
ORNL--6704

DE92 014940

COSTS AND BENEFITS OF
AUTOMOTIVE FUEL ECONOMY IMPROVEMENT:

A PARTIAL ANALYSIS

David L. Greene

Center for Transportation Analysis
Oak Ridge National Laboratory

K.G. Duleep
Energy and Environmental Analysis, Inc.

March 1992

Prepared by the
Oak Ridge National Laboratory

Oak Ridge, Tennessee 37831
managed by

MARTIN MARIE'Iq'A E2IERGY SYSTEMS, INC.
for the

U.S. DEPARTMENT OF ENERGY
under contract DE-AC05-84OR21400

4

MASIEB



TABLE OF CONTENTS

LIST OF FIGURES .................................................. v

LIST OF TABLES .................................................. vii

ABSTRACT ....................................................... ix

ACKNOWLEDGEMENTS ............................................ xi

1. INTRODUCTION ............................................... 1-1

2. BENEFITS AND COSTS .......................................... 2-1
2.1 MPG IMPROVEMENTS AND COSTS OF FUEL ECONOMY

TECHNOLOGY .......................................... 2-2
2.2 HEDONIC COSTS OF WEIGHT AND PERFORMANCE ......... 2-8
2.3 FUEL COST SAVINGS ................................... 2-14
2.5 TRANSFER OF WEALTH VI_ MONOPOLY PRICING ......... 2-20
2.6 ENERGY SECURITY .................................... 2-21
2.7 EMISSIONS COSTS AND BENEFITS ........................ 2-24
2.8 CONSUMERS' SURPLUS EFFEC'rS ........................ 2-27

3. MODELING AND ESTIMATION .................................. 3-1
3.1 VEHICLE PRICE AND SALES .............................. 3-3
3.2 VEHICLE STOCK MODEL ................................ 3-4
3.3 EFFECTS OF NEW CAR PRICE ON SCRAPPAGE ............. 3-4
3.4 VEHICLE USE ........................................ .. 3-6
3.5 FLEET AVERAGE WEIGHT AND EMISSIONS CHANGES ...... 3-7
3.6 CALCULATION OF COSTS AND BENEFITS .................. 3-8

4. ENERGY DEMAND SCENARIOS ................................. 4-1

5. COSTS AND BENEFITS: RESULTS ................................ 5-1

6. CONCLUSIONS ................................................ 6-1

7. REFERENCES ................................................. 7-1

APPENDIX A ...................................................... A-1

APPENDIX B ..................................................... B-I

°,o

111



LIST OF FIGURES

Page

Figure 1. New Passenger Car and Light Truck Fuel Economy .............. ,.. 2-7
Figure 2. Oil Price Projections to 2030 ................................ 2-15
Figure 3. Cost-Benefit Estimation Process ............................... 3-2
Figure 4. Hydrocarbon Emission Rates by Vehicle Age ..................... 3-9
Figure 5. Fuel Use Forecasts, 1990-2030 ................................ 4-5
Figure 6. Fue Use Forecasts by MPG Scenario ........................... 4-7
Figure 7. Net Present Value of Costs and Benefits ......................... 5-5
Figure 8. Effects of Oil Prices on NPV of Level 2 MPG .................... 5-7



LIST OF TABLES

Page

'Fable 1. Fuel Economy Scenarios for New Passenger Cars .................... 2-5
Table 2. Fuel Economy Scenarios for New Light Trucks .................... 2-6
Table 3. Elasticity of World Oil Price with Respect to U.S. Oi_ Demand: Illustrative

Calculations Based on Year 2000 Projectiom (Oil $28/BBL in 19885)... 2-20
Table 4. Elasticities of Scrappage with Respect to Price ...................... 3-5
Table 5. Energy Price Projections (19895 per barrel for oil, per gallon for

gasoline) .................................................. 4-2
Table 6. Economic Growth, Population, and Vehicle Sales Projections ........... 4-2
Table 7. Summary of Fuel Economy Costs and Benefits (Billions 19895)......... 5-2
Table 8. Key Assumptions Affecting Costs and Benefits ...................... 5-4
Table 9. Summary of Fuel Economy Costs and Benefits (Billions 19895) Using

Moderate Parameter Values .................................... 5-8

vii



_CT

This paper describes an exercise in estimating the costs and benefits of technology-
based fuel economy improvements for automobiles and light trucks. Benefits quantified
include vehicle costs, fuel savings, consumers' surplus effects, the effect of reduced weight on
vehicle safety, impacts on emissions of CO 2 and criteria pollutants, world oil market and
energy security benefits, and the transfer of wealth from U.S. c_msumers to oil producers.
A vehicle stock model is used to capture sales, scrappage, and vehicle use effects under three
fuel price scenarios. Three alternative fuel economy levels for 2001 are considered, ranging
from 32.9 to 36.5 MPG for cars and 24.2 to 27.5 MPG for light trucks. Overall, fuel economy
improvements of this size are probably cost-effective. The size of the benefit, and even
whether there is a benefit, strongly depends on the financial costs of fuel economy
improvement and judgments about the values of energy security, emissions, safety, etc. Three
sets of values for eight parameters are used to define the sensitivity of costs and benefits to
key assumptions. The net present social value (19895) of costs and benefits ranges from a
cost of $11 billion to a benefit of $286 billion. The critical parameters being the discount rate
(10% vs. 3%) and the values attached to externalities. The two largest components are
always the direct vehicle costs and fuel savings, but these tend to counterbalance each other
for the fuel economy levels examined here. Other major components are the wealth transfer,
oil cost savings, CO 2 emissions reductions, and energy security benefits. Safety impacts,
emissions of criteria pollutants, and consumers' surplus effects are relatively minor
components. The critical issues for automotive fuel economy are therefore: 1) the value of
present versus future costs and benefits, 2) the values of external costs and benefits, and 3)
the financially cost-effective level of MPG achievable by available technology.
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COSTS AND BF_,NEF_S, OF

AUTOMOTIVE FUEL ECONOMY IMPROVEMENT:

A PARTIAL ANALYSIS

1. INTRODUCTION

No element of energy policy is as obvious to the/anerican citizen as automotive fuel

economy standards. Light duty vehicles (passenger cars and light trucks) account for over

60% of petroleum use in transportation and well over a third of total U.S. petroleum

consumption. Because of the automobile's prominence in everyday life, motor vehicle fuel

economy has symbolic as well as real significance. Serious policies to reduce petroleum use

by cars and trucks send a clear message to producers and consumers that oil conservation is

important.

But there is also a risk of exaggerating the importance of the automobile's oil demand,

pushing efficiency too far, and causing substantial economic damage. Cars and trucks are

ubiquitous in the economy, as well as in American culture. Their manufacture, use, care, and

feeding requires an estimated one out of every seven U.S. workers (MVMA, 1989, p. 67).

Motor vehicles comprise about 10% of consumer expenditures, motor fuel about 4%.

Efficienc.y improvements that are too expensive, or that significantly diminish the usefulness

i
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or desirability of motor vehicles to consumers could have total costs far exceeding their

benefits.

This paper presents an estimation of the costs and benefits of passenger car and light

truck fuel economy improvements between 1990 and 2001, using realistic estimates of miles

per gallon (MPG) levels achievable and of their timing, and quantifying as many important

secondary benefits as possible. The level of detail required for calculating such things as

scrappage effects, emissions impacts, and vehicle weight changes precludes the use of general

equilibrium models for estimating costs and benefits. The analysis is therefore partial in that

motor vehicles are modeled without considering a full range of interdependencies with the

economy as a whole. The analysis is also partial in that not ali conceivable impacts are

estimated._ Apart from direct costs and savings to the consumer, certain environmental,

energy market, safety, and consumers' surplus effects that have been identified as significantly

affected by fuel economy, are measured. Each is described in detail below.

This effort differs from previous work (Shin, 1990) in that it: 1) considers an

integrated scenario of fuel economy improvement and associated cost increases based on the

adoption of specific fuel economy technologies over time, 2) explicitly models the effects on

sales, scrappage, and vehicle use by vehicle vintage, 3) uses these detailed data to compute

changes in emissions rates and average vehicle weight as well as fuel use, and 4) considers

both passenger car and light truck fuel economy improvements. The analysis assumes that

the fuel economy improvements are the result of fuel economy standards, and that the

standards cause fuel economy technologies to be introduced, approximately in order of cost-

effectiveness.
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Finally, we explore the dependence of estimated costs and benefits on key

assumptions about which there is either great scientific uncertainty, or where substantial

differences of opinion may be expected among reasonable people. These include the correct

value for discounting future costs and benefits, the time period over which to consider costs

and benefits, as well as the precise values of environmental, energy security and other factors.

Depending on the assumptions made, the net effect of fuel economy improvements

considered may be tens of billions in present value savings or billions in costs.
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2. BE,NEFI'IS AND COS'I_

Changes in automobile design and technology will have far reaching ramifications,

both great and small. These may range from enhancing national security and mitigating global

climate change to individual like or dislike of aerodynamic styling or other intangible aspects

of new technology. Clearly it is neither possible nor appropriate to attempt to quantify every

imaginable consequence. The factors listed below are at least partially quantifiable and most

have been held to be important by other researchers.
i

COSTS AND BENEFITS

1. Cost of fuel economy technology to the consumer (monetary
and hedonic).

2. Fuel cost savings to the economy (excluding taxes).
3. Oil import cost savings (monopsony price benefit).
4. Transfer of wealth to oil producers.
5. Safety impacts of weight reduction.
6. Energy security benefits.
7. Value of CO2 emissions reductions.
8. Value of motor vehicle emissions reductions or increases.

The first two are direct costs, the majority of which are borne directly by the motorist.

The next two are indirect costs, but are not external to the market. Safety is also not an

externality, the impacts being borne by the motorist as increased risk. The last three are

market externalities. With regard to the transfer of income, although it seems clear to us that

the appropriation of U.S. wealth as monopoly rent by a foreign monopolist is a cost to the

United States, it is not generally counted as such because, 1) the wealth transfer is not in

itself a loss of economic efficiency, and 2) since much of the wealth may return to the U.S.
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in the form of foreign investment, it will not necessarily result in a decrease in the growth of

the U.S. national product. As we see it, the issue is whether it matters who owns U.S. wealth.

We think it does, so we include it as a benefit even though there is no generally accepted

method of measuring the cost of transferring U.S. wealth abroad.

Some have suggested there may be a potential ___..qgestioncost of increased driving

due to the lower fuel cost per mile of travel when MPG increases. Since traffic congestion

depends on an inadequate supply Or pricing of infrastructure built by the public sector, the

public sector will decide whether or not to accommodate the increased demand for travel.

(The increase due to fuel economy will be 2%, or less, over three or four decades, trivial in

comparison to the total growth of vehicle travel.) Thus, it will be primarily a public decision

whether to permit the increased travel demand to increase traffic congestion.

2.1 MPG IMPROVEMF_.N_ AND _ OF FUEL E£X)NOMY TECHNOI.g)GY

Substantial fuel economy improvements can be made by using proven technologies

already incorporated in at least one mass production vehicle product line. Over the years,

the U.S. Department of Energy has carried out a series of studies assessing the potential of

proven technology to increase auto and light truck MPG (e.g., Energy and Environmental

Analysis, Inc., 1989; EEA, Inc., 1988a; EEA, Inc., 1988b; EEA, Inc., 1986). The central idea

is that fuel economy can be most effectively increased by expanding the use of proven

technology to product lines where the technology is technically applicable but is not now
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used. Thus, the fuel economy improvement potential depends on current market share,

potential market share, and the effectiveness of each technology for increasing MPG.

Based on updated information from these studies, three fuel economy projections

were developed for automobiles and light trucks (EEA, 1991). Descriptions of the

technologies considered, their effects on fuel economy and their costs are contained in

Appendix A. The Base Case projection is based on known product plans and includes

technologies that are already cost-effective based on fuel savings over the first four years of

vehicle operation and discounted at an annual rate of 10%. This rule of thumb assumes that

consumers absolutely discount fuel savings beyond the first four years, but could also be

viewed as consumers using a discount rate much higher than 10%. The Base Case is intended

to represent what the marketplace is likely to do in the absence of intervention, and in

response to technological advances (the gradual adoption of fuel economy technology) and

slightly higher fuel prices. Two higher MPG scenarios were also developed, which we will

simply call Level 2 and Level 3. The Level 3 case assumes maximum use of proven 1 fuel

economy technology, regardless of its cost-effectiveness in improving MPG. The Level 2

scenario was chosen to be intermediate between the Base Case and Level 3. In every case,

new vehicle fuel econom_ is assumed to improve through 2001 and remain constant

thereafter. We project impacts through 2030 to" 1) allow for complete turnover of the

vehicle stock, and 2) develop a sufficiently long period of costs and benefits to reasonably

approximate the long-run outcome.

'Proven technology must be implemented in at least one mass-produced vehicle sold in the world
today. This assures the exclusion of preproduction or exotic technologies.
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Since this study was completed, an altecnative set of fuel economy technology cost and

peffcxmance estimates has been published (SRII 991). This new study, sponsored by the

Motor Vehicle Manufacturer's Association (MVMA), is based on proprietarydata provided

to SRI by the domestic automobile manufacturers. The study indicates considerably higher

costs andsomewhat lower performan_ levels for most technologies. Although the results of

SRI's work are not included here they will be considered in an upcoming report by the

Nationa.l Research Council (1992).

J

Fuel economy levels, costs, weight and horsepower changes are shown in Tables 1 and

2. Domestic and imported fuel economi_s were harmonically averaged to obtain average new

car and pew truck fuel economy using the assumed market shares also shown in Table 1. As

one can see, there is a great deal of efficiency improvement in the Base Case itself (Figure

_.). Average new car MPG increases 5.3 MPG from 27.6 MPG in 1990 to 32.9 MPG in 2001.

Cost increases and some weight reduction accompany this 20% increase in MPG. Fuel

economy technology costs amount to $225 in 1995 and $545 in 2001. Weight peaks at 2,880

lbs. in 1995 and declines 150 lbs. to 2,730 by 2000. Light truck MPG rises from 21 to 23.4

in the Base Case, 26.0 in Level 2, and approaches current new car fuel economy at 27.5 in

the Level 3 case. Because the Level 2 and Level 3 scenarios are incremental improvement_

over the Base Case, the analysis of their costs and benefits will be close to an analysis of

marginalcosts and benefits of MPG.

Because the estimated technology costs represent full cost to the consumer, they

include taxes paid by the manufacturer to the government. These are likely to comprise only

a few percent of the total cost, and so we neglect them here.
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Table 1. Fuel Ec,onomy Scenarios for New Passenger Cars.
(Costs in 19885)

1988 1990 1995 2001

Market Shares
Domestic 0.62 0.61 0.60 0.58
Imported 0.38 0.39 0.40 0.42

Base C,aae

Domestic
MPG 27.1 26.6 28.0 31.8
Weight 2885 3011 3090 2940
Horsepower 123 133 150 147
Cost $0 $0 $257 $633

Imported
MPG 31.4 29.5 30.8 34.6
Weight 2421 2601 2566 2440
Horsepower 100 120.5 125 121
Cost $0 $0 $177 $423

Combined
MPG 28.6 27.6 29.1 32.9
Weight 2709 2853 2880 2730
Horsepower 114.3 128.2 140.0 136.1
Cost $0 $0 $225 $545

Level 2 Level 3
2001 1995 2001

Domestic
MPG 34.2 29.3 35.8
Weight 2940 3040 2765
Horsepower 137 138 132
Cost $713 $348 $995

Imported
MPG 36.2 31.9 37.5
Weight 2440 2566 2332
Horsepower 115 115 107
Cost $51.0 $201 $873

Combined
MPG 35.0 30.3 36.5
Weight 2730 2850 2583
Horsepower 127.8 128.8 121.5
Cost $628 $289 $944

Changes over Base Case
MPG 2.1 1.2 3.6
Cost $83 $64 $399
Weight 0 -30 -147
HP/Wt -t_% -7% -6%
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Table 2. Fuel Economy Scenarios for New Light Trucks.
(Costs in 19885)

1988 1990 1995 2001

Market Shares
Domestic 0.81 0.81 0.81 0.81
Imported 0.19 0.19 0.19 0.19

Base C.ase

Domestic
MPG 20.4 20.3 21.4 23.4
Weight 4052 4148 4105 3900
Horsepower 146 151 153 160
Cost $0 $0 $146 $350

Imported
MPG 24.6 23.6 26.1 28.8
Weight 3295 3504 3490 3490
Horsepower 104 119 111 119
Cost $0 $0 $175 $392

Combined
MPG 21.1 20.9 22.2 24.2
Weight 3908 4026 3988 3822
Horsepower 138.0 144.9 145.0 152.2
Cost $0 $0 $152 $358

Level 2 Level 3
2001 1995 2001

Domestic
MPG 25.2 21.9 26.7
Weight 3900 4105 3695
Horsepower 153 150 142
Cost $610 $214 $1020

Imported
MPG 30.3 26.5 31.3
Weight 3320 3490 3150
Horsepower 111 114 105
Cost $497 $207 $648

Combined
MPG 26.0 22.7 27.5
Weight 37.90 3988 3591
Horsepower 14,5.0 143.2 1.35.0
Cx_st $589 $213 $949

Changes over Base Case
MPG 1.8 0.5 3.2
Cost $23_ $61 $591
Weight 32 0 -231
HP/Wt -4% 0% -6%
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2.2HEDONIC COSTS OF WEIGHT AND PERFORMANCE

In addition to the estimated direct cost of fuel economy technology, vehicle design and

performance changes may also change the utility, or satisfaction the consumer derives from

owning and operating the vehicle. These hedonic costs may be highly personal and are clearly

difficult to quantify. Fuel economy technologies can affect various vehicle attributes from

maintenance to appearance. By using only technologies already in use in at least one mass-

produced vehicle, we believe we eliminate most extreme effects. We also assume that

manufacturers cgntinue to design vehicles to make them as appealing as possible to tile

consumer, given the specified MPG increases. We believe this leaves two fundamental

vehicle characteristics which can be traded-off for fuel economy that still must be accounted

for: 1) weight and 2) performance.

i

Although there is a substantial econometric literature on motor vehicle choice and

consumers' valuation of vehicle attributes, there is no consensus about what values to

attribute to performance or weight. To a great extent, this must be due to the high

correlations between vehicle weight and other measures of size, performance, and luxury.

Very likely, it is also due to the vague notion of weight as an attribute. Is weigh_.valued

se, or only because it contributes to some other attribute consumers value for its own sake,

such as safety? In a rex4ew of ten recent studies, Greene and Liu (1988) found that four

included vehicle weight as an attribute. Estimated values per pound to an average car buyer

ranged from $0.17 to $13.38, present value at time of purchase. Though one might expect

greater consensus on the value of performance, the reverse is the case. Typical measures of

performance include the ratios of engine size to weight, or horsepower to weight, and

acceleration time from 0 to 60 mph. Estimated values for an 0.01 cubic inch per pound

change in the engine size/weight ratio (equivalent to about 0.004 HP/LB, or about 10% of

the mean) range from $6,787 to negative $3,875. Negative values for performance are not
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uncommon inthe literature. A very recent study (McCarthy and Tay, 1989) values a 1 second

decrease in acceleration time at between negative $630 and negative $1004.

