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ABSTRACT 

This paper discusses studies required by sections 502 
and 504 of the Energy Policy Act of 1992 (EPACT). The 
principal focus is the feasibility of achieving the percentage 
reduction in petroleum-based transportation fuels used by light- 
duty vehicles (10% in 2000, 30% in 2010) as required by 
section 502(b)(2). The percentage goals must be consistent 
with the general goals of section 502(a), which include 
reducing oil imports, reducing greenhouse gases, and 
improving the nation's economy. This paper draws upon 
conditional projections of replacement-fuel use in two separate 
1994 studies conducted by the U.S. Department of Energy's 
Energy Information Administration and its Office of 
Transportation Technologies. By referring to these published 
results and their context, this paper identifies key issues that 
must be considered in an evaluation of various section 502 
gods as required by section 504(a). 

INTRODUCTION 

Sections 502 and 504 of the Energy Policy Act of 1992 
(EPACT) (1) require that specific kinds of studies be 
undertaken to assess the likelihood of achieving petroleum- 
displacement goals. In EPACT, the fuels replacing petroleum- 
based transportation fuel are termed "replacement fuels." 
Section 502 requires evaluating the goal of achieving 10% 
replacement of fuels powering light-duty motor vehicles 
(LDVs) by 2000 and 30% by 2010. (A light-duty motor 
vehicle is defined as a vehicle weighing less than 8500 lb 
gross weight and designed for use on roads and highways. See 
sections 301[11] of EPACT and 216[7] of the Clean Air Act 
[CAA].) Section 504 requires evaluating the desirability of 
modifying the goals or of the means to achieve the goals, with 
certain means (mandates) of achieving the goals proscribed. 

Several sections of EPACT also direct research on 
alternative-fueled vehicles (AFVs), while others mandate 
purchases of such vehicles by fleets of 20 or more vehicles - 
so long as the AFVs perform similarly to the vehicles they 
replace. Such measures should lead to less-expensive and 
more-reliable AFVs. Achieving the goals of section 502 will 

require that AFVs and alternative fuels be purchased in far 
greater quantities than those mandated by EPACT. 

In this paper, our principal focus is the feasibility of 
achieving the goals established in section 502 with respect to 
replacing petroleum-based transportation fuels used in light- 
duty motor vehicles. To illustrate the magnitude of purchases 
of A F V s  and the use of replacement fuels that must take place 
to achieve the section 502 goals, we discuss two published 
projections (2,3) of market penetration of M s ,  alternative 
fuels, and replacement fuels. The implications of the 
section 504 evaluation of the goals are also discussed. 

WHY IS THERE AN ENERGY POLICY ACT? 

Before we discuss the ways in which the displacement 
goals of EPACT will be established and evaluated, we review 
the forces leading to EPACT's passage. The EPACT is 
comprehensive, covering nearly all energy sectors; it contains 
28 Titles, each Title containing from 1 to 26 sections. 
Nevertheless, the timing of the passage of EPACT, in 
retrospect, seems tied to two powerful energy issues that 
influenced Congress and the president: America's dependence 
on imported oil and concerns about global warming. 

Iraq's invasion of Kuwait in 1991 punctuated fears about 
our nation's dependence on imported oil. For several years 
before the invasion, many organizations had been advocating 
the development of alternative fuels, because the share of oil 
imported into the United States was increasing. Figure 1, 
which was prepared for the 1994 Office of Transportation 
Technologies' (OTT's) Energy Policy Act Section 2021 Plan 
(referred to herein as the 2021 Plan), illustrates one set of 
projections of future imports of oil (2). It also indirectly 
indicates a sobering fact for transportation: since the 
mid-l970s, the United States has used more oil in the 
transportation sector alone than it has produced. In the figure, 
the difference between transportation oil demand and domestic 
production is termed "the Gap." Even after the oil price shock 
of 1973-1974 (not shown in the figure), the Gap and net oil 
imports rose sharply. After a second sharp increase in oil 
prices in 1978-1981, the Gap narrowed, and imports declined 
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Figure 1: Future Imports of Oil 

demand for oil by the electric utility, industrial, residential, and 
commercial sectors was curtailed largely by switching to other 
fuels. 

However, the transportation sector did not switch to other 
fuels. For a few years in the early 1980s, the oil import 
problem seemed to be under control, with rates of change of 
domestic production and overall demand quite similar to one 
another. Then, in 1986, OPEC changed strategy - it began 
increasing production to regain market share, and world oil 
prices collapsed. Thereafter, U.S. transportation demand for 
oil once more turned rapidly upward. At the same time, 
domestic production of oil began an accelerated decline. The 
Gap widened considerably through the late 1980s, as OPEC's 
goal of increased market share began to be realized. 

