85 (85% methanol, 15%
gasoline) and which actually achieves a fuel economy of

15 miles per gallon (when operating on M85) would be 20 I I I I I ,,../ I I I Icredited with 100 miles per gallon on the manufacturer's
CAFE _ I I _

Multiple fuel vehicles would receive half the CAFE ct:° 15 L .,,"_"f"_'/ _'_"-'_--_'_'-
credit that a dedicated alternative fuel vehicle would ua U

N..ta. PETROLEUMPRODUCTS
receive, and there is a cap of 1.2 miles per gallon on the tq SUPPLIED
CAFE calculation that a manufacturer can claim. Critics turr 10

f
of this provision have suggested that since cars can be _ "_
credited with high fuel economy while they conceivably mz
could never operate on the alternative fuel (as is possible _o 5 TION
with flexible fuel vehicles), the provision is _ U.S. PR
counterproductive in reducing dependence on petroleum.
In other words, the car (and its manufacturer) could be 0 I I I I i I I I I
credited with saving gasoline when, in practice, it could 1970 1974 1978 1982 1986YEAR
always operate on gasoline (and not necessarily very
economically), failing to save gasoline in the process. On Fig. 2. U. S. petroleum production and
the positive side, though, the provision should serve as a consumption, 1970-88. Source: Davis et al., (Ref. 4).
great incentive to manufacturers to begin to offer
alternative fuel vehicles. Th;s could be seen as a

beginning in the effort to break the dilemma whereby 130 I _ I I I I i I
fuels a_ not offered to the public becausethere are _c TRANSPORTATIONASA /
vehicles to u:.e them, and vice versa, the "chicken-or.egg" 120 - PERCENTAGEOF U.S. / -
dilemma, tu PETROLEUMPRODUCTION

<_ 110I-
z
kU
O

" ENERGY CONS_ON AND GREENHOUSE rr 100ua 100%
GAS EMISSIONS a.

90.-

U.S. TRANSPORTATION SECTOR CONSUMES
LARGE AMOUNTS OF ENERGY - Americans value 80 1 ! I I _ I I I I
their cars and trucks and the freedom of movement that 1973 1975 1977 1979 1981 1983 1985 1987 1989

they represent. Indeed, the feelings of freedom associated YEAR
with personal transportation in the U.S. are probably just Fig. 3. U.S. transportation petroleum consumption
an extension of a sociopolitical heritage that has valued as a percentage of total U.S. production. Source: Davis ct
individual freedom in every possible manifestation, al., (Rcf. 4).



in the latter part of the I980s, the trend is cncouragingly
flatter than might have been the case without
conservation and improvements in fuel economy, as will ,_

be discussed later. Transportation's consumption of oil, as I_ BUS 0.7%
a percentage of U.S. domestic production of oil (Figure 3) _ RAIL2.2*/.shows a disturbingly steep increase in the late 1980s, MILITARY2.9%OFF-HIGHWAY3.0%
indicating that U.S. oil production is not large enough to PIPELINE3.5%
supply even the transportation sector. WATER6.0%

Of course, oil as well as other energy resources are AIR8.6%
used for sectors other than transportation, as illustrated in Fig. 6. Distn'bution of U.S. transportation fuel use
Figure 4, which illustrates the percentages of oil by mode. Source: Davis et al., (Ref. 4).
(petroleum), natural gas, coal, and electricity used i_athe
transportation, industrial, and residential and commercial

sectors. The industrial sector uses a great variety of Conclusions from these statistics are rather obvious.

resources in large quantities including oil, natural gas, If it is desired to reduce oil consumption in the U.S., the
coal, and electricity, but the distribution of energy transportation sector is the most obvious sector to receive
resources across the sector is quite diverse so that industry the first attention. Within the transportation sector itself,
is not inordinately dependent on any one resource. The cars, trucks, and buses would be the logical targets for
residential and commercial sector is approximately 60% controls designed to reduce consumption of oil since they
dependent on electricity but still uses large quantities of consume the greatest proportion of fuels in the sector. If
natural gas and oil, and almost no coal. The reduction of combustion of oil is required in order to
transportation sector is the only sector which is so heavily reduce emissions of greenhouse gases, then the U.S.
dependent on one resource, being almost totally transportation sector, particularly cars, trucks, and buses,
dependent on oil, and transportation consumed 27.3% of will receive a great proportion of the attention by policy-
total energy consumed by all sectors in 1988 (4). makers because of their potentially large contributions to

100 the cause.
90 - IN mN TRANSPORTATION

m _ RESIDENTIALANDCOMMERCIAL "]'l-[E U.S. NATIONAL, ENERGY STRATEGY -80-
70 - m W INDUSTRIAL The dependency of the U.S. on imported oil is a situation

m ,,,,,_ that generates many feelings of insecurity and vulnerability

.,_ 60-
among citizens and policy-makers alike, and there is50-
reason enough for reducing oil (and other fossil fuel)

40 - consumption because of these feelings. Furthermore, as
a. 30 - will be shown in discussion to follow this section, there is

20- __ __-L J even more justification because of emissions of
10 - greenhouse gases that result from combustion of fossil
0 fuels. These factors, along with many others, have

PETROLEUMNATURAL COAL ELECTRICITY converged to create a considerable impetus to bring about
GAS a National Energy Strategy (NES), recently issued by the

ENERGYSOURCE LI.S. administration and the Department of Energy. It is
Fig. 4. Distn'bution of U.S energy use by source, beneficial at this point in the paper to review the features

Source: Davis et al., (Ref. 4). of the NES because it, along with ali other government
regulations and policies on energy and environment, will