Our rationale for attributing values to weight and performance is as follows. The

principal value of weight to the consumer is its perceived effect on safety. We judge that

weight, _ se, has no value, and substitute for the value of weight an estimate of the

cJnsumers' willingness to pay for an equivalent change in vehicle safety. For performance,

we simply choose a positive value toward the middle of the range of available estimates, on

the grounds that performance, _ se, does have value to the typical consumer. The value

we choose is $20 per 1% change in the HP/WI' ratio. That is, for a 20% increase in

horsepower, .ceteri_.___sparibus, the consumer is willing to pay $400. This value, crude as it is,

is at least in line with the cost to the consumer of larger, more powerful engine options.

Much has been written and said about the effect of vehicle weight on safety, but only

recently has the National Highway Traffic Safety Administration (NHTSA) begun to carefully

examine the evidence for passenger cars (e.g., U.S. DOT, NHTSA, 1989). To our knowledge,

there are no estimates for light trucks. Early studies (e.g., Evans, 1982; 1984) found that

occupants of smaller, lighter cars were substantially more likely to be killed or injured in a

collision with a larger, heavier car than the occupants of the larger car. None of these

studies, however, considered the total social effect on ali traffic fatalities of weight reductions

in an entire fleet. This would differ from the individual risk in that the probabilities of

colliding with cars of different weights would change as the fleet downsized. This total social

impact, including collisions with pedestrians and trucks, is the measure one would want to use.

The best available quantification of the impacts of size and weight changes on traffic

fatalities comes from recent studies by NHTSA of single-vehicle accidents (U.S. DOT,

2-9



NHTSA, 1990). With respect to single vehicle accidents in which cars did not roll over
t

(about 57% of single vehicle fatalities), this study concluded,

"In nonrollover crashes, car weight reductions have had little or no effect on

fatality risk, but a small increase in the risk of nonfatal injury." (p. 1)

With respect to rollover crashes, the study found a significant relationship of fatality risk to

size and weight, but could not conclusively determine whether size or weight was the key

factor.

"In rollover crashes, on the other hand, car-size has a major effect on fatality

risk - not became small cars are less crashworthy, but because they are more

rollover prone ....The net effect of the 1970-82 car size changes is an increase

of approximately 1340 additional roUover fatalities per year in the United

States. (6,300 additional serious injuries, ed.) The analysis methods do not

identify which individual vehicle size parameter (track width, curb weight,

wheelbase, etc.) is the principal 'cause' of this added rollover proneness."

(p. 1)

As a caution to studies such as this one the NHTSA authors observe,

"While the methods of this report are appropriate for estimating the effect of

historical changes in car size on rollover fatality risk, it would be inadvisable

to use them to predict what might happen in the future if a single parameter

(say, curb weight) is changed while ali others are held constant." (p. 40)
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This, of course, is precisely what we mean to do. Nonetheless, it ksan important point to

bear in mind since the effect of future weight reduction is sure to depend on precisely how

weight is reduced. Ali the weight reductions assumed in this study are due to substituting

lightweight materials, such as aluminum and plastics, for conventional materials. Putting

bricks in one's trunk will not make one's car safer. Similarly, it is not clear that substituting

lightweight materials will make it less safe.

NHTSA's study does make an attempt to attribute the increase in fatalities to

downsizing within domestic car lines vers_ market shifts from full-sized cars to imports and

subcompacts. The estimates, which are bracketed by caveats warning against cavalier use,

attribute 74% of the observed increase in fatalities to market sales shifts among vehicle size

classes (U.S. DOT, NHTSA, 1990, p. 40). Since 96% of the weight reduction in automobiles

between 1975 and 1982 is attributable to within size class weight reduction (Heavenrich and

MurreU, 1990), very little of the observed increase in fatalities is likely due to weight. If one

accepts ali of the above, on the order of one tenth to one third of the estimated 1340

fatalities might be attributable to weight reduction alone.

Thus far, NHTSA's studies have focussed on single vehicle accidents which account

for only about half of vehicle occupant fatalities. Estimates for multivehicle accidents may

soon be available but were not published at the time this report was written. Until these

become available, we have only the single-vehicle accident estimate to work with. Even when

the latter study is complete, a great deal will remain unknown. NHTSA's studies have not

considered the impact of vehicle downsizing on pedestrians, for example. It seems clear to

us that pedestrians would benefit from narrower cars at the very least, and might benefit from

lighter cars, especially if stopping distance were reduced with vehicle mass. Pedestrian and

bicycle fatalities accounted for 20% of ali traffic fatalities in 1988. Conceivably, motorcyclists
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might also benefit. Collisions with heavy trucks, on the other hand, could be worse. The

bottom line is that our knowledge of this issue is woefully inadequate.

In making our estimates we wish to recognize that, on the one hand, there is evidence

that weight and safety are related but, on the other, our quantitative knowledge of what the

total social effects of fuel economy-related weight reduction will be is weak almost to the

point of being nonexistent. We must also acknowledge that NHTSA's analysts have warned

against misusing their numbers in the very way we intend to use them. Recognizing that

estimates useful for making the kind of calculations we want to make are not yet available,

we adopt the following convention, solely to obtain a rough indication of how big a safety

impact might be. We do not believe we are estimating the true safety impact of fuel economy

improvement. As a reference assumption, we adopt the NHTSA estimate of 1,340 fatalities

and 6,300 injuries per 1,000 lbs. as the impact on safety of future weight reductions to

improve fuel economy. We assume an equal effect for light trucks proportionate to the

numbers of vehicles on the road. Since there are roughly one-third as many light trucks as

pas._enger cars, we divide the numbers for cars by three.

Safety impact estimates are used in two ways. First, we use them to compute hedonic

price effects. As weight is reduced, the perceived value of the car is reduced, cost held

constant, presumably because the consumer perceives it to be less safe. We know of no

empirical evidence to support this, but we include it anyway because much has been made of

the safety and fuel economy issue and we want to see how significant it might be in

comparison with other factors. Second, the estimated safety cost is used for computing social

costs and benefits. Here we are treating the safety impact as a particular component of a loss

of consumers' surplus. Safety is not a true externality because it is essentially a private cost

borne by the car owner.
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Translating lives into dollars is a distasteful task, and there is no correct way to do it.

The ideal approach would be to determine the cost of safety improvements that might save

as many lives as weight reduction might lose and add that cost to the vehicle price, under the

assumption that the government would coordinate its safety and fuel economy regulations.

Unfortunately, we have no such estimate. As a second best approach, we use estimates

provided by NHTSA (Shelton, 1990) of consumers' willingness to pay for increased safety.

These are $2,000,000 per fatality and $95,000 per serious injury.

To translate the increased risk of fatalities into the hedonic cost of weight reduction,

we capitalize it as an effective vehicle price increase. As such, it affects both vehicle sales and

scrappage. This is accomplished as follows. If we assume 1,340 fatalities at $2,000,000 each

and 6,300 fatalities at $95,000 each, we obtain a total cost of $3.2785 billion per year, per

1,000 lbs., or $3.2785 million per lb. In 1982, the reference year for NHTSA's estimaees,

there were 122.77 million automobiles in the U.S., for a pcr vehicle cost of $0.0267/1b.

Assuming a ten year vehicle life and discounting at 10%, we derive a net present value per

lb. of $0.16.

The net change in the price of a new vehicle is the technology cost, plus the hedonic

cost _f performance changes ($20 per 1%), plus the present value of safety impacts due to

weight reduction ($0.16/1b.), minus the present value of future fuel savings (always using a

discount rate of 10%). This net price change is used to estimate effects on vehicle sales and

scrappage rates. For purposes of calculating costs and benefits, the components are treated

individually, as described in Section 3.

In estimating social costs we vary our assumptions about the impact on safety to see

how sensitive the total costs and benefits are to safety impacts. Varying this assumption in

the last step, rather than redoing the entire analysis from the beginning, results in only a small
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loss of accuracy and reduces the computational burden enormously. NHTSA's analyses

suggest to us that the impact of future fuel e.conomy-related weight reductions will be

considerably less than 1,340 fatalities per 1,000 lbs., and might even be nii. A reasonable

assumption might be 10% of NHTSA's single vehicle fatality and injuryestimates. One might

reasonably double that estimate to recognize that multivehicle fatalities have yet to be heard

from and are roughly equal in numbers. Including, pedestrians, cyclists, and heavy trucks,

however, might counteract these extra fatalities, to some extent. Since. there are no

comparable studies for light trucks, we might assume the same ratio of fatalities per pound

as for cars, but for about a third as many vehicles. This gives 134 fatalities and 630 serious

injuries per 1,000 lbs. for cars, and 45 and 210 for light trucks. We will use these numbers

in addition to the NHTSA single vehicle estimate, in sensitivity analysis of costs and benefits.

2.3 FUEL COST SAVINGS

Fuel cost savings tend to offset the costs of fuel economy technology. Three factors

determine the value of a given increase in MPG: 1) the future price of fuel in year t (Pr),

2) the discount rate for future savings versus present costs (r), and 3) the number of miles

driven as a function of vehicle age (M,). For the future price of fuel we use three, National

Energy Strategy fuel price projections: Low Oil Price, Reference Case, and High Oil Price

(Figure 2). Data on miles driven as a function of vehicle age come from the Energy

Information Administration's Residential Transportation Energy Consumption Survey (U.S.

DOE, EIA, 1990a). In the Reference Case, which is used for most of the calculations below,

gasoline prices rise from $0.98/gal. in 1990 to only $1.07/gal. in 1995, $1.25 in 2000, $1.61 by

2020, and $1.71 by 2030 (ali prices are in 1989 dollars).
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The presentvalueoffuelsavings(Si)ofmovingfromfueleconomylevelMPG 0to

MPG iiscomputedforthepurposeofestimatingthevehiclepriceimpactby,

L Mi Pt
Si = Z ...............[(I/0.S5)((I/MPO0)'(I/MPO0)](I)

a-0 (I+r)0+0,s)

Stateand federalgasolinetaxesaverage$0.25/gai.in1989,thebaseyearoftheforecast.

Taxesarcsubtractedfromgasolinepriceincomputingthesocialvalueoffuclsavingsbutnot

the privatevaluetothe consumer.The factor(I/0.,85)isintendedtocorrectforan

approximate15% shortfallfromEPA testMPG toon-roadperformance.Incalculatingthe

netpriceeffects,risalways0.1andL=4. Thisheavydiscountingoffuelsavingsisintended

torepresentconsumerperceptions,notsocialvalue.Forthecost-benefitcalculations,fuel

savingsarecomputedbasedon theprojectionsofa vehiclestockmodelofenergymc, as

describedbelow.Secondaryeffects,suchastheeffectofhighernew carprices(dollarand

hcdonic)on thesc'rappageratesofoldervehicles,arecapturedby thestockmodeland
l

reflectedinsomewhatlowertotalfuelsavingsfora givenfueleconomyimprovement.Also,

we vaq"discountratesandtimeperiodsincomputingsocialcoststoillustratethesensitivity

ofcostsandbenefitstokeyassumptions.

The observation that technological improvements in the efficiency of energy using

consumer goods tends to increase their usage has been labeled the "take-back effect" or,

alternatively, the "rebound effect" (Khazzoom, 1980). Improvements in MPG lower fucl costs

lx:r mile and, therefore, should tend to increase total vehicle travel, ceteris paribus. This

subject has been recently reviewed by Greene (1991), who concluded that the elasticity of

passenger car and light truck travel with respect to fucl cost pcr mile is probably in the

range of -0.05 to -0.15. In other words, a 10% increase in MPG would increase travel by

0.5% to 1.5%. In this analysis we use an elasticity of-0.2 which is probably more in line with

older studies, but wc test the sensitivity of our results to this assumption. We represent the
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rebound effect in year t, scenario i (Ra) by adjusting the Base Case vehicle miles of travel

(VMT) according to the improvement in fleet MPG over the base case:

Rtt = (MPGtac/MPGti)"°'2 (2)

2.4 OIL PRICE BENEFITS

The U.S. is such a large consumer of oil (25% of world oil use in 1989) that

significant reductions in U.S. demand could affect world oil prices (see, e.g., Broadman, 1986).

The ability of a single large consumer to affect market prices is referred to as "monopsony"

power, and the change in prices resulting from a monopsonist's change in demand is termed

the monopsony price effect. By unilaterally cutting back on consumption, the dominant

consumer can lower the price of every barrel of oil it buys. If the U.S. were facing

competitive world oil suppliers, the monopsony price effect would be certain, and relatively

easily estimated. I'he existence of the OPEC cartel, however, removes the certainty. OPEC

could counter a significant reduction in U.S. demand by ,rotting back on production to hold

the line on prices, thereby eliminating the monopsony pr!ce benefit. However, Greene (1991)

has argued that OPEC's resulting loss of market share would lead to a reduction of its

monopoly power, forcing an eventual reduction in prices over what they would otherwise have

been.

An interesting aspect of monopsony benefits generated by the U.S. is that the majority

would accrue not to the U.S. but to other users of petroleum throughout the world. Three

times as many benefits would be captured by consumers outside the U.S. If the rest of the

world were to follow the U.S.'s lead and similarly reduce demand, even greater benefits would

accrue to U.S. consumers. If on the other hand, the rest of the world took the opportunity
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to increase its consumption, lesser benefits would accrue to U.S. consumers. Thus, consuming

nations have a mutual interest in cooperating to conserve oil. If they are successful, the

monopsony benefits generated by one will be multiplied by the efforts of others. If they are

not, the benefits may be reduced.

We estimated monopsony price benefits by counting only those benefits directly

captured by U.S. consumers, and assuming that the rest of the world does not similarly reduce

its oil demand. First we estimate the change in world oil price using an elasticity relating

world oil price to U.S. oil demand, as explained below. We assume that ali the reduced oil

demand translates into reduced oil imports. In fact, to the extent that reduced demand lowers

world oil prices there will be some reduction in U.S. oil production, resulting in a somewhat

smaller import reduction. There would also be a gain in efficiency from not producing the

higher cost U.S. oil, but we ignore this also. U.S. benefits are set equal to U.S. imports (after

the reduction in demand) times the estimated price change. Again, ali the reduction in

demand translates into reduced imports for the purpose of this calculation. So long as the

changes in quantity and price are relatively small and the U.S. supply and demand curves are

relatively inelastic, this will be a reasonable approximation.

A decrease in U.S demand for oil triggers a series of adjustments by oil suppliers and

demanders via the oil market. The long-run response of world oil prices can be characterized

by an elasticity of world oil price with respect to U.S. oil demand. 2 In equilibrium, U.S. oil

demand (DtJs) equals net oil supply to the U.S. (StJs,r_),and so the elasticity of world oil price

with respect to U.S. demand is the inverse of the elasticity of net supply to the U.S. with

respect to world oil price. Net supply comprises domestic supply (StJs),OPEC supply (SoPEC),

_l'he exposition of world oil price elasticity with respect to U.S. demand offered here is
based on a derivation due to my colleague, Dr. Paul Leiby (1990).
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rest-of-world nonOPEC supply (SRowN), minus rest-of-world (including OPEC) demand

(DRow)"

Dus = Sus,N = Sus + Sovp.c+ SRowN- DROW (3)

From equation (3) we can derive the fact that the elasticity of net supply to the U.S. is the

weighted sum of elasticity of each of its components.

_usSus + TIOPEC_OPEC + _RowNSRowN = )IRowDRow(4)
'q US,N -- .................................................................... "=

Sus + SoPEC + SROWN- DRO w

Of ali the terms in equation '_, the price elasticity of OPEC supply is the most difficult to• '19

determine. Perhaps the best one can do is to choose some plausible values and use them to

identify a range of net supply elasticities. Leiby (1990) has done this using data from tbe

International Energy Annual (U.S. DOE, EIA, 1990b) and the Energy Information

Administration's Oil Market Simulation (OMS) model. The data and elasticities are shown

in Table 3.

Reasonable elasticities of world oil price with respect to U.S. demand appear to range

from 12.3(assuring unitary elasticity of OPEC supply) to 1.1 (assuming perfectly inelastic

OPEC supply and low values for ali other elasticities). A value of about 0.5 is consistent with

the DOE OMS model, and reasonable values for other parameters. This would imply that

if U.S. demand decreased by 1 MMBD (about 5.3%), then world price would decline by

$0.75/BBL (about 2.6%). Assuming an elasticity of 0.67, a 1 MMBD decline in demand

would lead to a $1/BBL decrease in oil price, while an elasticity of 0.3 would imply a $0.45

price decline. In the analyses below, we wil! use values of 0.3, 0.5, and 0.6. We also calculate

price impacts separately for the petroleum saved by passenger cars and light trucks. Given

that the oil demand changes are small, this is not an unreasonable approximation.
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Table 3. Elasticity of World Oil Price with Respect to U.S. Oil Demand: Illustrative
Calculations Based on Year 2000 Projections (Oil $28/BBL in 19885).

Quantities
(MMBD) OMS90 Case 1 Case 2 Case'3

Dus 18.88 -0.7 -0.7 -0.7 -0.4
Sos 8.45 0.4 0.3 9.3 0.1
SoPEc 28.99 0.0 0.0 1.0 0.0
SROWN 17.41 1.0 0.3 0.3 0.1
DROw 35.97 -0.5 -0.7 -0.7 -0.4
SUS,N 18.88 2.1 1.7 3.3 0.9
_WOP,DUS 0.5 0.6 0.3 1.1

Source: Leiby, 1990, p. 2.

2.5 TRANSFER OF WEALTH VIA MONOPOLY PRICING

By using their monopoly power to increase world oil prices above competitive market

levels, the OPEC producers increase the economic rent flowing from consumers to them

(API, 1988, p. 3). Adelman (1989) estimated that in 1986 the long-run competitive

equilibrium world oil price was about $5/bbl. ($5.50 in 1989 dollars). The world price in 1971-

72, just before the OPEC Cartel flexed its muscles, was about $3.20/bbl, or about $8.50 in

1989 dollars. Every dollar over the competitive market price U.S. consumers pay for OPEC

oil is U.S. wealth transferred to OPEC and other low-cost oil producers. We value it dollar

for dollar, according to the precept that a penny saved is a penny earned. This transfer of

wealth is sometimes neglected in analyses of the costs of imported oil, on the grounds that

OPEC producers may use the money to buy U.S. products or to invest in the U.S., resulting

in no loss of growth to the U.S. economy. Mork and Hall (1980) claim that this is not true,

but that the primary effect is a decline in demand for U.S. goods and services and, hence,

lower economic growth. However, even if ali of the wealth transferred were invested in t.he

U.S. economy, there would still be a change in ownership, and the returns to the capital

would still go to foreign instead of domestic owners. The impact of this transfer on economic
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growth, inflation, or unemployment is not corLsidered. The impact of potential price shocks

on these factors is considered in the form of an energy security premium.

