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NEMS TRANSPORTATION SECTOR MODEL

1. INTRODUCTION

Statement of Purpose

' Th15 report documents the obJectlves, analytlcal approach and development of the Natlonal Energy :
Modelmg System (INEMS) Transportation Model (TRAN), The report catalogues and describes the
model assumptlons computauonal methodology, parameter estlmatlon techmques model source
code, and forecast results generated by the model. ' '

' Th1s document serves three | purposes F1rst, 1t 1s a reference document providing a detailed

' descnptron of TRAN for model analysts, users, and the pubhc Second, this report meets the legal |
requlrements -of the Energy Informatlon Administration (EIA) to provrde adequate documentatlon o

_in support of its statistical and forecast reports (Public Law 93-275, §3 7(b)(1 ). Th1rd, it permits,

continuity in model development by providing documentation. from “which energy -analysts can

' undertake model enhancements, data updates, and parameter refinements.

| 'ModeI‘Summary

' The NEMS Transportatlon Model comprises a senes of seml-mdependent models whrch address

 different’ aspects of the transportation sector. The pnmary purpose of this model is to provide m1d- -
term forecasts of transportation energy, demand by fuel type including; but not limited to, motor -

- gasoline, distillate, jet fuel, and alternative fuels (such as CNG) not commonly associated with
transportation. The current NEMS forecast horizon extends to the year 2010 and uses 1990 as the

. base year. Forecasts are generated through the separate consideration of energy consumption within

the various modes of transport, including: pnvate and fleet hght—duty vehlcles, aircraft; marine, rail,
and truck freight; and various modes with mmor overall impacts, such as mass transit and

recreational boatmg This approach is useful in assessmg the impacts of policy initiatives, legislative ,: .

. mandates which affect individual modes of travel, and technological developments.

The model also provides forecasts of selected intermediate values which are generated in order to

‘ Energy Information Administration - )
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' “determine energy consumptlon These elements mclude estlmates of passenger travel demand by
automoblle, air, or mass transit; estlmates of the efﬁclency w1th which that demand. is met;
projections of vehicle stocks and the penetratlon of new technologles, and estimates of the demand.
for freight transport which are lmked to forecasts of industrial output. F ollowmg the estlmatron of
. energy demand, ‘TRAN produces forecasts of vehicular emissions ‘of - the following arrbome
‘ -pollutants by source: oxides of sulfur, oxides of mtrogen, total carbon, carbon d10x1de, carbon |
monoxide, and volatlle orgamc compounds :

Model 'S'.tr.uct_ure”

The transportatlon sector encompasses a vanety of veh1cu1ar modes wh1ch, in general ‘bear little
_ physical resemblancé to each other save for their interided purpose of conveymg ‘passengers or
freight. Consequently, these modes are addressed in separate modules whose mterrelatlonshlp is

. tenuous at best. Transportatlon sector energy consumpuon is the sum of energy consumptlon

forecasts generated within each of these modules Each module in turn, may comprise more than
one submodel, consistent with the methodolog1cal requirements of the sector, and commeénsurate
with the relative 1mpact the sector has on overall transportatlon demand The NEMS Transportation

Model consists of the followmg seven modules: Light-Duty Vehlcle, Light Duty Stock, Light Duty o

- Fleet, Air Travel; Frelght Transport, Mlscellaneous Transport, and Emlssmns The components of
these modules are bneﬂy described in turn below ' :

| Light—Ddty Vehicle (LDV) l_VIod_ulé- ,

The LDV Module is the ‘most extensive of the modules in TRAN, owmg to the overwhelmmg
_ contnbutlon of automoblle and hght-truck use to total transportahon energy demand Forecasts of

stocks and efﬁclencles of cars and light trucks are generated, dlsaggregated by vehicle srze class,
" vintage, and engine technology, usmg the followmg submodels

‘Fuel Economy Model (FEM) : .
. The Fuel Ecoriomy Model uses estimates of future’ ﬁ1e1 pnces, economlc condltlons, and the 1mpact
of leglslatlve mandates to forecast the economic ‘maiket share of numerous automotive technologies
within seven vehicle size classes, and the consequent impact on stock fuel efﬁclency of new
vehicles. The results are subsequently used as mputs to other components of the Transportanon

' Model.

. te Enorgy information Admlnlsuaﬂon
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Reglonal Sales Model (RSM) .

‘The Regional Sales Model is a simple accountmg mechamsm which uses exogenous estimates of
new car and light truck sales, and the results. of the FEM to produce estimates of regmnal sales and
charactensucs of light duty vehlcles, wh1ch are then passed to the nght Duty Stock Model .

Altematlve Fuel Vehlcle (AFV) Model
The Alternative Fuel Vehicle Model uses ‘estimates of new car fuel efficiency, obtained from the

. FEM, and fuel price estimates generated by NEMS to generate market shates of each conmdered‘ o

technology, as well as the overall market penetration of alternative fuel vehicles. This model is
useful both to assess the penetration of AFV's and to allow ana1y31s of pohcles that might i 1mpact this
penetratlon. o :

" Light-Duty Vehicle Stock Modille ~

" LDV StockAccountmg Model -
The LDV Stock :Accounting Model takes sales and efficiency estimates for new cars and hght trucks )

" from the LDV and LDV Fleet Modules, determines the number of retirements of older vehicles and
additions of ﬂeet veh1cles and returns estunates of the number and charactenstlcs of surviving

; vehicles.
4 N\

. Vehlcle-Mlles Traveled (VMT) Model :
* The VMT Model is the travel demand component of the LDV Stock Module whlch uses NEMS

estimates of ﬁlel price and personal income, along with populauon projections, to generate a forecast
. of the-demand for personal travel. This is subsequently combined with forecasts of automotive stock
efficiency to estimate fuel consumption by the existing stock of light duty vehicles.

 Light-Duty Vehicle Fleet Module

. The Light-Duty Vehicle Fleet Module generates'esﬁmates of the stock of carsand light trucks used -
in business, govemment, and utility fleets. The model also estimates travel demand, fuel efficiency,
_ - and energy consumption by these fleet vehlcles pnor to their transmon to the private sector at -

- predetermined vintages. i . ‘

Energy lnformaﬁon Administration -
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Air Travel Module = .-
The air travel component of the NEMS Transportation Model comprises two separate submodels:
the Air Travel Demand Model and the Aircraft Fleet Efficiency Model._ ‘These models use NEMS
forecasts of fuel pﬁce, macroeconomic ‘aeﬁvity,' and population growth, as well as assumpﬁons about
aircraft retiremeént rates and technolog1ca1 mprovements to generate forecasts of passenger and
ﬁ:erght travel demand and the consequent fuel consumptron. - T

' All' Travel Demand Model : : :

The Air Travel Demand Model produces forecasts of passenger travel demand, expressed in revenue
. passenger-mrles (RPM), and air ﬁ'elght demand, measured in revenue-toN miles (RTM). These 4 are
‘ combined into a smgle demand for available seat-mlles (ASM), and passed to the Alrcraﬂ Fleet
AEﬂicrency Model, which ad_]usts mrcraﬁ stocks in order- to meet that demand.. '

".A:rcraft Fleet Eff'clency Model (AFEM) :

The Aircraft Fleet Efﬁclency Modelis a structured accountmg mechamsm which, subject to user-
specified parameters provides estlmates of the number of narrow- and Wrde-body alrcraft required
to meet the demand generated in the preceding model. This model also estimates au'craﬁ fleet

: eﬁiclency using a welghted average ‘of the charactenstrcs of survrvmg au'craft and those acqu1red C

- to meet demand

Freight Transport Module

. The Freignt Transport Module uses NEMS forecasts of real fuel prrces trade indices, and selected
mdustnes output from the Macroeconomrc Model to estimate travel demand and energy
consumptlon in each of three' primary frerght modes: truck, rail, and marine. ThlS component also -
prowd&s estnnates of modal efficiency growth, driven by assumptlons about systemlc 1mprovements ,
and modulated by fuel ; pnce forecasts : :

Miscellaneous Energy Use Module =~ ‘ _ .
Thé Mrscellaneous Energy Use Module addresses transportation-related energy den'_rands which can

.o ‘ . . ’ Enargy Information Administration -
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not readﬂy be allocated to any of the preceding modules These: mclude mﬂ1tary fuel consumpuon,
mass tansrt, recreahonal boatmg, and automotlve lubncants .

Vehicle Emissions Module

The Vehicle Emissions Module receives estlmates of energy consumption, b;v mode. from all of the-
preceding mo dules, and calculates vehicular emissions based on both the mix of veh1c1e technologies
" utilized over time, and the age dlstnbutlon of these vehrcles : -

Model Archival Citation

Archived as part of the NEMS production runs for the Annual Energy Outlogk 1994.

y

" Report Organization

_ Chapter 2 of thls report discusses the pinpose of the Transportation Model, detailing its objectives;
primary - mput and output quantities, and the relauonsh1p of TRAN to the other modules of the
NEMS system. In Chapter 3, each of the constituent modules i is addressed i in detall describing the

ratlonale behind the module's design. Where appropriate, altematlve methodologlcal approaches to-
the issues raised in each module are presented, thus perm1ttmg a ready companson Wlﬂl the =
approaches chosen for NEMS. Each module's structure is then presented in detail, illustrating model
flows and key computaﬁons Chapter 4 prov1des an overview of the pnncrpal assumptions employed )
~-in const'uctmg the Transportatlon Model. S

The Appendlces to this report prov1de micro level detall as supportmg documentaﬁon for the TRAN -
files currently residing on the EIA mamframe Appendlx A lists and defines the input data used to -
generate parameter estimates and endogenous forecasts from TRAN, along with the parameter

. estimates and the outputs of most relevance to the NEMS system and the model evaluation process.

. . Appendix B coritains a mathemancal descnptlon of the computatxonal algonthms used in TRAN,
including model equations and vanable transformations. Appendlx Cisa blbhography of reference _
materials used in the development process Appendix D consists of 2 model abstract. Appendix E
. discusses data quality and estimation methods. Appendix F contains a number of attachments which

Energy Information Administration o
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are meant to provide insight ‘into the his_idricai deifelbpment of the NEMS Transportation Sector
Model. Finally, Appendix G comprises two reports used in the development 6f the Fuel Economy

Model. -~ =~ . o

V"olmﬁe_ 10 of this report documents technical detaﬂ on model data and equaﬁon§ and sensitivity
analysis and scenario output in suppott of the documentation of model performance;, =~ o

‘ 'Energy Information Administration S
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'2. MODEL PURPOSE AND SCOPE

. ObjectiV_es -

'Ihe development of the NEMS Transportauon Model has achieved four obj ecuves First, 1t prov1des \

a pohcy-sensmve representatlon of the transportatlon sector within NEMS. Second, it generates
mid- to long-term forecasts (ten to twenty years) of transportauon energy - demand at the census
, division level in support of the development of the Annual Energy Outlaok (AEO) Third, it
mcreases the level of dlsaggregatlon provrded in prev10us transportatlon models, and fomth, it
incorporates endogenous forecasts of the effects of technologlcal innovation and vehicle choice.

Model Overview

The Transportation Model is a 10osely-knit group of submodules which are seqnentially executed
in a series of program calls. The flow of information between these modules is depicted in Figure
2-1. The modél feceives inputs from NEMS prmclpally in the form of fuel prices, vehicle sales,
. economic -and demographnc indicators,’ ‘and estimates of defense spending. 'I'hese inputs are -

described in greater detall in the followmg section. : '

The ﬁrst moduie exeouted is 'the 'Light Duty Vehicle (LDV) Module, which addresses the
characteristics of new cars and light trucks. This module comprises a senes of submodels ‘which
* provide estimates of 1 fiew LDV fuel economy, the market shares of altematlve fuel vehicles, and sales

.of vehicles to fleets. This information is passed to the LDV Flest Module a stock vmtagmg model
which generates estlmates of travel demand, fuel efficiency, and energy consumptlon by business,
| government, and ufility fleets. The LDV Fleet Module subsequently passes estimates of vehmles‘
transferred from fleet to private service to the LDV Stock Module; which also receives estimates of
new LDV sales and fuel efficiency from the LDV Module The LDV Stock Module generates
driving, ﬁJeI economy, and fuel consumption estrmates of the entire stock of those light duty vehicles -

" which are not owned by fleets. Information from the LDV Stock Module is subsequently passed to

the Miscellaneous Energy Use Module. : ' :

The Air Travel Module receivesmacroeconomic and deniograpﬁio input from NEMS, including jet
fuel prices, population, per capita GDP, disposable income and merchandis_e' exports, and

Energy Information Admlnlstrat!on ; s,
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subsequently uses an econometnc estlmatron to detennme the level of travel demand and a stock
_ vmtagmg model to determme the size and characterrstrcs of the alrcrafc fleet requlred to meet that

. "demand The output of this- module also includes an estimate of the demand for jet fuel and aviation -
I gasohne _which is subsequently passed to the Miscellaneous Energy Use Module. The Freight

Transport Module uses NEMS forecasts of real fuel prices, n'ade md1ces, and selected industries'
“output to estunate travel demand and energy consumptron m each of three primary freight modes:
B truck, | .rail; and marme Travel and fuel demand estlmates are subsequently passed to the
: Mlsce]laneous Energy Use Module ' ,
. The Mlscellaneous Energy Use Module receives estlmates of mrhtary expendmrres from NEMS to
. generate rmhtary fuel demand estimates; travel demand estimates from the LDV Stock Module and
' " fuel efﬁcrency est:mates from the Frerght Transport Module are used to' calculate regronal fuel
B consumptlon by miass transit vehicles; estimates of drsposable personal income from NEMS aréused
" to calculate the demand for fuel used i in recreatronal boatmg, and the aggregate demand for hrghway Co
travel, obtained ﬁ'om the precedmg modiles i is used to estimate the demand for lubricants used i in
transportatron Finally, the Emrssrons Module uses estimates of travel demand and fuel consumptlon |
* from all the precedmg modules to determme the productron of arrbome pollutants ‘

The Transportanon Model then sends mformatron on regronal fuel consumptron, travel demand, fuel.'
economy, and emissions by transport mode and vehrcle  type back to NEMS, Where itis integrated
- with the results of the economic and supply models ' S '

| Inpu'tgari_d Output :
. In order to generate forecasts the Transportatron Model receives a vanety of exogenous mputs from
other NEMS modules. The pnmary source of these inputs is the Macroeconomrc Model, .which
provides forecasts of economiic and demographic mdrcators Other inputs.exogenous to TRAN but
endogenous to NEMS include fuel prices forecasts from the various supply models A complete
11stmg of NEMS mputs to TRAN is provided in ‘the table below. :

A large number of data mptrts exogenous to NEMS are supphed to the TRAN modules described )
above. These data sets remain constant throughout the forecast, and, to that extent, constitute-a set
- of assumptlons about current and future conditions.. A comprehenswe list of these invariant mputs
under the classrﬁcatlon "data mputs" is provrded in Table A-1of Appendrx A.

- .
. o Enorgy Information Admlnlstraﬁon
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Table 2-1. Inputs to TRAN from Other NEMS Models - -

N;EMS Macro Model: . ) : NEMS Supply Models: Pnces
Economlc and j
Demographlc Indicators

Petroletim Marketing Renewables Electricity Market -||
® Merchandise ,Imnorts ‘ ' ® Motor Gasoline
® Merchandise Exports ' ~ | Distillate
® Gross Domestic Product - | ® Residual Fuel Oil
| @ppy - 1 o "1 ® Methanol .
‘e GDPDeflater '. . |® JetFuel’
® Disposable Inconie _ . ® Aviation Gasoline
|| ® U.S. Population : ' . S
eUS. P'opulation over 16
® U.S. Popuilation over 60
® Industrial Output by SIC
Code "~ - ‘

® Defense Spending

‘The Light Duty Vehmle Module, with-its numerous submodels, requlres the largest. number of.
exogenous inputs. In the Fuel Economy Model these mputs include the characteristics of the
considered automotive technologies, such as their effects on vehicle horsepower, weight, fuel
efficiency, and price. Vehicle characteristics in the AFV Model are similarly obtained, with vehicle
‘price, range, emissions levels, and relative efficiency being read in from an external data file."

The LDV Stocl; Module uses vintage-dependent constants such as vehicle survival and relative
 driving rates, and fuel economy degr,adation'factors, to obtain estimates of stock efficiency. '

The Air Travel Module receives exogenous estimates .of ‘aircraft load factors, new technology -
'charactensucs, and mrcraﬁ specrﬁcatrons which determme the average number of available seat-
mlles each plane will supply in‘a year. The Frelght Module receives exogenous estimates of ﬁerght
mtensrty and modal shares. Finally, the Emissions Module is supplied a set of coefficients which
~ associate energy use by vehicle and fuel type with the consequent emissions of each of the six
a1rbome pollutants consrdered by the model. Co '

Each submodel performs calculauons ata level of d1$aggrega110n commensurate W1th the nature of .
the mode of transport, the quahty of the input data and the level of detail required in the output. For-
example, the FEM addresses seven size classes. of car and hght truck, ‘while the Stock Module '
consrders six separate classes, and the AFV Model only three The Transportauon Model maps the .

Energy information Admlnlstxaﬁon :
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output of each submodel mto vanables of the appropnate dimension for use in subsequent steps.
- Due to the lack of a uniform stratification scheme among the various transportatlon sectors, the
pnmary dimensions across which key vanables vary in TRAN are d1scussed in the md1v1dua1
module descnptlons in the followmg section. . :

As descnbed prev10usly, the Transportatlon Model produces forecasts of travel demand,
'dlsaggregated by .census division, vehicle and fuel’ type; conventronal .and alternative vehicle

. technology ch01ce 'vehicle stock and efﬁc1ency, energy demand, by vehlcle and’ fuel type and °

. emrssrons of speclﬁc airborne pollutants Withm NEMS, TRAN ‘has an mteractrve relationship with "

the Macroeconom1c Module and the vanous supply modules; wh1ch prov1de the prices of
transportahon-related fuels at a given level of demand. Ineach year of the forecast, NEMS performs
several 1teranons in order to denve a. set of fuel pnces under which supply and demand converge,
The reliance of eachof the submodels in TRAN on these econoch and pnce inputs is made clear
with the deta.tled model sPecrﬁcanons in the followmg sectlon. ] ' '

. : _Energy information Administration )
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Figure 2-1. NEMS and tlie NEMS Transportation Sector Model - -
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3.""MOD!EL' R'ATION'ALE AND STRUCTURE_‘

As described above, the NEMS Transportation Model is made up of an array of separate modules,
each addressing different aspects of the transportation field. In order to prov1de a consistent and -
lucid presentation of TRAN ¢ach. of these modules are discussed separately, wheré appropriate,
, md1v1dua1 module components are’ separately considered. Each section describes the general.
theoretical approach to the issue at hand, the. assumptlons which -were incorporated in the’.

development of the model the ‘methodology employed in predecessor models and a.lternatrve
, approaches whrch were consrdered. : :

The key computatlons and equatlons of each module are then presented, in order to provrde a
' comprehensive overv1ew of the Transportatlon Model. The equations follow the logic of the
' FORTRAN source code very closely to facilitate an understanding of the cade and its structure In
several mstances, a variable namie will appear on both sides of an equatlon This is a FORTRAN '
'pro grammmg device that allows a previous calculatlon to be updated (for example, multrplred by .
" a factor) and re-stored under the same variable name . . .

/

" Flowcharts are prov1ded both Wlthm the text and atthe end of each section. Those embedded withm

" ‘the "Model. Structure” port10n of the explanatory text give a general overview of each Module's )

‘ slructure its mteractlons with other Modules within TRAN, and its mput requirements from other )
NEMS Models. Flowcharts found at the end of each section are intended.to be detalled, self- '
contained representations of Module calculations. Thus for the sake of clanty, ongms and
destmatlons of external mformatron ﬂows are not spec1ﬁed. ' ~
’ The various appendices following this section provide additional information on the 'model .
development process, including background research wh1ch contnbuted to the’ quantlﬁcatlon of the
various relatlonshrps mﬂuencmg model output. : - :

Energy lnfonnation Administration .
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3A. Light Duty Vehicle Module

i

This module tracks the purchases and retirements of cars and hght trucks forecasts ther fuel

efficiency, and estimates the consumption of a variety of fuels, ‘based on projections of travel
- demand The LDV Module is divided into three separate sections! the Fuel Economy Model, the

. Regronal Sales Model, and the Altematrve Fuel Vehicle Model. Due to the diﬁ“enng methodological
approaches and data requirements, each section is presented mdrvrdually

3A-1. I-;uel Ecohomy Model A

The Fuel Economy Model (FEM) isa subcomponent of the Lrght Duty Vehicle segment of the .
NEMS Transportation Model. FEM produces estimates of neyw light duty vehicle fuel efficlency_
which are then used as inputs to other components of the Transportation Model '
,RA TIONALE

- The FEM is a s1gmﬁcant component of -the- Transportation Model because the demand for
automotive fuel is. directly affected by the efficiency with which that fuel is used. Due to the
disparate charactenstrcs -of the vanous classes of light duty vehicle, this model addresses the -
* commercial viability of up to srxty-one separate technologies within each of fourteen vehicle market
classes, four corporate average fuel economy (CAFE) groups, and thirteen fuel types. The seven
automobile market classes include five classes based on interior passenger volume, ranging from
- "minicompact" to "large", and classes for "sp_orts"' and "luxury" cars. The seven classes of light truck .
are based rnainly on utility and intertia weight and include vans, pickups, utility vehicles and mini-
trucks. Market classes for automobiles and light trucks are descnbed in more detail in Appendix A,

. Table A-2. The four groups for which CAFE standards are set are: Domestrc Cars, Import Cars, '«

Domestic Trucks, and Import Trucks. = . .

The fuel economy of the fleet of new vehicles‘c_anvchange as aresult of four._factors:

1') ' _ A change in technological characteristics of each vehicle

2) - A change in the level of acceleration performance of vehicles- .
3) © ' A change in the mix of vehicle classes sold
4 - A change in vehicle safety and emission standards.

Over the last 15 years, the single factor with the largest effect on fuel economy was the changing

- Energy Information Administration . r
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i teclmologrcal characterrstrcs of cars. Except for the penod 1mmed1ately followmg the second orl
shock of 1979, the vehicle class miix has not had a very large effect on fuel economy since the mix
changes have not been large In the last ﬁve years, raprdly mcreasmg performance levels have had

a srgmﬁcant 1mpact on fuel economy

The Fuel Economy Model developed for NEMS consrders each’ of the first three factors when
propctmg fuel economy in the future. To forecast technologlcal change, the entlre fleet of new cars
\ “and light. duty trucks are drsaggregated into fourteen market classes (seven each for, cars and lrght
trucks) that are relauvely homogenous in terms of consumer percerved attnbutes such as size, pnce
and utility. _Technological- 1mprovements to each of these market classes are then forecast based on- .
the availability of new technologres to improve fuel economy as well as their cost effectrveness
' under two user-speclﬁed alternative scenanos The central assumptrons mvolved in- this

technologrcal forecast are as follows P
- n .. Al manufacturers can obtain the same'beneﬁts from a given technology,' provided '
'_ they have adequate’ lead. time (1 €., 10 technology is propneta.ry to a grven :
B manufacturer in the long term)
2 . Manufacturers wﬂl generally- adopt technolog1ca1 1mprovements that are percerved

~ as cost-effectlve to the consumer, even without any regulatory pressure. However,
: the term cost-effectlveness needs to be mterpreted in the manufacturer's context.

) These forecasts also account “for manufacturer lead trme and toolmg constramts that limit the rate
of increase m the market penetrauon of new technologles Users of the model are able to specify one -

_ of two scenanos under which these forecasts are made. The first, 1dent1ﬁed as the "Standard
‘Technology Scenario”, permits the consrderatlon of fifty-six’ automotrve technologles whose

.avarlabrhty and cost-effectiveness are elther well»documented or conservatlvely estimated. . The )

second; identified as the "High Technology Scenario”, augments the Standard Scenario with ﬁve
addional technologies, and modJﬁes selected characteristics of the original matnx to render a more .
optimistic assesment of the cost and availability-of technological: mprovements All of the
. ' considered technologles and their associated charactenstlcs are tabulated in Appendrx A Based on -
- the technologlcal lmprovements adopted, a fuel economy forecast assuming constant performance '
is developed for each of the market classes. ' .
The fuel economy forecast must then be adjusted to account for changes in consumer preference for-
performance. The demand for mcreased acceleratlon performance for each size class is estlmated .

. o . ~ Energy lnformatlon Admlntstraﬂon
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' based onan econometric equatlon relatmg fuel pnces and personal dlsposable income 1o demand for
performance or horsepower, by market class. This relationship is used to forecast the change in
horsepower, which is then used to forecast the’ change in fuel economy through an engineering
relatlonsh1p that hnks performance and fuel economy :

Finally,ttlie change in the mix ‘of market clas'ses sold is forecast as a function of fuel'price‘ and
_ personal disﬁosable income only and is docthented in Appendix E page E-1, of this report. The

. sales mix by class is used to calculate fleet fuel economy. The econometric model was derived from
‘regression analysis of h1stoncal sales miix data over the 1978-1990 period. The model forecasts sales
mix for the 7 car classes and the 7 light truck classes ‘while 1mport market shares are held at ﬁxed

values by market class based on EEA estlmates RO

1]
- i

~ The model also allows speciﬁcation_of Corporate Average Fuel Economy (CAFE) standards by year,
and of differential standards for domestic-and import vehicles; as well as the-penalty (in dollars) per
car per mile per gallon below the standard. The standards are accounted for in the forecast by
incorporaﬁng the penalty into the technology cost-effectiveness calculation. Hence, if the penalty

is not large, the model assumes that manufacturers will adopt fuel-savmg technology as long asit: - .

s cost-eﬁ'ecttve that is, until the pomt where it becomes cheaper ‘to pay the penalty for

o noncomphance Thus, the model allows companies to choose non-comphance with CAFE standards

~ asa cost-mlmmmng strategy, as may occur if penalties are set at unrealistic levels relative to the
: drfﬁculty of aclnevmg the CAFE standards

Fmally, the model also accounts for all known safety and emission standard changes durmg the
forecast period. These are generally limited to the 1990-2005 time frame, however. Emission
standards and safety standards inctease vehicle welght, and in some cases decrease engine efficiency.
The model accounts for the 1994 Tier I emission standards as well as the 2001+ Tier I emission
standards, but does not envisage that the California "Low Emission Vehicle" standards will be -

adopted nationwide. Safety standards mclude fuel economy penalties for 4ir bags,: srde intrusion and' '
roof crush (rollover) strength requlrements that are mandatory over the next ten yeéars. Separately, .
anti-skid brakes are assumed to be mcorporated inall vehrcles although they are not reqmred by
law.

ALTERNATI VE SPECIFICATI QNS
The methodology described is implemented in the Fuel Economy Model (FEM) which builds from

the earlier Technology/Cost Segment Model (T CSM) whrch was developed for the Department of

Energy lnfcmtaﬂon Administration - .
 NEMS Transportation Dofmand Modol Documentation Report . - 17



'. Energy. The FEM, howe\;er, has tWo changes relatfve to the TCSM, as detailed below:-/

) . The FEM forecast aggregates all manufacturers by domestrc and import,-while the
' TCSM forecasts fuel ecoriomy by manufacturer for all domestlc and several select )
' 1mport manufacturers : '

2) -, . The FEM technology data is more recently updated, and captures technologles that
-7 . . could be available over fhe niext 40 years whereas the TCSM mcorporates only near
term technology data. T, :

_ Asaresultof its longer term focus the FEM mcorporates a more sophisticated technology adoption-

- and market penetratlon calculation algonthm than the one mcorporated in the TCSM. The adoptlon
'algonthm accomts for teal world effects when cost-meﬁ’ectlve technologles are mtroduced in Juxury
cars for i 1mage or for performance reasons '

The 'forecasts are calculated at the most disaggregate’level of manufacturer type (domestic/ import), |
vehicle type (car/hght truck) and market class. Cars and hght trucks are each separated into.seven
-, market classes. Each market class represents an aggregation of veh1cle models that are similar in
size and pnce and are perceived by consumers'to offer srmﬂar attributes. The caf classes are similar
1o the EPA size classes except for the addition of sports and luxury classes that are not defined on
the basis of interior volume. In addltlon, the classes utlhzed here are based on passenger volume, ,
not passenger and trunk volume as per EPA, which results in'some hatchback models differing in. :
classification. Truck classification is essent:rally identical to the EPA classification. Th1s leadsto
- atotal of 28 posmble classes @. cldsses x 2 vehicle types x2 manufacturer types) but some have no ‘
:vehlcles, e.g., there-ate no domestic mm1compact cars. ’Ihe net result is 22 drfferent classes wh1ch h
- are md1v1dua]ly forecast to 2030 ’

MQDEL §TRQQTQRE - : '
The Fuel Economy Model (FEM) uses a stralghtforward algonthm to forecast fuel economy by :

. vehicle class. FEM begms wrth a baseline, descnbmg the fuel economy, weight, horsepower and
price for each vehicle classin 1990 Ineach forecast period, the model 1dent1ﬁes technologles which
are available in the current year. Fach avarlable technology is subJ ected to a cost efféctiveness test
whrch balances the cost of the technology against the potentral fuel savings and the value of any'

increase in 'performance prov1ded by the technology. The cost eﬁ“ectlveness is used to generate an

. economic market share for the technology

T c Energy lnfon_nation Administration
18 . , _ NEMS Transportation Demand Model Documentation Report -



' " In certain cases there are adJustments whrch must be made to the- calculated market shares. Some

"of these ad_]ustments reflect engineering limitations to what may ‘be adopted. Otlier adjustments '
reflect external forces that require certain types of technologies; safety and emissions technologles
are both in th13 category All of these adjustments are referred to collectively as "Engineering . .
Notes." There are four types of engmeenng notes Mandatory, Requzres, .Sjvnergzstzc and
Supersedes Thiese are descnbed in detail i in the followmg sections.

After all of the technology market shares have been determmed, the basehne values for the vehlcle .

-, classare updatedto reflect the impiact of the various technology choices on vehicle fuel economy, -

weight and price. Next, based on the new vehlcle weight, a no-performance-change adjusttnent is’
made to horsepower 'I’hen, based on income, fuel economy, fuel cost; and vehicle class, aperfor- )
mance-change adjustment is made to horsepower Fmally, the fuel economy is adjusted to reﬂect
the new horsepower ; : :

Once these steps have been taken for a]l vehlcle classes, the Corporate Average Fuel Economy
(CAFE) is-calculated for éach of the four groups: Domesuc Cars, Import Cars, Domestic Trucksand .
Import Trucks. Each group is classified as either passing or farlmg to meet the CAFE standard.-
When a group fails to meet the standard, penalties are assessed to all of the vehicle classes in that

group, which are then reprocessed through the market share calculatrons In this second pass, the

. technology cost-effectiveness calculation is modified to include the beneﬁt of not havmg to pay the -
fine for failing to meet CAFE. After this second pass the CAFEs are recalculated. No fm'ther achon |
is taken to force CAFE comphance vehicles in fa1hng groups are assumed to srmply pay | the fine.

Energy Information Administration .
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L ESTABLISH AFY CHARACTERISTICS RELA'TIVE'TQ GASOLINE ICE

The 1mtlallzatlon subroutine, AFVADJ calculates the base year price, weight, fuel economy and
horsep ower for the alternative fusel vehicles. Most of these are set relative to the gasolme vehicle
values as shown in the followmg equations. All of the incremental adjustments used for alternative -
fuels have been exogenously determmed and are included in the Block Data section of the code.

1) CalculateAFV base year values for automoblle prices at dﬂ’ferent pro ductlon levels '
a) Mml Sub-Compact, Sports and Compacts at 2,500 umts/year : ) ‘
PRICE = PRICE AFVADJPRFMT” N )

Ba:eYear,FueIIype Ba:eYear Ga:olme

where: . S ) - . N . R
T . AFVADIPF(,1) = the incremental price adjustment for a low produétion AFV car -

-

b) Midsize and Large at 2,500 units/year -
o AFVADJPRF empes AFVADJPRFMTYPC : @

PRICEBa:eYear,FuelT)pe PRICEBa:eYcar,Gambne

where: - . . ~ < )
AFVADJPF (,2).= Incremental price adjustment for a low pfbdu’btion AFV truck
- \ - ' . " .

c) LuxuryvehiclesatZ,SOOimits/year S

PRICEBaseYear,FuelIype P‘R‘[CEBaxechr ,Gasoline +,2 *AFVADJPRFueIZ)pe 1 ’ N (3)

d) Mini, Sub-Compact, Sports and Compacts at 25,000 units/year

[

PRICEHIBa:eYear ,FugIMQ =P RICEBa:eYear,Gaxalme AFVADJPRF“ITJPEQ_ . @

4

where: . ' . v ‘ .
" AFVADIJPF(,3) = Incremental price adjustment for a high production AFV car

Energy Information Administration ) . -
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&) Midsize and d Large at 25,000 i;nits/yea’r

- AF VADJPR ., +AFVADJPR

R _ Fuellype,3 Fueuype4
P RICEHIBauYear,Fu:IIype - PRICEBa:eYcarGa:oline o . . 2 . - (5)

where: ' . . .
v AFV. ADJPFQ4‘) = Incremental price adjustment for a high pro duction AFV truck

7

1) Luxury at 25,000 uniis/year SR

PRJCEHIBauYear,FueIIypa = PRJCEBauYear,Ga:oIme +2 AFVADJPRFueIZ)'pe,s . (6)
©2) ‘CalculateAFV base year valueé for light duty truck prices at different production

levels. - -

a) Standard Plckups Standard Vans and Standard Utlhty at 2,500 umts/year

PRICE

Ba:eYcar,FuelZ}pe PRICE +‘4FVADJPRFuelzype,2 . (7) .

BaseYear,Gasoline -

b) Mrm Compact Plckup, Compact Van and Compact Utility at 2,500 umts/year

+AF VADJPR

" AFVADJPR ueltyped (8)

— FuelType,1’
PRICEBa:eYcar,FueII}pe \PRICEBa:cYear,GamIine .. 2

c) Standard Prckups Standard Vans and Standard Utlhty at 25, 000 umts/year
AFVADJPRF“,TW . "9

PRICEHIBauYear,Fuelma = PRICEBauYear,Ga:olme
Energy Information Admlnistraﬁon
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d) Mmr Compact Prckup, Compact Van and Compact Utility at 25,000 1m1ts/year :

AFVADJPR +AF VADJPRF.‘M 4

- Fu 3 .
PRICEHIMMMM PRICEBm,mm : e > | @10) .

3) .Calculate base year prices for all elecﬁ'lc hybrid yeh'icles.

_ Electric Hybnd vehlcles have an additional pnce adjustment in addition to those made above. This -
adjustment applies to both cars and trucks. Note that these. ad_]ustments refer to the cost reduction

Iearmng curve for Ni-MH batteries. This is because the EV/Hybrid cost reductron curve beginsat

the same timeé and proceeds at the same rate as that for N1-MH batteries.

a) Electric Hybrid at 2,500 lmits/year |

; ' : WEIGHT,__, -
PRI CEnmm}.suM,sm chaﬂmrm"}’ RI CEaurm,u-mm'uF VADJP. Rzumum WEIGHT. g (1 1)
. . . uum.amrm.omuo

where
AFVADIJPF(11,3)= Incremental pnce adjusunent for a midsize car EV/Hybnd

WEIGHTyg4..,, = Weight of 2 midsize car,
NIMHYS$COST = Cost reduction learnmg curve for a Nr-MH battery -

b) Electric Hybrid at 25,000 unifs/year (noie diﬂ'eren’; PRICE subscript) -

: o WEIGHT, . .
PRICEHIy v, vvscoeiyoa = NIMHYSCOST, ., *PRICE,, ., AFVADIPR s L

a2 .

4) Calculate base year values for such AFV charactensncs as fuel economy, Werght, and

horsepower.

a) Fuel Econo'my Calculation

FEBaseYear,FuelType = FEBn:eYcar,GasoIme (1 +AFVADJFEFueITyp=) ) - (13)

Energy Information Administration
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e A oo L - -—

where . : ’ ’ ~ .
) AFVADJFE Fuel economy adjustment, relatwe to gasolme, for an AFV

b) Weight Calculatibn L

= WEI GHT,

Bachar Ga.mlme

WEI GHT,

Ba:eYear,Fuch)ye (1 +‘AFVADJWTFueII)pe) - - (14)

where:
AFVADIWT Welght adjusunent, relatrve to gasolme, for an AFV

"¢) HorsepowerCalculatron L o A _ . t

_'HP-» oo = HP

BaseYear FuelType B_axeYear,Ga:aIme* (1 +‘4FVADJH FueIType)

[N

where:‘ L . . o, .. : .
AFVADJHP = Horsepower adjlrstment, relative to gasolirr'e, foran AFV '

L. CALCULATE TECHNOLOGY MARKET SHARE,S

' FEM first deter:mmes the cost eﬁ‘ecuve market shares of technologles for each vehicle class and then |
calculates the resultmg Fuel Economy, Welght, Horsepower and Price through the subroutine -

FEMCALC In each forecast penod this ﬁ.mctlon is called twice. During the first pass, technology .

miarket shares are calculated for all vehrcle classes In'the second pass, the technology market shares'
are recalculaied for vehicles in groups fallmg to meet the CAFE standards. During this pass, the cost -

effectrveness calculatron is. -adjusted to include the regulatory cost of’ farhng to meet CAFEL, Ifa IR

vehicle group continues to fail to meét CAFE staridards a:&er the second pass, no further adJustments
to technology market shares are made Rather it is assumed that the manufacturers srmply pay the
© penalty. ‘ ' '

For each vehicle class, FEMCALC follows these: steps:

A.  Calculate the economic market share for each technology

. ! See the variable REGCOST in Equation 6. During pass 1 REGCOST has avalue of 0. Dunng pass 2 lt issetto
'REGSCOST, which is a user mput. . .

