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- 
NEMS TRANSPORTATIONSECTOR MODEL 

’ .  

4. ’INTRODUCTION 
I .  

. -. 
’ -  . . . .  .- I 

. .  
. .  

. ,  

Statement of Purpose . 

, ’ 
I .  ; . .  

This report documeqts‘the obj&ves, analytical approach and development of the W a t i o d  Energy : 
Modeling System (NEMS).Tqortation Model I ,  0, The report catalogues and describes the 
model’as&mptions, computational methodology, parknetef &?ion techniques, model sour& 
cqde, ,mdlforecast resulk generated . .  by the model. ’. 

This document serves three purposes. First, it is’a refkence document providing a detailed 
d,&cription of TRAN for model analysts, uselk, and&e public: Second, this repok‘ meek the leg@ 
requirements-of the Energy Infokation A-tion @IA) to pro+ide adeq&e .documentation 

. support of its statistid and forecast reports (IpubZic Law 93-275,’ $57(b)(l)). &&‘it permits. 

* .  

., 

continuity in model development by providing documentation. eom%+cli 
undertake model enhancements, data.updates, and parameter refinements. . . 

Model Summary ., 

. .  

mergy.dy!a can 

. 

. .  

The NEMS Transportation Model comprises a skries of seini-independent models which address 
dBerent*aspe& of the transportation sector. The primary purpose of this model is to provide Ad- 
term forecasts of transportation energy, demand by %el type including,. but not lkited 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. Fore&ists.are generated&oughthe separate considerationof energy consumption within 

- 

the.various modes of transport, including: private &d fleet light-duty vehicles; aircraf$ marine, rail, ‘ 
and truck fkeight; and various ,mo.des with minor overall impacts, ‘such as mass k i t  and . ‘ 

recreational boating. This approach is usefui in bsessing.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 geherated in order to 

* 1  

. ,  , .  

, ’  . 
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. . . .  _ -  
'. . . 

. . .  
. .  

. -  
-det&e energy' c o F & o n .  These elemen? in6lude -.  estimates . . ,  of . passenger travel demapd by , * 

. akomobile, ait, or mass transit; estimates of , .  the efficiency y4t.h which that demand.is me; . 
projeckons of vehicle stocks and the penelration of,new technologies; and estimates of the demand I * 

. for freight transport whkh are li;lked to forecasts of @dkdrial.output. ' Following'the estimation of ' 

. energy demaid, 'TRAN produces forecasts of vehicular emissions :df :the'-following - .  airborne 
' . pollutants by source: oxides of sulfur, oxides of nitrogen, total carbon, carbon dioxide, carbon 

. .  

. .  

$ I- ' 

monoxide, and volatileorganic . ,  &mpounds. . 
. I .  - 
. .  
. ,- 

. .. 

. .  
- . .  

. -  
.~ . .  

Model Structure . . .-. . 
. . . .  

i . 
. *  

transportation sector encompasses . I  a v&iety of v&ular modes which, .+ general,,'bear little 
. physical resembland to I _  &h'oth&, , I  save for their intended purpose . .  of conveying.piseng&s . .  or 

. .  

.. 
freight. Consequently, these,modes are adeessed in s.eparate modules whose interrelationship is 
tenuous, at be& Transportation sector energy c o h p t i o n  is the sui-of energy , I  consumption 

' * 

' 

f o e  genekit& within each ofthese modules. * -  Eachmodule, in turn, may coxnpr&e more 
one spbmodel; co&stent with the methodolo&cal require,ments ofthe .. sector, and cornmemyate 
with the relative impact the . .  sect& has on overall transportation demaqd; ?'he NEMS .Transportation ' ' 

Model'consists ofthe. following seven modules:' Light-Duty Vehicle; LightDuty Stock, Light Duty 
Fleet, Air T&el; Freight Transport, Misqellanq& Transpo*. k d  EAsions., The components . I  of 

I .  

. ,  
these modules are briefly described in turn below. ,. ' A  I 

. -  < . .; 
, . .  . . .  .- . 

. ,  , -  

Light-Duty Vehicle ( L D ~  Module. . .  ; I . . ,- 
,' 

. .  . .. 
, .  

, *  

,. . 
The LDV Module is the -most extensive of the . moddes'in . . .  TRAN, o&g to - .  :the overwhelming 

. mntributionof k m o b i l e  I .  and light-truck * . ,  use to tokl transpo&on energy 'demand. Forecask of 
stocks a d  efficiendes of cars and light trucks &e generated, disaggregated- by vehicle size cl&s, 

' 

. a  

- ' vintage, and e n a e  technology, using the folloiiring submodels. . . 
, .  

. 
. .  .Fuel Economy Model (FEM) ' . 

. The Fuel -nomy Model uses kstimates of h e ~ f u e l  prices, &nom& conditions; and the'ixipact 
of legislative mandates to forecast.the economic&&ket share of.nunierous automotive technoloses ' 

wi& seven vehicle s& classes, and the cokequent impact on stock fuel efficiency . I  . of new 
uehicles. ' The results are subsquently used as inputs to other components of the Transportation 
Model. .. . 

* .  . .  
. .  . . .  . -  

2- 
En& information Adminbtration 

NEhlS Transportation Demand Model Documentation Report 

,. I 



, I  

, I . .  

' I  

I 
. ' j '  . ,  

I .  

. \  
. - .. . - .  

Regional Sales Model (RSM) . . .I '. 

.The Re@onal.Sales Uodel is a simple @aun&g mechaniq which uSes exogenous . .  estimates of 
. ~ new car and light truck sales, and the &mlts.of . .  the E M  to produce estiniates of r e G o d  sides and 

characteri$ics . .  of light duty yehicles, which are-then passed . -  to the Light Duty Stock Model. . . 
. -  .. 

.. I .  . .  
Alfemafive, Fuel Vehicle (Am Model 
The Alternative Fuel Vehicle Model usesestimates of new c& fuel. efficiency, obtained fiom the 

' . FEM, and fuel price estimates generated ' I  byNEMS to generate akke t  shares of each considered' 
. technology, well as the overall - .  market penetratiop of alternative fuel vehicles. This model is 

&eM bo& qsess the p e n e o n  of AFV's and to allow analysis of policies that might imp&t this 

' 

* .  . 
penetration. . I '  ..' . 

. .  
. .  . . .  

' Light-Duty 'Vehicle Stock Module - 

. '- 
I .  . .  

I' LDVSfockAccounfing Model' 
The LDV Stock .Accounting Model takes sales agd efficiency esfimates for new cars adlight trucks 

,, ' ' , fiom the LDV and LDv Fleet Modules, determines the number of A m e n t s  of older vehicles and 
dditionS of fleet vehicles, &d r& e&s of the nwber Ad chara&ristics 1 .  ofsurviving . ' ,  
vehicles. ' . - '  

/ I  

. ,  . Vehicle-Mil& Traveled'(V1MlJ Model .'- ' 

The VMT Model is the'travel demand'component of the LDV Stock Modde which des:NEMS 
. ' estimates of&lprice andpersonal in~me,~alongwithpopulatidnprojectio~, to gene= aforecast 

, ,of thedemand for pekonal &vel. This subsequently combined with 'forecads of automotive stock 
efficiency $0 ektimate fuel consumption by the existing stock of light duty vehicles. 

. .  1 : , .  

\ 

' 'Light-Duty Vehicle Fleet Module - .  
, "lie Light-Duty Vehicle Fleet Module gen&sestimates of the stock of c q  and light truck used * 

in business, government, and utility fleets. The model also estimatks travel demand., fuel efficiency, 
. and energy consumption by these fleet vehicles prior to their h i t i o n  to the private sector at , 

.. . predetermined vintages. - .  

! Energy Information Adminlstr;ltlon . - 
NEW Transportation Demand Model DocumentatSon Report 
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. .  . .  

.. 

. -  

. .  

9 

. .  
I . .  

Air Travel Module : . . . .  
' .  . . .  I . . -  

I '  

"lie & travel component of the NEMS Tmortation,Model cqmprises , .  two separate submodels: 
the .Air Travel'Demahd Model and'the Air& Fleet Efficiency . , .  Model.. , These models use NEMS 
forecasts of fuel pn&, macrqmnomic4~tivity, and population growth, as well as as&mptio& about 
aircraff retirement rates and technological hprovem&F .. I to 'generate forecz@ts of passenger imd 
freight t r a v e l ' d e ~ d  and the'cbnsequent fuel , .  Cohsumpti'on. . 

Air T&vel Demand Model 

' I 

" 

I *  

. .  - . .  . I 

. .  . ,  I 

. .  . .  i .' 
, .  

I ,  

~. '. ' 

The& Tr;ivelDem&d . -  Model prod&& f o r m .  of passeng&r - .  travel demand, eq&ed in rev&ue * 

passenger-des (RPM);and &ceight demand, measurkd in revenue-toN miles @'I'M). These&e 
* 

. combined ii~b. a shigle d e k d  for qvailable . . -  s&t-miles (ASM), and passed to the Aircraft Fleet 
.Efficiency Model, which adjusts aircraft $oCh in order-to meet that demand. ~ 

. 1 -  :. . . 

, .  .' .* , . .  
I .  .. . ', 

- .  . _  . 8  
. I  

' .Aircrait Fleet Efficiency Model (AFEM) . ' 

The Air& Fleet Efficiency Model & a structured~counting mechanism which, Abjectto us?- 

to meet the-demand. generated i ' the  preceding model.' ,This model also e&& air,~* fleet 
. . eEciency&&g a weightedaverage'ofthe I . .  charactersticsof &vin$&& andthose.acquired . '  * ' ,  ; . a 

. < .  
specified p@&rs; provjdes estimates of the number of narrow- w d  &de-body&& required * .  

. -  

- .  
- , . .  

. ,  
Freight Transport Module . 

. .  , .  . .  
I .  

' The-Ffeight Tmnspoh Module uses NE& forecgstspf red fuel prices, trade indices, ind selected . , .. 
industries' output from the 'Krfdeconomic Model to estirpate , -  travel. demand. and ' energy 
&&pion in each of ' .  three'primary fkight modes: truck, rail, &d .m8iine. Thii'component also 

-of modal efficiency growth, driven by-assumptions about systemic improvements .* , provides estimates 
I ,  

and modulated by fuel price.forecasts. .' ... . ' ' . ; 
' . .  

. .  
I .  - 1  

I .  

, ,  

. .  - : 
, I. 

, . I  
f 

, .  . I , _  
Miscellaneous Energy Use .Module . ' 

, ' : _ .  
- .  

The ?discell-us E&gy Use Module addresses transportation-related energy d h d s  which can 
1 

, *  
. _  

1 .  

a .  , 

. .  ' . Energy Information Adminktiition - 
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.. 
. I  

I .  

- . .  . ,  

not readily be allocated to,any of the preceding modulek These jnclude: military fuel. consuriilption, 
mass transit, recreational hoating, and automotivelubecants.' 

. .  
. .  

1 

, 
, .  Vehicle Emissions Module 

. .  
The Vehicle Emissions Modulereceives. estimates of energy consumption, by mode, fiom all of the 

.- , 

, .  

- . .  
preceding,modd&; and c a l c h  vehicular emissions basdon both the g i x  of  vehicle te&nologies 

,*- 

. -  * ' utiliikd over time,.and @e, age distribution .of these vehicles: ' * .. 
. .  ,, .. . . .  I .  

. .  . .  
, .  . .. . , . .  

. .  

Model Archival -Citation 
,. : r  

. .  
. I  

i* , . 

Archived as, part ofthe NEMS production rpns for the Aknual Energy Outloqk 1994. 
I . .  1 

I '  

2 .  
,. . .  

. .  - .  . .  . ,  Report Organization _ , '  

Chaptkr 2 ofthis report  discuss^ the p h s e  oflhe'Transpo&on Model, de-g its objedves; . 
primary ,inpit ana output quantifies, and the relationship of TRAN to the 'other modules df the . 

NEMS system. In Chpter 3, each of the cbnstituek modulesis addressed i6 detail, describhig the 
Ationale behind the module's'design. Wh& appropriate, dtexnative meulodological approaches to. 
the issues raised in each module q e  presented, thus perinitting 'a ready comparison k@ the 
approaches chosen for NEMS.. &h module's structure is then presented ih detail, ill&ting model 
flows and key computations. Chapter 4 provides an o v k e w  of the principal assumptions employed 

. .  . . .  
, .  . I  

. 
* 

. .  I 

I : * 

. .  . .  in constructing the Transportation Model. . I  . 
, .  .- r 

. '  
The Appendices to this report provide micro level d W .  as supposing documenkion . .  for the & . 
iXes cyrently residing on the EIA m e :  -Appendix Ahsts and defines the input &ta used to-' 
generate parameter e h t e s '  and endogenous forecasts' f iom "RAN, dongwith the parameter 
estimates and the outputs of most relevance to the NEMS system and the model evkuation process. 
Appendix B' cohtains amathematical description,of the computational algorithms. used in TRAN, 
induding model equations and variable khsfomations. Appendix C is a bibliography of reference % .  

materials used in the development process. Appendix D co&ists of a model ab&act. Appendix E 
discusses' data quality and es!imation methods. Appendix F contains anumber of @achments which . 

. ' 

I *  . 
. .  
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. .  . .  1 .  

. / - '  . I  . .  

are meant to proyide hi@ &to the hiiorick developnient ofthe NEMS TranSpoaation Sector ' 
Model. Finally, Appendk,G comprises &o reports Fed in ;he development of the Fuel Economy 
Model.. 

, , 

* .  
- 1  . , .  

. .  ~ S .  

I .  Volume. 11 of this report documk;lts technicd detail on model data &d equations' grid sensitivity I .  

.~ 
.. . analysis and scenario output. in suppoit of the documentation of model pdormance, , ' 

. . .  . ,  
, .  . .  

. , '  
. .  . .  . -  

I .  

. .  
\ 

I 
' .  , 

I .  

. .  
' \  . 

. .  . , , I  
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2. MODELPURPOSE.AND’SCOPE : . 

. .  
I .  

* ,. 

. .  . Objectives ’ . . .  

The development of the NEMS Transportation Model has achievd four objectives. First, it proyides 

a policy-sensitive represeptation , . .  ofthe . .tmq+rtation sector within NEMS. Siiond-it geieraks 
I .  ‘ * mid- to lmg-&in forecasts (ten to twenty years) of transportation enerm~.demind at the census 

, I ,  division level -%I ,kpport of the development of the AnnhZ Energy OutZuok (bo). Third, it 
kqkases the level of disaggkgation . .  provided in previous transportation‘ models, and fourth, it 
incbrporates endogenous forecasts ofthe effects of tec&ological innovation and vehicle choice,: 

a .  * .  , .  . .  

7 .  

. . -  
, .. . 1  . .. 

. % .  . /  . .  - 
. .  

Model Oveyiew e .  

.~ . .  . :. t ,  ’ 
* 

The Tknsportation Model is a loosely-knit group of iabmodules which are sequentially executed 
in aseries of pro* calls. The flow of information between these modules is depicted in Figure 
2-1.. The model receives inputs fkoi NEMS, principally the form of bel. prices, %chicle sales, 
economicand demographic indicators,;and estimates of defehse spending. These inputs are 

. .  ’ 

. .  - .  
described in beat& detail& the foiowing section. 

I .  ’ 
.. . 

. I  

- .  

* The first modde. executed * I  is ‘the ’Light Duty Vehicle @DV) Module, which addresses .the 
characteristics of new cars z@d light trucks. This module comprises a s&es of submodels &which 

’ provide estimates ofnew LDV he1 economy, the market shares of d&tive fuel vehicles, i d  sales 
. of vehicles to fleets; -This M o d o n  k passed to the LDV Fl&t Module, a stock Ataging model 
which generates estimates of -<el demand, fie1 efficiency, and energy consumption by business, 

’ government, and ,uf.ility fleets. The LDV Fleet Module subsequently passes e&tes of vehicle; 
W e i r e d  fiom fleet to private service to the LDV Stock Module; whicx also receives estimates of 
new LDV sales and’fiel efficiency from the‘LDV Module. The LDV Stock Moduie generates 
driving, fueleconomy, andtbel COflSUmPfiOTl est&ates of the entire e c k ,  of those light duty vehicles 

’ which are not Owned b i  fleets. J.&ormation.fiom the LDV’ Stock Module is subsequently passed to ’ 

. f .  

. ,~ 

. .  

’ 

, 
, I  

the Miscellmeous Enere Use Module. . .  
, .  

’The Air Travel, Module’ receives-macroeconoqlic i d  demographic input fkom NEMS, inclueg jet 
fuel prices, population, per capita GDP, disposable income and merchandise. expork, and 

i , 

. ,  
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L . . .  ' .  

. ,  

subsequently uses & ecbnometric estimation to d e t e k e  the level of travel demand and a stock' 
.vintagingmodel. . -  to d e e e  the S , h  and charactestics.of &e &&.fleet required to meet that 
demand, The out&t of th&module &o includes.&estimate.of the demand forjet fuel imd aviation 
gasolirie,.which is subsequently passed to'the Miscellaneous Ener& Use Module: The Freigh 
Transport Module uses WMS forecasts of r d  fie1 p.ri'ces, tirlde.&dices, apd selected industries' 
outpa to e&, travel - .  demand and energy cbnsumpption & eachofthree primary fkeightmodes: 
tn;ck, hil; and d e .  Travel a d  fuel de&d e&ts &e &bsequentIy paged. to the 

. .  

. .  . .  
'. I .  

. ,  
Miscellatie&Energy Use.Module. . , ' . .  

. .  
1 . .  

. I .  

. I  . .  
The-Miscel@eous Energy Use Module'meives estimates of m%&y expendi%es . .  fiom NEMS to 
giemte military fuel d h d  . ,  A s ; t r a v e l  . , demand estimais fiom the LDV-Stock Module and 
fuel efficiency e w t e s  from the Freight Transport Module &e used b &culate regiod f i ~ l  
c0nSlrmI;tioaby-s transit vehiclis; +imatei,bfdisposable persgi incomifiom ~ ~ ~ s a r c i  usd ~ 

to dculab the d k d  for fuel used in +o& boating; and the aggregate demand for high+y 
.&vel, obtained-fkom thepreced&gm~dul& i s  used to estimate the demand for lubricants used in 

, 

transportation. Fhdly, the ksions.Module uses estimates of travel demand and fuel consumption 
-Eom all the preceding m+ules to determine &eprodu&on'of a&bo&e pouutants. . . , , , . ' 

' , I  
I . -  . . .  

I .  , . I  I- ,. . 

. -  

. '. . .  , , .  . 

- The . ,  Tramportation Model then s y d s  information'on r & o d  fuel consumbtio6,  vel de&& fuel.' 
economy, &d emissions by transpoh moke a&vehicle type back to NEMS, wheie if is integrated * , 

I /  

. with the r e d &  ofthe economic and sbpply models. . i .  

. .  . .  * .  

In order to genmte forecaists, the Transportgtion Model .r&ives a variety,of exogkok inputs' fiom 
other NEMS modules.' Theprkary souice o f  these hputsis] the Macroeconomic Mode1,:which 
.provides I .  forecasts of ecbnoniic and demogxaphic.kdicatori~ . .  .other hgmtsexogenous to TRAN, but 

. 

. '  
I 

endogenous to NEMS' -, . include fuel.priCes forecasts from the various supply models, A complete 
Eshg  of NEMS inp@ to T k N  is proVided.in.the ,&tble below. 

A, large number of data inp& Lexogenous.to NEMS are .: applied to &e TRAN modules described . 
mve. These data sets remain ?nitant throughdut the forecast, 

* .  1 ,  

. . .  _ .  

to that extent, c0nstitute.a set 
I .  . , .  . .  

of assumptions &out c-t and future &nditions. A comprehensive list of these invariant inputs, 
under .the classification "a inputs", is provided in Table A-1 of Appenk A. . 

8 

. ~, 

\ .  
. .  I .  . ,  I '  ' 
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t Table 2-1. Inpub to TRAN fiom Other NEMS Models . , I ' . - .  

. I  NEMS Supply Models: Prim' 
. )  

' Oil&* PetrolebMarketing Renewables ElectricityMarket . 

0 LPG ' 0 MotorGasoline 
- 

.Ethanol . * EIectri~ity- 
0 CNG . . D i s t i l l a t e . .  , 

. .  Residual Fuel Oil 
, 0 Methanol'. , .  . .  . 

0 JetFuel . .. . . 
. . .  .Aviation Gasoline 

. .  . .  
. . _  

/ .  
. - .  . .  

, '  

, c  

NEMS Macro Model: 
Economic and 

' I 

. .  
.. 

. .  
I .  

Demographic Indicators 

0 Merchandise ,hports 
0 Merchandise Exparts 
0 Gross Domestic Product 

0 GDP Deflator 
0. Disposable Income 

0 U.S. Population over 16 
o U.S. Popdation over 60 
0 Industrial Ontput by SIC 

0 Defense Spending 

(GDP), 

U.S. Population 

code' * 

'The Light Duty Vehicle Module; witheits humeroug submodels, requires the 1argest.nmbk; of. 
exogenous hp-. In the Fuel Economy ,Model; these &p& kclude the characteristics of the 
considered 'automotive 'technologies, such as thek effects on vehicle horsepower, weight, 'fuel 
efficiency, and price. Vehicle cham&mt~ 'cs in the AFV Model are similarly obtained, with vehicle 
:price, range, emissions levels, a d  relative efficiency being read3i from an extend data file.. 

' . ' 
1 

. .  

The LDV Stock Module uses vintagedependent consputs such as vehicle survival and relative 
driving rates, and fuei economy degradationfhctors to obtain estimates of cock efficiency. ' 

t 

. . .  
: -  . .  

The. Air Travel Module receives exogenous estimates .of aircraft load factors, new technology -. , . 
'characteristics, and aircraft specificatioxp which detenke the average'number of available seat-. 
miles &h plane will supply ina year; The Freight Module re'ceives exogenous e k e s  of freight 
Ltekity and modal shares. FinaIly;tEie, Emksions Module is supplied a set of coefficients which 
associate enkgy use by. vehicle and fuel type yith the cbnsequent e&sions of each of the six 

. . .  

. . .  
I < . -  - .  airborne pollutants . .  considered by the model. . ~, - 

Eakh submodel performs calcdatioxk at a level of disaggregation commensurat&with the nature of. ,. . . 
the mode of transport, the quality 'ofthe input data and the level of detail required in the output. For. 
example, the FEM addresses seven size classes of car and light truck, 'while the Stock Module 
consideis six separateclasses, and the AFV Model only three. The Transportation Model maps the . 

, -  
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I .  

. .  
. .  . *  

I .  . .  . , .  ' ,  
outpg of each-submodel into. variables. ofthe appropriate dimension forwe ixs subsequent steps. 

... - 

-' pr&uy.dime+ions across which key variables vary "&INp are. discussed , I  in the .individual 
. .  moduledescriptions in the followjng section. I .  

. .  1 .  . .  , .  . .  

As .described previously,, the Tqor t a t ion  Model 'produces; \forecasts' of &vel demhnd, 
. .  

. .  

. .  

. Due to @e l&k of a d o r m  stratification scheme among the various transportation sectors, the ' 

' .  

. . disaggregated by. census division, vehicle' and' fuel' type; conventional and alternative vehicle 
. _ I  

- techology .choice;-vehicle . stock . .  Ad efficiency; energy demand, by' vehicle and' fuel - .  *type; and * . 

. . imiisi0.q of specisc airtmrne pollufants: W ~ N E M S ,  m-hai . .  im &ter+tive re~zitions~~p with '. , . . . - .  . 
' ' . 

. 
the Macroeconomic. Mkdule. and the various , .  .supply.. modules; which provide the.p&s of 
lmqmrtalion~related fuels at a giv& lkvel of demani In&h year of the forem&, NEMSp&om$ 
several . 1 .  i k r a t i o ~  inorder to derive aset of fuel prices &derwhichsupply and d e e d  converge..' 
.The relian& of ezich'of the'kbmodels in TRAN on these economic i d  price inp- is made c l i i  
kith the detailed iode1 ipecifications @the follo%ng.sectiop.'. ' 

* 

' 
- I .  

. .  . .  

. .  
. 

. .  
. .  

. >  
, I 

- ,  
. . .  . .  

. ,  ,. 
.. I . . .  

. .  . .  
/ 

, . .I 

. .  . -  : .. . 
.. 

. .  1 .  . .  
. ,  . .  

I .  

.' 
. .  

. .  . .  
, .  

, '  
. *  

~( 

.. . . . .  . . .  
. .  - .  . .  

. .  . .  - ,  

. .  
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Figure. 
I' 

2-1. N E k S  and thk NEMS Teportation Sector Model. . 

NATIONAL ENERGY MODELING SYSTEM . .  - 
Mem Model InDlbg; Transw&@n Model O&u& 

economic and d e w  Vahiibmm travdsd, fuel 
graphic-, samomias and Mlissions'by 

Nawwhii sales. Regional fuel consumption, 

defunsespending transport,mode 8 whiie lype 

, 
NEMS TRANSPORTATION MODEL 

. .  
fuel consumption 
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.. . . .  
. . .  

I -  

, 3. .'MODEL RATIONALE AND STRUCTURE: _ _  
. .  

As desciibed above, the NEMS Transportation Model is made up of an array of separate modules, 
each addressing different aspects of the transportation field. hi order.to.proide a consistent and. 
lucid presentation -of TRAN, @h.of eese modules are discussed sep&teiy; where appropride, 
indi'dual module componenti are. separately .considered. Each . . I  section describes the geneid. 
theoretical approach to the issue at hand, the -assymptions' d i c h  .were incorporzded 'in the-. 

I ,  

. .  

.. 

. .  . 

development of the .model, the. methodology :employ'ed in predecessor models, and dtenktive I 

approaches which were &sidered. , ' 

. ,  * .  

, .  - - .  
. .  

The key computations and equations of each module are then presented, in order to provide a 
' comprehensive overview of the Transpodon Model. The. eqkitions follow the logic of the 

. 

, 

FORTRAN source code very closely td fhditate an understanding of the k d e  and its &cture: * In 
several b c e s ,  a vari&ie nanie T$I appear on both sides of an equation. This is a FORTRdN 
'programining device that allows a previouscalculation to'be updated (for example, multipbed by . . . - .  . . .  . 8 . .  . .  ' a factor) .and re-stored under the same variable &me. . 

* Flowcharts are provided both within the text and &the end of &h section. Those embedded wii 
' 'the "Model. Stru-e" portio& of the 'expla&ory text give a general ove;.\riew of each Module's ' ,: .. 
, Fcture, its ihteraqtions ivith oth& Modules within TRAN, and its &pG requirements from other . 

NEMS Models. Flowcharts found at' the end of each section are intended.to be detailed, self" . 
confained representations of Module .calculations. .,'&us,- fo;.the sake of clarity, origins' and I - 
de&tions ofexternal infohnation flows are not spec@'&.-.- 

1 8~ / *  , .- I 

. .  

. .: . 
?. 

. .  , .  . .  
' The various appendices foliowing this section provide,additional informaton on the :model. 

development process, including.background- research which conkibuted to the'quantification of the , 

various relationships Vukncing mbael outpi. 'e . 
, 1 .  . .. - .  

. -  .~ . 

. .  

. -  

I 
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I .  

- . .  
. . .  3A. Light Duty Vehkie Module I ' 

This module tracks the purchases and retirements of cars and light trucks, forecasts their fuel 

, d m s l d  The LDV Module is divided into three separate sections: the FuelEconomy Model, the 
' , , Lgional Sales Model, and the Altemkive Fuel Vehicle Model. Due to the d@brhgmethodologi*cal 

. .  
1- 

' 

efficiency, and estimates the . I  consumption of a variety of fueIs, 'based on projections of &vel ' I 

approaches and dag requireme&, *each section 'is presented individualIy. 
. -  , .  1 . .  

. .  

3A-1. Fuel Economy Model ' ,, 

, .  . -  
q e  'Fuel Economy I. Model, is a subcomponent'of . -  the Light Duty Vehicle segment of.the 
&EMS Transportation Midel. FEM produces estimates of ne7 light duty vehicle fiel efficiency 
whichare then used k inputs to other Wponents of the Transportation Model, . .  

- .  . .  
, -  . .  . .. 

. .  . RATIONALE I -  

- The FEM is .a significant component of-the,Transportation'Model because the demand'for 
automotive fiel 'is. directly 'affected by the .efficiency wi& which that fbei is used. Due t o  the 
dispaiate charact&istics .of the various classes of .&ht,:duty vehicle, this model addresses the .* 

dommercial viabiliv-of to sixty-one separate te&nologies within each of fourteen vehicle market 
cihses, four corpci~te aGerage fie1 economy (CAFE) grbups,'and thirteen fie1 types. The seyen 
automobile market-classes incl$e five classes based on,inteGor passenger volume, ranging &om 

. llminicompact'l to "large", and classes for llsportsi' and "Iuxury" cars. The seven classes of light truck . 
are based mainly on utility and'intertia weight and include vans, pickups, d t y  vehicles'and'mini- 
trucks. Market classes for automobiles and li'ght trucks are described in.more d e w  Appendix A, 
'Table A-2. The four groups for which CAFE standards &e set &e: Domestic Cars, @portcars, 

. I 

I .  

Domestic Tmcks, and Import Trucks. :. . -  
.. . .  

.. . 
The fie1 economy ofthe fleet of new vehicles'can change as .a result offour.factors: 

1) .. 
I .  

. ,  , ,  

A change'in technological characti&&cs of each vehicle 
.2) 
3) 

-. A change in the level of acceleration perfsrniance ofvehicles- , . . 
' A change in the miir of vehicle classes sold . 

.4) ., 

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

A change in vehicle saftety and emission standards. 
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. !  

. .  I .  . .  .- . ' 

. . . I_- 
. .  . . * .  

, i 
, -  . .  I .  . .  .. 

, 
I *  . .  

. .  .. .. . 
. .  , .  . - , - ,  . .  

. . ' I  . '  .. 
. .  

. I  . - -  
* '  .technological ch ter i s t ics  of m. Except,for the period,j&mdiately.following the second oil 

shock of 1979, the vehic1e:cIais &ix has not had.a very iarge'effect on fuel'economy . I  since the I& 
changes have not beenlarge. In the l@ five years, rapidly hicrea&g~pedormance levels have had . ' 

. .  , .  . . ,  
. 

I. 

- I  ' 
, a ' s i p i f i m t  impact onfi&i&p&y; . ' . . . 

The FA18 Econoiy. Model .developed' for B@MS considers, each'of-the first :&ee &ors when 
projecting f ~ e l  edqnomy.i+the h e .  $0 foreMst~hnolo~cal change, the &&e fleet ofriew cars 
$nd;light.duty trucks arcidisaggregated -. @to fourti& . I  &ket classes (seven each for . I  c$rs and light 
trucks) that are FIatively-homogenob.in , \  kz& of consuker perceived &ribdes such &,size; price . 

qdutility: . .  Technological&qxov&ents~t~ each of these m&ket classes . .  are thenforecast based on.' . 
the availabqty ofnew techologies to &prove fue1,economy' * .  ,qs well,= their -. cok effectiveness- 

. under bo user-specified. al&rnative scesos.  . "rae central assumptions , igvolved ' ih- this . 

. .  
. \ .  , . .., 

. . *  . .. 

4 -  . .  . .  1 ~' 

, , I  I 

.~ tec&&ogical fbrecait\aie ai-foll&s: . .  "~ . ..  
. .  - .  . .  

.1) . .  ' . AU manufacturers cag .ob& the same'benefiti from a given. t&hology,:provided ' ', 

. : they have ,aiiqiate. 14. time (i.k., no techqoltigy is proprietary -to .a given . 
I .  

. .  . . - \  

. .  . . qanufiictwer @ the long teiin);: :. , .  
' 8 .  

. .  . .  ,. . . .  

2) : . Manuf-ers. d . k e n e d i a i o p t  technological'imirovements that are pkeivedct 
' as. &st+ffe&ve to the consumer, even without , .. any replatoiy pressure. However, 

.the t i  cost-iffectivineii needsto be'interpreted ii; the:muiiacturer's , .  context. . . ' , 
. ,  . I  

. .  . a 
. .  

8 I .  ~ 

\ -I  . .  . . .  . . . .  

. . .  These.forecasts also account'f6.r: fzlslIlllfacturef lead time &d tooling cofistraints that limit the rate 
I .  

' of increase in the niarket penetration of new . technologies. . i ;Users of the model . ,  'are able to specify one ' ' 
of tuio scenarios und& which these fore,casts &e made.' 'The..first, identified as the 'jstandard 

' .Technology SCe@o", pe@& the co&ideration . (  of fifty-six' automotive technologies. whose 
.availability k d  co&effectiveness ke i ther  . .  weil-doc&ented or conse&atively . e d e d .  . The, ' ' , . 

' second, identified as the Wigh Technology Scenario", augments the Standard Scenario ivith five 
addiod technologies, and modifies selected, characteristics ofthe, original &e. to render a more . I .  . ' 

optimistic .assesment of the &st' and availabZty.'of &@nological, improvements. All' of the 
.cogsidered technologi& &d their a&ciated . .  chamten& . .cs qre tabdated in Appendix A.. ,Based on ' 

. - . .  
I 

, , 

1 .  

. 

. the technological i@provements adopted, a fuel ewnomy for&ast*esuming coistant performance 
' is developed for &$h of the , marketclakesl t. I 

m e  fie1 economy for- must then be adjusted to , .  e u n t  for changFs in consumer preferenke for I 
performance: . ~ e  demand.for &creased acceleration performance for each size class is estimated., * .  
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. .  

. .  

. ,  I .  . .  
- .  

. .  

.. 

.. .' ' . ,  

based on an &nometric equation relating'fuel pnces and personal disposable in&me.to demand for 
performance or horsepow&, bymqrket.clds: "&is rklationship iskedto forecast &e change in 
horsepower, which is 'then used to forecast the' change iq fuel economy through @ engineering 
relationship that. links perfoqa&e and fuel economy. 

Finally,>&e change in the b ix  ofmiirket classes . .  sold-is fore& & a function of fixelpick and 
personal disposable income only.ycf i$ docAented in AppendkE, page E-l., of this report. The 
salesmixbyclassisused~calculate~~tfueleconomy~The~nometricmode~~~erivedfrom ~ . *  

.regression analysis of historical&les rdix dsfa overthe 1978-1990,pkriod.. The model for&& sales 
mix for the 7 car classes and the 7 light truck classes, while imiort market shares are held at 'fixed 

. . . 

, .  . .  
I .  

. .  I .  

. .  . ' e .  ~ I .  . , I  

' ,  . 

. 

values by market class based onEEA estimates.' , . - ' . I  . 
c 

I I 

. ' .  . 

The model also allows*spec%cation~ofCoIporate I .  Average Fuel Economy ( C h )  standards by y,m, 
and of differential &dards for domesticand import vehicles; ai well as the'penalty (&.dollars) per 
car per mile per gallon below the'standard. .The standarh are accounted for in the forecast by' 
iricorpOrating / .  the penalty into the technology est-effkctiveness calculation. Hence, ifthe penalty 
is not large, the model assumes that mak%c$rers will adopt fixel-sav&g techology& long as it 8 1- * *  

* is cost-effective;. that is, until, the p o h  where it becomes. .. cheaper.to pay the penalty for 
noncompliance. Thk, the model . .  allows companies to choose noxiampliance with CAFE-standards 
'as a coit-mi&+zing stp~tegy, as may occur ifpenalties are set at unrealistic levels relative to the 
ciifficulty ofachieving the CAFE stahdards. . . 

Finally, the model also ac&unts for all known safety and emission standard changes during the 
forecast period. These are generally limitd to the 1990-2005 time -e, however. Emission 
stan+rds Ad safety&&ds incfease vehicle weight, . I  &din some cases d e w e  engine efficiency.' 
The model accounts for the 1994 Tier'I e h s i o n  &dards as well as the 20014- Tier 11 emission 
standards,'.but does nqt envisage that. the :California "Low Emission Vehicle" standards will be 1 
adopted &onide. Saety standards &&de fuel economy penalties for air bags,side intrusion &do . . 
roof crush (rollover) strength requirtiments that are ma&itory over the next ten y&. Separateiy, ' 
anti-skid brakes q e  assumed to be &corporated in all vehicles, although they are notrequired by 
law. 

' : 
' 

. 
. .  

. .  

- 

.-  
I .  

. .  
.. .- 

. .  , .  

. .  . .  
' 

* .  ' 

I 

, .  

' 

, . '  

, .  ,~ . 
* .  

. . .  

, e  - 
. .  

A LTERNA TIVE SPECIFICA TIONS' . . . .  
The methodology described is implemented / h the Fuel Economy Model (FEW which bdds from' ' 
the earlier Technology/Cost Segment Model (TCSM) which was developed for the Department of 

, ,  . .  
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8 .  . .  . .  

'' Energy. The &My however, has t& changes relative to the TCSM, as' detailed below:/ 

. '  

. ,  

The FEM forecast aggegates all manufacturers by domestic ,and +port+while the 
TCSM fore& fuel economy'by m&uf!actmq:for all domestic b d  several select , 

. 

. -  
. . I  . 

. '  importmaIiufactur& . . 
, .  ., . C . .  

' . ~ The.FEM techniogy data is more recently updated, &d captkes technologies that 
.. ... .,' could be available ovei d e  next 4O.y&, &ereas the TCSM incorporates onlynear 
. .  

2) 
. _  . .  . ; .termtechnologydata. . . 1  1 . 

. I  

.I _. ' . . %  
.~ . .  . .  I .  

, . -  . .  . .  

P;S a result dfitslinger term focus, the FEM a more sophisticated technology adoption: 
.: and market pen.&ration calculation 4gorithm than the oneincqorated h'the TCSM. The adoption 
'algorithm acc&ts for real world effects when cost-ineffective &hologies &e introduced in luxury 

I ,  

I .  

cars for image'.& fir pefio-ce rwons. . .  
, .  

. .  
~ _ _ .  . . .  

' I  
The fore& are calculated &.the most disaggregate'level . .  of m&uhcturer type (dome$ic/ import), 
vehicle type (carflight puck) and market class., -Cars &d light trucks tire each separated into. seven 

.. inarket classes.' EachGket class rqresenti.& aggregation of.vehicle models that afe. similar . . in ._ 
' size and prik, and &perceived by donsumers.to offer'&ilar'akibutes. The cla&s itre similar 

. to the EPA .s& clyses except for the addition of sports i d  1- classes that are not defined on 
' . the basis of interior volume. In addition, the clakes here are based on passenger volGe, 
. not passenger and trunk volume as per EP&which r e d t s  insome htchback models'differing in, 

classification. TFck claSsifkition is esseflti'ally identical to the EPA'classificatioA This leads to 
. a totalof 28 possible classes (7:c]asses X 2vehicle.types x 2 mhyfacturer types), but somehave no , 

:vehiclgs;e.g., thekate no domestic minicompact &. The net result is 22 dikerent clkses which ' 

, .  

. .  

I -, . .  . .I . . .  
. e  

* .  
- .  are individually forecast to 2030. 

. .  
. I  

. .  
, I .  

. .  . ,  
s \  .: \ . .  . .  .. . . -  

. .  I : . .  MODEL STRUCTURE . . . I  

The .Fuel Economy Model @M) wes a straight5oiward'algorithm . .  to forecast fuel.economy by 
-. vehicle class. ,FEM begins with a bqeline, deschbing the fuel economy, weigh; horsepower and , 

piice for ea&h vehicle class'& 1990: In each f o r e  period, the model identifies't&hnologies which 
are available-in the current year. 'Each available technolo& is-subjected to a cost effectiveness teg 
which b a l k e s  the cost of the . .  technology against the p0Fntia.l fuel savings.and the value of an9 

. ' i n c r e a s e k i p e ~ o p ~  provided by the technology. The cost effectiveness is used . .  to geneqte ad 

, ; 
, 

' 

. economic market share for the technology.. 
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. In certain cases there are adjustmenti which must be made t6 theahdated market shares. Some 
* of these adjustments reflect engineering limita~ons t6 whatmayebe adopted. m e r  adj&ents . 
r e f l e c t ' e 4  forces that require certain types of technologies; safety apd einissions . .  technologies 
are both in this &tegoj. All of these adjustments are referied to collectively as "Engineering . .. 
Notes." There are. f o e  types of engineering notes: M&toryJ RequiresJ @ner@stic, and 
Supersedes: These .?e described in'detail. ih the follo-g sections. 

After all of the technology market shares have been determined, the baseline values.for the vehicle 
class are ujaatedto refleiit the impkt'ofthe various techology choices on ;vehicle h i 1  emnomi,. : ' . 
weight &d price. Next, based on-the new vehicle weight, am-perfonhame-change adjustment is; 
made ?o horsepower: 'Then, based:on income, fuel economy, fuel cost, and vehicle class, apedor- . 
man&change adjustthent is made horsepower. Finally, . -  the fuel economy .is adjusted to kflect 
the new horsepower., ; - 

Once these steps, h&e. been taken for all vehicle classes, &e Corporate Average Fuel Economy 
(CAFE) isahdated €or k h  of the four groups: Domestic Cars, Import Cars, Domestic Tmks and . 
Import T&h. Each group is classified as either &&ng or failing to meet the CAFE standard:' ~ . .  * 

m e n  a group fails to .meet the itandap~, pedties are a~sesik to, .ofthe vehicle .classes in that . 

group, wgch are thenreprocessed through.the m k e t  &e chcdations. In this second pass, the 
technology costifiiztivenesi calculation is modified to include the benefit ofhbt ha;.i;lg to pay the . 
fine for fbiling to meet.CAFE. After this second pass the C e  &e rea&&' 'No h e r  d o n  ' 

is .taken to foice CAFE complian&; yehicles in failing groups are & k e d  to simply pay &e 'fine. 

. ' 

I .  

, *  . I  

. 
.' . 

, .  

.. - . .  

, .  - ' .  . .  

' . ' ' 

. .  . .  

- _  

. .  

- .  . -  

, .  

. .  

. .  . .- .. 

. .  
. * .  . .  . .  
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.. I 

Figure 3A-1; Fuel Economy Model. 
. .  

. .  
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. . .  

. .  
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1 
. .  . .  . 

, , : 

Fuel economies and prices 
for seven dasses of new 

. .  

. New car and-light 
truck fuel economies , . - 

I '  
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I. ESTABLISH AFV CHARACTERISTICS RELATIVE 'TO GAS0LINE.ICE 
, I  

, .  
* ,  

I The in.itiali-/ation subroutine, AFVADJ, calculates the,base' year price, weight, fixe! economy and 
hbrsepo$er for the dtemative'fuel vehicles. Most of these aie set relative to the gasoline vehicle 
va!ues & shown in the following equations. ,All.of the incremental adjustments used for alte-tive 
fuels have been exogenously determined and are includd in the Block~Data section of the.code. 

I .  

I .. 

. I  

, 

< 
e .  * .  

- ,  

.. 1) , Ca lczu la te~  base y e  values for Gomobile prices at dikerent produkon levels. ' 

a) Mini, Sub-Compact, Sports and Compacts at 2,5OO*units/yei& - . 
. .  . .  . ,  . .  

. '+AFVADJPR FuelTpeJ 
= PlUCE . I  

. .  
'RICEBaseYear,Fuell)pe . Ba.xeYear,Garoline 

. .  n 

where: , . .  

.. . I  
I ' 5 AFVADJpFGl) =the mcremental price adjustment for a low production AFV car 

a .  
. .  

b) kdsize i d  Large at 2,500 &ts/y+ . .  
.. , .  

. . .  
I .  

- ,  

. .  , I  

. .  2 '  I 

where: * 

. AFVADJPFU) = Incremental price adjustment for a low pfodu'ction AFV tnick 
, 

- .  \ 

L 

. 
c) Luxury vehicles at 2,500 &ts/year ' 

I .  

D 

pRIcEBascYear,FaeQpe - - PflcEBaseYeor,Gamhe +2 *AFVAD,JPRFuelmes, . , (3)' 
, .  ' .  . 

. .  
- .  - .  

0 -  

d) Mini: Sub-Compact, Sports and Compacts at 25,00OUnitS/y& - 
. .  

. .  

I 

. I  

* i  

where: 1 

AFVADJPFG3) = Incremental price adjustment for a high production AFV car 
- I  

/ 
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.- . . -. . 

' \  

- .  
I 

- .  . 

e) Midsize and Large at 25,000 @ts/yesir 
'. . * .  

. 1  

. .  
, .  

. .  where: 
t- , mADJPF64) = Incremenk price adjustment for a high production hW truck 

. .  

. .  
. * .  . 

., 
. _  

. .  
. .  . 

I. . 
. .  

GilculateAFV base year y d u s  for light duty truck pricgs 
, .  . .  . -  

, .  I 

at different production : 2) - 
levek,. . . 

. .  

. ,  
a) Standard Pickuljs, Standard V& and Standard Utility at 2,500 uni&/year 

- . .  

b)'Mini, Compact Pickup, . .  Compact Van and Compact Utility at 2,500 unitS/year . .  , ,-. 

. .  . . AFVADJPRFUelwe +AFVADJPRFuelwe~ 
, .  

- . .  , 

+ - 
P*cEBascYear,Fuelme - PRIcEBa&ar,Gasollnc - , \ '  2 .  - . r  

\ 

c) StanGd Pickups, Standard'VanS and Standard Utility at25,OOO pnits/year 
. .  

PmcEH'BaseYear,Fue131pe. . = pRIcEBa~eYear,G&oline . +AFVADJPR'&e,,,e,, . (9) . 

Energy Information Administration 
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. .  . .  
I '  

I ,  

- _- 
. .  

.-I . . - .  
I .  

d) Mini, Compact Pickup, Compact Van and Compact Utility at 25,0,QD unikyeg 

c _.  

, 

. .  . .  . * 

4. I 

- .  . I  

. .  
3) .Calculate base year prices for all elect& hybrid vehicles. . . ~ ' 

, .  
. '  

' . Electric Hybrid vehicles have an additional &ce a d j h F t  in addition to'those made-above. This .I 

learning cuive for Ni-MH'batteries. This is because the EVhiybrid cost reduction curve begins at ~ 

the s&e time and proceeds at the -e rate as that Tor Ni-MH batteries. 

