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Section 1
Introduction

The VISION model has been developed by the U.S. Department of Energy (DOE) to provide
estimates of the potential energy use, oil use, and carbon emission impacts to 2050 of advanced
light- and heavy-duty highway vehicle technologies and alternative fuels. DOE supports research
into advanced transportation technologies (including fuels) and is frequently asked to provide
estimates of the potential impacts of successful market penetration of these technologies,
sometimes on a relatively quick-turnaround basis.

VISION is a spreadsheet model in Microsoft Excel that can be used to respond rapidly to
quick-turnaround requests, as well as for longer-term analyses. It uses vehicle survival and age-
dependent usage characteristics to project total light- and heavy-vehicle stock, total vehicle miles
of travel (VMT), and total energy use by technology and fuel type by year, given market
penetration and vehicle energy efficiency assumptions developed exogenously. Total carbon
emissions for on-highway vehicles by year are also estimated because life-cycle carbon
coefficients for various fuels are included in VISION.

VISION is not a substitute for the transportation component of the Energy Information
Administration’s (EIA’s) National Energy Modeling System (NEMS). NEMS incorporates a
consumer choice model to project market penetration of advanced vehicles and alternative fuels.
The projections are made within the context of the entire U.S. economy. However, the NEMS
model is difficult to use on a quick-turnaround basis and only makes projections to 2025. VISION
complements NEMS with its relative “user-friendliness” and by extending the time frame of
potential analysis.

VISION has been used for a wide variety of purposes. For illustration, we have listed some
of its most recent and current uses in Table 1.1. Figures 1.1-1.3 illustrate the results of some of
those runs. These graphs are not actual model output, but they are based on model results.

The main body of this report describes VISION’s methodology and data sources. The
methodology and data sources used in the light- and heavy-vehicle portions of the model are
discussed separately. Some suggestions for future improvements to the model are made.
Appendix A provides instructions on how to run the VISION model. Appendix B describes the
procedure for updating the model with the latest EIA Annual Energy Outlook (AEO).
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Table 1.1 Recent and Current Uses of VISION

and Intergovernmental Program

DOE EERE/Board of Directors

DOE Office of Policy and
International Affairs

Department of Transportation/
National Highway Transportation
Safety Administration (DOT/NHTSA)

Congressional Budget Office

Private Industry

duty vehicle (LDV) fuel economy could be combined to reach
a particular oil savings goal in 2020

Impact of various forms of rebates and feebates on oil use
and associated government expenditures through 2020
(another model was first used to estimate the ultimate new-
vehicle miles-per-gallon [MPG] achieved and government
expenditures for specific programs)

Demand estimates for DOE’s study of Premium Diesel Fuel
Availability Issues

Answer question on how to reduce LDV fuel use by 5% in
2010 (proposed Congressional legislative amendment)

Estimate the LDV MPG that would be required to save
1 million barrels per day (mbpd) by 2015

Estimate the LDV MPG that would be required to save
1 mbpd by 2015 (different assumptions than for DOT/NHTSA)

Estimate impact of various LDV greenhouse gas emission
reduction strategies (higher vehicle fuel economy standards
and gasoline tax)

Sample
Requestor Use Figures
DOE Office of Energy Efficiency and Impact of proposed FreedomCAR and Fuel Initiative 1.1
Renewable Energy (DOE EERE)/ (potential impact of fuel cell vehicles [FCVs] used in Fuel Cell
Office of Hydrogen, Fuel Cells & Report to Congress and draft Multi-Year Research,
Infrastructure Technologies Program Development and Demonstration Plan)
FCV market penetration scenario for draft Posture Plan
DOE EERE/Office of FreedomCAR  QOil reduction target for hybrid electric vehicles (HEVs) in draft 1.2
and Vehicle Technologies Program  research plan
Staff paper on potential contribution of gasoline HEVs to oil
reduction
Respond to Congressional questions on light-duty diesels
DOE EERE/Office of Weatherization Evaluation of how increased alternative fuel use and light- 1.3
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Section 2
Methodology and Input Data:
Light Vehicles

VISION contains a Base Case projection of U.S. highway transportation energy use to 2050.
As much as possible, it relies on EIA AEO projections, but there are some key differences —
thus, the Base Case does not match the EIA forecast. This section of the report explains the
derivation of the Base Case projection for light vehicles and how it can be modified in the model
to evaluate alternative assumptions about the market penetration of advanced technologies,
alternative fuels, and fuel economy

There are now two versions of the model: VISION 1.1.2, which uses AEO 2002 projections
to 2020, and VISION 2.0, which is an update of VISION 1.1.2 and uses AEO 2003 projections to
2025 (1,2). The VISION model became available for public use in the spring of 2002 as
VISION 1.0. There have been several minor modifications to it since that time. The methodology
for VISION 1.1.2 is explained first since it has been used extensively. Key changes made to the
methodology for VISION 2.0 are then described briefly.

2.1 Light-Vehicle Base Case: VISION 1.1.2

Light-vehicle (car and light truck) energy and oil use and carbon emissions are determined
by the total number of vehicles in operation, the total number of miles they travel, their energy
efficiency, and the fuels they use. The derivation of these estimates is explained below.

2.1.1 Vehicle Sales

Historical sales of cars and light trucks to 2000 are derived from the Transportation Energy
Data Book and Ward’s Motor Vehicle Facts and Figures (3,4). Total light-vehicle! (LV) sales to
2020 are taken from the AEO 2002. EIA presents separate sales estimates of cars and light trucks,
which it calls light-duty vehicles, and of commercial light trucks, which are classified as Class 2b
light trucks (8,500—10,000 Ib GVW [gross vehicle weight]). In VISION, the Class 2b light trucks
are added to the estimate of cars and other light trucks to develop a total LV sales estimate.

Total LV sales post-2020 assume that the per-capita LV sales rate of 2020 calculated in
VISION applies to all years in the future. Population estimates to 2050 are taken directly from the
U.S. Census Bureau (5).

VISION does not use EIA’s estimates of the car-light truck sales split of the total LV
market. Instead, VISION’s Base Case assumes that beginning in 2001, the car-light truck split
will be 50-50. This split extends to 2050. The model also contains EIA’s estimates of the car-light
truck sales split in the event the user wishes to use those estimates. In the AEO 2002, EIA

I Also referred to as light-duty vehicle, or LDV.



A

estimates that the light-truck share of LV sales will rise from 48% in 2001 to 51.9% in 2020. This
share is extrapolated to 52% in 2030 and held constant after that.

EIA projects limited market penetration of diesel vehicles, as well as alternative fuel and
advanced technology vehicles (electric vehicles [EVs], compressed natural gas [CNG], E-85
[85% ethanol], hybrids, and fuel cell vehicles). However, the VISION Base Case assumes no
such penetration, because many analysts want to evaluate the effects of new technology
penetration relative to the dominant current technology. Thus, all light vehicles are assumed to be
conventional internal combustion engine vehicles (CVs) running on gasoline.

2.1.2 Vehicle Stock

Historical car and light-truck stock before 1990 are taken from the Transportation Energy
Data Book. Annual car and light-truck stock from 1990 to 2050 are estimated by using a vehicle
stock model. The form of that model is described elsewhere in the IMPACTTS5A report (6).
Essentially, historical vehicle survival rates are applied to develop a preliminary estimate of
vehicle stock in any year (14). (Survival rates for cars and light trucks differ slightly.) Correction
factors are applied to the stock and are thus estimated to match historical registration data (7) and
AEO 2002 projections of total vehicle stock to 2020. For years post-2020, the preliminary
estimate is then adjusted to ensure consistency with the vehicle/VMT estimates calculated
elsewhere and discussed below.

Although there are some diesel vehicles and alternative fuel and advanced technology
vehicles in operation today, the Base Case does not account for them or their survival in the
future. Implicitly, these vehicles are included in the gasoline car and light-truck stock estimates of
the Base Case.

2.1.3 Total Annual VMT and Annual VMT/Vehicle

VISION uses EIA’s estimates of VMT growth rates for cars and light trucks to 2020, but it
applies them to the Federal Highway Administration’s (FHWA’s) estimate of total VMT in 2000
rather than EIA’s (7). This value provides the total VMT estimates used in VISION to 2020. It
also provides annual VMT/vehicle estimates through 2020 (e.g., 14,515 mi/yr for cars and
13,230 mi/yr for light trucks in 2020).