. Enargy lnformatlon Admlnlstration
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B. Apply the engineering notes to control market penetratron : .
' - Adjust the economic market shares though apphcanon of the mandatory,
. supersedes and reqmres engmeermg notes e
- Ad_lust the fuel economy 1mpact through apphcanon of the synergy engineering
. notes , -
. C.', . Calculate the net impact of the change in technology market share on fuel economy, welght' -
" and price
D. - Adjust horsepower based on the new fuel economy and welght .
E. ~ Readjust fuel economy based on the ; new horsepower and price based on the change in
' horsepower ' - S

Each step is described in more detail below. Readers should note that all of the calculations in this.
~ section take place within loops by Group, Class, and Fuel Type. In the interest of leglbl.hty, these‘
'-' d1mens10ns are not shown in the subscnpts .

~ @

Az Calcula_te'the econoniic market share for each te'cbnology

- The cost effectlve ‘market share calculation for each technology is based on the cost of the_ :
technology, the present value of the expected fuel savmgs and the perceived value of performance
These are addressed in turn below. . ' :

Fuel Savings Value
The "expected" pnce of fuel is based on the rate of change of fuel prices over atwo year penod prior -

to the year when the technology adoptron decision is made.. The time decision to mtroduce a
particular technology is made at least three years before actual introduction in the marketplace, and.
is based on the expected fuel prices at the time of introduction rather than actual fuel prices. 'Ihe'
' 'expected present value of fuel savmgs is dependant on'the “expected" pnce of fuel, how long the
purchaser is willing to wait to recover the initial investment (the payback penod), and the d1stance '
dnven over the penod This estimation involves the following three steps: ‘

' 1)  Calculate the fuel cost slope (PSLOPE), used to extrapolate hnearly the expected fuel cost over '
the desired payback period, constrammg the walue to be equal to or greater than zero:

MAX (0, FUELCOSTYEAR_s FUELCOSTYEAR )
2

' PSLOPE = (16)

2 - Calculate the expected fuel price (PRICESEX) in year i (where i goes from 1 t6 PAYBACK):

Energy Information Administration . .
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PRICESEX, = PSLOPE ¥ (i+2) + FUELCOSTyyey - = (17)

.’3) Calculate the expected present value of fuel savrngs (FUELSAVE) over the payback period:

o " pamacx 1 - ) ' 1. :
o FUELSA VE, = Y, VMI;* ' : Se—
. . / .o i=1. . FEW (1 ¥ DELSFE FEI::JEAR-I) (18)
s PRICESEX, * (1'% DISCOUNT)_" C
. where:- _ . - " ) o .
" VMT Annual ‘vehicle-miles traveled ; ' ) Lo ‘

ite = The index represen’ang the technology under consrderatlon
FE = The fuel ecoriomy of technology itc )
DEL$FE The fractional change in fuel economy assoclated wrth technology ite

’ "PAYBACK =The user-specrﬁed payback. penod
' DISCOUNT - The user-speclﬁed dlscountrate

: ~Technolg_q“}gCost ' DR : R

.. Technology cost has ‘both absolute and welght dependant components The absolute component is
a fixed dollar cost for installing a partlcular technology on a vehicle. Most technologies are in th1s
. category The werght dependant component is associated with the material subsntunon technologles
In these technologies a heavy matenal is replaced - with a lighter one. The technology cost is ‘a
function of the amount of maienal, whrch is in turn afunctlon of hoW heavy the vehicle was to begin
with. The technology cost equation mcludes both components although in practice one or the other
term is always zero: - : ;

+

-TECHCOST,; = DELSCOSTABS (DELSCOSTWGT * DELSWGTWGT * WEIGHT ) (19)

where:
. TECHCOST = The cost per vehicle of technology ztc .
DEL$COSTWGT The welght-based change in cost ($/lb) )
DELSWGTWGT = The fractional change i in welght associated with technology itc

“ WEIGHT = The ongmal vehxcle welght

.&elfpm.nc_e_\éaltﬁ , : , .
Although there are a number of tecnologrcal factors which affect the percerved "performance" ofa . |

vehicle, in the mterests of clarity and simplicity it was decided to use the velncle s horsepower as
a proxy for the general category of performance An increase in horsepower is assumed to reduce

’ . ’ Energy lnfcmvatlon Administration
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the fuel economy based on the relationship given in-Equation 21. .‘The ‘perceived value of
performance is also a factor in the cost effectiveness calculation. The value of performance for a
glven technology is positively correlated with both income and vehicle fuel economy and negatlvely ,
correlated with fuel prices. In’ addmon, purchasers of sports and luxury vehicles tend to place a

/
hlgher value on performance. SR L S

ER R INCOME, - FEpgy., * (1-+ DELSFE
‘ _ VALSPERF, = VALUEPERFm e, DEreara ¢ 2z)

*
. oo - INCOMEyp " FEpp, oo (2(")
F UELCOST YEAR-1 . DELSHP ! .
. PRICESEX

 where: .
- . VALSPERF = The dollar value ofperformance of fechnology itc - o
VALUEPERF = The value associated with an incremental change in performance o
‘FE= Vehicle's fuel ‘economy . - ' )
DEL$FE The fractional change in fuel economy of technology itc
DELS$HP = The fractional change in horsepower of technology 1tc
FUELCOST The actual pnce of fuel (m the prewous year)

Econgmlg Market Shgre
The market share of the consrdered technology is determmed by ﬁrst evaluatmg the- cost

eﬂ'ectlveness of technology itcasa function of the values described above

FUELSAVE,, mcacosr + VALSPERF, + (REGCOST * FEpppny * DELSFE o )

@) -

COSTEFFECT, =
ABS (;wcaco )
where: :
- COSTEFFECT = A unitless measure of cost effectiveness . s

REGCOST Afactor representmg regulatory pressure: to increase fuel economy, in-$ per MPG

and:
; o " (. 2 «cosmricr, Y1 )
ACTUALSMKT,, = MMAX, * PMAX, * ( 1+ TN {”T - (22)
" where: co ' I T :

ACTUALSMKT = The economic share, nrior to consideration of engineering or regulatory constraints.
. MMAX = The maximum market share for technology itc - ’ -
PMAX = The institutional maximum market share, which models toolmg constraints on'the part of the
manufacturers andissetina separate subroutine. This’ subroutme (FUNCMAX) sets the
current year maxxmum market share based on the prevrous year’s share. The valuee are

N
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tabulated in Appendix A, Table A-3.

Market Sha_re Qvemdes

. Exrstmg technolog1es are assumed to mamtam their market shares unless forced ‘out by later

_'technologles Ifthe cost effechveness calculatlon y1elds an economic market share Whmh is below ‘
the market share in the previous penod then the calculated value is overndden ‘

ACTUALSMKT JMAX (MKT$PE ACTUAL$MKT ) ; (23)

YEAR-I s
s : MKTSPEN Temporary vanable which stores value of AC'I'UAL$MKT calculated in Equatron 7 from ‘
prevmus year . . .

. B Apply thei_Eng.it_zeering Notes -
The engmeermg notes cons1st of a:number of overndes to the economxc cost eﬁ’ectweness- -
calculations done in the previous. step. Thefirst three types of notes (mandatory, supersedes and " -

-’  Tequires) dlrecﬂy affect the technology market share results obtamed above.. The fourth type of note,
synergy, does not affect the market share and i is apphed after all other engmeermg notes have been :
-applied. " : - o . oL

. 4

MandatoggNote : o ST - -
These are usually associated with safety or emrssmns technology whlch must be in place by a certain
_year. For example, air bags are mandatory in 1994 If the cost effectiveness calculations do not -

produce the mandated level of technology then those results are overndden as follows

ACTUALSMKT,, -MAX(ACTUALsMKT MANDMKSHm) T (29)

where: - ‘ : . ' o R
MANDMKSH = Market share for technology itc which has been mandated by legislative or regulatory action

- Energy Information Admlnlstmtlon : . - .
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- Supersedes Nofes -

These are associated with newer mchnologie_s.‘\-vvhich replace older ones. 1':_'01' emple, S-speed -
automatic transmissions supersede 4-speed automatics. Once the cost effective mark'et'share forthe
newer technology (e.g. 5-speed automatics) has been calculated, the market share(s) of the older
technology(ies) (e.g. 4-speed automatics) are reduced, if necessary, to force the total market shares
for the old and new technologles to add up to 100 percent.

For example givena group of competmg technologles A, B -and C suppose that Cis the oldest
technology while A is the newest. After calculating the economrc market sharefor each technology,

and applymg the mandato;y notes as descnbed above the followmg steps are then taken:

, 1) ~ Add the three market shares together
, SUMSMKT ACTUALSMKT + ACT UALSMKT + ACTUALsMKT (25)

. 2) . Identify the largest maximum mar_'ket share for the group of technoiogies;
MMAX = MAX(MKTSMAX, , MKTSMAX,, , MKTSMAX;) (26)

. where: _ T )
' MKT$MAX = Maximum market share of technology ite. -

3)' If SUMsMKT <= MMAX, then make no adJustments
4)' _'If SUMSMKT >MMAX; then subtract market share from technology C until the sum of the
" market shares equals MMAX, or until ACTUALSMKT,=0. - ‘
& 5 If SUM$MKT is still greater than MMAX, subtract market share from technology B untll the
sum of the market shares equals MMAX. .

Rggurre,s: Note§
These notes. control the adoption of technologles which reqmre that other technologles also be

. present on the vehicle. For example, since Variable Valve Timing IT requires the presence ofan -
Overhead Cam, the market share for Variable Valve Tlmmg I cannot exceed the sum of the market

Energy lnformation Administration ) ‘
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{

. ;shares for ’OVer_'head Cam 46 & 8 cylinder en_gines. . Thrs note is mplemented as folloyv_s:

1) s For agiven technology itc, deﬁne a group of potentlal matchmg technologres one of which

. ‘must be present for itc to be present.
2) Sum the market shares of the matchmg technologles (req)

: REQ$MKT fACTUALsMKT ' " (27)

.nq

yyhere: :
REQSMKT The market share of required complementary technologles to technology xtc
req =Index referrmg to all reqmred complementary technologies to technology itc.
‘ RQ Number of reqmred complementary technologres to technology ite.

3) Compare REQ'$MKT to the market share of technology itc: AC"I'UALschg.'
-4) IfACIUALSMKT <= REQsMKT then make no change
5) IfACTUAL$MKT > REQSM(T then set ACTUAL$MKT REQSMKT

- Itis at this pomt that the adjusted econoiic market share AC'IUALsMKT is ass1gned to the variable -

. MKTS$PEN,.ye for use in the remamder of the calculatlons
] e

-

Sznerglstlc Notes
Synergistic technologies are. those whrch, when installed srmultaneously, interact to affect fuel

. economy. A vehicle with synerglsnc technologies will not expenence the change in fuel economy .

. predicted by adding the impact of each technology separately Conceptually such interactions could
yreld éither greater or lower fuel economy; however, in all cases observed in FEM the actual fuel
economy is-lower than expected. For example, Variable Valve Timing I is synergistic with 4-speed
automatic transmissions. If both are present on a vehicle then the actual fuel economy 1mprovement
is 2 percent below what would be expected if the technologles were s1mp1y added together W1th no
regard for their mteractron. '

.t ~
p NN

Synergy adjustments are made once all other engmeenng notes have been apphed. For each ‘
synergistic paJr of technologies the fuel economy is adjusted as follows: '

FEygap = FEypgp * (MKTsP ENch vear ~ MKTSPEN el YEAR- 1) ' R (28)
(MKTSPEN MKT$PENMM 1) * smwesDELm, ez

It 2,YEAR

. . Energy Information Administration " -
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where: [, s . :
’ " .FE= Fuel economy,:by size class .and group, initialized to the previous year's value and
, subsequently modified with each iteration of the model. ’
itc] = First synergistic technology
" ite2 = Second synergistictechnology  * - S
SYNRSDEL = The synergistic effect of the two technologies on fuel economy

H

C:. tCaIcuIate. Net Iinoact of Technology Chahge

The net impact of changes in technology market shares is ﬁrst calculated for fuel economy, welght
- and price. Horsepower is dependant on these results and must be, calculated subsequently Fora
given technology ztc, the change in market share since the last penod (DELTASMKT) is ca.lculated as

follows ' :
DELTASMKT, .= MKT$PENm TEAR MKTSPENm TEARL L @)

.
; .h\

‘

! DELTASMKT, is used to calculate the incremental changes in fuel economy, veh1cle Welght, and pnce-
_due to the 1mplementatlon of the considered technology ‘

Euel Economy ' . .
Current fuel economy fora vehlcle class is calculated asthe prev10usly adjusted ﬁJel economy plus

the sum of mcremental changes due to newly adopted technologies: -

NUMIECH

" FEppye = FEppp* Y, FEppl *'DELTASMK’T,;*_ DELSFE,, | . (30) -
’ - ! fte=y - - .- .
where; . .o ) o . o
“NUMTECH = Number of newly adopted technologies ._ -
Vehicle ngght ' . - y

~ Current weight for a vehicle class is calculated as the current weight plus the sum of incremental

~ changes due to newly adop,tedtechnolog1es. As with the technology cost equation, the weight

. equation has both absolute and variable components. Most technologies.add a fixed number of _

pounds to the weight of a yehicle. With material substitution technologies the weight change
‘ ’ Energy Information Administration- o . '.
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[y

’depends upon how much new matenal is used, which i 1s a function of the ongmal Welght of the -
vehlcle The welght equanon mcludes both absolute and weight dependant terms in the summanon
o expressmn. For any glven technology, one term or the other will be zero. -

. . . NUMIECH .
WEIGHT 1z 5 WEIGHT,,,,, + ‘E  DELTASMKT, ' [DEL_SWG_T,ABS,m , | (51') -
+ (WEIGHT oy ' DEESWGTWGT,, )] B
N Y

. where: . T ' .

- l)ELSWGTABS =The change in weight (Ibs) associated with technology itc
. DEL$WGTWGT = The fractional change in vehicle weight due to technology itc :
WEIGHT Vehicle weight,. by size class and group, initialized to the prewous year's value and
subsequently modified with each iteration of the model. : /
~_ Vehicle Price o - R - =

Current price for a vehlcle class is calculated as-the current pnce plus the sum of incremental .
. changes due to newly ‘adopted technologles ' As with the Welght equanon, the price equation has’ .
both absolute and vanable components Most technolog1es add a fixed cost to the pnce ofa veh1cle
- F or the material substitution technologies, cost depends on the amount of new matenal used, which
is in turn dependent on the original Welght of the veh1c1e The price equatlon includes both absolute

and welght dependant terms in the summanon expressmn For any g1ven technology, onetermor . '
the other will be zero. o

PRICE g, = PRIC.'IEM‘ kzl DELTASMKT l[DELsc‘OSTABSm : O e

+ (WEIGHT,,,. - WEIGHT,;.,,) * DELSCOSTWGT, |’
daied 771 245eYR } ' tre

DEL$COSTABS The cost of technology itc
DEL$COSTWGT The wei ght-based change in-cost of technology itc (3/1b) . :
PRICE = Vehicle price, by size class and group, initialized to the prevmus year's value and subsequently
modlﬁed with each iteration of the model. '

_ The characteristics ofelecﬁic and fuel cell'vehicles, including weight, battery cost, a_nd fuel econom&
must then be calculated in separate subroutines prior to the estimation of market shares.

!
14

D:  Estimate EV and Fuel Cell Characteristics
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- .. where:

Electnc Vehlglgg K . . . .
This set of calculatrons, contamed w1th1n the: subroutme EVCALC estimates battery cost, vehlcle

‘price (low and high volume sales), werght and fuel economy for electnc Vehtcles Fuel economy 1s:
. in kllowatt-hours/mﬂe (wall plug.) S o

The ﬁrst step in'EVCALC is determiniation of theﬁibattery weight and cost for both-lead acid and
N1cke1 Metal Hydnde (Ni-MH) battenes The numerical ‘constants in the equations represent the *
result of exogenous analysrs and professronal _]udgement on the part of the model developers

.1) Welght and cost of a lead acid battery

. | ’ BATTERYIsWT = 0.60 * WEIGHT,

YearGamIme .. )
o oo " and : L 33)
' BATTERYISCOST < BATTERYISWT * 230 * 1.75 + 1500 L

BATTERY1SWT = Welght of a lead acid battery large enough to provrde adequate range and performance
BATTERY1$COST = Cost of a lead acid battery . ~ .
0.60 = Fraction of vehicle weight accounted for by the battery system
$2.30 = Cost/pound of a lead acid battery : :
1.75 = Cost multiplier to determine retall price
$1,500 = Fixed cost amortization pertmit EV

2) Welght and cost of a mckel metal hydnde battery
’ BATTERYZSWT = 0. 203 * WEIGHT

P’ear,Ga:oIme . - i
O o 7

. BATTERY2$COST = BATTERY2SWT * 8.20 * 1.75 + 1500

where: ' ' . o,
. BA'I'I'ERY2$WT Welght of a Nr-MH battery large enough to provrde adequate range and performance
BATTERY28COST = Cost of a Ni-MH battery . .
$8.20 = Cost/pound of a Ni-MH battery -

175 =Costmultiplier to determine refail price ~ . -~ -~ - .
/$1,500=Fixedcostamort§zationper1mitEV ’ T . )

The next step is to apply a learmng curve adjustment to the cost of the battery Itis assumed that
thereisa twenty-ﬁve (25) percent cost reduction/decade for both lead acid and Nrckel Metal Hydride

_Energy Information Admlnlstratton
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’ battenes The learmng curves have been pre-calculated and are initialized in BLOCK DATA. The
 leadacid curve begins lmmedlately, while the Nickel Metal Hydnde battery costs do not begm to
go down unt:l after 2003. °

3) Learmng curye adjustment for battery costs

BATT ERY 1 $C OST BATTERY 1 SC OST *LEADA CID$C OST

Year
o - .. o " oand - ', ‘ - 35) 7
BATTERY2$C OST BATTERY2$COST *NIMHYLEADACID$COS '

Year

’

where

LEADACID$COST Cost reductxon leammg cm've for alead ac1d battery
NIMHY$COST ‘cost reductmn learnmg curve for aNi-MH battery

vt

B Next, the average price of an eIectnc veh1c1e battery is determmed based on the expected market
" . shares of lead acid and N1cke1 Metal Hydnde batteries: '

4) Average price of an electnc vehmle battery

BATTERY BATTERY1$COST * (1 = NMHBMKTSH ar)

Yeur,EIcctm: Vclncle . .
T (36)
* + BAT TERYZSCOST % NIJMHBMKT SH .

Year .

where:

BATTERY = Average price of an electnc vehrcle battery
NM—IYSMKTSH Bxpected market share of Ni-MH battenes .

Fi'nauy, -Price,:Weigh't a.nd Fuel Economy are c_aleulated:‘
'5) Electric Vehicle Price

= PRTCE

PRICE Year,EIecmeVehz’cIe +BA TTERYYear,ElcctrIcVzhicIe - (3 7)

Ycar,Elcctchchche

Smce PRICEHI (h1gh product10n AFV) uses the same equatlon as PRICE (wuh the. substltutlon of
PRICEHI for PRICE on both sides on the equatlon), itis not shown separately S

-
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6) Electric Vehicle Weight

BATTERYISWT

WEIGHTYear,EIectﬂcVehx‘cIe = "~ 033 . *‘ ¢ -NIMHRMKTSHYMI) .
| . ‘ ' (38)
. BATTERY28WT " NLMHY$MKTSHYW
022
7 Fuel Economy (miles/Kil.ov'vatt-hom wall plug)
: | 0.8 - (2,200) '
. FE : = : -(39
a ?'ear,EIectricVeht"cIe 0 1 6 - WEIGHTY¢",51¢¢M¢V¢;,1¢1¢ (\ )

" Euel Qell Vehtclgg < .
The subrouunes FCMCALCand FCHCALC calculate fuel cell cost, vehicle price (low and h1gh volume

- sales), and fuel economy for methanol and hydrogen fuel cell veh1cles, respectively. Note that
although values for fuel cell vehlcles are calculated for the early years, it is not hkely that there will

- actually be any on the road until at least 2010 Hydrogen supply is expected tobea major problem

for the correspondmg veh1cles In the followmg equations the FC subscnpt refers to Fuel Cell.

@0

1) Fuel Ceu‘cpst A S N
o o WEIGHT, . '

FUELCELL,, .. = 30 % — 22’;‘3"6‘""”"‘ * FUELCELL$C0STYm FC

where: S -
FUELCELL = Cost of the fuel cell.
) FUELCELLSCOST=Cost of the fuel cell in $/kw -

2) Battery Pov_ver!Required to start vehicle

' " weiGHT ' ‘

BATTERHPOWER =20 * 22’;‘;’ Sasole L 41)

. Eneréy Information Administration ‘ .
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where: \ SR : -
. BA'I'IZERY$POWER Requn'edbattery powermKw

3) ‘Weight of Battery -
' BATTERYSPOWER

BATTERVSWT =22 + “—— 2222 . @)

whéte:

- BATTERYSWT = Weight of battery |

4) Costof Battery .
=2. 30 * BATTERYSWT * LEADACID$COST

Year

BATTERYYM rc

“3)
where: L o
' B_AT’IERY - Cost of the lead acid battery. . ,

) $2.30= Inmal cost per pmmd for the battery . «
LEADACIDSCOSTMr = Cost reductmn leammg curve fora lead acid battery

5) Add Battery to cost of fuel céll antl calculate retail price _ '

FUELCELL i = (FUELCELLMH;.C + BATTERY,ch + grANK;C), * 1.75 + 1500 )

where:
' HTANK = Cost of the hydrogen storage tank: $0 for Methanol FC, $3000 for Hydrogen FC
1.75 = Cost multiplier to determine retall price o .o
$1 500 Fixed cost amortlzatlon per unit fuel cell vehicle - -

6) Fuel Cell Velticlé Price .

PRICE

Year FC

Year FC PRICE : + FUELCELLYcar AG’C ’ ' ' (45)

) . Energy Information Administration )
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7) Fuel Cell Fuel Economy‘(g’asoline\eqnivalent mpg) -

' 1.
.FE = _
. © “Year,FC
, 0.00625 * WEIGHTY ear;Gasoline ‘
. 1000 L

- (6)

E: - Adjust Horsepowef

Calculatmg the net 1mpact of changes in technology share on vehlcle horsepower is a two step
- process. First, horsepower is calculated on the basis of welght, this step assumies no cha.nge in
performance. Th15 initial estlmate srmply mamtams the welght to horsepower ratio observed in the
base year: .

Unadjusted Horsepower
Assuming a constant weight/horsepower ratio: ‘
| ‘ WEIGHT

" HP... ='I-'IP,' % : , " ) T (a7)
. B yar BASEYR o ‘
‘ e . WEIGHT g

where: . ..
HP = Vehicle horsepower
_ WEIGHT = Vehicle weight -

Adjustment Factor . | :
Thé second step adJusts horsepower for changes in performance Tlns calculation is based on -
household mcome, vehlcle pnce, fuel economy, fuel cost, and the percelved desire for performance -

: (PERFFACT)

INCOME,,,, \° ( PRICE oo ( FE,, o2
ADJHP PERFFACT ( ) * ( ’m"-) *( ’m)

INCOME ., PRICE ., FEpgpn)

" ( FUELCOSTygpp,\** .
.k - -
FUELCOSTyp,, |

where: ‘ "t L \
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ADJHP= Vehicle horsepower adjusunent factor- o

Note that if income, vehlcle price, fuel economy and fuel cost remain the same, the expressmn in
parentheses fesolves to: (1¥1*1*1 - 1) =.0. Thus, unless there is some change in the economics, .
there will be no change in horsepower due to a desire for more performance Inan. économic status °
“quo, the only changes in horsepower w111 be those. reqmred to mamtam the base year weight-to- .
horsepower ratlo calculated above :

- N - -7 ' . -

'Adzusteg Hgnsggower s i - /o
. The cm'rent year horsepower is then calculated as follows :
7 HPygp = HPygyp * [1 * EADJHP) S (9) .
T 1990 - ‘ . e

. Note that this equatlon uses the sum of horsepower adJustments to date This'is necessary because
the first step of the adjustment ignores the prevmus penod result (HPm ;) and calculates current

horsepower using the base year welght-to-horsepower ratio. ‘The summa’uon term mcorporates all . '

horsepower adjustments due to economic changes which occur in the intervening forecast periods.
The final HP estimate is then checked to see ifit meets the mlmmum driveability cntenon which are
setat WTI/HP =30 for all cars except sports and luxury for Wh1ch the criterion is WI/HP = 25. -
'I'hese minima are derived from the experience of the early 1980' : ' '

Tt

F:  ReadjustFuel 'Economy and Price |

Once the horsepower ad_]ustment has been determmed, the final fuel economy for the vehrcle must
be calculated

: Fuel Econom Ad ustment Fa or :
‘The fractional change in fuel economy based on the ﬁactronal change in horsepower is ﬁrst :
calculated (ADJFE) Th1s isan engmeenng relatlonshrp expressed by the following equation:

"+ ADJFE = -0 22*ADJHP ~ 056()=I<ADJHP2 - ‘ - (5°l -

. Energy Information Administration
38 c NEMS Transportation Demand Model Documentation Report



- d[usteg Fgel Eg_qnomz -
' The final vehicle fuel economy is then- determmed as follows -

"FE = FE * (1+ADJFE) ‘ . T 51) .

. ’ ., . ) ' ‘e .
) ,Ad[_us" ted_ Vehicle Price '
. Vehxcle price i 1s ﬁnally es’amated
PRICE PRICE + ADJHP *VALUEPERF I (52)

" Note that as these are ﬁnal adjustments the results do not feed back i mto the horsepower adjustment
equatlon. '

'I'he above equatrons result inan esumate of the market shares of the cons1dered technologles wrthm
" each class of veh1cle The effectlve range for. each veh1cle class i 1s then calculated. ‘
G- Estlmate Veh:cle Range
For most vehicles, range is a function of tank size and fuel economy as shown in below

1) Vehtcle Range Calculation

RANGE

renruape = TANKSIZE * FEp* 1 +AFVADIRN “,W) ‘ (53)

where: o
L RANGE = Vehicle range :
. TANKSIZE = Tanksize fora gasoline vehicle of the same size class
AFVADJRN = Range adjustment, relatrve to gasolme, for an AFV (exogenous, from Block Data)

The range adjustment factor (AFADJRN) is denved through engineering Judgment and is based on
' , current gasoline vehicle tank sizes, likely relative fuel capacity for altemahve veh1cles and the actual
base year relatlve fuel economies of gasolme and alternative fuel veh1cles Of nece551ty, the range
est1mate is less accurate than the AFV fuel economy pro_]ectlons R o

Range for Electnc Battery vehicles is sét to 80 miles. This is an engineering judgment of the best
performance likely to be obtained from a productron electric powered veh1cle in the foreseeable
_fture. The next step is to calculate the market shares of each vehlcle class within each CAFE group.

Energy Information Administration . o
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. . CALCULATE CLASS MARKET SHARES - =~ . - .
. This routin'e oalculates vehicle class market shares within ¢ach "corporate" ‘ave‘rage fuel ecohomy_ ‘
. group (i.e. Domesuc Cars, Import Cars, Domestlc Trucks and Import Trucks. ) Market shares for
€ach class are denved by calculatmg an mcrement from the base year (1990) market share. The
- market share increment (or decrement) is determmed by one of the followmg equatrons (dep endmg

on vehrcle class)

All Vehicle Classes Except Lixury Cars:? '
[ .CLASSSSHARE, \ - '( 'CLASSSSHARE, ) . _ Yem YEAR :
"1 —-CLAssSSHARE, |, - 1- CLASSS.S?IARE, - LTI
FUELCOST, -0 INCOMEqg, - $13,000
+ B * —_— R s 1In -
FUELCOST s, LNCOMElm 13,000

whiere CLASS$SHARE is the market share of the it market class, and the values of the coeﬂiclents A,
* 'B,and Care tabulated in Table E-1of Appendlx E-

- Luxury € ‘a c . : ,
The calculated increment is added to the base year market share to obta.m a current year value. Aﬁer
. market shares are derived for all vehrcle classes, the results are normahzed s0 that market shares sum

- to 100% within each CAFE, group

(  CLASSSSHARE, \ . _ o (_CLassssEaRE, Y . ;m['mk]‘
1 - CLASSSSHARE,) I' - CLASSSSHARE,) 1990 .

’ | L : (s5) '~

. FUELCOST,,,) - ( INCOME ) | :

+ B -* —————e |+ C % I | —

[ F UELCOST 1980 ] [ ﬂVCOMEl”o ]

'CALQULATE CORPORATE AVERAGE FUELECQNOMY
~ This rouﬁne-'calculates the "corpo_rate".average fuel economy for each of tlie four groups:
1 Dorhestic Cars

i
t

J

2 Note Market shares for Mini and Sub-Compa.ct cars are solved jointly using equation 24. The resultmg combined market
" share is allocated between the two classes based on the original 1990 allomtron Speclal trwtment of these two classes was -
made necessary by the small sample size in the analysrs data sets. - ;
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' - 2) Impot'fcars >
3) Domestic Trucks
4) Import Trucks.

A

Fo|r each vehicle group the CAFE calculation broceeds as follows:

7 N

E CLASSSSHA  nan | |

CAFE,, ., =21 o o e

i.k,YEAR _ i CLASS&SHAR‘E:’,&,YEAR ’ . S (56):
= FE,_

LEYEAR «

" whiere:
: ‘ " j=Vehicle Class , -
’ k="CAFE Group ~

’ " ’ ~

ThlS CAFE estimate is then compared with the leg151at1ve standard for the manufacturer group and

year. If the forecast CAFE is less than the standard, a second iteration of the model is performed - .

after - resetting the regulatory cost (REGCOST) If the recalculated CAFE is still below the standard, o
no further iteration occurs, as the manufacturer is then assumed to.pay the fine. \

IV.  COMBINE RESULTS OF 'DOMESTIC AND IMPORTED VEHICLES

In subsequent components of the transportanon model, domestlc and lmported veh1cles are not"
- treated separately Itis therefore necessary to construct an aggregate esnmate of fuel economy for
each class of car and hght truck. Aggregate fuel economy is determmed by weighting each vehicle -
class by their relative share of the market. These figures are assumed to be constant across classes
and time, and have been obtamed from Oak Rldge estimate’s of the domestlc and 1mported market
shares?® : \

For Cars (except mini-conzpacts);

-

3 Oak Ridge National Lahoratory, Transportation Energy Data Book: Edition 12, ORNL-6710 3/92.
For Cars:. Table 3.9, 1990 data. For Light Trucks: Table 3.16, 1990 data.
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. ‘a2 0 ase L .
FEqpes = : * 258 (57)
' F. ECLASS,Dome:ﬁc . F ECLASS,Import '
For Light Trucks (exeel_it standard pickups, standard vans, and standard utility vehicles): . :
EE = 868 32 e
' FECLA_SS,_Dome:tic - F Eczzks,s',rmpm .

- Al mml-compact cars are 1mported, and all standard plckups standard vans, and standard ut1hty .
~vehlcles are produced domesucally o
A A

The ﬁJeI economies of the seven sme classes described abo‘ve are subseduenﬂ§ 'collapsed into six size
' classes considered by the remainder of the Transportatlon Model, and benchmarked to correspond

t0 1992 NHTSA estimates of fuel economy for each size class. These numbers are then passed o -

. the Altemaﬁve Fuel Vehlcle (AFV) Model, and the overall ﬂeet stock model to produce éstimates-

- of fleet efﬁc1enc1es

-
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3A-2. 'Regiona_l Sales Model -

The Regronal Sales Model isa smple accountmg mechanism which uses exogenous est:mates of
“new car and light truck sales, and the results of the Fuel Economy Model to produce estimates of ~

regional sales and charactenstrcs of hght duty vehrcles whlch are subsequently passed to the Light
: Duty Stock Model. - ' : -

RATIONA LE : : -
“Nationwide estimates of new car sales come from the the NEMS Macro Module. In order to eomply o

with the NEMS requrrement for regional fuel consumptron estrmates, the Regional Sales Model
allocates new car and hght truck sales among ‘the nine Census’divisions and perm1ts regional
. yariations in vehicle attributes. This also gives the Transportation Model the capabrhty to analyze K
regional differences in alternative vehicle Iegrslatron. For example, California has mplemented‘
legislation requmng ‘that 2% of all vehicles sold by the year 2000 be "zero emissions" vehicles

(essentlally electnc veh1c1es) Massachusetts and New York have taken steps to adopt the‘ .

Cahfomla standards and the Transportatron Model assumes’ that they will be successful

ALTERNATIVE SPECIFICATIONS -~ . . . -

No alternative models were considered.

MODEL STRU QTURE :
- This s not a separate model in'itself, but rather a series of mtermedlate calculaﬁons used to generate

several regional variables whrch are used in subsequent steps in the Transportation Model. It
' comprises two subroutlnes TSIZE and TREG the first is used to compress the seven vehicle size
classes generated by the Fuel Economy Model into six size classes used in subsequent calculatlons
. -and the second generates regronal shares of fuel consumptlon, dnvmg demand, and sales of vehicles

by size class. . : <

The Regioial Sales Model flowchart is presented in Figure 3A-2 below.
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. Figure 3A-2.

Begin Regional
. N Sales Mode! -
EFEM Inputs;
Carand light truck fuel
. ‘economies, prices, and market
= . sharesin seven size classes

- Regional price of motor gasoline

- Regional disposable income. -
. _Basayaarvehide—miestave!ed
- Total population over 16° ’

Total new car and light truck sales
X {
\
. Regional new car and light
' truck sales, fuel economy and
Ny price in six size cldsses .
N
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.Re&istﬁbute FEM Res_ults Among Six Size Classes

The first, stage in thls model mvolves the estimation of non-ﬂeet sales of cars and’ llght trucks for
each of the seven size classes and CAFE groups- described in the Fuel Economy Model (FEM). The
fraction of car and truck sales attributed to fleets i is assumed to remain constant across size classes

and the estimation penod. Although the fizel economies of domestic and imported vehicles have '

" already been combmed, the separate market shares are recorded in the variable AH(TC and the
' calculations are performed separately for domestic and imported vehrcles :

It is first neeessary to reallocate 1he‘ estimates of car and light truck sales supphed by the Macro
Module. - This is required due to the fact that definitions used in the Transportation Module differ
from those used in the Macro Module. ‘The trucks enumerated by the Macro Module’s definition
of “light trucks” mcludes those of less than 14,000 pounds GVW, and are not identified by axle

' configuration. In the Transportation Module these-trucks are addressed in three separate sections:

" trucks under 8,500 pounds are iricluded in the LDV Model; trucks between 8,500 and 10,000 pounds '

are modeled separately in the Light Commerclal Truck Model; and trucks over 10,000 pounds are

included in the nghway Freight Model Addmonally, the LDV Module uses a different

methodology to estimate the allocation of LDV sales between cars and hght trucks, reflecting the

changing purchase patterns ‘of consumers who have been shlfang thelr attentrons toward minivans -
.and sport utility vehicles in recent years -

Deterniiné the number of Liglit Truck sales which are classified as LDT’s:

- T_LDT_MAC’ = MC SQDTRUCKS * LTIOK _
. 39
* [(LT2A4 *. LT2.44LDV) + (LTOSU * LTOSULDV)]

where:’ . . - ) . R
_ T_LDT_MAC = Total LDT’s (under 8,500 pounds), as estimated by the Macro Module
MC_SQDTRUCKS = Total Light Truck sales (under 14,000 pounds), from Macro.

LT10K = Fraction-of these trucks under 10,000 pounds

LT2A4 = Fraction of light trucks with a 2-axle, 4-tire configuration

. LT2A4LDV = Fraction of these tritcks less than 8,500 pounds
LTOSU = Fraction of light trucks with other axle configurations
" LTOSULDV = Fractiori of these trucks less than 8,500 pounds o

Energy Information Administration
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Calculate total LDV sales -

' T_LDV_MAC, = MC_SQTRCARS,, + T_LDT_MAC, - . " (60)

\

" where:
T LDV MAC Total car and adjusted light u'uck sales
MC-SQTRCARS Total car sales, ﬁom the Macro Module

Allocat LDV ‘Sal'es bétWeencats‘and liglit trucks: |
TMC_SQTRCARS, = T_LDV_MAC, * (1 ~ CARLTSHR) .
. TMC_SQDTRUCKS,; = T_LDV_MAC, * CA oorsmm’ "

V.
/

-

- where: ’ : .
T™MC SQTRCARS Toml sales of new cars
T™C SQDTRUCKS = Total sales of new hght 1rucks
. CARLTSHR = Allocanon factor repmentmg LDT fractlon of LDV sales (Appendrx F Attachment 8)

-~

'Allcate sales amorig size classes:

| 'For Cars: ,.

