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Copyright Notification

THE VISION MODEL

Argonne National Laboratory is a not-for-profit organization
Argonne is operated by UChicago Argonne, LLC for the US Department of Energy under Contract No. DE-AC02-
06CH11357

COPYRIGHT NOTIFICATION

The following is a notice of limited availability of this software and disclaimer that must be included as a prologue
to the code and in all source listings.

O©COPYRIGHT 2004 UCHICAGO ARGONNE, LLC
LICENSE TERMS AND CONDITIONS

e  The “Software” below refers to the VISION system (in either source or executable-code form) and related
documentation, and “a work based on the Software” means a work based on either the Software, or part of the
Software, or any derivative work of the Software under copyright law; that is, a work containing all or a portion
of the VISION system, either verbatim or with modifications. Each licensee is addressed as “you” or “licensee.”

e The UChicago Argonne, LLC as Operator of Argonne National Laboratory holds copyright in the Software.
The copyright holder reserves all rights except those expressly granted to licensees, and U.S. Government
license rights.

e Permission is hereby granted to use, copy, and modify. If you modify a copy or copies of the Software or any
portion of it, thus forming a work based on the Software, and make copies of such work, you must meet the
following conditions:

o Ifyou make a copy of the Software (modified or verbatim), it must include the copyright notice and this
license.

o You must cause the modified Software to carry prominent notices stating that you changed specified
portions of the Software.

o If you publish results generated using an unmodified release of VISION, you should identify the VISION
version number. If you publish results generated using a modification of the Software, you must indicate
that the results are from a modified version of VISION.

o Ifyou publish results generated using input data other than the input data supplied with the Software, you
must indicate that these results relied upon changed input data.

GOVERNMENT LICENSE AND DISCLAIMER

The computer code material was prepared, in part, as an account of work sponsored by an agency of the United
States Government. The Government is granted for itself and others acting on its behalf a paid-up, no-exclusive,
irrevocable worldwide license in this data to reproduce, prepare derivative works, distribute copies to the public,
perform publicly, and to permit others to do so. NEITHER THE UNITED STATES GOVERNMENT NOR ANY
AGENCY THEREOF, NOR THE UCHICAGO ARGONNE, LLC, NOR ANY OF THEIR EMPLOYEES, MAKES
ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY
FOR THE ACCURACY, COMPLETENESS, OR USEFULNESS OF ANY INFORMATION, APPARATUS,
PRODUCT, OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT INFRINGE
PRIVATELY OWNED RIGHTS.

PRIVACY NOTICE

We collect no personal information about you when you visit a DOE Web site, unless otherwise stated and unless
you choose to provide this information to us. In order for you to download the VISION model, we ask that you
provide certain personal information, such as your name and address. This information will NOT be shared with
anyone beyond the support staff to this Web site except when required by law enforcement investigation.

i
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AEO
AER
CNG
Dsl

E85
EtOH
EV

FCV
FFV
F-T

H2

HEV
ICE
LDV

LT
MMTCe
MMT CO,e
MPGGE
PHEV
SI

SU
VMT

Annual Energy Outlook
All-Electric Range

Compressed Natural Gas

Diesel

Ethanol blend (85% Ethanol)
Ethanol

Electric Vehicle

Fuel Cell Vehicle

Flex-Fuel Vehicle

Fischer-Tropsch [Diesel]
Hydrogen

Hybrid Electric Vehicle

Internal Combustion Engine
Light-Duty Vehicle

Light Truck

Million Metric Ton Carbon equivalent
Million Metric Ton CO, equivalent
Miles per Gasoline Gallon Equivalent
Plug-In Hybrid Electric Vehicle
Spark-Ignition

Single Unit

Vehicle Miles Traveled

i
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The VISION model was developed by Argonne National Laboratory (ANL) for the U.S. Department of
Energy (DOE). It is designed to estimate national highway vehicle stock energy use, fuel consumption by
type and lifecycle carbon emissions as a function of the market uptake of advanced vehicle and fuel
technologies. Editions of VISION released in and after 2008 model the period 2000-2100; prior editions
reach only to 2050.

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 2100 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 fuel
economy 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 2030. VISION complements NEMS with its relative
“user-friendliness” and by extending the time frame of potential analysis.

The model considers a set of input parameters. Default parameter values taken from the Annual Energy
Outlook (AEO) Reference Case are in place. All input values can be changed by the user to customize
the simulation. Input parameters include:

- Car market penetration and fuel economy ratio;

- Light truck market penetration and fuel economy ratio;

- Light truck share of total LDV market;

- Fuel type (including hydrogen and ethanol via multiple production pathways) and price;

- Vehicle miles traveled (VMT), including growth rate and elasticity to the cost of driving;

- Heavy vehicle fuel economy, market share, and alternative fuel usage; and

- Light vehicle cost.

The model generates output values, by vehicle type (car, light truck, and heavy truck). The output totals
include:

- Energy use by fuel type (oil, compressed natural gas, F-T diesel, bio-diesel, methanol, hydrogen,

electricity, ethanol, and other fuels);

- Full fuel cycle carbon emissions (MMTCe);

- Full fuel cycle GHG emissions (MMT COe);

- Fuel expenditures (billion 2005%);

- Fuel expenditures as a % of GDP; and

- Light vehicle MPGGE.
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2. Launching VISION

The VISION software consists of two integrated Excel worksheets:
1. “VISION YYYY AEO Base Case Expanded.xls”
2. “File To Be Copied To All Runs of VISION YYYY Expanded.xls”
where YYYY denotes which edition of VISION and EIA’s Annual Energy Outlook are being used. For
example, for VISION 2008, the worksheets are named:
1. “VISION 2008 AEO Base Case Expanded.xIs”
2. “File To Be Copied To All Runs of VISION 2008 Expanded.xls”.
Default values for VISION 2008 are drawn from AEO 2008.

The first file is for user reference only and should not be modified. It contains the inputs and results for
the “Base Case” according to projections made by the EIA in the AEO. This Base Case is the scenario
against which all hypothetical scenarios are compared.

The second file is the template through which alternative market penetration scenarios can be created.

To create a new market penetration scenario, open the file entitled “File To Be Copied To All Runs of
VISION YYYY Expanded.xls” and immediately save it under a new name. An unmodified version of the
original file should always be available since each new scenario created in VISION should originate with
this file.

When the file is opened, Excel will automatically open the workbook to the ‘Model Input” worksheet.
The first step in data entry using this worksheet should be the replacement of the contents of cell G1
(“File To Be Copied To All Runs of VISION YYYY With PHEV Options”) with the new scenario name.
Afterwards, proceed to input parameters for the market penetration scenario being modeled, as described
in section 3 below.

3. Input

Market penetration scenarios are defined by the input assumptions in the ‘Model Input’ worksheet. These
assumptions guide the calculations in supporting worksheets to generate the results that appear in the
‘Model Results’ worksheet. By choice, the parameters that appear in the ‘Model Input’ worksheet match
the values published in and/or underlying the Annual Energy Outlook YYYY Reference Case through
2030'. Post-2030, the inputs are based on a variety of assumptions: e.g., in some cases they are
extensions of the AEO values (generally relying on the 2025-2030 growth rates estimated in the AEO); in
other cases the inputs may be held constant at the AEO 2030 values; and in still other cases the
projections may be made to fit a logit curve.

These parameters can be changed to describe hypothetical scenarios by following the directions in this
section. In most cases, a user should change values only in cells shaded light yellow. Cells that are not
shaded are for user information and their contents should not be changed.

The ‘Model Input’ worksheet is organized in two dimensions: by variable type moving down the
worksheet and year moving across the worksheet (where applicable). The sequence of the explanations
here mirrors the organization of the input worksheet from top to bottom, as follows:
- Automobiles (Cars)
o Market Penetration

"AEO YYYY Reference.
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o New Auto Fuel Economy (as a Ratio to Base Case ICE)
- Light Trucks
o Market Penetration
o Light Truck Share of Total Light Duty Vehicle Market
o New Light Truck Fuel Economy (as a Ratio to Base Case ICE)
- Technology Fuel Type
- Fuel Price
- Other Key Fuel Input Assumptions
o Fuel Blends (ethanol, F-T Diesel, biodiesel)
o Extent of E85 Use and Electric Ranges for Multi-Fuel Vehicles

O
O
O

Ethanol Production Feedstocks
Hydrogen Feedstocks
Utility Mix

- Vehicle Miles Traveled (VMT): Growth Rate and Elasticity to the Cost of Driving
- Heavy Vehicles
o Fuel Economy
o Market Share
o Alternative Fuel Usage
Car Cost
Light Truck Cost
The following sections include screenshots as illustrative examples of the ‘Model Input’ worksheet.
These screenshots, and the column and row numbers associated with each, are from VISION 2008 and
could vary slightly in other versions of the model.