' 

, . ,  . djustment applies to both cars and trucks. Note that these.adjustments.refer to thecost reduction , .  
I 

. ' . .  
. .  

. .  . - .  : 

a) Electric Hybrid at 2,500 unitdyear 
. . .  I .. 

where: ' .  ' 

AFV@PF( 11,3) = Jnckmental price adjustment for a midsize car EWHybrid 
0 .  . WEIGHT- = Weight of a mjdsiik caq * :  

NIMHY%COST = Cost reduction learning curve for a Ni-MH b&ry . . 
. .  

I .  
1 

j .  

. .  1 

I . .  . b) Electric Hybrid at 25,000 &&/year (note different PRICE subscript) ~ . 
, ,  

. .  , .. . 

4) Calculate base year values for such AFV characteristics as fixe1 economy, weight, and 
horsepower. e ,  

, a) FuelEconomy'Calculation . 
. I  

. (13) . 
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: .  
I .  . .  

. ,  
where: -8 

, AFVADJFk = Fuel economy adjustme& relative tb gasoline, for an AFV 
... - 

- . . .-. . 
' 61 Weightcalculation 

* .  

I _  

, .. . .  .. where: , -  . 
. .  A F V A D m  = weight adjustment, rdative to gasolirie, for &,AFV .. . -  

. I  
. c) Horsepower"&lc&tion . .  ., . _.I 

\ I .  

c. 

. .  * ,  
where: 

. AFVADEIP = Horsepower a d h e n t ,  relative to gasoline, for ah AFV . ' 

. . .  , 

I .  . .  . .  

1 
I 

. I  

I .  

I!. * CALCULATE TECHNOLOGY MARKET SHARES . 
, .I 

' FEM . .  jjrst,dete&ges the cost e f fdve  inaiket she% of &hnologies for,each vehicle clqs and then , 

caicdates the resulting Fuel Economy,' Weight,' Horsepower and Price through the subroutine * 

FEMCALC. In &h forecsist period this &&on is d& twice. During the first p~s;~.tecbnology " , : 

&ket. shares are calculated ^ *  f o r d  vehicle classes: In the second pass, the technology market s h e s  ' * ' 

-are recalct i l~~  for vehicles in groups failing to Feit $e cm,  standards. e i  this pass, thi cost . , ' 

effediveness &culation &,adjusted to include the 'regulatoy cqst of. failirig t i  meet CAFE'. If a .  * - .  

. vehicle go& continues , .  to f& tb mekt clAFF5 staridards~after the second pass,no &er adj&ents , 

to techology &ket shares a r e m e .  .Rather, it is asstimed that the nkufacturers &nply.pay the . 

I ,  
. I  

. :  

. I  
* .  

. Penalty. '. . . .  
I . .  . ~ . ,  . i  

. .  . 
r ,  For &h vehicle cl&s, F'EMCALC follows theseGeps: 

A. 
~. 

Calculate the economic market share for each technology , . '  . .  
' ,  

. .  
. .  

. I See the variable REGCOST &I Equation 6. During pass 1 GGCOST has a value of0. &g pass 2 it is set to 
'FG$COST, which is a user input. . . , 
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' ,. . .  

I 

- ,  B. Apply the engineerihg notes to control inarketpenektion . I  

e .  -,Adjust the economic market shares though applicaticin of the.man&tory, . , . 
, ' supersedes and requires engineering notes 

' , - Adjust the.fCie1 economy &pact through application of the synergy engineeag 
I .  

notes , 

, C.' . Calculak the net &pact of the change.& &@olo'gy e k e t  share on fuel economy, weight' . 

, andp~ce  
, .  D. , - Adjust horsepower based on the new fuel economy and weight. -.  . 

' E. ' Readjust fuel economy based.on the new horsepower, ana priice b-ed on the change in . *  . 
. horsepower . . . .  

. ,  . ' _ .  
S I  Each step is described in more detail below; Readers shoGd note that all ofthe ckculatiom in this, 

. I  section take place within loops by Group, Class, and Fuel Type, In the interest of legibility, these 
. ?  

I .  

:* dhhensions gre not shown &I the subs&p& . ' 

. A: 

. d  . .  , .  

, .  

Calculate'fhe economic market share for each technology 
. .  

The cost effedive ,market share calculation for each technology is based,on &e cost of the . 
tech;lology, the present 
These are addressed , .  & &.below. 

Fuel Savinas Value 
The "expected" price of fuel is based on the rate of change of fuel prices over a two year period prior . 
to the year when the technology adoption decision ismade.. The time decision to introduce a . 

particular tecbnology,is'made at least three y&m before @xd'introduction in the rhrketplace, and. 
is based on the expected fuel peces at the time of introduction rather than actual fuel-pkces. The' 

' 'expected present value of fuel savings-& depenwt on.the."eq,ected" price of fuel, how long the 
purchaser is willing to wait t&ecover'&e initial investmekt (the payback period); and the distance ' 

driven over the period. This estimation involves the following three $qs: 

ofthe expected fuel savings .and the jperceived value of performance. 
, .  

. *  - .  

: I 

' 

0 '  

, .  1 

' . .  
. . .  

, -  . 

' .  
. .  

' 1) ' -  calc~late the fie1 cost siop (PSLOPE), bed to extrapolate linearly the expected fie1 cost over 
' g the value to be equal'to or greater than zero: the desired payback period, c0nstm.m~ I .  

. .  
I .  

. .  
. .  

2) Calculate the expected fuel price (PRIWEX) in year i (where i goes from 1 to PAYBACK): 

25 * 
Energy Information Administration 

NEMS Transportation Demand Model Documentation Report 
I' . 



. .  

. .  

, .  
, .  .. ~, . I  

. 1  , . . .  
. .  

.3) . . Calculate the expected present value -of fuel sayings (FUELSAVE) over the' payback period: 
. *  

','. . . .  - .  

. .  .. .. I 

. .  

.. . .  
, 

, 

. . Technology cost ha~both , .  absOlute.md w e i j t  dependantcomponents The absolkei component is * 

a fked dollar cost for installing a p&cul& technology on a vehicle. Most technologies &e ,. in'this. 
-&gory: Theweightdependantco~~nentisassoci~withthematerialsubsti'tutiontechhnologies. a .  , .  , ' 

In aese technologies a heav wkrial is replaced .+th a lighter one. : ?he technology cost is'a 
function of the amount of.makrkl,'whicch is . ,  turp Sfunction . ,  of , how bevy the vehicle was to begin . 
with. n e  techi~ology cost equation,&clu;les both componenti, although inpriictice ,one or the other 
termisalwayszero: , . . , 

I _  . .  I 

. TECHCOST& = DELSCOSTABS, .--(DELSCOSTWGT, .* DkLSWGTWGTu, . .  * WEIGHT- ) '  (19) 
. .  . . . .  I . .  . .  ,. ~ 

. .  where: ,-  . .. 
, .  . e. . .  ' % . . . TECHCOST The cost per vehicle of technology irc , 

' .DEL%COSTWGT= The weight-based changein cod (hb) % .  

DEL$WGTWGT = The G o d  change in weight associatedwith t&&nology irc . . .  
. .  '.. WEIGHT = The original vehicle weight .. . I  . .  

* .  

, -  . Performance value . .  
Although there are a number of tecnologi&l factors which &ect the perceived "performance" of a . . 
vehicle, in the interests of clarity and simplicity it w e  decided to use'the vehicle's horsepower b 
a proxy for the general.category of  performance. An increase in horsepower is assumed to reduce ' 
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. .  

. .  : .  

- 
the' fuel ewnomy based ofi the relationship given in.Equation 21. '-'$e.pi&ce&d value of 
perfommice is also a I .  factor iti the Cost effediveness Calcplation. ne value of performance for a 

, - 

'given technology is positively correlated with both income 'and vehicle fuel ewnomy F d  negatively 
correlated with fuel'prices. In*addition,'purchas& of sports +d luxury vehicles tend to place a 

I ,  higher value on performance: . * I  I 

, 

, -  

. .  
. . FUELCOST--, . * : DELSHP, . . 

PRICESEX, 
- 

0 .  . .  I . .  . .  , ' _  . 
wherk 

. VMPERF = The do& va~ue o~~er fonpnce  o&hnoiogy itc . 
VALUEPERF = Thevalue associated with an incremental change i pdorman~e'  - . 

_ .  
, .  .FEZ vehicle's fie1:economy . 

. DELSFE = !The fiactiona~ changb in hi economy oftechnoiogy' itc, . 
.* , DEL$HP = The h o n a I  change in hoiqiower of iechnology itc . .. 
FUELCOST =The actual price of fuel (&the previow year) ' - .  ... 

, .  

, .  
. . .-. . : 

- r  
-*  . 

: . . .. Economic 'Market Share, , . ,  ' . .  
The ,m$rket share. of the &nsid&ed technolorn is- detemhed by first evaluating the ' cbst 
,effectiveness of .techologyitc as a hction of &e values described above: 

, .  . .  
. .  

FUEWVI~, - TECHCOST, + VXLWERF~ + (REGCOST FE--* DESFE,,) . 
COSTEFFECT, = ABS (pcHcoST&) ... (21) : 

'. , .. 
' .  . .  

where: 
. COSTEFFECT = A unitless measp  of cost &kctiveness . . .  

, REGCOST = A'lktor representipg regulatory pressure to-increase fixel economy, iti-% per MPG' ' ' . ' - . 

and I ,  . .  

1' . 
-2 COSTEFFECT, = M3ltixtt;: * PAUX,~~ * ( I  + e 

1 '  where: 
4 .  

. I  

. _  
ACltJUMKT = The economic share, prior to consideration of hgineering or reaatory COXME&&. . -  . -  

. h4h+AX = The maximum &&et share for technolbgy itc 
PMAX = The insMutional maximum market share, which models tooling ~ ~ k t m h t s  onthe pirt of the 
, , manuiktwers, and is set in a s,& subroutine. msubrout ine (FUNC+M.X)'sets the 

cuirent year maximum market share based on the prehous y&s share. The vdu& are 
\ 

9 .  
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. -  

I 

. .  

tabdkm Appendix A, Table A-3. .I 

. I  

Market Share Ovenides --. . ~ . . ~* 

. I ' . Exishug technologies &e assumed to &tain $heir.market.shares unless forced'out by' later 
'technologies. Eke. cost effiyen& calculation gelds q econoqic 'kirket share which is below 
the A k e t  share in the previous period.then the calculated value is overriddb: 

. .  

\ .  
I ' .  ' r  . .  . .  

I . 
- .  r .  .. . . . -  . . .  

B: 

. .  

Apply fhe Engineering Notes. . . .  

c' 

1 

(23) , . . ACTUAL$MKttC ' = MAX( MKT$PEN&-,' ACTUAL$&CTitc.) : 
. .  . ,  . .  

. .  
. . . ,  

. .  
, .  

. ,  ,where: '. 
' +.. . . - . * h4Ki$P~ = .-Temporary &able which stores value of ACTUUIvKT, kkulated GEquation 7, &om , 

I .  . .  . .  . .  
p*oUsyeaf . . 

I , ,  
. ' *  ,' 

. .  J 

, , . e  * 

. .  

The eigi.neeringj~'.notes consist of a:nhber of ovcirrides to .thi econcimic cost Lffectivenesi. . 
.... , calculations done in the pre~ork. &ep. me,.& three tygks ofinotes (mimdatory, supersedes and . 

share results obtained , .  above. I The . .  fourth type of note, 

. .  , \. , 
I. ' 

. . require) dir@ly'afEect the ~ b n o l o g y  ' 
I .  , .  

synergy,.does not aB&t &e marketkhare and,+ applied after all other,enginee+g notes have been 
applied. ' * e' 

. .  \ -  

: .  . .  . .  
. . /  

I _  

I .  1 )  

. I  

kandatory Notes . .  

Thee & d y  associated with safety or emissioni technology which mustbe in p l e  by a ceitain 
year. ' .For example, & 6a&are matidatory in 1994. Ethe cost effectiveness calculations do not . 

* ,  9 , . *  
. produce themand+d level of technology ", then those - .  results are oveqidden as folkws: I .  

. .  2 .  

ACTUAL$MKTsc =. M4X(ACTUAL$MKTftC &DMKSgitc) . I 

. . ,, . I .  

, .  ' .. 
. I '  

. .  where: ' . .  
h4ANDMKSH = Market share for technology #c which has been mandated by legislative orregulato~~ action 

. I  . . - .. 
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(L ,Supersedes Notes 

. '  

.) 

- .  

. , .  
These are. associated with newer techhologie,.&ch replace older ones. For example, Stspeed . 
a u t o e c  transmissions supersede 4-~peed automatics. 0nce.fie Cost effective markkt'share fofthe 
newer tec&ology (e.g. 5-speed auto&atics) has been calculated, @e xyrket share(s) of the older 

' - technology(ies) (e.g. 4speed a@~matics) are reduced, ifne&ssary,.to force &e total market shares I 

.I 

, . .  
for the old.kd new technologies to @d up to 100 percend . - ,  . .  

. \  . .  . <  

e .  

. 'For exaniple, given a group of competing technoiogies A, B,md C, Fppose.thaiC is the oldest 
technology while A is the newest, After calcul&g the ecdndmic n;arket'sharefor each technoiogy, 

1 

and applying the inandatory notes as described above, the fo l lohg steps are then taken: . ' 

, 1) Add the three nharket shares together: . 

SUMWKT = ACTUALSMKT~ + ACTUALSMKT, + ACTUALSMKT, 

. -  

.2) Identify the largest maximum mqket share for the group of technoiogies: 

, where: 

3). 
4) 

' . 5)  

. * _. 

. .  . . I. 

MKT$MAX = Maximum market share of technoIogy itc . 

. 

.. E SUM%&T <= MMAX, then make ao adjustments. , 

'E.suM$ME=T > 'MMAX, then subtract market share f?om techncdogy C until the sum of the 
market s h e s  .equals MMAX, or until ACTUAL$.ET~ = 0. 
If S U M $ ~ T  is still greater than mm,.subtract market share fiom,techhology B until the 

' 
sum of the market shares equals MMAX 

Reauires Notes 
These notes control the adoption of technologies which require that other technologies 'also be 
present on. the vehicle.. For example, since Variable Valve Timing II requires the presence of an - 
Overhead Cam, the market share for Variable Valve Tim"mg II cimot exceed the sum of the market 

Energy lnfoniration Administrati on 
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I -  , 
: shares for 'Overhead Cam 4: 6 & 8 cylinder engines. This note is implemented AS follows: , .  . .  

. .  
. 1) For a given technology itc, define a group of potential matching t@molo$es, one of which 

. I  ). I 

' .mkt be present for itc to be present . . . . . , ' 

' -  2) Sum +e bket'shares of the matching kchnologies (req): 
~. 

. , -  
. I  

. Fnomy. A vehicle with syn&gistic.technologies will not experience the chqnge in fuel economy . 
predicted by adding the imp& of each fechnology separately. Concep&lly,&ch inteiz@ions cddd ' ' 

yield either greatq or lower fuel economx'howeveq in all &es obseryed in FEM acw fuel . 
economy is-low? than expected. For example, Varhle Valve T a g  I & synergistic with 4-speed 
automatictransrms sions. ~ f b ~ t h  are fireseiit dn a i e ~ d e  thin the actual. . .  fuei ,wn?my impriwement 
'6 2.perknt below whatwould be expected if the technologies were simply added'together wid ,no ' ' 

regard for the? interaction., 

Synergy adjustments are made'onk all other engineekg notes have been applied. For'each 
synergisticipair oftecholcigies the fuel economy is adjusted as follows: 

. 
. .  . r  

.. . r. 1 

. ,  - .  ..\ .- 
, '  . '. ) 

I ' ', 

1 

.. 
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, 

where: 

I 

. .  
> . -  . I  

- FE = Fuel economy,':.by size class. aqd group, initialized to the previous year's vdue and 
subsequently modi6ied with each.iteraiion of the model: 

iicl,= Fird'synergistic technology 
. . . i&=~econ~syn~rgistictechno~ogy . I .  

SYNR$DEL = The synergistic effkct of the two te$mologies on fuel economy 
' _. , 7 .  . ,  i . .  

, .  

. C:. Calculate Net Impact of Technology Change 
I . .  '.. - . .  

The net impact of changes in technology'market shares is first calculated for fuel economy, weight . , 
- and price. . Horsepower i's dependant-on these results and must be. calculated subsequently. For a ' , 

kvkq technology itc, the change ik v k e t  shke since thilast p&od (DELTMMKT) js calculated as . 

. .  

. ,  . .  . .  
. .  follows:. , : 

- -  

-' DELTA$MKT% 'is wed to calculate the &remental changes in fuel economy, vehicle weight, and price- 
~. . '  

due to the implementation of the considered technolo&. . . 

where:. 
.N"TECH =Numb& ofneyly adopted technoiogies , . . .  

c \ .  Vehicle Weiqht . 

Current weight for a vehicle class is calculated the &ent weight. plus the sum of incremental 
' changes due to newly adopted technologies. As with the technology cost eqtktion, the weight 
, equation has both absolute and vhable components. Most technologies-add a fixed number of 

pounds to the weight of a vehicle. With materid-substitution technologies the weight change 
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.. I .  / I  . .  
. .  

I 
' .  - /  

'depends upon how ~. much new material is used, which is. a hctiiin of the 0riw:weight of @e ~ 

vehicle. The weight eqktion includes'both &sol& and weight dependant tern& in the * k t i o n  
' ., , ,  . .  

' . , expression. 'For any given technology, one term or the other will'be iero. . .  
k .. ' 

NVMlECE 
W~IGBT- = WEIGHT- + DELTAWKT, i [DELSWGTABS, 

. *  b = l  , . 
. .  

I 

. . .I . +' (WEIGHT& '* DEZ$WGTWGT;)] , .  

I (  * 
. . -  

. .  .. 
,~ . .  

. -. , 
: 
-. .I 

, .  
, . ,  . 5- ~ 

* .  

' ' . where: 1 .  I 

.. : -'DEL$WGTBS = The changein wight (Itis) assoc&ed with-tec$ology irc 
DEL$WGTWGT = The hctiod-chbge m vehicle weight due tb technology itc 

WEIGHT = Vehicle'weight,. by' size class and gro& initialized to the previous year's value k d  
' ' 

# .  

e .  

. ' .  I - . .  . .  subsequentlymodifiedd:with . .  e+h.ite&ion of themodel.' . f 

. . '  . .  
,, . vehic/e Price / 

C&ent price for a vehicle clgs is calculated asthe ckent  price plus; the Suin of incremental , 

. changes due t6 newly.adopte$ tecdnologies: '& with the weight equatidn, the price equation has ' 
both absolute i d  &able kombnents. Most tec&ologies &Id a fixed,cOst to the price of a vehicle. 

. For the material sub&tution technologies, cost depends on . ,  the Lomt of new Gt@al used, which ' ' 

. is &I turq dependent on the Original weight of the vehicle. .The price equation includes both absolute 
' and weight dependantteqni in the summation expression. For any given techno1ogy;one term or j I  ' 

. .  - . ,  

,' . .  

.. , ~. . 
' ' 

. , .  
. -- 

I .  

. I .  the other ivill be zero. - ' . . .  
. , e .  . , '  

NllmzcE 
i - = PRICE- + . . DELTASMKT~ * [DELSC~STABS, . 

. &=I , . 
. ,  

: - '(32) 
I .  

+ (WEIGHT-' - WEIGHT;.) * DELSCOSTWGT,.] ' . , . .  
i : x  . .  

. .  
, , .  

. I  

~ . .  

. ,  I .  

, .  &ere; . .  . . 
D I ~ L $ C O S T ~ S  = The cost Ofehnology itc 

DEL$COSTWGT = The weight-based change incost of technology itc ($Ab) . .  
' 

PRICE = Vehicle price, by size classand group, hitia&& to the, previo& year's h u e  and subs&ently 
- ,  . ,  

i ' . modified &th each d o n  of the mcdel. 
, . . .  . .  

, The characteristics o f e l e c  and fuel cell'vehicles, ihcluding weight, battery. cost, &d he1 economy 
must then be calculated in separate subrout+es prior to.the e h t i o n  of market shares. ' 

1 .  _ .  
i . .  . '  

D: . Estimate EV and Fuel Cell Characteristics , .  

. .  t .  
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- .  - .  

. -  

' 

. .  
. .  

.. , 

. .  . .  Elecfric VehiclB . - ,  . .  

This set of calculatioi, kntained within%he:subrouthe EVCALC estimates . .  battery cost, vehicle 
'price (low and high volume des), weight and fuel economy for electric vehicles. . Fuel economy is.. 

. .  . in .kilowatt-hourdmiIe (wall plug.) ~. 
. ,  . .  

. .  .. . . -. . .  
The first step ~EVCALC is determi&ion.of the*battery weighi aqd cost for both.lead acid and 
Nickel Metal Hydride (Ni&H) batteries. p e  n&kcal*constants h the equations representthe 
result of exogenous d y s i s  and professional judgement on the part of the model devefopers. ' ' . .  

* .  . . .  
1 .  

.: . . .  ' 
I .  

.: . .  . .  . .  

-1) Weight i d  cost of a lead acid battry . .  

, ,. 

(33) 
. .. 

and - I  - * 

. .  , .  

. ' BATTERPISCOST, = BATTERYISWT * 2.30 * i x  + isoo . .  
. ,  . _  .-.. . .  

. .  * -  
* ,where: 

' BAlTERYl$WT = Weight ofa l e  acid b& large enough provide adeqwemge and performance 
I .  

BAlTERYl$COST = Cost ofa  lead acid battery . -\ 

0.60 =Fraction of vehicle weight accollllfed for. by the bath$ system . 
$2.30 = Co.st/pound of a lead acid ba&y 

$1,50O=FkedcostamortizationperunitEV , . .  

. I  

1.75 = Cost p~ultiplier to determine retqil price . . -  
. .  

, ,  , .  

2) Weight and ?st of a nickel metal hydkde battery 
I ,  '. ' , 

* . BATTERP2SWT = 0.203 * ' WEIGHTFew,G~o,i;e . 4 , . I  ' 

'. . .  

. .  

* . . (34) 
-- 

- .  , .and . _. . . 

' . BATTERP2SCOST . .  = BATTERY2SWT. * 8.20 .* 1.75 + '1500 ., 

I - where; .. 

BAlTERY2$WT =.Whght of a.hiktH battery large enough to provide -&quate range and performance 
. .  . .  

BAlTERY2$COST = Cost of a Ni-MH battery : 

$8.20=Cost/poundofaNi-MHbattery- . ' , . 

1.75=Costmultipliertodeermi;leretailp~~ -. . . ' .. . 
-$1,500 =Fixed cost ~IIIO&OXI p& unit EV * . - .  

. _  

1 

. .  , .  

The next step is to apply a l&g c G e  adjustment to the cost of the battery. It is. assumed that 
there is a twenty-five (25) p e k t  cost reductioddecade for both lead acidand Nickel Metal Hydride 

Energy Information AdmlnIstrat3on 
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1 .  
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. .  
. .  

. .  

. -  

. .  

' batteries. 

. -  - _ "  -.--- . ... . ~~ . . I_ . 
. . '  

, .  . .  .. 
---_ ..- . 

.. . 
, .  

. I  . .  
. . i. 

, .  
. ,  _ -  

_ -  .. 
a .  

The l&g curvbshave beenpre-ca&ated and are ix.iitialized'in BLOCK.DATA: The 
. lead-a&d curve begins immediate1y;'while the Nickel Metal Hydride battery costs do not begin to . -  go do&.until after 2003. ' . . .. 

- 1  

3) Leaming cqrye a d j h e n t  for battery costs 

c 

' .  
. BATTERFISCO~T'= BATTERY~SCOST*LEADACIDSCOST~~~~ . .  . .  .. . 

% .  . , .  .. , I: and , . r i  
- . .  

: . BATTERP~SCOST = ~ A T T E R P ~ % c ~ S T * ~ ~ W ~ ~ E ~ D A C L D % C O S T ~ ~ ~ ~  
, .  

. I  
. . ,  . . .. 

~I 
,- 

.. . # 

.. . . -  I 

. . .  
. .  

. . .  . .  where: 
' LEADAClD$COST = Cost reduction leaming*&e for a l d a c i d  batteiy ' 

, .  

. . .  
-. NIMHy%COST =.&st reduction - ,  l&g . : c w e  \ for a.Ni-?dH battery 

, \  

. .  . 
. .  

i '  

Next, the average price of in electric vehicle battery is determined based.on the exp&ted market 
shares of lw acid and Nickel Metal Hydride b&es: . . ' . 

8 .  

\ .  . ,  - .  , .  .4) Average prick of electricvehicle battery I '.. . .  . 
. .  

* ,  

. .  ., 

. ,  
. BATTEF PYear;E&ic ' Vehicle - '  = BATTERPISCOST 

. .~ . 
, . +BAFTERP2$COST ,- . 

. >  
, & . I  -. . 

, .  
. .. . I .  . .  where: ' , 

. .  

- BATTERY =.Average price of an elk& vehicle battery ' 'e I 

.NlMHY$MKTSk=Expectedrnarket share . ofNi-MH , .  I 

I .  

.. * .  - .  . .  
. . - _  

. .  Fikilyy.Pi&y,Weight and Fuei Economyare 0 . caIcu.la@: . ' '  . .  
. . . .  

. I .  

- .  , .  ~. , \  

. .  
. - .  

. .  
.5)  Electric Vehicle price 

. .  
. .  . .  

. .  . .  8 %  

I .  

I .  

. .  

. .  - - .  
. .  .., 

(36) . 

. .  - 

Since P R I ~ H I  (high.produ$on AFV) uses the&me .~ equation ~S;PRICE (&.h thembstitution of ' I 

PR&&for PRICE on both sides on the equation), it i's not . .  shown separately. ~ .- ' ,  
. .  

Energy Infonnaff on Admlnlstraffon 
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. .  

. ,  
, .  

. .  3 .  9 .  

. .  # .  

1 . .  
' .. 

7) Fuei Economy (miles/Kilowatt-hoq wall plug) . * I  . * _  

.. 

. .  , .  
' Fuel Cell Vehicles . .  
' The subroutines k&cLc and FCHCALC calculate fiei'celi cos$ vehicle pe& (low and high volume 

.' ' ' sales), kd fuel economy for methanol &d hydrog& fuel cell vehicles, respectively. Note that 
although va~ues for f ~ e l  celi vehicleiire calculated.for the early years, it iS not likely that therq wi~l 

.' - . .  . I  * .  
actually be any on the road uhtil at least 2010. Hydrogen supply is expected to be a mjor problem . 

for the corresponding vehicles. In the foilo&g equations the FC subscript . .  refers to Fuel Cell. 

1) Fuel Cell' Cost . 

. 
. .  

. .  

. .  

\ 

. -  
FUELCELLyear;,,= 30 * , WEIGHT~ear,Garoline .. * F U E L C E L L S C O S T ~ ~ ~ ~ , ~ ~  

2200 
. .  

where: 

FUELCELL$COST = Cost of the fie1 cell in $/kw 

. .  
- -  

2) Battery PowerRequired to 'k vehicle 

wE'GHTyCar, Garoline BATTERBPOWER. = 20 * 
2200 , -  

E n s 4  Information Admindtratfon 
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.. .- 

. .  , . '. . -  . .  

- .. . .  . 

. ,  . . I  

. .. . I , , '  . where: .~ 

.. 

, ~ i 

, . .  
' . BATTERY$POWER = Required battery . .  power m Kw 

. ,  . .  . .  
. -  ._ . 

. .  
. I  . ' I  . .  

. ,   eight ?f.iittery - .  
. .. . . . .  x .  - . .  

I .  BATTERBPOWER . 
,- . .BATTERBWT = 2.2 * , . ,  

. .  

0.5 I .  

_. 
. :. 

. .  . ' , .  . (  . . .  
I .  

I .  

w h k :  
. .  BATERY$WT , .  = Weight of battery ' . .  . ' 

1 .  

. .. 

, .  
, . .  

. .  - .  

. -  - .  
, .  

. .  
. .  

- .  .. . 
=: 2.30 * BATTERYSWT * LEADACID%COST,;, - B A T T E R Y , ~ ~ ~ , ~ ~  

,. - * 

. .  . .' 
, I  

. .  3 .  . . .. 
I .  

., 
wh?: 

. ,  

, .  

BATTERY = Cost of the lead acid battery.. . . . 
%2.3O=~costp&poundforthebattery~ : ~ . 

" LEADACII?$COSTym ='Coi$ reduction learhing curye fora l e  acid battery ' 
, 5 I . .  

. .  

' . .  
. I  

I _  

, .  . , .  
. .  

. I ,  

I .  

. I  

. .  
'.. . . .  

5)  Add Battery to COG of fuel .. Ckll . and calculate retail price 
. . _  . .  

FUELCELL,,, = (FUELCELLr&., + BATTERYr--, + . H T M K k ) ,  * 1.75 +' 1500 
.~ . .  . . .  

I ' .  . I .  

. .  . I .  wh*&e: . .  , . I  

' €€I'm= Cost of the hydrogen'storage tank: $0 for Methanol FC, $3000 for Hydrogen FC. ' 

, _. 1.75 = Cos multipli&~to d h e  rekd price . .. 
' . .$1,500 =Fixed cost amortization per &he1 cell vehicle 

. .  
' i  

. .  . .  
6) Fuel Cell Vehicle Price .. . . . .  

' .  . *  . 
. .  

. .  

/ .  

. .  
. , ,  

. .  
. .  . .  
1 
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. : I ._ I .  . i  
' I  

', --., 
. *  

7) Fue1,Cell Fuel Economy.(gasolinekquivaleent I .  mp& . 

1 

- .  

. .  

. .  
E: ' - Adjust Horsepower . .  

Calculabng the net impact of changes in technology.share ,.. . . .  on vehicle horsepower . I  is'a two step 
process. First, horsepower is calculated on the basis of weight; this step assuIlies no change in 
performance. This initial estimde sitliply maintains the weight to ho&power ratio observed in the 

' 

I . .  .. . .  - .  . . .  . .  
i .  

. .  

base year: .- . . 

Unadiusted Horsebower . 
hsuming'a constant WeigWhoisepower ratio: 

. . (47) 
. .  

where: .. 
Hp = Vehicle horsepow& 

WEIGHT = Vehicleweight . . 

. .  

. .  I '  

* .  

Adiusfmenf Factor. 
The second step adjusts ho&powk.for &ges in.perforn&ce. This *calculation is based on . . 

household income, vehicle '$x, fuel economy, fixel cost, and the . -  perceived,desire for perfo&ance 1 .  ' 
. ,  

. .  ' . [PETACT): . '  ' * :  

( FUELCOST-) . . ~ 1 

\ where: . .  
I 

Energy Infomation AdministiatJon 
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. :  .. . 
. .  . . .  . .  . -  

... . . . .  . 
. .  . .  

. . .  . r .  . . .  
- . ... . 

L ' 1  
T '  I 

. . . .  . 
.. '. A 

- .  
. .  

. .  . .  
. .  . .  

. _ .  
.. 

. mm.= ~ + r s p w e r  aitjwent factor. . . . ', 

- I  

Note that if income, vehicle prke; fuel economy and fuel &st remain the same, the expression in 
parentheses'iesolves to<(l*l*l*l- 1) =o. nus ,  unless there is some changci in .the economics, , '  

there will be no change in hoeepower due to a. desire for more perfonnancp; , In an.econo.jnic stam 
*;quo,.the b&-changes in ho6epower will be those. required to -main& the' b&e year weight-to- ., 

. .  

. 
.. . .  

. . horsepower &io calculateh above. . I .. . -. . 
. .  . .  . .  

. .. 
.. 

- . .  . .  
* .  . I .  

I .  

\. . 
. .  

I .  

. .  
~. 

. .  . .  . 

. .  . .  / ' ."  .Adiusfed Hokepower., . .  .' -' -. . .. 
. The current-year horsepower is ,then calculated ,as follows: .. !. I .. ' .. . , - . .  . - .  

. -  . .  . .  ' . I  . .  

. -  
Note that this equation &@e sum . .  of horsepower a d j k e n t s  to date: 'This'@ necessary because 
the first .step ofthe adjustment ignores thi pre+ous . -  perjod result (m-:,) and calculates current' . I  

horsepowqr'usipg the base year weight-&-horsepower ratio, The kunm& 'on term incorporates all 

The fir;al HP estimate is'&& checked to - .  se'ifit meets the miuimmdriveabiity . ,  , .  criterion which are ' * 

. set at-WTBP = 30 for atcars except sports and"luxury for which the criterion is WTKIi? = 25.: ' ' ' 

These minimzL are derived fiom the eGe6ence ofthe &ly , .  1980's.; 

. .' 

. 
. .  ' 

horsepowei adjustmyts dUe to'&onomic changes which.occur in thektervenixig forecast periods. - ' > .  

. .. 

' ' I 

,. .. 

. . .  
F:' ' Readjust Fuel Economy and 6nce 

. .  

I 
* I  ,. 

Oncethe horsepower adjustment has been determihe& the finai fiel eknomy for the vehicle must 
be calc&ted. ' 

. .  . .. . .  

. .  . . .  
. ', 

, .  
. .  

I . 
, .  

. .  , 
e ,  

. -  - .  8 -  

. .  
. Fuel'Economv Adiusfrnent Facfor . , .' . 

-The fractional change in fiel economy based' on the,fkctional . \  change in horsepower 5 .  is krst . 

calculated (mk). This is an e n g i n k g  relationship'expressed bythe - ,  Youowing equation: ' 

I .  

. . ,  . .  
ADJFE 7 -0.22 *ADJHP ,- 0.566 *ADJHP * (50) -. 

I .  

, .  

I .  

_. Energy Infonnatfon Adminrstrauon 
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.. . . .  . .  - . I o  
, * , ,  , > .  

. .  
Adusfed Fuel Economv , , . . .  
The final vehicle fuel economy thexidetermined as follows: . ' . 

. .  

.. , 

. .  
e. 

, I  . ' .  
*, . " I 

, Adiusted Vehicle Price 
I 

yehicle price finally estimated: - .  

. PkICE .. = ,PRfCE + ADJHP *VALWPERF * 
. .  .. 

. .  ~. . .  .. 8 

. ' I  

.. . . 
. *  . 

.. 

_ .  
. (52): 

- Note @at as &&e are final adju$ments, the results do not feed back into the horsepower & . w e n t  
. .  

fXptiOIL . .  
. .  

.. I \ .  
. .  - .  .~ 

- .  . : d e  above q&cinsresUlt iiianestim'ate ofthe market shares &the I .  COns'iiieredtec~oGgies within 
* ,  . . .t ,each class of vehi,cle. The effective range foreach vehicle cl&s:k t h d  calculatd . , . 

. .  - .  
. .  

* G: Esfimafe Vehicle'Range . . . . .  
! 

For most vehicles, range is afunction of tank size and fuel economy as showri'in below: 

1) vehi+ Calculation .' 

.~ 
. .  

. I  

._ 
. .  . I  

I 

-. . . .  
W G E r - F -  = TANKSIZE * FEr-k (lgAFVADJR??gu& I (53) 

where: , . I  

. . '  
. *  

, e , .  

. _ .  . .  ' RANGE = Vehicle range . ,  

, . TANKSIZE = ~ & i z e  for a gasoline vihicle ofthe Sam- size class . ,  . .  
AFVADJIW = Range adjustment, relative to gasoline, for an AFV (exogenous, Grom Block Data) I .  . ' 

I .  
\ .  

Therange a d j h e n t  factor (AFADW is derived through engineering judgment and is based on 
' , c&ent gasoline vehicle tank sizes; likely relative fuel capacity for alternative iehicles and the ac td  

base year relsitive fuel economies of gasoline and alternative fuel vehicles. Of necessig, the range 
estimate is less accme than thb 

I < 
he1 econoply projections. . # 

kange for Electric Battery vehicles is set to 80 miles.' This ii an engineering j.udgment of the best * 

' performance , .  likely to be obtained fiom a produ*on electric powered vehicle in the foreseeable ' ' 

, iktwe. Thenext step'is to calculate the market shares of each vehicle class within' each C k E  group. . . , 

:. ' 
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.- . 

' .  . 
. .  

I .  

I .  . ,  
. I .  

1 .  , .  Ill. . CALCULATE CLASS MARKET SHARES . ' . I .  

, , 

' . This routhie calculates vehicle class market shares yithki each "corporate" average&el . .  economy, I 

group (Le., Domestic . I  Cars,, Import Cars, Domestic. Trucks and Import Trucks~) Market sharesfor 
3 ' . 'each class L e  derived by calcdatipg an increment fiom the baie y& (1990) qarket share. The 

. . 
a I 

. market share i n h e &  (or decrement) is d&ed by one of the fo l lohg  equations (depending . 
. ' I  

. 

\ 

. .  
- . .  . 

. .  . .  
CLASSSS@"R& ) ; , . ' ,  [ 1990 1 - CLASSSsIiTARE, 199, ., 

FUELCOST-), nc;COME- - S13,OOO 

1. -= A * - 
. .(W 7 .  . .  .. - -~ 

. .  

INCOME,, - $13,000 
, . ,"-[ 

' .  , .  

1 '  ' + B * h [  i c '* In. 
, .  . -  FUELCOST,,, .~ .. 

* . I '  

. .  

d e r e  &$S& isthe market share ofthe i& market'class, and the values of the coefficients A, 
.~ . ,  . 

" .B; and C are tabulated in ._  Table E-1 of AppendkE.-'. ' 

. .  . .  

. -  

. . _  ' _  . . .  -, . 

. .  . .  . . i u x u v c  am: . .  
. . The calculated in&ent,is added*to the base yqar&ket share to obtain a curiknt y&r value. After 

. &et shares' die derived for d vehicleclasses, the kdts.& no-, so that market shares. sum 

.. . 

. .  

. .  . ,  
. *  . ,  

, .  
(55)' ' -  

, I  . *  

: I . .. 
. .  

. .  . ,  

. .  . -  
, . .  

. .  . .  
, .  

. a  

. -CALqULATE CORPORATE AVERAGE FUEL-ECONOMY , 

. .  . .  . .  . .  
I .  . -  

This routine calculates the "corpora&. average fuel economy for each of the four groups: 
. .  

I .  ~, 

, .  
, .  

. .  . - .. 
. I  

- , .  . .  
I 

1.) DomesticCars . , 
, , .  . .  I .  

I .  

c 
' I .  

> '  

1 .  

. 1  ~ 
-. , .  

Note: Market for Mini and Sub-compk & are solved jointly lising eqhion 24. The resultbig combined &et 
. ' ' && is allocated bmeen the two classes bqed on the original 1990 allocation, Specid-trkatment of.fh&e two classes Was 

. I .  made neceSSaty by the small sample size in the &$is data sets. . . ~- 
I .  ' ,  . .  

. . I  
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' .  

.) 
' 2) Import'cars 

. '  . 3) Dome&cTrucks . 

4) ImpdrtTrucks, 
.. -. 

\ 

. *  

For each vehicle group the CAFE calculation proceeds as follows: 
I 

? .  
I 

. *  

I .  

.. . .. 

- .  2 .  

'.* 5 .  CLASS$SHAREiA,, , .  
- f = l  ' I  ' 

. *'E ' '. CLASS$SHAREiA.& . .  
CAFEiA,, - . 

i=l FEiA,, * 
, -  i .  

. 

wliere: 
! i=VehicleCIass ~ I. 

, kA'CAFEGroup * . 

, .  
' I  

This C@ estimatb is then c o m p k  with the lehlative standard for the manufkcturer group and . 
ye&. ' If the forecast CAFE is less &the standard, a secofid iteration of the model is pegormed . . 
&br resetting the reguldnry cost ;(REGCOST). 'If the rkculated CAFE & st i l l  below the standard, .- . 
nO f;rther iteration occurS, as the'manufactureI is $in assumed %.pay the fine. . - 

. .  . .  
e .  

. \  ' .  .. * -  , .  
. .  

IV. COMBINE RESULTS. ' : OF DOMESTIC AND IMPORTED VEHICLES 

In subsequent comp.onents of the transporntion model, domestic 'and impoted vehicles are not. 
treated sepatately.' It is therefire necessary . ,  to ~ n s t m c t  a i  aggregate estimate of fie1 economy for 
each cl&s of car and light truck Aggregk'fuel economy is d e t e e e d  by weighting&ch vehicle 
chis by the& relative share of .the market. These figures &e assumed to be mnstant 0 .  across classes 
and time, and have been obtiinied fiom Oak kdge estimates of the domedic and 'imported &ket . ,  

. 

, -  
sharesi3 . * .  

For Cars (except mini-compacts); 

... 
Oak Ridge Natiohl Laboratory, Transportation Ener~Data Book .Edition 12,ORNL6710,3/92. 

For Cars:. Table 3.9,1990 data For Light Trucks Table 3.16,1990 data 

Energy Information Admlnlstratipn 
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.. . 

. .  ._ . . . I '  
I 

' >  . 
. t r  

, ' .. 

. .  (57) 

For Light Trucks ( e x k t  standard pickups, standard vans, Bnd standard utility vehicles): . ,. . 
. . .  . .  

I-' 

I .  

. .  

- 
, I  

. All'd&mpact & are'imported, and &-'standard pickups, standard va&, and standard utility ' 

, .  . .. 
I .  . , I  

. .yehicl& are 'produced%domestically., ' , .  
. .  * .  ..f ' . 

. -  . *  
- .  . .  

The fuel economies of the seven &e classes described above are subse&ently~collapsed - ,  , into six size , 
. 

to 1992 NHTSA estirqates of fuel economy for &ch size.clkx.' ?hese ndbers . .  &e thenpksedp ' ,. 

. . 
.. ' class& considered by the remainder ofthe Tr&sportatiOn Model, and bencwked to correspond 

.. .the A l M v e  Fuel Vei&le. (AFV) Model, &d the overall .fleet stock model to produce . I  estimates. 

' 

. _  
. 

. .  
. . .  . : of fleet efficiencies. 

. -  
1 .  

.- I . .  I 

. .. 
. *  

. .  

. .  . .  
. .  

. . .. .~ 

. .  
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. .. . I  

. .  
. I  

' 3A-2. Regional Sales Model .. 

"lie Regional Sales Model is asimple . I  acwunting mechanism which uses exogenous estimates of. ' 
'new c& and light truck sales, and the results of the Fuel &nomy Model to produce e&tes.of 
regiodales and c- ' * 'cs of hght'duty vehicles, which are'subsequently passed to the Light . 

e 

~ . Duty . .  StockModel. . . .  

. .  

' .  . . 

RATIQNALE . ' ' *  

"Nationwide estimates of new cs$ sale come fiom the the NEMS Macro Module. In order to comply 
with the NEMS reqkement for regional &el consumption estima&s, the Regional Sales Model 

* '  
, .. . 

allocates new car and lighttruck sdes . amoag * . .  lhe'nine Ce&.divi$ons and permits regionql . . 
, variations in vehicie a&butes. This also .gives the Transportation Model the cap@ility to analyze '. 

regional differences in alternative vehicle.leg&Iation.. For examile, CaWorniahas implemented ' 
legislation requiring'that 2% of all vehicIes sold by, the year 2000 be "zero emissions" vehicles. 

c . -  

. * (essentially electric vehicles).. 
California standards, &d the Transportation Model assumes-that they will be successful. - . .  

Massachusetts and New York have taken steps to adopt +e . ' 
. 

.. I .  . .  
. .  

ALTERNATIVE  SPECIFICATION^' ', 

No alternative models wFe considered. 

!! 

MODEL STRUCTURE 
I This.is not a separate model in'i&eE but rather a series of  intermediate calculafions used to, generate 

' comprises two subroutines, T S U E  &d WG; the first i s . u k  to.compress'the seven vehicle size 
classes generated by the Fuel. Economy Model into si$ s& classes ked in subsequent calculatiob 

. 
several 'regional variables which 'are used in ~bsequent qteps in the Tramportation Model. It ' . ' . ~. 

I 

. .  

' I  

. and tlie b n d  generates regional shares of fie1 coqumption, drivingdemand, aha sales of vehicles ~ 

. I  

1 .  , .  
by size class. 

The Regiohal SaIes Model flowchart is presented in Figure 3A-2 below. 

. .. 

I .  . .  

. .  
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* .  
... . I 

. . .  .~ , .  

- -  
I 

' 
.. 

. . ., 

' .  

.. 

s .  .' \ 

I .  
I .  

.. 
. -  . I  

. .I. . . . :. 
' - . - .  

I -  

- 
' .  . .  . .  

. .  - .  . .  

' .  . 

1 

* .  . .  
: . . , .. 



. .- , .  , .  , 
. .  

2 . .  , . _. 
. .  * .  

. I  

.. , . .  
. .  . 

I .  

. ,  - 
. .  . .  . 

. .  
I ,  - 9 .  

. L  , . Redisttfbute FEM R-ults Among Six Size'Clae& . 

. .  - * .  
. .  

The first, &e in this model involves the estimation of non-fleet sales of cars and'light . .  trucks for * 

each of the seven s& classes and C b E  groups-desciibed in the Fuel Economy Model' (FEN. The ' . . - 
fkction of &rindtruck sales attributgd to fleets is assumed to remain cg&t across size classes .- 
and the estimation ~God. Although the fbel economies of domestic and imported vehicles have ' ' 

' ' already been combined, the separate market shares are recorded in the variable -Cy and @e 
calculations &e perfo&ried s e p k l y  for domestic apd imported vehicles. I 

. .  
. ,  

' .  I . .  

* .  . *  
4 

I .  