Post-2020, VISION assumes a gradual decline in total VMT growth: from 1.3%/yr for cars
in 2020 to 0.8% by 2050 and from 1.9% for light trucks in 2020 to 0.8% by 2050. The specific
annual growth rates are model inputs. At the same time, VISION assumes a gradual increase in
annual VMT/vehicle by cars and light trucks to 15,000 mi/yr by 2050 for each vehicle type. The
total VMT for any projection year represents the product of vehicle stock and annual
VMT/vehicle. Correction factors are applied to the first-cut total stock estimates described above
to ensure a gradual increase to the desired total VMT end point.

2.1.4 Fuels

As indicated above, all the vehicles in the Base Case are gasoline-fueled. The gasoline is
assumed to contain no ethanol blends.
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2.1.5 Fuel Economy

The fuel economy of new gasoline-fueled vehicles is held constant from 2000 to 2050. The
certification test fuel economy values are 28.5 MPG for cars and 21.2 MPG for light trucks.
(These values represent the car and light-truck Corporate Average Fuel Economy [CAFE]
achieved by model year 2000 cars and light trucks.) The assumption of constant fuel economy
differs from EIA’s projections of slight improvements in the fuel economy of gasoline-fueled
CVs. VISION uses a fixed MPG Base Case because many analyses want to evaluate the effects of
new technology penetration relative to existing technology. However, use of the fixed MPG Base
Case does mean that analysts assuming some percentage improvement in fuel economy over time
will estimate larger impacts than if the EIA Reference Case was used as the base case.

On-road vehicle fuel economy is lower. It is estimated to be 80% of the certification test fuel
economy values (e.g., see reference 15). It is assumed that this percentage will not change over
time.

VISION calculates average fleet fuel economy for each year. It uses historical values for
VMT use by vehicle age, vehicle stock by age by calendar year, and on-road vehicle fuel
economy by calendar year to generate these estimates. The initial estimate that VISION generates
for 2000 is matched to the FHWA estimate for that year by applying a correction factor. That
correction factor is applied throughout the 2001-2050 period.

2.1.6 Total Fuel Use

Total fuel use for any year is computed as total VMT divided by fleet fuel economy. Again,
the initial estimate that VISION generates for 2000 is matched to the FHWA estimate for that
year by applying a correction factor. That correction factor is applied throughout the 2001-2050
period. Total fuel use in gallons is converted to Quads, assuming the higher heating value of
gasoline (125,000 Btu/gal).

2.1.7 Total Carbon-Equivalent Emissions

Total carbon-equivalent emissions are estimated by using a carbon coefficient per unit of
fuel consumed. The carbon coefficient represents full fuel-cycle emissions associated with fuel
use (i.e., it includes carbon emissions from petroleum production through emissions at the
refinery to delivery to and use of the fuels in the vehicles). Thus, the carbon-equivalent emissions
estimates cover more phases of the fuel cycle than are captured in the vehicle energy use
estimates developed with VISION. The source of these carbon coefficients is the GREET
model (8). The coefficients account for the global warming potential of carbon dioxide, methane,
and nitrous oxide.

In the VISION Base Case, only gasoline is used. Its carbon coefficient is invariant across
years: 22.54 MMTCe/quad. The baseline gasoline contains no blends.
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2.1.8 Total Fuel Expenditures

VISION includes fuel price per gallon estimates for gasoline (including taxes). AEO 2002 is
the source of the estimates to 2020. Post-2020, it is assumed that the real price of gasoline will
rise to $2.10/gal by 2050. Given these price assumptions and total fuel use estimates, VISION
calculates annual total fuel expenditures.

2.2 Light-Vehicle Alternative Scenarios: VISION 1.1.2

Figure 2.1 presents the variables in VISION that can easily be modified to create alternative
scenarios of light-vehicle energy use. The figure is a copy of the light-vehicle portion of the
VISION Model Input sheet. Market penetration of electric, ethanol, diesel, natural gas, hybrid
electric, fuel cell, and higher-fuel-economy conventional vehicles (both cars and light trucks) can
be simulated.

The fuel economy of all these vehicle types can be varied. The light-truck share of new LV
sales can be changed. The hybrid and fuel cell vehicles may use any one of several fuels. The
share of ethanol in gasoline, the share of Fischer-Tropsch (F-T) diesel used in diesel fuel
production, and the share of renewables used to produce hydrogen can be varied. The LV VMT
may be changed at predetermined growth rates or be elastic to fuel cost per mile. The following
discussion describes how a user of the VISION model can change these variables and others to
create alternative scenarios of fuel use and vehicle technologies.

Besides changing the variables shown in Figure 2.1, other inputs are sometimes hard-wired
into VISION runs. For example, VISION uses linear interpolation for market penetration
estimates (see Section 2.2.2). Alternative assumptions (i.e., S-curves) may be hard-wired into the
model for specific runs. We do not discuss such modifications in this section.

2.2.1 Higher-Fuel-Economy Conventional Vehicles (gasoline-fueled)

Changing the CV fuel economy in future years is the simplest alternative case. Given a start
date and the ratio of the fuel economy of the higher-fuel-economy CVs to the fuel economy of the
Base Case CVs, the model generates an average fleet fuel economy and thus total fuel use as an
alternative to those in the Base Case.

2.2.2 Market Penetration of Alternative Fuel and Advanced Technology
Vehicles (including diesels)

Given a start date and percentage of new alternative fuel and advanced technology vehicles
sold in 2010, 2020, 2030, 2040, and 2050, the model generates estimates of the percentage of
sales of these vehicles in all years by using linear interpolation for the intervening years. The
model then generates estimates of alternative fuel and advanced technology total vehicle sales,
stock, and VMT by using the same methods as those described for the Base Case. These estimates
are then subtracted from the total vehicle sales, stock, and VMT estimates of the Base Case to
estimate the modified conventional vehicle sales, stock, and VMT for the scenario.



fRNPUT ASSUMPTIONS

LIGHT YEHICLE ASSUMPTIONS

Auto {Car} Market Penetration

Enter each fechnodlogy’s share of new velicles markef

MUST specify "1,

A

SCENARIO NAME: [File to be copied

st Year "and " st ¥r Shr " for the fachnology forwhich eithar market shar ar fuel economy change s desirad.

Technology 2000 2010 2020 2030 2040 2050 1st Year [1st Yr Shr
EV 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
E-35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
Diesel 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
CNG 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
HEY 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
Fuel Cell 0.0% 0.0% 0.0% 0.0% 0. 0% 0.0% 0 0.0%
Conventional 100.0%  100.0%  100.0%  100.0%  100.0%  100.0% 0 0.0%
TOTAL 100.0% 100.0% 100.0% 100.0%  100.0% 100.0%
New Auto Fuel Economy Ratio to Base ICE {using gasoline equivalent gallons
Enfar a rafio fo Base IGE mpg (listad In the fop row).
If & fuel economy change is desired, specify the first year fuel economy {i.e. mpg) in column .
For Refarance Gase Fuel Efficiency, enfer "1 "under "Use Ref. Case MPG"
Enfar "0 " under "Use Ref. Case MPG" {0 change Fudl Efficiency Ralio

2000 2010 2020 2030 2040 2050 Use Ref MPGin
[Ease TCE 2860 28.50 28.50 28.60 76.60 26.60 |Case MPG| 1stYear
EV {1} 1.00 1.58 1.56 1.56 1.56 1.56 1 0.00
E-35 1.00 1.05 111 111 111 111 1 0.00
Diesel 1.38 1.39 1.44 144 1.44 1.44 1 0.00
CNG 1.03 1.07 1.1 1.1 1.11 1.11 1 0.00
HEY 1.36 1.33 1.32 1.32 1.32 1.32 1 0.00
Fuel Cell 1.80 1.75 1.70 1.70 1.70 1.70 1 0.00
Conventional 1.00 1.60 1.00 1.00 1.00 1.00 1 0.00

1) include transmission and distribution losses in the mpg ratio

Light Truck Market Penetration

Enfar each fachnology’s share of new vehicles mankef

specily "1st Year "and " ist ¥r Shr "for ihe fachnology for which either market share or fusl economy change is desirad.

Technology 2000 2010 2020 2030 2040 2050 1st Year [1st YrShr
EV 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
E-35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
Diesel 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
CNG 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
HEV 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
Fuel Cell 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
Conventional A00.0%  400.0%  400.0%  1000%  100.0%  400.0% 0 0.0%
TOTAL 100.0% 100.0% 100.0% 100.0%  100.0% 100.0%

Light Truck Share of Total LDY Market

To change light fruck share offolal LOV, spedfy "Yas "in column A and new shares in B through G.

If a2 light fruck sha

2 of LDV market change js o

2sired, MUST speciy st Year " and "1st ¥r Shr.”