3.1. Auto (Car) Market Penetration

This Auto (Car) Market Penetration module allows a user to define the percentage of the total number of
new automobiles (cars) sold by technology type. Technologies include: EV (electric vehicles), E-85 FFV
(ES85 flex fuel vehicles), Diesel, CNG (compressed natural gas), SIHEV on Gasoline (spark ignition
hybrid electric vehicle on gasoline), STHEV on E85/H2 (spark ignition hybrid electric vehicle on E85
flex fuel or hydrogen internal combustion engine), Diesel HEV, SI PHEV (spark ignition plug-in hybrid
electric vehicle), Diesel PHEV, Fuel Cell, and Conventional Vehicles as shown in Figure 1.

Figure 1: Auto (Car) Market Penetration Input
| ¢ | @D

& [ B | e | F [ e | m [ v | o [ v | L | m | ¥
5 |[Auto (Car) Market Penetration
B |Enter each technoiogy's share of new vehicles market
T |\MUST speciy " Tst Year ¥ and st ¥r She ¥ for the technology for which either market share or fuel economy change Is desired.
5 |Technology 2000 2010 2020 2030 2040 2050 2060 | 2070 | 2080 | 2090 | 2100 | 1st Year | 1st ¥r Shr
3 [Ev 001% 000% O00% T 000%  000% O00%| 000%  000% 000% O00% 000% 0 0.0%
10 |E-85 FFV ooass” 4s5%” 1m%” smx” 9s0%” 9aswl go00%” 900w” 9o0%” 900w 900w i 0.0%
11 |Diesel [oozes” 120" 328%7 497%” 600%” 660%{ Gas%” 693%n” earn” eg8sn” EaEwm i 0.0%
12 |CHG ooze” o02%” oo2%” oorw” ooz’ 002wl ooz’ o02w” ooex” oorw” 002% i 0.0%
13 |81 HEV on Gasoline oo1o%” 409%” 12m%” 1343% 7 1399% 7 1422% [ 1428% 7 1420% " 1428% 7 1429%n " 1429% i 0.0%
14 |51 HEV on E85MH2 I oooow” ooow” oo00% o000%” o000%7 oo00%[ 000%” 000%  000%" 000%" 0.00% i 0.0%
15 |Diesel HEW oooos” om%” oo2%” ooz’ oo’ omiwl oo’ oo00w” oo0%” 000w 000% i 0.0%
16 |S1 PHEV [ ooo%” o000%” o001%” 003%" 005%°7 008%[ 010%°7 012%° 0414%7 016%° 0418% 0 00%
17 |Diesel PHEYW [ oooox” ooox” oo0%” oo0o0%n” o0o00%” o00%{ oo00%” oo00%w” o00%” oo00%n”  000% i 0.0%
15 |Fuel Cell [ ooo%” oo0ox” oos%” oo06%” oo05%” oos%l oos%” oosw” ooe%” o00sxn” 00w 0 0.0%
19 |Conventional 93.39%  8983% 7361% | 7187%  7036% 6984%| 6969% GO958% 6O9S1% EO48%  EO4E% 0 0.0%
20 [TOTAL 100.0%  100.0% 100.0% 100.0%  100.0%  100.0%  100.0% 100.0% 100.0% 100.0%  100.0%

The composition of new market sales to 2030 are, by default, matched to values published in the
corresponding Annual Energy Outlook. The market share values for each technology can be changed in
three steps:

1) Change the cell in-line with the advanced technology for which the market share is to be
changed under the heading “1st Year” from 0 to the year at which the market share begins to
deviate from the default value. A year in this column is essential for VISION to identify that
a market penetration change is desired.
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2) Change the value of the cell directly to the right, under the heading “1st Yr Shr”, to the value
of the market share in the year input in step 1 above.
3) Change the market share in all subsequent years ending in zero to the values associated with
your user-defined scenario. These years appear in some portion of columns to the left of “1st
Year”, depending on the year selected for “Ist year” in step 1.
Note that Conventional Vehicles are automatically calculated to comprise the proportion of the market
that is not made up of one of the preceding advanced technologies.

Market share can be user-specified for the first year and the year ending in zero of each subsequent
decade. VISION automatically linearly interpolates for those years between user specifications. For
direction on inputting more complex market share patterns, see Advanced Input (Section 4).

3.2. New Auto Fuel Economy (as a Ratio to Base Case ICE)

The new auto fuel economy module allows a user to define the fuel economy of each advanced vehicle
technology. These values indicate the ratio of fuel economy per gasoline gallon equivalent to the “Base
ICE” fuel economy from the AEO, which appears in row 28 (see Figure 2). Note that the “Conventional”
Vehicle in row 41 is, by default, set equivalent to the Base Case via a 1:1 ratio. Any improvement in the
conventional ICE vehicle over what AEO projects needs to be input in the “Conventional” row.

Figure 2: New Auto Fuel Economy
| A | B | ¢ b | e | F | & | oW v |0 |k L M | N
ENew Auto Fuel Economy Ratio to Base ICE (using gasoline equivalent gallons:
23
el
25

Enter @ ratio to Base ICE mpg (listed in the top row).

For Reference Case Fuel Eficiency, enter * ¥ ¥ under ¥ Usa Rof. Case MPG"

I a fuel econormy change Js desired, specify the Frst yoar fuel sconomy (Lo, mpqg) in column N,
26 |Enter 07 under *lse Ref, Case MPG" to change Fuel Efficiency Ratio

27 2000 2010 2020 2030 2040 2050 2060 | 2070 | 2080 | 2090 | 2100 | UseRef | MPGin
28 [Base ICE 28.13 31.04 | 4038 40.26 40.26 | 4026 | 40.46 | 4066 | 40.87 | #.07 | 4.2 |Case MPG| 1st Year
29 [EV (1) 293 ' 288 ' 253 ' 256 | 256 | 256 255 T 254 T 253 ' o251 T ZEO0 1 0.00
r r r Ld r r r r r Ld r
30 |E-85 FFV (2) 0.9 1.00 1.01 1.0 1.0 1.01 1.0 1.0 1.01 1.0 1.0 1 0.00
31 |Diesel (3) Fo1as " 132 " 127 "oaa2r Tz Tz [o1zr "oz T "oz Toaom 1 0.00
32 |CHG 1o " 108 " 108 "1o08 " 1o " o1os [ 108 T o108 T oq08 T o108 7 o108 1 0.00
33 |SI HEV on Gasoline [ 184 " 133 " 134 " 133 " 133 " 133 [ 133 " 133 " 133 " 133 " 133 1 0.00
34 |51 HEV on E85H2 Fasr " 133 " 104 "o1os " o4 T oqos [ 1os To1o0s T o105 T o105 " o108 1 0.00
35 |Diesel HEV Fo1s7 7 oam 7142 7 o4z 7 14z T oqaz [ o142 T o4z T o142 T o4z T o142 1 0.00
51 PHEV-on Gasoline/ E85/ H2 (4) Fo147 " 132 " 127 " 12 " 12 " 12 [ 12 " 12 "2 " 12w " o126 1 0.00
51 PHEV-on Electricity (4) Foses " 347 " 332 " o323 " o323 " oszz [ o323 " oszs "oszs "osxz U oaas 1 0.00
Diesel PHEV- on Diesel (4) P14 " 163 " 135 " 135 " 134 " 134 [ o134 " o134 T o134 " 134 " o134 1 0.00
Diesel PHEV-on Electricity (4) Foses " 420 " 347 7 342 " 3#1 " 339 [ 33 " o33 " o335 " o335 7 o3as 1 0.00
Fuel Cell Fo218 "1 " 133 T4 T3 Toam 13 T oam Toam Toam T oam 1 0.00
Conventional 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 0.00

[1] EY MPG walues represent miles per 125000 Btu at the plug.

