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Ap.pendix F. Attachments to the'Transportation Model. 

The atfachments contaiped:'within this .appendix provide , I  idd i t iod details about &e-model * ' . 
, *  development and e&tion process which do not w i ly  lend themselves . -  to incorporkon in the 

main body of the model, dopenthion report. 'The ir&orkation.pro~ded.in.these attachments &, not . ': . 
Etegral to the linderstipding of the model's opention, but provides .&e reader &th to. oppo&ty 
to g& ii deeper under&iding of some - .  of the mode's .&derl&g -&sUnipti<ns. :'Th&e will be a 

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

I . 
. i  

slight degreeaf replitxition ofmateri4s found elsewhere in &e docuinentation, . .   de. upavoidable: - I -  ' * 

.by the dictates of i@.emal consistency. . I  &h attachment is associated yith.a specific component o f  
the ,tianspohtion model; the presentation follows the saine: sequence .. of ~ 'modules' employed in 

. .  . . .  

, ,  , .  , ,  

. .  . .  . . 
.. 

1 . ,  
. >  . .  

- .  . '  
Volume I., ' .- 

. .  
, . ., 

* ,  

'The following -attachments &e contained in Appendix F: . . .  - _  .. : .  . .  I . .  

. onomv Model IFEM): Prohdes a discuision of the FEM vehicle demand Attachment 1: Fuel Ec ~. 0 .  

and peiformance by ' h e  cl&s models. - .  . .  
0 ,  I . . i '  

. .  

. .  
. .  

, .  . *  ' ,  
, .  

Modelf -Descqibes dab .input sources ind. Attachment '2: pilte mative Fuel Vehicle (AFv) 
. :. * . .  , *  

. .  . 
> I  

extrapolation metdodologies. . .  '. 

Attachment 3: Lipht-DG Vehicle (LDW Stock Model:. Disc&ses the fuel economy , . ,  gap 

. I .  

e . ,  
' .  , 

. ,  
I .  

. ,  . 
. .  . . -  

..e . 
e&tion methodology. - 

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

Atta'chment 4: Uyht Duty Vehicle Flee ' t Model; Presents &e data development forbusiness, utility,' 

-; . . - ,  and government fleet vehicles. . ' .  :: ' . .  
\ . I . .  

I .  

, .  

Attachment 5: 'Lipht Commercial Tru ck Model: Desqibes.the strafijication . %  methodology agd.&ta ,. 
s'ources employed in estimatingthe stock hnd performance of Lk?"s. . - '. . - 

. .  .. 
, .  

I . .  . ,  . ,  
Akchment 6:. Aw ' Travel Demand Mode 1; Presents @e derivdon of the demographic index, used ~ . .  . .  to mod@ estimates*ofpersonal +vel. demand. ' - .  

) .  

Attachment 71: ,Airborne Em 'ssions Model: I ,  Describes the derivation of emissiohs factors used to 
Gsociate transportation measures to'levels of &borne emissions of several pollutz&. 

. -  .. 
" I  

. .  I .  . ,  - 
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. , .- Attachment rl:.FuelEconomy Model . , , . ,  . . .  
. s  .. . . .  

. -  
a ,  . . e .  

-'. . . .  
, .  . .  . ' De&& Models for Vehicle . .  Size Class Mix . .  

.. I . .  

. .  

. .  . .. . 

. .  . .  . Ad . .  Pe&mnance by S@e Class . .  , ' 

I .. 
. .  . I  

- .  

. . .  
e .  

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

2 ,. _- . 
. -  , I  

INTRODUCTION: ;*. '' * 

Estimases&-the futuremixLfvehicleilaiie~ . _ _  siid . ani . -- thipifii-& leveiby sizk dass req&es 
a d d e d  .ewiome&c - .  d d d  model . - .  of vehicle . .  choice by siie classand vehicle performance within 
size-cliki. .?"here are a few.publicly-available models that forecast'vehicli: d e v d  bysb.class, . .  . .  but. .* 
those models have proved k m  in the p'&t,'and do.notuSe3 class'&cture &t is compatible I .  

I . '  

.' ~ . .  
3 -  . \ .  . . - .  .. . . 

* . 

+th @e one used in' the FEM. - De&d for p e f l o h c e  has not been assessed .to date in: a$y 
publicly available a y .  Both the.size&x and.@orr@n~ levels are difscult t'o estimate because . . , . ' 

the & puriinsk deciiion is cqmplex zgi c o ~ q  cjhoice depends'riot only on the Aacroeionoiiiie 
' 

ionditiops. but also on the .&butes of individual products 5 thea&ketplace. -Some i f  these 9.;- , 

attributes. are bayd on the . .  styling of the cary its perceived qualityy the &anufacberrs jmage add the . ' 

$atus conveyed . .  by owning a 'specific model, and cannot be 'easily quaritified. 'Although these ' 

v&iables 'affect: choice*.of individM models, they can &o affect the. choi+ ' . *  of vehicle sizes or. I . , . 

quality andTeiiability,ev& ifit's Size w& smallerthanthe _ - .  . size actuallydesired by consumers. There , ,- 

have.alsobeen changes in kknkner perfomillnce that may be linked to demograpphic vafiableq e.g., 

. .  - ,. . . .  . 
I 

. . : .  . .  

. .  * . .  

. .  

perfor&mce levels, :For ex&mp1ey &y commkr&ppekedto * .  willirig to buy a Japanese car for ifs 
*. . 

* 

.. 
t . .  , .  older donsumer~ prefer larger &IS; . ' '. .. 

. ,  c .  

. I  
: > .  . -  - *  

These facto= have made the automotive markei notoriokly &cultito forecast; . The models ' 

I 

. .  
&wrpor&d iii fhe FEM do represent-an a%mpt to provide a,comprehe&ve forecast of fbtyre ' 
shifts in s i q  class & or perfqrniance ievelsb+iA..cles -. . .  in.Fiiiponse to the potenti& large A g e  ' 
,of influenchg , .  or causal vhatrles.. .Rzit&& the mbdels . -  attempt to-capture the response to broad ' 

&moeconomic force; or bikykial . .  (tinil on thg kqerieice ofthe list. .., i.5 , yeiiri. It 
'is reqg&ed that:thesekodels.are. ' .  relatively s&plistic,'and.it is kticipated that future versions af 

I .  

. .  . 

* 

. .  
the FEM will ikorporate,more advanced models. 

. '  
. . I  

-. 

I 
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. .  , .  , .  
METHODOLOGY 

. .  8 .  

. ^  ' . .  
. . .  I ,  

The methodology employed to assess the influen& of m&roFnomic and time deiendent variables 
on the &.of size classes ,and peiformance w& by regression analysis of historical data.. 

EEAhas. compiled a very I&ge data base on cat and Iight puck sales.over the 1979-1990~ period. : '. . 

, . . . .  . : .. . *  

: . - .  . .  . , .  * _  

'. . . .  

. I . 'These'datame . ,  based on the official , .  CAFE files .&om EPA, augmented by the &ditio, of  vehicle &id, ., 

' ' . .  ' . scheme utilized & the FEM: Vehicle per€o&ce.levels w&i measured by'the horsepower 'to 
*. ' . engine deskptor . I  variables. All of the yeliicles'were cl&sified'6y market cl~s.aCcording to the . ' ' ._ ' .- - 

4 

. .  . .  
* .  

weight ratio (HP/W") that is ... ,well'coielated to objective measires .such'as &e O'to 60 mph ' 
*, :a&elerationtim'e. Detail$ weight data w g  irnavailable f&-light&ucks, &d%o~%epow& alone w& .. . 

. a  
* .  

* 

. used aS a sufrojjate fO; per.tiigiimwi ( j ~ ~ l y ,  truck weighi,w.ih mariei cl+s did not change 
. .  

. .  . .  . .  * .  . .  
\ : -  . . 

, significantly in the 12,yesir p ~ o d  ana~yzeci). 

': -r?le models for size, class e andherforniance . .  uti@d &e s h e  set ofhdependent variables . 

. I  , .  - .  
. .  ' e  . 

. . . . .  
I .  

. .. . 
V I  

. .  
Disposable income per capita (in !990 dollars) ., . . - ' a .  

. Priceofg&oline(l99O'doilars)' . .  I 

. .  . - i ,  
. , .  

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

-6 Vehicle price'average by class 
, I  

. I ,  , 
e * Vehicle fuel ecoipiy ' ' . I \  

. .  . . .  ' I . *  - ,  

Rate of'change'of gas price over two years 
.. . , -  i 

~ . %  

, ,  e: Costifdrivingpirmile , .  * I  . - . -  - 
' I  

. e Numb& of nameplates (models) in.a class . . 
. .  . .  . .  ,. . .  

. -  
% .  

I .  

* .  

, -  
The id variable isreally a composite of fuel coskel  ewnomy .and not a new kdependent vhable.: ' . .  

I -  
.~ . i - . ' .  

, '  3 ,  

Per€o&hce defined'e'the avekge HP/WTratio by.class f o r m ,  andthe averiigeHP by class ' 
,for trucks. Market share was deked as the S@es M o n  ofthe c1ass:relative to entire car i d .  light . 
truck market.. This definition was chosen to incorporate the e f f e e  of consumers switching &om 

- 

. .  
CarStOlight~CkS.' * , ' ' .  : . .  

. .  
I 

. .  I .  

In general, &e modek were En& regressions 'of the logarithm of all variables, so that the co- . 
efficients represented "elasticity" estimates.' However, 'the market share model was modiiied to 

, utilize the variable (dl-m) as the kdependent I .  variable in the.regression, for two rmons. F&st, the 
.. 
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I .  . , -  

- .  * .  7 - 4 .  - . . . .  

. . .  . . . .  . ,  
. I  

.-. . \  
. '  . 

: , 

I .  

. -I . .  , , 

. .  . .  . . .  
, .  a .  

* .  
2 .  

. ,  . .  . .  . .  : ! 
I .  

elasticie ofmarket share appea& to be dependent on how large a sha?e of the market a.s& c l k  has: 
.This reflectithe fact ;hat& .. very low.&ket shares, buyers of a particdq class are reducedto the. 

. .  . . .  
I 

. .  

. * diehard consumers who ..are. less likely'to s&itch due to .makoe&nomic.forces, a d  the m&ket is 
gelastic. Se&d the.log(d1-m) fom:con&rts , ,  a 0 to: 1 ,variable to one that spans the -infinity to: ' 

. +idinity . .  Gge.  As a @stilt of this variable . I  change he . , .  model *ot he driven to m=l for .any input ' 

ses so that&o.one2&ket .. class takes over the en&&&ket for &iy combhation ofinputs.. *Such a . 

. .  . . .  . ,  

. .. . variable'foqhas &en & k e d  &,prior analysis cy Wheaton Ehonomekic l?orecasting Associates . I I .  

0. . : , .  . . . .  . . . . . . . .  I .  
. .  . .  . .  

- . *  .' . 
. .  

:., . 
. . _  . .  . . .  

. .  . .  
\ \  

* .  . I  

- .  . .  
A "'stepee' ' l i n k  regression of p d o m c e  by- market. class &d .of CASS market' s-are. w& I .  

. performed to & d e  the selection of hdependent variables with ;he greatest statistical si@cmce. ( '  

. .  - . 

. .  

- .  
. . . . . . .  

. . . .  . .  
In addition, the co'ei3icient.s were.required.to be 

I . .  . .  
. ,  

. I  ... . . . .  . . .  
* .  _ .  . I  

- -.. 0 . .  d.i.r~ctiody , .  eonsiste.it,&th . .  iniuitive : expectationi 1 .  - . . .. 

. . .  0 *consistent .in a6solutemagniGde across G k e t  Clises that &e similk .... . ,  
. .  . .  . :  i . -  

- \  . . I  

. I _  

. .  
. , .  

' Forthe market share regressions, the vaiables that wkre'statistically.significar;t.included: , <  . .  . .  model y& 
. 
. .  ' . L '  

(he ) ,  price ofg+&ey.disposable incqme, number - &-ep@es.(~soke ilasses>. . I;1 particulary ' 

number of meplates viras'signiiiemt in those . classes . : d i i e  bnly onk. or two makes existed ip. the ' 

.early 1980's but new makes were. introduced in.the mid-to-late 1980's; compkt vans i ie a good.. 
, .  , ,  . .  

., . .  . _  
....... . ,  

. , I  

f 
. I  , . 

. example of &'phenomenon. , I  

. .  . . -  
: .  . * .  

Table E-1 cows &eresults . . .  of the &ssio& . . .  of (41-@'against the varikles MDLY (model y-&], 
' LPGAS (price: of . .  'gasoline), - .  LYD (per capita disposable &come), . .  Ad LN'PLT (number -of 

nameplates). The f o l l o e g  concIusions ire appropiiate: ' . * . .  
' . 1. 

Subcompact and hhicompact market share benefits. fiom a time trend towards \ , 

. I s d e r  ..cars. Market share hcre&es with hcreaiing gasoline*prices (1.33 co- 
' 

. .  
. , ,  . . .  efficient) but deciekes ;yith increasing income. . 

' 0  . Sports &rs market share appears to be decliningiyith time but . -  is insensitive to price . . .  

O Compakt car niarket share incrwe with time &d increasing price of gasoline, b& is . . . .  

of gasoline or ihcome. ' , . , .  , 
. .  . .  

I '  . .  ' insensitive to ihcoqi trends. , .  - 
. .  

. .  , I  

. .  
. . National'Energy Modeling System 
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. .  . ,  . .  
. .  

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

. *  
e .  

T&Ie F-1. Rekression-Results'From LDV Mdrket Share Model * 

. -  . .  . .  . .  
0 , Gtermediate & market .share is. decre&ing with time but is largely hsewitive a .  to 

. either.the price of gasoline or +come. ". ,.. . ,  
e .  

0 Large car market s h e  dedekes \ uiithtime, butinkeases yith income.. . .  - . I  

' ,- I -0 Luxury car &ket s h g  increases wiq time, income and the pcce of . .  gasoline. 
. 0 "Minitruck market shareis v v  sensitive to theprice of gasoline,. and decrekes with 

i Compact.trucks and utilities market,share are . .  negatively influenced by time &ends 

0 Compact vans have a unique trend relative to aUztrucks id showing increasing market 
s'he:with increasing .gasoline prices. It is also positively influenced by increasing 
income.. 

, '  ..increasing g&olirie prices aha iqcom&. . . I  

. ' ' arid price of g&, bur positivelyby income: . . ,  
' 

' * 

. .  
, .  

. I  
, .  

, ' 0. Full size trucks (pickup,' viai and utility). show relatively stiible market shares, &th 
' a modestly declining time trend. Only utility vehicles' market &e appear to be 

., , .  
. .F-5 National Energy Modellng &stem ' 
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. .  I .  
. .  

.... . 
* .  . .  

. .  . 
.:. I .  . . .. . 

. .  

. '. semiti+& to. i&ome, while . .  migket i k e s  bf,all M . ,. sizti.tmccks are insensitive to thg I .  ' 

, . .  
. .  , -  

e :I , priceofgasoline. . , . . .'.. 
. ,  

.. I .. 
. 

, _: g+ticulat viuidie on saiis'ofthe class as iveu as the total fleet sales, F F ~  example, while,siles.of ' 
Some of-these trends initially appear to be cot@erintuitive,.but . .  one must consider the impact of a 

- 0  luxury e decreases .~ &th in&~ing~gaioline bn4sy the k k e t  sh&s $xieases $ice sales of all 
. .  ... .. 

. :c .other{c& .decline by .a:.greatk .amoubt.for the same--change .in the price _ .  of . gasoline. Sales of ' : .' . * 

i d  compact and y t i l i ~  vehjcles,. most 'of which &e' used ' for personal 
.. 

. _. . : . :transpork@on or recreation, are also mote stroi?gly affected by'inmysing prik ofgasoline, and their . -  . .. . I  * - .  I .  . .. . '  . 
h m k e t  share drops. .Onthe Other han&standkd size vehicles are used more commonly iij the light * . 

commercii4 &tor or forkadhg ither $haniekonal transportation.and their &kef shares are 
, . . .. ,. . . .. _ . .  . 

I. 
I . (  

_ .  , ,  
. ,  . .. ._ . I  ,. . . \  . * -  

.. .' 
. ? .  . . .  . .  . .. . re1ativi& . . .  . stabi;: .in rbboee  . .  to gasoline pdceS;. * ,  - I , ' ... . 

, , .  

. :  
. - Itshoul&bi noted that . . .  the &fficienti.jnTable . F-1 are not ela&citiesk.the:dependent variable is ; . 
; .-. . :q/l-mi;not 4 . _  al&Be, . . ~n .g iend  tG . .  val~es of mi G g e i o i i  0.05 to 0.20. The correct"e1aSticity" : .&fficient is the actualco&icient . . .  times f-m/2, so that kdtiplyhg the co-efficients ig Tab1e:F-1 . .  

.. by 0.4- 0.475 yill pi0vide.i e&te of elasticity. 

. . Theperfonpkce . .  model @ i l k x i  a&dh procedure, but the dependent :. . variable . -  was average Hp/wT 
: ; . (or..Hp :for. truck) by ,cl;s. . The-most 'signiiicaht variables were found to . .  be' LFC (fuel 

- . - _  co&mription), pe&onal.income GYD) Fdp&.of gai'(LPGAS) in most cases, In some cases, cost . 
. per mile (LCPM) proyided a bet& regression when substituted for LFC mdLPGAS. The results . , . 

. of the regression are shown Table F-2. 'In genergl, the re&essions yield t.lie.el&cifies . .  presented* ,' 

. 
. i  

. -.- . .  
1 . .  

. .. - .  

' .  . .  
. .  .I 

. . .  > .  . .  
. .  . . .  . . \  : .  . .  - .  

. I  

. .  
* .  . .. . _ .  1 .  

. .  
. .  . .  

. .  
. . .  . 

. .  . .  

. .  
c . .  

. .  
. .  

. .  .. , 
- .  

. inTableF-3. 

. . .  The resul& LdicSe that via;ually classes iespondIiimilarly . -  . .  to the Cost 45 dri.iring, aithough for ' ' 

- .  . - .. 
I . .  

, . .  

. 
. .sinall &us (in.bby sub-, andc0;hPact , cars) .. aq-equivalent result was obtaiud for fuel &nomy rather 

.~ , &an d o i  per mile;. Pe&*ce de&dis more. sensitive t6 disposable income, with the large. 
' - . :&ks showing'very high sensiti*ty. This particulk k d h g  is suspect and.ma$ be.due to &e fact, 

that signifimt &&e kprovements in the late 1980's (which kcreakd ratedw) occurred @ &e 
:same t i m e h e  when inc0mes:were ' r isi ig. . 

i .  
8 . .  . .  _ . .  . , .  . . .  

. i ,  I 

' * .  .. 

F-6 . 

., 
, _  

.. - r  . 
f 

. -  

. .  

. .  
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' Table F-2.# Reaession Results From LDV Performitme Model 

. .. 

.. . . -  
,Table F-3 : LDV Performanc'e Model Elasticities ' -. 

. .  . ,  
\ .~ . ,  

N.S. -.Not Specified , .  
, .  - . .  
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. VALUE OF'PERFORMANCEAND FUEL ECONQMYADJUSTMENT .: '. 
. . . .  

a .  .. . .  
, 0 .  

._ . , 
. ,  : 

.. 
' . ' The value of performance is defined as, the doliar 2ount.that I . ,  &-en are willing to ,pay for 

-horsepower.. This value u& estimated from the &,l& price for the vehicles in the 1988-1990 ., * 

period k ~ d  -' bas,ed on the en&e option priqes."This method ~ s u m e s  that themandacUieers are ' 
* 

. ' ~ , .  

pricing fiorsepower: at-levels that c o m e r s  .are .willing to pay. Most domestic models off& an ' . '  ' 

. optional en&e wi& higher HP, while several import . models I . ,  offer optional tur5ocharged engkes 
. or 4iYalve engihe veisions. In eakh case , ,  the cost :of ,be engine option &ne w& identified &om . 
mufhcturei. pG& .W for 19.89/1990 models (very 0&4.the en&ie.option is avzabie kith :other 
'features . .  Ah ab pe&o&ce tires, .&odynamic devicks! etc: .so that the vehicle price is'higher than ' : 

. . .  . .  

- .  the cost of &e.engine optidn). Based on the'prices of-qgine options, the followkig averages , .  aie . ,  
. .  - .. , . . .  . . . . .  

( .  . 
. applicable for except sports and luxury c q :  

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

. . . . . .  
. .  - 

. .  
1.. 

. I  

' .  . 
. .  

. . .  . .  . .  . I ,  

I . .  

, ' C  .[ . .  

... 
I . .  . .  . .  . . _  

- <  
e .  

. - I  

, .  
, . 1 . .  

, .  
. .  

. .  . .  ' . .  

Based on these data, & appro& average value of perfoqce  is $15 per per& increase in Hp. * 

Most sports and several 1Cxury.Cars charge pricesthat %e 15 to 25 percent higher than the values 
. quoted * .  above@lthough some very high priced l& cars such as:Mercedes, Pprsche, and BMW ' 

charge more than tvqke the vgues quoted above). Accordingly,. the value of perf'oxpqnce for these' 

6 

. .  . I  

. . .  

, I  

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

. classes has been set to $18 per percent ha-me in Hp. , .. . .  
. . .  

- .  . .  . .  , -  . . .  . I  . . .  
Increasing .performance' also. decreases fuel economy apd . . .  .this relatio&hip' is .derived from .a ' 
regression analysis of&el.economy +&,that provides &e sensiti&y of'fbel kconom? to fhors  that 
increaseperfo&ance. ,In- general, performance can;be in&&ed by four methods: ' ' 

- 
I . .  

. . .  , )  

. .  

. .  
0 byhcr&ingtheaxleratio , '_ ..: . 

. ' 0 -  byinstallingalargerenginewiththe&enumberofcylinde~,~ - '  ', 

' 

~- , .. . .  . ,  . A .  

. .  . . . .  O by installing a larger engine with more cylinders' . 
: .  

. . .  
. -  

. .  
. .  

~. . .  
' .  

NatlonaLEnergy Modellng System 
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1 .  . .  

. .  . .  
, -  . .  

I ,  

I .  

. .  
.- , .  . .  . .  

. ,  .. byeutilizing 4valve he& or turbocharging . 

. . '  I 

- 1  . -. .. .. . 

. .  
. .  

, .  . .  
- .  - .  

I 

V I  e -  

. _  . .  , .  

The fht method,is &kble only for small c h g e s  in perfoimance (less than. 10 percent). The 
secqndmethod is Useful for changes h the  A g e  of 10 to 25 percent., The use of en&es with more- 
cybders can result in HP g* *of 30 to 60 percent (4 cylinder to. 6 cylinder, or 6 cylinder to 8 
cylhder). 4-valve engines 'generky pro~de,HP g& of  20 .to .25 percent relative: to' a 2-valve 
engine of e&al displ,wmen<'while . .  krbocharging provide an HP incjreke of40 to 45 percent 

,relative & a Mturallyaspiratd engine of equal displacemeni These tecbnologies.can be combined 
witlr displacement increaies.or decreases to' achieve any desirgd r e d &  . . . 

Bked on engineering and.regression. analysis (see Appendix.G,. Supplement 1); the fuel economy 
.sensitivity f0r.axle.s fatio c h g e s  is -0.22.(i.e.,.a 16 percent axle ratio inm&e decrekes fuel 
. ecogqmy by 23 peiknt). n e  fiei'imnomy Sensitivity for.displacemFnt c h g F s  without c h g i n g  
;he n&ber of cykders is -0.35 .Q.e..a 25 percent c h g e  in.+splacement decreases fuel'economy 
, by*n.ke percent,,including the effect of h&ed engine weight). Substituting a V-6. for a 4-cyhd& 
or. a' V-8 for a V-8 .sign%c&tly increases the vehicle weight, and a'fifty percent HP hicrease- 

a .  

. .  I 

' I .  

: . .  -\ . .  . ,  , .  # ,  

. .  
. .  . '  . .  

t -  . 
. .  

a .  . , .. 
. I  , decre&es fuel.economy by about 25 percent. - _  
. .  

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

. *  

.. , 

I . 
. .  . .  

a .  . 

. .  

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

' 
A non-weiw equation that Ciipturi~ theie effects isgiven by . 

1 .  . 
, WE. = - 0.22 AHP I- Q.56AHP2 ;* &P-s Q, 

AHP.< 0 
. . .  

'. 
> t  

. .  . . : . . .  . I  

= -.022AHP + 0 . 5 6 & f P 2 : ;  : 
. .  * ,  ' , * >  

' I .  

where both AHP and AFE-areexpresseh .. aspercerztchanges. . .  The eqwtion isvalid for AHP values !. . . . I . '  ' 
. .  . . 

._  - .  I .  between 0 and 60 perknt; . .  * .  

. .  

. ._ 
- : 

i ,  

4 
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.. TECHNOLOGY IMPROVEMENTS *. ' FOR-AUTOMOBILES . 
. .  . .  ~. .. 

. . . I The chatacteristics of the. automotive technologies &hidered . .  the LDV module h v e  been 
developed * .  by.Ener& and.Envjronmental Analysis, Inc: of  Arlington Vjrginia, and are.pbulated on ' 

study of techiologid change &d its pohntial appli&ion to fuel.economy &provements.f In this. ' 

i@p& onvehiclepe~o&ce bdtheir &st-effkctiveness . .  srbm a producer'sstandpoint. . .. Indiyidual 

' ' below, which kdiqites the.likelihood:ofthei;.ofthe&' $&rporation . : . in the iear-tenp: 

. 
' ' -. 

. .  

. .. . .  . . .  ' 'the follo&gpages.in'Tables F-6:tO'F-g.! Much ofthisresearch,has been derived from sin'earfier, " . , ... 
. I .  ' 

. .  
-. study, nu&erous automotive3echnologies I ,  have b&n evaluated , '  in regard to bo& their esti&ted , 

. ,  . . '  
I "  

' , . ' .tc$qologies or groups of̂ techjlologies hve been assigned to one Of three ''cekainty levels", d e h d  . -' '. . :. 1 
, .  . . .  

1 .  . * *  
.. 

. . I  
. I  

, .  , .  . .  
' I  

. .  
* .  

- .  . .  . . I .  The,Stagdarh Technology.Matrices . I" for cars.Ad.fight . .  . .  t;;cks (Tables . .  F-6 and F-7) represent a: ' . , . .  
1 j I relatiyely ctmervative -on OfteAmilogy ti0.s avdabiliiy, . .  andimbait over the &use efthe 

. .  ; -differ from their . * .  Standaril Technology coyterparts iig imid. . ,, ' . 

I .  

.-. . . '. . forecast.' The.corresponding High.TechOlogy Maices (Tablk I .  F-8 and F-9) reflecfa more 

. .  optimistic assessment of the.,potentials of selected'technologies.. .In order'to permit a'ready . . , #  

. .  .~ . . .  
, . compar@on ofdchnology character&dics, those elements .in the High Te.chnology -Matrices which, * . ' \ . '  < .  , .  

. .  * .  
'~ . - . .  

. .  

. ,  
. -  

. .  

.. 

I 

, .  , .  . . . ,  * .  * .  
"! 

, \ _. . 
.* 'A?EiW Fuki&ono$ModeI: .DVH&h TecFmolgy Upa& DecisionA&ysis:Corpor&on of Vjr&a, DE-ACOI- 

'-- '- 2i)eCicco, J., a& Ross, M:, An Updated Assessmeni of the N&-Tm Potential forhproving Automot& Fuel 
. Economy, Amen=. Council foran Energy-Efficient Economy, Washington DC, 11/93. . , 

. .  
-. 92EI21946, Task 95124, Subtask 9-2,6/17/96. -~' . .  

. . I .  ' > .  
. .  

. .  . .  . .  . .  . .  
' - ..Vbidp. 12. . ' . .  
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.. , CHARACTERISTICS ,OF'ALTERNATIVE FUELVEHICLES. -- . .  
,. . . . . . . . . . . . .  . .  , .  

\ . .  
. <  . * .  . 

. ,  
. .  

. .  . .  

' . , This section provides a,docu&entation of theapdated Fuel Economy Model that dso forecasts .- 
' ' attributes pf Ntekt ive Fuel Vehicles (ms) ,for hkq~ora t i on  &to the N k M S  ,transportation, 

model.; The &MS model requires , *  a fo& of vehicle . .  attribuks cops&t.wih those proGded for 
&ventional gasoline.powered vehicl6$ The e&g AFV module considers only three size classes, . . 
arid requires five attributes . .  by si& class, * .  . which.&cludes vehicle'price.add fuellefficiency as weillas . 

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

' ,  
I' 

- . .  

. .  
, . 
' . .(I range, fuel availability and tin estimate of em&sio$kl&veltohg&oline. In generd, fuel availability ' \  

' , . is; specified exogenovly, while:thePuel Economy -Moilel 

... ' athbutesi The updated ~ proides @ribuks for A F V s  $up t0'12 inarket classes A d  five bel', - . 
is ,exp'ected to supply other . '. '* 

. . . . .  
. *  . .  . .  

. . .  
- .- 

. . . .  
. .  

1 .  

; .  . . .  , .  

. . . . . .  
1 . .  

, 1 .  ' . * .  . . ,  . : . Y e .  
types. ' ,  . ,, 

. .  .. 
. * '  

. .  . .  . .  
, ,  ' *Other , .  &an gasoline tinddiesel powered vehicles,the, model considers a variety of a l t k t i v e  f;el:' . ' 

. . vehicles-that are of both . . .  the dedicated I 1  . .  axid bi-fuel (alternative fuel/gasol&e)"type. The fuels . ~ ' - 

'gas 'for a mat& of ... 10 alternative.fue1 Vehicietypes. The existing AFV module contains'two &her . . . .  
AFV,types that are engine teclkology based ciaSsificatio& (aisuming . .  that the 10-describedabwe . . ._ 

. ".  use pi&on.i.c, 'engine'based .technology). Theko  . .  , o ~ q ' & e  ebie powered:qbg'gaiolineor. .: . . .  
, * CNG, anh.f~e1 c e ~  powered using F e h i i  or pure hydrbgen;. fir ai'pdiitiod four ABV Classes. ' 

* 

' . cokidered'include. methanol, ethsinpl, de&city, 'cbmpressednikural gas and liquijiedpetroleum . . .  
'* 

, -  
, -. 

. I  e .  .' . .  
'. 

> . -. 
. . . .  

. .' 
. r  

.I L 

. .* 
. 1 .. . .  . .  . ,  .. . .  

' .  " 'Availa6li;latafprthema.n- hggest t ihatltuibhe . I  I .  powered veEcles aire most*ualikely to .be 
prbduckd as $ey have sig&cantly higher costs&d 10.wer fuel economy than i.c. engines-of equal ' power.. ~ u e l  ceu.powered . . .  ve~cles  using either iiithanol or pure&+ogiin ire unlikely . .  to see 

' 'commercial production before 2010; A&b&s ..- . . . . .  ofall :other vehicle types are .*ed & this . . 
' report, and a.prehinary estimate . I .  of f ie lp l i  . .  iekcle - &bGes is also'provided. 'Most of3he data ' ~ 

' 

provided z@ drawn fiom ongoing work by EEA for the-DOE's,.AlteAtive Fuei Transition Model; .\. 
s or fkom a recently.cox&leted EEA.&ysis for the 'Offi&of Technolo& Assessqent.. 

. .  
* .  *. 

' t 

' #  

' 

' . . . .  - .  
I.. , 

. .  . .  ,, . . ,. . 

, .  . -  . .  
. . . .  

- 
. I  

* .  
h -  . . .  . .  . .  . .  . .  .. 

* I _  

, .  
' The specification o f h  attrjbuks rq&es a shies of '&ply side 'issu'es to be resolved. largely - 

. .  ! 

. . . . . . .  . .  . . ' . based'on the judgement of EE& EsSmtidy3 . .  manufstcturers c a ~  choose to tradeoff fht cost agaikt: 
, I  

, -. - vehicle.range,,perfobance Ad, evenebissiom.: The choice of kich pam&ersshould id&y,be ' ' . 
made by,the demand forecsisting model, but*'such' capabilities aie not yet-available I .  in: demand, . ' . . 

. .  
' .  

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

.., 

- 
'. I .  

.. . -  
for&asting models. . . .  

' I .  

. ,  . 
. I  

a ,  

' . The fist consideration in forMsting AFV demarid . -  is . that all bels &e , .  not well suited toall vehicle . . ' 

s& classes. 'For example, the s& and weight of CNG tanks make it a poor . . .  choice for &all c-. 
. . .  - .  . *  i 
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. . Bgsed-on kpgineerhg c&id&o&; EEAhas estimated the likely. combinations' o f  fixeltypes and. I .  

. .  
. , . vehicle tyIiesthat'wiU beavajlable &d &Ch, These vmbina6ons &e showxi in Table ; 

combination - .  of . ;fuel type and"size class, pd these favored $ombipatiops are based on EEA'S 

. -  , .  , .  
*. *; . . .  .F- ldqd-  . .  . .  F11 respectively: . .  It should he noted that are no technical bamer8 to .~any,'palticular,,. . .  I '  

. 
. .  

- - .  . .  . .  
. .  

- .  

' , .  . . , .  

. .  

. .  
. .  

. -  
I 

. . . . .  

. .  
.... 

. .  

. .  . . .  

judgement about'mkket acceptabiity and econodc barriers facing AFVs  in each class. .. 
. .  

. 7  . . . .  . .  * .  . 
I . . .  . . .  . .  . * .  

. .  , .  . -  . 
, . , .  . .  . .  ., i ' . .  

A skcond anamore ihq0-t wnsid&on'is that vehicle price.& a strong fim&ion of sales vol&e. . - , ' .* 
. , . . I  . , . I  

There are 'significant fixed. wsts' &ociated *&.the design, tooling ind krtification . . . .  .of an AFT. * 
madel, arid if.a model has a des'uolume of .only a few'hundred &its per yK,.the fixed costs ,*  

allocatio? to Ah At &e quite $ige. A &hl'(non-luxury) gasoiine car -, model is produce! at . 
annual volumes of lOO,OOO& 2OO;OOO"&ts,~~whiie most cuneentAFV.model[sales.he . - ,  only in . .  the :' ' , ' 

, m g e  of a fe& tew to,hundreds ofiuii&:per y&. Shce thesupply h d  deqmd.models'are . .  not 

'. . I  . 
\ I .  

- - .  .. 
. . . .  . .  . . * .  

&temve, . -  the;priqecificationofvehicle price involves &iing sales ,volrimes:. -Other analysis .. 

. by EEA suggests that &nomies of s d e  &ultG. s h a r  percentage prick' redudon for:evey . . .  order 
. . .  of magStude.ihcr&e production vol&ne.. In.this adysis; EEA has asquid that 'AF'V's a be 
derived fkom gasoline vehicles and sales volthe per iode1 will be.h the2,dOO to 3;OOO k g e . s o  
that modest eqonomy of scale is:a&eveil, \ .  b ~ - t h e  . 'fdl; ede@ is pog for the near term.' , Pricing at 

. .~ . *  . -  
volumes of 2OQOO to 30,000 &@.per year is also hnsidered. Based on'other analysis for,DpE,. . 

. . . .  I ,  , 

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

I .  . . .  : . sales. ' - .  .: 
. . . .  . . . . . .  . . . .  . .  . .  . . . . .  ' r :  - ,  - .. 

. .  ~. 
.-  

. EEA adysis' . .  . .  for the DOE&di&te~ that a~mqn&t&ers ' I  . mu&-anticipate'a sal& v&me of about , . * . 
.. .2500 units per yegr 'of , I .  a @veri AFV model i.ri.ord,&r to 'enter the maiket. 'At much 1ower.sales . .  * 

. I  .( 
. -'voluin& inihe r&ge of a few t&s of vehicles @ a few,huhdred vehicleS'p&y&ry aut&ufa&e& " 

~ . ,  * . ,  . .  
I .. 

have ty$cally &bwntracted.the . . . .  work io small conversion-slmps, or else-these A F V s  &Ve been , 

aftermsLket d d n v d o i  =.not W e i  en&eeredAk . . .  & . . .  of eIpissions, fuel economy, and safety, +d ' ' ' *  . 

much cheaper than' autom&uf&hrer designed produck at the, same: sales voime, 'so that .an 
aftermarket wnvqion . .  is usually'sold . ". ' at250 -. . &tdyr.at . .  the'&e price as an OEM conversiop sold ' ' *  * , 

. . . . . .  aftermarket convc&ions.of exishg gaSoline vehicles. general, m&uf&mers believe'that most ,. , .  I 

*ofinhave poor.&on@nce at%igh.or low ambid temxhtures. Howevery these.conversioF . '  are 

.. . 

.' ' . . _  . 
- . .  

. .  . I .  

. .  . .  < - _ .  , 

. ,  at 2500 yhits/ye&. .The poor qudity is .a,deterrent to c o k e r  pWhase. I . . .  . i 
1 . . . .  .. . ., I . .  

* .  . . .  

. .  S '  

'.. , . . . .  . ' ,- , .. I 
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. The followidg sections sumk+ze the changes required . .  to developeach par&ular'AFV . .  type fkom . ' 

' . . a gasoline based'car, which EEA . . . . .  bekeves will serve'as the base design, sh&develophg a. unique .. 
, ; . ll&ound .up'' 'AFV design% not likely & long &-:AFv . d e s  volumes per model are less than 10 ' . .  

' -' perdnt of similar gasoline engine model:sal&: ~ u f k t u - r e t s  may contemplate.offeing a unique. 
iground up"'desiga only for Evs, &a specific model'- be sold jn ?olumes . . .  of 50,000 . -  unitk per ye& . -. . I  

. t 

I 

I * '  

, .  ' ' 

r , 

8 '  

. 

-, or more, which appetirs d e l y  to tbis time. In addition, ody OEM products &e @sidered, r so that '. ' - . 

SUaii'ty . .  issues do not &fluen& puiichase cokideiations.. . - .  . . . . . . . . .  . .  . . .  
- , ' I  : 

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

. . .  . . .  . 
t .  . .  

' , -  
-, t 

. !  . .  , *  t . . :  
I As a result, future , . model'specific .* improvements for all.AFV - ,  types will follow-those for g&olhe . . .  
- .  .. vekes,::except for inapiEcable . . .  .&hnoligi& for. a s p i c i f i i " ~ ~ ~  type. .. n e i e  inapjilic&e. , .  . . . .  

there is a sales volume bask price affect, but th&e is no. "lear&g ckdl'effect for &'engine . . .  

I .  

, technOlo&es are redbgnized &:the des@ptions that follow.: In addition, it should be emphasized that . ~ 

. .  . .  
' technologies .. that &e very I _  similar-& g&he enghe &hnolo@es, k e l y  engin&for'alcohol fuels, , 
CNG Ad LP'G. : L&ning curve e f f d  . . I .  for . EVS kd-hybrid vehicles'ke p&Ay associated iyith 
'fiiture ,cost reductions in energy storage .. media, either batteries or dtrbcapacito& and' in power 

' '  , . electronics. €,'&gcurves @o.e&tior dr;rc €$el &,;but the costmA&ionS will be less 
. .  

. \  
. .  . . .  _ .  

. 
. .  . a  

. . .  

. .  
. .  * .  

. .  
. .  . .  

. ' . . .  
. . e  . .  . I  

. .  . ,  . -  
... 

*' : . 
1 .. . .  - - ', . Includ&s.methandoI. : . .' 
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. .  
- .  EL~EXIBLE -L AND DEDICATED ALCOHOL,VEHICLES' . . ... . .. 

- These . .  .vehicles closely resemble the gasolhe:engine powered . vehicle, .* .and the modificatioqs, of .a 
kpnventiod vehicle. to be eith& a flexible fbel vehicle 0 " o r  dedicated: alcohol fuel vehicle are 
rehvely'minor. . .  At present, all alcohol . .  vehicles are OEM products'ind no aflennatkd &nversionS 

. .  . . .  , .  

. .  . &ee*ecFd. ' .  I Themostsig;lificantmodificqtionskre: .. . , . ' . .  
. - .  . .  

. '. 
' 

" Upgrade of the * . I  fuel tank &dlfbel lines materials to be.cofrosionresistant to alcohol : 

New high flow fie1 pump'that can provide up to tvkjck the flow rate of conventional' 

- 0  . Modified firel injectors and a new fiievspark calibration . ,  for alcohol fuel 

; Modifications to the evaporqtive emission control s y e ' t o  handle alcohol gasoline 
blends(FFVonly) . .  ' , ' .  . . ' - . 

The' FFV also has a unique &xnponeni the fuei alcbhol sensor that signals the engine electroiic ' 

&ntrol system on the alcoho€,gasolhe blend beihg &kd The variable Cost of &l of the above parts 

p&p and fiiel sensor. The hi& end,of the i g e  of costs is associated With'converting a vehicle . 
whose. cirrrent fbel system requires significant &tekals changes, whereas the lower end would be 

' ' *for a vehicle whose current fixel system is. corrosion res&t to alcohol. - . . 

Dedicated alwhol vehicles reqke similar changes butbo not need the fuel sensor. Ifthe engine is 
, optimized for alcol~ol, it needs a new high compression ratio cylinder head, which gkrtly offsets . . .  the 
cost of the sensor. Dedicated alcohol vehicle-will have a simpler evaporative emission control. 
system, dthough'cost savings here'are eqected to be . .  small.' The net variable cost of a dedicated 
alcohi vehiclewillbe only slightiy lower than that of an F"V.and is e e a t e d  at $250 .to 350at low 

' National Energy Modellng System 

. 
. .  - . .. . .  .. ' ' ' ..pumps: ' . I. * 

' ,  . ,  

. .  . .  1 . .  . 
. . .  

. 
.. . . .  . .  

P . is typichy abok $300 to $500 atlow sdes volunie, wi& much of the cost associated wi& the fuel 

. I  

. .  
. ,  . .  - \  ' 

, . '  

, . .  
, .  . .  * .  .,. 
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' . :  . .  . . .  
i . .  . . .  . '/ ... 

. .  

. , sale$ . .  volume. V&i&le &sts (which include .suppli& fixed Costs) are expected tobe reduced to half . 
the lowvol&e 1evelq.i.e. $150 t0.250, due to reduced per unit supplier costs, if voluhes increase ' , . 

. I  . .  . .. 

. I  
. .  

.. . . $0 25,000 y&/y&. _"~  . . ''. 

. . I  . Fijred Costs for the mto-uiictwa are estimated at $7  to.^ millibn per nioaeI line, baseit in input 
.. . .  . . -  . * .  

, .  . .  
.' :'.eom ?he'man&bers, for an assumed salesvol&e Of.2500 Unitslyear. -However: signiticandy . . 

. I  . : . ' $gher sales volu&e does n& require mu& higher inve&e& &d it'is e&ed .that .25,000 
, _' . , units/year:sies capabili~ would re@& only % a@tional$2 million more to expand bsembly . .  . I  , . .  . - .  

a ,  I 

- .  . t 
I .  

.. capacity.&d - .  enhance the.&ke&g , . . .  ne*ork . . . - .  - . .  . ,  * '  

: . .  . .  . . .  . I  - .  . .  
. L  

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

. . -  ' A&bWes.of . .- - 'flexible fuel and dedicated vehicles are s h o i -  in Table F-13, relative to gasoline- ' 
. .  ' . . .veGcle attributes, Prices are-shod;n as.if mahu.€a&es &e pdcing these. vehicles is a stahdkd 
._ ' ijroduc<.(which . - <  ' they are clearly not) ada E&my . e .  \irish to ' * .  mow. the prices to reflek cken t  

* 

~ 

I : .:- . .pricing.- All of the&nprcjvements possible-for conventional vehicles' are applicable to FWs imd'. . 
. . .  . \  - - . , . .  

.. dedi&. . . .  alcohol vehicles.' At present, EFA'believes'.that . .  . dedi& vehicles &d FFVs .operated on . .  
. .  . .: akohol.fUe1 My - -  have small bqef i ts , i rdv i ty  adjusted HC emissions' (in the &ge of -10 .to . .  120 , . 

.. .per&t),.rel&ve to an equal .~~olo~,gasoline,vehicle, - .  but other emission benefits are negligible. i 

- .  In g e n e ,  &e . .  range of p r i k  showq at each'sales volume &.aisociated'&h vehicle'sk changes, ' 
&th s k i l l ~  cap at the low-end'of the pi& F g i  h g e  tiucks at the hi&-end ofthe range, &d . .  mid- 

.. ' 

. .  

' 

. ,' I 

sized/large cars and cox&act.trucks . ,  at4he midge of thepge. , . .  
- -  . . ,  

I , I  

. .  . .  

. _. '. 
. .  . .  .. . 

.- 

CNG/LPG'vEHIcZES' . ' e .  
. .  

I .  

. .  

. .  

- 
.. 

CNG/LPG vehicles &e the next step .in comple&ty fiom an alcohol fueled vehicle for conversion , .  

I .  . , .  . .  
. .  . .  

Assumesmanufacturermakeshormairehrm0ni;lvestment. . -  . . : ' ,  
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r :  . .  , . . . .  . .  ' . . I  

. .  

&a imiventicina~ &solin? vehicle. The major.differencce is .that the fie1 tanks &,more com@lex, 
heab afla , expensive,:eipecially . ,  . for CNG. Currently, most CNG and LPG kehicles aie gftemarket 
converkons, but the OEMs have recently entered this market with a mige ,ofnew products. . .  

/ . .  . . .  
. '  . .  

I .  

- .  
Outside of the fuel,-, engine and fuel d0n;rerSio;l costs are quite similar to these for a dedicated . 

..alcohol fuel vehicle. :These include 'more expe&ive' fuel .lines, new fuel injectod*and more 
' expehve fbel'injector 'driver$. The p&p.@:@ alkohol .fuel vekcle .is replaced by a pres.&e . 
I , .  regulmr, w&h can'be,a relative1y"expensive pi& of ecpipmit f0r.a CNG vehicle thatiskrtified, ' ' ' 

to a spingent emission stgldard. Lowp&sure LPG pres& reguldon are leks expenSve, but some ' I . 

' * manuf8cturers'are , ... ' \  experimenting dth liquid LPG'injechon for optimal ,e&sion control. Engine * : ' 

' improvements for both CNG Ad LPG syst&ns are also similar, kquirjng revisions to the valve skats, 

1 . .  -. 

. . . .  

* .( 
. *  

, .  . .  .' ' 
. . *  

. 
I , 

* .  , -  
I .  . . . .  

1 ,  ,.pisto&' and rings and head-gkket,-. . . . .  a .  . -  
1 . .  

1: . . '  .* . - 8  

. , .'. . .  
. .  . .  

.. 
, ,  

. .  . . *  
7 .  * , .  ., . .  . .  . .  . -  . .  . .  

I '  

1 '  

, . . ' . I  '., . Eor dedicated Systentr, hqtases to the 'engine compressionmtio (CR) by 0.5 @ 1 point for LPG i d .  
. , $5 to 2 points for CNG,are . - _  op&. Such in&eases m y ,  turn, lead to- revisions to the cooling . .  . . .  '-.' . .  

', 
' syspm,'and kr intake syitem. The increpes KCR lead to a fuel economy benefit of and 4 and.8 ' .  . , . 

. .  . . .  . .  . .  .., . .  
. .  .. .:. . . ' .  , .percent for LPG and CNG,respectively. , . :. . 

. .  5 .  . .  . .  . . . . .  I .  _ _  .. ' . . 
. *  . .  

E n b e  components hd'costs for a dual fuel,,sy$tem'of high quality thatis emission certified is a *  

. estimated at $350 to 450. Engine improv&ents foc dedi* CNG/&PG engines that are opth@ed * * '  . ' 

. will &cr@e i e se  msts to $500 % $600; -However, there will be a cost savings of $350 associated 
' w&,the elimination of the gasoline,fueI&stem and evaporative system, for anet cost of $150 to 

. . . .  ., .. : 

. '  

I .  

I .  

1 

250, .The costs h e  for volunies . . ,  of . 2,500 unitdyear and wuld decrease'by 50 percent at 25,000 
' 

tmits/year, &sed on inte+ews with CNG sysie~manufacturers. ; . .  . :. . . .  . .  
. I  - . ,  

I . .  

. I  . .  . .  .. - .  

Costs of fuel tanks are si@'cani For &G, the increhental costs'of tanks are estimated at $100: ., 
' 125 per gasoline ec&vientgallon, and atypicaltdc for cars ,is abb~9.gallonsy while one'for trucks 
is 12 galloris. ' Hen&, , .  CNG t b k  b~sts&e $900 to, 1 I25 for .&IS, ind $1200 to 1500 for truck at low 
volume. The tanks add abo~:l5O'lbs weight for & 8nd 200 Ibs for trucks. LPG & cost 
approximately one-third as'much as &G tanks. One si@cFt uncertainty is how much fhe cod 
of CkGLPG & decfie as a h c t i o n  of volkme, It has been estimated that cos& will decline 
by 33% as sales volume increases fiom 2500 units//ye& to 25,000 ux&/yeqr, but this figure may . 
indicate benefits fiom ''Iearning'~ as , I  well, ' 

Engineering k d  tooling costs for CNG and.LPG-vehic1esme significktly higher than'for @coho1 
fueled .vehicles, because of the need to .modify the body and chassis to accommodate $e tanks, zgd 

, .  . .  

. .  

, . I  

. .  

' 

. I  : *  

. 

. .  
I ;  
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. ,  . .  ' x  I . .  : 

, -. . _ -  
, .  . I . ,  . ' the needto upgrade d o n  tires and b e e s  to.,accommodate the increased weight.' In addition,' 

, . the veh ic l e ' d  have to be A h  . .  tested ,due to the.extensive khanges to th& fuel & i t e ~ : t o  verify 
. . system htegrity.. 'At low volume it has been es?i.matid .that .engine&g, tooling . .  ' h d  certification 
. costS.per model fcn dual fuel vehicle &e &ut $15 millio@. . Additiodengiue en&,ee&g costs for * . 

. . .  

. . ,  

I 

. *. . a dedicated CNGLPG . . . .  vehicle are:estimated at $3 .million< 'Expakion of special asSembly.facilities - .  . '. : 
1 .  

- .' 
, . -to'&mmo& avolme of 25,000 @b.per yek is estimatedto cod &additional , .  $5million I . .  for ' , .  

;: I , .  . .  
. .  

. . . . . . . .  hilities? . .  . .  
... . . . . .  

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

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

_ .  . . .  
. .  

. . i  . - 1  .. 

I Cd& and, vedicle attiibutes for CNGLSG vehicles are s h o d ' i i ~  . . . .  Table FL14. ,In . .  addition, it is . . .  ' 

. . .  . .  k&&dthatfbture . .  .CNGh.,PG.vehicl& will be d e d &  ILEVs for emissions tq m&t&anFleet . 
.... . - a n d C a l i f o r r & e A F .  . -  .Asbefoe, th~Izlngeofcosts .~~. thes~Ii ingeofvehicles~om~ . . . . . .  

. cars tolkge trucks: At sal& volumes of . .  a few hui$ku&lk.ygir, only aftermarket conGeFions. ' ' . ,  
. -  

are expected to be available . . . . . .  at approximately the *e pri& is OEM products at a.sales , .  volume of 
. .  , . _. . 

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

. .  
... . -  

.~ 

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

2500~&/f&r. 

. .  . .  % ,  . ._  
Fukre5mprovemenb to CNGLPG.,,vehicles will not ,differ fiom those for g&oline 'vehicles, with ' ' 
the sole of excep~on 0 f . W  , -.I (Variable ValVeTikkg). Pumping losses . .  in CNGLPG engines 
iow& b d  ofthe e displaaimegt 'kffect of gaseous fiels. - EEA e&m?.es that 

' 

b&efi& whl 
be reducedto ... hal& gasoline benefit whenked in conjpction with these fuels: I , . . . .  

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

.Ifhese vehicles are-a significa$ departure fio&&nventioml vehicles in Wthe&drivetrain apd fuel . 

sy&m G v e q  merent fjom . ,  agasoline engine ;kd&-fuel .@&/fuel &&em; - .  The pricing analysis . 
, ofthese vehicles:refle&s the fkctthatth& &e n o  . .  electric vehicles (EVs) or Hybhd Electric Vexgles , ' 

W V s )  in production and thatdata.m&tbe -. * . extrapolated fiom c G t  prototypes and pre-prodyction . .  . 
vehicle .models. ,Fuel .cell power@' vehicles are. still ' at le&- a ,decide or two .away &om ' 

. .  

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

co-ercialization. ,: ' 1. 

Ele&cVehicl&- . : .. . .  

' .  . 
- 

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

. .  . .  
. .  . ,  . )  . .  

k the-el&c vehicle, the engine . . .  is replaced by an electric motor and controller, while the gasoline 
tank i s  replaced by a battery. EEA analysis ~. for the .OTA for an EV yith a production volume of 

. .25,00O~unib/yr revealed a &ge 'of attr ibe  that' depend:on battery- technology. Table F-15 

.. provides the &ta for four vehicle classes 'for several'different batteries for the I .  year 2005, which is 
'believed to be the &liest point where relatiyely high EV , -  production volume can be realized. 

' . However, the table .assumes that a,relatively high technology body would be used. 
\ I  . .  .. . .  
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Note that rangeis based oh an assumed tar;k size that holds approximately .&Ifthe gasoline 
energy etiivalent fofCNG vehicles'aqd 80 pewnt.o€the gasoke energy equivalent for LPG.". . . .  

' * 

. .  
.I . ' Other.'tank siks'codd,be hwrporated , .  at different cos& . _. . '- 

I .  

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

- .  
. I  

, , . .  . 3 7 . .  . -  . I .  . .  , 

.' . . , .  
EEA believes that the.Lead Acid, battee is pot&&lly the:only,viable &ir ter&sol&on. Some I , 

analysW'cl* that the Nickel.Md Hydride .bkery &i-MHJ caii b e h e  .ibd .competitive at 
' $ 2 0 0 h h  relative to a lead-acid b&ry at $125/hvh.by the y~ 2002,.but othe& believe that the , .- 
N i - m  b?kies &e more likely to cost $ 4 0 6 ~  hitially-'. A-rauge of80 to 100 miles is'the best . 
that can be considered'in the entiie tiine h e  to 2015,given the steep +&ease in cos& to.obt& 
a 200 mile range. BeyOpd"2005, the Ni-ME3 battery could be do&t, although it is,very 

. .  
. . - .  - .  . . .  

. *  

, .  
. -  . .  

speculative to d e  @ch a prediction. Of course,-all EVS are zero emission vehicles. : . '. . .- -. . 
. _  . .  . I  . .  . .  .-- 

... , .  \ .  . . .* 

. .  
, .  * ,  

Electric..vehicles can be cdnversiox&'of existing gwoline vexvles,' but the conversion is ra$er . ' - 
. exteiisive. Essentially, the entire drive@himust be replFed,.necessitating removal of the g&o&e: - ~ ' I  

. e n h e  and tmnkksion.. In addition, the fuel tanli must be removed, and the vehicle-equipped with. 
batkries. The w.motor/&xitrollek'axid b a t t ~ e s  have ve~y different &&cteristics of weight &d 

-'*.size relative to the'components disp~ai+i'in alcoiwentionalgasoline .Car, sb e the repylqi&.of . 

these compoxnts,especially &e battey, requires significx@t-engineering and.design. effort. The. 
conversion pr&s typicaUy utili ies aivehicle built &tho@ any:oi'the gasoline:veNcle's drivetrain 

. k d  fuel system$ Ad such vehicles &e referred to .as gliders. . . . . .  

. \  . .  

* .  , .  

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

. . .  , .  . \  - .  . .  

- .  . .  I .  

. .  I '  

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

. . . .  , I  
. .  

- .  . .  
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. . .  . . .  
. %  

. -  
' CdightTrucks. 
. ., 
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- I  ' Energy Efficiency is. based on el&& corlsumptption at wall plug. '@rice increment is relative 
. 

. ,  
* .  

.to. advanced conventiod vehicle for the .+e scengio, . ,  
. 

. .  . .  . . _  . -  . 
\ '  .. . , 

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

. Purpose designed EVS &ve%eeg display&by some.autonynufactur& s k h  as GM and BMW, but 
most ihdustry analysk doubt that such vehicles'will ' .  . .  be produced at aproduction'capacity leyel of 

; less than 100,000- &&/year because of.the VeG high inve&entjin &e !design, -tooling and '' , 

. certification for au.&que desi& .'Indeed, GM . .  officiis have &tea that they can never recover . .  the . . , 

$260 &on.&vested in the design and ehgineering for the purpose-b*t."Impact!' EV. : Even at. 

100,000 units/yy&, media reports sugg&that apurpose built;EV .. would . . require inve&en& similar :' ' 

'to that for a conventiond& (about $1 billion per mode1)but'the ihcremeental invekment for a glider 
' 

derived EV would be about one-tenth that.amo&t. 

. , . .  . , '  
\ . .  

. ., . - .  

1 1  
- .  . .  I ,  

, -. 
. 

I .  . .  
. .: 

. .  
I . .  . 

. .  
, .  

. .. ' . 

: 

.. . .  
\ '  * 'Price XNi-mHbaltery can be manufactured ai %2OO/kwh: . .  

, .  . .  
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' . .  . 
, . For elect& vekcles . I: derived &om . a . .  glider, investmentcosk have:had to estiuyted since none of the . .  

man- . I  pro%d+ t h i s i n f o ~ o n .  .Apphxhate-esti'mates . ,  fiom published magazine articles, I 

* ' . and other anecdok infonktion support an'estimate of $50. million &I engineer&g, tooling, 

' 

. .  . * '  

. .  
* . . I certification and- launch cost for a production &pacity'of 2;50O.u& per year. This investment' . .  

' increases to $80 millionfor25,OOO . I  . I  . hts perybzuid . .  $lOO'million for 100,000 &/year, based'on . , .  ' I 

. ,  
'' ' 'the media rep& discbssed, wellas anecdotai infonination fidm the automanufhctqers. ..However, . . . .>* . . .  

the .major capital expense is the coIjstruction of . I  a battery p h i  which is not trkted'here, since the 

battery is a "variable cost" to the aubmq@xtur&. In addition; the same battery type or model can 

.be wed across different vehicle,series and . .  different automan$acturers. '.. 

, .  
. 

- . .  . I  ! .. 

. I .  
. .  . . . .. . ; i . 

. .  
, *  

, I .  

. .  

I. ~ 

In thenear tqn.(ckr@nIy to 2000 add perhaps to . I  2005),EEA believes that the only realiskcbatiery ' 
, -. ... 

~ptiori is the Advanced Led'Acid Battery: EEA interviewed the.only Ipanufackrer (Horizon) of . ' 

.. . , I .  . . .  
such a battery that is n e g  cokercial prodaction, &d obdned COG ..., at low volyke production . . 

* .  , .  
(of 'approximately 5000 'vehicle battery pqcks' per year),and at- high volume (50,009 per ye&). . . 8 

, .  
Horizon's estimates for the .high volume production Ate battery was for a'fbture unspecified date and ' 

may involve economies.of both scale andle&hg, since such a bakery has never been produced 
I '  

. .  
, .  , .  

. .  
I :  . I  

. ,  . .  
*The.poq-2002 eslima?e ksumes.emergence of the Nickel Metal Hy~de-battery, q d  .its attributes _ .  

-. ' 
k v e  be& estimated eom c&entprototype performance. Althoughthere~is.considerable Uncewty 

about its costs, it ismmmed that the r e d k g  EV . .  will be cost competitive'with a 201 0.lead:acid 

battew powered EV, given a learning cost reduction schedule for the led-acid battery. Although 
it is not necessary to spec@ the. battery under. this assumption to derive W E ,  . .  it is necessary to .do 

. I  . ' I .  

. .  1 .  

I .  - 
so to derive the characteristics .of the EV in te rn  of weight, .. size and performance. EVs -will also 

benefit fiom future improvements to weight, . ,  drag iind rolling'resistance: 

For the computer model, it is asm.hed that all EV.production will be based on a "gIider",derived 

fiom a conventional gasoline car. The weight of the glider with no electrical components is 
estimated at 54 percent of the weight of the gasoline car. For an EV- with.pedonpance levels 

equivalent to a gasoline cai, battery ivtiight (W,J is'given by: - 

1 .  . 
. . .  

- - .  

* .  

. .  . .  . ,  

. *  
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, .  . . I  . .  . .  -. . - .  . .  

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

: , - .  . 1 .  . * .  . 

. .  
* .  . . . . .  . . ,  

. .  '.' I 

. .  
. ,. I .  .. , 

. . . . .  I -  
. .  . -  

. . . . .  . : . . .  . . .  . &wa.tt.hoursperkilogram,.kd -. '  ' - 
I . .  , .  

. .  .. 9 
. .  , 

' 1 .  

. .  
' where.R is theEV range (in:lcm), S, is the . . .  tjattery specBc energy . . , , . I  

* ,  
. .  

. I  . .  . / .  

., . ,  .. ' -W&&& glider weight& kgc An . .  advanced . -  lead acid battery& . . .  . ,  a specific energy'of.40 ~. . a  whkg,. 
. .  

. while the Nickel Metal Hydride battery has h &,'of 72. 'These. . -  equdions $e used ti> e&& battery,' II 
. I  . .  . .  

I t  . .  . . , .  

' '. . The IRPE of the EV' at k,OOO .units/y~is estimated based . .  on the assufnpption , .  that the cost ofthe ' ' , . ' -. . .  - el&c mo&dd 1. . electron& . .  bntroller will offset the k s t  ofthe gasoline engine, fuel system and . ' - 
. .  . 1 . e&sion c&rol system while the Cog ofthe battery will be the most. significant cost increment to. .. ~ : I. 

. ,  , , .  , 8 .  

. .  ' &eEV. jnvolume production, . .  Lead A c i d b e n e s G  e* to c& (the-a&m&dacturer) . : 
$125 . .  '. ' , . 

. . '. or $28.80 per.kg. These Costs apply in' 1998; bMNi-MH batteries in 2002.should decrease to about' ' ' * ' 

-l 
perkwhbr $5 per kg.' The Nickel . . .  Metal Hydride battery is -initially expected to cost'$400 .~ . .  per kwh S I  . I . : .  - .  . . . .  

. .  
, .  

- ,' 
. .  . .  

. .  
. .  

. .I 

. .  
. Costs are expected to go down signihcantly @h experience, but $e "l&g . .  curve" is. diEcult , I .  

to 
. . .  . .  . , , .  . .  

. - quantify obj&vely. Costs are esectedto decline . .  by 25.perqent . .  per.decade based on iriterviews . .  , ' , . 
, ~ ,  

. ,  

. .  ' .with battery manufuf&xqxs so thai for example, l&-iicid batteries will sell . .  for $94 per'kwh ,in 2008. 
The EWE calculatibn'~Ortizes.the,$80 million in fiirkd co& as per the formula iq Table F-12. . .  . . . .  . .  . .  , .  

Costs atlow'sales vol&e of .. 2,500 - .units/year.h&e been cdculated externally, . I  and in gkera.l,.it has: . : ' \. 
. .  . .  - .  

~ been found that an offset of $lO,OOCj'ip;~hPE.provides areasonable representation . .  of the low volume' 

. .  . . . .  . .  .ides price r&tiVLtb t h e d c & t a  high . .  volm? Saltis price, . .  
. . .  . . .  . . ,  - I  ' : .. 

. .  . .  
I , .  

. .  
. .  Fuel-CellVehicles, ,. . , '. . .  

. .  