Figure 5 shows the distribution of transportation fuel impact and influence directions taken to respond to a
use by fuel type, and Figure 6 shows the distribution by global warming crisis. Details in this section about
mode or type of transportation. Approximately 80% of features of the NES were taken from reference 3.
fuels used in transportation are either gasoline or distillate The framers of the NES, while acknowledging that the
(diesel) fuels, and cars, trucks, and buses account for U.S. will probably never be completely invulnerable to oil
nearly 75% of the fuels used. supply disruptions, proposed to increase domestic oil

production at the same time that they would promote the

diversification of sources of oil outside the U.S. They

recommended that, simultaneously, the importance of oil
in the national economy should be reduced through

LPG0.3*/, conservation, efficiency improvements, and substitution of

__ RESIDUAL3.6*/. improved technology and alternative fuels.
_,_. _y NATURALGASAND General recommendations in the various categories of

_J_ ELECTRICITY3.8*/. interest are as follows:
...... : ..... JETFUEL10.4%

Domestic Oil Prc:Kluction- To increase domestic oil
DISTILLATE17.4% production the NES would:

Fig. 5. Distn'bution of U.S. tran:_portationfucl use -- promote improved recovery techniques for previously
by fuel type. Source: Davis ct al., (Rcf. 4). "unrecoverable" domesticoil,
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encourage leasing of oil and gas lands in parts of the The present status of the NES is that it has bccn
Alaska National Wildlife Refuge, proposed but not officially adopted at this time. There

w lift moratoria on leasing of Outer Continental Shelf are, of course, proponents of many other approaches to
areas for oil exploration, and an energy policy and critics of a number of the provisions
promote development of additional discovered fields in of the NES. Implementation of most of the features of
Alaska. the NES, or any other initiative that might be proposed,

will depend on action by the U.S. Congress.These and other initiatives, it is believed, would
increase domestic oil production in the year 2010 by 3.8
million barrels per day above the projections without CONTRIBUTI'ONS OF U. S. TRANSPORTATION
these initiatives. This increase is expected to be enough SECTOR TO GREENHOUSE GASES - It is estimated
to keep oil imports at levels no greater than 50% of U.S. that the entire U.S. transportation sector contributes only
consumption. 32% of the nation's emissions of carbon dioxide (CO2)

from energy use, and only 7% of the world's total from

Oil Production Outside the U.S. - The NES energy use (5). Because of this seemingly small share of
recommends that the U.S. should try to help with the worldwide emi_ions of CO 2, one could argue that
diversification of worldwide oil supply. It would do this by requiring large curtailments of CO 2 emissions from the

U.S. transportation sector would provide very littleencouraging investments in and removing barriers to
energy developments in Eastern Europe, the Western worldwide benefit but might have grave economic
Hemisphere, and in developing countries. It would also consequences. However, the same argument can be made
attempt to remove restrictions on exports of technology, for each energy end-use sector in every country, since no
Without diversification of oil supplies, it is believed that individual country and no sector of energy use is
the Persian Gulf's share of world oil production could responsible for a great proportion of worldwide
reach 41% in 2010. greenhouse gas emissions. If ali countries did indeed

Reducing the Role of Oil in the U.S. National adopt a position that they should not be required to
Economy - Conservation, efficiency improvements, and contribute greatly to a solution, then nothing would
substitution of technologies can reduce the role of oil in happen to abate the emissions of greenhouse gases.
the U.S. national economy. The NES provides specific Therefore, it is prudent for all parties to proceed as if
recommendations for increasing efficicncies of electricity there is great benefit to be gained. Accordingly, we shall
generation, residential and industrial energy use, and consider in this paper the ways in which the U.S.
transportation energy use. In the latter case there would transportation sector can reduce its contributions to the
be increased emphasis on research and development of accumulation of greenhouse gases.
gas turbines, electric vehicles, fuel cells, and low-heat- Greenhouse gases are not just CO 2 but also
rejection diesel engines. Also, mass transit and ride chlorofluorocarbons (CFC.s), methane (CH4), and nitrous

oxide (N20). Figure 7 shows the distribution of thesharing would be promoted. These initiatives are
projected to result in a decrease of oil consumption by 3.4 various greenhouse gas contributions to global warming
million barrels per day in 2010 over that which would be (in the 1980s) and illustrates that CO 2 is responsible for
the case without the initiatives, about half the effect of all the gases combined. The other

Other Fuels - The NES also provides comments on gases, while being emitted in much smaller quantities than
and has recommendations for clean coal technology, CO 2, are much more potent in the atmosphere in
synthetic liquid fuels from coal, na, :al gas, and renewable producing a warming effect. Therefore, their combined
resources. For natural gas, the recommendations include effect totals approximately the same as that of the CO 2

emissions. Except where noted, the remainder of thisone for encouraging the use of natural gas as an
alternative transportation fuel through purchases of paper will deal with the issues of CO 2 emissions since
vehicles for the federal fleet and through a private fleet those emissions are most easily scaled to fuel consumption
alternative fuel program. For renewable resources, and, thereby, most amenable to predictions and
recommendations include support for ethanol and ethyl calculations based on fuel consumption.
tertiary butyl ether as componcnts of transportation fuels, Figure 8 shows the distribution of U.S. CO 2 emissions
and they include incentives for production of alternative by energy end-use sector showing transportation
fuel vehicles, accounting for 32% of the CO 2 emi_,sions. In this chart

Research and Development - The NES recommends
increased investment in advanced energy technology ..._-.--..--.-.-...._
research and development and proposes specific energy _

strategy R&D initiatives. Of interest to transportation, / cO2 49*/.the recommended R&D initiatives include:

N206"/.