(2] WISIOM azsumes that fuel ethanol iz denatured with 53 gasaline.

(2] Multiply diesel MP'G by 0.9012 to compute gasoline gallon equivalent MPG.

(4] Should reflect fuel economy while using this fuel. Pleaze see cells 015-16 in worksheet "Light Wehicle MPIG [geg)” for combined liquid Fuel and electric MPG.

The technologies for which user-input is possible mostly mirror those in the market penetration module
explained above, with the following exceptions. Both SI and diesel PHEV technologies are split across
two lines: a first for energy economy on liquid fuel (gasoline, ethanol, or hydrogen for a spark-ignition
technology and diesel for a compression ignition technology) and a second for energy economy on
electricity within the vehicle’s all-electric range.

The fuel economies of advanced technology vehicles to 2030 are, by default, matched to values predicted
by the Annual Energy Outlook. Thus, a user can opt to use the AEO Reference Case fuel economies by
making no changes in rows 29-41. Changing these default economies requires two preliminary steps in
the “Auto (Car) Market Penetration” module because the “Auto (Car) Market Penetration” module and
“New Auto Fuel Economy” module are interrelated, even if a user does not wish to change the default
technology market penetration values. If changes are already made to the market penetration values in
rows 9-19, the steps 1 and 2 below should be skipped.
1) Change the cell in-line in rows 9-19 with the advanced technology for which the fuel
economy is to be changed under the heading “1st Year” from O to the year at which the fuel
economy begins to deviate from the default value
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2) Change the value of the cell directly to the right, under the heading “1st Yr Shr”, to the value
of the market share in the year input in step 1 above (this year should appear in column with
the heading “1st Year” in rows 9-19).

After completing the preliminary steps in the “Auto (Car) Market Penetration” module, the fuel
economies can be changed in three steps:

3) Change the cell in-line with the advanced technology (in rows 29-41) for which the fuel
economy ratio is to be changed under the heading “Use Ref Case MPG” from 1 to 0.

4) Change the value of the cell directly to the right, under the heading “MPG in 1st Year”, to the
desired fuel economy in the year input in rows 9-19 while changing market penetration
above. Please note that the desired MPGGE should be entered here instead of fuel economy
ratio because the corresponding base fuel economy may not be known for the year of interest.

5) Change the fuel economy ratio in all subsequent years ending in zero to the values associated
with your user-defined scenario. These years appear in some portion of columns to the left of
the column marked “Use Ref Case MPG”, depending on the year selected for “1st year” in
step 1 above or in the “Auto (Car) Market Penetration” module.

When changed, the fuel economy is user-specified for the first year and fuel economy ratios are user-
specified for the year ending in zero of each subsequent decade. VISION automatically linearly
interpolates for those years between user specifications. For direction on inputting more complex fuel
economy ratio patterns, see Advanced Input (Section 4).

3.3. Light Truck Market Penetration

The Light Truck Market Penetration module allows a user to define the percentage of the total number of
new light trucks sold by technology type. This module is analogous to the Auto (Car) Market Penetration
module described on Section 4. In the ‘Model Input’ worksheet, rows 51 — 62, which comprise the light
truck market penetration module, are exact copies of rows 6 — 20, which comprise the Auto (Car) Market
Penetration module. The three-step process for modifying the Auto (Car) Market Penetration module is
also applicable for modifying this Light Truck module; see Section 3.1 for details.

3.4. Light Truck Share of Total Light Duty Vehicle Market

The Light Truck Share of Total Light Duty Vehicle Market module allows a user to define the percentage
of all new light duty vehicles sold that are light trucks. Changing the light duty vehicle market share
requires 4 steps:
1) Alert VISION to changes in the module by changing the “NO” in cell A69 to “YES”.
2) Change the value of cell under the heading “1st Year” to the first year in which the total light
truck market share deviates from the default value.
3) Change the value of the cell directly to the right, under the heading “1st Yr Shr”, to the value
of the market share in the year input in step 2 above.
4) Change the total light truck market share in all subsequent years ending in zero to the values
associated with your user-defined scenario.

3.5. New Light Truck Fuel Economy (as a Ratio to Base Case ICE)

The New Light Truck Fuel Economy allows a user to define the fuel economy of each advanced vehicle
technology. This module is analogous to the New Auto Fuel Economy module described in Section 3.2.
In the ‘Model Input’ worksheet, rows 73—-95, which comprise the New Light Truck Fuel Economy
module, are exact copies of rows 23—45, which comprise the New Auto Fuel Economy module. The five-
step process for modifying the New Auto Fuel Economy module is also applicable for modifying this
Light Truck module; see Section 3.2 for details.
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3.6. Technology Fuel Type

The Technology Fuel Type module allows a user to specify the fuel used in flex-fuel HEVs, PHEVs, and
fuel cell vehicles. A user can modify the fuel assigned to these technologies in column B by inputting a
number representing another fuel type using the appropriate legend in column F. Note that only ethanol
(E85) and hydrogen are valid for HEV. Only gasoline, ethanol (E85), and hydrogen are valid for PHEVs.
Gasoline, diesel, natural gas, ethanol (E100), hydrogen, and methanol are valid for fuel cell vehicles. The
legends in column F clearly indicate fuels that are valid for modeling each vehicle technology for which
multiple options are available.

3.7. Fuel Price

This Fuel Price module (see Figure 3) allows a user to define the price of various fuels, including:
gasoline, diesel, natural gas, ethanol (E85), hydrogen, F-T (Fischer-Tropsch) diesel, bio-diesel, methanol,
and electricity. Note that fuel prices should be interpreted and input in constant 2005 dollars per gasoline
gallon equivalent. Also note that prices for F-T- and bio-diesel should reflect the price of the pure fuel.
Fuel blends can be specified in the module immediately following the Fuel Price module.

Figure 3: Fuel Price

A [ 8 [ ¢ [ o [ E T F [ & [ H ] [ o [ w [ [ [ wn
VISION wses fuel price prajections by the Dept of Energy alfowing user specification only for the shaded area In the table below. The DOE projections inciude federal and state taxes, where

o) . i yon are s ting & fuel price scenario, e 1" in the box below and specify your prices. Fael Prices are in 2005 doilars; doffars per gasoline gaffon egquivaiant.
111 CHANGE FUEL PRICES ? &l 1=Yes
112
113 |Fuel Prices 2000 2010 2020 2030 2040 2050 2060 | 2070 | 2080 | 2090 | 2100 [istYear [1st ¥r Price
114| Gasoline 1.70 257 2.38 247 264 2.8 248 315 332 349 366 a 0.00
115| Diesel 1.52 238 2 237 263 2588 314 339 364 3.0 4135 1] .00
116| MHatural Gas 1.8 185 147 1.56 159 182 1.98 209 223 236 249 1] 0.00
117 | Ethanol (E85) 223 286 220 238 265 2482 318 346 373 4.0 428 1] .00
118| Hydrogen 14.53 1090 5.51 4.36 420 424 428 433 437 4.41 445 1] 0.00
118| F-T Diesel 218 236 202 212 226 239 252 266 2749 2483 3.06 1] .00
120| Bio-Diesel 224 247 219 218 245 273 3.00 327 3.54 381 4.05 1] .00
121| Methanol 1.94 288 243 257 279 3.0 323 345 367 389 411 1] .00
122 Electricity 204 229 220 223 228 232 2.36 2.4 245 249 254 1] 0.00
123

Fuel prices are, by default, matched to values published in the Annual Energy Outlook up to the year
2030 and extrapolated after that. The price of each fuel can be changed in four steps:
1) Alert VISION to changes in the module by changing the “0” in cell next to “Change Fuel
Prices?” to “1”.
2) Change the cell in-line with the fuel for which the price is to be changed under the heading
“Ist Year” from O to the year at which the price begins to deviate from the default value.
4) Change the value of the cell directly to the right, under the heading “Ist Yt Price”, to the
price in the year input in step 2.
5) Change the fuel price in all subsequent years ending in zero to the values associated with
your user-defined scenario. These years appear in some portion of columns on the left,
depending on the year selected for “Ist year” in step 2.