. . '~n allr-cefl vehicle, the fie1 cell is similar.to the EV 'battery in t)lat it supplies motiye power tci the 

all other facto- will be quite similar to 'those for an EV.. -However, the present state of .development 

. .  - .  
- motors. The sizing ofthe fie1 cell is bked onthe . .  bntihuous power requirement of the vehicle, but . ' 

, .  
. . 

- *  .. . .  , _  
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. .  
. I  

. . .  * .  . , .  . .  .. 
. *  . . .. . .  . .  . .  . . .  * .  . 

. .  . , .. 
I 

, .  
EIectric Hybrid Vehicles. ....: 

r .  
... - . 

. -. .. . . .. . 

- .  ' 
.: .Electric Hybrid Vehicles-feature , -  both an'engine and' an electric motor as- part of fhe r .  drive&&,.bpt 

' 

there can,be a wide vdety.of designsthat allow forkuge variations in the relative sizes of the 

.electric motot, i.c. enGe, &d electric storage capacity; Hybrids are often da&Eed a$ series or 

&ufacturers .disagree about. the optimal relative si& ofthe.en$ne ve& . the . . .  electric motor.' D,ue 

, I I :. 
' ' 

' paallel, and also as' charge deplekgor charge ,twstamn - g. ' Even within these . four .. c,a&gories, - *  . ' ' .  ' 

(* . \ .  . . , . .  

_ . ,  e .  . .  . .  . .  
. . . a  . . -  . 

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

.. 

g:' . 
1. . '. . . .. _. . . .  - I . .  . -. . .  

, . . . to.these un*tiis,*~~~ has.seleitxid b i i  p r o e g  approac'i . I  which is i sges, ihijwgi sustani . 8 -  

. .... -hybrid, with.anengine siikiicibe able to iroduci . .  the conti.uois~~pwerrequiiement . ' .  df30 kilowatts ' .. 
I .  

I .  

. pkton of loaded, vehicle weighG,as ex&ple.for de6-g the W E .  . , ' . . .  
. .  _ .  . ' .. . , I ,  I 

. i  . . 
I .  

. .  - .  

. .  
. .  ,. 

.~ 
. .  

. .  
. .  

- i -  

'cs &-e relatively comple< a reducedforni 
' 

. I .  She the &dculatio~ to aeriye hybrid vehic1e.c- 

b&d on EM'S .work:for OTA has been used. .Mod 0f;the'ht-s of thevehikles scale &I approximate I . 
propo&on to veliicle weight, sdthat the:gasoline vehicle weight is k e d  as '9 indicator; apd the ' 

. caicdated &dsized €$bid vehiclecosts and fuel economy &e&ed as a refmnce point for scaling. 

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

c .  - .  ., .: .. * , " 

-. - :. . , .  . 
. I  

. 
. .  

'. - , I  

The:IRPE of hybrid vehicles are scaled based on im expecked midsiied vehicle IRPE of $4dOO-'in : ., . .  . ~. 
.. . 

, _.. I '  

' *  . .*  2002 kder  a . production s, d e  of25,000'units/year, , .  . A l d g  c ~ e  reduces . .  these costs at 25 percent ' 

. .  . , -  
. .  

I .  
I. . . . ,  

. :  . .  . .  

' Series hybrid Vehicles are.expected .to have 30 percent better. compositefuel.economy'than current . ,  

, conventional gaseline cars. However, future . .  engine . improvements - ,  to ' reduce pumping loss and 
drivetrain .. improvemenk, &e' not apglicabte' to such vehicles, due to ~e eleckic drivetrain used. 

I 

.. . .  

. E&:sions of these vehicles &e expected $0 codorq to Califoqia'ULEV regulations, much like 
. .  . .  . .  - _  

.. 
I .  

. .  
, . CNGvehicle-emissions., . i - - -  ' . 

.I . . .  - . .  - 

. .  . ... 
1 

.. . 
I 

I .  2 

. .  
. .  . .  . , .  

. .  \ .  . .  . I _  

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

. .  
. .  .. 

. .  . ... , . 
. .  

,- 
,. 

. .  * .  . ..: I .  

. I  . .  
, .  . .  

a .  
. .  , *  

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

. .  ' . .  . -  . I  . *. 

* .  

' ,  Attachment 2:: 'Alternative . -  Fuel.Vehicle. Model . I -. 
I .  . , .  

, -  * .  
,. : 

. .  . .  . .  
. .  

' *. DataInput Sokces &d Ehapolation Methodology. 

. ,. , - .  

. . .  - . .  . .  . .. . . .  ' .  . INTRODUCTION . '. ' 

. .  . -  ' .  . 
, .  I -  

. .  
* r  

' ' ,  .' 'This Attachment documents :the AF'V ,$itabase 'used in the National Energy 'Modeling System 
' ' Tiansportation - ,  Sector . Model. The database includei the present . .  values apd for& methodologies 

, ' , of six attribes for three classes of hght-dw vehicles. These attribges appijr to sixteen-vehicle- 

. , . .  . .  . .  . ,  . .  . . .  
A -  

_ .  . .  I .  ~ 

. .  . .  
' e techqology. types 'add three scenarios for nine reions ofthe United States; ' . .  

- .  
. .  - 

. .  . .  . .  * I  

, . .  
I . .  

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

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

I .  

' -  . 
I . -  . . I .  

, *' ,2. ' Mediumlight-duty. . I 

' 3. . Largefight-duty ' . , 

. .  
I ,  * 

, .  . . 
.. L 

. .  , - .  
. -  . -  

. -  

. .  
. .  . .  

. . _  
.. .. I 

, .  The attributes are: .,. 
.. 

- -  
, 1.. , :'Purchase piice' .(1990$, 'including &e' G V  of periodic battery and fuel . . .  cell . 

I ,  

. .  I .  . .  , .  
. .  

. : . .  \ .  
, ' .  replacements) . . 

- . ,  
. . .  

1 ' .  I . * I ,2. FuelOpe&ngCost(1990$/I$ME5tu) . 

3. Fuel Availability'(Fraction of stations) . .  
4. ,. '. Vehicle Effiicieiq (Miles/MMBtu) . . 

5. 

6. Vehicle Range (milesbetween refueling) . 

- En$ssio& (impact-weightedhdex . .  to gasoline h e+h year) 
. 

. .  . I  

.. 

I 
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I ,  

. .  . . .  
. .  

r .  , '  
I .  

,. 1 .  , . .  
... . . .  

. .  
_ .  . .  

. . . .  

_ . -  . . .  

v .  

. .  
I .  

._ 

- .  
. .  

. ~ . ._. _ .  
1 . .  

I .  ..I 

. .  . ,  , . .  * . . r 

, . .  
. .  . .  

. ' .  . , .. 

. .  . .  
. .  . ,  .. 

. .  . .  . .  , .  
. . .  

ThevehicIe-technolIogy.typksare: . : , -. . . . 
. . ,  . 1 

. .  
- .  

. .  
. -  . .  -. . 

- -  . .  

1. .i&,he - . .  . .  I 
, ,  

. .  . .  a .  

. .  . .  
. .2.. . .  Methanol Flex 

. .  . . . . .  4. , : \  ~ t h a n o l ~ i e ~  . . . . . .  

. .  . .  . .  
. .  

. '  
I '  

. . _ .  . .  
. . . . . . .  .. 

- .  . .  "3.' . , MeMolNeat' .. , .  . ' I ,  . . 
5 .  

I .  
, .  .- . . _. 

. .  . . .  \ .  . 
-_ . . .  

. .  . I  

. .  '. . _ *  

. . .  . . .  . .  
. .  

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

. 5 , "  . - E w o l N e a t  

. .  '. - . .  
. . . .  

a .  . .  
. . . .  

. .  

. .  . . .  . . . . . . . . . .  ~' 

6. . CNG : 
! .  . .  

. . . .  - ,  . .- . -7.. -.& 
- _  . .  

r .  . .  
. .  -8. . .  .Electric . . .  

. .  ' '. 
. .  

. .  
* '  

, *  . .  . 9. -. ElectricHybrid-LargeICE .'. L . '. 

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

* ,  . .  . .  
. . .  . .  I -  

. .  . . _  
. .  . . IO. .: .' Electric.Hyb~d--.S,pallICE . 

ElectGcHybridGasTurbine , . ' . * . .  

. -  

. . .  ... 
I .  

. . 11; . .  . .  

. .  . .  
. .  

. . . .  . .  ' . I .  12. .GasTkbine.%ol&e. . :.., ', .. '- . .  

- . .  . i3.  : G ~ S T U ~ ~ ~ ~ ~ C N G '  . . . . . . . .  . .  
. .  

. .  

. ,  
. .  . .  . -  . 

. .  
' . ,  . . .  I- 

, 14. FuelCellMethanol 

15.' Fuel CellHydrogen' 

.16; Diesel. *: 

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

. . .  
' I  

. .  * .  - _. 
. .  .. 

.... 
. , .. 

. :  . .  . .  
. .  

~, 

I .  . .  
. -  

. .  I .  

. I  

' 7  
. .  - .  

* .  
. e  

OTHER TECHNOLOGIES - _ .  

' . There are h o  limitzitions $the W - a s e  in&& of othertechnologie~ The.tecbnologies I that could e .  

' .  
. ,  . . .  

, .  
. .  

.. - 1  
.. e .  

._  
I .  

. ' have been included in the database but w&e:not'are: . .  . .  
./ 

. I  

' I .  . .  
. .  

0 .  ' *hydrogen i;o.e..-.kir-conventional engines that buin'hydrogen as opposed to 

' . electrocheid,generation . .  ofpower in he1 cells (as was cobsidered in the database). 

, 

. .  - ,  

I 

_ .  . Hydrogeniburnixig .engines have been manufactured . .  for. some &ne and 0Utp:erfobn . . ,  

*I gasoline' engines in tkrms'of epissions. As with fuel cells, their main drawback is fuel 
'. price, as Gemendoe amouhtsof energyare needed for.the production of hydrogen 

, .  .- 

I .  

' 

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

.. . . .. * 

. .  
-' . 

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

.. , .  . ,  

, .  

- :  . -  , ,  . 
0 .  hydrogen-CNG mix @ythane j- also burned ini.c.e.'s and already use. 'Offers great 

I 

' advantages in tepbs'of eksions at a more reasonable price than pk hydrogen. . . \ 

.. - 
* I .  . .  , .  

. .  
. I  

. . .  . .  . .  
, -  

. . . >  

, *  

I .  . .  . .. . .  . .  
. ' The kdmologies . I  in the database that are .esspecified are: . ! . .  

\ .  
I, .. I . I I . , Fql  &lls/hydrogen &k methanol- k.this early stage.of development it would be.more ' ' . .  ,. I 

. .  
I ' .  ; 

. #  " . practical to conside7 these tqo 

. . 

one technology:. Each rely on essimtially the s&e . , ' 

.. 
. .  . * .  

. .  . .  
power train and electrochehical energy co6version technology; the. only difference 

whichmeins that? fit ih a fuel t q k  ofmim&e&le size it m k t  beliquified.or bond+ 

, !o other substan&. Methanol,' $th.its high hydrogen content, falls wi& the-latter . f  . 

' e g o &  as th6 hydogei in& isthe only participant in'the eleckochemical cpnversioq, ' 

, .  . .  ~ , .  :. . . < .  . .  
, ' I &iIig the way $e fuel is stored. Hydrogen is extremely unwieldy due to .its low mass, . .  

. 1 .  - ~ . .  . .  I .  . .  
I -  

.. .. . . 

. .. 8 
I _  

. , I  

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

. .  . ,  > I  

I 
* . *  

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

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

. .  . .  
.. I 

, .  

\ .. ' - .  
. .. APPROACH 

- _ .  - 
The approach to the-database developmentis k follows: 

. ,  
, ,  

, .  . .  . .  
- .  

t 

J .- I _  * ,  - .  . .  
* 

'-1. Identify data sokces ih the open gterature and through ind- contacts. . 
\ , .  * .  * . ,  

. .  
a .  

I .  
* ,. 

. . .  , .  . * .  "I I 2. , Obtain the'data.and organize , .  it for Ge,& the database. . . ' .  
' . . -  

3.' Define and design'the database to characterize the data usemy. . ' ' ,  

. . .  . .  FORECASTING METHOD 

The data base, is provided $ a spreadsheet fo&at. .'The basic forecasting .method is to identify 

1 ,  

' I  

. .  
I . .  ./ 
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, . *  . .  . .. ... , 

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

' ' ' current values for fueI$rices; vehicle prices, fuel .availaklily, etc. A d  one or more forecast values. 

. exdonentially to' imd through the .other 'hta po&ts. ' (In some cases, ;the. 1990 values &e ksigned'so 

I .  - .  . ,  . .  
. '. The c&ent data .are entered, in'the 1990 col& of ells ,for e&h..attribute 'and extrapolated 

. that thecurve fit throughXhe 1992 values is baged on 1992,actual data)- Each of the eight'sections I 

' 

< .  
. I  

- .  -. . . .  . ' a  

. .  . .  
I .  

. *  
. .I for vehicle afibutes conta@ a detaild log of relationships and data sources. . 

. _  
5 - . . .  . .  

I \ 
. . .  I .  

. .  . 
.. . - .  _. . .. 

. .  

. .  , .  . . - . _  , . . .  
. .. . ' . I  . I  . . . .  

- .  
. -  . .  . .  . . -  

I , .  
I .  . .  

. .  
. .  

. . ,  . .  . ,  .. - -  . .  . .  
. DATABASELIMITATIONS , .  . . ,_ ' . 

. 
.. i . 

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

. .  .. . .  
. . .  . .  ' .  

. . Thr&'l;lain-jyp& -. . of limi$atiorkapply . .' to the databaseandt6its . .  usage . I  . 
withk'atranspoktion . .  . .  choice- , .  ' ' ,' ' . 

. .  . ,  
- .  

. .  . . .  

a .  
.. model. .. Theyafediscussedbelow. . , .  , .  . ,  - -. . .  . 

- .  . ,  
. . .  

. .  * . I  

.. 

. . .  - . -  . _  
. . '. .. . 

I .  

. *  . ,  
. ,  - .  

0 .  

. .  .~ 
: GENERAL DATA AND MODELING~SUES ., .. 

. .  . 
. .  

. .  . .  . -  . .  . .  . .  
I .  2 .  .. e .  

ta..do not distindsh' fleet and non-fleet Users. . .  Fleet . .  criteria hclude . .  I .  the ' ' 0  - .. Modelandda 

. . . . . . availabiiity.of a central Station, set &d know &e patterns;'large.cargorequirements 

NO~-fleet .. users need public stations, much longer .Age;. luggage space; . .  1ka.r~ 
Thes.e markets are on difkrent 

. .  \ .  .. 

' ,. 
L 

. -  
I .  .. 

. . e  

\ . - . (taxi, delivery, ekj ,  longer pegnissible refueling&nes, and limited luxury features. . 
. -  

. .  
- .  

. . features, .better performance; and Sgher 

. . legislative paths i d  ATF.adoption . .  scheddei. . .  . .  They cakiot be &xed, cannot be , , . . -  . 
7 

. .  
. .  

I . .  
' mo&led using theBuhch approach. - .  

. .  
.. . , .  

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

not recom '& nbn-economic .. forces currentlv distorting markets. 0 .. Modelanddatado' 

couhtry. We.fo&d thatbe nutbber apd y e  ofCNGvehicles'is exaggerated . .  by about 

.20'0%'and that current :usage patterns and interests'by.non-utility:users: are biased by I, 

'a.@icially .low-cost CNG (e.& no kmpression ksts). Moreover, many of thepublic , 

. . refueling stations have, very limited refueling capability. 'These statioa are operated , 

' mostly*as .dernomtptions rather than as commercial stations. A, similar deficiency . 

. . exists at the LPG .oudets, most ofwkich are not equipped to refuel vebicies. ' The. *, ' 

.. 

- _  . .  . ,  - 
.. .. In 1991,.SAIC &acted  . .  the .owners of every . .  &G .vehicle;refueling _ .  'station . ,  in the ! . .' . 

. . -  

. .  
~. 

. .  

' *  . 

. .  
, .. . \  . .  

. .  . /  
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- .  . .  . .  . .  
' ' B k c h  . . I  approach, . which is g&ed to lopen-markei, nonifleet pkchase decisions, , .  .. . . 

I .  

'requires an accurafe Gd &nomic.(i.e, non-interventionist) bkeline tied spec&cally 
tb private vehicles.  his tmseline.does, not exist. 0. - .. . 

. .  

. - . :  
I .  

. .  
'. :Mode 1 - ifies six decision Vafiabies cited in Bunch. SAIC work swgests .that actual 

* > . *  ~~ , .  
o . l ,  , c h - i r :  o ce d e uends on additional variables. The fo l lohg  vsables omitted 

. .  ., . 
- .  . . .  

I , .  &om the,model significar;'tly :affect corm&. chiiice:-reliability, maintenance cost, 
*. . ' .  . .  . . .  . : c e d t y  of inahtenance availability, salvage or .resale value, perfiomce, utility 

. '  
I .  . . '  . .  

* .  . .  
* a, ' (trunk space in %NG vehicles, 'A/C in'electrib.+ehicles, etc.), saGy isvtres or . 

. .'. . ' 
. .  .. 

. '  
. , ' perceived); ease of reeeling, and rekekg'he. A few ;ofthese omitted variables 

a p p  @ other work bythe Trampohation Modeling committee but,w&not.reque&d 
. , ' of SNC. ,The omiision oftheik v a l e s  ishighly signiscant den-iaige differences ' 
. , e& but are not well-&iderstood by surv..y partkipan& (e.g., 5:dute refueling for 

. .  

. ,  
, .. .' . . I  . 

1 . .  . ,  
! ' 

. =  

. .  

. .  
. .  . .  > 

. .  
. . *  

' . 'gasoline vs. 8-hour.re&eling for electric),. I .. 
., . . .  

. .  
. .  

I I .  

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

. .  . ,  
/ I -  

., , 

. '  ._ . .  
I . .  f 

I .  
~ . ) I  

' The &abase model is generally op&c-about . .  the c*ent Ate of technological progress and 

ipnbvatiop and a s m e s  it, will en&@ to Low progressively feer .  , Limitations in the database 
I .  

. _ I  . .  

I 

. .  

, .  I 

, . ' Suggest that these forecask may be ovkrly optimi+c in a rhacroecono&ic sense. - .  . . -. I . .  . .  . .  . .  
. . . .  -, . .- . I .  - t ie diveision cif-governmeg ani p6vate sectoiresqurces . Diversion of Resources 

. '. toward alternative +ve&ents' .is not coxisidered, i.e., large .sums could go into 

'in@structure Ad .&s .tramportation systems that &e more efficient than &y 

- ,  * .  , : .. . 
. ,  

, .- - . -  , .  

a -  . . .  . I  

. .  
. I .  

9 - .  ' . fipzissengervehiclealtenytive. I 

I .  

. .  
( I  

. 1 .  

. .  Jnsti&onal Barriers -the created interests of significant economic or p~l i t i~a l  actors, 

orgroups of actors,'could overridemarket considerations for the benefit or de&ent 

qf &y alternative technology or fuel. . . 
. .  . \  

I ,  

' 1 .  

I . .  
. .  . .  

. .  
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- .  ;" Transportation Model bemand Sector Docurnemtion Report - F-33 , 



-. *-- . 
1 .  

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

. . *  
. . . .  ... : .  . . .  .... . . . .  - .  

. .  

. .  _ .  
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a .  
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. .  
.I . . .  

. .  
I . .  

I .  

' I .  I' . ~ .. 

.. 

. . .  
. I  . 

. .  : , . _  . .  . .  I .  

- .  .-  
. .  

. . .  

. .  

.. 
. .  .- # .  . 

0 ' . Entirokental Barriers - one or mbre AFVS inay receive SigniScant .opposition or 
- .  . .  

..... \ . '  : .backing purely for its envirohental impact; moreover, public opihion well as the 
. .  . .  

'. . _. , . , . . . .  . .  
. en+ i roAiA mo.Vements preferences may.-shift in the near. i .  future, i.e., thi . .  

'. 'environmental movement c k n t l y  supports methanol-fueled vehicles, but &at could . 

. ' . change ifa Clker  way to producehydrogen for hydrogen-b&gvehicles . . .  was fourid. ' 

.. , .  . .  . * .  

. .  . .  
. I .  

... 
. . . .  . .  - .  

I .  . _  
. .  

. . - .  . . .  
. .  ' ?  

. .  . .  

.* . PsycholQgid Barriers - by the pub&& also a h @ o n  of m.isperceptions 

'and psychological a .  fa to i ,  ~ e.g., . . .  CNG, LNG, LPG Ad hydrogen may be perceived as 

dangerius to &dle'and &us avoided even if theb sdety' records are'objectively ' 

, .  1 . .- 
. . . .  . .  . . . .  \ . .  

I .  

' . . 
. .  

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

... , .  . .  
. .  

- .  . * .  

. . . . .  
e .  

' .  ' : siuiilar to.that of gasoline.. 1 ' ,:. 
. . .  . ,  

\ '  

0 .  - .  . i 

. .  . .  . . . .  
. .  

. ,  . I  .. .- 
. .  

en- aCcu&e.data do not,exist for most ofthe exotic vehi&le-fuel ' ationBarri 0 .  'Jnfom 

. 

, .  
. .  - .  

. .  . .  , .  
. , combhiations (fuel ceps, hybrid elec$c,' etc.): .@so cod &d performance estimates I . .  . .  ... . 1 .  

. . . .  for niany ofthe emkrging al&tives, especially electric vekicles, differby * .  a'factor o f  . . .  . .  
2-10 fkom, sour& to sour&. In m&y cases; there is no cleq . ,  baiis'for distihguishig I .  . .  

. G o n g  such incoqsistencies:' '. 
. .  

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

. %  - 
. .  

- .. I 

. .  

.. DESCRIPTION OF VEHICLE TECHNOLOG~ES. . .  :. . 

. .  . .  . .  , .  . 

- .  
. .  

. .- 

. .  National Energy Modellng system 
Trans'pd'ttation Model Demand Sector Documentauon Report . -. 

Y , .  

. The AFV'module c&tly analyzes:15 $te&tive-fuel techologies .ag& . .  a single conventional *. , 

- . g&ohe' powered . .  ~vehkleg-;ih the spreadsh~et~.amlys~. . . . .  I Additiod conventional - .  and ,non- . I  

. .  conventional technologies . .  1 .  can be added.to the analysis; . .  however, - .  for .simplicity, :conventional 

" . , * '  . L .  
> . _  

- . -  .. 

- . .  - . . .  
. technologies &e-represented as a single category. , This section. of the report describes the" 

. characterktics, of .he' alternative-fuel . .  -technologies ;as well +-the. - .  Ateria used 
altepative fi+ehicitypes. . . . .  

- .  

. .  . .  , . .  * :  - .  
selection of. I I ,  

. .  - .  . ,  

, .  . .  . .  
. . . .  

. .  
- .  

~ I .  . .  
. .  . .  '- This study &es all gasolihe powered int&al combustion engines under a single technology . .  category even though there 

. is signiscant variation within &soline fieled ?gin=. 

F-34 

I 



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

. . .  

, ,  
a .  - 

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

! ,  ' . -  

. -  . . I  
. Four primary technology selection criteria'are. employed for.this.&dy: The. four kteria gethe . . . .  . .  

s .  . .  . .  . - .  , I  

, .  
. , *  

. . _ .  
. .  .followirrg: ' .- 

, .  , .  . 1 .. 
. .  

* .  . . .  0 . *:Technology holds @e potentialto penebe ?he iight-ciuty vehicle market by +e year 2030. ~ 

Technology possesses, distinct fixel.&ey. pekonnance &d/or&st.cha;acteristics relative to aU 
. .  *~ 

.. * I .  . * I  

' - ' (  * 0 . I . 1  * 

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

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

.other technologies considered. . .  . '. . .  . ,  

. . . .  . . 6 ..*Data is available on &portant akibutes for the vehicle technology. ., 

, .  L . 
- .  I .  , 

- .  - , - _  
- .  

. . - .  . .  .. 
. . -  

- .  ', . 
-Variatioi with& each,~chOiogy class based.on vehicre'slibclass.&e not beSg &ped as a. 

: ,' distinct &gory birt are inwrpora& kto the collective categoq'fh the t'echnology'o. .F&e. work 

:in ekmating markel share growth for he&tive-fbel technology may breakdown technology classes..'. 

by engine and coxnbktion technology; howeveiy the compl&i@ of such an analysis is unwarranted.' 

. I  
I .  . .  . ,  . .  

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

. ' 

. 
' - . , -  . . * . ;  . * .  

. ' at.the present .time. ' . .  

. - .  . . .  
. .  

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

. . .  I .  . .  . . . .  . _  
* .  , .  I .  

. I  . 
, .  

, .  . .  * /  . .  .. 
This 'study has identifld .15 $ernative-fbel . .  ?ethnologies . .which b v e  met the fo& critekja pkeously 

. .  i . ,  

staw. .Conve&ional gasoline technology has b a  grouped into one single &tegory.usipg average 

technolojjies incopkited id this study.' The adva&ges.and disadvantages of &h of the ihcliviaual 
technologies will be.biiefly described in thi follo.king:sections. 

. 

. I  . * ,  . -. 
. , I '  vehicle attrib&s taken across'all conventional vehicles. Fo€lo&g is.a list of the sixteen vehicle . 

. .  
. .  a .  

. .  a - . .  
, 

. . . .  . .  
. *  . .  - .  . .  . . . .  

. I  

. I  

I 

* I  

. * ,  

. I C  

. I  

. .  . .  I .  

- .  
, I  Gasoline Internai Combustion Engine Vehicles . 

* 

presehtly, thi vast majority-oftranspo~tion'veii&s utilize . . .  an in te -d  combu+ioq engirie (ICE) . .  
which was' first patented id 1876 by Nikolaus h; h e  ICE is a h&t &yen en&e w+ich-opersites 

by miXing air and @el vapor together, wmpressing the fuel mix & a cyhder, and ignimg the 'fuel 
m.@ by .means of an ,electkc spark. ' The ignited fixel $x pushes a piston wgch in turn k v e s  the 
vebiclell. Since the invention of the internal combustion engine'the primary power source has been . 

. 
. .  . . ,  . 

* .  

I .  
I .  . .  

I .  
. .  

. \  . .  . -  
Io 'Significant varidons exist in the gkoline powered technology &h as fuel, injected engines versus carbureting enghes; . . 

*I  Glasstone, S., EnergyDeskbook, VanNostrand Reinhold Company, New Yo& 1983, pp. 364-368.' . I 

' 
however, for simplicity all technologies utilizing a single fie1 mix will be categorized together. _. . 

. I  . .  
# 

. .  . .  
-National Energy Model1ng.Systern 

Transporta?ion Model Fmand Sector Documentation Report - : . .  . .  
. .  

. *  . , .. 
. ,  
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. . .  
-~ 

. .  .. . . .  . -  . .  - .  . .  ._ . .* 2 

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

, .  - ?  . . .  - .  
. .- , . .  . -  

. . .  . .  . .  - .  
I gasoline; . . . .  although, m&y other fiels sucli as alcohols, iatural g& . .  &d diese1,can . .  bF.utilized. It i s  . . .  . .  

. : speculated . . .  that ifthe discoveiies.of.eno~ok.petrolep d&osits in Texas had not occurred during . 
. .  . . . . .  

. theearly d.evelopment,years, the automobile . .' would have developed as izn &oh01 vel$cle.rather than 
. . .  

. .  . .  . I  . 

. . . .  
. g%o.line. ,.. 

... . . .  
- I  

* '  . , 
. .  - .. 

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

. .  
. . .  

.: 
. ,  . - ,  . . .  

. .  
. . . . . .  . -  One . of h e  Primary advantages of conv&tional ICE vehicles is that e.conomidy these vehicles are . 

. .  . . .  -* - . . inexpensive to:o$efate 'due tor &e large development and refining idiastmcke' established for ' 
. . .  . .  . .  , -  , .'. . 

-' .petroleum -proc$&. -An abyndance of peVo1e)lm deposits occur throughout b e  worlh I and I 

transport&on of.p&roleG is not.dif€icdt in comparison to methanol and natural gas, ' - * ' 

. - .  . .  - . :. 

. .  . .  . '  . .  ..- . .  . .  

. .  
. I  

. .  
* .  . :  . 

. . .  . .  *. - , 

, .  * _  

. * .  . . . .  The.&wentional gasoline ICE vehic1es'are:more -to the,enviro~ent -.the majority of '  
. . .  , i  

. a -  

. - . altenktive-fuel * .  vehicles. . Environmental' c o n c e i ,  is one 'of ,the. lepding' incektives' for' ' . ,  the 
' ' . - developm&t of alterdiv&fiel - .  qehicles due to the probl& associated with gree&c&'gasses . I  i d  

. .  

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

. -. \ '  

I .  . .  urban oione fo&'&on problems. . . . _  
. . .  . . . .  - I  .-_ . 7 ,  . I . .  

. .  
. .  

. . .  
.., .- 

. .  
. . .  . .  

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

. .  
. -  

. \  
I .  . .  

. -  
. .  . .  ., 

. .  - -DieseiVehic?ty . .  

?he diesel e n h e ,  like the.g&oline.engine, is'h in~mal combustion . .  , .  . engine which is'heat driven . 

fiom the ignition o f  diesel. fie1 . . .  ixi h e  iylind& whichk . . .  & drives the piiops. Unlike the gkolitie 

. -ICE, a:spwk&xg.is . . .  not used; ignite the ~ . .  fuel &.& _. . but rather the combiption ofthe . -  compression. ., 

. .  . -  

. I  

. . . . .  ' .  
, -  

and het-of the cylinder causes ignition of the fuel I&. ' . . 

, . . .  
.. - .  

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

. .  - .  . *  . . .  - .  . .  
.. . .  

. .  
. 

, .  .. ..... - EthFolVehicleS. . I 

' Ethanol is a fuel which ii ckently being zised.to supply ethanol pLwered vehicles in a ratio Of. 

. . .  

. . . .  
.appro&ately 85 percent ethanol to 15 percent gasolihe hs yell & a. gasoline supply extender for *~ 

. .  conventiod gasohe - ,  powered Ggiues in a ratio of appro&tely,5 percent ethanolland 95 percent 

.gasoline. This &dy is dxkiderihg only'ethanolvehicles (vehicles wing the35115 percent.&) as 

acategoryseparate fiom conventional vehicles. Twotechnology categories exist under &e ethanol ' 

fuel heading.. Ethanol Neat Vehicles whichuse only ethanol fuel' and Ethanol . . .  Flex Vehicles which 
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. .. , 

I .. 

. .  

. .  
Ethanolahbe prod& from foodsour&s such as corn-and sugar cane or fiom non-food biomass 

suich ak be&, grass, waste p a p ,  h d  cardbosird Presently, approximately.95percent ofethanol fuel. 

, being produced hithe UnitedS&.Fmes fi$mw&.,Neat ethanol &&e$ are expe'cted to produce * ; 

a 30 percent 'increase in, efficiency .over convkntional gasoline engines; however, ethanol &el has a * . 

lower energy content of &ly 67percent of gasoline: A'variation in cost e m a t e s  for ethanol &el ' 
:production exist depending'on the source ma&d aid the distillation process. The EPAesthiates ' . . '. 
that the !'gasoline equivalentll*.ethanol~rice d g  cornstdckb bktween $1.47 aid $2.07 per gallonn. ' 

E m 0 1  fuel proyides several iszportan't. en&onmental benefiti over gasoline ,in both. the 

. .  

.. 

. .  a .  " .  . .  .. . . .  5 

' . .- 
- \  . . .  . .  

- .  
y .  - <  ', . . .. . 

. .  
. .  . ,  

* a .  

. .  
. consumption . I  and production.stages.' Ethanol isproduced &om a renewable energy sour4 such 

. , ' 

corn or sugar cane, where 

in the future. Ethanol fuelea'vehicles emit alower amount of carbin dioxide, nitrogen oxide and. I .  
petrole& is'a non-renewableenergy source which could be depleted ' - .  

t .  . .  

1 

hydrocarbob thsin gasolineu. *The Eh&onmental ProtectionAge&y estimates that carbon dioxide . *  

. .I 

* .  . .  .. 
emissioqs, the h j o r  component of "greenhoqse gasgs",:are reduced &'zero-using ethanol produced 

1 , fiom c o k  or sugar cane when copsidering the &bon reabsor&on factor of corn during.the growing . 
. 

. .  
. . .  

. ,  , .  . stage14. I ,  

I .  

, .  
. MethanolVehicies . ' _ -  

. -. 

I .  

. .  / .  

. .... 

, Methqol fuel is similar in some respects to ethanol sin& it also is ked. as' a gatsoline extender,in 

' conventional gasoline engines and as a,fuei in methanol engines. PresentIymethanol is mixed with . 

gasoline in an 85 percent me&ol/ 15 percent gas'oiine &t85) ratio'kd is &nsumed in a methanol 

engine.' Two technologies exist for this analysis under the methanol . . .  heading; Methanol Neat which 

' 

' I ,  

. ,  

. '. 

,Ii Environmental Protection Agenj., Analysis ofthe Economic and Envkonmental Ef/ects OfEtMol as an Automobile Fuel, . 
- .  

. i  

April, 1990, pp. 15-22., 
I .  

. .  
1 3 ,  The:Ga3 Research Institute., The En&= Information A- 'on, ind Science Applications International Corporatioxi, . 

Identifcation andAnalysis ofFactors Affecting the Adoption OfAlternative Tramportation.Fuek; 1991, pp. 20-21. 
I .  

. . .. 
' I' Environmental Prot&on Agency: Ana@& ofthe Economic mtdEWonmenta1 Eficts'ofEt&znol as an Automobile Fuel, 

, I  April, 1990, pp. 49-50. 
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. .  : .< . .  
- 

* .  : .  . 
, .  

- .  
. .  . .  . .  

, , ofierates On'M85 .and Methanol ilex which has the ability to switch bet&eeri . ,  3,485. and gasoline . . . . .  
I .  

.. 
. . . . .  

.., I .  

depending on economic and availabiliw factors. 

Currently natural gas is the primary source of mehano1 although other ma!eria€s Such as cog,, 
. .  ' . bioim&.and'&$€ulose.can ... be wed. Methanol-allom . .  coim&es *&excess natural gai Supplies to 

*. , - . expo; fuel.,withoG the expense of pipelines andLNG . ,  proc& It is e&ted that the . .  wholesie . . .  
' price of.methanbl:g;dduced .&om natural gas'is 'appro&ately $;40/g&on. However, . . .  bekuse 

,* inethanoi  ha^ ' h y  about"gne M ' o f  the 'eneigy per i a i ~ o i  of &solink, thi iost.p&r gasoline . 
. . .  . . . . . . . . . . . .  - _  - , e ~ ~ ~ ~ e n t ~ ~ o n i s e ~ ~ t e d a t $ . 7 5 1 5 .  . .  

Enviro&ental.advantages > .  ofmethand~fueled.vehicles . .  ge reductions * .  @ ozone formation, v@aHe I 

. orgaiic'co~pomicis (VOC) and . . .  ~&ehhbuse*gas" emissiOhs'6. . .  _ I  ozone formation is'a significant. 

. problem in Uiban areas Wed.to the emission of gasoline vehicles;' Methanol emissioIis produce a 

, /  
. .  . . . .  

. I  

. .  

,. 
- . 

. .  
> -  

. .  . - .  .. - . ' 

. .  . .  
. . . . .  

. I  
. .  I .. , .  . .  

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

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

.. . 

. . .  . < I I  
. e. . .  

. . .  _ . .  _ .  . , ' . . .  a .  

. .  
. .  

.. : . .  
I .  . .  

. - _  .. . *. . 

.. * . .  . .  . .  
lower' p l i o t o c h e ~ d  rekiivity 'than gasoline. . .  emissions; 'theiefore, reduckg .the urbap . ozbne $ ' . '  

.. -. , .. 
* ,  

' .  I 

. .  * f o d o n  problep. .It G estimated that m&ol..vehicles.e;nit, I .  80 per&nt less VOC'emissions.thzh * .  .. ' 

.gasoline vehicles. , L  Methanol veicles emit increased volumes-of f0rn;alddehyd.e animethanol gas 

. which behannful in&xentratd &o&&. Further research'is be&g conducted onthe health , .  . . .  
, *  

I .  . .  
.- ' , .  

. .  . - .  
. .  ' *  . . risks associated with methaqol and formaldehyde .&sioG. . .  

. .  
, .._ 

. .  
. .  

Electric'Vehicles . ' 

-. I . , .  . .  . .  

. *  . 

. .  

. .  

. .  . . .  
. .  . .  

.~ 
. .  

/' ' 

_ .  

. I  

. .  
. , . <  

. .  
- 1  

E~ensive"alt&ative fuel vehicle res-ch'is..now . .  being done to. hprove elect6c vkhicle .' . 

automobile gm.n8&tur&s . .  and &xircIi groups arkbentrating on &proving . .  battery capabilities;' .' 

'however, . .  at the present . .  thi~e bat& technology 'limib: . . . .  elecdc vehicle mige and performkce - , . 

attributes. For this rekon electric vehicle motors have b& combhid with other conventional &d 

. . '  

. .performance. . . .  .The prhhary .. o b k l e  of , el&& .s. car development I .  I .  .is battery technology. ' V&Ous ' .  . 
- -  

. 
. '' * 

4 .  

. ,  
. .  

. I  I ,  . .  . .  . .  
. .  . . .  . a  

~. . .  
. . .  ' .  

~ 

' Is The Gas ResesrCh Institute, The En& Jnform&on AaminiStratioi and Science Applications International Corporation,. 
Ident$cation aniidnalysb ofFactors ABcting the Adoption ofAlternative Trapportation Fuels, 1991, . .  p.28. ' . 

. .  . .  
me& hatection Agency, Analysis of the Economic.and Environmental Effects'of Methanol 9 an Automobile Fuel, April, 

' 

. ,  . 
2 ,  

1990, pp. 15-18. 
, .  
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. .  . .  
. .. . .  

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

i: . . . :  I 

. .  
: .  

- .: 
. e  . *  

I , I . .  .. , , . : 

non-wnVentional technol&es in'order; to enhance vehicle performance: Technologies combined. 

with electric motors include the internal combdon engine and gas turbine engine. This study will 

' *  cowider four technolo&es under tde el&@ic vehicle heading;' e1ectric;electric hybrid, .electric 

" *  . . .  
I 

. .  I '  

.' . .  
' ' - . '  hybrid/sr&l ICE, a d  electric hybrid/g& turbine. . .  

. .  * .  . (. . .  
I .  . ,  

* * .  n e  primary +v&ta.ge kelectric-powerea +Ghic~,es is that they produce virtually no direit emissions - .  
' at the poet 'of &mumptiog Dbect emissions produced by electric ,vehicles are largely hyiogen. 

..-, 1 . . ' emissiok releaSedd&g the battery recharging stage:! Although hydrogen &' an'explosive egision 

. .  

- .  . -  . I  . .  

I ,  , ~ .  . . .  * .  . .  
in' high concentration, liyeogen poses no'proble&to &nospheric air poll~iti~$~. While.elec&c ' 

. ,  

* .  

. . .  

' .  -~ . ,  . vehicles produce.almost no direct emissions there.are ehissions associated with the electricity 

producfion'itage depending on the power s o ~ c e  of the electricity generation. Centralized power 

. *.' * plants ibcated away. fiom urban 'Centp eliminate urban o&ne. fohnation probled and c e  

* . effectively contiol e&ssions 'associa* with'fossjl Ifbel consumption.. Electric motors have the 

, 'motion is stopped as ICES dckthus eliminating the idling power loss which can be sig&cant in 

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

* I  < -  

. .  . .  

. .. . .  , .  . .  
.advantage over internal combustion engkes$CE).because . I  electiic motors do not idle when the I .  . . , .  . '. 

. .- . .  ' .  
c 1 . .  ' urban transgortation setfings. .~ - .  - 

- .  , .  . . :  . . I  - .  . .  ' Conside*g present electricity prices, ,exclusive electric vehicles as an alte+tive to gasoline 

vehicies..are not as, cost effective as ethanol, methanol, and'natural gas'vehlcles: .Even though . 

electricity 9 a t m s p o ~ o n  fuel delivee 50 percent more miles per Bh than other &e;, the current. 

. , .  . -  , .  
i 

- .  . .  . b. 
. .  , 

e .  

I 

, . ,  

price of electricity makes' electric fiel'transportation notably more expensive than conventional ' . . , . *. . .  , .  
. I. 

{ .  

. .  ! .  r . .  * vehicles!*: . I  

i . -  .- . .  
. '  

. e ,  

< - Compressed Natura1 GasLiqkd Petroleb Gas Vehicles - .  
. .  . - .  . .  . .. . . .  

1 Compressed Natural Gas (CNG) and Liquid Petroleum Gas(LPG) vehicles are grouped together in 
. e .  

I . .  

this summary becaFe the engine technology is s e a r  for the two vehiclei utilizing different fuel 
. 

sources. .CNG vehicles have been in &e for several decades the United States while in other parts 
. I  

. ,The Gas &search Instit& The Energy Infbrmation Adininistration; and Science Applickons htem@onal Corporation, 
. Identpcation andAnalysisbf Fktors Affecting the Adoption OfAlternative Transportation Fuels, 1991, p. 21. . . .  

. I I  . .  

I* &id, p.30: 

, .  National Energy Modellng System . 
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. .  * .....' ,.... f . . ' ,  i . . . . .  . I .  , 
. . . .  

I 

. 
, I  

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

1 .  

' significad variation from ]CCE technology. ( -  A' gaS .turbine engine 'consis& of .three princ@le ' 

'components; a compressor which compresses outside' air to, be mixed .xith bel, a. combustion ' 

*chamber where the COmpIpressed air' and'fuel are ignited,,and turbhe which is turned by-the exhaust . 

. I  

' . .  - .  . I .  

. ' 

. - I  - .  ' . . . of the ignited fuel miX23:~ ..' . 

Giq &bine vehicles poFntially could,be up.tO SO-pr&nt.rnore, efficientthan-conventional internal ' . 

.combktion engine vehiclep. The 'increased efficiency is'due to the fact &at a turbjne e n b e  : 

u-s a larger percentage of,the.&ork'being performed by the fuel*.&mkE's; Small &bine 

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

f .  .~ 
, .  . I. 

' *  I . .  
I .  . . .  

. .  . .  . .. . .  

, . 1 .  .. . .  

. .  . -  

; engines :&talde for use in transpoitation vehicles *are bot being produced now on a lirge scale; . 
- .  .- . -. 

, * .therefore, the c&ent:cost of turbine engiies are prohibiti$e for,vehicle'use; . .  

. -  . .  *. , 

* Gas &bine en&nes wuld be.designed.k b& different fuels Gging fkom alcohols to die& fuel.. . . .  I .  . .. ' I .  . .  
* -' , T&s duly will,coIisid& two technolO&es Ader the gas turbke Agine, cdmpressed na& gas 'and . . .  

. I  

. .  
. ... 

.. > '. . -  
. .  

, .  . - *  - .  *'* - .  cimventional gasoline. 
. I  

. -  ' . . .  , . .  , 

. .  . , .  
. A  - .  ' .  .* . 

, *  

. *  

r I .  ". 
' * . I  Fuel Cell Vehicles . ' ,  

r 

I .  

.. 
I mF concept of fuel cells as a power'somci . .  for transportation vehicles is ;ink? to electric vehiFle; 

' . technolo& beqiuse an electiic ckent  powersamotor which drives the vehicle. The.dBerence is 

that ari'eleckic vehicle'mns, off .of a battery which is recharged periddi@ly while a fuel cell 

charged by i separate power ,s~urce such its methanol br hydrogen. The hrst large scale applications 

of fuel celi technology were the Apollo and Ge& space mikiok'which spaiked interest,infuel 

cell technology in vehicle transportation. ., . . .  . .  

., c .  . 

. .  I .  

- .  
4 '  . .  L . . . .  

.. 1 ' 0  . -  

. . .  , . .  
. I  

' Fuel cell technology has tlie dvktage of higher conversion efficiency- fiom the fuel source into . 

' combdon engine is lo& ip the form of external heat which does: not occur in the fuel cell ' 

. .  . . .  - .: ' 
' electricity than a bmbustion engine: A large portion of the energy derivG'in a heat driven internal I . 

. .  
. .  . .  * .  

. .  
Glasstone, S.  Energy Deskbook Van Nostrand Reinhold Company, New York, 1983, pp. 152-156. 

. .  .. I 

' 

Energy Strutem; December21,1990,gp. 90-91. 
Energy Information Administration, Energy C o k ~ t i o n  and Comerv*on Potential: Supporting Analysivfpr Nafional 

.. 
1 
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. . .  . . .  
' .  -' technolo&. Fue1,celi technology rema& ,in the development stage and cost .projections of 

&yupoaation vehicles are extremely high. .F&er research &y*lower.the costs. of fuel cell 
I . -  . .  . ' - . . ' 

. . . .  
, .  . .  . .  

VEHICLE-PRICES . .  :. ~ ;. 
. .  . .  

.. 
... . . . .  . .  

. , .  

~ , .  - .  
* , technology; however, for now fuel. celi technology seems unrealistic . -  for large scale adoption. : . '  

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

. . . . . .  I .  

. ,  

. .  . ,  
, .  . .  

. .  
. .  

. .  . * .. 

. .  
. .  

c 

... ... 1 

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

, -  

I .  

I . I  . . .  , 
. . . .  - !  ' ,  

. . .  
. $  - . . .  . .  

. I  . . .  
_ .  

, .  . .  
. .  . .  

. .  ., . 

. . .  This s&tion do.cb&enh vehicle purcwe prices &&e database. The output'of the database is a 
. . . .  

vehicle price for sixteen technologies for t&&-vehicle C i s  and t@eepenetiation.scenarios; from ' 

c .' . , 
* .  

. .  . .  . .  

* I  

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

199o.tbrough 2030,h thousands of4990 d0llai.S. . .  ' . . 

. . .  . . .  

. '  . . 

. .  . .  > .  

. .  . .  
. .  ' .  

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

8 . .  

-' 'The. general approach is to.establish . . .  current aid ul&te.price premiii for AFV's (allernative fuel . 

. exp&ntial*decay function (expressedas a compc&d peicentage decline rate) to project eachyrice 

. . .  vehicles) over h e  price of a . . .  gasoline I.C.E. (inted~combustion . . .  engine) vehicle,, . .  aha to ,,.an . 

, I  ' 
'. 

. . .  . . . .  . ,  * , .  
'. pr* towards its ultima& d u e .  'The shape of the curve &plied by . .  &e price decay is base&on ' : 

. .  
foecasted future price levels or SAIC's judgment where no data are .. available;. A non-fuel escalation 

I' . .. -. rate was used to establish future .prices' of gasoline vehicles for each,of three vehicle sizes (small, 
. . ,  . . .  

. .  . . .  .... 
medium, .and large)= tbrow the y& 2030. ; 

Vehicle prices were obtained fiom the fogov&g inputs: . ' ' 

. .  I . .  
.. 

. . . .  "-:-.. . 

.... Current pice of.gasoline-vebicles by size (S, My L). -: - 
. .  

..1 

Current.price premia for 15 oder vehicle types independent of size c.e., fuel-related 
' 

., 
. -  

irciiniumordisiounttobas'egasolineveGicle). ' I . ' . .  
. I  . .  I ,  

. .  
. .>. . .  . .  . .  . .  . .  

2s Si& .categori& & defined primarily by weight, and secondarily by pkenger cabii volume. These definitions are consistent * 
with usage in all  of the literahrre, and in terms of.weight are: below 2600 lbs for small vehicles, between 260Q and 3200 lbs for mid _ .  , -  

\. . 
- ' size,andabove3200forlarge. . ' 

, .  . .  
.~ 

' ?  
. 1  

National Energy Modeling System ' 
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. .  .. . -.. 1 . 
L . .  . . . : 

. .  . 1 .  . 
i '. 

1 ' 0' Ultimate long:& prick premia for 15 other vehicle types independent' of sake. 
' . " 

L 

. .  . .  . -.J 

* .  

: 0 , Non-fuel escalation rate independent of ?chicle type. . , : ' 
- .  . I .  

_ .  . .  . .  
0 * ' Annual, compoFd percentage dwhe in y e n t  prem.iu$tomds uItimate.premiUm;. . 

. ,  8 . , .  
, .  5 z ' ' or preIliium decay, for 15 vehic1e.types for three-scekios (B, H, L), 

I .  

. .  

- _  
. The approach-has the foUowing advantages: r ~ 

1 .  - . I .  

.. . . .  
. .  

Projected AFV prices should be relatively.c6nsistent vis a vis conventional &soline : 
. .  , .  

* ,  0 ,  

. .. ?Ildoth&AFVpiices:. I I. 

. .  
. ,  

. .  . . \  

- _  .. . * .  

' , .  

* ~.IncorpoI$ting thepice bfgasoline iehicles into.AFV&ices e k e s  tiat the non-fie1 
,1  - .  . .  

* . escalition iate is taken into-aqmunt for all techolqgies. .' ' .e. - . 
.. . .  I .  . , . ,  * .. 

. .  . .  
I .  

* .  . *  
' , Y ' ,Upda+g &d revis&gfigures based on fbture developments are facilit&ed.' . ' 

, . .  , , .  . .  

. .. 
I .  . . .  

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

. .  . .  , .  
I ._ I .  

- .  

. .  
. .  . .  - 

. -  . .  

. . '  . .  

. .  CURRENT VEHICLE P ~ c E S  . . 
. .  . I  .. . . . . .  . .  

. .  . .  , T  . .  . .  
Determkng current vehicle prices required.mo steps; findingke prick for g&olhe yehide of three . . . 

,to &e gasoline vehicle price. for egch technology. .' 
sizes (small, medium, and lkge); and obtaining current @ purchase prices by adding a premik .. I. .. . -. 

. .  . .  , .  . ,  _ .  , .  
1 . . I  

GASOLINE VEHICLE PRlCES ' ~ 

Prices. for gasoline vehicles were,established by averaging theprices of three representative vehicles 

for each size category. The vehicles were selected on the basis of market shaie6. -+prices are. 

, .  I 

- .  

- .  
, I  

. .  

. .  5 
,. . -  , .  

Market share source: NAD& August 1992, p.32. . _  . ..  
* .  . .  , .  . .  National Enefgy Modellng Sy&m 
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. .  . ,  . .  . .  . .  . .  . .  . -  . . \  

. -. 
I. . 

'. , . . * .  
.. 

. .  
. .  

, .  
. .  . ,  . .  . ,  

. . r ~ . .  

: - ~ ' manufacturer's suggested retail prices obtainea fkom the National Automobie DealeG Association 

(NNA)' ged vehicle prici guide. Table F-17below provides detailed.information . I  on the selected - 
gasoline vehicles: . 

Table F-1.7:. Gasoline Vehicle Characteri&cs i1990) . , 

. -  . .  . .- 

. .  . .  
- .  

. -  

. .  

_ .  * 

. . .. 
I 

. .  .. 

- .  
. ., , 

. .  
_ .  

: 1 

* .  
. .. 

. .  

. .  
. .  

. .  I .  
. . .  . .  I .  

. .  . .  . .  
, 

. .  
. . .  . , Sources for price andweight ' - .  

.. . 
I (NAD& J~ly-AUgust; . .  1992, ps23,75,271) 1 . - . .  . Large: ,  . .  . .  

. : I@d-&& I . , "(NAbA,'July-August, 1992, ps.29, 74, J74) ' , 
' .. , '(NAD& J u I y - A u ~ ~ l 9 9 2 ,  I \  ps.29; 73,173)' ' ' ,small: ' ' .  

\ .  

. .  
- .  . .  

. .  . .  

. . . . CURRENT PRICE PREMIA FOR ARTS. -'. . 

. - 
, .  

Current price premia are the preniia paid in the . .  market today-over convention,al gasoline vehicle'. . : , ,  

. .  :'prices for.each%ecbology . .  1 &'thedatabFe::N current AFV prices are calculated by adding these I .  . ' 
premia to thecurrent gasoline'vehicle ,price values for each category: The premia are:added to the, 
c . & t  gasoline vehicle price to . .  obtain-the..cu&ent AFV. prices for each vehicle size,,type, or 
sbepario. All premia and SAIC's a&umptionsi.&itionales, and cornmen& for each technology are 

. . _I provided below. -&h en@y also con& the.citations consulted.by SAIC; abbreviations are more 

. . . .-- . .  
.. . 

I .. 
' 

I .  

I '  

. -  fully defined ai  the end of this report. . , . .  . -  
.. . .  

0 . . Dike1 - $1000. ' Average premia for representative .. diesel passenger'vehicles; . .  figure ' 

' Sources: (NAD& July-Aug~W,.1992 &.SAzC). " 

. I  

,. . '  , was siighti;)ihigheI . : .  in the past., , - '  
8 .  

. ,  
.. 

. .  
. I  

, . .  
. -  . Wtional Energy ModeiingSystem : 
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. ,  I .  .. * .  
i . .  . .  

.. \ 

. .  . A  
. -  i .  

, .  
, y' 

I .  

0 ' I . Ethanol Flex - $4,500. F i b e  . .  was set at thexpper end o$the range in. the'litepture' ~ 

\ .  

, .  
* ' .  . .  

because of recent DOE data that places a much higherpremium.on flexible fuel' 
vehicles. . . 
SoUi.ces: fapge $2000-5000 (Cogan, August 1992; p:94); average of $6,400 for 
DOE d F v t s  (including ethanol, i e than l  tkd.&G) procured in 1990.(G.A.O, May 

* .  . .  

* ,  

? 

I .  

. .  
.' * 

. .-. 
. .  

' *  1991,p.20). ., :, 
I .  

. .  . .  . .  ' .  . .  I .  ' 

, .  

I , 0 

, . 

E t b o l  Neat - $2000. As is the -e with ethanol flex, estimate is .at the upper end 
of the range to +e it more consistentkth recent DOE &ta. ' 

. . .  . .  . . -  . .  
. 

. -  
- *  SOI+S: $3OO-(LOOO (Cogan, August 1992, p:94j, DOE A F V ' s  data (G,A.Q., May . .  ', 

' 
. .  . .  . .  
; \ .  . I  

, 199l,p.20). - : ' . ( .  
, .  . .  y .  

. . .  . ... . '* . 
P I  . .  . _  . .  . ,  

*o* . , Methanol hex  - $4,700. Pre&m @ qual  to that of ethanol flex pl&:$2OO for . 

higher manUfa;a&&g costs due the krrosive. riature o fhe  . .  fuel,' i.e.,*stainless steel or .' . 

literature conse&.@d recent DOE .d+ 

* * .  ' .. 
* .  

I .  

' specially tieated m&ajals.+e neededifor theiengine.. Figure.is consistent $13 the . . .  
I '  

3 

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

; Sources: ' F k y  optim@d.vehicle not engineered yet (CRS, 1.989, p.17); higher ' 
. .  . . .  . -  

1 . .  I 

. .  * I  

* .  ' corrosiveness (Rouse, ,1991). . I  . .  
.\  1 

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

I .  , .  

.. I , . .  . . .  
9 .  

. .  
0 

' 

, .  Methanol Neat - $2,200. J?ren.&n is equal to that of ethanol neat plw '$200 for 

specidy treated materials are needed for the engine. Figure is consistent with the 

' .  . 
6 . high& n i m f a ; e g  co& due the corrosive h a h e  ofthe fuel, i.e., .&&less steel or 

literatuie Consepsus ind recent DOE &a. .I . . .  

\ .  

.. 
' ,  * I 

' Sousces: $2000 1992Ford-ewnoline vk'(NREL,.1992); FFV range . .  

(Cogan, August 1992, p.94); average of.$6,400 for DOE.AFV's'{includes .ethanol, 

, @.o.E~, A- 1990, p.k); higheicirrosiveiess mouse, 1991). . . 

Electric - $45,000. .This figure includes aaestimate of the net present value of 

$2000-5000 . .' * .. 
' . " .  

. . ,  . .  
. I methanol and CNG) procured in 1990 (G.A.0, May'1991.,p.20); $210-3'40 6y 1995 - . 
, 

0 

. .  
. .  . .  * .  

.. ' 

' '. , battery replacements.. It is cokistent. with. most recent sources and km@adure& 
.' ' quoted ph&s of soon-to-be released vehicles. ' . . . .  , 

. I .  

I .  

\ 

Sources: 1989 :GM G vam priced at $32,500 h.1989 (SAIC/report, 1991, p.25); 1993 . 
Ford s h l  van priced at $100,000 W L ,  1992, on-line); batteiies premiw $6jOOO 

' : by 1995; 1993 GM Jmpact productioncodrange $l5-20,000 (0.T.k,'1990y p..119);, . 

GM Impact price range.$20,000-30,000 (Woo&, 1991, pS8);'batteAes premiA '. 
$2,600-8,200 for gdvanced lead-acid battey (ICAMF, 1990,1.16); Fiat . .  Electra.p&ed 

~.* . 

* . . , - 
' . . 

* .  
- . 

FA5 . . 
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I .  -. . * ',price $1,500, replaced every 20,000 desmoodrUff, 19Sli p.58). . , 

- ' at $ii,O00 or . ,  *ce the price G i ~  I.C.E. twin ( ~ o o d r ~ f f ,  199.1, p.57); Current Eattery ' 

.~ . 
. . .  . .  

. Electric HybridLarge ICE. -. $50,000. Figure includes the price of a regul& . . . . .  .. . .  
. . .  - .  elec&c-vehide @V) pl& a pre&&n for the 1arge.I.C.E. The predum.accountsfor ' 

.' . . tlie fhct that.kvo engines would be costly A d  inefficient in ternis of mhhtenance and ' 

1 
I .  

, .  . .  

. .  . .  - .  . .  . -.  ' - - . use of spa&.. A ,@ge 1k.E. a& &a range extender in the same way as a conventional ' 

I.C.E..~.ThediBerence & price between a &all ahd&rge 1.C.E:is deemed to . , 
be kigniiiiant at any stage. The figure is' consiitent*th -u~+er prices ofiopn- ' 

* .  

. .  
. .  . . .  : - .  

. ' gasolhe . .  
e .  

- .  . . I  . . 
. .  a .  

e .  : ' . to-be releas]ed~vehicles and theconsenkis of the !tera&re..#' . . . . .  

. -Son&:1993%ord smallhybridvanpri&d at $100,000 (NREL, 1992,on;line); I .  

I - 1 .  . -  . . .  . .  

. . .  . . .  . . .  high 
' ,  

'-.' &st ofadding batteries &deledric motok to&e engine of an.1,C.E. (Woodnzft; 1991, ' , 
. I  

. .  

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

. -  
_ .  . - .  . .  

. . * .  
. Electric Hybnd/Sma I.CE..- $50,000. .See Electric Hybridnarge 1.C.E: above: ', 

. .  . A small 1;C.E' only serves' as a generator to recharge,the batteriesfor the electric ' . ' 

. .  . 2 '  . 

. . s  

. . .  . , ' .  .engine to operate. '.-The difference in . .  price betpreen a &dl and ... .large I.C.E. is 
I .  . . .  . .  .. 

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

*: > .  - . .  - . 
. insignificant 'at any. stager 

'. SoUrces:1993 F 0 r d . d  hybid,vt&peced at $lOCi,OOO (NREL; 1992, on-line);'.high 
. . 'cost of a@&g battkries ahd ele&cAmotors to the engine 0f.m 1.C.E: (WoodrUff,'1?91,~ . . 

, '  . .  
. .  . I  

. .  
. I  

. -  . . ,  

_ .  
. I  . , p.59).. . .  

. I t  

I ,  
; r  

. -. .. , .  . .  
' . ' . Electric Hybrid/Turbine'- .$125,000. Figure includes the.pkce of. an electric I 

-. . h j . b r i d / ~ . ~ ~ .  p l u ~  a high prep& wieflects thi &sen& of a viable prototype atthis * '  . .  .. 
. -  

. time: Gas turbinevehicles were manuEhed inthe S e s  w$hout success dueto lack I i. ', . *  

' *  
. . ,  . .  

of mmpetitivel$phd, :heat-resistant . , i materials; however, new developments may 
-solve.such obstacles and a prototype vehicle.may be- succesky  produced by 1'998. 

: .. 
'. 

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

. . ? .  . : *  I 

. .  
. .  . .  , - _  . 

. . . .  . , . "  : .  
I -  

. :-'Sohce: (The Economist, September 28,1991). . . . . . . . . .  ,- . - 

. . .  - I .  

. .  . -  . .  . .  
. .  

. ,' CNG - %2,750.-' Although some.economies of scale are already present, all CNG 
. . vehicles are essentially * retrofitted. rather tha opth&ed;. .therefore a significant . .  I .  . I, , .  

premium (aha potential for improvement) re-. The selected figure is consistent -' , . * 

with the middle, to 'the higher end of the 1992 .lite$ure ranges. , .  
. . .  Sources: Range of $2000-5000 (Cog*August 1992.~;94);'1992 . .  Chtysler Dodge B- 

Series Van Wagon $5000 :, (NREL, 1992, on-line); $2,550-3,250 @PA, 1990, 'p.10); 
. 
' 

. . ' 

. . National EneG Modeling System . , .  - .  . - :  
Transportatio/n Model Demand Sector Docurnenthon Report - 

. . I  

. F-46 ' I .  



- .  . . '.. 
. .  

. . .  
, .  1 * .  

, ,  . '  
- .  ' 

' I . 
$2550-3250 for light-duty automobile (lafgej, .$1650-2250 (Small-medium), $2350- 
3050 ight duty.truck; mass-produced dual-fie1 $1600 (IC&, 1990; p.5:7); average 
of $6,4OO.for DOE AFV's (includes. e&Ol, methanol and CNG) procured'in 1990 
(G.A.0, May 1991,.p.20); $800 byl995.@.O.E.,;Au& 1990, pk). 

LPG - $1,500. Although some economies . .  of . scale are already present,- all LPG 
vehicles are' essentially retrofitted. rather thah pp-- therefore a 'Significant ' 

' .  

I .  

* .  

.. I 

.. 
! ,  . . ,  , . .  

, ,  . .  . I .  

, 
* ,  . .  

* :  

. . .  , 0 
' .  

. 
. .  

. *  premium (&d potential for improvement) remains., 'The selected fime is consistent 

With: the ddcile to the higher end of the 1992 literatu&ranges; 
. .  , 

. 

, 
, . '. , , .  

I . .  
. .  . .  

' 
I 'So,urcq: $1,200-2,2hO, ( ICM, 1990, p.Ll5.); 1992 Ford F-700 medium duty truck , ' 

. 

. .  . .  . .  
. .  ; 

0 ' ' .. 

conversion option d $800 (NREL, 1992, onime). . ' 

Turbine/G&o~e - $125,000. I?igure includes a.highpre&um that reflects the 

,- . -  -. the fifties without success iui io *iaciifcompetitiye1y~priced, ~eat-Aistmt . i materials;. 
' * . ' however, -. new developments may solve such obstacles *da prototype vehicle may be 

I ' successfully. , produced.. by 1998; 1,' The .figure is copistent with the. .electric . 
hybri&turbiie vehicle prem+h. No significant estimated price differential .beGeen ,, *" 

i Y .  

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

. '  .. - 
' 

' 
' absen; of a viable protolype at this &e. Gas &bine vehicles were maudact&ed in . .  

8 

. .  
' -_ . .  . . CNG andgaioline techoiogies at *?time. ' 

1 .  