At the beginning of the 1990s, an oil price shock 
occurred once again in conjunction with restricted supplies of 
oil from the Middle East. Like the late 1978-1981 increase in 
crude oil prices, this case also involved internal military 
conflicts among Arab OPEC nations. Long-term trends were 
becoming hard to ignore. Troops were deployed to the Middle 
East, and many analysts focused on the cost of maintaining 
military readiness as a cost that should be included in the full 
cost of oil imports. The projections of future oil dependence 
were now viewed with a greater degree of alarm, and the 
Congress and the president believed action was desirable and 
necessary. Accordingly, in October 1992, when EPACT was 
passed, major sections of the Act were devoted to the 
development of alternative and replacement fuels (defined 
below) for petroleum-based fuels in transportation. 

Although the development of substitutes for oil in 
transportation was a major impetus of EPACT, there were 
other considerations as well. For example, concern about the 
environment was a powerful force. One of the more importaut 
ongoing concerns is global warming. The buildup of so-called 

"greenhouse gases" - gases that are believed to cause climate 
change by warming the atmosphere - alarmed numerous 
atmospheric scientists. The predominant greenhouse gas is 
carbon dioxide (COz), a gas produced by the combustion of 
carbon-based fuels (such as coal, oil and its products, and 
natural gas). Methane, the predominant portion of natural gas 
and a potential alternative fuel, is itself an important 
greenhouse gas more potent than C02 on a massemissions 
basis. 

In 1992, the United Nations sponsored international 
negotiations on the control of greenhouse gas emissions. In 
Rio de Janeiro, Brazil, the United Nations Framework 
Convention on Climate Change was signed in June of 1992. 
Although the United States did not sign the Convention, the 
debate did have a significant effect on U.S. policy analyses, if 
not policy. Nearly all other nations signed the Convention, 
which required, in part, that carbon dioxide emissions be 
stabilized. Because the normal pattern for C02 emissions is to 
rise with population growth and income, stabilizing the rate of 
C02 emissions is a challenge that requires the introduction of 
either significantly more efficient technologies or alternative 
fuels that have significantly lower net C02 emissions (or 
some of each). The EPACT took into account the need to 
develop and introduce technologies for reducing C02 
emissions, including numerous sections and phrases that 
require various evaluations to reduce greenhouse gas 
emissions, as well as a number of sections grouped together as 
Title XVI - Global Climate Change. 

DEFINING ALTEXNATIVE FUELS AND REPLACEMENT 
FUELS 

Before proceeding, two key terms should be defined: 
alternative fuel and replacement fuel. Understanding the 



definitions of and distinctions between alternative fuels and 
replacement fuels is key to evaluating the goals set in 
section 502. 

Alternative fuels are defined under section 2021(d) as 
"natural gas, liquefied petroleum gas, hydrogen, fuels other 
than alcohol that are derived from biological materials, and any 
fuel the content of which is at least 85 percent by volume 
methanol, ethanol, or other alcohol." This definition applies 
to Title XX, Subtitle B. Section 301(2) provides a somewhat 
broader definition of alternative fuel. This latter definition 
applies to Titles 111, IV, and V. It includes electricity and 
allows the Secretary of the U.S. Department of Energy (DOE) 
to permit alcohol mixtures containing as little as 70% alcohol 
if deemed necessary for cold start, safety, or function of the 
vehicle (the 15% gasoline currently used with alcohols 
provides for cold start and flame luminosity). 

Replacement fuels are defined as nonpetroleum-based 
fuels replacing petroleum. According to section 301( 14), 
replacement fuels must be derived "substantially" from raw 
materials other than petroleum, and several fuels that are 
commonly derived completely from nonpetroleum feedstocks 
are specifically named as replacement fuels. These are as 
follows: methanol (generally derived from natural gas), ethanol 
(generally derived from corn or sugar cane), natural gas, 
hydrogen, coal-derived liquid fuels, and fuels (other than 
alcohol) derived from biological materials. Other fuels defined 
as replacement fuels commonly are derived, in part, from 
petroleum-based raw materials, with varying petroleum 
percentages (including zero) readily achievable in practice. 
These are as follows: ethers (which may use butane from 
petroleum refining or natural gas processing and methanol 
[from natural gas] or ethanol [from corn or other biomass]), 
liquefied petroleum gas (which can come from petroleum 
refining or natural gas processing), and electricity (which cau 
be generated from numerous sources, including petroleum 
products). 