Fuel prices can be user-specified for the first year and the year ending in zero of each subsequent decade.
VISION automatically linearly interpolates for years between user specifications. For direction on
inputting more complex fuel price patterns, see Advanced Input (Section 4).

3.8. Other Key Fuel Input Assumptions

3.8.1. Share, by volume, in Blended Fuels

VISION offers three options to incorporate fuel blends: ethanol in conventional gasoline, F-T diesel in
conventional diesel, and bio-diesel in conventional diesel. Fuel blends are, by default, matched to values
published in the Annual Energy Outlook to 2030 and held constant after that. VISION allows a user to
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specify the percentage of an alternative fuel that is blended with the conventional fuel by following three
steps:
1) Change the cell in-line with the fuel for which the blend is to be changed under the heading
“Ist Year” from O to the year at which the blend begins to deviate from the default value.
2) Change the value of the cell directly to the right, under the heading “Ist Yr Shr”, to the
percentage of the fuel that is added to the base blend in the year input in step 1.
3) Change the blend in all subsequent years ending in zero to the values associated with your
user-defined scenario. These years appear in some portion of columns to the left, depending
on the year selected for “1st year” in step 1.

Fuel blends can be user-specified for the first year and the year ending in zero of each subsequent decade.
VISION automatically linearly interpolates for years between user specifications. For direction on
inputting more complex fuel blend patterns, see Advanced Input (Section 4).

3.8.2. FFV VMT Share by Fuel and All-electric Range for New PHEV

The Flex-Fuel Vehicle Vehicle-Miles-Traveled Share by Fuel and All-electric Range for New PHEVs
module provides a mechanism for defining the details for vehicles with multiple power sources. This
module (see Figure 4) consists of three sections: specifications for flex-fuel vehicles, specifications for
PHEYV electric range, and override specifications for PHEV electric range. Note that for PHEVs, VISION
automatically calculates the percentage of vehicle miles traveled based on the all-electric range using a
mathematical formula unless override specifications are input.

In the first section, specifications for flex-fuel vehicles, a user can define the percentage of total vehicle
miles traveled using E85 ethanol, instead of conventional gasoline, in each of three flex-fuel vehicles.
These specifications can be made in three steps:

1) Change the cell in-line with the flex-fuel vehicle for which the percentage of travel made
using E8&5 is to be changed under the heading “1st Year” from 0 to the year at which the
blend begins to deviate from the default value.

2) Change the value of the cell directly to the right of “1st Year”, under the heading “1st Yr
Value”, to the percentage of travel made using E85 in the year input in step 1.

3) Change the percentage of travel made using E85 in all subsequent years ending in zero to the
values associated with your user-defined scenario. These years appear in some portion of
columns to the left of “Ist Year”, depending on the year selected for “Ist year” in step 1.

Figure 4: Fuel Input Assumptions
A | 8 | ¢ | o | E | F |l e | H | v | 9 ] ¥ | | M | N
132 |FFY WMT Share Fuel and All-electric Range for Hew PHEWV

133 | Futer porcent of mifes by FFV that will be on F35 fuol frest of the miles are assumed to be on ethanol & gasoline blend)
134 2000 2010 2020 2030 2040 2050 2060 2070 | 2080 | 2090 | 2100 [ 1st Year fist ¥r Value
L L Ld L Ld L

135|E85 VMT Share for E85 FFY (1) 03% | 03% | 359% @ 399% | 399% | 399% @ 399% @ 399% @ 39.9% | 399% & 39.9% 0 00%

136 E85 UMT Share for SIHEV on E8s (13 | 00% ~ 00% " o00% 7 oo 7 oo T oow T ooo% T ooow T ooon T ooon T oow% ] 00%
r r r r r r r r r r r

E85 VMT Share for S| PHEV (2) 00%  00%  00%  00% 00%  00%  00%  00%  00%  00%  00% 0 00%

o
=1

{excluding Electirc Mode YMT)
Electric Range for PHEVY in Miles (3)

oy
5]

139]  Auto SI PHEV i 5" 13" 25" 257 25" ' ' T BT = 0 ]
140|  Auto D PHEV r 5" 5" 12" " 2T 4" x5 " i " o7 30 i} a
141] Lt Truck S PHEY r 57 [ (g 20" i 0 " 24 7 25 7 25 7 25 7 25 o o
142 Lt Truck D PHEY r 5" 5" 12" 20" 0" 0 " 23 " 25 " w " 2" 30 u] o
1435 |Electricity VMT Share of PHEY WMT (for user information onhy; can be changed by changing range in rows 139-142.)
A44|  Auto Sl PHEV 9.2% 14.3% 21.2% ITA% A% STA%T FA%T A% STA%! A% A%
145|  Auto D PHEY 2% s’ 205w M3nl osErw” oseow” seoaw” 402w’ anow " o422nf qnow
146| Lt Truck S PHEY 9.2%" 0% 174%” 3.3%” 33%7 33w B0%T A% FI%T FA%T A%

Lt Truck D PHEY 92w azwl 205w 33wl 33w o’ wew” amaw’ gmEw” 412wl 40ow
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(1) WISIOMN assumes that ethanol iz denatured with 52 gasoline.
[2] Electric share will be calculated internally based on electric range. The share specified here is of non-electric YMT.
[3) PHEY WM T 3 on electricity is computed by using an equation bazed on SAE JIT1L. A user may accept it, change electric range, or replace the computed WRAT 2.

-
o

w
[=]

In the second section, specifications for PHEV electric range, a user can define the all-electric range of
PHEVs in three steps:
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1) Change the cell in-line with the PHEV for which the all-electric range is to be changed under
the heading “lst Year” from O to the year at which the blend begins to deviate from the
default value.

2) Change the value of the cell directly to the right, under the heading “1st Yr Value”, to the all-
electric range in the year input in step 1.

3) Change the all-electric range in all subsequent years ending in zero to the values associated
with your user-defined scenario. These years appear in some portion of columns to the left,
depending on the year selected for “1st year” in step 1.

As mentioned above, VISION uses the user-defined all-electric range to calculate the percentage of
vehicle miles traveled using electricity based on a mathematical formula®. These override values should
be changed per the directions in the following paragraph if the user wishes to manually input a different
percentage of total VMT on electricity than the VISION-calculated value.

In the third section, override specifications for PHEV electric range, a user can specify the percentage of
total vehicle miles traveled in a PHEV’s all-electric range. These specifications are calculated
automatically based on the all-electric ranges input in the preceding section. To override the calculated
value, the user should simply input the percentage of total VMT for the PHEV technology in a given year.
(Please note that the rows in which percentages of total miles on electricity appear are not shaded. Unless
the user has a basis for changing the values, only the equation parameters should be changed with own
justification. The equation in these rows is based on the data from a national survey.)

Note that in each of these cases, parameters can be user-specified for the first year and the year ending in
zero of each subsequent decade. VISION automatically linearly interpolates for years between user
specifications. For direction on inputting more complex patterns, see Advanced Input (Section 4).

3.8.3. Ethanol and Hydrogen Production Share by Feedstock and Utility Mix

The Production Share by Feedstocks module provides a mechanism for defining the details for the
production of alternative fuel production. This module consists of three sections: specifications for
ethanol production share by feedstock, specifications for hydrogen production share by feedstock, and
utility scenario.

In the first section, specifications for ethanol production share by feedstock, a user can define the
percentage of ethanol produced using five feedstocks in three steps:

1) Change the cell in-line with the feedstock (corn stover, switchgrass, woody biomass, forest
residue) for which the feedstock is to be changed under the heading “1st Year” from 0 to the
year at which the feedstock share of ethanol production begins to deviate from the default
value.

2) Change the value of the cell directly to the right, under the heading “Ist Yr Shr”, to the
percentage of ethanol produced using the specified feedstock in the year input in step 1.

3) Change the percentage of ethanol produced using the specified feedstock in all subsequent
years ending in zero to the values associated with your user-defined scenario. These years
appear in some portion of columns to the left, depending on the year selected for “Ist year” in
step 1.

Note that the percentage of ethanol produced using corn is automatically calculated to comprise the
proportion of the market that is not made up of one of the other feedstocks.