- Source: (The Economist, September.28; .1991): . .  
i .  - , .  

I : I  

. .  
' TurbinebG - $125,600. See.Turb&e/Gkohe above. $0 significant e k a t e d  . 

I price differential be*een CNG &d gasoline technologies .at this tiine. 
Source: (The Ekonomist,.Sejtember28,1991)., ' . 

. I  

. .  . .  
. I  

c . .  . .  . .  

e ,  .. .. Fuel . I  kewydrogen - $150,000. , .  , I  Fi&re,inclrides a high premium,for fuel cells. . I  

because they y e  far moie, expensive than conventional batteries; .there I is also a . 
p r d u m  incluhebfor fuel -%e.. Production prices in the liteeture.diverge Widely. 

' 
Both hydrogen and methandl technologies rely on hydrogen for their electrochemical . 

. - reactions and m e r  only in the way it is stored; Le, as a component.of methanol, or 
'iridependently; therefore, no signifcant .difference between'them exists. at this stage. . .  -. , . 

' 

I 

. I  , 
( . ,  

.. ' 
* .  

.Hydroge~-bu.r&ng (as-opposed to fie1 cell)'vehicles are far more feasible and less 
, - * i  costlyatthistinie. I . . -  

' Sources: Fuei cells cost and premium for f;ei storage (McCosh, 1992, p.29); 1995 
prototype's price: drive system and engine $225,000, plus a fuel &orage tank with a 

' . . prick range of $2,253 to $7,709, for a suGotal of $225,203 to $232,659 not including 

I 

. .  . *  

.. . .  , .  
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. . *  . '  

. .  
. chassis (C.k.C., June .1991;pp.25:30). ' 

. .  . . . .  
I .  

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

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

. . .  Hydrogen ICE; Sources: feasi\iility; prototypes &I Japan, i.e., Nissan's joint effort * ' 

with Musa&i Institute of Technology*(Maruyama, . .  :1991);-Mazda hopes to sell a ' .  few . . .  . -  1 .  

. .  . hydrogen-b&g in Califo&iyiibin ten y&; current models &e not .. optimized;. : . ' 
S I  I . . .  , premium for hydrogen tank'is$26,00O (Templeman, 1991, p.59). . e '  . . * '  . 

,I 

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

. .  9 .  . .  - .  
. . . . . . . . . . .  . .  . .  . ' *  

. - .  . .  
. I  . .  -4 . .Fuel Cemethanol- $ISO,OOO. S&Fuel CeWHydrogen above. .Bo& hydrogen and. . .  . .  . .  

. . ~ methahol techhologies.~ly'&hy@og~ for the~elkchchemicd rerIcfions 8nd differ 
only in the way i t  & 'stored,:i.e., .?:a component of methanoi, 'or independently;' 

. . .  

. .  - a .  . -  
. - >  . . . .  

. ' . ! 

.... 
. -  

. :tierFfiire, iq s i & , ~ t  mirehie  between the& ixists at this stage. . . . . .  
I '  

. . .  . . . .  . . . .  . . 
. .* , 

.. 
. . .  

- .  

. . .  . I  . . . .  . .  
. .  : -1 Sources: See Fuel'CeWHydrogen. I 
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. . . . . . .  e .  FUTURE VEHICLEPRICES:. : 2 .  
. .  

1 '  . . 
, .  

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

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

I . .  . ,  
. .  

, ,  * 
. ,  . *  t 

.. . . . .  
. .  

. . *  - .  . .  
Ultipmte p&eire&a &e defined as the &um future pxkedBerentials . .  Getween gasdine . . . .  and . 
ATF'vehicles. An exte&ive*liter&xre search agd SAIC's o& resources yielded'foreca$ future' ' e .  

. 
'* 

' 

. pri&;wbich were used td set ul& piie premia i d  the approxima& expected ye& they will be 
. reached. .:All ATF vehicle - .  prices f&g'betw&n . I  the ultimite and the current'prke premia are 

, , .  . .  calculated by using'the . . . . .  p i& premiadecay Ate described "m the subsequent sdon. '  ' .  . .  
I 

. .  . .  
.. , * 

\ -.. , 

. . . .  
* .  

. .  . . .  
- c  .. 

. .  , .  . 1  . ~ .  

. . . .  

_ ,  . : . .  
. .  

* ,. . .  
. . .  . . .  - .  . .  . .  . )  . .  . .  . .  . .  

. . ,. . .  . *FUTURE GASOLINE.VEHICLE PRICES 
-. For all gasoline . . .  models, the pi- beyoniv1992 escalated at 2% per year. Non-fuel . . .  escalation fact& 

. . .  . . .  
. ,. . .  

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

. I  

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

. l  . .  
I .  

: : ' include: ._. 
. .  

. .  
-. . 

. z . ' The hiAo&al.tendency of optioy to become standard eq$pmentthrough,time."~ . .  ' ' 

# . '  
. . . . .  

. .  . .  
* .  

- 
, . . .  ' . 0. . Progressively .higher additiod - costs for emissiov-' controls. .'and . efficiency 1 

. 
I 

' : . . . .  requirements. These are estimated to be $7O'for.a TLEV ani.$170 for LEyhLEV . . .  * .  

. .  .*. . .  (CARB, August 1990, p.IXi3): .. :,. . .  
/ .  _ .  I . . ,  

6 * .. 'Jncreas& investment in more efficient, lighter engines such. as the 2-stoke engine' (The 
. Economist,- September 28,1991) and higher cost super-light body materials such ai. . 

. . .  
. I  

. , -  

, National.Energy Modeling -tern , I  

. .  

. -  * .  Transportation Model Demand Sector Documentation . _  Report .- . .  
. .  , ,  

. F-48' - ' 



. .  . .  
* ,  . .  .I . I ; 1 .- . I. .. . . 

. .  . .  . .  
_ .  

"-;. , , . - I " .  , , I. 

, .  

I . .  . I .  - 

I .  

,. . .  , I  9 . . .  . .  I .  . . .  
*: * .  * '  

. .  
. .  . . I  * . -  

, i s  ' , .  
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I .  

. . ,carbon composites (GM, 1992, ~p.14~15). . ' 
r . .. 

I 

1- 

I ,  

'.* . .  

. ; .  
, I .  

I ,  
. I  . .  , .  

. .  
I .. 

DEVELOPMENT OF ULTIMATE PRICE PRFMIA . '. 
., ' Mh&um prie  ,@f%rentials are reached once allaiteria for 6provement relative to conventional 

- pricks hive ,been met., The criteria include the -tion 'Ofwell-knov economic peciples .. 
.such & ,&nomies of scale, returns tb scale,and ieaiding.curves. The future year and value assigned ". 
to 

. . . ' 

. I . 
.. .. I .  

' ,  
grimia Were fo& by applying the above criteiia to the current status bfthe techo1ogy, the . . .. . . I  

, ~ ,  short-terh a& futureprojected g h ,  ,and relevant theoretical . .  limitations; . 1 .  

5 ' >  . .  . 
. ,  I ,  .. . - .  . .. , '. . 

Once valuesfor ultimak . I  cbst and associated year were *dculated, the premia were added to the - 
Corresponding y&s conventional.gasoline price.' After +h?V has reached its u l k t e  premium, 
price &&en&' betweek that 
escalation, * &sumptiop,' rationales &d comments for &h technology &e provided below. , 

' 

. . .  
. .  

aqd a cbnv&tional vekcle remain mnstant e x v t  for nondel . ..I 
. .  * .  

.. , * . , .  
. .  * .  

I. : - . .  
Diesel - $1,000. i y e e  b r e e  foi fqreseiitati+e diesel passenger vehicles; figure ' . .: . 

Sources: (NADA;July-August, 1992- & SAIC). _i ' ' , 

. .̂  
. .  0 '  

. .  , I  

.- .. .' was slightly.high&'ii the past, but is not expected tqdecline further. I 

' 

. 
- .  . .  

. 0 . .  . .  
,~ . .  . -  

.. . - .I , I  

e .  

, ._ , -  I .  

I .. 
0 1. . Ethanol Flex 1 -  - $0. Near-zero ultimate price premikp assumes ehnomies of scale , 

., 
, and pptimization achieved pri0r.b swikh to ethanol.nezit ve'hicles. . Figure coFistent . 

I 

. .  

with'EPA,and most recent lit&ature.* ' . .. 
Sdurcr: (EpA/ethanbl; 1990, Appendix C; p.2). 

. ,  
- . .  * ' .  

t .. 

. .  ... 1 .  .. , .  . . - ,  . 
. ' .  5 . . .  

p 0 - Ethkol Neat - $0. Near-zero ultirpatk'price premium assupl& economik of scale ' 

and optim.i&tion. of both k&ol types. Prior deve1opment;of flex vehicle would : . . ' ' 
. .  provide learning ,curve feedback. '.Figure ,consistent w i i  EPA and most' recent 

liteqtuie. . . . .  . .  
Source: . p P A k h o l ,  1990, Appendix Cy pi) .  . .  

' ' 

. .  . 
. ( ,  - 

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

I .  

. '  
: . , . . - 

. .  , 
7 

., 
, -  . '. 1. , , --. .- 

0 .. Methanolkex- $200. hemi& is quql to that ofethanol flex pluk $200 for higher 
manufa&ztyring costs due the corrosive nature of the fuel, i.e.,.stainless kt-1 or specially 

Sources: Premia for corrosion-resistant &&rials, fuel sensing and control systems,. 
and larger fuel tank for a tow range of $150-500 in the late heties, d o y  to n&-zero 

-, 

, 

\ 

.. 
, * treaFd msiterials are needed for the engine. . ' ' - _  

. I  

* ' premik after that (CRSY1989,p~17); $150-300 at highvolume produ.&on @PA, Apk.  . .  . . 

. .  - .  . ,  

National Energy Modeling System 
Transportation Model De'mand Settor Documentatlon Report - - . F-49 

- , .  , .  



. .  , .  . I. .. . 
. .  . .  - .  ,- \ .  ::..!. . :..: , : . .  
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. 1 .  . j .  . .  

. .. . .  
.' .1990, .p.35); $300 withlarge scale productibn (Em; 1990,p.ri14). '. . ' 

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

. .  

. .  . . .  . a .  . .  - . .. , I : . 
3 .  

. .  , .  - , .  . . -  , 
. 1 .  . j .  . .  

. .. . .  
.' .1990, .p.35); $300 withlarge scale productibn (Em; 1990,p.ri14). '. . ' 

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

. .  

. .  . . .  . a .  . .  - . .. , I : . 
3 .  I 

'.e - - Methanol Flex- $100. Premiupis equal to that of ethanol ne? plus $100 for higher 
' ' m a n u f " g  cdsts due the cbkosive nature d tke  fuel, .. i.e:,:stainless &&lor specially 

treated materials are needed.for the engine. Sucb a pxemikn would be smaller for- a ' 

'. dedicated neatvehicle,due'to-greater.&nomies'of scale, optimization, and @&fer of 
. 

, .  . .  . I .  

.. . . .  
b .  - .  - ,. .. . . 

.a 

I '1 'knowledge fiom fleible fie1 vehicles. '. . .  

. .  . . ._  Sources: @PA, 1990, Appendix Cy p . i  & CBy.l9S9,.p.17). . . 
. .  I . .  

I .  

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

. -  .- ' 0 . , *Electric --'$6,500. Figure includes-m' estimate, of &e ultimate. price premiG of a 
. .. battery, assuming steady improve&ents .in batted technology . I  and inass production 

taking plat%..% &mission vehicle lawstade effecb AdvMced batteries nowin ztn 
., - ' . . ,  idkt stage of development co&i w&aerably extend the range of the vehicle . .  vi;ithout 

.the need.for replack~ent.. DSerenksb&&n EV aild EH.vehicles:iire &jOr&W, . 

as the& most expensive &mponent&e batteries, is the-same. .:The figure is consistent . 

. .  . .  e .  . .  

. . 

. . .. . 

. -  . 

. .  
. .  .. 

.- ... 

I .  

. ,  

/ .  with thi:consi- ofthe literature.. : . . I  

. . .  ' .  . . *Sources: . _  Premium for ZEV . .  $1350 (SAIC/repurt, . .  1991, p.35); advkced batteries,such 
. .  

. .  

as sodium-dfbr, &th a.1~00,OOO-mile . .  life may.be.available,by I994 (Woodruff; 1991, 
. -  I 

" .  
. . .  . . .. 

. I  
p.58). , ' - .  , < .  

Electric Hybrid/Large I.C.E. - $6,500; See Electric above.. Differences between 
. .  . . . .  - / .  . .. . .  

- ' 0 .  . . -  
-a. . . . .E37 and EH vehicles are unimportant, as their most expensive &ponent,' the batteries, ' 

. . h .the same. The .additional cost of a Fg&e&ender '-1:C:E. -(regadless of size) 
. . .ultimateli .approaches zero: as' .econo&es of scale, .transfer of knowledge &d , 

imo+atiioi ariive. .The figure is coiiiitentwith . ,  the consensus ofthe fiteratxiri. ' 

. . . 
. . _ .  , ,  

. *  

. .  . . 

. .  . . . Sources: SeeElectric above. , .  
. -  - .  - . .  

I .  . .  
. .  ,. . 

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

, ._ . .  

. . .  Jk ' . 
Electric Hybr&Small ,I.C.E. -, $6,500.. See Electric' apd Electrii: HybMLarge 

--* I.C.E. above. . .  'The additional :cost- of a rsinge-extender I.C.E. (regardless' of size) 
u l ~ a t e l y  . . .  approaches zero .as , economies. .of scale; transfer of 'knowledge, ' and, 
Liovatioiarrive., The,figure.is consisistent with the comemi  ?ofthi fiteratire: 
Sources: See Electcic-Hybrid/Large 'I.C.E. above. 

. .  
. .  

e .  

. .  
. I  

, .  - .  . .  
- . .  

0 ' Electric . .  Hybrid/Turbine - $6,500. See Electric above. Differences between EV 
. ' and EH vehicles are &portant, as &ir most expensive component, the batteries, is 

the same. The' additional cO&. of a range-egender &bine ultimately approkhes zero 
. -  

, I  

. .  , .  
. -  . .  
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. .  
as economies of s d e ,  transfei. of @owledge, and.eovation &ve. .The figure is . . 

Sources: See Electric Vehicle above, and Turbine/Gasoline & CNG below. 

CNG - $750.. AssirmeS ks-produ$ion of opt@izd dedicated vehicle. The'figure . 

. .  
. .  consis;e;;t\;Lith-theco~e-pftheliteaaqe. . . . . . .  _ .  , . .  

. 
. -. . . .  " .~ 

. .  . *  ' .  
' 

. .  . . . . . .  . . .  . *is. co;&is&t with the conijeflsus ofthi-iitepiture. I .  ' 

. - .  . .  . .  
. .  ... Sources: $700-800 for optimized'and dedidted vehicle (O.T.A., 1990, p.l'O1); $800 . . . . . .  

. . . . .  .for,op&&zedl~ge-scaleprod&tio& less ford&cak$yehicle (ICAMF, 1990,p.1.14).' ; . . .  
. ' .  . a  

. ,  c 

. . .  
., 

. .  I .  . I 

. .  
I .  

. .  .- ,e I LPG - $ 5 0 0 ~ ; A s ~ e s  mass-production , .  of optimized dedicated veGde.', The figure 
, *  

' . is consistent, with current price d.iff&ences b e t w e  LPG and'CNG vehicles, ind 
' * : assumes such,dBerences willpersid ' 

,Souice:: $500 (S~cjudgment). 

.. : . . .  * ,  

, 

. . . .  
i ,. . A .  

. .  . .  

. . .  
' *  

- I  
' , . .  - .  , 

# .' 
, .  

0 .  

. .  . -  . .  ._ . .  
. , * .  , . I . . *  

Turbik/Gasoline- $1300. *Assutqkk'likely advanks inhightempratureceramieramics I .  

an& electrohc :.comb&on .controls will'take .placeby the-end.of the'decade .Gd - *  

. .  . eventually *e this tkc1~1O1ogy cost-competitive with.conventionql techology. ' 
Source: (The Econo& September 28,1991, p.95). . .  . 

signiscant piice merentid between' CNG and gasoline technologies. .' .: 

7 s  . .  
. . .  

\ '  . .  
. _  ' 

I .  

. .  .. I . .  I .  . . *  I . -  

TurbinedCNG - $1,500: See.T&bine/Woline above.' 'Assumes,there will be no . I * . - 
. I -  

' .  - ,  

. .  Source: m e  Economist, ~epternbir28,1991, p.95). . .  0 . . .  . .  
. .  . l  

. .~ 
. .  . .  . , .  . .  ' .  . . .  

.I . . * .  

' Fuel CeWKydrogen- $6300. AssUmes,&nificant advakes in Gorage technology 
and fuel'cell mariufactu;ripg .are achmplished due to high demand. 
So&ces: . _ '  storage technique breakthroughs: fiqtiid hydrogen, 'or hydrogen bonded kth 

'I 'powdered metalSLor stored in meblhoy bdls'may render it 6 Safe as gasoline 
s ' .(Templeman, 1991, pp.59,60); by 2010 'the' fixe1 tell hybrid will be $6,562 plus chassis 

- ' . 

' '. * J  1 ' ,* 

: 
. 

L .  . .  
, .  - ' (C.E.C;, J U I ~  1991,'~~:25-30). I ' , 

. .  . .  
,. 

0 ,  . I )  Fuel Cell/Meth&ol- $6300. As&es signifi&t advances in storage technology 
and fuel ceg m&&turing are accomplished due to high demand.'. . .  

' Sources: Hydrogen-rich methanol would allow a fuel cellvehicle to .refuel as rapidly . .  . I  . . .  
. 1 as an 1.C.E: 'vehicle (Econodist, September 199:1, 43.75);. storage technique 
I breakthroughs: l&uid hydrogeg'or hydrogen bonded 4th powdered metals or stored 

' 

in metal alloy balls may render it as sde as.g&oline (Templem&, 1991, ~p.59~60); . 
I .  ,. n . 

, )  
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. .  . .  
' I. 

. .  . .  
. ,  

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

will be $6,562 plus chassis (C:E;C.,, June 1991, pp125-30). ., * 

. .  . .  .. . .  

. .. 
. .  . .  

.. . ' by 2010 the fuel cell hybrid 
I 

I ,  
. .  . .  -. . 

.A comp&on of the c k t - a n d  ultimate.price premia discyssed above is provided in the follokhig 
, r  

, .  
I .  

. .  
:table: . . 

. .  \ ,  
. .  . -  

, I  . .  .~ 
. .  

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

. -  : . ' I* .. Tabie . . .  F-1.8. \. , ' . AFV Pcce Premia by Technology .. 

I .  

. . .  

. .  

. .  . .  . -  . .  . . 

. -  

I .  

' . .  
. I  

I .. 
.' 

.. 
... 

. .  
. .  

4 . .  
.. 

. I  

. .  . .  _. . . . . .I 

. - .  . .  . 
. .  . I -  . .  . . . _  

. .  . 1 , .. 

' .  . -  
*' . ., . .  'APPLICATION OFTHE. DECAY FUNCTION . . ' . . 1 

. This d e  is @e &ual, compo&d A .  percentage decline in*the.curfent .. premium . towards thedtimate , 

. premiG ,for .ail' AFV technologies. '. AFV prices Le  assumed to fall along a CUrVe between the 
current and the ultimate . .  price premia. The Cme's shape is . .  d e t e d e d  by the decay rate. If the 
exponential decay rate is rap& the vehicle price reached its,ulhate price we& before 2030(e.g., 
ethanol and methanol). If the decay rate is slow; the uli&ate price.&y not be reached in &e ,. 40-year 

I .  . .  . .  .. . 
pkriod. . I .  

. .  . . .  
. .  . .  . -  

. .  ' #  
. .  . .  
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. ,  
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, .  

. .  Table F-19: LDV i d  AFV Cost Decavhtes . 0 .  

. .  

10% 

- 

15% 

Diesel engines are,advaptageous only for medium and heavy-duty 
vehicles. Unsuccessful previous attempt to,penetrate the passenger 
c&maiket. ' I' 

. .  
. -  . .  

.. . .- 
Similar technologies are  assumed to have near identical .dekay rates 
'and constitute the alcohols flexible .fuel. market segment. Because of 
ini6al fueLavailability advantage$ overneat Vehicles and already' . 
existing technology (retmiitted gasoline engines), flex ones are . 

expec td  to be mass-produced mu* sooner than opfimized neat 
vehicles. Cgnsistent with the consensus of the.literature. 
Bedause optimked mat vehicles necessitate more engineering,. they 

.will take longer to develop and be ma&produced than flex vehicles. 
It is assumed that there MI be a.trend towards optimization'and that 
flex vehicles will not be available'in significant numbers by the end of 
the next decade. The rates were rounded off to figures'equal to half 
of those for flex vehjcles.and are consistent with the wnsensus of . 

theliteiature. . . 

.Assuming steady improvements in battery technology and the 

.expansion of zero emissions state limit programs, the overall 
advantage of electric and hybrid vehicleswill.translate into the . 
fzktest annual increase in production for any A N .  The rates-seem 
even faster because initial production is much lower than other .. 
competing technologies, i.e.; CNG, LPG,-and alwhol flex: 

Assuming retrofit conversion through 2000; dedicated mass- 
' 

produced optimized vehicle after that year. . ' . .  

Dedicated massproduction will come later than CNG vehicles, due 
to .the latter's greater advantages vis a vis the non-fleet passenger 

Rates cqnsistent with,'and slightly lower than, those for electrical 
vehicles. Both technologies a re  in their infancy but are also very 
promising. Assuming technology' is operational by the end of the 
'century, costs should-decrease hpidly after that due to high initial * . 
learning c u k e  position '(e.g., turbinejechnologlj and use of . 
conventional fuel. 
Rates are consistent with .electrical vehicles and rounded off to equal 
those of turbine vehicles. The development of this technology 
presents'more obstacles than turbines but offers more potential' ' 

rewards, i.e., lower emissions and seemingly limitless fuel supply. . 

. - *  . - .  . .  
- .  

. .  

vehicle market.segmeni I .  

- 

. .  . - a .  . . .  
. .  . -  . ,  . .  

-, . .  . I  

SOURCES: ' 

. I  

. .  
, 0 ' Diesel - Rate tied to gasoline rate; ;the price-premiuq is cissumed to remain.constant ' 

I 
. through time. The usefulness of this technology is limited to large vehicles. ' 
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. .  
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* .  . , . .  
. . .  . . .  - _  . -  . .  

. .  A 

_ .  . .  . .  . .  .*  I 

. .  - . : . .  ., . 
II . .  
. , .* " Ethanol Flex-- $300 premium with.large production in the future*@~A, April 1990, 

. . .  . . .  . . .  . . .  p.'2); ~tedproduction~by~1993, full by.2000 (C.E.C.,. 1989, pr7). . . . .  

'. I 

. .  
.- 

I .  . e . Meth&olBlex,--. Costs dropping since Chrysler began s.elling its Dodge . ,  Spiritahd 
. .  I ,  ' 

. . .  ' . 

' .Plymouth AcClaim without a pi& premium, other. auto makers .will presumably follow ' . . .  ' 

.:'(Cog&.Augusti992, p.94); limited productionby . .  1'993, full by2000 (C.E.C;, August ', 

. .  
. . , .  

. .  - . .  
' 

1989, p.&;.Federal fleet assumpptio~& for cost premia:. 1993=$2,500, 1994=$1500,. l- 

. .  I 

I .  

' 1995=$1000,1996=$275,2OOl=$15b. @tOiE:,May 1992, p.26). I . 
. . ~, *.e _.' ' . 

I .  

.I . - .  * 
. .  . -  . 

. . . . .  . *  . . .  
. .  

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

. .  
- .  0 Me@m& N& - ;No si@&& production for ddcated,vehiClq before 2007-2010 , . . 

. .  
. .  - .  6 . Electric - L&ge resources.f?om'Detyoit's . .  consortig going into EV- research 

' ' ,of vehicles manuikcturW wst in . . .  1988$): 30/$48,200,1-00/$~0,000;~1000/$29,50Q, . . .  

. . . . .  

. r  ,'. .. ( W o c i W  1991); estimated mahuufactkhg~wst versus m&il produ&on vol&e (no. ' , .  

i . 
.- 

_ . .  
. . . .  : ' 10,000/$21,000,50,000/$18.,100 . #  (CiEL!., August 1989, pi@; limited produ&oIi.-1993-. . .  . ' 

., . 2000.(CrE;C., 1989, p.7); econodes . .  of scale aker 1998 (60,000-100,000 units) &d 

P .  e.v.); NSe . .  bzitkries and advanced battery use beginning.2003.and.2OO5 respectively, ' 

by 2009 1/2 of tlie EV -and EVhybrid market-captured (A.F., i990,'p.18-22); GM ' . .  , 

* .  ..' - Impact pl&t.produ&on.will.,be . .  25,OOO/ye& 1 .  (WoodmfF; . . . . . .  ,1991, p.54, p.58); it takes ' . - . . * .  ' 

. . . .  ' . replacement of D.CEV*(direct curient electric vehicle).by ACEV'(alte&athg current,.' ' . 

. I 

' . production runs of at least 50,00O/Year to '&e a profit on areasombly pricedvehicle ' . _  
. . . .  . .  . .  

, '  
. .  

. .  . .  
. . . . . . . .  . . . .  . .  . . .  ..... . . . .  (woOdruff,-i'991, p.59). . - ,  . .  

_ .  . .  . .: * - .  
-7  . . -  . .  . ;  

. .  
. ' i * Electric HybridLarge LC.E..- NiFebatkxy . .  car by,2003;-by 2010'halfofthe EV's ': 

' i@y be EViybnd (A.F., l990,.p.18-22).- See other applicable references above. &der .~ , 
' ' ' 

. I .  

\ .  
. ,  

I .  .- , 
. .  . .  . .  . Electric; . . .  . .  

. .  
. .  

.I - 
. .  

: . 
, ... . .  

0 . . ElectricHyb&USmall LCX. - NiFe batte?y car by 2003; 'by 2010 half of t.&e'Eys . .  - '  

., . . - .&y be'EVhybnd (AF;, 1990, p.18-22). See other applicable references above under. ' 

. .  . . Electric. 

. . .  * 

. . . .  , .  '1 .. 
- .- . .  

. .  ( .  
1 . .  

. .  
Electric Hybrid/T&bine ._ - . .  NiFe ba- w b y  2003; by 2010 half of the.,EV's inay 
 be^ EVhybrid (A.F., 1990, p.18-22). .See .other applicable references above under 
Electric, iind under Turbine. , ' 

. a  
" . : ': I .  

. ,  . .  

\ '  . .  
. .  . .  . .  , .  
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. .  . . .  , 
. .  , ,  ,. ., , , ' . .  

, .  . .  I .  

. .  . .  . ,  - .  
. ,  

. .  
0 ' &G - Retrofit conversion 1993-2000 (C.E..C., 1989, p.7). -. ' 

. .  

. .  . .  . ,  - .  
. ,  

. .  
0 ' &G - Retrofit conversion 1993-2000 (C.E..C., 1989, p.7). -. ' 

. .  
I ,  8 ,  . , 

, o  LiPG -' Retrofit conversion 1993-2000 (C.E.C.,. 1989, p.7). . . *  , .. , 

. .  , I  
' *  

0 Turbine/Gasoline- (The Emnomi& September 28,199.1, p.95). 4 :  

0 . ! * * '  TurbinelCNG - (The Economist, September 28,-1991,.i>.95):, 

' .  
4 

I 
.. 

. I  
I ,. . .  . . ? .  I , 

1 ,  

I . I  

.. ~ 

. , '  * .  . < ' .  
. .  * .. , 

, .  
. . . I  

,-e Fuel CeIkydrogen - Rototype vehicle by 1993,'ilemodtion vehicle by 2000 . . ,  . .  , 

* ; * (C.E.C.; ,1989, p.7); prototype by 1995 possible, limited production 1000 to -10,000 
. .  

miidyear 'by '2002 (C;E.C., &ne 1991, .p.20); m@.wurrent . -  'obstacles-are safety ' . 
compact storage,-and wmpetitive pr?ducdon cqsts; htory  site vehicles bi2000, rgad ' . 
vehicles beyond that (Tyler; 1990, p.20). . 

' X  .- 
. '  ; I 

~. . .  . .  
. .  

1 . ,  ,Fuel .CelI/Methanol- S& references fir  Fuel Cellh3ydrogen above; ' ' ' 

. .  
. o  

. ;. - 
. .  

_ .  , . 
, . I  

, VEHICLE EFFICIENCY 
: ' ,  

This section documents vehicle e&iency the database. The output of ,the. database is'the - 1  

.~ . efficiency rate for sixteen technologies for-threevehicle &s, fiom 199O'to 2030. ._ The - rate'is &ven . . .  
in miles per ,wtu. . ' . *  / .  

I .  
' .  , . . _  . .  

. .  
I .  

* .; The general approach consists of es@blishhg the current mid-size veliicle d q a g e  per MMBtu for 1 

each &el. The mileage figur& are then qdjusted for diffkrences in vehicle size (e.g., small i d  large) 
*' ,using an index of mileageby si&, as a:functtionof mid-size mileage, while holding fuel constant. 

* 

. 

A fuel-use adjustment is needed to covect the miles/MMBtu estimates. for pure fuel use vs. hybed 
fuel be (e,g., electric vs. electric hybrid). 

- TO ob* *e vehicIe e&&iency, an &ual simple per&ntage efficiency gain by vehicIe type ww 
developed. Fuels with greater potential for engine efficiency improvements - .  were assigned &eater ' 

' \  

, r  

. .  I -  

. .  ' ,  

estimated efficiency gains over time (e.g., gasoline I.C.E. . .  vs. EV.). 
.. . 

.. . . .  . *  
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- .  
'. . " .  . 

. .. . - .  . .  
. .. CurrentmileageperMMBtuforeach'fuel. .. 

. .  
. . 0 ' .  . .. Mileage by vehicle si& (qd;l&ge) as a function of mid-size vehicle qileage. . .  ' . , , 
-' 0; . A hel-be efficieicy.djustment to coireFtihe NeslMMBtU estimates for pFe he1 * . 
: , . - usevs..hybridfixeluse. -% . .  

. .. * 
' . .  - .  . .  .. 

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

'0 .. . ' ~nnual skple perckntage.efficiency gainbi vehicle typk fir a l l  vehicle types. . . 
' .  . .  

. .  
1- , 

- .  
. .  . - _ .  

. . f  . .  . -  . . ,  

. .  . .  
. . . The approach has $e foUowkg advantages: ' . . . .  

.~ 
I .  

. .  :. . .  . 

- .  
. . .  

. .  * .  . .  ... ~ . .. . 
. a .  '. . Projected efficiency rates should bexelatively consisterit vis. aiis conventional gasoline 

I.C.E. and othertecbnology'efficimcy)ates.'*' . , 

' - ., ' Updating ind revising figures based-on future developments are facili@ted. ' 

' .  . .  . , 

*. . . .. . -. . . . . 
, .  

4 ' . -  , 
I . I  

. ,  . .  . CURRENT VEHICLE EFFICIENCY. ' . .. 

. .  I ,  

. .  
,: , .  f .  

- .  
I .  

. .  
. .  . .  . .  
This section.des&ibeS the process of obtaining. . .  current efficiency rates &d adjusting forsize and fixel 
use; AS exp~&ec~ iri the previoiwsekion, . . ., ,curreit 'eeages I;e; *tu for'&$ vehicle technology' 

* . . '.. efficiency rates: ?e sources consult&:&d the specific references ada/or figures used &e given 
' ' . were initially ob&ed for a veMcle only., ' The following .table :shows these current . . .. 

. .  -+ 

k e d i & A y  idler the tab1e.n Efficiencies for'the oth& two vehicle <iswere obtqined by 'applying. 
I "  

, .  
I .  

. an a d . . e n t  f&r of qlO%'for &, and -lO%for.large, to'the'base mid-size vehicle efficiency 
r&e-shown 

' 

. 

the followhg t&le. . '..': , . . .  . .  . .  
" .  . .  

. .  
1 . .  

. -  
.. . .  . .  . .  

. .  .. .., 

. .  . . .  
. .  . .  

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

. _  
. .  . . .  . - .  . .  . .  . .  

r 5 ,  

, . .  . .  

. . .  
. .  

I -  

, '  

. . Some improvemen& id the efficiency of gasoline vehiclk also apply to AFV's, Le., super-light matefials and on-board 
computers, while others d.0 not, i.e., two-stroke engines. Those that do apply do so differently from one technology to ,@other, i.e., I 

it will be easier to reduce air drag in a vehicle that has a small, powerful engine and does not require large fuel storage capacity. 
. ' 3  . -  
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' ,GaSOlide 

Diesel .7 . .  
7 .* 

, .  
. .  Ethanol . 

Methanol. 

CNG 

LPG 

El&city .' , . .  

. .  

' -  
, .  

Hykogen ' . .  

. 265 ' 

. .  . . . .  
. . 280: ._:- .. 

.. 
. .  

, 190 - - .  

' 270 I 

230.  . 

. .  
. -. 

. %  

, 
- ,  

4 6 5 .  - 

' 250' . 

695 
.. . . 

, 

... . 1 . . . .  "I . . .  . .  _. .* . . .  
, '.. . .  

I .  

. i '  

. .. I 

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

. .  - Table F-20. Cken t  'Mid-Sized Vehicle Fuel Efficiencies . . 
. .  . 

. .  

.. 

, '  

I .  

. -  . .  
. .  I .  

. .. . * , .  
, -  . .  

' ' SOURCES AND REFERENCE$: . .  

. .  e .  

, I  

. .  
* ,. . , Gasoline -' Efficiency rates of 24.MPG for Buick Park Avenue V6; 25 MPG for a _ -  . . I .  . . . 

.~ 
. .  

BuickLeSaGe; 24,MPG for Toyota Camry (G.M.,1992, pp.14,. 15,36);'Clean, highly '. . 
, 

. .  ., ,efficient'engines . already . I . .  develop.ed & - .  Japan,@., M&€iUer.cycle engine CJapan 21% 
1992); recent impressive'gains jn mileage, i.e., 65 MPG for. a' 1992 Honda Civic 

- I 

. 
' *  . '. . .  

I 

I 0 e *  Ethanol Flex - Efficiency of 0.0505 ethanol ghons p d  mile @PA, April'1990,. . I. 

p.53): . 
, -  

* -  
. I  

Ethanol Neat - Efficiency of 0.0418 .ethanol'gallo& per mile @PA, April 1990, , .. 
I .  

. .  

.- . - .  . .  P!53).' 
' , .  . .  

" 0 . Methanol Flex +'Efficiency of 11.4 MPG for ,1992 Ford Econoline Vdn (NIXEL, 

. .  
. I  . 

0 

, -  . .  . .  
' .1992, on line). . 1 .  

': . L . ?  . 
I .  

Methanol N&t - Dedicated vehicle improvement overgasoline vehicle (CRS, 1989;. 0 '  

p? 18); dedicated vehicle is 4-1 5%' better in energy input due to higher compression - .  
ratios (Oil & Gas, Dec 1991, p.59): . .  i f .  

' .  . .  
1 '  

0 . ' Electric-SAICdata, . 
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. .  -. .. . . .. . . 
.. . . - - .  

. .-. . .. 

: . .  

. .  
. .  
. .  ' .  

. .  . . .  
. L  . .  

. Electric Hybrid - SAICdat& . . 0 -  
. .  

.- 

. .  

. I  - - : 
. .  

.. 

0' *, . LPG-Efficiencyfora 1992-1993.FordF-700 M&umDuty Truck . .  i s  15 to 20% less 
. .  -_ ' than its gasoline equivalent (N.R.E.L., 1992,'On-line). . . . . .  

. * ,  . .  . . .  .'I 

' .. 
- .  , . -  . .  . .  

'.Turbine/Gaso&e - SAIC. data.. * ' 

' ~ 

. .  
- :  0 

. .  ' .  I . ; ' .  

- _  . .  

' , <  
_. :e. :' -Turb$e/CNG-SAIC'da'ta; . ' . 

. . -  . _  
. - ,  . .  

0 .. . Fuel Cell/Hy*ogen -En&gy density is about 3.8 watts per poyd, or less than &it 
of  an EV's-iead-acid-batteries '(McCosh, August. 1992, $29); the theoretical limit to 

. .  

, .  . I  . .  I .  . .  
'energy &nv&ion is S0-85% (Templeman, $991, p.59). . , . .  

. *  
. ,  

I ,  . . .  
. .  . 

'fielCeWMe~hko1- See F k l  Cell/Hydr'ogen above.:B-othhydrogen and methanol * . ," 
/ 

.. 
. _. vechnologies &@me. hydrogen as a fuel; so they are essentially.the same technology,, , - *  

. " . .  -. . . .  
, 

. .  
. . Mering only in the.way the fuel is I .  stored. . 

. .  I .  . _  
- .  

,, , -. 
- .  

. . .  

,. , 

-. . 
_ .  . .  . .  . .  . -  

FUTUREEFFICIENCY RATES ' _ .  
. .  

. .  . .  -: 
Future efficiency ,. rates were obtained by a$plying an ann& percentage gain by technology type, for 
&ch of the three penektion scenarios. This section describes how the gain rates were deteqnined . 

' 

. . atid provides ,. the . . sources used. ... 
. .  

. . -  - 

. ,  
. ,  

. .  ,. 
- 

ANNUAL PERCENTAGE GAININ EFFICIENCY - 
e The f o l l o ~ g  table shows the efficiency g& ratesfby vehicle technology for.three penegation 

scenarios. -'Each vehicle-technology entry is accompked by'comments or an explahation of 
, I  '. 

. I  . .  
assumptions where applicable.. ! . .  , 

.. . 

. .  
'- . - .. . 

. I  ;' - .  
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Table .F-21. Annual Ll 

. -  

V & AFV Efficiency Gain,'by Technology ' (Three Scenarios) 

0.00% 

' .  : 

. I  

2.00% 

2.00% 

, 

- 
'0.50% 

,2.00% .050% + 2.00% 0.00% 

Based on hkoncal ratey Le.; since' 1974 GM vehicles have improved 
efficiency by 125%;and assuming c k n t  trends cdntinue, ke., hcreased 
investment in order to meet policy goals and competitive challenges of . 
A W s .  The efficiency escalation rate wnqot r w  constant., because the 
easier g& have'been already achi&ed. Nevertheless, even the auto- ' 

makers the+elves have set ambitious goals, i.a, Chrysier's 29 MPG by 
1996, Diesel de p d e l s  ffdsoline's and k bnsistent with the historical 
re&rd.= 

540% pperaiion efficiency i n k e  through.tecbo~ogica~ improyements . 
%I the nkar &. Since ethanol-and meth&ol.have higher heat content 
than gasoheor diesel, higher efficiency =:be expected fiom a vehicle : 

that runs on neat fuel, but the annuid gainsh efficiency would,be almost . 
the same for both nkat &d.flex fuels. 

Much higher in&deffi&ncy, but fast &provemen& in bahery.&'dlor . 
engiue tecbio~ogy are unlikely, resulting in a relative% low efficiency 
gains rate. Nofe that this fechnology is not affected by the Carnot cycle's 
theoretical limit. Similar rates are proj&ed for all types of hybrids; as 
their r e s p w e  cbmplementary techologies are secondary to the electric 
*hIldOgy. , ,  

Gab & equivdent to those ofakhol.fuels assumed. 

Based on existing techology applied .tb other types:of vehicles, i.e., 
'Abrahms M1 tank, hovercraft, and assuming the technology will fulfill its 
theoretical expectations .once applied to passenger vehicles. Efficiency 
gains'sliould p d e l  those of conventional gasolinevehicles to a large 

e . 

, .  . . I  . .  , '  
1 .  -s 

. . .  

. .  - - 

See.TURBINE/GASOLINE entry above. Efficiency gains should parallel 
those of conventional CNG vehicles to a large extent. 

Although the technology is in its inf8ncyY because ofits vast potential a fast 
gain rate similar to that ofturbines is expected, i.e., it has atheoretical . 
efficiency of 80 to 85% when the heat of the process is recovered for 'use 
elsewhere. It is assumed that there will be continuous technical 
breakthroughs as projected t'oaay; i.e., proton exchange membrane, or other 

. - 

&vanced &st& fully developed. . . . .  
-.. . - . ... t .  

. : . .  

SOURCES.AND REFERENCES: 
. ,  - 

. .  

- . .  

. .  
0 Gasoline - Camot cycle's theoretical maximum' (Rom&o, 1989, p.75); 2-Shoke.. : 

engine . .  (The Economist, September 28,1991 & Scientific Americqn, October 1992; pp. . 
I .  

- 
Regardless of fuel choice, all ICE'S are limited by the'Camot cycle's theoretical maximum of 40 to 50%. '* 

, 

I 
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1 

.: 
. .I 

. .  
. - .  

- .  
.. 

. . . '  
I 

. .  

. i '  

. .  
0 

0 

. o  

0 

. :  . .  
112-113); super-light matedds (GM, 1392, p.1,4,15); reduced air drag,.upgradedon- 
bard &mp&rs (Woodruff, I .  1991, p.56); refoGulation (Unzelman, 1991,p.&). Since 
1974 GMvehicles have improved efficiency by 125% (GM, 1992, p.14,15); Ch&ler's. 
efficiency god is $0 achieve an average 29. MPG by 1996 (Woodruff, .199lY'p.54). 

'Already eistiiig proh$ing prototypes (Mat&& 199l)gpolicy Ad kdustry goals 
&the US: and elsewhere ( W o o M ,  1991, p.54); C-AFE's 'st+arcis"oy 2001; 'the 
.historid effiiiency a.calatioi rtite, defined aieductioi in gallons/yearper vehicle, 
is"4.9595 :(OY &   as, Dec iwi; p.58). .-.. . ., ' ' ... 

, .  . .. . .  
. .  

: *  

. ,  . -  

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

.- 
. I .  

. .  . .  -. .. . . .  
Diesel - Cafhot cycle's theoretical m&& -(Rijmano, 1989,. p.75); superkght 
mate&& (GM,., 1992; p.-14, 15); reduced' air drag, upgraded on-board. computers . . 
(~oodr~ff,'1991; ~256)'; r e f o m h a t i o ~ ~ m e ~  iggj,p>64); . ' - .  ' .  . I 

:Eth@ol FIex-'5-10% operatiOnnal efficiency hqease(Oil& Gas,Dec 0 .  1991, . .  ~159); 
Carnot cycle's.theoreticd +um (Roman@ 1989, p.75):' .\ 

Ethanol Neat - Higher heatqtent and effictency rates; learning c e e  .g& of20 ; 
to '30% ,over gasoline by the time dedicated 'vehicles enter the m,arket (CRS,' 1989, 

, . .  . ,, , 

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

. ' 
1 '  . .  . .  . .  . .  . .  . .  

I .  

b 

. .  

p.18); C&ot cycl'e's theordcd m&um (Romano, 1989; p.75). 

Methbol Flex -.'%lo% opt@ional efficiency h a e k e  over.gasoline (Oil & Gas, 
Dec 1991,- p.'59);, Carnot. cy&e's - * I  theoretical maximw. ( R o k o ,  1989, p.75); 

\ . .  , .  . I  

I . .  

improvement over.gasoline: low ke 4%;base 6%, andhigh 13% (CRS, 1989, pl?). 
. . .  , .  * .  . 

I .  

.MethanolNeat 0 Higher heat content and efficiencyke; learning curve ga& of 20 , 
to, 3.0% over gasoline .by the time dedicated vehicles . .  enter. &e market {CRS,. 1989, 
pi1 8); C b o t  cycle's theoretical'maximum'(Romano, 1989, p.75). 

. 
. . . * 

. .  .. . .  , .  . .  
5 

c 

x .  

_ -  - 
- .. 

. .  
- .  * 

Electric- SAIC data . 
. .  

.. . I - '  . .  
Electric Hybrid/Large 1;C.E. .- Efficiency rates of 36 MPG for an average 
passenger vehicle, ind.21 MPG'for a light truck (A.F., 1990, p.18-22). 

Eiectric Hybyid/Small 'I.C.E. - Efficiency rates of 36 MPG -for an average 
passenger vehicle, .. 'and 21 MPG . -  f0r.a light'truck (A.F,, 1990, p.18-22). 

. I  .. . . .  . .  - .  

. .  . .  . -. 
. 

. I .  

. .  

,. 

. .  
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* ,  

, .  
.. 

e .  . .  . .  . , .  
' ,e .( EIectridHybrid//"urbine- . .  (The Economist,. , ,  Septembek 28;1991, p;95). 

' ,  0 . CNG - Carnot cycle's theoretical maxir$um (Romano, 1989, p.75). , ' , 

,. \ .  . _  , .  * .  
. *  

, ' .  * .  
; . I  

I . .  * .  . ,  . .  
0. , ' LPG - Carnot cycle's theoretical &xi.mum:(Romano, 1989, p.75). 

I .  

. ; .  
0 8  . TurbineiGasoline - ("he Economist, Sbtember 28; 1991, p.95). ' ' ' .  

. I /  
. .  

. .  . .  . ,  " . 
. I  . .  

! 

' < *  . .' 

. e  1 .  

F .  

. .  . .  . .  
. .  0' Turbine/CNG - (The Economist, . .  September 28,1991, p.95). 

. .  - .  
. .  * .  

.. - .  , ,  

) .  

' . 0 . Fuel CeIlkIydrogen -' (Templeman, 1991, pp.59-60). ; 

Fuel CelvMethanol- (Templeman, 1991, pp.59-60). 

.' . - .  . .  . .  
t .  

t ,  
. .  

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

' .  . .  

. .  
-. 

VEHICLEEMISSIONS ' . 

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

. * ,  b 

. .  
' . This section describes vehicle eIhissions i o m  conventional kd.ATF vehicles over . .  time. - . . . 

. ,  . . .  . -  
, . .( . .  

. .  I '  

. . -  . .  .' - ,,INDEXAPPROACH .I I .. * .  
. -  I 

. .  . 
%e general approkh uses an index . .  value tied - ,  to.the . <  impact-weighted emissions . .  from mid-size 
'gasoline .;rehicleS. In each year ikom'1990-2030, the.emissions impact fiom'lhe base-case gasoline 
vehicle is estimated. As gasoline vehicle.emissions decline (e.g.,'due to refopulation), the absolute . 
*en;iSsiok level declines b k  tlie index value k constant (at 1 .O). . The emissions*.impact of the 

. alternative fuels & benchmarked:against the absolute. level .to cr&e the kdex vaiue.for thq' 
altenktives. . .  .If the.e&ssio& of an AFV declines' faster than that of the gasoline vehicle, f ie  
e&ssions index for that AFV will decline. Ifthe emissions of an k V  increases or declines less 
rapidly than that of the gasoline vehicle, the e&sions index for. that AFY will -increase. The 
technology choice module can make *e of this relative indexing h annually.selecting vehicle types. 

* 

' .  . 
. I  ' ~ . 

. .  .. 
, .  . 

.. . , 
I ,  

, .  . -  
The weight given to'emissio,ns and emissions indexing in the technology choice module is outside 
the scope of this database. 'Whether decisions'will ultimately be . .  m d e  with respect to some 

-. 
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. .  . .  I * . .  

. . .  . .  . .. . . ,  - .  . .  . .  - .  
* .  

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

, I .  
. .* . . &eshold.em&siois level is also not wnsidered. . .  

. L  . .  . \  - .  . \  
< .  - . .  * : 1  . 

. .  S I  

' The emissions index is c o ~ c ~ d  &om the followingjnpuis: . 
,- ./ 

. .  
. I. ,. . .. 

. .  
- 

. .  - _  
I 

. .  

. .  

. . .  
. , .  . .  

. .  

\ .. . . .  
. ', durrent'&siokfioma@d-size carforfivephlutants (CO, CO,NO> methane,.and, . .  

--& possible'emissions by 2030 for the'same polI&&s for the s e e  -vehicle 

. .  : . . . .  
. . .  ' .  

NMHC) in gramsmile for'l6 vehicle types.. &%.Table F-22: 
. .  . I  

. .  . .  . 
, ' > * .  

I .  

. .  . -  
. .  . .  . . ' 9 

I . .  I ... , .. * 

. A  . .  . .. . .  

. .  * .  - ,  

. .  ' . .  . 

. * .  

-. 
types. SeeTableF223i' . .. . -  .. .' .: 

. I  

. .  . .  . .  
. . .  . .  . . .  . - .  . '* .. 

. I .  . .' . 
1 .  

. - . . ' . 'hual 'sipple percentage dec&e &emissioni ,towards the '&ha,, same .vehicle ' , , _ . -  . .  . .  .. .. . . .  
, .  . ,  .. . 

3 .  . .  

, " ! .  . 
. . I .  .types. - , .. 

. .  . .  . .  . . .  
. .  / 

. -  
. .  

. (  . . \ . '  
- .  

Impact-weightiflg ofthe five po~utqnts on h ~ t h  and -r;ironm~tal criteria . ". I .  

' .  ' 0  ~. 
# .  

. .  - .  .: ) .  . .  . . .  .. . . .  . . .  
. \  

_ .  . . .  . .  ' .  

.* The index co&ted'&om these data is necessary; bec&e the :&pact, on,hupah health and the I. . 
' ejwiromentjiam a .,' &.iifone . pollutant is not equivalent to,the impact of inother pb~utmt.  his 

. .  non-equivalenF% pdcuIarly.app&nt when.one compares the typical exxksions . .  of ,NO; (about' . 1 . .  

'&m/de) to. that of CO; (about 450 gramskle). . .  CleFly, CO; is not& times more &dous . ' ' I ; ' . 
to health or the enviro&enttI@:NO,. Thus, a . .  weighhg schemeii.e., an index) m&t.be I . ' . . . I  

, , .  
_ .  e .  . 

. . constructed& properly compare the overall emjssions .index; . 
. .  

.. . 
. -  . I  . .  .. .\: , . .  . .  I 

. .  . .  
.. . .  

. .  . .  
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. I  .. . . .  

- .  , .  . 
4 .  

. .  . .  . .  
' a  , * Table F-22.. Base Mid-Sized Vehicle Emissioni (&&sMle, .1990) 

. 
. 

. '. 
Represehtative vehicle for size categoj. Standard.caMyh 
converter.B .- . .  .. . .  . .  
Repn+nta$ve-vehicIe for size category.. .Conistent with 
data entered under'gasoline. Stankd catalytic converter. 

. -  . .  

C o k i n t  with'data entered under gasoline and diesel. ' 
~etro&ed representative vehicle for sfi category. - . 
Generally higher NO, thamgasoline and diesel due to hisher. 
combustion.t'emppturerature: Formaldehyde not kcluded for 

r .  m&ol einissions: .. 
. /. . .  . .  
Near zero emissions. Rpunded off for m&ageability, . . 
Due to d e r  &e add less use, i.c.e.'s &sions are '/tor 
less ofa convention2 engine. . I  

Due to smaller size axid less use, i.d.e's emissions are I/, of 
krge i.c.e:s 

Near zero for e l d c  part. See ' W I N E  entry below. Due 
to.less use and smaller e emjssion's are about % of 
cinventionai turbine's. . 

Represenhe vehicle, consistent & alcohol and gasoline ' 
vehicles selected 'aiove; 

meorkti'wly ~ $ 1 0 ~  emissions, around %of cqnventional. 

. . .. . . I  

.. . a .  

* ,  

. -  
e ,  

. .  

iixel (gasoline or CNG respectively) vehicle. .. . . .  
. .  

Near*zero'emissions., Small methane figure for methanol 
vehicle. . I. . . .  . .  

. . I  

. .  1,' * ' . 
r '  ' . . .  , .. . .  

. .  . . I  r . -  
I .* 

I . '  . .  . .  . . -, 

. .  
I ,  

. '  

. .  
I ,  . .  

.. - .  

. .  .. 

a .  

I .  

. .  For all technplogies, pollution produced by the powq source or fuel production process is not hicluded 
I .  
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. _  . . . . .  . .  

. .  .. , 

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

e .  

. .  
. ,  . .  . I. 

\ ., ~ 

30 For all tecbnologies, &ions.om fuel source and accidental le$cage is not include& 

31 For ethanol, the 30 to 50% &&io& reduction m& be weighed against the considerable CO, C02 and nihogen compounds 
produced by bowing, fdizhg,  harvesting, drying and transporting the crops to produce the fuel. EPA &timates the pollution 

. . created by producing and b u g  a gallon of .ethanol is up to six times as much% producing and burning a gallon of gasoline. 

' \  
1 .  

. .  
. 

However, aldehydes are ndt produced (Frank, August 1992, p.106). . .  . .  
z~ , .  
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*IMPACT WEIOHTING'.,. 

The weighting Fheme'asswnes that.& impacts ,yill.be-iu;he ark of health (85% of the decision) 1 

For example; C02 ha$ &I impactpn the eneonment but fittle or no'impact onIe&h. For- CO, the 
.reverse is true.'Note et we y e  not co@ideringhealth impacts.derived %om enviromental &pacts ._ . 
as health impacts. We areying the more convktiod u n d e r s t h g  ihat,.for example, CO, is not . ' . . .. ' ' 

considered a.resp&tory%&ard (health) but is a greenhouse gas (eiwiro-ent).. 

In gened, the re*oning behind the weighthigs is as follows . . '.'. . ' 

. .  . .  , .  
. , *  

. I  . .  

* or environment (15%) and will:be,based on'each . .  poilu?ant's contribution to impacts iri thoseaks. 
. I  

. I  

I .  . 

. .  
* 1  * *  . .  

. . . .  ' . I  
. I  

I .  
.~ . .  . . .  ' .  . . .  

.. . 
.. 

I . .  
' .  . 

/ 
- .  

, ,  
. I  

0 ' ' .Carbon Monoxide (CO) - A modkte health &d for ik role .in &ace-level 
. ozone &eatiOn; iG environmentai effectis negQible. , 

I .  , .  
- .  .. , . .  

- .  
- .  . .  . .  I _  

e .  

. .  
- I  

. .  
; NonLMethbe Hydro&rbons' (NMHC), -.Serious health for its .significimt 

. 1 -  . . ,  
, -.. .. *role in, surface-level ozone creation; i'ts &&r&menta.l effect is -negligible: 

I .  

. .  

. .  . ,  . . .  . . .  
-~ . . .  * -  

. *  

,' ' 0 Methane (Met) - Important. greenhouse gas; negligible health-threat. . , . '. 
I. 

.. . .  . .  .. 

0 

I .  . .  
. .  

. .  
I . '  , .  . .  .<-. 

* ,  

Nitrogen Oxides ('NO> - S&ous.health hazard for theii role in dace-level ozone. ' 

. - creation; e o  a'significant greenhouse gas; . 
- .  

. . .  
, 1 .  

. .  I _  

. *  . .  
' \  

0. ' ,Carbon Dioxide .(COJ .*-, Statidcally &signifi&t ieeaith . , ,  iinpact but some 
. .. 

. .- 
. .  

- .  . ,  
' greenhouse impact. . . . .  

. . .  . .. 
. *. 

-: . _- . . .  . .  
'The choice of the five.pollut.ants (CO, CO,, NO, methane,. atid NMHC) was based partly on the . , 

_. availabfity of detailed tc$mical literature ahd partIy~onSAIC's judgment about the pollutants, likely . 
'to affect vehicle choice and pdlic- policy in the m&g decades. Additional poilutants, notably 
aldehydes and p&culates, Couldhave been added. The ultimate selection of five pollutahts was ' 

based o n  kmputational tractability. ' The 'specific kclusion. of methahe and' non-me&e, 
hydrodarbons , .  was based on the n&d to distinguish'natural gas-fueled vehicles based on &og-rel.ted 
and non-smog-related emissions; The impact of the various,poll&ts , .  per '&it emitted.is assumed 

. -  

~ 

not to change over time. 
' I  

, , ,, . .  
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' Table F-24, Pollutant Impact Weighting Factors(Hea1t.h vs; Envirokent) 
-. . 

I. . 

. .  

. -  

.- 

* .  
I . I .  . .  

. .. . .  
i . . . .  - .  

, .. , .  , . _  . .  . .  . ~. . .  
me database tr& elktric vehicles as zero-emissioe.vehicles . . .  (*vi) ii aCCorhctiwith ~alifiinia . .) 
regdations and showsthem, with. . .  zero edssions, .I . ' Powerplant 'e&ssio& are not .hcluded in the , 

database. Emissions for the gas &bin9 engines&e geneially guesses, Emissions levels for the.fiel 
cells. &e approxihxitely zeroy.except for NO,. TheemissionS for c&mthg cod.or natural gas,to ' 

'niethaiol or hydrogen for &e in thq fuel <eus ark'mt included.. Similarly, .emisSions'fiom ethanol , 

exclude' the CO, COD, gd'nitrogen. coxnpo&ds eniiaed d+g growing, fertilizing, &a&ehg, ., 
-.g, apd&orting*&e. crops. EniiSsions agd 1eakage:fiom tanks (e.g.; CNG and hyaogen . 
releases) q e  aisoaot considereci.~ ' . .  

' . .  

. .  . .  . .  

. .  . .  

. .  . .  ' . ,  
, . -  

' I  . 
. I  . .  . 

. .  . _  . . .  * , ... . .  

. *: 
. I  . . .  
, I  . .  

I I .  

DECLINES IN EMISSIONS OVER TIME . .. 
. .  . ... . . .  . ... 

The simple &ual p.ercentage rate at which, the vehicle emissions decline is based on an.eAensive 
review of the litei-igure for both thevehicles and'the fuels. . .  The decay rates'are . ,  provided . '  in'the 
following table. . , 

- .  
* .  

- ,  I , 

: .  
. --  

. .  > .. 
. .  . . '  

. .  .. . 
. .  . . -  

* . .  

.Table P-25.. LDV &AFV Emissims.DecaV..Rates '. , ' ' 

. .. . .  . .  

: .  
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J - .  . .  

. I  

. .  

. .  

-. I .. . . 

In general, the following factors were considered. 
1 .  ' .  

. .  
:Gasoline - Development -of upgraded.on-board Gmpixters for more precise spark I 
, timing and fie1 injection (so gasoline burns'more kmpletely and less HC's escape); 
widespread &e,of catalytic converters that will e k e  up to 99% of CO &d.NQx 
pollution 6y electronically preheiting beforea car shts; wnsequent ijiiease in CO2.. 

*Elect@ --.Assigned zero emissiok iq isol?ion of power so&e, therefore decay 
.function is also z&o: -Even if pow? source& . .  iticluded.ihere a. be-dramatic- 
reductio& comp.ared to'gasolhe emissions, depeneg on fuel b k e d  (natural gas or 

. coal) generate pow?. . Improvements in emission wntrols at the so&. %e expected 
to keep elec&city . .  ahead of gasoline. . ' . . 

Electric HYb+d/Gas Turbine -, Gas &bine.wou.lkemit insignificant amo~.&~ of' 
..pollutants, so .they ~ y x o t  need 8 Catalytic coke<er.. without including.'bower 
source, the e l d c  part would . -  have zero emissions (see above pkagraph;) Although..-, . ' ' 

. 

. 
. . ' I. 

. . 

. .  
. .  

. .  I' . 
. .  

' 8 .  

. . .  . - . I  
. -  

. I .  

. .  
I .  

I ,.I 
. .  1 .  

.~ . .  . .  . .  . .  
~ '. 

.. , '  .' . ' 

. .  

. .  
. ?  . '  - .  . .  

. .  
. .  

. .  I 

- .  . 0 .  

. .  
. .  

not yet engineered as such, turbine techr;ology has been fully developed. 

TurbindCNG - Widely used & other applicatior& wi" well-known e&sions. For 
. -  . - *  . .  . .  . .  

. .  

passenger vehicle. applications this t&nology will emit insignificant amounts -of 
polluhts and may'not need. cataIytic converters.' . .  

. .  * I I . .  

., 
. .  

, -  

. ,  
' ,  

- '  . 
Gasoline- Cl&.highly klicient yehicles Juch as the M-Miller Cycle engine vehicle 

. .  
. - are being developed in Japan (Japan 21% 1992). .I 

' Methanol N& - A dedicated vehiclehas . .  high& compression ratios, thus higher heat 
andN0, than gasoline I.C.E.; . .  high level of foddehyde (Oii & Gas, Dec 1991, p.59); 
high level of qarcinogen formaldehyde (02 & Gas, Dec 1991,p.59). .. 

. CNG - The cleanestnmning nonelectric production vehicle availahle today full-size 
Dodge van (Eiank, A u F  1992, p.105).' CO level .is 1/2 to'l/lO. lower, but NO, is 
higher due to higher p& comb&on temperature in the presence of excess oxygen * 

. .  . ,  . ,  
I .  , . .  

, a .  

- ,  
. >  

. .  
- .  . .  ~. 

k .  . .  
- - .  .(Oil & Gas, Dec 1991ip.59). . ' . .  

! - 
, . .  . .  
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. .  

- r  

. .  
. .  . .  . .  

. .  . . .  . .  . I .  

' ' . 0 . LPG- Loy'CO andHC; higherN0 (Oil & @is, Dei: 1991, pi60): In the 1992 Ford . 
F400 Medium . .  '.Duty .-TI&, -HC, sind NO, . .  are . L  significantly 'lower than their 
conventional equivalent, while COkmissio~ are comparable (NREL, . !  1992, On we). . 

* _  

. .  

. .  

.. 

- .. 

. .  

. .  
.I , . - . . Fuel -Cell/Hyi,lrogen,, and Methanol - .  - Would meet i \  CaWo&a's' no-emissions .' 

I . .  -. .re&remen&:for . . .  1.994 (McCosh, -1992; p.29); clea&$ emissiops of h y  fuel;:dsions 
' .. . .. . ar?.-ivater'&d . .  . .  a l ~ w  quantity of NO, (sAIC/ieport,.iih, p.22); teiiemtuie of thi  

.. . 
. . electroche%d'ition k low enoughto kqep NO, from being a$roblem . .  (Romano, ' 

. .  - .  . .  . * .  . . .  
\ *  

- .  ' >  
* . I  

. I  , .  
. .  

... . . 1989, p.75).'.: . ': 
. .  . 

. I  

. .  
' ' ' hoduction pro&ss reverses gains in e&sions; (202 & NO, are byproduck of' . *  . 

. -  - .  
. .  . - .  . -  

.' hydrog~production'(0ndrey; 1992,;p.30). . * I .  *.e- ' .: . ... ' 
, .  

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

Jcipan in,inveSting & hydr(igen-burning vehicles that . .  ai& far . clean& thm any . .  other . 
AFV ( M q k a ,  1991); environmentally-fiiendl~~-X by Mazda, a: prototjpe with . .  . 

' a l@lrogen-b;ding'rotary engipe developed already (Japan 21% 1992). . . * .  
I d  . 

. *  
.' 

0 Gasoline -Upgraded on-board computers for more. precise spark &g .atid fiel 
. ' 1 .ix&ctioq future Atalytic con)rerters'&iy ekhinate 99% of . .  polhion by electronically ' 

- . preheating.bef0re.a (Woo&,,l991, p:56). .' .. . 
, 

, I  

. .  I .  . -  
- .  

. .  
. . '  

, Possibilitties'of catalytic converters: For& '1993 E&ort/Mercq Tracer models pass 
. Califo&ia's 1994 TLEV staudar&'Coming's EHC piotoype passes . .  1997 ULEV 

0 

. .  