NCS?SCCMSSJ MKTCCMW * TMC SQTRCARS * (1 - FLTCRATlggo) (62)

. 7

_wﬁmz

NCS7SC New car sales mthe ongmal seven FEM size classas
MKTC The market share for wch automobile- class, from FEM'
FLTCRAT = Fraction of new cars purchased by fleets in 1990
T= Index referring to model run‘ycm' .
Sm:ularly for Trucks ‘ . .
NTS7SC CLASS.T MKTTCMSS T ¥ TM C:;_SQDT RUCKSLT * ( 1 - FLTTRAT1990 ) ) (63) .
where:

' NTS7SC = New light truck sales in the original seven FEM size classes

) *  Energy information Administration L ) ¢
46 NEMS Transportation Demand Model Documentation Report



MKTT = The market share for each light truck class, from FEM *
FL'I'I'RA_T = Fraction of new light trucks purchased by fleets in 1990

" . Sales within ‘the seven size classes are then. d1str1buted among six size classes comblmng the
'-domestm and 1mport ‘groups, as follows:

A

NCSTSC E E (N Cs7 SCCLASSGROUP) plcusscnovp,sc (64)
~ -GROUP =1 CLASS=1" . _ : ,
Cand:
. NLTSTSCy, = Z E (wrs7 SCCLASSGROUP) * B2crass.arove s (€5)
. . . GROUP =1 CLASS=1 : : .

where: e . L .
' . NCSTSC = New car sales in the modified six size classes, SC
' 8C = Index for six size classes

. NLTSTSC = New light truck sales . .
p1,p2= Welghtmg coefficients assoclamd with cars and trucks mspecttvely .
GROUP = Index mdlmung dom&stlc or lmported vehicles - - . c

The market shares for cars and hght trucks are then calculated by 51ze class:

PR , Nc.sz'.sczsc
oo .o PASSHRR . =
‘ - 2 8¢ o - (66).
Y wesTscg, D
‘SsC=1 -
and: .- -
: . NLTSTSC,,
LTSHRRy, = ———— 1)
Y NLTSTSC,, ‘
' PASSHRR = Non-fleet market shares of automobiles, by size class SC
LTSHRR = Non-fleet market shares of light trucks, by size class SC
" Ene@y information Administration - ) : 47'
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' S1m11ar1y, horsepower estimates generated in FEM are compressed ﬁ'om seven to 'Six size classes for

cars and light trucks combrmng domestlc and 1mport groups _ C - ,
HP CAR E E '(HP Ccus.széxoup) * CARSHR Gropp * plcus&okovp,s"c o (68)
GROUP=1 CLASS=1 . = . S ‘
and: -
- - \\ v ,\2 . -‘ ; " : ‘ . b P . .
"+ © CHPTRUCKL = 'Y 3, (HP Tmssc;xotrp) * TRKSHRGROUP * Blagussorovese * (69).
. - GROUP=1 CLASS=1 ) . : il . .

where: - .
' ‘HPCAR = Avérage horsepower of automobiles, by size class SC
' HPTRUCK = Average horsepower of light trucks, by size class SC
HPC= Automobtle horsepower by FEM size class CLASS
'HPT = = Light truck horsepower by FEM size class CLASS o
. CARSHR = Domesttc VS. 1mport market share for automobiles, from ORNL
“TRKSHR = Domesuc vs. nnportmarket share for light trucks, from ORNL

. The average horsepower of cars and light trucks is then calculated

’ e . 6 ) . Lt : ¢
.. AHPCARg, = SCE_ HPCARg, * PASSHRR, . (@)
: =1 . . o ’
and: . —
| AHPTRUCK . = SCE_I HPTRUCKg, + LTSHRR;, . . . (M)
where:

AHPCAR = Average automobrle horsepower )
AHPTRUCK Average light truck horsepower

Determine.Regional Values of Fuel Demarid and Vehicle Sales )

. Regiond demand shares for each of eleven fuels are ﬁrst mrtlahzed, ensuring that no region has a

.* zero share in the preceding time period, then grown at the rate of personal income growth in each
- region, and renormahzed SO the shares add to 1.0:

. " Energy Information Administration
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: - TMC_YD
: SEDSHR yz; zer1 * [ ___:_’E‘i)
c , o , TMC_¥D s 7.y _
.- SEDSHR ) prgr = - - - (72)
o 2 ' TMC YDprsr | :
Y. SEDSHR g wra * | o . *
" REG=1 - - IMC_YDpgrry ) )

where: . . .

' SEDSHR = Regional share of the consumption of a given fuel in period T

. “FMC_YD = Estimated disposable personal income by region REG ~
REG= Index referring to Census region

i

These shares are passed to other modules in the Transportatlon Model.

" The dlstl’lbutlon of new car and hght truck salés among reglons is then addressed. This process takes
several steps, and i is based on the assumption that regional demand for new vemcles is proportlonal
. to reg10na1 u'avel demand The calculatlon proceeds as follows '

-

Determme the reg10na1 cost of driving per mile:

TPMGTR ;7
- MPGFLT,_,

COSfTMIRREG’T = 0.1251 * (73) -

Y

where: - .
COSTMIR = The cost per mile of driving in region REG, in $/mile
TPMGTR = The regional price of motor gasoline, in $/MMBTU
MPGFLT = The previous year's stock MPG for non-fleet vehicles
.1251 = A conversion factor for gasoline, in MMBTU/gal -

Calculate regional income:

TMC_YD .
TMC POPAFOREG ;

74

INCOMER ;' =

where: ) ..
_INCOMER = Regional per capita disposable income -
TMC_YD = Total disposable income in region REG
TMC_POPAFO = Total population in region REG

_” Enefgy Information Administration ] -
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Estlmate reg10na1 dnvmg demand @ .

VMTMRREG pVMT16 pecr-i * B(1 = P) + B (COSTMIRys;; ~ p COSTMIRyzs ., )

o 2L (78)
wﬁz (H\[COMERREG pDVCOME rocr1) ¥ By (PRFEMy. — pPRFEM ;) - |
and: ]
VMTEERREG = PMTI6Ryq, * TMC_POPI6y;, ¥ DAF,  *  (76)
where:. :
- VMT16R = Vehlcle-mll&s traveled per population over 16 years ofage -
PRFEM = Ratio offemaleto iale driving rates o ; Co
—Lagfactorforthedlﬁ'erenceequatlon BT .
. VMTEER =Total VMT in region REG" , . R
TMC POP16 = Total reglonal populatlon over the age of 16
"DAF=A demogtaphxc adjuslment factor, to reflect different age groups dnvmg pauems
Calculate regional VMT shares (RSHR): . . .
' Do VMTEER,;
RSHRREG’T mer , ' ITIE
. _ 5 - @
E VMTEERRE S
REG =1 ' :
D1v1de non-fleét car and hght truck sales accordmg to reglonal VMT shares
,NCSREG Stz NCST.S’C * RSHRREG J I
" and: .
NLTSpz507 = NLTSTSCg, * RSHRREG . @9
where: b

NCS = New car sales, by size class and region "’
NLTS =New light truck sales, by size class and region

4 The development and mahon of the vMmT equanon is d&scnbed in detall later, in the VMT Model (Secuon 3B-2)

. . . Energy Information Admlnlsﬂ‘aﬁon -
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R
'3A-3.'AFVModel s

' The Alternatlve Fuel Vehicle (AFV) Model isa forecastmg tool des1gned to support the nght Duty :
" Vehicle (LDV) Module of the NEMS Transportatron Sector Model. Thrs model uses estimates of
new car fuel efﬁcrency obtained from the Fuel Economy Model (FEM) subcomponent of the LDV
" Module, and fuel pnce estimates generated by NEMS to generate market shares of each considered -
“technology. The. model i is useful both to assess the penetrauon of altemauve-fuel veh1c1es and to

' allow analysis of policies that' might impact this penetration.

. ,RATIONALE

The ob_] ective of the AFV model is to estimate the market penetratron (market shares) of alternauve-
fuel vehicles durmg the period 1990-2030 The model provides market shares for fourteen
alfernative-fuel technologies in addition to the convenuonal gasoline and diesel technologres “The
. shares are projected in three stages. In the first stage the two conventronal technologles are allowed”
-t0 compete witha smgle representative altematrve-ﬁlel vehicle technology In the second stage the
overall altemauve-ﬁ.lel vehicle share is disaggregated among eleven competltrve altemaﬁve—fuel

. . technologres In the third stage the electric vehicle (EV) sharé is distributed among four EV and

hybnd technologies. Forecasts of vehlcle-technology shares are developed for each of the nine U. S. -
Censusregrons LT .o o S .

The AFV model isan mprovement over the predecessor model used in the AEO 93 which assigned
- market shares to four basic alternative technologles based on legrslanve mandates. That model left
1o room for consideration of technological or market-driven’ hmrtanons on the penetration of AFV's,
thereby hmrtmg its usefulness in evaluatmg the impacts of alternative pohcies '

4

ALTERNA TIVE S_PECIFIQA TION§ : |
There are very few current models which attempt to estlmate the market penetrauon of alternative

fuel vehicles. The methodology used in the AFV module is based on attnbute—based discrete choice
' techmques and loglt-type choice funictions described in previous reports. The attribute coefficients o
used in the module are derived from a logit drscreet-chorce consumer preference model

B It
5 See Fulton, L., New Technology Vehxcle Penetration: A Praposal jbr anAnalytzcaI Framework, Submltted to BIA, Office of
Energy markets and End Use, March 17, 1991. .

. Energy Information Administration-
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comm1ssroned by the state of Cah:t'omra.6 The methodology consists of the esumatlon of ‘a demand
functron for vehicle salesin the U.S: market and the derivation of coefficients for the vehicle and -
fuel attributes which portrays consumer demand Once the demand function has been determmed,
pl'Q] jections of the changes in vehrcle and fuel attnbutes for the consrdered technologles are'
multiplied by the correspondmg attribute coefﬁcrents to produce the market share penetratron for

_ thevanoustechnologles ‘ 'ﬁ o | :

{

An 1mportant hmrtatlon in esumaimg market share penetratlon of altemauve fueI technologles isthe
lack of expenence m consumer use of altematlve technologles Only a limited number of
altemauve-ﬁrel technologles are commerclally available at the present time and the vehicle opuons .

‘which are avaﬂable are st111 in expenmental stages of development resulting in 31gn1ﬁcantly high P

" vehicle pnces Lack of data on prev10us consumer purchases of alternative fuel vehlcles poses a
srgmﬁcant obstacle in esumatmg an equatron to forecast future market share penetratron. A stated :
~ preference survey perfonned for the Cahforma Energy’ Commrss1on (CAC) which asked consumers <
their veh1c1e choxce preference in reference to. hypothetlcal scenanos is usedm the AFV module.
The demand function for personal vehicle choice determmed from this survey is used as. the source
“for the attnbute coefﬁclents for theAFV module : ‘
" The deinand estimaﬁon incorporates a 'logit discrete choice model to calculate consumer vehicle |
preference in relation to vehicle and fuel attributes. A survey was conducted in which tespondents -
were asked to eXpress thelr preferences for vehicles based on vehicle and fuel attnbutes The stated
‘preference survey consisted of a sample size of 692 respondents y1eld1ng 3460 observations. Based
on the stated preference surveys a mathema’ucal model was esumated to account for consumer
- preferences in vehlcle ch01ce o T R
~ The-demand fimetion is a logrt 'di_scr_ete choice 'model. that can be represented as follows:

= :31 ,BZX + ,33X + .' --‘-‘-*,:BiX:_ + €,

S 'log'
1

§ The coefficients of the vehlcle attributes derived from the -Logit discrete choice model are taken from Blmch,' D.S.; Bradley; .
) _M. ‘Golob, T.F.; Kitamura, R.; Occhiuzzo, G.P., Demand F or Clean Fuel Personal Vehicles in California: A Dzscrete-Chozce
Stared Preference Survey, CAC, Dec. 1991.
~ 7For a detailed explanafion of the demand ftmctlon ostrmanon, see Bunch,D S.; Bradley,M.; Bolob T.F.; Kltamura,R. and
Occhiuzzo, G.P., Demand for Clean-Fuel Personal Vehicles in CaI ﬁera. A Discrete-Choice Stated Preference Survey,
California Energy Commlssron, December 1991. ‘ . .
) ' . . Enargy lnformatlon Administration . . ' N
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-

" where P, isthe probablhty of a consumer choosing vehicle , B /is the constant, B are the coefﬁcrents

, of vehicle and fuel attnbutes andX, are vehrcle and fuel attnbutes

The resultmg specrﬁcatlons of the nested multmomral loglt discrete choice model for esnmatmg :

" market share penetration of altemnative fuel technologies from the stated’ preference survey are’
presented in Table E-2 of Appendrx E. The mdependent variables, coefficients, t-statistics, sample
size, and log-hkehhood calculations are hsted. The coefficient signs of the five ﬁmdamental

mdependent vanables correspond wrth a przorz expectanons for consumer preference and all the .

: fundamental mdependent variables are srgmﬁcant in the model 8-

" The basic structure of the forecast component of the market share estimation for alternatiye fuel
' 'vehrcle sales is a three-d1mensronal ‘matrix format. The. matrix consists of vehicle technology
"types, K attributes for each technology, and T number of years for the analysis. Each cell C, inthe

Cmatrix contams a coefﬁcrent reﬂectmg the value of attnbute kof vehicle technolo gy i for the given
year ¢.° .

a1

The calculation of the market share penetratlon of alternatlve fuel vehrcle sales is expressed in the
following equatron. .- '

= i P P =._.__: eV"l_'_
N ’.. itn - :

I
n=1 . v,
3 e

-i=1

-where:
' Sy= market share sales of vehicle type iin year t,
: ) P, = aggregate probabxhty over populanon Nof choosmg typei m year t,
- . n= individual n from population N, ) -
' Pm = probabrhty of individual n choosmg typeiinyeart,
Vi = - a function of theK elements of the vector of attributes (A) and coeﬁcrents (B), generally linear
‘in parameters, i.e.: .

VBB B,

8 Several variations for the discrete-choice stated preference model for alternative fuel vehicle choice were presented in-the
California Energy Commission report; however, the nested multmonnal logit model prwented in Table 2 is the preferred model
to use in the AFV. module . k . . . .

? The forecasting methodology is based on the methodology defined in the Decision Analysrs Corporation of Vrrgrma
Report, Alternative Vehicle Sales Module: Design of the Modeling Framework and Prototype Module Description, for Energy
Information Admmrstratlon,Task 91-137, September 30, 1991. . -

. Energy Information Admlnlstraﬂon ’
NEMS Transportation Demand Model Documentation Report

H

53



’ .,  attributes relatlve to the attnbutes of all competmg veh1cles

. and»V is speciﬁc to vehicle i, year t,and. mdmdual n. p

_ The above. equatlon asserts that ‘the share of each technology is equrvalent to the aggregate :
i ,probablhty over the populatlon of choosing that technology, which is produced by summing' the
' E mdrvldual probability ﬁmctlons The individual probabrhtles are a flmctlon of the ratio of the Vs
’ (taken as an exponential). 'The market slpre -of each vehicle type is ultrmately determmed by its -

- .TheC mairix répresented belowisa simple illustraﬁon of the matrix format used in the nlarlret share
. calculation. -For srmphclty, a 4 by 4 matrix of four vehrcle types (i=4) and four attnbutes k=4,
- for mdrvrdual nin year t has been chosen. ' 2 : -

" The factor Cx represents the product of the coefficient B,k denved from the demand ﬁmctlon and the _
: attnbute value X,,, for veh1cle type i and attribute k ) "

" The coefﬁclents of the vehrcle attnbutes in the AFV module are assumed to remarn constant overE
nme Thrs enables the calculation of the C matrix to be less cumbersome, however, the metho dolo gy '
' can uuhze either changmg or constant coefficient values for-the vehicle atlnbutes The C matrix is
rephcated for each 'year of the analysrs and for each target group mcorporated in the study. The
scope of the AFV module covers a 40 year time period with 9 regronal target groups, three size
classes and three scenanos A Vvalue is produced for each of the vehicle technologles, and for each. '
of the target reglons srze and scenano during each year of the study ’

A separ_ate IKT matnxmust be calculated for each individual in the populatlon, or at least for each‘

: E _ Energy Information Administration -
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groupn of similar individuals: Ttis necessary to calculate P, separately for each group and average
" o obtain an aggregate probability and market share for each vehicle type.. However, a single IKT
matfix can be calculated by taking one additional -step. An aggregate IKT matrix which
-approximates the results obtained by taking an- average probability can be calculated over the
individual matrices. ThlS is dependent on the condition that the average probability function over |
the’ population equal_s eac,h'grohp_ .prohahilit'y finction, not just the average of all functions. . ‘

T Demographic variables can be used to subdivide the population into similar groups in order to "

,approx1mate this condltlon These vanables can be mcorporated into the ¥, expressron as dummy )
.-\, variables, which produce separate coeﬂic1ents for each populatlon group. An example of
‘ demograph1c variables whlch subd1v1de the. populatlon could be famrly size or income level A
E separate dummy variable would be used for each fam1ly size category or income level category

found in the populatlon“’ - :

' The followmg equatlon ﬂlustrates how including demograph1c vanables, the aggregate probab1hty
func’uon approx1mates each individual probablhty function.

it "7

. . N v,
, E_e #

B% ey foralln o S

Where V,, isa function of the K-size attribute vector conmmmg elements taken as averages over segments
of the populailon N, w1th these segments deﬁned by dummy vanab]es ’

This allows estimation of the model usfn'g a single IKT matrix over the population. ‘ -

MQDEL §TRQQTQRE
.The AFV module operates in three stages, usmg a bottom-up approach to determine the eventual

. market shares of conventional and alternative vehicles. Results from the lower stages are passed to -
the next h1gher stage "in the. sequence ‘At this stage of the LDV Model veh1cle sales and
charactenstlcs are mapped from the seven or six size classes considered i in previous sections to three
aggregate size classes _As the prices of alternative fuel vehicles are functions of sales volume
(esumated in the FEM Model), the AFV ‘Model goes through two iterations; first, estimating sales
volume usmg the previous year's volume-dependent prices, then re-estimating prices and consequent
. 'sales. The first step in the calculatlon mvolves the evaluahon of Stage 3, in which market shares of *

10 The number of dummy variables requlred in subdividing the population is one less than the number of groups so that if 5
family sxze groups were included in the module 4 dummy variables would be required. .

Enargy lnformatlon Admlnlstration
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. one type'of alternativeIVehi'cle, Electric Vehicles and associated hybrids, are ,determined. These
. zesults ate then passed to Stage 2, in which market shares for all alterriative vehicles are estimated.’
- The average characteristics of. altematlve vehicles‘are subsequently passed to Stage1, where the ﬁnal
mlx of altematrve and conventlonal veh1cles is calculated ' :

it

- An addrtlonal constramt is mcluded at each stage of the market share calculatlon Whrch mcorporates

commercral avarlablhty of the alternative-fuel technology The aggregate probabrhty function © -

: assumes that all technologres are fu]ly developed and available to the consurner at the present time.

Tlns assumption does not hold true for most of the altematrve-ﬁrel technologies, which at the present . .

. time still remain in development stages. .Therefore, an upper limit constraint. is placed on the market
share penetratlon of alternative vehicle sales correspondmg to the expected development and
commercral avarlabrhty of altematrve fuel vehicles. This constraint applies to the early years and

is gradually reduced through the forecastmg period, via a logistic curve for each technology The
' equatlons assocrated w1th edch stage of the model are presented below, in order of executron. o

K

'I'he Altematrve Fuel Vehrcle Model ﬂowchart is presented in Flgure 3A-3 below More detalled
-.sketches of AFV calculatlons are presented at the-end of Sectron 3A. :

- s : . énargy‘lnfonnatlon Administration -
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Figure 3A-3. Alternative VehicleModel © =~ - - -

J

.Caegmmwﬂ \\ | - _ -

+ ,Efficiencies of AFV technologies relative ' - ‘Commercial availabilty of 8ach
. o gasofine ICE . technology by region -
. RmuepneemdembsmsofAFVs,h L . - Camporda_lavaitabiﬁtyofeadtmelby

7 sizo classes ’ . region

’

First -
Iteration?

New car and light truck - . New car and light truck : New and light truck
MPGs and sales, by region, ] MPGs, AFV and fieet ] sales. by region, size
size class and technology. vehicle market shares- class, and technology
. ) . y ‘
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STAGE3 * .
Stage 3 of the AFV module determines the market share of each of the four EV technologres'
con51dered in-the model. Thesemarket shares are used to. charactenze a prototyplc EV when all

altematlve vehmles are consrdered in Stage 2. The, steps involved in Stage 3 are descnbed below. '

D ~Map vehicle'range -and pnce for cars"and light trucks from six to three size classes,‘
combining domestic and imported vehicles. For each AFV technology:

. 2 RN - . . . )

XX ‘[FEMRNGK osc " LDVSHRRO'SC]‘

' . LDVRANGE,,, = € X1 : ‘ :
. - ISC'~ " ]

2 - ELDVSHRROSC
. ‘0sc - ) . ) o
" 'szl~ AR - 30)
S ’. E {FEMPRIRNGK osc LDVSHRROSC]

. LDVPRICERANGE, = 22~

2 ELDVSHRROSC~ L
OSC : ; .

-

where: T o B . :
, ' o LDVRANGE Aggregate vehicle range for reduced size class ISC for each technology -
’ LDVPRICE = Aggregate vehicle price for reduced size “class ISC, for éach technology
FEMRNG = Vehicle range, from the FEM Model,. by size class, OSC, and' ongm, K
. FEMPRI = Vehicle pnce, from the FEM Model, by size class, OSC, and origin, K
' LDVSI-IRR Vehicle sales shares, by srze class, repreeented in the code by PASSI-IRR for cars, and
LTSHRR for light trucks |, . . A
- K=Index mdrcatmg 1) domestic, or 2) 1mport ‘ -
- OSC ISC = Index indicating expanded or correspondmg reduced size class:
. For cars: ISC= 1,08C= 123GISC 2,08C=4;ISC= SOSC 5
i Forhghttrucks LS’C 1,05C= 1 3; ISC=2, OSC 2,5; ISC 3,05C=4; 6

The factor of 2 in the denommator reﬂects the fact that sales shares are counted twice for each size
. class: once for domestrc and once for lmported veh1cles

1

2) Map veh1cle fuel economy for cars and hght trucks ﬁ'om s1x to three size classes combmmg
domestic and 1mported veh1cles For-each AFV technology

.

. . Energy Informatlon Administration -
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* + where:

. ] M . . 1.
Lo 2 LDVSHRRDSC ;
FEMMPGy ;o

2 - Y LDVSHRR
OoSC

0sC K=1

| LDVMPGISC = - (81)
. osc - !

LDVMPG Aggregate veh.tcle fuel economy for reduced size .class ISC, -for each technology, )
represented in the code-as CARMPG for cars, and TRKMPG for light n'ucks
FEMMPG Vehlcle fuel economy, from the FEMModel, by size class, OSC, and ongm, K

3) Calculate the wexghted average fuel pnce for eachEV technology, by reglon.

; %L (RFP FuBLREG FAVAILFUFL,REG) o
AFCOSTEWECH 256 = - S ]

> FAVAILFUEL;REG

FUEL
where: ,
' _ AFCOST = Electric vehlcle fuel price, in 19908 / MMBTU
RFP Price of each fuel used by the correcpondmg EV technology
FAVAIL = Relative dvailability of the corresponding fuel
EVTECH=Index refemng the electric vehicle technology
FUEL = Index referring to fuel used by technology EVIECH

1

. 4) Calculate EV operating costs, by region.
| AFCOSTEMCH -

LDI"JMPGE,,H:CH Isc

3

corcosrgmc,, 15C.856

where: . .
; COPCOST =Fuel operating costs for each technology, in 1990 cents per mile
b 1]

5)  -Determine fuel ava1lab1hty relative to gasolme FAVA%WEW usmg the h1ghest value
assoclated with any of the fuels used in electnc hybrids. - '

o | FAVAILEmCH s = MAX (FAVALLyp, 256) . (84)

Energy Information Administration o _ -
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6) Calculate the loglt functlon mputs from the attributes and coefﬁclents by reg10n

. EVECT,

vecmnse = EXP [ BETACONST, - + 51 VPRICEMCH + B, COPCOSTMCH 285

© + B, VRANGE gy +. [L-VRANGE + B, VEMISS g (85)

+ By VEMISS Jprpc + ﬁ, FAVAIL yinginnss + By FA mme]

where:
BETACONST = Constant associated w1th each EV- technology
VPRICE = -Price of each EV technology in 19908

VRANGE Vehicle range of the cons1dered technology -

‘VEMISS Emssmns levels relative to gasolme iCE's: In the current model, emss1ons are not
’ cons1dered sxgmﬁcant inputs. Bs and Bs are therefore setto zero.* :
7) * Calculate EV nlarket shares, by regio_n. S
' o EVECT  COMAVAIL

: R ' . (86)

Y (&vECT SPTECHAEG. COMAVAILEWECH)
EVIECH=1

~

-~

where:: : S R o B
" APSHR33 = Relanve market shares of each EV technology
COMAVAIL = Commerclal avaxlablhty of eech technology .

8 (_lalculate average mn;ket shaies across Censns regions: -

. .APSHR33g 0 =

9 : L \
% IS APSszssngH mo @87)
. REG=1 ° i R '- . .

Al

.9 Determme the. charactenstlcs ofa prototyp1ca1 EV technology by we1ghhng the md1v1dual
» 'technolog1es charactenshcs by then' respectlve market shares. - - . '

4

. "; . . 4 M
o= ) P, APSHR33

= (88)
EVIECH=1 .

E WFCH
where Pry denotes the averagevatu'.ibutes of the EV teohnologies:_' vehicle price, efﬁciency, relative ‘
' emissions, range, commercial availability, and alternative-specific constant. . A similar procedure
is used to charactenze reglonal attributes such as fuel pnce and ava1lab1hty, and operatmg costs.
These attnbutes are used as mputs in the Stage 2 subroutme

P - : ' Energy Information Administration
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stacez . -
Stage 2 determines the relative market shares among the set of alternative veh1c1es The result of
this step is a prototyplc AFV whose charactenstlcs are determmed by the market share-weighted

" attributes of all 11 alternative vehicle types. The sequence of calculatlons replicates those conducted
" in Stage 3, and is presented below.

-

g -10)' Calculafe 'the ’wéighted average _fuel price fo_r each AFV technology, by region.

. . E ( RFPFUEL,REG F4 VAILFUEL,REG )
AFCOST SR Lo - (89)
AFVTECHREG N -
‘ ’ Co E E AVAILFUEL,REG )
FUEL )

* where: - . ) ‘ . R
AFCOST = Altemative vehicle fuel price, in 19508 / MMBTU
AFVTECH = Index referring to AFV technology -

1y ‘Calculate AFV operating costs, by region.
NN T AFCOST jpyrecm rse
COPCOST ypyrecn reG.0sc = LDVMPG .. . : (90).
’ M AFVTECH,0SC '

where: . . ) .
. COPCOST =Fuel operating costs for each technology, in 1990% per mile

'12)  Determine fuél availability relative to gasohne, .FAVAILW wh1ch is set to the
ghest value asso ciated with the group of fuels used in mult1-fuel vehmles -

FAVAILAFMCHMG A_{AX(FAVAILF,,ELMG) e

13), Calculate the loglt ﬁmctlon inputs ﬁ'om the attributes and coefficients, by reglon.
' AFVECT ypproi e = EXP [BETACONSTm + 51 VPRICEm + B, COPCOSTMEG
' o+ 63 VRANGEMCE + B4 VRANGEMCK + B, VEMISSMCE ©(92)

where:

Energy Information Administration
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BETACONST = Constant associated with each AFV technology
VPRICE = Price of each AFV technology in 19908
VRANGE = Vehxcle range of the considered technology .
VEMISS = Emissions levels relatxve to gasohne ICEs . - - . . .

14) Calculate AFV market shares,‘byrregion. Y

AFVECT yoycnpse - COMAVALL jiyrycr -

11 . . . . . (93)
Y ‘(AFVECTMCH e * COMAVAILL mm,)
AFVIECH =l' ) o

APSI-IRZZ  IFVTECH. ’REG =

where:-. . - . . .
' "APSHR22 = Relative market shares of each AFV-technology
- COMAVAIL = ,Coxnmercial availab_ilit'y of each technolog'y

l5)' ' Detelmine a{(erage characteristics of AFV 's -for. each region, for use in Stage 1.

. S 11 .
-’TAFV,REQ-_‘T.- Py TAFVIECH,REG AF VMSHMCH,REG : ©4) .

AFVTECH=1

. STAGE 1 R . ’
Stage 1 determines the final mix of conven’nonal and altematlve technologles using- the share-

We1ghted average. characteristics of AFV's determmed in Stage 2 'I'hree technologles are cons:dered :
m this stage gasoIme, d1esel and altematlves : :

) 16) Calculate the loglt funcnon mputs from the attnbutes and coefﬁclents by regmm

VECTMH e = EXP [BETACONSTECH + B, VPRICEm.CH + B, copcosrwc,, REG
o+ p3 VRANGEECH B VRANGEMCH + {35 VEMISSmCH . (95)

+ ﬂs VEMISSTECH ﬂ FAVAILmCH,REG - psF AVAILHCH,REG]

where: T . ' . )
' BETACONST Constant assoclated ‘with each technology
VPRICE = Price of each technology in19908 = . °
VRANGE = Vehicle range of the considered technology
VEMISS = Emissions levels relative to gasoline ICE's

. . Energy lnformatlon Administration
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. wherex

' TECH = Index referring to the three major vehicle technologi&s:; gasoline, diesel & alternative:

!

17) Calculate ‘market shares, by région.

:VECT, - COMAVAIL
APSHRH,ECHMG = = IECRREC = (96)
\ ) E (VECT yyoppge - COMAVAIL 1)

APSHR11 = Rélative market shares of each technology
- COMAVAIL=Commeicial availability*ofmh technology . ¢

. The ﬁnal step is to combine the market shares of the precedmg three stages to produee absolute .
. market shares of each of the sixteen technologies addressed in this model. The absolute regional .
_ market shares of gasolme and diesel vehlcles remain unchanged from those calculated in Stage 1
. the AF V market shares from Stage 2 are adjusted by the total alternative market share from Stage |
- 1, and the EV market shares from Stage 3 are modified by the adjusted electric veh1c1e market share.
: These values are placed in APSHRMTLREG, where IT represents-the expanded sixteen technolo gies..

3

For gasolme and d1ese1 vehicles (TECH 1,2)

~  APSHRd .. = APSHR33TECH MG' o . (e7)

For non-electric AFV's (TECH =3, AFVTECH # 9): -

APSHRS33 ., * APSHR22

APSHR44mREG p—— ©(e8)
For electric AFV's (TECH =3, AFVTECH=9): S
© APSHR#4y, rme = APSHRI 407 * APSHR22,, * APSHRIIEMCH " (99).

Reg10na1 sales of new cars and hght trucks may then be ca.lculated, dlsaggregated by six size classes .
and by technology:

APSHR

NCSTECH, —

REG.SC- * NCSREG s 1. (100)

. . . .
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and: - e

t

NLTECH

,,,REG,SC ; APSHR{T,;Eg,sc * NLTSpposc - - (101)

where:. : .
NCSTECH= Regmnal new car salec, by size class and technology
"NLTECH = Regional new light: truck sales, by size ' class and téchnology ..
‘ APSHR = Absolute reglonal market shares of each vehicle technology '
- NC8= Reglonal new car sales, from the Regional Sales Model

NLTS =Regional new hght truck sales, from the Reglonal Sales Model -

~ On'the first 1tera110n of ﬂJlS model, the vehlcle sales by technology type.are passed back to the FEM
' Model to re-estlmate the sales—dependent vehiclé- prices, and the rewsed prices are passed back to

. the AFV Model.. Fo]lowmg the second iteration, these values are passed to the LDV Stock Module,

‘in whlch the average atfributes of the ﬂeet of pnvate hght-duty vehmles are determmed '

TaN .

\ -
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- Figure 3A-4. Filel'E_conomy Model 1:AEconomic'_Mai'ket Share Calculation
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‘Figure 3A:5. Fuel Economy Model2: Engineering Notes . * .. -
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‘Adjusted
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fuel economy for
each technology

Performance factors
associated with newly | .
adopted technologies
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.
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v

Figure 3A-10. Alternative Fuel Vehicle Model Stage 1
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price

- Regional fue! availability and"

.Factor measuring commercial
availability of each-technology

;

New car and light truck sales
from Regional Sales Model

. .

Price, range and emissions -
levels for gasoline, dieseland -~

Regional new car
and light truck sales, -.
" by size'class and
.technology, -

Energy Information Administration

\

NEMS Transportation Demand Model Documentation Report -

71



,
‘
-
N
.

+
'
-
i
N




3B, LDV Stock Mo_dule

- The nght Duty Veh1cle Stock Module takes sales and efﬁclency estimates for new cars and light

trucks from the LDV Module, and returns the number and characteristics of the total surv1vmg ﬂeet
of hght-duty vehlcles, along with reglonal estlmates of LDV fuel. consumptron
The nght Duty Veh1c1e Stock Module ﬂowchart is presented in Flgure 3B-1 below. More detalled o
sketches of LDV Stock calculatrons are presented at the end of Sectlon 3B ‘

3B-1. LDVStock~Ac,countin'g Model - = - .

RATIONALE .. L ‘
~ The emstmg stock model is perhaps the tnost lmportant transportanon sector model since by far. the

largest portlon of transportation energy consumption is accounted for by light duty vehicles that are -
at least a year old. The LDV Stock Accounting Module takes the results of the LDV Module, ie.,
- the number and characteristics of newly purchased cars and light trucks; and mtegrates those into -
the existing stock of vehicles, talqng into account vehicle retlrements and vehicles which are
tansferred from ﬂeets to pnvate ownershlp The resultisa snapshot of the *'average" car for each
reglon '

These charactersncs are passed to the VMT Model which determmes the average number of m11es
driven by each vehrcle in the current year The product then becomes the reglonal fuel consumpnon
estimate. : : :

~

ALTERNATIVE ;§PEQ' IFICATIONS

- No alternative models were considered.

MODEL STRUCTURE | R - \
‘The flowchart for the LDV Stock Module is presented below in F1gure 3B-1: More detalled
ﬂowcharts are presented at the end of this section.

- Energy Information Administration ‘
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‘Figure 3B-1. Light Duty Vehicle Stock Module

I . ° . N
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. where:

'The ﬁrst step is to calculate’total vehicle sales by ’_cechnology for the cmren’r time'period: :

6 o

TECHNCS =y ¥ NCSTECHH. asisc
) : SC 1.REG=1 )
" and: ' L (02

.o ’ o 6
TECHNLT, = E E NLTECH REGSC
o SC=1REG=1 . .

TECHNCS Total new car sales; by technology
b TECHNLT = Total new light truck sales, by technology
- NCSTECH= New car sales, by region, size class, and technology, from the AFV. Model
NLTECH = - New light tmck sales, by reglon, size class, and technology, from the AFV Model

" “These vanables are assrgned to the first* vmtages of the automoblle and hght truck sto ck arrays, and
the populauon of subsequent vmtages are calculated '

+ SSURVP . | -

| PASSTKITW’T = PASSTKI.”,M. rarer ? |
S o B and: o a0y
LTSTKITWJ = LTSTK -y 72y * SSURVLT iy

where:
PASSTK = Survxvmg a.utomobrle stock, by technology and vintage -
LTSTK = Surviving lzght truck stock, by technology and vintage
SSURVP = Fraction of a given vintage's automobiles which survive
. SSURVLT = Fraction of a given vintage's light trucks which survive
VINT = Index referring to uintage, or age of vehicle

- The model encompasses ten vintages, with the tenth beirig an aggregation of all vehicles 10 years

- old or older. SSURVP and SSURVLT thus each conta.m ten values measuring the percentage of
" vehicles of each vintage which survive into the next year These values are taken from the ORNL
Transportauon Energy Data Book, which lists scrappage and survival rates for 25 vintages. Survival
rates for vintages 10 through 25 were-simply averaged to colIapse ORNL's 25 vintages iato the 10 -
used by the Transportaﬁon Model - : :

The stock of selected vintages and technologles calculated above is then augmented by.a number of -
fleet vehmles which are assumed to'roll over into the non-fleet populauon aftera number of years

‘ - . " . Energy lnformatlon Admlnlstraﬁon : .
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. of fleet sérvice:

- N - - N )
P. ASSTKIT,TVHVT = PASST. KITTVINT + OLDFSTK ¢y rype srece,zvmr
and: - . - . (109)

LTSTKH. TVINT = LT, ST K IT.TVINT + OLDF, STKmUC'k;mE ITECH, TVINT

OLTFSTK Number of fleet vehmles rolled over mto correspondmg private w.tegones
TVINT = Transition vmtage vintage at which vehicles of a given type are u'ansferred
TYPE= Type of fleet veh:lcle Busmess, Govemnment, or Uhhty .
ITECH Index for the six ﬂeet vehicle technologies: mapped to correspondmg IT indeéx

Total stocks of cars and trucks aré then determmed by summmg over vmtages and technologles

\
10 16,

. STKCA'RT =y ¥y PASSTKH. oz
. VANTs1IT=1' ) i
| Cand: v - i (108)
. W * o
USTKTRp= "), Y, LISTKp mrr

VINT =1 IT=1

where: - o L . L o
STKCAR = Total stock of non-fleet automobiles in year T '
STKTR = Total stock of non-fleet light trucks in year T

- fI'heshare of each te'chnoiogy in the total LDV stock is ﬁnally calculated:

.10.

Y (PASSTK

co Y ,TmT+LTSTK
VSPLDV, ;= =

ITVNTT) .",' ) (106)
STKCAR; + STI{TRT_ _

w("

v

where:~;. . - , . . S -
) -~ VSPLDV = The light duty vehicle shares of each of the sixteen vehicl_e technolbgies '

"I'he above vanables are then passed to ‘the subroutme TMPGSTK to’ determme average fuel
efficiencies of the current year's stock of non-fleet veh1cles :

. . . Enargy lnformation Administration . <
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’

Calculate Stock Efficiencim fol' Cars and Light Trucks

Overall fuel eﬂic1ency is calculated as the welghted average of the efﬁc1enc1es of new vehicles and
the eﬂiclencles of the surviving vmtages ‘The Alternative Fuel Vehlcle Model generates efficiency
estimates for ﬁﬁeen non-gasolme technolog1es in three size classes, with'no distiriction made
between cars and hght trucks. Because conven’uonal truck efficiencies are generally lower than
automoblles in the corresponding size class, a seties of ratios is ﬁrst calculated in order to adjust
downwards the AFV efficiency estunates of hght trucks: -

o S 'RHTIOAS_,C,T j“ﬁ“_g%sg_i, T am

, . _ ASC,T : :

.