-- Advanced transportation fuels from biomass _!i!i!iii!iiii:_!_:

Vehicle propulsion technologies _ OTHERGASES 13-/.m Electric vehicle technology
N More energy-efficient aircraft technologies

High-speed rail and magnetic levitation CFC-11.12 14"/.
Intelligent vehicle-highway systems to improve the Fig. 7. Distn'bution of greenhouse gas contn'butions
energy efficiency of transportation to global warming. Source: Department of Energy (Ref. 5).
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MPG = 886..._88 1 ,
CO 2 (1 + 3.17 HC/CO2 + 1.57 CO/CO2)

_TRANSPOR- I_ where MPG = miles per gallon and CO 2 is given in grams

%

TAT_ON_ _ per mile.

"_ _::RESIDENTIAL/

COMMERCIAL
13% They pointed out that the term in the parentheses

represents usually only about a 1% adjustment to the
MANUFACTURING proportionality and that to eliminate ihe term would

20*/. represent at most about a 5% error, usually

Fig. 8. Distn'bution of U.S. carbon dioxide emissions overestimating the CO 2 emissions. Therefore, they
by end-u._ sector. Source: Department of Energy (Ref. 5). simplified the equation to,

MPG = 877"/.

the industrial sector referred to in figures above has been CO2
subdivided into manufacturing and utilities, both of which
account for sizeable proportions of the total just as This, then, makes CO 2 and fuel economy (mpg)
transportation does. The mass contribution to CO 2 inversely proportional to each other, and one can
emissions from the U.S. transportation sector is accounted calculate a rough estimate for CO2 emissions knowing a
for in Figure 9 which shows the tons of carbon emitted by car's fuel economy. An existing database on fuel economy
the various transportation modes, i.e., cars, trucks, buses, can easily be used by this method to examine trends in
etc. These emissions are clearly dominated by the CO 2 emissions, an exercise that they included in their
highway transportation modes - cars, light trucks, medium report.
and heavy-duty truck,;, and buses - which altogether In his 1990 report, Amann (7) also showed the
account for about 74% of the total, distinct proportionality between fuel economy and CO 2

One can conclude from these figures that the U.S. emissions when he plotted CO l emissions versus fuel
transportation sector's contribution to reduced CO 2 consumption for 86 different gasoline fueled vehicles and
emissions, if required, must come from cars, trucks, and found a similar relationship, one that assumed nearly the
buses in order to have measurable impact. This is same numeric values as above. For diesel fueled vehicles,
consistent with a conclusion above that cars, trucks, and he found,
buses are the best areas to seek to reduce U.S. oil

consumption, and the two conclusions together support MPG = 10.000.
the intuitively obvious notion that CO2 emissions will be CO2
reduced with reductions in fuel consumption, a notion
that will be reinforced in the next section. These relations help to fortify the intuitive notion that

CO 2 emissions are intrinsically related to fuel con:,umption

_C_ and that to reduce the amount of fuel consumed by ears,
trucks, and buses is to reduce their contributions to CO 2

[ (259) _ emissions. Reduction of fuel consumption can be
[ _.,,_1__:,::_ BUSES 1% (4) accomplished in a number of ways, ranging from reducing

_._ __"_:::"t"":!_!_!_!_!! CIVILIAN the number of miles driven (impacting lifestyles of vehicle

__ AIRCRAFT users) to reducing the amount of fuel required to travel a

(JET) 8*/,(37) given distance, that is, improving fuel economy. Associeties and governments begin to grapple with the issue
MEDIUM/HEAVY of reducing fuel consumed in the transportation sector,OTHER (INCLUDING TRUCKS 14% (62)

OFF/HIGHWAY) there will be great pressure to select a route of improving
18"/.(80) fuel economy of vehicles because that route will not

Fig. 9. U.S. transportation contn'bution to carbon require deprivation of accustomed lifestyles by citizens.
dioxide emissions, 1988 (millions of tons of carbon). Source: Therefore, fuel economy improvements will be discussed
Duleep (Ref. 6). in the next section.

CO 2 EMISSIONS ARE DIRECTLY FUEL ECONOMY IMPROVEMENTS WIL,I,
PROPORTIONAL TO FUEL CONSUMIrI'ION, PRODUCE COz EMISSION REDUCTIONS -
INVERSELY PROPORTIONAL TO FUEL Consumption of oil by U.S. transportation was shown to
ECONOMY - In their 1989 report Heavenrich et al., (6) have a rather flat trend over the years since the mid-1970s
demonstrated that, with some simplifications, CO 2 (Figure 2 above), that is, neither increasing nor decreasing
emissions could be written as an inverse proportionality greatly until the late 1980s. This phenomenon has
with miles per gallon (mpg). Starting with the carbon occurred even in spite of ever increasing numbers of
balance method for calculating fuel economy for gasoline vehicles and miles traveled by U.S. citizens as shown in
fueled vehicles, they showed that, Figure 10. This encouraging trend of rather stable ;otal
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1973-89. Source: Dcpartment of Transportation (Refs. 13, trucks, 1973-89. Source: Department of Transportation
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fuel consumption in a time of increasing numbers of miles _ ua 10 ] /a,,,. I I I I I
traveled has resulted largely from the success of the U.S. _ _o 0 _ .a

UJ_ ,,o

federal fuel economy standards, the Corporate Average z_ _ .10 L "_ _ -
Fuel Economy (CAFE) standards, instituted in 1975 and _ _,, I '_- ..... ze"-
continuing to the present. _ _ .20 I" _ -