In practice, alternative fuels are replacement fuels, but the 
converse is not necessarily true. According to EPACT, 
replacement fuels may be mixed into petroleum-based fuels in 
any percentage. AFVs must be capable of running entirely on 
alternative fuels, but they may also be designed to run on 
petroleum-based fuels. 

KEY EPACT SECTIONS IN THE EVALUATION OF 
EPACT'S TRANSPORTATION-RELATED GOALS 

The primary sections of EPACT that require studies to 
evaluate the feasibility of achieving the replacement fuel goals 
are sections 502 and 504. Section 502(a) addresses both the 
oil import problem and the concern over greenhouse gas 
emissions. The text of section 502(a), in its entirety, states: 

Establishment of the Program. -- The Secretary 
shall establish a program to promote the 
development and use in light duty motor vehicles 
of domestic replacement fuels. Such program shall 
promote the replacement of petroleum motor fuels 
with replacement fuels to the maximum extent 
practicable. Such program shall, to the extent 
practicable, ensure the availability of those 

replacement fuels that will have the greatest impact 
in reducing oil imports, improving the health of 
our Nation's economy and reducing greenhouse gas 
emissions. 

Section 502(b) is longer and will not be cited in its 
entirety here. It is the section that sets the goals for use of 
replacement fuels. Section 502(b)(2) requires detemination of 
the 

technical and economic feasibility of achieving the 
goals of producing sufficient replacement fuels to 
replace, on an energy equivalent basis - (A) at least 
10 percent by the year 2000 and (B) at least 30 
percent by the year 2010, of the projected 
consumption of motor fuel in the United States for 
each such year, with at least one half of such 
replacement fuels being domestic fuels; ... 

The context implies that this subsection means displacement 
relative to the projected growth in petroleum-based 
transportation fuels, which would otherwise occur in the 
absence of EPACT. This is the interpretation used here. 
Section 502(b)(5) requires DOE to 

determine the greenhouse gas emissions 
implications of increasing the use of replacement 
fuels, including an estimate of the maximum 
feasible reduction in such emissions from the use 
of replacement fuels. 

Other subsections of section 502(b) require examination of the 
following: examination of international capacity to produce 
AFVs and replacement fuels (number l), the most suitable 
means and methods to meet the goals (number 3), and ways to 
encourage development of replacement fuels and A F V s  in the 
United States, as well as barriers to that development 
(number 4). 

Section 504(a) requires that the 502(b)(2) goals be 
examined, in the context of the program goals stated under 
502(a), to determine whether the goals should be modified. 
The fmt examination of the goals is to be completed three 
years after passage of EPACT (and periodically thereafter). 
The phrase "extent practicable" is repeated twice in section 
502(a) regarding the introduction and use of replacement fuels. 
The program goal of reducing oil imports implies a bias 
toward promoting replacement fuels with the minimum 
practicable petroleum content. The 502(a) goal of improving 
our nation's economy through the introduction of replacement 
fuels and the 502(b) requirement to determine the technical and 
economic feasibility of achieving that goal (combined with the 
section 504 flexibility to modify the goals) imply that the 
introduction of replacement fuels is not to be pushed too 
rapidly. 

On the other hand, EPACT itself and the 502(b) goals 
clearly imply that rapidly introducing replacement fuels 
through 2010 would be in the economic interest of the United 
States. Section 504(b) allows modification of the 502(b) 
goals after information obtained by carrying out section 502 or 
504(a) has been studied. Under section 504(b), achievable 



goals - as determined by studies under sections 502 and 
504(a) and by consultation with appropriate federal agencies - 
should be determined and established. The possibility of 
changing target dates is specifically mentioned, while altering 
percentages for the given target dates is not. One 
interpretation of this language is that the authors of EPACT 
believed that expanding the substitution of replacement fuels 
for petroleum-based transportation fuels (up to at least 30% 
substitution) would be desirable over the long term. 

Section 504(c) states that : 

If the Secretary determines that the achievement of 
the goals described in section 502(b)(2) would 
result in a significant and correctable failure to meet 
the program goals described in section 502(a), the 
Secretary shall issue such additional regulations as 
are necessary to remedy such failure. 