2 %VMT = 0.00049+0.0194148*AER-0.000214596*4AER’+0.000001301 66 *AER’-0.00000000327902*AER’
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Figure 5: Energy Pathways
| o | E | F | & | H

A | B | ¢ | [ o |k | L oM | N

152 |Ethanol Production Share by Feedstock
155 | Enter percent of ethanol produced from the following feadstock
154 |Ethanol feedstock 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 | 1st Year | 1st Yr Shr
155 |Corn (1) 100.0% [ 100.0% [ 100.0% | 1000% | 1000% | 1000% [ 100.0% [ 100.0% [ 100.0% | 100.0% | 100.0%
156 |Corn stover 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
157 |Switchgrass 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
155 |Woody biomass 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
159 |Forest residue 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
B0 (1) Computed as 100 minus the sum of other feedstock.
161
162 rogen Production Share by Feedstock
163 | Enter parcent of iydrogen prod, d from tie following feadstock

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 1st Year | 1st ¥r Shr

100.0% [ 100.0% [ 100.0% | 1000% | 1000% | 1000% [ 100.0% [ 100.0% [ 100.0% | 100.0% | 100.0%

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% a 0.0%
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1] 0.0%

168 |Coal - Central (2) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% a 0.0%
169 |Biomass - Central 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1] 0.0%
170 [High Temp. Electro. - Central 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1] 0.0%
171 |TC Conversion of Water - Central 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1] 0.0%
172 |Solar - Central 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1] 0.0%
73| (1) Computed as 100 minus the sum of other feedstock.
A74 (2] with CO2 sequestration
175 |IHility Scenario ==> |I|Select from one of the follow 1 - Reference Case (AEQ)
A7E| 2 - Renewable Scenario
A77 | 3 - Hatural Gas Scenario
A75] 4 - Huclear Scenario

In the second section, specifications for hydrogen production share by feedstock, a user can define the
percentage of hydrogen produced using eight feedstocks. Note that the percentage of hydrogen produced
via “natural gas - station” is automatically calculated to comprise the proportion of the market that is not
made up of one of the other feedstocks. The other feedstocks can be defined in three steps:

1) Change the cell in-line with the feedstock (electrolysis — station, natural gas — central, coal —
central, biomass — central, high temperature electrolysis — central, TC conversion of water —
central, solar — central) for which the feedstock share of hydrogen production is to be
changed under the heading “1st Year” from 0 to the year at which the blend begins to deviate
from the default value.

2) Change the value of the cell directly to the right, under the heading “Ist Yr Shr”, to the
percentage of hydrogen produced using the specified feedstock in the year input in step 1.

3) Change the percentage of hydrogen produced using the specified feedstock in all subsequent
years ending in zero to the values associated with your user-defined scenario. These years
appear in some portion of columns to the left, depending on the year selected for “1st year” in
step 1.

Finally, in the third section, a user can specify one of four scenarios that describe the future of the power
sources for the U.S. electric grid. The Reference Case presumes business as usual, the Renewable
Scenario presumes significant increases in renewable energy are incorporated to power the grid, the
Natural Gas presumes significant increases in natural gas, and the Nuclear Scenario presumes significant
increases in nuclear energy. The “Util Mix” sheet presents precisely what is assumed. To toggle between
scenarios, a user should input the number of the desired scenario from the legend in column G (as shown
in Figure 5).

3.9. LDV VMT Growth Rate and Elasticity to the Cost of Driving

The Vehicle Miles Traveled (VMT) module allows a user to estimate VMT based on one of two
prediction algorithms: a mathematical VMT growth function or manually entered growth factors. The
worksheet contains a mechanism for selecting which algorithm to use in the cell next to “Select LDV
VMT growth method”. A ‘1’ in this cell alerts VISION to use the mathematical growth function; a ‘2’
tells VISION to use manually entered growth factors; a ‘3’ triggers a hybrid mode, in which the formula
is used until a ‘1st year’, specified by the user, after which manually entered growth factors are used; and
a ‘4” tells VISION to use annual VMT/car and VMT/LT estimates. Modifications to simulated scenarios
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using the VMT module depends on the value inputted to cell next to “Selected LDV VMT growth
method”, as follows:

‘1, signaling use of the mathematical algorithm, VMT growth = exp(rt + at®), where

r = rate of growth,

t = year at start, and

a = the discount rate.
The growth parameters can be entered in column C, in rows following “VMT Growth Function”.
The equation also considers elasticity to cost of driving—that is, the percent change in VMT
resulting from a 100 percent change in fuel cost per mile from the Base Case value—in cell
D189. The growth rate can be modified by adjusting at least two values:

1) rate of growth, and

2) years to zero growth

3) elasticity to cost of driving (optional)
The discount rate will be calculated automatically.

¢2’, signaling use of manually entered growth factors.
A 2’ in column C next to “Select LDV VMT growth method” tells VISION to use manually
entered values for VMT growth factors (where a growth factor is the proportion of VMT in a
given year compared to that of the year prior). A user can control automobile (car) VMT over
time in 2 steps:

1) Inputting a value for the “1st Year” that manually entered VMT growth factors
should be considered in the simulation and the VMT growth factor for that year in
cell next to it with heading “VMT Factor” (note: the year should be 2000 if a VMT
growth factor is input for all years in the simulation), and

2) Manually entering a value for each year in the simulation covering all years,
beginning with the column C (as shown in Figure 6).

Light truck VMT growth can be controlled using the above process in the appropriate cells just
beneath the cells used for automobile (car) manual entry.

3’, indicating a mixture of the preceding methods.
The same procedure described for “‘2’°, signaling use of manually entered values” above is
applicable here. The only difference between a mixture of VMT growth calculation methods and
purely manual entry is the ‘1st Year’ values for cars and for light trucks, which determines the
transition point between the two methods.

‘4’ which uses annual VMT/car and VMT/LT estimates based on AEO data and extension to the last year
of VISION simulations.
EIA does not publish the annual VMT/car and VMT/LT estimates. For VISION, these are
derived from the AEO projections of car and LT energy use, vehicle stock and stock fuel
economy. They are then extended to 2100. Note that the annual VMT/car and VMT/LT
estimates are consistent with the default annual growth factors in the ‘Model Input” worksheet.

10
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Figure 6: Vehicle Miles Traveled
& | 8 | ¢ | o | E F G H | J K L 1 5] |

179|LDV YMT Growth Rate
80| Four aptions: 1=use exponential function Exp(rtea*t"2] for alf years, 2=nser specified fixed rates by year (see rows 1891-214)
A8 | A=combination of wo, option | guplied ot the st Year” (in M195 and M210) and option 2 after that, or 4=0ze AFD extended (see worksheel "Auto- L T data™).
152 |Selected LDV YMT growth method ;
183 | WMT Growth Function ~ e*(rt+at*2)
A184|r = rate of growth 0.0081
185t = time at start 2000
186 |a = discount rate 0000051
187 |years to zero growth 200
188
189|VMT Elasticity to Cost of Driving (centsimile) Liee iy wher WWT Growth Methods £
190
191 |VMT Growth Factors for Cars
82| Inputl MY growth factors for cars when the selected WYMT Growth Methoo is 2 or 5.
193 | MUST spechly the first vear and first vear WM T factor.

2001 - 2011 - 2024 - | 203 - 2041- 2051 - 2061- 2071- 2081- 2091- YMT
184 |Car YMT Factor for the Decade Year 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 1st Year Factor
195| 1 1.0111 10095 10063 10042 | 1.0039 1.0040  1.003 1.0025  1.0027 2006 0.5393
185 2 1042 1.0095 1.0051 1.0041 1.0039 1.0040 1.0031 1.0025 1.0028
197 | 3 1.038 1.0104 1.0050 1.0040 1.0039 1.0040 1.0031 1.0026 1.0028
188 4 1.0166 1.020 1.0111 1.0051 1.0041 1.0039 1.0040 1.0032 1.0026 1.0028
188) 5 1.0050 1.0z 1.0118 1.0049 1.0039 1.0039 1.0040 1.0032 1.0026 1.0028 CARS
200 [ 088393 10086 10124 10049 10042 | 10029 10030 10032 10026 1.0029
201 T 048777 1.0077 1.0129 1.0047 1.0044 1.0039 1.0030 1.0032 1.0027 1.0029
202| ] 05936 10068 10135 10045 10046 | 10039 10030 10033 1.0027  1.0029
203 9 1.0M02 1.0056 1.0142 1.0044 1.0047 1.0039 1.0031 1.0033 1.0027 1.0029
204 1] 1.0052 1.0099 1.0149 1004 1.0049 1.0040 1.0031 100353 1.0027 1.0030

3.10. New Heavy Vehicle MPG Ratio to Reference Gasoline

The New Heavy Vehicle MPG Ratio to Reference Gasoline module allows a user to define the fuel
economy of heavy truck technologies. The values in this module indicate the ratio of volumetric fuel
economy to the “Reference Gasoline and Diesel Fuel Economy”, as shown in Figure 7. The vehicles for
which Reference values are provided are: Class 3—6 Gasoline, Class 3—6 Diesel, Class 3—6 Diesel HEV,
Class 7&8 Single Unit Conventional Gasoline, Class 7&8 Single Unit Diesel HEV, and Class 7&8
Combination. These reference values, not shaded in yellow, are for reference only and should not be
changed by the user.