" AMPGT = The average MPG of trucks; in tln-ee size classes
AMPGC =The average ‘MPG of cars, in three size classes. -
ASC= The three AFV size classes, onto wh1ch the six pnmaxy size classes are mapped

’

o The average eﬁicxencles of the ﬁfteen non-gasohne technologles are calculated as follows

. . _ll
v N MSHC a
MPG’CITJ = Y TASCT
- ASC =1 '_N.AMPGIT,ASCT :

oand: .- o © (108) -

o[ e msELT.,
MPGTH.T _ Z ITASC,T .
. L |4sc=1 NAMPGIT,Asc;T * RATIOASCT

where: . . : . ] © .
' MPGC =" New car fuel efficiency, by engine technology - .
MPGT = New light truck fuel efficiency, by engme technology .
- MSHC= The share of cars of size class ASCand technology ITin total car sales, from the AFV model
MSHLT = The share of light trucks of size class ASC and technology IT in total light truck sales
NAMPG New AFV fuel eﬁicxency, from the AFV model -

For conventlonal technologles, when IT réfers to gasohne ICE's, the calculauon is sxmﬂar, but over
| s1x size classes

Energy Information Administration”
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o [ ey msmC
MPGE,, =| ) ——255T
TT. |sc=1 NCMPGg,

and: ... (109)

o [ s wmsmrT, , : | )
R ' MPGTy, = E — % '
Cn ) sc=1 NLTMPGS

NCMPG New car MPG, ﬁom theFEMmodel
NLTMPG New light truck MPG, ﬁomtheFEMmodel S .

The average fuel efﬁclency across all technologles is then calculated for cars and 11'ucks and the' .'
result sent to the report writer:

’ S 38 APSHRNC .
ANCMPGy = | ), ————
- . .IT=1 : jT,T .
ﬁ ' and: o L .(110) .
o [ s capsHrNT,.| .- o
'ANTMPG, = Z inn—— i i
A 751 MPGT,, ‘

where: g ) . -

’ ANCMPG = Average new car MPG

ANTMPG = Average new- light truck MPG . . .

+ .. APSHRNC = Abisolute market share ofnew cars, by fechnology, from the AFV model - '
APSHRNT Absolute market share of ; new hght trucks by technology, from the AFV model

“The overa]l fuel efﬁclency of cars and hght trucks is then calculated across the ten vintages ' y

N ' ‘addressed in the model.! Since older-vehicles are driven less than newer veh1c1es, itis necessary

to weight the fuel efﬁclencles of each vmtage accordmg to the average number of miles driven. This ‘
is done by summmg the total number of mlles dnven across all vintages and technologleS'12

e,

! nitial (1 990) values for on-road car and hght truck flest MPG are obtained from the 1991 RTECS

12 Vehicle-miles calculated in this step are used to estabhsh relanve dnvmg rates for the various technologles Actual uavel
demand is generated by themodel ina subsequent step. .
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>

o 16 " 10 I
_ TormicT; = Y E PASSTK g ¥ PYMIy,
i ’ . IT= 1” 1 . ' . .
and: - ‘ . - )
. T 16 . . . I ) . - —
. TOTMITT, = Y, }: LTSTKppyr * LVMT,
; L AT=117=1 o

where: o - o .
TOTMICT = Total miles driven by cars
TOTMITT = Total miles driven by light trucks
PVMT = Average miles driven by each vmmge of automoblle, from RTECS
. LVMT = Average miles dnven by mh wntage 'of: lxght truck, ﬁ'om RTECS

The next step isto calculate the total energy consumed across all vmtages and technologles of cars
and hght trucks. Sincé the on-road fuel efficiency of cars and trucks degrad&s over time, vintage : fuel
ef.ﬁclen_cles must-be adjusted using degradation factors (which are assumed to remain constant over
'time): . AT “ RN S '

15 10 P,QSSTK;TJVJ < pyMT,

CMPGT.
L T nzl WEI 'CMPGSTK;p,, * CDF,,

ITIv,T ,
and: ~ S )

5 1. LTSTK,..,. * LVMT,
- F=117=1 TTMPGSTK, vz * LTDF

TMPGT,

where:
CMPGT = Automobile stock MPG
TMPGT = Light truck stock MPG ..
CMPGSTK = Automobile stock MPG, by vintage and technology
TTMPGSTK = Light truck stock MPG, by vintage and technology .°
CDF = Auftqnfobile fuel efficiency degradation factor
LTDF = Light truck fuel efficiency degradation factor

[y
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Stock fuel eﬁélciency is then simply the_ratio of total travel to total eonsumpti"oh for cars, and light

4 adraaca

SCMPG,
CMPGT,
md: a1
o : TOTMITT - R
STMPG -

TAIDOT. -

- '~". L » . : : T

Combmmg the results for cars and tmcks prov1des the average fuel efﬁc1ency for all hght duty
veh1c1es L - : , _ R : L
S ,'TOTMICTT + TOTMITT, ' L

" MPGFLT = ——— ‘ A (114)
: ©" . CMPGT, + TMPGT, S o

where: ' Sk

: SCMPG Stock MPG forautomobxles B . ,
. . STMPG= Stock MPG for light trucks S -

' MPGFLT - Stock MPG forallhght duty\}ehicles S

These fuel eﬁiclency ﬁgures are-combined w1th the results of the subsequent VMT module to
determme the actual fuel consumphon by hght dlrty vehlcles

-
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3B,,-2..,VMT Model >

: The travel demand component of the NEMS Transportatron Model isa sub-component of the Lrght
Duty Vehicle Stock Module which uses NEMS estimates of fuel price and personal income, along
with populauon pIOJectlons to generate a forecast of the demand for personal travel expressed in -

: ~veh1c1e-m11es traveled (VMT) This is subsequently combined Wrth forecasts of automobile fleet .

eﬁiclency to estimate fuel consumpuon.

RATIQNALE SRR LA
Because personal automobrle “travel accounts for such a srgmﬁcant ﬁ'actron of total energy :
consumptlon, itis 1mportant to ensure that the model which forecasts this travel demand be ‘as
- accurate- as possrble “This accuracy is measured not 5o much by the predlctrve "success" of the
- mo del but’by the sensn1v1ty of the model to the economic and policy levers which-are of concern -

' to the users, and by the ab1hty of the model to respond to both short-term economic factors; and -~
r long- demographrc and structural trends The model described in this section is an. attempt to- .

" “provide a more intuitive and mclusrve approachto demographrc influences i inthe estlmatlon of travel
demand. - :

The predecessor VMT forecastmg model was developed followmg an assessment of the altematlve o

’ ~ models described below. - While both fleet-based and driver-based systems have appealmg -

characteristics and are useful under certain modeling conditions, the Jatter of: these approaches was,

considered: to be most appropnate to the needs of the model. This is because the fleet-based

A approach rehes toa greater degree on the cont:nuatlon of past trends, and cannot- exphcltly address

many of the underlymg factors that may lead to shifts in VMT growth pattems in the future, while

- ad dnver-based approach allows exphcrt modelmg of the factors that may "bend the curve", such as
the aging of the populatlon. ‘ : :

A dnver—based approach takes the followmg form

VMT B )( chensed Drivers

Driving A e Po ulatzan
Drzvmg Age Populatzan)( _ g & P )

VMT. =
. Total - ( Licensed Driver
Forecastmg two of the three terms of this equation is relatively su'alghtforward A forecast of the -

driving-age population is pro_v1ded by the Censis Bureau, and licensure rates for most segments

- 13 Pro_;echons of the Population of the United States, byAge Sex,-and Race: 1988 to 2080, Us. Departrent of Commetce,
Burean of the Census, Current Populatxon Reports Series P-25, No. 1018 (Jan. 1989)
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of the populatlon are rapldly‘ approachmg lmlty Therefore the prmcrpal task is to accurately forecast
VMT per dnver :

- The flmctlonal fonn chosen to forecastVMI‘ per dnver inthe 1 992 Annual Energy Outlaok (AEO92)

" isan mcremental modlﬁeatlon of the econometnc model used i in the AEO91. :Dueto the limited (20

 .year) forecast penod, itwas convement and defensrble to. consrder socrety s demographlc structure |

- to be relanvely static and uninfluential over trends which may be: effectively charactenzed in the

aggregate by economic vanables In a longer term forecast, however, prOJecnons of economiic

 variables and the populatlon s responses to them ‘become more ambiguous, whereas the effects of

: gradual demograph1c change are expected 10 become more pronounced. This revised model, -

_ f- presented below, has been considered an interim step in the development ofa longer term model
B Whlch ismore sensmve to structm'al change :

LnVMTPC = a + [51 (LnCPM) + Bz (LnYPC) + B, (Ln( /'Nss)) .

-where:
VM’I‘PC VMT per dnvmg age populatron
CPM =Average fuel cost per mile of dnvmg, expressed in. 1982 dollars
YPC Income per capita, expressed in 1982 dollars.. : .
) Nzo, Ngs= =The populatlon between theages of 20-29 and older than 65, respectlvely o

E Th1s model replaced a- prevrous VMT forecasnng model in whmh fuel pnce and drsposable mcome .

were the only factors influencing the growth of VMT.. One consequence of that formulatlon was that
- per caprta driving rates were forecastto grow wrthout moderanon—-an issue that the mclusron of the
demographlc parameter was desrgned to address .

This specrﬁcanon was based on the nouon that the rate of growth of per caprta VMT should decline
over.time, as the populanon ages: The use of the ratio of the number of twenty to twenty nine year- '
olds to the number of those over the typical retlrement age of srxty-ﬁve was an’ attempt to
characterize the changing demographlc structure of soclety This ratio has béen foreeast to decline
over the forecast penod, and served to moderate the growth of VMT wrthout constraining its trend
toana priori limit. In summary this model placed a moderaté demographic constraint on VMT.
growth, while using the same pnce and income regressors as were employed i in the 1991. AEO. This
" constraint lowered the near-term VMT forecast vvrthout resorting to the artlﬁce ofi 1mposmg ad hoc
“limits to growth This model, however, was somewhat comprom1sed by the rudlmentary
_ demographic influence and by the absence of effects nsmg from changing female driving patterns.
The VMT model ‘impleme_nted in NEMS has been designed to address these concerns.

, ) : Energy Information Administration
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: reqmrements of NEMS.

- ALTERNA TIVE SPE QIF[QA TIONS
’Ihe proj jection of VMT is rarely an end in 1tself levels of personal travel demand are genera]ly used

asan mtermedlate step in the estimation of various factors which are influenced by dnvmg levels.
' _ The followmg pages briefly describe several VMT forecastmg methods currently bemg used by
various agencies, and' were considered in the development of the NEMS VMT forecasting model.
. The form that each model takes is a réflection of the CONCerns. of the commrssmmng agency, the
o _purposeto whrch the model is-to be put, the time scale of the forecast, the avarlabrhty of adequate

data, and the preconceptlons of the model destgners
. The models descnbed below are representatrve of the followmg three basic forecastmg approaches
- typically used to project VMT. The ﬂeet-based approach, which uses estimates of the distances
" driven by €ach vehrcle, d1saggregated by vintage, and linear projections of vehicle stock to proj ject .
, total' VMT in a given year, is "useful in predicting ‘fuel consumption and pollutant emissions.
. Secondly, the demographzc approach combines estimates of distances driven by.each driver, -
dlsaggregated by age, and age-stratified population projections to determine VMT. This is a simple
method which rehes on projections made from readily ava.tlable data, but which may be affected by
-overlooked economic or regional factors. Finally, the economtic approach uses estimates of vehicle
operatlng cost and other economic parameters such as personal income as predrctlve variables. Such . _
approaches are commonly used for natlonal-level forecasting, and have a high explanatory power. ~
' However, their reliance on forecasts of economrc variables and the neglect -of potential saturation
effects renders such models relatrvely unstable i m the m1d- to long-term ‘
A fourth approach to VMT forecastmg, trip generatzon, isa srte-specrﬁc method which mvolves
) forecastmg the mimber of 1:nps taken, and predicting destmatlons, dravel modes, ‘and routes. This .
is'a data mtensrve approach ‘which is typically used on a local or regional level to predrct road

congestlon and demand for mass transit, and was 'not considered to be commensurate with the
. . A

Wﬁlﬂ@ FHWA, and DOTin general uses this model desrgned '
by Jack Faucett Associates. The model is-a generallzed drﬂ’erence equation, using a log-linear

econometric form, which consolidates “the previous models used by the Department of
Transportatlon. Tt is designed for both short and long range forecasting of VMT and vehicle stock
on a national level for five categories of vehicle: personal use vehicles and four separate truck
categories. The growth rate for VMT is estlmated tobe constramed by fuel price mcreases forecast
. tobegin in 1987 and continue at an increasing rate and a tapering off in the expected rate of increase
in the number of driver licenses per thousand population. :

. Energy Information Admlnlstration , A
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.' The forecastmg model for personal-use vehlcles used by- FHWA takes the followmgi'orm

' LVMTPUPC, = & + pLVMTPUPC, ; + B,(LPIPC,- pLPIPC,.)
 + B,TCXDP, - p,,_L_TCXDP,_l)
-+ B;LDLPK,~ pLDLPK, ) -
* + By(FSD,~ pFSD,.))- - S

' ' LVMTPUPC = Log of personal-use.VMT per capita
LPIPC = Log of personal income per capxta
. LTCXDP = Log of vehicle operating cost index deflated by CPI“
LDLPK Log of number of driver. licenses per thousand popnlatlon
FSD = Fuel shortage dummy'® _‘
'p = Thelag factor, settoQ6017 '

_ The pnmary constramt in an econometric approach 1s the mcreasmg uncertamty of. pnce and -

" - macroeconomic pro_]ectlons in the mld- to long-term. The sensitivity ‘of the- model to fluctuations

in these’ vanables serves to increase the 1mce1tamty of the prq;ectnon towards the end of the forecast .
' 'penod. S _; '
MOBILE4 Fuel @ mptgn Mgd_e 113_PA)= Whﬂe most models used by EPA concentrate on the
: local or regional.level, its fuel consumption model makes forecasts of nationwide VMT. The
. MOBILE4 Fuel Consumption Model (M4FC) is used by EPA's Office of Mobile Sources in
-conjunction with its MOBILE4 Emissions Model to estimate md1v1dua1 states degree of attainment '
" of ambient air standards. M4FC isa ﬂeet-based model which uses linear pro_]ectlons of vehicle
stocks by type, subsequenﬂy esumatmg m1les per year according to type and vmtage “There ate few
demographic influences i in the model. VMT in this model is estimafed using vehicle stock
Proj jections, age dlstnbutlons and mlleage accumulatlon rates as follows 16 :

T oL ° E yMz % (% of Vehzcles)A * (Total Vehzcles)
Vehzcle | age

" The operating cost index comprises a wexghted average of fuel. costs; fuel efﬁclency forecasts, ma.mtenance costs, the-
purchase price, of new vehicles, and an assumed fomst of real increases in the cost of insurance.

15 The fuel shortage dummy is set 1o zero, but is mcluded to test, at the opuon of the user, the 1mpact of an abnormal
a dlsruptlon in fuel supplles

S 16 Informanon on the MOBILE3 and MOBILE4 Fuel Consumption Models have been obtamed through conversauons thh
- Phil Lorang and Mark Wolcott of EPA's Emss:ons Control Division, and from Forecasting Vehicle Miles TraveIed and Other
Variables That Affect Mobxle-saurce Emissions, prepared for EPA by RCG/Hagler, Bailly, Inc., 8/ 18/88
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84 .o~ . NEMS Transportation Demand Model Doeumemﬂon Report -



Although a stock-based model can provrde a more robust extended forecast than one: based solely
~on econometric methods there remain concerns about sucha model's sensitivity to-deviations from
' vehrcle purchase and scrappage-rate assmnpnons These assumptions are predicated on expectations
concerning consumer behavior and technologrcal innovation, which are not easily proj jectable. The ~

' MA4FC model is a revision of an earlier model M3FC, and incorporates factors which attemptto .
reﬂect soclety s evolving dr1vmg pattems, assuming, somewhat ophmrstrcally, the eventual - ‘
,congruence of male and female dnvmg charactenstlcs ‘

The Qgpmg Agtgmmvg Rgspgnsg Model (Q R): Thrs transportatron model, Whrch is used by ‘
the EPA Pohcy Office, may be dlstmgmshed from that used by the Oﬁice of Moblle Sources by its

“ultimate purpose: While the MOBILE4 model uses a fleet-based approach to estimate emnissions of
‘ specrﬁc pollutants the model used by the policy office takes an econometric approach t0 forecast
the effects of various pohcy options such as the 1mpact of a gas tax on VMT and consequently, on
. criterion pollutant emissions. . ‘ o : .- S

' The CAR model isa d1screte~ch01ce, logit model which is based-on Kenneth Train's Consumer MR

Ch01ce Model which was originally prepared for the California Energy Gommission. It comprises .
a system of submodels which. separately forecast vehicle ownership and stock characteristics, and. -
miles traveled in éach vehicle at the household level. The personal travel portion of Train's model
forecasts VMT in four categories: intra- and mter-clty work and’ non-work travel, using the
followmg log-hnear econometric form: |

Log(VMT) Bz. .. R

where B and Z are vectors of parameters and explanatory vanables, respecnvely 7 These - -

'explanatory variables include logarithms of the household income and size; the operating cost of "

each vehicle, in cents per mile; the number of workers in the household the number of transit trips .-
per capita in the area in questlon, and several dummy variables identifying the urban density and
‘geographic region of the household. The operatmg cost of each vehicle is further considered to be
an endogenous variable, as it is implicitly defined by each household's purchase decision. This
parameter is therefore determined by a variety of exogenous demographrc variables such as the age, -
sex, and education level of the household head; the regional gas price and the commutmg distance.

This model represents a ra_t_her' detailed merging '_o.f econometric and demographic approaches. to

- From K. Train, Qualztatzve Chaxce Analysis: ﬂzeory Econometrics, and anAppIxcatzon to Automobxle Demand, 1986,
Chapter 8 ) .
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forecastmg It isa relatlvely complex .model, mvolvmg the mdependent forecastmg of a large
- number of exogenous variables. The descriptive ablhty of the original Consumer Choice model does
not appear to be enhanced by its level of detail, however, as the R-squared of 0.114 for the one-
vehicle household submodel does not explam a s1gmﬁcant level of variation in the data.’®. A
demographrc model which is. sensmve to .economic conditions, but at a lower level of complex1ty .
‘may prowde the ba51s fora credible long-term VMT forecast. o ‘

mﬂaﬂmﬁnﬁmmﬁmmm&mg&s@m_@& Developed by Argonne] National ",
Laboratory, TEEMS is a series of disaggregate models, linked to produce forecasts of transportation

actrvrty and energy demand. The ‘models cover both frelght and passenger n'ansport, with personal
and fleet veh1cles bemg separately addressed * '

’ o Tl:us isa combmauon demographlc and stock model, based on forecasts of d1stnbutlons of household
_ charactenstlcs It is based on Kenneth Train's Consumer Chorce Model, and depends on. changes
in the distribution of the sample of households not on average charactenstlcs In the section which
' determmes an estlmate of personal travel 2 matrix is constructed using data from the 1983 -
Nattonmde Personal Transportatlon Study (NPTS), Whlch is then adjusted to represent 1985 ' -
. conditions.” TheVMTestlmaters calculated asfollows ; S - -

N ' . ; C
( VMT ) ( Vehzcles ) (Hous ehOIJs)éeu .
Cell Cell T

- vMT ‘
: - Vehicle Household | .,

Total =
. Cell=1

‘
L]

" The survey ,sample 1sstrat1ﬁed into cells acc_ording_to the following sik'house'holfl attributes:

. Location(threecategories) ' . v
. Income (four categones) <

. Age of Householder (four categones)

. Household Size (four categories)

. Number of Drivers (four categorics)

. Number of Vehrclec (four eategonec) )

cs.u.,.c.mn'»- B

D1str1but10ns of households by demograph1c attribute are mdependently forecast, and the occupancy
- ofeachcell in the future is estlmated. This model contains elements of all three of the consrdered

' ‘“KTrain, op. cit.-p. 165.

-

1 For a detailed descrxptxon of TEEMS see: Mmiz, MM, and Vyas, AD., Forecast of Transportatzon Energy Demand
. Through the Year 201 0 Argonne Natxonal Laboratory Repcrt, ANL/ESD-9 April 1991,

) . : e Energy Information Admlnlstntion
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model types, but is pnmanly a stock model with a pronounced -demographic mﬂuence 'I’he
' stratified: approach to forecasting is useful, in that it provides for the consideration of selected .
~discrete charactenstlcs, perm1ttmg an evaluatlon based on partlcular,.quantrﬁable _attnbutes.

Two dangers of thls approach liein speclfymg a broader stratlﬁcatlon scheme than can be supported‘
by the available sample, resultmg in underpopulated levels; and the potentlal for the disproportionate
influence of extreme: data. As. mentioned above, this model's reliance on vehicle purchase and- -

scrappage projections, as well as its. assumption of a static distribution of VMT per vehrcle may have |

to be revised in order to use the model for forecasts -extending several decades. Th1s model also
requires the mdependent forecast of a large number of exogénotus mputs consequently increasing
the hkehhood of s1gmﬁcant 1mpacts from the propagauon oferrors.”

E[_{W_A_Spr_egg_s_h_egt_l‘m 'I'his, n:lodel was developed on a spreadsheet system for the Federal . .
Highway Administration. It was used by FHWA in 1987 to produce a ‘series of forecasts of
“automobile and light truck VMT through the year 2000. It represents the base caseina senes of
forecasts produced by FHWA in 1987.% 'This is a ‘straightforwatd demographrc model, using

" disaggregated populatlon data to project VMT.. For mputs it relies on data ﬁ:om the 1969, 1977, and -, - ‘

1983 NPTS data bases, and population projections from the Census Bureau. The’ model. also

forecasts the total number of drivers, the VMT per driver; and the fraction of the driving age
population with driver hcenses from 1985 t0 2020. These figures are also dependent on assumptions,
- of a static distribution of driver hcenses across the various age groups The model forecasts total

. VMT by sex as follows -

7

Tro - 2(

% (Populatz_'on) 1GE
Capzta 4GE

This'model has the beneﬁt of s1mphc1ty, relymg on very few mputs Two of 1 these, populanon and
licensure rates, ¢an be considered robustly forecastable.. The "most likely" case of the model '

" however, assumes unlimited VMT per capita growth at constant rates, and a female/male dnvmg 7

ratio of 60 percent, both of which are subject to question. The incorporation of economrc .
dependencles in sucha démbgraphic model could prov1de opportumues for analy51s of the 1mpact

-----

" of various pohcy m1t1at1ves on VMT .

-~

20 The Future Nattonal Hnghng Prgg;am 1221 and Bg{g nd, Working Paper No. 2, Trends and Forecasts of. nghway .
Passenger Travel, FHWA, 12/87.
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The primary concern in forecastmg VMT per licensed dnver in the mld to long term (out to 2030)

is to address those effects that are liable to alter historical growth trends, 1 e. factors 11ke1y to "bend
_ the curve". Central among these are demographm and ‘geographic effects. Theé discussion here will *

) '. focus on demographlc effects; regional effects may be equally 1mportant, but are beyond the'scope.

. of this effort. ‘The two factors considered to have the greatest potentlal to affect future VMT trends’
" ina s1gmﬁcant manner are the aging. of the populauon and the growth of female driving rates relanve. :
to male dnvmg rates These are dlscussed in turn’ below. -

i I’qulangn Ag;gg' ’ L : ) ~ :

“VMT per licensed dnver varies consrderably by age group and Sex. The mean VMT per dnver by '
- age group and sex is shown in Figure 1. At the high end of this range are miles 30 to 34 years of
age, who on average drive close to 20 thousand miles per year. At the low end ate females over' '

.~ seventy years of age who drive less than'4 thousand mJles per yéar. Consrdenng men and women K

together, the hrghest dnvmg group is that of age 35-39, at 15,446 rmles per year, while the lowest‘ -

group is 70 and over, at 6,264 mlles per year. This variation is significant because the average age -
’ of Americans is forecast to mcrease markedly in the commg decades

\_ .o ) . -

’VMT Per Caplta I L
o By Age Group and Sex .

Frgure 3B-2 VMT per Caplta

-3

8

- -t
(=] (3]

o

- Vehide-Miles (Thousands)

[= I

<1920-24%—m30-3435»3940-4445-495(}54555960-6465-69>70

~ AgeGroup "~ )

" | Source: 1990NPTS|' / W Male -Fema‘el )

" The aﬁ'ect of the "agmg of the populauo on VMT cannt be assessed by anal§zing-histoﬁcal data.
" As there has been little vanatron in the. over 60 populanon share historically, it should not be
parncularly surpnsmg that attempts to measure the " agmg of the populatlon" affect on VMT usmg

Energy Infonnatlon Admlnlstrat!on\ .
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" econometric techniqués have not been very satisfying. In spite-of this, thereis arnple survey data
indicating that drivers 60 and over dnve substantially less than do younger The most recent NPTS
indicates that those over 60 drive only about half as much as do ymmger dnvers None of this would

. affect the accuracy of our aggregate VMT forecast if the proportlon of the population 60 and over - :

. remained at 20 percent. The Census Department, however, accurately records the inevitable aging

. of the."baby boom" genereﬁon. In the early 2000's they pro_;ect that the proportion of the population '
"~ over 60 -be"gins to rise _sharply. By 2020, it reaches 30 percent, up from 21 percent in 2000.

| 'The effect of the agmg trend on travel could be substantlal, but it is difficult to, know the premse .
' manner in which it Wlll aﬁ'ect overall VMT If one assumes that in 30 years, 65 year olds w111 drive -
about the same. amount as cmrent 65 year olds, then assessmg the effect of populanon agmg on VMT

would be a matter of 31mp1e accounting. For example, total VMI‘ in 2030 can be calculated s:mply o

by multlplymg the number of drivers that will be in each age group in 2030 (Census forecast) by the -
, current average VMT in each age group and_then smnmmg VMT across-all age groups.

_ Figure 3B-3. Growth of VMT per Dnver .
| VMT per Dnver Growth 1983-1 990

. ByAge Group and Sex -

, Percent Change -

g
%

mmsseemmmseeged&semwo

. . AgeGroup '
" [Source: 1920 NPTS] - W Mae ERFemale I

Unfortunateqy, one cannot be conﬁdent that the 65 year old of tomon'ow will contmue to behave as
he or she does today. As mdmduals age, their levels of driving will probably contmue to decline,
particularly followmg retirement, as it has in ‘the past. But it is unlikely to decline to the levels of
current retirees, as those currently over 65 years old did not growupina society as dependant on
the automobile as did the current 35 year olds. Addmonally, retirees of the future may have

substantially greater wealth; better hea.lth, and/or a greater desire for mobility than do current ones.
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Indeed, the 1990 prehmmary NPTS esumates mdrcate that the esumated VMT per year for dnvers
greater than 70 years old has mcreased by nearly 50% over the 1983 estrmate a

g‘ggwth in Female mmg.g Rate s .
Another 1mportant issue is the VMT gap between males and females, and how this w111 change in

: the future Females have h1stoncally dnven far fewer m11es per year, on average than males, but .
-they have been closmg the £ap rapldly in recent years. Evidence of thls is provided in Figure 2,
“‘which mdlcates that women between the ages of20 and 45 dramatically increased their dnvmg Tates

relatrve to their male counterparts. Accordmg to the, 1969, 1977 and 1983 NPTS results the per
capita female/male driving ratio has generally hovered around 45 percent. The 1990 NPTS data' 1
suggest a significant deviation from this trend, wrth women's average VMT approachmg 60 percent '
© of men's. 'Ihls may be at least partly attnbutable tothe mcreased parhclpatlon of women in the labor - -
. force. - : '

In earher versrons of the VM’I‘ model, an assumptlon Wasmade that women Would continue to drive
" lessthanmenona per caprta basis. Hlstoncally, this has been true, as ev1denced by the results of
" the last four NPTS reports. However this historical discreparicy has been dmnmshmg, ‘and it is now .
thought more prudent to have tlns trend converge to panty with male dnvmg rates The rate of
convergence is essentlally arbitrary, and has been chosen to. ensure that panty is achleved in 2010.

B . This assumed trend is’ deplcted below, along with - the previous trend, wh1ch asymptotrcally

approached 80 percent ‘ ‘ L o o

2z Prehmmary estimate: 6264 mlles per person per year, 70 years and older, NPTS Dnver's Annual Estimate, Table 15.
. R N S, '
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Figure 3B-4. Relative Female Driving Rate

| Relative Female Driving Rate.
Fraction of Male Per Capita Driving Rate
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 The trend hne represents a log1shc curve, anchored at the 1977NPTS value, reachmg 50 percent in
1994 (T 50), and achrevmg 99 percent parity in 2010 (ng) Or in equatron form: :

- . - '. ° 1 »‘
. P"Femr = PrFem,,, + (P(Femmx - P,"Fe’”lm)‘ , - (E(T - Tgp))
. o . . ’ 1 + Exp 5

where: . B DR (115)
_ _In(.01) L
L (Tge. = Tp)

The user should be able to use the above 'formulafipn to implement other assumptions, should it

become necessary. -

Updatmg Data Inputs :

Since the last revision of the VMT model two more years of vehicle stock, VMT and fuel
consumptlon data have been made available from FHWA, and the income, variable from the
" Macroeconomic Model has been revised. All macro inputs are now being calculated based on a
cham-welghted average, replacing the ﬁXed-Wﬁght methodology previously used This results in -
" aj modest change in disposable income per capita, as deprcted below. :

=
v
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Flgure 3B-5 Dlsposable Per. Caplta Income

- B Dlsposable Per Caplta income
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These new data sets penmt the re-estlmanon of: the generahzed dlfference equatlon adopted for the
NEMS VMT forecastmg model: ' : : :

, g .. :‘ . '3 . o o ‘ ;’. ‘
VMTPD, - pVMIPD, , = &(1-p) + DBy Xy~ PXypy) - . - (116)

Where VMIPD is the per eaplta dnvmg demand for the dnvmg agepopulatlon, and XN—] 3 represent '
the mput vanables ‘ :

‘ of greater mgmﬁcance is the' revision of the hJStoncal VMI‘ and stock inputs prov1ded by FHWA. ,'
In the past FHWA’s estlmate of the number and dnvmg pattems of 2-axle, 4-tire trucks has been - |

mterpreted as represennng that of Light Duty Trucks defined as havmg a weight of less than 8,500

pounds, and thus properly within the purview of the LDV Module This assumptlon, ‘however, has

“been only afirst approx1mat10n, as FHWA does not cla551fy these trueks by Welght Inan attempt‘ '
- to further reﬁne the model, a new category of truck has been deﬁned Light Commermal Trucks

T Energy Information Admlnlstratlon
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' (LCT), which comprise alt smgle-umt trucks in the 8 500 to 10,000 pound range. - The travel

o ‘demands of these.trucks are now modeled separately, based on aggregate measures of industrial

output ﬁom the Macro Model. In order to avoid double-countmg, the 2-axle, 4-tire strata of | these
LCT’s, prevmusly included in the LDV model, must be subtracted from the data mputs Details of
the strauﬁcatlon and estimation of LCT demand are prov1ded in a subsequent section, which
contains historical data estimates between 1990 and 1995. Estimates of LCT travel prior to 1990
are obtained by mdemg the 1990 estimate to GDP growth trends from 1969 to 1990. The ongmal

- and rev1sed data are tabulated in Append:x E.

" Several ﬁmcuonal forms were tested in the devélopment of this model, bnngmg to hght the dlfﬁculty -
in constructing.a model which meorporates both economic and demographrc parameters which may
be used for forecasl:mg in the m1d- to long-term. Problems with auto correlation’and multlcollmeanty
mouvated the mplementanon of a two stage approach in which the results of a linear ¢conometric -
model are adjusted to reflect demographlc constramts The first stage prov1des a forecast of per ~
cap1ta -VMT, based on historical data, which assumes that the age proﬁle of the country remains (
constant. The second stage 1mposes a limiting factor which reflects-the pro_]ected agmg of the -
‘ populatlon and the reduced driving rates assomaied w1th older dnvers ‘

In the ﬁrst stage of this model, a generalized dlﬁ’erence equauon is used to estimate the unadjusted‘ .-
VMT per cap1ta.22 .
VMIPC, = p VMTPC,._l + 4521(1 -p) =1 50 (CPM92 -p CPM92,,_l ) \

Lo

+ 3.6x 10“(ypc92 - pYPC92“) + 8. 36(PrFem,. - pPiFem;:)

where: . - . .
. VMTPC= the vehicle miles traveled per mprm
CPM97 = the fuel cost of driving a mile, expressed in 1992 dollars

YPC92 =the dxsposable personal income per capita, expressed in 1992 dollars.
PrFem = the ratio of per capita female driving: to per capm.male dnvmg )
. p=thelag factor, estimated using the Cochrane-Orcutt iterative procedure to be 0 736

" The uuadjusl;ed forecast is subseciuenﬂy modified by a demographié adjustment factor (DAF) which E
", isbased on the age-specific driving rates reported in the 1990 NPTS. -The Demograph1c Adjustment
Factor is based on the idea that the average VMTPD can be represented as a weighted average of the

2 yMT per capita should be understood mean VMT per population 16 years and older. "Per capita” is used for simplicit).(.
Its use in other variables refers to the total US population. -
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.age-spec1ﬁcVMTPD's,asfollows ST . IR ..

: Flgure 3B-6 Relat!ve Drlvmg Rate Index, by Cohort

VMT Per Driver Index:

Relahve Driving Rates, by Age Cohort '

f

100

Percent

o 88 ¥ 8

. <19 2024 2529 30-34 35-39 40-44 4549 5§0-54 55-59 60-64 65-69 >70
' Age Group .

-+ |Source: 1990'N|=rs| o R ST

.Y vurPD or Nip

VMTPD - —— —_ © (118)

. _ZNA,Tt )
4 :

The VMTPD of each age cohort can be expressed as the product of a relatlve index and the
‘maximum VMTPD in the populahon co : :
. .‘ | EVMTPDI "Nyr

| VMTPD, = VMTPDMB r — .y

: Wileré‘VMI'PDI represents the travel index, ‘depieted in the following figure: '_ .

The DAF used in the earlier version of this model is an index which feﬁreseﬁts the effect gf ch'axiges"
in'the age distribution of thie population over the forecast period, assuming that relative driving fates
remain unchanged. That is td say, if, as was reported in the 1990 NPTS, VMT per driver in the
oldest age cohort is 37 perceént of the max1mum VMT per driver in the overall dlstnbutlon, this ratio
would remain unchanged over time: The DAF isa populauon-welghted index of these relauve

! Enorgy Informatlon Administration
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dnvmg rates, expressed as follows:
| | y VMTPDI ‘N . S
DAF, = 24—t ; o (120)

ENA.T -

It has been suggested that this formulaﬁdn underestimates the consequences of population aging, as
drivers moving into the older age categones are likely to retain some of their earlier driving habits.
In order to account for this sh1f:, the VMTPDI is re-estimated to mclude a time dimension, under the
; ad hoc assumption that the difference between each age cohort’s VMTPDI and 1.0 will be reduced
over the forecast penod as follows the VMTPDI for drivers in the 16-19 age group will reduce the
-gap by 33 percent; all age groups until the >70 group will converge 50 percent of the way to unity.
Drivers older than 70 are further disaggregated into four groups: 70-74 75-79 80-84, and >=85.
Thelr indices are t1ed to that of the niext younger group as follows: - -

VMTPDI,O ;=09 | VMIPDIr -

VMTPDI.,S ;=05 VMTPDI o
121y
VMTPDISD 2= 05 - VMTPDI.,S ;o o

VMTPDISS’T ='0.25 » VMTPDI,,

These factors have been chosen to most closely approx1mate the historical values of the VMTPDI
for the >—70 age group, when populatlon welghts are apphed. 'I'he resultmg dlstnbuuon of relatlve
dnvmg rates is deplcted below “ ?

' énemlMoMon Administration . ) , .
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Flgnre 3B-7. Dnvmg Index: Changes Over Tlme

IVMT per Driver Index I
| Changes Over Time
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The DAF resultmg from this d1stnbutlon changes over hme based on two factors the growth of the
older populatlon (servmg 10 reduce the DAF) and the i increases in the relative dnvmg indices i inthe -

- . extremes of the distribution (servmg to increase the DAF) In the early years of the revised

- formulation, the growth in the indices more than compensates for the populahon growth in the older
cohorts, leading to.a marked i increase in the DAF. This levels off in the later years, fallmg as the

o -effects of populatlon aging become more pronounced.

~ . L. i BN
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Flgure 3B-8 Demographic Ad]ustment Factor

Demographlc Adjustment Factor (DAF)
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I -+ Indexed Estimate: 1990'=1.0.l

When apphed to the VMT model, the DAF represented above is 1tse1f mdexed to 1990 and isthus -
no longer bounded by 1.0. . : ..