This section proscribes mandates of marketing or pricing 
practices, policies, or strategies for alternative fuels or AFVs. 
The means of achieving the goals of section 502(b)(2) could be 
inconsistent with the goals of section 502(a), if the 
requirement that at least half of the replacement fuels be 
domestic were inconsistent with maintaining the nation's 
economic health, or if the replacement-fuel mix were 
inconsistent with the 502(a) goal to reduce greenhouse gas 
emissions. Other interpretations are also possible. 

In summary, the required 504(a) initial study requires 
examination of whether the 502(b) goals of 10% displacement 
of LDV transportation fuels with replacement fuels by 2000 
and 30% by 2010 are achievable and consistent with 502(a) 
program goals. If the 502(b) goals are found not to be 
achievable, then they should be modified. If the 502(b) goals 
are achievable, but their achievement is inconsistent with 
502(a) program goals, then the 502(b) goals should be changed 
to make the replacement-fuel mix more consistent with 502(a) 
program goals. 

THE PROCESS OF INTRODUCING REPLACEMENT 
FUELS 

To provide some background on the rates at which new 
AFVs need to be introduced to meet the goals of section 
502(b)(2), we summarize projected AFV sales and penetration 
of replacement fuels in two DOE-sponsored studies published 
in 1994. These projections are based on the 2021 Plan 
promulgated by DOE'S Office of Transportation Technologies 
(2) and the Energy Information Administration's (EIAs) 1994 
Annual Energy Outlook (SO) (3). 

A fundamental problem in switching fuels in 
transportation is that the rate at which vehicle stock turns over 
limits the rate of replacement of fuels. To illustrate, because 
the ratio of new vehicle sales to vehicle stock is about 1/15, 
even 100% sales of AFVs, each of which uses 100% 
alternative fuels, would only increase the share of alternative 
fuels (alternatively, replacement fuels) by 6.7% per year. By 
using this as a rule of thumb, attaining a 30% share for 
replacement fuels in this most optimistic of examples would 

take nearly five years. There are now about 15 years until 
2010. Thus, the theoretical maximum delay in introducing 
AFVs, consistent with the 30% goal, would be about a decade, 
at which time 100% of new vehicles would be AFVs powered 
by alternative fuels. 

At the other end of the scale, if 30% of 1995 LDVs were 
A F V s ,  and if each year for 16 years 30% of all vehicles sold 
were AFVs (with a slow expansion of replacement fuel 
availability to 30% in 2010), then a 30% share of replacement 
fuels could be achieved. However, the share of AFVs sold 
each year is now well below 0.1% and may not exceed that 
share in 1995. Thus, since the share of AFVs to be sold will 
slowly increase from now until 2010, the share that must be 
AFVs in 2010 will have to be well above 30%. This 
percentage shows up in the projections of the 2021 Plan, as 
discussed below. 

Another route to the 30% share is to blend replacement 
fuels into gasoline in ever increasing percentages. In 1995, 
the share of ethers in gasoline will increase dramatically as a 
result of the CAA. Further, some natural gas liquids are 
blended into gasoline, although this share is not anticipated to 
increase. In any case, blending nonpetroleum components into 
gasoline could achieve a 30% replacement-fuel share. This 
option will be considered in the study outlined in section 
504(a), but it has already been examined in at least one study 
(4). After blending approximately 15% ethers in gasoline, the 
costs associated with modifying the refinery to allow larger 
percentages rise rapidly, and AFVs and alternative fuels 
become economically competitive with this option. Blending 
ethers into gasoline is also costly, but not an EPACT 
requirement. Rather, it is a result of the CAA and is a "least- 
cost" means of reducing emissions from gasoline LDVs in the 
major metropolitan areas of the United States with air quality 
problems. 

Blending ethers and ethanol into gasoline is a means of 
introducing replacement fuels in the near term. The United 
States is pursuing this approach for environmental reasons 
and, in the case of ethanol blending, as a program to support 
agriculture. The effect of blending replacement fuels into 
gasoline in the near term is to help move the United States 
toward the year 2000 goal of a 10% share of replacement fuels, 
without requiring introduction of many A F V s  and alternative 
fuels. 

As has been indicated, those studying the most 
economically feasible means of replacing petroleum-based 
fuels have concluded that blending nonpetroleum components 
(replacement fuels) into gasoline is technically and 
economically limited. Accordingly, achieving the goal of 30% 
replacement-fuel share in 2010 will require A F V s  to be 
introduced first and alternative fuels simultaneously or soon 
thereafter. AFVs that are defined by EPACT's section 301(8) 
as dual-fueled - capable of operating on alternative fuel and 
either gasoline or diesel fuel - can be used as transition 
technologies until enough suitable alternative fuels are 
available to support the commercialization of dedicated A F V s .  
Dedicated AFVs are those capable of running only on an 
alternative fuel. Consumers may view dual-fuel vehicles as 
lower risk because they can run on readily available fuels, as 
necessary. The generic problem with dual-fuel vehicles is that 
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they involve technical compromise and are not optimum for 
either of the fuels they might use. Achieving dual-fuel 
capability, in general, compromises emissions and fuel 
economy. 