F-68 

st@.&d (Cogan, September 1992, ps.35); 96% HC and 76% NO, reduction.comparing 
1992 'td 1960's :vehicles (Frank, August '1'992, 'p.1.03);"improVements .ih refueling 
conqeCtion (Oil & Gas, Dec. 1991, p.38);' By 2003 the CAA coddreq*e 25% of all 
.US cars to cut HC by4yh, abd NO, by 50%. . .. By2006 100% of U S  'cars mW meet , 

' .  . 

. , .  @at 'standard (WQO~I&~, .i991, p.59). - .  .. 
. .  . .  

. .  
Electric - Dramatic reductio& &kipired to gasoline emissions depending on fiel 
burned.(riatural gas: or coal), emissionS .controls at the power'plant ind'type of 
geneding equipment (Frank, August 1992, p. 105). . . .  

. I  . 
\.: ; . 

Elect& Hybrihurbine.- No direct reference. 'See relevant entries ELECTRIC 
above and TURBINE below. . . . 

, .  

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

. -  - .  , 
# .  

I _  

. .  . . I  . .  
jmprovement potential. for emissions. & three areas: ~ fuel 

.. 
. .  . 

. .  

CNG - .Consideeble 0 

- .  
* \  

metering &d'&xing,, leaddilute combustion systeq, catalytic converters (Weaver, . 
199 l;pS.4-7). ' . .  

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

TurbhdGasoline-Gashbhewouidemitinsignificmt aniowits ofpollutants, may. . : 
not.need a catalytic conveker (The Wno& September 28,1991,p.95).- 

. ._ .. . *. , .  * .  . . ,  I .  . .  
. . .. . I  

* .- 

0 

I .  . -  
' , 0. ' ., 

. .  
Suel- CeWEIydrogen - Hydrogen 'already is the 'cleanest fuel available; only. ' 

em+sions q e  water and small qua&ties.ofNOx (SAIC/report, J991, .p.22). . 
I . . .  

. 

. L a  

. .  
- .  

8 .  

. .  .' . 
. .' 

7- . .  . .  
. .  

. V I  . .  

- .  
. 0 

. .  FUEL WERATING COST,, - , ' 
, .  

. .  . .  ,' I . .  

. .  ' This section doc-ents he1 operating cost in the database. The output of the database is operating 
* * cost for eight fuels, for &e regioxjs, through& penetration scenarios'(base, high, and low), fiom 

*: 1990 to 2030,; The results are expressed in co&t 1990 $/MMBtu: ' I 

The general approach * .  is to establish the current national average fuel operating cost for each fuel. 
, Regiod dif5Fences are'obtajned &hga w t a g e  deviation $om t h e m &  regional price and 

are as&& to re& &&t over thie. The mstahability of any.such regional price deviations 
absent. government inteivention (or unusually .ske.wed k x  policies) is questionable. ~ This i s ee  is 
raised 

Projected opekting co.sts.are foFd ushg a compound ann& percentage fuel price escalation rate. 

. .  . .  , ~. . .? 

. .. . \ .  2 ' -  

. )  

.- _ .  

1 .  

Section . ,  2 of the.report. 
. .  . .  

I .  . 
9 .  * -  

. I  ,for each indiyidual fuel, for eich sknario (base, high, low). - 

I 

. .  

' -  . - .. . 
The inputs used to forecast fuel cos& are: . 

. I  , 
- 

' . 0 'Fueioperati.bgcostin'1990$~tu. . , :-, 

. - .  

c 

* 0 . ' Regional fuel prie dBerences, as a percentage deviation fiom the minimum regional 
prices, by region, by fuel. 

c . 
0 Fuel price escalation, compomd annual percentage, all fuels individually, by scenario. 

- .  

., . 
NationalEnergy Modeling Syst6m. ' 

oTransportatIon Model Demand Sector Documentation Report - _ -  ' '. 

,_ ,. 
F-69 

, L 



* '  . .  . .. . . .  

' .  ' . .  . .  . .  . '  . ' 
. . ,  . 

I .  . .  . .  

I .  

. .  . .  . .  . .  
. . - 1 .  

- .  . .  
. .. . 

. .  

.. : :- 

. * .  
. .  

. -  

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

. .  . * .  . .  
I ~ .  

. I  . I  I ,  

. .. *. . . . . . The approachhas;the followingadvcintagLs: I . .' 
1 . .  

. .  - i  
. .  . 

, .  
. .  

. .  . . . . . ' ,O Projected fbel prices,should be relatively &&&tent vis.a vis conventional . .  gasoline and , 

. .  . .. . .  \ .. , .  
. .  .~ I otherfielprices.?. .. . . . .  

0 Updating.@d.revisiug figures based on future developmentsare.facilitated; , , . 
. .  . /  

I .  

. .  ._' . . 
. .  . 

, .  . .  
., 

I .  . .  

Electricity . .  
Hydrogen 

. .  , .  
. .  .. . * 

. .  . .  . -  . .  . .  

. $23.53 . -  

. $30.00 . ' 

. .  . .  . .  . .  . .  . . CURRENTA.VERAGE FU€L OPERATING COST -.  ' 
I .  

. .  a . . .  I I . < .  

, . .  1 -  - -. . . . .. . 
. I .  

. - . . . .. : operating cost is ieri~d fiom.'the.ciurrent iiationk average . retail piice e y  given in $/gain or 
similar measure; ' To allow comparisons between fuels, retail, price was converted intq dollars per 

' . A  ' ,I 
. .. . 

- 
. *  .. . . .. energy..&ntent ($/MMBtu). Retail prices by fuel are tabulated below. , , . -  

I .  

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

, .  .. 
. . .  

. ;  . .  7 .  
. : , 

Table F-26: 'AverakeFuel krices; $1990 ' .. . .: ;_ . . 
. .  . ,' 

. .  . .  . .  - .  

. . .  

. .  . .  
/ I  

d .  

i' 

- .  

Gasoline . . $9~70 . 

$7.69 . . - Diesel 

'.Ethanol : . . .  . -  $14.55 .: , 
. .  

. .. 
\ '  

. .  . ,  
&f&&ol . , : . ' . . , $19.23" . . I , . 

. - .  . .  
.- . . $8.50 

-" " .$7.83 

. .  
CNG. 

.LPG' _ -  . 
' I  . .  , .  

1 . .  

. .  .. . . 
. .  

0 .  

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

. . .  

-. '-REGIONAL D~FFERENCES, ASSUMPTIONS, AND CRITERIA 
. .  

. . I .  
. .  

. .  

. : 

. .  

. .  
. Regional.fie1 prices. are CalculateQ . ,  by adding a percentage p&e differential to the national average 
retail prices . .  foupd in'the precedinghble. The price.dif5erentials . .  for eachregion shorn.& Table 
F-27.are based on factors sich as'pro&mity'or . .  access to.major ports, production fields, refineries, ' 

. . statelregional c o k e r  price index, adequate .&iistruct&e, local producer and government suppod. 

' 

. 

I ,  
...a . . 
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These factors, &sumptiom and caveats are disc&sed afterthe table. The subsequkt notes raise 
questions about .pe sustainability of these, dBerenceS 3 a national market. 

. .  . ,  
. .  

I' : 'Table F-27.. Regional Fuel Price Differences ' 

. 

. .  

.. 
. *  

, .  .. . 
. - .  . 

. - .  4 .  

- , ,. . .  - .  . * .  Abbreviations: .' . .  
'YewEnglaud ' - _. . .  ,NE 

m. I , .. , MidSAtlantic . 

ENC * 

wsc.. ' . WestSouthCenpa! .'_ , - 
m c '  - '  WestNorthcentral . . 

t .  
' SA , ' SO&AtlantiC 

. EastNorthcentral . 
. .I . 

. .. . . .  I .  

MTN' . . Mountain. 
PAC . :  ~ *, Pa~ific; , . 

. .  

- .  
. .  . 

. . I  ,. . . 

. .  . 

. .  
I 

, .  
, 

. -  
I .  . .  .: EXPLANATIONS 

- 
. ,  . .  

,' * 

0 . .  Gasoline - In the U.S. M9onal market gasoline prices are essentially . -  the s h e .  ' 

' - , . -  . .  
.. - 

Diesel - In the U.S. hational market diesel prices.are essentially the same. . 

Ethanol - Mainly produced fiom corn in Midwest'states; the re&m that are part of 
it, or closest to it, enjoy lower prices due to advantages such as access, convenient 
transportation, and local support (i.e., state subsidies, farmers interests>. 

' Methanol -'Mostly imported, therefore.regions enjoying pro$mity and easy access 

i 

,. 
, I  I ,  

, 0 , 

I ' 

. 
. .  . .  , . .  

. . .  . , '  
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----,.-_. . . __- ~ L .-. .- -I,-- 

.. 
. . .  . .  

.) . 

. -  . .  

. . to'xmjorports i d  processing inhstru-, i.e., Los Angeles akd New &leans, .would 
have a price advantage: The :Pacific region also'benefits' from Califonria's acute 

. ' .  .. . .. I 

,. . 

, .  . .  

'. .. ,i$ere&.& this fuel, i.e., special incentives &om the state. Inflexible infi&mcture and 
' -  the high cost of liyhig in NE g.hd WNC explain higher prices in those regions. 

. .  - .  . .  ~. I 

. .  
Elech$city - . .  Regio&with &cess to relkvely abidant-and cheap. power produced 
by hydroelectric &d coal$ired power plap'ts benefit, . e.g., .. WNC, WSC, MITT, and 
'WC. , More.expensive pow& fiom . .  regions without lo&cost fossil fuels . ,  drives @rites 

. . .  . .  
. .  I .  

upinNE,:andMA. . .' ' ,  . .  
. .  . ,. '. . 

CNG'--.ProWty to.the rich 'fields in WSC imd MTN'benefits I . .  those regio&xmd - ' .  ' 

ESC, WNC, ENC and PAC. 'Competing iniports benefit areas,nm'major ports, i.e., , 

:PAC, ESC. .The'high.cust of living' and inaccessibility . ,  to fields drive phces-up'in NE. . , 

LPG ---Access to competitive . ,  imports %drefineries benefits PAC, ESC andENC. . ,  
Locfl.production and suppo; would benefit ENC . I  &d PAC. Higher transportation 
costs, ihfrastructure'inflexibility Ad higher cost of living puts NE ata disadvantage. . 

Hydrogen - I .  Accessto abundant riw mater&, i.e.,'especially low-co@ electricity 
benefits. &ch regions as PAC, ENC,':SA, WSC. Infrastructure and local support also 

. .  
. . I  

. . .  I . .  . - .  

. .  - . ,  
. -  

. .  
: . .  

, 

' .  

0 

. ' .. 

. .  
* .  

. .  
' 0  - .  . .  .. 

-. - I *. -. . I '  

' . .  . .  push prices down in.PAC. I .  WSC, Sips MTN, I '  

2 .  . .  
* .  

, . ,  .. 
. .  

. .  
'IMPORTANT ASSUMPTIONS AND CAVEATS. 

; ' c  . /  . .  
. 'Regional fuel pri&-dBerences .my pekist due to transportation costs from,produc+g 
. .  ~ .or &porting regions. ,.These differences, 'however, . . .  &e ljkely to be, nd more than 

.$:Wgdlon.equ&lent and'are generally less -. than . differences ih state excise taxes. . - .  . .  

. .  

. .  . - I , I  

Differences state excise'.taxes within a region c8n easily exceeddif5erences in - 0  
. . .  

I .  
transporntion costs from region to region. ~ .. . 

. ,  . 
. .  ' 

Electricity is shown at an average price. Off-peakeledtricity will cost less and on-peak 
electricity will cost much more. IfEV.sales are induced with the promise of daytime 
refuel&g at the office, much higher charges than $hose shown on the tqble will apply. 

. .  

National Energy Modeling !System 
. Transportation Model Demand Sector Docukntatlon Report . 

\ . .  
F-72 



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

. ,  .I . .  . " 
. .  . . r  . .  . .  

. = .  
. I .  

. .  . ,  , .  
. .  I ' _  

. .  _ .  
. .  . . .  . '  , , PROJECTED FUEL OPERATING COSTS ' -  . * . ,  

' .  . r  

. , .  
I ,  

Projected fuel operating co& are found using a fuel price.escdation ratq. This- section describes the I, 

escalation rate in more detail, .and provides a representative sample of the output. 

FUEL PRICE ESCALATION RATE . p .  . ,  
The escalation rate is a compound andual percentage, appIied to each fuel individgy: The rates 
for each fiiel and the assumptions b e h d  them are shown below;. 

' : . -  I . .  

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

, I .  
. '  

' 

. 

0 .  

. -  I .  

- . .  .. , 
, .  

. .  , , Table F-28. Fkel krice Escalation Rates [ '  

- .  
.. , )  . . .  

, .  . .  . -  
SOURCES OF ESTIR?[ATES: . .  

'.@ I Gasoline- Escalation &s for'periods: 1990-95.= 1.3%, 1995-2000 = 3.lS%, 2000- 
2005 = 1.63%, 2005-2010 = 1.24 (D.O.E., July 1991ip.25); escalation rates due to . 

I .  

. . .  
' 

reformulation:fkom 1990 to 2010.a 13.53%'hcrease every five years.(SAiC .& Oil & 
Gas, Dec 1991, p.61). Fuel prices will go up as oxygepate-hydro&bon'shift;takes 

I .  . .  
' . place by replacing aromatics with ethers (Upzehan, iggl). ' 

" . , 

. .  

. .  

. .  
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1 .  

, .  . .  
, .  . .  ' 

. .  

. . _  . .  
I . -  , .  

. .  

. . '  - .  
. -  

. .  . i  

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

,. , 
8 .  .. 

. .  
. .  . .  . .  

. .  
. .  . .  . .  

, .  * Diesel -.SAIC.' . .  . .  
. .  . .  

. .  

: - .  . .  
Ethanol - Current production is l.-billion gallons per.year; 3 to '8 billion gallons. 

' I .  

0 . .  - . 
. .  . . possibleby 2010 without exertipg mong upwiird pressure on feedstock. prices. 

. , .  . ,  . I  
.. ,~ 

. ,  _ .  . .. . . 
Meth&ol-Increaseof 19.31% ev6ryFnyears (SAIC.& Oil & Gas, Dec 199.1;p.60). :, . . -  . . .  

' 0  
. .  . . .  2 ,  . -  

i' 

. _  . -  

.. . 
-0  - Electricity.-SAIC: 0 . .  . . .  

. .  

I ' .  . 
, .. 

.. 

. .  . .  * . .  
0' .. . 'CNG - Inpease of29:18% every ten ye&(SAIC & ,Oil & &IS, Dec 199l,:p,60); . ,  ' ' 

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

. I  

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

. .  . .  
0.. - 

: 

LPG -.hcre@e of 27.94% every ten yeats (SAIC & Oil-&!Gas, Dec 1991, p.60). ' 

' Hydrogen - Projected operating co& for five-ye& &&als: $0.69 per.mile.by year * 

. " .: 2000, downto $0.18 by 2005, $0.15 by 2015, and $0.12 by 2020 . .  (SAIC/report, 1990); 
' I , the ,&el is projected to de cost kcpibdent with $l/gdim ofdiksel in the neiu future' 

. ' , (SAIC/BaU&d, 1992; p.1-22); dexkmd &dated by the Cl& . .  Air Act IC&%) of 1994; 
. already there is new'related investment new produ&ionpro&ses . .  could cut costs by 

. .5-10% and &&e capacity by 50% (Le., high tempeiature-steam electrolizer); 80% 

. . . '  .' I 

, I  

, .. . . . .  I 

. .  . .  . I  

. .  
0 -  

. . .  . . ' 

. ' 

. .  . . . .  
. . - . ' ,  

. .  . . of production cobs areeleckcity-related (Ondrey, 1992, pp.31-35). ' , .  

. .  , I  , . .  - >  . 
. .  . .  :. \. . .  

. .  
I .  

.\ ~ - J  ~ F U E L P R I C E S I N T H E L I T E R A T ~ R E .  , . . .  . - .  . .  
. .  < .  

. .  
. ' ! Gasciine-Gallon-Ecyivileni Unless sieceed) I . .. . 

. .  . .  . . .  
. .  

. .  . . .  

- .  Gasoline- $11.00 per MMBtu(refokmkited) By the year 2000 (SAIC /report, . .  1991, " I. . 

- I .  ~ p..26). $1.25-1.39 bythe.ye&'iOOO . . .  (C.E.C., 1989, ~ . l l - )~  $1.58 .@.O'.E., July 1991, 
. e. 9.25). $0.20 per gallon - rise . .  for'reformulated . .  gasoline . (Wo~oanrff, 1991, p.56). $0.32 

.. . jper'gallon (1990%) for gasoline.reformulation. for $2.08 puinp price in the year 2010; 

. 

. I .' . 
. . .  . 

, .- 26 cents:for $1.70;by 2005 (Oil'& Gas,'Dec 1991, p:59). . ' . .  

. I  

. .  1 .  
. , ..- 

. .  
. .  Ethanol Flex - $1-1.50 per gallon under expanded fuel ethanol . I  program; produced . .  

. .  

. I  

* .  
. from corn @PA, April 1990, p.i). 

0 . Ethanol Neat - $17.70 per.MM33tu by year 2000 (SAIC /report, p.26).$2:33 by year 
. ,  

2000 (C.E.C., 1989, p.11). . ,  
, .  

* ,  
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. .  
. .  . .  

. .* . .  
.. 

. .  I .  5 

. .  . '  . .  

0 ' ' .  :Methano1 Flex - $1.01-1.14 . .  establishid market &th guarantees. $1.14-1.35 with , .  r i .  
few guaranks (O.T.A., 1990, p.76). ;.$1.39 by year 2000 (C.E.C., 1989, p.11). $2.79 

.- ' 
', (Oil &Gas, Dec 1991, p.60). .". . .. 

, Mihano1 Neat - $0.55-0.83 wholesale.per gallo& of methanol, by y w  2004-2007 
.(CRS,1989,p.16): $1.35-1.75 by 2007 (A.P.I., August 1989,p.lO). $14.50 MMBtu * ' 

, by year*200b(SAIC heport, 199l;p.26). $1.29$37 dw&g atransition'phase, dth 

. .  . . .  
., ' 0 

.. . I  ' 

'" 

. I 

a .  

. '. 
strong maiket g1aranteeS,$l.61,1.81 with few. guarantees. $0.89-1.09 for an ' 

: estabEshed market, with “bong guarantees. $1:02-1.27 kth few guarantees. ' . 
. .  . ,  

(O.T.A., 1990, pp.75-6): 
. . . .  
0 .  

, .  . *  

0:' 

.- . . -  

Electric'- $18.00 =tu by year 2000 (SMC/report, 1991, p.26). $1.31 by year 
2000 (C.E.C., ,1989, $1 I). $5.28' or'15 cents kwhr if produced with nuclear power ' 

(Oil & Gas, Dec 1991, p.61): ' . . . ' I 

CNG.- $9.60 MMBk by ykar 2000 (SAICkpOrt, 1991, p.26).$0:84.by year-2000 
(C.E.C., 1989, p.11). $2J6 '(Oil.& Gas, Dec 1.991,.~:60): . 

.LPG- $0:98 by. year2000 (C.E.C., 1989,3p.11). $1.29 (Oil & Gas,.Dec 1991, p.60). 

.',: 
- . .  

. ... I .  .~ * 

. .  
* 'I 

, I  

. .  

. .  
. .  I .  

> 

. . . .  . .  ,' 

) .  
. -I . .. . .  

Fuel Cell/Hydrogen'- $0.18 :per . .  &e (SAIC/report, 1990); below' $2.00 if. 
substantial improvements.'can be '@e in 'photovoltaic technolo& (O.T.A.;1990, 
p.129). $3:50 if nuclear power costs 15 cents k w h  (Oil & &, Dec. 1991, p.62). 
$0.10 per miie y& 2030 (SAIC/repckt, 1990) More efficient solarenergy technology' 
(substantially above 30% today) is need& to produce'hydrogen by 'electrolysis (Tyler, 
'1990,p.20); research into photochemical k d  ph@ouoltaic conversion (Gross, 1992, ' 

p.74; & Hodgson,-1991, p.58);.pre.and pk-reforhers to increase Capacity of existipg 
hydrogen plants, boost yields, no major c h g e s  existing basic technology (Ondrey, . 

1992, pp.31-35). Efficiency hprovements in the' - .  production of hydrogen =.be 
expect to reach 70 to 90% once improved electrolysis methods are developed (Tyler, ' 
1990, p.20). Prom.kg productionmethodsmay b&g hydrogen closer to gasoline's 
production cost, elg., photobiological ahd photoche&cal conversions (though the 
latter's theoietical maximum efficiency.is 32%)(Hodgson, 1991, p.58); hydrogen is the 
most likely -en&@ source replacing oil ifll all applicatiob in &e ilst century 
(Templeman, 1991, ppi60-61). ' 

9 .  

I .  

' 

. 

, .  . .  
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i 
. .  

I .  . .  
: avhability in&e base'yeik 1990 as s h o a  in the.following..kjle. . I m p o & t ' l : o n  these . 

,values Gd their wage , I  ate kbsequently . .  disc&sed. 
. ' 

' ' Table F-29. Base Ye& (1 990) Fuel Availability, by Region . I  

, .. . .  . .  

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

. .  . I  
. *  

. I -  

,FUTUREAVAILABILITY '1 , ' . . . . . 
. -  . .  : - .  

. . . Changes in hfimtmcture and other growth fixtors thatare demanded by ah economically s i @ d t  . . 
ATF are, discussed in'this section, along with pertinent aSsumptions'and cav+ts. 

Fu&e av$lability is'dete&ed by changes 5 the regional availability factors dutlined & the 
previous sekioi Such changes &ect the differences between,gasoke.and each ATF, so.they are ~ 

repreienkd by an exponential rate of closLire of,&-awilability gap between 'gasoline and each A@. 

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

\ I  
. .  

. ,  
. . '  

. .  . . .  . .  * -  . 
, .  . .  

/- ,  . -  a * .  . .  . ,  . .  

. .  
.. ~ . 

. ,  1 

, .  ' I  

. .  

GASOLINE INFRASTRUCTURE A N ~  OTHER . .  . .  GROWTH FACTORS. -. ,- .. , 
. .  

. .  

, .  

1 There are roughly a million gasoline static&& the U ~ F d  States at the.present time. For any ATF 
to be accepted by the public a certain;th;eshold ofavailability must be rkched (aside fiom economic 
and other consideratiois). Attaining the threshold level would require . .  gove&ent'and private ; 
investments ih &%structure in the order oftens of billions of dollars in a very short time. It would , ' 

kso exclude the possibility of having more thgn'one or two competitive different fuels at one time. 

. ' . . 
' , 

, 

, 'The infkastructure required wouid vary.&nsiderably7fiom'fbel to fuel. The implications are explored 
1 .  , .  

, .  . 
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. .  

.. . .I . .. . : .  

4 .  

.. . . .  . 
- 3 .  

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

. .  . . . .  - .. -~ . - 
. .  . .foreachfuelbelow.' . . 
,. -. - . . . 

' .  

. .  
. . . . .. .Eth&ok.and methanol - a large I .  proportion of the existing equipment . . .  could be &wily 

' , adapted asthese two fuels have obvioG physical simiiaiities, to gasoline, Le., 'use. same 
- .  

6 .  

. .  
. . I 

. 
. $ m i ~ s  .mct.dispensing equipment. :However & the case ofqethano1;its corrosiie 

, . natureeodd dkdupgradingthe system'sreservoirs &dpi&s. Th&e&eadditional 
. expekes associated with differences h.water tolejmce'and fuel-&ntarpinatio~ *e, 

< .  . . i  . .  . .  . .  . i , ,  

I .. 

. .  . .  - .  
. .  . . . . ' :and explosion hazards.', 

. . .  
.. I 

L .  

. : .. 
. .  

0 

. . , 

, . irivatq prisii&er 

&G and LPG - I there is a small hhstmcture capable . .  ,of handling vehicle fleets 
'-&ccessfully.- Both fuels are, and yill continue to be, -tive .forsthe vehicle fleet 
.subset, because 'a, centrid refuehg site can Sehce the entiredeet.. However, h r '  : 

adapting . .  a single ?xisting iaioline,Seq+x .. ' stitioi I .  wouldreqiire 

. , .. -. . ,  
' .  .. : e '  

I .  

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

. .  ' . I k miuiqum . .  of $250,000 for a compressor. Such.a price .tag would rule. 1 out a wide. , 

, '*. . distribution network forpassenger vehicles unless-there is some goveeen t  subsidy. . 
. I  

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

0 :. Eleckcitjr - the-extensive existing electricity hfhstructure should be capable of 
- I  

. .  I .  . .. . . i e r i i qg  a labe nuniber ofVehih1es in terins' ck.megpvatts ofoB-jeak capacity.. on- 

long refueling time.'wo&ld:&e e .  f service '&tion refueling &possible, costly.adapters . '. 

'1 
. .  .'. I peak denkd  would cause massive cost i d  availability problems. 'Moreover, . .  since .. '' 

. .  
. -  

.. 
. . would have to 'find a place i.h every &r's household. . 

. .  . . .  
. . . . .  

, I .  . .  
-* . . . Hydrogen'- although there is 'an' aIm& ,limitless supply of raw materials (e.g.;, 

~ Gter), thek'G no e&sthg'h@astru&ure for the distribution of hydrogen. Hydrogen's 
. .. low m.ass makes it expkive to store since it m2 be liquiiied Or. bound to other 
. ' Subs&&. For thesereasons reaching the ne&Ssary keshold level would involve a 

. -  . .  .. . .  
. r  

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

I .  

, .  
-. . 

.- . i, 
, ,  

' much higher price..@ than for otherATFs. '. 

. - .  . .  
. I  . . I EXPONENTI~L RATE OFCLOSURE . . ., '' 

The growth factors-desded above'wereused to dete&e the eqonential rate of closixe in the . 
availability gap .between gdoline i d  each ATF, for each penetration . .  sceneo. Assu.mptio& and . 

. 

- 

. cavea'ts in addition to thk ones'outliued above are provided after the table. ,. 

5 

. .  
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. I , .  

c ' .. . .  , .  
. .  

' 

Table Fr30. Availability Gap Closure Rates, By.Scen&o 

. .  

. .  
1 .  

' .  

e,,' 

. .  

_ .  
t . .  

_I . . .  
. .  . .. 

. .  

. .  
' ASSUMPTIONS AND . .  CAVEATS' . * . '  

. .  . . . -  .; : - .  

.. .. . I  

. *  
. .  . .  

. (  . 
. .  

0 Ayelerated exponentjal rates in all penetration case$ especially,inhe high cas$, such .' 

that a common-&kef would appear in the United: States &thin ten, to'~entyy&s. 
The market . .  arrival t@e,.spah 'for each, fki was calciated.bFed on eabh fuel 
individually ;without any other ATF' cldenger. Such a individual :competition .' . .  i .  . . . .  

, approach is inconsistent with the 'model specifications. . 
. _ .  . _ .  1 

- e ,  

. .  - .  
'0 ' . Regiona.l-dB&en& in availability a&highly.Unlikely in &y nkio@ market though 

-.  
'they ciwexiit initially. ~ I .  . . .  

, .  
- .  

I 

. .' 
\ 

. I  Even though regional fuel price differences may persist due to transportation cask . . 
, fiom producing 'or importing regions, availability merences cknot, and 'will not , ' 

0 

persist if a.national market develops. . . .  
, *  , .  

, -  I .  
. .  . 

.' 0 ,' It is not clear what mnstitutes availabiliw'for EV's, i.e., whether refielingtime refers 
' . to recharging batteries as opposed to switc€&g them. Therefore arbitrary assumptions . ' 

have been made for this cat ego^. . I 
I. . 
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. ,  - - SPECIFIC REFERENCESAND SOURCES .:.,' . ' ' .  
: ,  , .  

. ,  

. .  .~ . . 
. -  

. .  
I .  , ,  . . .  

. Gasoline . - .. Refo&ulated . .. gG0li.e mai .reqqire $20' to $40 bwon'&\upgraded , , .  ' 

' I  
. .. , .  

0 
. . .  . -  . .  . - .  

. ' ' I '. resneriis (W~OM, 1991, p . 5 ~  
I .  . .  . .  

I .  . .  . .' 

.. . .  
. .  

e .  

? .  

. .  
. .  - .  . .- 

. .  . .  . . .. .-. . . 
. .  .. . .  .:& 
. .  . . 

*_ Methhol- h o t  be j&grated &to.curr& distribution~system ythout modifp.ing 
the system: 'Watertolkce'yd fbel'contamihation, mate&is kmpatibility & dorage ** ' 

, I  

. . -  ' 
and distributionsystem; fire and explosion hazgds (A.P.I., 'September 1990, p.27). 

I * e .  .. , .. . .  
- . .  . .  . . .  '- , . .'. . . . 

. . r  
.' 0' 

. , CNG-high pressure compreSsors~cost'$250,000 I, . _ .  eaCh~Woodruff, 1991,p.5$. - ' I  " ; I - * 

. .  J .  \ .  I 

1 .  , .  . .  . .  , . .  . - .  
. .  . .  

. 

'0 . . ' LPG.-There are~10,OOO propane refiieli.g&dions in theunited St&esz (Frank, ,1992, 
' 

.~ .. 
. .  * . *  

. I  

. p. 106). . .  
~ 

1 .  
. .  . ,  . ,  

. .  . 1 . .  
.. 

. .  . .  
, -  

. .. . . _  

' . -  . I  

. .  . .  . . .  
. . .. , .  6. . . . Hydrogen . .  - Supply.of,Hydrogen'(Frank,~August. .- . 1992, p.106). . . .  

- .  
. .  . .  . .  , .  

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

. .  . .  . -  . . , .  

. .  . ,  . . . .  . .  ' -. . .  . I  . _ .  . .. . .  . .  
. .  

. .  

\,. ~ . .  .. . .  . ,. 
I 

. I  

. I  

i I .  . ,  
, VEHICLE RANGE' 1 .  . -  

. - )  

. I  

. .  
- .  

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

. .  .'This'sectiondoc&ents' . .  vehicle range S the  dahase. . .  The ou@k of the. database is vehicle range 
. ' in miles for s&een technologies fdr three'vehicle sizes, thrbugh.three penetratiofi scenarios (high, 

I ' , 

. .  
' 

., a * . I  

. .  
... . 

. I  . ,  
. ?  ', - 

. . . low Ad base) fiom 1990 through 2030:. . -  
- .  ~. I , .  . .  . . .  . I  

. -  -. . * . .  
. .  . :  

. .  

n e  general approach is to' establish range (defined igaierage current miles between refbeling) for: ' - 
a miall vehicle, through - ,  in extensive litemture:search. The findings &e . i e d  as base range .figures , ' I .  

. . tri deve  . .  the other two vehicle.si&s*(e.:g., large &d m e d i i )  ushg'a F g e  credit or penalty. The . 
credit/penallyis expressed aS a$r&tage that lowers the base small vehicle range.. Projected range - .  

- is foupd by applying 'an k u a l  shple . .  percentage. gajn on the. base current f iwes'  for each \ ' I 

. . 

. 

. .  

. .  

. .  
. .  . ,  

, . .  . . . ,  . .  . - tec&ology.. . . .~ . .  
= ,  

. .  
' . Thus, the &puts used to forecast .vehicle , .  range &e:. I 

. .  '.c Miles betweenrefueling for cars ii 1990, . _  for a~ ticho16gies.' , . , . 

. -  
I .  

. -  

. -  ~ , .. 
. .  

NatSonal Energy Modellng System 
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. .  ) .  . 
. I  

. *  

. I .  

. .  
0' * . &ge &edit or'pe&lty for mid-size imd large cars G'l.990; @l'fuels. . ' . .  

I .  , I  ' .  * 

I .  

- .  
. ' *  

, .  

' 

I The rekts are displayed in hes.foraU vehicle-fuel typ& from2990 to 2030. . . . .  

. .  

. I  

. .  
I .  

.a 
. .  . .  . .  

I .  
. .  _. 

. .  
* .  

, I  _ I  .. 

. , . .. 
I .  

, .  

. .  .. . 
CURRENT VEHICLE RANGE .. ..I, .*.  

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

' * . ~  f ,  .. v 

, ' This section describes curient vehicle Age .  For each technolom, &e base & vehicle &ge .in 
. 1990 is based on the average numberlof.,miles between refheling fokd ih the Cteiture. .These 

figures are shown in the follo&g table, which dso features the range credit or penalty for vehicle 
size.. The.'credit is expressed as a.percentage *ranging from -10% k -15%, for q id  and large s& 

. I  . I .  . ,  I .  

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

' vehiclei respectively.. Sources for these figures are provided at the end ,of this section. . '' 

. . .  1 -  , . ... * .  . .  . .  . 1 .  
. . .  I '. 

. . .  ._  1 ,  .. I ,  
. I  . '  

' Table F-3 1. * Current Small Vehicle Range and 'Size Range Credit .' ' 

. .  

. .  

. . .  

I 

. .  

. .  

. .  
. .  . 

, .  
* '  . 

* .  

. ,  . .  9 .  

. ,  . .  
I .  
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SPECIFIC REFERENCES AND SOURCES: @ge in Miles) 
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. .  
.Gasoline-- 424 (u.c.E.T.F., 1990, pAoj. . I  . 

. . I  

.. I .  

. .  

.Diesel-488 (U.C,E.T.F., 199O,p.40). . '. 
. .  . .  . ,  

, '  . -  . 
~. _. 

, . .  

Ethanol Flex -'331' (U:C.E.T:F., 1990, p.40). . .  . I . -  . .  . -  .. . ' .  
. . .  . . .  . -  

. .  . .. .. 
Methanol Flex-350 for 1991 Ford Ta& 4D sedan; 460 for I992 FordFxonoline 

: ; 
&.@TREL; lg92,on line); lower h g e  than;gtisoline's by 40-43%, by 1995.3841% .' 
(D.O.E.,'AugUst . .. 1'990, p:13x 292'(U.C.E.T.f!.,. . .  1990,p,40). . .  .\. ' . :. . 

. .  . .. 

- -  
* .  
. I .  

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

Methanol Neat - 265 (U:C.E.T.F., 1990,,,h40). . . 
. 1  - ! .  . . .  . .  

. ,  

. i  

. .  . .  .. 
Electric'--'120 for.1992 GM Impact (G.M. Impact, 1992);.lOO,for .. Ford &.van - I-' ' 

1990, p.13);100, (U.'CB.T.F.,.19.90, p.40): 34O.at:25'mph . .  for Tokyo Electric - .  Pow&, , ' 

e .  (NREL, . -  .. 1992, ., on line);. Pb-acid battery = 44,.Ni$e.= 90, NaS = 207 (D.O:E.,AugUst . .  ' * . .  

% . I  

. .  
.; 

. .  . .. protome . .. ._ (Gross, 1992, .p.74). ., * .. 

.-Automotive Design's (The Econoxp& September 28, i991, pp.95,96). 

generator t o . r k h g e  its om batteries-(Woodr&.1991, pi59). ; 

.- , 

"Elec@c HybriiULarge.1.C.E. -250 for 1993 Ford d . V a n  (NREL, -1992, on line); '. 
'-40 for electric .engine eiended b g e  gasoline i.c.e. .for the LA301 by . .  Inteimational .I . 

. *  
.* 

. I  

.. . .  . . .. 
.. . .  . .  :. - .  . .  . . .. 

EIectric Hybrid/Small I.&E. - 30.0 for GM's HX3 gasoline prototype;'40 . -  kilowav : 
I .  

, .  . . _  

. . -  
. . .  . .  . .  _ .  . 
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; ." '  his iiFhinent :presentis. long-pain irojectioni of the %el. iiGciAy' ciegmiation. factor for. 

', driving . .  patterns I ,  .ihataffeCt &l economy. Thbe tren&.&cjude the increase , .  in &bah share driving, 
urban &nge&on, dndhighway'&xecls. :Theprojections.are developed for the pefiod 1990 through 

. I  . '  . .  ; ' ' automobiles and light-duty trucks,.' The projkctions . I  are based On the analysis of iinportant trends in 
, .  * . . .  

. . .  

. .  

,' 

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

. . .  , 2030.-, This appendix also outlines other efforts to project fuel economy degradation . .  fa&ors?2 ' 

' 1 . .  , .  . I  
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I .  
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I.. . .  , ,  . .  BACKGROUND ..I I . 
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- .  0 .  

. .  
A discrepycy :exids between a&omotive .fuel emnomy as ;mea&red iy .the En6roknental 
Protection Agency @PA) @der c.ontrolled . .  ;laboratory conditions and the actual fuel efficiency . '* . . 

. . . I .  

- .  . . .  
* observed under real "on road"c0nditions. Public andp4vate organiiations *s&h as the Department ~ -. ' , 

' ,  ' . ' of Energy (DOE); the Environ&&al Protection Agency @PA), Ford Motor- Company, General- . 
, 'Mdtors Corporation, and.?,4itditihi Mokv C.o&ration . .  have conducted independent resehrch on '' .' , , I 

' b o &  as "the gap'!) meahre$ this discrepancy and is defined asthe diBerencq between onkoad fuel . 

, emnomy @d EPAtested fie1 eqnomy? W'h:e&fuel e'cbnomy ,is expressed in , .  tw of miles per 

'. ' *.  
8 ,,' ; * fue1~economY;:i.n &ti pq' imijming & discrepimy23 . -  %e f~kl effieency degradation factor (also. 

I .  

. .  
. 

.. - 1  
- .  
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. g~ons,~G);~e.degradatio~fadtor.or gap isfonhulated as:, . . ; , .  I : . . .  
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, -  . .  

. .  On-road fuel efficiency depena ' , _  on several de& " .  ts whichcan tie classified into tec~ologi ia~  ; 
, -  

.. factors, drivkr behayioi and habits, . . .  dri&g t;ends, A d  roactand climate conditions. Furtheqnore, . 

the &tude,of the,,gap be-& test@ fuel efficiency and on-road fuel . . . . . .  efficiency dep&ds'on the 
. . specific prOcedures &d conditio? used du&g.&e test and the closeness of . .  the forqulations'used ' I 
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-. . :- EPA-fueleconomy -estifhates for ci$'and:&hway.dri&g &e . . .  published every year €or eachnew . : . .  
. .  _ '  m~del'available@the:U.S?~ 'These . -. MPG estimates&e obt&&,basea z i@vehicle tests performed . .  - ', 

&der :contrOildlabo&ory .conditiok'ahd'th& .. adjusted downwiirds to . I  reflek ktual 'driving . .  . , . 
conditions.. ISepade'tests . . .  aie&ed to generate the city and highway MPG . e h a t e s .  :. .: . . . . .  

. . . . .  . .  
. :. . . . .  I , I  

. .  . -  
. .  I .  

. e  . .  I .  
- I  

'_. i. , . * - .  I .  

. '. .' .The @A'cig-fue! epnomy 'estimates 'are based . .  on a %.that. simulates a 'n,5 mile; stop-and-go 'I Iiip' . 
. . ~ t h  an average speed.of - .  20 mph. .The trip lasts 23 minutes.id has 18 sto&'. \ .  About 18 percent of. :. 

. -  
. - &e &e is &t idliqg, Ach as;waiting <~ fortraffic &ghts.or in rush hour &Ec. . .  Two-types of engke ' _ . .  

starts aje used: a cold start.aida hot &&. TheFld start is similarto Startingthe &in themorning -. .: 
&e; it has &en p&ked all  night. . . .  .The hot stait is. similar to. re&g a vehicle , .  after . it has been , * 

wami* up; 'driven andstoppeKfor a sh&&e. 
. 

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

1 

. .  . ,  - .  
. .  . .  

' -  . 
. .  , .  

I .  

. .  . .  
. -  .. T& EPA highway fuel . . .  ea j i i ky  estimates represeni a mixtine &."nOn-city;' . .  driving. ,'segmeiits . .  

siuiulatqsa lO-&-trip kdaverag4 48 mph.."The . .  t e + . i s , ~  fiom'hot start ani haskttle i%g i time 

andnoGops.-. .I , .  . 

. . corresponding . .  to-merent h d s ' o f  rural roads and . . .  & A t e  highways &e hcl&kd; .The .test .. 
, . . 

3. ' 

. .  
:.. 

I .  

5 .: . . . :  . 
I .  

. .  . .  
. . 

1 .  

. .  . . .  . . .  . .  I .  .. . .  
. _  

. .  '. . 
- ._ . . .  . .  . .  I .  . .  . .  

. .  . .  

, .  

. .  
. _  EpA a d j q  &ese laboraky fuel epnomy ,.. e&s , downnwards to kflect actual driving on the rod-'. , .  ' 

e .  
i :  . .  

thecity-atesare - . . con&tion&k . .  the 1992 Gas Milwe Guide: EPA'Fue I Fhnomv Estimates 
. . .  

.. - -: . lowered . .  . . .  by 10 percent .and the highway e-tes by 22 percent fiom the laboratory test re.sults: ' . . 
I ,  

.. . .  ' These' adjuitment €&tors represent the EPA es@wt& of the fuel efficiency gip:for both . . .  city , .  aha , ., ' . .  I. I . . . . .  . .  
, I . , .  . . . .  

. -  . 

. . .  .. .. _ , . .  
highway&&g., - .  . .q . - ' 

. .  . . . . .  . .  . .  - *  .: . -  . .  . .  
, .  . I  

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

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

. .  - .  
. . . I  

. .  
. ,  

_ , .  
. \  . ' ~ . Fuel . . .  economy .gan'also . . .  be-qresented .- by a ciompsite'nukber that combines .city and highway l e 1  - 8  

' 

. .  . . . . . . .  - . .  . .  . I  _ .  . . .  . .  . .  
. -- . .  " .  . I ,  - . . . . . . .  

- -  . . .  . .  I .  

, .  - . 
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' - ' econopies. EPA dmpptes composite'fiel economies using the foliowing foridation: . .  
. .  

, .  . .. - I  

, ,  . . .  
. . I  

. .  . .  . .  . 

0.55 ' 0.45 ]-I ' ' 

. .  
EPA Cbnp$itc? MPG '= - .+ - . .  

.. 

. .  . -  . .  . '  . .  . .  
. . .  * I  

. ;. ' 
* .  I .  . , I. .; .* . . .>. 

. ..I . 
. -. . .  

where: , 

. . I- . ,  . .  . MPG,=Milespergal lonforcity,~~~ . 
... 

. . ' I  . I '  . .  
MPG,, = Miles per gallon for highway dri;ing . , . .  . .  . ,. . .  . .  

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

;' , I '  E P ~ s  composite formulation is'develop,ed based on 55% city driving and 45% highway drivhg. ' , .; 

. . . , 'comp,osite MPG gap for ,all new vehicles of ~ p e r c e i t .  * 

* ' , .. fohndation, combined with the CPA city and highway fie1 efficiency :gaps, .leads to a'baie . 

I .  

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

. I  

, .  * . . ,  . .  
' Previop.attempts at .e,&@g the bsise fiel'efficiency .. gap have been made, In 1978, McNutt et ' _'-' . 

' al., me&ed the gap for model.year 1974 through mqdel year 1977 cars. The resulting e k a t e s  . . 
of the gap were beheen 6 and 9 percent.36 In 1984, Hellman and Murre1 estimated's composite. 
I$PG gap of 15 p r c q ~ t . ~ ~ .  More r&x&.ly in 1992, Oak Ridge N&od  Laboratory ( O m )  repiked, 

base composi& . .  gap e-te for all automobiles $operationpre11974 to 1989 
The O m g a p  e'+te for light.fycks in operation pre.1976 to 1989 was 28.3 percent. For this .. 

Safety A&ninistration (NHTSA). These data were compared against on-road fuel'economy data . 

tatistics 1989, (2) the Department ' fkom (1) theFededHighWay . , .  Admbktmb * o n . m A )  ,Highway S I 

Conhption Survev (RTECS), and (3) &e Bureau of the Census, 1987 Cent& of T&portation, ' 

. ., 
- .  . .  

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

- .  .. 
f , compo& gap e&s that apply& - all . .  automobiles and light :&ucks h, operation?8 ' m e  O m '  

. 
.. 

' I analysis, . O N  us& E P A h k d  fuel economy data which w& v&e$ by the National Highway. 

15.2 percent; ,, . . 
. .  

I .  
8 .  

. 
. 

; ;  * 
. ' 

' ' 
* .  . . .  - ,  

, of * Energy, .Energy Inforhation Administration, 19Sli( Residential Transportation Enerm 
I 

. I  

e .  
.. . .  

. ,  - -  ' ' Truck Invento+ and Use Survey WS).. ' - . ,  

. .  . .  \ . .  
. Very few attempts .to for'& &ds in the fuel economy gap are avkable. In 1989, Westbrook aid . . . 

.. . . .  
e .  , .  . ,  

. -  . ,  . '  . .  
:' SkE780037 ' 

I .. . 
. .  

. -  
8 -  

- .  . .  ' .  , -  * .  ?7 SAES40496 , . ' 

. .  
'on E n m  DaiaBook Edition 12, ORNL6710, (Edition 38 Davis, S. and Morris, M, Oak kidge National Labbratory, T r a n s ~ ~ m  ' 

. .  . .  12 of ORNL5198), p.3-9J4~~h 1992. . .. 
I 

. .  . .  , .  
.Maples, John D., and Philip D. Patterson, "The Fuel Economy Gap for All Automobilesaid Light Trucks in OpekioQ Draft, 6 -  . .+ . .  

I Wa~hington, DC,1991.. . 
I . '  . I  
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* ?&on lrends'in driving pa& &d produced for.* of the fuel*e&nopy gap.for the 
. y& 2010:!9 . .  Their rekl~.indicateda . .  compdsite . .  gap.of 29.7 percent. for agomobiles for the ye& 

* 1 *. 2010, This'combined fuel efficient:gap corresponded to .. a city fuel efficiency gap of 23.5 percent 

' 

Ad a'highyay fuel efficiency-gap of ,30.5. percent. Organizatio& such as Data Resources , I - .  - 
Incorporated.@~ and Fvharton~~ome~cs.ForecaSting.Associates W F A )  be d u e s  for the . ' 

degradation-t$ctors that r e & n  constant ovkr thee forecasting horizon. w e  Dep-ent 'ofEnergy . 
'@bE). and. the Energy Jnformation Admini@tion (EM) the 1990.l%itional Energy Sktegy '  . 

' 

.. : . . .  . .  
,. .. 

. I  

... . .  
. . . (NES) &jected , .  &e fuel efficiency gap tq reach e .  30 &&nt by 2030 in,the.NES reference case.4 . .  The 

. . .. .'20 percent respectively.' Also, EIA @ the ;c\nnual Enerpv puflo ok 1992'(&0) projected the fuel 

, . .  
.. 

*.* . pro&& gap for the High Co&efiation and the Very egh Cons&ation cases o f G S  were 25 c d  

. 'efficiency gap to i&re&e.from.20 percent in- 1990 to 25 percent in 2010: '.' . 

. I  

. -  , I  * 

1 .: '. . .  
.' . . .  .- - , 

. .  
I .  . : . .  . ~ .  . . .  - . .  . 

. .' 
.... - 

. . & ongokg effoe'by DOE'S Office of Transportation Technologies in c'onjunction with the' 

.d;zt; trucl+through 2010: 'This work considers three scenarios based"on.clBerhg .assumptions:' 

. ,  

. .  . . U+versity ofTennessee ii'focused on f o i c d g  . .  the fuei efficiency .gapfor automobiles.+d,ught.. I .  ' 

- .  
I . .  . . - .  . 

. .  '.' about'urdan shares, highway speed,&d congestiond;ends. . . . .~ 

, I  .. . .  
. ' .  . . 

I '  

. .  
. .  

. C  

. .  . .  . I  . .  I 

This.attakhm&t preskts &dependent proje&oq of the fbel, \ ,  efficiency g& . .  to theyear . -  2030 for t y o  . 
. .  . .  . .  

.. -. . . . .  . .  _ .  . 'vehiiletypki:. . , .  
c . .  

t .  

* .  . ,  . .  . ,  . 
- - : .  . .  . 1) Automobiles,md \ .  

. 
. .  

8 
a .  

. .  . .  
. .  

I >  

' *%2) *LightDuty=Tnick. 

.The projections.are generated hasd on the-adysis of three important trends 
affecttiel efficiincyi .Thesifictors sire: . 

. .  . . .  
. .  

I _  . . -  
patte&that ' 

- .  . .  ' . ' 

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

- .  - .  
. I  

. 1) -ingeasing urb&.share . s  of vehicle miles-traveled,' -:. . . . ,  
. .2;) - increasing average highwy speed, ahd ,.' 
- 3) ' . increaSig levelof urban'highway.congestioh I.. .. 

- .  

.e 
/ .  . .  

. I  

. 39 Westbrook, F. i d  P a k o n ,  P., "Chan&g:Driving Patterns and 'l%eir Eff+ on Fuel Econbmy," presented May 2,1989 at 

&.Enera, C onsumDtion ad Consirvation Potentid: SUDDO rti& Analvsis fortheNational Enerw Strate% SR/NES/90-02, 

I the 1989 SAE Governmentlindustry Meeting, Washington, D.C; * ' . 

.. ' 
- '  . ' .  . .  

Service Report, p. 89, Washhgton, D.C., December 1990. . -  
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I 

IuitiaUy,'forecasts for ekh'ofdhese factok . .  w&e developed based odtsvo Werent growhsceniirios: ' 
e -  

. I  . /  

5 -. . .  
.*  * 

I ,. ' 1 

. *  
. I .  . .  

I .  

2- 

. - 1). . LogisticGrowth,and 
. 2) . 'LinearGrowth . .  . .  

These scenqrios are fully described as follows, ying urban she'growth as in exakple: ' . 
* .  

. .  - .  . .  . .. .: . .  , I (  Logistic Approach - * , .  

. . .  .. . .  
r .  

I ' Figure F-1 shows the historical urban share'of automobile W. driying fiom 1972 eou& 1990 
and a logist i i~me fitted to the histprical periodand extinid through the y& 2030. The logisiic . 

' share vqks are developed based on. a logistic functional form original€y for&lated .by Fisher &d 

r p r y 4 1  ariddefjnedby:. ' .' . . .. 

.:' . .  

I '  

. .  

- . '  

j .  . . ,  . .  , .  
. ,  , .  

. I  .. . .  

., . . ' I  ' .  

, . .  
- .  . . -  

I 'U I . .  . .  ' 
fm , is the urban share asymptotic limit, a and p are pketers'of  the logistic curve defined by: . .  

I .  ft is the base year @an shA, and 

Fisher, J.G. aild Pry, Rk, "A:Simple Substitution Model ofTechnolo& Change." Technolo&al Fore&nP and.Socia1 ' . .  .. . .  , Chancle, Vo1.3, pp.75-88, 1971. . 
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, ,  . . ~ . . .  . .  

. :  . ' ', 

, .  . .  . . . . .  . .  . .  . .  
a .  0 .  . .  . . -  

'I - ~ . .  . *  
hu . -  %the hahring..factor for the logistic m e .  The halyhg h @ r  is the time requkd. fkom the.base year for @e 

. . :urban &&to &h the'midpoint betwe% its base year v&e &d its aq&ptotic4$ni?.. : . . , . * .  

. . .  . . .  . -  - .  . .  . -  . - .  
1 .  

' . The logistic cWe in Fi&eF-1 represents . ,  the curve that best fits the historical data on urb& share 
for the. 1972-1990 period. . This :ciwe. is: generated-by assuming bo logi&c parameters and by, 
selecting a base. i h e  ye&. These *o $ammeter; ire:the asympptotii limit ani the hal*g factor. :. ' 
The asyniptojic limit represenb an upper &nit . . .  to thegrowth of the qban'shzge. The halving factor . 
is- a me-vement of &time needed for the-share tor&ch.thisupper,limit. -.The values for both : 
parameters are ,qecific to .the bek fit curve and they q e  ietermhed. using.k iterative appFoach * 

. - .  . .  

which ... inhhkes~&e~nim.of the squares of,the difference between *e historicd shares . . . .  -and the 
. . . .  

.. 
. .  

- .  . - .  
. .  . .  
-2 _. . : * '. logistic e&atai.ghes. 1 .  . .  

I .  

. .  . '. . .  
. \  . . .  
. .  

. .  .: . . .  
: . - ' . .  . . . .  , -  . -  . . (  

, -  

1 

. .  

I 

i 

. .  . .  . . . .  . I  

:4 

_,' * . -  I .  

. -  . . .  . .  

.Linear Approach . : ; 
. .  . ,  . . _ .  

. .  - ,  . . ~* . -  
\ 

If it.& assumed that the inban share will cdntinue growing , .  lin&ly, &e impact on the fie1 effiHency . I  

,.d 
. *  gap- diffek, Figure F-2.shOws the historical urb& share of autLmo%ile. VMT driving 1 .  from 1972. 

through 1990 ai3d both a logisticairve and a siniight line, fitted to the histor&xlpedod and I .  extended * 

. . through the year 2030, Thi link share:forecasts deyeloped by s&plere&ession'&e co@iderably ' . . , ' : 

. .  . .  larger @apse resulting f i o i  the logistic .iimctiona~ for&. ., , . .  .', , .  , , . '  . .  
.. . ,  . , I  , .  

* . .  

The conclpions of the repoitaoted that the logistic approach . .  seemed to Geld a mor? realistic 
projection ofthe gap. "QS was based. largely on  intuition,^^ the logistic.appro*h can accouqt for 
co&aints.which.the lin&.approacK c&oc As a result, logistic data were.used 
model and-are presented herein. . 

A @tal of two sets of projections were generated for ~h of the vehicle types,factors, and.sce&os. . ' 

The fist was based.on$he aSsumption'&taU - urbai driving city dri&g rural.drivhig is , 

'highway drivirig. Fuel.. e w n q y -  gap 'projections generated in the p&t are-based on such an ', 
asspnption,.as it .makes the gap'calculations considerably easier. However, the assumption , 
oversimplifies rea& s&ce some of @e 
.lo& in urbah a r d ,  and some ofthe rural driving kcludes stop-and-go city-type of dri&gl .The . 

; 

forming the *. , 

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

! : 

drivingjs on.inte&tehighways and other freeways . ' 

' - *  -'second s.et of projections were . .  generate&.&hg &to consideration the decompositionof &ban and 
drivir;g into city and highway dri&g according to roadtypes. .:This adjked cityhighway 

d r i ~ g  share approach was deemed more realistic. ' This is due to the fact th? &ch an approach 
more closely ikseqbles: actual'driVing behaviour-and consequently avoids'the I . .  I restricting as&ption , /  I I 

, 
I 1 -  - ._ . .  

. .  . .  
* .- 
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. ^  
. I  
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. .  
! 

. .that u r b ~  driving is equal to city .driving and mal dr;iving is'equal to higkvay.driVing. As such, 
,only these calculatio& areincluded in this attachme& . _. . 

The decomposition is based on road types. bus,'VMT diiving on roads identified as'"interstatk".. 
.and "other dieeways and expressways" 'in &ban areas are considered part of the highway diiving . . 
share. , &her road types located id &ban ar&.are ensidered part of the city driv&g :share. In 
*addition, VMT I .  driving on roads defined as "&or ~ ~ e c t o $ , '  and l'local" in nndl '&as are classified , ' . ' 

'. as c'ity 'driving while the rest of the road fypes i.y rural area sire considered hi&ky driving.. I . ' '  . 

. 

... . .  . %. 

. .  
. * .  

. I  
I ) .  

- .  

' . " 
. .  

' '  Although this r o k  classrS&on does not exactly replicate reality,,itis a closer representation of the . .  
.. . 

actual.cityh@iyay drivkg composition. 
. ,  .. * .  

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

. ,  

. *  Approximately 63 percent of total 1990,VMT wns~ed of Wving inkban areas and 37gercent @. , 

. rural areas. 68 percent of the .urb.m,W 'is consid&+ c i ~  & h g  and 32 percent 'highway driving: 
' In &al keas,' 17, percent is coniidered city. driving ?dl 83 percent highway driving. This: . ' ' 

, ' .  . .  
.. 

, .  

I 

.. . . .  . ,  
composition represents o v e d  city and highway driving shares for 1990 of; .: 

. .. . . .~ * .  . . -  . .. 
. .  * .  

. .  - .  
. I  

. .  
' . 49.1 % 

, .  
. . -  - ,  

. cityshaie: . 
Z .  * 

. , .  ' .  

-. ' . . .  . ' .  
, .  

. .  , . Highwayshare: . 30.9 %*.  
,. . ,  

8 .  . ,  
I .  . . .  * ,  

. fiese adjusted-city and highmy shares'are the bises forthe calculation$ of the fuel efficiemygap . . ' 

' projeons in this chpter. The'impact on he1 efficiency,'fiom each of the three factork considered, 
. ' 

- 
, @ this &dy,'is affected by these adjusted shares. 'The impact fiom the incr&&g urbe-share trend 
, is diminished since ody'part of the urban shef68% .ifi 1990) .is-vnsid&ed.city shae. The inipgct ' . 

. *  

. 1  

fiom ixicre@ng &&way speeds isampFed since highway. driving in both urban and rural areas is 
considered. Finally, the impact fiom'inckasing urbanhighway congestion is cbi@shed sinceonly . ' ' . .' 
part of the urban share is considered highway drihg. The'iesul&g fuel efficiency gap projections 

* for automobiies and light' duty trclcks using the logistic Approachbased on these adjusted shares will 

' I  

' .  . 
. .  - .  

, ' .  

' - i  

, *  . bepresented. 
. .  .. . 

i. - .  .; , 

, .  
1 .  ' 

. .  ' .  . I  
I .  . *  _. 

- 5 .  . .  
. .  

., 

.. \ .. . I .  

. .  . .  . .  . .. , -  

I .  
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This se@ioxt outlines,the three trends which are as&ed.to affect the fuel efficiency gap estimates 
. of the.EPA. It then preseni the projectioris of the fuel efficiency gap which have been tltilized in . .  . I ., . .  

8~ ..the NEMS Transportation.S&ctor Model. * . ~/ - 
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. .  . . . ' A reyiew of the data &om the last few decades on VMT for bot& automobiles. and'sgbt duty trucks . 

. reflech a coxitinuous &r&e & the share 'of urban dri*gP2 For automobiles the urban share 
. a _  increased fiom 45.4 pera5nt in.1953.to.62.9 in'1990. Fi&e F-3 shows the'hikorical urban share . 
. . .ofv-h;rr'foiyutomo%ilF. This . .  repiesegts . -  a 38.5 p e r e t  inheaseii 37. ym, or .an average annual ! 
. rate. , .  of inciease of 0:88.percent. For light'duty.trucis . .  the +ban share h&&ed from 39.5 percent 

.in 1966,to _ .  i5.4 in 1990.' kigure F-4.shows thehistorical urban share ofVkT for light duty.trucks. . 
. . ..ThiS'iepresents i4O.i perc&t&creaie in 24:yeaii, or a i  average aigmal rate oiincreaie Of i.42, * 

. . . .  . .  I .  .- 
. .  . .  . .~ , . .  . .  

, -  

. 

,- 
. .  

. 1 '  

.. . 
1 .  . , .  

. -  

.. . , I .  

. .  .. 

, ,  , "  
* . ' I  

. . pkcent... . .  , . . 
. I  

. .  . . .  
. .  . 

* .  
. -  - 

I .  . .  
. -.' Wistbrook and Patterson.investFgatd . .  ,. the . reasons for this &&ease in urban share by analyzing the. ' ' 

. *  , .. . data for the . ,  period fiom 1975 through 1985143 Their results indiged that the major~reasons for this ' 

. .  
&&ease are the larg&Won.of .travel in urban' roads and a larger fraction. . .  of roads being classified 

. . the &gei fraction &b& drivkg which has estimateq to be the-cause for 58 percent ofthe in&&e 
,.' : 'in yban share. ' .  The other 42 percent.'@r&e .was determined,to be the..con&quence of the , 

reclassification a .  of ro'ads fiom rural .. tomb& Any ar& r&lassified by the U.S. Bureauof the Census 
..' &om rural to kbq6resuIts in the reclassification of all roads (regardless. ofthe,.type) & wban. . 

. 
. : .  . .as  ban. Pophation shifts to uiban areas'and driiing shifts within mekopohn areas accoUrit.for 

. . .  
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. .  
. ' ' 

i I ,  

.~ 
. 1  . .  . .  . .  
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. F o r d  ofthe.shares'of kbmkd @&way driving are necessary in order to forecast the change 
in.&& &el effiiiency gip.d+ti changes in iiriving. s ~ i s .  It 'is Very :=cult to draw. io.nic1aions' 

* about &e in&eaiiig%end in.urban driving; Nevertheless, it c~ be .expected that population shifts 
. .  . \  

. - 1' 

.' ' *. 

. .  -. . . 
to urban area$ will con&ue'ed &t future land developments will force . 

. .  . .  
/ 

. *  .. 
!. I 

. .  . .  . -  . -  
. .  

Dg on VMT is publishes ann&y by the U.S. D e p e e n t  of TrsinSporta$on, FederalHighway Adhis&&' 'on, in Hivhwav ' 
. .  . .  

. .., 
.. I .  

? W&brook; F. &d P k o n ,  P., "Changing Driving Patterns and c e i r  Effect on Fuel Economy," presented May 2,1989 at ' 

.. - d e  1989 SAE Governm'ent/Industry . .  Meeting, .. Washington, D.C. . '. , .  .. 
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the reclassification of d. areas into Vban.ar&. Ifwe/&sume that this rate ofincrease in urban 
sh&e will g raddy  diminish and level off, the logistic path- applies@ee Figure F-13.. The 

- .  , I  

‘ calculations for:logi&ic growth o f & r F e d  &ban share for automobiles andlight trucks follow. 
I .  .. . . .  -. 

. .  
. . I  . ,  ’ I -  

, ,  
Automobiles: I . 

I *  

.. . .  

Table F732 s m m m b g s  the hp&.of the ‘ a d j e  logistic city. share growth on the ixmposite he1 
efficiency gip for -automobiles.. The :adjusted logistic city share projection for the year 2010‘ 

. becomes’5l.l percent as Arnpsred to thgunadjjusted logistic share of 66:s perm& in the-year 2030,. 
the projection * .  l&Veisi$iat 51.5 percent as . 1  compared to ah ;nsidjusted 67..7, percent projected * 

. . ‘ 
. *  ’ 

- *  

. . 

.. . .  . -  
2 .  

I .  logistically.. me adjusted 1ogistic.foreixsti of city share increas<are translatedinto fie1 efficiency 
gap of 16.05,percent by the yt+r 2030.’ This represen&& k&ease. of only OS5 Berkentage points’ . .  - .  

. I  
. .  over the base gap ‘of 15:2 percent. ’ ’ . 

Light ~ u t y ’ ~ m c b :  .. I 

The influence ofthe adjktedlogistic &ban share g r o d  on the composite fuel efficiency gap for . 
light duty tr@cs’is . -  presented’in Table F-33. For.the:year 2010 the adjusted logistic city, share 
projection bebmes 48.8 p&cenias compared to .an unadjusjxd logistic share-of 62.3 perint. For the 

. .. 
- _- .’ . . , .  . -_ , .I. . . . .. 1 ,  , .  

. .  , .  . . .  

* ,  

I 

-. 

* year 2030,. the projection. be.@ to level .off at 50.3 -percent as compared t o m  unadjusted 65.2 
” , percent projected logistically. * .  The adjusted Iogistic forecasts of&b&i share i.ncre&e.Fe k l a t e d  

into a fie1 efficiency gap of 29.73 percent by the year 2030. ‘This represents an & c r F e  of only 1.43 
percentage points, over the base gap of 28.3 perknt. - 
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Sourcis: B& Gap fiom O M  1992, Urban Share Forecasts &sed on Fislie &Pry Logistic , . 
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a' /ncrea$ing High way i 
- .  . ,  

Speeds 
. .  