Change Lt Light Truck % hare of Total LDV Market
Truck Share? 2000 2010 2020 2030 2040 2060 | 1st Year [1st YrShr

ies 49.0% a0 0% A0.0% A0.0% a0 0% 50.0%] 2001 | a0.0%
Enfar a rafio fo Base ICE mpg (listad In the fop row).
If & fuel economy change s desired, specify the first year fuel economy (i.e. mpg) in column .
Far Referance Gase Fuel Efficiency, enfer "1 "under "Use Ref. Case MPG"
Enfer "0 " under "Use Ref. Case MPG" {o change Fuel Efficiency Ralio

2000 2010 2020 2030 2040 2050 Use Ref | MPGin

Base ICE 2120 21.20 21.20 21.20 21.20 21.20 |Case MPG| 1st Year
EV {1} 1.02 1.64 1.6% 1.6% 1.6% 1.6% 1 0.00
E-55 1.09 1.14 1.20 1.20 1.20 1.20 1 0.00
Diesel 1.22 1.36 142 142 142 1.42 1 0.00
CNG 1.4 1.09 1.14 1.14 1.14 1.14 1 0.00
HEY 1.44 1.39 1.37 127 137 1.37 1 0.00
Fuel Cell 2.07 1.92 177 177 177 177 1 0.00
Conventional 1.00 1.00 1.00 1.00 1.00 1.00 1 0.00

1) include transmission and distribution losses in the mpy ratio

Figure 2.1 Light-Vehicle VISION Model Inputs
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Default values for the certification test fuel economy of alternative fuel and advanced
technology vehicles are provided in VISION. These values are derived from AEO 2002 reference
case estimates. Alternative values may be input to the model. Whichever values are used,
on-road, average fleet fuel economy of and total fuel use by alternative fuel and advanced
technology vehicles are determined in the same manner as that described for conventional
vehicles in Sections 2.1.4-2.1.6. The only difference is that on-road fuel economy is estimated to
be 85% of the certification test fuel economy for HEVs and FCVs and 100% for EVs versus 80%
for ICE vehicles.

Total fuel use by type of fuel is calculated in VISION. As indicated previously, the hybrid
and fuel cell vehicles may use any one of several fuels: gasoline, diesel fuel, natural gas, ethanol,
methanol, and hydrogen. Gasoline used by these vehicles and ICEs may include ethanol blends.
Diesel fuel used by diesels and HEVs may include diesel fuel produced by the F-T process from
natural gas. The E-85 used by E-85 vehicles includes gasoline. The process for assigning total
fuel use by fuel type is straightforward. Ultimately, total fuel use is disaggregated into oil
(gasoline and non-F-T diesel), CNG, F-T diesel, ethanol, methanol, hydrogen, and electricity.

Total carbon emissions of the alternative fuel and advanced technology vehicles are
estimated in VISION. The carbon coefficients for all alternative fuels and blends are full fuel
cycle and are derived from the GREET model. The coefficients of various fuels may vary over
time, depending on input assumptions regarding the percentage of ethanol blends in gasoline,
Fischer-Tropsch diesel used to produce diesel fuel, renewables use to produce hydrogen, and
resource fuels used in electricity production. Four future utility mixes are provided. Also, the
carbon emissions generated by hybrids and fuel cell vehicles vary, depending on which of the
approximately six fuels are assumed to be used. Finally, ethanol is assumed to be 100%
cellulosic.

2.2.3 Alternative Car-Light Truck Split

The Base Case assumes a 50-50 split of new LV sales beginning in 2001. Alternative cases
can be run that alter that ratio. However, if the user wants to maintain the annual VMT per
vehicle estimates used in the Base Case, the default total VMT growth rates (described in
Section 2.1.3) need to modified.

(In Figure 2.1, “Yes” is input under the cell titled “Change Lt Truck Share?” to indicate that
the default 50-50 split is a change from the EIA share estimates contained in the model. If the
EIA shares are to be used, “No” would be input.)

2.2.4 Alternative Fuel Prices

VISION includes default fuel price/gallon estimates for all alternative fuels. AEO 2002 is
the source of the estimates to 2020. Post-2020, it is assumed that the real price of all fuels will
rise, except for hydrogen and electricity. (Ethanol’s price falls until 2030, but then it rises to near-
2000 levels by 2050.) The use can modify these prices (as well as that of gasoline). Whichever
prices are assumed, VISION uses the prices combined with total fuel use estimates by type of fuel
to calculate annual total fuel expenditures.
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2.2.5 Alternative VMT Estimates and VMT Elasticity Effect

VISION allows a user to select an alternative method of projecting future VMT growth, as
compared with that used in the Base Case. Two methods are available: (1) an exponential
function and (2) alternative multiplicative annual growth factors. As a third method, it is possible
to select the exponential function (method 1) up to a selected year and then switch to annual
VMT growth factors (method 2).

The first method computes total VMT by using an exponential function and applies a user-
specified elasticity to fuel cost per mile relative to the Base Case. The exponential function is
calibrated such that it produces the desired annual VMT/vehicle when divided by vehicle stock.
In method 2, the user may replace the default growth rates of the Base Case (which are described
in Section 2.1.3).

The main advantage of using the exponential function method to estimate VMT growth is
that it allows the user to incorporate the effect on a scenario’s total VMT and total fuel use of
VMT elasticity to the cost of driving (i.e., driving more when fuel costs/mile decrease because of
improved vehicle fuel economy and vice versa). Fuel cost per mile is automatically derived from
fuel prices, given the fuel economy assumptions of the scenario. The historical value of such
VMT elasticity is approximately -0.2 (i.e., a 2% increase in VMT results from a 10% reduction in
fuel cost/mile). VISION uses -0.2 as a default value, but other values may be used.

Using these alternative estimates of VMT for a scenario requires that a new Base Case be
developed that incorporates the alternative VMT growth rates. This new Base Case is, in effect, a
scenario. The user compares the higher-MPG scenario (which can include higher-MPG
alternative fuel vehicles, as well as gasoline-fueled vehicles) with this new Base Case scenario.

Finally, a user may also change the rate of growth parameter of the exponential function
within method 1, as well as the discount rate and year-to-zero growth parameters. VISION
includes default values for these variables. The new Base Case must have the same values for
these parameters as any alternative case with which it is compared.

2.2.6 Incremental Vehicle Costs

VISION allows the user to input the expected ratio of the cost of new alternative fuel and
advanced technology vehicles relative to the cost of new conventional vehicles. The car and light-
truck base price are both assumed to be $20,000/vehicle, but it can be modified. The model then
calculates to the total incremental new vehicle costs of a scenario.

2.3 Light Vehicles in VISION 2.0

The main difference in the light-vehicle data and assumptions underlying VISION 1.1.2 and
VISION 2.0 is that VISION 2.0 incorporates updates of data and estimates provided by various
references used in VISION 1.1.2. Historical data in general have been updated to 2001. Such data
are provided in EIA’s Annual Energy Review, in FHWA and Census reports, and in the
Transportation Energy Data Book (TEDB) (3,5,7,9).
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VISION 2.0 also uses the latest EIA AEO 2003 estimates of total vehicle sales, energy
prices, and GDP (2). Some estimates remain to be updated (e.g., EIA AEO’s utility fuel mix
estimates).

In VISION 2.0, EIA annual VMT per vehicle estimates are not adhered to as closely as they
are in VISION 1.1.2. EIA AEO 2003 projects a substantial difference in the annual VMT of cars
and light trucks by 2025: a difference of nearly 1,000 mi/yr. VISION 2.0 instead assumes that the
annual VMT per car and light truck will be the same from about 2012 onward. EIA projects that
in 2012, cars will overtake light trucks in annual miles per vehicle. In VISION 2.0, cars and light
trucks are predicted to be traveling 15,000 mi/yr by 2050, as in VISION 1.1.2.
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Section 3
Methodology and Input Data:
Heavy Vehicles

As stated in Section 2, VISION contains a Base Case projection of U.S. highway
transportation energy use to 2050. As much as possible, it relies on EIA AEO projections, but
there are some key differences. This section of the report explains the derivation of the Base Case
projection for heavy vehicles and how it can be modified in the model to evaluate alternative
assumptions about the market penetration of advanced technologies, alternative fuels, and higher-
fuel-economy vehicles. Key differences between the methodology used in VISION 1.1.2 and
VISION 2.0 are briefly described.

3.1 Heavy-Vehicle Base Case: VISION 1.1.2

Heavy vehicles in VISION include trucks in Class 3—8. Trucks in Class 3—6 are referred to
as medium or medium-duty trucks. Trucks in Class 7-8 are referred to as heavy or heavy-duty
trucks. As stated in Section 2, Class 2B trucks are included with light vehicles in VISION.
Heavy-vehicle energy and oil use and carbon emissions are determined by the total number of
trucks in operation, the total number of miles they travel, their energy efficiency, and the fuels
they use. The derivation of these estimates is explained below.