A user can customize heavy truck fuel economy by altering the fuel ratios in the rows following
“Reference Gasoline and Diesel Fuel Economy”. Changing the economy that is used in the scenario
requires three steps:

1) Change the cell in-line with the truck and engine type for which the fuel economy ratio is to
be changed under the heading “1st Year of Change” from 0 to the year at which the fuel
economy begins to deviate from the default value.

2) Change the value of the cell directly to the right, under the heading “MPG in 1st Year”, to
fuel economy for the year input in step 1 above. Please note that actual MPG should be
entered here instead of fuel economy ratio because the corresponding base fuel economy may
not be known for the year of interest.

3) Change the fuel economy ratios in all subsequent years ending in zero to the values
associated with your user-defined scenario. These years appear in some portion of columns
to the left, depending on the year selected for “1st year of Change” in step 1.

Note that this process is analogous to changing adjusting the New Auto Fuel Economy module, described
and pictured in Section 3.2, except that the fuel economies are not in gasoline gallon equivalent.

When changed, the fuel economy is user-specified for the first year and fuel economy ratios are user-
specified for the year ending in zero of each subsequent decade. VISION automatically linearly
interpolates for those years between user specifications. For direction on inputting more complex fuel
economy ratio patterns, see Advanced Input (Section 4).

11



VISION 2008 User’s Guide October 2008

Figure 7: New Truck MPG and Market Share
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2. Hew Truck Market Share
2.1 Class 3-6 Truck Market Shares
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245 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 | 1st Year | 1st ¥r Shr
243(Class 3-6: Conv. Gas. 82% | 32.4% | 32.7% | 32.4% | 30.3% | 30.0% | 20.9% | 208% | 29.7% | 29.6% | 29.5%

250|Class 3-6: Conv. Diesel [ s08% " 676% " 67.3% " G676% " BO.7% T TO0% T 7041%  v02% T 70.3% 7 704 T F05% 0 0.0%
251|Class 3-6: HEV Diesel "00% " 00%m " o00% " o00%m "% " o00%m "o00% " o00nm T o007 o0.0% 0 0.0%

252 | Mote: Market Share of Class 3-6 Conventional Gasaline Truck is Caloulated Automatically

254 (2.2 Class T&8 Truck Market Shares

255 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 | 1st Year | 1st ¥r Shr
256 |Class 7&8: Conv Single Unit 28.6% ' 248% ' 23.6% | 225%  205% | 22.4%  22.4%  223% ' 223% | 22.0% | 22.0% 0 0.0%
257 |Class 7&8: HEV Single Unit "o To00n "ooew To00% To00%m "o T oo0n Tooon oo To00% 0 0.0%
255 |Class 7&8: Conu Comb. F 74w 754 " 764% T rvswm Trren T e ornew Dovrawm T orren T owrew T Inen

258 | Mote: Market Share of Class 748 Conventional Combination Truck is Caleulated Automatically

3.11. New Heavy Truck Market Share

The New Heavy truck Market Share module is divided into two parts—class 3—6 and class 7&8—that
allow a user to define the percentage of the total number of new trucks sold by engine type. This division
is shown in Figure 7. Technologies include: Class 3—6 Conventional Gasoline, Class 3—6 Conventional
Diesel, Class 3—6 Diesel HEV, Class 7&8 Single-Unit Conventional Gasoline, Class 7&8 Single-Unit
HEV, and Class 7&8 Combination.

The composition of new market sales are, by default, matched to values published in the Annual Energy
Outlook and the 2002 Vehicle Inventory and Use Survey (because the latter provides additional detail).
Note that Class 3—6 Conventional trucks and Class 7&8 Conventional Combination trucks are
automatically calculated to comprise the proportion of the market that is not made up by other
technologies; therefore, user input should include only those other technologies (in the rows that are
shaded yellow). The market share values for each technology can be changed in three steps:

1) Change the cell in-line with the advanced technology for which the market share is to be
changed under the heading “1st Year” from 0 to the year at which the market share begins to
deviate from the default value.

2) Change the value of the cell directly to the right, under the heading “Ist Yr Shr”, to the value
of the market share in the year input in step 1 above.

3) Change the market share in all subsequent years ending in zero to the values associated with
your user-defined scenario. These years appear in some portion of columns to the left of
column with heading “1st Year”, depending on the year selected for “1st year” in step 1.

Market share can be user-specified for the first year and the year ending in zero of each subsequent
decade. VISION automatically linearly interpolates for those years between user specifications. For
direction on inputting more complex market share patterns, see Advanced Input (Section 4).

3.12. Diesel Share of Class 7&8 Single Unit Truck VMT

Because class 7&8 gasoline and diesel single unit trucks are simulated together, Section 3 of Heavy
Vehicles enables a user to specify the percentage of heavy trucks running on diesel. The default values
are derived from the past Vehicle Inventory and Use Surveys and the resulting trend is extrapolated. To
change these percentages from the default values:
1) Change the cell under the heading “1st Year of Change” from 0 to the year at which the
percentage of diesel trucks deviates from the default value.
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2) Change the value of the cell under the heading “Share in 1st Year” to the VMT by diesel
trucks, as a percentage of the total.

3) Change the percentage of diesel truck VMT in all subsequent years ending in zero to the
values associated with your user-defined scenario. These years appear in some portion of
columns to the left of “Ist Year of Change”, depending on the year selected for “1st Year of
Change” in step 1.

3.13. Share of Alternative Fuels

VISION offers two options to incorporate diesel fuel blends for heavy trucks: bio-diesel and Fischer-
Tropsch Diesel. Fuel blends are, by default, matched to values published in the Annual Energy Outlook.
They are the same as those developed for light vehicles. Because many class 3-8 diesel trucks are fueled
at truck owners’ facilities, their average diesel fuel blend shares can be different than those for the light
duty vehicles. VISION allows a user to specify own composition of diesel blend for class 3-8 trucks.
The user should change the blend shares here only if they are different from those for the light duty
vehicles. A user can specify the percentage of an alternative fuel that is blended with the conventional
diesel fuel for use by class 3-8 trucks by following three steps:
1) Change the cell in-line with the fuel for which the blend is to be changed under the heading
“Ist Year” from 0 to the year at which the blend begins to deviate from the default value.
2) Change the value of the cell directly to the right, under the heading “Ist Yr Shr”, to the
percentage of the fuel by volume that is added to conventional diesel fuel in the year input in
step 1.
3) Change the shares in all subsequent years ending in zero to the values associated with your
user-defined scenario.

Fuel blends can be user-specified for the first year and the year ending in zero of each subsequent decade.
VISION automatically linearly interpolates for years between user specifications. For direction on
inputting more complex alternative fuel blending patterns, see Advanced Input (Section 4).

3.14. Light Vehicle Cost Ratio

VISION enables a user to make future projections regarding the incremental vehicle costs of each
advanced light vehicle technology included in a scenario: EV (electric vehicles), E-85 FFV (E85 flex fuel
vehicles), Diesel, CNG (compressed natural gas), SIHEV on Gasoline (spark ignition hybrid electric
vehicle on gasoline), SIHEV on E85/H2 (spark ignition hybrid electric vehicle on E85 flex fuel or
hydrogen ICE), Diesel HEV, SI PHEV (spark ignition plug-in hybrid electric vehicle), Diesel PHEV, and
Fuel Cell Vehicles. These options are shown in Figure 8.