. I  . .  . .  
\ 

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

The &el Gf speed of a iehicle is one of $e relevint -f+ors that affects its fuel efficiency. . 
Specifically, it,has been determined that speeds.over.45 . _  .mph . decr&e &el efficie&y for most 
veliicles. Fdeiniore, EPA. estimt+ that traveling at 65 mph.as - ,  compdred to 55 mph lowei'fuel . 
,economy over 15 
ofa fuel economy study performed by the F e & d  l%ghway Administration &I 1984:"' This'study 

. 

:dRNL's'1992 Tmor t .a t~ '  'onEnerp Data Book presents @e findings . . ' 
' .  

,' ' . 
. _ - .. '. 

'concluded'that, on avepge, vehicles e & ~ e n c e  fbel.efficiency losses of aboutl7.8 percent . 

. their sp.eed i s  hcr&,ed eom 55 mph t0'65 mph. This is equivglent to areduction of.l.78 percent- 
for each mile per hour'inpease ovir speed 

.. when ' .  . .  - 
: L 

- .  Eom 55. mph to '65. mph. . . - I '  . 

. . -  I 

. .  .. , 

, *  . I .  
, a .  * . ,  

, .  
I ?  

:Average highway speeds &the United S&&s have.shovin & inckiisig M d f o r  several yeak with. - I ,  ,. . 

.few exceptiom. Figure F-5 presents average high&ay-speeds & mph for the la& 45 years. The data . I . , ' 
hithis f i h e  indicak two different , .  incr&g trend p ~ o d s .  .' The .M,period &om 1945 though ' '. 
1973 'correiponds to the 1Fgek rate of increase on highway.spe&; During these year$, highway 
.speedincreasedatanannual~Ofl.l3percent. . I  I .  In 1973, average@ighway.speedguddenlydroppeci : , .; _. ' *  '. 
'from about 66 mph,to.about 55 mph. This suddeqdrop correspondsto , '  theimplementation of the 1 ' 

rate. h t h e  1974-1990 p@od the an&d*&.of speed incrwe'h been 0.15 percent 'A closer look' 
a t t h e p o ~ - l 9 7 ? p ~ o d i n ~ ~ s t h a t t t h e r e s t o f t h e  . .  197Os;the averagespeedre&ed fairy . 
cqnstant between '55'hd 56 .mph; &d, through the .198Os, the annual.jate of increase was 0.34 

' 

percent. . -  

' 

. .  . I-: 

. . _  -. ' 

nationwide 55 mph . . .  speed limit. ..After 1974, &e hckasing Irend'has &ntinued at a more moderate . .  . .: , . .  * 

.. . . 
. .  , . . .  . .  . *  

. I  

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

. .  1 . .  , .  , , .- . *  . 
.The increase id 'highway speed & also be ill,yitra&d by 'considerkg the percentage *of nnal and . 
urban VMT driving over 55 .mph on dighways with poked speed limi@ of 53 mph.- Figure F-6 
presents'these d& for the'x981-1990 period; hody 9 years, the percent of nnal VMT I .  driGing over 

. ... 
. ' : 

. , 
I * the 55,mph speed limit rose from 46.4 perkkt6 58.7,percent for a total of 12.3 percentage points.. 

. ; The perckntage increase h kbSa.VMf diiving-we even mire *c, :from 37.6 percent to 53.8 . 
. .  

pqent.for a total of 16.2 perceita&ioints. ,. mk percenttag? eitieeding the speed limit is far fidm , 

homogeneous. SignificantdiEerenks , .  exist . 

' wbad areas. For instance, in 1990 the percentage of veKcles exceeding the 55 mph limit in urban ' 

' intekatehighways in New York was82.5 .as compared td'68.2 in califomia.and 011ly33.7 +I S o d  

across states, highway.types;kd'location I .  formral or ' , . *  

. . . 4 .  

. .  , 

' *O DOE/@'A,.1992 Gas Milape: EPAFuel Economv Estiniates, DObCE+9/10, October 1991: ' . . .' 

' Administration, Fuel ConsumDtion and Emission Values for T f i c  Models, Washington, D.C., May 1985. 

. .  \ .  ' 

.45 Davis, S. andMorris, M., OakRidgeNa,tionalLaborato~,T6nswrtation En-DkBook: Edition 12,0RNLd710, (Edition 
12 of ORNG5198), Table 3.42, p.3-66WCh 1992. 1984 data from U.S. Department of Transportation, Federal Highway 

I 
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. -  
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. 
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. .  , / . .  . 
. : The e*&tion of the'overall &pact of speed vends in fuel economy is dependent on the specific 

data type selected to measure :&.is ,trend ahd on the methodology used to for& this trend. .One 
. &uld ch0ose.a di&gregated approachin . .  which speed'trendforecw, &e developed by urban and 

rural-driving, .. highkaytype, and vehicistype, for ezgh state; Given the time.limitatiom, the cursent . .  
, e nationwide average highway speed'for all vehicles and highway .types. Average 

. .  

e . .  

* .   study'^ th . 
, . . .  . . .  .. . . .  

. ,  . , speeds Poq-l'i80 qeused f the%& td generate:forec& ... ., ' . .  
. .  i .  

. .  . .  . . :  
. . .  

.. . . .  . .  . .  . . .  . .  . .  I ._ . 
.. '. .As Figure F-5 illustfates, average highway speed is influenced by regulatob policies . .  such as the - '  

.' . implementation . .  . ,  of.the m&onwide.speed , .  =;in ,1973:1974. . / ,, .-Other factors affecting speedmight' . ' I 

I 'include . safety &d envjronmqtal regulatioh, gasoline prices, oitshortages, hwme fluctuatioxk, etc I .  

Althougha~methodology to fore&& speed trends which kcludesall relevht factokis deskb1e;a . . .  : 
, I  

' .  
. .  / . ' .  

. logistic appro.ach &sed Onhisprikal .. trends has been applied. . . 
. .  . .  ~ 

.- 
, _ . I . .  

- . . .  
. .  

* .  

Automobiles: -' . . .  . .  
Table F-34 A s  the &pact of the &ljusted highway share speeds on the composite fuel: ' 

. effici@cy gap. for automobiles king the logistic approach. U-e t h e - a d j e  results , .  for the urban 
driving share; the fuel efficiency, gap f o r e c k  indicate that in2010 the'gap h& in&eased to 17.02 

. 'per&& which ii greater than '., the unadjustedJogistic . forecast of.16.58 percent. By the.year 2030,' 
the djusted f o r d  is 1827 perkn~%hich is:above the:unadjustedlogistic fore& of 17.41. By 

. .. 

the year 2030, the adjusted gap is 3.07 pekent above the.base gap of 15.2 . .  percent. I . ,  . .  . _  . .  
. .  . .  

. .  
- ' - ,  
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' . Table , . .  F-34. Automobile Fuel'Efficiency Gap Projecfions: Logistic Growth, of 
,. Average Highway Speed (with Adjusted Highway Driving Shares) 

. .  .. I 

- .  . 
. r  

, .  . . .  . .  . ,  

. I .  

' -  

. .  , 

. . .  1 .  . 

56.60 . 59.75 I 60.23 . I .  60.69 57.41 . ." 58.06 58.66 ' .  59.22 
. .  . 

i520. 1520 1520 1520 
. *  

I . .  - .  
'. .. 

'15.89 . 16.31.- 16.67' 17.02 
. -  

10.69 . , 1.11 ' . -1.47 . . 1.82 
. .  

i ' s .  

. ' 1520 . .  1520 1520 1520. . .1520 

. .  
. 1738. -~ i7.70 18.00 

2.18 :250 2.80 
. . _  . ,  

-. 

. -  
' 15.39 

. 0.19 

l8.27 

3.07 

. .  

, * Sokces: Base Gap fiom-ORNL 1992;Highway Speed Forecasts based on FGher & Pry Logistic' . ' 
,FUIlCtiOn. . .  * 

. I  , - .  
- .  

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

Tab1e.F-35. Light Truck Fuel Efficiency Gap Projection: Logistic Growth of 
Average Highway Speed (*th Adjusted Highway Drivjng Share) 

.' . 
: .  - 

I .  

m$#& ........A 

.::.:.>..:.. .. :.:.:.:.:...: ...._t..i - - . .  
60;69 

28.30 

31.01 

2.71 

i . . .  
. ., .,,. :.:.:.:.: ,... ... ..... $#@I* . ..... ...... ......... - - 

57.41 

. .  
I 2830 

. ,  

28.95 - 
0.6i 

I 1 l -  . .  
. 59.75 6 0 3 '  61h1 '58.06 . . -58.66. 59.22 ~. 

.. 
' 2830 . .2830 . ',2830 

. .  
. .  

,2935 ' 29.74 I 30.07 
.. - 
1.05 . ' : l.4 1-77 

. -  

2830 283.0 . 28.30 

,30.43 '30.73 
. . .  

3129 

2.99 . .2.13 (1 , 2.43, 
. .  

% .  

Sources: BaseGap &om pNL 1992, Highway Speed Forecasts based on Fish& & Pry Lo@stiC 
. I .  
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Table . .  F-35 displaykhe fuel efficiency . .  gap projections for light duty tmc& as&ni.xig logistic growth 
.for average highway speed-and an adj&ed driying 'share to reflect the city to highway driving . .  * . 

< 
. . .  

'proportion. The-adjusted logistic projectioqs imply that the.fiel efficiency gap for light duty trucks 
. .  will be'M.07 @cent for. aq &pease of 1;77 pe&tage poinF iver thebase gapin the year'2010. 
,The gap'forecast i s  lgger'than .. . the u&djustedlo$&k .. .. projection . of29..74 percent. .'By'2O30 the 
Bdjusted lo'gistic for-.& . .  2.99 perce~'&ove the b&e gap of28.30 percent, we the unadjusted. 
logistic k 2.39 percent above th& base gap. This ~ p l i e s . a  fuel efficiency gap . .  of 31.29 p@rcent.in 
2030- 

. .  .. 

. .  
< _.. : . .  

- .* 

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

> . .  . 
. .  1 . .  

.̂ . .. 
Increasing Urban Highway Congesqon ' . . . .  . .  . t  - .  

. .  . . (. . .  . ._ , 
. .  

. .  . 
. - *  . . -  - 

. '  . -  . .  

Congestihn is aprimary is& ofithe.dom&c transportation system. Urban congedon has h&&ed 
I , .. 

&the last d&es in most xnetiopolitan areas as e q m i o n  and Gnprovement of the transportation. 
system lagged behind.the rapid growth of .travel demand. . . *  . ' . 'I 

The Federal & l ~ m y  Admkktration (FHWA) clakifies the two major causes of urb? road 
congestion.as .iecmi& AigFstion .arid non-rqc-g corige'stion. Kecurring congesiion . .  is that 
congestion wqch is the consequence:of inadeqwte,roati capacity,:reduction.of through-put l a k ,  
Gowing . I  of lane @dths,.physical..b&ers, inadequate . ,  traffic light .. synchro&tio$ . and other 
:simil& ca&es. FHWA e- that'r&&nt wngestion accquhts for 40 . .  percent . , of all urban road 
congekoa;. Non-recurring 'congestion &&at congestion resulting' from disabled vehicles and. 
accidents.. FHWA estiiktes-that . .  disablement , -  &Gt for 55 percent of over& urbah congestioG 

I .  

. .  . .  

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

. .  . .  
- i :  . . . -  * :  

- .  . . -  ' .  

, .  , .  with the.rem*g 5.percent due to accidents. . '. . . .  
. I  . . .  . . .  . ,  . .  - .  

One of the most %portant r o d  types within &ban arkas in which congedon tabes place is urban . -  
. . .  . . freeways. :In 1990,: 32 pkcent-of the total vehicle miles of travel in urbah are?' erresponded t o  ' 

. k v k y s ,  *e fieeways comprised only 5.7 percent of the yrban roadway mileage.& The increase ' 

, in.urb&.&rigestion czq be analyzed by cobidering the-hcr&se in urban $h4T & compaied : 
. to the &-.e . in'urbadane I .  mil& Data &riesponding to the period 1975-198~.~dicate that urban 

demand growth rat&:& over 4 ,times the rite of new urban'lane 1 I  capacity .growth: This 
. coire@n@s to an incr&e in.the.average urban through-put (urban VMT per mile) pf38.9 percknt. 

, ' ' 

. I 

\ 

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

I .  

U.S. DOT, F'HA, . .  JXiPhwav Statistics 1990. . I .  

. I  
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. .  . . ,DBering methodologies have ieep developed d y t o  m&e the e e t  and dyration of &ee&y 

, congestion j~iurban,&&is?~'~~ Hanksand L o w  of the Texas Transportation ht ik te  ("I).have ' '. 
. developed congestion indices for 39 urban are& Table F-36 hsts VMT, VMT per lane-mile, ._ * 

'. addition to the congestion indiks, estimates of&e congestion cost per capita for each of these urban. 
are&. Few attempts to forecast yrb& Congestion and its effect on fuel'economy are.availab1e. 49 

I .  . _ .  . 

. .  

. .  e .  

congedionindicks, and &gs for each of the urban . .. arw.analyzed by TTI. Table F-37 li&;in 1 .  

, ' 
_ *  

I ' 

. . .  t . .  . .  ,, * '. -' 

. .  
.. 

* 47,-Cot&U, P., "Measurement of the Extedt and d o n  ofFreeway Cdngestion in Uh&d Areas,"ITE 6lstAnnual Meeting, .. ' 
Milwaukee, Wisconsin, Sept 1991. ' - ,. 

neestion in Maior Urban Areas 198i to 1987, Texas Transportation Institute, Research Hank, J., and Lomax, T., Road* Co 
*. . . .  . . .  . 

I .  

' Report 113 1-2, College Station, Texas, Oct. 1989. , .  

, 49 Lindley, J., "Urban Freeway Congekion Problems and Solutions: An Update," ITE Journal; Dec. 1989, pp. 21-23. Feng, An, 
"Automobile Fuel Economy and T-c Congestion;" Dissertation for PhD in Applied Physics,. University of Michigan, 1992. 
Westbrook, F. and Patterson, P., "Changiag,Driving Pattems and."he&Effxt on Fuel Economy," presenw May 2,1989 at the 1989 . 
SAE Government/lndustry Meeting, Wash@gton, D.C. 
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, .  
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Table F-361 :Congestion ., . ' .  - Index VaiiGfor Selected .., Cities . .  
' ' ' ' * '  
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. 1.640. 
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.-  '. 22,550; ' 

' 9905 
'..4*640 , 

.13$00 . 
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* 3,000 
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.Table K 3 Z  1987 .Urban Area Rankings by Congestion Index.anii.Cost per 
. .  I .  
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. I .  

, . Capita ., \ , .  . .  .. . .  
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. . ' , 2  
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.7 
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. 12, .- 
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. 3  
" '  ' 9  

. 2 7  . 
. 13 

32 . 
24 

. *.  
.21 

' 

37 . " 
- 1 5 .  , 

, 5. : . .  
30. , . . 

. 37. 
. . 27 

510. . 
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. . 360 . 
* 2801 . 

. .670 
420 . 

650 ' 

. -  - .IO0 _ -  
. 180 
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300 . 
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240 . 
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. . 430 
. 180 

. . 170 
520 
410 " - 

. 190 - . I  

. . 420 
80 

53 0 
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' 360 
' '550 I 

I . .  260 

. -  10 
2 ' .  
19 . 
25 

14 
4 

- 2 2  
5 

38. 
, .-31 ' 

35 
17 
27 
34 

' . 3 .  

, ' 24 .  - . 
I '  29 , 

. .36 ' 

- 18 

6 '  

1 
21 

.- 23 
16 

. 11 
28 

' .. 12 
' 32 . 

833 
9 
15 

. .  

' 3 0  * 

13 
39 
8 . %  

37 . 
20 
7 ., . 

* 26 

* '  

. .  
.bn in Maim Urban Areas: 1982 to 1987, 

. .  
I Source: Hanks, J., and Lomax, Ti, Boadwav' Co ngesb - 

. 4  

"I, Research Repoe 113 1-2, .College Station, ., . TX,- Oci 1989.. . :. .: . .  
- .  . .  . .  

i , -  

National Energy Modellng System . 
Transpeon Model Demand Sector Documentation Report F-109 - 

.. 

. ,  
* .  

I .  . .  



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

. . .  , _  .. . .  * .  . .. . . .  , .  , "  . ,  
.. . ,..___. r., ':- ..-.. - "  . - 

. .  .. . .. - .  
. .  . .  ' . . . -  
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. . Lidlefs pro$ctiom of Wr&mp?ion statistics for the yezk.2005 take into * *  &count . * f;.id.tors . .  ~cluding . ' .. I 

. 
, , 

. . .  . .  . . ,  

,time delays, wasted fuel, and user. cost, 'The urban fieewsiy 'congestion &itistic projections 
_. ' 

. .  
. . developed by Lindley are presented . .  in Table F-38. ' - * . .  

. I  . 
\ . ' ,  

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

' %e projections generated in this &hy *e the wasted , .  fuel values developed by Lhdley @,the . .  . 
. . . ' I  , basisto measure the .@pact . z  of =ban congestioq: on the 'fuel efficiency gap. ' The.'kidy further ' ' 

- -'. .iis&mes that the a i n o ~ t  of wasted fuel due to congestionm4l hicrease following a logistic trend: 

. . .  The amognt ofwasted fuel is.dihdd . .  . .  betkeeri.a;tomob$es&d li& du ty -kch  assuming . . that . . I  the * - .  
. .: ' I . light duty &h W.driving shared k d e  &om 23.4 percent 1989'to 33 percent . .  in 2010; 

. . .  .. ' I  

'. . , * 

, -  

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

-. . . . .  . - . . .  ; . .  s .  
_. . . 

. .  

' . 
e .  

. . .  . .. 
* ' _  

I .  
' . -  - I  . ~~qnciwi~*r&iajnconsiqntat3~ percentthrOugh2030: . / ' .  . .  

* .  . \  1 ' . .  
. /  
i , .  

I .  
-. ! . . . .  C. , 

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

. .  , I  
. .  . . . *  Automobil&:. . .  . ' < .  . ,  

. The &sted . .  fuel . foreca&due to traffic delays for the year.2010 is 9,164 mil.gal. and for the ye& 
. ,2030 it is 11,426.mil.gal. . ' .. in Table F-39, This implies that the fuel efficihcy gap will 

. 

summaflzed . -. . . 
' : be 18.669ekent k.2OlO-and 23.08 percent 2030. Thek &e lower projectiok @ cbmpared to the ' 

I ,  

* -  
. .  I _. 

. . . . d j u s t e d  figures of 21.53 percent a d  26:32 percent corresponding ,.. . .  ( .  to the - .  same years.. . i .  . . .  . 
.. . .  . . .  . .  

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

I . I  

. .  . .  z .  . , . . 
. .  . .  . 

. ' LigatDuty.Tmcks: . -  . . .  ' . _ .  .. I ~ ' .- 

. ' 

. ' . city/highwayy'shares and a s d g  logistic growth,of wasted fuel due to &ngestio&',The wasted fuel ' 

. .  . . . .  fore- for light duty trucks for the y& 2010 is'4,513 mil.gal.'Fd for the year 2030.it is 5;628, 
.,- mil.gal. 'This. impxes that the fue1,efficiency gap will be 32.77 percent k.2010 a1id33:43 percent 

.Table F-40 presents the fuel :efficiency .gap pr0j:ections for light duty trucks'bsised on adjusted ' 
. ,  . . -  

.: 
. - . *~ . .  1 ' . . in 2030. as compared to the h j u s t e d  figyes of 32.91 percent Ad 34.09 percent. . I  . . -. 

* .  
I ' .  . >  . .  . .  

.. 
- 

, '  

. .  
'. . . .  . . .  

. -  - .  . .  

, '  . .  . .  
. e  

. -  I .  

. .  . 
- .  . . . .  

. .  
. -. . . .  

. Overall ,Degradafion'Facfor. Forecast '- 

- * _  . , 

. I  

. . .  
. ' .  . .  

. ' . .: '-Figur& . .  F-7 gud F-8- summ& the projections of the fuel efficiency . . I. gap using assurjdptions of . I  

.' : . logistic grawth,~ii~d djusted city&gh&y shares for au'tomobies and light duty tmcks, respectively. 
'. . * 

1 * .  

. .  
, *  

. .  

- . .  
The overall results are listed in Tibie F-41. . . . .  

- .  . .  

.. . I  

I .  . .  
. .  

. .  : . As dhstrated in Table F-41, the logistic approach generates lower..forec& for the overall . ,  fuel. 
. efficiency gap for both automoljiles and light duty truck&i compared to the ones genehed using 
the linkat approaih. The overall fuel efficiency gap for automobiles is expected to incre&e from a 

- base of 15.2 to 27-06 by the year 2030 a s d g  a logistic trend. The fuel .efficiency gap will 

. L  

, .  

. 
' 

' . . 

, 
. .* 

. .  
. I  

. .  
. ,  . .  
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.. . '  .. 
, . icrease further 34.07 if a linear trendh assumd inst@. The overall fuel efficiency gap for light, , 

* .  * . .  
du& tnicks ik expectedto incr&e h m  a base of 28.3 to 37.85 or 42.91 by &e year 2030 & s d g  I 

. .  
,I logistic and Iin'& groivth respectively. , ' .  

'. 15 
1734.  
2.14 

I 

! .  

.. 

15 
1826 
3.00 

- .  I .  

I Table'F-38. Urbzin Freeway Congestion,Statistics . ' .. 

. .  , 
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.. 728 

. . . _  .1287 
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. .  

. :2206 
, * .  . 
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. .  

.. 

. .  

. . . 1533: 
. .  . 

4iS.c 
8 : 

. . 2049 

. ,  6907 

. 7317 
. -  

., 

I 

I .  

. - .  
- I  

. I  

. .  
. .  

Source: : ' Lhdley, J., .YJrb& Freeway Congeskon Problexxis:.&d Sol&ions: An Update," ITE . '. 
I .  

\ . .  ' .).e :Journal; December 1989, pages 21-23. . .. . .  . 

, .  
. .. 

. .  , *  
* .. - .. . .  

.. . : . . .  . .  . .  
, .  

r . .  
(' . . .  . . ,  

Table F-39. Automobile Fuel Efkency Gap Projections: Logi@c.Increasing 
Congestion Trend .(with Adjusted City/Highway Driving Share) . . ' 

. .  . - .  

.i ......... ... <.. ...., ... ..,.,.. 

5788 I '7764 9164 . 10284 .lo924 .11259 
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FigUre F-7. Fuel Efficiency Gap for Automobiles (with Adjusted Driving Share) . , ' 
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, ' Figure F-8. Fuel Efficiency Gap for Light Duty Trucks (Logistic Forecast)' .. . 
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.\_ . .. Attachment . . I  4: Light Duty Vehicle. Fleet Model - 2  *.- . * .  
, . _ .  . .  . *  . 

i I . . C h ~ ~ c t e ~ t i b o f ~ l e e t ~ e h i c l e s  ' . . '  
I ,  , .  I .  

. .  , .  . . .  
b .  . .  . -  . .  . .  . *  i ., 

. .  Aggregation of EPACTRequiremenQ ~ ' ', . . 

by the re,quirement that a pfoportion be alternatively fieled.' The specific conditio& &der which , ', . , 

1 .  . . I ' Under the pro&ions of EPACT, pp@hes of vehicles by fleets meeting ceitain criteria aie afFected * . - 
' * 

. .  , ,. I 
I '  . I .  

* . these.provisions are in effect, . .  and the. fleet s&s which &e aecte'' are not static, but are.subject to. . .  
'' revision'. The 'impact of the current le@lation on merent fl&t G e s  i s  tabulated %elow?O ' : . ' . . 

, . . . ., 
. I  

. i  . I  
.. _ L  . 

. .  

I 9 .  .. 
. -  

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

c. 

. .  
, .  

' . .  . ~ .-, . 
. .  , *  . . .  . .  . .  

* . .  
. 1 .  , *  

. .  " '  

. *  

a .  

, .  . .  
1~ ;. . . .  

. .  

b .  

1 ., 4 
I _  

i 

*. ~. . 
I 

* .  
r I 

.. . * .  

. I .  

, . ,  
. -  - ,  I 

I , .  

. .  . .  . .  
;. .- 

' &kcted fleets'are also distinguished by geographical'locafionation: flee& of 50 or more of whicli 20 or ' 
i o r i  are located binetropolitan area~ with a populatioi over 250,Ooo~th the capability ifcentral , . , . 1 

' *  refueling.? FedeA mandates for the Gee fle2 types considered by the model are estimated using 1 

a stdck-weighted avesage of the relevant categories above, and identified &EPACT3m,+ in the wde. 

. I 

. .  . - .  
. .  . .  

. '50The GbIe. has been reproduced irom AIt@es To Traditiomi Transportation Fuels 1994, Volume 1, ,US: 

5'hL 102486 $301(5)(A)&(B), and §301(9), 10 (=FR 106 STAT. 2866, et. seq. . 

Depariment of Energy, Energy ~o~mat io~Adhh&mt ion ,  DOE/EIA-0585(94)1, February 1996, Table 1. . 
, -  e .  

. .  
I "  

. * I  
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c p ;  with only ,the "comred" vehkles . .  Gehg &ed to e'stirinate AFYpimhases.urider EPACT: This 

. . .  

. . .  Percent Subject to F A C T  Regul&c~ns' . . '  . .  
' . . * .  
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. 5  . . . . .  ./ ' 

* .'Distrib&n.ofFl&t Light Tsucks, . ' . _  
. . '  

. . .  As aoted the amended docubentation, . . . .  the.Light Duty Vehicle Fleet.Modde first e k t e s  the . _  . .  

.' . . . .  . .  . .  . . .  s .  
. .  

. .  . . . .  ...-wh ere: . *  - 
.. .FL-TSAL.= Sal& fleets by vehicle and fleet type . . . .  . .  

. . . .  
. ' .FLl%UT=&ction of total'tryck sales athiiutkd-to fleets' . - .  

"SQD.mU&L = Total light tiuck sal& m a @ v i  yeat, obtained &om the NEMS'Macroeconomic Module. 
.I ,. 

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

. .  . *  

. '. FLTSHR = Fraction offl&.truc& purchased by a gken fleet type . 
. . . . . .  . . .  

- .- ..' - .  . >  - 
. .  . .  V?'= Index of vehicle type: 1 =,*, 2= light,trucks . .  

. . .  /m= Index of fleet type: 1 ='6miess, 2 = government; 3 = ptiliiy . . . .  '4 ' . .  
. . . .  - I  . . . . . . .  . .  . . .  . . . .  

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

. .  .. . .  . -  * The 'fleet . .  # allocation f&ory FLTTRAT;@'been previously extracted kom data prokded-in the: 
. .  - .. Transportation En&gy . .  D.& Book,= which p&id+ . .  &d &ate of the-fraction'of light trucks sold.' 

which provides .a mechanism for further stratifying' , :: 
. .  no&ersonal  sal^ into fldnon-fleet u&go&. Under ;the c G n t  &$ion, only the personal'ndn- . .  
'persoial distinction is usei  %th all 'nonipersonal- sales of light pu'cks.being alloc&d . . . . .  to the flFet . 

-estimate the value of F L ~ T  rathkr than merely redefining .rndd;lle.. There ate two rkons'to re 
-. it gs the perceptatage of trucks sold for non-persopal use I first, theyvalue.of the personhl-use sales 

' 

' . . share rel;oaed by ORNL is derived.@jm the 1987 d S ,  whichhas been supersd&bythe recently . .  . 
published 1992 Survey; . .  and second; because TIUS does not, Survey government and publicly9wed 
vehicles, the '&l& share deiived Wrn its summary tends.to overedate  the fixtion of LDT's sold 

, ' f i r  persbnal use, i d  a survey o f  fleet 

\ .  
' 

' 

. . .  

. *  . : .  
' 7 .. ~ 

- . fir personal use. 'A derivation of the upd$ed vdue for FLlTRAT folloy& . . ' . . .  
.-I . .  < .  - -  i 

. .  ' - ... 
In estimating,this factor,.it 6 jlecessary to combine elemerits of two merent data samples:. 'the. .- 

c 

' ' . relevant components of TIUS, Ad the ann& data Cij&c& by F ' E l k ~ ,  Although these surveys . 
. &e h y n  &om'dif€erent pppulatio~ &d 'are not directly compa&bley it is assiuned ... that the .~ . . . . .  . .  . .  . . .  

. ;.-.. 
. . . .  - ' .  t . ,  

. ,  . -  - .  
.- 
' A-12; ' . . . .  

szTranspo&ion Energy D&aBook &Won 12, Oalf Ridge National LaboratoIy, 0-6710; March.1992, Page 

"FIeetVehicl& m the United States: Compositioi Operating C&acteristics, cind Fueling Practic& Oak Ridge 

%1992 Census ofTr&portation.- Truck Ihyenfory and Use Suntey, U.S. Department of Commerce, Buteau ofthe ' 

. .  . .  . .  .. ' - .  . ,  z : 

. . , ,  
. . .  .. 

Xational hboratoy, OkNL-6717, May 1992.' , ' 

-. . 
. 

, a  
. .  Census, TC92-T-52, May 1995. t .  

. .  . .  . .  
. W i g h q  Statisti& 1992; US. Deppimkt of Trauqhrtation, F d e d  Highway Adminihb '0% ' FHWA-PL-93-623. 

. .  . .  , .  
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. .  ' I  

. : ' 

- 
' . ' I  ' 

. '  

, -  
. I  

. .  
. .  

. .  
, . -. relationships among elemen@ of one data set are &o rralid . in .- the other. Vehicle chqacteri&cs..fiom 
' ,' * .  . .  

, ,  . .  
,the 1992 FHWA sufvey are tabulated below: . . . 

. >  '. . . 
. .  ' .  I 

. .  , .  , -  ! 

e .  
45,504,067 . , -  . .  

. .  Total NumberofTr,ucks.(AllTyp,t?s) ,. A . . -  
. .  Tabk\/M-l . .' 

. -. . Top1 tight Duty Trucks (2$uh3,'&e) I . .  39,533,142 

Tok Federally-Owned Trucks ' . I . , . .281,623, * I .  
. .  

. I  

. .  . .  

- . . . TableMV-1 ' ' 1,547,020 - _Total State &.Municipal Trucks '' ' 

' .  . 

- .  /. 

. .  

. .  
. I  

h .  

. .  . .  
, I  'hbl ic  LDT' = 

I .  

' .  Percent Public LDT = 
. .  .Total LDT ' 

, . .  

. .  
, 'It .is ksumed that this figure represents the degrek ofundere'stixnation of LDT stock in the TIUS 

.. . .  .. survey, which does not include publicly-o.wned vehicles.. 

4) To reconde this discrepancy, the total number ofprivately-owned LDT's from the TIUS 

. .  
,. . 

. .  
I . .  . .  , .  

I 
. 

1 .  

. microdata file (on CD-ROM) is subsequently 'adjked:. 
- .  

. _  
. .  . .  

. .  . .  
- .  

. .  . -  

\ 
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--e- - _- _- ------ 
a .  . .  

. .  .- . i .  . . .  ' . .. .. '.i . . 
. .. . '. . f '  

: . .  
. .  . .: . 

, .  . .  
. . -  

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

I . .  . .  - .  . I  

. .  .. 
.- . 

. .  . 
. Total TIUS LDT . 

. .  . . _  bifid bTpopLddon = . 
. .  . ,  . -.I 1 - Perceqt Pubzic LDT . 

! -  

I 

, I  

, .  

. .. 
. .  

. .  ' 1 .  . ,  , . .  .. . 
. . _  

I .- . .  . ,  
- .  . .  

. -  . _ . ,  

' 5) . Ushg TIUS estiniateiof the nunhber of  LDTs.employed for peisonal use, thepercentage of : 
I .  

I .  

I . .. , .  
. .  peisonal-use tnicks -then be calculated: . ' . ' .. . .. . .  . .  

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

i . .  . .  . .. ... 
. .. . 

. .  . .  
. ..' 

._ . 
. .  

. . _  . .  

.The re.dts &e tabulated below. ' . . 
. .  . .  .. - 

. . < .  . . .  . . .  
. .  

,. 
. .  . I, . .  

, 
I .  

. .  . .  
. I  

Total LDT's, from TlUS . .. . .  ' ' ' .. - 53,435;873 . 

Total .Persor&Jse LDT's, from TIUS 

Perknt Peisonal-use . . .  '. .71.43% . I  

, . .  . :' . . .  
' 55,673,115 

. . . .  . 8 .  

. ,  
. . .39,766,945 1 

Irnplied'Total LDTs..' _* . . 
.: . ' 

. .  
- .  

. %  

. 28.57% ' 
- .  

Percent Fleet (FLlTRAT) ' . , . - . .  
. . .  . .  . .  .. 

. ,  
. .  - .  . .  

. ' The k e  of this'kvised allocation factor will &tin amore accurate distribdon of l i gh tdq  trucks , 
- 

I .  

. .  
.in both the peAonal-use and fleet modules. _, . . ' 

. veetShare:Distribution . - L . .  

The above Xormation, combine8.with vehicle-&e idormation fiom ... mS can be used to re-, , 
e& the diiiation ?f.truklq among beet i y p e s ,  parameter, ~ ~ S H R ,  docates total. fleet 
LDT purchases .&ong business, government, and utility .fleets adcording to a fixed ratio, 'the '.. 

derivation of which% not been previohly documented.' Ushg the implied e h t e  ofthe number' , 

of pubhcly-o&ed LDTs; presented above, and TIUS estimates of the number of utility and 
.commercial LDT'S (exclu&g those used for personal transport), the following distribytion has been , ' 

incorporated into &e LDV Fleet Model. 

~. . .  
- . . .  . .  .> . 

. .  . .  
. .  a' . 

~ ' .  .. , 1 . .  
. .  . .  

, .  1 

.. 
. .  

. -  . .  I .  

, I  

' 

. .. 

. .  

I 
. I  . .. 
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. .  1 .  

. ,  
I .  

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

. .  
, .  

.. . 
.. . : . .  . *  

. .  

. '  

73.6% 

. ' , e 'utility . 383,421' ' .  . I  ,2.4% . ' %8% 

. .  
.13,285,511- . 83.5% 

. .  
, ,Business ' 

e 'Government ' 
' * ' 14.1%: . . 17.0% 

I . *  

.~ , 2,237,302 . ,  
, I  

. ,  
. .  

, .  
. .- 

:: - .  

. .  . *  

. I  

, . ,. * .  

2 %  Vehicle Distribution Within heets, , . .  

. Under.the provisiok of EPACT,-purchases OfdiCies by Beets m&ting ce&h'criteria are Bffected 

. '*by the requirement that a proporfion*be a l e t i v e l y  fueled. ,The specific ~6nditio1.1~ under which * ' - 
* these provkions,are in effect, andthe fleet sizes which aie affectea &e not static, but are. subject to . . . .  . . * 

'revisiok Obtaining & aku@e eshyte  of the n6ber  of automobiles id fleet service isnecessary ' 
, . .  

- .. 
in . I  orderlo d k v e  a for& ofthe pmchak. of alternative &l vehicles &dated.under EPACT; and . 

. the consequent d e k d  for petroleum, electricity, and:altemative fuels k e d  for transportation., . ' . 
. 'Under the previob model, a *ed . .  proporkon . *  of&ual ak iob i l e  andlight truck &es (which.weie' .' ' 

exogenously ob&&) were assigned to bk&ess, utility,'and goveinment fleets. As,the alternative :.' 
.' fuel pro&ions of EPACT attach to fl* sit or above a given size,?tis important to develop a m m  .: 
"of es';timating . ,  the aff'md popdation.of vel&cles under the c&e& or any future definition of. a 
':fleet".' Due'to ,the dissimildties ofthe data available, sepAte:approaches e v e  been developed . 

. ,. 
. \  . .  . .  . .  

' ' .. 

. .  - .  
for kght trucks and automobiles; described below. -. ., 

. .  . .  
. ,  . '  . .  

.. 
I .  . . .  

. .  ' I  

I 
' . -  . 

. .  
.. . 

I .  . I  

Trucks ' 

The proposed approach uses the-fleet-size 'data fiom the TIUS q e y  to 'derive a functional fok for. 
estimating the affected population of L D T s " ~  . 8 . .  fleek. ' 'The applicabili~ of this .approacb.is . I ' ' 

cdnstrained'by the aggregate ~ + e  of $e survey, hut should serve &a good &st approximation. . I , ' 

The'first step isto look at +e distribution of trucks by. fleet typ'e; only bk.uess and-utilit) flees are . ' I ' 

considered * .  as all goGenment vehicles are ass&ed'to be affected by thelegislation (and are. not, . 
represented in TIUS). .The number, of trucks .within' each considered f led type, stratified by fleet . 
size, are tabulated below. These di&ib&o& are also graphically depicted on the follow&g pages. ' . 

It is cle& fiom these figures that business and utili@ fleets have significantly different sjze ' '  

, kharacterislics, as is to be expected; Most comnierciai . .  light trucks. exisbin Q.eets of less e . 2 0  . 
vehicles, &d are therefore unaffected by 'EPACT legislation,'while the ovewhelming majority of 
utiiity +ehibles .are inlarge ne&; 

. 

,~ I .  

(I . , .  
. 

. .  

... .. 

, .  
, .  

. .  . -  
. .  

. -  . I .  . _  
' '#. . 

. I  

/ *  . .  

. .  
. I  I 

, ,  
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. .. 
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.;.. 

. .. . .  
, -  

. 100.0% , .  . . :I, . . - 5;422,93.5 . .  . . 43.7% . 43.7% 

. .  6to9. . . .  ,84.5% . , . I  . 22.0% I 

' lot024 - . .; . '  . 843,262 ' . ' 6.8% I . 91.3% . 

. . -2iO5 . .. '' :4,26.1,155 8 34.3% . .  ~ 78.0%' ' . 56.3%' . . . . .  
. . .- . .. 

. -  .799,876 .. . -6.4% ..~ . . 

? 5.5% 
8.7% 

2.4% ' . '  98.6% . . ,  . .3.8W 

. .. I 

. .  
,4.9%, ' . . . . '962% , * ' .  I .  . .  '.. 633,blO I . , .  . .  

25to99- . 
~- 

, .. . .  . 295,196 I 

. .  
. . ?OO.td-499 

100.0% , ,1.4%. . 
, I .  

-1.4% ' ' . .  
. .  

. ,  50OorMore . I  ' 176,383; ' I.  

.I , 

. .. . .  
. .  UndefihN. . .  ' . 873,064 . .  . . 

Total Defined1 . :12:412,417 ' ' ... _. 
. .  , .  

? .  . .  

-. '. . .  
. .  .. 

. . I  

. -  
8 .  

. .  

.. 

. -  

100.0% ' 

9312% . 
. .  . ,  .. '. 25,6n . 1.'. . 6.8%. ' . -  6.8% . ' . 

. -  . 
. .  

: i8,573 . I _  ,4.9%.- , .' . . . '  , 11.8% ' * . .  2to5 . 

6 to 9 . '24,296 , -6.5% . , 18.2% . I -: . 80.2% 
. ,  

10 t0.24. . 38,717 '. ' , i0.3% . : I .28.6% . 81.8% . .  
I- ;, . 15.8%' ' . . 44.3%. 71.4% . I . .  :- 59,301 

57.5% 55.7%. . 
. . 25tO99' 
* . .  

13.1% I'. , .  ' 49,294 ' . .  100 to 499 . 

. '5OO.or.More . .. ' .159,804 - ..: 42.5% ._ , 100.0% . . 42.5% . . .  
, .  . .  

. ,  . .  I .  

. . . ,  . 
I .  

.. . . Undefing , . 7,759" -- 

. 'Total befined ' . ' I 375,662 ' . .  
* .  

c 

- .  . . 

- .  
. '  
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.Distribution , .  of Trucks in Business Fleets * .  ' 

1992 TlUS Report . ' 

. / .  Distribution of TiiJcks in Utility'Fleets 
. 1992 I IUS Repor! . .  

. ... * . .  . , .  .; . ~ ^ I  

. . I  . .  . .  
, -  , .  

I .  

. .  . I  

*, . 

Figure F-10: Business Flek LDT D@tribution 
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. .  
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'Figure F-11: Utility Fleet LDT Distribution .- t / 

- .  . 

. .  
. *  

. .  
. .  

, ,200 

. .. . . i '. 425% 
. . .  . ,  . .  

150 . 

loo . 

. .  

As the h t a  defined in the 'ITUS 'survey do not cofresp.ond to'the fleet sizes addiessed in EPACT, 
' it is necessary to derive a functional form for each distribution. This is accomplished by considering 
the.cumdative distribution of fleet h c k s  P(n), or, more accimiely, its complement': Q(n), referred 

: 1 

to, for lack of a better term, as the reverse cdulative ._ di&b&on. ' This distribution describes . .  the 
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. number of trucks .in fleet s&s greater than or equaI to n; is depicted below. . : ' : 

' ,  
. FQ 

I .  

.. 

. .  
'. . .  

. .  

- .  
. .  

- . .  
. .  . .. 

. .  
' - -  . . .  

re.F-12: Distribntion of LDT$s, by Fleet Size - 

. Distribution. .. of Light,Trucks . .  
1 . :  

. In Fleetskor.Above.a G i i n ' S i  . : 

. .  
. ,  Fleet Size . .  

. .  .. 
. -  . . .  I +Business f U t i r i  I . .  

. .  * .  

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

. i  . .  
. ,  

. Figure.F-13: Distribution of LDPs, by Fleet Size. (Logarithmic Scale) . , 

. .  

, IWA 

I Distribution of Light Trucks'] . 

IO00 10 : loo .' 
1% 

Fleet Size 
1 '  

, . .  . I  - 
. . .  . . . . +Business +Ubi@ 

I .  

. .  . I  

. .  ., 
i '  . .  
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. .  
., 

I 

e .  .. 

0 . .  ' 
: .a747 I -0.111 . . 
. .. Constant . o - :  ' 

. '  . Coefficient (k) . ' 

Standard Error. 
. .  0.008 - .  , ' 0.020 ' 

T-Statisti; -36.63' -13.22 . . .  . .  . 

R Squared . 0.988 . .  0.937 . 

. .  . .  

.- I 
. .  \ '  

. .  
he most'saighgorward method of e&ting a functional form is .J transform the,data so tdat it . 

. . appro-tei a linear.relatioriship,then L .  use OLS td e e t e ' t h e  coefficients. AS the figure above 

. '  
. \  

I 

. 

shows, plotting both axes loghrithmidy . .  produces a reasonable approximation of linearity. This 
suggests the following form: r .  

. .  \ : . .  

. , i .. , 

. .. . .  ., where: . -  . 
I * 

' . ' Q(n) = 'Ipe revem cug&tive.distriibution: .the' pkentage of 9 c k s  in'ffeets of size @eater th& '. 
, ,  

. .  
I .  

. .  or.equaltdn.' . ., . .  I .  
.. , 

. .  -~ 

. .  
Testing * .  this . approach with the data described above provides the results tabulated beiow: The * 

significance of the coefficients &d the high R-squared gives confidence that this forylation will ' 
:provide a satisf&ory I 

means * .  of estimating the affected lighttruck population in business and.utiliv I 

fleets. A plot of hese functions over TIUS da& is provided Eielow. . ,  . 
I 

, .  

_ .  , .  
- .  . . .  

. .  . . .  > '  * .  

. .  
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' NonrFleet (c20,LDTs) 

Small Fleet.(20-50 LDl%) 
I 

Large Fleet (>50.LDTs) 

.. 

1 .. ' Q(1) - Q(20) . 89.3% , . , -.28.4% 

. . . 2  . .. I Q(20)- Q(50) . .. 5.3% I 6.9% 
. ,  

.I I 

* .  3 . Q(50) . . .5.4%.. ' ' 54.7% . 

. I  - .-: _ .  :\I: ' . ' . -  ' 

. -  

EstiMted Functional Form 
. . .  

..Total. ' . 

. . .  . Fleetsize ..' .. , 
. .  .. . . 

, .  
. : . .  .- *UW 

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

n .. 
". . 

. .  
.. . 

100%' . ' - ' 100% - 

. .  
. Applying this 'function permits a' strat3ication of light trucks, &to three groups: nonhleet ( a 0  

-.vehicles),, &all fleet (20-50 .vehicles) Ad . *  Ia&e:fleet . (550' vehicles). %, The distribution of these ' 

.. . perc@tages,by fleet type;= tabdated,.ljelow. It should be noted, onE ag~ tha t .p ,ub l i c lyo~ed  
. vehicles ( f d d ;  state, , ' .  hdm&cipal) .are not subject @ the. fleet-size constrainti, ' .  and are therefore' ' 

not similarly stratified. Gofar. as different components,of.the publicly-owned fleet bf LTD's have 
di.ifereqt-quisition.requir&nts *der EPACT,, it ii suggested * .  that a salis-+yeiphtea'avqe ofthe 
req&ements be used. . . .  . .  . .  . .  

. :  . -  
. .. . I 
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I 

. .. , .  
I '  I , 

. .  
I 

' * , /  ' 

I I .  
. .  

. .  
.. . 

. .  
* Automobiles'. I 

In. a report on the charwteristics of fleet.vehicles in the United Oak Ridge NaGonal 

I 

Laboratory notes that no .comprehensive nationwide automobiIe fleet :vehicle k e y  is cu.&engy, 
avdable. This stands i~ contrast to the ab&&+ of census data availabIe'for the M y s i s  of U.S. 

vehicles covered. by EPACT regulations: The 1992 Automotive Fleet Fact $U0k,5~ which provides * .' 

'thick populations; and &bits the development of a methodology to e k t e  the number .of fleet, ' . .  
- .  

'summary c w ~ c s  of fleet vehicles;represe&s &e sole sourceof data'used in constructingke 
following distribution 

. .  
. . .  . :  * .  

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

.. 
- ,  

* .  * * Given the knitations of the data, several z&umptions i d  &pulatio+ are necessary to%msfo& '. ' 

. , the published dga'idto a form c o n q y t e  with the needs ofthe model: It is first & k e d  that ' ._ ' .. 
'- both Gov&e&'and Utility fleets are large enough to be'affected by EPACT qplkions, obykting ' .. 

' , .the need for fuaher analys&of their distribtdois. It& also asymed that the number of uehicles.in 
. .  ' 6u&ess flkts should not include employeeowned, daily rental, or ~dividually-leased vehicles, as 
' these are putside the p h e w ' o f  the legislatio~ This'exclusion is accoxnplishedthr&gh the use,of . 

the function ,BFLTFMCy described above. Aggregathg bThess fleet da& &d subtracting . . 
1 * , excluded vehicles results in the distn'bution providedin the.table below. &.there are only three &ta 

points, thkeffdvely precludes theUe,pf regrission d y s k  to esfimate a &.stribution hct ion for .,' .' 

business fleet'vehicles. The altemtive is to assiune the simplest hc t iona l  form which can,be 
ad..* .to approximate the desired distribution. Aft& testing a v&ety of sp-ecificatioris, the form , 

.' . 

. 
I 

. 
, . 

. .. 
' 

, . * 

.. . ,. . 

, 

. selected is is follows: I .  ,. I .  

. ,  . .  . .  
: * . * * .  

L .  . *  f 

-. 

' where: . .  

~ ( l i )  = %e .percentage ofv&icles in f l e e  of &i p + e r  than or e@ n . e  1 
k3 = m e  co&t of proportionality; chosen by no&alizing the 'function to 1.0 when n = 4; 

* estimated to be. 1.386. . .  

. .  
, .  . 

56FIeet Vehicles inthe UnitedStates: Composition,,'Operating Characteristics, and Fueling Practic&, Oak Ridge 
National Laboratory, Om-6717, May 1992. I .  . .  

. .  flAutornotive'Fleet Fact Book d992.- Bobit PubIishing Company, pp. 16,20.. I 
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I .  
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. .  .. . Distribuion. of Business Fleet Vehicles . .  

. \  . .  
Automobiles in F h t s ~ t  or mve a G i n  si , I  

. .  
. .. . .  

* -  , .  . _  . .. . .  
1 :  

. I  

I .  

. .  . .  
. .  

. .  
120%. , . 

'100% - 
. .  . .  

, .. . . .  
. .  

I .  
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: : .  3 ,  8oc 1, 
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. .. * .  - 1  

. .  . .  

NotSFleet ( ~ 2 0  Carsj' " 1 Q(l)-Q(20) ,. . 53.7% . 
. 

. 

. ,Small Fleet (20-50 Caffi) i. ' 2  Q(20) - Q(50) . . 10.8%- . . . . 

Total . I  

. 
1 . ., 

Large Fleet (>50 Cars) . '3,! e. , Q(50).-  ' .  - 354%' . 

. . 100% 1.- 

~ . '  . 
: I 

' \  

* .  

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

I . .  . I .  
. I  

, .  . . .  , *  

. c  
. ,  

d .  

1 .  
. I  . . . I  

I$e'jncorporatioq cifthesti rnOdiiications.will,,in all likelihbod, not r e d t  in iignifiAt,chmges in 
'the qutput of.the NEMS Transportation Model, but 'will more easily p&t the &cl&ion. of users' . 

. .  

.. ashmptions and will be'able t0';;ithStand a*higherlevel'of scrufiny ofthe methodology. 
. ,  

' .  

. .  
. .. 

. .  

. -  . .*i 

' .  

. . .  

. *  

.. . . .  

. .  

I 

,. 

- -  .' 

. -  
. I  I 

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

. .  . .  

. ^  

. .  . I  

I .  

. .  . . .  
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' . . Attachment 5:. Light Commercial Truck'Model - 
. .  . -  

. .  
. .  

* .  . .  , .  
1 . .  

* .  

. .  
I . .  

Data Development for the LCT Mode1 

The primary source ofdata for this model is the microdafa file of the.1992 Truck Isventox$ . .  kd.Use 
, .  Swey (TIUS), which provides nbm&ous details on . '  truck stockand.ussrgepatterns at ahigh.leve1 I_ 

-ofdisag&egatioi .The hata deriv&i from this source are kedto aUo& . and .. sort the summary truck ' 

data presented the Federal &&yay Adniinistrationls zinnual publication of highway statistics, . ' 

. .  . I  
, .  . .  

: e . .  

I -  

*. . 

, ., which. constit&e.the baselineftom Which the NEMS forecast is -s made. ' _  TlUS data are also used to . ' 

' * 'd@tribute . i . . '  &ted sales of.trucks, o b e e d  from the Macroeconomic Model, among the'afEe~$ed- . . 

. .  , . .  
,.... . 

' 

models according to their weight class. .Finalli, the "@S &&O&ta set used.to c o e c t  at, * . 

. -  characterization ofthese Light @&&id Tmcks,'cbmp+ii their average d u a l  miles of travel, . I 

correspondence'with output .measures .cuirently being forecast .by .NEMS. ' It is expected that 
I fuel, ewnomy, and'. distribution among several .I . aggregate &dustrial 'groupings. chosen for thee :. 

/ .  

. -  
projected &Okh in il;dustrial output will provide a useful proxy for the g r o d  id' d e v d  for the . . 
servicesof light commercial trucks, This issue vk l  be addressed later'in this . .  section. ,' . .  , .  , . .  

. .  
. .  

. .  
8 .  

\ .' 
. ,  

Distribution of Truckstock ' . . ,  . .  . .. 
The pkcipal source of wnfbsion an8 double-mun&g enwuntered the truck models s t e i  fiom 
differing definitions of what constit&"a fight Gck  among the data sources'used by NEMS. . .  In the 
past, FHWA's estim.de of P-axle,:&ire - .. trucks'have been ixiterpreted representing light?duty . 
truck, less than..8,500 lbs, I .  and th&fore properly-k&hin the p&eq of the LDV Module. Likewise, ' I , 

Sdes estimafes-fkom the Macro Model I .  have. been a&medto represent only LDTs, and have been . . 

* , - : 

. 
, *  

. 
1 . 

'on, neither of these as&ptios can be shown to have been simils[rly' I . . ,  assigned: on qloser . e* .- 

justis&. ..-. 

I Using the .@ormation derived' fiom 'mrS, it- is , e M e d  that .of the 2-axle,, 4-tire trucks, 

. .  . .  
. .  . .. 

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

. .  
J .  . .  

* ;  

- .  
appro&ly, 88 percent of the pickup .trucks i d  85 +cent of . .  the other . trucks (v&, p i e l  trucks, . 
etc.) fall into that weight *ge. The remahder properly belong,:in the newlyie&blished LCT' 
category. Simila@y, sales e,stiuiates from the Macro Model h v e  been shorn to . .  represent sales of 

' trucks hder  14,000 .._ lbs., indicating a significant overlap'across the LCT weight range'and into the 
, meditui~ fieight truck &gory. Using the weight distrjbhtions 'by truck'tyge.available fiom TIUS, 

a sugge& sbatification scheme may be proposed. . .  Table F-53, below, presents the TI& estimates 
of single-unit&uck stock,&atSed by &e co&guration,.body type,.and weight. While there are ' 

. significant discrepancies between FHWA's submary stock figures and those presented below (see 
Table F-651, it is assumed that the relative 'distribution 1 .  of trucks within each grouping% constan( 

.. . 

. 

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

. .  
. .  . .  

6,000'OR LESS . .' . -  . 36,682,877' - .  22,085,491 ~ I . .. .$4,499,&7 . .~ '' . 97,739 . '0 I 

6;001-10.000 . : . '  . . 16,476334 . .10,195,368 5,909,766 ' 37.1.400 . . .  0 

14.001- 16,000 . - ,- 37,980 ' ' : o  ' .  
. .  0, 

. . o  . 53,606 ' - .,.. . 0.. 
I 434,632 . .  : , 0 0 : 434,632 . . o  

. , .I 
._ " 0  . .  . 95;5?2' 

. ' 0  . .  0 '  37,980 
10.001- 14,000 , 95;522 .. . 0 '  

.. 0. ' . 

26,001- 33.000 ' 27,359 ' .' . o  - 0 . ~ .  . :  0 * . .27,359 

.- . , . ,  ..- 53,606' . .  16',001- f9,500 
~19,501~26,000 

33,001 OR MORE - . '. 244,863 . ' 0 " .  -. 0 .  - 0  ~ ' 244,i363: I 

.. I 

.* . 
Y . .  

6,000 OR LESS ' . .  ' 374,070. ' ' 290,142 . 74,031.. . .' 9,897 ' ~. 0. . 
1,035,862. ' 536274 '. . ."89;182 . :410.406 * I  0 . 8,001- 10,000 , . 

..-. 0 . .. 0 ' * .' . '81.897 0 .: 
16',001-19~500 . ' ' . 142,746 . ' ' . . o  ' . . .  

I .  0, , 

26.001-33.000 I I . 72,072. . . . ' O  , 

33,001 OR MORE I 169,942 : 0 : 

0 : . , * ,246,374 .. 0 . 246,374 . . . 0 .  . .  
TO ,001- 14,000' . 
14,001- 16,000 . ,81,897- ' 

;'O . 141,746 . . ' 0 '  I 

- 0  . I 72'1072 . 
0 '. 169,942 

, .  .' 0 . ,  . . *1,219,550 
. ,  

0 

~0 

. ,  . I  

19,501-26,000' . . . lP19,550 - . -  
0 .  / I .  . .  

- . 9341.513 

731 ' ,' '0 
- 0 :  .. .. 0 ' . .2,123 ,, 0 

3,970 ' . o  , 

. 2,478 . _  0 
. 0 .: 

I : ' 0  

'0 . 

~. " 0  . .  . .. 6,000.OR LESS .731:. 
6,001- 10,000 . . .. 2,123 ., . 

5,970 .. 1 0 , . .  ' 10,001-14,000 . ' . .  
i4.001- i6,ooo % 2,478 0 .._ 

26,001- 33,000 , 7,446 . . . . o  o . . .  - 7,446 
33,001 OR MORE' ~ . 329,q43. 0 0.. , - ' .  .o . 

. ' <  '.. . , 0 . _  . 
16,001- 19,500 . : '5,342 0 '  0 _ I  I 5,342 

0 .  " - . . 94.064 . :, . - .  0 . 0 . . :94,06p .' '. :1 
19,50f-26,000 

, 0 ' .  
329,043 

:. 0 ' 0 '  . ' 0 '  0. . .. 0 ' 

6,001- 10,000 ' . 1,351 ' '  ..' 0 ' .  - . . 0 ' -  1;351 . . ..D 
1,807 . 0. 0 .. , '1,807 . - .  .o. 

14,001-'~6,000 . .. 0 .  ~ . .o, . . 0 : 
16.001-19,500'. ' 291 . 0 .-. . .  .- 0 291 ~. .* 0 , ' 

3,024 . 0 . : 3,024, . 0 ig~oi-26,ooq . . ,  
26 .O?li- 33,000 151 0 - 0  

62,084 . 0 .  ,. . .' 0 

. .  - 6,000ORLESS . 

. .  . . .  10,001- 14,000 - 
' 0  - 0 .  I, . .  

. .  

151 ' 

0 , I  

. I  0' : 

. -  0 .  . 62,084 ' 33,001 OR MORE 
Total 'e, . '68,708 . o  0 \ ,  . . 6,473. 62,235 . 

.. 

I .  

. ,  -. . .  . -  

. .  . .  . .  .. 
- .  . . The data above can be used to estimate the h t i o n  of single-unit trucks in the FHWA sample which. 

. .  . .. 
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c 

. I  
. I  . .  . * .  

. .  ’ i ’  . .  
, are less than or equal’ i0,OOO Ibs., the upper bound of the 5CT weight class. Aggrigatkg the sample . 
nGbers arid calculat&g the percentages in the relevah gro$s provides the winnowing factors in 

. ,  . . . , , 

. .  
, .  

. .. . .  . .  

-the table below. , 

I * .  . -  

. .  , ’  . .  . . .. . . , .  , * .  . .  
. . .  . . .  , .  

. .  
. .  

’. . . 

1 . .  

1 .  
. .  

I 

. ‘  . .  

I 

. .  

. Similarly,thedistributioi1sihTableF-53 canbeaggregatedtod~etheallocationoftrucksales ‘ * 

- , : obtained from the Macro Mode& first spI$ting off that fbkon between~10,OOO and 14,000 lbs., and. 
* 

then distributing the ’ remaihdder. between 2-axle; ‘4-fire. . .  trucks and trucks with‘ other axle _. 

, ,  

. .  
configurations, shown below. ’ . .  

, .  ,. 
.. . > -  * 

. -  . .  
.I 

. *  

* : . .  

.. .. . . , .  
- .  

. I  ..’ 

. .  
.. 

. .  

e .  

I . ‘,. 
- 54,921,221 1 . .  

. .  I .  . .  

- ’ :I 1 ,  

54,573,548 . .99.37% . . 

:. 53,15$411 ’. . I . ’ 97: 
- 1;414.137 .2.59% 

2A4TTmdcs <= 10.000 Ibs 
Other SU Trucks -==lop00 Ibs. 

. .  . 
’ .  

I 

I’ 

. -  .. 
. .  

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

. .  
, . . '  _ . '  

, The next step is to determine . . .  the e o n  of trucks &ch exceed the 8,500 lb. lovver~boupd of the 
LCT weight category. "US, dortunaply, does riot pkvide a breakdown of k c k  stock along those. * . 
Iinei, thus *g.the.imputing of the.appropriate'fractidqs. efter'mqider@on o f  s e v d  options, I 

- it has been decided to &e asbple  linear inkqolation.ofthe cpmul@ve share .of ea6h truck type 
. , b&yeen 6;OOO &d 10,000 lbs.:The dat$ z&d resulting . . -  shares.are providd in Table F-56, below. 

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

. .  . . .., . . .. 
- .  . '  I . .  1 

. . .  
. . .  . , .  

- . .  . .  
. .  I .  . .  

' ,  

.: 2A4T . .. 
. -  <=a 
:. e l O k  . 

Total 
. $tqxdation . 

- .. 

. <=8.5 . . 
8.5-10k . . 

I . .  other. 
. .  -. 

- . ,  
: Total . . Percent 

. 68.42%' :. 
, . .  . ' .  '- '- 2&085,491 

. .  32,280,859: . ' . lOO.Oooo? . 
32,280,859 : .' loo.&? 

,3@333 

. _ -  . .  
. I .  

. .. 
' 28,457,596 . '. * 88.16% :, , . . .  .. 

' -. li.84% '..- .. ,- . .. . . ,' .~ . . .  
I . '  

. I  . , . I  - _ .  . 
ITOM .' . Perc;ht_ 

. 35.11% . .  '- : 29bJ42 
1826,416 . 1oo.ooooh , 

, I  

',:826,416 loo.Op?? _. : 
. .  

I .  

625,313 . .75.67%. x. 
. .  
, ' 201,103 . ' . ' 2433% 

.. , 
I .  

I . .Total ,I .- . Percent 
,. . i4,597$6 . , ' . 67.05% , .. 
' .. 20,878,552 . I  , ' . . ,  ' 95.89% , 
' ' 21,772,514 ~100.00% 

' . I 17,762;570.. - .. 85.08% 
. ' . 3,115$82* . . . 14.92% 

, .  . I  
I .  . .  

.-  . -  . .  
,~ . .  . ' 

. Total - . .  . ' -  Percent . 
k4,659- . .J ' ' . 14.40% 

100.00% . , 
I . -  - 587,721 ._. .' .: ' 

* 587,721 ' ' ' . I . .  100.00% 
. * ,  

. I  

399,6?3 : . . 67.90% 
32.10%:. ' , .  188,648 . . . . . .  

. r  

I ,  

i 

.. .<= a . -  
+ l O k  : . 

.. Total . .. 
. -  . Interpolation 

<=85 . , 

85-10k . ' . _ .  . .  
. I :* . ,  

* The weight range for 2-axIe;& non+ickup trucks.is-de&ned to &.everything S 8,500 Ibs. This is done to Simplify the accountiig 
ofthe model, due to the srdall number oftheselrucks which exceed 10yOOO Ibs; and to nm&ze purposes to whichhost of these. 
vans kd'W.pane! truck are put would mo? appropri&ly be kdressea within the Light Cammer$al.T;uck Model; rather than in 'the 

. .  . .  Highway Freight Model. . * . .  

' ., . . . . .  
. -  .. . .  . 

. .  . .  . -  .. 
. I .  

. .  

. In order io' simplifj. &e allocation scheme'described abobe, . .  the distrib$on . of &ck and.sales are. . , 

I ,  . .. . *  . presented graphically, h.Fig&es F-16 Ad F-17, below. . .  , . .. .: 
. - .  .. 

. .  . .  - .  . .  . 

. .  
. I . .  

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

. , Figure F-16: Dhtribntion of FELWA Single-Qit - .  Truck Stocks ' . . .  a .  . . - .  . .  . a  

* .. 

, i  

9 ,  

. I  . -  , .  . .. 

FHWA 'Single-Unit Trucks . 
, ,  ' . ,  

S I  ' . .  . .  . .  * .  
I I 

- .  

. .  
+ . .  

I i .  

Other Single-Unit 
' .  

, _  

. .  
c 

- .  - .  

I .  

. .  

. I  
I .  

I . .  . .  . .  
' I  

. .  
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Figure F-l%..Distribution of Light . .  Truck SaIes' . . . 
:. . 