3.1.1 Vehicle Sales, Stock, and Total VMT to 2020

Vehicle sales, stock, and VMT are disaggregated into medium trucks and heavy trucks.
Historical data were obtained from the Transportation Energy Data Book, Ward’s Motor Vehicle
Facts & Figures, and FHWA’s Highway Statistics (3,4,7). Because separate stock and travel
(VMT) estimates for heavy trucks and medium trucks were not available for 1990-2000,
estimation factors were developed on the basis of an analysis of the 1987 and 1992 Truck
Inventory and Use Surveys, 1997 Vehicle Inventory and Use Survey, and AEO 2002 projections
(10—-12). The single unit truck stock was estimated as 27% heavy truck and 73% medium truck,
while single unit truck travel was distributed as 30% heavy truck and 70% medium truck. Sales,
stock, and VMT projections to 2020 were derived from AEO 2002 (1).

3.1.2 Vehicle Sales, Stock, and Total VMT Post-2020

The post-2020 estimates of heavy-vehicle sales, stock, and VMT were taken from the Base
Case of a joint DOE/Natural Resources Canada study of North American transportation energy
futures (hereafter referred to as the Phase 2 2050 Study) (13). In the Phase 2 2050 Base Case,
trends projected by EIA to 2020 for heavy-vehicle use were generally assumed to continue post-
2020. Heavy-vehicle sales, stock, and VMT were tied to GDP growth.

Table 3.1 presents the medium- and heavy-truck sales, stock, and VMT estimates developed
for the Phase 2 2050 Study Base Case and used in the VISION Base Case. The projected Gross
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Table 3.1 Heavy-Duty Vehicle Sales, Stock, and VMT Estimates in VISION 1.1.2

Reference Case (Year)

Parameter 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
GDP (10° 1996 Chained $) 9,319 10,418 12312 14,399 16,525 18,829 21,391 24205 27,296 30,644 34,302
Average Annual GDP Growth (%) 432 226 340 318 279 264 258 250 243 234 228
HDT Class 7 and 8 Sales (10%) 3342 3282 4118 4525 4917 5228 5544 5862 6179 6491 6802
Sales (10%)/GDP ($10) 359 315 334 314 298 278 259 242 226 212 19.8
HDT Class 7 and 8 Stock (103) 3697 4,923 5684 6,612 7,489 8234 9032 9874 10,766 11,695 12,673
Stock (103)/GDP ($109) 397 473 462 459 453 437 422 408 394 382 369
HDT Class 7 and 8 VMT/Truck (10°) 40.580 39.937 39.822 38.895 39.118 39.321 39.504 39.659 39.790 39.889 39.966
HDT Class 7 and 8 VMT (109) 150.0 1966 2263 2572 2929 3238 3568 3916 4284 4665 5065
VMT (108)/GDP ($10°) 161 189 184 179 177 172 167 162 157 152 148
HDT Class 7 and 8 Avg Annual VMT Growth (%) 2.4 56 2.9 26 26 2.0 2.0 1.9 1.8 1.7 1.7
Total MDT Class 3-6 Sales (10°) 2443 2135 2704 3000 3291 3526 376.8 4015 4265 4514 4767
Sales (10%)/GDP ($109) 262 205 220 208 199 187 176 166 156 147 139
Total MDT Class 3-6 Stock (10°) 4326 4199 4532 5010 5519 5934 6364 6803 7,252 7,703 8,162
Stock (10%)/GDP ($10) 464 403 368 348 334 315 297 281 266 251 238
Total MDT Class 3-6 VMT/Truck (103) 13225 12.842 13.443 14224 14816 15232 15652 16.070 16489 16.906 17.323
Total MDT Class 3-6 VMT (10°) 572  53.9 60.9 713 818 904 996 1093 1196 1302 1414
VMT (108)/GDP ($10°) 6.1 5.2 4.9 49 49 4.8 4.7 45 4.4 4.2 4.1

Total MDT Class 3—-6 Avg Annual VMT Growth (%) 4.8 -1.2 25 3.2 2.8 2.0 2.0 1.9 1.8 1.7 1.7
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Domestic Product (GDP) estimates used in VISION differ somewhat from those of the Phase 2
2050 study, but VISION uses the study’s annual estimates of heavy-vehicle sales, stock, and
VMT estimates directly.

VISION contains a heavy-vehicle stock model in which historical and projected sales are
combined with historical vehicle survival rates to make an initial calculation of heavy-vehicle
stock by year. (This calculation is made separately for medium and heavy trucks.) Subsequently,
the vehicle stock by age of vehicle in any year is combined with historical rates of annual travel
by age of vehicle to develop initial total VMT estimates for that year. These initial estimates were
then corrected to match the Phase 2 2050 Study stock and VMT estimates.

Of the three variables (sales, stock, and VMT), the final VMT estimates directly impact
energy use and thus are the most important in VISION. In the Phase 2 2050 Study, regression
models that provide an estimate of truck travel per billion dollars of GDP were developed. These
models were forced to have no constant parameters. The analysis estimated 17.7 million heavy-
truck VMT per billion dollars GDP (in 1996 chained dollars) and 4.9 million medium-truck VMT
per billion dollars GDP in 2020. Figure 3.1 shows historical and AEO 2002 projections along
with the regression model results. These models were used for the 2021-2050 total VMT
projections. The VMT per billion dollars GDP rate was gradually lowered in later years. The
resulting VMT estimates were used in the Phase 2 2050 Study and subsequently in VISION.

3.1.3 Fuels

Both gasoline and diesel fuel are used by heavy vehicles. In VISION, sales and stock of
conventional heavy vehicles are not disaggregated into gasoline and diesel vehicles. However,
VMT and energy use by conventional heavy vehicles are disaggregated into travel and energy use
by gasoline and diesel heavy vehicles (see Section 3.1.5). EIA projects limited market penetration
of alternative fuel (natural gas, LPG) heavy vehicles. However, the Base Case assumes no such
penetration.

300,000
250,000 -
g 200’000 ] Heavy Trucks:
] History and AEO
— 2002 Projections
S 150,000 -
-
= - Medium Trucks:
> 100,000 T 2 Medium Trucks:
= History and AEO .
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1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
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Figure 3.1 Heavy- and Medium-Truck VMT Projections
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3.1.4 Fuel Economy

The fuel economy of new medium trucks is held constant from 2000 to 2050 at 8.16 MPG.
This fuel economy represents the combined fuel economy of medium gasoline and diesel trucks.
Similarly, the fuel economy of new heavy trucks is held constant from 2000 to 2050 at 5.54 MPG
and represents the combined fuel economy of heavy gasoline and diesel trucks (over 99% of
heavy-truck VMT are by diesel trucks). These values are similar to, but not the same as, EIA’s
AEO 2002 estimates. As with light vehicles, VISION uses a fixed MPG Base Case because the
objective of many analyses is to evaluate the effects of new technology penetration relative to
existing technology.

VISION calculates average fleet fuel economy for each year. It uses historical values for
VMT use by vehicle age, vehicle stock by age by calendar year, and on-road vehicle fuel
economy by calendar year to generate these estimates. Compared with light-duty vehicles,
medium and heavy trucks do not have any fuel economy test procedures. It is customary to report
on-road fuel economy for new trucks. Consequently, there are no on-road degradation factors to
be applied in the model, and on-road fuel economy of new heavy vehicles is used as input.

3.1.5 Total Fuel Use by Fuel Type

Total fuel use by gasoline and diesel medium trucks for any year is estimated by
(1) disaggregating total VMT into VMT in diesel trucks and gasoline trucks and (2) multiplying
these separate VMT totals by the energy efficiency (Btu/mi) of the gasoline and diesel trucks.
Because the energy content of a gallon of diesel fuel and gasoline differs, the energy efficiency of
the gasoline and diesel medium trucks varies, even when a combined fuel economy is input. The
diesel share of medium-truck VMT through 2020 is derived from EIA’s AEO 2002 estimates.
Diesel VMT grows from approximately 67% to 84% of total medium-truck VMT in that period.
(EIA’s estimates of VMT by alternative fuel trucks are ignored.) The post-2020 estimates assume
a continuing dieselization, reaching 95% by 2050.

Total fuel use by gasoline and diesel heavy trucks for any year is estimated in the same
manner as that for medium trucks. Heavy vehicles are already virtually all diesel (99%), but even
that percentage increases by 2050 (99.7%).