The EPACT mandates a scheduled introduction of AFVs 
in fleets (Figure 2). The earliest mandate is for federal fleets. 
Section 303 specifies the percentage of AFVs to be purchased 
in 1993-1995 and then increases the purchase requirement to 
cover 75% of federal fleet vehicles. (Executive Order 12844 
increases these purchase requirements [5]). The most 
aggressive mandate, rising to 90%, is for those industries that 
are expected to be alternative-fuel providers [section 5011. It 
starts with model year 1996 vehicles (1995 start). The state 
fleet mandate also starts at that time [section 507(0)1 and rises 
to a requirement that 75% of covered fleets be AFVs. The 
last, and nominally least aggressive, mandate is for all other 
fleets - commercial and local govemment. There are two 
options for this mandate. The early option starts in 1998 
(model year 1999), reaching a peak of 70% in 2006. The late 
option starts in 2001 (model year 2002), but it rises more 
rapidly to a peak of 70%, which occurs in 2005. 

The fleet requirements have many limitations with 
respect to whether or not a fleet is covered. The actual 
national fleet shares required by EPACT probably have more 
to do with the determination of the number of fleets covered 
than with the percentage requirements just discussed. The 
vehicles covered are LDVs. Because individual heavy-duty 
vehicles (HDVs) use more fuel, and fuel-station cost per unit 
of fuel delivered can drop sharply as the volume delivered 

increases, the economics of alternative fuels would be more 
favorable if both LDVs and HDVs were covered. The 
EPACT's fleet requirements only apply to metropolitan areas 
with a population exceeding 250,000. Fleets of 20 or more 
centrally fueled vehicles, owned by a business with 50 or more 
vehicles, are the only ones covered. 

The CAA is somewhat complementary, because it 
requires fleets of 10 or more centrally fueled vehicles to use 
"clean fuels," which are often, but not always, alternative 
fuels. The CAA covers metropolitan areas with a population 
exceeding 250,000 that have a "serious" or severe air quality 
designation. These tend to be the largest U.S. metropolitan 
areas. Section 507(i) of EPACT requires that fleets be 
exempted from converting to A F V s  if A F V s  or alternative 
fuels "that meet the normal requirements and practices of the 
principal business of the fleet owner are not reasonably ... 
available." Section 301(9) exempts rental and lease vehicles, 
law enforcement and emergency motor vehicles, and those 
military vehicles designated by the Secretary of Defense as 
necessary forpational security. 

Even with a generous interpretation of the number of 
fleet vehicles covered, the fleet requirements alone will not 
allow a large fraction of the section 502(b)(2) goals to be 
achieved. 

Consequently, in order for the 30% goal to be met by 
2010, households must purchase significant quantities of 
A F V s  and alternative fuels - far more than businesses. The 
implication is that introducing AFVs into commercial fleets 
(because of EPACTs fleet requirements) will reduce the costs 

so 

60 

40 

20 

0 

1995 2000 

Figure 2: EPACT Fleet Mandates for Covered Fleets 

2005 2010 

Year 



.- 
of AFVs and increase the availability of alternative fuels, 
which will benefit consumer (household) applications. 
Experience with commercial AFVs will allow serious 
problems to be identified quickly, thereby making it possible 
to eliminate these problems so that households will be 
comfortable with their reliability. The volume of sales to the 
commercial sector will help lower unit costs of production and 
allow vehicle manufacturers to develop some experience in 
setting up production lines. Whether these effects will 
adequately reduce cost and improve quality so that sales to 
households will approach the 502(b)(2) goals is unknown and 
must be a major focus of the 504(a) study. 

Figure 3 illustrates the total transportation fuel saved if 
the EIA's projections of AFVs and alternative fueI use are 
correct. The figure also compares the shares with the 2021 
Plan's estimate of the degree of gasoline and transportation fuel 
use that could be displaced should the proposed budget of the 
Office of Transportation Technologies be fully funded. Note 
that the funding required to reach the 2021 Plan's shares of 
replacement fuels has not been authorized by Congress, so the 
2021 Plan is not a projection. A projection determined on the 
basis of the methods used in the 2021 Plan and accounting for 
the actual budget would lead to lower shares than those 
presented in Figure 3. Neither projection achieves the 30% 
displacement goal for 2010, but the EIA's projections are well 
below that goal; moreover, full funding of the 2021 Plan is 
much closer to achieving the goal for gasoline replacement. 