To the extent that it matters who owns the capital of the United States, the transfer

of wealth via monopolistic oil prices may be considered important. We measure the avoided

wealth transfer as the quantity of import reduction multiplied by the difference between the

new estimated world oil price and the estimated competitive price,

By assuming that ali demand reduction translates into reduced imports, we

overestimate the transfer of wealth. Some of the reduction will come from reduced domestic

production and some from marginal foreign sources. This will result in resource savings and

efficiency gains but not reduced wealth transfer. The two are combined here. Two estimates

of what the price of oil would be in the absence of the OPEC oil cartel are used. The

estimate of $8.50/bbl is broadly consistent with but higher than estimates by Adelman (1989).

It is also roughly equal, after accounting for inflation, to the price of oil prevailing before the

OPEC-led price increases of 1973-4 (Greene, 1991). As a higher competitive world oil price

we use $16/bbl., about the lowest price observed in recent years. This may well be a

controversial component of the costs and benefits. To our knowledge it has not been

measured elsewhere and, thus, there is no convention about how to value it. Clearly, it

deserves greater attention and more precise measurement.

2.6 ENERGY SECURITY

It is customary to divide the costs of oil dependency into economic and national

security effects (Hogan and Broadman, 1988). On the economic side, we are primarily

concerned with the impacts of sudden oil price changes (increases or decreases) on economic
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growth, inflation, and unemployment. The.solosses result from the sluggish adjustment of the

economy to abrupt, important changes in commodity prices. We arc not concerned here with

the sustained increase in price due to the exercise of monopoly power, because this is

included in the "monopsony price" and "transferof wealth" effects described above. We are

concerned, however, with the less tangible political and strategic costs of dependence on a

politically unstable region for supplies of so critical a commodity as oil. It has aLsobeen

argued that oil price uncertainty reduces capital investment, especially in energy-using

equipment, leading to lower economic growth, but there appear to be no estimates of the

magnitude of this effect.

The oil price shocks of 1973-74 and 1979-80 were the primary cause of subsequent

recessiotrs and extraordinary inflation (Hamilton, 1985; U.S. GAO, 1988, pp. 2 & 16).

Economic analyses of the oil price shocks of the 70s have shown that nearly ali of the loss

of GNP in the rece._ions that immediately followed can be attributed to them (Mork and

Hall, 1980, p. 42; U.S. Congress, OTA, 1984). An oil price shock causes a sudden shift in

energy prices, to which the economy must adjust in order to produce efficiently. The

necessary adjustments to prices, capital, and technology take time, and during this time the

economy is producing less efficiently than before the price shock. This adjustment cost is

especially important for energy price shocks since energy-using processes typically require

long-lived, expensive capital equipment. The stickiness of the adjustment process lowers GNP

growth for several years.

Inflation and unemployment are key symptoms of the cost of adjustment tc price

shocks. Studies of the 1973-74 and 1979-80 oil price shocks indicate that they contributed

to substantial increases in inflation. Although inflation was expected to rise by 3% between

1973 and 1974, it actually rose 12%. Similarly, a 7% inflation rate was anticipated for 1979-80
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but the actual rate was 14%. Unemployment will also be affected, depending on the

stickiness of wages and prices throughout the economy.

Estimates of the economic costs of vulnerability to supply shocks vary widely, from

essentially nii to over $20/BBL (Broadman, 1986, Table 1). One estimate of the economic

costs of supply disruptions alone (Broadman and Hogan, 1988) put the gap between the social

and private cost at $7-$8/BBL (19855, or $8-59/BBL in 1989 5). This view has been disputed

by those who argue (inter alia.) that the Strategic Petroleum Reserve (SPR) greatly reduces

the potential cost of supply disruptions (Nesbitt and Choi, 1988;Goulder, 1985). Yet another

study that explicitly considered the use of the SPR and allowed tariffs to be suspended during

disruptions to mitigate the adverse economic impact, concluded that social costs of potential

disruptions were essentially identical to those of Broadman and Hogan (Murphy, Toman, and

Weiss, 1986). Even estimates by a single author range from 51 to $20/BBL due chiefly to

uncertainty about the size and duration of future oil price shocks (Broadman, 1986, Table 1).

We use three estimates here: $1/BBL to capture the low end of the range, $5/BBL the

middle, and $10/BBL, representing a higher but still credible estimate.

Neither the $1/BBL nor the 510/BBL estimate includes strategic costs of imported oil.

These costs exist, but are extremely difficult to quantify (API, 1988). Two thirds of the

world's proven oil reserves lie in tile Persian Gulf Region. The strategic vulnerability of this

region and the costs of maintaining its stability have been made ali too clear by the recent

Persian Gulf War. But there are more subtle costs of oil dependency, as the 1987 Report

to the President, "Energy Security" pointe_dout:

"Increased dependence, on insecure oil supplies reduces flexibility in the

conduct of U.S. foreign policy." (U.S. DOE, 1987, p. 68)
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The strategic vulnerability of Persian Gulf oil supplies could also create problems for military

fuel supplies in a large scale conflict. Attempts to quantify these costs have been crude, at

best. Nonetheless, they suggest that the costs could be substantial. Rather than including an

arbitrary strategic cost component, we argue that the existence of significant strategic costs

argues in favor of the higher ($10/BBL) rather than the lower ($1/BBL) energy security cost

estimate.

2.7 EMISSIONS COS_ AND BEJqEPTPS

It is commonly believed that more efficient vehicles will be cleaner and less polluting.

It has also been argued that more efficient vehicles will be driven more and thus produce

more pollution (Khazzoom and Shelby, 1990), and that the cost of higher fuel economy will

slow scrappage rates keeping older, more polluting vehicles around longer (Gru¢nspeeht,

1982). In fact, ali of the above are true. More efficient vehicles will certainly reduce

emissions of hydrocarbons (HC), mainly by reducing evaporative rather than tailpipe emissions

(DeLuchi, Wang, Greene, 1991). On the other hand, more efficient vehicles will tend to be

driven more because of the lower fuel cost per mile. Because current law sets tailpipe

emission standards based on mass emitted per mile, more miles may mean more pollutants. 3

Finally, older vehicles tend to pollute more because they have been designed to less stringent

standards and because emissions performance tends to deteriorate with age. Tlae vehicle

stock model and the calculations based on its output, take ali of these factors into account.

The key question, of course, is how important is each of them?

3Whether more efficient engines permit the tightening of emissions standards has not
Feen carefully examined. If so it could mean that more efficient cars would pollute less even
with an increase in vehicle use. Finally, since tailpipe emissions are greatest before a vehicle
is fully warmed up and its catalyst lit, actual emissions should be more closely related to
number of trips rather than total miles. This issue, however, has not be analyzed.
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We consider the three major criteria pollutants for motor vehicles: hydrocarbons

(HC), carbon monoxi_le (CO), and oxides of nitrogen (NOx). We also estimate emissions of

carbon dioxide, the chk_fgreenhouse gas produced by motor vehicles. To compute the effects

of scrappage and vehicle, use changes due to fuel economy improvements, we need estimates

of miles driven by eacfh vintage, together with vintage-specific emissions rates for each

fore.east year. The vehicle stock model provides estimates of miles driven that are sensitive

to the age and efficiency of each vintage, as well as the price of gasoline in the forecast year.

Tables of vintage-specific emissions rates for each forecast year were provided by the

Environmental Protection Agency, based on forecasts of their MOBILEA model (U.S. EPA,

1990). Emissions were obtained by multiplying predicted miles by the appropriate emission

rate, for each vintage, and stemming across vintages in each year. Thus, a shift towards older

vehicles would be reflected in more miles by vehicles with higher emissions rates and,

therefore, greater total emissic3ns.Efficiency improvements would cause increased vehicle use

and, therefore greater emissions. These effects, however, turn out to be relatively minor.

Higher MPG will reduce HC and CO 2emissions. DeLuchi, Wang, and Greene (1991)

estimate that every 1 MPG improvement beyond the current new car fleet average level of

28 MPG will result in approximately 0.0229 gpm reduction in total hydrocarbon emissions.

This estimate takes into account emissions controls and fuel volatility reductions mandated

by the clean air act, and includes total system emissions from crude oil production to the

tailpipe.

Carbon dioxide emissions are directly proportional to fuel consumption. The EPA

estimates that 19.7 lbs. of carbon dioxide are produced per gallon of gasoline consumed. The

amount may vary slightly due to variations in the composition of gasoline. Given the atomic

weights of carbon (12.011) and oxygen (15.9994), this is equivalent to

[12.911/(12.011+31.988)] 19.7 = 5.38 lbs. of carbon per gallon. Except for the small increase
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in travel with increased efficiency, fuel cxmsumption will be directly proportional to fuel

efficiency.

Ideally, one would like to value emissions reductions based on the environmental and

health costs they impose. Of course, these are very difficult to determine because there are

tremendous scientific uncertaintie,s about impacts and enormous economic and ethical

arguments about the value of a clean environment and the value of life, for example. A

simpler alternative is to use the avoided cost of other emis_doncontrol technologies in use or

required to be implemented in the future. The reasoning is that society has implicitly valued

emission reductions at least the cost of the most expensive measure it is using to control

them. For criteria pollutants, typical avoided costs per ton are: 1) $300 for CO, 2) $2,000 for

NOx, 3) $2,900-$3,800 for HC. In our calculations we use $3,350/ton for HC.

Since there currently is no regulation of CO2 emissions, there is little basis for judging

what the society is willing to pay to reduce them. There have been several studies, however,

of the costs of reducing CO x emissions. Considering a variety of strategies, Nordhaus (1991,

Table 9) concluded that a 5% reduction in CO x emissions by the U.S. could be obtained for

$2.6/ton of C, a 10% reduction for $5.3/ton, 25% for $40.2/ton, and 50% for $119.9/ton.

Since there are 0.273 tons of C per ton of COx, in terms of S/ton of CO2, these costs are: 5%

tor $9.50, 10% ibr $19.50, 25% for $150, and $440 for 50%. Some studies indicate that cost,,;

could be considerably higher than these estimates (e.g., Manne and Richels, 1990a, 1990b,

find a carbon tax of over $100 and possibly as high as $250, would be necessar?/to achieve

a 20% reduction in CO2 over 1990 levels in 2020), while others have suggested costs will be

lower and perhaps negative up to some point (e.g., Williams, 1990). The report of the

National Academy of Sciences (1991) on policy implications of global warming characterized

options costing from $0-$9/ton CO 2 as "low-cost" and those from $10-$99/ton as "moderate

cost." The report emphasized the wide range of uncertainty in costs, but concluded that much
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could be done (perhaps as much as a 25% reduction in CO2emissions) at low cost. It seems

to us that $10/ton of C is a reasonable low cost estimate for a significant but not drastic

reduction in CO2 emissions. As a higher but still plausible estimate we will use $100/ton of

C, and $50/ton of C as a middle estimate, Costs pcr ton of CO2 are roughly one fourth as

large.

2.8 CONSUMERS' SURPLUS EFFECTS

By changing the prices of cars, vehicle travel, and petroleum, fuel economy standards

do affect consumers' surplus. Changes in vehicle design to achieve higher MPG can also

reduce corlsumers' surplus if they are perceived as undesirable by consumers. However, since

we directly account for the "hedonic" costs of performance reductions in computing the cost

of fuel economy technology and the effect of reduced weight on safety, these should not be

included in calculating the remaining consumers' surplus effect. Other design changes may

be made, such as more aerodynamic styling, that could well affect consumers' satisfaction, but

in ways that we think are impossible to predict and as likely to be favorable as unfavorable.

This leaves vehicle price, fuel cost per mile, and petroleum prices.

We assume that demand equations are approximately log-linear over the range of

interest, with price elasticity of a,

Q(P) = O0' (P/Po)' . (5)

Given a price increase from Po to Pl, consumers' surplus can be approximated by the integral

under

the demand curve minus the change in expenditure, (Pl"P0)' Q(Pl).
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CS = _1 Oo(P/Po)' dp - (Pr" Po)Q(PO
Po (6)

= Qo[Pt(Pt/PtO'({ l/(a + 1)} - 1)- Po({ l/(a + 1)}- (PI/Po)')]

Equation (6) ignores the changes in demand for other prcxlucts that will c_ur when the price

of vehicles or travel changes, Given that price changes are relatively small, as they are here,

this should not create serious errors.

The vehicle price increase includes the cost of fuel economy technology, minus the

value to the consumer of future fuel cost savings, As a result, the effective price increase,
J

and consequently the consumers' surplus loss is not as great as one might expect. Higher

MPG reduces the fuel cost per mile of travel, thereby reducing the price of vehicle travel.

This reduction in the price of travel yields a consumers' surplus gain, offsetting part of the

CS surplus loss due to higher vehicle prices. Finally, the reduction in world oil prices will

result in consumers' surplus gains for ali othe_..._ru_ers of oil in the U.S. and the world. We

assume a new car prices elasticity of-1.0, an oil price elasticity of demand of-0.7, and three

fuel cost per mile elasticities: -0.05, 4).1, and -0.2.
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3. MODEI._G AND ESTIMATION
i

Costs and benefits of fuel economy improvements depend on the size and timing of

MPG increases, and on the use and turnover of the vehicle stock. The fundamental fact of

fleet fuel economy improvement is that greater energy efficiency is embodied in _ vehicles

and that the returns (fuel savings) are realized over time as the vehicle stock turns over. For

this reason, calculating future costs and benefits requires the use of a model of vehicle stock

turnover and use. The model must not only be able to retire vehicles as they age, but it

should predict how their usage will change with age and with changes in the cost of fuel and

vehicle fuel economy. It must predict the numbers of vehicles by age for each forecast year

so that changes in fleet averageweight can be computed for safety calculatiom. It must also

produce forecasts of vehicle miles by vintage for use in computing fleet average emissions

rates. Finally,we must have a framework for integrating ali of the components of costs and

benefits, and for analyzing their sensitivity to key assumptions.

Figure 3 illustrates the cost-benefit calculation process. At its heart is a model of the

motor vehicle stock, the Alternative Motor Fuel Use Model (Greene and Rathi, 1990)

developed by Oak Ridge National Laboratory for the U.S. Department of Energy. (I) The

combined imported and domestic vehicle characteristics, shown in Table 1, are used to

compute the net change in new car and light truck prices, and the resulting change in sales.

(II) Sales, fuel economies, and new car and truck prices are inputs to the AMFU model,

which predicts the evolution of the vehicle stock over time and its fuel use. One output of

the AMFU model is a detailed accounting of vehicle miles by vintage, for each forecast year.

(III) These estimates, together with EPA projections of emissions per mile by vehicle vintage
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are used to estimate the total fleet average emissions rate. Another output of the AMFU

model is the number of vehicles by vintage for each forecast year. (IV) These detailed

vehicle stock projections are used to estimate changes in the average weight of the vehicle

fleet. (V) Finally, fuel use and vehicle use projections, together with emissions and weight

changes are combined in an integrating spreadsheet to estimate the streams of costs and

benefits over time and discount them to present value. Combining ali these computations in

a single work,sheet facilitates testing the sensitivity of the results to key assumptions.

3.1 VEHICLE PRICE AND SAId_

The price changes computed in step (I) engender adjustments in passenger car and

light truck sales and, later in the AMFU model, changes in the rates of vehicle scrappage.

The components of price changes are: 1) the cost to the consumer of fuel economy

technology, plus 2) the present value of changes in performance and weight, minus 3) the

, present value of future fuel cost savings. Including the value of fuel savings greatly reduces

the effective price increase and, therefore, its impact. Average 1989 new car and light truck

prices are assumed to be $15,403 and $13,5(,'0,respectively (MVMA, 1990, pp. 40 and 47).

Price changes are added to these base prices. Next, we adjust the baseline sales forecasts

to account for the higher cost of more efficient vehicles using a price elasticity of-1.0. This

is both a conveniently round number andone with empirical support (e.g., Irvine, 1983). The

. initial sales forecasts are based on the Energy Information Administration's 1990

Ener_ Outlook forecasts (Cohen, 1990), extended to 2030.
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3.2 VEHIC'I_ STOCK MODEL

The vehicle stock model: 1) adds new vehicles to the existing fleet, 2) scraps older

vehicles, 3) computes vehicle use by multiplying the number of vehicles by a computed miles

per year for vehicles of that age and type, and 4) computes fuel consumption by dividing

vehicle miles for each vintage by the estimated on-road efficiency of vehicles of that vintage

and type. Since ali of these are computed at the level of vehicle type and vintage, the model

can produce vintage-specific output for use in computing emissions and weight changes.

3.3 EFFEC'I_ OF NEW CAR PRICE ON SC'RAPPAGE

J

Reducing the sales of newer, more efficient vehicles retards the rate of fleet fuel

economy improvement.4 Higher new car prices reduce the scrappage rates of older vehicles

further retarding MPG gains. In the original version of AMFU, serappage is accomplished

via a logistic scrappage curve, in which the rate of scrappage depends on used car prices

which are, in turn, a function of new car prices. For this analysis,we replaced the logistic

scrappage function for passenger cars with a scrappage function developed by Gruenspecht

(1982).5 Gruenspecht's price elasticities are shown in Table 4. We used the AMFU logistic

scrappage function for light trucks.

4In the AMFU model, reduced sales would also depress vehicle travel and fuel use. This
may be realistic but if it is not, it wi!.llead to an overstatement of fuel savings. Instead, we
assume that the intensity of vehicle use will increase so that vehicle miles remain at the same
level as in the Base Case.

_q'he mathematical form of the logistic function requires that scrappage elasticities decline
with vehicle age, although the sensitivity of scrappage rates to a dollar change in price
increases. In Gruenspecht's model the data determine the pattern of scrappage elasticities
with age and his empirical results show that elasticities increase with age, an intuitively
satisfying result. As it turned out, the quantitative results differed little between the two
models because scrappage rates for newer vehicles are almost negligible.
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Recent evidence suggests that vehicle scrapping rates have slowed and that expected
t

lifetimes have increased since the 1970's (Davis and Hu, 1991, Table 3.6). Thus, using

Gruenspecht's ra'res may tend to overestimate the rates of scrappage, le'_ding to an

underestimate of the growth of vehicle stock. On the one hand, this will accelerate the rate

of stock turnover and efficiency improvement, but only slightly. On the other, it will result

in slow growth in the vehicle stock, reducing total vehicle travel and fuel use. These two

effects will tend to counterbalance each other in terms of their effects on future fuel savings.

Table 4. Elasticities of Serappage with Respect to Price.