The sales-weighted average fuel economy and the to ,',, " ""
<oo.30I- o ASIANCARS/TRUC_S-'_''°-°-°'_ -CAFE standardsto whichthe industry hasbeen held _ - I o DOMESTIC CARS/TRUCKS

accountable are shown in Figure 11, where carshave _ tu _ -40 L. & EUROPEANCARS/TRUCKS -

shown over 40% improvement and trucks as much as a ¢o_ r-_ ALLCAIqS/TRUCKS
19% improvement since 1978. These fuel economy _ .501 I I I I I
figures arc calculated for new carsand trucks on a yearly 1978 1980 1982 1984 1986 1988 1990
basisbut do not rcprescnt thc fuci cconomyof lhc entire MODELYEAR
flccL In Figure 12we see the cffccts on the entire U.S. Fig. 13. Trend in carbon dioxidc cmissions from cars
fie.ct of salesof new cars and trucks with higher fucl and trucks in lhc U.S., 1978-89. Source: Hcavcnrich ct al.,
economy, showing the rising average fuel economy of the (Ref. 7).
whole fleet of cars and trucks.

The effect of improving vehicle fuel economy on CO 2

emissions is calculated by Heavenrich et al., (6) in their economy. It should be noted that the gains seen here are
report cited above. Figure 13 shows the relative change relative, just as are the associated gains in fuel economy.
(in percent), since 1978, of CO 2 emissions per mile per A five-mile per gallon improvement in fuel economy in a
vehicle, divided according to origin of the vehicles, i.e., 20-mile per gallon car is a greater percentage than a five-
domestic (U.S.), Asian, or European. Ali categories show mile per gallon improvement in a 30-mile per gallon car.
sizeable decreases in CO2 emissions, but the most The same is true for percentage reductions in CO2
dramatic were those of the domestic cars and trucks, emissions.
resulting from their similarly sizeable relative gains in fuel Nevertheless, the improvements in fuel economy of

the fleet over the years have unquestionably resulted in
improvements (reductions) in CO2 emissions, and the key
to further reductions in CO 2 may, indeed, be further

30 I I I I I I improvements in fuel economy of the fleet. That is why
28 - - governments will first seek those measures for mitigatingZ AUTOMOBILECAFE ...,,,.'_ " " " " " " "

_--_,'- _ _ greenhouse gas emissions. Govcrnments can probably be

26 /,¢// _" assured of a satisfying result while at the same time
O UTOMOBILESTANDARD
to 24 avoiding policies that would deprive people of accustomed

ujrr"22 / / LIGHTLIGHTTRUCKCAFETRUCK lifestyles.a. ...... Thus far, we have presented facts that the U.S.

tu 20 .----'_J" ,,_.---__i.,,r transportation sector consumes large amounts of oil and '
_""/ _IGHT TRUCKSTANDARD produces large amounts of CO 2 in the process. Potential

18 _ reductions of CO2 emissions are tied to reductions in fossil
16 I I I I I I fuel consumed, and the best route is probably to improve

1978 1980 1982 1984 1986 1988 1990 fuel economy of transportation vehicles so that CO2
YEAR cmissions can be reducedwhile avoiding the dcpriving of

Fig. 11. Corporate avcragc fucl economy (CAFE) citizens of thcir preferred lifestyles. The question thcn is
and U.S. standards,1978-89. Source: Davis ct ai., (Rcf. 4). how to bring about such improvements? If fuci economy
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improvements are not feasible, what are the reasonable 6. Tax petroleum and its fuci producLs to encourage
alternatives? purchase of high-fuel-economy vehicles.

In the next sections we shall examine the options
available for governments to bring about reductions in With regard to the other possible areas for
CO 2 emissions from transportation• First, we shall government policies, fuel choice will be addressed in a
consider policy options, among which will be those that later sc:tion on alternative fuels options; transportation
would require fuel economy improvements in demand and infrastructure development will also be
transportation. Then, we will consider the technologies addressed later. These areas require government options
that might bring about the desired improvements in fuel of the type that would require changes in behavior of
economy. This will be followed by a discussion of the vehicle users. Related to this issue, the authors indicated
possibilities of alternative fuels in this arena, and finally that options, such as fuel economy improvements, that are
other options for governments that would begin to impact directed toward a smaller number of decision makers, such
lifestyles will be c::amined, as those who produce vehicles, are usually more effective

than options designed to change the behavior of the gLC.at
number of vehicle users. With this in mind, in the next

GOVERNMENT OPTIONS FOR POLICIES THAT section we shall review the technology options that exist
WILL ENCOURAGE IMPROVED FUEL ECONOMY for improving fuel economy of vehicles, since it would
IN TRANSPORTATION appear that such options would likely be among the first

that would be sought by governments rather than
The options offered below for governments to attempting to change the behavior of its citizens.

consider for improving fuel economy in transportation
come largely from the U.S. Department of Energy (DOE)
report, "A Compendium of Options for Government
Policy to Encourage Private Sector Responses to Potential TECHNOI.,OGY OPTIONS FOR IMPROVED FUEL
Climate Change," published in October 1989 (5). In that ECONOMY IN TILE TRANSPORTATION SECTOR
report the authors observed that, "The U.S. auto market is
the world's largest, accounting for 35% of the total world Information and data in this section are based largely .
automobile registrations in 1984 and, depending upon on two references, Lcdbetter and Ross (8) and Difiglio et
economic conditions, roughly one-third of world annual al., (9). The interested reader is directed to those
car sales. Its size and openness to foreign producers references for details that were too voluminous to include
mean that policy measures taken by the U.S. can affect here.
vehicle fleets in other countries as weil." For this reason, Numerous engine and vehicle technologies exist that
it is good to review the options most likely to be taken by could bring about improvements in car and truck fuel
the U.S. itself, economy in future years. Some of the technologies are