Both the EIA's and OTT's AFV projections (Table 1) 
include A F V s  capable of running on liquified petroleum gas 
(LPG), compressed natural gas (CNG), 85% alcohols (M85, 
alternative fuel consisting of 85% methanol and 15% 
hydrocarbons, and E85, alternative fuel consisting of 85% 

ethanol and 15% hydrocarbons), and electricity. Both studies 
assume that the early alcohol-fuelable AFVs will be dual- 
fueled according to the EPACT definition. Other descriptions 
of these vehicles, depending on manufacturer, are "flex-fuel" or 
"variable-fuel" vehicles. Both the EIA's and OTT's studies 
include advanced hybrid vehicles using electric drivetrains, 
electric storage devices, and internal-combustion engines. 
Only the OIT's projection includes a fuel-cell vehicle, which 
is like a hybrid in that it uses an electric drivetrain, but it is 
unlike a hybrid in that it uses a fuel cell instead of an internal 
combustion engine. Table 2 provides a breakdown of the 
projected shares of new vehicle sales and vehicle stock replaced 
by the introduction of A F V s  of various types, as estimated in 
the EIA's Annual Energy Outlook and the 2021 Plan. 

To produce and sell AFVs in sufficient quantities to 
achieve 30% penetration by 2010, the 2021 Plan reasonably 
approximates the rate at which the share of AFV sales, in total 
LDV sales, must increase from 1995 to 2010. Figure 4 
illustrates the key estimates from the 2021 Plan. Figure 4 
shows that the 2021 Plan projects a 30% replacement of 
gasoline use between 2010 and 2015 if sales of A M s  reached 
about 10% of the market in 2000; the necessary share jumps 
to nearly 50% of the market by 2010, continuing upward to 
about 60% in 2015. The estimate of gasoline displaced in the 
1995-2005 interval exceeds the share of A F V s  in the stock of 
LDVs because of blending of replacement fuels (such as 
ethanol and ethers) into gasoline. Thereafter, the share of 
replacement fuels is heavily dependent upon the share of A F V s  
in the LDV stock. An important note is that the 2021 Plan. 
accounts for the effect of increased efficiency in its estimates of 
gasoline displaced. The EPACT does not appear to allow 
counting of fuel efficiency as a replacement fuel, so a 
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Table 1: Projections of Fleet and Total LDV Stocks and Sales and 
Transportation Fuel Replaced by AFVs 

Source 2000 2005 2010 

DOE/EIA 
LDV sales (1 8) 

Total 
Fleeta 

Total 
Fleeta 

LDV stocks (18)  

LDV energy use (quads) 
Fleet AFVsb 

Sales (103) 

Fleet stocks (%) 
LDV stocks (a) 
Altemative-fuel use (Q) 
Transportation fuels replaced 
by alternative fuels (%) 

stocks ( 1 03) 

Singh 
AFV stocks (lo3)" 
Altemative-fuel use (Q 
Transportation fuels replaced by 
alternative fuels (9%) 

9,900 
3,100 

210,000 
13,000 

14.3 

340 
1,800 

13 
0.84 
0.19 
1.34 

890 
0.07 
0.49 

10,500 
3,200 

222,000 
14,000 

15.0 

850 
3,200 

23 
1.45 
0.32 
2.11 

10,800 
3,300 

234,000 
15,000 

15.6 

920 
4,600 

30 
1.95 
0.44 
2.80 

5,000 
0.36 
2.30 

a In fleets of 10 or more vehicles. 

In fleets of 10 or more; includes EPACT fleet mandates and ZEV 
mandates for CA, NY, and MA. 

In fleets of 10 or more vehicles in 2000; total A F V s  (fleet and nonfleet) 
in 2010. Includes EPACT fleet mandates, zer-emission-vehicle (ZEV) 
mandates for CA, NY, and MA and other state programs. ZEVs are 
assumed to enter both fleet and nonfleet markets. 

Sources: Supplement to the Annual Energy Outlook 1994 (3) and Singh 
1994 (16). 

recounting of the 2021 Plan's replacement-fuel percentage 
according to EPACTs rules would decrease, to some degree, 
the share of gasoline displacement projected in Figure 4. 