It is fist necessary to rdocae the estimates of car and light truck d e s  suppkl by the Macro . I ' 

- Module.. This is required due to the fhct that $definitions used & the Tr&sportition Modble m e r  . ' 

' fiom those used in the MamModule. The trucks enmekited by the Macro Mod&& definition . '' ' 
of ''light trucks'; inch~des those of less than 14,000 pounds GVW, agd are not identified by axle 
con@uration.' In the Tra~~$ortationModule these-trucks are addressed in three separate sectioxii: 

* ' trucks under 8,500 pounds are iticluded in the LDV Model; trucks betweeq8,500 and 10,000 pougls 
aremodeled skparately in the Light Commercid TruckModel; and trucks over 10,OOOpounds are 

. 
I '  

. .  

included in the Highway FFight Model: .AdditioqaIly, the LDV Module uses a different 
methodology to estimatethe allocation of LDV sales betwe& cars-and-l&ht trucks,.reflecting the . 
changing purchase patternsof copsumen who have been shifting the& attentions toWard ininivans . 

. 
. 

. .  .. . 
, &d sport utility vehicles @ recent y ~ .  , . . t  

. I  

. .  . .  
D e t e d e  the number of Light Truck sales whichare Classified as LDT's: . . 

. I  

. -  
* . .  ., . . 

- .. 

I .. , 
(59) 

-. T-LDT-MAC, = MC-SQDTRUCKS, ,%- LTjOK' 
. .  

L [; LT2A4 *. LT2A4LDV)' t (LTOSU * I .  LTOSULDV) ] 
. .  

.,_. . . .  I .  

. I  I .  

, where:' 
. , T-LDT-hMC = Total LDT's (under 8,5;OO pounds), as estimated by the Macro Module 

MCiSQDTRUCKs = Total Light Tqck d e s  (under 14,000 pounds), fiom Macro/ 
. LTlOK = Fraction.of thbe trucks p d &  10,000 p u n 6  

LT2A4 = F&on of g a t  trucks with a 2-axle, 4tke c o n f i e o n  . I  

LTOSU = F k o n  of light ducks with other axle q~nfigratio& 

' 

. .  . LnA4LDV = Fraction of these mcks less than 8,500 pounds 
. 

. .  

. .  
* LTOSiJLDV- Fhckari of ihese trucks less than 8,500 pounds ' I. - 

I .  
. .  . .  

, ,  
I .  

- ,  
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... 
I .  

. .  .. , 

. -  

I ., 
. .  . .  

~ .. 
. -  

TLDV-UC,' = MC-~QTRCARS, +. T-LDT-MAC, 

.. . 
. .  - .  

, .  
I 

. . . , . . .  . .  . where: 
' *  .T-LDV-hUC;= Total &ad adjusted light truck sales 
a,MC-SQfiCMIS.= T o d  sala, born the Macro Module . .  

~ . . (  . ,  . . .  . ,  
. .  

' I  , .  -AUoca& LDV sal& between.cat$and light trucks: . . .  
. .  . I  

, .  

. , TMC-SQTRCARS, = T-LDV-MX, * ( 1  ~*CARLTSHR) '., . - . . .  . .  
. . .  . I  -.a& : . \  . 1. . .  

.. 
, .  

. .  - .  

I -  

. TMC-SQDTRUCKS~ = .T-LDV-MC, * CARLTSHR - 
. 

. , .I . . . . , . .  I . L .  . .  
- .  

, .  
. .  

I 

, .  
I .  

. .  .. . -. . 
. -where: . . .. , 

ThlC-SQTRCe = To& sales.of new cars . 

TMC-SQD~UCKS. = TOM sales of new light trucks 
CARLTSHR= Allocation d r  repres&&g LDT &on . .  of LDV sal? (Appendix F; At@chm&t 8) 

, .  . .  
.. *. . .  

. I  

' ~ ~ o c a t e : s a l e ~  m o &  sw classes: . .  : . . . . .  . . I .  

I .  

_ .  
. .  

. .  

. .  .- . , _  . ' 
Forcars:, . 

. .  . . *  
. -Ncs7sc,ssJ . = . M K T C ~ L ; I ~ ~ ~  *- TMC-SQTRCARS, * ,( 1 -, F L T C R A T ~ ~ ~ ~ )  . 

, .  . 
I . . '  

. .  
. .  . .  *ere; 

. NCS7SC =New car sal& +the original seven FEM size classes ' 

MKTC- The.market s k ,  fore$h automobile.class, from Fh4 '  

. 
- .  . , . F L T d T  = F d o n  ofnew q pu;chased by fle&'in'1990 ' . . . . .  

T = Index refixhug to . .  model ruh year ., . 
. \  

. .  
. . ,  6 .  , .  . <  

. ,  . .  - I .  

similarly for TIUC~S: 1 I .  

. I  

. .NTS7SCC.,,j. = MKTTcussJ * TMC-SQDTRUCKSL, p fi - FLTTRAT~,,, ) 
. .  ,631 . 

. .  . .  
. ' .  

. I  

where: 
. NTS~SC = ~ e w  light tnicic d e s  in the original seven' FEM size &ses 

. *  
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. ... 
I 

ha(TT=Themarketshareforeachlighttruckclass,liomFEM ' . . .  
FL'ITRAT = F&on of new light trucks puichased by fleets in 1990. 

. + ,  , : . 4 .  - .  
.' Sdes. withinethe seven' size classes &e &en.distlibuted 'hong,s& Size classes, ccklbining the 
.domestic and import-groups, as folloys: ' 

. .  

. .  
' .  . 

. .and .. ~ 

, . .  
I .. 

. . *  

. .  
where: . .  

NCSTSC = i e w  e * s i ~ e s  in the modified six size classes, SC 
' *  . ,  

SC = Index for six size classes 
I NLTSTSC =New Sght truck sales 

81,82 = Weigheg coefficie$s &ociat&l with m - a h d  bn?clcs, respective$ 
GROUP = Index . .  hdicating domesticorimported vehicles . 

, .  

The market shares for cars and light 'k~cks arethen calculated by size clsiSs: . .  
V I  - 

I .  

, 

. NCSTSC,;, 
PASSHRR,, . .  = IF . (66). 

,. . .  
.: NCST,, 

* ' S C = l  ... 

L '  

and: 

. .  where: - -  
PASSI'IRR = Non-fleet market shares of &omobi&, by Size class SC 

LTSHaR = Non-fleet market shares of light trucks, by s h  class SC . 
" ,  

, 
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Similarly, hprsepower estimates generated in WM are cqmpressed fiom seven tosix size claSses for 
, .  . . ,  . . .  

cars and light .trucks, combkg  domestic'kdi&port \ .  groups: ._ .  I 
, .  f ,  

, .  , .  . .  . .  I '  . ,  
I .  

where: - .  . .  
. .  _ .  

-'HECAR = A v e e  horsepow& of *mobiles, by s& class SC 
. HPTRUCK = Averagehorsepower of light trucks, by size class SC 

. 
' 

, . ' . .  
HPC =Automobile horsepower by FEM s@,class CUSS . . ~ 

. JkT =Light truck horsepowm'by Fl&l size class CLASS ~ 1 . ' 

. . .  ' CARS=, . 8 ,  = Domestic vs.,import market share for automobjl&, fiom ORNL 
.TRKsHR= Domestic vs. impo{&et share for light trucks, fiom ORNL 

. ,  
_ .  

, , .. \. .. 
. .  . .. ,. . 

. The average horsepower of cars and 3ight:trucks . .  is then calCu.l&k . . 
. .  r .  

6 
\ .  A H P c A R ~ ~  =~ H P c A R ~ ~  P A S S ~ ~ ~ R R , , ,  

. r  sc=i . . I .  

6 , .  * -  

A H P T R U C K ~ ~ ' =  . E HPTRUCK;~ * LTSHRR,, 
. .  : S C h l , . '  - 

. .  
. . .  

where: . 
. .. 

c . AHPCAR= Av&e automobile _ .  horsepower ' . ' 

. .  . . vUCK=Averagelighttruckhorsepower . .  . . ' 

* -  

. I 
.. . . .  

. ' ,  , -  . .  
. Defermine-Regional Values of Fuel Demand and Vehicle Sales 

. .  
, .  

. ,_ . .  
', 

.' , 
I .  

. \  
, . I "  

. .  
.* . . 

. '(71) 

. .  
. -  . -  

,, Regional demand shzkes for e&h.of eleven fuels are first i&tializ&, e&uring that noxegion has a 
. . . zero share in +e preceding time period, then p& at the rate of personal income grow@iri each 

. region, i d  renormaliz$ so the shares d d  to 1.0: 

, . 

. _ '  
, .  

, .  . I 

. .  1 . .  . .  , .  

, .  
. .  

. I  

, I  , 

1 .  

. I  

. .  
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, .  . .  . .  

. -  
. ,  

. I  where: 
. I  

, SEDSHR = kekonal share of the consumption of a given fuel in period T 
1 .  , ' , 'TMC-YD =Estimated disposable personalkome by region RkG . *  

. .  
., ' . REG = Index referringto Census region ' . .* . 

. .  
. .  

. . .* 

, 

*; These'shares are passed to other modules the Transportation Model. 
. .  

. .  . .  

' . 'The'distribution of new Car and fight &k sales among regiom is then addressed. "his process takes 
several steps, and based on the as&ption that regional demand for new vehicles is proportional 

\ . .  . 'b regional travel demand. The calculation proceeds follows: '. 
c 

. .  

. Dete-e the regional cost of driving per mile: . . .  . .  
. -  . . .  

/ .  '.\ .. 

. (73) 

. .  
. where: * - .  

COSTMIR = The cost p& 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 &r for gasoline, m Mh4BTUIgal - 
. .  

Calculate regional income: 

, .  

I ,  

. I .  

, * ,  

where: . .  I .  

. INCOMER = Regional per capita dispos,able income . 
"MC-YD = Total disposable income region REG ' 

' 
"MC-POPAFO = Total population ip region.JZEG 

- .  
e ,  

. .  . .  e .  . .  
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~ ___--. . . .- .. -. . 
. .  

. .  . .  
' .  

. . ,  

Estimate r e s o d  driving d&d* 
. .  

(75) 

, .  -. . .  
. I  

.. .. 
and: 

(76) . 

.. 

VM"l!16R = Vehicle-miles trayeled per popui&on over 16 ye& ohge 
Pm=RatiooffedetoAedrivingrates . . . 

. .  . 

* .  
p.=Lagfactorforthedifferencceequatioo ' ., I ,  '. . . I . ' 

.. VMTEER =Total lh$T in rt&on REG, . .  
TMC-POP16 ,= T0.d kgional population over the &e of 16 . ' I .  

. .  
. .  

DAF = A  demographic adjustment *r, to &flect,different @e groups' driving patterns . .  

.. 

, (77) 

. : 
. .  , 

Divide non-fleet car and light truck sales according to'regional m.shares:  I .  I 

. .  
. *  

. .  . .  
. I  . .  . .  

. ,  and 
.. 

' N L T S ~ ~ ~ ~ ~  .= N . T S T S C ~ ~ ~  R S H R ~ ~ ~  . . 

. I  .. '-. . .  . .  

. .  
\ .  

s ,  . . .  . . .  
NCS =New car des, by s k i  class q d  region'. ' . I ,  ' . '. . 

NLTS =New hght truck sales, by SE class and region . . : 

(79) 

where: . . . 

- . .  

. .  
I .  

*. - The development and e o n  of the WvlT equation is dekkbed in detail later, in the VMT Model . .  (Section. 3B-2). 
I ., 
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.I ' 
I .  

3A-3. ' A W  Model 

' The Alternative Fuel Vehicle (AFV) Model is a forecasting'tool designed to support the Light Duty. 
' ' ' ! Vehicle GDV) Module of the NEMS Transpo&on Sector Model. This model ?IS& estimates'of 

new car fuel efficiency obtaiued'fiom the Fuel Economy Model (FEW subcomponent of the LDV . .  
' Module, and fuel price - .  estimates genemaby NEMS to .generate m&ket shares of each considered : 

* ' technology, Themodel i s  Usefiil both'to assess the penetration of alternative-fie1 vehicles . .  and to 

'- 

, ,. 
, .  

c 1 allow analysis.of policies that might impact this penetration. 
,' . ,  

# 

... . * 

e ,  I RATIONALE . -. 
The objektive of &e 14Fv model . .  is to e@mte the market pe+rkon (market shares) ofalternativ& 

.. 

. .  
... 

; 

fuel vehicles du&g the period 1990i2030. . ,  The model proGdes. market .shares for ,fourteen 
al&native-&l technologies in addition to the qnventional gasoline and diesel technologies. 'The 

9 shares ire projected in three stages. In the.first stage the two conventional technolo&es are allowed' * 

to &mp& with a single representative altemative-fbel vehic1e.technology. .- In the second stage-the 
overa~ altemative-iiil .. , , vehicle share is disaggregated among eleven competitive altelinativi-iLel 

' .:q * . technoologies. In the third stage the electric, vehkle(EV) share is distributed &ong f o e  EV and * 

hybid$echologies. Foiecasts of vehicle-teclinology sharesare , .  developd for each of the nine U.S. 2 
i -  . .  

' ci-regibns. , - I . , I. I 

- ,  

, .  ~ 

The AFV model is an iplprovement .over the predecessor model 

no room for consideration Oftechologi&.or market-driv~limikioxk onthe penetration of AFV's ,  
thereby limiting its usefulness in evaluating the &pack of altemativeyolicies.- 

inthe AEO 93, which.assigned ' 
. , market . .  shares to four basic alternative technolog& based on legislative Adates .  That model left', 

, - .  I 

. .  
. .  - .  

,' ALTERNATIVE*SPEClFlCATlONS . . '  

There are very few current models which attempt to estimate the market penetration of altemative 
fhelvehicles. The,methodology used inthe AFV module is based on'&tribute-bas~~discrete choice 
techniques and logiti&pe choice functions described in previoi reports.5 The f-- attribute coefficients 
used' ,in the module are derived from a logit 'discreet-choice Consumer preference model' 

' 

. .  ' 

* .  

See Fulton, L., New Technology Vehicle Penetratiorr A Proposalfir an AnaIyticd Framework, Submitted to EIA, &ce of 
. .  . Energy markets and End Use, March 17,1991. . 8 -  
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/ 

c 

1 .  ? . . .  .. . - .. . 
. . I. -. . 

, .  

. .  . :. 
.. 

. ,  ! 

. .  i :  . . 
I . .  . .  .__ . 

Comrhksioned by the state.of . .. califomiap The met@dology consists-of the'e$hation 0f.a demand 
function for vehicle sales& the U.S. market and the derivation of Coefficients for the vehicle'and 
fuel attributes &ch po&ys c o h e r  demkd. Once the de&d functionhas . .  been d e t e h e d ,  
projections of the changes in vehicle and fuel'attributes for the coxbidered technologies are. 
multiplied'by the wrresponding:attribute coefficients to produce.the A k e t  share.penetration for 

. , .  I .  

* '. .~ 
< .  . 

C '  

i . I  

, -  

. -  
- . .  ~ . *  .. .. . the vyious gchoiogies. . .  

' * .  . .  . 
I, . . .  I '  

An importantlimithion in estimating . .  &ket share Getration of al&ve fueTtechnologies is the 
lack, of.expe$ence &s&~er I .  . , use' of alterna&e tei&nologie& .Only 'a limited' nbmber of . '. ' .  
aiterm&ve-fuel technologic$ .are Wmmer&ly available at the present time and . .  the vehicle options , 

'which are availabte'ark still h eXp&ental &es of development iesulting in significantly . I  high'. . 
vehicle prices. ,Lzick of ,a ori preGo& , c o d e r  purches of alternative fuel ,vehicles poses a 

estunghg an eqktioii to fore& we market share penetration. :A stated 
preference Survey pe@or&edfor . .  t h e . d o i d a  Ekrgy~Co&sion (CAC)'&ch &ked e&& 1 ' 

their vehicle choice . .  prefmenke & r e f e r e n ~ e t o - ~ ~ o t h e t i ~ ' s c e ~ o s  . ;  is &din ,&e AFV module. 
The d&d function for persoh vehicle choi& . -  determined fkom this'survey is used . ,  as. the source ' 

, .. . 7 .  
. .  

' . 
signiscant 0b;Stacik ir;. '-. 

. .  I .  - .  

' ,  . 

. . .  
. e .  

* for the attribute coefficients' for them module? - : .: : . .  
. .  I '  

I .  

. I . %  ... . , 

. .  . '  . . \ .  
_ . (  

The deinand estimation inwrporates :a .logit discrete choice model . .  calculate consumer vehicle * 

prefknce in &lation to vehicle and fuel atthbutes. A m e y , w k  8 '  conducted which respondents 
.. were asked ;b express'their.pref-&s for vehicles based on vehicle bdfuel &ribAes. The stated 
. .pref-ce.survey consisted of a samplle.size of . 692 -. +ndents yielding 3460 obsmations. Based 
on the, &ted prekerence surveys a d e & t i c a l  made1 w& estimated to account 'for . w h e r  I . .  ( *  . I , .  

, preferences in vehicle choice. ' .  . ' . , C .  

. .  . *  

Thedemand function is a logit > .  discrete choice'model hj &'.be represented & follows: -, , 

. .  

7- '. . , .  . .  . .  
. .  .. I. 

, .  , -  
- , *  

. Thecoefficients of the vekcle attriiutes derived 'from i e h g i t  hiscreie choice model are taken.from Bun& b.S.; Bradley; . 
' . U; .Golob, T.F.; Kitamura, R, O c c h i ~ ,  G.P., D e d  For Clean F v l  P e r s o 4  Vehkles in Cblijornid: A Discrete:Choice 

. <  . .  
. .  StatedPrefmeizce Survey, CAC, Dec:l991. . .  

\ 

' , ' For a detailed e x p l d o n  of &e demand +&on estimation, see Bunch,D.S,; Bradley,M.; Bo1ob;T.F.; Kitamump. and 
. Occhiuzzo, .G.P., Demand for Clean-Fuel Personal Vehicles in Cal$xnia- A Discrete-Choice Stated Pre$rence Survq, 

califordia Energy Commission, December 1991. , . ,  

. .  
% ,  

, .  
" . *. . 

. Ene&lnformation Adminfstratfon _. 
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c . .  -~ , I  . ,. 
4 . I  . .  . . -  

' .  
, .. 

. .  
. I  . . .  , . .  . I  

. .  
' ' I where PI is the probability of a cknsumer choosing vehicle i, b, is the. coflstaflf; l3 iare the CoeffiGients 

,, of vehicle and el attributes and& are vehicle and fie1 adbutes.~. 
. .  

,*  . .. , 

I .  

. *  

The.resulting specifications of the nested multinomih logit discrete choice model for estimating . 
' mariet share penetrati.on of alternative fuel technologies fiom the stated- prefaence survey are' 

presented ihTable 5 2  of AppdkE: The independent variables,.co&ffici&ts, t-statktics, sample 
' , ' .  &e, a id  log-likelihood Calculations are 'listed The coefficient signs of the five h e e n t a l  
I .  

., 
independent veables Cpnespond with apriori expectations for &*er preference . .  b d  all the . 

' .  
' I f&damental independent , I  vkables &e signif idth the . model? 4 .  ' .I ' 

. -. 
. .  

I. 
. .  . .  .. . I  . i  

*: '* The basic structure of the for&& component ofthe market share estimati0.n for alte@ative fuel 
' ' ikhicle Sale is a*biie-dimensi?nal inatrix formatt. The. matrix c o ~ i  6fI  yehicle tekhnology 

.types; Kattribuks for each technology, and Tnbber of y k  for the analysis. Each cell C,.inthe 
Chdrix c&ahs akefficient . I  reflecting the ?due of attribute kofvehicle~~bnology i forthe given 

The calculation of the market , . >  share.penelration . .  of altqnalive fuel yehicle sales @.expressed in the 

r .  

- _  .. . 
* -  

followingequation: - * I _  . 

' . .  
. .  

1 .  

where: ' 

* .  

', . i '  

nq1 N . 

- i=l . ,  .: 
. .  

. .I 

, .  
. .  . .  . .  

. ,  
: 

si, = matket share sales of vehicle type i in year t, 
Pi, = aggregate probability over population N of ch ?sing type i in year t, 
,n = inGvidual n fiom population N, 

- .  Pi, = probability of individual xi choosing type i in year t, 
Vi, = ahction oftheK elements ofthevector of atfriiutes (A) and coefficients (B), generally wear' ' 

' I 

inpaiam@rs,i.e.: , ' 

.~ , .  

- .  
. .  

- -  . ' V=B,X,+l3&+.;.+B& --: 

. .  
. I _  . .  

* Several variations for the discrete-choice stated preferendmodel for altemkive fuei vehicle choice were presented inthe 
California En&= Commission repoG however, the nested multinomial lo& model presented in Table 2 is the p r e f d  model. 
to usi: in the AFV,module. 

The forecasting methodology is based on the m&odology defined in the Decision Andy& Corporation of V i a :  
Report, Alternative Vehicle Sales Module: Design of the Modeling Framework and Prototype'@odule Description, for Energy 
Information Ad&ist~& 'on,Task 91-137, September 30,1991. 

. Energy lnfo&on AdrninIstation . 
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" 
I .  

_ .  .. . 
. ,  . .  . r  

. and% is spkcic to vehicle i, year t, andindividual n. , .- 

, 

. .  . .  
. .  . .  

e . .  . 

The . .  above. equatiah asserts that 'the share of each technology is equivalent to the qgregate 
.probability over the population of  choosing that technology, which is produced'by mqiugethe '. , 

. . individual - .  probability f;nctidns. The individual probabilities are a fimction, of the ratio ,of the Ps 
. ' (taken as an exponentid).,':The &ket>s@e-of &h vehicle type4s ultimately determine& by its . . 

. I  . .  , .  I , .  

, attribks relatiye to the attributes of all competing vehichp. ' 

. . The C 

. .  . 
. .  

. I  

. .  , '  

kpresented below is a siinple illu@ktion.ofthe matrix for& used in the k k e t  share 
.b e .  . ' . dcylatibn. .For simplicity, a 4 by 4 matrix of four vehicle types.(i =4) and four attributes (k= 4), 

. . for hdividual n in y& tihas been chosen. 
' _. .. . . .  

' .  
I ,  . .  . .  

. .  

. .  

I -  n . .  

. .  

i 
. I  - .  

. .  
. '* The coefficients of the veGcle attributes in the AFV module are assumed to remain cobtant over 

I . .  

i. . .  l3.k enablkthe . I  calcktionofthe . C e h  .. be less cumbersome; however, the methodology,, 
cafl utilize eith6r c b g h g  or c o k t  coefficiqt ,values for.the vehicle .@tributes. .The C matrix is 
replikted for . .  'eacg,ye& .of the ,analysis &d for each target group incorporated in the study. The 
scope of them module cov&a 40 year time period with 9 regional target ,groups, three size 
classes ,and three s.&.mrios. .A ?value is produw for each of the vehicle technologies, and for each. 
of the &get regiops, s& . .  and scenario. ,. : during "h year ofthe study. 

~A separate MT&-must be calculated for eat& hdividual.in the population, or at least for each' .. 

. .  ' .  . .  

, '  
. .  
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' * g r o i ,  of similar individuals? It k neCessary to calculate Pii, sepetely for e&goup and average' 
.' to obtain anaggregate.probability aqd market share for each vehicle type.. 'However, a single IKT 

mafkix can be calculated by taking one additional-step.. An 'aggregate IKT xkitrix which 
tapproximates the. results obwed  by taking ari.average probabiity & be calculated over the 
&&vidual &trices. This is dependent on the condition.that the average probability function over . 
the'population equals each egiou~, .probab'ilitjr function, not just the averagk of all knctions. , ' 

. Demokaphic variables 'can be used to Fbdivide the popdation into similar groups in order to . . 
approximate .this , .  condition. These vaiiables can be. &corporated into the Vs expression as dummy 

.*. - ' demographic variables which ' *  subdivide . the. populktion Could be f d y  size or income'leyel: A 
'* separak d&y variable would be ped for e a c h ' f d y  'size wtegory or inmme level &gory 

, , 

' 

* .  .. 

. 
,. 

. , I I, V~ables ,  which' prod& separate coefficients for each popuIation' group. An example'.of . ' ' 

. .  . _  

I .  

found in the population*O. -. 
, .  

. .  . 
I .  

. .  .. , 

The following equation illustrdes how including demographic variables, &e aggregate probability 
function approximates each individual probability function. 

* '  

I of the pophation N, with these segments. defined by d-y variables. ' 

... .r /, 

. .  
 his allows. estimation ofthe moael &g a single &matrix over the population. 

I 

. ,  MODEL STRUCTURE .. 

I The M V  module operates in three stages, pshg a bottom-up approach to determine the even-@al ' 

. market shares of conventional &d alternative'vehicles. Results from the lowq.stages are passed to . - 
the neh higher -stage -in't@e. sequence. -At this stage of &e LDV Model, vehicle sales and 
characteri4cs are map& from the sev& or six ski& classes considered previoi sections to three 
aggregate size classks. . AS the prices of alterpatvi.fiC1 vehicles are fimctiim of sales 'volume 
(e&ted in the FEM Model), the AFV.Model goes through two iterations; first, .estimating sales 
volume using the pre*ous year's voiume-dpnddlt prices, then re-estimating prices and consequent . 

' -  

. , 
. I  

. .  
I 

. . k e s .  .The fht step in the calculation involves the evaldon of Stage 3, in whichmarket shares of ' * \ -  

. - -  
. .  

lo The number of dummy v&ables required in subdivi@ng the population is one less ban the number of groupsso that if5 
M I y  size groups were included in the module 4 dummy variables would be required. . 

E .  

, ,  
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, * ,  

. -  .: 
, :  . ,  . . ,  . .  

' 4  

, .  , I  
, -  

one type'of dtenktive ,vehicle, Electric .Vehicles ind associated hybrids, &e determined. These 
. results aie then p&ed to S e e  2, in which market. s h e s  for allalte&itive vehicles +e estimated. ' . ' 
. Theaveragechaactmm ' *c~l ?f.dtematiye vehicles,.? subi+en!y passed to stage I, d e r e  the fina~ 

, ' . .  
. 

. 
mix ofal&ve arid conventional vehicles is calculated. 

, , ' . 
I. , -  

. .  . ,  

- ,  . .  i .  . I  
< ,  . .  . .  

. .  An additional txin@aikt is included atkach stage of theniarket share'calculationwhic~ inwrporates ' /  * , 

, .  . 
. do&ercial ,avail&ility of the alternative-fuel technology. ' f ie aggregate probability function - * '  . ' 

,. a s k e s  that +.I ~ h l o g i e s  are @y. developed and available to &e co&er at the present t h e .  
I 1  

This aJsumption does not;hold true for most of the dternative-fuel,~chnologi&, . .  - .  : which at the present , I , . 
'&e still remain . .  in development , -  stages. 3 .  . .Therefore, ' .  an up& limit &nstraint.& placed on thema;ket 
share peiArition: . -  of alte&tive vehicili salis ciqesponaing . to the expected ievilopmerit and ' , 

C0mh;e;cial avijilabiity of a l t e t ive  fuel vehicles.' This knstraint applies to the early years and. 
e grallually reddcei through the f o r i i i g  pe+oKvia a logistic curve for teChnolqgy, The 

. equations associakd _ .  &ith.ekh *e of the model are . .  presenkd . .  

sketches of AF'V calculations are presented at the.end of Section 3A. 

. '  

below, -in' order of execution, . . 
' . - .  

: . . .  .. 
The Alternative Fuelvehicle Model flowchatt 'is presented iq Figure 3A-3.below. More detailed 

. -  , .  
I .  

. . '  . .  
-. . .  

. ,  
. .  

. .  
. .  

. . .  , .  . , ,  ... 
5 .  

. -  
I .  

* .  

, .  . .  - .  
. .  Energyhformation Admin[sttation . 

\ 
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I . .  . . . '  ., . 
- ,  

Figure 3A-3. AlternativeVehicle Model ' 

, .  . 

. .  I I . ,  

. . .  . .. . 

,, 1 .  
I 

. '  Yes ' 

, .  
I .  

* 'No 

4 - 

1 , 

Stage 3 . .  
1 

I . .  
Stage2 . . I .  

L 
1 

... I 

- .  

i 
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. .  . . ,.. ._ 
I .  .. ... 

- .  . .  . .  
, .  . .. 

I t .  
. :  

. / '  - .  

' I where: . ' 
* 'LDVMPG =:Aggre& *vehicle fuel economy for reduced size .class iSC ,for each tecl&ology, . 

' represented m the code+ CARMPG for cars, and TR&PG:for light trucks 
FEMhPG =Vehicle fuel economy,'fiom t$e FEMModel, .. by s& class, @C, and on& K 

. .  

. 3) Calculate the weighted average fuel price for each EVtechnology, by region. .. e .  

v .  

where: . 

, .  

' . . . 
. *  

AFCOST = El&c vehicle fuel price, m 1990$ /-TU 

F A V h  = R e h e  ivajlabiility of the ~rrqonding  fuel 
EWECH= Index ref-g the electric vehicle technolob. . 

€UT = Price of Flifuel used by @e.&*nding EV techno lo^^ . ' 

.. , *  i .  

. .  
FUEL = Index ref&g to fuel used by technology EVTECH . . . 

1 

. .  

-. . Calculate EV operating costs, by'region. . .  ' 4) 

where: 

I . -  
. (83) 

. -  

. COPCOST =Fuel opbating costs for each technology, in 1990 ~ t i  per mile 

5) .Determine fuel availability relative to gasoline, FAV- . wing the highest value 
associated with any of the fuels used .in electric hybrids. *- 

. .  

- .  

kergy ~nformatioq Atirnlnistraiion . 
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. .  ' . .  
- . .  . '  '. .. . 

. .  I .  

. .  . . .  .\ 
.. 

- ,  

k) ' ' Calculate the logit kc t ion  inputs fiom the attrib~es ahd coefficients, by region. . . . . .  

7) Calculate EV market shares, by regiop. - . . - ,  , 

- .  . .  . .  

.- . .  - E V F ~ T E ~ c H ~ G .  . COMAVAILE-cH , 

. . .  APSHR33Emm$G - . .  1 .  

. 
. - 4  

where: ' 
. APSHR33 =Relative mafketshafes of each EVtkchnology 

. I  

coh4AvAL = C0mn;bCial availabii of each te&olo& . 
. .  . .  . .  

. I  . . .  . .  . . .... . .. 

. 8) Calculate average market shares &osS Ce& regions: . , .  
. ,  

. .  

, .  .. ... , ,  

> .  . _. 

9) ' .Dete&e the-cbyeristicS of a prototypical EV technology by weighting the individual' 
. .  

I . ,~ . , -  - ' . 'techiologies' charaCtteristics;by their . .  respective m k e t  shares. . . ' . 8 '  

/ 

. . . 4  
. . .  

, .  & .  
I .  . 

- .  

where Ym denotes the average attributes of the EV technologies: ., vehicle. price, efficiency, relative ' 
emissions, . .  Age ,  commercial availability, and &ternative-'specific.coht I. A si&lar procedure 
is used to character& regional attributes such as €ki piice ari;2 availability, and operating costs. 

- 

. 

. These attributes are * .  usedas inputs in the Stage 2 ?broke.' . 
. '\ 

. *  
. .  

I .  . -  I .  . .  

\ I  

' .  
En& Information Admlnlstratlon ' I 
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' 

Stage 2 determines the relative niarket shares among the set of alternative vehicles. The result of 
this step is a prototypic AFV whose characteristics . e  are d e t d e d  by the market share-weighted 

* attributes of all  1 1 alternative vehicle types. The sequence of dculations replicates those conducted 

' 

STAGE 2 

I .  

' in Stage 3, and is presented below. . 
. .  _. 

'. .lo) Calculate the weighted average fuel p+ce for 'each AFV techrtology, by region. . 
. .  

. .  

* where: 

. .  
. ,  

AFCOST =Alternative vehicle fuel pricey in 1990% / h4MBTU . 
AFVTECH = Index refmg to AFV &hnolo& ' 

I .. 

. .  

11) ' 'Calculate AFV operating costs, by regiog. . ... . . 
. -, . 

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

. .  . .  
' 12) Determine fuel availability relative to gasolhe,,FAVAL- which is set to the 
highest value associated with the group of fuels &ed in multi-fuel vehicles. . 

= mi ( FAVALL~;~~, ,  1 . (91) 
' .  

'FAvAE&VIECH,REG . . 

. . I  - .  ,- 

13). * Calculate the logit function inputs fiom . . .  the attributes and coefficienb, by regioa . .  

AFVECT-&- = EXP [BETACONST- + p , m R . i E ~ *  + pz COPCOSTmsG 
. .  , ,  

. .  
where: 

Energy Information A d m l n h o n  
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' .  . .  

. I  

. : . .  . . -  

. . .. . 
I .  

BETACONST = Constant associated with Gh'PiFi' technology ' . .. 

VEMISS = Emissioii levels rilative to gasoline 1 ~ s  . .. 
. .  VPRICE =Price of each &V technology in 1990$ ., 

~ VRANdE =Vehicle' range of the considered tekhnology . . 
. .  

, . .  .. 
. .  

, -  14) Calculate AFV market shares,'byregion. -,. ' . .  

. .  . 

. .  

'APSHR22 =Relative market shares of each AFVtechnology . - . .  

. .. 
15)' . Determihe average characteri$ics of AFv's .for. each regioa for use in, Stage 1. 

I .  

. .  % 

. .  . .  . .  
. .  . . .  , .  .. 

- 1  . )  : 

.. I 

, . .. .. 
.. .. . STAGE1 . . "  

Stage. 1 determines the final iniX of .conventional and alternative ,technologies, using.the share- ' 
wei&ted average c- 'cs of AFV's d&ed in'stage 2.' Three technologies are w&idered : 

i ,. 

' 1  in th& stage: .. . gasoline, diesel, . &d . I  .alternatives:, 
. . a  . -  

. . I  , 
. , .  

\ .  .16) . Calculate the logit hction inputs from the attributes +d coefficients, by region, . I  . , , 
. .  , . -  _ .  

. \  
= EXP [ BETACONST,,.\+ p1 VPkCEmrn '+ p? COPCOSTmci,, . , .  . .  . . .  . I .  , vEcTTECH,REG .. 

. .  

, '  
- .  

I .  

. - .  . , ' - + . I  p i  V R Q N G E ~ ~  +.pi V R A N G E ~ ,  +, p, V E ~ U I S S ~ ~ ~  , (95) 

. .  

. .  
. I  . . . .  where: 

. .  BETACONST = C o h t  associated with each tedmology 

, .  VPkCE =Price ofeachtechnology'in 1990$ . '. ' . . ' 

VRANGE = Yehicle range ofthe considered technology 
VEIvlISS = Emissions levels reldve to gasoline ICE'S 

. 
. .  

- 

* 1 '  

. .  
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. .  

. .  
.. 

. ' TECH= Index r e f d g  d the three major vehicle technologies:: gasoline, piesel& q l k a t i v e .  ' 

17) Calculate .market shares, by region. 

' (96) . : 
. 

. where 

I .  - .  
- .  I ,  . .  

. .  

. . 'I%e'W' s&p is to combine the &ket-shares of the preceding threk stages to produce absolute : 
. nprket shares of .each of the sixteen technologies addre+ in this model. The absolute regional : 

. I .. 
. .  

- .. 'market shares of gasoline and diesel vehkles r e d  &changed fiom those calculated in Stage 1, . .  , I .  

'**,, the AFV market - .  shares fiom Stage 2 are adjusted by the total alte&tive market share . .  fiom Stage 
1, and the EV market shares fiom Stage . .  3 mo@ied by the adjusted electric vekcle market'.share. 

' These values are p d  h-APSHR%mwhere ITrepresentsthe expanded sixteen techolo$es.. 

. 

.. 
\ . .  . -  . ,  . '  

,' For gasoline and diesel ;ehicIes (TECH = -1 4): . .  
.' 497) ~ 

APSHR4lfnWG .= APSHR33,k,REG 

. .  
. -  

I 

- .  
* .  

For non-electrickFV's (TECH = 3, AFVTECH #. 9): . . ., 
' 

APSHR44rkG = APSHR33- * APSHk2,,, (98) 

For electric AFVk (TECH = 3, AFVTECH = 9): 
. -  

. I  

* APSHR22,, * APSHRII,,,- = APSHRq3- (99) ' 

. .  
. .  

Regional sales of new &an and light trucks may then be calculated, disaggregated by six size classes 
aqd by technology: 

* 'NCSTECHnWGSc. = APSHRnsGSc * NCsREG~C 

- \  
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and:' , 

(101). 

' .  
* .  . . . ,  

. .  
I ,  

. _  

I -  . where: 

. :. 
NCSTEF = Regional n& car sales, by size class and technology 
' , .  NI;TEcH = Regional new $ght.&uck sales,by si& class and t&hnology . . 

.: . A P S H R  = Absolute regional market' shares of each vehicle technology 
. NCS = Region& ne& car sal&, &om the Regional Sales Model . 

. 

' 

a T S  ='Regional new lighttruck des, fiom.the Regiond Sdes Model ' 

I .  

. ,  . 

. . Mod,el.to re-estimat& the salesdependent vehicle prices, aha the revised prices y e  passed bick to ' . 
On the jjrst iteration of ' ,  &is model, the vehicle desby technology typeare passed back to the FEM 

* . . the AFV Model.. Fol loeg  the second iteratioq.these'values m-passd to the LDV Stock Module, 
' iq which the average a b d e s -  of the fleet of private lightduty.vehicll& are detebhed. ' . 

. \  ~ . . .  

. .  
.- . 

. .  , -  

I .  .- .. . 

* .  . 

. .  

. .  . I  

. a .  .. - .  
, '  

I .  

', 

.. . I .  

. 

4. 

. .  . .  
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* Figure 3A-4. Fuel Economy Model 1:'Economic'Market Share Calculation . . 
. I  . 

I '  . 

/-\. Beain FI , . 
. I  . ,  

. .  . -  
. I  

, .* . .  

, .  . 
-. 

I 
I 

I . ,  . .  
. .  

. .  Fadormeasuring 
regulatory pressure to . * 
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I . . .  
. .  'Figure.3A-5. Fuel Economy: Mode1.2: Enheering Notes' . ' 

I .  

e .  

. .  . .  . .  
, .  

I .  

. .  . .  

. .  
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. >  
. . I  
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I .  . . .. . .  

* .  .. -. 
l 

a .  

. Figure 3A=6."Fnel Economy Model 3: Weight and Horsepower Calculations . - 
. .  . .  I -  

. *  ... 
. 1. 

. .  

. I  

_ .  
1' 

I 
. .  . .  .- . . 

* . .  

. I .  

- .  
. ,  . .  

. .  . .  I 

, .  # ..A' ' 

. .  

. .  - 
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. '-- . '  

. .  

. F i g k  3A-7. Fuel Economy Model 4: CAFE Calculations . ,  . .  . .  
. .  

. .  . <  
.II .. 

. .  . .  
. '  

- ,  . .  . ,  

I .  

.. .- . . .  

.. . 

\ '  
, . .  .. 

, .  

. -  

\ I  

5, . 
. .  N- ~. 

. -  . .  

N- ~. 

. -  . .  
- .  

.. . .  
. .  

1 

I .  

. ., ._ 
- .  

. - I  N O '  

I .  

. -  

. .  - .  
I ,  

.- 

. .  I '  

. .  
. .  

i 

. I  

. .  . . .  

,. 
. a  

, . ,  - .  . ,  
. I  

. ,  
. -  

, \  

. . .  . .  ,. . 

. . .  I .  
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. '  . 
. .  .Figure 3A-8: Alternative FueI'Vehicle Model Stage 3. . ,  

. .  
c * .  

, .  I 

. .  . 
. .  

I 
. .  . . 

* .  
\ * .  I .  

. I  - I  

' _  

* .  
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._ . 

. .  

. ,  
. I  

. .  I 

- 
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-, . . L . ., . .  ! .  

. .' 

. .  . . .  
. .  

J . .. 
1. . 

Fig&3A-9. 'Alternative Fuel Vehicle . .  Model S h g e  2. 
.. . , 

- .  
1 ,. 

,' 
: . . .  , .  Stage 3. . .  

1 ,  

.. .. I - .  . .  

Fador measufng 
avaiimyofeach 

. .  . .. 
. .  . .  

.: 
, . -~ 

, 

. .  

.. 
I .  

._ . 

. .  

. .  

.. 
. .  
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Figure 3A-10. Alternative Fuel Vehicle Model Stage , 

I .  

.. . .  

. .  
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‘ .  

a. . . .  
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. .  . .  . . ;< . '  '. 
. .  . .  

. .  :I . -. , , '  . ,  . . .. 
, .  

, .  . . . .  . . .. , . .  
- . .  . .  

.. . .  . . .  
. \ I .  

. .  
, .  . .  
3B.' LDVStockMOchile . . . .  

t .*. I . 

' . . The Light Duty Vehicle Stock,Module takes sales and efficiency estimates for new . -  cars and light 
. '  . , . .  trucks &om the LDV Module, i d  returns the number zpd c-' - 'cs of the total suniving fleet 

oflight-iuty vehicles, aiong, with regional estim&s O ~ L D V  fiel.compnption. - . .  

sketches of LDV Stock calckations are presentedkthe end of Section 3B. . .  ' 

.. , .  

. .  . .  .. . .  
'Fhe'Light Duty Vehicle Stock Module flowchart is preskted in'Figure 3B-1 below. More-detailed . . ' . .  . I  

. . __ ' 
I * .. 

. .  I .  

.,. 
I .. . 

. .  I _  . 
. *  

' 6 . .  . :  
. -  ' . 38.1. LDVSfockAgcounfingModel * ' - .  

\ - .  
* .. .RATIONALE , .  ' : .. . .  . .  

The existing stock model is perhaps the.mo$ &Po&@ tiamportation sector model, since by fF,the 
largest p;kon,of transportation en&& consumption is k u n &  for by light duty vehicles that k e  . 
& least a year ol& The LDV' Stock Accounting Module takes,&e results of the LDV Module, i.e., 

* the number gd characteristics of newly purchased . .  cars and light trucks; and integrates those into . 
the existing stock of vehicles; taking into &&nt vehicle. retirhents 'and vehides which. are 
transferred fiom fleets to private oyership. The result k a snapshot of the "average"~car for each 

' -  

. 
I . )  

+ 

. . 
, region. 

. These characterstics are passed to the VMT Model, which determines the average nu&ber of d e s  . 
* driven by each vehicle in the current year. The product then becomes the regional fuel cokumption . . I  

. .  
* .  

I .  

,-- 
. . .  

estimate. 

. .  . . .  ALTERNATIVE~SPECIFICATIONS ' 
No alterqitive mod& were considered. 

. -  . . .  
\ . .  MODEL STRUCTURE , 0 .  

, The flowchart for the LDV Stock Module is presented below in FigUre 3B-1: More ,detailed 
,I 

- .  . .  flowcharts*ke presented at the end ofthis section. . ,- 
, .  

. ^  

. I  . .  . 
. .  

I .  * 
. .  
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. .  

.'Figure 3B-1. LightDnty Vehicle Stock.Modyle 
' 

, I  

I .  

, *  
s .  

.. 
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I .,+ 

. .  I -  . .  
. .  

LDVin~utg . 
Average MPGsof new I . 

Per capita disposable 
.income. 

, ;. .%ofpopuIationmr60 
~, . .  . .  ~. 

I 
1 

I a .  
. .  

. .  . .  

- Tot@ fuel consumption ' : 
1. . .  

. ,  . .  . . .  _ .  

, -  

I 

> -  a .  
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. :  ." . .  , . .  - ,  . -  . I ' .  

> .  
- .  . ,  

. .  ~ 

. ,  , I  . .  . .  
I .  

I .  . .  
. .  

, I  

*The &st step is to calculak'total vehicle sales by &hnology for the current tinie'period . . 

. .  

.. . .  

' . ' T E C H S ,  ' =,,k SC = 1 .REG f: = 1 NCST~CH&m~Jc- . .  
. ,  

, -  

, '  

, .  
. , .  

* ,  . ,  

. .  . .  
- .  , I  

. .  

, I  

, ' .  . 0 '  where: '. 
I 

T . .  

TECHNCS = Total new car sales; by techuotogy . 
. .  "E&T = Totai new light truck des,  by. technology . -  

and: (102) 

' NCSTEP =New car des,  by.region, size class, and techno lo^, fiom the AFV, Model 
. *  NL'iECH :New light puck sales, by region, Size class, and technology, fiom the AFV Model . .  

.. . .  
, .  ' ,  

' These var&les are assigned the M.irinttagk of the autoinobile F d  light truck stock arrays, and 5 

. .  ... 
3 , .  the population of subsequent Atages &e . .  calculated: 

0 -  . 
.. 

I '  and: 

where: 

(103). 

e ' .  PASSTK = Surviving automobile stock, by technology and vintage . I 

, LTS"K.=S&ving light truck stock; by technology and vintage . I  

SSURVP =Fraction of a &en vintage's automobiles which &"e 
. .SSURVLT = F k o n  of agiven &tage%:light trucks which survive 

. . .  
I .  

. .  

' , 

WVT= Index referring to vintage, or age of vehicle . \  . .  . I  

' I .  . . .  
The model encompasses-ten , .  &tages, with the tenth behig an aggregation of all vehicles 10 years * 

old or older. SSURW and SSURVLT thus. each con& .ten*values measuring the percentage of 
' vehicles of each vintage which survive &to the next y&. These values &e taken from the ORNL 

Transportalion Energy Data Book, which lists scrappage and survival & for 25 vintages. Skvhal 
&s for vintages.10 through 25 were.simply averaged . .  to collapse ORNL's 25 vintages iato the 10 . 

- -  . .  used by the Transportation Model. 

The stock of selected vintages and technologies calculated above% then augmented by. a number of . 

. . .  

. .  . .  
I . . c 

fleet vehicles' which are assumed to.roll ov& into the non-fleet population &er a number ofyears . 
. $  

- 
I 
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.-  --I-__ 

. . ... 
- .  * . .  

. .  . .- 
, of fleet seririce:. , 

. I  

. .  

> 

' I  

PASSTKIT,m = PASSTKm,m .. + OLDFSTE&,mE&m,mT , t 

' .  and: 

.. . 
' ,  

< .  
.. .. . 

