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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employces, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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Appendik F. Attachments to the'lranspoﬂation Model -

The attachments contamed wﬁhm tlns appendlx prowde additional detalls about the ‘model

g development and esumatlon process which do not easily lend themselves to mcorporatlon in the

" main body of the model documentatlon report. The information prov1ded in these attachments 1 1s not ©
mtegral to the understandmg of the model's operatton, but prov1des the reader w1th to opportumty

- to gain a deeper understandmg of some of the model's underlymg assumpuons “There will be a

shght degree.of replication of matenals found elsewhere in the documentation, made unavoidable”
‘by the dictates of internal cons1stency Each attachment i is associated with a specific component of
'the u-ansportatlon model; the presentatlon follows the samne: sequence of modules employed in
Volume L ’ o '

'T'he following -attachtnents are contained in Appendix F:

Attachment 1: E_QIMLMQQQ_(E_M)_ Provrdes a dlscuss1on of the FEM vehlcle demand :
and performance by size class models . ‘

i

Attachn'lent'2 Altgrnagvg Fuel V§h1§l§ (AEy) Mgde Descnbes data mput sources and‘ o

extrapolatlon methodologles

-,

' Attachment 3: nght-Du_ty Vthclg (LD 21 Stgck Model: D1scusses the fuel economy gap'

. estimation methodology

o Attachment 4 MM@.M&@L Presents the data development for busmess, uhhty,.
© and govemment fleet vehlcles »

\

- Attachment 5: Lig tgg mmerci ﬂ fl'_l:_u Mgde Descnbes the stratlﬁcanon methodology and data -
' sources employed in estimating the stock and performance of LC’I"s :

Attachment 6:- ;A_rr_’L@_eLD__@d_M_o_@_‘ Presents the denvanon of the demographlc mdex, used ‘
to modlfy estlmates of personal travel demand. -

Attachment 7: _Airbg' me E_mjs sions Mgd_el;' Describes the derivation of emissions factors used to
_ associate transportation measures to levels of airbome emissions of several pollutants. ‘

National Energy Hlodellng Systom
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Attachment 1: Fuel Economy Model

Demand Models for Vehrcle Size Class MJ.X
and Performance by Srze Class \

INTRODUCTION

Estlmates of the future mix of veh1c1e classes sold and the performance level by size class requires

e adetailed econometnc demand model of vehmle choice by size class and vehrcle performance within

 size class. Thereare a few pubhcly available modéls that forecast vehicle demand by size class, but.~

"~ those models have proved inaccurate in the past, and do. notuse a class stricture that is compatlble

. with the one used i in the FEM.- Demand for performance has not been assessed to date i any

publicly available study Both the size mix and performance levels are difficult fo esnmate because L

" the car purchase dec1s1on is complex and consumer choice depends riot only on the macroeconom1c '

, cond1t10ns but also on the attnbutes of individual products in the marketplace Some of these - ,
attnbutes are based on the stylmg of the car, its perceived quahty, the manufacturer s image and the -

-status conveyed by owning a specific model and cannot be easily quantlﬁed Although these

, variables affect choice" of individual models, they can also affect the, choice of vehicle sizes or

* performance levels. For example many consumers appeared to erhng to buy a Japanese car for its

quality and*rehabrhty even if it's size was smaller than thé size actually’ desired by consumers. There . N

have also beeri changes in onsumer performance that may be lmked to demographm vanables, eg.,
older consumers prefer larger cars: : : . "’

_ These factors have made the automonve market notonously dlfﬁcult o forecast The models '
moorporated in the FEM do not represent an attempt to prov1de a comprehensrve forecast of future :
shifts in size class mix or performance levels by srze class in; response to the potentlally large range ‘
of mﬂuencmg or causal variables. Rather, the models attempt to.capture the response to broad
macroeconomic forces or behav10ra1 (tlme) trends based on the expenence of the last. 15 years. It

is recognized that these models are relatrvely srmphstlc, and'it is ant1c1pated that future versions of |
the FEM Wﬂl mcorporate more advanced models - L ' '