The DAF is apphed to hlstoncal VMTPD ﬁgures pnor to the regressron analys1s descnbed above :
This permits a more consistent baselme comparison, by positing dnvmg rates under a constant 1990
demographic distribution. The estlmated results are subsequently re-transformed usmg the DAF, )
. bringing them back in hne w1th observed values

Coefﬁcient Estimaﬁon SR -

Using the updated \data sets descnbed above and, as before, using the Cochrane-Orcutt 1terat1ve‘ ;
procedure, the generahzed dlﬁ'erence equatlonls esumated, resulting in the followmg coefficients:

. Energy Information Administration -
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" In producmg the est]mated meﬁiclents for this model, historical VMTPD ﬁgures ‘were first adjusted
using the indexed DAF to 1mpute dnvmg rates under a 1990 demographic distribution. The
madjusted VMTPD produced by the difference equanon therefore represents an estimate of dnvmg
: patterns under the assumption that age distributions and relative dnvmg rates remain static. This

. vanable, Wh1ch isa weighted average across age cohorts can be expressed By the followmg 1dent1ty

: : VMTPDT = Vrm"nm DAFmo S E (1_22) :

.In order to acoount for demographlc shifts, it is necessary to mulnply the VMTPD by the mdexed‘ o
DAF as follows : '

L | par,
.VMTPDT__= VMIPD,
- . o DAF1990
I ' DAF, (1z3)
S = VMTPDM DAFI”D T o
’ : . DAF 1990

VMTPDMT - DAF,. .

"

1

Obtammg the VMTPD w1thm each age cohort, then, isa matter of solvmg for VMTPDMAX, and .
applymg the relatlve dnvmg mdlces expressed in the VMTPDL. The results are presented below.

. Energy Information Administration -
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Flgure 3B-9 Demograph:cally-AdJusted VMT per Driver

VMT per Dnver
| Under New Demographlc Formulation
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Using the parameters estimated above and forecasts of relevant mput vanables (deplcted in the ‘
_ Appendix),-a base-case forecast of VMTPD is generated, and subsequently converted to total VMT
by multiplying by the population at or above the driving age of 16 years. Total demand for hght
duty vehicle travel is finally allocated among the various conventlonal and alternative automobile
technologles con51dered mNEMS and consumptlons estimates are generated for each type of fuel

Energy Information Admlnlstratlon
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* 3C. LDV Fleet Module -

The Light Duty Vehicle Fleet Module generates estimates of the stock of cars and trucks used in
* business, government, and utility fleets, and subsequently. estimates travel demand, fuel efficiency,
and energy consumptlon by these fleet-vehicles prior to their u'ansmon to the private settor at
', predetenmned vintages. The LDV Fleet Module has also been amended to include a characterization -
of nght Commercial Trucks (LCT’s), which-are used in-business and trade, and are not class1ﬁab1e
- under e1ther the LDV model or the nghway Frelght Model.

3C-1.. LDV Fleet Module

RATIONALE ~ "+ . - e ' |
' Fleet Vehicles are treated separately in TRAN because of the spec1a1 charactenshcs of ﬂeet hght '
-duty vehicles: The LDV Fleet Module gerierates estimates of the stock of cars and light trucks
which are used in three different types of fleets, as well as VMT fuel efﬁclency and energy’
consumptlon estimates which are distinct from those generated for personal light duty vehicles in
the LDV and LDV Stock Modules. The primary purpose ] for this is not only to s1mulate as .
' accurately as posmble the very dlﬁ'erent sets of characteristics one would expectto see in fleetas -
opposed fo personal vehicles but a]so to allow for the greater opportunity for regulaton and policy-

. makmg that. fleet purchases represent. Leglslatlve mandates for AFV purchases, fleet fuel

_efficiencies, etc. can be mcorporated through the subroutme TLEGIS which has been set up
'spec1ﬁca11y for this purpose : : ‘ : .

ALTERNATIVE SPECIFICA TIQN§ T

"~ No altemanve specrﬁcatlons were con51dered

- MODEL STR@TQRE N L SRS
Ina departure from the conventlons of other modules, this model uses the same vanable names for ‘
cars and light trucks; they are dlstmgmshed by the value of an mdex designating vehicle type~
Vehicles are also. distinguished by the type of fleet to which they are assigned; business, govemment,
and utlhty fleets are assumed to have different operatmg characteristics and retirement rates. This -
model consists of thrée stages: determme total vehicle purchases, surviving ﬂeet stocks and travel
. démand, calculate the fuel efﬁclency of fleet vehlcles and eshmate the consequent fuel consumptlon

The flowchart for the Light Duty Veh1c1e Fleet Module is presented below in Figure 3C-1.

Additional flowcharts outlmmg major LDV Fleet calculatlons in more detail are presented attheend -
of this. section. o EE "

o [Enbergy Information Administration
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-

- Figure 3C-1. Light Duty Vehicle Fleet Module -

.

- % of new vehicle sales by fieets Begin LDV
- % offleet sales by fleet type FleetModule
- Historical AFV purchases

Legislative AFV mandates
Historical size class distribution
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) vehicles are transferred to
, private stock .
Historical annual VMT
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OMEr U
LDV Inputs: *.* Fuel economy degra-
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. ModeD
LT Total fleet VMT -Total fleet VMT
Total fleet fuel consumption ) To LDV Stock Module: ) b
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 Calculate Fleet Stocks and VMT |

Qalctﬂat_e fleet écciuisiﬁons of car_s.an_d light trucks: ">

FLTSALIT it

= FLTCRAT * SQTRCARS, * FLTCSHR,,
L amdr L. (124)
FTLTS'AI{H.=2 gryr = FLTTRAT * SQD'.TRUCKSLQ. * F:LTT.IS'HRH'.Y‘
- FLTSAL = Salestoﬂeets by vehlcle and ﬂeettype ) _ )
FLTCRAT = ‘Fraction. of total ‘car sales attributed to fleets - B E .
FLTTRAT = Fraction of total truck sales attributed to ﬂeets ) ’
SQTRCARS = Total automobile salesin a ngen year .
SQDTRUCKSL = Total hghttrueksalesma given year -
FLTCSHR = Fraction of fleet cars purchased by a given fleet typé -
FL'I‘I‘SHR Fraction of fleet trucks purchased by & glven fleet type
) IT=Index of vehicle type: 1=cars, 2=lighttrucks -
ITY =Index of fleet type 1= busmess,2 government, 3= utllxty

For cars only:’ separate the busmess ﬂeet sales into "covered" and "uncovered" strata, reﬂectmg the '
fact that EPACT regulatlons do not extend to privately owned or leased fleet vehicles. This
separahon is based onan exh‘apolatlon of historical trends i in busmess ﬂeets usmg an assumed upper :

limit: Detaﬂs on this, and other derivations are prov1ded in the Append1x ’

BFLTFRA C

’ . ) N ' ' 7 - ‘ . ’ . - ( ’(T-197l» ‘. ,I
r-1sm = BFLTFRAC,; + (BFLTFRAC, yy = BFLTFRAC,q,) - EXP * N (1}5) o
. and: ' | 3 o
--BUSco;f FLTSALIT et BFLTFRAC . (126)
where:, . - L IR

BUSCOV = Business fleet acquisitions covered by EPACT provisions
BFLTFRAC = Fraction of business fleet purchases covered by EPACT provisions in year T

. Energy Information Admlnlstration b .
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Calculate the percentage of’ﬂeet veh1c1e sales wh1ch go to fleets of 50 or more vehmles' K

For cars:

FLTPCTVT 1,117 = 13,11-'3 =3 ’ ks m] - . ] (1?7).
For light trucks:
FLTPCT 7y rryes s 523 = (50)2m : (128)
where; ' ' T . o o (

k; =Normalized proportionality constaant for automobile fleets, estimated to be 1.386.
Korre = Preporﬁonality constant for business and utility fleetss, -0.747 and -0.111, mrespectively.

" Caleulate the number of fleet vehicles covered by the provisions of EPACT, faking into
, consideration the geographlc and central-reﬁ.le]]mg constramts These constraints are constant, and
are tabulated below. :

For cars:

’

FLTSALX ;7. sryey z = BUSCOV, + FLTPCTypiry 1~ CTLREFUELpy * MSApy * FLT207

and_'-'»-‘.~"_- - (129)

= FLTSAL; ., - CTLREFUEL, - MSAp, - FLT20,;,

* FLTSALX, S

H'=l,177¢l T

For light trucks:
FLTSALX ., rryes sz = FLTSALp pry r * FLTPCT pry o * CTLREFUELry * MSApy * FLT20py
: , amd L. T (130)

1

FLTSALX;z.3 rryir FLTSALH. 7.z * CTLREFUELp, + MSA;r, - FLT20,,

whefe: . .o . : .
FLTSALX The number of vehicles of each vehicle and fleet type subject to EPACT requirements.
C'I‘LREFUEL The percentage of fleet vehicles which are capable of being centrally refuelled.
MSA =The percentage of fleets which have 20 or more vehicles located within urban areas.

FLT20 = Ther percentage of fleet vehicles actually located within urban areas.

- Energy Information Admlnistraﬂon
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"The number of altematwe—fuel veh1cles sold for each fleet and vehmle type lmder EPACT mandates
is then esumated

FLTALTE

Er .7 FLTSALXH T EPACTSH.U P (13n

where: .
: FLTALTE ' AFV salesto ﬂeets tinder EPACT mandates S ST
"EPACT3 = Sales-welghted aggregahon of EPACT purchase reqmrements reﬂectmg nnpacts on -

three fleet types See the Appendlx for further detalls

'I'hejnumber of alternatlve-fuel vehlcles wh1ch Would result from 3 contmuatlon of h1stor1ca1
purchase pattems isalso calculated, representmg a mlmmum acqmsmon level: |

ra

FLTALTHIT p—— FLTSALH. . FLTQAPSHRI o a3

" *where:

: FLTAL'!'H = . Fleet AFV purchases, using cc_métant histoﬁcal sharee; )
FLTAPS}IRI = Fleet pefcentage ofAFV'_s,' by fleet type. - '

Determme total altematlve fuel ﬂeet veh1cle sales usmg the maxzmum of the market-dnven and ‘

' 1eg1sla11vely mandated values :

- FLTALTp e - m_["z;L'TAL_TEM’Y:,  FLTALTHp ] - (133)

where:
FLTALT Number. of AFV's purchased by each flect typeina glven year,

FLTAPSHRI Fraction of w.ch fleets' purchases which are AFV's, from hlstoncal data '
EPACT = Leglslatxve mandates for AFV purchases, by ﬂeet type

The diﬁerence Beﬁﬁeen total and AFV salés represents\ccnve_ntional sales: "

S . : Energy Information Administration-
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= FLTSAL

: FLTCONV v

T FLTALTH. P

where:

FLTCONV = Fleet purchases of conventional vehicles
FLTSAL = Sales to fleets by vehicle and fleet type
. FLTAL’I’ = Ninnber of AFV's pmchassd by each fleet type in a given year

Fleet purchases are subsequently d1v1ded by 81ze class

where: ,

where:

* FL‘I’SSHR

. FLTSLSCA, rrss

FLTALT

JS.T I, JTY T -

and:

' FLTSLSCCM. — FLTCONVITMJ * FLTSSHRH,m -

FLTSLSCA Fleet purchases of AFV's, by size class -
FLTSLSCC =Fleet purchases of conventional vehicles, by size class
. FLTSSHR = : Percentage of fleet vehicles in each size class, from hxstoncal daﬁa
" IS =Index of size classes: 1= small, 2 =medium, 3 large

A new variable is then estéblished', .disaggrégaﬁng AFV sales by engine t_echnology:

 FLTECHSAL y y i gsyrzce = FLISLSCArpyoass * APSHRFLTBHmmgx

FLTECHSAL pppryyy ssrocer = FLTSLSCApppryayss * FLTECHSHRM o,
and:
FLTECHSALFM_EM = FLTSLSCCppprpis

-

FLTECHSAL = Fleet sales by size, technology, and flest type

- APSHRFLTB = Alternative techiology shares for the business fleet . .°

FLTECHSHR = Alternative technology shares for the government and utility fleets
_ ITECH = Index of engine technologies: 1-5 = alternative fuels (neaf), 6 = gasoline

_Sales are then summed across.size classes:

where:

FLTECH,

R— Z FLTECHSAL

IVTITY IS ITECH
Is=1

Energy Information Administration .
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' FLTECH = Vehicte purchases by fleet type and technology

'

| The next step is to modify the artay of surviving fleet stocks from previous years, and to add these
new acquisitions. This is done by applying the appropnate survival factors to the current vmtages
~and- msertmg FLTECH into the most recent vmtage ‘ S

R FLTSTKVN = FLTSTKVN,

erma?,rmr.r IT.HT,HECHJVINT 1,1.' -1 * SURVFL”?TJVDJT -1 .
- and: " o . (138) . .
FLTSTKVNHMMCEM FLTECHHMMJ . '
.where:.

FLTSTKVN Fleet stock by fleet type, technology, and vmtage
) SURVFL'IT Survival rate ofa ngen vmtage '
IVINT = Index refernng to vmtage of ﬂeet vehicles

‘The stocks of ﬂeet vehlcles ofa given vmtage are then 1dent1ﬁed, asmgned to. another vanable, and
" removed from the ﬂeet :

OLDF STK 1T, MCH v, T

Al

FLTSTKVNM. - J,w, MNM o (139)

. OLDFSTK = Old fleet stocks of given types and \iintages,'n-'anst_'erred to the private sector -

The vanable OLDFSTK i subsequenﬂy sent to the LDV. Stock Model to augment the ﬂeet of pnvate
veh1c1es The vmtages at which these transmons are made are dependent on the type of vehiclé.and
the type of ﬂeet, as shown below

_ Automobile (VT = 1) '| Business (ITY=1). -

Automoblle

Automoblle

_Govemment (ITY=2)

Light Truck (VT = 2)

Utlity (ITY = 3)

| Business

Light Truck

Light Truck

106 ° o

Govemnment ™

] Utility

i/
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" . where:.

-

Total surviving vehicles are then summed across vintagee:

. 6
TFLTECHSTKIT v mscir = »
IVIN =1

FLTST KVN .

Y IVIITEITECH IVIN,T -(140)

where: : R
' ’I'FL'I'ECHSTK=T0ta1 stock witin each wchnology and fleet type’

The. percentage of total ﬂeet stock represented by each of the. vehlcle types and technologles is
.' determmed as follows:

. TFLIECHSTK

ITTYJTECE.T . '
VFSTKPF prymscar = S aa
>y X TFLTECHSTKITJZ?JTECE,T ' .
T=107=1MECA =1

VESTKPF = Share of fleet stock by vehicle type and technology -

' . Histo;ical data on the amount of travel by fleet vehicles is now usect to estimate total fleet VMT:
' ' ) 2 3 - 6 - h - ) -
FLTVMT, = ¥, Y. Y, (TFLTECHSTK,TMMCHJ * FLTVMTYRHMJ) - (142)

IT=1ITT=1 ITECH =1
. '

where:
FLTVMT = Total VMI‘ driven by fleet vehlcles
FLTVMTYR Annual mlles of 1ravel per vehicle, by vehicle and fleet type

Total VMI‘ is then dlsaggregated by vehicle type and technology ;

: FLTVMT ECH,

rmirymacin = FLTVMT, * VFSTKPF

IVTITYTECHT (143)
where: .- .
FLTVMTECH = Fleet VMT by technology, vehicle type, and flesttype

Energy Information Administration
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- Calculate Fleet Stock MPG - '

'I_'he average efﬁcieﬁcies of the ﬁvefnon-gasoline teohnologie_s are calculated as follows:

FLTMPGH._I irrrzca

[ 3. FMSHCMMM}"

4Gty - NAMPGyp e

and: - o .. (144)
| i RS —— N

452y NAMPG g o0 + RATIO o,

FLTMPGH.,W s =

o FLMG = New flect vehicle fuel efficiency, by flect ty'p'e and engine technology ‘
~- FMSHC =The market share of fleet cars, ﬁ'om the-AFV model
FMSHLT = The market share of flect light frucks from the. AFV model B
.- NAMPG =New AFV fuel éfficiency, from the AFV model . ’ o :
o ) I]IS' Index: wlnch matches technologles in the AFV model to correspondmg ITECH

.For conventlonal technologles, when ITECH refers to gasolme ICE's, the calculatlon is similar.
- FEM estimates.of fuel _economy for the six vehicle size classes are averaged into three classes to -

. correspond to the output of the ﬂeet model, and new fleet vehlcle fuel economy is calculated as-

follows B SRR . , L o
. -1.
N FMSHCmmcg asc
FLTMPGH. -vsrrsca = — .
ASC=1 ) ASC

- D ,,_ma-z IR S (145)
FMSHLTmM s ]" T

1

LIRS

- where: - .
‘ - FECSSC New car MPG in three §ize classes, from the FEM model
FET38C New hght truck MPG, in three snze classes, from the FEM model

The fuel eﬁclency of new vehicles is then added toan array of fleet stock: efﬁclencles by vmtage,
Whlch is adjusted to reflect the passage of nme

|

. o ) : " Energy lnformat!on Administration
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‘and: . L L ae)

" MPGFSTK 1y rry mrsciavmei.r FLTMPG srvatscar
" where: co ’ : . 7 ) .
MPGFSTK Fleet MPG by vehlcle and ﬂeet type, technology, and vmtage . .

Average ﬁJel efﬁc1ency by veh1cle and fleet type is then calculated

o FLTSKTVNITMJ!ECHJW ] -

ITY =1 ITECH = IMPGFLTSTKmmmcgJ S ]

' .+ | | MpeESTE * VDF (147
MPGFLISTK prg rreen = | 22 - LI TP TT (147)
) | T (TFLTECHST o Jn,',mm)
where: '
MPGFLTSTK Fleet MPG by vehicle and fleet type, and technology, across vmmges
AMXVINT Maximum IVIN index associated thh agiven vehicle and fleet type
The overall fleet average MPG is ﬁhally calc_lﬂated foi' cars an‘d light.trucks:
| I S g
e | & & = VFSTKPF, ~ C ian
: : JIYITECHT _ :
FLITOTMPG ;= | (148)

where: - . . e .o
. FLTTOTMPG =Fleet vehicle avegage fuel efficiency for cars and light trucks -

Calculate Fuel Consumption by Fleet Vehicl'es
Fuel consumpﬁon is simply the quotlent of ﬂeet travel demand and fuel eﬁ'ic1ency, which have been '

: addressed above:
FLTVMTECH i oo

MPGFLTSTK IVIITTITECHT

FLTLDVC i rocaz " (149)

where:, p , -
FLTLDVC = Fuel consumption by technology, vehicle and fleet type

Energy _lnformatlon Administration .
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Consumption 1s thep summed across flest types; and converted to Btu va_lues: Co

FLTFCBTUH ——— FLTLDVCM - mc,;, * QBT A (150).

ITY =1

where; -
" . FLTFCBTU=Fuel consumptlon, in Btu, by veh1cle type and technology .
QBTU= Energy content, in BtulGal, of the ﬁxel assoclated with each technology

K
’,
[

Consumpuon by trucks and cars are added, and total consumptlon is subsequently divided among
regions: )

> - PR

. . |
FLTFCBTURIR srscar = HEI FL1'15?0191'(],,,7,,,,;@Er - * RSHRy, " (151)

. where:
FLTFCBTUR Regxonal fuel consumptlon by ﬂeet vehwl&s, by technology
RSHR =Regional VMT shares, from ﬂle Regional Sales Model
IR =Index of reglons -

- - . Energy Information Administration .
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3C-2 il-lGHT' COMMERCIAL TRUCK MODEL

—

RA TIONALE . : .
_ As it was originally structured, the NEMS Transportatlon Model addressed trucks in two separate o

g 'modules according to their presumed pnmary use: hght duty trucks (LDT's), defined as 2-axle, 4-

tire trucks with a gross vehicle weight (GVW) of less than 8,500 pounds, assumed to be used -

prmclpally for personal transport and described within the Light Duty Vehicle Mode, and medium
and heavy duty trucks, with GVW's of over 10, 000 pounds addressed in the Highway Module of

the Freight Transport Model While this accounted for the overwhelming majority of trucksonthe - -

. road, there was one obvious gap in coverage Trucks with a GVW of between 8,500 and 10,000
pounds were not explrcltly charactenzed in the Transportation Model, but were represented through -
the use of estlmated adjustments tothe results -of the freight ‘model. The purpose of this section is
to characterize the stock and dnvmg pattems of these hght commercial trucks (LCT's) within the
NEMS structure. : )

ALTERNATIVE SPECIFICATIONS

No altemative .speciﬁcations were considered. - -

- MODEL STRUCTURE - | - |
The primary thrust of this model isto prov1de a stratification mechamsm to allocate the stock and

new sales of LCT’s among the vanous major-use groups ¢ considered i in this model. This involves )
using the distribution of trucks reported in the 1992 Truck Inventory and Use Survey (TIUS)to
" estimate the fractioni of u'ucks that fall into the 8.5 to 10 thousand pound weight category, and
subsequently distribute them accordmg to then' pnncrpal products carried”. Trucks are classified -
. by body-type (pickup and’ other smgle-lm1t trucks) and axle configuration, (2-axle, 4-tire and other).
Historical stock numbers are derived from FHWA’s nghway Statistics, and new sales are obteined -
from the macroeconomic model.- In addition to prov1dmg a distribution of trucks accordmg to
" major use, TIUS provides sufficient data to estimate. average annual miles and fuel economy within
each strata. Flow charts describing the stratification scheme for existing truck stock and new-
purchases are provided below. A descnptlon of the data and the denvatron of the stratification -
. estimates are prov1ded in the Light Commerclal Truck Attachment in Appendlx F:

, ‘ Energy Information Admloistraﬁon ) .
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Figure 3C-2. ljistx_:ibution of FHWA ‘SingleéUnft Truck Stocks
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Figure 3C-3: Distributior of Light Truck Sales .

Truck Sales From the M‘écrb Model
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LCT Model Equations ~

1) - Calculate LCT sales:

LT_CLTT, = MC SQDTRUCKSL * LTIOK * 1e p (152)

LT_CLTT,y = Sales of light trucks less than 10,000 pounds - ‘
MC_SQTRUCKSLy, = Total sales of light trucks, from the Macro Model . :
' o LTIOK Fractlon of Light Duty Trucks with a gross. vehlcle welght of less than 10,000 pounds
. 2) D1v1de LCT sales between 2-ax1e, 4-tire and other smgle-umt (OSU) trucks
CLTSAL2A4T = LT CLTT * LT2A4 ‘ '
» _ ;,apd R _ o ol (153)
. . CLTSALOSU, = LT CLIT, * LTOSU '

where:

LT2A4 = Fraction of riew light trucks of the 2-axle, 4 tire configuration
LTOSU_ = Fraction of new ﬁght trucks of othe'r conﬁguration,

3 ‘ 3) Divide. sales of both tmck types mto plckup and non-plckup styles for trucks between 8, 500

© and10,000poumds: - ' | _
CLTSALzA‘:Ts,m,; = ~‘CLTSA.I‘.2}4.4TN . 'LT‘l?'A4CL1"m‘1
a0 ase
CLTSALOSUSmy, ;= CLTSALOSU,, * LTOSUCLT,, |
where: - )

' LT2A4CLT,,, = Fraction of 2-axle, 4-tire trucks between 8.5 and 10 thousand pounds, by style
LTOSUCLT,y,; = Fraction of other single unit trucks between 8.5and 10 thousand pounds by style :
’ zstyl Index of truck style '1=pickup, 2= other .

. : Energy Information Administration
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" 4)  Allocate sales amonyg the aggegate major-use groups:

CLTSALIAATS ;% CLISICSHR, ypy iy, . . Jor is =1

CLTSAL,, 1yop e =
, " and Y 1))
CLTSAL, oy o = CLTSALOSUS,yy * CLTSICSHR oy - Joris =2 .

where: : .
) CLTSICSHR Share of LCT sales allocated to each major-use group, by tmck type and style
is= - Index of truck type 1= 2-axle, 4-’are, 2 = other smgle-umt truck
isic= _Index of’ major use group 1= Agnculture, —'Mmmg, 3= Constructron, 4 Trade;
5= Unhtles, 6= Personal : o

5) Update LCT stocks to reflect, survrval curve and sales

. CLTSTK y tyt e v CLTSTK,, o e, N~ I*SURVCLT + CLTSAL‘, e S . (156)

~

- where:’,
\

CLTSTK Light commercial, truck stock
SURVCLT = Percentage of previous year s stock whlch gets camed over, by truck type

~

6) - Estimaie _the'VM’I"demand for LCT’s, by secto_'r:'

CLTVMTI"W_W’N = CLTVMT“ Loyl dele, N -1 *

CLISIC,, ]

CLTSIC,,,, 5,

where: .
: B CLTSICyy = Aggregate measures of mdustnal output for sectors 1-5; level of personal travel
' demand for sector6. - .

“7) . Estimate new LCT fuel economy, assummg that growth from baselme (1992) values
‘ parallels ‘thait of other hght-duty 1rucks _— ' .o : C
. - S MPGT, o
' N CI’TMP Gis,i:tyl,l:lc,N = N ?LTMP Gis,’}:xyz,uxc;x-l * m . (138)

where: : . T ‘ ‘ ‘ .
: MPGT = Lighg-duty truck miles per gallon (gasoline technology), from the LDV Stock Module

Energy lnfonmﬂon Admlnlstratlon .
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8) Iﬁchporate new LCT estimates into e)ns;:l;ng stock:.‘

{( cim'x,;_w.,;,_,,_, ;Q}RVCLT,‘} . ( -cLMu,a;vm.;l-x ) * i}TQFRfGN}

-1

’ “ . . CLIMPG, - NCLTMPG,; ) 159)
.. CLTMPG =4 sotisedt-) o (
ST TieleN S CLTSTK,, s e ' :
where: ° ' . :
A CLTMPG Stock MPG of hght commercial trucks, by truck type and style
LTDFRFG Scalmg factor, assoelated w1th the mcreased use of reformulated gasolme
9. . Calculate aggregate sales-weighted new LCT MPG: -
: , oo - ( CLTSAL,‘W,‘;;’N. -;'1 . .
3 T B o s | T (160) -
NCLTMPGT 2 E E b ispl it : (160)
_ is syl isic NCLTMPGix myt iic, A4
lb) . Calculate VM'I‘-welghted stock average MPG for. hght commercial trucks
R . : [ CLTVMT,,W,,,,,_N f\ o B
' D> ECLWTumylu:,N le 161)
. CLTMPGT,, EZE f iyt i .'( )

is istyl Jisic, N

1

s isyl isic CLTMPG

11) Calculate fuel consumptlon in gallons and Btu’s for each truck type, style, and maj or-use -
category: ' ’

CLTVMTL,W”C.N

CLTGAL -
1 ‘ S et CLTMPG,, i _
and (162)
| CLTBTY, CLTGAL,, sty *

1 2) Calculaie total Btu consumptlon by hght oommerclal trucks by summmg over the mdlces: '

CLTBTUT 3 ZCLTBT U uptisiesi (163)'
; Cois syl m‘c ; . T -

_ Energy Information Administration
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Figlire 3C-4: LDV Fleet Modulé 1: Process New Fleet.Acquisition.s:

’ . . . A

\

Begin LDV
Fleet Module

+ % of total ar and light truck

sales attributed to fisets

- % of fleet vehicles purchased
by each fieet type | .

Total car and light truck sales,
- from Macro Model

. Inputs:
- Historical AFV purchases by
/. fleettype '

- Legislative mandates for fleet
AFV purchases

- Historical percentags of fiset
vehicles in each size class

AFV technology shares
(from AFV Modsi)

’
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Inputs;
) Survwalratnsofﬁeetcarsand y
. .Iighttrucks

Vintage at which fleet
vehicles are transferredto -
the private sgctor

o lﬂE!@'
Historical annual VMT per
_ vehicle, by vehicle and fleet type

Passto -
MPG Sub--
- routine-

- : Enorgy lnformaﬂon Administration -
118 NEMS Transportaﬂon Demand Hodel Documantaﬁon Report

N



. Fleet "
VMT by
vehicle type
‘andtech. -

J. Marketshare of flestcarsand .

. light trucks, from AFV Model
- New AFV fuel economy, from
AFV Model

g
-~

New car and Tight truck MPG,
from FEM Model ~ -

Fuel economy
degradation factors

: Inputs:” :
Regional VMT shares, from .
Regional Sales Mode! - .

[ - Total fleet fuel consumption -
- Average fieet fuel economy
. Total fleet VMT
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3D. Air Travel Man_ie,

- Theair travel component of the NEMS Transportatlon Model compnses two separate submodels:
the Air Travel Demand Model arid the Aircraft Fleet Efﬁcrency Model. These models use NEMS
forecasts of fuel pnce, macroeconomlc activity, and population growth, as Well as assumptrons

.about aircraft rehrement rates and technologlcal 1mprovements to generate forecasts of passenger
and frelght travel demand and the fuel requrred to meet that demand )

3D-1 Air Travel Demand Model

‘ ,RATIONALE : o

The Air Travel Demand Model produces forecasts of passenger travel demand, expressed in
revenue. passenger-mlles (RPM), and air frelght demand, measured in revenue ton-miles (R'IM) .
These are combmed into a single demand for available seat-miles (ASM), and passed to the Ancraﬁ
Fleet Efﬁclency Model, wh1ch adjusts arrcraﬁ ‘'stocks in order to meet that demand.

Su'uctural changes in the an:hne mdustry over the past decade have made it dJEcult to develop
long-term forecasts of travel demand. The opening-up of Toutes, the implementation of the
"hubbmg" system, the use of competltlve pricing, and the growth of a dedicated air ﬁ'erght system
are Just some of the consequences of a deregulated market. The commercial aviation system isstill .
in a state of flux, hiaving yet to settle down to the level of long-run equilibrium necessary for the
apphcatlon of conventional-forecasting methodologies. Today, aviation forecasting experts are .
emphasizing the role of "“judgement" in plannmg for the future——an implicit acknowledgement of -
the limitations ofa purely quantitative methodology 2. Tt is with this in mmd thata pohcy-sensmve .
'.approach to forecasting air travel demand has been developed -

In order to increase the sensrtvrty of the forecast to economic and demograph1c parameters,
disaggregate model mcorporatmg separate treatment of business, personal and international

- passenger travel has been 1mp1emented. Separate forecasts of domestic passenger and freight travel |

‘are generated, influenced by economlc, demographlc and fuel price factors, and are combmed into _
‘an aggregate estimate of air travel demand. This model stands i in contrast to its predecessor, used .
in produemg the 1993 AEO, in which an aggregate demand for commercral passenger. travel is ﬁrst

: \
2 gviation Forecasting Methodology, Transportatxon Rmch Crrcular No. 348, Transportanon Research Board,
‘Washington, D.C., 8/89, p. 8.

. Energy Information Administration ) ]
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estlmated using a constant-elasticity approach:;. '

B | Reat gwp, " [ TicketPrice, |
- “RPMy = 1.2566° RPM g | ——— - : e
SR _ Real GNPms A f[icketPricems' o
The RPMs thus generated are subsequenﬂy mcremented by a ﬁxed percentage representing demand
by general aviation and dedicated air cargo aircraft, and a constant military demand That model'
lack of sensitivity to econom1c and demographrc mﬂuences has necessrtated the. consequent ‘

revision.

'The A.ll‘ Travel Demand Model is based on several assumptlons about personal behavror and the .

. structure of the airline mdustry of greatest significance i is the assumptlon that the deregulatlon of
the mdustry has substantra]ly altered the dynamics of; passenger travel; model parameters have
- therefore been estimated using only post-deregulanon data. Itis further assumed that business and
- personal 11'avel are motivated by d:ﬂ’erent measures of economic condmons and should be modeled
. . separately: Fma]ly, it is’ assumed that personal travel demand is mﬂuenced by -demographic’

conditions, and forecasts of thls demand should be adJusted to reﬂect the changmg age and gender -

) charactensucs of the UsS. populatron. The des1gn of this model and 1ts undeilying assumptions
have been mﬂuenced by several literature sources and alternative model specrﬁcatlons which are
descnbed below :

PR

ALTERNATIVE PECIFI ATIONS -
Several altemanve models of air travel demand have been cons1dered in the development of this
‘ _model the Air Transport Energy Use Model (ATEM), developed by Oak Ridge Natlonal -
. Laboratories (ORNL), -the Transportation Energy and Emissions Modeling System (TEEMS), )
" developed by Argonne National - Laboratory (ANL), the Data Resources Incorporated (DRI) -
economic model; and forecasts produced by the Federal Aviation Adm1mstratlon (FAA). Each g
* model contributed to the tmderstandmg of the dynamlcs of passenger travel and the assumptlons
1mder1y1ng the forecast. - S : -

The emphasis of the ATEM model ison estlmates of commerclal passenger and freight aircraft
stocks, and most closely corresponds to the AEO predecessor model* RPM and RTM are :

b

.‘.

E Greene, DL, et. al, ir Tran.sport Energy Use Model, Cenier for Tmnsportanon Analysis, Ozk Ridge National

- Laboratory, 4/91, Draft.

.- ) _Energy Information Administration
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estimated by separate models both of which are functlons of GNP and the cost of ﬂymg,
represented by the yield? The yield is consrdered solely as a functior of -fuel price, whose
contnbutlon to total costs remains a fixed percentage ATEM employs a modlﬁed constant -
elasucrty specrﬁcatlon as follows:

RPM, RPM  Pop - GNPPC "1“’ Yi zd"z"

" and:

kTMt": RTMO '_GNP By Yieldﬂz(;) = .

where RPM, and RTM, represent base year values and the remalmng vanables are all mdexed to
" their respective base year values. The elastlcmes, B,and B, are speclﬁed by the user for each ‘
decade of the forecast. This approach was not considered smtable for inclusion in NEMS due to )
. the hm1ted variable inputs, thereby decreasing sensrtrvrty to economrc and demograplnc condmons, .:

and the reliance on user specrﬁcatron of elastlcmes R '

TEEMS drrectly estimates domestlc RPM and energy demand using a linear formulatron. RPM :
‘ ‘values are considered to be functions of drsposable personal i income (DPD) and changes in jet fuel
price (JP), while energy use is subsequently determined usmg exogenous projections of. aircraft
efficiency.?® The travel demand equatlon is.as follows

RPM = .212 (DPI) -.12 (J?) - 262 344
where the coefﬁclents have been estrmated usmg a regress1on on 197 0-1988 data. In determmmg -

consequent fuel consump’aon, TEEMS assumes an afnual aircraft efficiency 1mprovement of 1.5
percent over the next twenty years. ‘This factor is the result of TEEMS' exogenous assessment of -

expected technology 1mprovements as well as the mandated retirement of older aircraft to comply ‘

with noise regulanons Air cargo is projected as part of a separate freight demand model within
which a share of air ton-miles is allocated to dedrcated cargo aircraft. Again, the hm1ted reliance
on vanable mputs precludes the direct mcorporatlon of this model in NEMS

" In the DRI model air travel demand is mﬂuenced by the yleld, orT revenue per. passengcr—mrle, )

25 wyjeld" is a commonly uscd term in the au'lme mdustry and refers to the revenue per passenger-mrle Itis used in most
analyses as 4 normalized representation of ticket pnce .

26 Argonne Natiopal Laboratory, Forecast of 7 ran.sportatzon Energy Demand Through the Year 201 0, ANL/ESD-9 4/91.
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- whose algorithm is the samie for both passengers and cargo:27
L ' Fuel cost, | =~ .| GNPT-‘ -
S Yield =Yield, | .65 | ———1| + 35

Fuel Costz._1 GNP.I.'_1

Revenue passeriger and cargo ton miles are _Slibsequenfly calcul .
| ' .RPM = Exp 578 . Yielg 372 '-,.(D_Pz)a.ss

. ‘- ‘ i . . ‘. Pop
and: S e

\RTM = :Exp”” -ri'iezd'-'z - GNP

Revenue passenger mlles are then converted into pound-mﬂes using an average welght for
passengers and baggage, and the demand for kerosene-type Jet fuel is ﬁnally esnmated as follows:

A

Fuel Demand Exp" 13 RTM‘" RTM*“ (Real Fuel Pnce -1

' where the subscnpts p and c refer to passengers and cargo respecnvely While the above models
of RTM and RPM have more variable mputs than those models desctibed prevmusly, there seems -

to be no compelling reason to, retain the constant elastlclty speclﬁcatlon in the development of the
A1r Travel Demand Model. o 8 -

The' pnmary functlon of the Federal Aviation Adlmmstratlon model is to forecast "workload
measures", such as instriment operatlons at towered airports. % Such forecasts are used to estimate
appropriate stafﬁng levels ‘and. new cap1ta1 expenthures. The approach is a mixture of
. econometrics and mtultlon, usmg forecasts of secondary measures such as RPM, load-factors, and
. yields as process mputs ' :

y Total operanng cost.and aucraﬁ efﬁc1ency measures are ﬁrst used to predict ylelds these are then’
combined with GNP estimates to forecast total RPM and, subsequently, enplanements Future .
airport operanons are then estimated using predlctlons about load factors, aucraft size, and tnp ‘

21 Model description obtained through personal communication with Mary Novak of DRI

‘_ % Mayer, C.J 1989. "Federal Aviation Administration Methodology,"” pp. 9-29, in ;4vzatzon' Forecasting Methodqlogy,

Transportatlon Reswch Clrcular Number 348, Transportanon Rewarch Board, National Research Council, Washmgton, D.C.
2 The "load factor” is the ratio of revenue passenger-mﬂes to available seat-mﬂes, it provrdes an estunate of the average

occupancy rate of passenger am:raft. .