The DOE authors identified four major areas in the already employed on many vehicles, but not all; some are
transportation sector as being most amenable for in the development stage; and others are planned by
government policies to mitigate the global warming threat, automakers. A reasonable question for policy-makers who
They are fuel use, fuel choice, demand for transportation, might be contemplating future rising CAFE requirements
and infrastructure development. In the area of fuel use, is, what levels of fleet average fuel economy are possible
government policies will probably be designed to in the future using known engine technologies? Difiglio
encourage the sale of vehicles with higher fuel economy, et al., have addressed this question and have estimated the
The question then is how to bring about such future level of fuel economy that U.S. manufacturers
improvements through government policy or mandates, might achieve in 1995 and 2000 by using cost-effective and
and the major options offered by the DOF authors are as proven fucl economy technology.
follows: The authors' scenario for introduction of new

1. Enact a set of progressively higher CAFE standards technologies into vehicle product lines is based, they say,
to require the production and sale of more fuel- on the manufacturers' plans to implement the fuel-saving
efficient vehicles, technologies. Selection of the technologies for individual

2. Use tax incentives or direct purchases by government car types in future years was based on a DOE algor:'hm
to r'romote the development and sale of high-fuel- that has been used for several years. An important
,.lficicncy vehicle designs, feature of their analysis is the fact that they do not

3. Promote purchase of high-fuel-efficiency vehicles by consider technologies that "would reduce performance,
way of a system of taxes and rebates, ride, or capacity over 1987 levels." The reason for this

4. Use public relations campaigns to improve public was based on their observation of historical data since
awareness of consequences of fuel waste and to 1978 that show that interior space of automobiles has
encourage purchase of vehicles with high-fuel- "remained more or less constant while exterior ez.."size,
economy, curb weight, and engine size have ali declined

5. Purchase high-fuel-economy vehicles for use by significantly." That is, customers tend to be selecting cars
government agencies, that provide interior comfort levels equal to past cars.
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The technologies included in thcir analysis along with Other Improvements:
brief descriptive temar "i'i'ksare listed below.

Front Wheel Drive m a weight reducing feature affording
Technologies - Engine Improvements: higher fuel economy for a given interior vehicle space.

Used already on many cars.
Intake Valve Control N varying timing and lift over a
range of engine speeds. Potential for reducing pumping Weight Reduction (Materials) -- reduces vehicle weight by
losses, greater use of light-weight materials such as aluminum and .

plastics, improving fuel economy.
Overhead Cam Engine m reduces mass and number of
parts over pushrod type engines. Results in lower valve Aerodynamic Drag Reduction m reduces coefficient of
train inertia, less energy used by valve train, and drag or shape-related resistance, can improve fuel
potentially improved breathing, economy.

Roller Cam Followers -- reduces friction between cam and Electric Power Stecrin_ m replaces hydraulically driven

cam follower (as compared to cam and flat-face cam power steering with electric powered, intermittently
follower) and can reduce engine friction by as much as activated as needed. Can reduce accessory power
25%. requirements and improve fuel economy.

row-Friction Pistons/Rings m reduce friction from piston Lubricants/Tires m lower viscosity oils with friction-
rings - now the largest source of engine friction, reducing additives can reduce engine friction. Higher

pressure tires can reduce rolling resistance. Both would

Advanced Friction Reduction m e.g., low-tension piston improve fuel economy.
rings, closer tolerances for machined surfaces, improved
piston designs, eta Accessories _ such as variable displacement air

conditioning compressors and electric engine cooling fans,
Throttle-Body Fuel Iniection _ allows for more control can make accessory drives available on demand rather
over fuel metering as compared to carburetors, to produce than full-time, reducing power required for accessories
possibly more power, better fuel economy, lower and improving fuel economy.
emissions. The authors applied their estimates of fuel-economy-

improving potential (in percentage) to each of the
Multi-Point Fuel Injection u allows for more control over technologies along with estimates of penetration of the
metering, as compared to throttle-body fuel injection, to various technologies into automobile product lines in both
produce possibly more power, better fuel economy, lower 1995 and 2000 (based on manufacturers' plans - cferred
emissions, to as "Product Plan') to arrive at estimates of total fuel-

ex.onomy.improvement potential for the fleet (of new
4-Valve Smaller Engines Replacing Larger 2-Valve cars). This was then compared to the base year of 1987
Engines u can result in 25-35% more power for a given to arrive at an estimate of fleet fuel economy potential
displacemeiit engine, leading to lower weight, higher fuel based on the use of these technologies. Table 3
ex.onom;, for the same power level, summarizes these estimates.

Based on results of their detailed estimates, they then
Transmission Improvements: estimated that "1995 new car fuel economy (domestic)

would be 31.6 miles per gallon" (based on the inclusion of
Electronic Control -- results in more precise, more the various technologies). This represents a 4.6 mile per
versatile transmission control, selecting gears for best fuel gallon increase over the reference year 1987 in which
economy, so as to optimize enginetransmission to a more fleet fuel economy was 27 miles per gallon. The case for
efficient combination, the year 2000 resulted in an "average domestic fuel

economy of 34.3 miles per gallon."
Torque-Converter Lock.up -- prevents unnecessary The authors additionally estimated cases for a "cost-
slippage between engine and transmission at cruising effective plan" for 2000 and a "maximum technology fuel
speeds, resulting in higher efficiency, economy" plan for 2000. Results were 36.4 miles per

gallon for the cost-effective plan for 2000 and 39.4 miles
4-Speed Automatic _ additional gear allows engine to per gallon for the maximum technology case for that year.
operate at more optimal conditions more often, resulting The interested reader is directed to the references for
in higher fuel economy, more details.