Average
Elasticity Scrapping Rate

5 -1.36 0.0154
6 -1.57 0.0237
7 -1.48 0.0378
8 -0.99 0.0677
9 -0.80 0.1109
10 -0.72 0.1654
11 -0.88 0.2133
12 -0.98 0.2518
13 -1.19 0.2741
14 -1.52 0.2849
15+ -1.52 0.2849"

"Assumed equal to 14-year-old vehicles.

Source: Memorandum from Howard Gruenspecht, Council of Economic
Advisors, August 8, 1990. Rates estimated using 1967-78 vehicle registrationdata.

Gruenspecht's scrappage rates and elasticities were estimated using data from 1967-78.
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3.4 VEHICI_ USE

Vehicle use tends to decline with vehicle age and is also sensitive to fuel cost per mile

(price per gallon divided by miles per gallon), and the economy. In the AMFU model,

vehicle use is assumed to decline exponentially with age, at a rate estimated using data in the

Department of Energy's Residential Transportation Energy Consumption Survey (U.S. DOE,

EIA, 1990). Although this survey covers only vehicles domiciled at residences, this includes

over 90% of passenger cars and three-fourths of light trucks (Davis and Hu, 1991, Table

3.31). Furthermore, fleet vehicles tend to receive greater annual use and are typically held

for only 2-4 years before being sold to the household sector. The rate of decline in vehicle

use with age is 4.6% for automobiles and light tlticks. The usage rate of a new vehicle is

calibrated so that fuel use in the base year matches fuel use reported

by the Federal Highway Administration for passenger cars and 2-axle, 4-tire trucks, in Table

VM-1 of Hiahwav Statistics (U.S. DOT, 1989).

In future years, usage is adjusted according to changes in economic factors. An

income elasticity of travel of 0.4 is used for both passenger cars and light trucks (a 10%

increase in income produces a 4% increase in travel). The elasticity of travel with respect to

cost-per-mile used in the AMFU model is -0.2, although recent investigations suggest that it

is probably lower, in the range of -0.05 to -0.15 (Greene, 1991). The effect of fuel costs on

travel is computed using vintage-specific, rather than fleet average, efficiencies. That is, usage

by each age category of vehicle is adjusted as efficiencies improve, as well as when fuel prices

change. For example, if the MPG of 15-year-old cars in 2020 is twice that of 15-year-old cars

in 1989 (base year), then they will be driven 20% more at the same fuel price (100%

reduction in cost per mile, -0.2 elasticity). Finally, the projections of new car fuel economy

based on the EPA test cycle are adjusted to reflect real world driving conditions. We begin

with an on-road/test-cycle MPG ratio of 0.85, which declines to 0.70 by the year 2025,
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reflecting the impacts of increased urbanization and congested driving conditions. This

assumption has a relatively minor impact on the cost-benefit calculations because it is assumed

to hold in ali three scenarios.

The equation for vehicle miles is:

Mt = ]_M_ = _ N_.R.. (It/lo)°'4.([PJ{MPGv.CFv}]+[P0/(MPG0,.CF0a}]) "0'2 (7)

V V

M ismiles,N thenumberofvehicles,R therelativeuseofa vehicleofagea comparedto

a new vehicle,Iisincome(orGNP fortrucks),P thepriceofgasoline,andCF istheMPG

correctionfactor.The indexesarev forvintage(modelyear),tforcalendaryear,anda for

vehicleage(a=t-v).The subscript0 inpiaceoftindicatesbaseyearvalues.

The equationforfueluseis:

Ft = _F_ = _ MJ(MPGv. CFv) (8)
V v

3.5 FI..ELrFAVERAGE WEIGHT AND EMISSIONS CHANGES

For each fore,east year (t) the AMFU model produces two matrices of vehicles (Ni0

and vehicle miles (Mtr) by vintage (v). The fleet average weight change is computed as the

weighted average of the vintage (model year) weight changes (AWv)shown in Tables 1 and

2, above. We calculate the fleet average emissions per mile (gpmt) as the average EPA-

estimated year-and-vintage emissions rates (etr), weighted by the appropriate vehicle miles

(M_).
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Weight:
aw t = 1/N E Ntv'awv (9)

V

Emissions:
et = _ Mtr'etr (10)

V

EPA emissions factors are a combination of several types of emissions sources in

addition to tailpipe emissions. HC emissions rates include: 1) basic exhaust (tailpipe)

emissions, 2) the effect of tampering with emissions control equipment on tailpipe emissions,

3) evaporative emissions, 4) refueling emissions, and 5) running losses, ali expressed on a

grams per mile basis. CO and NOx emissions include basic exhaust emissions and tampering

effects. The factors developed by EPA for this study (U.S. EPA, 1990) include the impact

of the new Clean Air Act on emissions by gasoline-powered vehicles. For example, enhanced

inspection and maintenance, onboard refueling controls, and gasoline vapor pressure

reduction to 9.0 psi RVP in 1992 and beyond, are ali included. As a result, emissions rates

are expected to decline significantly over time, especially for older cars (Figure 4). Separate

tables of factors were used for passenger cars and light trucks.

3.6 CAI_-'UI_TION OF COSTS AND BENEbTI'S

Using the vehicle stock model, we produced forecasts to the year 2030 of fuel use,

numbers of vehicles, and vehicle travel (see Appendix B, Tables 1-6). These form the basis

of the cost and benefit calculations. We took forecasts at five-year intervals beginning with

1990, and computed costs and benefits for each. We then linearly interpolated costs and

benefits for the intervening years. This greatly reduced the amount of data to be handled and

the size of the spreadsheet used for computing costs and benefits, without any serious loss
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of accuracy. Ali costs are discounted back to 1990, in 1989 dollars. Calculations were carried

out independently for passenger cars versus light trucks so that the respective fuel economy

improvements could be evaluated separately.

Vehicle use forecasts by the AMFU model were adjusted to reflect the assumption

that vehicle travel would not decrease as a result of the reduced size and greater age of the

vehicle fleet. Other things equal, the vehicle stock model would predict that a smaller, older

fleet would re.suit in less vehicle travel. The adjustment made here assumes that the intensity

of vehicle use will increase such that there is no loss of vehicle travel at constant fuel

econcsiay. In fact, vehicle use increases as a result of the fuel economy improvement. This

increase depends on the elasticity of vehicle use with respect to fuel cost per mile: the

"rebound effect." While it is clear that a smaller, older fleet will produce somewhat fewer

miles of travel, it is not clear that the effect will be directly proportional to the number of

vehicles, as shown in equation (4). Making a complete restoration of vehicle miles, as we do

here, is sure to overstate the negative impacts of fuel economy due to increased vehicle

travel.

Costs and benefits are counted up to a certain future year and ignored beyond that

point. Because vehicle costs are borne up front, while fuel savings and other costs and

benefits accrue in the future, this introduces a minor accounting problem. Clearly, we do not

wish to count the full capital cost of vehicles sold in the end year when we will be counting

only one year of their other lifetime costs and benefits. The median age of an automobile

sold in the U.S. is about 12 years. Thus, more than half the vehicles sold in 2010 will still be

on the road in 2020. If we count the full capital cost of those vehicles but not their full fuel

savings (as well as other costs and benefits) we will make a nontrivial accounting error. To
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avoid this, we use a discounted user cost of capital method to amortize the initial cost of fuel

economy improvements over the vehicle's lifetime:

Nearly ali the key parameters can be varied in the cost-benefit calculation spreadsheet.

Those that may be readily changed include:

1. The discount rate.
2. The future limit of costs and benefits (up to 2030).
3. The elasticity of travel with respect to fuel cost per mile.
4. The elasticity of world oil price with respect to U.S. demand.
5. The energy security value of reduce oil demand (per BBL).
6. The value of one ton C emissions reduction.
7. The numbers of fatalities and injuries per 1,000 lbs. weight reduction.

Thus far, we have consistently assumed 10% real private discount rate. We are free now to

assume a different social discount rate for valuing costs and benefits to society. We introduce

a small inconsistency by varying the fuel-cost-per-mile elasticity of travel in the final cost-

benefit calculations without rerunning the vehicle stock model. As long as the elasticities are

_ae user cost of capital method assumes that the sale of a car at some future time will
return a fraction of its initial cost. Thus, the cost of a car over its lifetime would be,

C = E {[(kilP0)/(l+r)ia] - [(klP0)/(l+r)l]} ,
where k is one minus the depreciation rate (we assume k=0.85), Po is the purchase price, r
the discount rate (0.1), and i indexes time periods that the vehicle is held. The capital cost
of a vehicle held up to T time periods would be, the sum up to period T of C, rather than
the sum over the entire vehicle's lifetime. We use this equation to estimate the share of
lifetime vehicle cost borne in each year. It is easy to show that the equation for C has the
form,

C = A.E[kl/(l+r) l] ,
so that the fraction of total cost in year t is,

ft = [kt/((1 +r)']/E [ki/(1+r) i] .
The expected cost share for the first T years is the sum of cost shares for each of the first T
years times the probability of surviving for T years, or more, plus the probability of being
scrapped during the first T years, times the sum of ali cost shares. The first ten year's shares
computed in this way are 23%, 41%, 55%, 65%, 74%, 80%, 86%, 90%, 93%, and 96%.
These shares are used to scale down the last 10 years' technol _gy costs (e.g., from 2020 to
2030).
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small, however, this inconsistency will be of no quantitative tmtx_rtance. Since we readjust

the VMT in the cost-benefit spreadsheet to counteract the effect of smaller, older vehicle

fleets, and then to add the "rebound effect", as de,scribed above, th¢:,se effects will be

consistent with the elasticities we choose ibr sensitivity analysis. The only inconsistency will

be in the minor adjustments in the distribution of vehicle miles across vintages that take piace

in the vehicle stock mcxtel. These will be consistent with an elasticity of-0.2, We use this

simplification to avoid the considerable efibrt involved in redoing the entire set of calculations

beginning with the AMFU model.
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4. ENERGY DEMAND SCENARIOS

Projections of economic and population growth, and energy prices were taken from

analyses done for the National Energy Strategy. Because this study was carried out at the

same time the NES was under development, some of the projections are not the final NES

projections, but they are quite close to the final NES projections, We carried out cost/benefit

calculations for three scenarios: 1) Reference Case, 2) Low Energy Prices, and 3) High

Energy Prices. In the Reference Case, oil prices increase from $16.70/BBL in 1999 to

$20/BBL by 1995, and reach $43/BBL in 2020 (Table 5). In the Low Oil Price Case, prices

actually decline to $14/BBL in 1995 and reach only $29/BBL in 2020. In the High Oil Price

Case, prices jump to $26/BBL in 1995 and climb to $54/BBL by 2020.

These prices span a considerable range of possibilities but do not allow for continued

low or declining prices through 2030 nor do they contain significant price shocks. Their

principal effect will be to lower or raise the value of fuel saved by higher fuel economy.

The rate of economic growth is affected only slightly by oil prices (Table 6.). In the

year 2020, GNP is 2.3% higher in the Low Oil Price Case than in the High Oil Price Case.

Vehicle sales have not been adjusted to take into account this change in economic growth.

In general, vehicle sales are quite sluggish throughout the period, growing at an average

annual rate of only 0.7%, just slightly above the rate of population growth, 0.5%. This slow

rate of growth in population and vehicle sales leads to slow growth in the vehicle stock and

vehicle travel (about l%/yr.) in ali forecasts. Were the growth of vehicle stock and, thus,

4-1



Table 5. Energy Price Projections (19895 per barrel for oil, per gallon for gasoline),

Year !_w Otl Prt_ Reference Case High 01! Price
O11 Gasoline O11 Gasoline O1[ Gasoline

Historical
1987 18,16 0,96
projected
1990 16,68 (I,98 16,70 0,98 16.78 0.98
1995 14,37 0.93 20.45 1,07 26,02 1.20
2(X)0 19,92 "t,06 28.06 1.25 34.23 1,40
2005 24,25 1,16 33.34 1,30 42.59 1.60
2010 26.33 1,21 37,39 1.43 48.25 1,74
2015 27,54 1.24 40.47 1.55 51.20 1.81
2020 29,06 1,28 42.97 1.61 53.99 1.87
2025 30.77 1.32 45.34 1.67 55.98 1.92
2030 31,59 1,34 47.14 1.71 57.90 1,97

Source: Table 1-2, supplied by Mr, Eric Peterson, preliminary model runs for
National Energy Strategy, Office of Polk:y, Planning, and Analysis, U.S,
Department of Energy, Washington, D.C,, October 5 and 7, 1990.

Table 6. Economic Growth, Population, and Vehicle Sales Projections.

Gross National Product (billions) Vehicle Sales (O00s)
Year Population Low Oil Reference _ Automobiles Light Trucks

(ooo,  s)
1990 251 5331 5331 5331 10,037 4,770
1995 261 6262 6220 6177 10,763 5,120
2000 269 7256 7181 7141 11,319 5,380
2005 276 8343 8264 82(X) 12,005 5,710
2010 283 9473 9375 9288 12,348 5,870
2015 289 10519 10386 10295 12,534 5,960
2020 294 11523 11368 11262 12,724 6,050
2025 298 12539 12367 12261 12,916 6,140
2030 301 13583 13383 13264 13,311 6,230

Sources: Table 1-1, Mr. Eric Peterson, op. cit., Table 5. Memorandum from Mr. Barry
Cohen, Office of Energy Markets and End Use, Energy Information Administration, U.S.
Department of Energy, Washington, D.C., August 30, 1990,
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travel more consistent with rec_nt history (about 3%/yr.)or recent forecasts by others for this

time period (2.3%/yr.), the value of fuel savings and vehicle costs, as weil, would be greater

(see, e.g., U.S. DOT, FHWA, 1990).

Under the Reference Case economic assumptions and Base Case fuel economy

projection, fuel use by automobiles and light trucks increases from 98.7 billion gallons

annually in 1990 to 101 billion in 2000, 110.1 in 2010, and 117.0 by 2020. This relatively low

rate of growth Oust over 0.5%/yr.) is attributable to the slow rate of growth in the vehicle

stock and vehicle travel. Automobile stock actually declines by 1% between 1990 and 1995,

probably due to the fact that the historical average scrappage rates used are not consistent

with the low rate of sales growth projected.

However, it is also due to a continued switch from passenger cars to light trucks that

is inherent in the sales projections. Total light duty vehicle stock increases by 2% from 1990

to 1995. Still, both stock growth (0.75%/yr.) and the growth of vehicle travel (0.86%/yr.)

from 1990 to 2020 are quite low relative to recent history. Even given the likelihood that the

growth of travel will slow in the future, these rates still appear low and imply lower amounts

of future fuel use and lower values for future fuel savings. Fuel economy increases from 20.6

to 23.0 MPG for automobiles and 15.9 to 16.9 for light trucks. These relatively low values

reflect on-road fuel economy and embody an assumption of an increasing gap between the

EPA test-values of MPG and those actually achieved by motorists. The assumed shortfall in

2020 and thereafter is 30% (on-road MPG is 70% of the EPA test value), so that an on-road

MPG of 23 corresponds to a test value of 32.9 MPG. If on-road performance were better,

fuel use would be reduced and consequently the value of fuel savings would also. However,

analysts expect on-road performance to continue to decline from its early 1980s level of 0.85,

due to increasing urbanization and traffic congestion (Westbrook and Patterson, 1989).
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The slightly higher rate of income growth and lower rate of fuel price increases in the

Low O11Price scenario produce slightly higher levels of VMT and fuel use. Passenger car

and light truck fuel use reach 75,3 and 38,7 billion gallons per year, respectively, by 2010.

Year 2030 combined light duty vehicle fuel use hits 128.4 billion gallons, with VMT at 2.69

trillion, 5% higher than the Reference Case, The higher prices and lower economic growth

of the High Oil Price scenario produced correspondingly lower rates of growth (Figure 5).

Fuel use is also correspondingly lower: 105.7 BGAL in 2010 and 118.4 in 2030. Vehicle travel

is down 'about 3% over the Reference Case. Since vehicle sales and scrappage are not

sensitive to income in the vehicle stock model, the size and composition of the vehicle fleet

is unaffected. The lower fuel use of the High Oil Price Case tends to reduce the impact of

fuel economy improvements, but this is more than offset by the increased value of the fuel

saved, as will be seen below.

The higher fuel economies of Level 2 and Level 3 not only reduce fuel use and

increase MPG, but also have small impacts on vehicle travel and the number of vehicles.

Level 3 passenger car VMT is 2.1% higher in 2020 than in the Base Case. The size of tile

car fleet, however, is 1.3% smaller. Although noticeable, these differences are obviously quite

small. A total increase in VMT of 2.1% over a 30-year period amounts to an annual growth

rate of only 0.07%. And this is assuming an elasticity value which is probably a bit high (-0.2

versus less than -0.15). We conclude that although fuel economy improvements do induce

a measurable rebound effect and do influence vehicle sales and scrappage, at least for the fuel

economy improvements considered here, these effects are relatively small. We will examine

further the impact of the rebound effect on the value of fuel savings and other costs and

benefits below.
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Projected fuel use actually declines from 1990 to 1995, in part due to the continuing

improvement in new car and truck MPG, but also due to sluggish sales and relatively high

rates of scrappage, resulting in low growth in vehicle travel. Note that the projected

automobile stock also declines slightly from 1990 to 1995. Because the light truck market

continues to expand, light truck fuel use grows more than passenger car fuel _se, absolutely

as well as relatively. By 2020 light truck fuel use is up 10.6 billion gallons in the Base Case,

while automobile use increases by only 7.7 billion gallons.

Increasing new car fuel economy to 35 MPG and light truck fuel economy to 26 MPG

cuts 2030 fuel use by 6.5 to 7.1 billion gallons annually, depending on the fuel cost elasticity

of travel. Projected 2030 automobile gasoline use drops from 80.6 BGAL to 76.4 BGAL, and

light truck fuel .ase falls to 39.3 from 41.6 (assuming an elasticity of -0.2). Level 3 fuel

economies are 36.5 MPG for passenger cars and 27.5 for light trucks. These push projected

2030 fuel use down to 74.2 BGAL and 37.5 BGAL fi_r passenger cars anti light trucks,

respectively. As Figure 6 shows, maximum fuel savings are approached by 2015 because the

stock turnover process is nearly complete by then. Again, depending on the elasticity

assumed, Level 3 fuel savings range from 10.5 to 12.4 BGAL, annually. This translates into

0.7 to 0.8 MMBD less oil consumption.
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5. COSIS AND BENEFITS: RESULTS

Ali things considered, fuel economy improvements appear to yield substantial, positive

social benefits. In the Reference Case scenario, using middle-of-the-range assumptions, the

Level 2 fuel economy improvement (35 MPG cars, 26 MPG light trucks) produces an

estimated social benefit of $41 billion ($28 B for cars, $13 B for light trucks) net present

value (NPV), excluding the avoided transfer of wealth to oil exporting countries. Level 3

benefits, again excluding the transfer of wealth, are somewhat smaller due to the fact that the

present value of direct technology costs exceed those of direct fuel savings (Table 7). Using

less favorable assumptions for the values of externalities and for appraising future benefits,

the NPV of Level 2 fuel economy increases drops to $4 B, and the value of Level 3 becomes

negative $10.5 B. On the other hand, more favorable but still plausible assumptions lead to

very large benefits. The NPV of Level 2 benefits could be as large as $130 B, or $197 B,

counting the avoided transfer of wealth. Under the same favorable assumptions, Level 3

benefits jump to $173 B to $286 B.