The prices of these vehicles are indexed to a base price—input in column B for cars and light trucks—for
an ICE vehicle of each type in the year 2000, where the index is the ratio of the advanced vehicle
technology price to the Base ICE price (e.g., by default, an electric car costs 155% of a conventional ICE
in the year 2000). A user should first verify that the base price is appropriate for the scenario or change it,
if necessary. Subsequently, the user can adjust the price of advanced technology vehicles by manually
entering new price ratios in the car price ratio grid and the light truck price ratio grid.
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Figure 8: Light Vehicle Cost Ratio
c | E | F

A | 8 | o | [ e | w [ v [ 0 [k [ L |
272 |Light Vehicle Cost Ratio
|273 | User may change the Base Price ahdior cost ratios,
274
275 | Car Base ICE Price in 2005 dollars (Midsize Year 2000 price)
276
277 [Technology 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
278 [EV 165 153 160 159 155 150 1.48 145 144 142 140
279 |E-85 1.01 1.01 1.02 1.01 1.01 1.01 1.01 1.01 1.0 1.01 1.01
260 | Diesel 111 110 1.09 1.09 1.08 1.08 1.08 107 107 1.07 107
281 |CHG 139 138 137 136 135 134 133 133 133 133 133
262 |51 HEV on Gas 1.20 115 114 113 112 112 112 112 142 112 112
253 |51 HEV on E85MH2 1.21 118 116 115 113 113 113 113 143 113 113
264 | Diesel HEY 133 125 1.24 123 1.21 1.21 121 1.20 120 1.20 120
285 |51 PHEY 1.80 138 130 127 125 123 1.21 1.20 120 1.20 120
266 | Diesel PHEY 1.89 1.51 1.42 138 135 133 1.30 1.29 129 1.29 129
257 |Fuel Cell 4.00 307 243 203 1.80 160 1.55 1.53 1.50 1.48 145
|266 |
289 |
230 |Lt Trk Base ICE Price in 2005 dollars (Year 2000 price - Avg of small van and small SUV)
201
2932 | Technology 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
293 [EV 185 180 179 178 175 170 168 168 164 162 160
294 |E-85 1.02 1.01 1.02 1.0 1.0 1.01 1.01 1.0 1.01 1.0 1.01
295 | Diesel 111 111 1.09 1.09 1.09 1.09 1.08 1.08 108 1.08 108
295 |CHG 1.35 134 1.33 1.33 132 132 1.31 1.3 130 1.30 130
297 |51 HEV on Gas 125 118 117 116 115 114 113 113 143 113 113
298| S1 HEV on E85M2 1.28 119 1.19 118 1.8 115 1.14 114 114 1.14 114
299 | Diesel HEV 1.40 133 130 127 127 125 135 1.24 124 124 124
300|S1 PHEY 1.88 152 1.45 1.38 1.30 127 1.25 1.25 125 1.25 125
301 |Diesel PHEV 220 200 165 145 138 133 132 132 1.31 131 131
302 |Fuel cell 4.00 310 2.50 220 2.00 1.80 1.75 1.73 1.70 1.69 168

As with other variables, light vehicle prices can be user-specified for the first year ending in zero of each
decade. VISION automatically linearly interpolates for years between user specifications. For direction
on inputting more complex price patterns, see Advanced Input (Section 4).

4. Advanced Input

This section details the location into which a user can manually input (i.e., hard-wire) parameters to
describe more complex patterns over time than the decadal interpolation that VISION uses by default.
Advanced data entry is possible for all variables discussed in section 3 except for 2: “Technology Fuel
Type” and “LDV VMT Growth Rate and Elasticity to the Cost of Driving”. For the first of these,
complex entry is unnecessary; for the second, annual entry is also facilitated by the existing ‘Model Input’
worksheet.

Auto (Car) Market Penetration ...........ccceeevereieereenieenienie e e eveeieesne e AM40:AM140 in
multiple tabs: ‘auto XX’ where XX indicates the type of car for which a modification is to be
made (EV, EtOH, Dsl, CNG, ST HEV Gas, STHEV E85, D HEV, SI PHEV, D PHEV, FCV).
Market penetration of conventional cars in worksheet ‘auto ICE’ is computed automatically
as the remainder.

New Auto Fuel Economy (in miles per gasoline gallon equivalent) .......... A0O40:A0140 in
multiple tabs: ‘auto XX’ where XX indicates the type of car for which a modification is to be
made (ICE, EV, EtOH, Dsl, CNG, ST HEV Gas, STHEV E85, D HEV, SI PHEV, D PHEV,
FCV). PHEYV fuel economies on electricity are in column BE in worksheets ‘auto SI PHEV’
and ‘auto D PHEV’.

Light Truck Market Penetration............cccecveveereenienienieeieeieesee e AM40:AM140 in
multiple tabs: ‘LT XX’ where XX indicates the type of car for which a modification is to be
made (EV, EtOH, Dsl, CNG, ST HEV Gas, STHEV E85, D HEV, SI PHEV, D PHEV, FCV).
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Market penetration of conventional light trucks in worksheet ‘LT ICE’ is computed
automatically as the remainder.

Light Truck Share of Total Light Duty Vehicle Market.............c..ccueenee.e. J40:J140 in ‘Auto-LT
data’. If these values are changed, the option to change “Light Truck Share of Total LDV
Market’ in the worksheet “Model Input’ should be set to “No”.

New Light Truck Fuel Economy (in MPEEE) ...cceevevevvrrvieriierieenieereerenn, A040:A0140 in
multiple tabs: ‘LT XX’ where XX indicates the type of car for which a modification is to be
made (ICE, EV, EtOH, Dsl, CNG, STHEV Gas, STHEV E85, D HEV, SI PHEV, D PHEV,
FCV). PHEV fuel economies on electricity are in column BE in worksheets ‘LT SI PHEV®
and ‘LT D PHEV”.

FUCL PIICE ..ottt eae e L40:T140 in ‘Fuel $
Data’.

Ethanol Share, by volume, in Blended Gasoling ...........c.cccceeeverveerrenenne. M40:M90 in ‘Carbon
Coefficients’.

F-T Diesel Share, by volume, in Blended Diesel.............ccccceeveviiinieeennenns F40:F140 in ‘Carbon
Coefficients’.

Bio-diesel Share, by volume, in Blended Diesel ...........cccoeveeevveciieivennnnee. H40:H140 in ‘Carbon
Coefficients’.

E85 VMT Share of Flexible Fuel Vehicles (FFV)......cccoccvvvvivienienieene, R40:R140 in ‘Carbon
Coefficients’.

E85 VMT Share of Flexible Fuel STHEV ..........oooviiiiiiiiiiieiieiveeeee, W40:W140 in ‘Carbon
Coefficients’.

E85 VMT Share of Flexible Fuel SIPHEV .......ccooovviiiiiiiiiiiiieeeeeeea, AB40:AB140 in
‘Carbon Coefficients’.

% VMT on Electricity for New PHEV ..o, AW40:AW140 in

multiple tabs: ‘auto XX’ and ‘LT XX’ where XX indicates the PHEV type for which a
modification is to be made ( SIPHEV, D PHEV)

Ethanol and Hydrogen Production Share by Feedstock............c.ccccuveennen. AE40:AL140 in
‘Carbon Coefficients’ for hydrogen and AP40:AS140 in ‘Carbon Coefficients’ for ethanol.
New Medium Truck MPG (miles per gallon of gasoline or diesel)............ AMS50:AM150 in

multiple tabs: ‘Class XX’, where XX indicates the types of truck (3-6G, 3-6D, 3-6 HEV,
7&8SU, 7&8C, 7&8SU HEV)

New Truck Market Share...........cccccveviiiiiinciieieieeece e AJ50:AJ150 in multiple
tabs: ‘Class XX’, where XX indicates the types of truck (3-6D, 3-6 HEV, 7&8SU, 7&8SU
HEV). Note that Class 3-6G and 7&8C are calculated automatically as the market share not
comprised by other medium and heavy duty trucks, respectively.