. . .  
. .  . . '  

OLTlkTK = N i b e r  of fleet vehicles rolled over &to corqondipg private categories 
TVQlT = Trayition .Vintage: v@tage &which vehicles of a & v i  type &e t r a u s € d  
.TYPE = T k e  offleet vehicle: Bsmess; Govemment, or'utility 

ITECH = ~ i k  fir.the six fleetvehicle &+o~ogies: mapped to cqrresPi&ng r-indkx 

- ,  ~ 

. _  
' .  , .  . .  . 

where: 

, >  

Total stocks of & 'and tpicks'ar6 then determined by sgmmhg over vixitages, and technologies: 
. .  , ,  

, .  , .  

. .  . .  

. .. 
- .  

. .  
' . . la ' '  16 . /  

. ' ~ T K T R ,  1 = ' ' L T S T K ~ ; - ~  . . I  

m = 1  IT=l  . _ .  . .  ~ 

STKCAR = Total stock of non-fle& automobiles in ye& T . 
S ~ ~ T R  =.~otal sto+ ofnpp-flM fight 6 c k s  in year T . ' : 

. .  I .  - .  

- . The.she of each technoiogy @'the total LDV stock & finally calculated -. 
' . .  . '  , 

- .  

. .  . .  I . _  .IO. . .  
. (  - .  ' .(PASSTK~;-,, + LTsTKfl,yINT.T) . .  .. 

. vsPLbv*J.'= -=I - .  
. .  

STKCAR; 4 STKTR, 
. :  

1 .  < .  
~' . .  - ' (. 

. ,  
" where: 1 ~\ 

' .- . . ,VSPLDV = The light duty vehicIe 'shares of each of the sixteen vehicle technolog& ' 
I. . , .  

, .  

i '~ 

. . .  . .  . \ . ,  

The above variables are theq passed to 'the subroutine T$"GSTK to' dekrmine laverage fuel 
efficiencies of the current year's stock ;of non-fleet vehicles. ' 

. I  
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. .  . .  
.. , .  . .  

I . .  . 
.. 

I * .  . I  

. -  . .  . I  , .  .- . . .  . .  * .  
. .  

. .  Calculate Stock Efficiencies for Cars Ad L@t T k k s  . .  
. .  

, I  

Overall fuel efficiency is calculated as the weighted average of $e efficiencies of new .. vehicles and 
. the efficiencies b ,  of the d v k g  vintages. .The Alternative Fuel Vehicle Model generates efficiency 

e-ies for fifteen non-gissk? 7 .  teihologies in three size. &sses, ivith'.no distitiction.made 
between 5 cars 'and light trucks. Because'conventio& truck efficiencies are g e n d y  lower than 
automobqes in.the corresponding si& c&s, a series of ratios is.first calculated in. ord& to adjust . '- 

. . 

I ' 

. .  
' do&war& the efficiency .. . estimates ' of Gght truch: . .  

. , ._ . .  

' ,  

' *  
\ 

, .  

. .  
. I  . 

. .  

' . -  . 
, 

. .  . 
, .  

where: I e , .  
' M G T  =The aveke  MPG'of trucks;in three size classes 
AMPGC = The av@eMPG of cars, in three size claqs. . .  

I hC = The three kFv size classes, onto which the six primary size classes are mapped 
* .  I . ,  

. ,  

* i  .- 

' Ilkaverage efficiencies, of the.fifteennon-ggoline technologies are calculated as follows: 
. .. . 1 .  

.. 
- .  

'. - 
' MPGCn3 = 

, .  

- .  

. -  

(108) 

L 

, .  . . .  . -  
where: 

. . .  ' MPGC =' New car fuel efficiency, by engine techology . . . . - 

. ,  MPGT = New light truck fuel efficieky, by engine t&hology 
, . MSHC = The share of.- of size clasSASCandtechnolo~l"-m total car sal&, hxn the AJW model 

MS%T = Theshare of light trucks of size class ASC and tec~ology IT m total light truck sales 
NAMPG = New AFV fuel efficiency, h m  the AFV model * ,- - 

* .  
. .  

, .  

For conventional khnologies, whmlTr&fm to gasoline. ICE'S, the calcdation'is similar, . .  but over . 
. six size classes: , .  .. . 

. . . .  . * I  

' ,  , . . I  

, .  

r' 

. t  

I _  

Y .. 
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* .  

-¶ 

1 .  . .  
: . 

. .  
. .  . .  

(109) 
. .  

11.  , , 
.. . 

. .  MPGTnJ = 

. I  

NCMPG = N& car MPG, fiom the FEM model . ' ' 

. .  

. .  
The average fuel efficiency across technolo&es is then calculated for cars i d  trucks, and the ' 

I .  

. .  . NL,T&PG =New lighttrucli MPG, fiom ?he FEM model . -- . ) 
/ - *. . .  I 1.. * - - .  . 

. .  . .  . .  . .. . .  
, .  . _  resultsenttothereportwiiter: . , . . 

ANCM..GT 

. I  

' 1  A 

. .  . .  . .  
I .  

r .  

. .  
. whe?: '. 

A N W G  = A v q e n e w  car MPG 

/ '  

. .  
. 'ANTMPG = Av&e newlight,truck.MPG . . ". . .  

. APSHRNC =Absolute markkt s k . o f n &  &, by iechnology, fhm the AFV model 
. .  

' . .  
' 

. .  
hSHRNT = Absolute market shase of n,& light @c&,'by technology, som the AFV model 

. I  

. . _  
. .  

I , ,  . . 
. (  

. .  
I .  

.The o v d  fuel. efficiency of,= and 'light'hcks is then calculated across . .  the ten yintages 
. . . ,addressed in the model." Sink olderkehicles .are driven less 'than newer vehicles, it is necessary ' 

to yeight the fie1 efficieniie ofeachhqtage acco'rding to . .  the averagenumber ofmiles .. driGen.  his 
is'done by summm g @e total n&ber of d e s  . .  driven across all vintages'and technologies:12 ' ; ,* 

. 

' .. 
, .  . .  . *  . I .  

. -  . .  
. .  . .  

I .  . .  
. . .  . ,  

'. 
. .  

, .  . ,  . .  
. l1 Initial (1990) values for on-road car and light truck fleet MPG aie obtained fiomthe 1991 RTECS: ' . . , I  ' 

. . . ,  
Vehiclemiles @xdated in this step.= used to establish klative driving rates for ;le varioyi technologies. A& &vel 

demand is gen& by themodel in a subsequent step. 
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. .  . . -  

16 IO 
. -  

TOTMICT, . .  = C . C.PASSTK~~,, * PVMT, . .  
I ’ . IT=IN=l 

,* (111) ‘ . . 
, 

\ .  
, .  ’ .. .. 

. .  . .  TOTMICT.= Total miles driven by cars . . - ’  

. .  TO”IT=T~talmile~d~iVenbylighttruclcs . , I . 

PVh“ = Average miles driven by each vin&e of automobile,fiom RTECS 
LVMT = Average miles wen by &h vintagLof&ght kck ,  fkbm RTECS 

1 . .  The neb*- k to d c W  the total energy &&ed a&& all vintages md t&nologi& of & 
-and light trucks.: ’sin& theon-road fuel effici&cy of cars and trucks . .  degrades overtime, viutage-fuel 
efficiencies mustbe adjusted’kig degradation factors (which*m as!su&d to re@ copsfant over 

. 

. 
I .  

. .  I . ,  - ,  - .  . .  , .  
. .  ’ . .  

’ - 

, , .  
S I  

* .  
1 .. 

, I  ‘time): ’ . ,, 

. ,  . .  
where: 

.. ’ (112) 

. .  where: 
. .‘ CMPGT = Automobile stock MPG . .  

TMPGT=Light&ck&ckMPG , . - ’ 

* CMPGSTK = Autoxnobde stock MPG, byirintage and technology . .  
. * TI’MPGSTK = Light truck stock MpG, by vintage and ~. technology . . 

CDF = Aupmobile fuel efficiency degradation factor 
LTDF = Light kckfuel efficiency degradation factor , . 

. 

. .  . ‘  . 

. .  

. .  

, -  

i s .  * 
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stock fie1 efiiciincy is, simply the.ratio of total travel to &tal donsumptibn for car~. and light . .  

.. 

trucks:. * 
* '  . .  

1 ' 3  

- .  .. 
4 Y * a . a - Y I  . .  SCMPGT'= .T 

CMPGT, 
. .  

(113)' and: 

' . a  .. 

.% . 
\ '  

. .  . ~ .  
Combining the results for c p  Gd truck .. provides thi average' he1 efficiency ,for a l l  light duty 

_ I  vehicles: 
. .  

I '  

I 

. .  

. .  . .  
:TOT&ICT, + T O ~ M I T T ~  . 
' . .  C!MPGT, + TMPGT, . 

MPGFLT (114) . . .  

. .  
. - *  

. .  
. *  

I .  

. .  . .  .. 
I '  . ,- _. . i * 

. .  
'SCMPG =,Stock MPG for'automobde . " 

wheie: 

. - .  SlX6G , .  = Stock MPG for Iight kcks ' . . . .  
' 

MPGiLT = Stock F G  for all light duty vehicl& .: , .  . ' .  . ,  . . . .  . . .  . . .  , 
. .  . .  . I  . .  . 1 -  

These fuel, efficiency figures ,are.combmed 'with the results of&e kbsequent VMT modde to 
determine the actual fuel &m@ption by kght .duty vehicles. 

.: . . . .  , .  

. .  . . .  . .  . .  
. -  _ .  * 

. _  . . .  . .  L .  

I .  ' i  . . . .  . .  . .  _ .  

, . '  . .  - .  . . .  
. .  . .  
i I 

c 
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.- . . 
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3B-2 ... VMTModel , ' . ' . 
' *  

' "he tZdvel.de-d compondt of the NEW- T&&tion Model is a s&coxnponent . .  ofthe Light 
-1 Duty Vehicle Stock Modyle which uses NEMS , .  e e a t e s  . of * .  fuel price and$ersonal inkme, along 

with popdatin,projectioG .. to generate I .  a forecat of the demand for personal expressed & . . 

1 .vehiclemiles traveled 0; This is subseipently combined with.forecasts : .  of.automobile fleet ' . 
* ' 

. .  . .  efficiency to'estimate fie1 &nsumption.. . . . '. _ .  

. I  
. .  , <  . . .  . .  

. I  . 

. *  . .. , '  RATIONALE ' '  ' 1 - ' . , I  

Because personal auto&obile"paVeel acco~.&ts. for such a' signikant fraction . _. of total energy . 
* co&mption,'it: .is i m p o e t  to ensure'that . ,  the model which forecasts this &vel demand. be -as 

' accurate:& possible. ' This acc&y is. measured not so much by the pre&&ve "&sS'~ of the . .  
* model, but'ky the sensiti~ty of themodel to the ewnomic &€'policy levers whichare of concerp 

to the users, and by the ,abi&,of I .  the model to respond to both short-tem .mnemic fistom, and , . .. 
' long-term demographic and structural'~en&: The model described in this section is an.a&pt to. . . . 

demand. 

. 

. '. 

I .  

' provide amore intuitive Ad inclusive apprdachto demqgr?iphic'influen~ in . .  the estkktioon L oftravel< 
. .  ,. 

. _  . .  
. .  . .  .. . .  

. .  . I  

--. . -  . .. , .  
' . *  . . 

' The predecessor W fore@.ng model w& developed fo~oyingan assessment i f  the alternative ' ' :' 

. models described . .  below. I . .  ' . . W e  both fleet-based and driver-bad systems. :have 'appealing . . .  
C harai.;teriscs and are useful md& & modeling conditions, the-latter of-these approaches was 
'considered. io be most appropi$& to the:n&'of ,, .. . the model. 'This is because the' fleet-based 

. approach reliek to a greater d e w  on the c&tin&ion of.past trends, ana cannot.explhly address 
manyeof the uqderlyhg factors that mhy' lead to shifjs,in VMT growth patterns in the future, while 

* a diiveribkd approkh aUows.expliciitmode&g ofthe factors &at may "bend the c&e", such & 

. 
' 

. 1 

. .  

_. . . ~. . ,  

tlie aging oftie population. . .  . .  

. .  . .  - .  

. '  A driver-based approach takes the . _  folloying - . form:. : . .  . .  
. .  . . .  

(Driving Age Population j 
-. . 

. .  
Licensed Drivers 

Forecasting two'of the thr& terms of & equationis relatively straighgorwikd. A forekist of the . 
driving-age population is provided by the Cent& Bureau,*3 .and licensure ptes for most segmexits 

e .  I -  

- l3 Projections of the Population of the UnitedStates, by Age, Ses-andRnce: 1988 to 2080, &. Departmeht of Co&& 
. .  Bureau of the Census, Current Population Reports Series P-25, No. 1018 (Jau. 1989). - 

I .  
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- 1  
, '  

ofthe population are,rapicUppproaching unity.' Therefore the principal task is to-accurately for+ 
. .  . .  - VMT per &vir.. " .  

I *  . .  . ,  

The fimcfional form chosen to for&w$VMTip &vq in the l992AmZEnergy orrtlook (XI30921 
&kin~en&modifiealionofthe ~nometricmodel,usedintheXI3~9l~ . .  ;Weto the limited (20 
.year) f o r a  period, it 
to' . .  be relatively static aid*duential 'over trends which may be':effectively characterized in the 
aggregate by econohic<variables. In a longer' t& forecast, however, projections of econoniic 

,- < 

. .  &nven&t and defmible to. consider society's demographic structure , 

v&ables and the. population's re@oGes to them'become more dbiguoUS,:whereas the effkcts of .. 
- .  

. . .  . . .. .. gradual . .  demographhic.;change.are,expecteq . . .  . td become more pronoUnced. This revised model, . . 
. .: p&sentM below, has been co&dered an in- step in the development o f  a longer terh model ' ' ' 

I - '  . .  ! I ,  ' . . .  which ismore se&itive .to. strucAural change: ' . , : . 

.. . 
I .  

. .  

. ,  
. . .  . I  

.. , . 

, -  
. .  , .  
. .  . .  

. .  .where: . . .  
. - WC:= & per clrivingige population.. , -  

; . CPM = Average ,@el cost per mile ofkg;expressed in. 1982 doll&. . , .. . 
.YPC =Income per capita, expressed in 1982~dohm.. . . . 

. *  . . ' . , Nm-h, = The'pbpul&ion i&& the ages of 26-29 and older than 65, respectively. .. ' * 
I . .  . . . .  

, ,  . I ) .  
. I  

, !  
- .  

. . This model replaced a.previous VJ@T for& model in which fuel price ahd.cli~osable-iome . 5. 
. , .. 

were the only fixkF innuencing the . .  growth o f w ? .  One consequen& ofthat formulation was that 
- per \. &pitadriVingqtes were.foreqst.to grow without moddo- issue that the-inclpsion of the 
demo$$phic paramete; yvaS desigged to address. ' -, 

This ' p i f i ca l i on  e ba&i.on &e notion that theiate of growth of per capita VMT should ,. decline * 

oveLthe, &'the popul$ion ages: ,The use ofthe ratio . ofthe .. numb& of twenty twenty pine ye@- 
olds' to- the numbkr of those: ovk ,the typical retirement 'age of sixtyfive was ,ai ittempt to * 

9- . _ .  . 
over the for!& peri+, and s e r v ~  to moderite the grow OfVMT&ith?ut c0mtAm.n 

. 

I ,  

'; , . ~ . .  . ,! 
. . .  . .  . .  

I .  

' the changing demographic, structure of society. This ratio has been forecast toi decline 

to qxl hpriori limit. 'In summary this model placed, a moderati: demographic constraint. on lh4T. 
gro&wMe using the same prim and &come regressors as were &ployed$ the 1991.AEO. This 
constraint lowered the near-tekVMT forecast'$vith& resorting to.the artifice of imposing ad hoc ' 

'limits to go*. . This model,. however, w k  somewhat comproeed by the &hentary 
demographic influence and by the absence of.effects rising ffom chan&g femiile driving patt.erns. ' '. . , 

DeVMT model'implemented ip NEMS has been designed to address these'concerns. 

* * gitstrend - '  . !  

' .  I 

' , 

a .  
. I  

. I  

, ,  . .  
Energy Infonnatlon.Adrnin&on 
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. .  
.. . . .  . .' , ALTERNATIVE SPECIFEATIONS , . . . I  

' . ' The proj,ection of VMT is rarely an end in itself; bels of pefsonal travel demand ate generally used 
as an intermediate &p hi the e&tion of various f-o? which are influenced by driving levels. 

, .  
\ 

' . The following pages briefly describe s e v d .  fo&sting methods. currently being used by 
vlarious agencies,..an& were'considered in the development of $e &MS VMT'forecastQ . .  model. 

' , * ' .The form that each model takes is a reflection of &e con&rns.of@e cdm&ssio&g agency, the 
:purpose& wwch the model is. to be put, the &e scale of the forecast, the availab@ty.of adequafe 
data, and the preconceptions of the model designers. 

.. 
.. 

* 

" 

. 

. .  . .  . . .  
. ' .  . .  

' 
*' The models described below . .  are representative. of the following three basic forecasting approaches 
: typically Led to projecth4T. Thefleet-;&sed approach, which uses estimaks ofthe d i s t a n ~ s  
', driven by &ichvehicle;disaggregated by &%e, and bear projections of vehicle stockto project ,. 

I ,  - tdtal*VMT in a giv& .year, is'keful in predi@ng'fuel consu&ption and pollUtarit e&sions. . 
' 

, Secondly, the demogaphic approach combhes estimates of distances. driven by. each driver, . *. 

. , I '  disaggregated by age, and age-stratified population projectiois to determine VMT. This is a simple 
meihod whicli reees on projectio& d e  fiomreadily available data, but . .  &ch may be affected by 
,overlooked econo.mic or regional f8ctors. Finally9 the eco&mic . .  . approach &es estimates of veGcle 

. 
. .  I .  . I  

' . ' 

. 

o d g  cost and other economic parammsxichas pekonal hwmeiis predictive.variables. Such' . . .. 
. . , .  appIroFhtis "e coninonly used ;or natiom+levti forecasting, and have a high explanatory power.. .. 

- However, their reliance on forecasts of econofic variibies and the ne'gie@,of potential satqation 
' . I effeck renders'such models relatively unstable $I the &d- to long-terk. ~. . 3 .  . . I  .. * , ' I .  , .  

I .  . .  
A fourth approach to forecasting, trip generation, . ,  is.a . .  si&-spec& method which involves 
forecast& the nwber of trips take& and pr&cting de$inations,.&avelmodes,.&d routes. This 

typically used on a local or regonal level to. prediG road .. 

congestion and 'demand for mass transit,' and waS;not' &sidered to be commensurate with the 
, is.a data &&Five appr0ach:Which 

, * req6ements ofNEMS. \ 

. _  
. .  

- .  
I . .  

. .  

FHWA/Faucett VMT Fore& np - ,Modek *F'€hA, and DOT general,uses this model designed 
by Jack Faucett Associates: The model is,a generalized M&ence equatiok using a log-hear 
econometric forni, which consolidates-the previow models used by the Department of 
Transportation.. 'It is designed for both short and long k g e  forecSting. oiVMT and vehicle stock 
on a national level for five categoses of vehicle: personal use vehicles and'four separate, truck 
categories. f i e  growth &e for VMT is estimated to'be m&ed by fuel price increas&, fore& 

1987 and continue at an increasing &; &d ataping off in the expected.rate of increase 
in the number of driver iicenses per thousand population. 

, to be& 
. I  

I .  . 
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, *  

ne'forecasting midel for p&ci&-use .v+icles used bj, FHWA takes the followingfonix ' 
. , .  . .  . 1.' . . . .  

. I  

' LVMTPUPC, = U .+ ~LVMTPUPC,-~ .+ ~ J ~ P I P C ,  - ~LPIPC,-J  ' .  
. -  . .  

. ' LVMTPUPC. = Log ofpersonaI-use.VrvTT per cipi i  I .  

.. - . 
, . LPIPC = Log.~fperso~inw,mepercapita. ' . .  

. .  . _ -  .. . . LTCXDP-2 Log of vehicle operating cost mdex deflated by CPP4 , , , 

I LDLPK- = Log of nuplber of &ver.licens~ per tho6dpopulation 
. .  .. ' . FSD = FUelshortage.d~mmy'~ 

. ~ 

-. . . .  

> ,  

: p = The lag fixtor; s$to.0.6017 
I .  

,- . .. 

. ?, . . .  

I . ,  , .  

- . .. I . .  
The .primaiy constraint k'an econometric approach:i's the i n q i u g  uncertainty of.price Ad . 

I .  * 
e. -' mac;beconornii$ojectioF in the inia:,to long-term. h e  !eisitiGty iftheiociel to fluctiitioni 

. 'in these.vs;riables serves to increase the uncertainty of the projection . I  towards the end of the forecast- . .  
"period. . : -. 

. ' * , 
. * ,  I .  . .  

I '  

-. 

I .  . .  ' .  i ' 

. .  
. ' MOBILE4 Fuel Consumption Model @PAk -While mo& models k e d  by EPA conkntrate on the 

local 'or regional. lev&+ its fuel consumption model h e s  f o r d  of mitionwide VMT. The 
. M03Il%4 Fuel Co&ptioxi Model (M4FC) is used by EPA's, Office of Mobile Soyrces' &I 
~Conjuuction with its MOBILE4 Emissions Model 
. of ambient air standards. , M4FC is a -fleet-based model which' uses l k a r  projections of vehicle 

, 

e h  individual Ates' degree . ,  of attainment , . ' .  ' 

I .  

- \  

I stoclci by typey &bsequently k g  - '  mil& per.ym,&rdhg to,type and vintage, Tkere aie few 
demographic influ&& in. &e model. ' Vh4X"in tl& model is e b a t e d  using vehicle stock 
projections,'-age distributiok, . \  and mileigeacc&dation rates as follo&:'6 . .  

, .  . .  
. . 'VMTToi.  E .  (. VMT ' ] *. (% of Vehicles)Ag: * (Total Vehicles) 

Age. Vehicle 

. .  
I' The operating wst ind,ex comp& a w&hted average of fie1.com &el efiicienj forewsts, &tena~ce costs, the. . 

' 

purchase pnce.of new vehicles, and an assumed forecast .: of real increases*@ the cost of insurance. . ' 

. / .  

< - .  . . , .  
. . .  

l5 The fuel shortage dummy zeroy but is includedb . _ I  t&, &&e option of the her, the imp& of an abnormal 
. '. , . .  

. .  
.* disruptioninfuelsupplies. , . 

. .  I . .  

' Infokition on the MOBILE3 and MOBILE4 Fuel Consumption Models have been obtained through c o n v d o n s  u;ith 
Phil hrang and Mark Wolwtt,of =A's wens Control Division, and from Forecasting Vehicle Miles Traveled and other 
Vmiables That Affect Mobile-source Emission& inqare+l for EPA by RCG/Hagler,,Bdy, Inc, 8/18/88. 

8 
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Although ki stbckibased , .  model can provide a more robust e~ended forecast.than one. based solely 
*on &nometric methods, there remain ConCemS abo? such a model's' sensitiyity to des4ations from 
vehicle p~chase and , I  scrappage-rate &sugptions. These ~s.imptions are predicated on expectations 
concerning consumer behavior apd technological innovation, which are not easily projectable. The 
M4FC model is a revision of an earlier model, M3FC, and incorporates factors which attempt to 
reflect society's evolving ,driving patterns,' assuming, somewhit optimistically, the eventual . .  9 
.congruence of male and.female driMng c- cs. 

I .  * .  * ,  

The Consumer Automotive Response Model (CAR.): This.transportation mode1,'whihis 1 .  used by 
the EPA Poky Office; may be &tin@hed h m  l&tt used by the - .  Office of Mobile Sources by its 
'ultimate purpose; * .  While . the MOBKE4 model k.es a fleet-based . .  . approach. to &&mate* e ~ s s i o q  of 
specific poUutants, the model used by the policy , .  office takes an econometric approach tcj fore* 

' the effeds of variok policy ogtions such aS the ,impabt'of . .  a gas tax on VMT, and Consequentiy, ' .  on 

. .  . .  
.. . 

., aikrion pollutant emissioe. . 

The' CAR model is a discretk-choice,'logit model*which is based.on Kenneth Train's'Consumer . .: . *.$ . 
. .  . 

. I  . , . .  . .  , .  

Choi& Model which was'ori@ndy prepared for the California Energy Co&sion. It comprises . .  . 
a &&m of ibmodds .which. separately fore& vehicle ownership and stock characteristics, and . .  ' . 
miles traveled &&ch vehicle at &eho$eholdlevel. The personal . -  travel portion of Train's model 
forecaks VMT in fok, cakgories: , I. intra- Gd inter-city work md'non-work travel; using &e 
follouiing log-.linear' econometric form: , 

I . .  . 
I '  . .  

. ,  

tog(VMT) = pz.- . I ,  c 

. .  
, .  

~. 1 

. .  where p and Z are vectors ,-of parame$rs and explanatory' variables,' respecti~ely." These . * .' I ~ a '  

' explaxiatory variables include logarithms of t€ie household income arid size,. the .~ operatbg co& of * . 
each vehicle, in cents per mile; thenumber of worken'in the hoGe€iold; the number of transit trips . . 
per capita in &e areah questio& +d several dupmy variables identifying the qb& aensity and 
'geogppbic region of the,hoiisehold. The opkrating cost of each vehicle is further considere ta be 
an endogenous variable,'as it &'implicitly de&ed by each household's . -  purchase decision. This 
parameter is therefore determined by a variety of exogenous demographic variables such 
sex, and e d u d o n  level of the household head; the regional gas price and'the commuting distance. 

the &e, e 

. .  ,*  . . : 

This model represents a rather detailed merging .. of econoxnet+ . and demogmphic appkaches. to 
, '  

\ . ,  . .  

l7 From K. Train, Qualitative Choice Analysis: h o g  Ekonometrics, and an Application to Automobile Demand, 1986, I 

- ,  
. .  

r ,  
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I .  . .  
. .  

. .  . 
, I  . .  . .  . -  

forecasting.' Itjs a relatively. complex ,model, involving the 
. nukber of exogenous variables. 'The descriptive ability 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- 
vehiele household submodel does not explain a s i ~ ~ t  level of variation in the data.'*. A 

. * 

. _  - 
. .  

danograp?ic model which is .sensitive to .economic conditio&, but at a lower lever of complexi~ . 
., . .  

. -  . .  . . .  
. ' my provide . .  , .  the .. basis for a &edible long-temi VMT forecast. ' . 

. I  

I 

- ,  . '  1 .  

. e .  

. ,  . . : . .  
MS): Developed by Argome National '. , . T  ransportation En=- an d.Edssions Mo delirip Svstem (TEE 

. . C  

L&o&w, TEEMS is a series .of disaggregate models, linked to prbdu& forkcasts of4ramportZ$ion . 
activity . .  and energy de&& .The.modeb . - .  cover both fkight &d passenger &amport, yith perso@ 

. -  

and fleetvehicles be& s e p d l y  addressed.. . 

I .  . .  . .  - .  . .  _. . $-a comb&on demographic apd &ck model, based onforeca&'of distributions ofho~ehold 
, charac&cs. It bas& . ,  on K&eh Train's C o k e r  Choice Model, h d  depends on.changes 

.in thedistributibn of the sample of households; not on average%mcteristicsi In the, section which ' 

' detem&es. an. estimate of p&o&l'.&avel,.,a ~I ma&' is' :w&cted . .  u&g d a i  fiom the 1983 ' 

Nationwide P&rsokil.T&&tion Study ,(NPTS), which is @en adjusted . .  to represent 1985 ' 

. . 

8 I .  . .  I C  , ... : conditi0d9 The VMT . ,  estimate is calculated follows:, . . . 
. .  

. ,  - :., 
. .. 

. .  
I .  * '  

. .  
. The d e y  .sample is&atified into cells accordingto the following skhousehol$ attributes 

, . .  . , .  
. ,  

. .  . .  I .  . .  . .  
: .l. LQcation(threecateg0ries) . ? . 

' 2. Income(fourcategories) .; . , - .  
. .  . , .  . .  

. 3. Age of Householder (four ca@gories), . 

,~ ' 4. Household S i  (four categories) 
5: Number of Drivers (four caiegories) 

- .  

6. Nkber of V&cles (foe &gories) (. . .  .. . . - .  
I .  

. I .  

Distrib&ons. of households by demographic attribute are'indepmdently for- &d the occup+& 
'. of each cell ,i.n,the future& estiinated. Thiq model &n& elements of all three ofthe considered I ,  

. .  I .  . . - .  .. 
-. 

Is K. Train, op. cit. ..p. 165. - * .  

For a detailed deskption of TEEMS, see: MingM.@, and Vyas, &D, Forecast of Tra&vortation Energy&emand 
. Through the Yem20Ib, Argonne National iaboratory Report, ANWESD-9, . .  Ape1 1991. 

. .  
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. .  . 
mo,del types, but is primatily I .. a stock model with a-~onounced ,demographic .influen&. The' 

, stratifiedbapproach to forecasting is riseful,. in'that it proyides'for the conside&im of selected. 
\ 

. .  discrete characteristics, permitting an evqluation bhed on p~cular, .q~~able.attr ibirtes.  

by the available'&pIe, &ting in underpopulated 1evels;'and &e potehtial for the disproportionate . .  
influence of extremeka6 As. mentiond above, this midel's reliance on vehicle pmchase and, 

, .  
. .  e .  

.~ 
I ,  

, .. 
Two dangers ofthis,approkhiek & c i i g  a broad? stratificationkh&ethan can be suppoakd- 

' I  ' . , . .  
.. s-ppage projectiox& &.well 

_. ' to, be rev'ised in order 1 to'ke , I  the .model for fore& ,extending several decades. . .  This model also 
reqhes the independent forecast of a hrge numbq of exogenoiu kputs, covequently , .  'hciwncr'easing 

its.&sumption of a static distribution of W per veFclemay have . .  

, . the likelihood of significant hp& from the,prop&ation of mo&. . '. . I .  

. ,  

. ,  , .  
I .  

- _  , .  . .  
Srmadsheet ForicastL This. model vi& developed on a spreadshet system for theFederal . . . 

kghwa: Administration. It was used, by FHWA in 1987 to produce ase4es of forkcasts of 
automobile and light truck VMT through &e y& 2000. It represents the b&e case in a series of 
f0recaqf.s produ&d:by FHWA in 1987?O ,This is a '&ghtfokd demographkmodel, k u g  ' .  

' disaggregatedpopd@on.datato pro j&W. .  . .  For &puts it relies,on data fiom the 1969,1977, and .. 
1983 NPTS data bases, and populatiy projectioG Born the Census Bureau. The'modeldso . .  

population with driver licens+ k r n  1985 to 2020. These figures are also'd.epkndent on assumptionS~ 
' * of a static distributioir of driver h k e s  across the various age groups. The model forecasts' total 

- .  
. 

,' , * 

9 ,  forecasts the t o k  number of drivers; 'the JM" per driver,- and the. fraction oftbe driving age ' . . /  ' . .. ' 

. VMTbyseXasfofiows: ' 
. .  - .  

.. . 

I 

- .  
I '  . . .  . .  . .  

Thismodel bas the benefit of &nplkty, relying on very few inputs. TwLoffiese, population and' , 

' however; y&es unlimited VMT per c&ita growth at constant A s ,  and a &male/male &king . . ,  ' 

licensure raks, Can be considered .robustly forecastable. I The "most likely'' case of the 'model, ) I  . -  

' . ratio of 60 percent, both of which are subject to question. .?he. incorp0ratio.n of economic . 
dependencies in such a dembgraphk model could provide oppoht ies  for analysis of the impact . I . - 

. ,  . .  
\ i 

' ' ofvariouspolicy.initiatives onVMT. .. .' 4 * . . .  - 
. .  

, .  .. . ~ 

. .  

. . ' .  
. .  . . . I  . .  . .  

The Future National Hiphwav Pr&: 1991 and Bevond, Workingpaper No. 2, Trends andF0recast.k ofHighwq . .  . 
,I . . Passenger Travel, FHWA, 12/87. 
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, .  ' f  . .  I .  MODELSTRUCTURE.. '. . I . . .  

is to'address thoseeffegsthat &e liable to alter historical grow& trends, . 
pi p k & y  concern in fore&g VMT per l i k e d  driver.h.the n d  . .  tolong term (ok  to ,2030) 

. .the curve". ,Central among &&e are demographic and-geographic effects. The discu&ion hke will' ' 

, ;. 
cei factors likely to "bend . ,  

. ' focus dn demographii effects; xegiod effects may be equally importa& but are beyond the-scope. 
'  of^ effort. 'The two fixtoF coddered to LGe the greatest r .  potehtial to a i c t  -iutuie VIVIT 
-in a signiscant mamei+the agiig .&the gic+u.latioA and the. growth o f i d e  dri- rates relative. 
to male driving ktes. These .aqe discussed in tuni below. ' - . ,.: . 

. 
I ' . 

. . '. 

. .  ' .  
. .  . .  

, I .  

' I  . .. . -  . .  . .  . . .  
. .  

* .. 
. .  

. ,  +' .. 
. .  

I . .  . .. - 
, ,  * .  * .  . . .  

. '. . . ,  - .. . . .  . .  

- c : J?onulation-Amng . .  . .  e per li&ed driver v&es,co@derably by age , group.kd ..> sex. The mean ever by ' . 

. age group and sex & shown in Figure 1. At the high end of this Age3 aie d e s  \ .  30 to 34 years of 
age, who on avkrage drive close to 20 t h o k d  d e s  per year. . I  At the low end aie females ov& . I  

togeher; the highest , .  driVhg group is that of age 3539, at 1-5;M6 &esper year, while the lowest . ' 

group 70 and.over,:at 6,264 miles i e r  year. This variation is signifi&t b&use . ,  the.average age. 

.. . - 
. .  

. -.. seventy ye&s of age who-drive less than'4 t h o h d  miles per y&. Coxkidering men and women ', 
* .  

' ... 

. . .  . 

j 

. -  . .! 

' of Americans iir fore& to iniieise:niarGdly in the co-g decades: . ,, . , .  

. ,  , 
~. ,~ 

I .  . 
0 .  . .  .~ . .  . .  , . .  '- 

I .  
. .  

I ,  
, -  . .  , - - .  

. .  - .  

. ~e affkct of the "aging;of the popdation" on VMT cannotbe assessed by aual~ghistoncal dag. 
, ' As +ere has . ,  beenlittle variation,in the.over~6O"population~share historkally, it should not be 

p a t i c u ~ y  surprising.fit attemkts tA m&e the "aging ofthe popUli+iim~~ affect on VMT using, , . .  , .  , 8  

. .  - .  
Energy Infonnation Administration, 
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. .  

i .  . .  . .  . *  

\ .  . .  . .  
econometric techniques have not been very 'satisfying; IXI spite-ofthis, thereis ample &q data 
indicating that drivers. 60 and over drive substantially less than do younger: The most recent NPTS 
indicaes.that those over 60 drive only slbout half as much as do yokger &vers. None of this would 

. affect the accuracy of our aggregate VMT forecast ifthe proportion of the'population 60 and over . ' 
, repained at'20.prakt. The Census Department, however,amratdy records the inevitable aging 

, 

. ' -  * 

-: 
' '* over ,60 .be'@ to rise sharply. By 2020, it rFches 3'0 percent, up'fiom 21 percent in .2000., 

' ' 'The effect of the aging trendon travel could be substantial, but it' B difficult to,know the precise , ', . 

aboutthe same.moht a s . c k t  65 ~earolds,then~sessingthe effxt'ofpo'pulatioiiaging onVMT 
would b$: a matter ofsimple-&uuting., . ,  For exz&ple, total VMT.&I 2030 &I be . I  'dculated simply * 

bymultipl~gthenumberofdriveersthalwillbein~hagegroup'in2030 (Ceeforecast) bythe , 

of the."baby bobm" g&eration. In the early 2000's ffiey project that the proportion offhe population :. . . - .  . ,  . .  

. .  \ .  .. . .  

' , , 'mannkt in which it will .. &xt overaU m. Ifone assumesthat in 30 . year& '. 65 year o l e  will drive. . ,  I 

. 
. ,  . 

. ' I  

. ,  

. .  
cyrient average VM" in ewh age group and-then summing VMT acrossall age gro@s. 

. .  . .  , ,  

, Figure 3B-3. Grodh-of VMT per Driver . ' . .. . 

4 9  B24. g29 30-34 e 40+ 4!Xb 50-54 SSi9 6664 W >70 , .' 

Age Group . .  . s .  ' .  

sarca.1 -Male =Female 
. .  

I _  
. c .  . .  

C .  

. .  

. .  

' 

Unfortunately, one cannot cohtlaent that the'65 year old of tomorrow will continueto behave as 
he or she does today. As in&$d& age, their levels of driving will probably conhue todecline, 
particularly following retirement, as it' has in the past. But it is unlikely to decline to the levels of 

, 

* .  
a 

, .  

. ' ' current retirees, as those currently over 65 . .  years old did not grow up in a society as dependant.on - .  I .  . . 
the automobile as did the cu&ent 35 year olds. , Addiionally,.retirees of the.'% may & e  
substantially greater weal& better health, andor a greater desire for mobility .than do cuirent ones. 

89 
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. r  

~. 
. .  

, ,  - .. 
6 -  . Indeed, the 1990 pre--kS estimates indkte that-the e&ated VMT per year for drivers . _ .  

. : greater than 70 y v  old has &creased by nearly 50% over the 1983 e*stimate?l -.  

' 

9 .  v / .  

. .  . I  L .  . ,  

. .  
. .  

. .  
. .  

a .  
Bowth in Female MV&P Rates 
Another important is& i s  t h e m  gap betwe& males:and females, and how this will change &I 

.. the future. Females have historically driven fq  fewer miles per year; on avekge, than'lizales, b$ 
.they'have . .  closing' the gapepidly & recent y&: Evidence of @is is provided in Figure 2; 
'.k%ich in&.& that.women between theagk of20 and 4$ dramatically Sc@ed their driving rates 
relative to-their male counterparts. Ac&rding.to the, 1969,1977, k d ,  1983 NPTS results, the per' - .  . . .  

capita f d e / m a l e  driiingmiio has ,generally hovered arouid 45 percent. .The.1990 NPTS data' 
.suggest a signifiet &viation fiwn this-trend, with wom@s average 

. of  men's. ~3% n@y be. at le&$ partly attributable to the increasedpbrtlcipation of women& the labor 

. .  
approaching 60 percent ' 

a ,  

. *  

, .  . .  
.- I . .  

. .  fom. . . 

- .  . .  . 
In'earl&r v+om ofjhe-VMT.model,'an askption wasmade that ~ ~ I & I I  would contin& to drive ' * 

. less' than men on a pe&ipi& basis. Historically, this has been &el as evidenced by the.redts of ' 

' the last four NPTS reports-Howev&, this histor& discre~aricy~has been'diminisbg,'and it is now . 
thou&t more prudent to'.have this trend coeixge to p&ty viith male driving &tes: .The rate of 
convergemi is essentially arbitrary, &d has b$n. chosen to. ensure that parity @ achieved h 2010. 

... : . This. assumed, trend is' d e p i d  below,' along &&.the previoui trend, which asymptotically 
approached 80 percent:'. 

.* I .  
, -  . .  

. .  

. .  * . .  
. .  

1 

. .  * .. . .  
. *  .. -- . 

. .  . 
~. 

. .  
. .  

. \  

. . I .  

. , . .  ' 
f 

. .  . .  
.. . . .  

. .  

I .  

- 2  

I .  . _  
. .  

I '- 

21 Preliminary estipak: 6264 k l e s  per person per year, 70 years and older, NPTS Driver's Annual Estimate, Table 15. 
* .  
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'- Relative Female 'Driving Rate. 
Fraction of Male Per Capita Driving Rate 

3 .  

I 

. 
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I '  

e .  . 

100% 
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W ?  

1 1 1 1 1 1 1 1 1 1 1  1 1 1  1 I 

1970 1975 1980 1985 1990. . 1995. . .2ooo -2005 2010 2015 

Revised PrFem NPTS Data - Original Trend 

The trend line represents a logistic.curve, anchored at the 1977 NPTS value, reaching 50 percent in . 
1994'Cr,,), and achieving 99 p e r k t  parity in 2010'(Tw). .Or, in eq&ion form:- 

, .  - .  
. .  

The user , ,  should be able to use the above.formulationto implement other assuniptiom, should it. ' -  

becbmenecessary. I ' 

Updating Data Inputs ' 

Since the last retiision of the VMT model, two 'more ykm of vehicle ,stock, VMT, and fuel 
consumption data have been . d e  'available fiom FHWA, Ad the income. variable &om .the 

' Macroeconomic Model has been revised. All macro inp& are'now being calculated. based on a' 

' c&-weighted average; replacing the fXed-w+ght methodology previously used; This results in 
a mqdest change in disposable income p k  capita, as depicted below. 

.. 
'. 
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:. 6Fbied-Weight . +Chained-Weight 
.> 

' .. . . . 

. . - 
. .  . * '  

-a 
1 

' 1  . .  
. .  . ,  

. I  

I .  Figure 3B-5. Disposable Per.CapitqIncome . . 

' . .I 

a. . . I *  

NEMS VMTforecastingmodel: . ,  ..- . . - . .  
, * .  ,. , .  

. , -  

- (116) 
. L 

. .  
. .  , - .  

. e ,  
, .  . . . '  

* .  

I . -  
. . .  : .  

- .  . ,  . .  .. . . .  
wh&e V"PD is the pq capita driving demand for the driving age@opulation, and XNzIi represent .. . 

. .  t .  

' . .  I 

1 .  

. .  

the input variables. .* . . .  

~. . .  
. .  

. ,  
Of greater &di&ince is the'revision of the historical VMT and stock inputs provided by FHWA. 

* .In . .  'the p& FHWA'S estimate of the nkbe r  and driving pa&m of a-axle, &tire trucks has, been ' 

i n t e r p e  as represkhting that'ofLight Duty Tkcks, defined.& having a weight osless than 8,500 
pounds, and thus properly *thin the purview of the LDV Module. mskqmption,.however, has 

' been only a.fitst appro&on, as FHWA does not cla&@ these trucks ~. by wdight. In an attempt' ' , 

. .to further refine the model, a ney categorybftnxck has been defined: Light Commercial T k k s  
~. . ,  4 

. . EnergylnformationAdmlnIstration ' . ' , . 
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. I  

. .  * *  

' (LCT), which comprise dl single-.&ttrucks in-the 8,500 to 10,000 pound range. I The travel 
, de&ds of these.trucks are now modeled separately, based on aggregate measures of-industrial 
output fiom.the . I  Macro Model, In order to avoid double-coun&g, the 2&e, 4-tire strata of .these' 
LbT%, previouSly inclded kthe LDV model, mqt be subtract4 fiom the data.inp&. Details of 
the stratificationf&d estimation of LCT demand are provided in a subsequent section, which 
&ntains.hi$o~caldatii estimates be+een 1990 and 1995. E&@ df LCT travel prior to 1990 
are obtained by indexkg the 1990 e& @ GDP growth trends&om 1969 to 1990. The ori@al 

. 1  

' * ,and revised daw are tabulated in Appendix E. . 
. I  . .  

' Several h ~ o . g a l  forms were tested in the devdopment of this mode& bihg&g to light the difEculty 
,in constructing.amode1 which ikxporat& both econoinic and demographic parameters which may - ') 

be used for f o r d g  in the-nkd- to'long-term. Problems with autocorreldion'and multicollinear@ . .  
motivated the &plementation . I  of a&o stage approach in which the results o h  linear econometric . 
model &e djusted to'reflect demographic &&train&. The first stagepro~des a forecast.of per .* 

capitk.VMT, bas& on historical data, , .  &ich aknmes that the age profile of the country remains ' 
constant. The second stage &poses .a .limiting .factor which reflects -the projected aging of the . 

. L  

population and &e . .  reduced driving rates associated with older drivers. 
. .  . .  

. .. .. , . .  
In the first stage of this mode4.a gmeraliz& mkrence equation is used to estimate the unadjusted,. I 

. .  
\ 

. .  . VMT pix CapitzU , . )  
. I .  

VMTPC, = p v . T P ~ , - ,  + 4.521 ( i -p 1. :. 7.50 ( C P M ~ ~ ;  :- p C P M ~ Z , ~ ,  1. 
. (117) - . .  

+ 3.6x104(YPC92,.- . .  pYPC92T-i):+ . 8;36(PrFemi - pPiFem,:,) 
. .  . .  

, where: 
VMWC =&e vehicle miles traveled per Capita 

. ~M97=thefuelcostofdriving-8mile, kxpressedin 1992doh. 
' . 'YpC92 =.the disposable pmonal income per capita, express& ih 1992 dpllars. 

PrFw =&e rafio,of per capita M e  M g t o  per wpkmale driving. I 

. .  , . p = thelag factor, estimated uskg the 'Cochrane-orCUtt iterative proCeaure to be 0.736.. 

c 

. .  
. .  

'"he unadjusied forecast is subs&ently modified by a demographic adjustment f d r  @AI?), which * 
is based on the age-specific driving rates reported in the 1990 NPTS. The Demographic Adjustment 
Factor is based on the idea that the average W D  can be represented as a weighted average of the 

a .  

* VMT per capita should be understood mean VMT per population 66 years and older. "Per capita" is used for simpIici&. 
Its use in other variables refers to the total US population. . 
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.Figure 3B-6. ReIativeDrihg Rate Index, by Cohort . . .  

- .  

120' 

.- loo 

.\ . I - VMT PerDriver Index- . I . . . . .  I Relative' d&ng Rates: by Age Cohort ' 
- .  . .  

- .  . .  
I . .  .. : r  ' . .  . .  . _  

. , <  
I . .  

a .  

(118) - 

. .  \ I  

The VhXTPD of &ch age cdhort can be expressed & the prodwt'of 'a re1ative.index apd the 
. . .  .. ._ . - 

. .  . .  I .  . '+xiximum VMTPD . .  in the pol;;ulation: . .  
. \  . . .  . . .  . .  .. , .  

.(iigj' 
. 

