
The trans por ta tion de mand mod ule (TRAN) pro jects
the consumption of transportation sector fuels by
transportation  mode,  including  the  use  of renewables 
and alternative fuels, subject to delivered prices of en -
ergy and macroeconomic variables, in clud ing dis pos -
able personal income, gross domestic product, level of
imports and exports, industrial output, new car and light 
truck sales, and population. The structure of the
module is shown in Figure 8.

Pro jec tions of fu ture fuel prices in flu ence fuel ef fi ciency, 
ve hi cle-miles  trav eled,  and  alternative-fuel ve hi cle
(AFV) mar ket pen e tra tion for the cur rent fleet of ve hi -
cles. Al ter na tive-fuel  ve hi cle shares are pro jected on the
ba sis of a multinomial logit model, sub ject to State and
Fed eral gov ernment man dates for minimum AFV sales
volumes.

Fuel Economy Submodule

This submodule pro jects new light-duty ve hi cle fuel econ -
omy  by 12 U.S.  En vi ron men tal  Pro tec tion Agency
(EPA) ve hi cle size classes and 16 pro pul sion tech nol o -
gies (gas o line, die sel, and 14 AFV technologies)  as  a 
func tion  of  en ergy  prices  and  income-re lated vari -
ables. There are 61 fuel-sav ing tech nol o gies which
vary in cost and mar ginal fuel sav ings by size class.
Char ac ter is tics of a sam ple of these tech nol o gies are
shown in Ta ble 8, a com plete list is pub lished in As -
sump tions to the An nual Energy  Out look 2009.14 Tech -
nol o gies  pen e trate  the mar ket  based  on  a cost-
ef fec tive ness  al go rithm that  com pares  the  tech nol ogy  
cost  to  the discounted stream of fuel sav ings and the
value of performance to the con sumer. In gen eral,
higher fuel prices lead to higher fuel ef fi ciency es ti mates 

within each size class, a shift to a more fuel-ef fi cient
size class mix, and an in crease in the rate at which al terna -
tive-fuel ve hi cles en ter the mar ket place.

Regional Sales Submodule

Ve hi cle sales from the MAM are  di vided  into  car  and 
light  truck  sales. The re main der of the submodule is a
sim ple ac count ing mech a nism that uses  en dog e nous
es ti mates  of new  car and light truck sales and the his -
tor i cal re gional ve hi cle sales ad justed for re gional pop u -
la tion trends to produce es ti mates of re gional sales,
which are subsequently passed to the al ter na tive-fuel
ve hi cle and the light-duty vehicle stock submodules.

Alternative-Fuel Vehicle Submodule

This submodule pro jects the sales shares of al ter na -
tive-fuel tech nol o gies as a func tion of technology at trib -
utes, costs, and fuel prices. The alternative-fuel ve hi cles
at trib utes are shown in Ta ble 9, de rived from As sump tions 
to the An nual En ergy Out look 2009. Both con ven tional
and new tech nol ogy ve hi cles are con sid ered. The al ter -
na tive-fuel ve hi cle submodule re ceives re gional new
car and light truck sales by size class from the re gional
sales submodule.

The pro jec tion of ve hi cle sales by tech nol ogy uti lizes a
nested multinomial logit (NMNL) model that predicts
sales shares based on rel e vant ve hi cle and fuel at trib -
utes.  The nest ing struc ture first pre dicts the prob a bil ity
of fuel choice for multi-fuel vechicles within a tech nol -
ogy set.  The sec ond level nest ing pre dicts  pen e tra tion  
among  sim i lar  tech nol o gies within a tech nol ogy set
(i.e. gas o line ver sus die sel  hy brids). The third level
choice de ter mines mar ket share among the the dif fer -
ent tech nol ogy sets.15
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TRAN Outputs Inputs from NEMS Exogenous Inputs

Fuel de mand by mode
Sales, stocks, and char ac ter is tics of ve hi cle
   types by size class
Ve hi cle-miles trav eled
Fuel econ omy by tech nol ogy type
Al ter na tive-fuel ve hi cle sales by tech nol ogy type
Light-duty com mer cial fleet ve hi cle char ac ter is tics

En ergy prod uct prices
Gross do mes tic prod uct
Dis pos able per sonal in come
In dus trial out put
Ve hi cle sales
In ter na tional trade
Nat u ral gas pipe line
Pop u la tion

Ex ist ing ve hi cle stocks by vin tage and fuel econ omy
Ve hi cle sur vival rates
New  ve hi cle technology char ac ter is tics
Fuel avail abil ity
Com mer cial avail abil ity
Ve hi cle safety and emis sions reglations
Ve hi cle miles-per-gal lon deg ra da tion rates

14 Energy Information Administration, Assumptions to the Annual Energy Outlook 2009
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/0554(2009) (Washington, DC, January 2009).