It is useful to review the key assumptiom affecting the present value of externalities

and other social costs (Table 8). Next we examine the costs components, social and private,

to determine which appear to be the most important. Finally, we consider how the energy

price assumptions affect expected benefits and costs. More detailed data used in computing

costs and benefits can be found in Appendix A of this report.

Conclusions about net costs and benefits strongly depend on the discounting of future

benefits and the values attached to social costs. Because vehicle technology costs are born
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Table 7. Summary of Fuel Economy Costs and Benefits (Billions 19895).

LEVEL 2

Moderate Unfavorable Favorable
Cost Benefit Cars Light Trk Cars Light Trk Cars Light Trk

Fuel Savings 33.5 19.5 11.1 6.5 72.0 41.6
Vehicle Costs -21.2 -15.4 -9.7 -7.0 -37.8 -27.3
Oil Costs 8.3 4.8 1.5 0.9 21.9 12.7
Consumers' Surplus 0.1 0.1 0.1 0.1 0.2 0.1
Safety 0.0 -0.2 0.0 -0.1 0.0 -0.0
Ener_ Security 3.2 1.9 0.2 0.1 13.3 7.7
Emissions 0.9 0.2 0.2 -0.0 2.2 0.6
CO 2 3.6 2.1 0.2 0.1 15.0 8.7

Wealth Transfer 19.0 11.1 4.3 1.2 41.5 24.0

Total (Exl. Transfer) 28.3 13.0 3.5 0.6 86.9 44.2
Grand Total 47.4 24.1 7.8 3.2 128.4 68'.2

UNDISCOUNTED TOTALS

Fatalities 0 372 0 372 0 37
CO2 (Millions of tons) -245 -141 -218 -125 -258 -148

LEVEL 3

Moderate Unfavorable Favorable
Cars Light Trk Cars Light Trk Cars Light Trk

Fuel Savings 60.9 35.8 22.3 12.5 124.8 74.8
Vehicle Costs -63.2 -36.9 -32.3 -17.6 -106.6 -64.4
Oil Costs 14.5 8.7 3.0 1.7 36.9 22.5
Consumers' Surplus 0.3 0.2 0.2 0.1 0.3 0.1
Safety -3.3 -1.6 -1.4 -0.6 -0.6 -0.3
Energy Security 6.0 3.5 0.5 0.3 23.8 14.1
Emissions 1.4 0.2 0.1 -0.1 3.5 0.9
CO2 6.8 3.9 0.5 0.3 26.9 15.9

Wealth Transfer 33.7 20.1 8.2 4.8 70.5 42.8

Total (Exl. Transfer) 23.4 13.7 -7.1 -3.5 109.1 63.6
Grand Total 57.1 33.8 1.2 1.3 179.6 106.4

UNDISCOUNTED TOTALS

Fatalities 5,342 2,681 5,342 2,681 534 268
CO2 (Millions of tons) -415 -251 -371 -225 -437 -264
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up front and fuel savings realized in the future, benefits and costs are sensitive above ali to

the assumed discount rate. At a high social discount rate of 10%/yr., a real dollar of fuel

saved ten years from now is worth only 39 cents. Discount rates of 6% and 3% make that

dollar worth 56 cents and 74 cents, respectively. How far we look into the future also

matters, depending on the discount rate. The last dollar of cost or benefit in 2030 is worth

31 cents at a 3% discount rate, but only 2 cents at 10%. When we count through 2030 and

discount at lower rates, costs and benefits increase. At ._discount rate of 3%, fuel savings

outweigh direct vehicle costs, even for Level 3 fuel economy. At higher discount rates, direct

costs outweigh direct fuel savings in Level 3.

The values we assign to energy security and reducing carbon dioxide emissions

obviously directly influence those costs and benefits. Similarly, the assumed competitive

market price of oil raises or lowers the estimated transfer c f wealth. Less obvious, but

equally direct, is the impact of the elasticity of world oil price with respect to U.S. demand.

Level 3 passenger car fuel economy lowers oil demand by about 0.5 MMBD. This will

produce a $0.55/BBL reduction in price, assuming an elasticity of 0.6, but only a $0.23/BBL

reduction if the elasticity is put at 0.3 (in 2030, assuming U.S. demand at 25.6 MMBD and

the world oil price at $47/BBL). The "rebound" elasticity of travel with respect to fuel cost

per mile has several effects. First, it directly affects fuel savings and, thereby oil demand. By

affecting oil demand, it influences the price of oil and oil cost savings. A high elasticity

diminishes the oil import reduction, reducing both energy security benefits and the avoided

transfer of wealth. A larger rebound effect also lessens CO 2 emissions reductions. Finally,

by increasing vehicle miles, it increases emissions of criteria pollutants. Individually, each of

these effects is relatively small. The cumulative effect, however, is substantial, making this

a key parameter.

5-3



Table 8. Key Assumptions Affecting Costs and Benefits.

Parameter Moderate Unfavorable Favorable

Discount rate 6% 10% 3%
Horizon 2030 2020 2030
Rebound elasticity -0.10 -0.20 -0.05
World Oil Price elasticity 0.5 0.3 0.6
Energy Security Premium $5/BBL $1/BBL $10/BBL
Value of C (S/ton) $50 $10 $100
Fatalities/I,000 lbs. 1,340/447 1,340/447 134/45
Injuries/1,0(_ lbs. 6,300/2,100 6,300/2,100 630/21
(Cars/Light Trucks)

By far the largest individual cost-benefit components are direct fuel savings and direct

vehicle costs. In every scenario and under ali sets of assumptions, these two factors are the

biggest (Figure 7). This leads to two observations. First, these are both internal, market

costs. The consumer bears ali the cost of fuel economy technology and reaps the fuel cost

savings (the consumers' direct fuel savings are actually larger than the social savings by the

value of the motor fuel tax). Second, these two costs tend to substantially offset each other

in essentially all cases. This means that the externalities and other social costs and benefits

come at the price of the difference between the two. This may seem like a trivially obvious

observation, but it is not. Consider w_at would happen if a level of fuel economy had been

chosen at which vehicle costs were 50% greater than fuel savings (e.g., Level 3, given

unfavorable assumptions). Given the size of costs relative to other benefits, a large social loss

would result. Put another way, for net benefits to be positive, the direct value of fuel savings

must be approximately equal to vehicle costs. Thus, fuel economy improvements that are not

close to being financially cost-effective in terms of direct costs and benefits, are not likely to

be socially cost effective either.

The effects of alternative oil price projections are primarily to raise (or lower) the

baseline fuel use and, in the opposite direction, decrease or increase the value of the fuel
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saved. For example, in the High Oil Price Case less fuel is used and fewer miles are travelled

(Figure 8). As a result, MPG improvements save fewer gallons of fuel, fewer tons of CO2,

and have a smaller impact on energy security. But the value of the fuel saved is much greater

and the cost of oil is higher, which gives a greater price impact per MMBD reduction in

demand. The net result is favorable for fuel economy improvements, as might be expected.

Using the "moderate" parameter assumptions, combined car and truck net social benefits for

Level 2 fuel economy increases are $27.9 B in the Low Oil Price Case, and $48.7 B in the

High Oil'Price Case (Table 9). Level 3 net benefits for the two extreme price projections

are $14.5 B and $52.5 B, respectively. The lion's share of the differences stem from the value

of fuel savings and oil cost savings.

Oil prices affect the socially "optimal" level of fuel economy, as we can illustrate using

the data in Table 9. lt is not optimal to increase fuel economy until social costs equal social

benefits and the net benefit becomes zero. The maximum net benefit will be obtained where

the marginal social cost equals the marginal social benefit. By using small increments in fuel

economy to define our Levels, we are now able to shed some light on where the social

optimum might lie. Note that the total (Total and Grand Total) net benefits under the High

Oil Price assumptions are higher for Level 3 than Level 2. Under the I.x_w Oil Price

assumptions, total social benefits are lower for Level 3. With low oil prices, the .marginal net

benefit of going from Level 2 to Level 3 is negative (total benefits decrease). Given high oil

prices, the marginal net benefits increase, if only by a little. This indicates that, for low oil

prices, the point at which marginal social costs equal marginal social benefits (the social

optimum because the maximum s_cial benefit is obtained there) is certainly less than Level

3, and could be less than Level 2. This is certainly true if one excludes the wealth transfer

benefit. Under high (and Reference Case) oil prices, net social benefits increase for Level
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Table 9, Summary of Fuel Economy Costs and Benefits (Billions 19895)
Using Moderate Parameter Values.

I.,EVEL 2

High Oil Price Low Oil Price
Cost Benefit Cars Light Truck Cars Light Truck

Fuel Savings 37.7 22.4 26.4 15.7
Vehicle Costs -21.2 -15.4 .21.2 -15.4
Oil Costs 8.7 5.2 6.5 3.9
Consumers' Surplus 0.2 0.1 0.1 0.1
Safety 0.0 0.2 0,0 -0,2
Ener_ Security 3.0 1.8 3.2 1,9
Emissions 0,8 0.2 0,9 -0,2
CO x 3.4 2.0 3.7 2.2

Wealth Transfer 23.9 14.2 11,7 7.0

Total (Exl, Transfer) 32.5 16.2 19.5 8.4
Grand Total 56.4 30.4 31.2 15.3

LEVEL 3

High Oil Price Low Oil Price
Cost Benefit Cars Light Truck Cars Light Truck

Fuel Savings 69,7 41,2 49,1 28.8
Vehicle Costs -63,2 .36,9 -63.2 -36.9
Oil Costs 15,6 9.4 11.7 7.0
Consumers' Surplus 0.4 0.2 0.2 0.1
Safety 3.3 1.6 -3,3 -1,6
Energ), Security 5,8 3.4 6,2 3,6
Emtsslons 1,3 0.2 1,4 -0.2
CO 2 6,6 3.8 7,0 4,1

Wealth Transfer 43.4 25.9 21.1 12.6

Total (Exl. Transfer) 32.9 19,7 9,2 5,3
Grand Total 76.2 45.6 30,3 17.9
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3 fuel economy, indicating that marginal social benefits are still positive. This implies that the

optimum must be higher than Level 2 and could possibly be higher than Level 3. Ot' course,

ali of this depends on the use of the "moderate" parameter values, and different conclusions

could be reached with a different choice of parameters.
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6.CONCLUSIONS'

The value of higher passenger car and light truck fuel economy varies widely,

depending on several key assumptions. Within the range of assumptions used here, the net

present social value of higher MPG varies between -$11 billion and +$286 billion. Where

one falls within this range depends primarilyon the social discount rate chosen, and the value

one attaches to key external benefits. The fact that the greater part of the range falls in the

realm of positive benefits suggests that moderate fuel economy improvements on the order

of 36 MPG for cars and 27.5 MPG for light trucks are probably justifiable on the basis of

energy market, energy security, and global climate benefits.

The values assigned to energy security and CO2 emission reductions are critical, as is

the presumed effect of U.S. petroleum demand reductions on world energy prices. These are

highly conjectural quantities about which reasonable people may hold a wide range of

opinions. Although we have captured much of that range in this analysis, we have by no

means characterized ali possible defensible positions. For example, if one believes that energy

prices are likely to decline rather than increase, that OPEC supply is elastic with respect to

price, that global climate change is not a serious threat, and discounts future benefits and

costs at 10%, one could well deem the fuel economy levels considered here too high. Others

might consider them too low. The point is simply that value judgments and beliefs are

absolutely critical.

Despite the uncertainties, the relative magnitudes of several key components of costs

and benefits seem robust to a wide range of assumptions. The two largest components are
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vehicle costs and fuel savings. Major factors are the transfer of wealth from consumers of oil

to the owners of oil via monopoly pricing, the reduced cost of oil imports, the value of

reductions in CO 2emissions, and energ b,security benefits. Changes in emissions of HC, CO,

and NOx, consumers' surplus effects (apart from performance and safety), and safety impacts

(although there is greater t.ncertainty), are ali relatively minor factors. Although vehicle costs

and fuel savings tend to largely offset one another under most assumptions, their relative size

indicates that fuel economy improvements that are decidedly not cost-effective to the

consumer, are not likely to be socially cost effective either.
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APPENDIX A

FUEL ECONOMY SCENARIO _TIONS

h

This appendix de,scribes analyses of fuel economy potential supporting the three

scenarios analyzed for this report. The cadence of our approach to projecting MPG is to

begin with manufacturers' plans for developing new carlines and modifying existing products.

We estimate the effects of known MPG-improving technologies, weight and performance

changes, as well as safety and emissions standards, are likely to have on fleet average MPG.

We then explore what levels could be achieved by greater use of known fuel economy

technologies. Details are provided for the Base Case and for Level 3, the highest fuel

economy level. The intermediate fuel economy scenario, Level 2, simply represents a point

interpolated between the Base Case and Level 3.
i

The reader will note a few minor discrepancies between the MPG projections in this

appendix and those shown in tables 1 and 2. None differ by more than 0.5 MPG.

Subsequent to completion of the cost/benefit calculations, a few minor errors were discovered

in the MPG projections. Since their effects will be negligible and well within reasonable error

bounds on the projections in any case, we decided not to redo the cost benefit calculations.

The analysis presented in this section remains consistent w/th the projections shown

in tables 1 and 2 on which the cost/benefit calculations are based.
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Teelmo_log_ for Improved Fuel F_./Yaeiene_/

Automobile fuel ex.onomy can be improved by two basically different kinds of

measures--reducing the loads on the automobile, thus reducing the work needed to move it;

and increasing the efficiency of converting energy contained in the fuel to work. The loads

consist of the force needed to accelerate the auto (to overcome inertia), air resistance, and

rolling resistance of the tires and drivetrain. The efficiency of conversion is determined by

the efficiencies of the drivetrain components--engine, transmission, and axles, and power

consumed by accessories such as the water pump, alternator, fuel pump, and power steering.

In city driving, the three types of loads on the automobile are comparable. In steady,

level driving, the inertia load is essentially zero, but most urban driving consists of repeated

acceleration and deceleration, making the inertia load high. Because the force needed to

accelerate a vehicle is purely a function of weight, weight reduction through improved design,

acceptance of less space, or materials substitution is a critical factor in fuel economy,

especially for the urban part of the cycle. On the highway, however, air resistance tends to

dominate the total load, because resistance increases with the square of velocity--wind

resistance at 60 mph is 9 times resistance at 20 mph. Thus, reducing the aerodynamic load

on the auto by increasing its "slipperiness" (reducing its drag coefficient) or reducing its

cross-sectional area will greatly improve highway fuel economy and have a smaller but

important effect on ali but very low-speed urban driving.

Aside from reducing the loads, fuel economy can be improved by improving the

engine's efficiency in converting fuel chemical energy into mechanical energy delivered to the

wheels. The conversion of chemical to heat energy and then to mechanical energy results in

an energy loss inversely proportional to combustion temperature (that is, the higher the

temperature, the lower the loss). Current limitations in the ability of materials to function

at very high temperatures (as well as emissions regulations, especially for nitrogen oxides)
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limit combustion temperature to a level that results in a theoretical 70-percent maximum

utilization of the total energy available in the fuel. Other practical considerations related to

the combustion cycle result in gasoline engines having an efficiency of only about 35 percent

at their optimal operating points (i.e., this is their peak efficiency). 7 Since the Federal Test

Procedure driving cycle has variable loads and speeds, engines operate well below their peak

for significant portions of the test cycle (this is true as well for most normal driving). At idle,

for example, engine "efficiency" is zero. On average, over entire fuel economy test, the

engine operating efficiency is about one-half peak efficiency.

The engine average efficiency can be improved by three different methods: increasing

thermodynamic efficiency, reducing frictional losses, and reducing pumping losses (pumping

losses are the energy needed to pump air and fuel into the cylinder and push out the products

of combustion). The first, increasing thermodynamic efficiency, is limited by the

characteristics of the spark ignition engine. Increasing the compression ratio increases

thermodynamic efficiency; but other parameters related to fuel octane, nitrogen oxide

emissions, and friction (emissions and friction increase with increasing compression ratio, and

the octane level limits how high the ratio can go without obtaining premature combustion)

result in declining benefits as compression ratios increase from today's 9.0 to 10.0 and beyond.

Combustion chamber redesign can provide small increases in thermal efficiency.

Mechanical friction carl be reduced by improving design of rubbing and sliding surfaces

or using new materials and lubricants. Decreasing the weight of the piston, connecting rod,

valves, and valve springs also reduces frictional losses. Replacing sliding contact surfaces with

rolling contacts can provide significant benefits in friction reduction. No theoretical limit

currently exists for reducing mechanical friction, and historically, engine friction has declined

7 Based on brake specific fuel consumption of 240g/BHP-hr.
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8 percent per decade, a Pumping losses include losses due to throttling (that is, restricting

air flow to maintain proper air/fuel ratios when the engine must be operated at a fraction of

its peak power capability) and losses due to aerodynamic friction in the intake and exhaust

system. Throttling loss is proportional to the degree of restriction of the airflow (throttle

setting); it hs zero at wide open throttle. Throttling loss can be reduced by operating the

engine at a lower rpm but higher load for a given vehicle speed, or by using "lean burn"

combustion (where excess air is not a problem). For example, the diesel engine uses lean

burn and is completely unthrottled. Throttling loss can also be reduced by controlling valve

lift and timing or by deactivating cylinders at low loads (so the engine essentially becomes

smaller and can operate closer to peak capacity).

Aerodynamic (pumping) losses are associated with the air/fuel mixture as it flows

through the air cleaner, intake manifold, and valve orifices, as well as the exhaust as it flows

through the valves, manifold, muffler, and catalyst. This loss is proportional to the airmass

flow and increases at higher loads and speeds. Aerodynamic losses can be reduced by tuned

intake manifolds, increased valve area (or increased numbers of valves), tuned exhaust

manifolds, and reduced pressure drop in the catalyst and muffler.

Efficiency improvements in the remainder of the drivetrain can be obtained by

reducing frictional loss in the gearbox, axle (or transaxle for front-wheel-drive cars), wheel

joints, wheel bearings, brakes, and oil seals. Those improvements can be small individually

but provide a measurable cumulative benefit. The use of more gears in the transmission,

however, improves efficiency by allowing the engine to operate closer to peak efficiency,

rather than by reducing drivetrain loss.