. Energy Information Administration
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iength. Many of the key variables used in the esﬁmaﬁon,are the result of intuitive judgements of
aircraft manufacturers and airlines. , ' ' ‘

In consrdenng the effect of deregulatlon on forecastmg efforts, itis noted that the demand equatron
used to forecast RPM produces s1gmﬁcant1y different coefficients for pre- and post-deregulatron
data. Estimated price and income elastrcmes are srgmﬁcantly larger (m absolute value) in the post-
' deregulahon era, reﬂeetmg structural changes in the au'lme mdustry For example, the growth of
' the hub-and-spoke system has substantially increased the availability and convenience of air travel
10 many areas: not prev10us1y served by major airlines. It is this dichotomy ‘which has motlvated "L
the. decrsron to restrict parameter esumatlon to the post-deregulatron penod

MODEL- §TRQ§TQRE
‘The Air Travel Demand Model, as- 1mp1emented in NEMS is a series of linear equatrons estimated

over the penod 1979-1990. As noted above, it is assumed that domestic business and personal -
travel are motivated by different economic measures, and that personal travel is further affected by

* the demographic makeup of the United States. Key model relationships are presented below, in
order of their appearance. ‘Where numbers appear in place of variable names, parameters have been _
'estlmated~sta11stlcally from historical trends.. Descriptive statshcs for all estimated parameters ate -
provided in Appendrx E, Tables E-4 through E-8. Also presented below in Figure 3D-1 is the
flowchart for the Air Travel Module At the end of this sectron are additional flowcharts which
deplct the calculatlons in the Arr Travel Demand and Aircraft Fleet Eﬂicrency models in more
detail. . :

4
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. : . Energy Information Administration - ;
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1)  Calculate the cost of flying: .

' YIELD = 973 + J94PJF . - (164)

" where; L o
: YIELD = Cost of.air travel, expressed in cents per RPM

' * PJF =Price of jet fuel, in dollars per million Btu

2) 'Calclilate the reveﬁug passenger-miles per capita for eabﬁ'type of travel.

’

"Business:
RPMBPC = s9 70 + .029 29 _TMCGDP _ _couvmrp . (165)
_ . TMC_POPAFO R
. Personal:
. . . RPMPPC = -48184 + 083 —MCID__ _ 1868 YIELD = - - (166)
, Co - TMC_POPAFO , :
International:
'RPMIPC = PCTINT - (RPMBPC + RPMPPC) -~~~ : - (167)
- where:

TMC GDP Gross domestic. product, in 1987 dollars .

" TMC_YD = Per capita disposable: personal income, in 1987 dollars - Lo e
'IMC POPAFO =U.S. population : .
" PCTINT = = Prop ortlonahty factor relatmg mtematlonal to domestlc travel levels30

' 3) Calculate the revenue ton-mlles (RTM) of air frelght T | . ) )
RTM = (-14 556 + 19.81 TMC_EXDN92 +3.49 TMC GDP) DFRT . ' (168) '

where -
TMC EXDN92 Value of merchandlse exports, in 1992 dollars, from sthe Macro Model

DFRT = Fractmn of freight ton-mlles u'ansportedby dedicated carriers™

30 s factor is an exuapolanon of hlstonc trends, and is tabulated in Append1x A, Table A-4

3 DFRT is obtamed from an asymptouc extrapolanon of past trends, and is tabulated in Appendlx A, Table A-4.
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4) ' Calculate total revenue passenger-mﬂes flown for each category of travel subsequently
comblmng busmess and personal travel into a final domestlc travel category.

RPMP RPMPPC - TMC POPAFO -DI' ' ' (169) -
' RPMD < RPMB + RPMP = - . . - . @70)
> RPMI = RPMIPC : TMC_POPAFO e a7ny:
-+ - . RPMB = RPMBPC * TMC_POPAFO S a72).--
- where:, ‘ S . : ..
RPMB = Revenue passenger miles for business travel g ,
- RPMP = Revenue passenger miles for personal travel -+~ !

RPMI = Revenue passenger miles for international travel

RPMD = Revenue passenger miles for all domastxc travel
TMC POPAFO = Total U.S. population

DI Demograplnc mdex, reﬂecﬁng the pubhc s propensxty to ﬂy32
'5). " Caleulate the total domand for available seat-miles, mcorporatmg the estlmated load factors
of domestlc and mtematlonal travel, and converlmg ton-mlles of ﬁe1ght into an eqmvalent seat-mﬂe
demand )

M

* ASMDEMD = (

2D ) + ( ERM_ ) +(RIM - EQSM) © ., .. (173)
LFDOM | .\ LFINTER SR S )
where: : L :
ASMDEMD = Total demand for available seat-miles -
' LFDOM = Load factor for domestic travel
LFINTER = Load factor for international travel - :
EQSM Eqmvalent seat-miles convers:on factor; used to tansform ﬁ'elght RIM's

;

<&

. 32 The Demographic Index is derived in Appendix F, Attachment . -
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3D-2.’ Aircraft Fleet Efficiency Model

RATIONALE

The Aircraft Fleet Efﬁclency Model of NEMS (AFEM) is a structured accmmnng ‘mechanism

., which, subject to user-specrﬁed parameters prov1des estimates of the number of narrow and wide-

body aircraft available to meet passenger and freight travel demand. This mechamsm also permits
the estimation of ﬂeet efﬁcrency usinga werghted average of the charactensucs of surviving aircraft
and those acquned to meet demand This document presents the methodologres employed in the.

estlmatlon, and prehmmary results based on a separate ana.lysrs of travel demand

In the model currently used to produce the 1993. Annual Energy Outlook (AEO), stock efficiency
~ increases ata constant rate, with-no exphcrt dependence on those parameters which would most"
- affect it. This equatlon is an adaptation of the "best avallable technology" scenario proposed by

- ORNL i in 1ts analysrs of arrcraﬁ efficienicy:* -

GPM, = 0230 a - 0137)“‘198”

 where GPM, represents the gallons per available seat mileina given year. 'Give'n a forecast horizon
of 2030, the 1.37- percent annual rate of 1mprovement assumed in the current model leads to an
' approxrmate halvmg of aircraft energy intensity. The above equatron assumes a consistent and
. uniform replacement of older aircraft with newer, more eﬁicrent umts Smce, in fact, very few
aircraft that have actially been retired in the last decade, this. assumpnon seemns mappropnate for -
-a comprehensrve air transportation modelmg system. ‘

. The mtent of th1s component of.the NEMS Transportatlon Model is to prov1de a more mtumve,
quantitative approach for estimating aircraft fleet energy efficiency. To this end, the model
estimates surviving aircraft stocks and average characteristics at a level of drsaggregatron which is
supportable by available data, and projects the fuel efficiencies of new acquisitions under different
_ sets of economic and technological scenarios. The resultmg ﬂeet average efficiencies are returned‘

to the Air Travel Demand Module of TERF to support the forecast of commerc1a1 passenger and
ﬁ:erght carriers' Jet fuel consumptron to the year 2030 ‘ ’

" Although the air model es'umates fuel use from all types of an'craﬂ, only commerc1a1 aircraft -

33 Energy Eﬁ'icxency Impravement Potential of Commerczal Azrcraft to 2010, David Greene, Energy Division, Oak Ridge
Nanona.l Laboratory, Draft Report, October, 1989
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efficiencies are eup]icitly modeled. Eﬂiciencies of general aviaﬁorr aircraft and military planes are
not addressed. General aviation fuel use is directly estimated; jet fuel consumption is considered
to bea ﬁxed | percentage of commercral aircraft demand, and aviation gasoline demand is ' proj jected
using a trme-dependent extrapolauon. Military jet fuel use—both naphtha and kerosene baséd

L fuel—-ls est:mated in another Module usmg forecasts of mrhtary budget trends.

' ALTERNA TIVE §PEQIFIQA TIONS. . : ,
In developmg this: methodology, two alternative approaches to the esumatlon of aircraft stocks and '

'_ fleet efﬁcrency have been considered: Oak Rldge National Laboratory s Air Transport Energy Use
Model (ATEM), and an air transportation sub-module being developed by Energy and
Envrronmental Andlysis, Inc. (EEA) for use by DOE's Ofﬁce of Policy, Plannmg and Analysis in .
the Integrated Dynamic’ Energy Analysis Srmulatlon model (IDEAS). While both employ the, (
. conventional ‘metho dology of matching new capacity acqursmon w1th expected travel demand, each
- takes a drﬂ"erent approach to the trade-off of ﬂexrbrhty and srmplrcrty The approach proposed m
this component wﬂl mcorporate aspects of each.
ATEM‘is a comprehensive effort to describe aircraft stock'and efficiency changes. This is' a,
- detailed stock. vintaging model in whrch all aircraft are grouped into classes according to theu' .
"market segment and size. The result is s1x classes, each described by their trip length and maxrmum
) passenger capacity. Passenger travel demand is drsinbuted among t the classes, -approximating the
 previous year's distribution, and sm'vrvmg aJrcraft capacity is subsequently determined, following -
. 'the retirement of stock which has reached a uniform, user-specrﬁed retirement age. If arrcraﬁ
supply’ exceeds travel demand in any class, excess capacrty is perman;ntly retired.

" Excess travel demand in any class is met. by the purchase of specific alrcraft models with known

operaung charactenstrcs and conﬁguratrons, or generic models mcorporatmg the most efﬁcrent new -

technologres avarlable in a given year. Asa default, all actrve aircraft models ina class would
- Teceive an-equal market share of new purchases3® Usmg this model, the number of aircraft of évery
model i is always known, as are then' operating charactensucs, conﬁgurauons, and utlhzatlon rates.
This is a very detailed and" ﬂexible model which can incorporate a wide vanety of assumptrons
about future trends but is therefore somewhat unw1eldy, requiring an amount of computer trme
whrch is inappropriate for use within NEMS ‘ ' '

34 Rathi, A., Peterson, B., and Greene, D, ,«iirirrampqn Energy Use Model, Ozk Ridge National Laboratory, April 1991,
" 3 Ibid, pp. 2-9—2-14.
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Efficiency improvements are assumed to come from -retrofitting existing aircraft with new
technologies, the choice of which is partlally dependent on fuel prices, and the incorporation of .
 increasingly efﬁclent technologies in newly acquired aircraft? ATEM links the operating
efficiency of exrstmg aircraft to fuel pnces, using an elasticity of -0.04, and a constant efﬁclency
1mprovement of .03 percent per year.

~

In contrast, the commercial a1r1me sector of the IDEAS model av01ds th1s level of detarl in favor
ofa srmple aircraft vintaging model.?” This model uses four age. classes (0-10 years, 11-20 years,
21-30 years, and > 30 years), makmg no dlstmctlon between alrcraft sizes or flight characteristics.
- This model assumes that average utilization rates’ and fuel efficiencies vary by aircraft age, and uses
these characteristics to estimate the average fuel consumption per passenger mile of the fleet. The
advantage of this approach is its ability to provide a quick overall estimate of trends, but its lack
of policy levers, such as the effect of increased airport congestion or higher- fuel prices, limits its .
- usefulness in exploring the impact of various scenarios. The approach proposed in this report will
represent a middle ground between these models—reducing the computation needs of ATEM
without entirely sacriﬁcing the ability to respond' to economic, technological, or policy issues. '

MODEL. §TBQQTQRE \
" Total fleet efficiency is based on separate eshmates of the stock and eﬂiclency of the two types of

aircraft considered by the model—narrow body and wide body % The development of the hub and
spoke system has made airlines inclined to invest in smailer aircraft in recent years, but i mcreasmg ,
airport congestion provides the 1mpetus for investments in larger craft. In 1990, narrow body -
aircraft accounted for approximately 56 percent of total available seat-miles, and wide body aircraft
accounted forthe remaining 44 percent. In this model, while the base case maintains the status quo, .
the share of total passengers and frelght conveyed by each of these an'craﬁ {types may be altered by
the user. :

The model operates in two stages: the firstis an estlmatlon of the total flect of each type of aircraft
required to meet projected demand in. any glven year; the second is a determination of stock |

36 Greene, D.L., Energy Efficiency Improvenient Potential ofCommerczaIAxrcrqﬁ 162010, Oak erge National Laborators,
ORNL-6622, Jtine 1990. :

~

A Personal communication with Mike Sloane, Energy and Environmental Analysis, Inc.

3% Narrow body aircraft, such as the Boemg 727, have seating for approximately 120-150 passengers, and are characterized
- by two banks of seats separated by a’center aisle. Wide body a.rrcraﬁ, such as the Boemg 747, carry from 200-500 passengers in
three banks of seats
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efﬁcrency grven assumptron:s about the retu:ement rate of arrcraﬁ and the mcorporatron of energy—
efficient technologies in new- acqursrtlons ' :

ck ] mat:r n . . N

" “This component first determines the demand for new commercial atrcraft, based on the growth of
. travel demand and the retirement of older planes Travel demand, expressed as a demand for
equivalent seat-mﬂes, is obtained from the Air] Travel Demand Model andis subsequently allocated
betweén the two aircraft types consrdered by this model. “The first step is to determine the ﬁ'actlon
of seat mﬂes attnbutable to each au‘craﬂ: type Thrs is calculated using the fraction of total available .
seat mrles prov1ded by each type of au'craﬁ m the prevmus year, adjusted by a constant which
represents the effects of : a1rport congestlon ‘

(SMDEMDWOH_,] Y { SMDEMDmE;T_l)} S

- SMFRAC, =
_ surzows SMDEMD,,, SMDEMD,,
" SMDEMD . L S
= |- o) +6) <0 (174)
SMDEMD,._, S .
) g T S -
SMFRACWW SMFRACWO,,",

Bed

where: . : ¢ )
- .SMFRAC = Seat mile fraction, by type B
SMDEMD = Total seat-mile demand, by type, inyearT. -

Tlns specification represents the shifting of a fraction of passenger load from one alrcraft type to
another atarate, 5, ‘which is zero in the base case, but may be exogenously set. Tt is believed that
the most probable value for this factor is negatlvchmcreasmg the wide body market share—due,
in addrtron to arrport congestron, to the growth in the long-haul market, coupled w1th the longer
range and lower seat-mrle cost of wrde body alrcra:&.” :
The next step is to allocate the current -year seat-mrles demanded (calculated in the A1r Travel
Demand Model) among aucraﬂ types: : ' '

SMDEMD ., = SMFRACpy,,, - SMDEMD, .~ ' (78)

“The number of survrvmg aircraft of each type'are subsequently estimated. Because of the relatively )

¥ Personal communication with David Sepanen, Boeing Commerclal An'plane Group, 9/23/92
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__132 ‘ : A NEMS Transportation Demand Model Doeumematlon Report



small size of the U.S. commercial ﬂe'/et-sl'ightlylf' over five tHousand aircraft--it is imi:ortaﬁt to
prov1de an accurate portrayal of the age dlstnbutlon of a.trplanes This distribution determines the
number of aircraft retired from service each year, and consequently hasa strong mﬂuence over the
-number of new aircraft acquired to fulfill ‘the demand for air-travel. The rate of new aircraft

. acqmsmon significantly -affects the average energy intensity of the fleet, and, subsequenﬂy, the

forecast of energy demarid.. This model differs from other stock models'in that renrements arenot .
-assumed to take place abruptly once the alrcraﬁ have reached a specified age. Instead, alogistic ~

sutvival function estimates the fraction of ongmally delivered aircraft which survive after a given
number of years. The sum across years gives an estimate of surviving stocks-of each type of plane:
NSURV gy = 3 NPCHSEpper opr* FOOIND) - (176)
VINT 1 ' - . > .

- where: *
NSURV = Number of survrvmg planes in year T
NPCHSE 'Number of planes originally purchased inthe correspondmg vmtage year
"VINT=The vmtage, or number of years the aircraft have been in service

It should be noted that, due to the international nature of the market for aucraft, constructing a
survival algorithm using only domestlc dehvenes and stocks is not feasible. This is.because aircraft .
of differenit vmtages are regularly bought and sold on the mtemauonal market, and the surviving
domestlc stock of a glven vintage may ‘exceed the number of aircraft of that vintage which had "
) .ongmally been domestlcally delivered. The problem is n:utrgated by assuming that the scrappage
... rate of aircraft ona worldwide basis also characterizes that of domestic an:craﬁ. Data on global
aircraft purcases and survrval rates are tabulated in the Appendix, and have been used to conslruct
the vmtage surv1val funcuon The surv1va1 ﬁmcuon, f(VlNT) is expressed as, follows

R [
f (VH\{T) 11 +Exp(ozo9-mvr-&'2)‘]- : _(177)

This functlon is graphrcally dlsplayed in the figure below.

'Aﬁer the survrval ﬁmctlon has been specrﬁed, 1t is used in conJunctlon with the 1992 U.S. inventory
of aircraft to generate a baseline of 1mphed deliveries of narrow-body and w1de-body aircraft.
These implied dehvenes représent the number of aircraft of each vmtage which, upon application
of ‘the survival function, match the Boeing esumates of surviving pla.nes These figures are
tabulated in the Appendlx, along with the actual recorded domestic dehvenes for the purpose of
comparison. : :

\
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. Figure 3D-2. Aircraft Survival Rates
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‘H'aving established the number of surviving aucraft by tvpe, the available aircraft eapacitj' is
_ calculated. = Total avaﬂable seat mlles are’ estimated using average "aircraft characteristics:
utilization rates, cruising speed, and seats per mrcraﬁ. Surv1vmg aucraﬁ capaclty (SMSURV) is "
calculated as follows

SMSURVmEJ. NSURV 0y * ASMP
P whee o (178)
ASMP . = AIRHRS AVSPDMEJ. SEATSm,EJ.

SMSURYV = Surviving aircraft capacity
. NSURV = The number of survxvxng aircraft, by type
ASMP = The available seat-miles per plane, by type-
AIRHRS = The average number of airborne hours per aircraft
AVSPD = The average ﬂlghtspeed .
SEATS The average number of seats per aircraft’

where:

These average aucraﬁ charactenstlcs will be e1ther set to default values, or w111 follow an assumed
trend. Tables of these values are prov1ded in Appendlx A, Table A-4

.
-

Surviving aircrafteapacity_is thencomparedwiththe travel demand estimates described above. The

Energy Information Administration
134 - NEMS Transportation Demand Mode! Documentation Report



\drfference represents the additional capacrty reunred to meet demand Determlmng the number 1
of arrcraft of each type to add to the fleet isa matter of reorgamzmg the above equation:

: [SMDEMD ~ SMSURV p.
NPCHSE 1o
: SN E ASMPm,E 7

(179)

-

where: . <L : .
' NPCHSE =New purchases of aircraft to mest excess demand for travel

The resulﬁng number of new aircraft is then added to surviving stock, and the data table is updated
to reﬂect the newest vintage. Thrs approach presumes that new aircrat are immediately available -
to meet demand. Actually, airlines’ orders for planes are put in several years in advance of need
based on estrmates of air travel. '

Fleet Efﬁglency
Average fleet efﬁcrency is estimated using a series of srmphfymg assmnptrons Frrst, the new. stock :

efﬁcrency is determmed for-each type of arrcraft, using the followmg approach

MPG STKFRAcammE, : sman'ze.ac,,m,.ﬂmI R (180) ‘
meer =\ 4+ Prze) (SMPGOLDMEJ) SMPGmmu - ~

3

where: '
. SMPG= An'craﬁ fuel efﬁcrency in seat-mlles per gallon

STKFRACO,_D = Fractlon of seat-miles handled by existing stock’ - -~

, . . STKFRACgy = Fraction of seat-mrles handled by newly acqmred stock '
" p=Rate at which fuel eﬁicrency of exrstmg arrcraﬁ increases amrually due to retroﬁtnng

" For simplicity, it is assurried that load factors do not vary with the age of the plane; these Shares are
therefore assumed to be solely dependent on the respective number of planes, as follows: "

_ -NSURV i3
(NSUR roer * NPCHSEm, )

STKFRAC yyp ryox =
P 181
" s1)

\ STKFRACyzy rrprz = (I = STKFRAC ;5 o )

The factor multiplying the SMPGy;p reflects the user’s assumption that stock efficiency- for each type
of aircraft increases at'a umform annual rate of p due to the retrofit of older aircraft with new

p .
Energy lnfon'nation Admlnlstraﬂon
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| technology, and the renrement of obsolete planes In the absence of user spec1ﬁcauon, the model |

-will use default values of 0. 44 percent and 0:18 percent for narrow and wide body aircraft,
o respect:lvely These ﬁgmes are based on the average annual merovements in eﬁic1ency for each
type of aircraft between 1980 and 1990, ° : : :

‘ Efﬁc1ency improveinents of nevyly acém’red aircraft are determined by technology choice Whicl:l s,

- inturn, dependent on the year in question, the type of aircraft and the price of fuel. Appendlx A,
- Table'A-5, tabulates the technology choices and the expected eﬁclency improvements of a:rcrafc!

incorporating those technologles ‘The model also sets alower limit for efficiency gains by new

aircraft, based on the assumption that new planes will be at least five percent more efficient than

‘the stock eﬂicrency of surviving alrcraft. This provision is tnggered if the mcorporanon ofnew

technologles fail to sufﬁclently mcrease the efficiencies of new acqtusmons T

‘In order to model a smooth 1ransmon from old to new technologles, the efﬁclencles of new aJrcraft

acquisitions are based on several log1st1c flmctlons which reflect the commercial v1ab111ty of each

technology. For each technology, a Technology Penetration Function is deﬁned as follovys.

1 + exp ®E+TE-6)

. .Renetratia'nﬁcé' = | (;132)

Peneu'anon The ﬁ'aetlon of new an’craﬁ mcorporatmg agiven technology
PE = The influence of fuel prices on technology penetration’
_ TE = The influence of time on technology_ penetration _

The two arguments, the price effect (PE) 'and the time effect (TE);are based on the assumption that -
the raté of technology incorporation is determmed not only by the - magnitinde of a- g1ven ‘
technology's price advantage, but also by the length of time in which the technology has been -

commerc1ally viable. TE, the time effect, i is deﬁned as a user-specified constant multiplied by the .-

- number of years. following the tngger year in whrch the tngger pnce has been met or exceeded
This constant strongly influences the slope of the loglstlc curve and has been mmally setto 0.7 to'
- reflect historical trends in technology adoption. The larger this factor, the more abrupt the transmon

' between zero and full 1mplementatlon of the considered technology The factor =6 represents an ,‘

ad hoc ad_]ustment which anchors the loglstlc curve, thus ensunng that technologies are not' ,
mcorporated prior to their commercral v1ab1hty ’Ihe price effect, PE is defined as follows (where

L ,10 is ascaling factor)

P . Enorgy Information Administration -
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> < . . -
H R S

- PE’=10 - [ Fuel Price — Trigger Pnice]

Fuel Price
when '
(0 < Tngger I’rxce < Fuel Prxce) . (183).
. and.
e . " PE=0", Otherwise’

" Given the variety of non-exclusive technologies, some assumptions must be made: (1) technolo gies
E enter the mix as they become viable and cost competmve, (2) the inclusion'of a technology with

a hxgher trigger pnce is dependent on the prior use of those technologies with lower trigger prices; -
o and (3) eﬁic1ency gains aftributable to each technology are dlrectly propornonal to the level of |
5 penetrauon of that technology -

--Followmg the esumauon of stock efﬁclency by body type, overall fleet efﬁclency is esumated m .
a similar manner: -

. -1 - L o ’
- SMFRAC : : -
SMPG, = E __T”E'?.'. o ’ (184)

-

where, in th15 mstance, the shares are not deterrmned by the number of planes of each type, but by
historical trends and expectatlons of total available seat miles offered by each type of aircraft.

Changes in these trends are guided by assumptlons concerning airport congesnon, and the_

. maturation of the hub and spoke system.

Em__tntgmmgu

Esttmatmg the demand for jet fuel is smply a matter of comblmng the oulput of these two models .
JFDEMb - SMDEMD, . . . . . lé
RIS TsmpG, - - ‘ (5)-

where: " * ' : o
JFDEMD = The total demand for av1atlon Jet fuel :

’Ih1s result i is subsequently augmented by ﬁve percent to reflect the use of jet fuel in private planes.

Energy Information Admlnlstration
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3E,. Freight Transport Module‘ |

' RA TIONA LE:
The freight component of the NEMS Transportatron Model addresses the three primary modes of

freight transport: -truck, rall, and marine. This model uses NEMS forecasts of real fuel pnces trade '
indices, and forecasts of selected mdustrres output from the Macroeconom1c Model to estimate

travel demand for.each ﬁerght mode, and the fuel requlred to meet that demand. The carriers in
each of these modes are charactenzed, with the’ possible exceptlon of trucks, by very long

operational hfetunes, and the abrhty to extend these lifetimes through the retroﬁthng process Th1s .

‘results in a low turnover of capital stock and the consequent dampemng of i 1mprovement in average
energy efﬁc1ency Given the long forecast honzon, however, this component will provide estimates
K of modal efficiency- growth, driven by assumptlons about systemm nnprovements and modulated :

by fuel pnce forecasts. -

-
o -

The ﬁeight model currently used for rhe AEO'is an aggregate version of the Argonne National
. Laboratory freight model, FRATE. *Forecasts are made for each of the four modes of freight
transport: 1Iucks rail, ships, and air. In each case, travel forecasts are based on the industrial
- production of specific industries, ‘travel growth in most cases bemg duecﬂy proportional to-
increases in value added. This i is then ¢onverted to energy demand usmg the average energy
intensity for the mode i in question. Total energy demand is. subsequently shared out to the various
types of fuel used for freight transport, under the assumption that relative shares remain constant. .
As each mode-is considered in the aggregate, no distinction is drawn between classes of carrier,
such astrucks of,diﬁ'erent size; : , P L -
The freight tra.nsport model developed for NEMS is an adaptatlon of the AEO model, prov1dmg
. flexibility for futire developments, and incofporating another level of deta11 in the specification of
modes. This is accomphshed by stratlfymg the trucking sector according to size classes and
developmg a stock adjustment model for each size class and fuel type, and prov1d1ng for similar
stratlﬁcatlon of the other modes, as needed. Parameters relating mdustnal output tonnage to
changes in value added have been explicitly mcorporated

Y

ALTERNATIVE SPECIFICATIONS : : . )
. Argonne National Laboratory's Transportation Energy and Emissions Modelmg System (TEEMS)
provides the foundation for this component. ThlS model links several disaggregate models to
produce a forecast of trarisportation.- act1v1ty, energy use, and emrssrons The ﬁerght sector model S
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estlmates future-year activity (ton-mlles or vehrcle-mﬂes) and energy consumptron by mode.

Indrces of sectoral output are supplied by a macroéconomic model. A mode choice model then

computes ton-miles traveled by truck, Tail, water, and air for 24 commodrty sectors based on

commodity: characteristics, - changes in fuel price, energy mtensmes and modal operating .
’charactenstlcs An accountmg submodel uses modal energy mtensrtres, load factors, and '
: sme/subactmty a]Iocatlon factors to compute actwrty and energy consumptron by fuel type for each. -
'ﬁ‘elght mo de : -

The FRATE model is hlghly dlsaggregate mcorporatmg a vanety of commodlty and mode-
;dependent charactenstrcs used bya shrpper‘to maxrmrze utrhty Forecasts are dependent on base
- year (1985) ﬁ'elght movement data, which have been obtained from several sources. The 1985 One
Percent Rail Waybill Sample‘“ and the Association of American Rallroads' Railroad Facts* were

. used to estimate rail ton-miles of travel; Waterborne Commerce of the United Start‘es,43 pubhshed

' by the U.S. Army Corps of Engmeers, Was used to estimate marine ton-miles of travel; truck

g veh1cle-m11es and ton-miles of travel were estrmated using the Truck Inventory and Use Survey,

. and growth iridices of sectoral economiic output from Data Resource Inc.'s macroeconomic ‘model.*

* Truck energy consumption is pI‘Oj ected usmg fuel economy in terms of miles per gallon and average :
-~ load factors Rarl and mariné energy mtensmes are computed using the total fuel sales by mode-as
- pubhshed in the Petroleum Marketmg Monthly 46 The differences between energy mtens1t1es of
: vanous sectors have been held constant from 1977 ' L

) 40 This summary is derived from. Forécast of Transpanatwn Energy Demand Ihrough the Year 201 0 Energy Systems '
Dlvrsron, Argonne Nanonal Laboratory, ANL/ESD-9 Apnl, 1991,'p. 34 et. seq..

4 One Percent Waybzll Sample, Federal Railroad Admmrstratmn, Washmgton, D.C.,1987.

42 Railroaqucts, Association of American leroads, Washington, D.C.,' 1987. ~

A

. *® Waterborne Commerce qf the United States, U.S. Atmy Corps of Engmeers, Water Resouroes Support Center, New <
Orlms, LA, 1987 :

4 The 1982 T ruck Invento;;v and Use Survey .Publtc Use Tape, Burmu of the Census, U:S. Department of Commerce,
Washmgton, D.C, 1984 .

4 The DRIAmmaIMadeI ofthe U.S. Economy: PC Verszon, Data Rosources, Inc;, Lexmgton, MA, 1986.

4.Petroleum Marketing _Monthly, Energy Informatlon Administration, U.S. D,epartment/of Energy, Washmgton, D.C., 1986.

JRN

R ' Energy Information Administration
140 . ) ' NEMS Transportation Demand Model Documentation Repo_rt



' Begin Freight : o

/ Transport Module *

Exogenous Inputs:
- Coefficient relating growth !
of value added to growth of Valus of output of
- each freight transpoit mode, each industry
Load factors (trucks only) . Lo

. slze ciass for trucks and
domestic freighters - */ -

Exogenous inputs: -

. Base year.consumption of

' . each fue! (rall & freighters),
: share of VMT allocated to -

' each sizs class (trucks)

Mgcro inputs: .
- Demand for each fuelin
previous year '

+ Change in Gross Trade

- Total freight VMT & TMT. | * Jo Misc. Energy Module; :
- Total fuel consumption Total den,!_and foreach fue} Totae! :;:n;g? for

Energy Information Administration
. NEMS Transportation Demand Model Documentation Report

- 141



' _MODEL STRUCTURE hE
The NEMS Freight Transport Module retains the structure used in the predecessor AEO model,
_ aggregating the value of outpiit from various industries into a reduced class1ﬁcat10n scheme, and .
relating the demand for transport.to the growth in. the value of output of each industrial category.
The relattonsh1ps used fot u'uck, rarl and waterbome ﬁelght are presented in sequence below. The
flowchart for the Freight Transport Module i is presented in Figure 3E-1 above. . Additional
_ﬂowcharts presentmg Frelght Module calculatlons in more deta11 can be found at the end of this
. sectlon : . : ' : ‘

3 35-1'. Freight Truck Stock Adjustment Model -

- INTR DU TION
This document descnbes the methodology of the frelght truck stock model wh1ch has been-

' mtegrated into the Transportatlon Demand Sector Model of the National Energy Modehng System S

. The newly revised Frelght Truck Stock Ad_]ustment Model (FTSAM) improves upon previous EIA
ﬁ'erght transport models in that the stock of freight trucks is taken info consideration for the ﬁrst
. time. ThlS allows for. greater mampulatlon ofa number of important parameters, including the

_ market penetratlon of existing and future fuel-saving technologles as well as altematlvely-fueled '
‘heavy-duty vehrcles The Freight Truck Stock AdJustment Model uses NEMS forecasts of real fuel
prices and-selected mdustnes output from the Macroeconomic Model to estimate freight truck -
- travel demand, purchases and reurements of frelght trucks, lmportant truck stock charactenstlcs

~ such as fuel technology market share and fuel economy, ‘and fuel consumptlon :

. ALTERNA TIVE SPECIFIQA TION§ . :
Current NEM§ Model: The frelght model currently used for the AEO is an aggregate version of

the Argonne National Laboratory frelght model, FRATE. Forecasts are made for three modes of
ﬁ'elght transport: trucks, rail, and ships. In each case, travel forecasts are based on the industrial
_ productlon of specific mdustnes, travel growth in most cases ‘being dnectly proportional to
increases in value added.” This is then converted to energy demand using the average energy h

‘ mtensrty for the mode in question. Total -energy demand is subsequently shared out to the vanous o |

_ types of fuel used for freight transport. The proposed version of the Frelght Truck Stock
Adjustment Model w111 replace the- average energy mten51ty wrth vmtage, 51ze class, sector and fuel .
technology—specrﬁc freight truck fuel economres C .

_ National Laboratory s Transportatlon Energy and Em1ss10ns Modehng System (TEEMS) hnks

“ < , Energy Information Admlnlstraﬂon ] )
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‘ several dlsaggregate models to produce a forecast of transportation act1v1ty, energy use, and
emissions. The freight sector model estimates future-year activity (in vehrcle-mlles) and energy
E consumption by sector. Indices.of sectoral output are supplied by a macroeconom1c model. A
mode choice model then computes ton-miles traveled by truck, rall water, and air for 24
commodlty sectors based on commodrty characteristics, changes in fuel price, energy intensities,

and modal operating characteristics. The FRATE model is highly disaggregate, mcorporanng a

" variety of commodity and mode-dependent characteristics used by a shipper to maximize uuhty
- " Forecasts are dependent onbase year (1985) ﬁelght movement data, which’have been obtamed from

several' sources. Truck vehicle-miles and ton-miles of travel are estlmated usmg the Truck -
Inventory and Use Survey, and growth indices of sectoral economic output are obtained. from Data

" Resource Inc.’s macroeconom1c model. Vehicle miles are ass1gned 0 truck size groups based on

commodity-specific- allocation factors. Four size classes are defined by average laden weight. Fuel

_ types are limited to gasolme and diesel. Energy requu:ements are computed using exogenous fuel -

economy basehnes in combination with market penetration of fuel-savmg technologles Truck
stocks within each size and fuel combmauon are computed onthe bas1s of historical and pI‘Q] jected
veh1cle utilization rates. )

' DRI/I\/Icg‘ggw-Hill—Energy Review: Demand for motor fuels in the transportation secfor is based
on a vintage capltal analysis of on-road vehicles. - Consumets are assumed to-determine the
composmon of the capital stock--in terms of both volume and technologlcal characteristics-—-through
their vehicle purchase decisions. The demand for travel, in con_]unctlon with the number and type
of vehicles in the stock, then determines the level of fuel consumpnon. Motor vehicles are divided
into cars, light trucks, medium trucks (10,000-33,000 Ibs. gross) and heavy trucks. The allocation
of trucks among welght classes was changed for the 1994 version. FHWA’s Highway Statistics

categorizes trucks in three size classes “two axle, four tire”; “other single unit”; and “combination

trucks”. DRI assumes that all two-a:de, four-tire trucks belong in the light-duty tmck category and |

- all combination trucks belong i in the heavy-duty category. However, the more than 4 mrlhon
. veh1cles reglstered in the “other smgle unit” category mclude some light trucks and potentra]ly
some heavy trucks as well.

." MODEL STRUCTURE ,
The Freight Truck Stock Adjustment Model forecasts the consumption of diesel fuel, motor '

_gasoline, liquefied petroleum gas (LPG) and compressed natural gas (CNG) accounted for by
freight trucks in each of twelve mdustnal sectors. Eleven truck vintages, two truck size classes and
two fleet types are tracked throughout the model, each havmg its own average fuel economy and
average number of mlles dnven per year. This section presents and descnbes the methodology used

Energy Infonnaﬂon Administration
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. by the model to forecast,e_ach'of these impo'rtalnt variables. . -

There are six mam procedures which are. executed durmg each year of the model Tun in order to
produce estimates of fuel consumption. In the first, fuel economies of the i mcommg class of new-

. trucks are estrmated tbrough market ; penetratron of ex1stmg and future fuel-savmg technologies.
"Relatrve fuel economres are used in the second routine to determme the market share of each fuel

o technology in the’ current year s truck purchases The third routine determines the composrtron of

 the. exrstmg truck populauon, utilizing the characteristics of the current year’s class of new trucks

) along with exogenously estimated vehmle Scrappage and fleet transfer rates. Actual and percelved .

: sectoral demand for frerght travel in the form of vehrcle-mrles traveled (VMT) is then estimated and ’
used to.determine truck: purchases in the fourth routlne In the ﬁﬁh routine, actual VMT demand .
1s a]located afnong truck types-and- divided by fuel economy ) determine fuel consurnptron. o _

' Fmally, the truck stocks are rolled over into the next v1ntage and the model is prepared for the next S
. -year'srun. :

1. Estlmate New Truck Fuel Econom:es : : -
The first step in the- FTSAM is to determine the charactenstrcs the mcommg class of truck '
purchases ‘Estimates of new medium and heavy truck fuel, economres are generated endogenously
. and depend on the market' penetration of specific fuel-savmg technologies. Currently existing fuel-
’ savmg technologles are based on the 1992 T ruck Inventory and Use Survey “'and mclude
aerodynamic features, radral tires, “axle or drive ratio to maximize fuel economy”,“fuel economy
_engine”, and variable fan drives. Currently exrstmg technologles gain market share via time-

dependent exponentlal decay functlons with exogenously determmed maxrma  and mrmma, based
‘on historical trends. £

MR

Future technologres are adapted ﬁ.'om Argonne Natronal Laboratory s Transportatzon Energy Use .
I?zrough the Year 2010, and mclude improved tires & lubncants electronic engine controls,
- €lectronic transmrssron controls advanced drag reduction, turbocompound diesel engines, and “heat
: engmes/LE-SS” ‘a DOE/EERE technology Placeholders allow for the introduction of five |
" additional technolo gres Future technologies enter the market at vanous ttmes throughout the model
, ‘run depending on the year in which they become commerclally available and on the level of fuel

"’1992 Census of Tran.sportatzon Truck Inventary and Use Survey, U S. Department of Commerce, Bureau of the
Census, TC92-T-52 May 1995 o ) "

" #Forecast of Transportanon Energy Demand Ihrough the Year 2010, Argonne National Laboratory, energy Systems
) Drvrslon, ANL/ESD-9, Apnl, 1991. .
' Energy Information Administration )
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: prices' relative to a “trigger price” at which the technology becomee e.conomically‘ viable.- Because
. prices vary by fuel type, the market shares of fuel-saving technologles are specified separately for
diesel, gasolme LPG and CNG trucks.