I 

. .  -. 

. .  . .  . .  
. .  _. * 

I 

. .  I .  

. ' Medium Frelght Trircks . . . .  
ugj t  F ~ I ~ ' M T N C ~ ~  . . .' . .  

' '. . 
10,000 - 14000 Ibs 'FrelghfTruckModal , . , . 

\ -  
0.63% . . . , e= 10,OO~ Ibb 

. .99;37% , .- ' 

' .  . .  * .  - . .  -- . . . .  .. I . .  . I  

. .  . . .  
' A  ._ ' 

- .  . .  
. -  

, .  

. . .  .- % 
. .  .. 

. .  
- \ .  

- 1  

a. . 
I * I 

5 .  - . ,  ' \ ,  1 .. . . .  . .  

. .  ' Other Single UnkTNcb 
.. 

2.59% . ' 

\ 
, . ' ?  

i , -  I .  

.. .,2-Axle,CTIreTri1ckh ' . . 
97.41%. .* . . - . .  

J .  
I I .  

_. 

. .  

. - -  I 

. .  .. . . .  .. : ~ . . .  
' .. . - .  

I '  

. .  . . .  . .  . *  

. >  
- .  . .  , .  .. . . - .  . 

-, 
. .  - .  

. .  . ,  Y .  

. .  
I.. . .. 
. .  

' I  

. I  

. .  
. 
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I -  

' *  
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* .  
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. 
I .  

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

I . . . - . .  ,~ ' _ .  
I 

Allocation, of Truck Stock Among Indns'trial Gronps- . ', . .  
' ' In ordeito develop a forecast. of LCT use which is sensitive to economic activity, .it is necessary to 

' allocate the tr$xh aCcording to.their . .  major use. TlUS provides an accounfing of mcks &thin 
. s&n k j o r  use categories, . .  not all of which coiesponddire@y wi&measuieS of ir;dustriaI output . , . 
generated by NEMS.. h e s e  categories are .therefore aggregated into. measures. which can be * 

. .  . .  . .  addressed within the ,NEMS structure, , as . . . *  defined - ikiow. . .  
I .  

. .  . . .  

. !  
. I  

. t .  

. ' . , I  . Agriculture 
Agriculture or Farm Activities . 
Forestry or Lumber , . I 

Mining o r  Quarry ' 
Construction Work . , . 
ContractorActivities . 
Manufacturing 
Wholesale Trade ; . . 
Retai1,Trade . 

Daily Rental , 

. .  , 

Mining . _ . .  . I  . 

. .  . . .  . .. 
.. Construction.. . 

. .' _ .  . .  

. .. . . I .  

Manufactwing - . . -  
. . .  

' & '  .. 
. Business ,* . 

. .  . Trade. . . .  . .  I .  

, I  ._., 
. .  .-  

Not In,Use . * ,  

For Hire Tra,nspor&ation . . , .  
. .  I .  

,. . . . 
Other. . 
One-way Rental 

. .  ' Utilities I Utilities. 
. Personal. , . 

I . .  Personal Transportation ' . .  
A 

.: , 
. .  

.. . 

. 

, 

, .  

. .  
. .  

. .  
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. : 
I . .. . . .  

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

. .  . * -  

. .  
. .  

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

r . .  

Agn'WttuE , . 
Mining 
cdnstnrqon . 
Trade 
wri& . .  
Personal '. . 

Total , . 
. .  

._ . 
. .  . .  

. 1,419,306 . ' 316,281 
79,925 . . 40,414 ' 

?.197,648 .. : 800,004 ' 

1,064,497 , .. . . 1,592.3k' ' 

84,334 ' . . *  127,476 
. i  . .  

6,349,658 I. .. 4298,573' . 

-10,195,368' . . 7,175,054 . 

, .  . , .  

.. . .  . 

. 66,853 ' 
. 3,278. 

. 3,378 ._ . 9,334. 

. -  I 

. 104,408' 
. 5,664' .I . 

78,721 . . 120,%3 , 
. ,113,801 . 231,008 

72,246 .. ._ . :230,302 '. .. . . ,  
- ,  . .  

.- ' 536;274 .. .. . 503;062 * 

. .  

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

Agriwttue. ' j. . . 
Mining ' 

Construction 
Tkde '.. ' .  
utilities-. 
Personal . . .  . 

. . 4.4% . ' 133% ., . . I 
0.8% .. . " .. ' 0.6%. ' / 

. .  - .  . 11.7%. . .- 11.1% . . 
'. 10.4% '.s ' * .'22.2% 

. O i ? ? .  . 1.8% . 
: 59.9% . . I  

. 62.3% , 

. -  . ' 19.5% . 13.3% I , , 

1.1% . . 0.7% 
. '14.7% 23.9% . 

21.2%- ' : 45p% ' 

0.6% 
" 42.9% . 

0 .  

. 1.9% 
14.4% 

.. 

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

. . '  . .  

OperatingCharacte&-i& . . . _ .  . 
. -  - . . -  . 

hamk&tics ofLCTs relevkt to forecasting eneigy. demand afe.the average a n n d  ' . The operating C 

. ..mil2 per . .  truck driven w i h  &h niajor use cafegory and ffie &responding average he1 e&nomy. I 

.. ... *An exte&ive;sequence . I . - .  of sorting . .  and tabdating procedures . .  hw resulted in Table F-59, which - .  
. . proirides 

' . 
.' &e unifomi aixoss the'weight cl&s, .and therefore accuqtely . .  represent . the more &mow LCT 

, 
. L  . .  

. .  
estimate'of . .  average'travel'demand'for puck between 6 . .  and'lO'thousaklpoynds. As ' . 

is. done in apportioninglruck among &e &kgoiies, it is assumed that these driving characteristics . . . .  
. I  

.. categoj. . , . .  
. .  

. _  L .  .. . . . '. 

. . 

_ .  , .  
. .  

. .  
. e . . .  

a .  

. . .  
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. .  . .  . 9 - 1  . .  

, .  

I , .  

I .  

. . .  
. -  - .  , .  

. .  . .  - .  
. . I  

.. . :  . .  
. Estimating the average'fkel economy of these trucksjs considerably moreproblematicy adrequires * 

additional, qssumptioh and . .  calculations. . While TIUS .req&es thi operato& of larger ,trucks to' . * 

iq+it~y statitheir 'average he1 kioiomy, the c e m '  form fir.smaller trucks requires only that 
operators identify an I@G range & which their trucks operated 'in .the piior yeir. It is therefore 

* necessary to'combine these two sets of survey responses on the most aggregate fevel, Ad  then use 
more robmi estimation mehods to deterinhe the mean characteristics of &ch group. The aggregate 
tabdation of trucks according to major use, vehicle type, and fuel economy is pro~ded in tables 
below. Again, thezkibutes of 6 to 10 t$oymnd pbuhd .trucks are assumed.to represent those of the 

' : . .* ... 

. .  . . . . 

, .  

. .  ' * ' 

. ,  ' I '  

I 
- ,  . .  . . -  

, *  

. .  ' I '  8.5 to 10. thousand,po$dgroup. ' ' .. , ... 
. I : . .  

- - .  
. - ,  I 

, .  . .  
. ,  Estimating the ,average characteristics of these grouped dap involves the use of a k e d  mead 

'* * '  *&st dete&g &e quartiles of kach i .  distrib~on, calculat&g the.inkrquartilei-ange . .  (IQR), h d  then 
estimating thebiweightkd harmodc meaq of the -pie. These.quartiles are presented $I .Table 

1. F-60. Dete*g the biweighted m~ involves calculating a weighting fkctoqwhich is a Lction. 
of Zin obs&ation's deviation fiom the median of the sample.'z.as shown below. . 

- 
; 

. .  
1 .  . .  

L .  . .  - 
i 

where: I- . z.= I. 
: 3(, . .  

. .  
i .  

._ 
. I  

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

.' 1 where w is the weighting, factor, and X represents themidpoint of ekh  MPG.mge. The-biweighted 
' 

. .  
. ,  mean is , '  then calculated ?.follows: . .  

' I  

. .  . .  . ,  
'~ . 

. .  , .  . .  

I . where Nk is the population'of MPG rapge.k. The ihverting.of &e MPG valuein theequatioq, and. 
I I" sdsequent inversion of the result is intended to provide an e h t e  ofthe harmonic mean of the 
' 

samp1e:'This res& in a first.approximation, of the. fuel economy of LCT's, and is tabulated in ' 

' Table F-60. These, values are subsequently. used to.replace the value of tfie sample medim in the 
calculation of 2, above, and theprocedure is iterated until the MPGestimates converge. Theresults ' 

, 

. .  

. I  

' .  
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. .  
. .  

' . .  . 
. .  

. . .  . .  

. .  . 

. . .  

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

. .  
- I .  

. .  
. .  

- -  . .  . 

c . .  

- .  . .  

.. . I  

. .  

. .  
, .  

: a i s '  ' . , . 10.9- . 8.0 ' 10:o . . , . 8;O * 

. 13.1 * .._ 10.8 , . 12.3' 10.0 , 

' '5.6 ' . 5.6 ' 7.3 ' 4.4. 

I . .  . 
. . Median 

' ,Q75 , 16.5, ' r ,1316 '1 17.4 .* ,. . . 12.5 ' 

Mean . - '. 1283 . 926 . 9.02 a .  
, .  IQR ' . 

MNian . 13.5" 12.5 . ... 12.0 .. . . 10.7 ; 

..lQR 4.7' . , 3.1' . . 1.1 . . 3.8 
* .Q75 .. , 16.2 ' ' .  . 14.2 . 12.6 . . 13.0 

. .  . 
. Median.' . . 13.8 12.5 . 13.4 . . 9.8- 

. 16.9 ' '15.7'. . ' 15.4- 11.7 . .  Q75 . 
IQR. .. 5 i  . . 5.1 4.9 3.7 

I . -  
Q25 ' 11.8 . . 10.4 -. ,102 . . ' 8.1' 

'. Median 14.0 . . 12.7 . . . 126 . 1O:l 
- . -  

. .  
. Q75 ' 17.3 .' 15.8 '. 21.0 - : .- 12.5 

*> IQR . . 5.6. . '5.4 * . . 10.9. * 4.3 . ~ .. 

. .  
' ( 2 5 , .  . 11.8 : . . 9:s . . -1 1.7 7.3 

12.7. . . : 9.8 
. Q75 . 16.8. . .. 14.4 1 17.4 . . ' 11.9 

IQR = 4.9 4.8 5.7 . 4.6. 

. .  Median ' . 14:l. I -. . .12.0 

. .  
* .  

. .  ._  
. .. . .  

. .  
. ofthis iterative proc@$re are presented'in Table F-61. . ' 

1 .  - .  _. 
. .  . .  ~ :. 

. . .. . I '  
. .  

, , .. . .. 

. ' *  

, I  . -  
I -. 

.. . .. 
. *  

. .  

, *  * , .. 

' I .  

, .  * 

/ 
. .  

. '  . .  
* .  

L 

. . .  .~ .. 
~. 

. .  

. ,  

. .  . 
I .  

I '  

. I  

' "40.86 , ' . 13146, - 8.84 , 13.49 . - 

14.4 
Q75 , 17.4 17.7 . . . 16.8 . . 13.9 

4.2 IQR . * 5.7 . . 5.6 6.6 . 
Mean 14.05 1231 ., 10.95 

. .  

.. . 
, .  

*~ 

. .  
, >  

I .  

, "  
, .  . 

. .  
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. .  .. . . -  . :  
. .  . .. .. - 

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

. .  , . .  
- .  \. 

I .  

.. . 
. .  

. .  , .  
. .  . - -  

.. . I .  . .I . '. I 
* 9' . 

. I  . 

* .  

. .  

. .  

, *  

. .  . .  

Agriculture 
Mining 

' construction 
Trade - 
Utilities ' 

Personal ' .. 

12.77 . r. -8.75 . . \. . 12:79 . . 8.66 
. 13.12'. 11.92 - 12.00' 10.10 

I .  

, 13.45 ' 11.79 ' . . * 12.58 . 8.92 ' 

. * 93.55 41.57. - .  . . 12.71 ~ 8.98 
. '13.33 , . I - . ,1025 . . 13.57 ~ ' 8.65' 
-33.67 , ' 1 13.99 . . 1'2.29 . 10.78 

. .  , .  
. -  . .  . .  . The above tables e f f ive ly  desciibe Light Commercial Trucks for &e pkpose of forecasting their . 

d p m d  for bavel.&d comubption of fuel. hthe , .  follo&g section, the FHWA stock numbers will : 
b'e, &cmporated, apa meaques of ikdystrial output'will be used to test the'respoqiveness of the ' . , 

. 

: , 

~ 

* I  , proposed model to v&ations in.economic conditioqs. * 

' h,corporation of M A  Baseline Data ' I .  

. - 1  

, .  
. .  

\ .  

. .  
. .  I ,  

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

. .  
* In~ord&to.tracltthe activ$ies of LCTs, and derive &.e* of scrappage rates, histo&cal figures , .  

.. - 
, .- '. . f?om.FHWA have.been cokidered. The stock of:trucks*andtheir'anziual k e s  of &vel are ' 

3 ' presented below. 'It should be noted that, beginning with the 1994 edition of FHWA'S Highway ' . 
Statistics, a revised definition af2-axleY4-tire trucks . ,  has been implemented; rekovhg Fch vehicles ' 

, 
, ,  & vans&d sport-utili9 vehicles fiom'the "automobile"' &gory and placing them.in the "single- 

' 1985 - 

1986 

1987 . 
. ' "1988: , 

1989 . 
1990 , 

1991 
* 1992 
' 1993 - 

,1994 
1995 ' 

46,425,097 ,3,927,412 ' 490,274 .. 46,SSO :10,629 I' 11,962 
471319,902 . * 4,024,842 -. . 510,178' '48,413.. . 10,781 . . 12,029 . 
48,816,260 - 3,883i694 543,615 I '  '49,537, . 11,136 . 12,755 

50,524,830 3,957,319 I 575.&1'' . 51,239. .. . 11,389 - . 12,948 

51,644;255' . .  4;102,863. 596,024 52,969.. . i i ,541 ,. 12,910 ' 

I 11,609 ' ':12,595 52,932,510 ' 4,243,044 .'614,491 ~ 53,443 . 
I 1 ,  

53,210,253 4,265,307 . 624,982 ' 53,787 11;746 , . 12,610 
53,844,5011 4,316,148. . .  637,049 . 53.691 . . 11,831 . 12,440' 

57,i41,967 4,724,608 

.55,710,076 4,526,004 * 661,546. . 56,781 . e.. 11,875 .12,5?6 

. .  669,321 61,284 11,713 . 12,971 . 
. .  . ,  

57,897,398 . 5,203,810 686,977 , 62,706 . .11,865 . 12,050 

1 .  
. .  

- 

, 

. .  
I .  

' .  
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. '. unit truck". degory.. , . 

Tbkchange idefinitionhas required making &cremental.adjustments to 2A4T truck docks h t h e  

. .  . -  . . - I .  

-. . . 
. .  .. . .  

, . 

prFeding J&S. This has been .acbmplished by'wkidering the change in 2A4T populations for . 
'-the year 1.993-the . .  onlyoverlappii . _  year iri which stock numbeis kder.both sets ofdefinitions..a.re. , 

povide& .?he c&ent ilefktion in+es@ckpopulation by 36.2 p e r q t  over the pior tabulation; . 
. this & there€ore'cdI;sidered to be;miform aq&s time, Ad previa+ yW1 . .  stocks havebeen similarly 

, I  

e .  ' 
. . .. 

. 
. , .. augmkted. The nupber ofmiles eveled i s :a~~o a d j w  . ,  through'the expedient o f  assliming that, . .  ' 

. . every vehicle t r a n s f e r r e d  +om the automobile . .< Ategory - travels ai a v e e e  nuinber I L .  of , d e s  defined - ,  _ .  
. -  ' . . by.the.ovd average for automobiles, The above table'represents .single-unit tkcks of all weight 

. -  - .  
. . .  

. .classes., The krat5cationprocedHes described &the previokedion A I .. is subsequedy imp0sed.b 
. .  ' ' ,order to derive an' estix&e of Light Commercial &uck stock within each truck type and ma..or&e: ' . 
' 'categixy: ?he distribution-among . truck~types . is . .  presented below, @ . .  Table , F-63,: . .  ' 

- '  ... . .  . .- 

.. . 

. .  

. .  . .  

1985 
1986 . . - .  . 

. 1.987 
1988 
1989, - .  

. 1990 I *  

. 1991 , ..... . 
. .. 

. 1992 ~ .. 
' 1993 
; .I994 ' . 

.* 1995 . 

.. . 
.. ,. . 

3,346,996 .' 2,727,821 

3,452,835 . -. . 2,814,081 . ' - .  . .  
?,573,685 ' . . 2,912,574 

* .  3,652,863. ' .2,977,105 
. .  

. .  
.' 3,051,368 . 

' 3,743,983.~ . .  

. . 321 1 ,484, 

' 3,7631628 . * 3,067,379. . . .  
.. 3,808,489 , ., 3,103,941 

_ .  . 3,940,444 
4,0$1,723 3,2M;028 .. . 

.196,938. 209,940 . I , 

. . 202,578. 190,032 . ' 
. .  
206,418 . . .I 93,634. .. ;' 
. .  

' I 214,010d ' . 200,-756 ' 
. .  .. . - 

207,6 I 5 I - -  224,322 "- 

-- : FY483 , , 208,704 * ' 

I -  225,'135 . .  . . . 211,192 

' . 236,081 ' . I  .221,46O 
' . ".'246,44$ , . '231,178 ' 

I . .  

~ 41095,156 ' . ';3,337,576 . % 271,436 ' ' 2S4,626 
. .  

. . *  . ,  I ' .  * 
I .  

I _  

'The.number of trucks itreach year is g&ed . _  to.represent the'net.effect of a fixid scrappage rate 
. 'applied to the preyiod year's stock, &d the @location of new purchases'fiom*the Ma&o,-Model. . .  

Because light truck' purchhes iire,exogeno&ly supplh, the scrappage &e musf be inferred. The ' 
-table belowrepresents the allocation of new,LCT stock by vehicle type. ' Allo&tion among major- 
use groups is detailed in subsequent tables., A fixed scrappage @e is then calculated forthe two 
clakes of single-unit trucks, kmbinihg pickups and. others, Ad averaging across the years 1986 to " 
1994. This res& in-in .average annual scrappage rate of 6:77 percent for 2-axle 4-tire tmcks,.and ' 

1 -. . - 

. I  . .  
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. . ,. 
<' 

.. . .  . 
. ' .  e,, ' . . 6.54 percent for other single-unit .t&ks. This percentage applied uni€ody across the l~recast . . 

-. . 
*. y v .  The p&pose.of thisexercise is to enable.the.mode1 td a@okodate  the in'wrpor?ion of more 

<. 

fuel-efficient trucks 0verihe:course ofthe forecast. ' ... . . . - 

. .  . .. 
' . I  

. .  
. .  ' . #  

. 1  . .  
. *  

1985. . 
1 .  

1,986 , 

'1987 1'. 

307,831.' 0 '  ' 

,320,501 

'323,634. 
. ' I  .. 

337,556.. . . 
. -326,905 .- . 

365,929 . ' ' 

250,884: .. 
,261,210 

263,763 , 

.275,110 ' 
266,430 . 

- 24933% . . I  . . 

234,449 . 

264,272 . 

. 305,511 
. . I  . 
343,682 . 

. .  .16,192 . 15,189 1 

16,858 . ' . ' 15,814 

;* . 17,023 . '- . i5.969 
. - .  

* 
I .1988' . i  ' '' .17,755 _. 

I .  .' 17,195 

16,092 

15,131 

.. .17,056. 
' 19,717 , 

. . . 22,181 

16,656 .~ , 

'' .16,130 . 
, i5,095' 

. '  14,194 * 

16,000 . 

. 18;496 . 
8 .  

20,807 

. 1989' 

* 1990 . 
. '1991 . 287,665,- 

324,257 ' * 1992 

' 1993. ' .  
1994 . 
1995' ' . . 

. I  

374,857 

421,693 
. .  .. 

. 424,944. .. 36,331 ;. . 22,352 . . 20,968 ' 

. . .  
~. Forecasting VMT,and MPG - . .  

In ordm to estimate, , ,  fuel d e G d  by LCTs, it nkessary to develop a fo- of t y o  elements: the 
toik trave1,demaddedwiWeach majb;;use group, agd the aGerage . fuel ' ,  economy ofthe truce. 
Again, the FHWA ,data provides.little ddance in the'allocation of apd MPG among light 
conkpercikl trucks; assunhpttions based on .TIUS strsltifi&ons ?e therefore . .- ked. . 

. ' I . 1 . 

I 

- ,  .. . ., 
. ,  

- .  : . * I  

. .  
I 
. *  

. I  - .  

1 .  

. .  \ 

. .  
. *  

I .  
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. .  
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. .  
. .  

. .  

,I 

. .  . .  ' I  Index of'Manufacturing Output. .I. ' ' 

1 2 .- 
. .  , .  

.1992=1.Q ' .. A . 
. I  

. .  

. . . .  . .  
.. I .  

1..5 - 

., 

, .  
. i -  . .  . - ,  

. . . .  . . . . .  . .  
I -  1 9 8 5 . .  '1990. 1995'. :m . ..=.. : 2010 ' 2015 

. . . .  . . . .  . . .  1.4 Agriculture + Mininz .-A- Consbudion Trade .4. Utirrties , 1 . .  . -  

. . .  \ . .  
. .  

. .  
I .  

. . !  . .  - *  
I .  
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Total VMT,Demand: . . .  .Light Comme'rcial Trucks 
' dulerhk cdnfigurations . .  , .  

. *  

. . . 

* - .  . .  . .  . .  
,.. . 

. .  - 
. . .  . .  

* .  , .  . .  
, '. 

. ,. Figure 3$19:,Total VMT Demand for LCTYS ' . .  

Total VMT Demand: Light Commercial Trucks . 
2-Axle,4-TreTrucks . 

. .  

. .  
. .  

. .  
. .  

. i@ m " - '  #)(I5 . . 2010 , . . 2015 
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\ 

gure F-2O:'Stock A$erage MPG for Light Cominercial Trucks . 
I _  

1,. .. VMT-Weighted Stock.Average MPG . . .  
. .  

. .  
. .  '.ByLCTType , 

. . . . .  

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

. . .  . I  . . . . . .  - .  * .  

I ' .  

, .  

. *. *. * 

. . . .  
. .  .... . .  . .  -:EnergyDemand' . . .  . .  

. .  

, .  
. +&g 6 e& .of @vel de&d Ad he1 economy for kh'truck type and industrial group,'it . . .  

.. . ,  . .  
. ' . is a simple step to calculate&e energy reqGed to meet FS demand. . The figures 6elow represent . 

' amount; risink-fiom apprh-tkly l-qw in 1-990 to near.2 quads in 2015. The figures m-the , 
.foQom%igpage show how this'&ergy demand is distributed among the major?use groups. ' Personal ." 
-travel represents roughly half'of all energy ie&and within this cia& of &I&,' with,much ofthe 

' 

. . .  
. . the aggreg& demandxor en&=, 6y truck type, for LCTs? It & a relatively small, but not negligible, . .  

. .  

. .I 

3 ' . 
. 

f . .  0 .  

. . .  
. I  . . . .  . .  remainder being'aliocated beheenComtqxction Ad Manufacturing & Trade. . . . . .  - . .  

5 . , - .  I '  

, -  . I . . .  I .  

This. proposed model provides, by-nedessity, a rough appro-tion ofthe chaiacteristics q d  . . 
. ' performance-6fa relatively. . .  sm'all &gory of trucks. 'Improvements fhe model i d  the narrowing 

of assumptions'wiu probably have to .waif until &e issuaqce of &e next Truck. Inventory Sind Use 
Survey, or the provision of more detailed statistics by.FHWA. , f .  

. 

. . . . .  . . *  . .  

. J  
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' ' FiignreF-21:.Ener& Consumption by Light Commercial Trucks I' '. , I  . 

.*e . . . , .  

, .  

,. . .. 
. .  . .  

. Energy Consumption by Light Commercial Trucks. 
I ,. 2-Me, 4Tre Trucks 

J 

. ,  

300 

1990 ,, .I995 , . 2010 . . 2015 

-m- Pickup'Trucks -+ OtherTrucks 
d .  

.. . 2 0 0 0 '  ' 

. ,  . '  
. .  .-. . . 

, .  

. .  

I .  

50 

40 

. .  
10 

' 

Energy Consumption b i  Light Commercial Trucks 
. . -  

.. . . OtherAxkConfigurations' 
. .  

. .  . .  
, -  

I ./ . .  
_ I  . 

.. . . '. 
. . .  . .  - '. . .  

. .  
I.- 
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. I  , 
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, ,  . .  , Components of VMT.Demand ~ ,' ~- 

other M? ComurationS 

. .  . .  

.. . .  

. .  . .  . . .  . \  . .  
' F G e  E-22: . . . .  Components of VMT Demand . .  for LCT'S b .  . . . .  . .  . - .  - . . .  . .  I . .  . I  . .  

. - .  
. .-.-I Componentsof VMT Demand 1 ' 1 

. -  . . . . . .  I . .  2-M;4-?'ire Trucks . . . .  
. _ -  .I40 

I .  . .  . .  
-. 

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

. .  

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

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

' ' 1992 TIUS Estimated Truck Registration Compahon &th Federal Highway Administration , .  
, I  * .  Truck Registration 

. I  

. .  
t .heFeder@ Highway Administration (FHWA) estima? of the nkberlof private and commercial 

lrucks registered is based on acalendsir yqar mmmary report fiom &h state. It reflects differences 
g h c k  definitions used by each. &te for vehicle'regktration i o m  those bed  ih*TIUS.-. - . . ,  . ' 

' ' 

. I  

. .  
. I  

. .  ' .  . . ,  , ; e  

.. . 

. .  . . ,  

. .  

. .  
. .  . .  * .  

* .  . 

' \  

~~ 

201 . .  'MO 1357 I . ,  I 1,156 , 

. . - 2 4 .  _ .  348 . . 

/ 
. .  
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* .  
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Distribution of Single-Unit Truck Stock 

. .  
32,280,857. . 
2,267,891. . 

i50,01'4 I . 
1,049,648 

' 1,623,799 

338,911 
.269,741 
692,200 ' 

1,186,238 I 

209,4S2 
92,084 ' 

34,916 . ' . 
551,553 

52,733. 

!2,685,490 - . 
&7,018-. 

--6i,58i ' 

955,09ii 

520,703 ' 

. 189,362 
' 190,115 
461,164 
795,568 
i25,ii8 
12,159 ~ * 

. 3,507 
383,412 

-38,668 . 
1 . .  

10,195,367 0 

1,330,873 ' 0 

' 88,433 , 0 
528;945. . : 0. 

668;703 . '0 

149,549 0.. 

390,670 0 ;  
84,334 ' 1. 0 

* 79,925 O f  
.31,409 1 9' 

. 168,141 ' . - 0 

' 14,065 9. . o  ', 

' 79,626 ' . I .  0 
. o  - . .  . 231;036 -. _I 

. .  

. . .  

, '  0 - : .  
. . .  . .  . .  

To'tal 
Agriculture or Farm 
Activities 
Forestry or Lumber 
Construction Work 
Contractor 
Activities. . 
Manufacturing 
Wholesale Trade 
Retail Trade 
Busineqs Use 
Utilities , 
Mining or Quarry 
Daily Rental ' ' 

NotInUse . 
ForHire ' 

Transportation 
Other 
One-way Rental 
Personal ' 
Transportation .. 

. .  , 
. o  . o  . 0 .  

0 . 0. 0 ' .  

' 0 '  . ' 0  0 
' v  0 0 

0 :  * . .  ' 0 .  

0 .  0 .*. '6 . . .  
0 ' .  0 
0 . , o : . .  . 
0 ,.' 0 . 0 

' 0 '  . ' 0  . 0 
' 0  0 .  
.o. . . o  0 '  

-. 0 0 0' -. 
0 : .  0 . o  

. o  .. 0 , 

. /  0 '  

0 .  

0 .  
0 

. o  ' 

. o  ' 

, ,  . .  
0. , o  . O '  . . ' 0' . ,.. 0 .  

0 .  ' . . O  . . I  

. \  
1,792 1,792'. : . 0 .. . 

' ,  I 0 .  
0 . .  

0 

0- 

0 

0 
. . '  ..' 0 23,759,885 17,4!0,227 , 6,349,658 , . 0. . ' 

. .  
- .  . .  

. .  
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. , .  * 

1 . .  . .  ... . .  . .  . .  
* . .  ' .  . 

. . . . . .  . .  . .  
* * .  . .  

1 .! . . . . .  , .I. 
, . ' f .  

. I  .. a .  . . .  
, 

. . .  , *  . . . . .  

. . .  I .  

. .  . .  
. I  

. a .  
. I  

. . ,  . .  
53,606 . . 4i4;83i . .  . . , 27,359 - I 244,862. .. , . 95,520 , . 37,919 

. .  * .  

' 5,134 ' I  .23,838 ' ' 96,743, . .* 2;304,:' ' ' 26,289 '. 
' . .  \ . .  * .  5,464 .. 

454. 192 ' ' 749 ' . ' 8,528 . , 225 ' ' .  609 
. 12,054 : 2,309 .. , 6,716 . 49,089 '' .3,488 7,846 

,33754 * 2;263 I i,m , - . 19;751 ' . .  , 2,565 ' * *  . 1,985 
'6,914 ' .' 1,094 ' 3,183 . 44,847 ' < $,3'42' ' ' 6,750 :. 
11,725 3,42 1. ' ;  ,908 44,372 . 1;852 9,883 : 
14,580 .' 7,264 2,565' ' 29,280.' . ' 2,288 * ' -,tO,9lO 
7,886 ' 4,465 . 1,193 " ' 12,440 '.: :495 . 1,108 ' . 

9,323 . 2,832 ' 1,929 * ' 38,510 . . 744; .. ' 8,sis. 

. .147 . . .  488. ' 139, 5,575 , 89 . ' . 1,251 , .. 
";,024. . I  '. . 363 . 0 ' 9,049 2. .1,338 , i,oiP '. 
3,513 .' . 2,543 . . 3,372 , 25,300 * 2,298 22,399 

. 8,046 ..' . 2,724 : . " 3,877 \' . :21,023 3,875 ' ' 4,574 - . ,  . .  

. . . .  
0. i. . 0 ' . O "  ' .  0 0 '  ' 0  

I ,17 . ', ' : . 0 * 0 . :  , ' 0  ' ' .  . .O 234 : , .  , '  < I  

-.' 2,888 ", 3,661 , ' 30,124 * - 456' '141,130 . .  . .  ' 9,623 . 

i4,597,388 , -  . 6,281;165 . , , .  21,772,510 : ' . .  
410,505 ' 109j687 . '  .141,046 . 

' I  . .  I ,  .' 
..22,915. , ' 7,451 . 4,707 

' 390,414 ' (144,592 ' ' 164,320. 
'~ 976,763 * 422,582. . 491,968 ' 

'+.. 73,168 . 

. * 305,067 , 

. .  -205,174 . 100,217 . 
480,380.. . 217,272 ...... 194,978 :. . . .  e .  895,807 

' 521,579 
1,497;535 ' '917,823 . /, ~ 512,825 ' 

. .  

: 195,288 ' , .. 67,812 - "  1 ., 99,889 
'52,521 . . 'i2,106. - 32,726 
; 195,002 141,659 ' ' 39,554 

, 277,168 . 129,822 , '  ' 87,921, . . .  
112,495 . : 45,299 ' 23,077 . . , 

0 '  0 
. 0 ' ,  . . 2,234 ' 

' 

. .  ~ $ 8 5  , , . ' 

16,058,058 ' . 11,759,487 3. T,110,689 

Total ' . 
Agriculture or Farm 
Activities ' 

Forestry or Lumber 
Construction work . 
Contractor Activitie! 
Manufacturing . 
Wholesale Trade . 
Retail Trade 
Business Use ' 

Mining or Quarry 
Daily Rental 
NotInUse . 
For, Hire I 

Transportation , 

Other . 
One-way Rental 
Period 
Transportation 

Utilities 

. .  
I . .  

. .  

. -  . .  .. 
* .  . . .  

. .  

, . . .  . .  . .  
. I  

. ,  
' I  I .. , . .  

. *  . I  . .  . .  . .  .. 
( 1  

. .  
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. .  . -  
. .  

* .  

. I  

. *  :. 

, . .  

829,477. 

136,899 

~ 4,064 ' 
40,665 
67,095 
15,046 
10,971 
26,109 

.' 104,232 
3,612 
.6,348 
, 2,821 
.25,814 

' 1,528 

0 

0 

, *  0 
0 
0 -. 
9 .  

.* . 

0 
, .: 0 

. o  
. ' 0  

0. 
0 
0 '  . 
.o 

293,203 
. .  

Total 
Agriculture or Farm 
Activities 
Fo+ry or Lumber 
Construction Work 
Contractor Activlties 
Manufacturing 
Wholesale Trade I , 

RetallTradc I 

Business Use 
Utilittes . , 

Mining or Quany 
Daily Rental , 
NotInUse . 
For Hire 
Transportation: 
Other 
One-way Rental 
Personal 
Transportation 

536,274 . 
. 104,213 

.I95 
27,633 
51,088 
4,796 
6,439 
23,228 
110,299' . 
3,378 
5,664 

, o  

32,686 

, 0 .. 
0 '  
0 

. o  
' ' 0 .  
, o  
, o  

. ' . o .  
0 
0 

, ,3,869 . 
13,032 

: . .l6,007 

' i,s81' 
* * 33,933. 

2,234. 
, 684 ' ., 

17,775 

' 1,528 ' 

10,256 
4,532. 

.., . 2,821 

. I  . 

,. . . .  

: '0. 

0 '  
.. ' 0  . '  

. 0 .  
* . o  . .  

0 '  

0 .  80 \ *  
. .  0 . .  

0 0 
0 .  0 '  

0 - ,  . 0 .  ., 
* .  1 

. o  0 
'0 . 0 ... , 

- - 0  . i . 0 
. .  

0. . 
0 .  

* \  . . *  - 0  
. .  .. , 

. .  . . .  
I . . . .  

. .  

. .  
. .  

.' .* . . .  
. .  

n 
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... .' , 
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. .  
. .  

. *  -. 1 Major-Use Distribution of.LCT's i . .. .. ' . . . , . .  . .  
. .  . .  . .  

... . 

* .  

480,872 ,497,496 608,518 521,203 . . 523,938 .. 530J83 548,553 I * '582,652 . 570.090 Agdarlturee * ' 454,174 _. 485,938 

Mlnlng .. 25,578' *a 28,238 27,088 28,015 . 28,636 29,& ' 29," - 29,856 . 30,890 ' , ' . 31,684 . ' 32,103 
Cpnsbuctton ' * . 363,244, . 393,17f 405,8ob ' 419,800 - 429,101. 439,805' 442,113 ! :47,383 * 462,883 ' 474,780 i '481.057 ' 

Trade . 340,638 '349,459 ' 360,510 . 373,128 381,395 , 390,809' 392.w 397,644 ' ' 411.421' * ' 421,996 . 427.576. 
Utllltles 28,987 . . 27,888 
Personal 2,031,871 2,084,504 , , .2,150,420 - 2,225,885 2274,997 2;&1,746 2,343,981 2,371,921 '_ 2.454.102 ' 2,617,178 ' 2.550.45lj. 
Total . 

. ,  
28.561 I . 29,581. 30,218. _. ' 31,603 . 32,595.' 33,432 33,874 30,969 ! , 31,132 ,. 

'3,282,468 3,348,9&3 3,452,635 3,673,885 3,852,883 ' 3,743,983 ' '3,783,828 -' 3,868,489 ' '* .3,640,4&9' * 4,041,723 , 4,095,158 
I , .  * .  

.-. . . .. 
* "  . . .  . . ,  2A4T'Non-Plckup . ' . 

136,824 .I . 141,564 . 145,203 147.122 Agdwlhtre l17?08 120,244 ' 124,048' . 128,388 , 131,233 . 134,!5Ok ' 135.212 
Mlnlng 14,977' 15,365 ' 15,851 16,405 ' ' 16,789 17,187 '. 17,277' ' 17,483 18,089 . 18,554 . 18,799 
ConstructJan, . 296,487- ,304,147 a13,764 ' 324,748 * 331,941 .340221 .342,007 348,08? , 358,074.,. . 387,2f7 372.133 
Tkde . 690,oBi) 605,385 ' 624,- - 646,366 - *  660,687 677,167 I ' 680,720 : 688,834 112,701 :.. . 731,019 ,. I 740.683 
.UUlitles ' 47,140 . , 48,464 49,997 51,f48 62,893 64,212 64.497 55,146 . 67,057 . .&,524 - * .59,297 
Peiwnonal 1,592,973 1,634,237 ,1,685,915 , :1,744,922 1,7831583 1,828,0?4 1,837,688 1,859,570: . * 1,924,000 , 1,973,451 . 1,999,641 
Total '2,858,945 2,727,621 : . '2,81?;061' ' 2,812,674 2,977,105, ~ 3,051,368 ' 3,087,379 ~ 3,103,941 ' ',3,211,484 3,294,028 3,&7;676 

. .  

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

. r  

. .  ' , ?.\ - . .  Otherpickup ' ' 
I 39,440 : ' 4O;r'M * '  '41,868 43,089 ' , 43,316 '- 43,832 45,963 ' 47,980 52.846 Agdwlture , 

, ' 2,338 . 2,350 , 2,378 2,493 ' 2,603 2.067 
copstrudlan 30,072 , . 3b,818 . 29,737 ' - '30,301 , 31,415 ' 32,488 . ' '  32,659'.' , 33,0484 , 9,655 36,176 ., 39,845 

48,966 47,212' 47,775 . 60,098 52,296 51,601' .. 
UBIIUes . .  ' . . 1,290 . I _  1,322 . 1,276 1,300 3,348 1,394 1,401 
Personai . 87,978 . ab,l58 ' 86,997 _' 88,q8 ~ 0 1 , h  ' ' 95,046 95,546 * 96,684 ' 101,385, '105,834 ' 116,588 
Total ' ' 204,658 209,940 202,678 .' ,208,416 , 214,010 221,322 222,483 ' 225,f35 . .236,081,. 248,441 - ' 271,438 

, * - 39,884 , . 46874' . . .  
Mlnlhg ' 2,164 ' 2,217: 2,140 '2,180 ' I ' . 2,280 - 

43,472 . . 44,551 . 42,988' " 43,803 . 45,414 .~ . *  
Trade 

1,418 1,487 1,552 ' ' 1,710 . ,  

. .  . .  - . '  
. ;  . .  . . . .  . .  . I  

. .  
I ' - ,  

. . .  . . .  . I other Non-Pickup ..( 
. .  ' 25,538 28,172 25,254 25~732 27,735, 28,088 . , 29,430 ' 30,722. , 33,038 28,879 ' 27,590 

1,380 1,376, - 1,443 Is$06 . 1,659 
45,480 : 48,321 ' , 48,025 ' ' 49,888 '49,926 ' 60,622 52,978 ' _  ' 55,303 ' . 60.912 ' 

?5,838 . 96,980, . ' . *101,6Qe , . 106,158 116,925 
3,725 , 3,852 3,872 .,' 3,919 4,109 ' 4,289 4,724 .. 

29,973 ' 30,330 ' 31,804 33,200 36.567 e 

, .  
Agdwlturti 
Mlnlng - 1,252 ' , 1,283' 1,238 1,282 I 1,308'. . 1,353 , 

'Consbudon I 45,971 47,1f2 

UUlltles * 3,568 3,654 3,526 . 3,693 
Personal . 27i598 , ' 28,283 , "27,291 

. .  , 

Trade 88,246, * 90,435 . 87,263 . se,oii . . 92,188 ,. 95,338. 

27,808 - * 28,831 . ' 29,816' . .  
193,834 ' 200,768 , '207,816. . 208,704 211,192 221,480 231,178 2&,626 Total 192,171 I 1~0,938 *. 180,032 

, .. 
, .  . *  * 

I .  

a , * .  I . .  ' . .  
F-159 

1' " Natlonal Energy Modeling System . 
Tmnbportatlon Model DemandSector:Documenfatbn Report * I .  , .  



': 

. .  

' >  I '  

I .  

* .  

I . .  . .  . .  . .  
. .  

. .  . .  . * *  
. . I  , 

. .  \ I  

. .. 
. .  . '  

, .  * .  . \  . , .  .2A4T Pickup . . '  ' .  ,' 

Agdwllure , ' 

Mfnlng 
ConstiMan. *e 

Trade . 
Utllltles - I 

Personal,, 
Total . 

A g d w l g i  ' 
Mfnlng 
Constnldlon . 
Trade 
Utllltled 
Personal 
Total 

Agdwlture , 

Mlnlng , ' 

Consbudon 
Trade.: 
Utliltles ' 

Personal . 
Total" 

Agdatlture. , ; 

'42,853 ;. , 

2,413 
38;181 

2,548 

.307,831 ,, 

. .  . 32,141 . 
. ' 191,717 

. .  

. .  
I . .  

. '11;059 , ' 

1,413. 
27,973 -. 

_ .  

. ii5i77 .. 
. . , 4,457 - *  

i ' ' 150,305 
250,884 : ' 

. . -  

. I  

44,617 . .  . .45,053 , .48,991 . ' 46,sds .. ' 42,689 '.. 40;046 45,140 62,184 68,704 
2,513 2,637 2,646 , . 2,563 2,388' ' 2,265. , . . 2,542 I 2,939 ~ " 3,306 

35,937 . 33,792 '' &,os0 * &,O& .' 49,538 
33,791- 35,244 '34,132'' ,- 31,842 , , 30,035 ' 33,858 39,139 ' 44,029 33,483 

2.GI 2,677 ' 2,792 2,704 ' ' i 2,631 2,380 . . ' . .2,882 , 3,101 . " 3,488 
199,807 ,, 201,658 . . '210229 203,598 .. 190,632.. I 179i167 ' , 201,947. ' "233,481 262,629 ' 
320,601, . 323,634 , 337,658 - - -  326,905 . , ",k , e 267,BB5 . 324,267 ' 374,851 , '421,6M 

- .  . 37.649 . 38,017 '39,653 . '. k , 4 m  

- -  * .  .. I 
I .  - 6. ' 

. e  

, ' ,J . h4TNon-Plckup , .  , .  
11,614 11,827 .. .12,127 11,744 . 10,991 10,335 I ' 11,649. 13,467 , 15,150 

' 6  29,124 . 29,409 ' 30,674 ' I 29,708. ' ' 27,800 . . 26,141 .:. 29,468 . 34,M 38,320 ' 
67,?08 , . 58,635 * '  61,053 69,127 55,333. . I 62,029 68,648 . 67,800 ' .78,271 
4,841' . . .  4,680 4,888 . .  4,734 . 4,430 : 4,185. 4,895 ' . 6,428 * . 6,108' 

:156,491 168,020 164,819 169,818 ill9377 . '140,458 ' ' . 168,326 : .Ie3,03l ' ' 205,800 
. h1,210 ' 283,763 .. ' 276,110' - h,O 249,334 '234,449 261,272 . 305,611 343,882 

1,471 . 1,488 1,650 , . 1,501- ' ' 1,404 $321 1,489 ' 1,721 . 1,9+ 

6s,i57 
3,331 

' .49.918 
' 44,368 

. 3,516' 
. 264,654 

. 4 2 4 , W  

. 16,267 
1,951 

. 38.615 
. 76,859 

$153 
' 207.487 
," 346,331 

_ _ .  . .  ' I  ' 

^ .  O t h i r ~ t + q  . '~ . . .  
. I  

e .  . - -  . .  
- I  , - .  3,152 : ' ' 3,282 . ' "3,314 . 3,457 ' 3348 

' 171 : 976,. I . I -180 . :. 168' , . 182 

. 102 . lo6 107 ; ,'112 ' . 108 

. ,  
' 2,377 ' ' 2,476 2,499 . ..2,808 2,524 

3,577 ' 3,812 * 3,788 _. . .3,649 3,438 

8,954 7,240' , .. 7,311 . , , 7,825 . 7,384 

. . .  
. , .  

l 6 , l y  16,858.. . .  'j7,023 ,' 17,765 . '17,195 ; 

.. . .  , 

' 3,133 I . 2,946. ' 3,321 ' 
. 170 ; id0 ' I80 . ~ 

. 2382 ,, 2221 . 2,604 
3,4b ' 3,211:.' .. ' 3,819 
. I O l .  . . 95 . 107. 

I .  

.. 8,911 6,498 7,325 . . 
l d , h  . 15,131 , "17,056 , 

3,839' , 

ioe. , 

2,894 
4,184 
124 

10,717 ' 
8.468 -, 

. .  
I ,  

.4,318 
. 2 3 4 %  

3,256 
4,707 . 

..* I 140 
9,528 

&,it31 

. .  . 
' 4,352 
% 238 

. ,3281 
4,743 
141 

. 9,5& 
22,352 

., 
. .  Oiher Non-PI&up . ; . .  

, 2,010 2,102 ' 2,422 . 2,213 2,144 2 , m  ' * 1,888 . 2,126 2.458 ' ' 2.765 ' 2.788 . . ~~ I .  

Mlnlng i '  99 ' .  ' ,163 . 104 . ' :io9 ~105,. . . 98 . I . , 92 . 104. ' 121 . I36 137 
'bystrugon . . * 3,834 3,ra3: . 3,820. . 3,984 ' 3,859 '. 3,611 3,398 3,627, , ' - 4,425. ' 4978 .. 5,016 

283, 297 .343 ' 388 . 389 
. , ..2,181 2,271 2293 2,392 ' ,  2,3!7 . 2,168 . 2,038 2,298 ' 2,8% . . ' 2,988 3,011 

Trade 6,975 7,282 . 7,333 ~, . 7,?8 . ., ,7,407 , I 6,932 8,518 . .7,347 . 8:494 . , 9,555 9,628 . 

TOM . . ' 16,189 15,814 . 16,969. ' '18,6d . 16,130 . 15,bS 14d94 * 1 6 , W  ~ . 18,498 . 20,807 , 20.888 

. .  
.* 282 293 . 298 309 . . 299 ' . 280. Utllltles 
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_ . .  . ,  ' . . . .  .. . . .  .. . , . .  . 
I .  
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'Attachment 6: Air Travel Module . ' 
, .  . .  

. I .  
. .  

* I  . .  . 
. .  - . .  . . 

. '  . .  . .  . .  ,. 

.. 
. Derivation okDemog&hic Adjustment,Factors , - ' I 

,. 

.~ 
. .  ' .  . .  . -  

, . . 
4 .  . .  . ) .  ... 

' ?  ' I It is 'expected', that the "personal travel" segment of &nmercial passenger' traffic .will be more 
' sensitive.to; &-fares than the fbusiiess travel" segment.: .It, is also likely that the volme of 

, qua.& of service, &e way of.quant@ing . this .* effect is in a stmeed measure ofthe."propensity' 

' 

discretiom& travel ,will be more influenced by public perceptions of *line safety, convenience, and- . 

to fly"w~ch, inits'most rudimekaty'form, assoc&es Sth kach age group.andgender a +tic vhue * . .. 
obt+ned from a m e y  of travelers.j8. The propensity to fly is &sidered to be the product of die . 

' . . . 
, . .  * .  

. .  

percentage of a given population segment to'have flown in the preGo&.year, .and the aveIslge. . 
' nGberaf flights t+& by the'travelerq.' This t rhdates into the number . .  oft6ps per cap&igsociated . 

a .  

. . .  . 
. pith that population cohok' , .  "h&e vqlues gre dsequqtly used to modulate forec'asts producd by 

e . *$heconventiona.lmodelas~follows: '. ' . . .  

- .  . .  . .  
* ,  . 

, I .  

and: 
. .  ' -. . I  

. .  

. .  . .  . -  . .  
0 . , .  

. .  
. . where: 

. .  . .  
* 

POPLT = The population ofthe p khort in year T. . 
POP,, =The population,of the Tb cohort &the base year. 

* . I  

. I  - - .  
PROJ?LY:T.= The propensily to fly for the p cohort. 

I , 

~ '! 
. .  

?'he :following describes the L&ptiOns &d data manipulations undertaken.to develop &e- and. ' * 

- 3  . .  . .  .~ I '  . 
. ,  . .  

' sx This adjustment algorithm has been &ted from that provided in Appendk A o W o r e d g  CivilAvic;'ion Activity.- Methob . - .  
undApproaches, Transportation Research Circular Number 372, Traiqortation Research Board, June 1991. . 

- .  
. I  
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' ,. * . gender-specific demographic.adj&ents to forecasts' ofpersonal travel; The.ae of these factors . . - . .  .. 
. . 'is predicated. on the &tic nature of the public's propensity to 'fly (PRoFL& = PRO FLY^,), absent . .  

yefias the .&oii of men, aiciyoaen of all age.grimps who havi f l o ~ h  (AM I ,  

. -  , .  
. ,  

, I  

'suflicient time series data to reflect and predict changing trends. , 
. I '  . . .  . .  I . .  ' 

.. . 
* .  

1 .M The ATA travel +ey provides the perceqtage of esich.age group which has flom in the . .  , . : 
+vious y w  ( n ~ ,  . .  

, zk).' The f& step is to derive an esthate of the percentage o f  each agegoup and sex which has ' - . .  1 . ,  . . ' ,  
# .  , .  

. -  . .  
. .  . .  . . .  flown.. . 

. .  . * -  . . , .  
. .  , .  . \  . . -1 

. .  
I .  

. .  
. .  .. . . :  . .  

' : w -.Given &tN, ahd.Nw represent the toM nuinber of men &d women, respectively, the * 

. .  . .  . .  
. percentofthe flying population e t  are of &h gender Can J be.represent& as follows:'. . .  . .  

. .  . .  . .  ' .  1 . .  . .  , -  , 

A. . .  

- _  . .  . .  
. .  

. .  - .  . _ .  . .. . 

. . . Using.the 1996 Census n&be&'Pi = 0.53 i d '  Pw'= 0.47. In other war+, 53 percent of people ., 
.. . .  

. .  who.took'at least one ak trip.@ die previov yeivwere male. -. . I  

! .  . .  . . I .  . . .  . . .  
-, 

It is- as.su&d dqt this gender ratio i s  &&aut across age groups &d time. 'This .ra&o is. 
used to estimate the percentage of.the population by gender &dage.group iyhich has.flo& in the 
previops. yqr.." The equation for .males is as -follows: . . 

NA . , 
; ?M,A - . . I .  

. .  . .  . . _  . .  
.. , .  

. < .  

. .  . .  .. 
I .  

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

, ,  

-_. . .  . 
, .  ??M,A . . . .  . -  ., . .  

. .  . 

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

_ .  
. .  . .  .. ' \ a .  . .  

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

. 'are-necessary. . . 

In ordei to determine the ri&ber of trips per capita.for male and female coliorts,,fu&& ass;n$ptions. . . .  - - . *  
. .  . .  . . .  . .  . .  

I .  

. _  
. I  

. . '  , .. 
. .  

. .  

.; Acwrding to the ATA &ey, male travelers flew more.* female travelers; the 'ratio 
. . .  

- .  . .. . .  
. .. 

. ,  .ofmale to-female trips per capita'is 1:72, Le.:. , ~ 

. .  

lW .. . 72- . 

Nw I _  ' 

. ,  
* ' .  . .  . .  

e .  . .  
. .  I .  

- .  3 - .  . -  . - , .  . .  
where TM &d Tw represent %e total number of trips by male and female travellers, respectively.. 

. .  . .  
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. .  
. .  

. .  , .  

. I .  

. .. 
7 , .  

In'each &e group, the number of average &ips per capitqis reported. It is & k e d  that 

I 
, I  

* .  

the&ale/female travel &io.holds across &e groups, which enables the subsequent division of e&h 
. .  figure.into'two kentier-specific figures. 1 , ;  ' . :. 

. .  

For each %e group,.the number oftrips per capita (TPC)'is expressed as: . 
' .  ' . ... . 

_ .  

. .  
. .  

. -  .. 
, .  

. .  

. .  
. .  From above;, . * -- 

. .  . .  
. . .  

I .  

.. 
. 5 .. . . .  I .  

. .  
I .  Substituting, and reanranging: 

. .  

. .  '. . . .- 

' . '  ' ,. . 
. . . > .  .- 

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

The resulting figures are tabulated, and a,graph of the demographic index through the yek 2040 is ' 

provided on the following p@ei . . 
I .  . .  

1 .  .. . .. I . 

- 
.. .' . . .  

I I .  . .  . 

, .  - 
. .  

c 

.. , 

. '.* 

. .  

. .  , I . /  

- 
. .  

. .  
i . .  . .  

, .  
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. .  
# 

-. 
I .  

- 1  

. .  .. . .  . 
I -  - .  

. -Ta$le F-76. ATA 1990 AirTrariel Survey Data ' .. . '. . 

. .  

.... 
. -  

I .  

. Figure F-23; DemograpGc Adjustment Index for .Personal . <  Air Tpvek-. 19$0-2040 
. .  , . .  - .  .~ -. . . . _ .  

, I  
. ,  - .  . . .  

. .  
< .  I . _ .  -. 

- .  . .. . .  
* .  . 

. : . Demographic,%dex . .' . . ' 
, 

.., .. .. 
. . Ad]usfn?ent To.Petsonal TraveLt 1BBO = lh0 

.~ .- . 
. .  ._ . ' 

, , .. 

. .  

5 . . .  

- .  

1 
- .  

. . .  
. _. . -  

. .  
. .  , ... 

. . .  
. _  . . .  -. . .- . .  

nr 

. -  
1 * .  . I .  * . I * , . I * . * .  1 .  * . I . .  * I . .  . I . .  . I . . . I . . . I . .  . I . .  I I . .  * I .  . .  I . .  . I 

' .  
. -  . .  

0 . .  .. - 

* - ,  . PoprJatiok ?a@: ' U.S. Dep&ent of Comer&, 'Bureau of the Census, Project io~ i$ the ' 

Population of the UnifedStates by Age, S&, andRace: 1988 to 2080,. Pouulation.Estimates and I .  

* .  
. .  

. .  . .  : ._ .-. .Proiections, Series P-25,No. 1018. ' ' . .. 

Percentage FIoG, &Trips p r  Capita: ATA, Air TravelSurvey, 1990. 
- - .  - 1  

.. . . .  
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Light-Duty Vehicles' 

. , .  
. . Freight Trucks ' 

BUSes 

-. Rail ' ,I 

Air , 

Water 
. . .  

.~ ,. . . 
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, -  
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- Attachment 7: ,Vehicle Emissions Module. 
. .  

, .  I *  

. .  
, I .  

. .. 
. . .  

- .  
, .  

i 

.. 

I 

. '  

Derivation of Emission Factors' . .  . - ' 

* .  
, .  . I 

. e  . 
- .  

-. 
. I  

lNTRO.DUCTlON I.. , 

., ' ', . . I. 

. .  
. .  

'. . 
. .  

' This report. provides EPA-emission f d i - t o  be used in the transportation vehicle emission solirtion 
dgorithm, which is outlined in the Transportation Sector Component Dkign Report (TSCDR) 

e ,  

section on emissions. This algorithm is'as fouagrs: 
I .  . . .  

. .  . .  .. . I .  I . 
* '  I . -  

. .  
' . -  .- 

. ' where EMSS.is total'emissions of.'po&itaut .P by.mode IM, in.re@on IR, 'and time T, EkACT is an 
e&sion fwkn hied on technology, &el and vintage weights; and-Uis a measure o f  annual vehicle , ' 

.. - , I  . .  ' : . .  .activity (vehi&&.&s-traveledor . .  fuel consynptioni.n gallohS), . ' 

. I .  
1 .  . -  . .  

* 

' 

The TSCDR specifies modal kmission factors for SO, . .  NO, carbon, CF,'C02 and VOCs, and calls' 
for emissions to be calculated for the following.six transportation modes: 

,.. * : . .  

. . I  
I .  . .  

.I 

~. . .  

. &litary aircraft, recreational boating, -passenger rail, and buses: This report ako provides the 
emis$on factors for dese miscellaneous transportation energy end-use categories, as well as for I 

alternative fie1 vehicles (AFVS). ' 

. -  .- 
. .  

I . .  
~ - .  I .  , I .  

Pollutant eniission factors &e not repoed for ce&n transportation vehicles. Reasons for the 
exclusion of these emission factors hclude one or more.ofthe followingi . . .  

. .  
. . -  .. 

National Energy Modeling S y h m  . .  
.Transportation Model Demand Sector Documentation Report - . F-165 .: ' 



> 

' .  .. . - , . . - . .  
. 

the lack of adequate.EPA emissioqs.teSting results for the prcjduction,of reliable. 
'neet-average emission rates, ; \ 

* .  
.o . .  

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

.. . .~ 

0 

, .  . . ' . ,; .. 

. . . . , I  the pollutant% not regulated-by the EPA.(for.ex.mple, .only aircraft HC,and ' 
- .  .. - 

I .  

? , .  , ,  . . .  . .. 
. ., smoke emissionsare currently.regulated).' . . .  ,' 

. .  
- /  

. .  
. . . .  . 

. J  : < 

* .  .* . - . .Such @stances ofnonqqo&cj emission factors qe doctimented id the relevit transpo&tion mode, 
. .  . .  . _ . . \  ..I 

- -. . +  

. I  

. . .  , . t 

. *  . 1- . , sections oirthis.report. . " . .  

, I  

. -  . .  . I 

' .  t - .  
.~ 

. '  . 
, .  . .  

.. . 
* .  

\ . .  

I -  

' .  - .  . ,  
. '  .- 

. .  
.~ 

.. . 
I . . . _  

. I  

. .  . . .  - .  . .  
. ' .  . . HIGHWAY MOBILE S0URCE.EMISSlON FACTORS . . . .  

I. \. - .  
. !  

. .  . .  . .  - ,  
. _  

' . * .  . Highuvak Source .Emission Factor , '  Infokation Sources 1. I .  

-.  ' . . I  

. . .  . -  

. 'Emision . .  factors . . a& the accomp&@ng ,. . ~ c ~ ~ o n p r o c e d u r e s u s e d f o r . ~ y ~ a l l  federal and &te . 
- .  

mobile souke emission inventory studies &me fiom?.he following EPA source:doc&ents:, . .  . ' 

. .  , ,  ( .  . ,  L .  

. .  . .  
. Compilation of Air Pollutant Emission Factors; - Volume I%. Mobile Sources 

.. 

. .  

. .  . .  
.<  (Aq42,FOdkditio&Septemberl985) ~ ,. ' ' , ,  

. . .  
._ 

\ -  
. .  -. 

. .  
Supplement - .  A to Ap-42 Volume II, January I99 1. '. ' 

b.ser!s ~ Guide to, &OBILE4.I, EPA-M-TEB-91-01 @PA Office of Mobile *' 

Sources, Emission Conkol Techriology .. . Divkion, . .July 1991). 

Interih G u i h c e  for-the Preparation of Mobiie.Source Emission IGentories, 
Attachments A through J (This EPA memomdm supkedesthe mobileIsouice 
'emission inventory preparation -i.t,&uctio~ . .  contained in Proce&es for 
Emission Inventory Prep&ation '- Volume- m. Mobile 'Sources, which is 
currentlytteing reiised) . . 

ProcedGes for Emission InventoG Preparhon - Volume 
EPA450/4-81-26d(re&ed), (July.1992). . . . ' . 

. .  . ,  

. . 

- . .  
I .  

. .  . , 

. .  ' ' .  

. .  - .  

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

Mobile Sources, 

0. . -  

0 .  

. .  * -. 
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, .  . .  . .  
/ '  - , . . I  

The _ .  dochiqeng Cohpilatioi of Air Rolhtant Emission.Factors\- .Volume U; reports all' data and. 
emhion h t o r  calcuiation a l g o r i k  for'both highway i d  off-wghway emission sources. 
Supplement A to AP-42 presentsupdated emissioris.factor infomiation for highway sokces based ' I ' 

, on the results of qdditional vehicle test data obtained subsequent to the publication . .  of the o&inal , * . . 
AP-42 Air Pollutant Emission. Factor ' compilation docvent, .as well .as mefhodological 

,' ' -  sour& docuxhents categorize highway mobile so~ces'hto eight types: light-duty'gasolhe vehicles 
* 

* , .  
' 

, 

. 
: 

' 

. 1 ' *. modit?catiok refieding calcuiation'refi.pemenQ,and new emission regulatioqs. Both-EPA data ' . _  

. &D(-jvsj, lijjtduty gaspline-powered tgcks 4th a gross vehicle.Weight rating of less than or 

* .  :?hn' , 6,000 lbs (LDGT~s), heavy+uty gkoline-powered vehicles' . ,  (HDGVs), light-duty, diesel:' 
' - ' powered vehicles (LDDVS); fightduty dieselpwered tqxcb (LDDTs), heavy4uty diesel-powered 

' 

' 

,to 6,000 lbs (LDGTls), light-duty gasoline-&wered trtxcls with a gidss vehicIe weight &g greater . ; 

. - .  . ,  . '  , 
' vehicles, @DDVs), ahd motorcycles. The EPA document, Procedures for, Emiision kventory .. , 

Preparation - VoZume f l  'Mbbile Sburces, provides the I. . mod upto-date ihstructiohs for all state , I is 

- khd*locatagencies invoived in the preparation of mobire source inventories. The EPA makes. 
fi.equeit mention: ofthe fict thai a number of eks ion  rate itudi& zire'ongoing.. Tierefiie, equgnt, 

... . I .. 

' .  
. '. 

I . .  . . .  
.monitorhg of the status of EPA d y t i c a l  #studies is suggested in order to ensure that TERF . 

emission factors reflect he latest available emission testiug and methodological information. ' .  
. * -  

;' H&way.mobce source emisGon factor calculation ioutiries, outlind ig fhe above EPAdocuments, 
are inwrprated into EPA's MOBILE model, which e&tes hy&oca&n, carbon monoxide, and ' ', 

. '  

. -  

,. oxides of: nitrogen emission factcirs f6r gasoline &d diesel-powered vehicles. The most recent . .  
releiased .. in . 1991 for the express purpose. 

* . ofpreparing all . I  1990 base y& exhissiori'inventories mgkated by the.CAAA'for all, keas exclyshe 

z . 
' , version o f c e  mob& 'enkioxk-model, MOBILE4.1, 

of CaWor&, iiqd to prephe CAAA-man&&d carbon monoxide emissions iriventory projections. ' ' 

However,, MOBIIi4.1 I .  does not inwrporate the effech ofothq.CAAp provisions, such as the Tier * -  

' I exhaust emissions standards for light-duty, vehicles and.lightiduty trucks. Reesions to, the :- ' 
MOBILG.1 model to'reflect CAAA.provisiopi for NMHC and NO, @d additional test data qe 

' 

behgdiscussed and pllanned.for incorporation into the new MOBlLE5.model. The EPA is currently 
seeking rmdunendations through aseries ofpublic workshops, and expects to re1,me MOBILE5 
in the fall of 1992. Append& E.E,M;B provides & excerpt fiom an EPA letter handout (&ted March. 
5,1992) ut outlines.potential MOBILES revisions. 

. . ' .  