Finally, the authors pointed out that "after use of ali
5-Speed Automatic _ same as 4-speed but approaching fuel economy technologies and some degree of
more optimum engine conditions more often, performance reduction, the primary way to further

increase fuel economy is to alter the mix of vehicles -
Continuously Variable _ can optimize engine performance more efficic,_t cars, fewer inefficicnt cars." The
by enabling it to operate in more favorable speed and implication here is that one could expect resistance from
load ranges, improving fuel economy, the buying public if the required mix of vehicles would





necessitate the sacritice of some of the interior space and number of assumptions which can be different from one
comfort for which there i_ a demonst,-ated, historical study to the other. Results can vary greatly depending on
preference, the assumptions used, and for that reason, the interested

As a result of their work, these authors have, perhaps, reader should consult these references and others
provided a benchmark on which future CAFE standards thoroughly because the details of all the calculations
could be based, with the reasonable, expectation that the cannot be included here.
standards could be achieved. Whether this would be Fuels considered in the CEC study were diesel from
enough to stem the tide of increasing CO 2 emissions from petroleum, gasoline from petroleum, compressed natural
highway vehicles is, of course, another question that would gas (CNG), methanol from natural gas, and methanol
require more analysis, from coal. Those included in the Amoco study were

gasoline (from petro!eum), compressed natural gas,
liquefied petroic.,am gas (LPG), methanol from natural

ALTERNATIVE FUEL OPTIONS FOR I.M_ROVED gas, methanol from coal, and ethanol from corn.
GREENHOUSE GAS EMISSIONS Critical to the results of these studies are the

selections of values for fuel consumption in the vehicles.
The question arises whether a!"- .aative fuels could The CEC siudy assumed that consumption for the

contribute to reduced emissions of greenhouse gases from gasoline and natural gas cases was 4243 BTU/mile; for the
transportation. This is a reasonable and pertinent diesel case, 3585 BTU/mile; and for the methanol cases,
question since alternative fuels are receiving a great deal 4002 BTU/mile (about 6% more efficient than the
of attention for their other perceived benefits, e.g.;., gasoline case). This would represent 27.2 miles per gallon
urban air quality. This section reviews the issue of in the gasoline case, approximating today's average U.S.
alternative fuels and their potential for impacting the cars. These assumptions about alternative fuels are
global warming issue. Please note that we shall consider consistent with a level of vehicle technology reflected in
only the major liquid and gaseous alternative fuels here today's dual-fuel natural gas vehicles or flexible-fueled
and not such alternatives as electricity and hydrogen. In methanol vehicles. If one assumed the higher efficiencies
his 1990 reporl, Amann (7) gave considerable and of dr'dicated methanol and CNG vehicles, results would
thorough attention to these latter two alternatives, have been "slightly better 'greenhouse performance' than
eliminating the need somewhat for addit:onal elaboration shown" in the CEC study.
in this paper. Furthermore, this author believes that these Other critical : ssumptions in the analysis revolve
two alternatives will not be technically mature enough for around thz relative warming effects of the different gases,
consideration within a reasonable time frame in which CO2, CH4, and N2O. Authors of the CEC study used
policies might be needed regarding global warming and estimates of '_hese effects from the literature, and they
transportation, applied engineering judgement to account for a range of

A numbe,: of recent studies have examined the possibilities. They summarized the final comparisons of
questior, oi greenhouse gas emissions from the alternative fuels relative warming effects in terms of equivalent CO 2
fuels that might eventually be used in the transportation warming effect, where the contributi3ns from the other
sector, and two of the studies constitute the bulk of the gases are expressed as equivalent CO 2 effects so that
material presented in this section. They are the Unnasch totals can be summed. This summary is shown in Table 4
ct al., study (10) performed for the California Energb' where a fuel's warming effect is shown in percentage of
Commission (referred to as the CEC study) in 1989 and equivalent CO 2 emissions relative to those from gasoline.
the Ho and Renner study (referred to as the Amoco Results from this assessment show that of the fuels
study) reported in 1990 (11). While both studies treated considered, as compared to gasoline, diesel fuel used in
the same subject and s ,me of the same alternative fuels, diesel engines would have the greatest beneficial effect on
the Amoco study came after the CEC study and probably global warming, due largely to the greater efficiency of
benefitted from additional refinements in assumptions and these engines. Compressed natural gas and methanol
calculations• Nevertheless, the studies parallel each other, frora natural gas appeared to be acceptable, although not
and it is useful to examine the results of both. offering any great benefit, and methanol from coal

The objectives of both studies were to thoroughly appeared to be unacceptable for global warming. The
assess the global warming implications of several candidate authors concluded that "selecting CNG and methanol
alternative fuels as compared to gasoline. These (from natural gas) as cleaner fuels to meet near-term air
assessments necessarily included the entire cycle of a fuel's quality and energy security goals is fully consistent with
use in transportation, including exploration, raw resource the goal of reducing global warming; however, these fuel
extraction, transport, fuel production, distribution, and choices do not represent a long-term solution to reducing
end-use in vehicles. Furthermore, both studies considered greenhouse gases."
other greenhouse gases in addition to CO 2, namely The authors also provided comments regarding the
methane (CH4) and nitrous oxide (N20). They did not relative importance of CFCs in automotive air
include the effects of chlorofluorocarbons in the overall conditioners and elsewhere. Their calculations suggest
results because those effects are not influenced by fuel that CFC-12 alone is more important than other
choice, but the CEC study commented on the potential greenhouse gases in that "it causes a greenhouse effect on
size of these effects. Both efforts included very detailed the same order as the total lifetime CO-,, CH4, and N20
assessment._ and calculations of CO 2 production from the emissions combined." Obviously then, this is an issue that
processing stages of a fuel's production, necessitating a merits the attention of the world's automotive community.