'Charactenzatlons of existing and future fuel-saving technologles are documented in an earher ,

' report."9 ‘Because ﬁJture technologles are speculative, future technology charactenzanons canbe

. ‘modified by the user " However, exrstmg charactenzatlons are derived from historical data and
should not be altered. ‘

. ‘The first step the model executes in each year is to calculate the average fuel price over. the prevmus .
' thres years: -7

(PRICE, 15, + PRICE, ; iy + PRICE, ryy ) .

—5 (186)

AVGP RCT,I:‘UEt. =

- where:
’ T Index refemng to model run year; where T 0 23 .
FUEL Index refernng to fuel type where FUEL =1 refers to d1ese1, FUEL=2 refers to gasolme, o
~ FUEL=3 tefers to LPG and FUEL = 4 refers to CNG - :
AVGPRC = Average price of fuel FUEL over three year period, in- $ per MBtu
PRICE Price of each fuel, in $ per MBtu

Whether a future technology enters the market durmg a partlcular year depends on the trigger price
.of that technology relative to the average price of each fuel over the past three years. If the
technology has not yet’ entered market and the average price is greater than the technology S tngger .
price, the technology enters the market durmg the current year:

-~

For TECH = 6,...,16°

If AVGPRC; py; TRIGPRCSC FUBLTECH - (8T
‘BVITYRSC FUEL IECH = T

where: e : . .
TECH = Tndex referring to ﬁlel-.saving technologies, where TECH = 1,...,5 refers to currently, available . .

‘WEMS’ Vi ranspriation Sector Model: Freight Truck Stock Adjustment Model Update, Decision Analysis Corporanon
of Vlrglma, Task 95-101, Subtask 1-3, Appendrx A, November 30, 1995 .
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. technologles and TECH = 6, .16 refers to future technologres .

. 8C = Index referrmg to truck size class, where SC=2 refers to medium trucks and .S'C 3 refers '

) to heavy.trucks :

. INITYR = Yeari 1in which technology TECH entérs market -
TRIGPRC = Exogenously determined fuel pnce at whrch technology IECH becomes econochally viable

'

Ifa future technology ‘enters market in the current year, coefﬁclents for the logrstlc market.
penetratron curve are determmed

Y .

. mony . S
.C_OEFTsc,rrfEL,ECH = ‘[crcu; : ] - ‘ g
. . SC,FUEL,TECH

2 ' ‘ :

(188).

and

—— - s, | el e |-
MIDYRyc cypy, recn = INITYRge pygy, recer ™ [—"'—— PR

where:
. COEFT = Endogenously determmed logrstlc market penetratron curve parameter ' .
"CYCLE = Exogenously determined logrstrc market penetration curve parameter representmg number
) . - of years until 99 percent of maximum market penetration” L : .
- MIDYR = Endogenously determined loglstlc market penetratron curve parameter T

- These coefﬁcrents are then used dunng the remamder of the forecast period to- determme that

technology s market share. “Technology market penetration depends on the level of fuel prices .
- ‘relatlve to the technology’s trigger price. For each technology which has entered the market, and

for existing technologres, the eﬁ'ect of fuel pnces on market penetratron is determmed for the

currentyear
_ Lo AVGPRC gy
- S . T,FUEL -1
PREFFy s rusL,1scn =1 +.P’ RCYARSC,FUEL,IECH.. TRIGPRC - 1 (1.89 )
" A : SC,FUEL,TECH - o
where: . .

PREFF = Effect of fuel price on market penen'atron rates for six fuel-savmg technologres
PRCVAR = Exogenously determined fuel price sensitivity parameter for each technology, representing .
percent increase in technology market share if fuel pnce exceeds trigger price by 100%

For each available technology, including existing technologies, the model determines its share of
the available market in the current year: . -

Energy Informatlon Admlnlstraﬂon .
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> T . . !

For TECH = 1,....5
TECHr.se.Fz;u}rzea = min {P REFF. 7,5C,FUEL,TECH : ['BSFRTsc.mm _
+\,(ESHRTsc;m.mca 'BSHRTscmca) ) (1 - ecom,c.,.\m ' com,c.m-r)} ), 1}
' ' , B ¢ L1 I

o

’ For TECH 6 ..... .16 -

ESHRT, scwzl.mca : ' 1'
& COFF T sc.rozt sxca” (T ~MDYRe: ymy sxca)

TECHSHR;, g, pyz. zacat = min-{PRE.FFé.sc.mai;mm‘
- . " : ’ o l +

where: L : ' ‘ .
" TECHSHR = Market share of fuel-saving technology TECH for size class SC and fuel type FUEL
' CONST = Exogenously determined market penetration curve parameter for existing technologies .-
" COEFT = Market/penet'ation curve parameter; exogenous for existing technologies, endogenous for.
- _ future technologies . - <o
BSHRT = Exogenously determined market penetranon curve parameter representmg market share of
. ‘ ex15tmg technology TECH in 1992 . -
* ' ESHRT'= Exogenously determined market penetration curve parameter representmg final market share
T ] of ,technology TECH if fuel price were always equal to mgger price = . .

' Ifa technology A is superseded by another mutually excluswe technology B at any time dunng the .
model run, technology A’s market share ‘must be adjusted to. reﬂect the sma]ler pool of vehicles in
its base market: . o

I ECHSHRnsc;m,}m};' = (1 SP. RSDEF Fr sc.rum mca) .IECHSHRT.sc,ruEr.mH (191)

o’

where: o . T ST

SPRSDEFF = Superseding effect, equal to the market share of the superseding technology

Orlce the market shares m a given year are 'established, the effects of the techuologies on the base -

fuel price are tallied and combined to form. a vector of “MPG Effects” which are used to augment -

the base fuel economy of new trucks of each size class and fuel type: .
16 ’

' MRGEFFT'SC'W = II .(1 ¥ MI_DGHVCRSC:FUE-L'TECH -_.TECHSHR,._SC omme) | (@A92)
TECH=1 . - ; ) . :

where: " - . C .
MPGEFF = Total effect of all fuel-saving technologies on new truck fuel economy in year ' . _
MPGINCR= Exogenous factor representing percent improvement in fuel economy due to each technology

Enargy Information Admlnlstraﬁon - .
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S

F_ uel .economy of ne'v‘v mediuni and heavy triicks can finally be determined: -

MPGT SC +AGE=0, FUEL . BASEM‘PGSC FUEL MPGEFFT SC,FUEL Yo ‘ (193)

3

" where:. L . L - : A
) BASEMPG = *-Fuel economy of ne\}v medium and heavy trucks with no fuel-saving technologies

!

2. Determme the Share of Each Fuel Type m Current Year’s Class of New Trucks o
Another major. charactensuc of the current year’s class of new trucks the market share of each fuel -

- type, is calculated in the.second FTSAM routme - Market penetrauon of alternative fiel freight

trucks is more hkely to be driven by leglslatlve and/or regulatory action than  by-strict: econom1cs
For this reason, separate trends are incorporated for “fleet” vehicles, wluch are assumed to be more
likely targets of future legislation, and “non-ﬂeet” vehicles: The futel technology routine described
below is intended to simuldte economic competmon among fuel technologles after the “creation”. -
of a market for alternative fuel trucks by govemment actiori. The user specrﬁes the market share.
alternatwe ﬁlel trucks are likely to achieve if they have:no cost advantage over conventlonal
) technologles The mherent sensr’nvrty of each fuel technology to the cost of driving is also speclﬁed

exogenously. The latter parameter represents the commercial potentlal of each fuel technology over _ -
.+ and above what is mandated by govemment, and serves ‘to modify the exogenous trend basedon
" relative fuel prices and fuel econom1es Addmonal user-speclﬁed parameters mclude the yearin. --

which the market penetratron curves ate m1t1ated and the length of the market penetratlon cycle

‘ The ﬁrst step in th1s process 1sto calculate the fuel cost per mile for trucks of each size class and '
fuel type ’ ‘ ~

i

4 VGPRCT J——
FCOSTT SC,FUBL MPG.
. Yr,sc,FUEL

- HIRATE ° . . (194)

where: .
FCOST = Fuel costof dnvmg a truck of fuel type FUEL in dollars per mlle ‘.
HTRATE " Heat' rate of gasolme, in mrlhon Btu per gallon

-'I'he ﬁlel cost of driving diesel trucks relative fo AFVs s then calculated:

. . LT Energy Information’ Administration .
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FCOSTT SC,FUEL

SC,FUEL - (195)

RCOST =1-=- - 1 PRCDIFF VAR
T,8C,FUBL ~
FCOSTT SC,FUEL=1
- where: . | - . . .
* +° RCOST = Fuel cost per mile of dlesel relatlve to LPGand CNG
PRCDIFFVAR = Exogenously determined parameter representmg inherent variation in AFV market share due
 to dlﬂ'erence in fuel pnces : .

The market penetratron curve parameters are determined durmg a user-speclﬁed mgger year:

, -

= ln(OOl) : IR
" ' COEF AF Vsc ,FUEL, FIT = cr : . .
Ce CYCAFVic s pur
- | | )
g el CYCAFVSCFUELFLT o

MYRAF Vsc,FusL.rir TRYRAF I"sc FUBL,FLT | *+ . 5

where:
FLT = Index referrmg 1o fleet type, where FLT 1 refers to trucks. in ﬂeets of nine or less and
© . FLT= : 2 refers to trucks in fleets of ten or more
COEFAFV = Endogenously determined logistic market penetration curve parameter. :
'CYCAFV = Exogenously determined logistic market p'enetratien cprve parameter representing number
* of years until maximum market penetration . - o
MYRAFV = Logistic market penetratlon curve parameter representmg “halfway pomt” to maxrmum

) ' market penetration -
) TRYRAFV = Exogeriously determined year in wlnch each alternative fuel begms to mcrease in market

share, due to EPACT or other factors

Aftér the market penetratmn of altemahve fuel trucks has been tnggered, the AFV market trend is
determmed through a loglstlc function:

ESHRFge ryzs rey ~ BSERFsc romaur ( 97)
1 + ¢COEF AT se puzL iy (T ~MTRAFYsc ryEz LT

MP ATHr.sc.maz,nr = RCO‘.S'Tz'.sc.m : B‘STHRF sc.rom.mr *

where: . ’ : ) . :
BSHRF = Base year (1992) market share of each fuel type
ESHRF = Exogenously determined final market share of each fuel type

. : " ' Energy Information Administration
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The share of diesel in conventronal truck sales is forecast through a tlme-dependent exponentral’
decay flmctron based on historical data. '

MPA THT SC, F‘UEL 1,FLT BSHRFSC FUEL I-IT

(198)

[ESHRFSC g, Bsmerc mm] (1. - ecozusn,cm + COEFTye oz r)

S~

where:: . T RN : : S
- . _'CONSD = Exogenously determined market penetration curve parameter for diesel trucks
COEFD =

Exogeuously determmed market penetratioﬁ curye'parameter for diesel trucks

a . 'LPG and CNG trucks are aJready promment in some sectors of the economy, most notably in the

. petroleum products sector. The market share of alternative fuel trucks is assumed never to, dip

, ».below the historical level in each sector The actual AFV market share is thus calculated as the
maxrmmn of h1stonca1 and forecast shares o ‘ o

FSHRT SEC SC, FUEL 3 4 FLT max [BSECSEC SC, FUEL FLT ? MPATHT SC,FUEL FLT] (199 ) ‘

‘

wivhere: o . - e . 3 R
BSEC = _Exogenously'determined base year '(1992)shareof altemative ﬁre]smtruck_pmchases -

Because of the potentlal for any ﬁJel type to exceed the user-speclﬁed ‘maximum” due to cost
advantages over other technologies, market penetraﬁon must be capped at one hundred percent.
Diesel market share-is calculated as the: forecast share of d1esel in conventlonal truck ‘sales

mul’uphed by the share occupred by conventtonal trucks

. : ey . 4 : A T
. F.S'HR”E,_.s”m,,,m .(l -%SESHRT,SE.CSCFMFLT)' ) .

(200)

i~ N
(mm[MPAT Tsc,nn-:r.m BSECDsEcscnr’ 1])

N

where: . S . : A
' BSECD = Exogenously détermined parameter represeniting fendency of each sector to purchase diesel
. - u—ﬁcks X . o . > - . . . vt

- - .

- The remamder of t'uck purchases are assumed to be gasolme

F SHRT SEC,5C,FUEL= 2,FLT =1 - E F SHRT SEC,SC, FUEL FLT. - (201)
., CFUBL=13.4" _ . ‘

: . - . ." Energy Information Administration
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3. Determine Composmon of Existing Truck Stock

Once the characteristics -of the incoming class of new trucks are determined, the next step is to

~ , determine the composition of the stock of ex1stmg trucks Scrappage rates are apphed to the current
1ruck populatron ) '

» TRKSZKT.QClSCAGE.Hm,ET = TRKSIKT ~1.88C,5C.AGE - 1, FUEL, FLT ( - SCRAP SC,'AGl-.r.‘—l) . (202) .

where:
TRKSTK = Stock oftrucks in year T . -
' SCRAP = Exogenously determined factor which conswts of the percentage of trucks of each age whmh .

| are scrapped each year
" A number of trucks are u'ansferred in each year from fleets of ten or more to fleets of nine or less. -
Transfers of conventronal 11'ucks are based on exogenously determmed transfer rates: '

TRFIT,SEC,SC,AGE.FUEL TRFRATESC.AGE mKSTKJ' SEC, SC,AGE.FUEL.HT=2 Lo (203) .

where:
TRF1 = Number, of trucks tansferred from ﬂeet t0 non-ﬂeet populatlons, lf no restnctrons are placed
~ onthe transfer of alternative-fulel trucks - .
TRFRATE ‘Exogenously- determined parameter representmg the percentage of trucks of each vmtage to
- be transfen'ed from fleets to non-fleets in, each year '

The transfer of altematwe fuel tmcks is. somewhat more- compllcated Alternative fuel trucks
,purchased by centrally refueled fleets might not be as easy to resell as conventronal trucKs,
especially if LPG and CNG are not widely available at filling stations. For. this reason, an
additional routine is mcorporated whlch, at the user’s optlon, restricts the transfer of alternative fuel
trucks from fleets to non-ﬂeets Iftlns optlon is chosen, the share of LPG and CNG trucks in fleet
transfers in each vmtage cannot be greater than the share of each fuel in non-fleet purchases in each
sector. In other words, if two percent of non-fleet trucks sold to’ Sector 3 in year T are fueled Wlﬂl. .
LPG, no more than two percent of each vintage of fleet transfers can be LPG—fueled Restricted .
AFV transfers are calculated as.follows: . '

4

TRF. 2_r.szc.sc.mz.rim=s.4 = FSHRy szc sc ruespir=1 - TRFRATE e g5 ° m§=1 TRKSTKT SEC.SC AGE,FUEL FIT=1 (204)

Energy Information Administration y
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7 . where: .
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where:: © - g ’ o -
] TRF2 Number of trucks transferred from ﬂeet to non-ﬂeet populatrons, if the ﬁxel mix of fleet
‘  transfers is exactly the same as the fuel mix of new non-fleét purchases

Actual ﬂeet transfers are then defined as the unrestncted ﬂeet transfers as- calculated in IRFJ for

- conven’uonal trucks and the m1mmum of unrestncted and restncted transfers for AFV s:

‘IRFT;SEC,SC,AGE,FUEL =1’2 =' TRFIT,SEG,SC,#GE.EUE.L:FLi' ; PR
\‘ . o .amvi _ o : S .' - (205)
. T RF r,szc.sci:ics,rfvsi =34 = min [T RFI k. RFZT.S&C.?C.»AGE.'FI(EI;] '

2‘ SEC SC,AGE FUEL ?

- .

'where;= . : ' BN
_ TRF - = Total numher dftrucks“transferred frem\ﬂeetto noneﬂeetpopulations -

" Fleet transfers do not automatlcally go to non-ﬂeets in the same sector, but are allocated based on g - -

each sector s share of the total non-ﬂeet truck populatron of each vmtage of trucks

‘4
‘ FUEL=1 Sﬁqfl?RKSTKT SEC, SC,AGE FUEL FLT=1 .
TRFSHRT,gcsgcf,“ ot - - . ‘. ey
- E T RKSTKT SEC SC,AGE FUEL FLT= 1

_ FUEL= 1 AGE= 1 SEC l

TRFSI-IR = '.Share of ﬂeettransfers which éoeis to e_ach sector
The new emstmg populatlon of trucks is simply the exrstmg populatlon (aﬁer scrappage) modlﬁed
by fleet transfers

o

] TRKSTKT&ECSC.AGE F‘UEL,I-ZT=Z = TRKSTKrsscsc.Aasmnr=z TRF .mcsd,acsmnr
Lo ’ ' e and‘ . \ ' -',' ’ (
\ - . S 207) -
oo s o S ) c-12 )
STK . sec,s0.4GE FURL FLT=1 = TRKSTKT SEC sc.AGEmELnr p * TRF SHRT SEC,SC E TRF 'T,SEC SC,AGE

SEC=1
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4. Calculate Purchases of’New Trucks
Truck purchases are based on the operatmg characteristics of new and existing u'ucks pnmanly the -
average annual vehicle mileage per truck, and on the demand for freight travel in the current year.
- Annual vehicle mileage determines the ability of the existing stock to meet, the VMT demand.
. 'VMT per truck has increased steadily since the early 1970s, and is forecast as an index in which
1992 is equal to one. The index is defined asa tlme-dependent exponentlal decay function for éach
sxze class with exogenously determined parameters

BSHRV,, + (ESHRVSC BSHRVSC) (1 - ¢G0Ty ¢ COEFV,: - T)

VM!! RENDZ',SC '=' bSH ( com‘:- + COEFV,. * ]992)
© BSHRVg, + (ESHRVSC - BSHRV:) (1 = e o

" (208)

"where: . CL : ‘
VMTTREND = Index of average annual VMT per truck, where 1992 1
- * "BSHRV = Exogenously determmed VMT per velucle increase factor representmg mmnnum annua.l '
- vehicle mileage _ : . .
ESHRV = Exogenously determmed VMT per vehrcle increase factor representmg max1mum annual
S vehmle miledge -
CONSV =. Exogenously determined exponential VMT per velucle increase factor
. COEFV = .Exogenously determined exponentlal VMT per vehlcle increase factor .

: Th1s mdex is multlphed by base year annual VMI‘ to calculate VMT] pef truck in each year:.

ANNVMTT SEC SC,AGE FUEL ANNVMTBASET SEC,SC,AGE FUEL VM‘TTRENDT sC (209 )

where: - ) . . L
"~ ANNVMT = Average annual VMT per vehicle by sector, size-class, truck age and fuel type
- ANNVMTBASE = Base year average annual VMT per vehicle by sector, size class, truck age and fuel type

" - Annual VMT per truck varies by sector, size class truck age and fuel type, “and is multiplied by the
array of existing trucks to determine the VMT wh1ch can be provided by the current popu]auon of ~

trucks in each sector

’ 2 16 noo3 . ) ‘ ‘
VMIOLD gpp = E E E E TRKSTK o .5C,ACE, FUEL, FLT : ANN m.szc,sc,Args:m - (210)
© FIT=1FUEL=1 AGE= =15Cx1 . . .

where: . . ' .
VMTOLD = VMT which can be provided by existing stock of trucks in each sector, after scrappage

-
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1

The next step is to calculate’the demand for ﬁ'elght travel i in each sector: Demand for frerght travel
is expressed in vehrcle-mrles traveled (assummg that load factors remain constant throughout the
forecast period), and is calculated based on “freight adJustment coefﬁcrents” or FACs FACs are
intended to capture the relauonshlp between growth in industrial output and demand for freight -
travel in each industrial sector.- In keepmg with the approach taken elsewhere m the NEMS

Transportation Demand Sector Model historical trends are moderated over fime by means of a
trme—dependent exponentral decay functlon. The current ‘year FAC is calculated as follows ‘

COEFFAC = In| — 2=
LT Lo - 150 |
- ’., ',:‘ . ‘anld ‘ ’ ~ o : ) .. .:' (211) .
1 - FACBASE. . '

1 + e COEFFAC - (TS0 - T)

A X - . ‘ . } ’

FACTR; o = FACBASEg, +

_ where:

COEFFAC =" FAC decay parameter A :
T90 = User-specrﬁed year by which 90% of FAC decay is expenenced
T50 = User-specrﬁed year by which 50% of FAC decay is experrenced :
. FACTR “Frelght Adjustment Coeﬁiclent” factor. relating growth in value added of sector SEC to.
: . growth in demand for freight’ truck VMT : :
FA_CBASE = Base year Frerght Adjustment Coef[icxent

Freight adjustment coefficients, and the user-speciﬁed decay parameters, havea eubetanﬁal impact
on total truck VMT and hence on fuel consumption. The fifty and nihety percent years are currently

set-to 2002 and 2007, respectrvely, these can be easily modified by the user to reflect drﬂ'ermg :
assumptlons about the relatronshlp between economic growth and truck VMT over. time.

FACs are then used to calculate the actual VMT demand in esich sestor. The VMT demand in each’
year affects both the size of the truck stock and the ‘numbet of mrles driven by each truck inthat "
year; and is calculated as follows: = :

For T=0 _
i ' " e : - OUTPUT,, sa'cv
VMIDMD o = WTDMDBASESEC “-FACIR . * ——rrr—— .
T e T TR : OUTPUL,.., 20 :
: T - ' 212)
. For T = 1-22 _ _
S - OUTPUT, &
VMTDMD, . = VMTDMDT_l o+ FACTR , + i TEC_
: »SEC ) OUTPUTT—l.Eé

1

. o . . Energy Information Admlnletration
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where: T > . )
" VMIDMD = Demand for freight travel b)} sector SEC, inyear T o
VMTDMDBASE = Demand for freight travel by sector SEC, in year 0 .
FACTR "Frelght Adjustment Coefficient™ exogenously determined factor relatmg growth in value '
" added of sector SECto growth in demand for ﬁ'elght truck VMT -

Truck purchases are ‘based not on the ‘actual VMT demand for a given year, for this cannot be.

 known in advarice by the declson-makers, but on the level of demand which is expected to'occur
- at the time the trucks are- delivered. Since mdustry practlce is to order trucks six ‘months in
advance®, the purchasing period for trucks delivered in'year T extends from July 1 of year 7-1 to
June 30 of year 7. Purchase orders are placed based on the expected ﬁ'erght sh1ppmg orders six

months later. Expected sh1ppmg orders are based on two factors the level of demand currently T .

being expenenced, orthe perce1ved baseline demand, and the expected growth rate of VMI' demand
over the next six months. ' :

The predlcted growth in VMT demand can be defined as the growth expenenced during the
-previous six months. Oh July 1 of year. T-l ‘the predlcted growth rate is s1mply the growth rate for -
year T-1, while on June 30 of. .year T, the predxcted growth rate is the growth rate for year T.
Assummg that truck ordenng takes place contmuously throughout the year, the pred1cted growth

. rate can be calculated as follows

; . ' -~ [ ourpur, OUTPUT,. ‘ .
, PVMTGROWTHT ge =05 ¢ | —————FE — 1]+ — LT _ 1) - (213)
_ +SEC | ourpUr, | o0 OUTPUT,. e - | -
where; - .
PVMTGROWTH Growth rate with which percerved demand for ﬁ'elght travel in year Tis forecast by frelght

companies

The perceived baseline demand is deﬁned to be the level of VMT demand which has been _
experienced in the year pnor to the purchasmg penod, and is estimated as follows ‘

3 Personal conversation with Donnie Hatcher of McClendon Trucking, Lafayette ,Alabama.

i Energy Information Administration ] ‘
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| ForT =0
PVMTBASEp - = 0.5 _{’MTDM?BASE.SEC; o
_ A S e
For T = 1-22 ' ' |

PVMTBASET s 05 - VMIDMD, o, +'0.25 - VMTDMDT e

: where ’
PVMTBASE Baselme ﬁ'om whrch percerved demand for ﬁelght travel in year Tis calculated.

Assunnng that only the percelved basehne demand from prevrous needs to be “brought forward”
into the current year the VMT demand perce1ved by ﬁ'elght compames can be estnnated as follows

e + 0257 VMTDMDT_”EC '

) 'and,' . B o (215).
’VMTDMDT o6 = 0. 25 VMTDMD”EC * PVMTBASE ( 1+ PVMTGROWTHTM) FACTR

PVMIBASET s = 05 - VMTDMT

where:
PVMTBASE = Baseline from whlch percelved demand for frelght travel in year Tis forecast by ﬁ'erght
companies -
PVMTDMD = Perceived demand for. frelght travel in year T

The dlﬁ‘erence between perce1ved VMT demand and VMT provrded by the surv1vmg stock of
trucks constitutes the percerved unmet VMI‘ demand, wh1ch ,IS prov1ded by purchasmg new trucks:’

PVMTUNMETT SEC 7 PVMTDMTT sec VMTOLDT sEc : (216)
where - e . ‘ S oy .
PVM’I'UNMET = leference between percerved VMT demand and demand wh1ch can be met by ex:stmg stock
. of 1rucks - \ ‘

Unmet VMT demand is next allocated among size classes and ﬂeet types by means of constant size
class and fleet type allocatlon factors Size class a]locatlon factors determine truck purchases by '

) Enargy lnformaﬁon Administration
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"+ where:

size class, while fleet allocatlon factors represent the share of new 11'ucks accounted.for by fleets
in each sector The calculation i ds as follows:

PVMT, — ‘~MAX[,PVMTUNM’I;JTT'EC . VMT.S;CFACSEC,S‘C . '(1 - ELTS‘HRSEC’SC‘), o]
. B o and ' R 217)
PUMT, e s rres = MAX[PVMTUNMET, ;.. - VMTSCFACSEC sc * FLTSHR e o, 0]

PVMT = Percelved demand for frelght u'avel by new trucks of size class SC and fleet type FLTin
i " . sector SEC - : .
VM’I‘SCFAC = Exogenously determined parameter represenﬁng percentage of new truck sales which go to
each size class SC in sector SEC

: ELTS,HR‘ = Exogenous parameter representmg percentage of new truck sales of each size class SC whlch
g0 to fleets of ten or more in, sector SEC - .

| Market shares and VMT per vehmle for trucks of each fuel technology have been calculated above, ‘
these are used to calculate a fuel technology-welghted average- annual VMT per’ vehlcle of the"
current year s class-of new fleet and non-ﬂeet trucks: :

4

P VJVT.SEC.Sé:FLT = FU§~1 F SHRT SEC,SC,FUEL, FLT ANN VMT T,SEC,SC,AGE =0,FUEL _(218)_

where: ‘ _ .
AGE = 0 refers to new trucks _
PVN = Annual VMT per vehicle for new trucks in year T

{

' Truck purchases are ﬁnally calculated as the perce1ved unmet VMT demand d1v1ded by VMT per
truck, welghted by fuel type

PVMT .
_ T,SEC,SC,FLT
T RKST. Ky sec, SC,AGE =0,FUEL,FLT ~ " F SHRT SEC,SC,FUEL,FLT

P] ]'T »SEC, sc FLT.

@19)
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5. Calciilate Fuel Consumptlon T
The next stage of the model takes the total m11es driven by trucks of each size class, fuel type and ,
- aget in each NEMS Industrial Sector and divides by fuel economy to determine fuel consumpnon
‘Since truck purchases are based on the perceived unmet VMT, and not actual VMT demand, there
may be excess VMT demand which i is not cmrenﬂy bemg met by the existing or new trucks (there
- _ may also be a surplus of trucks in.comparison | to the actual VMT demand i ina glven year). Actual ‘

'VMT demand must therefore be allocated among truck types '

W MT, mc.sc,aaz.rvaz‘ == (220)

VMT I'.SEC SC,AGE ,FUEL FIT

T.EC.SC,AGE.FU‘EI..HT . TR'KSTK

E nmmm, sz

~

where: . ) . S
VMT = Actual VMT-by truck_s of eachtypein'year T ..

' 'Frelght truck fuel economy is dependent on the “ﬁ1e1 economy degradatlon factor” yvhrch converts '+
EPA- rated fuel economy mto on-road values, accounting for increased n'afﬁc congestlon and other -
factors. The fuel economy degradatlon factor is calculated in the LDV Module and modified by
. the FTSAM based on the srmphfymg assumptlon that all of the fuel economy degradation occurs
because of worsening dnvmg condmons in congested urban -areas. The hght-duty vehicle
' degradatron calculated in FEM is thus reduced to reflect the hlgher percentage -of h1ghway miles’
dnven by frelght trucks: -

) N . L ) | SR URBANSHR L

t . N [(1 - MPG_DEGFACT;LDY)° mﬁ] g :

: MPQDEGFACT:m = - z}gmusmsc _ (221) Y
1 -1 - MPGDEGFAC’Z. e :

where: R :
. MPGDEGFACmv = Fuele economy degradauon factor ﬁom LDV Module
 MPGDEGFAC = Fuel economy degradation factor for freight trucks oy )
URBANSHR = %of miles driven in urban areas by trucks of each size class in base year (1992)
URBSHRLDV = .%-of miles driven i in: -urban areas by LDVs in base year (1992) ’

EPA does not rate heavy-duty : trucks for ﬁ1e1 economy Because hlstoncal values for medium and
heavy trucks reflect on-road fuel economres the fuzel economy degradatron factor must be indexed
so that the value in 1992 is equal toone.

Fuel consumption_, in gallons of gasoline equivalent, is ﬁnally calculated by dividing VMT by on-

. Energy Information Aduunlstratlon
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%

- where:

road fuel econ'omy:.:' e .

VMTy sic sc 465,FusL FLT | ‘ (222)
" MPGDEGFAC, g

FUELy sgc sc,46E, FUEL FLT = PG
' T . -5 r1,8EC,5C,AGE,FUEL

where: ‘ :
F.UEL = Total ﬁ'elght truck fizel consumptlon by sector, size class and fuel typei in year T in gal.lons
- of gasoline equivalent ‘ :

- MPGDEGFAC,SC Fuel economy. degredahon factor, overwntten in the code by 0.99.

Converung from gasolme eqmvalent to tnlhon Btu isa tnv1a1 apphcauon of the heat rate of

gasoline: . . . - -
- . —6 .
TRILT SEC Ssc, FUEL FLT AGZE:-O FUELT SEC SC,AGE FUEL,FLT HTRAT E 10. ! (223)

RN

where: . . L. ) SR T -
TRIL = Total ‘ﬂeet 1ruck fuel consumpti'on by sector, size class and fuel type in year 7, in trillion Btu ™

v,
’

. 6. Roll Truck Populatlon and Fuel Economy
The final stage prepares the model for the next year by calculatmg new fuel economies of trucks

. which are ten years old or older

2 11 12-

S -y VMT; sc sc,aGE,FUEL FLT
MPGy,; sc.s68=10,FU8L = 2 TR - — - (224)

5 ) 2 FUELT SEC,SC,AGE, F UEL FLT
FLT=1 AGE=10 SEC=1

AGE = 10 refets to u'ucks in the tenth vmtage, ie., trucks which are ten years old durmg model run

yeart - - N «

' AGE = 11 refersto trucks in'the eleventh vmmge 1.e u'ucks wh1ch are eleven years old or older
during model run year ¢ o . o - .

"I+l = refers to the next model run year . o
The last two vintages of trucks are finally collapsed into one:

TRKSTKT,EC.SC,AGE*IO,FZIEL,FZT TRKSTKT SEC,SC,AGE= lD,FUEL,FZT + TR‘KSIXT SEC,SC,AGE=11,FUEL,FLT - (225)

Enargy Information Administration ' ) - .
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Thrs modelisa drsaggregate pohcy-sensrtrve approach to the forecastmg of: ﬁ'elght truck energy .
' demand. Tt represents a substantial improvement over the current model fora number of reasons,

. the foremost being that vehicle stock and purchases are considered for the first trme This allows .
. ‘the user to test pohcres whrch mlght affect the penetration of alternative fuels or future fuel-savmg :
technologles into the heavy-duty vehicle market. Addltronal factors consrdered for the first time .
include the number and composition of trucks in ﬂeets of ten or more, historical and future market |
 trends of exrstmg ﬁ1el-savmg technologres, historical trends toward hrgher vehicle utilization rates,

' and the effect on truck fuel economy. of worsemng drrvmg condrtlons :

'.3E-2.-RailFr.eightModer L e

Rarl forecasts represent a srmphﬁcatron of the ﬁ'elght truckmg approach, in that only one class of
ﬁ'elght rail-arid vehicle technology is considered. Projections of energy use by rail are driven by
', forecasts of ton-miles travelled for each of the mdustnal categones used in the truckmg sector The
algonthm is vn'tually 1dent1ca1 to the one used for tmcks ) K . ) y

N
O UTP UT

— . (226)
OUTPUTI’TD 3

RTMT, = E RTMT, x, ' FACR;:
. I_l - .

.. where: . ) - . )
RTMT = Total rail ton-miles traveled for industry 7in yearT -

OUTPUT = Value of output of mdustry 1, in base year dollars :o
FACR Coefﬁcxent relatmg growth of value added with growth of ra1! transport

Energy consumptron is then estlmated usmg the pro;ected rail ¢ energy efﬁclency
TQRAILT, = FERAIL RTMT L (227)

where: . o
TQRAILT Total energy consumptxon by frelght trams
FERAIL Rail energy efﬁcxency :

’

wherte rail efﬁcrency gains resultmg from ‘technological development and increased system _
.efficiency are based ¢ onan exogenous analysis of trends :

:

This aggregate energy.dema.nd is used to estimate the' demand for the various fuels used for rail

. . énergy‘lnfonnéﬁonAdmlﬁl'sﬁaﬂon KR
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' ,‘ where:

' where

' transport, adjustmg the previous yeafs demand for a given fuel by the fractional i increase in overall
energy reqmrements

TQRAILT, ] 228

T, QRAILFUEL,T = T QRA FUEL,T—I : [ TORALLT.
e T-1

TQRAIL i, = Total demsnd for each fuel by rail freight sector in year T
. This is based on the assumption that the relative shares of each fuel remains constant across the
forecast horizon, and that there is little or no room for fuel substitution‘as prices vary. - "

Fuel consumption is then allocated to each region:
TQRAILR oy, = TQRAIL SEDSHRDSCMJ . (229) -

TQRAILRMT = Total regional fuel consumpnon for mh technology - d
. SEDSHRDS,-ECH.-,‘ Reglonal share of rail freight fuel consumption, from SEDS

363, Wate_rbome i-'réight Model .

Two classes of waterborne transit are considered in this component domestlc marine traﬂic and

‘freighters conducting forelgn trade This is Justlﬁed on the grounds that vessels wh1ch comprise
freighter traffic on rivers and in coastal regions have dlfferent charactenstlcs than those whmh ply
international waters

Domestic M arine . "
- Once again, the estlmatlon of total domestic waterbome travel demand is driven by forecasts of
industrial output: ' '

oUTPYT,,

) - 10 . 4' . .
STMT, =), STMT,, : FACS, - 230
T § ST - T {OUTPUTLTO @0

where: : .
STMT = Total ton-miles of waterborne freight for industry I in year T

Energy |nformaﬂon Admlnlstraﬂon .
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o "

OUTPUT Value of output of mdustry 1, in base year'dolfars.
FACS = Coeﬁiclent relating growth of value added with growth of shrppmg transport

Thrs total is subsequently shared out. among classes of domestic frelghter S

SZ’MT = 78, + STMT, . L (231)

where: ' . , . 4
" TS = Travel share\allocated to»vessels in class C ‘

r

Travel shares are consrdered constant, and allocated accordmg to the most recent data

. STMT, o T
TSy = ——b . . (232)
. STMTTotaI . : o E

t

"At present, only one class of domestrc waterborne transport is consrdered, but as further research
is conducted, a greater level of deta.ll may be Jusnﬁed. S

F uel use is subsequently estlmated, usmg the average energy efﬁcrency for each class of frelghter
(currently one- class) ' S

' SFDT, = FESHI.PT' - STMT, - @)

where: U .
. SFDT= Domestic shrp energy demand )
: EESPIIP = Avérage fitel eﬁ;clency . ~ '1
Estimated changes in energy intensity will be developed exogenously. The next step isto allocate :
total energy consumpuon among three fuel types (dlstlllate fuel, residual fuel oil and gasohne)

‘

SFD

wr = SFDT, SFSHARE 7 L (238

‘ ’ \
where: - . .
. SFD=Domestic ship energy demand, by fuel . -
. SFSHARE = Domestic shipping fuel allocation factor
- IF =Index referring to shipping fuel type "

The factor which allocates energy consumption among the threé fuel types is based.on 1990 AEO .

S Energy Information Administration
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numbeérs and is held constant throughout the run period. -

Total energy demand is then fegionalized: ' '1

TQSHIPRypuoy = SFDpey * SEDSHRye ppcr - | (235)

where: . a oo
TQSHIPR = Total regional energy demand by domestic freighters- .
'SEDSHR = Regiona.l slim of fuel démand, from SEDS

- Although only one class of vessel is conmdered at the present time, the model was des1gned to.allow
' further strauﬁcauon should more detailed data become available. '

‘Intemational Marine S
Fuel demand in international marinie shlppmg is du'ecﬂy esnmated, linking the level of i mtematlonal
trade w1th the lagged consumpnon of the fuel in quesl:lon

. ' GROSSTT ' ' ;
ISFDT = ISFDT. = 1|05 - ISFDT,_, (236)

™. | Grossrt,_,

where:
5 ISFDT Total mtematxonal shxppmg energy demand in year T
GROSST = Value of Gross Trade (1mports + exports), from Macro Model *

Total energy demand is then allocated among the various fuels as above:

' ISFDy = ISFDT, * ISFSHARE,,, S @

where:
ISFD = Intematlona.l ﬁelghter energy demand, by ﬁael
ISFSHARE International shlppmg fuel allomon factor

Regional fuel consuniption is then calculated:
I"QI.?'L"I?’R RT = ISFD,. g SE-,'DSHRH,? RT - ‘ (238)
where: _ ) . L .
TQISHIPR = Total regional energy demand by intemational freighters - -
SEDSHR = Regional shares of fuel demand, from SEDS

Eneorgy Information Administration . .
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Begir; Freight = - \.