, 

' 

' 

. *  . .  m .  
. I  

. I  

' ' Highway'sour&emission factors for California &e calculated through the.&e.of the C&ornia Air 
:Resou& Bo&d's o b  eiriission,factor model, EMFAC. The most recent-version of this model is 

' - ' * .  EMFAC%P, whichinwIporatesthemodr~nt californiavehicle and fuel standards. All EWAC , .  
e .  model versiohs are variants of EPA's MOBILE model, and have.been customized to serve @e . .  
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* .  . . _  
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, .  . .I . . .  . .  - .  ' 1  

.. . 
, I .  * 

. ' .  . .  . .  
, . . .. . .. . 

. .  . . .  

. ,  . .  . .  

.. 
. .  . .  

. .  . .  
. .  

, .' 
-&Sion calculation . .  needs of the C m . .  EPA's Office of Mobile Sources is cwently examining' , 

' CAIb in-use test&@ for vegcles certified to meet Worniak.O,'/ gpm NO, emissionstandard. 
Emission rate equ$ions for r e f l e g  the'effects of Califo&a's low-emithg vehicle (LEV) program 

. Sind inspectiod&tenance credits &e &so being considered' for inclvion in MOBILE model 

\ '  I .  

- 
. ' I  

. .  
6 

. :  
I . -  

. I  

- .  
. I  

. .  ' .  1. . . , '  
- .  . .  

. r  

.. . , 
. .  

. .  .. . -. . 
.. .. updates. ~ 

e. . :... . 
* .  . .  . .  

.. .. . . I .  

. .  . .  . 
The California &.Resources Board uses a separate cbmputer model to'assimilate eniission test dah 

. and&cul&basic - .  emission rates. This model, CALEAC, uses the CARB's&Use Syveillkce 
' .  ? r o F ' a n d  the Insj&tion/Main@ance Proj&'&itabases (along&& E P i  dataJ to ddve  the basic ' 

emission'f&oF. . .  'The bflsic'emission factors serve.as .the inputs to EMF'AC,.which subsequently . . . 
' *  . . ' : . .appges:emissioq. wmcti& factbrs ti  proiiice M emission f&m. ;  his repdrt.lists the CaIifomia 

.4 . .  .. 
. 8 .  

. .  . highway 1 .  I -  . .  einissionfactors +ig witG thk EPA . .  national emission fGors. '. . - . I .  

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

I .  

- ,  % 

. .. 
3 .. . .  .~ . -  , , .  

, . :  
The-EPA Procedure for Calculating Mobile Source Emissions: Factors , 

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

. .  . . ,  .- . , I  

' -. 
, I  

. .  . .  - 
* -  .. 

Mefhodology, Overview 1 

' .. 
' . : .  ' . .  . .  . ,  

.Federal e d  . .  state &encydevelopd.emission . .  factors for kichvvehicle type are derived from a four- ' . _  

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

4.- 

step proceSs59: 
:i. . . 1 .  , .  - 
First. "basic: exhaht emission .f&ors", or BEFS,. are e&ted according to rigid federal . .  

,- . .  
' ~ e c i n a  the Bms are adjusted with . .  a oimulti~iiiati~e . .  andadditive correction factors 
-. that & ~ t  for testihg kndition varihces in ambient temperature and opera@g mode, as 
. ' we! expected d s s i o n  contxl devicitajnpeying.rites.'. - . . . .  -. . 

* .  . .  - .  . .  
r - . . .  

'. , . .  . . .  
. . . .  .. 

Third,-;he BEFsiare further 'adjusted &ith a composik correction factor 'that reflectsactual 
. * vehicle characteristics &d driver oper&&g &actices (For &e .hydroc,arbon BEF, separate 

edsion f c t o i  for evap&ative and nn?ni;ig losses,are,added., In addition, the'hydrocarbon. 

, .  
e ,  . .  

' .  . .  
. 1  . .  .L 

5g All emission rate equatioxk and d& referenfed in this.section.come from EPA's AP-42 document and accomprkying 
supplements, or fhe MOBILE4.1 model documentation, unless otherwise noted. - 

I .. - . .  
Exhaust and evaporative e;nisSiok testing procedures for pghtduty gkoline i d  diesel-powFed vehiclk &e stipulate'd iri the 

Code of Federal Remlations, 40 Cm Pbt 86, Subpart B; July 1,1989. Testing procedure for heavy-duty gasoline and diesel- 
powered vehicles are stipulated in 40 CFRPart 86, SubpartN, July 1,1989. . ,  

. .  
' . National Energy Modeling System 

. . .  
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. ,  
, and &kin monoxide BEFs are adjusted for fuel volatility.). A number of these correction . 

., ~. *. 

' 1 &is are not included the emission factor . ,  calculations for diesel-powered vehicles. and , . .  ' .  
' trucks due pribrily to .a lack of reliable data. . . .  

1 .  

. .  . .  , r '  . 

Fourth; cohsolidatted BEFs iye derived by wei&ting the adjusted BEFs' according to the + .  . . . . 

. .  * ., ' &tion oftotalmiles driven for ekh model year,,and then sur&ini over the 25*historical' ' . 
3 . .  . ,  * .  

* model years that &nstitu@ ;he iri.-;s'e vehicle fleet for each calendar ye??' The equations . * ' .  (. . 

9 :, 
.. 

. .  ' * .  for the copcjlidited ernision faCt0f.s are' as follows: . . . . . I . . : . .  . 

. , . ,  
.. 

I .. .. 
ADJBEF.= . , ~ - 
SALHCF = ' . : .. Composife sp& air con&o&g, extraload, +md tr@ler'towing 

.' Adjusted basic exha& &ion factorin grams per d 'e ,  - .  , ,  
. .  

. -  
' -: c~rrectio~facior, . 

. . .  * .  
, -  - 

I .  RVPCE=', .' ' -Fuel volatility conection factor, 

, .  , . .  . R E F U E L = .  Reheling hydrocarbon emission faEtor(glrdile), ' . 
. .  RNGLOS= . * . kin&g loss hydrocarbon A s i o n  factor .@de), . ' .  - _  

Crapkcase abd evaporative hydiocarbon emission factor @/mile), . .  CCERW= . .  
I ' TF' =.' , '  F&onoftotal&esdriven . . 

-. 
8 ,  

, 4 . .  

. .  
. .  . .  

* .  
I '  

. ( S y t j o n  occks over 25ahodel ye& i, fiom 11-24 @ n; where::n is the calendar year) 
. .  I .  I .  ' .,: 

I .  

. - 2 . .  
- 

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

. .  
. -  

. I  

. I  

r :  , '  

. .  
. .  . .  

, .  . .  I .  . 
. .  

Methodology Debils . 

. - .  1 .  . .. 
' Federal Test .Procedures. I The federal test procedures calculate bkic exhaust &d evapokkive , 

. 

speed and, ige'time, veEcle-miles&h&d 0, percent-of VMT in cold-start, hot-start, and.. . 
stabilized op&tions, trip length, and he1 volatility?* The gathe&g of exhaust emissions data is. ' , 

accomplished with three test segmentii. For Segment No. 1. (cold-+ test), e&ssions for the first- 

' . emissions'for A h  vehicle model t d g  specified &nbientkmperature arid hdd i ty  levels, average ' 
. .  

. -. - .  

. . 
. .  

. I  

. ' .  . -  

I 

. .  . .  . .  . 
The numder of model yeaq for the in-k fleet was &anW from 20 to 25.W the release ofMOBILE4.1 (see User's Gyiiae 

Q The meaSure dfivq~atility is ~ e i d  yappi ~resswe. Vapor press~re rimmres the level of sufv pressure in pounds 'per square 

. . . .  
1 to MOBILW.1, S ~ C .  1.1.4.). . .  

. I  

inch @si) required to keep a liquid from vaporizing. Vehicles areiested at a certified RVP of 9.0 psi. . . .. . . .  

F2169 Natl onal Energy Modellng System . . ,  
. .  
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. ,  

. .  
. r  

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

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

. A  

' .  . 
. . . .  

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

. . . . .  . .  
. . .  

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

. .  

. .  . .  * '  

. . .  . .  . .  
. . . .  \ -  .. ? . .  . .  

. .  
. ' >. : 505 s&nds after &&e start-up are colleca. , For. Segment No. 2 (st8bilized test);e%ssio& are . 

' . d-' €or the ne; 870 seconds. Finally, for Segment No. 3 (hot-start teit), the engine is k e d  . 

' .Off for a ten-minute duration,'and:is restaTted Ad run for an additional 505 seconds 4th emissions. . 

. . .  _. . 
. I  . -  . /. -  

1 .  

..I 
, being.pllected. The EPA conducts - * .  the test cycles atboth low and hi& altitude locations.' , 

. .  . -  

, -  
. _  . . . . .  I ,  

. BasicEn$ssion *tes. ,The basic . I  egission Ate is c+culated by atuio-step fohplabased on the 
. . -  

~ a s m n ~ t i o ~  that emissiqn iates ii& e k i y  with.respect to accumulateivehicle mil-qe.- Fir% 

$kq andpOH&t. .. .Added to.this bkic emission kite is an adj&&t .that refleck the culmulative : ' .miieage.for the'model $xk vehicle'anda per-10,000 mile &sion de.terio&ion rzik. The two &ep .' 
- . for&ikaccoW& . .  . .  for. vehicles wik c@!ative mileage'of less than- 50;000, :and vehicles with 

_ *  .obtain basic k b o n  inonoxide emission r&es for.light-duty vehicles with a 1990 model year. 

. ' *  
' \  c. . .  - .  . 

a zero-mile eniissionlevel is obtained &om the k-ke vehicle te&g r e d i s  for. a specific model 

. .mileage h excess'of 50,000. The following e'ple shows the eqytiod &d calc@ations p e d  to 

I , ,  

. .  
. ' 

. : 
. .  

. . .  ' .- . , 
. . . . . .  . :  . .  . , .  r .  

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

' .  .. 
. .  . - .  

. .  

. %  
' .. , I  

< . _ . .  . .  
. 43xa,mpie.l:.Calcdating Carbon MoFoxide BikEmission I&& , - . 

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

. . .  . .  . .  . I .  

. .  
- .  

.. ~ - . .  -. 
.BER ._. ': =ZMl;+'@Rl*M), . . - . , forM s 50,000 Miles - =zML+@R1*5').+(DR2*(M-5), . . . .  ' forM~'50,OOOMiles :,.. I 

. ,. 
. .  

. .  . .  . .  .. 
* .  . ,  . .  

'Zero-mileemissionlevelingpm , . . 
, 1 .  

,. . ', Emission deterioration rate for vebicles wjth less than or equal . .- ' 
. 1 .  , to 50,000 mile$ @ gpm per 10,000 miles , - .  

Emission deiterio&on,rate for vehicles with more ban , e -  . . _ .  
,' . . '50,000 miles, in gpm p e r  10,000 miles - . , . x i .  

. .Model year c u m w v e  miltyge divided by 10,000 d e s  
.. . . .  '.. 

. . . . .  . .  . .  - . , .  . .  4 . . .  

where. . .  
_ -  a=' 

' DR1= ' 

- . * .  

M =  

,' . .  
, &-@ions; 

* 
. I  . ,  

. . . . .  , .  , 

.. . e  . .  :_ . . 
<. 7 

. .  . -  .- 
r .  

e .  

. .  

' - . -. (1) CO emissions are for light-duty gasohepowered vehicles. with a 1990'model year'. . - .  - . 
- .  . . .  (2) Tests conducted at low &*de t ,  . . .  

; ' (3)- Caldhe einiSsion levels at cumulative mileage intervals of 50,OOO and.100,OOO miles. 
. .  . .  - .  

'. :. - 5-c - 
. '  . . .  . . .  

. ' .. BER = 2.813 .+ (0.769 * 5)  = 6.658 rer mile CO , .  

. ,  
' I  

.' 100,000 Mile Emissidn Level: , . .  
- .  

.. 

. BER= 2313 + (0.769 * '5)  + (0.961 * (10.- 5)) = 11:463 grams per mile CO ' .  . . .  

- 1  

. .  
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: I *  . * e .  . .  
. .  . ,  

I .  

. .  
. .. . .  

. .  
. - .  . .  

. .  . .  
. ,  * .- ' .  

. .  
. _ .  . .  ' .  

, - _  . ..I . . .  - . I .  ' ,  

, . ' .  . .  
Data Source: US. En+ironmental Protection Agency .Office of Mobile Sourci; SupplAent AI _ .  . Compilation &Air Pollutant Emission Fatoma Vo1me.U- Mobile Sources (b-42); January 1991. 

< :  
. . .  I . 

- 
, ,  

, 

., . 
-Basic .Emission Factor Adjnshents. ' $he basic e&&n factors are. adjusted with a series of I . . . 

' ' general :&d pollutzhipecific Correction factors 'to account for ambient arid vehicle. operation . 
' ' ' characteristjcs that. differ fkom' tlie '.@dardkd federal testing conditio&,. ,n;e adjusted BER: . 

. .  ' . .  
. . .  - .  , 

. -,. . . .  .. .. ,- . .  , . .  
' equatio~are as follow& ' 

. I ,  . 

. .  

. *  
. .  

* .  

. .  

. . . * .  

. 
. .  

5 ;  
i .  . \  . I 

I .  . .  
. . .  ' . .. ' 

. (  . .  
! 

.- . ~ 

. .  ' .  

? 
, .  . 

' I  I 

9 
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.. I . .  
I '  

. . .  
. _.' . 

- .  . .  
I .  

. .  
. I  

. .  . -  . .  

. . .  
.. 

4 .  . . . . . .  . .  

. * I .  . .  . .  
" I 

. .  .~ 
' I  The*.equation terms.&e described below: . . t  

. .  - - .  . .  . !  
. . .  . .  . I . Temperature/Operiiting-Mode Correction Factor'.(OMTCF') - This multiplicative ' 

. comection fmor aCcounts forthe.observationthat ve&les produce a small? quantity of '. ' .  , 

. ., . 
: - . .eniissions 'as 'they .move &om t%ldi$art to'stabilized &d hot-start .operating modes. The . ' . "  I 

' 

, -  . ,  

. ; .  - _  

. .  * ' '_ . ope&& mode (represented as mtercept and'slope coefficients . .  of thehear functions), and ' ' 

. (2) apviou$y estimated tkmperature cokection factor.for &ch model year; polluts)nt, test . 
sebent, Sind ambieht-temperature (not ,apppcable to~diesel-pow&edvehicles aqd bcks);' v, 

. Aswith-the ba&c A s i o n  . . . .  rite formula, OIv@CFs are calculated with a two-.$age forkula . . 

. . .  . .  . .  des: ' .  ..: 5 

'. O ~ C F  . .  is.ixpreis+ is. a of,m-wiighted linig f imkioq ofthe fieit'ciylativci 
'. 

. . -. . - .  - d - e  for &h model year, aajirsted for (1 j, the emissions c o n ~ b i o n  attributable to each , ' . 
. . .  . .  I .  - .  

. I  

. .  . -  . * .  . 
. . .  

. .  
, .. 

. .  . 
:. . \ .  . 
. . . . . .  . , _ .  ,.: :* 

. .  
. . to reflect emiss'iois deterioration for vehicles yith.cuinulative mileage greater than 50,000' '- I , 

. . . . . .  . . . .  . . . .  . .  . . . . .  
, . .  _. . , 

. . I  . .  
. .  

. .  .. . '. . 
- .  

: *  
, I .  

. .  . ._ B ~ S @ ~ ~ * S ) + ~ ~ * - ( M - S ) I '  . . .  DENOM= Bb +'Poi'* M) , 

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

. -. 

. . .  . .  < .  . .  

, .. I 
..- . .  , .  . . : where; ~ . , . . .  

. -  
. .  

. I  ' ' .  fraction of vehiclwuks-traveId in tbe cold start mode ' . ~ 

high or low'tem& co&on factor (depending on ambient testing temperaturk) 

: ' '. 
. fraction ofuehicle-mil~traveledmthe hot start mode . . . . . . . . . . .  

for poll&t, model yW,,'and test. segment . . _  "i" . . .. . .  . .  
. .  I .  

. normaI&i , _ . .  in&ceptcoefficient for pollutant, model year; and test sebent, "i" * ' . 
. a  

norm& 'slope coefficient' for pollutant, model. year; && segment "in and 
culmuiatve miieage level . .  "jn (1 ifM s 5; 2  if^ 5 )  
cumulirtive mileage divided by lO,OOOmiles'1for &h model ykar 

. .  

, .  
i - 

. .  
. . \ . ' .  . .  

. . 1  . .  
_ .  . -  

. . . .  'The low temperature . .  &rrection f&r is applied when the.&nbienttemper&e lowerthan . 
- : .the reference test.temperature of 75 OF;' For all pollutants, Jest. segments,.and model years, 
. ,' :. except segment 1 (cold &) CO emissions for model years from 1980 andlater, a simple 

.. 
. 

. .  
. .  . .  . .  

. .  . -  . .  9 .  ~ M o n a 1  Energy Modeling &tern 
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I ,  . . . .  
. .  . .  .. . 

. eqonential model is useda In the case of cold .&art cabon monoxide OMTCFs for model 
ym 1980 idlater, two ad$tional*calculation steps ire necessary: First, TCFl is removed , . - 
fiom the TERM1 equation in order.td elimia& - 6  the temperatme pxction related to the cold 

, stak mode. SFnd,.an alkmative additive version of &e low temperalyre correction fkctor 
is calculate& the:"CO offset" (OF'FCO), which adjusts the cold &.emissions€or higher 

I . CO produced duringthe cold start mode. The CO of&et is multiplied by 'the p&cent of I&" 
:' .. . in the 'co1d:stait mode (the . "W" . -  . grk) iuid'acijusted for&el volatili& if& . .  temperat&e is 

' ' greater than 400F; The CO. 0 f i e t . d  is'theti added to the basic CO ekhaut? eyission rate .: . . 

' 

.. 
' 

* 

, 

I .  

. .  
- .  . , .  . .  ' I  

. .  , .  . -  
-8 

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

, .  : . fator: , 

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

. .  ' ' 'The high tcknperatuie co&on &r equation for pre-1980 modelyzrsy ap&ed.when the . .  . '. 

Wore For,pst-l979 model, year$ an al&tive corkkon f&or is ked that hcorpoiates :. :: 

* .  ' 

* . I ambient temp&& is higher than 75 OF, is similar& that of the lowtempemhue correction' 
. 

. .  , *  
. /  

. - I  
. .  

. ' a fuel'volatility correkion component. The com5ined.high tem&kure/fiiel volatility . .  . * 

. .  
- .  . . . ,  . .  

. .  - . .  
* I  - 

' 

,.correctitionf~to,rmodelis:' ', ' :  . 
.. .. . . I ,  

. .  * *  * .  . 
. .  

5 '  

. 
' , where RTh? is the fuel volatility level psi RVP, T the Abient .temperaturey &d A, B, . .  , . 

._ . ,  . 
, ind C pe  estimated coefficients: 

, . .  \ .  - .  . .  
1 . .  . .  

. a  
% 

. .  

. .  . ,  
- 1  . .  - . .  

I ,  

Tampering Offset ("OF") -A tampering and h e l i n g  ofiet (in grams.per.xkle) 

vehicles have had emission wntrol immponents'disabled or fieling Components damaged. ' . 
, .  Such 6pering &d misfueling I occurrences - . . .  &crease. exhaust and evaporative .. . emissions.. 

Tampe&g/misfueIingtypes tracked by the.EPA kclude .air pump disablement, cataly; 
, removal, EGR system disable&& mer nick damage, 'MI tank misheled, comiiiea filler. 

neckdamage and he1 tank d e l e d ,  PCV system disablemeni &mister discomeckoq,.and . I  . ' . 

. ' I . 

. .  
* .  is kded  to the basic en&ion Fte to.reflect the a skp t ion  that a&. &tion of fEkt - . . .  , 

. , - .. . I . .  

. ' '\ 

. ', ' 

1. . ,  . .  . .  .. I 

. ,  
; : cpmbined canister and'fuel ,&p removal: . .  

. .  The EPA has conducted nationwide tamp&g/m@fbelhg &eys since I .  1978, and datasfor .. . . 
,surveys completed ip 1984, 1985, and 1986'have been,,inco@oAed into -the Tampering . 

. .  
.. .. . 

L , :  * f .  

. _  . .  ., 
. .  : . .  

The equation is: TOb= EXP [Tc, (T 75.011, where TCh is aixefficieqt for model year f, pollutantp, and test sejgnent . 
b, at the amb,ient reference temperature of 75 degrees Faheeeit; and.T is the ambient temperature. 

I .  

. 

. I  . .  
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. ,  - .  , <  ... - .  . - . -  . .  .. .. . . .  .. . . .  
* I  

I .  
. .  

. .., 
. .  

. .  
1 .  . - .  

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

. .  
. \  Ofi& calculation methodology.64 The.TAMkOFF b applied to Ody four vehicle types due , . 

. . .  

.. 

. .  . .  

I ,  

. .  

to'the la& of comprehensive data: ,light-duty gas-joweked vehicles, liet-duty gas-powered ' 

hcks (60th' weight categories. I and . II), and, heavylduty gasipowered vehicles. The 
. .  

1 .  

- .  ' 

. (. 

TAMPOFFs for each tampering type are-calculated with thefoilowing equation for calendar 
year',: ' 

. .  
1 .  . -. . . .  
. .  

. .  

. .  

e .  

.- . 

- .  

. .  

. I  . .  I .  

a .  

. . .  

. .  . .  
, .  ' . . - .  . .  

. .  , .  . .  
' '. incremental i n k e  m expisions h m  tampered vehicles for model ' 

percent of theinodel-ykar i vehicles that are equipped with hem'? 
t lgtcanbe~pered, '  - 

' 

. .  I 

. - ye&$, pcjuutantp, and tampering-type m, . ., 

', ' . .  

. .. . 

. , . pkcent ofmodel-year i veiucies with equipmen; m that pas been' . - . -  . . I  
. .. - . *==. - 

. tampeFeiwith. . ;-. ,' , .  . .  . .  . .  
, .: . , .  . .  ... 

, .The $em, TAMP, is derived & o h  .lineat regression equations with cumqative mil&e hi 
. ~10,000-mile iiiCrem&ts . .  s e h g  as the regressor or explanatory . .  variable (the regression 
. intercept is interpreted 'gS the '&o:m$eage emissiqn rak). , The regressioxis yield 
: deferion&on rates .up to 50,000 c6ulative mileage, with mileage in the 50,000 to 130,000~ 

a .  
. .  

- .  . 

m g e  handled wia an additional adjustment f&r reppsenting each tamperini;typ.e&licle- I .  

. I  

. .  . .  
. .  typecombination. . .  ' :; : I ,  , .  . ,  . .  . .  

. .  . .  . .  . ,  

.. . 

. .  * .  

. .  

. .  . .  . . ._ ' 

The tampering-tvt>e eniiisioni oeets are combines to f i ~  ai o v d  composite osetviith 
A h  tamperingtype ofiet d j d y i t h  theapplicable temperature .correction fator (TCF), I 

gnd'.we&hted'acwrdingto the percent of . accynul&ed . .. vehicle-aes-traveled in cold. start,' ' * 

1 ' stabilized, and hot stak modes. .The tampering offset is not bppgcable to diesel-powered' : ' I 

. 

. .  

. .  :vehicles- &d.trucks. ' :. 1. . ,  .' 
. . :. . .  , I  

. 1 .  
, . '  , 

.Inspection i d  M + i n t e n h c e o  Program Exhaust Einission Benefit (PCLEFT) - ' , 

This optional emissions rate.adjustmexit ,factor accounts for'the hydrocarbon and CO 
emissioq reduction benefits attributable to inspection/mainte&ce$rograms, The emission 
rate I/M credits are e k a t e d  using a separate EPA'model, TECH IV+; which is cukently 

' *  " 

I ,  . .  I .  

. .  

- S~uiCe: Compilation OfAir Pollutant Emission Factors, Volume 2 -Mobile S&ces. Supplement A, Appendix E, p. k-1. 
* Additional m.ey results gathered after the publication of this document areialso included in the offset estimation equations. 

' F-124 
. . . National Energy Modeiing System 

. Transportation Model Demand Sector Documentation Report . : 



.. .. . .  ' 
. .  .. . .  

'. . 

. .  

, .  , .  

.- 

j .  . .  
being updated into:a.'IECH 5 version that will inclutle a NO, benefit gbmodel and other . .  

. revisigns reflecting new I/M,program datap5 J/M program pkmeters for the TECH model 

. .' include program &- year, 'stringency level, ' firdast model yeais of vehicle subject to. 
program requirements, waiver rates, complibce rates, program type, inspection'fiequency, 

* vehicle type;test type, and availability of alternative I/M cr&ts for certaiti technology' 
groups;. The W program emissions benefit is not app&able to diesel-poweredvehicles i d  

* .alltrucktypes. . 

. .  I .  

, .  - 1  

*.( * . .  
. .  c 

I ,  
. I  

. -. . * .  

. a  

. -  
. , .  . .  

. . .  . -  
* .  

I .  

, : '  , Methane-Ofhet (OFF'MTEJ - Tbis-grams-per&ie. offset,is uskd to adjust the 
, *  , hydrocarbonbasic emission rate whenno&ethaneHC e&sions are estimated.' Model-year 

' offsets are calculated for each of t$ethr@ &st. segments. . . . - 
. .  

and ' 
, . .  

, * *  I .SALHCF~~ = SCF * ACCF * XLCF * TWCE * HCF- ._ 
. .  

. .  

. I  

Each,of the equation terms'are desdribed 6elowi .~ 
, .  . . \ I  . . .  
' . SpeedCorrkction Factor - Fkeral test pro,cedes.call for the qllection . .  of basic 

exhaust emissio& at an average speed of 19.6 miles.per'hour. To a c c o d  for higher i d  
. lower avera.ge.speeds:exhibik ,... by i n - ~ e  , I  vehicles, correction fktors for three sp&d:ranges 

were calculated'uSing hea r  regressiona The ranges are low speeds (2.5 to ' 19i6 mph), 
modekte speeds (19.6 to 48'mpli), and high spkds. (48 to 65 mph); -The speed correction 

. factors are delineated by model year group, technology, pol lwt ,  andemission level (i.e:, 
* normal vs high emitters), but are weighted and combined &to one ba&. speed correction ' 

.. . 
- .  

t ,  * . 
, 

~ . 
. ' 

. ,  . .  ' ', factor applied to base emission rates.. . . .  
, .  . .  . -  

* .  
' .  . - _ .  . 

. ,  
I 

. .  , . .  . ,  . *  

. .  
The only NO, reduction benefit currently modeled is fiom'a reduction in &pering rat& resuiting from.hfprogmm. FPA ' 

aiplysis of transient Ihl test (IM240) data indicates that additional emissions redu@ons result fiom NO, cutpoint UM programs. ' 

(See Appendix E.EM.C, L i i  of Potential Revi$ons for MOBILES; Item No. 3-5.) . . 
The-speed corredtion fbtors are normalized to the speed associated kth a weighted SI& of the kdd'start and hot start mode . 

. .  
. . .  

VMT fractions. The SCFs were derived fiom multiplicative linear regreisionkqui&ons. 
. I  
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. .  . r. . / . .  . . .  
. .  

. .  

* .  

, 

. .  
. .  

;\ . , .  . 
. -  . - .  

. .  ... . ' 

..- 'Air Conditio@ng Correction Factor (ACCF) - The & condifioning cokeclion &counG * * \  

. . for thi j.mp&t ifair cpditioier 0I;;eratibii On hollutant qri3issiori types i t  various ambient , L  

. temperatures for each~model year.(This factor is not applicable to  heavy-duty gas-powered 
. :vehicles, light-duty diesel-powered.vehicles, .light-duty diesel-powered trucks, and heavy- 
.duty diesel-poiveied vehicles). The correction factor is irpr+ssiii as'? linear relationsgp to 

. . :temp&, qdjusted'with a.multipliktive f&or . .  that refl& the kicktion of AC y i t s  .. ' in use. 

. *  

t '  

. 
conditii&g. correction .. f a t+  . equatioi has the filloiving form: . .  ' . . - ' 

. ._ ' . - .  . .  . .  .. 

. .  . .  
. .  . .  

'. 

I 

.. 

. .  , - .  . .  
3 .  .' . .  
i. . .ACCF.= v** . .  U-* [A +.(B * -,7$ - i)j + i , 

' . .  
. whk:  . . ' ... . ' . .  . .  . 

. . : .  ' ' . . 
, .  

I _  

I .  . ' * 
' . W o n  ofvehicles e q u i p p e d ~ i t h ~ d , ~  .. . . v =  1 .  

.' ~ faction of A C h &  use, = (DE- 70)/10, where DI is the temperature disconifort ' I ' . u = '  ' 
. .  . .  

. .  . .  
. I  

. <  

. ~ .  ~ ..' . .  
hidex, . - .  

L -  

. D I =  . .  . . ((DB + WB)*0.4) + 15, ' '- . . .  

. WB= , ;' G e t b d b k m p h ,  . . .  _. I .  . '  . ': , . 

*. * 

. ,  
. .  . .  DB = 

. . .  . ' . A =  

' . drybdbternpemtuie, 

. . .. . interixptcoeffi:cieit, . ~ 

. .  
I .  

, .  . .  

. .  
,+ . .  -. ' .  . ' . .  . .  

.. 
. . S l O p e ~ f f i C i ~ ~  . .  ' :.B .= . 

. -'Ti. : .~ . .  ... . . ' . . . . ,. 
. .  . .  

. &nbientkmperaiwe.- . .  ., . 
I .  

1 ,  
. ' * I  , .  

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

. . Extra Load Coeection Factor (XLCF) - This &kctjon f&r ~~rporatesthe'&pacts . .  
; I .  

~ .. o&&sions of ah in&e of500 po+ds & the t& standard yehicle wei&<.whi.ch includes 
1 . a driver and one-p&enger. (This factor isnot applicable to heavy-duty . .  g&Lpoyered.' 

vehicles, lightiduty . _ .  diesel-powered ve@cles, light-duty I .  . .  diesel-p,owered, . . /  . , .  b%Clcs, and hqvy- ' 

, duty diesel-powered vehicles). Thk extra load co@ection factor ~. eqiution is: . . 
. . - . . - .  

; . ..- 

. /  . .  . .  - _  . 

. .  . .  . - .  . .  - .  . : ~ . . .  
.. . . .. 

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

, .  

. . .: .XLCF= [@C - 1.0) * v] + ltO 
, ,  . .  . .  

. .  

. whm .& is a factor coefficient for each model Yka; and .. po l l~ ta i t ,~~  and .U is the &tion ' 

. *  
. 5 

of~ehile-~es-traveled-~th the :extra logid. 

Trailer Towing Co&ection Factor -The trailer towingtoqc'tiop fkctor, which ' 
*&unts for thd iffi t  on emissions ofqn extratrailer,weight of. 1,000 io&&, ikalFulatei ; 
with-an equation that is identical ,in structure to that Ged for calculating .the extra load 

. .. . . 

. .  . .  

. 

.. ' 
. I  

. :  : 

\ . 
The XLCrange for CO is 1.3058 to 1.1347, &d the range forNO, is 1.0719 to 0.9535. 

NhionaIEnergy Modeling System . 

For&pIe, XLc'varies ~m 1.0786 to 1.0455 for low altitudelight-duly gas-pwd vehicles, d&&g on the model y&. 

' - . ,  
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. .  . 2 
. . . _  

. .  
z . 

. * .  

. .  
. >  , .  

I 
. ... 

, . . .  

. .  
correction factor: . ' 

. I  . .  
. -  

. .  . .  
T"CF=[~C-I.O)*UJ+l.O 

. .  . . ,  

. .  . .  
. ' where TTC is a &tor coefficient. for each model ye& and p~llUtantt.,~*.an&U is the h c t i o n  
, of vehicle-miles-tiaveled with the e& trailer'load. ' 

. ,  .. 
, . .  , .  8 . .  . .  

- '  I 

This . .  factor is not applicable to hg'duty gas-powed'vehicles, light-duty dieselpowered * . ' 

. : vehicles,' li&t-du@ diesel-powered I. , .tcucks, &d h e a v y - d ~  diesel-powered vekcles. . .  
: , .  _ .  

_ .  
, I  

, .  
. 1  . ,. . - '1 .NO, Humidity Correction -Factor @CF') - NQ e&sion fa&@ are nor&alized to 75, . ' 

ypim , .  of waterP,pound of& air. To khieve thils nornializationgiven various humidity . 
levels, a ,multiplicative 'correction ' factor is ;@plied to. the composite NO, SLHCF. - The 

, _  I . . ,  
> I I  

' 3 . ~' 

, .  
, ,  

. .  .. ... . .  . .  . .  
- I f0yo-g HCF equation. is applicable for ill,iodel years: .' . .  
'. . 

I .  

- .  

* *  

Data obtained' fiom' nionitoiing emissions at different Reid Vapor Pressure levels shows d t  ' '. . . .  , .  
.hydrocarbon..and CO e&sions increaseis Volatility iny&ies. For exhaust emissions at fuel I 

volatili& levels' different fiom the test certikcation RVP .of .9.0 psi- and when. the ambient. - -  

'lempepke is gr& thah 40°F, afireZ.voZatiZity cornecho; factor (RVPCF) is appGed to the basic . . .. . .  . .  - .  . .  
hydrocarbon and CO emission 1. , htors., . .  . .  

. .  I .  
. '. L .  

_. I .  . .  . . .  . .  . . 
There are three fuel volatility brectiorifactor equatio&, with the selection.based on vehicle model 
,yeq arid'ambient temperature:- For model y e  197l;hTough 1979: (and at aIl temperatures), the 
RT~CFS for J&rocarbons abd CO &e based on a simple hear extrapolation 

I .  

, 

I 

I RVPCF, . .  =.(os6222 + 0.012512 * RVP) 0.67483 
:RWCFW=(7.1656+0.33413 * RVP)/ 10.17277 : 

., . .  \ 

. .  . ,  . ' h .  .. . , .  
For &pk, k C  varies'&m 1.7288 to 1.2614 for lowaltitude lightduty gaopowRed vehicle depending on the model year. . 

.The?TCrangeforCO is 1,8940to3.9722,andtherangeforNO;is 1.1184to 1.3875. 

69 'The denominato; value reprients the numerator evaluated at the certification Reid~Vapor Pressure of.9 psi. . . .  I 
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-.. . .I _. . -- .. . 
. .  . \  

. .  .. . 
' . .  . .  . .  , .  

. ... 
. .  

. . .  
. . .  . .  

. .  
. .  - .  

\ . . .  . ,  
1 . .  . .  

. .  \ 
. .. . .  

. .  
. .  . .  . .  

. .  
. , ForpM979 . .  model-years . .  and at a'temiegtyre . 1 grmter,than 75"F,.+e RVPCF is*incorporated . ., I jvith 1 

. ' '- . . . .the . . _  high temperature &rrection'faC@r discussed in the TemperaEe/Operating-Mode Coirection ' ' ! 

.. . .  . Factor (OMTCF) section. 
~ 

I I. 
. .  x -  

. .  

. .  
. .  . .  

For post-1979 model years and at . .  a tempekture in the 400F to 75 "F'ringe, a two-step correctio; 
procedure k'ked. First, a RVP @qection factor evalmted.at-75"F . I .  is obtiined I . .  using thecombjned 

' ' ' 

. :. 

. .  

high. temper&ure/fbel volatility model. The resulting RYCF is then. used as an input ,to the 
foUowingequktiGn" ' . 

* 

. .  , .  : . I 
. I  ,. . . 

~ . .  . .. . .  
.I . . \ I .  

, .  
I. . 

1 
. .  . . RVPCF= = LO'+. (lwwc~;~.; - 1.0) *'[p.? 40.0) j35.Ojl) 

< , ,  - i ' .. , .  . , 

.. . 

. .  . ,  

. .  

- where.T . .  is. the .Abient . .  temperature k the,&ige.of . -  . *  46 OF. 6'75 OF. . ': . . .  . ,  
. ,  

. ,  . .  

. . . . ,  . .  I .  

. I  

The post-1979 .. model- year. . I  fbe1,'volatility correction fadors are also disaggregakd hased on test . * 

'segment and&el delivery system (carb&eted, throttle-body fueI*injectio& and multi-point fuel 
- . .  

I .. 
. .  

. .  , I  

. .  
' .. ', 

. .  . -  . -  

-. . . .  
, - -  

~I . .'injection). . 

- .  . .  i* . . .( . . .. . .  
. I  I *  . . .  . . .  . . -  

.' , Evaporative Emissions ,Factors., In: addition . to the 'basic exhaust ekssion . ' .  factors ' fo? 
-. $ydrocarbop,:w&mtive . .  d s i o x k  from carb&etion &d hel'tank sydems . .  must be included . .  in the 
. . .knsoli&ted hydrocarbon erdission. factors.. The EPA. models five .types of HC ' evapor&ve 

. . * -emissions: &ankche, hor soak . . .  (ev;?pprative e&sions o c c h g  after a trip), d imZ (relea.& of fitel . 
, .  . . vapors due.to q.exp&ion .. . of the air-fbel &e in'a p@&y filled fuel tank when the ambient .,. 

: t 'empera~e: increaes) , .~~~i~g loss .(emission generated 'd&g . .  vehicle opefkion), dnd re3eZing. 
idisplacement of fuel vapor &om the k@c during refieling, and spillage).'. Evaporative ehssion * 

' ,  

I -  

-. > ititctors are not applicable'to diesel-powered jvehicles and trucks; . , .  
. .  

e .  .. ~. 

.. . -  . .  

. Crankcke, hot soak, and d i d  emissions (CCERfrT) ?e calckated kith oneequation I .  ' . 
1 . . . ,  

. .  - . .  . . 
. I  

. .  - .  

CcERvT ='[(HS + TAMPHS) * "'PDj]+ [@I. +;TAMPDIj / MPDj] + (CC +. TAMeCc) 

. .  
HS = 

. TqMpHS= 

. TPDj=. 

. DI=; 1 . .  

Hot soak &ion rat.& in grams per trip, c o d  for temperature 

Excess hot soak &ion r k s  due to ?amper$& &ected for RVP 
fuelvolatility, . 

. andRVP'fuelvolatilityy ' 

' 

Trips per day for agej vehicles, 
e .  

. .  
' ~ : ' D i d  emission rates in.grams, coiected for temperature and fuel 

c 1 ,  c volatility, ' 
. .  

. . .  , -  

F-i78 . 
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. .  

. .  

I . .  
.. . -  

. . , Miles-perday values for agej vehicles, ' 

. .  

e .  

- .  . .  , .  
. .  , .  

. TAMPDI= . *  ' - .' !.&c&s d i d '  emission' r&s due to. 'tampe~g, corrected for 
. . . t e m p e h  and RVP fie1 volatility, 

i .  - .  
' .. . 

. . e  
I ,. 

' MPDj= 
- cc= : crankcase emissions in -.per mile, 
TAMPCC = . .' Excess crankcase enksions du'e to takpering. 

. .  I .  . .  I ,  

. .  . 
* Ruqhg loss emissiops'(RNGL0S) are . .  calculated . & a similar maiuiek loss emission &s in.grams 

per &le &e corrected ior temperature * ,  . and RVP fuel volatility (RuLOSS),'qd then areadded to the 
' 

. ' , 

' . I excess nipingloss emissions.as&ibed io tampering (TAMPRL). . .. 

- ' ' .,. - Refbeling loss emiss ions .wFL)  are calculatk by .adding together the displacement fueling ' 
' :losses c@cted for.RvP b l  volatility (DISP) Ad an av,erage spillage.rate-(SPILL), both m k e d  . 
' in grams per gallon. .'I'l.ii figure is divided by the road ,fuel:economy rate(ROAhFE), measured 

I .  

. .  
. .  

., 
. .  . ': I 

1 ,  

' 

.e' _. . 

. ._ . .  
. . . * *  

~ . .  
. .  

- *  

gallogs per'mile. .. ',, 
. _. - . .  . , .  . . .  . .  . .  

All evaporative e&sion factor components'are modeled as a function of the ambient Gmpekme . 

, . * .- ' and fie1 volatility. Runhing losses arehodeled yith *o additional v&iabl@ - avekige speed and 
&p duiation., Reeling lossesare modeled kith one: additional vkable, defined as @e -temperature '' . ' , I  ' 

system leaks'and,the capability of the carb.on caniSter.to propkly pkge vGors. The idpact of . ' , .  . 

. I  

differen& between the dispensed fixeland the[resid&d tank fuel. EPA haskso recently incorpo&ted ' 

ink its modeling the.re+ts ofimphiodmaintenan& . .  program testing for fbeievaporative . .  control 

"pressure and purge" problems on.hot soak, I . . .  diurnal, .. . . and'nmning loss e&&ion-r&es :are reflected 'in . 

., .. 

* 

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

. .  . .  .. MOBILE4.1.'0 '- - -  ', 

, , Calculation of Travel Weighting Fractionq. After emission factor. co&ections &ave been applied 
to the basic exhaust emission factors, and hydrocarbon.evapofative and exhausi emission factor 
components k v e  been added toget&,. &vel weighting Wok (TFs) &e.applied for derivhg . .  the - 

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

1 .  
. ?  

. I  

-. . ,fjna~ consolidated emission.fiu+s. . . . .  .. . . . ,  . .  
. .  

T ' . .  . *  . .  

The TFs represent model-year propoeo&i of . tot+ ,. .veEcle-milesdraveled.for each vehicle .type: 
They ark calculated with the use.of an annual.mileage @cuhulation rate distributioh, a registration 
distribution7', and a diesel sales . .  @b&on . (applicable to-all vehicle tvpes except heavy-duty gas-' . 

' 

* I  

, > -  I . .  

A. ' 
. -  . ,  

" .. - .  'lo Usefs Guideto MOBILE4.1,Sec. 1.1.6,~. 4-12. . -  
. .  

The EPA &llects July 1 registration data, wdich is adjusted to reflect registration aCtiirity of January 1. Vehicle sales are 
assumed to be uniform throughout the year. .. . . 

, .  
- .  NatIonal Energy Modeling system 
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. -.__- . -._ ...\ , . . .  ... . . 1 .  

. .  

.. . .  

. .  
I .  . .  

. . -  

. .  . ... - .  . .  - ,  . .. . . . .  . . powered v.ehicles i d  heasy-duty gas-pOwered trucks). . . . . 

- fightduty gas$ine-<oyged vehicles.. , . 

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

. .. . .  . .  . .  . 

Exap~ple 2 shows &e calculation of a consoliaated hydro&bon emission factor for model-year 1988 
' 

. .. . .  
, .  

, 

. .  
~~ . .  

. ,  . .  ,:. . .  
. . ' , Example h- Calculating a'Cokolidated Hydrocarbon Emission F d o r  for' ' . ' .. 

. .  Light-Duty Giisoline Powered Vehicles . . . .  
. .  . .  . L  

- .  - .  
. .  

. .  . 

. .  
C 

. ,  

. .  . , I  
> .  . .  - .  . . .  . ,  . . ., 

. .  . . . (1) : HC emissions are for light-duty gasoline-powered vehicles with a 1988 evaluation calendar ' 

All cbnditions match thebasic federal tek conditions (Lei, air conditioning, extra loa '  trailer' '* 

towirig, humidity levels, and other basic exhaust emission comction'f8ctors have no affect on : 

: .  . .  I, yegr,,2&model-year vehicle window, with:testing.conducted at low altitude. .* . -  . . ._ . (2) .. -Daily minimum andmaximum ambient temperdmes are 60°F &id SOOF, respectively. . I  

(3) '. . ' 
. . 

% .  

.. . 
-< - the calculations, and are therefore set@ 1.0). . . . . .  . -.- 

.. (4). . ' . No hgectiop/maintenance or axiti-tampehng programs arkassixmed; ' . 

. .. ' . (7) Pikentages of vehicled&traveIed m the cold start, s t a @ i  k d  hot start operating modes , - 

. .  - .  . .  
1 .  

. .. (9 , -' Ceitiscation fie1 volatility of 9.O'psi is &ed. ~ . 
, (6) . . . Total.HC &sions are calcuIated.atmaveragqspeed of30 milesper hour. , 

. .  . .  . ' I  . 
. .  . .  . .  .. &e 40%, 30%, and 30%,~respe'ctively. - ' ,  

. -  
. .  . .  

, Basic HCmission factors are adjusted for the effects of tampering. . .  
' I  

' . (81 . 
I (9) ,, 

I .  . .  . 
Methane is mduded in HC calcul&ons. ., . 

. .  
5 

. .  . . . Consolidated E mission F&or EauatiOn, 
S 

. : .. . . I  . .  - .  . .  
. ~ CONBEFH~;'= C TF, * IPEF * s e w  '+ REFTJEL +RNGLOS + CCEVERTI ' 

. .  
. .  

. I  - .  * . -  * _  
. .  . ,  . . .  

. .  . . .  1 where: . .. . .  

- .  

I '  , 

. .  

~ ... 
, -  . . .. '. . , CONBEFHG= ConsoIiciated Hydrocarbon Emission F&r for cal&da~y& n, . 

. 

. .  . . l'F~.Tmel Weighting Fraction for Model Year i, I . * .  

. .  
BE= Adjustcd.Hydnmrbon Exhaust Emission Factor, . 

:SALHCF= Sped C o d o n  Factor,' 
REFUEL=Refbe@gHCEmissionFactor, . . 
RNG&OS= Running Loss HC -ion Factor, ' . .  

5 

'. CCEVERT= crankcase p d  Evaporative HC Emission Fa&. 
, .  . .  . .  

I -  

, 
.. . 

. -  .. 
. .  >: 

. .  ... 
. .  

I .  

. . . _  . .  
. .~ . . r  

. I  

/ 

. .  
, -  
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. . .  . .  PataTable ' . . . '  

, _ .  . . . .  '.. : C O N B r n ~  
: rnt(BEF*SALHm)+ 

. R E F U E L + ~ L O S + k  , - 1  , *  
. -  

I >  

I Model - ' v.. BEF: SALHCF. .' .RF$UEL. RNGLOS,'. C C E F T .  ' 1 EVERT : . . . .  
. : . 

. . .  
. .@m) (ffpm) 'I (ffpm) fg~m)' . @in) , .  ' Yegr{i)* ' e 

5 . 
i I . .  . ,  . L  

. :0.029 . . .  ' 0.243 ' : 0.254 . 10.147 . 
. .  0 

. I  

* . . ' * 1988'. . 0.0307 . 0.415. : . 0.730' 

0.730 
., .. I - 

I * .  
0.1209 ' 0.472. . , -  '0544 ,om ' Oi155.. , -- . .  . Oil21 - ..- ' 

1984. , ' a ,  
,0262 ". ,. 0.285.j 0.258 a 0.123 _. 

8 .  I ,  ' 1  

. .  '1987' * " 

* .  . .  , ,  
, *  . . 1986 . . . . . .  0.11'02 0:5_77 .. 0.730" . .  .0.248 0364 - " - . .0.177 . . ' o;iz 

. .  .. . . . .  - .  
. . . .  0.275 . .0.215'' 0 x 3  . . . .  . . .  . . . .  , .  . i 

* I , .  1985 ,. 0.0985' 0.688 ' . . 0.730 . 0555 '. * .  . -  
, '  . ,  

. . '  . .  0.730 , 

' 1983 .. ' '0.0783. 0.938 .: 0.730. 

. 0.0679 1.257 

. I  

:0.0879 I .' 0.808 
,.- 

*.  . 

. . .  ' 0.121 - . '  0.266 4.294 .. 0300 * _  ' 
., 

- .  , .  , -  

. .  0.730 . . .  -0.263 . ' '0.303, . . .  0.345 . .  . 0.124 . .  . . . .  . .  .. , 
:. i982 

,0.0598. 1;480 , . 0.730. . .;. 0:272 . 0.311 . 0390, q.  o.iu' . . . . .  . ,  . ' 1981 ' 

*\ . . 0.576 . I < 0,174.' I ' . . ..- - . ' 1  

' ,' 1980 . 0.0537 ,2,507 . ',0.730 .-: .0.291 . .0.551' .. 
. .  . .-.. 

. L  
I. . , . .  I. 

0.04'81 4.941 . '0730 . .  0.335. . . .  0.559' 0.620' - ' 0.246 

. 1918 . .  0.0427 '-' . 5.253 . ."0.730.,: 0.339 . .  .0.566 . .  0.665 0.231. 
.. 

~ . - . .  . .  
. ' *  1979 

*I 

. ,  , I - .  i :. . V I  . , .  
.0.730 I * 0.370, *. '0.650.- , 1.515 . . 0.250 ' 

. . .  . .  . .  1977' , e '  .0.0381' 5i505. 
. \  

1.593 * . .  '1976 ' ' , 0~0328 , 5.807 ', 0.717 ' ,* 0.387. 0.656 . .  
0.427 ,. 0.662 . 1.674 ' .. *. I 

1975 .' ,,0.0280 6.043: . . '0.717 
, . ' . #  - .  

0.473 . 0.668 1.759 - 
. *  . I .  . .  0.0237- 5.844 c " ,.0.?06 . /  , ' 1974$ 

0.223 

0.199 . 
0.163. 

- I  

. .  - 

'0.673' " .  '1.846''. . 0.142 . . .  . .  0.706 ' .0.473 
* , 1972 ': 0.0167 ' 5.906 .I . 0.795':' , '.0.465: 

. -  -. I '  . . 
. ,' ' ' 1973 'I . 03197 '5.945.: . .  

. . e  - .. '0.679 . 1237 0.130 . . . .  .. . .  t .:. ...... , .  

. . .  0.149 . ', . '  
' '1971'. I e.. 0.0134, 9.089 . * e  0.798. ,', 0.469: 0.683. , . 2.726 ,. . 

I ,  ,' . -  I .  
. ,  

. . .  
0.0104: 9j96.'- . .: 0.811 '* . '0.45r . . 0.715 3.556 0.128 

. * .  * t - .  . I  . .  . 1970 1 ,  

. .  0.781 :* 0.454' . . , 0.684 . . 3.660 . e . 0.217 . . ' . ,  . .  - .  . 

.-. . .  . .  
. .  

, . '1969 . ' ' 0.0185. ' 8.856 
. .  , , .. . .-, , , 

. * , ,  

.= si42 . .  . . i .  

, I  

, , . , ' \ *  

. I  

. .  
. .  n , 

I , .  4 ,  . ;. - . -  .. -, ' 

-, , I .  

. .  
' , ;  . . .  

.*. . > .  I .  ~ 

5 .; . .  

. .  
. .  . .  . .  . .' . 

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

' Data So& US. Environmental &kction Agdcy mcc of Mobile'Sourc&, Supplemhn; A, Co&ikztion ofAir Pollutant Emis;rion Factors, 
. Volume H; Mobile Sources (AP42), J a n y  1991;i4ppdix G. . a  I. . .  

1 . I  , .  

. . .  
. .  , .  

. a  . .  
. .  

. -  
. I  

. .  
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. _ I  ._... . .  

.DAC Highway, Mobile Source Emi-ions Factor Methodology . -: , . * , 

. .  . \  . .  . . *  .. e .  

., .. - .  . 
I ,  

. .  - .  . . *  

5 . . Carbon Monoxide, Volafi/e Obanic Compound, and Nifrogen .Oxide . 
-. . 

, .  
. .  . . I  

, . Emission' Factors: Conventional Vehiclk ' <  

I ~. . . .  . 
- 3  

. .  . 
. . .  . \, 

i s  . I  

, .  . 
. .  
. DAC. calculated; VOC, do, &d%.NOi, emission-,faciog for highway.sources using 'a .two-step, . 

. ' . methodology. Fhst, MOBILE4.1 .model rims were . I  conducted to olj* baieline:emission factor 

. : kgorithms.. Table F-77 proddes the ad.&@ MOBLE4.1 . .  kmission firctors for conventionalvehicle ' 

. .  
. ' fo&casts. Sfxond; off-line . adjwtment&o.the . .  baseline e&&& factpr .. foreca$s..wrne.de to refleh I . .  . 

. .  . the new - CAAA regulations that have..not. been incorpot$ted h to  the MOBEE4.1 .solution 

types.n. The vehicle,+s CO~$O~LDGVS,'LDGTS '(&xnbiiied Class 1 &d 2); HDGVs, LDDVs, . '. 

qhtego-iesi- 

1 .  

' - 
' . ..LDDTs, &d HDDVa "Table F-78 provides the EPA desnittions for each of the vel&le-he . 

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

. .  . '.- . .. . . . . . .  
e .  

.. .. . 
* .  

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

. - ,  

. I ,  - .  
. ' 'Eniission f&toi% for.heavy-duty diesel-powered vehicles- (HDDVS) should. be'ked for, diesel-. 
. _  powered.buses; 'This . .  is . recommended by the EPA, which cites the similarities . .. between the kvo I 

. . _ _  ' vehicles types aS well as the lack of comprehevk e&&ionte&g for buses (note thatthe EPA . 
' . bus ep&ion factors 'are .reported. in' 'grams per .mile as opposed: to: the. TERF lbs./l,OOQ gal. 

spe&iMtionJ. , .  ..Effo* at &proving the EPA bus emission data b&e &e ongoing because of &n& 

, I .  .. . 

' . .  . .  ' ' 

' .  - .  . .  .. . .  
. .  

. I .  

. . 
' . , 

. areas.. .. 
the HDDV emission, factors do not accurately reflect h&&aracteristics o f  hues ,& urban ' ,. 

. .  . .  . '  .. ' .  . .  
. .  

. . a .  

. : . . .  \. . .  
. -  - . .  . I  . - A  

_. ~. 
. A complhion resuits ih trying to qombine &e.EPA vehic1e:~e , I  emission factors into the freight 

:truck. category. designated . . .  the';TSCDR. -As showk Table F-78, the EPA vehicle-type categories. 

-klUS or the FHWA.Highway'statikcs .report. The EPA &es a weight cut-off of 8,500 pounds 
. . ' . GV?V for its heavy-duty classi6cationi. Trucks with an average weight greater than:lO,OOOpounds 

& cl&siiied & med@m,.light-heavy, or heavy-hea+y by the "IUS. There is no weighting method 
' 

that .proves . ,  satisfactory f o r a o b g  the EPA emission fiictors.to the FHWA weight. categories, ; 

. ,  
. for-heavy-duv vehicles and trucks do not correspond to the weight categories used by either the . ' 

, 
- .  . \ *  . . -. 

.' .., 

. , . .  . .  

._ 
. .- Therefore,.we recommend that the EPA emission factorsfor gasbline and diesel heivy-duty ve&les I .  

. .  
. - (HDGVs'kd HDDVs) be k e d  as the TERFfreight truck emission factors:. ' I ' .  .- . 

, .  .. . 

. -  
. Five-year intervd forecasts were interpold to produce year-to-year emission factors. . .  
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: TableF-77. 'Adjusted MOBILE4.1 Emission Factors 

. .  

. -  

. .  

I_ 

1993 

' .  1996 

1998' 
1997 

1999 

' 2002 
, 2003 

'2004. 

2007 
,2008 . 

. 2012 . 
2013 

2017 , 

2018 

I 

233 ' . ,18.67 I f.16 ~ 

' 2.59 16.89 0.94 
2.89 1528 0,76 

.298. 11.88 '. '0.50 
2.47 . I129 0.50 
2.05 . 1o:n , 0.50 

, 1.70. 10.18 0.50. 

1.34 927 '0.50 
I 2 7  ' 8.88 0.50 : . ,  , ,  
. I21  8.51 0.50 
3.15 . 8.15 0.50. 

1.09 ' .7.78 0.50 
1.09 1 7.76 050., 
1.08 .. 7.73. . .0.50.. 
1.08 , 7.71 e . 0.50 

1.08 7.67 '. 0.50" 
1.08 7.67 , -050 

* ,  
11.08 * 7.66' 080 . 1.08 7.66 . 0.50 

1.08 7.65. , 0.50 

1.08 7.65 0.50 
1.08 . 7.65 . 0.50' 

1.08 7.65 :Q50 

. ,  

3.84, 26.16 1.8i 
-. 3.51 . . 23.47 .1.70 
' 321. '. 21.06 . . 1.59, 

2.93 18.89 1.49 

'254 , 15.72 : ,  135 - 
2.41 . 14.58 . 'I29 . 
,228' ,1333 124 

,216 ' ,1255 . 120 

1.87 , 10.41. * ,l.lO 
1-79. : 9.85 ' 1.08 
1.71 931' . . . 1.06 

1.62. ' '., ' 8.75 1 ;04 
1.62 . 8.69' 1.03 

*.. 1.&1 . ' 8.63 1.03' 
1.61 8.58 1.82 

1.60 . - ~ 852 . . . 1.02 
1.60 . - '8.52 .' ,. . 1.02 
1.60 . ', 852 '. , IQI.  . 

. 8.52 ' : 1.01 . .1.60 

.1.60 8.52 . l :O1 
. 1.60 . . ,851 1.01 

1.60 8.51 1.01' 

s 990 . . ,.90.91 5.Q 

827 73.12' . - s2i 
9.05 81.53 ' . 5.41 

7.55 65.58 5.02 

6.45 . . .*'52.74 '4.73, 
6.04 , 47.28 ' 4.63 

. S.65 4239 .4.53 ' 
. 5.28 38.01 . 4.43 ~ 

31.50 ' -429 4.66 . 
4.40. . 29.11 I . 416 ... 

. ,  
4.15 2690 .422 . 
3.92 '24.86 . . 4.19 ' 

3.66 . '22.33 . 4.13 . 

357. 2.1.10 4.10 
.3.53 20.51 4.08 ' 

3.61 . 21.71 4.1i 

, 3.49 l9.87 .: 4.05 
~ 3.49 ' - 19.81 4.04 

3,48 19.76 . ' .  4.04 
. 3.48' 19.70 . 4.03 

3.48 . 19.64 4.02 

3.48 19.63 ' 4.02 
3.48 ' 19.64 '. .4.02. . 

.I 

Adjustment noeon: . ' .. 
(I) 

(2) 

(3) LDGV'S:. CO emission fhctors'include new'cold temperature standards. , 
(4) 

(5). , 

.LDGV's: Adjust VOC downward.by 0.14 gpm for le5through 2030 to reflect decrease in exhause emission' 

LDGV'S: Assume NO, emissions of 050 gpm beginning in 1995 ind.fonvard to reflect nedm-use standard 

* .  
' standard5om0.39 gpm.to.025 gpm. .' '-. 

fo 0.40 gpm and 0.6 gpm 100,000-mile cert5cation standard. 

LDDV's:, MOBILE4.1 emission factorsme below standards; therefore no adjustments to kDDV emission 

. HDDV's: MOBILE4.I incoprates 1994 HC and CO &dards. NO; standa;d w& lowered, but MOBILE4.1 
' factorsarenecessary. ' ' - 
' 

- produces forcast emission factors it about the same level as the standards. 
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. .  
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I .  

.. * 
. .  I .  

.: 

. .  
. .. - .  

. .. 
0 .  

, .  . . .  -. TableFt77.'(Con&ued) -. . . ,( ' 
* .  

. ,  

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

. Adjustmenthotation:. , . ?. . . . I  . 

. .  . (1) . LDGV's: Adjust VOC downward by 0.14 gpmfor 1995 through 2030 to kflect decrease in exhake emission 
. -  i 

(2). . * LDGV'S Assume NO, emissions of 0.50 gpm beg'mhing in4995 and forwardto reflectnew/in-use standard 

. 
. stan.&d Itom 0.39 gpm to 025 gpm. . .. ~ 

I a .  

. .  . fo 0.40 gpm and 0.6 gpm 100,000-mile certilietion Standard. 
. _  . (3) .. LDGV's: CO emission factors include new cold temperature standards. - ' 

(4) 

(5) 

LDDV's: MOBILEM.1 emission fadtors are below standards; therefore'no adjustments to LDDV emission 

.HDD.V''s: MOBlL~~l mcqordes 1994 HC arid CO &dards. NO, standyd was lowqed, but'MOBILEkl, 

' 
. .  . . fictorsatenecessary. . 

produces forcast emission factors at about thesame level as the standards. . .  
- .  . .  

. -. 
' I  

. ,  
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Table F-78: EPA Highway Vehicle Classification. Cateizories and Definitions . 

Ligiitduty gasoline-powered vehicles . .  _ .  
0 
Lightduty gasoliie-powend trucks, .Class 1 
(LDGTls) 

Li&duty &oline-poweTd t r u c 4  Class 2 . . . 
-1 . .  
H e y d u t y  gqsoline-pow&d ve&l& @DGVs)" 

' . 
. 
,. . * .  

' , , -  .. . 
I .  

, . 
. ,  
I .  

* .  , .  . I  

Lightduty diesel-pow+ vehicles 

Light-duty diesel-pow&d &cks ' _ .  . . .  
(LDDVs) 

(LDDTs) ' . 

Heavyduty diesel-powered'vehicks . 
WDVs) . .  

:. , . , .  

. '  

.Gas-fueled vebicleprh&y designed for passenger. 
transportation with a'dcsiga capacity of 12 persons or less. 

Ditselrfueled vehicle primariy designed forpassenger . 
' transpoitation witha design capacity of 12 persons or less. 

Ga&fueled vhi'ccle I@I a.Grok Vehicle Weight (cwv) between 
6,001 and 8,500 pounds. 

Gas-fieled vehicle desihed to carry property;& a GI& . . 
Vehicle Weight (Gvw) ever 8,500 pounds, or; any vehicle . 
dcsighated for passengettrcmspoitatio&ving a design capac'ity 
of more than 12 persons. . 

~ n y  diesel-fieled vchicle icsigmedp-y fo; passenger 
transportation and having a design capacity ofJ2 persons or less. 

Any diesel-fieled vehicledesigned primarily for property 
transportation, and.rated at 8,500 Ibs. GVW or less. 

Any diesei-fuelled vehicle designed piimariyfor propcrty ' 

,. .. 

' 

. .  

- . 
transpodon, and rated at nion than 8,500 lbs. GVW. . 

. , .. 

. .  . .  

. I  

' .' ' ' Soiuce: U.S.,Environmental F'ro&on Agency, Sqp1ementA to AF-42. Volume U, January 1991. I .. . . .  I. . 
L *  - .  1 .  

DAC obtained the MOBlL4.lmodeI.fiom the EPA, and used the model to calculate national COY 
NO;, aqd VOC emission factors to the yew 2020 (the'last MOBIl%!,l~fore~ year) Ging a 
s&miio-baSed ihp$ data set. EPA.staf€&e the askpt ion that e&sion fgtors remain relatively . . ' 

, stable a & ~ 2 0 1 0 . ~  Th&efore, emission:f&ors for 2020 are used for the subsequent forecast years.: . 

As &eady noted, the MOBlLE4;1~&ion factomdo not reflectmany new C A M  &ndar+ that ' 

, should &&t emissionrates, after 1993 ... Post ,. hoc djustinents need to be made to accomt for new ' 
vehicle'standarck&-u@ standards, andotjier C a  emission gnfrol requirements if the forecasted 
kmission factors exceed the standards in imy y&. :It is important to nofe,that any'emission factor . : 
adjustments are b&ed;on-gross assumptions, &th the,resulting emission factors considered to be 

I 

' .  

* 

. 

. . a  

.- ..' 

, .  

- 
. .  . .  

. I  in nature. . .  
. I  

. .  . 
The MOBILE4.1 inp~$'data set coqsi& of a series:of*us@-specified control flags, data inputs 
commonto . .  all emission scenarios, an'd data inpi& qkcific to an individ& scenario. In addition to.' * 

,regulating program execution and inputioutput'stream formatting, the &ntrol L .  flags:determine model 
actions such & the,use of emission wntrol devicetamperh~ rates, aver&e vehicle speed selection, 
bileage accumulation rate selection, VMT mix selection, I/M progyInimpact, ebient  temperature 
se1ection;'and many other fhctok. Controlflags , .  specifying EPA default values andnaional averages 

. . 