8 Honda Motor Company, Private Communication to Mr. ICG. Duleep, EEA, 1989.
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Finally, accessory drives can be made more efficient. Most front-wheel- drive cars

already use an electric radiator fan which is engaged only when needed, "Smart" alternators

that reduce the load when the b_',tteryis fully charged, more efficient water pumps, electric

power steering, etc. can reduce the accessory loads that currently account for 8 to 12 percent

of ali fuel consumed over the test cycle.9

Specific technologies available to reduce vehicle loads and reduce losses are

considered below. These technologies have been documented in detail in a recent EEA

report to Martin Marietta. 10

Weight Reduction: Reducing vehicle weight without reducing practical space for passengers

and cargo involves three strategies--substitution of lighter- weight materials without

compromising structural strength (e.g., aluminum or plastic ibr steel); improvement of

packaging efficiency, that is, redesign of drivetrain or interior space to eliminate wasted space;

and technological change that eliminates equipment or reduces the size of equipment. Our

analysis does not isolate weight reduction directly associated with other efficiency changes,

for example, reduced engine weight due to the downsizing (decrease in engine displacement)

made possible by engine efficiency improvement, but instead counts the weight reduction as

part of the overall fue! economy increase associated with the efficient,3' change. Most weight

reduction gains are expected after 1995. The fuel economy gain available from a 10- percent

weight reduction is estimated to be 6.6 percent, including the effect of engiue downsizing to

maintain constant performance. Without engine down-sizing, the fuel economy benefit would

be 4.2 percent. Materials substitution could reduce average vehicle weight 10 percent under

9 Sovran, G.S. and Bohn, M.S. "Formula for the Tractor Energy Requirements of
Vehicles During the EPA Schedule" SAE Paper 810184, February 1981.

10 EEA "Documentation of the Characteristics of Technologies to Improve Fuel
Economy" Report to Martin Marietta, October 1991.
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1987 levels by 2001, and 18 to 25 percent under 1987 levels by 2010, with additional weight

reduction (3 to 8 percent, depending on market class) possible from improved packaging,

Ae_namie Drag Reduction: Aerodynamic drag on a car is the product of its frontal area,
q

its drag coefficient, and the square of its speed. The squared velocity factor means that drag

increases very rapidly with speed, and aero-dynamic drag is the most important power drain

at highway speeds. Reducing frontal area is difficult because, with limited exception, this will

compromise interior space. Reducing the drag coefficient involves smoothing out the basic

shape of the vehicle, raking the windshield, eliminating unnecessary protrusions, controlling

airflow under the vehicle (and smoothing out the underside), and designing the rear end to

avoid turbulence and to control behavior of the boundary layer. A I0-percent reduction in

the drag coefficient will yield about a 2.3-percent fuel economy gain if the top gear ratio is

adjusted to match the engine's operating lx_intto the reduced power requirement. For cars

redesigned between now and 1995-96, an average drag coefficient might be 0.335, down from

0.375; for cars redesigned between 1996 and 2(101,average drag coefficient can be further

reduced to 0.30, which is the level of the most streamlined cars in the U.S. fleet today.

Further reductions should be feasible by 2010--drag coefficients of 0.23 to 0.24 seem

attainable, and coefficients as low as 0.20 are possible, but may compromise passenger comfort

so that it may not be attainable in production.

Front-wheel Drive: Shifting from rear- to front-wheel drive provides a number of fuel-saving

benefits, including the ability to mount engines transversely, reducing engine compartment

length; elimination of the transmission tunnel, which provides important packaging efficient,3,

gains in the passenger compartment; and elimination of the weight of the propeller shaft and

rear differential and drive axle. Counterbalancing these benefits, front-wheel drive changes

vehicle handling characteristics in ways objectionable to some drivers (though it offers clear

advantages iri slippery conditions) and compromises trailer- !owing capability. Total fuel
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' savings available from a shift to front-wheel drive are about 10 percent for vehicles replacing

1970's vintage designs (body on frame), and about 5 percent for those where some potential

benefits had already been gained through 1980's re.design(unit body).

Overhead Cam Engines: Overhead cam (OHC) engines are used in ali imported vehicles;

only U.S. manufacturers still sell overhead valve (eHV) engines. Older eHV engines

produced less than 40 bhp/liter, but more modern eHV engines provide 45 bhp/liter. In

contrast, modern OHC engines provide 50 to 55 bhp/liter in non-sports car applications. The

higher specific output is due to the low mass of the valve train that makes it easier to open

and close the valves, thereby improving breathing efficiency.. A modern OHC engine

providing equal performance (i.e., smaller displacement) will yield a 3-percent benefit in fuel

economy over a modern eHV engine and up to 6 percent over an older eHV engine. "lhc

OHC engine must be 10 percent smaller in displacement than the eHV engine, but the axle

ratio must be increased to maintain low speed drive-ability.

i

Four-valvc-pcr-cylindcr: Adding two extra valves to each cylinder improves an engine's ability

to feed air and fuel to the cylinder and discharge exhaust. Four-valve engines typically have

sharply higher horsepower than two-valve engines of the same displacement, though peak

horsepower is reached at much higher engine speeds, and torque (pulling power) at low

engine speeds generally is not improved nearly as much. The major fuel economy gain of a

four-valve engine is achieved by downsizing the engine, since this can be done without

performance loss; the greater valve area also reduces pumping losses, and the more compact

combustion chamber geometry and central spark plug location allows an increase in

compression ratio. However, engine downsizing can-net be proportional to horsepower gain

because of the resulting lack of low end torque. Available fuel economy gain over a

two-valve overhead cam engine with the same number of cylinders is 5 percent; the gain is

8 percent if a four-cylinder engine replaces a two-valve six cylinder engine, or a six replaces
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an eight, The gain includes the effect of using a compact combustion chamber and increasing

compression ratio from 9,0 to 10.0, which by itself is responsible for a 2.percent gain. By

2010, an increase in compression ratio to 11,0 should be possible, yielding an additional

/ 1-percent gain in fuel economy, These benefits do not include the effect of downstzlng the

engine to the extent where aggressive transmission management would be necessary.

Variabl_ Valve Timing: Ali engines have traditionally utilized fixed valve timing since a

simple, reliable mechanism to vary timing had not been designed until recently. Thus, valve

timing has always been a compromise between high rpm power output and low rpm torque.

At part load, it is more efficient to close the intake valves early rather than pump air across

the throttle. New devices to vary both valve timing and lift have been commercialized, and

such systems have provided up to 15 percent gain in low-speed torque and/or 25-percent gain

in specific power. A valve lift and timing control system can provide 6-percent benefit in fuel

economy if the engine is downsized to provide equal low-speed performance, although there

may be unfavorable synergies with more advanced transmissions that also reduce pumping loss

(these transmissions re-duce the amount of time that engines operate at inefficient low-load

conditions, when intake valve control is most effective). Valve control systems are most easily

incorporated into a double overhead cam, four-valve engine.

Torque Converter Lookup: Current automatic transmissions utilize a hydraulic torque

converter, where an impeller pushes fluid past a turbine to transmit engine torque to the

wheels. This hydraulic connection is useful at idle and during acceleration, where it can

provide torque multiplication. At higher speeds and low acceleration rates, the system is

wasteful as there is some "slippage" between the impeller and turbine. A rigid mechanical

link, called a lockup, prevents this slippage and provides a 3-percent benefit in fuel economy

if employed in ali gears except first. The lookup mechanism also transfers more vibration to
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the driveline, creating sonic negative response toward its use. Lz_kup is now widely used, so

available gains are limited.

_ry Imprtwemcnts: Acce.ssoriesdriven by the engine include the air-conditioner, water

pump, oil pumps, hydraulic power steering pump, alternator, and, in some cases, the radiator

fan. Mode.st benefits are available in the redesign of ali those systems to reduce total energy

use. For example, a "smart" alternator can be electronically controlled to provide battery

charging only when desirable. Power steering pumps are very wasteful at speed, as they are

sized tbr idle, when steering loads are greatest. Most ears already employ electric fans for the

radiator which are switched on when necessary, but further improvement is possible if their

speed can be varied. Individually, these accessory benefits are very small but together they

can provide a 0.5- to 1.0-percent benefit in fuel economy. One possibility is completely

eliminating the hydraulic power steering pump and replacing it with electric power steering.

This action alone can increase fuel economy by another 1 percent. However, the electrical

power demand is so large that electric power steering may be impractical ['or intermediate and

large cars.

Advanced Transmissions: A particular power demand can be met by an engine at different

operating points since:

power = torque * speed.

At any level of power demand, the highest torque and lowest engine speed combination--up

to a certain point--offers the best fuel economy. Adding gears to an automatic transmission

allows operation closer to the optimal combination of torque and speed for any given power

demand. Theoretically, a continuously variable transmission (CVT) can keep engine speed
i

at optimal rates for ali vehicle speeds. Current CVT designs appear practical only for smaller

cars, with two-liter engines or smaller, because of limitations on the amount of power that can
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be transmitted by the flexible belts in the transmission, Average fuel economy improvement

in moving from three-speed transmission with lookup to four.speed with lockup is 4.5 percent,

with an additional 2.5 percent available from adding a fifth gear, or an additional 3.5 percent

available from moving to a CVT.

Electronic Transmission Control: Most automatic transmissions currently use mechanical

controls to shift gears or engage the torque converter lookup. The controls have been highly

developed over the years to match the requirements of the test cycle. Electronic controls can

offer a minor benefit by shifting gears and engaging the lockup more efficiently, but the fuel

economy gain on the cycle is only 0.5 percent. Under real-world conditions, it is expected to

provide greater benefits, especially at operating points outside the test cycle envelope.

Throttle Body and Multipoint Fuel Injection: Most vehicles already utilize fuel injection

systems that have replaced carburetors. Fuel injection systems are of two types: throttle

body, that essentially replaces a carburetor with one or two injectors that supply fuel to ali

cylinders; and multipoint, that utilizes one injector per cylinder metering fuel directly into the

intake port. Fuel injection allows more precise control of fuel quantity metered during

transient operation (such as acceleration or deceleration) and also atomizes fuel more

completely. These factors allow less fuel to be used during cold starts and transients and also

improve emissions. The throttle body system provides a 3-percent benefit over a carburetor,

if adopting the system eliminates the air pump required to meet emission standards. Wide-

spread use limits available fleet gains, however. A multipoint fuel injection system allows the

inlet manifold to be tuned to maximize airflow, as no fuel flows through the manifold. The

tuned inlet manifold can increase torque by 3 percent. A "sequential" multipoint fuel

injection system allows fuel shutoff during deceleration. The multipoint system also mitigates

fuel distribution problems, allowing leaner mixtures during warmup and slightly more

aggressive spark timing after warmup. The combination of a multipoint system with a tuned
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Intake manifold and deceleration fuel shutoff provides a 3-percent benefit in fuel economy

relative to the throttle body system.

Improved Tires and Lubricants: Longstanding trends toward slipperier oil and tires with

lower rolling t'esistance will txmtinue. The recently displayed GM prototype electric car, the

Impact, has tires with half the rolling resistance of modern radials. Traditionally, the rolling

resistance reduction has adversely impacted handling and traction properties. New

developments in the cord and rubber materials reduce tire flexing losses without the adverse

effect on handling. The fuel economy benefit of using the best available oils (5W-30

replacing 10W-40) and tires, now in use on about 20 percent of the 1988 fleet, is about 1

percent. Incremental improvements in tires beyond 1995, available to the fleet in 2001,

should yield at least another 0.5-percent gain. Tires like those of the Impact, if they prove

practical, would yield additional gains.

Engine Friction Reduction: Engine friction is predominantly in the pistons/rings, valve train,

and crankshaft. On average about 20 percent of potential engine power is lost to friction;

this represents one third of total output power. Engine friction reduction in the 1.987to 1995

timeframe will involve reducing piston ring tension, redesigning the piston skirts (or load

bearing area), and improving manufacturing methods to reduce cylinder bore distortions.

These efforts will provide a 2-percent fuel economy benefit. Roller cam followers reduce

valve train friction by replacing the sliding contact between the roller cam and camshaft with

a rolling contact, also prcwiding a 2-percent fuel economy benefit. After 1995, friction

reduction will involve the use of lightweight valves and springs, reduction in piston and

connecting rod mass through the use of fiber-reinforced composite materials, and possibly,

use of only two rings rather than three, with a potential additional 2-percent fuel economy

gain by 2001.
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In the following tables, we have denoted the technologies adopted in a business as

usual scenario (i.e. the product plan) r_ the base case. Utilizing ali available technologies to

the maximum extent possible is denoted as Level 3. The available lead time does not permit

much technology to be introduced by 1995 over and above the business-as-usual scenario, but

some minor improvements are possible. By 2001, significant improvement is possible, both

from technology, and by reduction in size/performance from anticipated 2001 levels to 1990

levels. A Level 2 scenario corresponds to a fuel economy level between the base case and

Level 3 case. In the Level 2 scenario (not shown), performance size are kept at 1990 levels,

and technologies that pay for themselves over 10 years of ownership (at $1.20/gailon fuel) are

adopted to the penetration shown in Level 3. Projections have been made for domestic and

Japanese manufacturers' automobiles and for domestic light trucks. Since we do not have

sufficient data to prepare detailed projections of imported light truck fuel economy, we relied

. on our own judgment to supply these projections. In general, they are consistent with

improvements by domestic light truck manufacturers with respect to MPG gain and cost.

Technology incremental costs are the average retail price increase associated with

technology adoption. For example, the incremental price of a four speed automatic

transmission is based on the price difference between an otherwise identical pair of vehicles,

' one with a three speed automatic and one with a four-speed automatic. Costs for

technologies were derived from four different methodologies.

• Actual retail prices
• Manufacturer submissions to DOT
• Prices deAved from production costs and investments
• Supplier industry based data, with markups for overheads, taxes and dealer markups

Actual retail prices could be used for some technologies which are available in the same

vehicle model as ,options. These include engine options and transmissions options. Actual
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retail prices were collected for mass market models (i.e. non-luxury) and these prices were

averaged across models to provide a retail price increment.

,[ i

Manufacturer submissions to DOT in the mid-1980's were Provided to the DOE under a

confidentiality agreement. These submissions contained data on retail price increments

associated with technologies that could not be isolated _ options in models. Such

technologies include material substitution, engine friction reduction, accessory improvements,

etc.

I

Prices derived from costs were based on detailed manufacturing cost studies developed by

Lindgren for he DOE. The variable costs were marked up to cover factory overhead,

corporate overhead, taxes, profit margins and dealer markup, as well as the amortization of

the capital investment. The markup factors and amortization rates are provided by

Lindgren. 11

Supplier based data were utilized in a limited number of cases when a large supplier provides

a technology to several manufacturers. Technologies for which supplier based data was

obtained include tires, lubricants, electronic controls, fuel injection systems and roller cam

followers. Supplier prices were marked up by auto manufacturer overheads to derive retail

price equivalents.

In most cases, more than one method was utilized to derive the retail price

increments. If different methods provided similar results, the actual retail price increment (if

available) was chose. Prices derived from costs were chosen for several technologies were

_ Lindgren, L.H., Jones, D., "Automotive Technologies and Manufacturing Investment
Costs" Report to the DOE, May 1986.
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retail prices could not be identified. A detailed list of prices of each technology is provided

in the attached tables.
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1995 DOMESTIC MANUFACTURERS' FUEL ECONOMY

BASE CASE

Penetration
F/E Increase from 1995 Fleet

Technology Gain 1987 (%) Penetration F/E Gain

Front Wheel Drive 10.0 12 86 1.20

Drag Reduction (CD ~0.33) 2.3/4.6** 65/15 "" 100 2.19

4-speed Automatic 4.5 40 80 1.80
Transmission

Torque Converter Lock-up 3.0 20 80 0.60

Electronic Transmission 0.5 80 80 0.40
Control

Accessory Improvements 0.5 80 N/M 0.40

Lubricant/Tire Improvements 1.0 100 100 1.00

Engine Improvements

- Advanced Pushrod 3.0 (40) (30) 1.20
Overhead Camshaft 3.0 45 69 1.35

- Roller Cam Followers 2.0 40 95 0.80
- Low Friction Pistons/Rings 2.0 80 100 1.60
- Throttle Body FI 3.0 12 40 0.36
- Multi-point FI 3.0 12 60 0.36

(over throttle body)

4 valves per cylinder engine

- 4 cylinder replacing 6* 8.0 18 18 1.44
- 6 cylinder replacing 8* 8.0 12 12 0.96

Total F/E Benefit 15.66%

Number in parenthesis for advanced pushrod indicates 45 percent of pushrod engines
replaced by OHC engines.

N/M: Not meaningful.

* 1987 distribution: 20.5% V-8, 29.5% V-6, 50% 4 cylinder
** Drag reduction for large/luxury cars from C_ = 0.42 baseline.
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DOMESTIC MANUFACTURERS

FUEL ECONOMY UNDER ALTERNATIVE SCENARIOS

BASE CASE

1987 Fuel Economy: 26.7 MPG

1995 Fuel Economy w/o size or
performance increase 30.9 MPG

Size/weight Increase -1.4 MPG

Performan_ Increase -0.7 MPG

Effect of Emission/Safety Standards -0._.88MPG

1995 Product Plan F/E 28.____00MPG

1995 LEVEL 3 CASE

1995 Fuel Economy w/o size or
performance increase 30.9 MPG

Effect of Emission/Safety Standards -0.8 MPG

Replace ali TBI of with MPFI +0.32 MPG

Increase OHC penetration to 80% +0.08 MPG

Size/Weight increase to '90 (est.) -0.60 MPG

Performance Increase to '90 (est.) -0.40 MPG

1995 Max Tech Case at 1990 29.5 MPG
size and performance
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1995
IMPORT MANUFACTURERS

FUEL ECONOMY
BASE CASE

(JAPANESE FULL-I.JNE _A_)

Penetration Increase 1995 Fleet

_ from 1988 _ Penetration F/E Gain

Front Wheel Drive' 5.0 3 90 0.15

Drag l_eduction I 2.3 80 ~ 100 1.84

4-speed Auto. Trans. 4.5 16 47 0.72

Torque Converter LU 3.0 9 53 0.27

Elec. Trans. Control 0.5 44 47 0.22

Accessory Improvements 0.5 80 N/M 0.40

Tires/Lubricants 1.0 100 100 1.00

Roller Cam ,_ollowers 2.0 50 50 1.00

Low Frictio:_l_Piston/Rings 2.0 80 100 1.60

Throttle B(Idy FI** 2.0 25 20 0.50

Multi-Poini FI 3.0 20 75 0.60
I

4 Valves/Cyllnder 5.0 20 44 1.00

9.3O
TOTAL F/][!IBENEFIT (%)

I
t

!'_jsedon conversion of unit body RWD vehicle." F/E gain ,,:

*"Benefit oLtr't[]3iis lower than for domestic cars because air pumps are not used in carburetted import cars.
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1995
IMPORT MANUFACTURERS

FUEL ECONOMY
UNDER ALTERNATIVE SCENARIOS

(JAPANESE FOLL-I.,INE MANUFACTURERS)

Base Case

1988 Fuel Economy 31.4 MPG

1995 Fuel Economy _thout size or
performance increase 34.32 MPG

Size/Weight increase -1.66 MPG

Performance Increase -0.90 MPG

Effect of Safety/Emission Std. -0.94 MPG

1995 Product Plan F/E 30.82 MPG

Level 3

1995 Fuel Economy without size or
performance increase 34.32 MPG

Effect of Safety/Emission Standard -0.94 MPG

Replace ali TBI with MPFI +0.23 MPG

Increase roller cam penetration to 80% +0.19 MPG

Size/weight increase to 1990 -1.08 MPG |

Performance increase to 1990 -0.78 MPG

1995 Maximum Technology F/E 31.94 MPG
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IMPORT MANUFAC'rURERS
FUEL ECONOMY IN 2001

(JAPANF_E FUL_L1NE MANUFAC'ITIRERS)

_ Benefit Base Case _vel 3 Case**

Mkt. Pen. F/E Gain Mkt...... Pen F{E Gain

Weight Reduction 3.3/6.6 90 2.97 90 5.94

Drag Reduction 1.15/2.3 80 0.92 80 1.84

Intake Valve Control' 6.0 30 1.80 60 3.60

4-Valve Engine 5.0 10 0.50 50 2.50

Multi-point FI 3.0 25 0.75 0 0.00

Front Wheel Drive 10.0 0 0.00 5 0.50

5-Speed Auto. Trans. 2.5 6 0.15 12 0.30

CVT 3.5 26 0.91 40 1.40

Advanced Friction Reduction 2.0 100 2.00 100 2.00

Electric Power Steering 1.0 10 0.10 35 0.35

Tire Improvements 1.0 80 0.80 80 0.80

TOTAL F/E BENEFIT (%) 11._" 18.98'

2001 MPG 34.3 38.0

' Synergy with 5-spd auto-transmission/CVT results in 2 percent loss in
F/E when both technologies are used in the same vehicle.