15 Greene, David L. and S.M. Chin, "Alternative Fuels and Vehicles (AFV) Model Changes," Center for Transportation
Analysis, Oak Ridge National Laboratory, page 1, (Oak Ridge, TN, November 14, 2000).
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Fractional Fuel

Efficiency Change First Year Introduced

     
Fractional

Horsepower Change

  Ma te rial Sub sti tu tion IV 0.099 2006 0

  Drag Re duc tion IV 0.042 2000 0

  5-Speed Au to matic 0.025 1995 0

  CVT 0.052 1998 0

  Au to mated Man ual Trans 0.073 2004 0

  VVL-6 Clinder 0.033 2000 0.10

  Camless Valve Ac tu a tion 6 Cylinder 0.058 2020 0.13

  Elec tric Power Steering 0.015 2004 0

  42V-Launch As sist and Regen 0.075 2005 -0.05

Table 8. Selected Technology Characteristics for Automobiles

Year Gasoline TDI Diesel Ethanol Flex LPG Bi-Fuel

Electric
Gasoline
 Hybrid

Fuel Cell
Hydrogen

Ve hi cle Price (thousand 2007 dol lars) 2006 28.0 29.8 28.7 33.3 31.1 78.6*

2030 29.8 30.7 30.2 35.0 31.0 54.2

Ve hi cle Miles per Gal lon 2006 29.5 39.8 29.9 29.6 42.7 53.3*

2030 37.8 48.2 38.1 37.7 51.0 54.9

Ve hi cle Range (miles) 2006 521 704 381 417 652 594*

2030 674 910 492 539 843 674

*First year of avail abil ity

Ta ble 9.  Ex am ples of Midsize Au to mo bile At trib utes



The technology sets include:

• Con ven tional fuel ca pa ble (gas o line, die sel, bi-fuel
and flex-fuel),

• Hy brid (gas o line and die sel) and plug-in hy brid

• Ded i cated  al ter na tive  fuel (com pressed nat u ral
gas (CNG), liquified pe tro leum gas (LPG), and
ethanol),

• Fuel cell (gas o line, meth a nol, and hy dro gen),

• Elec tric   bat tery   pow ered (nickel-metal hy dride,
lith ium)

The ve hi cles at trib utes con sid ered in the choice algorithm
in clude: price, main te nance cost, bat tery replace ment
cost, range, multi-fuel ca pa bil ity, home re fu el ing ca pa -
bil ity, fuel econ omy, ac cel er a tion and lug gage space.

Transportation Demand Module
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Fig ure 8. Trans por ta tion De mand Mod ule Structure

Alternative Fuel Vehicles
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With the ex cep tion of main te nance cost, bat tery re -
place ment cost, and lug gage space, ve hi cle at trib utes
are de ter mined en dog e nously.16 The fuel at trib utes
used in mar ket share es ti ma tion in clude avail abil ity and
price.  Ve hi cle at trib utes vary by six EPA size classes for
cars and light trucks and fuel avail abil ity var ies by Cen sus 
di vi sion. The NMNL model co ef fi cients were de vel oped
to re flect pur chase pref er ences for cars and light trucks
separately.

Light-Duty Ve hi cle (LDV) Stock Submodule

This submodule spec i fies the in ven tory of LDVs from year 
to year. Sur vival rates are ap plied to each vin tage, and
new ve hi cle sales are in tro duced into the ve hi cle stock
through an ac count ing framework. The fleet of ve hi cles
and their fuel ef fi ciency char ac ter is tics are im por tant to
the trans la tion of trans por ta tion ser vices de mand into
fuel de mand. 

TRAN main tains a level of de tail that in cludes twenty
vin tage clas si fi ca tions and six pas sen ger car and six light
truck size classes cor re spond ing to EPA in te rior vol ume
clas si fi ca tions for all ve hi cles less than 8,500 pounds,

as follows:

Vehicle-Miles Traveled (VMT) Submodule

This submodule pro jects travel de mand for automobiles
and light trucks. VMT per ca pita es ti mates are based on
the fuel cost of driv ing per mile and per ca pita dis pos able

per sonal in come. To tal VMT is calculated by mul ti ply ing 
VMT by the number of li censed drivers.

LDV Commercial Fleet Submodule

This submodule gen er ates es ti mates of the stock of cars 
and trucks used in busi ness, gov ern ment, and util ity
fleets. It also es ti mates travel de mand, fuel efficiency, and
en ergy con sump tion for the fleet vehicles prior to their
tran si tion to the pri vate sec tor at pre de ter mined vin tages.

Commercial Light Truck Submodule

The com mer cial light truck submodule es ti mates sales,
stocks, fuel ef fi cien cies, travel, and fuel demand for all
trucks greater than 8,500 pounds and less than 10,000
pounds gross ve hi cle weight rat ing.

Air Travel Demand Submodule

This submodule es ti mates the de mand for both
passenger and freight air travel. Pas sen ger travel is
pro jected by do mes tic travel (within the U.S.), in ter na -
tional travel (be tween U.S. and Non U.S.), and Non
U.S. travel.  Ded i cated air freight travel is es ti mated for
U.S. and Non U.S. de mand. In each of the mar ket
segments, the de mand for air travel is es ti mated as a
func tion of the cost of air travel (in clud ing fuel costs) and
eco nomic growth (GDP, dis pos able in come, and
merchandise exports).