Table 4. Summary of global warming impacts of alternative fuels (CEC Report).
Source: Unnasch ct al., (Ref. 10).

i i i_:i:_ii::i_- i : ii Fuel iii i i::' i _ili!iiii: _i_!:ilEquivalent CO 2 Emissions
i: :_ : :ii:_::i_:': : ' :_ : Relative to Gasoline (%)

Diesel from Petroleum 75 to 79

Compressed Natural Gas 78 to 94

Methanol from Natural Gas 84 to 101

Gasoline from Petroleum

Methanol from Coal 154 to 192

The Amoco study assumptions and approaches The authors also presented rc.sults in terms of gas
differed somewhat from the CEC study, and it included emissions by source, i.e., whether from production and
the assessment of two different levels of technology for processing, transport and distribution, vehicle emissions,
processing, vehicles, etc., _s summarized in Table 5, wherc etc. Thesc results confirmed that vehicle emissions are
onc case is refcrrcd to as "base technology," implying thc greatest source of the greenhouse gas emissions
currently available, and the other as "advanced except in the cases of methanol from coal and ethanol
technology," suggesting the _+c of emerging technologies, from corn, where production and processing are the

Their results, summarized in Tablc 6, show that for greatest culprits. Differences betweer, the Base and
the Base Technology Case, none of the alternative fuels Advanced Technology Cases are large, but vehicle
display any attractiveness for global warming, and emissions remain dominant, except in the cases of
methanol from coal and ethanol from corn are probably to methanol from coal and ethanol from corn.
be avoided. The situation improves somewhat for the The authors concluded that improved fuel economy
Advanced Technology Case, showing that CNG and LPG would have the greatest potential for reducing greenhouse
could be minimally attractive. The authors stress that gas emissions in the transportation sector. They believe
"assumptions on process efficiencies, fuel economy, and that gasoline from petroleum will retain an advantage over
relative warming factors have major impacts on the the alternative fuels considered. They emphasize that
rankings." assignment of relative warming values to the gases CH+

Table 5. Summary of assum >tions in Amoco study• Source: Ho and Renner (Ref. 11).

Vehicic TYl_ Dual-Fuel Vehicles Dedicated vchicles
with higher
compression ratios

Fuel Economy (gaso.) 29 miles per gallon 35 miles per gallon

Relative Thermal Heating Value Basis 10% and 15% higher
Efficiency Efficiency for CNG/LNG

and Methanol/Ethanol
Vehicles respectively

Vehicle Emissions Current EPA Standard Lower Emission
Standard

Natural Gas 1.5% for CNG: 0.75% for 0.5% for CNG: 0.25%
Transmission Losses LPG and Methanol for LPG and Methanol

Relative Gas CH+ = 50 CH4 = 10
Warmirg Factors N20 = 300 N20 = 200
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Table 6. Summary of global warming impacts of alternative fuels (Amoco study).
Source: Ho and Rcnner (Rcf. 11).

CO, Eq,' ent C02
• Fuel i EmLssions Relative to Emissions Relative to

• . _ Gasoline (%)Gasoline (%) •
Base Technology C.as¢ AdvancedTechnology

Gasoline from - -
Petroleum

Compressed Natural Gas 134 85

Liquefied Petroleum 112 86
Gas

Methanol from Natural 122 95
Gas

Methanol from Coal 213 180

Ethanol from Corn 136 115

and NzO can significantly affect the calculated warming travel demand, thereby reducing fuel used and greenhouse
impact of CNG and LPG. In the final analysis, they gases emitted. The demand for highway transportaaon in
concluded that "switching to natural gas or methanol- the U.S. is forecast to double by 2020, a situation that
based fuels will have little impact on reducing total must be offset by improvements in fuel economy just to
greenhouse gas emissions relative to continued use of stabilize greenhouse gas emissions. To reduce greenhouse
gasoline." This is a somewhat more negative conclusion gas emissions beyond this point will require the
than the CEC study found, consideration of options that would impact transportation

Results of both studies help to confirm the importance demand. Such options, listed by the DOE authors, are:
of improved fuel economy in vehicles as a means of
reducing emissions of greenhouse gases. The benefits to 1. Support local governments' efforts to switch
global warming of improving fuel economy will likely be transportation demand to low-emission modes of
felt no matter what fuel is selected, provided that fuels transportation, away from private automobiles to
like methanol from coal and ethanol from corn are high-occupancy vehicles (car and van pools) and
avoided, public transit (buses, subways, etc.)

2. Develop advertising programs to encourage the use
of low-emission modes of transportation.

OTHER GOVERNMENT OPTIONS FOR 3. Subsidize with government funds the development or
IM_AC-q'ING TRANSPORTATION DEMAND AND improvement of performance of low-emission modes.
INFRASTRUCTURE DFV'ELOP -]V_ 4. Reduce anticipated growth in transportation demand

by reducing the need to travel through relocation of
As mentioned earlier, it might be easiest for people and the .facilities to which they travel.