'" Maintains 1990 level of size/performance.
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LIGHT DUTY TRUCKS
1995 DOMESTIC MANUFACI_RER_ FUEL ECONOMY

BASE CASE

F/E 1988 1988-1995 Fleet li'lE
Technolo._o._ Gain % Penetratio.__.nnPen, Increase Gain

Weight Reduction 1,65 15 20 0,33
(Std. Pickup/Utility)

Drag Reduction I 2,30 15 85 1,95

Automatic Overdrive Trans 4,5(.) 49 20 0,90

TCLU 3.(_3 61 14 0.42

Electronic Trans, Control 0.50 0 64 0.32

Roller Cam Followers 2,00 50 50 1,00

Eng. Friction Reduction 2.00 0 80 1.60

MPI over TBI 3,(_ 47 4 0.60

over Carburetor 6.(X) -- 60 0.24

Advanced OHV engine 3,(_ 24 60 1,80

OHC/2V engine 3.00 16 10 0.30

Improved Tires 0.50 0 100 0,50

SW-30 oil 0.50 0 10(1 0.5(I

Total 1_()..__
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1995 BASE CASE

LDT FUEL EC_)NOMY

1987 Base Fuel Economy 20.6 MPG

1995 Fuel Economy w/o Size or
Performance Increase 22.75

Compact Vehicle Size Increase -0.35

Performance Increase -0.68

Tier I Emission Penalty -0.20

Safety (Weight) Penalty -0.62

Effect of New Van Introduction +0.41

21.31 MPG
1995 Base Case F/E

1995 Level 3 Case

1995 Base Case F/E 21.31 MPG

100% Use of MPI +0.19 MPG

Re_lace ali 3-speed auto trans.
with 4-speed auto trans. +0.06 MPG

Reduce performance to 1990 Level +0.29 MPG

1995 Level 3 MPG 21.80 MPG
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INCREMEaNTAL RETAIL PRICE

oF TEC  OtOOY (19)

Front Wheel Drive 240

Drag Reduction to Cu = 0,33 32
Drag Reduction to CD = 0,30 48

4-Speed Auto Trans, 225

Torque Converter Lookup 50

Electronic Transmission Control 24

Accessory Improvements 12

OHC Engine: 4-cylinder 110
6-cylinder 160
8-cylinder 200

4-valve heads: 4-cylinder 140
6-cylinder 180
8-cylinder 225

Roller cams 4 per cylinder

Friction reduction I: 4-cylinder 30
6-cylinder 40
8-cylinder 50

"Advanced Pushrod" 40 (6 cylinder)

TBI (overhead carburetor) 42 (one injector)
70 (two injector)

i

MPFI over TBI
- 4-cylinder 48
- 6-cylinder 64
- 8-cylinder 80

Tire Improvements 12 (4 tires)

Oil (5W-30) 2

5-speed Automatic (over 4-speed) 1130

CVT (over 4-speed auto) 100
Advanced Friction Reduction same as Friction

Reduction I

Tire Improvements (1995-2001) 18

Intake Valve Control
- 4-cylinder 140
- 6 cylinder 200
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APP]_ID]X B

TABLE1. PROJECTEDLIGHTDUTYVEHICLE FUELUSE

(Units in billions, exoept vehtcles tn millions)
Automobiles t NESReference Case

BASECAsE 1990 1995 2000 2005 2010 20151 2020 2025 2030

FUELUSE 69._J 66.0 67.4 69.8 72.7 75.2 77.2 7'8.8 80.6
VNT 1434.5 1469.2 1502.4 1579.7 1665.8 1731.6 1777.0 1814.9 1856.3
MPO 20,6 22.2 _22.3 22.6 22.9 23.0 23.0 23.0 23.0

VEHICLEs 119.5 118.2 122.1 127.9 134.0 138.7 141.8 144.2 146.4

MILES/VEH. 12008 12434 12306 12350 12430 12483 12532 12588 12680
CPMELAsT. -0.2

LEVEL2 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 69.5 66.0 66.5 67.3 69.1 71.3 73.2 74.1 76.1
!

ADJ. FUEL USE 69.5 66.0 66.6 67.5 69.4 71.6 73.4 74.5 76.4

VNT 1434.5 1469.2 I_i05.8 1588.7 1678.3 1746.1 1792.4 1831.0 1873.1

MPQ 20.6 22.2 22.6 23.6 24.3 24.5 24.5 24.7 24.6

VEHICLEs 119.5 118.2 122.1 127.7 133.6 138.2 141.3 143.7 146.0

MILES/VEH. 12008 12434 12336 12444 12564 12632 12682 12739 12832

ADJ VMT 1434.5 1469.2 1506.8 1593.0 1684.9 1753.1 1799.2 1840.7 1881.1

LEVEL3 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 69.5 65.4 64.7 64.6 66.1 68.2 69.9 71.4 73.1
ADJ. FUELUSE 69.5 65.5 65.0 65.4 67.1 69.2 71.0 72.5 74.2

VNT 1434.5 1470.8 1507.0 1586.0 1672.9 1740.0 1786.6 1825.4 1867.5
MPG 20.6 22.5 23.3 24.5 25.3 25.5 25.6 25.5 25.5

VEHICLEs 119.5 118.1 121.7 126.8 132.3 136.8 139.9 142.3 144.6

MILES/VEH. 12008 12449 12383 12511 12645 12717 12768 12826 12919

ADJ VMT 1434.5 1472.5 1515.7 1605.4 1699.0 1767.8 1814.3 1851_.0 1895.2
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TABLE2. PROJECTEDLIGHTDUTY VEHICLEFUELUSE

(Units in bittions, except vehictes in mittions)
Light Trucks, NES Reference Case

BASECASE 1990 1995 2000 2005 2010 2015 2020 2025 2030
FUELUSE 29.2 31.1 33.6 35.6 37.4 38.8 39.8 40.7 41.6

WIT 464.3 528.3 566.1 599.6 632.3 657.1 674.4 688.7 704.3

NPG 15.9 17.0 16.8 16.8 16.9 16.9 16.9 16.9 16.9
VEHICLES 47.6 51.9 57.0 60.6 63.7 65.9 67..4 68.5 69.6

MILES/VEH. 9745 10175 9932 9891 9929 9964 10003 10048 10121
CPHELAST. -0.2

LEVEL2 1990 1995 2000 2005 2010 2015 2020 2025 2030
FUELU_E 29.2 31.1 33.1 34.1 35.2 36.4 37.4 38.2 39.0
ADJ. FUELUSE 29.2 31.1 33.2 34.2 35.5 36.7 37.6 38.4 39.3

WIT 46_,.3 528.3 567.3 602.6 636.4 662.1 679.9 694.6 710.5
NPG 15.9 17.0 17.1 17.7 18.1 18.2 18.2 18.2 18.2

VEHICLES 47.6 51.9 57.0 60.4 63.3 65.6 67.0 68.2 69.3

NILES/VEH. 9745 10175 9958 9974 10050 10099 10140 10185 10260
ADJ WIT 464.3 528.3 568.1 605.5 640.7 666.6 684.1 698.7 714.5

LEVEL3 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 29.2 31.0 32.4 32.6 33.3 34.3 35.2 36.0 36.8
ADJ. FUELUSE 29.2 31.0 32.6 33.1 34.0 35.0 35.9 36.7 37.5

WIT 464.3 528.7 567.9 601.6 634.2 659.7 677.6 692.5 708.5
NPG 15.9 17.1 17.5 18.5 19.1 19.2 19.3 19.3 1_.3

VEHICLES 47.6 51.9 56.9 60.0 62.6 64.7 66.2 67.4 6_',.4

NILES/VEH. 9745 10185 9987 10029 10131 10191 10233 10279 103_4
ADJWIT 464.3 528.9 570.8 610.7 647.6 674.1 691.9 706.6 722,,5
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TABLE3. PROJECTEDLIGHT DUTYVEHICLE FUELUSE

(Units in biLLions, except vehicles in miLLions)
AutomobiLes, High OiL Price Case

BASECASE 1990 1995 2000 2005 2010 2015 2020 2025 2030
FUELUSE 69.3 63.9 65.3 67.3 69.8 72.4 74.4 76.3 78.1

VNT 1429.4 1421.6 1456.4 1523.2 1599.3 1665.7 1713.8 1757.1 1799.7
MPG 20.6 22.2 22.3 22.6 22.9 23.0 23.0 23.0 23.0

VEHICLES 119.5 118.2 122.1 127.9 134.0 138.7 141.8 144.2 146.4

NILES/V£_. 11965 12031 11929 11909 11933 12008 12086 12187 12293
CPNELAST. -0.2

LEVEL2 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 69.3 63.9 64.5 64.9 66.4 68.6 70.6 72.4 74.1
ADJ. FUELUSE 69.3 63.9 64.5 65.1 66.7 68.9 70.8 72.6 74.4

VMT 1429.4 1421.6 1459.7 1531.9 1611.3 1679.6 1728.6 1772.7 1816.0
MPG 20.6 22.2 22.6 23.6 24,,3 24.5 24.5 24.5 24.5

V:'HICLES 119.5 118.2 122.1 127.7 133.6 138.2 141.3 143.7 146.0

MILES/VEH. 11965 12031 11958 11999 12063 12151 12231 12334 12441
ADJ VNT 1429.4 1421.6 _ 1460.7 1536.0 1617.6 1686.3 1735.1 1779.0 1822.1

LEVEL3 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 69.3 63.3 62.7 62.3 63.5 65.6 67.4 69.2 70.9
ADJ. FUELUSE 69.3 63.3 63.0 63.1 64.5 66.6 68.5 70.2 71.9

VMT 1429.4 1423.1 1460.8 1529.2 1606.1 167"3.8 1723.0 1767.2 1810.6
MPG 20.6 22.5 23.3 24.5 25.3 25.5 25.6 25.6 25.5

VEHICLES 119.5 118.1 12!.7 126.8 132.3 136.8 139,9 142.3 144.6

MILES/VEH. 11965 12045 12004 12064 12140 12233 12314 12417 12525
ADJ VNT 1429.4 1424.7 1469.3 1548.0 1631.2 1700.5 1749.8 1794.0 1837.4
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TABLE4. PROJECTEDLIGHT DUTYVEHICLE FUELUSE

(Units in billions, except vehicles in millions)
Light Truckse High OiL Price Case

BASECASE 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 29.1 30.1 32.6 34.3 35.9 37.3 38.4 39.4 40.3
WIT 462.7 511.1 548.8 578.2 607.0 632,1 650,4 666,8 682,8

MPG 15.9 17.0 16_8 16.8 16.9 16.9 16.9 16.9 16.9
VEHICLES 47.6 51.9 57.0 60.6 63.7 65.9 67.4 68.5 69.6

Hi LES/VEH. 9711 9845 9628 9538 9532 9585 9667 9728 9812
CPMELAST. -0.2

LEVEL 2 1990 1995 2000 2005 2010 2015 2020 2025 2030
FUELUSE 29.1 30.1 32.1 32.9 33.8 35.0 36.0 36.9 37.8

ADJ. FUELUSE 29.1 30.1 32.2 33.0 34.0 35.3 36.3 37.2 38.1

WIT 462.7 511.1 550.0 581. 1 611.0 636.9 655.7 672.5 688.8
MPG 15.9 17.0 17.1 17.7 18.1 18.2 18.2 18.2 18.2

VEHICLES 47.6 51.9 57.0 60.4 63.3 65.6 67.0 68.2 69.3

141LES/VEH. 9711 9845 9653 9617 9648 9715 9779 9861 9947
ADJ WIT 462.7 511.1 550.7 583.8 615.1 641.2 659.8 676.4 692.7

LEVEL 3 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 29.1 30.0 31.4 31.4 32.0 33.0 33.9 34.8 35.7
ADJ. FUELUSE 29.1 30.0 31.6 31.9 32.6 33.7 34.7 35.4 36.4

WIT 462.7 511.6 550.5 580.1 608.8 634_6 653.5 673.8 686.9
MPG 15.9 17.1 17.5 18.5 19.1 19.2 19.3 19.3 19.3

VEHICLES /,7.6 51.9 56.9 60.0 62.6 64.7 66.2 67.4 68.6

141LE_/;";;;. 9711 9855 9681 9671 9727 9803 9869 10001 10038
ADJ WIT 462.7 511.8 553.4 588.9 621.7 648.6 667.2 684.8 700._
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TABLE5. PROJECTEDLIGHT DUTYVEHICLEFUELUSE

(Units in biLLions, except vehicles in miLLions)
Automobiles, Lol_ OiL Price Case

. B.ASECASE 1990 1995 2000 2005 2010 2015 2020 2025 2030
FUELUSE 69,3 67.4 69.2 71.9 75.3 78.3 _ ,,L 82.5 84.7

VMT 1429,4 1499.2 1543.7 1628.9 1725.2 1802.8 1855.5 1900.6 1951.2

MPG 20.6 22.2 22.3 22.6 22.9 23.0 23.0 23.0 23.0
VEHICLES 119.5 118.2 122.1 127.9 134.0 138.7 141.8 144.2 146.4

MILES/VEH. 11965 12688 12644 12735 12873 12997 13085 13183 13328
CPMELAST. -0.2

LEVEL2 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 69.3 67.4 68.4 69.4 71.6 74.3 76.4 78.3 80.4

ADJ. FUELUSE 69.3 67.4 68.4 69.6 71.9 74.6 76.7 78.5 80.6

VMT 1429.4 1499.2 1547.1 1638.2 1738.2 1817.9 1871.6 1917.6 1968.9
MPG 20.6 22.2 22.6 23.6 24.3 24.5 24.5 24.5 24.5
VEHICLES 119.5 118.2 122.1 127.7 133.6 138.2 141.3 143.7 146.0

MILES/VEH. 11965 12688 12675 12831 13013 13151 13242 13341 13488

ADJ VMT 1429.4 1499.2 1548.2 1642.6 1745.0 1825.1 1878.6 1924.3 1975.5

LEVEL3 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 69.3 66.7 66.4 66.6 68.5 71.0 73.0 74.8 76.8
ADJ. FUELUSE 69.3 66.8 66.8 67.4 69.5 72.1 74.1 76.0 78.0

VMT 1429.4 1500.8 1548.4 1635.4 1732.6 1811.6 1865.5 1911.6 1963.0

MPG 20.6 22.5 23.3 24.5 25.3 25.5 25.6 25.6 25.6

VEHICLES 119.5 118.1 121.7 126.8 132.3 136.8 139.9 142.3 144.6

MILES/VEH. 11965 12703 12723 12901 13097 13240 13332 13432 13580
ADJ VMT 1429.4 1502.6 1557.3 1655.4 1759.6 1840.5 1894.5 1940.5 1992.2
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TABLE6. PROJECTEDLIGHTDUTY VEHICLE FUELUSE

(Units in billions, except vehicles in millions)

Light Trucks, Low Oi t Price Case

BASECASE 1990 1995 2000 2005 2010 2015 2020 2025 2030
FUELUSE 29.1 31.8 34,6 36.7 38.7 40.4 41.6 42.6 43.7

VNT 462.7 539.0 581.7 618.3 654.9 684.2 704.2 721.3 740.3

MPG 15.9 17.0 16.8 16.8 16.9 16.9 16.9 16.9 16.9
VEHICLES 47.6 51.9 57.0 60.6 63.7 65.9 67.4 68.5 69.6

MILESIVEH. 9711 10382 10205 10199 10283 10374 10445 10523 10638
CPMELAST. -0.2

LEVEL2 1990 1995 20_0 2005 2010 2015 2020 2025 2030
FUELUSE 29.1 31.8 34.0 35.1 36.5 37.9 39.0 40.0 41.0
ADJ. FUELUSE 29.1 31.8 34.1 35.3 36.7 38.2 39.3 40.2 41.3

VNT 462.7 539.0 582.9 621.4 659.2 689.3 709.9 727.4 746.8
MPG 15.9 17.0 17.1 17.7 18.1 18.2 18.2 18.2 18.2

VEHICLES 47.6 51.9 57.0 60.4 63.3 45.6 67.0 68.2 69.3

MILES/VEH, 9711 10382 10232 10285 10408 ' 10514 10588 10667 10784
ADJ VNT 462.7 539.0 583.7 624.4 663.6 694.0 714.4 731.7 751.0

LEVEL3 1990 1995 2000 2005 2010 2015 2020 2025 2030

FUELUSE 29.1 31.6 33.3 33.6 34.5 35.7 36.8 37.7 38.7

ADJ. FUEL USE 29.1 31.6 33.4 34.1 35.2 36.5 37.5 38.4 39.5
VNT 462.7 539.5 583.5 620.4 656.8 686.8 707.5 725.2 744.8

MPG 15.9 17.1 17.5 18.5 19.1 19.2 19.3 19.3 19.3
VEHICLES 47.6 51.9 56,9 60.0 62.6 64.7 66.2 67,4 68.4

MILES/VEH. 9711 10393 10262 10342 10493 10610 10685 10765 10884
ADJ VNT 462.7 539.7 586.5 629.7 670.7 701.8 722.4 740.0 759.5
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TABLE7. FUELSAVINGS