: ’ ) " ‘National Energy Modeling System
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. METHODOLOGY

The methodology employed'to assessthe influencé of macroeconomic and time dependent variables
on the mix of size classes and per"formance was by regression analyéis ofhistorical data.-

" EEA has comprled a very large data base on car and llght n'uck sales over the 1979-1990 penod 2

- - "These dataare baséd on the official CAFE ﬁles from EPA, augmented by the addition of vehicle and. -

" engine descriptor ° vanables All of the vehrcles were classrﬁed by miarket class. accordmg tothe . =

. scheme utilized in the FEM. Vehrcle performance levels Were measured by the horsepower to

- wéight ratio (I-IP/WT) that is well correlated to objectrve measirres such as the 0'to 60 mph .
o accelerauon time. Detarled welght data was unavailable for light n'ucks and horsepower alone Was o

used 2 asa surrogate for performance (F ortunately, n'uck welght within market class drd not change 0
srgmﬁcantly in the 12 year penod analyzed) ' .

‘The models for size class mix and performance utilized the same set of’ mdependent vanables )
' e Drsposable mcome per caprta (m 1990 dollars) . ‘
°. Pnce of gasolrne (1990 dollars)
o Veh1cle price average by class
o Veh1cle fuel economy AR
o Rate of change of gas pnce over two years
¢ Cost of dnvmg per m11e .
. e Number of nameplates (models) ina class

The last yariable is'really a compc')S'ite of fuel cost/ﬁél- economy.and nota neyv independent variable.j' -

Performance was deﬁned as the average HP/WT ratlo by class forcars and the average HP by class '
for trucks. Market share was defined as the sales fraction of the class relative to entire car and hght :
 truck market. Tl:ns definition was chosen to mcorporate the effects of consumers sw1tchmg from
cars to hght trucks R : : '

'In general the models were lmear regressrons of the loganthm of all vanables ) that the co- .
. efﬁcrents represented "elastrcrty“ estimates. However, the market share model was modified to
. utilize the variable (/ 1-m) as the mdependent vanable in the. regression, for two reasons. Flrst, the

- Naﬂcnal Energy Modeﬂng System
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elastlcrty of market share appears to be dependent on how large a share of the market a srze class has

,Thrs reﬂects the Fact thatat - very low market shares, buyers ofa parucular class are reduced to the '
_* dichard consumers who are less hkely to switch due to macroeconomic forces, and the market is
- inelastic. Second the log(m/ I-m) form converts a 0 to:1 variable to one that spans the -infinity to

: -i-mﬁmty range Asa result of this vanable change the model cannot be driven to m=1 for. any input

RESULTS

set, sO thatno one market class takes over the entlre market for : any combmatlon of i inputs., Such a

R varrable form has been utilized i in. pnor analysrs by ‘Wheaton Econometrrc F orecastmg Assoclates ‘

(WEFA)

|

A stepw1se lmear regression of performance by market - class and of class market’ share was

; perﬁ)rmed to aid i inthe selectlon of mdependent variables wrth the greatest statrstlcal s1gm.ﬁcance ;

In addmon, the co-efﬁcrents were requlred to be
. ® drrectronally consrstent w1th mturtrve expectatrons .

] consrstent in absolute magmtude across market classes that are s1m11ar

AN

Forthe market share regressrons, the vanables that Were stat:lstrcally srgmﬁcant mcluded model year -

(time), price of gasohne drsposable mcome number of: nameplates (in some classes).” In particular,
number of nameplates was srgmﬁcant in those classes where only oné or two makes existed i in the

" .early 1980's but new ' makes were mtroduced in the mrd-to-late 1980's compact vans are a good-.

example of this phenomenon . p

Table F-1 shows the results of the regressrons of (m,/ 1 -m,) agamst the vanables MDLY (mo del year), :

: LPGAS (price' of gasolme), LYD (per caprta drsposable mcome), and LNPLT (number of

nameplates) The followmg conclusrons are appropiiate:

. Subcompact and m1mcompact market share benefits, ﬁom a time trend towards . ,
" smaller cars. Market share increases with ‘increasing gasoline” pnces (133 co-
efﬁcrent) but decreases with increasing mcome

- ® - Sports cars market share appears to be dechmng Wrth tlme but 1s msensrtrve to price -
of gasohne or income. . S : : :

e Compact car market share increase Wrth tlme and mcreasmg pnce of gasohne but is .
' msensmve to mcome trends - .

