Analyzing the Transition to
Alternative Fuel Vehicles.

Paul Leiby and Jonathan Rubin

Oak Ridge National Laboratory
and University of Tennessee

Society of Automotive Engineers
1998 SAE Government/Industry Meeting
April 20-22, 1998
Washington, D.C.

TAFV




TAFV Project Team

Paul Letby (ORNL),

Jonathan Rubin (Univ. of TN),
David Greene (ORNL),

David Bowman (ORNL/UT)

Harry Vidas and K.G. Dulegp (Energy and
Environmental Analysis, Inc.)

Margaret Singh (Argonne National Laboratory), Rich
Bechtold (EA Engineering),

Barry McNutt (DOE Office of Energy Efficiency and
Alternative Fudl),

Fred Abel (DOE)

David Rodgers (DOE Office of Transportation
Technology),

Paul McArdle (U.S. DOE, OTT)

vl



Why Study Transition
to Alt Fud Vehicles?

Dual National Concerns.
Energy Security
Pollution (GHGs & Ciriteria)
Limitations of Long-run
Equilibrium Analysis
Examine Policies for
Technology Transitions

Will we meet EPACT fue
substitution goals?

Effects of Fleet Mandates?
Other policiesto get there?




Principle Objectives of
the Transition Analysis

Explicitly model transitional
fuel and vehicle time paths

Model sunk investmentsin
vehicle and fuel infrastructure

|ntegrate consumer and
oroducer behavior

~eed-back effects from early
nurchases decisions

Assess range of federal AFV
Incentives




Key Transitional
Phenomena

Capital stock turnover
vintaged vehicles
durable production plants

Costs to consumers of limited
retail fuel availability

Production scale economies

Limited vehicle model diversity
Costs to producers
Value to consumers




Conceptual Diagram of
TAFV Model




| mportant I nputs




Cédlulosic Ethanol Supply

Cellulosic Biomassto Ethanol Supply Curves
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Cost Data for Vehicle

Production

Total Vehicle Production Cost vs Scale
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Dollars Per Gallon

Cost of Limited Retall
Availability for Fuels

Cost of Limited Retail Availability
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WideVariation in
Vehicle M odel Sales

Domestic Sales of Light Duty Vehiclesfor
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Effective Cost of
Limited Vehicle-M odel
Diversity
Producer’ s costs based on plant-

level fixed costs, scale effects

Consumer valuation based on
nested multinomial logit

$0/vehicle cost if diversity
matches conventiona vehicles

$770/vehicleif fue tech offered
only on most popular model

$2080/vehicleif fuel technology
offered on one random vehicle

Above jointly determine model
diversity




Vehicle and Fué
Choice

Factors Influencing Fuel and Vehicle Choice

F actorsconsidered in Fuel
Choice

Endogenous

Exogenous

Fuel Price

Fuel Availability
(fraction stations offering fuel)

Refueling Frequency
(based on range)

Refueling Time Cost

Performance Using Fuel
(HP: weight ratio changes)

X
X

FactorsConsidered in Vehicle
Choice

Endogenous

Exogenous

VehiclePrice

Fuel Cost (incl. effective cost of
non-price fuel attributes)

Performance
(changesin HP-to-weight
ratios)

Cargo Space (loss due to space
required for fuel storage)

Vehicle Diversity
( number of models offering AFV
technology)
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TAFV

Equal-Price Shares

M arket ChoiceShares
Given Equal Prices, Fuel Availability and Vehicle

Diversity
Fuel Vehicle
Vehicle Fuels Share Share

Conventiona Conventiona 16.9%

Gasoline
Flex-Fuel Conventiona 19.0%

Gasoline
Flex-Fuel M85 40.20%
Flex-Fuel E85 40.20% 16.8%
CNG Bifuel Conventiona 90.8%

Gasoline
CNG Bifuel CNG 9.2% 7.1%
L PG Bifuel Conventiona 76.0%

Gasoline
L PG Bifuel LPG 24.0% 13.8%
CNG Dedicated CNG 9.7%
L PG Dedicated LPG 15.6%
Alcohol M85 50.0%
Dedicated.
Alcohol E85 50.0% 19.4%
Dedicated
Electric Battery EV 0.0% 0.6%
Total 100.0%
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Cases Examined