3.1.6 Total Carbon-Equivalent Emissions

Total carbon emissions are estimated by using a carbon coefficient per unit of gasoline or
diesel fuel consumed in the Base Case. As discussed in Section 2.1.7, the carbon coefficient for
each fuel represents full fuel cycle emissions associated with gasoline and diesel fuel use and
accounts for the global warming potential of three pollutants. The coefficients were estimated by
using the GREET model (8) and are invariant across years. The baseline gasoline contains no
ethanol blends, and the baseline diesel fuel is not produced from biodiesel or Fischer-Tropsch
diesel, which have different coefficients than those for conventional diesel fuel.
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3.1.7 Total Fuel Expenditures

VISION includes fuel price per gallon estimates for gasoline and diesel fuel (including
taxes). AEO 2002 is the source of the estimates to 2020. Post-2020, it is assumed that the real
price of gasoline will rise to $2.10/gal by 2050 and that diesel will be approximately 96% of that
on a gasoline-equivalent-gallon basis. Given these price assumptions and total fuel use estimates,
VISION calculates annual total fuel expenditures for heavy vehicles.

3.2 Heavy-Vehicle Alternative Scenarios: VISION 1.1.2

Figure 3.2 presents the variables in VISION that can easily be modified to create alternative
scenarios of heavy-vehicle energy use. The figure is a copy of the heavy-vehicle portion of the
VISION Model Input sheet. Market penetration of natural-gas and hydrogen-fueled trucks can be
simulated, and the following parameters can be varied:

e Fuel economy of these vehicle types and conventional trucks,

e Diesel share of conventional truck VMT,

e Share of F-T diesel and biodiesel used in diesel fuel production, and
e Percentage of hydrogen produced from renewable resources.

The following discussion describes how the VISION model user can change these variables to
create alternative scenarios of fuel use.

Besides changing the variables shown in Figure 3.1, other inputs may be hard-wired into
VISION runs. For example, as with the light vehicles, VISION uses linear interpolation for
market penetration estimates. Alternative assumptions may be hard-wired into the model for
specific runs. We do not discuss such assumptions in this section.

Finally, we should point out that, unlike with the light vehicles, total VMT by heavy vehicles
cannot be modified. The relative share of medium trucks as a component of total heavy vehicles
cannot be modified, either. Inputs that would change total VMT or medium-truck share would
have to be hard-wired into the model.

3.2.1 Higher-Fuel-Economy Conventional Heavy Vehicles

Given a start date and a ratio of higher-fuel-economy conventional heavy vehicles to Base
Case conventional heavy vehicles, the model generates an alternative average fleet fuel economy
and thus a different total fuel use, as compared with those estimated in the Base Case.

3.2.2 Market Penetration of Alternative Fuel and Advanced Technology
Vehicles

Given a start date and percentage of new alternative fuel and advanced technology vehicles
sold in 2010, 2020, 2030, 2040, and 2050, the model generates estimates of the percentage of
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total heavy-vehicle sales of these vehicles in all years by using linear interpolation for the
intervening years. These sales are converted into alternative fuel and advanced technology
vehicles stock and VMT by using the heavy-vehicle stock model and correction factors discussed
in Section 3.1.2. These estimates are then subtracted from the total vehicle sales, stock, and VMT
estimates of the Base Case to estimate the modified conventional vehicle sales, stock, and VMT
for the scenario.

Default values for the new (and thus on-road) fuel economy of alternative fuel and advanced
technology vehicles are provided in VISION. Alternative fuel economy values may be input to
the model. Whichever values are used, on-road, average fleet fuel economy, and total fuel use by
type of alternative fuel and advanced technology heavy vehicles are determined in the same
manner as that described for conventional vehicles in Sections 3.1.4-3.1.5.

Ultimately, total fuel use is disaggregated into oil (gasoline and non-F-T diesel), F-T diesel,
biodiesel, natural gas, and hydrogen. The model does not report the use of ethanol blended into
gasoline used in heavy vehicles. Only if a scenario covering both light and heavy vehicles
assumed some use of ethanol blends in gasoline used by light vehicles would any use of ethanol
blends by heavy vehicles occur. The volume could be estimated exogenously.

Total carbon emissions of the alternative fuel and advanced-technology heavy vehicles are
also estimated. Similar to the values for light vehicles, the carbon coefficients for all alternative
fuels are full fuel cycle and are derived from the GREET model. The coefficient of hydrogen
used in heavy vehicles will vary over time if some renewables are assumed to produce hydrogen.
The carbon coefficients for conventional diesel fuel, biodiesel, and F-T diesel differ from one
another. If ethanol blends are assumed to be used in gasoline for light vehicles, then the carbon
coefficient of the gasoline used in heavy vehicles accounts for that use.

3.2.3 Alternative Fuel Prices

VISION includes default fuel price/gallon estimates for gasoline, diesel fuel, and alternative
fuels. AEO 2002 is the source of the estimates to 2020. Post-2020, it is assumed that the real price
of all the fuels, except for hydrogen, will rise. The use can modify these prices. Whichever prices
are assumed, VISION uses the prices combined with total fuel use estimates by type of fuel to
calculate annual total fuel expenditures.

3.3 Heavy Vehicles in VISION 2.0

The main difference in the heavy-vehicle data and assumptions underlying VISION 1.1.2
and VISION 2.0 is that VISION 2.0 incorporates updates of data and estimates provided by
various references used in VISION 1.1.2. Historical data in general have been updated to 2001.
Such data are provided in EIA’s Annual Energy Review, Ward’s Motor Vehicle Facts & Figures,
FHWA and U.S. Census Bureau reports, and in the Transportation Energy Data Book (3,4,5,7,9).

The regression equations used to estimate 2021-2050 total sales, stock, and VMT in
VISION 1.1.2 are used in VISION 2.0. The equations are applied to the last projection year of
AEOQO 2003 and all subsequent years. Year-to-year growth factors are computed and applied to the
data for the last projection year of AEO 2003. As a result of this update, both the total sales and
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stock estimates were increased over those of VISION 1.1.2. Total VMT for Class 3-8 is slightly
higher than VMT in VISION 1.1.2, although the total VMT for Class 3—6 is lower.

VISION 2.0 uses the same default values for advanced and alternative-fuel heavy-vehicle
fuel economy to 2025 as are in VISION 1.1.2.
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HEAYY VEHICLES

Yehicle Efficiency

Reference Combined Gasoline and Diesel Fuel Economy

{Renewable)

2000 2010 2020 2030 2040 2050
Medium {3-6) 816 816 816 816 8.16 816
Heavy (¥ &8) 5.54 554 5.54 5.54 5.54 5.54
New Truck MPG Ratio to Reference Fuel Economy 1st Year MPG in

2010 2020 2030 2040 2050 of Change] 1st Year
Medium: Conv Gas & Dsl 1.00 1.00 1.00 1.00 1.00 1 0.00
Medium: Natural Gas 1.00 1.01 1.02 1.02 1.02 0 0.00
Medium: Hydrogen 1.056 1.10 1.16 1.20 1.256 0 0.00
Heavy: Conv Gas & Dsl 1.00 1.00 1.00 1.00 1.00 0 0.00
Heavy: Natural Gas 092 0.98 1.00 1.00 1.00 0 0.00
Heavy: Hydrogen 1.05 1.10 1.15 1.20 1.25 1} 0.00
Natural Gas & Hydrogen Powered Truck Market Shares (Rest assumed as Conventional)
2010 2020 2030 2040 2050 1st Year |1st YrShr

Medium: Natural Gas 0.0% 0.0% 0.0% 0.0% 0.0% 2000 0.0%
Medium: Hydrogen 0.0% 0.0% 0.0% 0.0% 0.0% 2000 0.0%
Heavy: Natural Gas 0.0% 0.0% 0.0% 0.0% 0.0% 2000 0.0%
Heavy: Hydrogen 0.0% 0.0% 0.0% 0.0% 0.0% 2000 0.0%
Diesel Share of Total Conventional Truck YMT {Restassumed as gasoline} 1st Year | Share in

2000 2010 2020 2030 2040 2050 of Change] 1st Year
Medium: Conv 67.2% 78.1% 84.3% 92.9% 95 0% 95.0% 1] 0.00
Heavy: Conv 00.0% 99.3% 99.3% 99.4% 99.5% 90.7% 0 0.00
F-T and Bio-Diesel Share of Diesel Fuel Use by Heavy VYehicles

2000 2010 2020 2030 2040 2050 1st Year |1stYrShr
Bio-Diesel 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%
F-T Diesel 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% I 0.0%
Share of Hydrogen from Renewable Sources for Heavy Duty Use

2000 2010 2020 2030 2040 2050 1st Year |1stYrShr
Hydrogen 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 0.0%

Figure 3.2 Heavy-Vehicle VISION Model Inputs
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Section 4
Potential Enhancements

VISION 2.0 will be the model to which changes are made in the future. Enhancements that
would be useful most immediately include the following:

1.