: ~ - ) Natlonal\Enargy Modeling System
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o, Intermedlate car market share is. decreasmg W1th time but is larger msensmve to
. either the price of gasolme orincome. - ° ’

Large car market share decreases with time, but. inereases with income.,  °
e Luxury car market share increases with time, income and the price of gasohne

e “Minitruck market share is very ‘sensitive to the pnce of gasolme, and decreases with
'.mcreasmg gasolme prices and income.-

e Compact trucks and utilities market share are negatlvely influenced by time trends
+*and price of gas, but pos1t1ve1y by income:. . o .

e Compact vans have a unique trend relative to all trucks in' showing increasing market
share with i mcreasmg gasolme pnces Itis also posmvely influenced by i mcreasmg
income.. : : : .

,"O' Full size trucks (plckup, van and utrhty) show relatlvely stable market shares, w1th
" a modestly declining time trend. Only utility vehicles' market sha.re appear to be

< National Energy Modellng System
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sensmve to. mcome, wh11e market shares of all full srze trucks are msensrtlve to the
pnce of gasohne T : :

~

Some of these trends mmally appear to be counterintuitive, but one must con51der the impact of a
partlcular variable on sales of the class as Well as the total fleet sales For example while sales of -
- luxury cars decreases with i mcreasmg gasohne pnces, the market share i increases since sales of all .
other- cars decline by a; greater amount-for the same change in the price of gasoline. Sales of -
. mlmtrucks and compact plckup and utility ‘vehicles, most "of which are ‘used for personal
' 2 transportatlon or recreatron, are also mofe strongly affected by increasing pnce of gasohne, and their

f-‘market share drops Onthe other hand, standard size vehicles are used more commonly i in the light .

' commercial sector ot for haulmg rather than personal transportahon and thelr market shares are
_ :relatrvely stable in response to gasohne pnces o o o

It should be noted that the co-eﬁiclents mTable F-l are not elasucrtles as the: dependent vanable is -
m/ l-m,, not m; anne In general, the values of m; range from 0. 0510 0. 20. The correct "elastrcrty"

o co-efficient is the actual co-efﬁcrent times I-m,IZ so that multrplymg the co-eﬂicrents in Table'F-1

_ by 0.4~ 0.475 w111 prov1de an estimate of elastrcrty

" The performance mo del uuhzed a srmllar procedure, but the dependent vanable was average HP/WT
-~ (or HP ‘for trucks) by class - The "most s1gmﬁcant vanables were found to be LFC (fuel-
e consumptlon), personal income (LYD) and pnce of gas (LPGAS) in most cases In some cases, cost .
' per mile (LCPM) provrded a better regressron ‘when substrtuted for LFC and LPGAS The results _
. of the regression are shown in Table F2. In general the regressmns yreld the elastrcmes presented'
in Table F-3. ' : - 5

) ‘The results mdrcate that v1rtually all classes respond smﬂarly to the cost of dnvmg, although for ' B
- small cars (mini-, sub- and compact cars) an equivalent result was obtained for fuel economy rather
. .than cost per m11e Performance demand is more sensitive to drsposable income, with the large

I trucks showmg very hrgh sensifivity. This parucular finding is suspect and may be-due to the fact:

that srgmﬁcant engineé 1mprovements m the late 1980's (wh1ch mcreased rated HP) occurred in the '
same time ﬁame when incomes-were nsmg o N L S

< ’\' .

t
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Table F-3: LDV Performance Model Elasticities

(2.144)