Diesel Share of 7&8 Single Unit Truck VMT ......ccccoovivviiiiiiiciieieeieeeen AS50:AS150 in ‘Class
7&8 SU’

Diesel Share of F-T Diesel or Bio Diesel ..........ccecvevieriiiiienieniecieeen, 050:P150 in ‘HVY
TRK ENERGY”

Light Vehicle Cost Ratio ........coceeiieiienieniiiiiecece e AT40:AT14 in multiple

tabs: ‘auto XX’ where XX indicates the type of car for which a modification is to be made
(EV, EtOH, Dsl, CNG, SI HEV Gas, SIHEV E85, D HEV, SI PHEV, D PHEV, FCV)
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Carbon coefficient for each advanced technology ...........c.ccccvevveevieenreenncnn. C4:C14, C16:G16, and
C18:J18 in ‘Carbon Coefficients’. Note that these values are, by default, derived from
Argonne National Lab’s GREET model, version 1.7. These coefficients can be seen in the
‘Carbon Coefficients’ worksheet by selecting “Unfreeze Panes” from Microsoft Excel’s
“Window” Menu.

5. Summary Results

5.1. Model Results

The ‘Model Results’ worksheet is the primary source for VISION output. It summarizes energy
consumption in two scenarios: the Base Case scenario, which uses estimates from the corresponding AEO
and its extension, and the scenario defined by the parameters in the ‘Model Input” worksheet. Output for
the Base Case scenario appears in columns to the left; output for the user-defined scenario appears
immediately to the right. Results for the Base Case and user-defined scenarios are analogous except for
the “Percent Oil Reduction” that appears for the user-defined scenario. This value captures the reduction
in oil consumption in the user-defined scenario relative to the base case.

Key results are displayed twice: once in units of energy (quadrillion Btu), oil use, and CO2 emissions
distinguished by headings with yellow backgrounds, and once in physical units (Bbl, gallons, and kWh),
indicated by headings with green backgrounds. Within each of these sections, the results for each
scenario are displayed by vehicle type: total light duty vehicles (cars and light trucks), cars, light trucks,
heavy vehicles, and total (cars, light trucks, and heavy vehicles).

The summary results worksheet only displays estimates for the first year of each decade in the period
2000-2100. VISION calculates energy consumption at annual intervals, so more detailed results can be
obtained. Year-by-year estimates can be viewed by following directions in Extracting Detailed Results
(Section 5.4).

5.2. Light Vehicle MPG (gge)

The ‘Light Vehicle MPG (gge)’ is a second important source for VISION output. It summarizes the new
vehicle fuel economy, in miles per gallon of gasoline equivalent, for each vehicle and technology type.
Vehicles types are cars and light trucks and technologies included are: conventional internal combustion
engine, electric vehicle, E85 flex-fuel vehicle, diesel, compressed natural gas, spark-ignition hybrid
electric vehicle on gasoline, spark-ignition hybrid electric vehicle on E85 or hydrogen, diesel hybrid
electric vehicle, spark-ignition plug-in hybrid electric vehicle, diesel plug-in hybrid electric vehicle, and
fuel cell vehicle.

As in the ‘Model Results’ worksheet, this worksheet summarizes fuel economies in two scenarios: the
Base Case scenario, which uses estimates from AEO and its extension, and the scenario defined by the
parameters in the ‘Model Input” worksheet. Output for the Base Case scenario appears in columns to the
left; output for the user-defined scenario appears immediately to the right.

In addition to new vehicle fuel economies for each individual vehicle technology, the worksheet displays
sales-weighted estimates for fuel economy across all vehicle technologies for new vehicles. The “CAFE”
line-item displays the estimated corporate average fuel economy (harmonic mean) for all new vehicles in
a given year. These values appear row 18 for cars, row 32 for light trucks, and row 35 for total light duty
vehicles). The “Fleet On-Road Average” line-item displays the estimated average fuel economy for all
technologies and vintages, both new vehicles and older vehicle still in operation, on the road in a given
year. These values appear row 19 for cars, row 33 for light trucks, and row 36 for total light duty
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vehicles). Because on-road degradation factors are applied to new vehicle dynamometer test fuel
economies, the on-road fuel economies are much lower.

These summary results only display estimates for the first year of each decade in the analysis period
beginning with 2000. VISION calculates fuel economy at annual intervals, so more detailed results can
be obtained. Year-by-year estimates can be viewed by following directions in the Extracting Detailed
Results section (Section 5.4).

5.3. Lt Veh Incremental Cost Summary

The ‘Lt Veh Incremental Cost Summary’ worksheet displays the aggregate incremental vehicle cost for
each advanced vehicle technology for cars, light trucks, and light vehicles (the sum total of cars and light
trucks). The incremental vehicle cost is the additional cost of an advanced technology, or, on other
words, the difference in cost between an advanced technology vehicle and a conventional vehicle of the
same make and model. The aggregate incremental vehicle cost is the additional expenditure on all
advanced technology vehicles of a particular type (hybrid vehicles, for example) over and above the cost
of a conventional vehicle.

The summary worksheet contains annual estimates values for aggregate incremental vehicle cost for
advanced technology (electric, flex-fuel, diesel, compressed natural gas, hybrid, and fuel cell), annual
total aggregate incremental vehicle cost, and cumulative aggregate vehicle cost since the year 2000.

5.4. Extracting Detailed Results

This section details the location from which a user can extract annual results (rather than using the
decadal summary estimates described in the preceding section). The cells and worksheets mentioned for
each of the following variables describe the locations at which annual estimates can be found. Similar
information for the Base Case—which can be useful for comparative purposes—can be found in the other
VISION model file.

For Annual LV energy usage data (e.g. those results that appear in summary form in the ‘Model
Results’ worksheet), annual estimates are available in the ‘Lt Veh Energy by Fuel Type’. Annual energy
consumption estimates are broken down by vehicle type (car, light truck, and heavy truck) and vehicle
technology. Each vehicle technology listed below contains estimates for energy broken down by fuel
type, as follows:

- Internal combustion engine: gasoline, ethanol

- Electric vehicle: electricity

- E85 flex-fuel vehicle: gasoline, ethanol

- Diesel: diesel, Fischer-Tropsch, biodiesel

- Compressed natural gas: compressed natural gas

- Hybrids:
o Low-ethanol gasoline: gasoline, ethanol, diesel, Fisher-Tropsch Diesel, biodiesel,
electricity
o ES85: gasoline, ethanol
o Hydrogen

Fuel Cell: gasoline, diesel, Fischer-Tropsch diesel, biodiesel, compressed natural gas, ethanol,
hydrogen, methanol, and the total consumed

The preceding estimates are aggregated into total energy consumed across all light vehicles (cars and light
trucks); these data are presented as energy consumed by fuel type: gasoline, diesel, compressed natural
gas, Fischer-Tropsch diesel, biodiesel, methanol, hydrogen, electric, and ethanol. The ‘Lt Veh Energy by
Fuel Type’ worksheet also estimates annual on-road fuel economy in columns AP (cars), CE (light
trucks), and CQ (LDV).
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Annual LV carbon emissions are summarized in the ‘Lt Veh Energy by Fuel Type’ worksheet, columns
CR-CV. The details underpinning these aggregated values are embedded in the ‘LDV C & Energy by
Vehicle Tech’ worksheet, in columns B-R. These estimates are presented by vehicle type (car, light
truck, and total) and vehicle technology (gasoline, electricity, ethanol, diesel, compressed natural gas,
hybrid, and fuel cell). Note that these estimates are based on hard-wired emissions rates for each fuel and
advanced technology. These default emissions rates are based on Argonne National Lab’s GREET
model, version 1.7, and can be changed by following the directions in Advanced Input section (Section 4).
Annual carbon coefficients for each fuel and technology, computed within the ‘Carbon Coefficients’
worksheet based on these emissions rates and fuel composition (default or user-specified), are used by
individual technology worksheets and consolidated in the ‘LDV C & Energy by Vehicle Tech’.

Total annual vehicle stock and VMT for each technology by car and LT type are available on each
technology’s individual sheet. But the totals for all technologies combined, by year, are also available on
the worksheet entitled ‘LV VMT Data’.

Annual heavy truck energy use (by type), fuel economy, stock, VMT and carbon emissions are also
available. The sheet is ‘Hvy Trk Energy’.
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