2.

Update the current carbon coefficients for fuels to the most recent GREET
estimates. VISION currently uses coefficients from GREET 1.6 as of
September 2001. The update might include updating coefficients to account
for changes over time. GREET is currently being modified to do just that.

Add more resource fuels for H,. Currently, only the carbon coefficients of
natural gas to H, and renewables to H, are included.

With interest in light-duty diesel vehicles growing, disaggregate existing
diesel LDV sale, stock, VMT, and fuel use from gasoline vehicles.

Less-immediate enhancements might include the following:

1.

Disaggregate Class 3—6 heavy-truck sales, stock, and VMT into their
gasoline and diesel fuel components. Class 7-8 does not need to be
disaggregated since 99% of the VMT of these trucks is by diesel trucks.

Automate the process for inputting the relative vehicle fuel economy ratios of
non-gasoline fuels to the fuel economy of the baseline gasoline vehicle.

Allow the input of data at 5-yr, rather than just 10-yr, intervals.

Add the use of biodiesel as LDV diesel additive. It is now only included as a
HDYV diesel additive.

Allow the hybrid electric vehicles to use multiple fuels (gasoline, E-85, and
diesel).

Show the ethanol results by the amount used in gasoline blends (E-10), E-85,
and E-100 separately.

Add the capability to more easily compare scenarios to EIA’s Reference
Case. As discussed in Sections 2 and 3, the VISION Base Case incorporates
many EIA projections, but not all. In particular, assumptions about new
vehicle fuel economy differ and, in VISION 2.0, LDV VMT differs post-
2012. Ideally, a process that facilitates use of EIA’s assumptions about fuel
economy and VMT to 2025 would be helpful.
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8. Add the capability of automatically assuming S-curves for 20-, 30-, 40-yr
vehicle market penetration.

Other enhancements can be made as the need arises.
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Appendix A
How to Use VISION

VISION 1.1.2 consists of 2 Excel workbooks: “VISION 1.1.2 Fixed MPG Base Case with
AEO 2002 Data” and “File to be copied for all runs using VISION 1.1.2 Fixed MPG Base Case.”
For each run of the model, only the “File to be copied...” should be opened and saved under a
different name. Ideally, the name would reflect the underlying assumptions of the specific run.
When opening the file, the user should answer “No” to the question about updating all linked
information.

“File to be copied...,” and thus its copy, are linked to “VISION 1..1.2 Fixed MPG Base
Case... .” In particular, the links are to the “results” of the Fixed MPG Base Case. This means that
when inputs are made to the copied file on its “Model Input” sheet, the results of the run are
compared directly to the Fixed MPG Base Case on the copied file’s “Model Results” sheet (as
well as several other sheets).

The “Model Input” sheet allows the user to input various assumptions about the future of
vehicle technology and vehicle use (e.g., market penetration of various light- and heavy-vehicle
advanced technologies, vehicle energy efficiency, alternative fuel use, VMT, auto vs. light-truck
share of total light-duty-vehicle sales). Figure 2.1 shows the light-vehicle component of this
sheet. In particular, all items highlighted in yellow on the sheet can be modified. The assumptions
are generally input in 10-yr increments: 2000, 2010, 2020, 2030, 2040, and 2050. However, the
model is set up to accept other starting dates for vehicle technology and fuel shares.

The model calculates energy use, oil use, and carbon emission results for all years between
2000 and 2050 but displays the results only for 2000, 2010, 2020, 2030, 2040, and 2050 on the
“Model Results” sheet. (See Figure A.1. Only light-vehicle results are shown for a sample case,
but heavy-vehicle results are also available on this sheet.) If results for intervening years are
needed, they can be found in various worksheets.

The model calculates average new-car and light-truck fuel economy for 2000, 2010, 2020,
2030, 2040, and 2050 on the “Light Vehicle MPG” sheet. (See Figure A.2.) It does not compute
the results for intervening years, although these values for each technology can be found on each
technology’s individual worksheet.

As stated above, assumptions are generally input in 10-year increments, although starting
dates may differ from 2000, 2010, 2020, 2030, 2040, and 2050. The model uses linear
interpolation to estimate market shares and fuel economy improvements for the years not
specifically input on the “Model Input” sheet. Users wanting to input specific vehicle fuel
economy or market penetration in specific years not listed on the “Model Input” sheet will have
to hard-wire those inputs in the model’s vehicle technology sheets.
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Users need only to input data to the “Model Input” sheet and review the run results in the
“Model Results” sheet. However, there are 35 total sheets in this model. Most are self-
explanatory.
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Appendix B:
Updating VISION with Data
from a New AEO

Every year, the VISION Base Case needs to be updated with estimates provided by the latest
EIA AEO (and other information sources). Two types of Base Cases have been developed in the
past. One assumes (1) no fuel economy improvements between now and 2050 and (2) that all
LDV sales are gasoline ICEs. It is called the “Fixed Fuel Economy Base Case.” The other
matches AEO fuel economy gains and uses AEO’s alternative fuel vehicle market penetration
assumptions. It is called “the AEO Fuel Economy Base Case.”

This appendix describes the procedure for updating only the “Fixed Fuel Economy Base
Case” of the model. Examples provided below refer to VISION 2.0, which is a Fixed Fuel
Economy Base Case using AEO 2003 data. It is an update of VISION 1.1.2, which used AEO
2002 data. A similar procedure, with a few changes, can be followed to update the “AEO Fuel
Economy Base Case” that incorporates AEO sales of new technologies with associated new
vehicle fuel economies.

B.1 AEO Projections

The AEO projections usually include data for one or two historical years. These data are
ignored for most of the data fields in favor of known historical values. The sources for the
historical data are also described in this appendix. For future years within the AEO projection
horizon, the following tables and data are used for updating the “Fixed Fuel Economy Base
Case™

1. Table 3: Energy prices by sector and fuel; provides price per million Btu.
The prices are converted to 1998 dollars by using implicit price deflators in
the most recent Annual Energy Review (AER) published by the EIA. The
price deflators are listed in Appendix E of the 2001 AER. The price
information is updated in the “Fuel $ Data” worksheet within VISION.

2. Table 18: Macroeconomic Indicators, provides gross domestic product
(GDP) and population. The GDP values are converted to 1992 dollars by
using the above-mentioned implicit price deflators. Population data from
EIA’s Table 18 are not used. Instead, the population data for updating are
obtained from the Census Bureau website. These updates are made to the
“Population-GDP data” worksheet.

3. Table 45: LDV energy use by mode, provides energy use by cars and light

trucks (Class I and 24). These data are used for computing annual VMT for
cars and light trucks (Class 1 and 2A).
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11.

12.

Table 46: Transportation sector energy use by fuel type within a mode
(trillion Btu). These data are copied to the “Energy data” worksheet. Data are
useful only if an AEO Base Case is to be developed.

Table 48: Light-duty vehicle sales. Data from this table and Table 54
(commercial light truck sales) are combined to arrive at car and light truck
sales in the “Energy data” worksheet.

Table 49: Light-duty vehicle stock. Data from this table and Table 55
(commercial light-truck stock) are combined to arrive at car and light-truck
stock.

Table 50: Light-duty vehicle miles-per-gallon. The stock average MPG
values are used for computing car and light-truck (Class 1 and 2A) VMT.
The energy consumption projections from Table 45 (in item 3 above) are also
used.

Table 51: Light-duty vehicle miles of travel. This table provides the
combined total VMT for cars and Class 1 and 2A light trucks. The data from
Tables 45 and 50 are used with data from this table to derive separate VMT
estimates for cars and light trucks.

Table 54: Transportation fleet car and truck sales. This table provides
Class 2B truck sales (commercial light-truck sales in the table). The 2B truck
sales data are combined with Class 1 and 2A sales data from Table 48.

Table 55: Transportation fleet car and truck stock. This table provides
Class 2B truck stock (commercial light-truck stock in the table). The 2B
truck stock data are combined with Class 1 and 2A sales data from Table 49.

Table 56: Transportation fleet car and truck vehicle miles traveled. The data
for Class 2B trucks (commercial light-truck sales in the table) are added to
Class 1 and 2A light-truck VMT computed by using data from Tables 45, 50,
and 51.

Table 58: Freight transportation energy use. This table provides medium-
and heavy-duty truck sales, stock, and VMT. It also provides medium-truck
VMT share by diesel trucks.