' C VMTPDI,,, 9 NA,T. 
- A  

. -  ' VMTPD;= V M T P D ~ ~ , ,  . . . .  
I .  

. .  
. I  . . c N , , T  .. 

. .  
. ' A .  ' : .  . ' 

- . .  
. - .  

I ~, , 

I .  I - .  . .  
.. 

_- - I  

. .  

. whereVM"PD1 represenp the travel index, ,depicted in the following figure: ... . .  . .  
. . .  '!. - .  

. ,  L .  

. . The DAF used in the.earliei . I  version ofthis model an index which r&esei~ts the effect / of cdadges' 
. h~the age.distribion6f tlie population'over the-fsrecast period,~assuming that relative d r i ~ g  etes ' 

rem& unchanged. . ._ That ik to say, if, as was reported in-the 1990 NPTS, VMT per driver in the 
oldest age cohort is 37 perkt of the q & m p  .. I VMT per driyer ip the overall 'distributio'n, this .ratio 
woidd remain unchanged over time: The DAF is population-weighted . I  index of these relative : 
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* .  ' .  
- 1  driving rates, expressed as fbllows: 

* .  

V M T P D I ~ , ,  -NA,T . .  
A -.  I (120) . ' .  DAF; ; c EN,., . .  

. .  . .  . -  

A 
' .. 

. .  
' t  

, .  

I 

, .  

. .  . .  .&ti & v & s  ofpopdation aging, as 
driven nioving into the OM& agk catiiories are likely to retain spme ofthe& earlier drieg habits. 
'In order t o . e u n t  for this shift, the VMTPDI is reestimated include .) a hedim@on, under the 

' ,*ad hoc , assumption ' 1  . that the d&enq betwe& &h age cohort's W D I  ed 1.0 will be reducd 
, - over t h e ' f o r d  periodas follows: - - .  the VMTPDI for drive& in the le19 age group w& reduce the 

' gap by 33 perkc all age groupsmtil &e >7O group will converge 50,per&t fthe way to unity. 

' I t h a s b e e n ~ & g e s t e d @ t t h i s f o r m ~ o n & d ~  , . ,.e 

e .  

Drivers older & 70 'are . M e r  disaggregated into four groups: 70-74,75-79,80-84, md >=85. 

. -. 

. .  

. .  

. .  Their indices ire tied to that ofthe xiext younger group as follows: - i 
.. 

. -  . .  
. 1  VMTPD17g,, := O S ' - .  VMTPD17,,:, 

, .  
. -  VMTPD18,,j..= 0.5 VMTPDI,,,,' . 

* .  
VMTPDI,,,, =a25 I. VMTPDI~,,;, 

I .  
. '  

. These factors have been chosen to most closely approximate . ,  .the historical values of the V " D I  ' , 
for the g70 age go&, when population weights, are &plied. "he - -  re&g distribution of relative 
driving rat& .is depicted below, 

1 

. ,  . :  . .  . _  
.. 

. 
). 

1 . I  . .  , .  .. - I 

I .  

. .  . .  - . .  
I 

. .' . .  

. .  

'. 

. 7 .  . .  
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Figure 3B:7. . Driving Index: 'Changes Over Tinie . 
. .  

. .  . .  . . /  
The DAF result& f i o i  this 'distribution changei over time b&ed on two f'actbIs: the growth of the 
order population ( s m g  tb redue the DAF), and the hcrease~ in therelative*driving indices'in tEie ' 

. . extremes of $e distribution (serving to &m&e the'DAF). In the early yea& of the reksed 
. fornulation, the growth in: the,imli&s mor& than & q & m t e ~  for the populkon kowth h the older 

cohorts, leading to.a marked increase.in the DAF. & levels off in the'later years, falling 2 the 
' . .  

. ', 
I .  , .  . . -  

1 .  

* .effects of population aging bedome more.pronounced. . . . I .  

. I '  

\ . \  

.. I . .  
" .  

i .  . , I  . .  
. .  . 

. .  

96 

' .  
. ,  

. .  

Energy Information Administration : 
NEWS TranspoM.on Demand Model Documentation Repok 

. 'I 



. .  

Demographic Adjustment Facior (DAF) - 

. ,  
. I  

Figure 3B-8. Demographic Adjustment Factor ' ' ' . --' ' . 

* ,  ' . .  
When applied td &e VMT model, the DAF represented above'is itself indexed to . .  1990, and is thus - 

. ,  
* .  

. .  
. .  

, ' no longer bounded by 1 .O. 
. .  
. I- 

The DAF k applied to historical VMTPD figures prior to the regrAsion analysis described above. ' 
'This permits-a more c o & i  baseline comparisoq by positing driv@g rates.under a w e t  1990 

- demographic distribution. The estimated results'are subsequently k-transfo+ed &ing &e DAF, 
..bririging them back in linewith obsmed, values. 

- .  
; . .  

I .  

* .  ' .  , 
. Coefficient Eshation . I - .  

. .  . .  
Using the updateddata sets described above and, e~before, &ing the Cochqme-OrcF iterative : 
procedure; the generalized difference quatimi% estimated, resulting in the following ?efficient&: 

- .  . .  * .  

. .  
- .  

. _  

t 

. .  
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InprOduCingiheestimated mfficienk forthis model, historkal VMTPD figudwere first adjusted 
uskg 'the indexed'DM, to '&PI& driying ptes 'under a 1990 demographic distribution.. The 
d j u s t e d  VMll?D produced by the diffekence equation therefore represepts an e&te of &vhg 
paftems &der the assumption that age distributions Ad relative. dkying kites r e d  static. This 
&able, which a weighs- average across age whorts, 9 be expreSsed 6y the following identity: 

. .  

. '  ( 

(132) . 

. .  . .  . I  . . -  
, I .  . .  - -  

c 

'VMTPD+ = VMTPDAL~X~ DAF,,, i. 

:. . 
. .  In order to account for deqogri;I;hic shifts, it is necessary to multiplythe vh/rrpD by the 'indexed 

DAF,.as follows\ 

' 

.. . *  

. .  . .  . .  . .  

. .  
. .  . .  . .. 

.. 

.. 

. .  . .  . -  

. . .  
I .  . .  . .  = VMTPDA& 9 DAF,.. , 

I . . . I  

* ,  
, .  .. . : . ,  

Obtaining the M D  within &ich age bohort,'then, i\s a &tt& of solhng for'VMTPDMAX, and . 
applying the relative driving ind ie  expressed $&eVMTPDI. The results are presented below. 

' .  . .  
' .  . . .  

. .  

J r  

. .  . , .  

. * ,  
2 . .. 

. .  
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. .  . .  

Figure 3B-9. Demographically-Adjusted VMT per Driver 
- -  

I Under New DemOmDhd Formulation ‘I VMT’ per Driver 

I 

H L .  

. .  . .  

Using the paramekrs estimated above, and forecasts’ of felevant input variables (depicted.3.n the 
Appendk),.a base-case forecast of VMTPD is generated, and subsequently .converted to total VMT 
by multiplying by the populatidn at or above the driving age of 16 years. Total demand for light 
duty vehicle travel is finally allocated among the various conventional and alternative automobile 

\ 

technologies consider4 in NEMS, and consumptions esthqtes are generated for each type of fuel. ‘ 

.- 
,. . . .  

. -  , .  

* .  

. 
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i .  

-. \ 

. . .  

3C. LDV Fleet ModUle . . .  
. .  

The Light Duty Vehicle Aeet.Module genera$s estimates of the: stock of cars and trucks' used in 
bushes, government, andutility fleeis, and kbsequenby estimates travel demand, fuel efficiency, . 
and energy consumption. by these fleetvehicles prior to their &iti.on to the private sektor at 

of Light-Coimercial Trucks (LCT%), whichm Used in.bushess aqd trade, and are not clkfiable 
und& either the LDV model or the Highway. . .  Freight Model. 

. ,  

''on ', . I . . .  
predet&min&'vintagp.; : The LDV Fleet'Modulek also been amended td iqlude a c- , .  

. 
, .  

. /  
. %  . - .  1 

-~ 
. .  

. \  . .  
I' , . .  

1 ,  * . .  
. .  

... .. I 

. ,  , ..' 

> .  . .  3C-I. .1 LDV:Fl.eet Module.' .. 
I .  

. I  , .  . I  

. \  . .  

0 
, .  * . *  . .  , . .  

. . .  . -  
. d  

I .  RATIQNALE. . . ,  

Fleet.Vehicles aretrkted. s e p k l y  i p ' m  b e & e  of the q&al chafactekcs , ,  of fleet light" ' '  

.duty vehicles: f i e  LDV Fl&t Module generates estimaes of the stock of cars and light trucks ~ 

w ~ c %  are used in three M i i e i t  types of flkts, as well !my, fuel effiiiency and energy' 
consumption estimat&'which . .  E distinct ikom'those gene&ed for personal light duty vehicles in 
the .LDV and LDV Stock Modules. - The primary @urpose . .  for.this is not only to &nulate as 
accurately as possible the very Werent sets of c€uqicteristics one would ,\ exp&to . see in fl&t as . 
opposed tb personal vehicles but akpto allow forthe greaier opportunity for regulaton .and-policy- I 

making" that ..&et p;nchases represent. 'Legislative -dates for AFV "purcha~is, fleet fuel '' 

efficiencies, etc. kin ,be incorporated through the subroutine "LEGIS, which has been set up 

. 

. ,  . , (. 

. .  
. .  

' , -  
' , .  , 

. .  
. .  . .  specifically for,this p-ose.. 

. I  

8 ,  

. _  ~ , .  
* .  

. .. . 
0 ,  

. .  

- .  
ALTERNATIVE SPECIFICATIONS. . I  . i '. 

' . .  

/ , .  . .  .. . .  . .  NO alternative specifications wee  considered.. . . 

.~ 
. .  . .  

. .  
. $  

- .  
. I ,  

. 1  

' . , .,, 
I . .  

-. . 
'MODEL STRUCTURE . - ' ,  
Inba dep& fiom &e conventiom of other modules, thismodel uses thesame variable &es for . 
cars ana fight tmcks; they are' distinguished . \ .  by . .  the' vdue:of an &dex . .  designating vehicle type- I 1.1 ' ' 

Vehicles are &o .distinguished by the 

model cons& of ihree stages: ' deteipline , .  total vehicle purch&eS, survivkg fleet'stocks . .  and &vel I 

dt5riand, calculate the fuel efficiency of fl&t vehic14, and estimate,the Fnsequent , I  fuel consumption. 
The flowchart for the, Light Duty Vehicle Fleet .Module' is presented below in 'Figure 3C-1. 
Additional flowcharts outlining mjor LDV Fleet -calculations 
ofthissection. . ' ,  ' 

of fleet to which they-iire assign% business, - .  gimmment, , . 
. I  

and uti$y fleets are asymed tohave W&ent opeking c -cs and . .  retirement rates. T h i s  . ., 

'. 

more detaif are praented at the end ' . 
/ 

. .  
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' .  

- 
Light Duty Vehicle FleetModuIe . -  . -  Figure 3C-1. 

light des 

.< ToE:$2z ) 
transfers to private sector 
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. .  
. .  

. .  
,I . Calculate Fleet Stocks. and VMT 

Calculate fleet aquisitions o fw .and  light tnicks: , ' \ 

. *  
i. 

F L T S A L ~ = ~ ~ ~  = FLTCRAT * SQTRCARS, * FLTCSHR,, . _ .  - .  
, .' 

. .  . .  . ,  1 

-where: . .'. . 
, . 

k T W T  ='Fra@on.of &tal.q salis attributed to fleets . 

' FLTTRAT = Fraction of total truck sales attributed to fleets 

FLTSAL'= Sales to fleets by vehicle and fl& type 
. 

- ~. 
. .  SQTRCARS =Total automobfie sales in a ghrq year 

SQDTRUCKSL = Total light truck sales in a given y& . 
. 

FLTCSHR = Fracfion of fl& cars purchased by agiven fleet type . 
' kTTSHR = Fraction of fleet trucks purchased by a@& beet type . ,. . 

ITY=Jndex of fleet type: '1 = business, 2 governm&t, 3 ='&. 

I .  
. .  

.IT= Giex  ofvkhicle.'type: 1 = Cars, 2 =.light:t&ks . 
' 

.. 

. ,  * : . .  

/ . .  . . -  ,. , .  
For "cpvered" &d llSdveredll~&ta, reflecting &e 
fact that EYACT regulatio&,-do not extend to priv&ly owned or. leased fleet vehicles., This 

only: .sepa&de the bwihess fleet'sales 
. . 

Separation is based on an ex&apol@on of historic@ trends ih business fleets, using ah assumed kper . 
limit Detailson this, and . .  other derivations ateprovided in the Appendix. 

, ,  
' .. 

8 -  

. I  . .  
(q(T-1971)) ,(125) . . 

' . . I  - = BF~TFXAC- .+ (BFLTFRAC-. BFLTFXAC,). EXP 
. .  . .  

I. . i . .  I ' 1 BFLTF~cT-;971 -. . , 

.. 
. ,  . *  ' ,. 

1 .  

' .  . . ., . t 
'\ 

. a  and - . - .  I .  

.: .. 

. . .BUSCOV, 7 FZ;TSAL,,,;,=,,, BFLTFRAC, . .. ' (126) 
. -  . .  .. . . .  

. .  

wliere:. . :. 
BUSCOV = Business ff eet acq&itions covered.by EPACT provisions . .  . 

BFLTFRAC = Fraction.of bwmess fleet purchases covered by EPACTprovhions m year 3' L 

, I  , (  
. .  C . .  . .  . .  . .  

. .  . 

. '. 
. I  - 5 .  . .  
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. .  

- - .  
b 

Calculate the percentage ofgeet vehicle sales which go to fleets of 50 or more vehicles: ' . 
... . 

Forcab: , 

. .  

I 

. .  
I where: ' ' . ! .  

. .  k3 =Normalized propor@onality co&t for automobile f l e ,  e a t e d  to be ,1386. 
k+ = PropkionaEty constant for busmess and utility fleetss, -0.747 6nd -0.1 11, rrespectively. 

Calculate the number. of fleet vehicles covered by the provisions of EPACT, taking 'into 
, considemtion the geographic and central-refbelling Constraints. These constraints are w&t, and 

are tabulated below. 1 

For cars: 

. .  

. .  
. I  .. 

. ,  . ,  - .  . . -  .. . 
. .  9 ,  

= BUSCOV, * FLTPCTnh,, *. CTLREFUEJ, M S A A  FLT20, ~. 
, . .  

FLTSALX-. a l J l T ~ 1 . T  

. .  

. .  

where: . . .  
, FLTSAI,X = The number of vehicles of &ch vehicle and fleet type subject to EPACT rquirements. 

. . . .  CTLREFUEL = The percentage of,fleet vehicles which are capable of bemg centrally refuelled. 
, - .  

. .  
MSA = The percentage of fleets which have 20 or more vehicles located within. urban areas. 

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

~ Energy lnformatlon Admlnktratlon 
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. .. 

.. 
\ .  

. --..- _ _  
. .  . .  , .  , ... .. . r . . .  . . .  .. , 

2 .  . . . .  . .  
I .  

. .  

I . .  ' .  . .  .. 

, .I 
I .  

- .  , .  

. .  . .  

'.The.nun;ber of alktive-fu,el vehicles sold for ;gxh.fleet and vehi& type under EPAcTk~a~&tes 
, .  ., . 

' .  . . ,  . .  . .  is then estimated:. 

(131) 
. .  

I FLTALTE~?,~ = FL'TSALX,*m,, .EPACT3mJ.T 

wh&. 

. .  

FLTALTE = 
EPACT3.= 

_. 

. .  
. ,  
' .  

, .  
. .  

, ,  

s .  

.. . ,  

' AFV sales to fI&s ihdkEPACT mandates . ' ' - '  , - .  , 
S$es-weigh&d aggregation of PACT purchase &&ements, ?flec@g. . .  impacts on 
&e fleet types. See'the Appendix for further detak , ' 

. .  . . .. 

. .  

The, number of a.ite&ative-fuel .vehicles which would . I \  redt,,€iom a continuation of historical 
pyrchase patterns-is also . .  caMated, representuig a m'i;limum acquisition levei: 

$ :  - .. 

(132) 
. .  , I  . . , 

FLTALTH,~,? = FLTSAL; f .  ITp , FLTQAPSHRI; . 
. ,  .. I . _  

'where: , . . .  
.% . 'FLTALTH = . Fleet h purchases,;usmg c o k t  historical shares: . .  - ._ 

3 FI;TApSHRl,= ', Fleet pekentage of AFV's; by fleet type. ; ; -~ 
. .  , ' .  - 

. .  
Dete&e total'altemative fuel fleet vehicle sales, using the m a h p  ofthe market-driven and 'I - -  

' legislatively mandated values : ' , 

where: .. 

104 

: . I .  

. * FLTALT = NuI$ber.of A F V s  purchased by each fleet type in a given year. 
FLTAPSHRl = Fraction of each ne&' purckes which are AFVs, fiom historical data . 

. 

. . .=ACT = Le&lative for AFV purchases, by fleet type - . .  
, .  , .  

. .  . . .  . 
The difference between total kud AFV sales represents-conventional sales: 

. .  , .  ' .  
, .  
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. .  

. .  

. .  
. *  

. .  . .  
. .  

. ,  . .  
' .  

, .  

I . .  
, -  

* .  ' - B  * .  

. FLTCOWn&.J = .FLTSALnmg. - FLTALTnh, . . - (134) 
- 

, I  . , .  . .  
. ,  / .  

' where: , 

FLTCO~V = ~ ~ e e t  purchases Of conventiod vehicles 
, .  FLTSAL = Sdes td flee& by vehicle and fleet type 

, FLTALT = Nhber of AFVs putchased by each fleet type in a given year . *  . .  . I. 
4 , *  * .  

, ' . Fleet . .  purchases are:kbsequentIy divided by size class: 
1 .  

. .  . I 

, . .. ., 
. .  I .  

. , .. 
. .  * . /  

. .  
where:, 

~P 
FLTSLSCA = Fleet purchases oEAFV's,-by &e class 

\ FLTSLSCC! =.Fleet purchases of conventional vehicles, by size class. 

IS= Index of size classes: 1 =small, 2 =medium, .. 3 = large . I .  . 

- .  
, FLTSSk = Percentage of fleet vehicles in'each size class, slom historical data . -  

. ,-, I 

. .  .. 
' A new variabIe is then established, .disaggregating AFV sales by engine technolo&: . 

and - .  ' , * . e .  . .  , .  
1 .  FLTEC€ISALn,P-,6 = FLTSLSCCDhb 

. .  
. I .  

. .  
' . .  ; ( '  1 .. . .  

' where: . . .  I 

. .  
' * , FLTECHSAL =Fleet sales by size, &hnology, and fled type . .  

, * APSHRFLTB = Alternative techi~ology shares for the business fleet.. . . . _. 
, .  ' FLTECHSHR = +t&native fechnology shares for @e government and utility fleets 

. \  

e .  

I .  

, ITEcH= Ind& of engine technologies: 13 = dtemative fuels (neat), 6 = gasoline 
. I  - .  

, .  

. * .  
, Sales are then summed across.size classes: ' 

. ,  I .  

, a .  

. (137) . 
. ' 3  

FLTECH&mpCH ' = FLTECHSALmmJsmm 
IS=' . 

. .  where: I 

-. 
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. .  
. 

' lkTECH = VehicIe purchyes by fleet type and technology 
, I  

. >  

, 

. 

. 

- .  

' Business(IT/=l). I ' . 5  Years 
, .  

. Automobile (W = 1) 
. . Government (IT/ = 2) , ' 6 .  - 

,~ 

Automobile 

Automobile ' Uility(IT/=3) . .7 

UghtTruck . Govemment ' 7 

.. . 
tight Truck (W = 2) Business '6 

. ,  , tight Truck' , . Utility . 6 , .  .. . 

l , I  ~, 

. ' The next step is to modifil the &y of surviving fleet stocks fiom pevious ye& i d  to add,these 
new acquisitions. This & done by applying . I  theappropriate survival fqtors to the ,cu&ent vintages 

. I .  

. . .  . . 

. .  
. .  

, 

', (138) . .  . 

I ,  . .  . .  
. I  

. .  
I .  . .  . ,  .:w tiere:. . 

FLTSTKW = Fleet stock by fleet typey te~hnolO&~ apd vintage . .. . 
... SURVFLTT = S-~I I+ ofa given vintage 

* . lKAG"= Index r e e g  to-&tage$f fleet vehicles 

,The stocks of fl&t vehicles.o'f a given y&tage;are,then identified, &signed to.'another v+abley and . 
. .  . .  

. ,  . .  . : . \  
e .  

' removedfiomthefleet: ' . ~. 
.. I .  

(139) 
. .  

oLDFsT%T&xTEcHqT,T =:FLT~TK~IvTJTYmc€IJnNii I . ,  - . 
I .  .~ 

\ 

. I  

. . .  
' ,  . - I  A&: . 

OLDFSTK =Old fl&t stocks of given types and &tages;&ak€enyl to the private sector , 

The variable OI;DFSTK& sybseq&tly s,.ent to the LDV.Stock Model to aqgn9t the fleet of private 

. .  . .  
, .  

I . .  . .  . 

vehicl%. The 'vintages at which these tmsitions are made are depenclent on the type of vehic1e:and 
. I  . .  . .  . ,  . .  

, .  , .  . .  . the type of fleek &* shown below. . . -  
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. .  
I 

. .  . .  
. .  

., . .  
I .  

. ,  

. .  TOM sui-viving vehicles irethen sunimec~ across vintages: * . . 
6 

T F L T E C H S T K ~ ~ ~ ~ ~ , ,  = . F L T S T K W - ~ ~ ~ ~ ~ ~  . 
. Miv=l . .  

where: . .  
TFLTE&STK = Total stock within each tec+ology and fleet type' 

I .  

I . .  The .percentage of totd'fleet stock represented by each of the. vehicle types and technologies is 
,determined&follows: , .. . .  

_ .  * ,  

. .  

'total fleet 

- _  - ,  

' .. -- .. . 
. .  

. .  
VFSTKPF = Share of fleet stockby vehicle type and technology - . - .  

data on the amount of &vel by fleet vehicles is now used to estimate 

where:. 

. .* . 
HiStOliCal 

2 3  6 '  

\ . .  

where: ,. 
, FLTVMT = Total VMT driven by fl& vehicles 
FLTVMTYR = Annual miles of travel per vehicle, by vehicle and fl& type . 

Total VMT is then disaggregated by'vehicle type and technology: I- . .  
I -1 

. .  
: FLTYMT..CHnmpcHJ . = FLTVMT, 

. .  
. .  < .  . .  . .  

F L w ' =  Fleet VMT by technology, vehicle type, and fleet type . _  
. .  

. . x. 

, 
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- . . . . 
._ . . 

, -  I .  I 

. . .  . ,  
. .. 

.. .. 

. -  

. .  . 
I .  . C.alculate Ffeet'Stock MPG - 

¶ '  ' . .  

The average efficiencies of the fivenon-gasoIine technologies are calculated foflows: 

. ' and: 
. .  , . - (W 

. .  . 

. .  
where: 

- .  
. .  . .  . .  

. .  . .  
. .  

.FL:WG = N& fleet vehicle fuel efficiency, by fleet type Ad engine technology ' 
FA&HLT = me market shak of deet light trucks, ftom t f i e . b  model 
' N W G  = NewAFV fuel efficiency, ftom the kFv model . -' : . 

. ' .,- Fh4SHC = The plarketshare of f l~ ' cm, ' f t om theAFV'mode1 I .  

. ... , _  - a .  - _  
. .  . 

. . kZ$ = Inde%.which matches technolo@es m the AFV model to &rrespon.ding IT..CH , .  . .  . . .  
. i( .. . t  , . \. . -  

. 
. For coqventiona~ technologies, +hen ITEM refers'to gasoIini ICE'S, the ca~culatid;n is similar. 

. I  . /  

FEM estimates.of fuel . .  e&nomy 'for the six vehicle size classes are averaged into three classes to . 
correspond to the output .of the fleet model, 'and new fleet vehicle fuel economy is calculated as 
follows: 

. . .  
6 

/: . 
2 .  . 

. .  
I .. 

. . . . .  
, I  

. .  
. .  _ .  , and: . .  

. I .  

, 

. , FECSSC =New car MPG, in three ii classes, ftom the,= model . 
' . 

F ~ S C  = N& Bght truck MPG, m three si& classes, fkom the.= model.. ' 
. .  . I  

. .  
The fuel efficiency o f  new vehicles is thk added to an amy of fleet sto.ck.:efficiencies by vintage, 

. which is acIjusted.to reflect the passage oftime: 
1 . -  

. .  

I 

- ,  

. .  
.. . 
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' .' 
I .  

I '  . 

\ 

(146) . and: ' ,  
I 

. .  .: 1 -  where: . . .  . 
' ,' ' . WGFSTK = Fleet MPG by vehicle and fleet type, technology, and &age . ,  . ,  .. , .  

Average fuel efficiency by vehicleid fleet type then.calculated: * .  
. .  

. *  -1 . 

. .  (147) 
. .  . .  . . .  ' .  ( .  

I 

. -  ,. I' 

.. , .. * where: 
' 

MPGFLTSTK =,Fleet MPG by vehicle and fleet type, and techuology, across vintages 
, MAxMNT= Maximum h index aSsociated with a given vehicle A d  fleet &e 
. '  . I  

- .  
. I  *. , 

". 

.. 

. .  . .  . . .. . -  
1 .  where: . -  

. FLTTOTMPG = Fleet vehicle avepge . -  fuel efficiency for & and iight trucks 
. .  

_ .  . ,  
. .  . ,  

Calculate Fuel Consumption by Fl&t Vehicks . 

, . ) .  . .  - ,  

Fuel wmption'is simply the quotient of fleet'travel demand and fuel efficiency, which have been . 
, .  addressedabove: 

. .  

'. (149) . .  

, , 
FLTLDVC = Fuel consumption by technology, vehicle and fleet type - .  

- .  . .  
' Energy Information Admlnktration ' 

NEMS Tra~bportation Demand Model Documentation Report 

where:, 

.. 
, .  

. I O 9  



- .  
. .  . -  . .  . -  

' *  . 
I . .  

1 .  

\ . '  ( . ,  

~. . .  
. .  ' . -  

Consumption is then &nm&i & O S ~  fl&t types,. and converted to Bin values: !' 

-. .. . .  

\ 

. .  

where: .. . .  . 
- FLTFCBTU = Fuel consumption, in Btu, by vehicletype 'ad technology 

QBTU = Energy con&( in BtdGal, of the fuel associated with each techology * 

.. .. . .  
\ . .  . .  . .' . 

- 2. 

Commption by truck and Cars &e added, and total conmription @ subsequently,divided b o n g  ' - . .  .~ 
. .  . regions: ' 

_ .  . .  

. -  e .  

where: 
FLWCBTUR =.Regional fuel consumption by fleet vehicIes,.by technology 

. MIjR =Rerijonal shar&,,"oxn,theRegional SalqModel 'I 

l(2 = Index of regions ' 
. .  

. .  . .  

. 
. _  

. -  a ,  
. -  

I .  

. .  . *  

, I  . , .  f '. 
. . .  . .  

. .. . .  . . .  

. .  
. _  . -  

- .  
. .,. ' 

. .  

. .  . , .  

~. . 
. .  . . .  . 

. .  
. ,  

' .  ' 
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.. .., . I. I 

. .  . .. . 
.. , . , .  

.! 
* .  . . .  

I 

. .  . 

. ,  
. .  

3G2. 'LIGHT . .  COMlMERClAL TRUCK MODEL 
.. . . L. 

. .  . 
. -  

. I  RATIONALE 
As it was originally structured,.the NEMS Transportation Model addressed trucks in two separate - 

2-axle, 4- - 
tire 'tn;cks with a gross vehitle weight (GVW) of less than 8,500 pounds, assumed .be used' 
principally for personal transport and described within the Light Duty Vehicle Mode; v d  medium 
and heavy duty trucks, &t" G W S  of over 10,000 po&ds, & e s s e d  ip the Highway Module of 

' 9  'modules acwrdhg to their presumed primary use: .light duty trucks (LDT's), define8 

the Freight Transport Model. While this q m t e d  forthe ovemhewg majority of trucks on the _'e .. 
' , . ro&,there w; one obvious gap in coverage.. Trucks 16th a GVW-of between 8,500an'd 10,000 

pokds were not explicitly charactt&ed e. in the Transportation . .  Mode!, . .  but were represented through . 
'the use ~fes&mG'adjmtni~ts to-thi &dts..ofthe eeightmoiiel. The'purpoie of* section is 

r '  to characterize the sticb.anci ciriying patterns ofthese light ccimmereal trucks (LcT's) uiithin the -_ 

NEMS structure:. . .  . ,  
. I  - .  . .  

~. 
. ,  . .  

a .  . .  
- ALTERNATIVE SPECIFICATIONS . .  

. .  . .  

. .  

. .  . .  No alternative specifications were ,' 

9 MODEL STRUCTURE I . .  

cnbidered. . , 1 . .  . 
. -  

. .  .. , 

. :  , .. * _  

* -  I ,  

The primary thrust of this model isto provide a stratification mec& to allocate the stock apd . 
new sales of LCT'slunong the various wjor-use groups considered in this'model. . \ -  This involves . 
qing the distribution of trucks reported in the J992.Tkck Inventory.&d,Use Survey (TIUS).to. 

..- 

' estimate the &tion oftrucks that fall'into the 8.5 to 10 thousand pound weight category, &d 
'Subseqkntly distribm them'acwrdhg to the& .. "p&cipal products carried". Trucks &e,classified 

. by body-type (pickup and'other single-mittrucks) and &e &nfi&on. (2-axle, 4-tite and other): 
Hi$orical stock numbers &e derived fiom FHWA% Highwky'Statistids; Ad new sales are obte&a a . . 
'from the macroecohopIic model: In &&tion to providing a distribution .of * .  trucks accorcling . to 
mjor use, TItJS provides sufEcieni data to estimate.average ahnual'miles and,fuel economy within 
each strata. F1ow.charts describing the stratification scheme-for existing b&stock and new. 
purchaseiare provided ,below. A deskription of the data and the derivation of the stratification ' , 

' 

, '  

.'estimates , are provided ,. in the Light Commerci@ Truck Attachment in Appendix F; * 

. 

, 

. .  
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5 * 
, .  

Figure 3C-2. Dishjbatioxt of -A . I  SingleUGt Truck Stocks ' 

. -  
. .  

\ .  
I .  

. .  . .  .. . 
* .  \ I  

. I  . '. 

.' 
. .  

. .  

I I 

; . .  i . , 

. .  . ,  - .  
. *  . .  
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- 
, 'Figure 3C-3: DistribntioIlr of Light Truck Saies , . 
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.. . . .  

I . . , .  
I . , .  . -  

i . ,  :. . 
. 1  ' 

- I  

\ 

LCT.Model Equations, . .  

1) - Cdculate~c~sales: . . 

, .  . ,  , .  .. . .  
. I  

.. 

. .  
. I  

. ,  
. .  

. '  
' 1  

I .  

. .  . . .. 
- .  , .  

. ,  

. ,  . . .\ where: 
. I  

. . : i T  - cLTT,='salesoffi~t.tyuckslessthan1o,ooopounds . .  * ,  

b .  

MC-SQTRUCKS~ = Total sales of fight trucks, fiom the Macro M.odel . . .  
LTlOK = Fraction of Light Duty Trucks yith a gross,vehicle weight of less than 10,OO.O po&ds , .  

. .  
, =  . ,  

.~ . . .  . .  
. .  , .  

2) . Divide LCT s&s'betw&n 2-axle, 4tke  and other. single-uhit (OSU) trucks:. ' . ' 
' .  

. .  - . , ,  
. I  . .  

. .  .. CLTSAL2A4TN = LT .- CLTT, *'$T2A4 . .  

. .  

CLTSALOSU, = LTiCLTT, * LTOSU 
. I  . ,  , I  . .  . -  .. . 

. -  . .  . .  

I 

8 .  
. .  

* ,  . ,  
, .  - .  . .  

, .  where: . ~ 

. : LT2A4 =Fraction of new light trucks of the 2-we,  4 tire bnfigpation , 

- .  
LTOSU. = Fmctjonof ney fight tnicks of othe configuration, 

e .  

, ,  
. .  . .  

.~ 
3) * . .Divide.&es of both truck types &to pickup and non-pickup styles for trucks beGeen 8,500 

! .  
* I  . -  7 .  

. .  . .  and10,OOOp~Unds: . - . .  
CL&AL2A4TSiswl I '  = .CLTSAL2A4TN * ZT2A4CLT,3;, 

7 . . .  
and' : (154) 

- . .  where:. *. . ,- 

LT2A4C7,T& =Fraction of Zaxle, 4&e&cks between 8.5 and 10 thousand pounds, by style . 
. LTOSUCLTwl .. = Fraction of other . .  single unit trucks between 8.5 and 10 dousand pounds, by style . 

e, k@Z= Iidex of truck style:' 1 = pick&; 2 = other. 
. .  . 

I .  

. .  

. .  
. ,  

1 %  
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~ _ .  
.; .* . - ,  

. \  . .  . .  ; .  
:’ , 

.-. 
-. 

. .  / .  :. 
, .  . .  

. 4) Allocate sales among the aggegate major-use groups: , .  
. -  

CLTSAL,,,,,,, ’ = CLTSAL2A4TSmIa . * CLTSICSHRR,,w,, ~ for is = 1 
, .  

. ,  and . . .  (155) 

cLTSAL&,,I*,, = C L T S A L O S . U S ~ ~  * C L T S I C S E ~ R & , ~ . ~  ’ . .- . for is = 2 *. 

, I  

V I  
- .  . . .  

where: .. . . .  
CLTSICSHk = Share of LCT sales allocated to each major-use group, by truck type aridstyle 

& =- Index of truck type: 1 = i-axle, 4tire; 2-= other smgle&truck . .  
&ic = ,hdq ofGjor pe’group: 1 = A&culture; 2 =Mining; 3 = Construction; 4 = Trade; .’ . . -  , 

’, I 

. .  
‘5 = utij&;*(j = personal . .  I .  

. .  
’ : . .  . . .  . .  

5 )  . , Update LCT Stbcks to reflect,survival cgve &d sales:. . 

# *  . .  

. where:’. 1 , .  
* .  

, , CLTSTK=Lightcommercial.~ckstock , 

\ 

- 
, ,  ,. SURVCLT = Percentage of previous year’s stock which geG carried over, by tkck type 

I . .  -. . .  . . .  , 

6) ’ Estimate Bevlclrrdemaid for LCT’s, by sector:‘ 

. .  . .  * 
. .  , .  . 

. .  .. . , . .  * ,  

- .  where: . . .  
, ” CL&C,,= ,A&@ me&s of output’for sectors 1-5; level of personal ‘travel . 

.. I .  

. ,  

. .  . . demandforsector6.’ - 
I _  

I .  . . 

’7) Estimate new LCT fuel ecimomy,assumkg that growth fiom baseline i1992) values 

. -  
* 

where: * . ,  

MPGT = Lightduly truck &les per gallon (gasoline technology), &om the LDV Stock Module .. 

Energy Information A d r n l n H o n  
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I z : '. 

. .  . .  
* I  , .  . .  ' .  - :. . 

- ,. '8) Incdrporate .. new LGT estimates into:exik@g stock. . . .  . 

w h e k .  
. .  

1 
.. . . .  

,- 

. ..I L l ' l j ~ ~ i G  = Scaling factor, assockd with @e mcreased use of refom&d gasoline 
CLTMPG= StockMPG of light wme&l trucks,. by &ck type zkd style I- . - .  . . 

. - 1  . .  
. I  . .  .. . I. 

. \ .  . .  . .  
9) - . Calculate aggregate'sales-weighted new LCT M P G  .- 

. .  

. .  

. . .  
, -  

' ' (160) 

. . .  .. . 
I .  . .  

- _ .  
, 10) Calculate VMT-weighted &ck > .  average MPG for.light CdIlimercial trucksf 

I '  (161. I 

. . . .  . .  , -  
- \  

. \  

- 11) 'Calculate f u e l c o ~ p t i o n  in,gallons.id , .  Btu's for. each h c k  type, stySe, and I .  mjor-tke 
, .  . . _  . .  . .  

.~ . .  
1 .  . .  .. , 

category: . 

. CLTVE;IT,,=,:,,, I .  

. . . CLT~P%,W,wc.N 
CLTGAL,.,,,,, - - 

. . . a n d .  (162) . . 
. _  

,. 

5.253, 
. 42  . 

. .  
* -  

. .  
. C L T B T ~ J ~ ~ . ~ ,  = CLTGAL~,,,,,, 

- 8 ,  . .  
. .  

. . '  
I ,  

. ,  
. .  . .  . I 

-- 12) - C a l c h  total Btu gkumption by light complercial trucks, by d g  over ke indices: ' 
. ,  

. .  . , ' a  , .  
(163) ' CLTBTUT, = CZ'TBTUis.wl,& . .  . 

, .  is istyl :sic . .  
' I  

.. 
. 

1 .  

' -  . . ,- 

i \, 

. \  
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I 

Figure 3C2: ' LDV %leet Module 1: 
'. . 

Process New FleetAcquisitions: : 

' \  

' . Begin LDV - '( Fleet Module 

.. 

. .  

. .  

I New fleet . 
sales by 

fleettype 

~ .. , 
I 

. -  
.. 
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e .  7 .  

, .  . .  

Figure 3C-5. LDV Fleet Modde 2: DeteAine Characteristics of Existing;Fleets . 
I . 

. . .  
I: , 

. .  

. \  

. .  

. .  

. I  . . .  

. .  1 

. -  
I : .  

. .  . .  . . .  

. .  . .  . . . .  I . .  ' 
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- .  
. .  . . -  

. .  . ,. . . .  
. .  

Fikre 3C-6. :LDV Fleet Module 3: Determine Fleet Fael Economyand Co&umption 

\ 

. .  

.. 
. neet ' . 

vehide.type 
and tech. . 

I .  . 
I 

. .  . .  . .  

I 
' .  I 

I .  

. -  
. '  -I ,. 

c 

. . .  I .  

-: 

- Total fleet fuel consumption - Average fleet fuel economy - TOtalfl&tVMT - 
/ .  

\ 
, -  
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~ . .  
, .  . .  

J * . -  .. 
., 1. . 

.. 
, .  

1 ,  . ,  
.. 

V . '  

. .,- . 
, .  1 . .  

. ,  ,. . .  
I - .  

- : 1 .  . .  

I .  

3D. Air Travel Modille. 
I L '  . 

I .  

' . The air &vel component of the NEMS Tnqkportation Model comprises tivo separate submodels: 
the Air Travel Demand Model atid the Aird.Fleet Efficiency Model. These models use&MS , ' 

forecasts of fuel .pice, &oecpno~c activky, and. population growth, as well as &sUmpttions 
.about aikraft'ret&ement rat& and technological improvements to generate forecaks of passenger 
and fieight travel demand and the he1 required . .  to meet that d e k d .  . .  

. 

. 
* , * 

. .  
. .  . .  

.. . .  I .  . .  
.. . '  . .  

- 3 D 4  Air TmvelDemandModel , . .. ._ , . . .: . ,  

. * .  . , .  

- _ . .  

. \  
. . .  

1. 8 

. .  . I  ,RATIONALE 
. The f i  Travel: Demand Model produces fokcasts of pass.enger @vel demand, expressed in ' 

, reveue.passenger-miles (RPMJ, and air fieight demand, measured in revenue.ton-miles &TM). , 

These are CdImbGed into a single d&d for available seat-des (ASMj; and passed to the Aircraft 
Fleet Efficiency Model, which adjusts aircraft'stocks in order to meet that de&& 

' 

. . 
.. * ' 

\ 

' Structural changes ia the airme industry over the past 'decade have made it &cult @ develop . . ' . ' . 

"hubbing" sykem, .the &e of competitive pricing, and the growth of a dedicated air fieight system . 
. are juk some . ,  of the consequences of a . ,  deregulated markek The commercial aviation system is sti l l  . . 

$I a state of flux, liavhg yet to settle down to the level of long-run equilibrium necessary for the 
application of conventio@forecasting methodologies. Today, aviation for&g experts are - .  ' 

emphasizing thci role of~~udgemept'l ii p1-g f?r thii future--an implicit I .  acknowledgement of . 
the Emi@ons of a purely qyantit?ive methodology?3, It with this in mind - . I  'that a policy-sensitive . . . 

long-term: forecasts of travel .demand. The opening-up of routes, the implementation of the 
I .  

. t 
. .  

.. 
. I .  

-:approach to forecasting air travel demand has been developed. .. 

In order to' increase the sensitivik , .  of the forecast to economic - .  and demographic p m e t g s ,  a . 
. .  

. .  
- .  

.- .. 

I -  disaggregate .model, incorporating, separate treatment of business, personal, and intemkiod 
. . passenger travel has been impl&ented. Separate forecasts of domestic passenger and fieight travel 

'are generated, influenced by economic; demographic and'fuel price fbctors, and are combined into 
'an aggregate estimate of air &vel demand. This'model stands in c o n k  to its.predecessor, used . -. 

in producing the 1993 AEO, in which z@ &eg& d&d for &.unercial passenger.&vel is first 

.I I " 

. .  . , 1 .  ' \  

23 Aviation Forecmting MethodoZogy, Transportation Research'Ciar No. 348, Teortation Research Board, 

I ,  

~ 

. i  Washington, D.C., 8/89, p. 8. 
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. .  . , . .  . .  , . .  , , .  . , 
. .  - .  . . z 

:ketPriceIg,,~ 
' . .  

. .  . .  , .  

TheRPMs thus generated are subsequently in&ented by a fixed percentage representing d&d 
by general aviation aha dedicated air cargo aircraft, sind a constant military demand. That model's 
lack of sensitivity to 'economic.aqd deniographbinfluences hits necessitated the. bnsequent . .  
revision. . ' .  

. ' 
' 

' 

. -  . .  

. .  I .  

. .  . .  I .  . .  

. .  
. 'The Air Travei.&&d Model is based on several &&ptions . (  about ' personal b e k i o r  i d  the . . .' 

i -  

. . structure of the airline industry. Of greatest significan& is $e assuqption that the deregulation of 
the industry has substantially altered the dynamics of passenger travel; model p w e t e r s  have ' 

. thkfoic been estimated w g  only'pst-deregulation,data. Itis fbrtha~&suined that business 'and 
personal travel are motivated by different . .  mea&& of economic conckons, %d should be modeled 
sep&tely. Finally,, it i$ as&ed . .  that trayel demand is 'influenced ,by .demogr'aphic * 

'. characteri&cs of the U.S: population. .The design 1 . .  of this'model; and its rixiderlyhg as&ptions 
have be& bfluenced . .  by several.ht&ature sources a~@ alternative model specifications.which &e 

1 , / .  . I .  

. . . . .. 
. . conditions, and forecasts of this d&d should be djusted to reflect &e changing ,age and gender . - 1 -  .. .. 

. .  
. .  . _ .  I . .  .. 4 .: - , . describedbelow: - 

. .  . _  
I . .  

I _  

. ,  
. .  . .  I .  

\ ' .  

.. 
I .  

ALTERNATIVE SPECIFICATIONS . '  , 

' .. Several-alternative models of& tfavel demhd have been coniidered h the development ofthis 
. . . * .modek,. the' Air Transport Energy U s e  , I  Model (ATEM); developed by Oak Ridge National 

. LaboktoAes ( 0 m ) ; : t h e  Transportation Energy and Emissions Modeling, System ('IEEMS); 
' developed by . .  Argonne . National. Laboratory (a); the .Data Resources hcorporated -0 ~ 

&nomii: model; apd.fore&istp produced by theFederal Aviation AdministriitiOn(FA4). Each: 
. model contributed to the &der&ding of the dynamics of passenger.&vel and the assumptions 

' 

. 
. 

. .  1 . .. Underlying the forecast. . . ' . .  
. .  . ,  ,. , . '  

' .  

, ', . -  . ,  
The emphasis of the ATEM'model.is on estimatesaf . .  Coinineercial' passenger and ,freight air& 

. . .  
. stocks, i d  most closely corresponds .to the AEO predecessor . I  . m0de1.2~ RPM and RTM are : 

I , 
,' . .  1 .  ... . 

', ,~ 

24 Greene, DL., et. d., A c  Trunspoi Energv Us'e koakl, Cenk for Transportation Analysis, Oak Ridge National 
. - . Laboratory,4/91;~Draft: - ' . .  

. (  
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. ~. . .  . .  
. ,  

. .  
. .  , - . -  . .. 

. .  ' 
estimated by I separate' models, both of which are functions of GNP. and the cost of flying, 

* *  represented by the,:yield? The yield is considered solely & a function ofhe1 p$ce, whose 
contribution to total costs remains . .  a fixed percentage. ATEM, employs . .  * :  a modified constant . .  

I .  

* elasticity ' \  specification a i  follows: , _  

. .  
. .  . .  

. .  . ,  . and 

I .  whke RPM, and R'Il&represent base ye& values, i d  the.remaining variables are all indexed tq 
' their .respective base year values. The elasticities, SI .and&, are . .  specified bj the user for &h . 

decade of the fo reca  This approach wai not considered suitable for inclusion & NEMS due to. 

. 
. ,; 

' '. . .  
. ' . I the limited variable inputs, thereby decieaSing sensitivity to &nomic &d demographic conditions; 

. .  
. .  I .  

. I .  and the reliance on user specification of elasticities. I... ' 

- *  . .  
.! 

. VEMS directly estimates'domestic d M  and energy de&d using I . .  ;linear fomulatio+ WM . \  1 

, 'values are Considered to.& hctio$ of disposable personal income @PI) &d changes . -  in jet fuel : 
price (JP), while energy use is kbsequently deteimined using exogenop projectioF of. &craft. 