A final point concerning the difficulty of attaining 
EPACT's 30% replacement goal is the uncertainty regarding 
the types of AFVs and alternative fuels to introduce. Even if 
the number of AFVs could be predicted perfectly (which is not 
possible), the mix would still have to be predicted. The costs 
of accomplishing a transition away from petroleum are 
compounded by an inability to determine a likely winner 
among the various alternative fuels. Table 3 illustrates that 
both the mix and quantity of A F V s  predicted in the EM'S AEO 

Supplement and the 2021 Plan are considerably different. The 
EIA's AEO Supplement predicts a significantly larger share of 
CNG and LPG vehicles (as a percentage of all AFVs) than 
does the 2021 Plan and a much smaller share of relatively 
advanced vehicles (such as hybrids and fuel-cell vehicles). A 
smaller share of A F V s  fueled by alcohol (relative to all AFVs) 
is predicted in the EIA's document, as is a larger share of 
electric vehicles. 

These differences are, to some degree, explainable. Fleets 
are more likely to select CNG, while households are more 
likely to select alcohols. Electric vehicles are projected to be 
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Table 2: Projections of Light-Duty AFV Sales and Fleet Composition by Fuel Type or Technology 

Estimated AFV Sales and Fleet Composition (in thousands), by Year 

EL4 Estimates OTT Estimates 

Category 2000 2005 2010 2000 2005 2010 

Vehicle Sales 
Alcohol 
CNGLPG 
Electric 
Electric Hybrid 
Fuel Cell 

Total LDV Sales 
% A F V S  

Vehicle Fleet Composition 
Alcohol 
CNGLPG 
Electric 
Electric Hybrid 
Fuel Cell 

Total LDV Fleet Composition 
9% A F V S  

100 
300 
60 
60 
0 

15,000 
3.3 

500 
1,900 

300 
200 

0 
2 10,000 

1.4 

300 
700 
200 
300 

0 
16,000 

8.9 

1,600 
4,000 
1,000 
1,200 

0 
222,000 

3.5 

400 
700 
200 
300 

0 
17,000 

9.5 

3,100 
6,500 
1,900 
2,400 

0 
2 3 4,O 0 0 

5.9 

900 
500 
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Table 3: Mix of AFVs and Fuel Types 

Fuel-Cell 
Vehicles Vehicles Electric Vehicles Vehicles Vehicles 

Alcohol-Fueled CNGLPG Electric-Hybrid 

Year EIA OlT  m O?T EIA O?T EIA OTT m OIT 

1995 0.4 1 0.9 1 0.2 0 0.2 0 0 0 

2000 0.8 6 1.8 3 0.4 1 0.4 0 0 0 

2005 2 13 4.1 6 1.3 2 1.6 6 0 0 

2010 2.2 16 4.4 9 1.1 3 1.8 17 0 2 

introduced because of mandates, but they are not expected to 
have a significant market beyond the mandated amounts. The 
Office of Transportation Technologies is an advocate of the 
more advanced technologies and would devote expanded funding 
to assure a viable market for these vehicles. Thus, for a 
projection of low market shares consistent with low household 
penetration and low funding of hybrid and fuel-cell research, 
the EIAs predicted shares of vehicles would be approximately 
obtained by using the methods of either the EIA or the Office 
of Transportation Technologies. For a projection of a high 
level of funding supporting R&D on advanced vehicles and 
promotion of AFVs for household use, the OTT's projected 
shares are more appropriate. 

Even so, some of the differences in shares projected in 
the EL4 and OTT documents are due simply to uncertainty and 
unpredictability. These are problems that make it difficult to 
efficiently allocate funds for product development. The costs 
of introducing the A F V s  are therefore driven upward, creating a 
"barrier" to successful introduction. 

If, however, we interpret the differences in shares of 
vehicle types between the EIA's and 0"s projections as 
accurate, then there are clear implications in the numbers. The 
0"s numbers indicate that alcohol-fueled vehicles will 
obtain a far larger share of a much larger market than the EIA's 
projections imply. Further, the 2010 sales numbers imply 
that electric drivetrain vehicles (electrics, hybrids, and fuel-cell 
vehicles) will begin to "take off in terms of market share and 
total sales from 2005 to 2010, while the EIA's projections 
imply that the annual sales rates of such vehicles will be 
relatively stagnant. In the EIA's projections, AFV sales are 
much the same in 2010 as in 2005, after rising sharply in the 
prior five years. The implication of the EIA's projection is 
that AFV sales will reach the market saturation level at a share 
far less than the EPACT 2010 goal. 