Transport Module

- Total freight traffic in
base year, by industry

! : Inputs; .
- Base yeartech, share -
- Factor to account for
' changes in tech.
. share

-Fuel prices ' .
- Time coeff. for efficiency *
improvement (exog.)
Price coeff. for efficiency
improvement (hist.) :
‘Base year truck MPG

" GotoRail .
.- Freight
Mode!

L Energy Infonpatibﬁ Administration .
" NEMS Transportation Demand Mode! Documentation Report -




.

-/ » Value of output of each industry

. Freight
Model

« , Coefficient relating growth of
value added to growth-of
rail transpoit - .

éase y_c;ar consumption
of each fusl )
Waterborne -
Freight
Model
- > .
3
o . N
: Energy Information Administration” - .

NEMS Transportation Demand Mod_el Documentation Report

Begin Rail

165 -



Figure 3E-4. Waterborne Freight Model .
E 3
" Veluo of output of each industry S

/ - Coefficient relating growth of
- value added to growth of
domestic shipping _

« Demand for each fuelin
) previousyear .
+ Change in Gross-Trade,
from Macro Model :
o - Total demand,
- for each fuel
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'3F. Miscellaneous Energy Use Module -

RATIONALE ‘ : ‘
.This module addresses the pro;ectlon of demand for several transportatron fuels and end-use

L categories that have not.been considered in earlier modules. These energy uses include military

operanons, mass transit (passenger rail and buses), recreatlonal boating, and lubricants used in all
. modes of transportatlon. The NEMS approach represents an mcremental 1mprovement over the ‘
' est1matlon methodology used in the predecessor AEO model.

In detenmmng the’ 1mpact of military-operations, the predecessor model makes ad_]ustments to
energy consumption on a fuel-by-fuel bases to réflect recent military consumption levels. These
levels are then assumed to remain -constant over the forecast. In contrast, the NEMS model uses
m1htary budget estimates to-forecast changes in fuel demand. In the public transit sector, the
predecessor model does notexplicitly consider passenger ra11 -which accounts for approx1mately e
fifteen percent of total rail energy consumption, or buses, which account for approxlmately one
percent of total highway fuel consumptlon, energy use for each of these modes is considered as part
of the benchmarlcmg process, as is fuel use in recreatlonal boats NEMS models these sectors
,fexphcltly

, The flowchart for the Miscellaneous Energy Demand Module is presented below. Additional -
flowcharts portraymg Miscellaneous Energy Demand Module calculatlons in more detail canbe /
found at the end of this sectlon. : -

Enhrgy lnfonnaﬁon Admlnlsuaﬁon
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" Begin Misc.
Energy Demand
- Module

- Regional military fuel

Defenise budgets in run year consumption in previous year
and praviqus year 8 1991 Regional consumption

* . shares (exogenous)

‘

Exogenous Inputs:

. od| .
- . LDV vehicle miies traveled - Average passengers per LDV
- Fuel economy by vehicie type - Base yearBtu pervehicle-mile
(Freight Moduls) - : - Coeff. relating mass fransit to
- Regional population (Macro) LDV trave!
Total disposable personal Coefficient relating income to
income . fuel demand for recreational
Regional population forecasts ' boating sector
Inputs from Other Modules: . Exogenous lnputs: |
- "LDV vehicle miles traveled * Coefficient relating highway
. 3 - trave! to lubricant demand .
- Freight truck VMT ". Regk o -
- Flestvehicle VMT" * Regional shares of gasaline
and diesel consumption
. ] I B I !!! -I ] \ . . . - . . ] : F - I -
Regional fue! consumption for. Regional fuel consumption for

military, mass transit and
- recreational boating, regional
lubricant consumption

military, mass transit and .
recreational boating

. . i Energy Information Administration ‘ .
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. MODEL STRUCTURE ~ -
3F-1. Military Demana Model

. Demand for fuel for m111tary operemons is cons1dered to be proportlonal to the pmJected mlhtary :
budget. ‘The ﬁ'achonal change in m1htary budget is first calculated
g TMC GFML87 . s
MILTARGR : T L (239)
, TMC _GFML87, .. . - .

-

| where: ' - D
o MILTARGR = The growth in the military budget ﬁ'om the previous year
o TMC GFML87 Total defénse budget in year T, from the macro economlc segment of NEMS

Total consumptlon of each of: four fuel types is then determined:

: MFD = MFD,.,  * MILTARGR ‘ / (240) -

where: : e . .
‘ MFD = Total military consumption of the consideted fuel in year T .
* IF=Indexof fuel type: 1=Distillate, 2=Naphtha, 3=Residual, 4=Kerosene
Consumptiort is finally distributed among the nine census regions: .. ' f
QMLLTRI‘F = MFD 3 MILTRSHR ’ : (241)
where: ‘

QMIL'I'R = Regional fuel consumption, by fuel type, in Btu
.MILTRSHR = Regional consumption sbares,‘ﬁ'om 1991 data, held constant

.-

3F-2. Mass Transit Demand Model
The growth of passenger-miles in each mode of mass tljénsit is assumed to be proportional to the
growth of passenger-miles in light duty vehicles. ‘This is determined from the output of the VMT
module and the load factor for LDV's, held constant at 1989 levels:

. Energy Information Admlnlstraﬂon ‘ - ..
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“IMOD,, = VMTEE, ¥ TMLOADS?,

and: -
. . (242).
ETAMS - ;

71 TMOD

| -." | oD,
TMOD,, = TMODy 7., *

where:
: 'I'MOD Passenger-mllcs traveled, by ‘mode L
VMTEE =LDV vehxcle-mﬂcs traveled, from the VMT module
TMLOADS9 = Average passengers per vehicle, by mode (1=LDV's)
BETAMS = Coefficient of propomonahty relating mass transit to LDV travel
IM=Index ofu'ansportation mode: 1= LDV's, 2-4=Buses, 5-7=Rail

-

‘ ' Fuel efﬁc1encles, in Btu per vehlcle-mﬂe, are obtamed from the Frelght Module for buses and ra1l
. and mass transit eﬁlaencles, in Btu per passenger-mﬂe, are calculated '

T | FMPG.
. -'| TMEFF89,, * ____TEL’."-?'- . -
. ‘ . s FMPG89 (243) -
S . TMEFFLy, = : : L
T ‘ TMLOADSY,,,
TMEFFL = Btu per f)assen'ger-mile, by mass transit mode . X

TMEFF89 = Base-yea: Btu per vehlcle-mile, bymode
~ FMPG= Fuel efﬁcxency, by -vehicle type, from the Frelght Module
FMPG89 Base-yw fuel efficiency, by vehicle type from the Freight Module
TYPE = Vehicle type from the Freight Module' 1= Mid-sxze trucks, 2= Rall

Total fuel consumpuon may then be calculated and dxstnbuted among reglons accordmg to the1r
popula’uons. g :

. T | TMc_PoraFO,,
OMODR nimi = TMOD gy * TMERFLyp % | — — (248
. o m; TMC_POPAFOp | '

where: .
QMODR = Regmnal consmnpuon of fuel, by mode ) -
TMC POPAFO = Reglonal populauon forecasts “from the Macro Module

- -, Energy Information Admlnlstraﬁon
170 ' NEMS Transportation Demand Model Documontatlon Report



3F-3, Re_creational Boating Demand Modél ‘

The growth in fuel use by recreauonal boats is consrdered to be proportlonal to the growth in
dlsposable personal income:
) | | mMc_rp, [
" RECFD, = RECFD !

P St (245)
= TMC_YDT_I

where: ’ L o .
‘ «* RECFD = National recreational boat gasoﬁxre conshmpﬁon inyear T
TMC_YD = Total disposable personal income, from the Macro Module =~~~ .
' BETAREC = Coefﬁcient of proporﬁonality.relaﬁng income to fuel demand for boats

A

'Reglonal consumptlon is calculated accordmg to populatlon, as wnh mass transrt, above

- TMC, POPAF O

QRECR = RECFD * |

. © (248)
‘ E T™C _POPAFOL, L
o R=1

_where:. ) .. . . .
' QRECR = Regional fuel consumption by recreational boats inyearT

3F4, Ldbn'cént’ oemandmodei‘

' The growth in demand for lubncants is consrdered to be proportlonal to the growth m hlghway
.“U‘avel by all types of vehicles. ‘Total hrghway travel is first determmed A

HYWAY VMTEE +FTVMT “+ FLTVMT » ‘ (247)

where: ,
HYWAY = Total hxghwayVMT :
FTVMT = Total ﬁ'elght truck VMT, froin the Freight Module ’ ) )

FLTVMT = Total fleet. vehrcle 'VMT, from the Fleet Module .

Energy Information Administration .
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Lubricant demand is then estimated:

ETALUB,” ~

| HYwAy, -
LUBFD, = LUBFD,.,. * |——-———| ~ - (248)
- T |HYWAY ., |

i

LUBFD = Total dernand for lubncants inyear T ~ . .
~BETALUB= Constant of propornonahty relating h!ghway travel to lubncant demand

B Reglonal allocation of lubncant demand is ﬁnally determmed b}creglonal Welghtmg of a]l types of
) hlghway travel

((vMTEE, + FLTVMT,) * SHRMG ;) + (FT#MT, 32‘ SHRDS; )

(249)

_ QL-UB.RM T:'LUI?F _D ¥ _ HYWAY,
P ’ ) [ \
) QLUBR = Reglonal demand for lubricants in year T inBtu ,
SHRMG = Regional. share of motor gasoline consumptlon, from SEDS ’
- SHRDS = Regional share of diesel consumption, from SEDS
» 1

\
- o Energy information Administration’
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Figure 3F-2. Military Demand Model .~

"

Demand Module

Total defense budget in run
year and previous year, from
.+~ Macro Model

. . .-+ [ Total consumption four fuels by
military sector in year prior to
Tunyear

Inputs:
1981.regional consumption
shares for military sector )

‘
- ' " GotoMass
’ : Transit/
' Model
’ - A
. /
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ot Average # of passengers

- LDV Vehicle-mies traveled,
-from LOV.Module

pertDV. <

T Fueleﬁiaency.byvemde ..

~ Inputs:
- Base-year mass transit Blu
per vehicle mile

type, from Freight Module

.

Regional population forecasts,
from Macro Module )

Recreational
~ Boating
 Model
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Figure 3F-4. ‘Recreational Bo‘aﬁ‘ng Demand Model

, Begin -
) 1 - Recreational -
" .o Boating
. Model
, R
' y
- - Total disposable personal »
income, from Macro Module
- Coeff, relating income to
- fuel demand for boats
, . Regional population foracasts,
" from Macro Module .
7
1
r . ‘ -
A - ~

Energy Information Administration ‘ .
NEMS Transportation Demand Mode) Documentation Report . 175



o< 3
~ I
r -

ae

/e

s

_{ -.- Tatal LDV VMT, from
* LDV Module |
- Total freight truck VMT, from
Freight Module o
- Total fleet vehicle VMT, from
Fleet Module

Coefficient relating highway
“trave! to lubricant demand

»

Regional shares, of gasoline and
_ diesel consumption
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‘ ‘ ‘Demand Module
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’
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3G. Vehicle Emissions Module

RATIONALE .

Vehicular emissions at the natlonal level account for roughly two-ﬁﬁhs of total Carbon and NO,
emissions. This importance is reflected in the prominient role vehicles have in the Clean Air Act *
' Amendment 0f 1990 (CAA90). This module reports vehicular emissions based on both the mix of
vehicle technologles utilized over time, and the age d1strxbutron of these vehicles. This is a
SIgmﬁcant 1mprovement over the predecessor model, which does not keep track of the level of
emissions associated with vehicles. InNEMS emissions from new, conventionally powered, light-
duty vehicles decline over time in accordance with the provisions of the CAA90. Emissions may -
" decline even further as alternative sources of energy and new technologles are unhzed by light-duty .
vehicles.. Direct emissions from battery-powered vehmles for example are zero. Specific -.
pollutants addressed in this module include SO,, NO,, total Carbon, CO,, CO, and- Volatile Orgamc
' Compounds (V 0Q). : . :

MODEL STRQQTQRE e . ' :
The solution algorithm consists of multiplying levels of travel by appropnate average emission -

- factors for each mode of travel, Emission factors depend on the mix of technologles and fuels
utilized within a mode. For example, the emission factor used for hght-duty veh1cles dependson -
the miles traveled utilizing each light-duty vehicle technology and fuel combmatlon (see chapter

- 2) Evenifno change occurs in the mix of technologws ut1hzed in hght-duty vehicles, emissions "
per vehicie-mile traveled will decline in the forecast as more stringent standards are phased in and-
. older more polluting vehicles leave the fleet. It should be noted that the em:ssmns factors implicitly -
.reflect the effect of fuel efﬁc1ency 1mprovements on carbon (including CO and CO,) emissions and
assume the comphance with mcreasmgly stnngent standards concerning other criteria pollutants.

'In the equation below, light-duty vehicle and freight truck émissions are estimated in units of grams
of pollutant per mile of travel to be consistent with the definitions of vehicle emission standards

EMISSE’m’mJ EFACTEMJRJ UIM,mT . ": (250)

where: . . .
. EMISS =~ Regional emissions of 2 given pollutant, by mode of travel -
EFACT = Emissions factor relating measures of travel to pollutant emissions .
U= Measure of travel demand, by mode: units in VMT for highway travel, gallons of fuel
consumption for other modes
IM= Index of travel mode: references md1v1dual velncle types-used in the precedmg modules

. Energy Information Administration
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CIE= Indexofpollutants 1= so 2=NO, 3= c,4 coz,s =CO0,6=V0C
IR="1Index 1dent1fymg census regwn .

The development 6f the emissions factors is documented iﬁ-Abpéndix F,“A’étacﬁniént 7.

., Fighre.SE;—i. Vehicle Emissions Module - - o

'Begin Vehicle

Emissﬁons Module

’ Tota! fuel consumption for Emissions factors relating
all transportation sectors /. 3 Sofiravals . fuel eonsumphon to annual
except highway travel . «m-» v . . pollutant emissions

Vehicle miles trave!edfor Em'SSlgls ;ﬁgrs rﬁmg
hlghway fravel VMT toal pol
' -emissions -

.~ Regional annual

- emissions of SO, NO,, .
C, CO,, CO, & VOCs for

’ each travel mode

. Energy Information Administration
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" 4 MAJOR ASSUMPTIONS

Overview

) Th1$ section reveals the key underlymg assumptlons that are cn’acal to the generation of the base
case and four s1de cases. These sets of assumptions discuss the following issues: *technology
' .penetratlon, enwronmental leglslaﬁon, efficiency standards, and other 1mportant drivers for the

.- transportatlon demand model. The NEMS transportauon model estimates energy consumption

across the nine census regions and over ten fuel types. Each fuel type is modeled according to fuel-
" specific technology attributes applicable by transportation: inode Total energy consumption is
. ‘modeled by seven aggregate modes of transport: light-duty vehicles (cars, light trucks, and vans),

' ﬁ'elght trucks, freight and passenger airplanes, frelght rail, fréight sI:uppmg, mass transit, and’
'mscellaneous transport. Light-duty vehicle fuel consumptlon is ﬁthher sub-divided into personal
usage, and commercial fleet consumptlon. : <

' Inputs From NEMS Macro Model -

Macroeconomic: sector inputs used in the NEMS Transportéﬁon' Model consist of the follouring )

- Gross Domestic Product, industrial output by SIC code, personal disposable income, new car and
- hght truck sales, total population, dnvmg age populauon, total value of imports and exports and
the mlhtary budget

Table 4-1. Macroééonomié, Inpﬁts to the Tfansportatioﬁ quél

Source: Energy Information Administration, AEO94 Forecasting System runs AEO94B.D1221934.

Energy Information Admlnlstraﬂon . :
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H

L'ight-DutyVehicl_eModule R

Fuel Ecgnomy Mgdel :
The fuel economy model utilizes 52 new technologles for each size class based on the cost-

eﬁ‘ectlveness of each technology, and an initial availability year. The discounted stream of fuel
savings are compared tosthe marginal cost of each technology The fuel economy module assumes
N _the followmg SR ‘ :

-~

o _4 year, payback perlod onall _fuel saving technologies. t
‘e " 10%real discount rate.
K .. Co'rp'o_r"ate Average Fuel Economy (CAFE) standar‘ds rema.in constant.at 1993' levels.

_J Expected future ﬁrel pnces are calculated based on an exlrapolatlon of the growth rate
.- between fuel prrces three years and five years prior to the present year. This assumption
is foundéd upon an assumed lead time of three to ﬁve years to srgmﬁcantly modlfy the -
wvehicles offered bya manufacturer '

] Degradatlon factors used to convert EPA rated fuel economy to actual "on the road" fuel

| ' economy, are based on apphcai:lon ofa logrstrc curve to the prOJectrons of three factors:
increase in clty/hrghway dnvmg, h1gher congestxon levels, and rising highway speeds. L

52 Automobrle and light truck degradation factors are assumed t0 be the samé over time.

'Reg!onal Sales Model | : l . .
The vehrcle sales share section holds vehlcle sales shares by 1mport and domestlc manufacturers

constant within a vehrcle srze class benchmarked to 1990 Oak erge Natlonal Laboratory datas?

[

o3 Maples, John D "The Light-Duty Vehicle MPG Gap It's Size Today and Potentlal Impacts in the Future," Umversxty of
Tennesee Transportation Center, Knoxville, TN, May 28, 1993, Draft.

52 Decrsron Analysis Corporation of Virginia, "Fuel Efﬁcrency Degradatron Factor, Fmal Report, -Subtask 1, prepared for:
. Energy Informanon Admrmsnatlon, August 3,1992. .

%3 0ak erge Natronal Laboratory, Transportation Energy Data Book; Edrtlgn 13, March 1993:

' : Energy Infomration Admlnlstraﬁon
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Table 4-2 Car and Light Truck Fuel Economy Degradation Factors -

Source: Declswn Analysxs Corporation of Vlrglma, "Fuel Degradatlon Factor," Final Report, Subtask 1, prepared N
: for' Energy Informa:tlon Admxmstranon, August 3, 1992. -

,A_ltgrnagle-Fgel Vghlgle Mgdgl . : :
The alternafive-fuel technology choice ‘model utilizes a d15crete choice speclﬁcatlon, wlnch uses
vehicle attributes as inputs,.and forecasts vehicle sales’ shares : among the followmg sixteen light-

’ " duty technologies: gasoline internal combustion engme (dCE), diesel ICE, ethanol flex; ethanol

neat, methanol flex, methanol neat, eleetnc dedicated (only uses electnclty), electric hybrid with
large ICE, electric hybrid with small ICE electric hybnd with gas turbine, compressed natural gas
"' (CNG), hquld petroleum gas (LPG), gas turbine gasohne gas turbine CNG, fuel cell methanol, and
fuel cell hquld hydrogen Listed below are a few examples of the mputs variables that correspond
. to the vehicle attributes used in the analysis. With the exceptton of vehwle fuel economy, all other
E attributes are exogenously set'based on oﬁlme ana1y31s # - 4 e

' ‘ Vehmle attributes vary by three size classes and fuel ava11ab111ty varies by census dmsxon
However, all vehicle attributes coxrespond to prototype vehicles. Itis assumed that once the loglt
. model esumates future sales shares, these shares are applicable to both cars -and llght trucks.
Vehicle prices are assumed to represent mass production prices. All altematlve-ﬁlel vehmle fuel
efﬁclencles are. calculated relative to conventional gasoline MPG. Itis assumed that fuel efficiency
1mprovements to convennonal vehicles will be transferred to altemauve-fuel vehicles.> Speclﬁc
. -individual alternative-fuel teclmologlcal 1mprovements are handled separately by varymg the fuel .
, 'efﬁclency index over time. Commercial avallablhty estimates are assumed values accordmg toa
" logistic curve based on the initial. technology infroduction date, and were constructed in cooperation
-with the DOE Office of Efficiency and Renewable Energy Model coeﬁiclents summarizing
consumer valuahon of vehicle attributes were derived from a stated preference survey conducted\ }
in Cahfom1a, and are assumed to be representative of the U.S. - . =

Ay

. #4 Science Apphcatlons Intematlonal Corporation, "Alternative-Fuel Vehicle Module Database, Draﬁ Report, Subtask 4
Prepared for Energy Information Administration, September 15, 1992.

’ 55 Energy and Environmental Analysis, K.G. Duleep, intial coefficients for alternative-fuel vehicles relanve to conventional

" were used from the Depanment of Energy, Oﬁiee of Policy Analysis IDEAS Model. :

Energy Information Administration
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$8,200

$12,700

' $12,900

$10,950

$58,200%

. Teble*4-3.. Alternative=Fuel Vehicle Attributes For Three-Stage Logit Modél

$53,200 *

$12,180 -

$12,850

$13,050

© 1.000-

’ 1.055.'

.. 1095

| $13230.

$22,800%

$22,340*

0.960 _

1419

1541

1.130.

_ 0.950

1.380

" 1.520

1000 | * 1060

* * Electric vehicle battery réplacement cost included.

e

Scienee AppIicat_ions Internatienal qu'poi'aﬁon, "Alternative-Fuel Vehicle Module Database," Draft Report,
* . Subtask 4, Prepared for the Energy Information Admtinistration, Septembér 15, 1992.

Source:'

. The Low Emission Vehmle Program (LEVP) which began in Cahforma, has now been mstltuted |
in New York and Massachusetts. The following Zero-Emission Veh1cle (ZEV) and Ultra Low

. Emission Vehicle (ULEV) sales numbers come from the California Air Resource Board.* In the

" low world oil pnce case and the base case scenanos, only the ZEV sales shares are used. With the
high world oil price scenario, the ZEV and onehalfof the ULEYV sales shares are mcluded Only
half of the ULEV sales were mcluded, because there is uncertamty with respect to meetmg the

6 CahformaAn- Resources Board, "Proposed Regulatxons for Low-Emission Velncles and Clean Fuels, Staff Report,"
August 13, 1990. :

: Energy Infeimation Admlnlsttaﬁon - N i
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ULEV air standards with reformulated gasoline and a heated catalytrc converter. The AFV model' .
compares these leglslatlve mandated sales to the results from the alternatlve-ﬁlel vehicle logit
market driven sales shares, The leglslatlve mandated sales serve as a memum constraint to
alternative-fuel vehicle sales. - ‘

Table 4-4. Cahforma Low Emlssmn Vehlcle Program Sales Mandates "
(Percentage of all LDV Sales) ‘

" Source: Cahforma An' Resources: Board, "Proposed Regulatlons for Low-Emlssxon Velncles and Clean Fuels, Staff
Report,"’ August 13 1990. ' . .

Light D_uty Vehicle Stock Module

Vehicle-Miles Traveled Model
‘The vehicle-miles traveled (VMT) model forecasts VMT as a function. of the cost of driving per

"mile, income per. caprta, ratio of female to male VMT and age drstnblmon of the driving
populatlon. The ratio of female to male VMT is assumed to asymptotlcally approach 72 percent
by 2010. Total VMT is calibrated to Federal' Hrghway Administration (FHWA) VMT data.’’ .' '

Light Duty Vehicle Fleet Module

- With the current focus of transportation legislation on commercial fleets and their composition, the

4

7yu.s. Department of'rxansponauon, Federal I-hghway Administration, Hrghwaz Statistics 1990, FHWA-PL-91-003 1990, °

Energy Information Admlnlstmtlon -
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NEMS Transportatlon Model has been desrgned to d1v1de commerical fleets int6 three types of
. fleets: busmess, government, and utility. Based on thrs classrﬁcatlon, commercial fleet vehicles
vary in surv1va1 rates and duratlon in the ﬂeet, before being folded back into the personal vehrcle _
stock. :

Sales shares of ﬂeet vehrcles hy fleet type remain constant over the forecast penod Automobﬂe

'ﬂeets are divided into the followmg shares: business (85. 59%), government (7. 09%), and utilities
. (7. 27%) Both car (23. 17%) and. hght truck (13 95%) ﬂeet sales are assumed to be a constant
- fract:on of total vehrcle Sales.®®.

Altemat:ve-fuel shares of ﬂeet sales by ﬂeettype are mmally set accordmg to hrstoncal shares, then @ '
' -compared to a minimum constramt level of sales based on legrslahve initiatives such asthe Energy.
Policy Act, and the Low Emission Vehicle Program.$»® Size class sales of altematlve-fuel and "
conventional vehrcles are held constant at h1stonca1 levels 6 '

Ind1v1dua1 sales shares of altematlve-fuel ﬂeet vehrcles by technology type are assumed to remain '
- at h15toncal levels for utrhty and government fleets, but vary for business fleets in accordance with
- the technology shares apphed in the personal vehicle stocks, Annual VMT per veh1c1e by fleet type |
- stays constant over the forecast period based on ORNL ﬂeet data.. Fleet fuel economy for both
conventional and alternative-fuel vehlcles are assumed to.be the same as the personal vehlcle new
vehicle fuel economy, and is subd1v1ded into three size classes : :

v !

~

. Oak Ridge National Laboratoxy, :
Practices , Prepared for Department of Energy, Ofﬁce of Transportanon Technologm, and Office of Pohcy, Planmng, and
Analysis, March 1992.

- Pys. Department of Energy Office of Domestlc and Intemanonal Energy Pohcy, "Assessment of Costs and Beneﬁts of
Flexible and Alternative Fuel Use in the U.S. Transportatlon Sector, Techmml Report ‘Ten: Analysis of Altemnative-Fuel Fleet
Reqmrements, May 1992."

L& CahformaAn' Resources Board, "Proposed Regulanons for Low-Emrssmn Vehlcles and Clean Fuels, Staff Report,"

_August 13, 1990.
.8 Oak R.ldge National Lahoratory, leet Vehxclg in the !]mted §tatg§ Comgogmon, Qperatmg Charactenstlg, and Fuelmg
g s Prepared for Department of Energy, Ofﬁce of Transportatron Technologies, and Office of Pohcy, Planmng, and
Analysis, March 1992.

. . Energy Information Administration
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Table 4-5. Commercial Fleet Size Class Shares By Fleet and Vehicle Type‘

Medim 7159 - 790 ||

Medioni ' 5652 4439 ”
" Small '%1"6.67 ' 30.03;
i Medium . 7000 Caest || '

Large 1333'. 1 3146 "

. Source: Oak Rldge National Laboratory, leet Vehicles in the thg States: Composition, Qg‘ erating

Characteristics, and Fueling Practices, Prepared for the Department of Energy, Office of Transportatxon

Technologies, and Office of Policy, Planning, and Apa]ysw, March 1992. A

Fleet altemativh-ﬁlel vehicle sales necéssa.fy to meet the Ener;gy Policy Act of 1992 (EPACT) |

. regulatlons come from the DOE Office of” Domestlc and Intema’uonal Energy Policy.5? Total

" projected altetnative-fuel vehicle. sales are divided i into fleets by govemment, utility, business, and

fuel providers. The business fleets represent.one half of the DOE Office of Pohcy Analysis

_ estlmate, because it is.assumed that only half of the business fleets are capable of being centrally
fueled (re-fueled at the same locauon) as required by EPACT.: Although inclusion of the business

fleet is dependent upon a ruling making by the Secretary of Energy, the assumption is that fuel-

| ;djsplacemerit goals set in EPACT can oniy be reached by inclusic_m of the business fleet. .

2y.s. Department of Energy, Omce of Dommc and Intematlonal Energy Policy, Asswsment of Costs and Benefits of
Flexible and Alternative Fuel Use in the U.S. Transportatxon Sector, Technical Report Ten: Analysw of Alternanve-l-‘uel Fleet
.. Requirements,” May 1992, :
Energy Information Administration - )
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: Table 4-6 EPACT AItematlve-FueI Vehlcle Fleet Sale Estlmates

~

0 - .0 85538 .| . 92,140
5,000 10692 | 13365 13,365 -

64637 | 69633 | a0ss26 | 437180
129,274 *139,265 150,02:’8 * '1641 ,623

21,128
13,365
© 101,924

80,81 1

Source:  U.S. Department of Energy Office of Domestxc and Internatlonal Energy Pohcy, "Assessment of Costs and
) Benefits of Flexible and Altematlve Fuel Use in'the U.S. Transportatxon Sector, Technical Report Ten:
Analysxs of Altematlve-Fuel Fleet Reqmrements May 1992. :

Air Travel 'Module

- . Air Travel Demand Model ,

The air travel demand model calculates the tlcket pnce for travel as a function of fuel cost and other
operating’ costs.- Non-fuel operating costs. are assumed to remain constant across ‘the forecast
. "horizon® A demographlc index based on the propensity to ﬂy was introduced into the-air travel.
demand. equatlon.64 The propenSIty to fly was made a function of the : age and sex group d1stnbuhon’
- over the forecast period.5 6 “The air travel demand module assumes that these relatlonshlps
between the. groups and thelr propensxty to fly remam constant over time. International revenue
passenger m11es isa ﬁxed percentage of domestlc Tevenue passenger. mlles based on hstoncal )

Syus. Deparlment of* Transportatlon, Rmch and Speclal Programs Adnnmsuatlon, Air Qgg Financial Statistics
Quarterly and Monthly, December 1990/1989, and prior issues.

64 Transportation Research Board, Forecasting Civil Aviation Actw_ltx ggs _agd Approachg Appendlx A,
Transportatlon Research Circular Number 372, June 1991.

. 65 Decision Analysis Corporation of Vu'glma, Progoged Methodolggx For Prgjectmg A1r Trangno_n@gon Demang Final .
Report, Subtask 2, July 8, 1992. '
‘ . 66 Air Transport Association of Amenca, An- Travel §urvgv_, Washxngton D. C 1990.

L
) S Enorgy Information Admln!straﬂon .
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, data.‘S7 Load factors represented as the: average number of ' passengers per airplane, are- assumed to.
' remam constant over the forecast penod
ircraft Fleet Efficien del
The aircraft fleet efficiency model consists 6f a stock model of both wide and narrow body planes
by vintage. The shifting of passenger load between narfow and wide body aircraft takes place at . -
a constant historical annual one percent rate. 68 The available seat-mrles per plane which measirres:
the carrying capacity of the airplanes by aircraft type remains constant and is based on holding the
. following constant within an aircraft type: airborne hours per a1rcraﬁ per year; average flight speed,
and the number of seats per aircraft. : e

i

The difference between the seat-mlles demanded and the available seat-miles represent newly
. purchased aircraft. Aircraft purchases Ina given year cafnot change above hJstoncal annual growth
_ rates, which'sets an upper limit on the apphcanon of new a1rcraft to meet the gap between seat- -
miles demanded and available seat-miles. Witha constraint on new aircraft purchases, it is assumed
. that when the gap exceeds hlsimnca.l a1rcraft sales leVels planes that have been temporarﬂy stored

- or retired will be brought back into servrce Technologrcal avallabmty,

Table 4,-7. Co'nstant Available Seat-Miles Assumptions By Aircraft Type

Source: Federal Aviation Admlmstranon, EAA_LM%M@_%M FAA-APO 90-1, and

prewous editions.

economic v1ablhty, and efﬁcrency charactenstxcs of new aircraft are based on the technologles listed
in the Oak Ridge National Laboratory A1r Tranportatlon Energy Model. ™ Fuel eﬁicrency ofnew

67, U.S. Dcpartmcnt of Transportation, MMLMMM Transportatlon Systems Center Cambndge,
MA, annual issues. N

68 U.S. Department of Transportauon, Federal Aviation Admrmstranon, FAA Aviation Fgm Fiscal Y@ 1993-2004,

: f’ebruary 1993.

% 0ak Ridge Natlonal Laboxatory, nergy Efficiency lmgrgvment gf Potential Commercial Aircraft to 2010, 0RNL-6622,

Junc 1990,
.7 Qak Ridge National Laboratoxy, Air Tranm;; nergy Use Mggg , April 1991; Draft.
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alrcra.ﬁ acqulsmons represent at a minimum, a ﬁve percent mprovement over the stock eﬂiclency '
of surv1vmg au'planes " Maximum growth rates of fuel efﬁclency for new an'crafc are basedona ’
future technology improvement: list based on an estimate of the mtroductlon year, jet fuel pnce and :
an esumate of the proj jected margmal fuel efficiency mprovement

Reg10nal shares of all types of alrcraft ﬁlel are assumed to be constant, and are con51s1:ent with the

. State Energy Data Report esumate of reglonal Jet fuel shares. g

.Table 4-8 FutureNeW Aircraft Technelog}; Imprev’en:ient.Lis't ‘

Sonrce: | 'Greene, D.L., Energy Eﬂiclency Improvement Potentlal of Commercxal Aircraft to 2010, ORNL-6622
" 6/1990., and from data tables in the Air Transportanon Energy Use Model (ATEM) Oak Rxdge Nanonal
Laboratory.:

- Freight Transport Module .

ﬂig.'hwg F;'eiglﬁ Model =~ _

L

'y, Department of Txansportatxon, Federal Aviation Admmlstrahon, E&l_\ Aviation Egre_c_asg Fiscal Years 129_3 004,
' February 1993. . ) 4
2 Depanment of Energy Energy Informanon Admxmstranon, §t§g Energx Dm_agd Survey, May 1993. -,
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The- frelght truck model converts mdustnal output in dollar terms to an equlvalent measure of
volume by using a freight adjustment coefficient. These ﬁ‘elght truck ad_]ustment coefficients vary
by industrial SIC code, but femain constant over time, and are estimated from h1stoncal freight .
data.™™ Freight truck load factors (ton-miles per truck) by SIC code are constants formulated from

 historical load factors,” ‘Growth of VMT in the retail sector is assumed to be propotional to
. growth in total industrial output. Growth of VMT in the construction sector is assumed to be
o propomonal to the growth in total disposable i income. All freight trucks are subdivided into light,
' ‘ medmm, medmm-heavy, and heavy-duty trucks. Frelght truck fuel efficiency growth rates relative -
to fuel prices are ued to historical growth rates by size class % VMT freight estimates by stze class -
and technology are ‘based on historical growth rates. Fuel consumption -by frelght trucks is |
reglonahzed accordmg to the State Energy Data System 1991 d1stlllate regional shares '

&ll Fgelght Mgdgl : .
The rail frelght model receives mdustnal output by SIC code measured in real 1987 dollars and
’ converts these dollars into an adjusted volume equivalent. Ra11 frelght ad_]ustment coefficients,
wh1ch are-used to convert dollars into volume equivalents, remain constant and are based on
historical data.”™ Initial rail freight fuél efficiencies are based on the freight model from Argonne
" National Laboratory.® The distribution of rail fuel consumptlon by fuel type remams constant and
is based on historical data.®! Regional freight rail consumptlon esumates are dlstnbuted accordmg
to the State’ Energy Data Report 19918 - ' ST

<

'ngerhorng F;elght Mgdg.] - . B -
The waterbome frelght model also converts mdustnal output by SIC code measm:ed in dollars to '

. £

™ Decision Analysis Corporation of Va., Freight Trat ion R alysis For The NEMS Transportation
,Sm_Mg_e_, Subtask 5, Prepared for Energy InformatxonAdmxmshatmn, August 3, 1992.

™ Reebie Associates, TRANSEARCH Freiehit Commodity Flow Database, Greenwich, Connecticutt.
"+ Oak Ridge National Labomw,lmmrmo_mmm March 1993. |
+ T0ak Ridge National Laboratory, Tran n Ener Book: Edition March 1993.

7ys. Department of Energy Energy Informanon Admmlslranon, State En nergy Demgg Report 1991 , May 1993
%8 Decision Analysis-Corporation of Va., Eggm Transportation Rm irements Analysis For The NEMS Transportation -

Sector Model, Subtask 5, Prepared for Energy Information Administration, August 3, 1992.

Pys. Department of Transportation, Federal Railroad Administration, 1989 Carl gag gypxll §tat|m§, Temtgnal

MM@EMMM September 1991 and prior issues.
8 Argonne National Laboratory, Transportation Energy Deinand Through 2010, 1992,

8 0ak Rldge National Lahoratoxy, Tranggortanon Energy Data Book: Edition 13, March 1993.
82 Department of. Energy Energy Information Admmlstratxon, State Energy Demand Survey, May 1993. :
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. a volumetnc equlvalent by .SIC code 8 'Ihese ﬁ'elght ad_]ustment coeﬂicrents are based.on ana1y51s

. of -historical data84 and remam constant throughout the forecast period. Domestic shipping
efficiencies are based on the ﬁe1ght model by Argonne National Laboratory.® 8 The distribution of

domestic and international shipping fuel consumption by fuel type remains constant throughout the

_ '- ana1y31s, and is based on historical data.86 ' Regional domestic and mtematlonal sh1ppmg i

) ‘consumption whmates are: dlstnbuted accordmg to the State Energy Data Report 1991 residual oil
regional shares ' : :

‘

: E_missiqh_,s Module C

- The NEMS Transportatlon model uses the same emrss1ons coefﬁclents by fuel type that are.
contained in the Industnal Sector Module Assumptlons sectlon. .

83‘Declslorl'AnalysxsCorpor'at.'xonof\'/a., ight Transp n Require Analysis For The NEM( Tran rtation
Sector Model, Subtask 5, Prepared for Energy Tiformation Admmrstrauon, August 3, 1992.

& Army Corp of Engmeers, Waterborn Qg erce o gg thed m Waterbome Statxstxce Center New Orlmns, La,
1991

% Argonne National Laboratory, Jmmmﬂmp_mmm&uh_&, 1992. .
8 Oaerdge National Lahoratory, ransportation Energy Data. Book Edition 13, March 1993.
87 Department of Energy, Energy Information Administration, 5@9 g_'gg Demand §urvg, May 1993.,
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