.. 
') 

I .  
efficiency?6 The travel demand ' ,  equation @.&.follows: 

- -  RPM = .212(DPl)*- .12(JP) --262:344 . ,  

where'the ckefficiqts have been estimated kihg a regression on 1970-1988 data. In' dete&g - 
* '  , consequent * .  I .  fuel conjumption, - TEEMS as&es an k u a l  aircraft efficiency Gprovement of 1 .'5 - 

p k n t  over the next twenty y&. This Wr is the result of TEEMS exogenous assessment of * . 

with noise regulations. Air,ciirgo i s  Rrojected as p& of a sepete freight demand model, htlh ' . 

which a s&e of &r ton-miles is allocated to dedicatkd cargo' aircraft. Again, the .hitedreliAce I -  

I . .  . .  
. '  

expected technology hprovemen@ as we! as the'mandkd re$.rement of older aircraft to comply , .  

on vMable inputs precludes the .direct kcorpoxation of 

. . .  * 

model in NEMS. . .  , 
, .  

- .  
' "Yield" is a commonly ked tenn in the airline industry, and refers to the revenue per passenger-mile. It is used in most 

- .  analyses as a normalized representation of ticket price. 

26 Argonne Natiopal Laboratory, Forecast ofTransportation E&gy De& Thrt&h the' Year 2010, ANL/ESD-9,4!91. ' 

, 
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. ,  

. BTM = :&p'-3? . , 'yield-ff  GNp'q' . . .. . . _  

. I  , .  . .  , . >  

Revenue paknger . .  miles . &e then conve;ted. into pkd-miles, using & average. weight for ' . 
passeng& and baggage,.andthe demand for k&os&etypejet fuel isfiually e k d  %.follows: . . 

. .  . '  , - <  

1 

. , '  
. Fuel Demand = J?ZXP-~*'~ RTMZ'.; RTM:' - (Real Fuel'Pri~e)-.'~ 

* .  , .  
I .  

. -  

. where the subsqiptsp and c refer to passengers and wgo,'respe&vely. W e  the above models 
of R G  and RpM.have more variable @puts - >  thn those models described previoudy, there seem' . , , 

tobeno compelling &on to retain the cons@it-elasticiiy specifiktion in the development of the 
Air Trkvel Demand Model. 

tion- model is' to I forecast "workload The,primary function of the Federal Aviation A& 
rne&u&', such as hstnim&t operations at t o w e  airports2". Such f o k  are a e d  to estimate 
appropriate staffing. levels, 'and. gew capital- expenditures, ne approach is a rjnixtUre of 

- * ,  
. .. 

, .  
. .  -. . - .  . .  

- .  , ,  
. .  I .  

x .  

. I  . , '  . .  

. .  

.* . . econom&cs andintuition, using :forecasts of sqndary measures kch RkM, load-f&ors, .and ' 

I , ,  . .  i 
' .. yields . -  process &puts. 

/ .  

; I' 
. .  

.. ~ d t a l  operating eost.ani air& efficiency measures are fl'rrst used to predikt yields; theFe &e then' 
' comb4eed with GNP'ekates  to fore,& total RPM and, sukquentl?, enplanemen@. Future. . .  

airport operatio& +e th& estimated uGmg predikons about load factors,B airckift ?my kd'trip 

.. . 

. .  
.< . ' 

. .  

I ,  i .  '. 2?%Model description obtained through perso+ CoinmUnication witd Marj Novak of DRL. . .> . 
e .  . ,  . . .  , .  . .  . .  ' 

28 Mayay CJ., 1989. "Federal Aviation Administratt 'on Methodology," pp.9-29, id Aviation Forecasting Methodqlogy, 
Transpodation Research Cir+arNumb&348, TransportationReyakh Board, National Researcfi Council, Washington, D.C: 

--' The "load factor" ;the ratio of reveiue p e i g e r - i &  to avidable seat-hes; it providek an'&@& of the average 

. .  . .  . . .  .) 

. .  
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. .  .. , .... , 

t .. 

length. Many of fhe key variables used iq the e-stimation,are the result o f  intuitive judgements of ‘ 

.. 
* .  aircraft manufagprers dnd airlines., 

. .  
. ?  

In considering the effect of deregulation.on f o d g  iffoks, itis noted that the d&d equation 
used to f&ecast ~M produces significantly’dlfferent coefficients for pre- and postideregulation’ 
data Estimated pri&.and income elasticities &e signikcantly l&er . .  (in . absolpte value) in the post- 
deregulation era, re f lehg  structural changes . .  in the &line industry. For exTple,the go+ of . 

“ the hub-and-spoke sy& has substanthllyincreased the avdabiity andwnve~ence of air travel 
to many areasnot previoiuly served by major airlines. It . .  is this dichotomy’which has * .  . .  motivatd’’ .. . 
the.decision to restrict p k e t e r  estimation to the post-deregulation period. 

I .. ’ . 

, *  

’ 

, .  
0 . .. , ~~ 

. .  
.. .. 

MODEL-STRu23.TURE. ’ ’ I 

.The Ak Tryel Demahd Model, &implemented inmw; is a ser& o f  linear equations estimated . 

over the pedod.1979-1990.’ As noted‘ above, it is assumed that domestic bUSiness’and personal . 
travel &e motivated by Werent econo&c xkasures, and that personal travel is further affected by 
&e demographic ’ d e u p  ofthe United States. Key.mode1 relationships are present& below, in 
order of their appearaud Where.numbers a p p e a r  in place ofyaria6le rnes;.p&.ekrs havebeen . .  
’estimatebmatistically fiom historical trends.. Descriptive statistics for’all estipwted &mnetirs He, - . 
provided in Appendix .E,. Tables E4 &ough 5 8 .  Also presented beiow in F i e  3D-l’ is the . . .  , 

flowchah for the Air Travel Module. At the end of this section are additional flowcharts which * 

depict the calculations in the‘Air Travel Demand and Aircraft Fleet.EfficCency. . .  models in more 
detail. . ,  

I 

, .  . .  , 

. . .  

. .  

. .  
I 
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. .  
. .~ 

, ;  . 8 .  . .  
i 

. .. . .  

F'igure 3D-1. Air Travel Module 
, .  

I ' I  I I  

I 

. .  
. - .  . 

I 

. . .  

. .  

I 
I ,  . 

. .  

. . I  

. .  
. .  

I . .  - ,  . , I 
/ .  , + 

' .  

, .  . .  

. -  

. .  . 

' .. 

I .  

. .  

To- ReDOrt Writer, 

- Total demand for jet fuel . ~ .. 

. .  

\ .  
I .  
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. *  

, , I .  

. .  
. .  
. .  . -  

. I ’  

1) Calculate the cost of flying: 

: . -(164) ’ .  

.. 

. .  
I 

* . ’, ’ RPiBPC’  = 89.70 + .029 ’ TMc-GDp 
‘ 

- ;&4pIELD . .  . TMC-POPAFO 

. -  
. I  

., 
. .  _i 

. .  
I .  

I .  

. .  
. .  . .  

. .  
’ Personal: 

. ,  , .  
. .  

I 

. .  - .  
. I  , .  RPMPPC = -481.84 + .083 TMc-m - 18.68YELD ‘ 

. TMC-POPAFO 
I . ’  

- .  . ,  

- (167) . 
. .  

’ RPMPC = PClWT (RPMBPC + RPMPPC) - . - .  
J - .  . .  

. .  

. -  
. . . ,  

I : 
1 

I .  

.. .’ where: . * 

.,. 
. I  ’ ’ WC-kDP = Gross domestic.product, m 1987 , ,  dollars. . . :  :’ 

’ ‘fMC-YD =Per &ita disposab1e.penonal mcome, m. 1987 dollars. - ’ 

e .  

, ,  

/ -  

TMC-POPAFO = U.S.’population 
’ PCTINT = proportionality factor reIating international to -domestic travel levels30 

. -  
’. 

. ,  

* 3) calculate the reyenket0n;milLs (RTM) ofaiifieight: . , . . . . 
. I  

RTM = ( -14,556 + ;9.81’TMC_ExDN92 t .3.49 T k - G D P ’ )  - DFRT ’ (168) 
- 

. ”  

. .  
. .  where: 

* T M C ~ E X D N ~ ~  = Valui .of merchankseexports, m . 1992dollars, , *  Ikm.the Macro Model, . 
’ DFRT = Fraction of freight ton-miles transporteaby dedicated carried* 

7 .  

, ,  
. .  ‘ 

.. . .. . ,  
, 30 factor is an extrapoldon of historic trends, and is tabula& in Appendix . .  A, Table‘A-4. 

31 DFRT is obtained from an asyniptotic extrapolation of past trends, and is tabulated in Appendix A, Table A-4. , .  
Energy Information AdminIstraUon ‘ 
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_̂ _I.--- . 
I .. . I 

-_ .. , 

3 - .  * .  , .  

4) . 

comb&g btisixiess and p,ersonal tkvel into a final domestic travel category: ' . I 

Calcdate' total revenue passenger-miles flow for each category of travel,' iubsequently 
* -  I .  

- R ~ M P  = RPMPPC -. TMC-POPAFO DI'  .(169) 

. .  . .  

. (i70)' : . . e  

. .  ' .  . .. 
.. . .  . .. - .  

c -  . .  - .  
1 . .. 

; ,RPMI ='RP&IPC : TMC-POPAFO 

. . ,  % 

. .  . .  

. ,  . .  . I  

. -: . 
. - 4  . .  RPMB = RPMBPC - TMC-POPAFO ' I I. . .. 

' .  . 

(172). * . . I  

a .  

. .  
, .  . 

. , .  
. .  

whek:. . .  _ .  * .  
RPMB =Revenue passtkger mil& for business,m.el 

' RPMP = Revenue passenger miles for personal ,@vel ' 

RPh4I-= Revpue pyenger mil& for m?emational travel 
RPMD = Revi!ui: passenger miles for a~ . .  doqestic h i e l  * 

. -  
TMC-POPAFO= Total U.S. population , 

. DI = Demographic index, reflectkg the public's propensity to flf2 
, .  - ,  

. .  ' 

. , '  . . ,  . I .  

. /  ' 
/ -  

. ' 5 ) .  Calculate the to&&d&d for . .  available se@-mil&, incorporalingthe estimated load factors - .I * *  I .  . 
, of domestic i d  inkmational travel, and converting ton-milei of &eight I into L .  . an equivaient s .  seat-mile ' 

,. ' - .  
. .  , . .  

, . '  . . 
' .  , <  

demand' - . .  
I 

. . .  .. . . . .  whery . : 
ASMDEh4D =Total d e d d  for avdadle seat-miles . 

. ~LFDOM=Loadfiictorfordomestictravel . ' . . . .. , . .  , ,  

= Loixi:factor. for iutemaiional travel, . . - 

EQSM = Equivalent seat-des conversion factor, used to transfork fieight R'IM's 
, .  . ,  

. I  I ,  . .  

. .  

. .  . .  

I 

32 The Demo&hic Index is derived ,h Appendix F,'.Attachment 6. 
I '  
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\ .. . ... 
1 '  . .  

. I. 

. .  
. .  

30-2. * AirckiftFleet B i e n c y  Model 
. .  

I 
- *  L RATIONALE ' ,. 

The, Aircraft Fleet Efficiency Model of NEMS (MEW* is a s t ruked  accounting .mechanism 
. . which, subject& user-specifiedparame&, proGdes estimates ofthe number o f k o w  h d  wide- 
' body aircraft,available to meet passenger and fkight tmvel d&d. I .  This mechanism also permits 

,. . ' 
thi e&ticin offliet efficiency using'avieighted . .  iveragi ifthe c w  - 'csofsuririvingaircraf€ 
and those acq&ed to meet .demand.. This docyment presenk the methodolo&es employed h the. '; . . 

. .  I 

' .  estimation, and preliminary results based on a separate*dysis of travel demand. 
r '  .. 

* * , . 
' 

' . . 

In the modelcyrrently id to produ& , .  the 1993,Ah~d =&gy &ook (AEO), stock . .  efficiency . 

, .  increases'at a c0-t rate, ivith.no .ebiicit dependen& on.those p k e t e r s  which would most * 

affect it. This eq&on , .  is adaptation of the "best available technology" scenario proposed by 
' ORNL in its analysis of aircraft effi~iericy:~~ ' .  

. 

, ,  
. . I  

GPM, = io230 -' (1 - .0137)&- , .  
19*" 

- . -  . 
- .  

.. . . , .  . 
. .  

. .  

' where GPW represents the.gdoi per available seat . .  mile in a given year. '&&.a forecast hewn 
* of.2030, the 1.37:percent ann& rate of kprovement as@d &-the current model leads io an 

' I  . e  approximate halvingof a i r d  energy @tensity.' The above equation &stupes a consistent and 
' .  ' d o r m  . replacement of older &craft 4th newer, more efficied units. Since, in'fact, very few ' 

aircraf€ that have actidly beeketired iti the lak decade, this.aSsumpption seem - ,  inappropnate for * 

b 

.. . ' *  

. '-a comprehensive air transportation modeling - .  system. I 

. The intent of this component of.the NEMS Transpokition Model is to provide a more in~ t ive ,  
. .  , 

- 
quantitative approach for estihating aircraft fleet energy efficiency. To this end, the model 
estimates Surviving &craf€ stocks and average chamkmt~ 'cs at a level ofdisaggregation which is 
supportable'by available data, and projects the fie1 efficiencies of new acq@sitions under different 

. 

. . .  
* . sets of h n o & c  and technological scenarios. The resulting fl&t average efficiencies are returned' 

' ... . 

fieight ca&ersf jet  fuel consumption to they& 2030: 

'. Although the airkodel estimates fuel ;e fiom all types of &craft,'only commercial'aircraft a 

. .  - .  a .  

-. . . .  
33 Energy E'ciency Improvement PotentiaI of Commercial Aircraji to 2010, David . .  &&e, Energy Division, Oak Ridge , 

Ndonal  Laboratory, Draft Report, October, 1989. 
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: \ .. . 
* .  

. I  e .  - .  
effi&encies ,m. eGlicitly modeled. Efficiencies of general aviation.aircraft and @taq planes gre 
not addressed. General aviation fuel use is directiy &tea jet fuel *co&ption is considered 
to bea fixed per-tage o€&mme%al a i r d  demand, and aviation gasoline demand& projected' 
iing'a.time-dependent ekrapolation. Military jet fuel ae-both ~ p h t h a  and kerosene. based 

a .  
. . .  . .  

'. . . fuel-is estimated k another Module using fore& of military budget trends. ,. ' 

. .  
. .  

- .  
. .  1 .  

_ .  . .  
,I ' 

. -  . .  . 
. .  

' ALTERNATIVE 23PEClFlCATlQNS. . : . . .  
In developing this~methodolo~, two alternative approaches J ,  the e b o n  of &d ,stocks A d  .. 

fle@.effici&& h&e been knsidered: Oak Ridge NationalL&oritOry's Air TransE;brt Energy Ose 
& transportation sub-module, b,ehg, developed by, Energy and'. 

mvjronm&tal Apdysis, Inc. @EA] for &e by DOEk Offiqe of Policy, Pl&g and'Analysis hi . 
the Integrated Dynamic' Energy' Analysis ,Skiation model (IDEAS). W e  both employ .'the: .' 

' . conv&tional'mebodology . .  of matching new .capa&y kpisition with expected tf&el(dema& each . .  
takes a d.ii3-t approakh to the trade-off of flegbility and s&plicity. The.approach proposed in ; 

, .  

._ . . * Model (ATEM), &d. 

' . . 

. . 
I .  ~. 

this comploiieit will.incorporate,aspect.+ of each. : . .  . '  
. .  , .  . .  

1 .  

.. . 
r .  . .  

ATEM :is a comprehensive effo&;to desckbe . .  &craft' stock'and efficiency'.changes.y -s is a. 
Bircraft.are grouped' into classes according to t h ~ &  

' . ~ ' ' markg segment and si&: The result is s& class&, &h described by their trip length and . 1  fllstximum 
. -  passenger. capiicity. Passenger . .  tkvel. demaqd is @ b e d  .among @e classes, -approxhathg.the 

. . the retirement of .6ck  which-has reached a unifom user-specified retirement age. If &craft 

. detailed stock.vidtaging model which 
I .  

, .  

. .  . 
previousyear's distribution, and &i.g &craft capaci& subsequently . .  deterinined, following ' 

supply 'exceeds -+el dexband jn any class, excess capacity is p&$tly,retired.' .. 
I -  

. . .. 
. ,  

, .  
. . .. . .  . ,  . .  . .  .~ 

. ~. ' Excess travel,d&d&.ey cl&s is met-by the pwchase of specific aircraft models with known 
.. . opaathg*characteristics &d enfigurations, - or generismodels kimrporatkg the most efficient.new * 

technologies available '&I a given year. As a default all ktive qircraft models in' a class. 0 .  would ' 
. receive an.eqpal-&arket share of newp&hases?S U&g - 1  this model,,the n&ber o f a i r d  of every 
modelk always known, & are &e$ operating characteristics, configurations,~an~utilization . , .  rates. , 

3 3 s  is a very detailed and'flexiile model which can'sncqrPora~ .a %de variety of asmptioni 
abopt future trends, but is therefore somewhat ykvieldy, requiring . .  an amokt of computer time 
which is'inapprop@ate for use within NEMS. . ' -  . . ' .  

e - .  . .  
. .  I .  . ,  

' . . .  
34 Rathi A, P&o& B., q d  Greene, D., Air:Trmuport Em& Use Model, Oak Ridge National Laboratory, Aphl1991, 

. \  L - .  

.. * -  
Draft' 

. .  
. ' 35 Bid, 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 partially dependent on fuel prices, and the incorpoiation of . 
increasingly efficient technologies newly acquired air&36 ATEM links . -  the operating 
efficiency of exist& aircraft to fuel .prices, using an elasticity of rO.04, &d a constant efficiency 

. .  improvement of .03 percent per y t b  * . .  

~n contrast, the comriwrcial;airlimi sector ofthe IDEAS model avoids'this level cifaetail in favor 
of a simpleairdvintaging model?' Th& model uses four age.classes (0-10 years, 11-20 years, 
.il-30 y k ,  q d  > 30 years), making no distinction between em& sizes or flight characteristics. 
- This model ksumes that average utilizatidri rate&dfuel efficiencies vary by aircraR age, and uses 
theserchamtemb 'cs to --the average fie1 coxisum$tion per passengq mile ofthe heet. The 
advantage ofthis approach is its ability to provide a quick overaU e e t e  of trends, but its lack 
of policy levers, such is the effect. of increased airport congestion or higher:flel prices,'limits it$ . 

I . usefulness in exploring the jmpad of various scenarios. The approach proposed in this report will . 

represept a middle ground betweenlhese models--redircing the computation.net& of ATiM 
prifhout entirely sacrificing the ability to respond. to economic, , . .  kchnological, or . .  policy issues. 

MODEL .STRUCTURE 
' Total fleet efficiency is based on separate e$imates of the stock and efficiency ofthe two types I .  of ' 

aircraft considered by the modelllarrow body andwide body?* The development of the hub and 
spoke 'system has made airlines inclined to invest in d e r  aircraft in recent years; .but increasing . 

. airport congestion provides the impetus for investments in .larger ~- craft. h'1990, ,narrow body . 

aircraft accounted for approximately 56 percent of total ava&ble skat-miles, and wide body aircraft 
~ u n t e d  forthe r&g 44 percent. In this model, while the base case maintains t h e w  quo, 
the share. of total passengers and fieight Conveyed by &h of these aircraft-types may be altered ~ by I .  

. ,. . 
. .  

' 

I 

. 1 

., . 
. .  

. 

' ' 

" ' ' 

. .  ' . I  - 
- .  

8 .  

. . .  . .  

. 

I 

. .  
5 . 

I .  

. .  
' ,  'the user. 

. 
, ' The model opkrates in two stag&: the'& is an &&nation . .  of the total fl& of &h .type of &craft 

required to meet projected demand @any I .  &en y ~ ,  the second is a dete&tion of stock 
. I 

. .  
. .  .. 

I .  

* '  

- I  . 
36 Greene, D.L.., EnergvEfJiciency Improve&nrPotenfial of Commercial Aircrq? to 2010, Oak Ridge National Laboratory, 1 

. .  I ORNG6622, J h e  1990. 
, 

. 37 Personal communication with Mike Sloane,. Energy and Envkonmental Analysis, Inc. 

38 Narrow body aircraft, such as the Boeing 727, have seating for approximately 120-150 passengers, and are characterized 
* by two banks of seais &parated by a'cenkr aisle. Wide body aircraft, such as the Boeing 747; carry from 200-500 passengers in 

. 

I 

, .  . 
. . .  

- 1  . 
I .  

threebanksofseats .. 
, *  
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.. . i  . .  
. .  . .  . .  . .  , .  . .  

.. . 
. ,  . %  

. -  :. * .. . . < .  , .  . .  
I .  

. ,  

' efficiency given &&mptiOm about the'retirement rate . .  of ,&craft and the incorporation of energy- 
. efficient &hnologies iri neuiacquisitiop. 

' 

stock 'Estimation . .  

- ,  
, .  I .  

I .  
> ,  

. .  
. .  . .  - This'cpniponent first determines the demand for'new kmmer&l aircraft, based on the growth of. ' 

. . travel de&d and the retirement of older plan&- Travel'demand, expressed as a demmd for. 
, quivalekt seat-des, isobtainedhmtheAir.TravelD&dModel, , . .  ' .  k d i s  I subsen t ly  .. ' dlocated ' 

.betwe& the two'ajrd.types &&dered by this modei. The first step is fo determine &e hction ; 
of s e  d e s  attributable. tb each aircraft type.  his is ~alc~laied $ i  the w o n  of total availabli: 
seat miles.provided by A h  type of aircraft & the preious year, acijuited by a .con&& which 

' .  
. .  

represents d e  effects of-airport Congestion: , . '  . -  
. ,  

. '  
' *  

' 

, .  . : ' = [ [ , . -  . .  SMDEMD,,' . ) i(l+*)] ; . .s<o.*,  . . (174) 
S M D E r n h 0  WJ-1 

. * .  
- .  .. . . e .  . .. 

. .  

I .  . .I . . '  and- . .  . .  . .  

. .  'SMFRAC,,, = 1 '- SMFRAC-oKr 
.. * .. . .  . .  

. .  . .  , -  
. I  

~ .- . .  
, .  

. .  
, . I  

, -  i . . ,  

. >  . where: . -- 
. . SMFMc = Seat mileibction, tiy type. . . .  

. -  . ShDEMD = Total siat-mile'demand, by type, in yearT. . .  - _  
. .  

'. 1 .  .. . .  . .  
, ,  . .  

'I;his specZcation represents t h e ' s w g  0f.a w o n  of passenger load &om one aircraft type to 
andther, at'a rate; 6, 'which is zeio in'the base :me, but may be exogenously set. -It is believed that 
the most probable value for this fctor &.xiegative+creasing the .*de body market share-due, 
in 'addition to airport'&nge&oh, to the growth in the long-haui'marketj .+upled wi& the longer 
range:and lower seat-hecOst-of wide body 

The ne& step is tcr allocate the current-year' seat-miles demanded (caiculated in the Air Travel , 

I '  L .  

- . I  , 

. .  . . .  

._ . . .  - _ -  
. ,  

. \  
e .  

. .  
' 

Demand Model)a&ong a i r d  types: ' . . .  
. -  . .  

. SMDEMDmEr = SMFMC,, SMDEMD; . ' (175) ' 

The n-ber of&ving aircraft of each type'are subsequently estimated. 'Because - .  of the klatively 
_. . 

. .  ' 2  

, I  
. a  

, .  . .  

.3g Personal communication withDavid Sepanexi, Boeing Commercial Airplane Group; 9LW92.1 . 
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- .  . .  . .  . .  
. .  

' ' small s& of the US. co-ercial fl&t-s&htly o v i  five tlioFand &&-it is j m p o k t  to 
provide an accurate portrayal of the age -distribution of &lanes. This distribution determines the 
number ,of aircraft r&ed from servie each year, and co&equently has a' spong influence over the 
-number of new aircraft acquired to fulfill'the demand for zkdravel. The Ste  of new aircraft' 
acq&ition,significantlyaf%ects the average . . energy - .  intensity of the fleet, and, subsequently, %e . 
forecast of energy dedd . .  . .  This model dif€ii. &om other stock models'in that retirements' arenot . . 

, asmined to take place abruptly once the aircraft.have reached a specified age. Mea& a logistic . . 

. 

* ,  

. 

. .  
. .  

survival fimction edimates the ihtion cif originally delivered aircraft wKch survive after a given 
number of years. The sum acioss years gives ai &mate of survivihg * stocksof g h  type of plane: 

* - where: 
. .  

I 

NSURV = Number of mykhg planes in year T 
NPCHSE =Number of plines originally purchased in the &responding vidtage . .  year . -. . . 
'. . 'lWT= The &age, or number ofy& the aircdhave been in service . .  

It should be noted that, due to 'the international nature of the market for-;.;ircraft, constructing a 
survival algorih'using only d o m e c  deliv&es and stocks is not feasible. This is.becawe a i r d  
of different vintages are redarly bought and sold on the &teAtional 1, . . market, h d  the. skviving . 
domestic stock of a given vintage may-exceed the number of aircraft ofthat vintage which had 
.originally been aomestidy I .  delivered.: The problem is mitigated by.as#g that the scrappage 

, , . rate of a@aft  on a worldwide basis also 'cham&qze s that of domestic &craf€. 1 -  Datron global 

. 
9 .  

. I  

aircraft purcase,, and syvival rates are tab- . .  in the Appendix, F d  have'been used to construct 
the Gtage survival functiqn. The surviva~ function, t o ,  is Fxpressed %.follows: , .. . . .  

. .  - .  I . .  
(177) . . . 1 . . I . '  

*: I .  

1 . .  
1 +;  EX^ (0.209 VINT - 6.2)' . , .  f(Vn?f) =' [ 

, . This function is graphically . .  displayed in the f i a e  below. . .  
. ,  . * _  

' . ' ~ f te r  the sur;vival iimction has been specified, it is used ia: conjunction with the 2992 u.s.. inientory 
of air& to generate a baseline of implied deliveries of narrow-body and wide-body aircraft. 
These implied deliveies representthe n&ber of aircraft of &ch vintage which, upon application 

' of'the survival hction; match'the Boeing e h t e s  of survi&.ng planes. These figures are 
. 

' 

. 

kbulated in the Appendix, along with the actual recorded domestic deliveries for &e purpose of 
. I  ~. 

comparison. - 
\ . .  
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. .  

. *  . . 

. .  

. Figure , .  3D-2. Aircrait SmvivaI Rates, 

. .  

, .. . 

. -  

- .  - 
- .  

" ' p i m - Z i + : . '  , .  

- .  

. .  .. By Vitage . I  
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, .  

. .  
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. I  
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. 1 .  

Having estabbhed the number of surviGg aircraft by type, the available airmft capaci~ is 
, calculited. . ~ F t a l  .available seat 'miles are' estimateed lising &rage. aircraft characteristicsf 
utilizatiori rates, cruising speed, ani seati per aircraft. .s-.vink airc;aft capacity (SMSURV) is * 

Calculated as foUows: . 

I 

1 '  , 
. - ,  

. .  
I .  . - .  . ,  

(178)' 

* .  

. .  

ASMPmu = AIMIRSmE$* AVSPDkgr SEATSEEx I .  

. &  - ,  

., . . .  -, , . .  

. . .  . .  
. .  

Where: 
sMsURv=s*g&capacity 

'. . NSURV = The number.of s m g  aircraft, by type . 
Ash@ =.The available s e a h n i l i  per plane, by type. - . 

' = The average nmber of airborne hours per aircraft 
. I  

' AVSPD=Theaver&efl&htspeed" . ' I . ,  

SEATS = The average nimber.of seats per aircraft.- 

.Thve,ave&e aircraft ckeriskcs will be eithg set to default values, or will.foUow an assuyed ' 

trend. TabIesof these values are provided in Appenkx A, Table A-4. 
c 

Surviving air& &pacity is then compared with the travel demand estimates described above. The 
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' I  

. 
, .  . .  .. ' 

, *  . _  
,merence representsthe additional capacity required to meet demand.. Determining the number 
of & c k  of each type to addto the fleet is a matter of reorganizing the above equation: 

. (179) 
. .  - 

. .  
. .  

, . .  1 

:. where: 
NPCHSE =New purchases of aircraft to meet excess demand for &el 

e .  . .  *. 
The resulting number of new aircraR is then added to surviving stock, and the data table is updated 
to reflect the ,newest vintage. Thh approach presumes that new aircraft , .  are inimediately available .. 
to meet deknd. Actually, ,airlines' orders for,plkes. areput ih several ye& in advance of n@ 

. .  

based on e h t e s  of air triivel. ' : ' . 
. .  - 

1 -  Fleet Efficiencv ' . I  / . .  

:Average fleet efficiency is estkat& using . .  a s e r k  of simplifying ~sumptions. 'First, the new:stock. 
efficiency is determined foreach typeof +craft, using the following approach . 

. . I  \ .  . .  .. * . .  

. .  e .  - .  
where: , ~. 

. SMPG = Aircraft fuel effiiency in seat-miles per gallon 

, . . S - h  = F&on of s e a t - d e s  hahdled by newly acquired stock .. 

' I  

. S"KFRkoD = F 4 0 n  . .  of seat-miles handled 6y existing stock ' . .  
, . 

. ' p = kate at which fuel efficiency of existiyg +5raft increases mually due to retrofitting . .  
. .  , *  

" For simplicity,'it is.assumed that load fhctoi donot vary with the age of the plane; kese shares are 
, .therefore assumed to be solely dependent on the respectivenumber of planes, as follows: 

. .  . ,  . .  a .  

The faqtor multiplying the S M P G ~  rea& the user's assutnption that stock efficiency . .  for each type 
of aircraft increases at'a uniform annual rate of p due to the.retrofit of older air& with new 
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. .  . ,  
. .  . .. , .  . .- 

. .technology, and the.ret&mt%t of obsolete planes. ~ kn the absence of userspecification, the model 
.a. use. defau$ values of OA+per@ &d . .  Oil8 percent for 'minow . .  and wide body: &craft,. 

. .. -. respekvely. These figures are based on the ave&e annual i&provemen& in efficiency for each 
type of &ad? bem& 1980 and i990. ', 

. .  

. .  , I  . -  - .  
. .  '. . 

I .  Efficiency improvekents of newly acquired aircraft are determjned by technology chice.wbich is, 

.- ~Table~A-5,~tbbulat.e~ the technology cho ik  abd theexpected efficiency .improvements of air&, 
incorporating those @&nologies. model also sets a lower li&t I .  for efficiency gains .by new 
aimaft,'based on the assukption bt new planes will be at least five percent.more efficient than 
'the stock efficiency OifinnViviug @kraft.- This pro~sion is thggered ifthe incogoration of.new 

tum, depenaent on the y? iqipestion, fie type of aircraft iinithi.priw offii1: 'Appkndix A, , : 

. 

I 

. I  . .  . .  -. . - ,  

tec~oiogies fail to-,dciently increase the 'efficiencies Ofnew acquigtion~. - 8  

I . .  . .  
3 .  . .  -- 1 .';' 

. In o$er to model a &ooth tmpitio~ &om old to new techhgies, the effikencies of new &craft 
acquisitios are based on several logistic hct iops  which reflect the co&ercial'viability of each 
technology. For each technology, a Technology Penetration Fupction is defined ps follows: ; 

. I  I .  . I  . .  .. 
1 '  .. . .  - . . . Penetrationmm - 
-(F'E+TE-'6) ' . 1 + exp . . , _  ' 

Penetration = l i e  &on ofneh aircratt incopzit ing ;given tec&olog~ 
PE = ~ h k  innuence of fuel prices,on tec~&ogy 'penetratidi 
TE = The influence oftime on &Gology penetratibn , * ,  . 

. I  . .  . -  
. .  

. .  ': 

The two argmhents, the price effit (Pa, and the 'time effixt (E);= bsised on the .assumption that ' 

technology's pri& adva&age,. but also bythe length of time ih which the technology has been. - 
Cdinmercially viable. TE; the time effect, is defined as a User-specified constant multiplied by the ' , I  

, .nuinber of yearsfollo&g the trigger y& in which the triggk price has be& met or exceeded. 
,This co&t strongly influences the slope of the logikic &e apd has been initially set to 0.7 t o  

. reflect worical trends+itechnology adoptioa, The larger this m r ,  the more abruptthe transition 
' bekeen. zeo i d  full @plementation of the considered technology., The factor% represents an , ' :, 
ad hoc ,adjustment. which &chop the, logistic curve, thus e e g  that technologiks . are, not ,. , 

inco&r&ed prior 
. * . >io  is istxilinkfaitor): . ,  

. I ,  

' the rat6 of @zchnology incorgoration is 'determined not ohly by the -magnitude of a. given i 

* 

I .  

their ciminercial .viability. '-The price effect, PE, defined I .  as follows (where 
. .  

1 .  . _  

. ' 
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5 

[Fuel Price - Trigger Price] 
. Fuel Price .* 

, . 
: PE'= 10 ; 

. .. . 

. .  -., when 
(1831.. '(0 Trigger Price. 5 Fuel Price) . * 

I .  

.. 
, .  , and; . 

I .  

. .  ' PE = 0 '  ; Otherwise' . -  . I  

* f .  . - ,  

* .: ' Gives the variety of nin-exciusive technologic, some assumptiois must beinade: (1) technhogies 
. ' ' enter @e,&.e they b&me Gable and cost, competitive;.(2) the'~clusion*of a techmlogy with 

a hi&& trigger price is dependent .on . -  the pior use of &&e technologies with lower trigger prices; 
and (3) efficiency gains attributable to each technology are dizectly proportional to the level of' 

* 

' 
* - .  

, ' ' 

-. 1 

I .  

. .  - :  
. .  

.' : , penetrition ofthat techology. . 

:Fovo,$ng the e&on of stock efficiency by iody type, overall fleet efficiency is estimated bi . .  . 
.. I 

., , .  . .  
' . 

. .  

. .' 

. .  , . .  
, wherey h this insta~6~ thekares are not determined by the numb; of planes. of %h typey bi .by . 

histdrical trends and expectatiod of total available seat miles off&ed by &ch &e of aircraft. 
Changes these t rends 'e  guided by as&ptions' concerning airport congestion, i d  the. .. '* ~ 

.. 
.. 

, maturation of the hub and spoke Systepl.' 1 ' 

.. . 
~- ~, 

. .  
1 

. .  Estimatiny Fuel ConsumDtion . . .  

Estimating the demand for jet fbel issimply amatter of combining the output of these two model's: 
I 

' .  
. . I .  

.. ,. * . .  
' .: . .  I .  

. .  .. 
> .. I . .  , -. I 

where: * . .  

. I  
. -  

, 

This result subsequently augmented by five p m t  to.refl&t the use of jet fuel in private planes. 

JFDEMD = The total demand for aviation jet fuel. I 

. -  - .  
I .  . .  . *  

. .  

I .  . .  
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, ,  

Freight Transport Module - 

. .  

- . I  

. .  . .  

. .  

RATIONALE 
The fieight component of the NEMS Transportgtion Model addresses the three primary modes of 
freight transport: druclc, rail, and marine. This model uses NEMS forecasts of real fuel prices, t d e  
indices, and fore.&- of selected indu3ries' output fiom the Macroecchoic Model to e&te . * 
travel,dem&d for.each freight mode,.and the fuel required to-meet that dem'and. The carriers in . 

each of these modes &e characterized, kith the:possible exception of trucks, by very long 
I operatior@ .. lifietiuiesland &e ability to extena these Hetiines through the re&fi+g process.' I '  This . 

'results @ a low turnover of capital &ck and the ' .  conseqykt d a m p k g  of improveiuent in average ~ * . 
energy e3iciency. Given fhe long forecast , .  - .  ho&& however, t5is compnent provide e$imates - 
of modal efficiency.growth, driven by ~ k p t i o n s  about systemic improvemenk v d  modhated 

, .  

. .  

I 

. . . . 

i .  , , .  . 

. .  

. . .  . . -  1 . .  

.' by fuel peke forecasts. ., . .  

.. 
I .  

\ 

, The @eight model currently used for the AEO'is an aggregate version of the &g&ne National 
Laboratory &eight model,. FRATE. 'Forecad &e made .for pch  . .  of the four modes of fieight 
tlanspprt: trucks, -rail, ships,'and air- Ineich case,'bzve18forecasts are- based on the indktrial ' 

production of .specific industries, .travel .growth in ;most d e s  -being directly proportional to ~ 

&creases then converted30 energy dekmd-wing the average energy 
,intensity for the mode ip question. Total energy demand issubsequentljshzaed out to the vadous ' 

types of-fixel used for freight transpo*und& the assumption that relative shares remain constant. ,. 
As ea& mode-is consider+ in the aggregatk, no distinction is drawn between classes of carrier, - 

value zidded. I This 

' - ' 

* .  ._ . .  
t such as trucks of different size. . .. 

a .  - 
. .  

The fkeight transport model developed for NEMS is ap adaptation of the AEO model, providing . 
' ' flexibility for f b t k  developments, and incoipo&g another-level ofde&l in the speciiication of 

modes.. This is . .  . accomplished 9 .  by s t r a m g  the trucking s&or according to size classes and. 
developing a stock a d j h e n t  model _ .  for e?h s% class and fuel type, and provj&g for similar ' . 

stratific@ion*of the other modes; as needed. P k e t e r s  relating &dustrial outp@ tonnageto 
. changes in value added have been explicitly incorporated, , -  

I 

. 

. .  - '. . I  

x. -. 

* A LTERNATWE SPECIFICATIO~S 
. Argonne National Laboratory's Transportation Energy and Emissions Modeling System (TEEMS) 

provides the foundation for this component. This model links several disaggregate modek to 
producc: a forecast of tmisportation:activity, energy'&e,.&d emissions. The fieightsector model ~ 

. 

. 
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. .  . .  I .  

. .  . 
. . . -  . - . ,  ' .  . : 

. *  . ,  . .  
.. - .  . .  

.. 
. :,s , .  , I  

. .  . .  
. .  . .  . .  . . .  - .  

estimates fixture-year activity (ton-des or $ehicle&les) and energy con$mption by mode. 
. Indices of sectoral outp&t are suppEed by a ma&oeconoinic model. A mode choice model then 

. compqes ton-miles pa$eled by truck, kil, water, and air for 24 commodity sectors , .  based on . ' ' 

&mod@. characteriStics,~~changes' in . .  fuel price, energy intensities, aid modal operating : 
. 'characteristics. _ ,  :An a&m& -&bmodel u$es niodal energy .intensities,' 104 factors, 'and 

1 h/sub~vity alro&on-faCtork to Compuk~activity and energy consumption by fuel:= for each. * ' 
, .  . .  

.. . .  . .  
, ,  . , .  

3eight mode.h . .  . 
, .  

I .  

~. ' .  * I  
. .. , .  

- .  

%e -FR.A?IE model is higldy .. disag&eg&,. - inwrpor&ig .a ygiety of cdinmodity s d  mode- 
,.depend& characterkics . .  ked by a shipper'ti, I .  ufiliq; F o r e m  we depehdent on baie 
. year(1985) hight movment da@wkchhave been obtained fiom sweral sources. The 1685 One 
Percent Rail .Waybill S ~ k p l e ~ ~  &d the Associatioxrof American R a i l r o a  Railroad . Facts"2 . .  were ' - . 

. used estimate rail- ton-des of travel;' Waterborne Commerce ofthe United St&es23 published 
s by the u.S. ~ r m y  corps of Engin-, it& wed to .estimate marine ton-miles oftravel; mck 

' vehiclekes Sind @n-miles. . .  of*vel were ' e - k t e d  .using the T&ck Zmentov qzd Use 
~ ahd growth kidices of se@oral mnoniic~outp~~fioxn Data Reso& Inc.ls macroeknomic'modelP5 

', ' ' I 

* ' 

. , . ' 

;, ' - . . .  
. - . Truck enkgy wnsumption is projected usbg fuel economy I ,  in t e h  of miles per gallon ahd average. 

-. load htors. Rail and *e energy &e&ties &e wmp@ Fing.the total &elsales by modeas 
' . published &'the Petroleum Mhrkzting Month&.& The .differences between energy ktensities of 

. I ' 

. .  
I .  

. .  
. v&ous sectors have been held'idtapt f iom 1977.' . - .  

. ,  . .  
- -  I >  

t - .  , .  
I .  

_ , .  . 

I .  

L .  
.: , 

. . -  
, .  

. .  . . .  . .  .~ 
. . I  . . -  

I -  

. .  

, a  
. .  

. - '40 This summary 'is derivdffomForecaq of Transportation Em& D e d  Through the . .  Year20It?,'Energy,Systems ' ' 

DiviSon, Argonne National Laboratory, m S D - 9 ,  Ap& 1991;~. 34, et. seq.. . I . ' 

( 1  ~. 

41 One Percent Waybill Sample, Fderal &ad A- 'on, W-gton, D.C.,:1987. . . ,  . I. 

. . 4 2 R a i l r d F & ~ ,  Association o f ~ h e r i c a n ~ a d s ,  Washington, D.C.; 1987. ~ ' . ' ' . 
- I .  b .  

.. 43 Waferbok Commerce ofthe U @ e d S M ,  US. Amy*k!orps of En@eers, W&Reso&ces I .  Support Cent&, N& - ; ' * 

. I  

orleanS,L& 1987. , . ' . .  
,~ . .  

The I982 T&kl.entory a d  Use S w q :  Public Use-Tqe, B'k of the Census, US. Deparkent of Commerce, . ,  . 
I ,  

, <  

Washington, D.C., 1984. 

45 The DRlAnnuaModel of& US. Economj;:' PC Vksion, DataRw& Inc; Lexington, MA, 1986. . 
, I  

. I' I .  
' 

46-Petrole& Mmket@g.Whly, Energy InformationAdministr;m 'on, U.S. Department,of,Energy, Washington, D.C., 1986. 
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-I Figure 3El .  Freight Traasport Module , , , I. 
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Total demand for . .  
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' . I  

. .  1 '. .MODEL STRUCTURE .' ' . .  

The'NEMS Freight Transport Module.retains the stru&e.used h the predecessor k0 model, 
aggregating the value of outpw fkom various industries into a reduced cl&sification scheme, and 
relating the de&d I -  for transport.to the growth @-the value. of output of-eachindustrial category. 
The relationsbips 'used fortruck, A, aqd fieight &e presented in sequyce below. The 
flowchart. for. &e Freight Transport Module & presented .ip' Figure' 3E-1, above; . Additional 
,flowcharts presenting Freight Module calculations &more de@ e be found ai the end of this 

. . .  . .  

. .  

, 

. .  . .  
. .  I .  

.. - .  
e :  . .  i . . 

, .. _. ' .  
. section. 

.. 
I .  . .  

, * ' 3E-1: .Freight Tmck Stock Adjustmenf Model. 
. 

' .  
I . i. . .  

I (  I . . - .  INTRODUCTION . .  .' 8 .~ 
This document describes ,the methodology. of'the fkight -truck ,stock model which has been. 
iptegrafed irit0 t&Twrta t ionDekind  S&r-Model of the National Energy Modeling System: . I  

The'newly reyised.Freight Truck Stock Adjustment Model (FTSAM) improves upon preGous EL4 
freight transport models in that the stock of fieight trucks is taken info.con$deration for the firg 

do- for. beater mahipulation - .  of a number OS important paiameters; including . . I  the 
m&ket penetration of e-g and W e  fuel-saving technologies as well as alternatively-keled 

: 
. .  ' 

. time. . .  . 

'heavyduty vehicles. The Freight Thck Stock Adjustment Model uses NEMS for& of real fuel 
prices andselected & d d e s y  outpG from the Macroeconomic Model to e&te fierght truck I 

travel'demand, - pwchases &d retireme& . .  of fieight trucks, impbrtaiit truck stock , '  characteri'stics 
such as fuel technology-market share and fuel economy,'and.fuel cofiszimpfion. . , I  

b .  . .  
.' . 

. I  

' .  
. .  

- ,  . 
, . .  1 

I . .  . .  
. .  - .  I .: . .  

- A LTERNA TlVE SPECIFICATIONS 
Current NEMS Model:. The fieight model ckently wied for the AEO is aggregate version of 
the Argonne National Laboratory fieightmode1;FRATE. Forecasts are made for three modes of 
fkight ttansport: trucks, a, . .  and'ships. In ekh  case, &vel fokcasts are based on the industrial 
production of s p ~ i f i c  industries, travel growth in most cases %bekg directly proportional 'to 
indreases-in value added. ' This is . ,  then converted to enerk deniand usidg the average energy 
inknsity for the mode 'ih'questioi TOtiden&gy demapd is'subsequently s&edout:to &e; &rious . ' .  ' 

types of fuel used .for fieight &poi .  .The .proposed . .  version of the . Freight .. Truck Stock 
Adjustment-Model will replace the.average kergy heity with vintage, si& class, sector &d fuel . 

technology-specqc fieight truck fueleconomiqs.' . 

Arionne Natiod L a b o ~ t o r v - T ~ ~ t i 0 n . E ~ ~ ~ .  and Emissio& Modeling Svst enk Argonne 
National Laboratory's Tmhportation Energy and Emissions ,~ Modeipg System (TEEMS) . < * .  .links 

- .  

. , .  
I _  

, I  

. -  
. ,  

.- 
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.. . 1. . .  .. 
b . _  , .  . .  

. ’. 

several disaggregate models’ to produce a forecast of transportation activity; eneigysuse, and 
’ emissions. ’ The f3eight sector model estimates future-year activity (in vehicle-miles) and energy 

consumption . .  by sector. Indices:of sectoral outpG are &plied by a macroeconomic model. A 
m d e  choice model then computes ton-des traveled by tnick, rail, water, i d  air ‘for 24 
c~mmodity sectoh based on commodity characteristics, changes in fuel price, energy intensities, 
and modal operating characterikcs. The FRATE model is highly disaggregate, in&qora&g a 

vahety of wminodity and mode-dependent characteristics used by a’ shipper to mg.im@ Uiility. 
* * Forecasts are dependent on base y-(1985) fieight mo<@ent data, whichhave been obtained fiom . 

several- sour&. Truck veh&&niles and‘ton-miles of travel ire estimrited +mg the Tkck L ’ 

. 
. 