The EIA's projections are published for both fleet and 
personal uses, with fleet numbers broken out separately. 
Examination of the details of these projections (not shown 
here) indicates that gaseous fuels (CNG and LPG) are 
predominantly fleet fuels, even in 2010, while alcohol-fueled 
and electric-powered vehicles are predominantly personal 
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(household) use vehicles by that date. In effect, the OTT's 
values for new-vehicle market share and size, in comparison 
with the EIA's values, imply that alcohol-fueled and electric 
drivetrain vehicles will be much more readily accepted in the 
household market than the EIA's estimates imply. Both the 
EIA's and 0"s estimates imply that electric and alcohol- 
fueled vehicles will be more successful in household 
applications than will gaseous-fueled vehicles. Such estimates 
raise the question of how effectively the fleet mandates cause 
the development and refinement of vehicle types that will have I 
to succeed in the household market if EPACT's 2010 goal of 
30% replacement-fuel use is to be met. 

SUMMARY OF ISSUES THAT MUST BE EXAMINED 

Section 504(a) requires an assessment to determine 
whether EPACT ensures the reduction of oil imports, 
reduction of greenhouse gas emissions, and improvement in 
the economy sufficient to meet the goals of section 502. The 
assessment, in turn, will require a determination of whether the 
goals should be modified, or if rule changes should be adopted 
to assure that the existing replacement-fuel goals, consistent 
with other stated goals, are met. 

The two published studies examined here imply that the 
fleet mandates contained in EPACT alone will be insufficient 
to cause achievement of the replacement-fuel goals. In fact, 
achieving the fleet mandates would leave the replacement-fuel 
share of LDV TFs far short of the replacement-fuel-share 
goals. Accordingly, it seems clear that the required assessment 
of the goals will have to address the likelihood that the fleet 
mandates - in combination with other federal, state, 
municipal, and industry AFV programs - will lead to 
significant success in making AFVs commercially attractive 
for household use. The two studies, taken together, imply that 
current programs will be inadequate to lead to the achievement 
of EPACT's replacement-fuel-share goals. The EIA 
projections, which account for programs currently in place, 
predict market shares of replacement fuels far below the 
EPACT's replacement-fuel-share goals. The OTT 2021 Plan, 
which generates projections under an assumption of a 
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significant increase of federal funding for AFV R&D and 
deployment subsidy, projects 2010 replacement-fuel use nearly 
as great as EPACT's replacement-fuel-share goal, but it does 
count efficiency gains as a replacement fuel, an accounting that 
may not be allowable under current EPACT language. 

Thus, taken together, these two studies imply that the 
EPACT replacement-fuel-share goals are very ambitious. Key 
questions that must be examined in the assessment of the 
goals are: 

(1) Will vehicle, fuel, and infrastructure production experience 
caused by the fleet mandates lead to a lowering of total costs of 
AFV ownership such that AFV sales in the household market 
will take off? 

(2) If a "take-off" is deemed to be likely, when will it start, and 
how strong will it be? Examination of the details of the EIAs 
projections (not shown) does imply a take-off in the household 
sector, but it is far too little, and far too late, to meet the 
EPACT 2010 replacement-fuel-share goal. 

(3) In order to move the date of "take-off" closer to the present 
and to accelerate its rate, which A F V s  and replacement fuels 
should be emphasized? Will the A F V s  and replacement fuels 
developed for fleet use be appropriate for household use? If 
not, can the effectiveness of the fleet program for development 
of A F V s  and replacement fuels for households be assured by 
shifting the fuel emphasized, or are separate programs directed 
toward household needs and preferences a more economical 
Stfakgy? 

(4) Finally, how fast should the "take-off" be? Are there rates 
of introduction of A F V s  and replacement fuels that would be 
damaging to the automobile industry and the economy? If so, 
are the rates of change necessary to meet the EPACT 2010 
replacement-fuel goal in excess of desirable rates? The OTT 
2021 plan implies that about half of aIl new LDVs sold in 
2010 would have to be AFVs if the current goal is to be met. 

These questions will be addressed by DOE in several 
studies now under way. These questions are, of course, not the 
only ones that will need to be addressed in the section 504(a) 

EPACT goals assessment. However, these questions need to 
be addressed - and promptly. If the assessment were to 
conclude that the 502(b)(2) goals should be retained 
unmodified, then early decisions and commitments on 
strategies to achieve a "take-off' of AFV sales to households 
would likely be necessary to achieve the goals. 
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