These tables are produced by FTAB within the current National Energy Modeling System
(NEMS) structure.

B.2 Base Case Update

The Base Case EXCEL workbook is updated as described below.
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B.2.1 Update Fuel Prices in the “Fuel $ Data” and “Model Input”
Worksheets

1. Copy historical fuel prices from the latest version of Annual Energy Review.
This update is needed only for the most recent two or three years for which
data are either revised or released for the first time. The historical data, in
constant — or sometimes called real — dollars, are entered in columns K and
L as dollars per gasoline-equivalent gallon. Convert these prices to 1998
dollars by using implicit price deflators from the Annual Energy Review.

2. Copy projected prices for the future years from Table 3 of the latest AEO in
columns B through G. Convert these prices to 1998 dollars by using implicit
price deflators from the Annual Energy Review. These prices are then shown
in rows 83-90, columns B-D of the “Model Input” worksheet. Until 2002,
the AEO projection horizon was 2020. The projection horizon has been
moved to 2025 beginning with AEO 2003. The user, through “Model Input”
rows 83-90, specifies projected prices for the years 2030, 2040, and 2050.
The model estimates the intervening year prices through interpolation. Enter
future year fuel prices in 1998 dollars per gasoline-equivalent gallon in rows
83-90 of the “Model Input” worksheet.

3. The AEO 2003 does not provide methanol price projections. The methanol
prices for the period 2001-2020 in the “Fuel $ Data” worksheet are carried
forward from an earlier version of the model. They must be updated before
any analysis involving methanol can be carried out.

4. The AEO 2003 also does not provide price projections for hydrogen and
Fischer-Tropsch diesel. These prices must be specified for all years in
rows 8788 of the “Model Input” worksheet.

B.2.2 Update Population and GDP Information in the Worksheet
“Population-GDP Data”

1. Copy historical GDP data from the latest version of the Annual Energy
Review published by EIA. Convert these data to 1992 dollars by using the
implicit price deflators.

2. Copy AEO 2003 GDP projections from Table 18 for years 2002-2025.
Convert these projections to 1992 dollars. Use reasonable growth rates for
years ending in zero, in consultation with the DOE sponsor, to extrapolate
GDP projections through 2050. The model interpolates the GDP growth rates
and computes GDP values for the intervening years. For VISION 2.0, the
selected GDP growth rates are 2.6% in 2030, 2.2% in 2040, and 2% in 2050.
The AEO 2003 projections use GDP growth rates of 2.8% in 2005, 3.8% in
2010, 2.8% in 2015, 2.7% in 2020, and 2.9% in 2025.
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3. Update historical population data for the most recent years by using

population estimates from the U.S. Census Bureau. The Census web site can
be accessed at http://eire.census.gov/popest/data/national/tables/asro/
NA-EST2002-ASRO-01.php. The website also provides estimates of number
of persons 16 years of age and older.

Use the middle series population projections for all future years through 2050
from the Census website at http://www.census.gov/population/projections/
nation/ summary/np-tl.txt to update future year population. This table
provides total population only. Population by age at http://www.census.gov/
population/www/ projections/natsum-T3.html can be used to develop
estimates of population age 16 and older.

B.2.3 Update Light-Duty Vehicle Sales and Fuel-Use Data in the
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“Energy data” Worksheet

Copy historical car and light-truck (up to 10,000 Ib GVW) sales data from
Ward's Motor Vehicle Facts & Figures. The data for cars can be found under
“Retail Sales” in a table titled “U.S. Retail sales of Passenger Cars by
Country of Origin, Market Class, and Purchasing Sector.” The data for light
trucks are in the next table, titled “U.S. Light Truck Sales by Segment.”

Sum new car sales and new light-truck sales projections in AEO Table 48
and new commercial light-truck sales projections in Table 54 to develop total
light-duty-vehicle sales projections. Copy these light-duty sales projections
in column F of the “Energy data” worksheet.

The model will compute light-duty vehicle sales per thousand persons in
column I. Update, if necessary, the future year light-duty-vehicle sales per
thousand persons in column I for all years ending in zero beyond the AEO
projection horizon. The model will interpolate values for the intervening
years.

Develop light-truck share of total light-duty vehicle sales in AEO projections
and copy those shares in column G. Extend these shares to 2050 by providing
light-truck share values for all years that end in zero. The model will
interpolate values for all intervening years. These shares will be used for
computing light-truck sales if the user specifies “No” in cell A53 of “Model
Input.”

Copy historical fuel use information for the latest available year from ORNL
Transportation Energy Data Book from Table 2.4 (Transportation Energy
Use by Mode and Fuel Type).

Sum light-duty vehicle fuel use by fuel type and commercial light-truck fuel
use in AEO Table 46. Convert these data from trillion Btu to quadrillion Btu
and copy in columns N through U. Also, update columns L and M containing
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energy use by cars and light trucks. This step may be skipped for the “Fixed
Fuel Economy Base Case.”

B.2.4 Update Light-Duty Vehicles, Auto- and Light-Truck, and Fuel
Economy Data in the “Auto-Lt Trk data” Worksheet

1. Update the historical, EPA-test, auto, and light-truck fuel economies in
columns L and M. The historical fuel economy values can be obtained either
from the ORNL Transportation Energy Data Book or the National Highway
Traffic Safety Administration’s website.

2. Select the fixed fuel economy values for the future years in consultation with
the DOE sponsor. For the VISION 2.0 update, auto fuel economy was
lowered from 28.8 MPG in 2002 to 28.7 MPG in 2003 to 28.6 MPG in 2004
and 28.5 for all subsequent years. The CAFE standard for cars is 27.5 MPG,
but the fleet average CAFE for cars has exceeded that standard since 1985.
The CAFE standard for light trucks is 20.7 MPG, but will increase to
21.0 MPG in 2005, 21.6 MPG in 2006, and 22.2 MPG in 2007. The fleet
average CAFE for light trucks has exceeded the standard for some time, but
not by as much as cars. Therefore, the DOE sponsor decided to keep the year
2002 level of 21.2 MPG through 2005 and then increase it to 21.6 MPG in
2006 and 22.2 MPG for all subsequent years.

B.2.5 Develop VMT per Vehicle, Vehicle Stock, and VMT Projections to
2050 for Light-Duty Vehicles Exogenously

1. From AEO energy use data in Table 45 and fleet average MPG data in
Table 50, compute car and light-truck (class 2A) VMT. The following
formula is used:

Btu,, x MPG,,

ML, =05
Where:
VMT,, = VMT (billion) for vehicle type v (car or light truck 2A) in year y;
Btu,y = Energy use, in trillion Btu, by vehicle type v in year y;
MPG,, = Fuel economy, in miles/gallon, of vehicle v in year y; and
125 = factor to convert trillion Btu to billion gasoline equivalent gallons (GGE).

2. The sum of the above-computed car and light-truck VMT should match the
light-duty VMT in Table 51. To ensure this, compute car share of total car
and light-truck VMT (from item 1, above) and multiply that by the value in
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Table 51. Subtract the car VMT from total LDV VMT in Table 51 to arrive
at light-truck (class 2A) VMT and then add commercial light-truck (class 2B)
VMT from Table 56 to arrive at total light-truck VMT. Develop year-by-year
VMT growth factors for cars and light trucks. Replace the initial year VMT
(2000 and 2001 for AEO 2003) with car and 2-axle-4-tire VMT from
FHWA'’s Highway Statistics. Apply VMT growth factors to the latest year
for which FHWA VMT data are available to arrive at a first set of car and
light-truck VMT projections (through the AEO projection period).

Add commercial light-truck (class 2B) stock in Table 55 to light-truck

(class 2A) stock in Table 49 to arrive at total light-truck stock. Divide the
above-developed VMT estimates by AEO car and light-truck stock estimates
to arrive at VMT per vehicle.

Develop graphic representation of VMT per vehicle, and in consultation with
the DOE sponsor, extend the VMT per vehicle lines for cars and light trucks
to 2050.

Develop growth rates for car and light-truck vehicle stock and extend the
growth rates to 2050 such that they track the GDP growth rates estimated
earlier (see item 2, Section B.2.2). (As all steps under Section B.2.5 are
carried out exogenously, these stock growth rates are not input to VISION.)

Multiply VMT per vehicle (developed under item 4) by stock (developed
under item 5) to arrive at car and light-truck VMT projections to 2050.

Develop the final VMT growth factors and update rows 124—133 and
139-148 of the “Model Input” worksheet.

B.2.6 Update the “auto ICE,” “It trk ICE,” and All Alternative
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Technology Worksheets for Auto and Light Trucks. (These
updates relate to vehicle stock, annual VMT, fleet fuel economy,
and annual fuel use.)