Air craft Fleet Ef fi ciency Submodule

This submodule pro jects the to tal world-wide stock and
the average fleet ef fi ciency of nar row body, wide body,
and re gional jets re quired to meet the pro jected travel
demand. The stock es ti ma tion is based on the growth
of travel de mand and the flow of air craft into and out of
the United States The over all fleet efficiency is de ter -
mined by the weighted av er age of the sur viv ing air craft
ef fi ciency (in clud ing retro fits) and the ef fi cien cies of the
newly ac quired air craft.  Efficiency im prove ments of
new air craft are determined by pro ject ing the mar ket
pen e tra tion of ad vanced air craft tech nol o gies.

                                                                Transportation Demand Module
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Light Duty Vehicle Size Classes

Cars:
    Mini-compact - less than 85 cubic feet
    Subcompact - between 85 and 99 cubic feet
    Compact - between 100 and 109 cubic feet
    Mid-size - between 110 and 119 cubic feet
    Large - 120 or more cubic feet
    Two-seater - designed to seat two adults

Trucks:
    Small vans -  gross vehicle weight rating (GVWR) less than
                          4,750  pounds
    Large vans - GVWR 4,750 to 8,500 pounds
    Small pickups - GVWR  less than 4,750 pounds
    Large pickups - GVWR 4,750 to 8,500 pounds 
    Small utility - GVWR  less  than 4,750 pounds

    Large utility - GVWR 4,750 to 8,500 pounds

16 Energy and Environmental Analysis, Inc., Updates to the Fuel Economy Model (FEM) and Advanced Technology
Vehicle (ATV:) Module of the National Energy Modeling System (NEMS) Transportation Model, prepared for the
Energy Information Administration (EIA), 



Freight Trans port Submodule

This submodule trans lates NEMS es ti mates of
industrial pro duc tion into ton-miles trav eled for rail and
ships and into vehicle ve hi cle-miles trav eled for trucks,
then into fuel de mand by mode of freight travel. The
freight truck stock is sub di vided into me dium and
heavy-duty trucks. VMT freight estimates by truck size
class and tech nol ogy are based on match ing freight
needs, as mea sured by the growth in in dus trial out put
by NAICS code,  to VMT lev els as so ci ated with truck
stocks and new ve hi cles.  Rail and shipping ton-miles
trav eled are also es ti mated as a function of growth in in -
dus trial out put.

Freight truck fuel ef fi ciency growth rates are tied to his tor i -
cal growth rates by size class and are also depen dent on
the max i mum pen e tra tion, in tro duc tion year, fuel trig ger
price (based on cost-ef fec tive ness),  and fuel econ omy

im prove ment of ad vanced technologies, which in clude
al ter na tive-fuel tech nol o gies. A sub set of the tech nol ogy
char ac ter is tics are shown in Ta ble 10. In the rail and ship -
ping modes, en ergy efficiency es ti mates are struc tured
to eval u ate the potential of both tech nol ogy trends and
ef fi ciency improvements re lated to en ergy prices.

Miscellaneous Energy Use Submodule

This submodule pro jects the use of en ergy in mil i tary op er -
a tions, mass tran sit ve hi cles, rec re ational boats, and lu bri -
cants, based on en dog e nous vari ables within NEMS
(e.g., ve hi cle fuel ef fi cien cies) and exogenous vari ables
(e.g., the mil i tary bud get). 

Transportation Demand Module
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Fuel Economy
Improvement

(percent)
Maximum Penetration

 (percent) Introduction Year
Capital Cost 
(2001 dollars)

Medium Heavy Medium Heavy Medium Heavy Medium Heavy

Aero Dy nam ics: bumper, un der side air
bat tles, wheel well covers 3.6 2.3 50 40 2002 N/A N/A $1,500

Low  roll ing resistence tires 2.3 2.7 50 66 2004 2005 $180 $550

Trans mis sion: lock-up, elec tronic con trols,
re duced friction 1.8 1.8 100 100 2005 2005 $750 $1,000

Die sel En gine: hy brid elec tric powertrain 36.0 N/A 15 N/A 2010 N/A $6,000 N/A

Re duce waste heat, ther mal mgmt N/A 9.0 N/A 35 N/A 2010 N/A $2,000

Weight re duc tion 4.5 9.0 20 30 2010 2005 $1,300 $2,000

Die sel Emis sion Nox non-ther mal plasma
cat a lyst -1.5 -1.5 25 25 2007 2007 $1,000 $1,250

PM cat a lytic filter -2.5 -1.5 95 95 2008 2006 $1,000 $1,500

HC/CO: ox i da tion cat a lyst -0.5 -0.5 95 95 2002 2002 $150 $250

NOx adsorbers -3.0 -3.0 90 90 2007 2007 $1,500 $2,500

Table 10.  Ex am ple of Truck Tech nol ogy Char ac ter is tics (Die sel)