(Units in Billions of Gallo_/Year)

Reference Came 1990 1995 2000 2005 2010 2015 2020 2025 2030
Moderate

Cars
Level 2 0 0 -0.89 -2.58 -3.64 -4.06 -4.18 -4.86 -4.68

Level 3 0 -0.66 -2.63 -4.88 -6.18 -6.69 -6.88 -7.03 -7.19

Light Trucks
Level 2 0 0 -0.53 -1.53 -2.16 -2.41 -2,49 -2.54 -2.60
Level 3 0 -0.18 -1.23 -2.82 -3.81 -4.20 -4.33 -4.42 -4.52

Favorable

Car_

Level 2 0 0 -0.94 -2.72 -3.84 -4.28 -4.40 -5.12 .4.93
Level 3 0 -0.70 -2.77 -5.14 -6.51 -7.05 -7.25 -7.40 -7.57

Light Trucks
Level 2 0 0 -0.56 -1.61 -2.28 -2,54 -2.62 -2.68 -2.74
Level 3 0 -.019 -1.30 -2.97 -4.qi -4.42 -4.55 -4.65 -4.75

Unfavorable

Cars

Level 2 0 0 -0.79 -2.30 -3.24 -3.62 -3.73 -4.33 -4.17
Level 3 0 -0.59 -2.34 -4.36 -5.52 -5.98 -6.15 -6.28 -6.43

Light Trucks
Level 2 0 0 -0.47 -1.36 -1.93 -2.15 -2.22 -2.27 -2.32
Level 3 0 -0.16 -1.10 -2.52 -3.40 -3.75 -3.87 -3.95 -4.04

Lou Oil Price Case
Cars

Level 2 0 0 -0.91 -2.66 -3,77 -4.22 -4.36 -4.47 -4.59

Level 3 0 -0.67 -2.70 -5.03 -6.40 -6.97 -7.19 -7.36 -7.56

Light Trucks
Level 2 0 0 -0.55 -1.58 -2.24 -2.51 -2.60 -2.66 -2.73

Level 3 0 -0.19 -1.27 -2.91 -3.94 -4.37 -4.52 -4.63 -4.75

High Oil Price Case
Cars

Level 2 0 0 -0.86 -2.48 -3.49 -3.90 -4.03 -4.13 -4.23

L_vel 3 0 -0.64 -2.54 -4.71 -5.93 -6o44 -6.64 -6.81 -6.97

Light Trucks
Level 2 0 0 -0.51 -1.48 -2.08 -2.32 -2.40 -2.46 -2.52

Level 3 0 -0.18 -1.20 -2.72 -3.65 -4.04 -4.17 -4.43 -4.38
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TABLE8. OIL PRICE CHANGE

(Dot tars per barreL)

Reference Case 1990 1995 2000 2005 2010 2015 2020 2025 2030
Moderate

Cars

Level 2 $0 $0 -$0.04 -$0.14 -$0.20 -$0.23 -$0.24 -$0.29 -$0.28

Level 3 $0 -$0.02 -$0.12 -$0.26 -$0.34 -$0.38 -$0.40 -$0.42 -$0,43

Light Trucks
Level 2 $0 $0 -$0.02 -$0.08 -$0,12 -$0.1_ -$0,14 -$0.15 -$0,16
Level 3 $0 -$0.01 -$0.06 -$0.15 -$0.21 -$0.24 -$0.25 -$0.26 -$0.27

Favorable
Cars

Level 2 $0 $0 -$0,05 -$0.17 -$0.25 -$0,29 -$0.31 -$0,36 -$0.35
Level 3 $0 -$0.03 -$0.15 -$0.32 -$0.43 -$0.47 -$0.50 -$0.52 -$0.55

Light Trucks
Level 2 $0 $0 -$0.03 -$0.10 -$0.15 -$0.17 -$0.18 -$0.19 -$0.20

Level 3 $0 -$0.01 -$0.07 -$0.19 -$0.27 -$0.30 -$0.32 -$0.33 -$0.34

Unfavorable
Cars

Level 2 $0 $0 -$0.02 -$0,07 -$0.11 -$0.12 -$0.13 -$0.15 -$0.15

Level 3 $0 -$0.01 -$0.07 -$0.14 -$0.18 -$0.20 -$0.21 -$0.22 -$0.23

Light Trucks
Level 2 $0 $0 -$0.01 -$0.04 -$0.06 -$0.07 -$0.08 -$0.08 -$0.08

Level 3 $0 $0 -$0.03 -$0.08 -$0.11 -$0.13 -$0.13 -$0.14 -$0.15
Loa Oi t Price Case

Cars
Level 2 $0 _0 -$0.03 -$0.09 -$0.13 -$0.14 -$0.15 -$0.16 -$0.16

Level 3 $0 -$0.02 -$0.08 -$0.18 -$0.23 -$0.24 -$0.25 -$0.26 -$0.26

Light Trucks , ,'

Level 2 $0 $0 -$0.02 -$0.05 -$0,08 -$0.09 -$0.09 -$0.09 -$0.09

Level 3 $0 $0 -$0.04 -$0.10 -$0.14 -$0.15 -$0.16 -$0.16 -$0.16

High O_L Price Case
Cars

Level 2 $0 $0 -$0.05 -$0.18 -$0.27 -$0.30 -$0.33 -$0.35 -$0.38
Level 3 $0 -$0.03 -$0.15 -$0.34 -$0.46 -$0.50 -$0.54 -$0.58 -$0.62

Light Trucks
Level 2 $0 $0 -$0.03 -$0.11 -$0.16 -$0.18 -$0.20 -$0.21 -$0.22

Level 3 $0 -$0.01 -$0.07 -$0.19 -$0.28 -$0.31 -$0.34 -$0.38 -$0.39
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TABLE9. TOTALCHANGE044EM|SS|ONS

(lO00's of Tons)

Ileference Case 1990 1995 2000 2005 2010 2015 2020 2025 2030
Moderate

Cars
LeveL 2

Change tn HC 0 0 -10.2 -31.8 -46.8 -52.5 -54.1 -63.8 -61.0

Change in CO 0 0 15.1 46.7 72.3 84.4 87.1 100 96.4
Change in MOx 0 0 1.5 4.1 5.5 6.4 6.6 7.6 7.3

Level 3

Change in HC 0 -4.8 -26.3 -57.0 -79.1 -87.4 -90.1 -92.0 -94.1

Change in CO 0 26,9 76.8 131.1 158.7 170.2 174.7 178.3 182.3

Change tn NOx 0 4.6 8.4 12.4 12.0 12.9 13.2 13.5 13.8

Light Trucks
Level 2

Change in HC 0 0 -2.7 -8.9 -13.6 -15.2 -15.7 -16.1 -16.4

Change in CO 0 0 10.0 25.2 32.4 36.8 37.8 38.5 39.2
Change in NOx 0 0 1.4 3.2 4.0 4.6 4.7 4.8 4.9

Level 3

Change in HC 0 -0.5 -4.7 -14.0 -23.1 -26.3 -27,2 -27.8 -28.5
Change in CO 0 6.4 34.8 66.7 70.9 76.3 78.2 79.6 81.3

Change in NOx 0 0.7 4.8 8.1 8.5 9.2 9.4 9.6 9.8

Favorable

Cars
Level 2

Change in HC 0 0 -11.4 -35.0 -51.4 57.6 -59,5 -70.0 -67.0

Change in CO 0 0 7,4 23.7 39.1 46.9 48.3 54.6 52.9
Change in NOx 0 0 0.7 2.2 3.0 3.5 3.7 4.2 4.0

Level 3

Change in HC 0 -5.8 -29,8 -63.1 -86,9 -95.8 -98.8 -100.9 -103.2

Change in CO 0 20.9 53.4 86.4 100.8 106.7 109.2 111.4 113.8

Change in NOx 0 3.8 6.1 8.8 7.6 8.0 8,2 8.4 8,6

Light Trucks
Level 2

Change in HC 0 0 -3.3 -10.4 -15.6 -17.5 -18.1 -18.5 -18.9

Change in CO 0 0 6.1 15.2 18.5 21.1 21.6 21.9 22.3

Change in NOx 0 0 0.9 1.9 2.2 2.5 2.6 2.6 2.7
Level 3

Change in HC 0 -0.8 -6.0 -16.7 -26.6 -30.2 -31.3 -32.0 -32.8

Change in CO 0 4.6 25.7 47.6 45.6 48.2 49.1 49.9 50.9

Change in NOx 0 0.5 3.6 5.7 5.2 5,6 5.7 5.8 5.9
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TABLE9. TOTALCHANGEONENISSIONS (Cont'd)

(lO00's of Tons)

1990 1995 2000 2005 2010 2015 2020 2025 2030

Unfavorabt •
Cars

Level 2

Change tn HC 0 0 -7.8 -25.3 -]7.6 -42.1 -43,4 -51.4 -49.0
Change tn CO 0 0 30.7 92.9 139.1 159,8 165.0 191.1 184,0

Change tn NOx 0 0 3.0 7.8 10.6 12,2 12,6 14.6 14.0
Level 3

Change |nHC 0 -2.7 -19.3 -44,6 -63.5 -70,3 -72.4 -74.0 -75.6
Change tn CO 0 38.9 123,7 221.0 275.3 298.1 306.7 313.2 320.3

Change in NOx 0 6.2 12.9 19.7 20.9 22.7 23.3 23.8 24.4

Light Trucks
Level 2

Change ,In HC 0 0 -1.6 -6.0 -9.5 -10.6 -11.0 -11,2 -11.5

Change in CO 0 0 17.7 45.4 60.4 68.3 70.4 71.8 73.3
Change in NOx 0 0 2.5 5.8 7.6 8.6 8.9 9,0 9.2

Level 3

Change in HC 0 0 -2.1 -8.5 -15.9 -18.2 -18,9 -19.3 -19.8

Change in CO 0 10.1 52.9 105.1 121.8 133.2 137.0 139.7 142.8

Change in NOx 0 1,2 7.2 13.1 15.0 16,5 16.9 17.3 17.7

Lm4Oil Prlce CI_
Cars

Level 2

Change tn HC 0 0 -10.5 -32.8 -48.4 -54.6 -56.5 -57.9 -59.5

Change in CO 0 0 15.5 48.2 74.9 87.8 90.9 92,8 95.1
Change tn NOx 0 0 1.5 4.2 5.7 6.7 6.9 7.1 7.2

Level 3

Change in HC 0 -4.9 -27.1 -58.8 -82.0 -90.9 -94.0 -96.3 -98.9
Change in CU 0 27.5 78.9 135.2 164.3 177.2 182.4 186.7 191,6

Change tn NOx 0 4.7 8,6 12.8 12.4 13.4 13.8 14.1 14.5

Ltght Trucks
Level 2

Change tn HC 0 0 -2.8 -9.2 -14.0 -15.8 -16.4 -16.8 -17.3
Change in CO 0 0 10.2 26.0 33.6 38.3 39.5 40.3 41,3

Change tn NOx 0 0 1.5 3,3 4.2 4.7 4.9 5.0 5.1
Level 3

Change in HC 0 -0.6 -4.8 -14.4 -23.9 -27.3 -28.4 -29,2 -30.0

Change tn CO 0 6.6 35.7 68,7 73.4 79.5 81,6 83.4 85.5
Change in MOx 0 0.7 4.9 8,4 8.8 9.6 9.8 10.0 10,3
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TABLE9. TOTALCHANGEOHEM|SSXONS(Cont_d)

(lO00_s of Tons)

1990 1995 2000 2005 2010 2015 2020 2025 2030

High OiL Price Case
Cars

Level 2

Change in HC 0 0 -9.9 -30.6 -44.9 -50.5 -52.2 -53.6 -54.9

Change in CO 0 0 14.7 45.1 69.4 81.2 84.0 85.8 87.7

Change in NO_ 0 0 1.4 4.0 5,3 6.2 6.4 6.5 6,7
Level 3
Change tn HC 0 -4.6 -25.5 -54.9 -76,0 -84.0 -86,8 -89.0 -91.2

Change in CO 0 26.1 74.4 126.4 152.3 163.7 168.5 172.6 176.7

Change in NOx 0 4.5 8.1 12.0 11.5 12.4 12.8 13.1 13.4

Light Trucks
Level 2

Change in HC 0 0 -2.7 -8.6 -13.0 -14.6 -15.1 -15.6 -15,9
Change tn CO 0 0 9.7 24.3 31.1 35.4 36.5 37.2 38.1

Change in NOx 0 0 1,4 3,1 3.9 4.4 4.5 4.6 4.7
Level, 3

Change in HC 0 -0.5 -4,6 -13.5 -22.1 -25.3 -26,2 -28.3 -27.6

Change in CO 0 6.2 33.7 64.3 68.1 73.4 75.4 79.3 78.8
Change in HOx 0 0.7 4.7 7.8 8,1 8.8 9,1 9.6 9.5
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TABLE10. FLEETAVERAGEWEIGHTREDUCTION
(Pounds)

Model Year 1990 1995 2000 2005 2010 2015 2020 2025 2030

Referemce Case

Moderate
Cars

Level 2 0 0 0 0 0 0 0 0 0

Level 3 0 -7 -43 -99 -134 -146 -147 -147 -147

Light Trucks
Level 2 O 0 -7 -20 -29 -32 -32 -32 -32

Level3 0 0 -47 -141 -206 -229 -231 -231 -231
Favorable

Cars
Level 2 0 0 0 0 0 0 0 0 0

Level 3 0 -7 -43 -99 -134 -146 -147 -147 -147

Light Trucks
Level 2 0 0 -7 -20 -29 -32 -32 -32 -32
Level 3 0 0 -47 -141 -206 -229 -231 -231 -231

Unfavorable

Cars
Level 2 0 0 0 0 0 O 0 0 0

Level 3 0 -7 -43 -99 -134 -146 -147 -147 -147

Light Trucks
Level 2 0 0 -7 -20 -29 -32 -32 -32 -32
Level 3 0 0 -47 -141 -206 -229 -231 -231 -231

Lou OiL Price Case

Cars

Level 2 0 0 0 0 0 0 0 0 0

Level 3 0 -7 -43 -99 -134 -146 -147 -147 -147

Light Trucks
Level 2 0 0 -6 -20 -29 -32 -32 -32 -32
Level 3 0 0 -47 -141 -206 -229 -231 -231 -231

High oil Price Case
Cars

Level 2 0 0 0 0 0 0 0 0 0
Level 3 0 -7 -43 -99 -134 -146 -147 -147 -147

Light Trucks
Level 2 0 0 -6 -20 -29 -32 -32 -32 -32

Level 3 0 0 -47 -141 -206 -230 -231 -231 -231
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TabLe 11. Total Price Change per Car or Truck

(Units in Dollars per V_Icle)

Reference ,Cue 1990 1995 2000 2005

Moderate
Cars

Level 2 $0 $0 $169 $203
Level 3 $0 $206 $469 S523 '

Light Trucks
Level 2 SO $0 S258 S310

Level 3 $0 $89 $615 $719

Favorable

Cars
Level 2 $0 $0 $169 $203

Level 3 $0 $206 $469 $523

Light Trucks

Level 2 $0 $0 $258 $310
Level 3 $0 $89 $615 $719

Unfavorable

....Cars

Level 2 $0 $0 $169 $203

Level 3 $0 $206 $469 $523

Light Trucks

Level 2 $0 $0 $258 $310
Level 3 $0 $89 $615 $719

Low Oi t Price Case
Cars

Level 2 $0 $0 $169 $203
Level 3 $0 $206 $469 $523

Light Trucks
Level 2 $0 $0 $258 $310

Level 3 $0 $89 $615 $719

Hig_ OiL Price Case
Cars

Level 2 $0 SO $169 $203

Level 3 $0 $206 $469 $523

Light Trucks

Level 2 $0 $0 $258 $310
Level 3 $0 $89 $615 $719

*Note: Price changes after the year 2005 are the same as the price change in 2005.
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Table 12. Change in Carbon Dioxide Emissions
(M|LLim'_s of Tons)

J

Reference rise 1990 1995 2000 2005 2010 2015 2020 2025 2030
Moderate

Cars
Level 2 0.0 0.0 -8.7 -25.4 -35.9 -40.0 -41.2 -47.9 -46.1

Level 3 0,0 -6.5 -25.9 -48.1 -60.9 -65.9 -67.8 -69.3 -70.8

Light Trucks
Level 2 0.0 0.0 -5.2 -15.1 -21.3 -23.8 -24.5 -25.0 -25.6

Level 3 0.0 -1.8 -12,1 -27.8 -37.5 -41.3 -+2.6 -43.5 -44.5
Favorable

Cars
Level 2 0.0 0.0 -9.2 -26.8 -37.8 -42.1 -43.4 -50.4 -48.5

Level 3 0.0 -_.9 -27.3 -50.6 -64.1 -69.4 -71,4 -72,9 -74.6

Light Trucks
Level 2 0.0 0.0 -5.5 15.9 -22.5 -25.0 -25.8 -26.4 -27.0
Level 3 0.0 -1.9 -12.8 -29.3 '-39.5 -43.5 -44.8 -45.8 -46.8

Unfavorable
Cars

Level 2 0.0 0.0 -7.8 -22.6 -32.0 -35.6 -36.7 -42.7 -41.1
Level 3 0.0 -5.8 -23.0 -42.9 -54.4 -58.9 -60.6 -61.9 -63.3

Light Trucks
level 2 0.0 0.0 -4.7 -13.4 -19.0 -21.2 -21.9 -22.3 -22,8
Level 3 0.0 -1.6 -10.8 -24.8 -33,5 -37,0 -38.1 -38.9 -39.8

LouOit Price Case
Cars

Level 2 0.0 0.0 -9.0 -25.2 -37.1 -41.6 -43.0 -44.0 -45.2
Level 3 0.0 -6.6 -26.6 -49.6 -63.1 -08.6 -70.8 -7E.5 -74.5

Light Trucks
Level 2 0.0 0.0 -5.4 -15.5 -22.1 -24.7 -25.6 -26.2 -26.9
Level 3 0.0 -1.9 -12.5 -28.7 -38.8 -43,0 -44.5 -45.6 -46.8

High OiL Price Case
Cars

Level 2 0.0 0.0 -8,5 -24.5 -34.4 -38.4 -39.7 -40.7 -41.7

Level 3 0.0 -6.] -25.1 -46.4 -58.4 -63.4 -65.4 -67,1 -08.7

Light Trucks
Level 2 0.0 0.0 -5.1 -14.5 -20.5 -22.9 -23.6 -24.2 -24.8
Level 3 0.0 -1,8 -11.8 -26.8 -36.0 -39.8 -41.1 -43.7 -43.1
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