Update the worksheets with historical car and light- (2-axle-4-tire) truck
registration values from the latest highway statistics. Apply correction factors
in column AV to match the historical data. The update is needed for the last
two years (2000 and 2001) only.

The vehicle survival functions within these worksheets are based on past
vehicle survival data. The vehicle survival rates have not stayed constant and
have also experienced peaks and valleys. The AEO stock estimates are based
on a projection methodology that is different from VISION’s survival
function-based methodology. Consequently, VISION stock projections do
not exactly match the AEO stock projections. Correction factors are applied
to account for these differences. Develop correction factors in column AV so
that when applied to the sums of surviving vehicles, the resulting estimates



10.

match the projected stock values. Correction factors are also needed
post-2025 to match the stock estimates developed under item 5,
Section B.2.5.

Link column AV of alternative technology worksheets to “auto ICE” or “It
trk ICE” worksheet as applicable. Copy the formula for estimating vehicle
stock during the projection period to all alternative technology worksheets.
(Note: All VISION versions after 2.0 will not require this update. This step
was required because the method of calculating vehicle stock correction
factors in a separate column was inserted the first time in VISION 2.0.)

Update the “auto ICE” and “It trk ICE” worksheets with historical car and
light-truck VMT data from the latest highway statistics. This update will
require application of correction factors in column AW. Note that the
formula for calculating historical year VMT for years 2000 and 2001 is
different in column AA (from that for calculating future year VMT beginning
2002). The historical update is needed for the last two years only.

Set the VMT growth method (in cell C111) in the “Model Input” worksheet
to 1. Compute VMT per vehicle correction factors for years 2002—2050 in
column AW such that the resulting VMT per vehicle for each projection year
match the VMT per vehicle estimates developed earlier (under item 4,
Section B.2.5).

Link the historical VMT per vehicle cells beginning 2000 in “auto ICE” and
“It trk ICE” to same cells in alternative technology worksheets as applicable.
Copy the total VMT calculation formula from the previous historical year to
the newly added historical year in the alternative technology worksheets.

Link column AW of alternative technology worksheets to “auto ICE” or “It
trk ICE” worksheet as applicable. Copy the formula for estimating VMT per
vehicle for projection years to all alternative technology worksheets. (Note:
All VISION versions after 2.0 will not require this change. This step was
required because the method of calculating VMT per vehicle correction
factors in a separate column was inserted the first time in VISION 2.0.)

Ensure that the VMT weighted MPG in the “auto ICE” and “It trk ICE”
worksheets match historical fleet average fuel economy in Highway
Statistics. Apply correction factors, if needed, in the VMT weighted MPG
formula in column AC to achieve this.

Copy the VMT weighted MPG correction factor for the last historical year to
cell AV4 within the “auto ICE” for cars and “It trk ICE” worksheets for light
trucks.

Link cell AV4 of respective alternative technology worksheets to the cell

AV4 of “auto ICE” and “It trk ICE” worksheets as applicable. The VMT
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weighted MPG formulas in all projection years were corrected to use the
correction factor from cell AV4. This step is required once for VISION 2.0
only. All future versions of VISION will automatically have this update.

Ensure that the calculated fuel gallons in column AD for the historical years
match the published values in Highway Statistics. Verification is done
through correction factors. Past experience has shown that a small factor of
1.0017 is needed for “auto ICE” while no correction factor is needed for “It
trk ICE.” Copy correction factor for the last historical year in cell AW4 of
“auto ICE” for cars and “It trk ICE” for light trucks. Enter a constant 1 in cell
AWA4 if no correction is needed.

Link cell AW4 of all alternative technology worksheets for cars to cell AW4
of the “auto ICE” worksheet and cell AW4 of all alternative technology
worksheets for light trucks to cell AW4 of the “It trk ICE” worksheet.
Correct the fuel gallons estimation formula for all projection years within the
“auto ICE,” other alternative technology worksheets for car, “It trk ICE,” and
other alternative technology worksheets for light truck so that the correction
factor from cell AW4 can be used. This step is required once when

VISION 2.0 is updated and will be carried automatically to future versions of
VISION.

B.2.7 Develop Estimates of Medium- and Heavy-Duty Truck Sales, Stock,
and VMT Exogenously.

40
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The medium-truck segment within VISION is for trucks with gross vehicle
weight rating (GVWR) of 10,001-26,000 Ib while the heavy-truck segment
is for trucks with GVWR over 26,000 Ib. The sales, stock, and VMT data for
these two segments of trucks are compiled in three categories: (1) historical,
(2) AEO projections, and (3) extrapolation to 2050.

Historical: Ward’s Motor Vehicle Facts & Figures provides retail sales of
trucks by GVWR for the latest historical year, and FHWA’s highway
statistics provide registration and VMT data for the last two historical years
for single unit and combination trucks. The 1997 Vehicle Inventory and Use
Survey (VIUS) provided stock and VMT split of single unit trucks between
medium and heavy trucks. All combination trucks were assumed as heavy
trucks.

AEO Projections: Table 58 within 2003 AEO’s detailed output tables
provides projections of medium- and heavy-truck sales, stock, and VMT.

Extrapolation to 2050: Under the Phase 2 of the study entitled North
American Transportation Energy Technologies to 2050, regression equations
were developed to extend medium- and heavy-truck sales, stock, and VMT to
2050. These regression equations were used to project growth in sales, stock,
and VMT.
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The medium- and heavy-truck sales are projected by the following equations:
MDT Sales =-31.9 + 0.0248 x GDP — 18.59 x Gasoline
HDT Sales = 134 + 0.026 x GDP — 54 x Gasoline
Where:
GDP = Gross Domestic Product in billions of 1996 chained dollars and
Gasoline = Retail gasoline price in 1996 $ per gallon.

The medium- and heavy-truck stocks are projected by the following equations:
MDT Stock = 1584 + 0.2407 x GDP
HDT Stock = 53.6 + 0.4554 x GDP
Where GDP = Gross Domestic Product in billions of 1996 chained dollars.

The medium- and heavy-truck VMT are projected by the following equations:
MDT VMT = 10790 + 3.924 x GDP
HDT VMT = - 12674 + 18.93 x GDP
Where GDP = Gross Domestic Product in billions of 1996 chained dollars.

The above regression equations are applied to the last projection year of AEO 2003 and all
subsequent years. Year-to-year growth factors are computed and applied to the data for the last
projection year of AEO 2003.

(Note: The above regression equation may be revised to reflect projections of lower or
higher rates of the growth in medium- and heavy-truck sales, stock, and VMT under future
AEOs.)

B.2.8 Update Medium- and Heavy-Truck Worksheets (“Class 3-6,”
“Class 3-6 Ng,” “Class 3-6 H2,” “Class 7&8,” “Class 7&8 Ng,” and
“Class 7&8 H2”).

a. Update the conventional technology worksheets, “Class 3-6” and “Class 7&8,” with
historical sales data from Ward’s Motor Vehicle Facts & Figures and other sales data
developed under Section B.2.7. The alternative technology worksheets are
automatically updated through links.

b. Update the conventional technology worksheets such that their estimates of medium-
and heavy-truck stock match the above-developed values. As in the case of light-duty
vehicles, the vehicle survival procedures within VISION may not produce estimates
that match exactly with the historical data, AEO projections, and extrapolated values
to 2050. To match VISION’s stock estimates with the estimates generated under
Section B.2.7, correction factors are developed in column AR. The alternative
technology worksheets are automatically updated through links.

c. Update the conventional technology worksheets such that their estimates of medium-
and heavy-truck VMT match the above-developed historical, AEO, and extended
values. To match VISION’s VMT estimates with the estimates generated under
Section B.2.7, correction factors are developed in column AS. The alternative
technology worksheets are automatically updated through links.
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d. Update the historical energy consumption (in Btu) by medium and heavy trucks.

VISION has been updated earlier through 1999. The Transportation Energy Data
Book, Edition 22, provides combined Btu consumption for medium and heavy trucks
for 2000. These data were subdivided as medium- and heavy-truck energy
consumption by using Btu shares resulting from the 1997 VIUS data. For 2001,
growth in fuel consumption by single unit and combination trucks in FHWA’s
Highway Statistics was applied to estimate energy use by medium and heavy trucks.
Correction factors are applied to the energy consumption estimation formula to have
the energy total match with the historical data. The last historical year’s correction
factor is copied to the cell AS2 of both conventional technology worksheets

(i.e., “Class 3—6” and “Class 7&8”). The energy estimation formulas for all
projection years use these factors. The alternative technology worksheets are
automatically updated through links.
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