No Transitional Barriers

Base
Current EPACT
CAFE credits

EPACT late rule making
Private and gov't fleets

EPACT late rule plus 50% alt
fuel use mandate

Tax creditsfor low GHG fuels

Continued renewabl e tax credit
for ethanol




No Transitional
Barriers

TAFV

Higher LPG Cos
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EPACT ARV

M andates;

Current and Late Rule

Fleet New Vehicle Purchases
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EPACT LateRule

Making
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EPACT Late Rule
Making Plus 50% Alt
Fuel Use Mandate
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EPACT Late Rule
Making Plus 50% Alt
Fuel Use Mandate

TAFV

Fuel Demand Shares

5.0%

4.5% —— VS5
B 4.0% ——E85
g 3.5% —¥%— CNG
2 3.0% ——LrG
8 2.5% —8— Electric
&E’ 2.0% —e— Totd AF
T 1.5%
>
L 1.0%

0.5% I

0.0%

1996 1998 2000 2002 2004 2006 2008 2010
Y ear
Vehicle Production Shares
5.0%
0 = Alc Ded

) 4.5% =& Alc Flex
c 4.0% == CNG Ded
& —¥— CNG Flex
c 3.5% | | ——LPG Ded
5 30% —8— PG Flex
S 250 —— Electric
8 ~ —e— Total AFV
a 2.0%
()
5 1.5%
§ 1.0%

0.5%

0.0%

1996 1998 2000 2002 2004 2006 2008 2010
Y ear
S89POCFU

Higher LPG Costs

L

—
S g

I




Tax Creditsfor Low

GHG Fudls

TAFV
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GHG Emissions and
Creditsor Taxes
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Continued Renewable
Tax Credit for Ethanol

TAFV

Fuel Demand Shares
25%
—— M85
B 20% —>— E85
g —¥— CNG
- 15% —e— PG
8 —8— Electric
§ 10% —6— Total AF
ol
>
L 5%
0%
1996 1998 2000 2002 2004 2006 2008 2010
Y ear
Vehicle Production Shares
45%
= Alc Ded
[} 40% = Alc Flex
8 350 —»— CNG Ded
7)) —%— CNG Flex
g 30% —e— | PG Ded
B oro > | —8— LPG Flex
_g 25% —— Electric
S 20% —e— Total AFV
o
o 15%
O
S 10%
>
5%
0%
1996 1998 2000 2002 2004 2006 2008 2010
Y ear
S89BORTC

Higher LPG Costs

LR

—
S g

I




Base -

Lower LPG Costs

TAFV
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Base - Lower LPG
Costs (Enlarged)
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EPACT LateRule
Making Plus 50% Use
- Lowear LPG Cost
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EPACT LateRule
Making Plus 50% Use
- Lowear LPG Cost
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Tax Creditsfor Low
GHG Fudls
- Lower LPG Cost

TAFV
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Reduction in GHG
Emissions Dueto Light Duty
AFVs- Lower LPG Costs
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New Vehicle Share
Results

Base

Long-Run, No Barriers

Late Private Rule
Price Shock
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Fuel Share Results

Base
Long-Run, No Barriers
Late Private Rule
Price Shock
Equal Taxes
No Federa Alternative Fuel Tax
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Results and Insights

Transitional impediments matter

Limited retall fuel availability and
vehicle production scale-economies
Important

May be hard for the vehicle/fuel
market to get started

Non-fleet AFV purchases respond to
fleet policies

Feet policies mandating fuel use can
jump start fuel retailing and fuel
demand




Resultsand Insights||

Consumers prefer diversity, but
“Feedbacks’ encourage
specialization

In market, lower costs of
specialization balance against
consumer utility from fuel and
vehicle diversity

Can evaluate relative importance of
policy levers

Observe interactive policy effects




Additional | nformation
Sour ces

See TAFV Website:
http://pzl1.ed.ornl.gov/atfuel s.ntm

“The Alternative Fuel Transition:
Draft Final Results from the TAFV
Model of Alternative Fuel Usein
Light-Duty Vehicles 1996-2010,”
February 27, 1998, Paul Leiby and
Jonathan Rubin.

“ The Transitional Alternative Fuels
and VehiclesMode,” 1997,
(Transportation Research Record
1587) Paul Leiby and Jonathan
Rubin.