. .  were included tothe maximum extent. , -  

. <  e .  
I .  

. Personal cp&un&atiod with.lois Platte, EPA Motor Gehicle Emission Laboratorjr, Ann Arbor, Michigan, June 26,1992. -. 
. .  
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. .  . C. 1' 
. .. .- .. 

' .  
'. The greatest difficulty in . .  developing the MbBILE4.1 data .set wai &ou&g* for the +pact of 

. hqxctiodmainte&~& programs. MOBIL,M.l &,not designed ;withthe cape i ty  for estima@g. 
national average I/M program impacts. The I/M program data set record must be specified according 

3 .  

. .  . .  . .  

to local UM program attributes. Such program attributes .sire highly customized to met locale- - 
sp-ecific implemenFtion needs, q d  &erefore.'&&ot 'be fonblated 'into a patioqal 'average I/M 
program. . Further compli&tions result from the: fact that :.I/M.progr"qms.. are not 'reqked' nor.. 

:' . implemented. .i+many ark of the c.ountry, and new ?.  EPA regulatio& 'have resultec i6 greater , 

. .  1 .  

. . 

~. .' . complexity forexisting Bnd planned programs. .' . 

- 
, 

- . .  . . -  
. . 

- e '  

.. ' . 
. .  - .  

. .  . .  
. .  ' *  

. .  . . _  . .  . : . '. . I _  . .. 
-_  e .  . .  

. .  
- .  
. .. . . - .  , - '  

. . .  
. . . : To W u n t  -for the effec& of I/M .and anti-?&perjngprograms.on eihission factors, a model-& . 

I .  . .  . .  . . .  
L . . , hqo la t ion  method was wed .-Inspection and h t e n a n c e  programs are required.for 162 ozone . 1 

ar&.bkd.on'CAAA regulatiok; A data set& c&ed that includedp,&eters ind data form , , 
. . "enhqced".I/M model program (required for serious, severe, i d  e&me ozone*non&hment 
. &&) as-o_utlined hthe '  EPA'S Notice of Propo~ed,Rulemak&g.'~ .. An'enhanced.I/M program' 
. includes -dd.centralizea testing fo~.light&ty vehicles arid truclk, and include sucli tests as the. 

' 

Y . .  . I  

, 

' . ' 

. 

. .  

. .  . ,  
-transient IM240'exhaust emission test,'@e k i m t  purge test, the preskre ted, the.two-speed ' ' . .  - .  

. I  

exhaust test, and the idle emust  t e s  ' The EPA estimates that g c h  I/M program could reduce I' ' 

' '' ve6icle.. VOC .e&ssions by 28 'per&& do' emissions 'by 30 p e r k 6  .and .NOx erhis.sioris by 9 . * 

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

.. 
_. . .. 

. I  

. .  . .  . perceni's :- 

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

. .  
. .  . .  

. . ,  
A MOBEE4.1 eniis&on.fgctor based on Mtional &position of enhand'L/M programs is &sumed 

e p e r i n g  programs, a.MOBILEE4.1 * -  da@ set . was cieated that excluded.,operating*I/M and,*& 
tampehg programs. Separate Sets ofemission factors were generated fromMOBILE4.1 model & '. 
employing each'data sei. Composite emission factors were d&ved . .. by taking the ,arithmetc average 

. . ofthe G o  edssion factor sets. Ideally, the composite .eniissionfactor set should be calculated is 3 

' .a-weighted average, w&g vegcle mil&e data for eiich type of .ozone no&t&ment ar*.and I/M 
.- - program type. Such aprocedke is dbmplex.md time.coisbing (and'perhaps not doable because ' 

of the flexibility af€orhed to the states for &oosing Ih4 &ograni' elements), and could not be ., 

. attekpted given the resoqces available for this subtask. The simple'.arithmetic average approach, 

' progray for all areas of the country. Such an as&,tion yields overly-op&&c emission factor * ' . 

. .  .. . 
. 'to represent an upper bound for vehicle emissions. To.acwunt:for are& that have no I/M'and anti- ' I I ,  

' ' . . 
. ,  . .  

. .  

. .  
' 

. . .  . .  . .  

. .  , ,  . .  

. .  . 
.while producing somewhat aibikary results; is sup,ekof to'assuming .a universally-applied I/M . '  .. .. 

. .- . 0 ,  . I .  . 
. .  . .  

1 :  . .  
. .  

. 74 EpANotid ofProposed Rulemaking "Vehicle Inspection and Maintenance Requ5ements for State,hpl&entation Plaris," 
. . .  

3. 

4O.CFRPart 51, July 9,1992. . . . .  

. .  

. 75 Tbid..sectionIL' 
.. 
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. .  
..' . . . ... 

. .  
I .. 

' .  
. -  

, . .  
\ '  

- .  . .  . .  I .  

I . .  . 
i ~ 

I 
, .  . .  I ,  

I SuIful Dioxide and Cahon Dioxide Emission Factors: Conventional VehicIe. : ' 

. -The EPA does- not regularly mohtor . a d  report c&bon dioxide and sulfiu dioxide .emissions for 
' .highway mobile Soukes. The relatively smaU amounts of S02-em$ted by .jrucb and Cars are quickly -. 

I .  converted.to &c Ai& andtherefore do not represent a signi6icantai.r pollution hazard.. Although - ..-' 
' I- ,the EPA produced SO, me'asurement procedures hthe early.1980'sy the Agencyh notpublishd . 

.. . .  
. .  

.. 
, .  . .  , .  

. 

* _  

.. 
.. 

( ,  * . 
. .* ' SO,,e;nission factoi.s?6 . . .  

- .  

* . -  

I . .  ' >  : . .  
. .  1 .  

. I  
. .  . .  . -  * .  . .  

J .  . i .0 

. *  9 .  

** I . -The , SO; and CO ,2emission facto& p'be used in ERF' come 'fiom.the Argonne National . I 

. -  
Laboratory's Transportation Eiagy and Emikions model ('TEEMS). Tabie.F-79 .proyides the . .  . 

..arefore&toth+y&2030. . . .' . . .* 

The TEEMWNEMAM A s i o n  Wok were iepSrtea in pbunds o f d i o n s  per,million Btu. To / -  I . 

emission fkctop prodwid for the DOE Office of Env@onmental Analysis as part ofdata input to the.. . . . 
.NESEM.model;p k e s e  emission . .  facto& include the effects o fCMe&sion  Stahdards, and; ' - . 

.. . - .  

. .  , .  

1 .  . .  . .  
. .. . .  

. .. 

coyt i t  the emission fabtori tO zi  grams-per-we equi+d&t, the'fouowinifoAula-.- used . .  
I 

. .  . .  - .  - .  
. .  

. . .  EFF = EFMm x 57.9549 / MPG, . 
- , .  

, .  

. .  
. where:. 

I .  

I .  

. '. 
' . .. 

t 

. .  :. . 

. . -  . -  
The TEEMS model does not report CO; emission factors for heavy-duty diesel.trucks and heavy-. . . ' 

. dub gasoline vehicles: ' - . .  %. * ~ ,  - .  
, .. . - <  . . -  . I  .- . '  . * ,  . .  

. .  
. .  . .  

. I  

. .. . .  
, .  

I 

. .  
. '6 Personal c o d c a t i o n  with Penny (2my, EPA Motor VehicIe, Emissions Labomry, &in Arbor, Michigan, August 4,1992. 

- .  - 'n .See, Decision Anubsis Corporation, Mobile.Source A& Emissions Regulefionr and Inventories, Dr@Report, (Prepared €or 
the EIA Energy Demand Analysis Branch under Contract No. DE-ACO1-92EI21946, JuIy 15,1992). . 

- -  
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. .  

. ..’ . .  

. .  

*.. Table F-79.. LDV S&.Dio&de and Carbon Dioade Emission Factdrs ~ . . 
I .. 

’ -(Grams/Mile) . .  

. .  

. .. 

- .. 



. -  . .  . 
. .  .. Tofal Carbon Emission Factors: Convenfional Vehicles ‘) ’ .. . : . .  . .  - .. . : 

. ’ .  .. 
. .  . /  

- , Th? caiculation .oftotal carbon emission factors for gasohemd diesel fuels is st+ghtforward. rde 
following fomulae are lised to produce carbon emission factors in grams per.mile: . ’ 

A I  . .  I ,  

. .  . . .  
.. . , .- 

. _  . -  . .  Carbon13Fw’= 0.866 *. (2791.0MG) I .  . 
. .  - 
’ .CqbonEF,,= 0.838 * (3192.0MG) . .  . . *  

.. 
. ‘  . .  

. I  

e .  . _ .  ’ . .,.. . ,  . . *  
The constant values-of 0.886 &d,,0.858 are the carbon mass hctions of gasoline and diesel, - -  -. 
respectivdy?S The ~~t values of 2791 iind 3 192 are the densities for. gasoline and diesel fuel. 

* ‘  
- .  

r . .  , . 

, * and were obtained . ,  @om EIAk 1989 I h t e ~ o n a l  Energy . /  An&l ( F e b w .  1991)?9 To ob& the. 
1 .  

* * wbon. e s i o n  f&,rsY the epdog&ously calculated TEV &es-perigallon e-ates (MPG) will 

’. .. ,..detem&ed &ipg the Argohe National Laboratory TEEMS methodology, which uses lagged MPG . 
need to be p.asse’d to the emissions module.’ .As currently configured, MPG forecasts wili be . . I  

. . -  . .  
, . .  

. .  . . .  . .  , . . *  . 
. I  and other economic v@bies.” .. . .  . .  

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

-, , .  
, .  

- ,  
.- 

., . 

Using Argoke’s ANL9ON TEEMS nm & an e-pley automobile anddiesel fieight tmckearbon . .  

emission p t o r s  for 1990,1995,2005 and 2010 are sho& below.wG figures arkin parptheses). ‘ 
. -  . .  

* . 
I .  I .  ,.. . , 

.. 
I (  

.. ... 
I .  

* .  

, .  

i 

I .  . -  . 
.- . 

. .  

I ,  . . - a  

, .  ’ .  :.. - ,  

. .  . .  
‘ .  . .  

, ,  . *  

, ,  

. ,  - . 
This value is reported by the EPA- See, Frank Bra& 3rd U.S. - Dutch htemational Symposium, ”Atmospheric Ozone 

. .  

., Research and IG Policy Implications” (May 9-13,1988, Nijmegen, tlieNetherhds),’or @e DeLuchVhgonne greenhouse gas stu‘dy. 
. .  
79 Appendix F, Voluke, Weight, and Monetary Conversions, p. 149. . 
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. I  . . . .  . . .  

. .  . -  . . -  
. - .  

. I  
. . .  . 

. -  I . ' . E m i k i o n  Factors.. Afternaive Fuel Vehicfes 
' . .  ' 

. -  
* .  

. L  
.. . .  

- .  ,, . .  1 .  

. . .  . 
' The calculation of emission factors for fuel vehicles (AFVs) is subjective ixi nature, and. 

dqen+ on emissiov data'hm-test vehicles &d the likely capability of AFVsto meet new' CAAA' 
' 'clear&el vehicle emission standards. Emission factors- for-NMHC,' COY NO,, and CCj .'were ' 

*.provided to Afgonne National Laboratdry 6 a greenhowe, gas einission study conducted jointly by . ' 

e .  

- . 

. . . 
. .  

. .  
- - I ' the'I@itute of Transportation Shdies at the University,of C+oxnia-Davis, andathe Center €or 

* - -  ,.. Energy and Enviionr$kntal'Studiesat.~,&ton Univeisity?o Table F-80 hts hese AFVemission * 
. ., . -  

* 

.:. . 
factors for l ight-d~.  vehicles (LDV1s) and heavy-duty ., . vehicles, inch as fieight k c k s  ahd .buses * e 

, .  .(HDp), pow&d; by the followhg fuels: m-ghpoi (lOO%),~kompressed~ natural g&, hydrogen, . 

. '-01 (lOO%),'&d Ii@d petroleum'gk' (L,PG). Electric -vehicles are considered to' emit no. 

. e .  \ .  . 
. . _ . e  ' 

, ,  
. I  

../ - .  .. , I .  
. .  

- . p o l l k t s  other than a s d  quantity qfchlorofluorocarbons.(CFCs). ,.' 
. '  .* .. . ._ . 

. .  . .  
. .  , .  

. .  . .  .. ~ 

' .. . . . 
. .  

. .  * *. 

. i .  ~ 

. ' .  - . .  . ,  
.. 

, ,  . -  . .  . , .  . ,  
. .. Tab1e.F-80.. L,Xetime Average 'Emission Factoq €or Alternative' Fuel ,Vehicles 

- .  
I .  

'. , . _ .  . -  . I . .  

, .  (Grams per Mile) I .  

a .  

I .  

- .  

. ,  
. .  \.. - .  

- .  ~. 

. .  . .  . . . 'Emission fixtors'are forM100 (100% m&ol) and,lOO%'ethanol fuels. I .  . ' . -  
. .  ' .  . .  . .  

. 1. 
. .  , . .  

. .  . .  . .  
. -  

. . - .  ' .  - .  . .  
. -'. 
r 

_ .  . .  , .  . . . '  . .  . . .  
~ . .  - .  - -  . ,  . .  . .  . .  

.. . . , 
.. . 

. '  . .  ,- . . .  

. .  . .  . . I  

. .  
. .  ~ 

, .  .- . 
. .  .. 

. .  
. I  . . .  .-- 

. .  . .  

4 '  

* .  

. .  

. .  

, . .  
a Markk.DeLuchi, Univekity of California Ixdtute of Transportation Studies, Elitissiok of Greenhme Gases From the Use I 

of Transportation Fuels MdElectricity (for the Argove Na$onal I;aporatory Center for Transportation Resyqh, June 26,19911. 
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, b " :  
. .  . . - .  . I .  

. -,, . I .  

- ,  
. .  

.. 
. .  . 

, '  . .  
' ..~FF=HIGHWAY SOURCES E~ISSIONS FACTORS 

&-Highway Mobile Source Emission Factor Informaion Sources 
. .  . .  

, .  

The following docume@s were used to tampde off-highway emhion factors or supply backgrouhd 
I .  ' e  

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

~. ~ ~. ' information on p.isiioi'fictor calculation met~iods: . * 
. .  

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

Compilation.of Air Pollutant Emission Factors - Volmhe It Mobile Sources . . ,  .. 
. I  

# ,  - . .  (AP-42, Fourth Editioh, September 1985) . I -  

\ ,  . . .  
.. . ;:. : . .  * *  . '  . 

. .  
\ 

0 

~. . .  . -  . .  
. .  -. . 

:Nonro.ad Engine .and Vehicle Emissfon Study-Report, . EPA A60/3-91-02 - .  . .  . I  
. I  

. - .  (Novemberl991). - . . . . 

Interim,Guihcefqr the Prepm'ation of Mobile Source Emission Imentories, ': 
A&hmexk Athrough J.(ThisEPAmemorandym supersedes'the mobile source 
emission 'inventory. preparation &ctions con&ed in Pr0cedui.e.s fo; ' - 
Emission Imentory Preparation '- V o l k e  rt.I; Mobile Sources, which is :. .. 1 
.currenay being revised) . 

I .  - # .  

I . .  

._ .. .. - 
. .  

0 

8 .  
. .I . . .  I . .  . .  

. .  . * .  

. .  

Procedures for Emission I'entory Preparation - Volume fl  Mobile Sources,i 
EPA-450/4-81-026d (revised), (July 1992). , . ' .- .. 

I 

. .  I 
I ,  

S I  

. .  
, -  

* The document, Compilation of Air Pollutant Emission Factors - Volume 'Ll,'reports' all data arid 
emission fixtor caiyiiition +gorithm for both highway. m i o ~ h i g h ~ a y  eniissioiiources. Section 
11 outlines the ,emission calculation methodologies .for :off-highway mobile sources, including 

' aircraft, railroad locomotives, inboard-powe@ vessels;'outb6gd-p.owved vessels, small geneial . 
utility engines, 'agricultural iq$pment, heavy du!y ?nstruction equipment, and @omob$es.. The " 

. EPA is pl-g to h u e  an updated'version of the AP42~docum&t, although no estimate has been 
. : given as to the releasedate.' The EPA's Nonroad Engine and Vehicle Emission Study, which was 

* 
* .  

. .  
mandated as part of C'AAA Section 213(aj, provides new or updated emission inventory data and 
emission factors for ten nonroad equipment &go& including comrpercial marine vessels, which .. 

. I  
. _  

. .  National Energy Modeling System' 
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. .  . *  

.'_. 

' . : 

: is one of the .$amport modes to be modeled in TElW.81 -The Nonroad'E&ssion study targe~d 24 
non&&mentare& 4 wei . .  & national totals. 'The documenf Procedyesfor Emission Imentory 
.Preparation . .  - VoZumew MiMe S&ces,provides sta@ and 1ocal.agencies with detaild.gUidance . . ' 

. .on the preparation. of highway . -  ind; off-highway mobile' source esssion inventories. The, off- 
&gh&y. emission factors con*ed in this section were dekved either directly fiom the inventory 

. 
' . .  . ,  

. .  

r. 
' 

, .  . 
. \  preparation pr0.wdu-e report, or.were calcdated using data kibles contained therein. . .  

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

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

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

. .  . .  
. .  

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

. . .  4 : . .  I _  , .  . . '. I Railioad 5 .. Locomotive Emi&im Factors 
. . . . .  . . I 2.. . . . . . .  . . .  . . . .  . . . .  . .  . .  

. .  - 
1 .  

. .  . .  . .  . :. ... : .Table . I  F-81. @&the rai l iod locomotive emission factors .~ to.be&&ipor&d into the TERF model. . .  .- . . . -  
.Eniission.factori-for CO, NO: SO, ahd HC .are included.82 Note that the EPA does not measure . . .  

. . sepkely  the vol&e.component of .tot& hydrocarbons. I Also, no &stinction.is .made between I ; . 

. types;' These &sion:f&tors . . .  beireported the J d i  1992 eqtion of,Proced&esfor . 'a 'IMssibn 

'. . .  .. . .  
. -  . .  -'..fkightand-p&senger locomotivesbecause both travel modes .use the ske'locOmotive tec&ology , 

- .  

. - .  . .  . . .?-e iory&ep&@on - Yorzime'N; MobiZe Souices. .They are dnsidered default values .for fleet- - .  .. . .  
.. aVerage line haui 1ciComotiyes.a Line.had 'locom&& represent'the largest'segment of the . .  .. 

. . lo&motive popdatioi andinclude . .  all locomotives . .  used for fieight tdpassenger s&ce. As of 
. inid-1991,9,708 line had locomotives . . .  were inservice:: . .  .Yard locomotives are used formo@g 

I . . 
. . I  

. railcars within a : d  syitchyard, and areconsidered a negligible source of e@sio&. As of mid- ' . 
. . . . . .  . .  

I. * . .  . ,1991, &589 yard locomativeswere in service?5 . f .  

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

. : # '  . 
. I  . .  

. '1 
. .  

. .  

..... . .  The emisiion facto+ repiegent ai averagi of emiision 'faCtofi ior five diesel engine < .  coiigmatibn . . . . .  
' . types: 2strookesupercharged'~tch lokmotive, 4-&oke@&h locomotive, 2-ioke super&arged : .. 

. .  
I . .  

. ' road service.locomotive~2-stroke turbocha;ged . -  r o d  seh4ce Io~moti~e;and.fr-strok~,road s.ep4ce .. , ' *. 

. . .  .locomotivel The emission facto? are based on duty cycletesting . .  &d average fuel consumption .. 
. .  ii . . -  . .  I 

_ .  
\ , .  

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

. .  . .  . .  . .  
. *. . . ,  - I .  

, .  
' .- . 

. . :' 
'. 

'1 The other nine kuipment catkgories ik l a y  and gard.en equipm&t,.ahport service eqgpmeni recreational velhcles, 
recreational marine equipmen$ light commercial eqdpment, industrial equipmyt, Construction equipmen( agricultural equipment, 

Sohce: EPA &ice ofMobile So& LocomotiGe Emission Factors;for Inventory Guidance Donuneh (June 1991). 

.. 
I 

. .  . . . .  . . .  . andlogginger@pment ' ' ' _  . .  
. I  

. . '  . .  . . .  
. a 'The EPA &outlines a methodology 'for calculating &ore detailed hcomotive emissions for areas that are expected to deviate 

'. l h i m  &fir the Preparation Gj%obile Source &ission Iyentories, Atta&mept J, Emissions fiom w o a d s  (EPA 

. . .  
. . signiiicaney fiom the national average. The methodology is called',the roster tailoring method and uses emissions data fiom 

h d i v i d d  locomotive makes and models. , ' .  , -  
e .  

. .  
. . ofiice ofMobile Sources, February 15,1992), Appendix 6-5, p. 6-23. 

. . .  . . ,  I 

. .  

I .  

. smp.6-23. 
. .  
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. .  - .  

I ' H C .  

. I  co 
. ,  .- 

NO, 

* so;. . .  

, PM" . . .  

' . .  
. _  

- 21.10 

' 6.26 
. .  

: f . .  
- : .  

.. 493.10 . , *  

I % .  

, .  . , 36.00 
. .  . \ '  

. .  
-. ' . . 11.60 - .  , .  

I .  . 
. .  

. .  
. .  . 

. .  . -  
I .  ' rates. ' A duty kycle .consists of the operating$ime in eight. throttle notch settings.pl& idle and I 

* position . .  - the higher the notch' the higher &e fixel consumption, and vjce veka, Therefore, fuel 
I consumption is propoitional to the mount of time the locomotive spends in each throttle notch' 

position.86. .The locoikivq emission fictors zipply to ali three interstate coinmerce: commission 
: . , (ICC) ,railroad classis: Class I - q n ~ 1  riveiiiei greater than $93;~ milli~n; class II .- ann~al . .\ 
' . revenues greater than'$18.7 million but less'than $93.5 millio& .Class 111 -.annual revenues less . ~ 

, h$18.7,million. : . - -  . 

' 'djhamic braking.' he &el consumption &e of a locomotive is detemiged by'the.throttle notch . 

. . .I 

.. . .  
. : . . .  . . .  

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

, . I  

. e  
. .  

. .  ... 
, .  Table $8.1. 'TRAN Locornotive.Emission Factors 

. .  .- . . 
. .  

. .  

. .  . 

. .  

. .  - .  
Look-Ahead Issues Concerning Locomotive Emieion Factors 

~n terms of specifying ~ + y e a i  ioAiotive.e~Siioq factors given CMA iequireixAs, the 
, emission,f&rs @Table F-81 me& be used for all forecast years. Section213 of the +ended Act 
requires-the EPA to promulgate em&sion sta&ards for new'l&motives by November 1995.. These ' 
new standards are to. be designed to'obtain the great& d e p  of emission reduction achievable, with, 
due cokideration given to compliance cost; eqergy.consumptioq d e t y  i d  noise." New emission 
k tors  would be:based'on testingof the appljcable locomotive emission reduction techologies that. 
,would be mari&actured to comply with new standards. Given the 1arge.uncertainty over the 

, . '  . ,  , . .  . .  

. .  

* .  

prospective emission standards and t&nologies,'as well as the,low stock turnover of locomotive 
,' . . .  

' ,  , .  . .  
Ibid. p. 6-13. 

*' CAAA, sec. 213 (a)(5), 104 STAT2501. . . . 
. I  
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. .  
. .  

, '  . 

. .. .. . - .  

. .  

. .  

.. 

engines,-there is no justification for issigning altermitiye edssion factors'to.the forecast. interval. c * .. . . .  
. . .  

.~ . .  
\ .  

. .  
. -  , .  

- .  . _  
. .  . . .  

._ . Aircraft Emission- Factors , . ., .. . .  . ,  . -  . .. . .  - .  . .  , .  . .  
.., - . .  

: . .  . .  
, .  . . - OveTiew of .the €PA Air&& Emiqsions Inventory Methodology . . . I .  

. ~. . 
. .  . .  , .  

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

._. . 
:. . . . - 

' . * .  - 'makes its wort approach 'after the descent ikom cr@&g altitude. The second opeiating,mode is 

- n e  EPA .bases its aircraft .emission fdctos on. five operating modes that togeder coqist of the . 
. lagding and &eoff &TO) cycle:* The first operating mode is the appro&, in wbich.the ~qirciafl . ' 

. .  

' .  I .  

' .: Wide-in, . .  &ere &e-aircfaft lands &d taxis to the gate. The y .  third mode is.taxi/idle-out, which ' ' ,,, ' 

.+e &cr& tax& b&k out to,the'~~~for'subsequeenttakeoff,88 The fourthmode is takeoff, & ' I. 

which the&craf€ attains liftoff speed and becomes &borne. The fifth mode is &ed the climbout, 
' 1 

. .  
Fdq.iesents'thi i i r i x a ~ s  -et to criising dtit&e. .MO& a i i d  go thrdugh a similar sqience; . ' .  

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

. .  . .  duringan,LTO'cyde. 

. ' Duri.nge&h operation'mode the &craft e;&& operate zit a f e l y  &dardpower'setting for a given'.. I 

. ' aircraftcategory~ -The power s&g r d &  in a certain d e  of fuel now (expressed in pow& per 
m.inute)for the operating mode. Total emissioe @om the aitcraffengine'ate thus.determin&.by.the 

.. . amount o f t h e  that.an aircraft'engine spends in'each .o&r&onkode(knped the."T&e-in Mode"), - 
the. fuel' &nsumption. +e, &d the engine-specific' ehissioh factors for each operkng mode, 

. .  .._ . . 

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

* I t  

.- . .  
. ixgirissed inpdunas of emissions per. I;OOO pounds'c&i tiimmed. . ,I - ,. .. . i  . .  / .  . .  , .  . .  

. .  . .  . -  . .- ' .  
, , .  . .  

-- . ' .The'EPA &cr@ emis$ion.facttors tpd &entory prepar&on.pro&dures are site-specific; they are. 
highly dependent .( ' On local .airport andaird~population . .  data. Generally, the . .  em&& inventory *, '( 

is pr&& using;the following'keps: (1) iden*. &orts to be included.in the hventory && (2)' . ' 

' de-e the n@&g heighi? fo be ~ l i e d  to the LTO , .  &ie (a standard default value of 3,000 feet . 
_. ass~med); (3) de&& the aircraft . .  f l ~ .  popFation foi each air& Category across . .  al l  &ports, (4) . 
-. d e m e  the numb& OfLTOs for each aitcraft category,.(5) select emission factors for each a i r d  

category, (6) estimate a time-in-mode for -each &d category at each airport, an'd (7) cgculate, an 
kventorylysed on the airport activik, time-@-mode, Ad emission factors. '.* 

- .  . .  * .  

9 .  _ _  . . .  , 

... , 

. .  
. .  

< \  
. -  

- , I .  . , -  

Both Taxilidlq o h g  modes &e highly variable, and depend on such factors as airport& and Iayout, the amount of ground' 
' 

. .  
ccngestion,drpoI.t-speciific operational procedures, time of e y ,  and seasonal travel actiw. 

. - .  
. - 'a9 The height of the &g zone - that portion of the atmosphere where air&& emission$ affect ground level' pollutant 
condentrations - influences the time-in-mode for approach and climbout opimtion modes, y d  is parti&.arly significant when .. 

, < -  . I  

calculat;hgN0,emissi0ns; . . ' 
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' ' ; €PA Aircrafi Categorization. ' 

%e EPA 'categorizes . .  aircraft by the type of yse: commerdial, gen.eral aviatioi, and military. 

* *' ' both.: Aii kxh  dso'fly scheduled sei@& carrying passengers a@or fieight, but usually are smaller. 
a i r d a n d  opkrate onamorelimited bsisisthanthe h ~ e r c i a l  &ers. Business aircraft support 
business travel, usually on an.unscheduled basis, and general aviation-hicludes most other non-. 

' . Commercial air&& include-thosehed fo; schedkedsefice transporting'passengers,fieight., or  * . . * 

. .  
' - ' 

I *  

* .I * .  

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

' * , * '* . militaryraircraft u ~ e d  for recrezitional tying, per~onalaan~poAatioiFd +ai& othei: activities. 
, _  . .  . .  . 

. - . . ,  . .  ' .  . 
' . , - .  ' 

. 
"@e EPA combines'business air& with general aviation &raft .because of theG simii&&e, use 

- fiequeniy, ind'opera@g,I;liOfiles,. Skhrly;@r taxis are treated'much like the ,gene& aviation. 
category because they are typically the;same rypes 'of aircraft Mlitary.aircraft cover a $de range .; 

ofsizes; us~s,anc~,operating missions; 'me . they  &ei are similar to civil . .  &craft, they ire ha.mt.~ed . 
* '  .. separitely beca&e they$ypically opekte exclusively out of milibry airbases and.f?equently have ' '' : 
I .&ctive flight profiles. ke&opters, or r o w  wing aimaft, &I be fornil . !  each of &e ktegories. , .  . . 
.. meir operation is distinct because they do not always operate @om an &port butmay land.md'. -; . 

takeoff from a 'heliport at a'hospital, police. station, or. similirly dispersed -lot$tion. Mili.tary 
' . rotorcraft are included in-the military &ego9 and n0n:miIita-y rotorcraft . .  are included in the general 

aviation, cakgory since information.on siz(: i d  number are' usually found in common'sources. 
' . Howev&, they &e cOmb&ed,into asingle group for calculatjng emissions since their flight profiles . ' 

. 
I 

. .  . e '  

; * 

I .  

I 

* ' 

. ,. ; 
. I '  . 

. , .. I -  

I .  
. .  . .  J .  

' - ' ' . 
. .  \ .  

- .  
. I  

. -  . .  
I .  

, .  . qesimilar. ' * .  ' . 
. .  - . .  

. .  - .  I .  

. .  . .  . .* . 
Co-ircial &craft typically are the largest'ioiuce of aircraft emissions. Although they make up . 

' less *than half of all &a& in opcktion aroupd a metropolitaq area, their'eiissions usuaUy reprksent 
. * q large &on of the total because of their size and'operating frequency. .This would not hold.true ' 

foi a Ai+ with a disproportionate Aount ofmilitary activity, qr a.city ivithko major civil worts. 
. .  1 

. . _  
. I  

. .  
' 4 , .  

Aircra fi' Emissions Characteristics 

h e  EPA views HC, COY NOn SO, and PMlo & the significant &craft poilutants. However, only. . 

. '  
. I .  

.~ . . .  . 
. .  , .  . .  

. I  

. I  

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

' ;. _. .a. a: 
- -  

, I  

. -  . .  
c 

# - .  . I  . 
. .  

. .  
. -  . .  

. HC emissioni&d smoke producjion i re  kurrently 

Emissioon&s fo;-HC . .  andC0 are high during the taxi/idle plxkes when 'aircraR engines are at low . ' 

For .a single LTO .cycle, aircraft , . , ' . .  . .  
. . .  em&iolis.vary w&derably.depending on the category ofaircraft Ad t h ~  aircraft's flight profile. . 

. . 
. . .  . . .  pow*aniope;ateat suboptinium efficiency. nG einiision ratis fd as the &.craft rpoves intd the' 
I ' .... &gh& poweroperating modes.of the LT.0 cycle. . . . . . .  Conv&ely, NO,. emissiogs &e low when engine 

.- I . ., -I power &d. comb&on temp&ture '&e low, but &crease as the .pow& 'level i s  &cie&ed. and 
'; . ' '  

. 
. . .  

. .  . .  
: . . I ' e  

. '. c o m b ~ o n  temp&a+e rises; Thereforgthe t+eoff*&d climbout modes have?he highest NO, * 

. ,  I .  

. . . . .  f - .  
. , .  

. . . .  
- .  

. . . . .  
. ' .  I 

. .  

: . . . . .  . .  
.. ". .. : 

. .  
. .  . e'missioniates. : ; . . .  

- .  
. .  

. .  ..'. , .  .. , . -  
i .  

_ . .  . _  
. .  I * .  

I .  . . ' Sulfur' dioxide emission &tes &e highest d e g  the tak&ff and &.nbout operation modes when &el ' '. , ' 

. . a' Therefore,'the EPA uses adefadt,emissionf~tor~fO.54 pow& .SO~per.l,OOO.pounds of '. I , 

.* - :Combustion to'form SOi .NationaUyitke sulfur Csntent of fuel rehabs fairly w h t  fiom year to . . 

- I  
. ,  , . . .  

-consumption rates are high. Sulfur &pGsioF typically are n o t ' m k e d  whei a@raft'engines are , 

. fuel for . . .  & engine.types. (ErA.as&es t@ all sulfur k the &el .&mbhes 'with 'oxygen during 

.for estimatingthe:S02 defaulte&ssion.f&oF. , '  . . . . . .  > .  . .  

4 ,  

. -  . _  

. t  . .  4 , . ' .... 
. . .  .. 

. I  

' .  . h .  . .  
. . .  ' ' :..' . , ' ye&  at^ about'O;05% by weight for co&nercial . -  jet'fuel, . O.O25%*byweight for.miIi& fuel, k d '  

. . ' . O.OO6% by wei&t for aviation gkoline.. These national s?llfur content fighes are k e d  by-the EPA . . .. . .  
, .  .. 

. I  
- . _ .  . . .  

. . . .  . . . .  . . . .  \ . . . . . . .  . .  . .  .. -*. ~. .' . 
, : ,. . .  . .  

. . .  .PartiCd*ite , .  emiisiori . I  c& 'csaresimilartothatofHCandCO~thatemissionrates~~high~.. , .  ,. ' . ' 

. .  at 1ow.power 0 -  rates.& at high power, rates because of greater.combustion efficiency at a higher , *  

. - engke power.. However;:particd?e e&issions &e higheg dw@g takeoff and climbouf due to the . 
, 

- .  . - . greder fuel f l o w d .  . ,  The EPA~ does not report . .  emission factors for pakcdates except for a small' '. 
.- . I ' number'of engine models, citing the d.@ctilty in e&ting PM e&ssions'.? ,Dkect measuremint . . ' 

. . .  although emission o$.visible .> 4oke.k.repoited & part of the en&nece.&cation proced&e.g The 

. .  
. . .  . .  I .  . .  

. :. . of particdate. ' .  - emissioh 60m. airgaft engines 'typicilly are not ayailable . fiom manufadturers, 

inventoG p r e p d o n  pro&&+ do.cient replbfts e'mission . .  factors for only one civil aircraft engine I 
. , . modek This engine model is used in a n d b q  .of E&pean-builtaircraft, and is not representative * , 

, 

. .  
' 

. .  

. . . . .  . I ,  

c . .  
. .  

. . .  r 
. &the total'aircriift fleet. . ;  * . - ' . .  . .  , r  . .  

EPA estabI&ed.standards for aircraft HC emissions in 1984, which included the establishment of standard procedWs for . 
. en'gine'certification and emissions testing. The standard applies to jet engines &th an &@e thsust of over 6,000 pounds. TheEPA 

reports that many older in-seriice engines exceed the'standards. N e w  engine designs produced since the standards,went 
into.&& have HC emissions lower than the.&udards, but the design clpinges , .  @e to reduck' the HC *'ion$ resulted in small . * 

* " 

- 

- ,  
. .  

- ,  . -  
increases in NO, emissions.' 

.: 
f 91 proie&&fir Emission Imentory+re~wiio~ Vir &'page 149.. , .  

I .. 
. .  

I .  

92 W-, p. 149. , .  
. .  
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. each aircr$ft-model, with air@ .models cbosen based on a'proportional .representation of the ' * 

. . . . .  . . .  .... * .  . -  
. .  . .  

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

. .  . I .  . . _ (  
. .  . .  ; - 

. .  

, .  . . . .  
. .  

. .  
.. -' . . .  

- 4 .  .. 
. .  

. ,  * .  

. .  
\ '  

. .  

. . . .  

.. 

. . .  

commercial,. general &d military a i r c d  Gtegoiies.'. The sampk' engine-model .e$ssion factors . 4 - 
we& aggregated by calcula@g @e ariEhmetidaverage of reported.pollutiint emission~factor~?~(see . * 

Appendix .E.EM.C,'.pages -E.EM.C-l,. E.EM.C-2, .E.EM.C-4, .and E.EM.C-5). . Since the .SO, 
.eniission'factor is the same for each opekon mode, 'this methodology is notiippiicable for SO,. ", 

eiqiisioi k t e  estiinatio+ - 

The fourthstepis to csilculate the weight& fieetlaverage emission factors for HC,-COY and NOx by 
, multiplying the aggregated &&e . .  s&ple d - o n  Mors bythe fie1 w&ption shares calculated ' . . * 

'in aep.2. ' Two further calcul&.om..&re necessaj'to produce emission factors &it coqeqond to: ' 
.+va.lqb. A &nver+h factor bf 612 p ~ &  per gallon was wed. - sW&, the to& HC emissioi ' 
factors:m&t be djusted to :produce Voiitile organic compoimd?(VOC) 'emission factors. n e  

' 

. . . . .  . .  
. .  

I .  . .  . .  
. . .  . .  

* .  
. .  . ,  . . .  

: .  ... ... 
, , * I  *% 

e .  

- .  . , .. 
. e .  

.. 

. . .  . -  

. 

TSCDR specificatio ns... . ..First,. the emission. &chi; mu& .be P n v c e d  into gallons+of-fiel 

iok+gEPA adjustment factors,'appkcable . . .  to-turbhe . . .  kngines;.were use& :'I:- I . . .  

. . .  . .  . ' VOC&&m = T H C q v m  x 1.0947 ' . . 

. ( ;.v . ; . -.- . . 
* .  . .  . .  * 

. .  . . . . .  . .  . .  * -  * .  . .  . .  

' .  . , ,  . .'. 
. -  

. . I  
. .  

. . . . . . .  
. /  . 

. - .  . 

' .  
. .  . .  . .  

. .  
. .  
_. 

. -  . -  
. ' -  V O L  s- m&&.x-1.1046 I . - 

. .  . '  . . .  
. ARY ;-. . 

. .  
, .  

. .  
. .  . .  

. -  . .  
Table F-82 presenti the &crafbe&sions. facto& for He, VOC, CO, NO, +d SO,;% " 

* 

. .  . . .  . .  I .  

. . .  - .  . .  I 
I _  

e. . 

. _  ' ,  
I .  Tabie 'F-82. . ,  'AircmR Einiss.ion Factors' . . ' . .  

. .  

. -  

. .  

L 

. .  

. .  . .  
. .  . -  

. -  
. .  

. .  
. . .  _' . .  

.95 &&y Table 54;"Modal Emission Rates." . 

. % Source: 

. . . .  
. .  

. e  

Appendix EEIvf.C,,paple EEMC-3; 

. .No@: ' . Corqmercial and military VOC *on Wrs calcuiated by multiplying Appendix E.EM.C HC values by . .  . 1.0947 .md 1.1046, respectively. , .  . . .  

. .  . .  
. #  E-198 

. r  

. . .  
SO, &ion factor$ caIculat~*by dividing theEPA &&rd value of 0.54 pounds per 1,000 gallons by 6.2. ' 

~. . .  , .  
( I  . ' 

. .  . . . .  
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c.-- * , 

1.- . . 
. . . .  . .. ' I ,  . .  

I " .. - * . -  -. , 
. .  .. 

, .  . . .  ,: Look-Ahead Issues Concerning Aircrafi'Emisiion Facfoys . . 
. I  

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

. Among the fsictors expected to infiuenk aircraft emission.riites in a.forecaqing context are the . , . , .  ' .  . -  
, .. . .  . .  

\ '  
9 .  

. .  . . .  . i .  
following-: * , .: 

. .  . .  . .  r :, 
. .. . 

# I  

, *  
. .. ' *. , ,  

, . .  
I .  .. * * . newaircrakexighedesip, . .. . . , 

* ,  . .  
I .  . .  

I .  . . .  I .  

. I  0 , ... . ' airportnoise.re&ations; ., . 
. I  

* .  - 
. -  ' * -. ,'. an hcime in airport.congestion pro6lems I . - 

, .  
' .  K .  . .  . , 

c 
. .  ,. 

. .  
. .  * 

, .  .. .. ,, 
: r  . .  * .  

Aird'witli.  clqanerand more energy-efficient engine..designs are expected tocbnt@ue to slowly 
:' penetrate the world :aircraft flek gopulation.. 'Skce there is- a si@cant enginee~g -and 

development leadtinie for producing new iiircraff.engines; most of the commer&d aircraft to.'be. 

* . @e €?PA?' '.&yen the 12-year average service life .for commercial aircraft engines, theaewer ' ' 

*'. levels unk 201'0. However, a possiblecatalyst for &I incre&ed rate of new aircraft engine.market' . 
'penetration the reqxt egtctm-t of natiOn81. airport noise regulations; which require the phase-out 

1 .' * of loud ,&craft by2000: Airlines,are-expk&ed'to upgrade their fleets &t$ quieter &d cleaner 

. , 

.. . . . 
. .  

' . 
> I  . -  . .  

to the fleet in the nexttive to seven years will.% powekd b i  engines cinrently monitored by . 
, .  3 -  

. .  
' . .. ..' geiiFFation i f  ai;craft en&ei sire not expected to make a significant impact o i  mtiomi emission . 

' 

I '  

engipes on& the 'industry formulates:compliance pl&. The I -  extent of the emission iteimpact of . A  

. I  . .  such fleet upgrading is unknown at this time. 

Acting as a ~~te~ei~t;onthedownwardpressure on +sionrates eused.bystockhover and .. 
new regulations 'is the growth in air travel combked with limited excess .capacity at many &port+ . 

, conkme for the fox&eable *e. 'l3e.prk.p-y capacity skeeze will be.felt at &all feeder airj~orts ' 

. 

. .  .:.: 
.I I. 

. . -  . 7 -  

I ,  

, '  .. I . 
' ~ i r  travelhas experienced strong growth over the past several y&s,*aid this growth is expected to . . .  

* and regional hubs. &+eased congestion at capacity-codstrained airports'will increase taxi/idlF * . *  

. .  

I 
. .  - .  . .  . .  : times, resulting in increased ekssioni per LTO: , 

, ,  

Given these oeetting impacts on a i r d  emissions, the e s i o n  fa&ors listed in.Table F-82 should . 

be satisfactory * I  for estimating future aircraft eniission levels. . . 

I , .  . - 
, .  

97 rt,id., p. 208. 
I , .  
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Waterborne &sei Emission -FactoTS 
e .  

. .  ~ 

. .  - . .  
. .  

..-commercia~vesse~s . . -  . 1 .  . _ '  .. I ' i  

. .  . ,  

., . 
.._ ..: 

. . .  . . . .  . .  
. . .  Table F-83.pohIes the . .  EPA &sion factors for d6mestiG - I  &mmercid motorships.. These emission .. . .  . ., 1 .  

8 . .  

. .  :factors are reported hthe AP42IdocUmeni: Theimission factors ak,bsed I .  on Army Corps of "' .I ' , 
. 

-Engineei wat&way . . .  cl&ification . . .  dategoiies; which &e deked ai.follows: . -. . .  
. .  - 

. .  : 
.'I- . .  

.. , . .- * .  

. . . .  ~. . . . . . . . .  , . '  . .  . .  . - .  . . .  . .  . .  .. . .  . . - ,  
, . r  . 

B - _  . e ' . .  .. :River.--All watqborhe tmflic'between'ports .or landings wheriii the'enke * 

.. . .  . . -. . I  4 .  . .movement takes . _  pl& on inland W k y s ; .  . ' 
. I  

. . .  . . .  Gr&tLakes-All . . .  waterborne tmflicbe&een.U&ed States portson'the,Gr&t .?-. 

,. 

. . . .  . I  . ,  
. * I  -: 

. .  
- .  : .. Lakes:' . . . .  

. .  ., 
. .  . .  

. -  , .  
' 

Coastal.- All dome& d c  reicei%g . . . .  a c&age overthe Scean or between . . . I .. . * .  

;. .the G& Lakes' ports add .seacoast ports . d e n  h a h g  a '&&age over the o m . .  ' 
I ;, ' ' 

. .  
, (  . -  

d . -  
I .  

. .  
. .  1 .  . 

a: 

. .  .. 
. .To-derivk t .  . anaverage emission f&tor for a l l  thr&'&te&ay.category vessels, a weighted-average 

, , methodolo& xVas applied +&&by shipment tonnage'&d.av&e length-of-haul . .  da& @omthe Army 

. details on the weightingmethodology. ' . ' ~  
- . Corps of Engineers were used to construct e&sion factor weighbjg8 Table F-83 progdes more * .  

. (  
, D' . . !  - .  

.. 

i ... ' .  . . . .  . . .  .. . , a  

' _  * ' .  . 
. >  . \  . . * .  . .  

. The EPA Nonroad . .  Engine ' and .I Veh@e Emission Study Report provides. e&ssion.factors for *two 
. . additional.vesse1 CaIegoGes: oceah-going &e+nships ... and harbor/&hing <essels? These emissioh ' 
. factors &e based on engine sizes Ad opeqting mode. (hotelhg; . .  ' .  cruise, and €dl.power),*&d . ,  ' are.not. ' 

compatible with the emission factors provided in' Table Fi83. Becaqe of the small emissiops 

. .  
. .  : 

- ~ . 
codbution of these vessek. to fie overall waterkme vessel total, they are .not included the. . 

. - .' composite kterborne vessel emission'fhtors. . .For . > .  refFnce purposeS, Appendix E.EM.D provides . . .  ' 

' .the 'ocean-gokg and harbor/%hing vessel . .  emission factor tables fiom the Nonroad' Engine and' 
. .  . .  

- .  
. ,  I . .  Vehicle regort- . ' I ,  , ~ . '  

. . .  . *  

. . .  .\ . . .  
. . .  

.- 

. .  

.- . 
US. Amy &ips OfEnginem, Wderbonfe Commerce $the VnitedSges,@en&r Year I989 (Waterborne Stati$cs Center, 

These emission factors'were comp$:ed.and provided to the EPA @a Bwz Men L Hamilton report., Commercial Mmine Vessel 

' 

. .  . -  New Orleans, LA,'1991), Part's: National S-6 pp. 32,93. . .  
. - .  . .  

Conbibutions to Emission Imeritoriei @.os Angeles, CA, October 7, 1991).. 
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* *.Table F-.8i. Co&ercial VesseiE&ssion Factors*oo -(Pounds per 1,000 gal&. 
'of fid) '- .. 

I .  

. .  , I .  . 

. .  , . . '  
.. 

... 

.. . .. -. . . : t . 
. Average &ion factors caI& by muItiply&g polIutant emission' f for &h waterway class by shipment '. . , 

.: . 
.e , 

:&eage weights and then summing the weighted *ion f&torvalues. 'The shipment weights are as Follows: River - 034, - . 
Great Lakes - 0.07, C o w  - 0.59. Shipment mileage weights were derived by muItiplying.tons slipped by the aver&e 
lengthsf-haul per ton shipped for'eachwate+iy ciass. .- 

* .  

.~ 
I .  

. .  . .  . I  .'. ~ . . . . .. .. 
. .  . . ,  . l -  . . .  . .  

. .  
* .  

. -  
_ .  * .  

, -  . -  ' : 
. .  

: Recreaflonal Vessels ' , .  . .  . -  
. .  . .  . .  

. ' * ' TabIe F-84 provides HC, CO;'and.NO, emision fachrs for recreationaI marine vessels. -These . 

, .  , 
, emissick.&& comefiomthe EPANOnrooadE&m , -  d , t r e h i d e  Em+i~nStu$~Report. The EPA . 

classifiesand reports emissi0n:factors forthe folIo&g vehicIe/engine types: . .. . .  . .  
, .  

. .  .. 
. .  

. . -  
; % . .a vessels with inboard engines.(P-stroke), 
' 

., . . 
. .  . '  . 

. .  . . . . .  
0 vessels with outboard engines :(2-$roke) 

0 'sailboats,with auxiliary outboifd engines"(dieselJ ; 
'O sailbo&'*thawriliaryinboardengines (diesel) . . . 

, * vessels with &m&ve engines(4-&oke) . . . - c  

a .  

. .. . I. . .. . .' .- * -  . e .  . _  

. .  
. . a  

. . f  

. ,  
When the AP-42 $ocumerit . w ~  compiIe$.emission te&g c& was not available for recieational . - 
b e  vessels. ' The EPA uskd co& guard diesel engineand automotive en&e emission data to 1 -  *' . 

, *  compute in-board emission factors beedon the dutycycle for engin&classifid as large out-boards. *. . , . : 
'Out-board emission faCt0rs:were'dehvd fiom data supplied to the EPA by the Southwest Research . 
Institute. . 

. .  1 ,  

. .  . I  

1 .  

.. 

' .  
. .  

- .  < '  

ioo'U.S. Environkmtal Protection Agency,-Compilation OfAir Pollutant Emission FAors, Volupe Il: Mobile Sources, AP-42, 

U.S. Army brps of Engineers, Waterborne Commerce Ofthe UnitedStatis, CdenuiwYear 1989'@aterbome S&cs Center, 

* ' . 
, PB-87-205266 (EPA'Office.oCMobile Sources,:September 1989, Part II, Off-Highway Mobile Sources, Tgble II-3.1. . 

New Orleans, LA, 1991), Part 5: Natioh.Sumqaries, pp. 32,93. 

I 
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. .  
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. _  . .  
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'.. 
,For theNonroadEnghe and Vehicle r&ort, o\itboard engine.emission tictors were derived fiom.test 

: hats supplied to EPA by the National Marine Ma&&ers Association, which tested 25 two-stroke . ' ' 

I Fd . .  thm5 foy-stroke outboard.en$nes. For fo&-stroke outboards, emission factors r e c o ~ e n d e d '  . 'I 

' by: the Southwest Research Institute were used for particulate'matter emission$.loi .Since no data 1 . 

were available for 2-stroke.outboard engine,particulatimatt& emissions,'EPA.~ed emission,jkctors ' . , 

.from .+e CARB Technical Support Docu'ment ' for. kility ahd 'lawn/garcier! .equipment is . . , 

appro&ons. ;For i t @ ~ d / ~ d r i v e  gasoline enginesithe EPA deeved.e&sion factors onfhe . 
!&is of& data on tbree4-&oke.g&oline.ee in&dktekrive.engines supplied by NMMA. *. * 

.'The p&c@ate e&$@ factor used 

.*.sst. &ta for a small diesel sailboat inboard and tkee large diesel ipboard engines .as the 
basis for calcula&g emission.factoG for. inboard diese1:engines. . .  . 

As kth the comniercial marine , .  . v&seh, vessel/engineA&pe I '  ekssion factors must be'weighted .. 

' factor- for the total reeational .marine vessel population. Engine population data ,for each 
vesiel/ingine-type class Used to coIlsfTuct thg weights. 'Boat population figures yeri,githered 
h m  1ocal.boat regiSttation'data bas&, and were sub'sequently adjusted to obtain engine population 
estimates; .Energy 'Ad, Environmental . Anaiysis developed the. en'gine nupber deivation 

. I .  
. .  

. . . .  

I .  , . .  

* .  
. .  

. . . .  
:1.64 pounds ie r  l,OO,O~gallons'Of fuel. The-EPA used . . , 

' 

. .  . .  
, .  

. . .  . I .  M .  

. -  . -  . .  
s 

m .  
. .  

acco&g to an activity or population level bdicator and m e d  to obtain'& average ekission . . .  
* 

. .  

. .  I .  

' . 
' 

. . . .  . .  / .  
. I  

. . . . .  . . .  . .  
. .  . -. methodologyfortheEPA.. . .  

. . .  ' I  - , 
* .  

, I  

, .  ' .  . .  .. 

Table F184. Recreational Marine Vessel Emission FactodM cpounds per'1,OOO kallons of fuel) 

. . .  . '  

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

a . .  , 
. .  

I . .  

. .  
.. 

. .  . I  

. 
. -Washington, D.C.:Office ofAirandRadiation, Noveinber 6,1991. 

. . 
' 

. . Office ofMobile So& November 1991), Table 2-03, Appendix I, Table 1-11. ' 

lo' U:S. Environmental .Protection Agency, DesigMtin cfh&sfir Air Qual@ Planning Pwpcxres, .40 CY32 Part 81 , Final Rule, . .  
. .  . .  

US. Environme&I Rotection Ag&cy, Nonroad Engine and Vehicle Emission Study - Report, EPA 460/3-91-02 @PA . , 

8 ,  

. .  . .  
, *  
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.. 

Table F-85. Oce&-GohigCommerciaI Vessel Emission Factors ' . 

- .  
' Sources: 1) 'US.  Environmental Protection Agency. Compilation of Air Pollutant Emission Factors, 1985.. 

2) U.S. Dep&ent of Transporkdion, Port Vessel Emissions Model, 1986. . 
; 3) California kr Resourk Bosird, Report to the Wornia  Legislature on Air pollutant Emkions fiom 

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

' . *. . I 

' , ' 
* . .  

, .  . .  . .  . .:- , ~arini vessek. 
-. . .  , . .  

- -  .. . 
I .  .~ 

. .  

- . .  . _  . .  .. _ .  
.. . I  . .  . . .  . '. . 

. .  . .  I .  . 
.. . .  

' .. 
* : .. . . , .  

.. 
. .  . .  . . .  

. .  
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. .  
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. : . .  

. .  
. , '  

. .  . . *  . Table F-86, Haibor and Fishing Vessel Emissih .Factors. . ' '. ' ' . .  ' ' - .  . .  

. .__ 
. . . . .  . .  

* .  . . .  

.. 

i 

. I '  . 

\ 

, * .  

f : 

. . .  

. . . .  

1 .  . .  * 

. . .  . .  . *  1 ,  

, .  

' 1). Average sulfur kncen&tion for m h e  diesel fuel = 0.8 percent- . . - .  . I .  . - .  
.' Notes: 

. .  . .  
SourceS: . .  . 1) U.S. Environmental Protection Agency:.. Compil&on of Air'Pollutant Emission Factors, 1985. ~. 

. ' 2) US. Department of Transportation, Port.Vesse1 Emissions ModeI, 1986. 
" 

. . MarineVessels. ' 

. .  

' 3) California kir Resources Board, Report. to &e catifornia.Legislatqe on Air pollutant Emissions fiom 
. . .  - .  

. . .  
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. .' 'Attachpent 8 LDV Stock Model , -  
. .  

. .  . I  

* .  

Fuel Economy, Vehicle Choice, &d Changing. Demographics 
- .  

. a  

* .  
* .  

. 
. I .** 

' ' . . .  T€&*attac&ent documents the'methdology used to forecast the fight truck (e.g. pickup trucks, 
sport*utility vehicles) share of todl eght .duty vehiele salesin the!NEMS Transportation model. 
Given the miirked difference in fuel ecoaomy standards for cars and light trucks'thisshare hirecay. - 

.' . . *". fhe.pr&entation highlights the importance of considering -stmctmd shifts in developing long-term, 

I 

. .  , .  

I 

I botlrthe for& I .  level of og consumpption andthe level of &n.emissiom. 'More generally, 

. . .  . . I .  . .  
I .  

. .  I .  

. 1- 

&er~.forecasts. . , . . I  , ,  

I .  - 5  Y . .  k '  

. .  
. % .- . .  

. I I  

. .  .- a .  

. I  

.Background- ' .  - I  

, .  

'Short-pm (one to two y&) f o r d  akume that $st tiends :in enegy-use Ad past relatio&hips 
between economic and demogra&ic factbrs and en&gy &e will'contique @the near term. They 

', impliiitlq; that structural *changes are rklativthy . -  ;himpprtant as .>cause of.fore+. error. 
comp&edto &o& introduced by &ertiinty in ekimates of forecasts of variables such as economic 

e', growth and energy prices. Thosebo link& withibng7m energy forecasts don't liave this luxury: 
. ' , Certain:physical &sumptiom , I  may be accepG ,&thout.furthei con$dera&on (e.9. fk$ law of 

,. theiodynamics, hez$ng-de&e days in a . " n o d  year-in Sokhwest Ce&us:region): However, 
'' . .the longer &e,&e horizqn ofthe forecast is the more bportant it is to-sc&@ze assumptiobs t@t 
' ' re& ikplicit in short-term f 0 . d .  For h p l e ,  develop sho+e& forecasts of electricity . . 

' use in buildings it isn't necessary to'disaggregati this +e by type and efficiency of equipment; it is 
ieasonablti to*assume that changes theie iactoig are not ait important sdurce ofacertainty.  his * 

' 

, I  

' 

- .  

. ' 7  

' .  1 

I .  

same assumption would be entirely. &appropriate in a .. methodology .used. to forecast long-term 
' building .sector electricity &e. The Energy Information Adminis&ition's &cud Energy Outlook 

. . !PJ&ro$des energy forecasts through 2015. Within this time h e  most of the electricity-&mg 

. 

equipme,nt now.&.buildings will be r e p l d .  and even the currently known menu of replacement . 
choices vary &nsider&ly in energy .efficiency. . 

This attachment s CNtiaiZes a single kariable.id the NEMS Trkjportation model-the share of light 
trucks relative to .total lightduty vehicle ann~al d e s .  It Compares estimates ofthe Eight truck sales 
share b&ed on extrapolating past trendsto an approach that make explicit,asnimptio& conce&g 

, the impact firture demographic c h g e s  will have on vehiclechoice dekisiow. ,We know with a fair 
' de*& of &ty thatas the generafion of '!baby.boomersi ri%h age 55, the share of the.population ' ' 

under the age of 55.will decrease sharply fiom the share maiutaked for many decades. We also 

- *  

. - .  I .  

. .  

a .  . .  
, .  

1 .  

-. 
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' know the age distri6ution , -  of c~ent-. t&ck purchasers The methodology described' p ro~des  . .  - .  

. .  

. - .  
- .  . 

. . .  

.. . .  . .  
'.I 

. . .  

.- . \ 

. . .  

. .  
. . .  fo& ofthe fight &ck.sharebqed onknowledge of an . ,  aging population. The methodology does -: 'not address the.questioq raised in the subtitle of this paper. To'the e&nt that the population over' 
. age 55 2015,behave differently fiom tbe cursent:over 55 population in terms of their vehicle 
' pirrchases;.the . . .  forecasts eithk underor over estimat9 &eleve1 of new &ht truck yles.' 

. . .  . . . .  .f , !. ' 

* .  - .  

I : . I  
. . . .  . .  

. . .  . I .  

. .  .' . 
- e .  ,. ., . . 

. .  
. . -  .. 

, .  

. .  

. .  
- .  

. . . .  . .  
t \:. : - 

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

. ,Informati;;h on thecharadte;isticsof light tqck by& w&,ob&ed fkom the 1989 B y e r i  of New. 
. C6;nphct .T*cks, f&mzmm4; Report, published. by Newsweek, Li&t.trucks . .  are divided into .,two ' 

'.types,pickpkd,@ortutility. 

. . .  

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

. .  . ,  
. . .  . . . .  . ._ . . .  

. , .  . .  . .  
,- . . . . . .  . \  

. . ' ,  ' . ' 

. .  . ' . , .  
. , I  

* .  . / .  
. .  . .  

:. . .  . ,  
- 8  

. . .  
. -  . .  . -  . 

.. - .  . 
. % .  

..... Table F-87: .Tiuck Buyer Characteristics .. .. 
.s . , 

; .  
. I . f  

. .: * 
.. , . 

I .  . .  
* . .  . . .  . .  . .  . . . . .  . -  .. 

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

. .  

. .  
. . .  . .  

. I  

' .  . .  
. .  

. .  
. .  

I .  . ,  
. .  
. .  . . .  

. . .  . .  . .  . - .  
The first &p in the.methodology Used was'to aggregate the cla&aixosS the type of truck, . .  order 
to determipe,a.combined age and sex distrib*on qmong t rkk purchasers: - . 

\ .  . .  . 

z :  i .. . ,  

. .  
. .  - .  

- , .  . -  . 
.. 

. .  . .  . . -  
. .  
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. .  

. .  
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. %  
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. -  
* , PTm 
' .. PsasTypc = the p.ercentage of -h.type purchased by. a given sex.. 

=theper&ntage.of total light truck purchases of a given-type. . . e . .  . Let: , .  , I '  ' . , .  

* .  - .  =the percentage of e k h  type pyc&tsed by a given age groq.' 
, >  

- 1 ,  - .  . . ,  
I .  

*- . . .  

, .  I ,  

. . .  
. , Then, aggregarig across .truck types: . I )  

' 

e .  

. .. . 

. .  
. .  

. .  
... .. . '='c . . . p  ' . 1 ,  

, # '  

'Tsp.. Srx,Type pAge.& . -, . .'.: P*slg. 
- I . .  : . - .  . .  T P  . . : , .  

. .  ,. , . .  . 5 

. .  . . .. .. - . .  . 
- .  ' 

. -,  
, .  .. . 
. ' displayed @elow. A s&mation across sex%ith& &h age&oupprovides'the age distribution .. 

' of fight truck purchase;, depicted jn the chart below, and in Figure F-24.. . . 
. .  

j .  

. -  . . .  , .  . .  ' '. . .  . , .  

. \  . .  . 

. .. 

Lsoking at tke cmylative percentages (Figure F-25)j approximately 85 percent of all light tiuck 
pkchases are made bypeoplk under 55 years old Of this group.approx&ateIy 81 percent are men 
'and 19 perknt &e women (Table F-88). The*hiStoo+d apd projected proportion of the population 
under 55 years is subsequently graphed in Figure F-26. . I '  

. .  
.. . - 

. .  
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* .  

. .  . .  
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' FigureF-24:'AgeDistribution ofTruckPuichasers . . . . . . . . . .  ' - 1  * .  
I . . .  . .  ._ . .  1 . .  . .  

. . .  . .  
. .  . .  

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

.: . 4 9 .  20-24.25-& 30-34 ..*9 '4h-44 4549, S O k  .sS& 60-64' ..>65 
I .  

. .  _. . 

._ 1-1 , . .  
. .  

. . .  . .  
I Female 

. * . . I _  

. . ,  - ,  . .  . - . .  

. . '  
. .  . .  - . _  , 

, ,  . . . ,  . . _  . 

. .  . . . .  . .  
, *  

,Fi&e F-25: Cum&&e Percentage of TkckPurchasers ., . .  
I 

.. 

I 

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

. .  

. .  . .  

. I  

15 .percent of the light tqck purchasing mgket-'(Table .F-88). .Given. fhis as&ptiod the. . 
" I - . .  . - . .  

. ,  .I . 
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. .  * proportion, of the population &der age 55' falls 'after 2000 @i&e F:26), dnick sales will' %.'a : 

' * 

.. 
- .'a proportion ofpght-duty vehicle sales'~'stab@ (Figure F-28): Zn 2015, the unadjusted-light truck 1 

m k e t  share is 49 percent wmpaied to a populdon-adjusted share.of 43 perceni ' 

' . . '  = \ <  - .I I ' .  . .  
\ 

.- ' 6 0 %  

'. . -  , .  . , 55% l l l l r l l l ~ l l l l l l l l ~ l l l l ) ( l l l l l ~ ' l l l ~ l l l l l ~ . ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ! ~ ~ ~ ~ ~ ~ ~ ~  ' 

. .  . 1970'1975 iw 1985 1990 1995 2ooo 2005 2010 2015 2020.2025 2030 , 
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For any forecast yeary the population-adjusted estimate is calculated simply by multiplying the 
extrapolated estimates by the demographic index described above. 
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