governments to mandate that vehicles must have higher 5. Fund R&D projects designed to enhance the
fuel economy, because such mandates will not necessarily understanding of the determinants of travel demand,
require changes in behavior of vehicle users. This is a so as to help formulate policies and options to -
prospect that governments are likely to try to avoid at first reduce growth of demand.
because of the possible unpopularity of such actions.
Nevertheless, it is appropriate for governments to begin to TRANSPORTATION INFRASIRACTURE- Other
consider the other various options that apply to the options for governments relate to the transportation
transportation sector, so that policy-makers may be able to infrastructure, i.e., the system of highways, bridges,
make the best decisions, if indeed such directions are to tunnels, airports, port facilities, railroads, etc., that make
be required in the future. The authors of the DOE study transportation possible, plus that part of industry that
(5) considered and discussed many of these options; they produces materials for use in developing the
were grouped in the areas that they identified as infrastructure, such as concrete, steel, asphalt, etc.
transportation demand and infrastructure development. Options in this category would relate generally to the

need to use less energy in either building the
TRANSPORTATION DEMAND - In this area, the infrastructure or in producing the materials u_.-.din

premise is that reduction of the need for travel or the construction. They are listed by the DOE authors as
selection of different means of travel could reduce the follows:
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1. Require government agencies to consider appear to offer much promise, with the possible exception
vulnerability to climate change when planning major of fuels made from biomass.
investments in transportation infrastructure. (For In the U.S. the dilemma of global warming is possibly
example, if the site selection of a potential even more complex than in other parts of the world. In
infrastructure development is contingent upon the any discussion of solutions to greenhouse gas emissions, it

continuation of present climate conditions, it may be is n_ary to balance those needs against the many other
wise to consider other possible sites that were not so regulatory needs in the U.S. as outlined earlier. For
sensitive.) example, alternative fuels are receiving a great amount of

2. Fund or promote R&D in the construction industry attention for their perceived benefits to urban air quality.
to reduce material use (and associated greenhouse Since they do not offer a similarly promising future for
gas emissions) in infrastructure development, reduction of CO 2 emissions, a dilemma will exist regarding

3. Tax or place surcharge on construction contracts to their selection as transportation fuels. Tna,. is, can they
support demonstration of innovative designs and be..used for urban air quality improvements if they do not
methods to be used in infrastructure development, offer CO 2 emission reductions? The U.S. situation is also

complicated by the fact that personal transportation is so
much a part of the infrastructure and way of life, meaning
that decisions that reduce people's freedom of movement

CLOSING REMARKS will likely be very unpopular.
When one looks at the statistics of world powqation

The threat of global warming and the decisions that growth and of rising fossil energy use, much of which is
r'.eed to be made about it pose extremely complex happening in developing countries, one has to be
dilemmas for man, for governments, and for the world, staggered by the enormity of the challenge of reducing
On one hand, a skeptic can argue that we have not CO z emissions. Worldwide use of fossil fuels is a large
definitely proven cause and effect yet and, therefore, it subject area in itself, but beyond the scope of this paper.
would be precipitous to act so early. On the other hand, Nevertheless, the problems are potentially so large and
there is probably not time to spare if, indeed, governments untenable that it will be very easy for governments to
must act to curtail emissions of greenhouse gases, approach them with a laissez-faire attitude.
Additionally frustrating is the fact that national Probably the worst decision that mankind can
governments can argue that their countries are not collectively make in this confusing and challenging
responsible for a major part of the problem and, situation would be to decide to do nothing. If nothing
therefore, should not be responsible for the solutions. In else, it seems prudent at this time to launch a full-scale
the end, solutions will require difficult and painful assault on the unknowns in atmospheric sciences to
compromises, but most of ali, will require commitment on determine if, indeed, we can measure cause and effect in
the part of governments and people, this problem. Will increasing CO 2 inventory definitely

It only makes sense that it is unnatural (i.e., not a increase earth's temperatures? Are there repairs that can
process that would occur in nature) to release into the be made other than requiring massive curtailments of
environment by combustion of fossil fuels the carbon that fossil fuel combustion?
was bound up in living organisms over millions of years.
The consequences of such unnatural phenomena, as
nearly everyone agrees, is an increasing inventory of REFERENCES
carbon in the atmosphere. To stop this process entirely, if
such is required, will require moratoria on r.ombustion of 1. Environmental Protection Agency, "National Air
fossil fuels. This, in turn, will require changes in behavior Quality and Emissions Trends Report, 1989," EPA-
of people and mass substitutions of more benign fuels for 450/4-91-003, Office of Air Quality Planning and
fossil fuels. Both these options represent huge dilemmas Standards, February 1991.
themselves and could cause great upheavals in lifestyles.

If fossil fuels must be banned, then solutions are Z U.S 101st Congress, Clean Air Act Amendments,
rather obvious. Benign fuels such as hydrogen, biomass- Public Law 101-549, November 15, 1990.
derived fuels, and electricity from solar or nuclear energy
must replace fossil fuel use. Technologically, such is at 3. J.E. Sinor Consultants, "The Clean Fuels Report,"
least marginally possible, but probably not for decades and Volume 3, No. 2, Niwot, Colorado, Ar, ril 1991.
not without immense investments of capital worldwide. In
the U.S. and elsewhere it would also be necessary to 4. S.C. Davis, D. B. Shonka, G. J. Anderson-Batiste, P.
regain the confidence of people about nuclear energy S. Hu, "Transportation Energy Data Book - Edition
since there is currently a large negative bias associated 10," ORNL-6565, Oak Ridge National Laboratory,
with it - another difficult dilemma. Oak Ridge, Tennessee, September 1989.

Much discussion today centers around the desirability
of stabilizing CO 2 emissions, a noble but difficult goal 5. Department of Energy, "A Compendium of Options
itself. In this case, increasing the efficiency of fuel use, for Government Policy to Encourage Private Sector
together with implementation of many small changes in Responses to Potential Climate Changes," Report to
lifestyles, holds considerable promise. However, the Congress of the United States, DOE/EH-0103,
substitution of fossil fuels with alternative fuels does not October 1989.
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