. .  ’. ’ I) 

. .- . ?  ,’ 

Inventory qnd Use Survey, and growth indices of sectoral economic*output &e obtahed,fiom Data ‘ 

* ’ * 3 Resource Inc.’s macroeconoplic model. Vehicle miles. are assigned ti, truck size groups based on - 
commo&ty-specificdloca&on fkctors.~ Four sik classes & de&& by average lden weight Fuel 
types are limited tq g&olke and diesel..’ BerG reqeements are &imputed king exogenous fuel . ‘ 

economy baselines in combination with market .penetration offuel-sav@g technologies. Truck 
stocks within &h s&and h l  combdon are. computedon the basis of historical and projected 
vehicle,utilizationrates. 

- 
: . .  . . ,. 

. .  . .  
I * ,  - .  - 

.. ,. z 

* DlU/McGmw-Hil~-Enegy ReGeW: Demand for motor fuels m the transportation sector based . 

on a vintage capital analysis of on-road vehicles. . Coqsume& are assumed t0.edete-e the 
composition ofthe capital stock-in terms of bothvolume andtecbnologiqd characteristics-through ‘ 
their vehicle purchase decisions. The demand for travel,& conjunction I .  I iiiQl the number and type . . 

of vehicles in the stock then deterniines . .  the level of fuel c&umption. Motor vehicles are divided 
’into cars, light &ch, m@um , ,  tiucks (10,000-33,000 lbs. grossj and heavy tnrcks. The allocation 
of trucks among weight clz-&s,es’was changed for the, 1994 vsmion. FHWA’s Highwqy Statisfcs 
categorizes trucks in three size cLses: .. ‘’two a axle, four tire”; ‘‘Other s&& unit?; and “combination . , 

trucks”. DRI assumes that all two-axle, four-tire 
all combination ‘trucks belong in the heavy-duty I .  category. However, the more than’ 4 &on . .  

. vehicles registered in the “other single unit” category include some light trucks and potentially 

- 

i 

belong #the light-duty h c k  kategory and ’ 

some havy trucks as well. 

MODEL STRUCTURE ’. I ’  . . .  

, .  
. .  . .  

.. 

The Freight Truck Stock Adjustment Model fore& the consumption of diesel fuel, motor ‘ 

gasoline, liquefied petroleum gas (LPG) akd compressed natural gas (CNG) accounted for by 
fieight trucks in each of twelve ind&al S i i .  Eleven k c k  vintages, two truck size classes and 
two fleet types are tracked throughout the model, each having its own average fuel economy and 
average number of miles driven per year. This section presen ti and describes the methodology used 

. 

. -  
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. .  
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. -  
. .  

.. 
. .  ,. I .  j -  

% .  . by the model to for&,,&h.ofthese important variables. . . '. 
. -  

. .I . ,  . .  
' There are six procedures which are. executed d&g ea& year of the . I  model ~F in order to , 

. &it~uce estimates of fie1 consuIpption. &the . ? ,  first, fie1 emnomies oftheincoming class.bfniw. 
.trucks are *estimated through'&ket penetration . -  of existing and future fuel-saving technologies. ' 

'Reldve fueleconomies are used in the s q n d  r o m e  to determjne.the qarket share of.each fuel 
' .. . technology in the-ckent ye& truck purchkes. The third roytine, determines the composition of 

. . ,  

, . .  . .  

the:exishg truck populatiob, &g the charaGterstics ofthe current yek's class of new trucks ' 

. along with exogerio&y, estimiited vehicle scrappage k d  ft&t transfer rates. Actual and perceived : 

. s&ral demahd for fieight travel & the forin of vehicle-des ttyeled. is th& estimated and 
ised.to.dek&ne truckpuichasesjn the fourth routine.. In the fifth ro@ne, act;ai'VMT derqand ,, 

allocated. aihong trbck' types: i d .  divided by he1 ecdhlomy to determine fuel @nsumption. :' . 

Finally, the truck stocl&e rolled , .  over into the next vintage, . , .  ad the  model is pr&ared for , .  the ne& - 
. .  

. ,  . .  -year's nm. 
. I  ' '. . .  . .  

. _ .  
1.. .Estimate New Truck Fuel Economies ' * .- , .  

The .first step .in the.FTSAM is to d e t d e  the ch&i&@Cs.the 311co&g 'class' of truck . . I  

purchases. -Estimates of new medium ,and h 6 ~  truck fuel,econo&es are c generated .. endogenou$y 
, _  . and depend on the n'harket penetration of specific fuel-sa-' technologies. h n n d y  existing fuel- 
savidg kclgologies are' based on ,the I199i Truck I.entory anh Use SA& - 4 7 ~ d  @elude 
aerodynamic features, radial &es, ''axle or drive r k o  to maximize fuel economy'y,-ccfuel economy 

, engirie", and &@le 'fan drives. Currently :exi&g 'technologies gai@ market share via time- 
dependent exponential decay &ctions with exogenokly detemiyd m@ma Ad miniha, based 

I -  

- .  .. , . .  . I  . ,  , 
/ I  

, . .  . .  . .  ~. 'on histdrical trends. . , .  

. .  , .  . .  . \  . .  

Future technologies are adapted fiom Argonne Nhtional Laboratory's Trayportahon Energy . ,  Use . 
Through'the' Ye& 2Q10,4* and include improved tires & lubricants, electronic d g h e  controls, 
electronictransrms &on controls, advanced dragreduction, turbocompound diesel engines, and "heat 
engi11edLE-55"~ 'a .DOWERE technolo&. . *  Placeholdm' allow for' the ihtroduction- .of five 

. . additional whnologi&. - .  Future technologies pterthe marketatv&iow . .  times throughoutthe model 
. -& depending on the y& in which they become commercially available,and on the level of fuel 

. . .  . . .  

* . '  
I ,  

. ,  .. 
"1992 Census of Transport&on: T m k  Inven?ory rind Use Szq-ve, US. Department of Commerce, Bureau of the 

. ?Fokcart of Tran@oftation Energy DenzandThrough t& Year2010, ArgonneNationalLaboratory, energy Systems 

' 

. ' .  I 

, '  - .  
I ,  

. .  . . ' Census, TC92-T-52, May 1995.' . .  

. Divisjon, ANL/ESD-9, Apd,'1991. . . .  I .  
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. . .  . .  . .  . .  
. . .  

I A  

.- 

.. pricesrelative to'a r'frigger price" at which the teqhology becomes economidy~viable: Because 
. prices vary by fuel type, the market shares of fuel-sav@g taho1ogies.are. specified separately for 
diesel, gasoline, LPG and CNG trucks. 

Characterizations of existing and future.fuel-sa&g technologies are documented in an earlier 
report.49 ,Because future technologies are speculative:future technology characterizations can be . 
*modified by the'Ger. ' However, existing characte'iizations are derived from historical data and 

. .  

should not be altered. I ,  

- I  
. .  . .  . .  

TheW.step the model executes in Fhyear,& to'dculate the average fuel price over.the kevious. 
three yesirs: ,. . -  . .  

. .  .. . 

*. 

. .  

where: . .  
: I 5!' = Index referring to model run year; where f = 0, ...,23 . 

F'UEL = Index ref&g to fuel typey wh-m FUEL = 1 kfersto diesel, FUEL = 2 refers gasoliney . 
FUEL = 3 iefersto LPG a n d m  i 4 refersto CNG .: '. 

. .  
.~ 

AVGPRC =' Average price of fuel FUEL b~erthrei year period, in*% pei  tu 
1 .  . *  

PRICE = Price of each fixel, m $ per MBtu 
- . .  , ,  . .  

Whether a future k&lology enters the market d e g  a pSiticular yeir dependson the triggerpice 
. of that technology relative, to the average price of .each fie1 over the p&t three years. If the 
technolo& has not yet'&& market and the av&e price is greater & the technologyls trigger . 
price, the &chnology enkrs the .market . d&g .A @e cment'year: - .: - . 

. .  , .  . .  
.- 

' 'For TECH. = 6y...y16' 

. .. .. 

- ,  -. 

*. - . (187) 

e ,  . ,  
. I' where: ' 

TECH. = ' Index referring to fiel-saving technologies, where TECH = 1, ..., 5 refm to currently ava"llab1e . 

491i?EMS Transprtation Sector MoaW Freight T m k  Stock A@&mt ModeI Updcde, Decision Analysis Corporation 
of Virginia, Task 95-101, Subtask 1-3, Appenclix A, November 3.0,1995. 

*. 

9 .  
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.e -*. , 

. sc = 

. .  . -= 

TRIGPRC = - .. 

. \  
. I  - \ .  . .  

technologies: and ,Z?ICH=,6,...,1irefa to future technolo@es 
Indekrefdg to truck size . .  class, where SC = 2 refers to megum trucks and SC = 3 refers ' 

Year.m which technolosjr TECHen& market 
Exogenously dt?ermbed fuel price gt which techqology TECHbecomes economidy viable 

. ' - 

* .  

.* . to-heavy.trucks , *  

. 

. .  , .  
. ,  . \  . 

If a future-technology .enters ,&ket in the cm&t ye&, ;Coefficients for the logistic. market: - .  
. I  

. -  
\ .  pentration.cUiire are determind , - . . .  

, . .  

. .  
~. 

. .  .. 

, .  

. and 

, 

' (188). 

. .  

where: . , ,  . . , I  . .  . C O W .  = Endogenously d&ermin& lo&crnarket penetration curve pqmnieter ' . .  

. CYCLE = Exogenously de&ed logistic market penelration curve parame& representing number 
. .  of years until 99 percent of maximum . .  market p e n e d o ~ ' '  , ' 

MIDW = Endogenously deter@ned logistic market penetration @e p e e t e r :  . . - ' ' . 
.. . .  

. . These coefficients , I  are then &d:during the r e d d e r  of&e forecast period to.determine that 
. . techology's market share. .Tecbology . ,  &ket penefration dep&ls on the level of fuel piices 

. 'relative . . .  to the tkchnology's trigger price. %or each technology which has entered the yrket,  and 
for existing &hn'ologies;the effect of fuel prices .on market penetration is detkrmined for the 
curientyear:' I. . .  . 

. .  

where:, ., 

PREFF =' Effect.of.fue1 pri& on market~penetrkon &s for six &el-saving technologies 
PRWAR =. Exogenously determined.fue1price sensitivity p&eter for each technology, representing I 

perdent mcrkase m technology market share if fuel price excee& trigger price by 100% 
. . ,  , - .  

, .  

For &h available technology, including existing technoiogies, the model dekrmines its share of 
the available &ket .& the current y&:. ,. . s .  

/ 

146 
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7 I 

For ZkCH = 19...¶5 . 

* I .  . -  

. For TECH =’ 6,..:..,16 I . 
\ I .  . . 

, I ‘. 

. I  

. .  
. -  where: . 

’ 1 ‘ .TECHSHR = Market share of fuel-saving technology TEcHfor s& class SC and fuel type & 
’ , CONST = Exogenously determinedinarket pe@ration curve parameter.for e&g technologies ., . 

* . COEFT = . Marketp&etration curve p w e t e q  exogenous for I .  existing technologies, endogenous for. 
, .  . I futuretechn0lOgies~ , . I .  

BSHRT = Exogenobsly determined market penetrdon cywe parametkr representing market &amof 

: ESHRT ’ = Exogenously d&&.@ned market penetration curve paramher representing saal*mi@cet share 
existing technology TECH in 1992 - _  

. * .  of,~hnology~cHiffuelpricewerealwaysequaito~~~price . I  . ~ 

‘ .  
. -  

\ 
If a technology A superseded by &other mutually exclkive technology B any time during the 
model tecbnology A’s mark2 share must be aitjusted to-reflect the small& pool o f  vehicles in 
its base market: . .  

. .  where: . .  
SPRSDEFF = supersixling effect,eqUal,$ the market shate ofthe mpersediig techno log^ - . .  

Once the market shares in a given yek are‘e@lished, the.effects of the t&nologies on the base ~ . 
fuel price aretdEed.and combhedto form.avector of.’TvlPG Effects”; whichare ked to a m e n t  - ’ 

the base fuel’economy ofmew trucks of each size class ahd fuel type: . .  
. I  16 

’ MI?GEFFT.,,- = n .( 1 +’ MPGINCRsc;-,zm .. TEcHsHRT,SC,FUEL.ECR 1 . . -  (192)‘ 
zm=1 

\ .  
where: . 

MPGEFF = 
MPGINCR= 

Total effect of all fuel-saving technologies on new truck fuel economy m y+ I . .’ 

Exog&ous factor representing percent improvement m fuel economy due to each technology 
I .  

, 

_ .  
, Energy information A d m I n W o n  

NEMQTransportation Demand Model Documentation Report 147 



. .  .. 

. ,  . .  
, where:. ._ . .  

. B A S W G  ' = . . Fuel economy of new medium and heivy trucks 'kith no k e i - s a ~ g  technologies _.. 
, .  , I .. , 

I .  . .  1 .  

, - I '  . .  . .  
. .  . .  

I . .  
. .- - 

- , . .  . .  
2. D e t e d e  the Share of.Each Fuel%Type $Current Year$ Class of,New Tmcks ; 

. I  , . .  
' Anbther major, c- 'c of the cinrent y d s  class of new . tmcks, . .. . the market share of kh fuel 
. -e, .is calculated 4 the. s e n d  FTSAM ro&e. '. Mkket penetr'atimof alternative &el &eight 

-t&ch is more &ely,to be driven by legislative and/or . '- regulatory acfion than. bystrict:economics. . .  
For this reason, separa$'tren&.iire ixiwrporated for"fteek vehicles, which are h e d ' t o  be more , 

likely targe of future legislatio& and 'tion-fleet" vehicles; .- .The fuei technology routine described ' 
below is intend& to simulate economic. competition akong fuel technologies .after the "creationyy. . . ' 

' of a &ket for alte&ve fuel tikks by govemmedt adion. ' The mer specifies the &ket s h e .  
. alternative . .  fuel- are tou acpeve if.they haie.ao cod ziivaitage ovejr conyentional . 

. technologies., The s&itivity . .  of &h fuel tebhnology to the cost of driyingis'alsoqe6ified 
exogenously. The latter p & - r  repreients themnmkial potential of F h  fuel technology over . . 

. . and above what is , .  mandated by g o v e e n t ,  and sewes t o  mod@ .the exogenous trend based on 
. ' relative fuel prices and fuel economies., Additional user-specified . .  paramhrs &clude.the year ins .' 

which the A k e t  @enetration.cUrves ge,initiat& and the _ I .  length ofthe k k e t  penetration cycle. 

The first step h t h i s  process is:& calculate be.fuel cost per mile for trucks. ofeach size class arid 
fuel type: 

' 

I. . 

, . ' , 
1 .  . .  . ,  

. ,  
. *  ' I  . .  , . '  

I '  , . . *  . 
. *  

.. - (194) ' FC0S.T 

I .  

. .  
.. . 

1 .  , .  
j .  

wh&e: , . ,  . 
'- ' FCOST = Fuel costof driving a.truckof fuel type FUEL, ip dollars'perkile . . 
. . €lTRA$'E =* Hek'ratkof gasoline, m million Bh per,gallon . 

' 

- ,  . ,  
- 1 -  

I 

. .. . .  The fuel cost ofdrivingdieseltTucks relative tb AFVS is then calculated ' 

. I  

. .  
... 

. 148 . 
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- . .  . .. 

. .  . . .  

. .  

. .  

\. 

a ,  . ,  
, I  

where: . * \ 

- ‘ RCOST = Fuel cod’per mile of diksel relative.to LPG and CNG . .  . 
PRCDIFFVAR = Exogenoiily determinedp-&repreSenti?lg~-t variation in AFV market share due I 

to difference m fuel prjces 
~. . ,  , .  . .  

.. 
The market penetration curve paraineters afe dekmhed durihg a user&ecified trigger year: 

. .  I .  
. .  

, .  

where: 

. -  . .  . -  
- ,  

. ,  

, 
, .  . .  

, .  

. 
FLT = Index referring fl& G e ,  where FIT = 1 refers to’lrucks. m fleets of nine or less and 

’ FLT = 2 ref* to trucks m fleets of ten or more 
. 

C O E F k  ’ = Endogenously determiried logistic market penetration curve parameter. 
. CyCAFv = Exogkously determjned logistic market pk$mti.on cyve parameter representing number 

’ of years until maxim& market penetqtion . .  
MYRAFV. = Logistic market penetrition time parameter representing "cay point” ‘to maximum 

marketpen*on . -  
TR- = Exogenously determined ye& mwhich each aiternatfv - e fuel begins to mcrease m market *. 

‘ 

. .  I .  

. .  . . ,  

share, due to FACT or other fi&rs 
1 i’ 

. .  

M e r  the‘dket  penetration of altagakve fuel tn;cks has been triggered, the 
determined thou& a logistic function: 

market trend is - .  . .  
.* 

’ .  

‘ .  . . .  
f i  

. $  

* .  where: . 
. .  - .  BSHRF = Base y& (1992) market share . ,  of each fuel type 

ESHRF = Exogenously determined fiual market share of each fuel type 

c 
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. .  . . . .. ' ,: 

- . .  I -  

.. - 

- , .  , .  ._ 
. .  

. >  ' \  

. .  . .  .- 
. . .  * . .  . - :- where.:. . . 

- . .  ' . CONSD = Exogenous1y.dieI;hined +et penetration m e  par&* for diesel trucks 
C O W  : = Exogenously dete&nedmarketpenetration cUiyepve@r.for diesel bucks . 

.~ . .  . .  
a. 

a .  . .. 

. -  
. .  

' . 'LPG.ind . ,. . CNG t&cks&e already promipent ip. some skctbrs of the economy, most notably in the 
. . petroleum . .. products' sector. The- market shari of: alternative fuel trucks is assunk  never tod dip 

. ..belogthe histo;.icgl level in &ch secbr.- :The d , A F V  m&ket share is thiu calcdated as the 
&ixig~um of historical and forecast 'shares: . . .  . .. 

. .  

.I . 
where: . 

. . .  , .  

.. 

. 
Because of fhe potential for'any fuel type to exceed the )Iser-@ecified ''m8Ximum" due to cost 
advatages over other 'technologies, qx&et;penetration mu& be capped at one hundred percent. 
Diesel market slllire'is calculated as the;forecast share of diesel conventionaFtruck . .  ;sales' 

, _  . .  . .  
. . .  . _  ' multiplied by the-share occupied . .  by conventional , ,  trucks: , 

, .. 

! 

, .  
. .  

, . ,  
, -  . .  , ,  . 

I _  

. ,  

. ,  
. .  

" .. whkre: .. 
. BSE&: = Exogenously detekiped parameter represedhgkndency , .  of each s&r to purchase diesel. 

. trilCks' . 
- .  
. ,  . . .  . .  .. I . .  . . .  

' . The r e d d e r  of truck purchases are assumedo be gasoline': : 

\ 

. . 150' 
. .  

. .  . .  , .  
I .  

. .  . .. 
.- 
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-. . .  * .  . 
I 

I 

r .  , 3. D e t e r n e  Composition of Exhting'Tmck Stock ... 
' Once the characteristics.of the incdming class of new &cks &e dete&.hed,:the'next step is to 

', determine the compositioq of the stock of  existing truck. Scrappage rates are appked to the curxgt 
tnrcic population: 

. . 
I 

. .  . .  - .  
I .  

- .  I .  

- . -  ; , 

- '  . .  - . .  
, . . -  , .- .where: ,' . .  

. .  TI\KsTK =' Stock of trucks in year T , .  
,SCRAP = l3cogmously detenhned factor which of the percentage of trucks - .  of each age which 

- -  
1 .  

I .  

arescrappedekhyear, *,. _ .  
. .  , .  .. , 

* ,  P .  

. .  I ,  . . .  
, .  

, -  
* .  

. ' A number oftrucks are *f& in k h y e a r  . .  fiom fleets of ten or more to fleets of nine or less. -. 
Transfers of c6nventiom.l trucksare based on exogenously determined transfer rates: 

. -  
(203) I . _  = T ~ R & L ~ G =  *'+TKT.A.~~zI$-~T=~.  . , . ' : 

. -  *. 
TmlT..%?X!JC,AGE,kWEL 

~ I .  . 
, .  

, .  
, .  . .. , .  I "  .. 

where: - .  
. , TRFl = Number of trucks iransfd.fiom fleet to no&fleet populatio&; if no restr@ons placd 

I ! .  

' <  , .on the &fer ofaltemtive-fiiel trucks . . 
, I  

s -  TRFFULTE = l3cogmouslydetern;ined parameter representing the per&kge of trucks of each -htage to ' 

'I. be transferred fiom fleets to non-fleets m.each year' 
' 

I .  

, . I 
\ .. . . .  . .  
.;'*The kansfer of altknative fuel- trucks is. somewfiat more- complicated. . .  AltAtive fuel trucks 
,purchased by ceptrally refuF1ed fleets niight nit be-as easy. to risqu .. as ioiventio'nal t+lis,. , . 

. .  

especially if LPG and CNG, are not yidely avdable -at filling stations. For. this reason, . .  an 
additional routine I .  is in&prated which, at theher's option, restricts the transfer of alternative f ~ e l  
trucks fiom fleets . .  to non-flee@.- . .  Zfthis'option is chosen, the share of LPG and CNG trucks in fleet 
transfers ip each vintage p o t  be greater than the share-of eakh k 1 . i  non-fieet purchases in each 
sectof. In other words, if &o percent of non-fleet trucks sold.to'Se&or 3 in y& fa re  fieled I@&' . 
LPG, no more than two percent of each Atage of fleet transfers can be LPG-fieled. Restricted 

' 

. , ~ 

. .  
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. .  

.- . . .  
.. I .  

-. . .  . .  . 
. .  

- I -  

. .  

. .  
. . .  . .  , .  . .  , . '  

. .  
' 7  

, I .  . . .  - 1  

where:- . 

. .  - f ~ + 2  =- ~ k h  of truck triaisfe& f i o i  keet 'to non-fleet pbpwons, if the* he1 mix of fleet ~ . . _  . .  transfers is exactly.the same as the fuel mix.of new non-fleet purchases . . . ,  
, .  - . .  

\ .  

. .  

I I .  
I .  

1 .  

Actual'fleei tkmsfers are 'thendefined'as the unrest&@ fle.&transfers'asalculated . in . I .  wi 'for 
&ventional&ucks, i d  &e  minim^ of unrestricted and redcted transfi& for AFVs: ; 

* * .  . 

. :  . .  

.. 
I .  . .  ' . .* . . .  - 

, -  . I . )  ~ where:, . . 
. TRFSw'= Share of&& transfe;siwhich go& to e&h sector ' . . ,: . . .  , . . . .  . >  

. .  .. 

I . -. 8.. . . .  

(207) ' 

- 1  . 

. . _  
' I ,  
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. I  

.. .. . 1 .. 
I. 8 -. ,. . . .  

* .  
~ , .  

r .  

* .  
, .  

, .  . .  * &  

. .  
4. Calculate'Purchases ofNew Trucks 

. . -  
.. 

Truck purchases are based on the operating chamtemh 'cs of new and existing trucks,.primarily the 
average annual vehicle mileage per truck &d on the demand for freight travel in the current year. 
Annual vehicle mileage dekrxqines the ab$@ of the e;dsting 'stock to meet, the VMT demand. 
VMT per truck has increased steadily since the early 1970s, ahd forecast as index'in which 
1992iSequaltoone. Theindexisde~~asatimsdep~dentexponentialdecayfunctidnforeach . 
size class with exogenously det&ed parameters: 

'where: . ' 

lWi7MND = Index of average annual ~ p p  k c k ,  where 1992 = 1 
. ' ' BSHRV = Exogenously detmhed VMT per .vehicle m&e%ctor representing minimum ' . 

. .  vehicle mileage . .  
ESHRV = Exogenously &&mined VMT per vehicle mcrease factor &resenting maximum k u a l  . .  , . .  

. .  . .  . .  . 
I .  

~. . kehiclemileige . 
. .: CONSV = : Exogenously d e k e d e x p o n e n t X W - p e r  vehicle mcrease factor . .  

COEFV =( Exog&ousy detemiiaed exponene Yh4'T per vehicle increase fi&r' .' 

' This index is multiplied by base y& wual VMT.to calculate VMT . pef  . truck - .  in' each year:, 

. .  
. .  .. 

where: . . .  
. . I  , .  . .. . . .  

' ' .ANNVMT = Average annual VMT peryehicle by s&r, sizedass,.truck ageand fuel type 
ANNVMTBASE = Base year average annual WlT per vehicle by sector, size class, truck age and &el type 

* '  . ,  . .  
. .  .. 1 .  

' . Annual VMT per truck varies by sector,.s& class, k c k  age &d fuel type;qdis multiplied by the 
' 

array of existingmks to determine the V" which can be provided by the current population of . 
trucks in kh sector: 

. .  

I -  

- .  
0 .  . .  . . -  

, .  where: , . 
VMTOLD = VMT which can be provided by ixisting stock of trucks m each sector, after scrappage 

.. , . Energj information Administration 
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. .  

. .  
'. . .  where: -8 

' ' VMTDMD '= ' Demand for fieight &vel by sector SEC, m year T .\ 

Wl"Dh4DBASE = Demmd for fieight k v e l  by sector SEC, in year 0 
. ' FACTR = "Freight Adjustment Coefficient": exogenously dettkked fgctor relating growth m value ' 

added'of sector SEC to growth m demand for fieight truck Vh4T - 

Truck purchases ge.based not on the~actual'VMT d e e d  for a given y k ;  forthis caqnot be. . 

. - .  

, .  

- known in advaice by the dec&on-makers,- but on thelevel ' .  of dexyand which is expected to'occyr . 
at the time the trucks'are.delivered. Sin& i n d m  practice is to order trucks sixmonths in 
advando, the'purc&xiig period for trucks deliv&ed I .  in'year Te&ds.fcom july 1 of year T-l to 
June 30 ,of ye& 2'. Purchase orders are placed based on the expected fieight ship&g orders six 

' months later. Expectd shipping orders are based ontwo .@&oris: the level of demand currently . . 

. I  . 
z r  
' ' 

being experienced, or the perceived baseline demand, and the expected grow@rate of VMTdemyd . 
.. over &'next six months. . I I .  

Tfie predicted &owth"in VI$T''deqaud can be dehed as the growth experienced ! during the 
.previous s k  months.' % ~ ~ l y  I ofYear.~-l;~b . .  predictid g r o e  rate is simbly the growth q t e  for: : 
year T-1, while on Jline' 30 of.year. T,' the predicted g r o k k t e  is the growth rate for year T., 

, .  . .  ' .  - 
. 

' 

Assuming 'that truck ordering takes place writinuo&y throughout the year, the predicted growth . .  
' rate.can be calculated as follows: * ' , 

* .  

. I  

a .  

.. . 

8 %  . 
where: 

PVMTGROWTH = Growth;ratk & which perceived d&and for eeight travel in y k  Tis forecast by fieight 
companies 

The perceived baseline demand is de&ed.to be the level of VMT demand which has been 
experienced in the year prior to the purchasing perioc~,.anci is estimated as follows: . .  

- .  

' 

Personal coaversafion with Donnie Hatcher of McClendon Trucking, Myet te  ,Alabama. 

, .  
Energy Information Administrati on 
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. I  
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. .  
r .  . . .  . 

(214) , 

. I  

For T = 1-22. 

PICMTBASE, sc. =' 0.5'. VMTDMD,;~,, 4- ' 0.25 VMTDMD, - ,sLic 
. ,  

* .  . 

. .' 
I * .  

.. . . . .  , .  . -  
' I . .  , 

.. . . .  , .  ,. . . . _  
- -  .. . .. . .  . ,  . .  . ,  

. . I  . .  ' j .  ' . .  
where: . .  

' . PVMTBASE = Baseke ,from which perceived demand for h i a t  tkvel in year T calculated. 
-. 

. ,' . ,, 
. .  . .  d 

% '  

. .. 
. a  . .  

'Assuming that o~~the'p-er~ivedbaseline'de;n8nd fiomprevious needs to'be %ought forwid? . 

. .  

into the current ye&, t h e w  demand perceived by &eight wmpanie &in be estimated as follows: : . 
1 .  , .  

e .  

. I  

.-. . .  . .  
I '  

, .  . ,  . . - .  

I 

. I  - I .  

' PVdiTBASET &c =. 0.5 V.MTDMTT:,,, + W 5 ' .  :V.TDMD,-,., . .  

(219 
, . .  

, I  , 
. .  

, .  
and , .  

% , * * .  . , : 
. .  . .  

. - ,  .. 

' 'VMTDMD, sljd = 0.2s S . - V M T D M D ~ , ~ ~ +  ;PVMTB~~SE,',  : (1, +. PVMTGR,OWTH,,,) F A C T R ~  
. ,  . -  

. .  
~. .'. . . 

. .  
* .  where: . .  

, .. PVMTBASE = Baseline horn which perceived demand for frei&t travel m y& T f forecast by fieight 

PVMTDh4D = Perceived demand fqrfieight travel m.year ?. . 
. .  . a .  

. .  : companies. . . .  . , ,  , .L . 

* .  
. .  

I . .  '* . 
\ . .  .. . '  . -  

: . 
. .  . .  . . . .  , .  

The difference between perceived VMT demand and VMT provided by the d v i n g  stock of, 
trucks constitutes the p&iv&l &et VMT d&&;Uhichh pro#ded-by purchasing new trucks:' 

I .  * . .  -~ 
. .  

, I  . 
. .  

(216) - VMTOLD, ,  , _  =' PV~UTDMT,,, . .  
. .  

. PVMTUNMETi,.& 
. .  . .  . .  

I 

. .  
. ,  

~. I .  

. ' .  
. .  where: . . . .  H.. 

P-T = Dif€ i i i e  between perceived V$dT demand and $ i d  which can be met by existing stock 
. -  . .  . ,  . .  

;' oftrucks . 
. . .  . -  . .  

. I  . .  
Umkt VMT demand is next allocated L o n g  size classes and fleet types by means of .constant size 
class and fleet type allocation factors. Size class'allocation factors d e t e d e  truck purchases by ' 

\ 

. Energy Infomiation AdminIstratton 
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. .  * , .  
, I  

- .  

. '. . ,  
. .  - ,. 

s& class, while fleet alloczttion fktors represent the share of new trucks accouilted.for.by fleets 
in ea+ sect& The calculationis as folldws: ' . . 

, .  . .  
. .  . .  
\ 

. .  
. . P V M T , S E C , E . ~ T - I ,  =. A ~ . . [ , P V ~ T U N M E T ~ , ,  .e V M T S C F A C ~ , ~  .- (1 - FLTSEIR,,,,) , 01 . 

'PWT~,,,,,,,, =. MAX[ PV~TUNMET~, ; ,  9 VMTSCFAC,,:, ' FLTSHR,,, , 0 ]  

.I and ' - -  . - .  (217) - .  . .  
* .  

. .. .. . ,  
. .  

4 ,  

. .  

. . .  * where: . ' *  
* -  

PVMT = Perceived demand for fieight travel by new'trucks of size class SC and fleet type FLT in, 

VhTSCFAC = Exogenously determined parameter represent@g percentage of new truck sal? which go to 

- 
. ,  .. \ 

' . sect& SEC 
' ' 

. .  each size class SC m sector SEC 
WTSW. = Exogenous parar$eter q r e s p h g  percentageof new truck sales of each size class SC which .. 

go to fleets of tkn or more m.sect0r SEC , -  , .  
I . .  . .  . . .  

I . .  . t  - ,  

L .  . .  
' .Market s h e s  and vhirr per vehicle for truck of each fuel technology have b e  calculated above; 

.. 

- , these ?e used to calculate a fuel technology-weighted average. annual l&lT per vehicle of the ' ' 
current yeat's class.of new fled andnon-fleet truch:' 

A 

., - . .  . -  
. .  . .  

' , . where: . -  

AGE = 0 refimioiewecks 
. PVN = VMT per vehicle for new trucks m ye& T ' . 

. \  . .  ,.; 
* .  

Truck purchases are firiallv'wlculated as the perceived b e t  VMT demand divided by VMT per 
truck, weighted by fuel typ.e: ' , I 

. .  
: r 

. -  
. .  

, -  . 
' Energy Informatron Admlnltratlon I - .  
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1 -  . 

r G  - 
URBANSHRsc 

URBSHRLLW _1 

' . I  -. . (1 - MPGDEGFAc&,~) 

. ,  I ,  

\ . ' 

. '  . . .  . .  . 
. . *  

. .  

. 8  

5. Calculate Fuel Consumption 
The'next stage of the model takes the total'miles kven  by trucks of each size class, fuel type and a 

age @=h NEMS Industrial Sector &d divides by . fuel 5 economy to deten$ine fuel consumption. 
Si& truck purchases are b a d  on.the peiceived m e t  VMT, and not actual VMT demand, there 
may be excess VMT demand which is not cykntly b e i i  met by the existing or new trucks (there 
mayalso &.a i surpks of trucks in.wmp&on ;to the actual VMT demand in a given.year). A& 

. .  . .  

,VMT*de&d mustth&efore . 2, . bk.allocated among truck'typek '. * .  
I .  

, . a ,  

' VI&" = ActualVMT.bylnxchof&htypemyeafT.. ' _  

. .  - -  
,.Freight truck fuel ecqndmy is depend&t.on the f%el eknomy.degradation f-or", whichconveks ! 8 '' ' 

EPA-rated fuel &nomy into on-road duv, adcounting for in&ed traffic congestion &d other ' . .. , 
'factors. . The fuel ewnomy degradation factor is calculated in the LDV Modide Bnd modified by '1 

' 

I the FTSAM based on the simpli&ng assumption that all of the fuel economy degradation occurs' 
because of worsening driving .,  conditio^ h. congest@ urban .areas: The light-duty vehicle 

. . de&dation calculated in E M  is'thus reduckd to reflect the highei percentage.of.highway miles' 
drivenby'fieighttrucks: . . ~ - .  . 

.. 

(221) ' 
. : 

. .  
. .  _ .  

. .  
. . .  

. .  ; .  . . 
. .  

\ .  . . ,  
. I  

" .  , ' 6  - , .  where: .. . .  
. MpGDEGFAC& = Fuelkconomy degrag2afion factor; fiom LDV M i u l e  

. . T,JRB.&SHR'= % ofinilk driven m urban areas bytrucks of each sizecfass m base year (1992)' 
MPGDEGFAC. = Fuel economy _. degradation . factor for fieight trucks . . . ). 

URBSHRLDV = .%-ofmiles driven mn-urb~areas by LDVs mbheyear(l992) . 

. 
. ' 

. .  . , . ,  . 
EPA does not rate heavyduty trucks for fuel economy.. B&use histofical values for medium and. . 
heavy truck &le& on-road fUel.e&nomies, the &el economy degradation fador mpst be, indexed 
so '&t the value in 1992 -is equal to one. ' 

Fuei cbnsumption, in gallons of gasoline eq&valent, is k y  calculated by dividing VMT by on- ' I  

I .  

, 1  

.' .' 
, .  

. .  , -  
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. . I .  

. .  
c 

. .  

.. 

' .  

road fuel economy: .' 
' ._. - 

(222) ' 

- .  
. .  where: . . '  

EUEL =. -To% ~ i g h t  truck fie1 corknption by sector, size class and fuel type & year m gallons . . .  . .  
, . .ofgasolineequivalent . . .  . .  

. -  

e ' MPGDEGFAqi = Fuel economy.degredation factoi, overwfitten m the code byO,99. . 

I .  

I ,  
. I  . . .  . .  e .  

, .  , 

' Conver&g,fiom gkoline eq&a.lent td trillion Btu is a &!al application of the.h& .rate of 
gasoline: . - 

I ', . i -- 
. .  

- ,  . where: ' .. 
. ,  . ' TRIL = Total'fleet truck fie1 consumption by sector, size class and fuel type in year T, m trillion Btu '' 

I .  ..' . , 
. ,  

5 .  

,6. Roll Truck Population and Fuel Economy ' 

. .  

, 
The f.@d stage'prepkes 'the model for the next year by calculating new fuel economi_es of h c k s  

', which are ten years old or older: I . 

- - 
MPGT+ l,SC,SGE =lO,FUEL 

where: 
. I  , ,  

AGE = 10 r e f a  to trucks m the mivintage, ie., trucks which are ten years old during model run 
yeart * , .. 

AGE = 11 refers to trucks'in'the eleventh vktage, ie., trucks which are eleven years old or older 
during mo&l run year t 

- T+I = refers to the next model run year 

I .  .- * 
. -  *. .. 

' 

' -, 1 
- * .  

I .  

.. * 
I .  

I 

t 



. . - - . - - .__.-.- . - . .. . . &__.____>__ -e----- - ._- . - .. , .  , . . .  .. ' . .  
. .  . .  

._ ' *  
.* . 

. . .  

-. 
' .  . 

. -  
* . -  ,.- 

. . '  . .  
. .  

i *. 
I .  . , . .  . .  

I. , . .  , .  
. .  

-~ I -  

. . .  . .  
. . . This . .  . model.is.a'disaggrega&y policy-sensitive approach to fhe f o r e c d g  0f;fieight truck energy 

the fornost bekg . .  .that vehicle stock'ahd purchases are considered for the first &e; . .  This h o w  
. 'the user to test policieswfiich &&t affect the.pen&atiOn of alternative fuels or futurefuel-saving . 

cokidered for the first &e 

demand. 'It represenb a +b&tid.improve&ent over the current model for a number of r+sons, 

technologies into'the heeavy-huty vehicle.market. Additiohal h r s  . .  

', I ,  

' . 

, I .  

" include the n y k  . .  &d.wmp&tion of trucks in fl& of ten or more, hiioricalmd . .  future.niarket ' ' ' 

trends of exist&g fuel-iaeg tkchnologei historical trends t o k d  hi&er vehicle u&ation rate$ 
' ' and the effect on &ck fael ._  economy. of ,wakening driving , .  cgnditiohs:.:.' - .  . ,. . .  

. I .  

. .  
. .  

, .  
. a . .3E-2. Rail Freighf,Model' ' . . 

, .  

I 

I .  

. ,  . .  
-'Rail forecasts repreieit , I  iiimpliiichtion ofthe ficjiight trucking gpProach, in that :oily one Class o f ,  
fieight rail:&id vehicle' tec+ology GMnsidered. Projections of energy &e by I& qe driven by 

- I .  forecasts of ton-miles travelled for each of  &e kd&al categoees &ed in the truck@ sector. The 
' 

algorithmis virtually identicd'to the oneyed fortrucks: .' . -  
. .  I . I '  

o UTP UT&. , ,  10 . 
. RTMT, = RTMi&o , I  FAGR;* OUTPUT,, . . , ]  ' .* . I  - ' 

. .  . '..o . I=1 
, I  . 

. , .  ' ,  . :  . .  
. .. . .  , 

. , where: ' =. . . ,  

RTMT = Totallail ton-miles traveled, for industry 2 in year .T : ~ , 

'FACR = Coefficient rel&g growth ofvalue , .  Nded with gro&!~ of rail transport; . .  

' .  
' 

OUTPUT =Value of outpiof ind& I, base year dollars . .  
. ,  . 

- , .  . . .  . .  
. .  

, Eneigy consumptibn is then el;timated using the projected rail .&era efficiency: * '  , 

(226) 

, /  

, -  
. I  . 

8 .  , .  
FEUIL=Railenergyef6ciency . . I '  

. .  
6 . .  

I .  

e .  
~. 

- .  
wheie rail efficiency -gains resulting &om 'technological development and increased sy&m . 

, .  . a  
, ,  . .  

.efficiency &e based on an exogenous analysis of trends. ... . - . . I. - .  , 
I , J  * . .  . .  - 3  

. ,  

This aggregate ener&.de&d is Wed to e&e the de&d for the various fuels used for rail , 
1 ,  

._ - a .  

, .  . 

, ,  
, -  . , 

.. I - .  . I  

I .  

, .  . *  
. .  

, .  . .  , .  
' . Energy.lnfodonAdmlnlbtratlon ' I  I 
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. .  . .  . .  * . .  

\ .  
. . .  

. ' 'I' * .  

' transport,'adjusting the preybus year's demand for a given fuel by the M o n a l  hcrease &I overall 
, -  

energj. requirements: 

where: ' I -  

. .  *._ . 
. .  8 

. TQ-=.= Total demand for each fuel by rail hight sector m year T 
. .  

. .  . -  - .  . .f . .  

. This is based on the assumption that the relative shares of &h fuel remains c0-t across the 
forecast horizon, and that there k little or no room for fuel substit&ionhs prices vary. . ' 

'. 

,FuelconsUmption then.allocated to each region: .. . . .  
. .  . ,  . .  . .  

. L * ,  . ' TQanRme = T Q U c m E r  * S E D S H D S c . J  
...: * 1 ' .  . -  

. .  
' I  whek 

' TQRAlLR-= = Total regional fuel consumption for each technology ' .' . 8 .  

* ,  ' S E D S & b T  = Regional share of rail kight fuel cmsumption,.f?om SEDS 
. .  

. . .  . .  I -  , .  . ,  
I 

. -  

, ,  . .3E-3. Waterborne Freight Model , 

Two classes of waterborne transit are considered in this 'componknt: dome& . .  ximine traEcicand 
-;fieightem conducting foteip +e. This & justifid on fhe grounds that vessels which comprise 
.freighter tm@C on ri<k q d  in coastal regions have different characterikcs than those which - .  ply 

. .  hternational wateri. , - .  
._ 

Pomestic Marine ' -  

. Once again, the e d a t i o n  of total domestic waterborne .travel demahd is driven by forecasts of 
indiitlial output: . .  

. .  
STMT = Total &-miles of waterbqme fkight for industry i i n  year T 

where: 

Energy lnrbrmatron Admlnbtration 
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7 .  . .  
,., . 

. .  . -. ' . .  
- . OlhPUT = Value of &@ of industry I, in base year 'dolIm. - . , . ,  
. - FACS = beflicient relating growth of value added with growth of shipping hart I ' * , .  

. I  

' 

This,totd is kbsequengy shared out.ainong. clkses ofdomestic fkeighter: . . ..' 
. \  

(imj . . . ,  :" STMTc.' = TScJ STMT, . . * .  

. . ,  c 

. I  

I. 

. -- 
, .  . .  

. I  

. I  

- -. . where: 

. - ,  . ,  
. TS = rliavel share.a~~ocated toi iqek in ciass c , 

, I  \ .  
r . .  . .  . - .  

Travel'shares are considered constant, apd all~cated according to the most recent data: . ' ' ' . 
. ,  . .  I .  

. ,  
3 .  

. .  
, .  I . ,  

. .  
. .  . . ,  

'At present, only.one class of domestic Werbome &sport k considered, but as research. . I 

isconducted, a gr&.level of detaii 9 y ' b e  justified. I .  

. .  
' ' 

!. . . .  
I ,  , .  

-. F&l use is subsequently A t e d ,  using the av&e.energy.efficiency for;e&h class of fieighter ' 
. I )  . -  * .  . .  

. -  
: - (c.urrentlyone-clasS): . 

. *  
. I .  

* ' ,SFDT, = FESHIP, . STMT, , .  (233) 

I .  . .  . .  . .  

' f  

. .  

.* 
. ~, 

where: I . .' . 
. . .  

. \  . .  
. . . * SFDT= Domestic ship en'& demand ' 

. . FESHIP = Avixage fuel efficiency - . :  
. .  

J .  - 
~stimated changeS in energy intensity y i ~  be cieyeloa exogenouily. m e  next step, is to docate 
total enrgY'consumtion among three fuel types (distillate fixel, residual &el oil and gasolihe)! 

.. 
. ,  

. '  
, - .  

. , . .  
i .  - 9  . 

' . i 2 ~ )  ' . . .  SFDFJ = SFDT, e SFSHAREFJ -,, . -  
. .. 

\ . .  . .  t .  * '  

i .  . .  . .  . .  . I  

. .  
.. 

, where: ' . . I .  

. -  . SFD = Dom&'c-ship.energy demaqd,tiy fuel % ', 
. . SFSHkE = Domestic shipping-fuel a l lodon &tor 

I .  

. 

IF = gdex ref-g to shipping fuel type ' 
' \  . 

. .  . .  
. 

The &or which'&ocates ener& &nsumption among the three fuel types.is based.on 199O'AEO , I .  ' , 
\ ,  . .  

Energy lnfo&ation Administration . 
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* .  . *. 
numbers and is' held constant throughout the run period. . 

Total energy :demand is tEen regionalized: - : 

, -  

- .  
a .  

, : \ - .  where: ' , .  
. * TQSHIPR h Total regional en=. demand by domestic freightgs- . 

'SEDSHR = Regional shares of fuel demand, from SEDS . . ' . . 
- .  , .  . .  

. .  . .  
* . . ' :. Although only oneclassof vessel @ considered at the p-t time, themodel was designedto.allow , 

* M e r  stratification should more detailed data become available.. 
. .  

, . .  . .  
' .  I . .  .. 

.Jntemab 'and M e  
Fuel de&d in international Iparink shipping is directl? estimated, linking the level ofh@mtion.@ . .  

' trade &th the laggkdconsumption ofthe fuei in question: 
* I  . .  

./ 3 '  . I -  

. .  where: 
s, -- ISFDT = Total hhrqational shipping energy demand in yiar T 

* . GROSST = Vdue of6ross Trade (&ports +.exports), fiom Macro Model * 

I *  

Total energy demand is then allocated among the vario& fuels as above: 
-. . .  

. .  

: , -  (237) I , 
. .  

. .  
, _  

ISFD = International highter energy d b d ,  by fuel ' 

' ISFS- = IntemaiioM shippixig fuelaho&onfactor . , . . 
. I  

RegionaI fhel'consyiption is then dcdated: 

where: 

where: 
TQISHIPR = Total regional en& demand by ix.itenko& &ighkm 

SEDSHR = Regional shares of fie1 demand, from SEDS 
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* . I  

* .  . .  5 - 
I .  

Figure 3E-2. Highway Friight Model , 
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I 

* .  

~Figtke 3E3. Rail FreightModel 
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. ,  
'. . I .  . . .  

. .. . Figure . .  3E4. WaterborndFreight * .  Model I 
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. .  . \  . .  

. .  , (  , .  
3F. .Miscellaneous Energy 'Use Module 

. .  . .  - .  . .  
I .  

. .  ~. 
, I  

RATIONALE" , . .  , .  

.This module addresses the projection of de&d for several transportation fuels and.end-&e 
~ categories that have not:been considered in earlier modules. ' These en&w uses include miliw 

* 

qxmtions, &ass transit (passengermil and buses), recr&tiod boating, Sihd lubricants used in all 

.. . 
. ' . 

. .  
. ' modes of transportation. ?e WMS approiidh represents ai incremen@l improvement over the . 
,* e*tion me@odology used.in the predecessor AEO modd. 

. .  

. .  

.' 

. .  

.. 
' .  

, -  - .  . ,  
8 

Jn: dete-g the-&pact of mi@q-operafidns, the predecessor model'makes acijustments to ' ' . 

levels are then a s k e d  to remain.constant over the forecast. In contmst,'$e NEMS model uses 
military budget estimates'to.for& changes in.fixe1 demsuid. In the public transit sector, the 
pred&essor model does not-explicitly consider phsengg rail;,.which accounts for approximately . * 

fifteen percent, of  total rbil energy wjmmption, or bkes, which Foun t  for approximateiy one 
percent of total highway fuel & m p t i o q  eriergy &e for each of these modes is considered as part 
'of the benchmarking process, as he1 use h recreational boats. NEMS models these sectors 

energy consumption on-a fue1-by-fuel bases, to reflect recent military consumIjtion l&els, These 
. "  

. .  
, 

: . 

' .  
. 

* .  .~ - 

'/expiicitly.' ' 
- .  

- .  
- . .  

The flowchart for the Miscellaneous Energy De&d Module is presented below. Additional * , 

flowcharts portraying,Mis+llaneous Energy Demanct'Module calculations in more detail can be 
found at the end of this Section. ': 1 .  , 

. .  
.~ 

. .  
. .  

, .  
. I  
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. .  . .  . ,  
- I .. .Figure 3F-1. Miscellaneoiu Energy Demand Module. . . ' I  

. .  

. . -  \. . I  
. _  

. ,  

. .  
. .  

. I  
. .  

. . .  . 
. ,  

. .  . .  
I 

. .  . -  

. .  Fudeconomybyvshidetyps 
(FrsigM Module) - Regional pppulafjon (Macro) 

e. 

I .. . 

I 

I . '  
I .  

I .  I 

. .  

, .  

I 

., 

' . I '  
Regional fuel consumption 

military, mass transjt and 
' . .  

I /  

e .  

' . ' recreational boating, regional 
lubricant consum' tion . .  
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. . .  

. .  . .  
e .  . .  

MODELSTRUCTURE . '  

3F-1. .Military Demand Model . , r 

Demand for fuel for military operations is coniidered to be.proportional to the projected-military 
budget. T h e M o n a l  ehange in military budgetis first calculated . .  

I .  

. 1 '  TMC-GFML87,-,. . 
- 1239) 

. .  

. .  . whae: . .  . .  
. .  MILTARGR = The growth m the military budget h m  the previous' year 

. . ' TMC-GFML87 = To& defense budget in year T, fiom the maxo economic segment of NEI& 
. 

.. .I. 

. .  , ( , .  
. \  . 

Total. consumption.of e&h of four fuel types is then det&m&ed: 
. \  

- .  . .  
1 .  

. .  . . .  -. 
where: 

MFD = Total miiitary consumption of the considered fuel in year. T 
' ' ' .IF=.Index,of fuel type:. l=Dstillate, 2=Naph& 3=Residual, &Kerosene 

. .  
. .  

. I .  
Consumption is finally di*buted h o n g  %e nine ce& regiov: , . 

-. 

. .  

- .  I 

- .  

* .  , 

* QMfiT-RhSG = M F D i j '  *. MILTRSHRAmG (249) 
0 . .  

. .  
. .. 

, e  

where: I .  - .. . 
. . .  

' . 
QMILTR = Regional fuel consumption, by fuel type, ih Btu . . ' . . 

. MILTRSHR = Regiod- consumption shares,.fiom 1991 data, held constant , .  
I ,. . .  . .  

- 
3F-2. Mas. Tknsit Demand Model .- 

: I  

, I  . .  . .  

The growth of passenger-miles in each mode of mass &it is assumed to be proportional to the ' 
growth of passenger-miles in light duty vehicles: -This is determined fiom the output of the VMT 
module i d  'the load factor for LDV's, held constant at 1989 levels: 

Energy lnfonnation Admlnlstration , 
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I .-I.-. 

. .  

. . . ._ .. _-_I .. 

. ' J  

. .  
. .  .. / TMOD,, = . VMTEE, *': TMLOAD89, 

and: 

? -  

. ,  . .  

(242) 

I '  

where: 1 .  

_.  
. TMOD = Passenger-miles traveled, by inode . >  ' 

. .  = LDV vehiclemiles - 3  . . trayild fiom the @ ikiuie. 
TML0&89 = Average pass&g&s per vehicle, by mdae (l=LDY's) . 

. BETAMS = Coeffikient of proportionali@, re l eg  mass transit . .  to LDV travel 
. . aM=.Index of transportation mode: 1 = LDV's, 2 4  = Buses, 5-7 = Rail 

. i' 

Fuel efficiencies, in Btu per vehiclemile, are obtained fiom the Freight Module for buses and d,. 
. and mass .transit efficiencies, in Btu per passenger-de, are dcdak& 

. .  
where: - 

"'ME€& = Btu per passenger-mile, by mass &mi$ mode ' 

. FMPG = Fuel efficiency, by&hicle &, h m  the Freight Module 
FMPG89 = Base-ye&fuel efficiency, by vehicle'w, hmthe  Freight Module 

. TMEFF89 = BGe-year Btu per'vehicle-de, by mode . 

i"E = Vehicle type, from the Freight Modde: I.= &l.id-&e &cks, 2 = Rail 

. '  . .  

e .  

I .  

I 

. .  

Tokd fuel consumption I& then bedc$ated qnd distributed among regions according to their 
, .  

. ,  populaliom: / . . .  
. .  ., 1 

. I  

. .  

Q M O D R ~ ~ ~  = ~n;roO,, * T M E F F L ~ ,  * 
. . ~ .  

. .  
_ I  \ 

'. 
.. 

where: 
' . QMODR = Regional c0nsumptio.n. of fuel, by mode . 
TMC-POPAFO =Regional population forecasts;,fiom , ,  the Macro Module. , .  ,' 
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. . .  . .. . . .  

3F-3. Recreafional Boating Demand Model 
e .  

,The groyth in fixel use by recreational boats is considered to be proportional to .the growth in 
disposable persod income: 

I 

. -\ 

1 ,  

. .  . .  . _  - .  [ TMc?I.BIIy( 

+?3CFDT.'= RI&'D,-, * 
. .  L TMC-YD,-, 

. .. 
, I  . .  .. - ,  

\ .  . .  

. .  RECFD =National recreational hat &o&e mnknption m,year T- 
TMC-YD = Total disposable pekonal income, fhm the Macro Module , 

'. BETAREC = Coefficient of proporliom&y.reIating @come to fuel demand.fbr boats . 
. .  . .  

- \  . I_ 

. '  
Regiod &msumption iscalculated according to \ :  popdation,,as with'mass transit, above:' ' 

v ,  . .  . , I  

, .  

. 4245) 

.- 
where: 

. I  

,' 

where: , *  

, .  , .  
' QR.ECRmJ;'R&!FD, * [ : * 9  T M C - P O P A F O ~ ~  , . ' . 1 . - .  

. . -  TMC POPAFOw 
\ .- .E-= I 
' ~ .. . .  

.! (296) 
. .  . \ 

. I  

' ' Q&CR = Regional fuel consumption by recn+o@ boats m year T 

. - .  .. , -  

, .' 
. .  

3F-4. Lubricantoemand.M~d~l' . . r 

. .  . . .  
\ - I  

~, I ,. * .  
, .  

. I  

* The growth bi demand for lubricants is considekd to'be proportional to the growth in highway 

' HWAY, ='. VMTEE,. + FTVMT, :+ FLTVMT,' 

,:travel b? all types of vehicles. Total highway travel .is first determined ' .. - .  
,. 

. . ,  . -  . .  1 

where: 
i 

~ ~ ~ ~ ~ = ~ o t a l h i g h w a y ~ ~ i ~ ,  .. . 
FTVMT L Total fkight k c k  VMT,,'fhm theFrei&t Module 

FLTVMT = Total fle&vehicle,VMT, tiom the Fleet Module . 

' 

1 .  

I 

I 
1 -  

. .  
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. .  . .  .. 
. .  

. .  . .  .. LUBFD, = LUBFD,,. *.. . I  . .  (248)' 
. .  . .  

- \  . . .  . .  

LUBFD, = LUBFD,,,. *.. r . I  . .  (248)' 
- \  . 

. ,  . .  
-. where: , , . ,  

' , .  . . .  . .  

L U B ~  = Total d G d  for lubrim& id year T .-' 
.. . .  

- BETALUB = enstant of proportionality, - .  relmg highway travel to lubricant demand 
. .  

. \. . 
r . . . Regonal . .. allocation oflubricant . .  demand ~ . .  iS finally d e d e d  byregional weighting of all typesof . - 

. .. . highwaytravel: 
. ,  . .  

+ $'LTVMTT) * S@ZhkG&) + (FTVMT, * SBZbS&) 
. .  

I .  

. .  , .  

Q ~ U B R ~ .  

f .  
, ,  

I . .  I 

- .  . _  
' where: L .  . .  

- .  QLIJBR = Regional d&d for lui)n&ts m year T,'.iq Btu , .  

. , SHRMG = Regional.sh& of mo6r gasoline consumption, iiom SEDS ' ' . 
- SHRDS =Regional shark of diesel consumption;fkm SEDS . . I .  

. .. . .  

f. . , .  

.I72 
\ 
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I . .  - _  , .  * .  

.'. 
-. . . .  

. ,  . .  

' Figure 3F-2.' Military ! ,  Demkd * Mo.de1 
1 .  

. .  
.> 

. .  fzz+ Demand Module I: 
.. . . .  

. .  
- .  

,' 

19Slmgional consumption 
' shams for m i l i  ssctor 

' .- 
1 

. I  

. . .. 
. .  1 .  - 

. .  
r. 

. ,  . , 1. 

. .  
. I  
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. - 
. .  

~ - .  . . .  . .  . , - .  . .  
. . .  

.. . . .  . . .  . .  

. Figure I .  3F-3. ',M,asS Transit Demand Model 
\ 

. .  . . I  . -  

. .  

. .  
I . \  . .  

. .  
, 
, .  

. .  

. .  . . . .  
, .  

I . Transit 
I 

. - ,- . . .  ~. 

. . . .  . .  

. -  
, 

- .  

I / 
. .  

. .  

. . .  . . .  

. .  

. .  
I .  

- .  . 
. .  

. . ,  . 

- ,  
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I .  , .  ... 

* ,  

1 -  

. .  
, Figure 3F-4. :Recreational Boating DemandModeI . . 

. ,  . .  

_. 

I 
, .  

- .  

I '  ., .. 
. .  , 

. . .  

- .  

. -  . .  
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.. . - .  
I . . , .  

~ .. . .. ._. . - -  
. . .  . .  . .. . .  . 

I - 
. .  . ,  

. -  ' . .  

- . .  . 
. . .  

. .  
*. : 

. _  

. .  e .  ' ' .. 
= '  . 

. Figure 3F-5. Lubricaqt.Demimd Model , /. 
r l  

I 

. .  

I 

, .  

. .  

, \  

. .  . .  
' Lubricant. 

Demand 

I 

! .  

. .  

, 

, 

. - I  

End of Misc. Energy. 
. .  -. 

_ _  . . ,Demand Module . . .  
. I .  

I 1 . .  . .  . 

. .  . .  . .  0 -  

~ . . .  . .  . I  
, .  . ,  

. ,  

I 

. .  

. .  

< -  . - .  
. .  . .  . -  

. .  

.. 
. .  
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. .  

I .  , .  , ' .  . .  

. . .  I .  
. .  3G. Vehicle Emissiens Module 

. *  I 

I .  

. .  

- ,  . .  RATIONALE ' 1  , 

Vehicular e&sions at the national level account for roughly two-fiilhs .of total Carbon and NO, 
.I emissioni.  his iqpo;.tance is reflected in the prodent  role Vehicles have in the cleai ~ i r  ~ c t  ' 

Amendment .. of . 1990- (CAA90).. This module reports vehicul? emissions based on both themix of 
vehicle -technologies 'utilized over *e, and the 'age distribution of these veliicles. ' This i s  a 

' signiscant improvement over the predecessor .._ model, which does-not keep'tkick of the level of ' 

. , * emissions as&ociated &th vehicles. I~NEMS, emissions fiom new, conventiody powered, light- * I . .  

,duty vehicles decline ova,time in accoIdaflce . .  with the provjsions of the CAA90.. Emissions may a . . 
' dtyliue even mer as alternative s o k s  . I .  ofkergy and new technologies are utilized by light-duty I . 

vehicles.. .. Direct emissions fiom battery-p&vged vehicles,. for example, are zko. Specific 
.pollutants addressedhthis moduleinclude SOm NO, total'Carbon, CO, COY and.Volatile Organic 

I .  . -  *. . 
I CompoundsflOC). ' .  ' * .  .. 

. ,  . *  
. .  , .  

. .  
. _ .  

.. ' MODEL STRUCTURE . I  

The, solution algorithm consists of midtiplying levels of travel by appropHate a v k e  emission 
factors for each mode . ,  of travel; Emission factors' depend on the mix of: technologies and fuels 
utiliied within a mode:. For example,;the'emission factor used for lightduty vehicles depends on . 

the miles traveled utilizing each.light-duty vehicle technology and fuel combination (see chapter -' . 
. 2). Even if no chinge occufs in the mix . .  of technologies . ^  utilized &light-duty vehicles, emissions '' 

per vehicle-mile traveled will decline in the forecast as more stan%& are phased in and- 
, old& more polluting vehicles leave the fl& It should be noted that the emissions factors implicitly. 
, reflect the.eff& of fuel efficiency improvemhtson carbon (including CO &d COJ qnissions and 
assume the Comppance s t h ,  increasin&.stringent standards conixming other criteria pollutanfs. - 

' In the equation below, lightduty vehicle and hight truck &nis$ons are e-ted in units of grams. . . 
of pollutant per mile of travel to be consistent 4th the definitions of vehicle emission standards. 

. 

. . 
I .  

' 

- ,  ' I 

. * 

~ - .  

I 

where: 
. ,  . .  . -  

' . 'EMISS =' Regional emissions of a given poliutan$ by mode of travel . . . .  
EFACT = Emissions factor relating meas-- of b e l  to pollutant emissions . 

U= Measure of G e l  de&& by mode: units . .  in VMT for fiighway travel, gallons of fuel 

IM= Index of travel mode: refmnces individual vehicle typesused in the preceding modules 
consumption for other modes . I  

. .  
I Energy Information Admlnlstmtion 
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. ( .  . . .  
. I .  

. - .  . .  . .  . ,  
'E= .Index o+hutants 1 = SO, 2'=NO, 3 = C, 4 = CO, 5 = CO, 6 = V.OC 
lR = . Index identifying axis& re#& 

.. ' 
.- . .  

. 

. .  
-i.he development of the emissiogs factors is dociunented &.Appen@c F,'Attac&ent 7. 

. .  

. .  . .  . .  . 
' ,  . I .  . 

, .  ,* . . Figure-3Gl. .- 1 Vehicle.Emissiolis Module .. . . .  . 
. .  . . .  . . 

. *  

. -  . I  

* . .  Emissions Module 

. .  

. .  
- .  . .  . I -. 

. . .  , . - . .  

. .  

M t o  annual pollutant 
, I  / . . .  

. .  

. .  . ,  . . .  . .  
\ 

emissions .of SO, NO, 
. .  

. .  
. -  

. .  

. .  - 
. .  

. .  
I. . 

, 

. -  
. .  , .  . .  . 

. . .  
- .  , .  

.. I 

. I  

. .  . .  

. .  
I . . I  
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' 4.- .MAJOR. ASSUMPTIONS . * . ' : 

, I  . .^  . .* 
:. Oveniiew 

. f  
, .  .. 

. . . . This section reveals the.key undedying assumptio& that are critical to the gkeration of the base' 

I 
case and four side cases. These sets .of assumptions'discuss the following issues: . technology' 

. <  , .  
. .  

. ' .penetration, environmental legisIatio& efficiency standards, ~d other important drivers f0r.the 
. . transporta'tion d e k d  model. 'The mMS transpoitation.mode1 estimates &ergy.consumption 

across the &e ceflsus regions and over fuel types. Each fuel typeis modeled w r d i n g  to fuel- 
' spec& technology attributes applicable by transportation:mode. To@ energy consugption is 
'moaeled by seven aggregate modes of transpok li&t:duty vehicles (-;light trucks; and vans), 

* fieight trucks; fieight aid passenger airplanes, &eight rail, fi6ight shipping, 'inass transit, and' '' 
misce@nqus transport. Lightduty vehicle fuel consumption . .  is finher &-divided into personal 

. . . . .  

7 ,  

- ' 

* 

usage, and commercial fleet consumption. I . .  
. .  

. .. d 
. .  . a  - .  

c I .  . .  
' Inputs From NEMS-Macro Model . - ' ' 

Macroeconomic sector hp$s used in the NEMS Transpo&tion Model co&ist of the following: * 
. -  

% * Gross Domestic'Product, induskial'output by SIC Code, .- personal disposable income, new c8t &d : , 

1 . light truck sales,: total population, driving 'age populatioq., total value of imports and exports, i d  . 
a the military budget. . ,. ~. 

Table 4-1. Macroeconomic Inputs to the Transportation Model . ' "  

Source: Energy Information Administratr 'on, AE094 Forecasthg System runs AE094B91221934. 
. I  . I  
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.. 

I .  , .  . .  .. 
. .  . .  .. 

. .  
- ,  

'. . . . .  . . .  

. I  . -  
Light-Duty Vehicle Module . .  

. '  . 
, .  

. .  . '  
, 

, .  . .  
i 

e , .  

... . 

. i  
. a  

Fuel Economv Model ' . .  
The fuel' econo,my model utilizes '$2 new ttyhnologies for'each s& class .based .on the cost- 
effectiveness of &h tec~ology, and . .  an initial availability year. The 'discounted streain of,fu& 
savings ark ymp&.tathe marginal Cost ofeachtecbnology. . .  ~. The fuel ynomymodule . .  &sumes ' ' 

c 

I .. . ',- 

. I  . .  . 

9. . 4 yep. payback- penod on all he1 saving technologes. '* . 

, 
I .. , 

* .  i , ,. I . .  . *  
. , . .  . .. - .  

. .  
. .  

. .  

. .  . I . .  

.'.' * '  lO%real discountrate. 
. .  . . ._ . .  

- . o  . CoipO&e Average Fuel Economy (CAFE) standards remain constant'at 1993'ievels. 
. *  

: 

\ . .  
. .  . .  

. 0, . .. Expected .future fuel--prices are calculated based on ati extrapolation ofthe &ow& rate 
.-. between f;el pri&.three y.8I. &d five years prior to the present year: h s  ysumption 

' .  
f0undd.q.m an assumed leiid time of.three to five.y& to si@cantly modi@ the , 

. .  ~. ,vehicles,offered by a maW%cturer. . . ' .  . 
. .  

.. Degradation factors w-ed to &nvert EPA Lted fuel'economy to .actual "on the road" fuel 
.. e%opomy, me based on applicati.on ofa logistic . .  cuiGe to the projectibp..ofthree factors: 

assumedto be *e same over time. 

. ,  , - ,  

. 
+craci in cityfighway dri*i,.higGr . .. Congestion lekels, and+ing highway speeds.519 . .  

Au&mob$e and &ght truck degradation fixtori 

~, 
Reirional Sales Model , , I  

The vehicle sales share section holdskehicle sales shares by irnport and domestic mauufzidt~~eis 
constant within a vehicle 2% class benchmzirked to 1990 Oak Ridge National Laboratory da&.53 

, .  , ,  . 
I .  

. .  . .  . .  
I .  

I .  

.. 
. I .  

- 
, '  

. .  

. , .  . .  

\ .  . .  
I 

. 
Tennesee Transportation Center, Knoxville, TN, May 28,1993, Draft 

Maples, John D., "The Light-Duty Vehicle MPG Gap: I& Si& Tqlayand Potential Impacts in the Future+" University of , 

' Decision Analysis Corporation of Virginia, "Fuel Efficiency Degradation Fa~tOr,",Fi~ial Report,.Subtask 1, prep&& for. 

53 Oak Ridge Natiopal Laboratory, Transtiortation Enerw Data Book' Edition 13, March'1993.' \ .  
, Energy Information 7 0 1 1 ,  Au&3,1992. . . .  
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. .  . I  

d .  - 
. .  

c . .  

. .  I 

. .  
. I  

* * .  .. 

. I  

. .  
* '  

. .  
I .  

I .  . .  
Table 4-2.. Car and Light Truck Fuel'Economy Degradation Factors . . 

. .  
. ., 

Soure; Decision Analysis Corporation of Virginia, "Fuel Degradation Factor," Final.Report, Subtask 1, prepad. ' , 
. I .  . .  . .  ' .  for: Energy ?&omation A m  -0LA&&3;19?2.. ~ . 

. ,  . .  , .  
, I  

. .  * .  

* *  

, I . .  

,AIternatiVe-Fuel Vehicle Model 

vehicle attributes as inp@,:an'd forecasts vehicle s@es'shares bong-the fo!owing sixteen light- . 

neat, methqol flex, methbol neat, electric dedicated-(only hes  elec?ricity), electric hybrid with' 
-large ICE, electric hybrid with small ICE, electric hybnd xith gas turbine, &mpress.ed natural g& 

fuelcell liquid hydrogen. Listed &low are a few examples of the&p@ variables .that correspond ' . ~ I ' . 

, The altema€ive-kel technology choice model utilizes a discr&e choice specification, which'uses . . ' . , 

* '  ' ; duty tkchnologies: gasoline intemal'combustion engine (ICE), diesel ICE, ethanol.flex,. ethanol, ' . I . - 
. .  

. 

. .'. 
-' . ', * (CNG),'iiqbid petrolev gas GPG), g& turbine gasoline, gai  bine CNG, fuel cell methanol, and ! ! 

. to the veGcle attributei&ed in the analysis. With the exetion of vehicle fuel economy, all other ' .  1 . 
0 '. , .  t '  * apibutes are exogenously set'basql on ofQjne analyskw - * 

. .  

i Vehicle attributes'vary by three size classes, and fuel availability varies by census division. 
However, all vehicle &tributes correspond to prototype vehicles. It is assumed that once thejogit 

I , model e k t e s  .future sales shares, these shares are appl+ible to*both cars.kd light trucks. 
Vehicle prices are ass~med to repr6sent mass broduciiofi prices. AU alternative-fie1 vLhicle he1 
effipiencies are.calculated Glative to co~ventiom~ gasoline MPG. It is. asiimed thit hel.efficiency 

* ' improvements& conventionalhvehicles will be tmsfied . .  .. to . alternake-hel  vehicle^.'^ Specific * .  

, .individual altemative-fbel technological improvements are handled'separately by varying theyhe1 . . 
, ' efficiency index over time. Commercial availability &tes.are assumed values according to a' 

' ,with the DOE Office of Efficiency ahd Renewhe &qy. Model coefficienF.smmh&+g 

, .  . 

. .  . .  
- . 

I 

,. 1 

. . I  . .  ' ' 

* logistic curve based on the initial.techology introduction date,'and wereconstrud'h-&operation. . . .  
. 

consumer Va+mtion of yehicle atpibutes were derived fiom a stated prekence survey knducted' .- 

in California, and are asspmed to be representative of the U.S. - -  
.. 

\ 

. * ,  

. .  
Science Applications'hkmational Corporation, "AlternativeFuel Vehicle Module Database," Draft Report, subtask 4, 

55 Energy and Environmental Analysis; K.G. Duleep, intial coefficients for alteinalivefiel vehicles relative to conventional 
Bepared for Energy Infoxmation Administration, Septembq 15,1992. , .  

, 

'. were used fiom the Department of Energy, Office of Policy Analysis IDEAS Model.- 
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NEMS Transportation Demand Model DocumeWon &port 181 

. .  . .  I .  



. .. ' . .  . . .  
- .  . I  . .  ,. 

, .  . .  . I . *  
... 

. .  

Table.4-3 .' AlternativeLFuel Vehicle Attributes For Three-Stage Logit Model 
1 .  

. .  

. .  . 

. .  
1 .  

* Electric vehicle battery @lacement cost includd. 
- >  

. .  
Source. $cien& Appfications Intern@ional Co;pOkion, "AlkrnatiVeFuel Vehicle Module Database," "Draff Report, 

.- ' ' . Subtask 4, Prepared for the Energy ?&xnalion A s o n ,  September 15, '1992, 
. .  

. .  

. I. . .  

The Lbw Emission Vehicle Program'(LEVP) which begap in CaWornia,-has now been instikd ' 

6 New York &d. M&&chuse&. The'followhg Zero-Ekssion Vehicle (ZEV) '&d Ultra Low' 
Emission Vehicle (ULEV) . .  sales , numbers come:fiom.the California Air Resource Board?6 'In &e 
low world oil price . ,  c&e and die base case scgxkos, only the ZEV sales shares are used. With the 
high world $$ price scenqio, the ZEV &d onehalf,of . -  the-lJLEV sales shares are ipcluded. Only 

I half ,of the ULEV sales were included,.because there'is uncertiinty with respect to: meeting the 
. ,  

. .  
- .  

8 . .  .. . 

. 56 califorpia Air Resources Board, &oposed Regidations for Low-Emission Vehicles and Clean Fuels, Staff Report,"' 
I I 

-. , 
. .  August 13,1990. . 
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. .- . .  

. ’  

. -  I. . .  
- .  . .  . - . .  

ULEV air &dards with reformulated gasoline and a heated catalytic converter.. The.AFV model‘ I 
cbmpares these legislative mandated sales to the results‘ f?om,the alte&tive%el vehicle logit 
market driven sales shares. The legislative. mandated sales serve as a minimum. constraint to 
altemtivi-fiel vehicle des .  ’ 

. 
i ,  

. 

. .  . .  

Table 4-4. California Low Emission VeKcle Program Sales Mandates 
. .  

. -  
(Percentage of all LDV Sales) . .- . . 

1 ”  

. r  

, 

’ Source: califordia Air Re~~~rce~.BOard, “ h o p e d  Regulations for Low-Emission Vehicles and Clean Fuels, Staff 
Report;“ August 13,1990. . . ’ .  . I  

. -  . .  
, _  . _  .. 

. .  . .  - ,  . .  
. .  L. . . -  . * ’  . -  

Light Duty Vehicle Stock Module 
. *  . I  

I 

. .  . -  
. .  

a .  
.. 

Vehicle-Miles .Traveled‘Md;del 
*The vehicle-miles traveled model fop&sti VMT as i.function.ofthe cbst of driving per 

population. The ratio of female to male VMT is assumed to a&mptotically approach 72 percent 
by 2010. TO&l;VMT is calibkted t6 Federal’Highway Ad’ministration m A )  VMT dakn .’ ‘ 

1 ‘mile, h g m e  p&.&pita, ratio of female to: inale {VPclrT,. and age distribution of the driving 

_ .  , 
. .  . .  

. .  Light Duty Vehicle Fleet Module. . .  

With the current focus’of transportation legislation on &m@d fleets and their wmposition, the 
. .  , , .  , .  , I .  

/ 
. .  ., 

’’ U.S. Depzhiment of Tra&portation, Federal Highwe Aclqhhab *on, Hirchwav Statistics 1990, FHWA-PL-91-003,1990. . 
. .  ’ . .  
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NEMS Transportation Moiel has been designed to divide cornerical fleets &to three types of 
-flee& bbsiness, govenment, and utility. Based on this cl&sification,.commercial fleet vehicles 
vary .~ in sprvkl ktes and dwtion ig the fleet, before being.folded back into the personal vehicle. 

- .  stock. . * - ' .  
,~ I .  

Sales S&es . of fleet - .  . vehicles 6y fleettypexemain constant over'the fore& period... Automobile 
-fl& &e divided 'igto.the foilowing shares: , busjness (85.59%), g o v k e n t  (7.09%), and @Xes 

. (71.27%). Both,car (23.17%) kd,light truck (13.95%) fl&t'sales.are as&ed to be a constant 

. -on oftotal vehicle des?*. , ,.  ' 

. .  . .  
A l d v e - f u e l  shares of fleet sales by fleet type are &dy s e t v r d i n g  to~histoikal shares, then ; . ' 
.compared to a ~ u m c o n s t r a i n t  levelof sal& b&ed on legislative initiatives &ch as the Enkg . 
Policy Act, &id the Low a s i o n  Vehicle P r~gram?~~  Skk'cles sales of altekitive-fuel apd, 

* .  
. -  I 

. .  conventional vehicles afe held constant at 'historical leveF.6' . .  
. .  ' .  

. . .  . .  . .  

individuat sal$ s h e s  of alternative-fixel fleet vehicles by technolo& type'qe as&ed tQ r& ' I. 

.at historical . .  levels for &@.and gov&e& flee&, but vary for busin&s'fleets in accordance 1 

the'te&nology sh& applied ip the personal vebicle stocks, 'Annual 
stays constant o v ~  the forecast period bked on O W  fl&data.. Fleet fuei economy for both 
conventional and ,altemative-fbel vehich are'assumed to. be the sami  a i  the personal vehicle new 

per vehicle by fleet type ' 

I '  

vehicle fuel economy, and is'subdivided . '  &to thrk.size clisses. .. - .- 
. I  . .  

. . ,  , 

. .  . , . .  . 
.. . 

. ~, . 

.. 
, , .  

I .  

58 Oakkdge National Laboratory, aeet Vehicld in thehted.$tates:' Com&sition.'ChratinP Charactai&cs..ahd Fueling 
Practices, Prepared for Depdent  of Energy, office of Transpoeon Technologies, and &&of Policy, Plannin& and 
Analysis, March 1992. 
' 59 U.S. Department of Ene&y7 office'of Dorn&c.and Intematiord'Energy Policy, "Assessment of Costs and Benefik of ' 

FleFile and Attknative Fuel Use in the U.S. T-ortation . ,  Sector, Techniixl . .  ReportTen: Analysis of @temativeFuel Fleet 

1 69Calif~mia Air Respurces Board, "Pro&d. Regulations for Low-Emi@on Vehicles and Cl& Fuels, SMReport," 

. 61 Oak Ridge National Laboratory, Fleet Vehicles in the Unit& Sates: Cornnosition. ODeratinv Characters&. and Fuelinv 

-~ 

Rex@rmen&" May 1992. - . I .  

.Au* 13,1990; . $ 1 .  . .  
. - .  . . , .  <. . .  . 

F'ktices~ Prepared for DG-artment ofEnergy, Office of T&ortation Technologies, .- and . &ice of Policy, * .  Planning * 

Analy~& March 1992; 
and 

. .  
, I  ~ 
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. .  .. 

Small' 

Medium. 

. '  

4.55 ' 3734 I 

71.59 . 37.96 

Table-4-5.' Commercial Fleet Size Class Shares By Fleet and Vehicle Type' 

.- Srhall I 

I Mediuni 

I .  

1 ;  435 2134' . 

. .56.52 .4439 . 

, .  
Medium 70.00 38.51 

31.46 I : 1333'. . Large 

- .  

1 . S%' :, . f6.67, . 

I .  

' .  

- ,  30.03 I , , 
, '  

. .  
Fleet alternative-fuel..vehicle sales necessary to meet the Energy Policy Act of 1992 (EPACT) 

. . regulations, come fiom the ,DOE Office -of 'Domestic and h@mational Energy P0licy.Q Total 
projected altehative-fbel vehicle.sales are divided into fleekby government, utility, business, and 
fuel providers. The business fleets represent.one half of the DOE Office of ',,,,, Analysis . 
estimate, because it isasspned that only@.lfof the business fleets are capable of being cenMy 
fueled (re:@@ at the same location) as.required by EPACT; Although inclusion ,of the business 
fleet is depenclent upon a ruling inaking by the Secretary of-Energy, the. a&mnption. is .that fuel. 
;displacement goals set in EPkCT'w only be reached by inclusion of the business fleet. 

, .  . .  . .  

, ,  

, .  

. .  

. .' 
. .  

. .  
. I  

62 U.S. Department of Energy, Office of Domestic and International Energy Policy, "Assessment of Costs and Benefibkf 
Flexible and Alternative Fuel Use in the U.S. Transportation Sector, Techr;icai Report Ten: Analysis of Alternative-Fuel Fleet 
Requirements," May 1992. . j .  . .  

' I  
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. .  
I .  

.. . 
. .  

, . , .  . ,. . 
I ,-  

. .  
' 

. Table'4-6. .EPACT..Alternative-FueI Vehicle 'Fleet Sale Estimates ;. 

. ,  . .  
Source: . US. Deparlment of Energy, k c e  of Dome$ic &d Inpnatiopl Energy Polik, "AssesSment of Costs and 
' .  I Benefits of FlexWe 'and Altemat@e Fuel Use wthe U.S:Transportation Sector; Technical Report Ten; ~: ' 

. . Analysis of AltemativeFueLFIeet Requiremenk, May 1992. 
. .  
L ,  

'. . 

. .. 

. .  . 
. .  

Air Travelh7odule . 

. ,  
1. . 

.. 

e ,  

' - _  , . . .  . .  
. .Air Travel Demand Model ' : . . 

The air travel d&d model calculates theticket price for travel as a function of fuel *st and'other * 

.operating: costs.. Noii-hel bperatinb costs. &e asmed io' re- ci+t .$cross the forecast 
, . . hOriz0n.6~ A demographic index based on the propens3y to hy was ineoduced into the+ &vel. 

demand.equation.64 . -  The propensii to fly 6 mad; a f&ction.ofthe age and sex group distribution' 
. . over the forecast period.65. p" '-The ._ , iir &vel demand module asykes that these . . .  relationships . 

bepeen &e-groups and their propmi@ to fly re&.co&t over lime. International revenue 

186 

passenger miles is a fixed perikntage of domestic revenue passenger .miles based on historical '. .. .. 4 .  

~, I .  ~. . . . .  . .. 
. . .  . .  ' . \  

63 U.S. Dqktment Of-TranSportation, R-h and Special programS'A& 'on, Air Carrier Financial Statist@ 
Quarterlv and Monthlv, December 1990/1989, and prior iques: 

Traq~orfafion ResearchBoard, Forecasting Civil Aviation Ad&: Methods and Amroaches, Appendix A, 

Decision halysis CoIporation of V w a ,  Pro~osed Methodolow For Proiednp Air Tranmortation Demand, Find , 

. ' 
' . I  - I .  Tran$)ortation Research Circular Number 372, June 1991. , .  

- .  
Report, Subtask 2, July 8,1992. I 

. 66 Air Trksport Association of Am&% Air Travel Sumex Washington.D.C., I .  1990. . . 
< .  . .  
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. 

I 

. ., 
* .  . .  
data,67 Load fkctors; repr~ehted as the average number ogpassengers per airplane, are assumed to. 

' re&. & k t  over the forecast period. 
* .  

. I  Aircraft Fleet Efficiencv Mode 1 
The a i r d  fleet efficiency mohel consists of a stock model ofboth wide and narrow bodyaplanes 
by vintage. The shifting of passmger load betweeh &ow and wide body aircraft takes place at' : I 

a m&t historical animal one percent rate.68 'The.available seat-M& per'plane, which meashes 
the'canying capacity of the airplanes by a i r d  @pe, remains wx+tant arid based on holding 'the 
following w&t &thin &,air& m:' airborne hour$ per air~~& per year;average flight speed, 
and the n e b &  of seats per air+ 

The difference between the seat-miles'dem&ded and the avz$lable seat-miles represknt newly 
purcha~edaircra~ Aitcritffpurchases~agivenyearcar;notchangeabovehistoricalgnnualgrowth 
rates, whicwsets an upper limit on.the, application of new aircraft to meet the'gip jetween seat- I 

miles demanded and avkable seat-*es. wi$ a m d t  or! n& aircraft purchases, it is &aimed . 

that when the gap exceeds histio&al aircraft sales levels planes that have been tqporarily stored -. 
.or retired will be brought back kto s e & &  Technological availabilik, 

. -  
. -  

I. . . I  .. . ' 
'- 

' .  . . .  ,* . , ., . .  , -  
. I  

' 

. .  . .  
- 0  - .  . 

Table"4-7. Co&t Available Siai-kiles &sumptio& Ba Aircraft Type 

. .  . .  
' .. ' 

Source: Federal Aviation A m o n ,  FAA A viation Fotemsts. fiscal vear~ 1991-2002,.FAA-APO 90-1, and 
. .  . .  

1 ' I .  ; 
. . previous editions. 

economic viability, and efficiency characteristr ' of new &craft are b&ed on the technologies listed 
in the .a* Ridge National Labomtory kir Tranportation Energy Model?gtm F&l efficiency of new 

' 

. .  . .. 
I .  

. .  . -  

- .  
67 U.S. D+@ent of Transportation, Y.S. Intern& 'onal Air Travel Statistis Transportation Syshns C~I&, Cambridge, 

, - <  MA, annual issues. '* U.S. Department of Transportation, Federal AviationM 
' . 'on, , FAA Aviation Forecasts Fiscal Y& 1993-204, . .  . . February 1993. 

I '' Oak Ridge National Laboratory, Enerpv'Efficiencv Imrovement bf Potential Commercial Ai& to201 O,ORNL46g 

. 70 Oak Ridge National Laboratory, Air Transoort E n m  Us e Model, April 1991; I)raft 
June 1990. . .  ' .  
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. -  
% .  

. . - . .".---A_-- __--. 

. ,  . 
I .  . .  

. .  

. .  
I '  

aircraft acqu&tions represM'gt aminimum, a'five percent.improvement . .  ovwthe stock efficiency . 
~f&vkgairplaties?~ Miqimtuh growth rates of fuel efficiency for new aircraft &e based on a 
future teghnology &pvement\list based on ah estimate ofthe iqtroduc?ion year, jet fuel price, I .  a d  

I .  

. , 

. 
. ,  

an estimate ofthe projected -ginal he1 efficienFyi;iaprovement. . .  
. .  

. I  

. -  
. .  

'. Regional shares of ail types of aircraft fuel areas&ned to be;w&&t, and &e cornistent I. *th tbe 
. .  

.- . SW' hergy ~ a t a  ~epOa.estimate of regional. jet fie1 sjmes.3. * . ~. 
, .  , 

, .  
. .  . .  , .  . -  

. I  I ,  

I ,  

. .  

. .  

. I  

, .  . '  . 
. ,  . 

. .  
. .  

e .  
. .  

. :: ..Table 4-8.. Future,New Air& techno lo^ Improvement List .#. 

. I  

. -  

Source: & w e ,  DL., Eh-irgy Efficiencj Improvement Potential of Commercial.Aircraf€ to 2 0 1 0 , 0 ~ 6 ~ ,  
6/1990., and h m  data tables in the Air Transporkon En= Use Mode1 (ATEM), Oak. Ridge N&on& 

' ' . Freight Thnsport . .  Module . . .  . -  

. ,  . ,  

. .  
m h w a v  Freight Model 

. .. 
. .  . .  I .  

. -  . .  
. - ,  

Fiscal Years 1993-2004, U.S: Department of Transpo&on, Federal Aviation A- 'on, FAA A iriation Forecasts 
-I 

- .  'February 1993. . 
7 Department of,Energy, Energy Information , I  A m o n ,  . 5% , .  Enerw Demand Surveya May.1993. , 

I88 
- ,  
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. ,  

The3ieight truck model comer& ind&al output 9 dollar,ter& to an equivalent measure of 
volume by &ig a fieight adjustment coefficient. These fkight truck adjustment coefficients vary 
by i n d w a l  SIC code, but r e d  constant ov& time; and are'.estjmated %om hi@oii& Eeight . 

Freight truck load fkctors (ton-miles per truck) by SIC code 'are ~nstants formdated &om 

growth in'total industrial output. Growth _ I  of VMT h the &&ruction s+r is @ k e d  to be 
propo&onal to the growth in toA disposable income. AU fkight 'trucks are hbdivided into light,. 
medium, medium-he& and heavyd*truc&s. Freight truck fixel efficiency growthmtes relative ~ 

to fuel prices are tigto historkal growthI.gtes by size class.?6 VM?'&i&i ehimdes 
and technology &e'@as&l on historid growth rat&.' Fuel- con$umption..by freight.trucks is :. 

hjstoricai load 'Growth of VMT in the retail sector is iissumed @.beproportional to 

by si& Class -. . -, 

. .  

, .  

. .  

regionalized according to the State Energy Data System 1991 distillate regional shares.n 
. 

. .  . .  

, 
m i l  kreipht .Model I 3 . .  

The rail &eight model receives industrial outpd by SIC &de measured real 1987 doll& and 
'converts these do&rs into an adjusted volume equivalent. Rail fteight adjustment coefficients, 
w@ch ire.&ed to convert doliars into volume equivdents, . .  re&.constant and are based on 

. .  

historical 79 Initial rail fkight fkl  efficiencies are based on the fkight model from Argome 
National Laboratory.m The of rail fixe1 consumption by fuel type remains conitant and 
is based 0n.bistorica.l dahg1 Regional fteight rail coIlsumpfion @hates are distributed according 

I .  

9 to the StateEnergY,Data Report 1991.= . .  
I .  .. . .  

./ 

Waterborne Freight Model 
The waterborne fieight model also'converts industrial output by SIC code measured'& dollars, to 

. _. . 

. .  
73 Decision Analysis Corporation of Va, Freivht Tmnm0.m 'on Reauirements An dvsis For The NEMS T&sDortation 

'' R&%ie Associates, TRANSE 
Sector Model, Subtask 5, PrepWfor Eneqg Inform@on Ad * * ' "on, August 3,1992. 

AkCH Freipht Commoditv Flow &as% Greenwich, connecticutt 
. I  

' ' '* Oak Ridgellatioh Laboratory,&gmortab -on E n e a t  Data Boo k Edition 13,March 1993. . 
.. * 760akRidgeNationalLaboratory,Ttan~~onEnk~~Data B 00 k: Editi o n '13, Mkhl993. '-. 

U.S. Dep&ent of En'ergy, Energy Information Administration, Sttate E n m r  DemandReDort 1991 , May 1993. 
78 Deksion AnalysisCorporation of Va, W v h t  TransooW -on keauiremenis ~ n a ~ v s r  -s For The N E M S  Tranmortation . 

79 U.S. Department of Transportation, Federal Railroad Adminkdm -0% p39 car load Wavbill Statistics: TerritoriaI, .e 

Sector Model, Subtask 5, Prep@ for Energy Information Admi&rah 'on,August3,1992. . 
'. 

Bistn'butipn. Traffic and Revenue bv Co mm o di tv C I asses, September 1991 adpriorissues. 
ArgonneNatiod moratory, TWIS~OWO n E ner gy DeinandThrouFhhOIQ, 1992. 

' . .  

Oak Ridge'National Laboratoj, Transuo&on En- Data Book Edition 13, March 1993. 
Depdent of Energy, Ener& Information A- 'on, State E n e a t  Demand Survey, May $93. 

, .  
.. ' Energy-Information A d m i n A o n  . 
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< '  - I  

- , . a vol&tric . .  equivalent liy,SICcode Th&e'hight adjmentcoefficients are b&ed.on analysis ' 

. - of-historical.da&P; and && constaut . .  tdroughoo& the foreckt period. Domestic shipping , .  

. .. efficiencies are based on the kightmodel by ~ o ~ e ' N a t i o d . L a ~ ~ ~ ~ ~ ~ ~ ,  The :didbution of 
domestic and ihternattiod'shipping fuel comption'by . . .  fbl t&e rema& constant throughout the 

.-' . analyfi, q d  is bked on.histoncaI data? Regional .. . domestic and international shipping * *  

. -  . -  'b&ption e&mates . .  qdistributed akorkg  to &S&e Energy.Data Rep&. I .  I 1991 residual oil 

. .  I 

- .  . .  
.. . 

. regi0onalshares.n.' . , .'- . . .. . 

' . Emissio,&.Module * '  . ' :: . 

I 
. .  , -  I .  

* .  . .  
. I  . .  1 .  . 

- .  I .  

3 '  
1 . '  . .  

_ .  
. . .  . .  .. - 

.. 
' 

' *  . 
i '  

I .  . . .  . 
. -  ., The NEW .Transportation model us& 'the satbe e@issions coefficients 6y fuel type 'that are: 

Mntaind iii the'ed&trial'Secbr Module . .  . Assumptiow section. * , ' a .  
: . y .  

. .  ' : * (  

- .  
. ,  . .  

. .  I ,  

. .  

. . -  I 

. I ,: 
. .  .. 

. ,  . *. . .. . . .  , .  ., ' A '  

. .  
\ 

. . -. ' ,  . .  
, . .  

' a .  
I .  

. I  

Decision.knalysis Corpor&on of Va, Freight Transdortafion Reauir&nents Andvsis Fo; The NEMS Thmortation 

~ r m y  c o p  ofbgineers, Waterborne Commerce ofthe united states, Waterborne Statistics Center;New &I& La, 

' ouph2Old 1992. &me National Laboratory, 8 .  . T& Demand Thr 

Sector Model, Subtask 5, Prepared for En- .&iformation A- -0% A~gust3,1992. .. I 

- .  
, 

/. , .  
. I  

. ,  
1991. . 

86 Oak Ridge National Laboratoiy, Transoo&tion Enerw Da.BdbkI. Edition 13, March 1993. 
. . ,  

Department of Energy, En&' Information A- -on, St& Enkw Demand SAW, May 1993.. . , .  
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