~

(1.176)

ws | osi | mes | B ) e | on
. .7'.’67'5 oz [ 1104 ;fj;;) ) ..; .(?622 (.10.?1625
v [ o [ [ | am o ]
s7.101 | oess | 14252 féﬂi? a (.;'iz;:) ",83’503 |
%9 | osse |woes | N8| ST |00k
151145 | -0.983 11085 (.fg;) | -(-g.:;g;@) (.2.3:2#).
0219 '\ oors | 0_2;8;' ' ?fs’g j - :?;’3?) o 2;305365).
. 3§.o43 ‘0.9.29 1 '-9.2‘64: 60614169) (§;32§) - (322)-.
o | osss | e | 3% | G | oo
2'1.80“1 .| oso1 | -10507- -.(g:gg) (;:ﬁg) | "(-?;633) , |
163854 (0863 | -17.358 giﬁ) | (32:'1‘1312) : ((l)gg)
s | oo | eam wost) | 3o ?117925) |
'2“1l17l7_,_ oiss | o | 0% (32.'359‘;) oo

N.S..

"N.S. - Not Specified

-0.23 ~-0.30 #0417 - -

2010~-017 | 071010 " Variable ' -0.10-0.20

. NS, +1410%1.7. ‘NS, 0240033 . ||
NSS. 201025 N

National Energy_lﬂod’elhlng System -

’

Transportation Model Demand Sector Documentation Réport

-023t0-035

F-7



| VALUE on PERFQRMANQE AND i—'QEL Ec'oivg' MY ADJUSTMENT. -

. The value of performance is deﬁned as the dollar amount that consumers are willing to pay for
horsepower This value was estlmated from the actu,al list price for the vehicles in the 1988-1990 L
penod and was based on thé engine optlon prices. This method assumes that the- manufacturers are’

pncmg horsepower at'levels that consumers are wrllmg to pay. Most domestic models oﬁ‘er an '

o f optronal engme wuh higher ] HP wh11e several 1mport models offer optlonal turbocharged engmes

.or 4-valve ¢ engme versions. In each case the cost of the engme optron alone was 1dent1ﬁed from
manufacturer price lists for 1989/ 1990 models (very often, the engme option is avaﬂable with ‘other

- features such as performance ures, aerodynamlc dev1ces ete. 50 that the vehicle price is'higher than '

_ the cost of the engme option). Based on the pnces of engme optrons, the following averages ared
' apphcable for all cars except sports and luxury cars: ‘

" Table F-4: LDV Performance and Price Options - - -

30t0 35 . $400't0 500 '1330't0 16.66 -

 251030. | - sso016400 |- 121016 . -

. 301035

" $400 to 500 - 133010 16.66
. 14.441018.38°

4510 60: - . $650t0 850

Based on these data, an approxrmate average value of performance is $15 per percent increase in HP.
Most sports and several laxury. ¢ cars charge pnces ‘that are 15 to 25 percent higher than the values
-quoted above (although some very h1gh pnced luxury cars such as:Mercedes, Porsche, and BMW
charge more than twice the values quoted above). Accordingly, the value of performance for these’
classes has been set to $18 per percent mcrease in HP ,

Increasing performance: also_decreases fuel economy and this r'elaﬁonship is derived from 2
_ Tegression analysis of ﬁlel economy ¢ data that provrdes the sens1t1v1ty of fuel economy to factors that -
increase performance In general performance can, be increased by four methods:

| @ by mcreasmg the axle rauo , ’ c
‘®- by msta]lmg a larger engine w1th the same number of cylmders :
e by mstall_mg_ alarger engr_ne with more cyhnders )

- A National-Energy Mod_elln'g System :
F-8 . Transportation Modol Demand Sector Documentation Report



[ by ut111z1ng 4-valve heads or turbochargmg

The ﬁrst method, is surtable only for small changes in performance (less than. 10 percent) The |
' secondmethod is useful for changes in the range of 10 to 25 percent.. The use of engmes with more-

cyhnders can result in HP gams of 30 to 60 percent (4 cylinder to 6 cyhnder or 6 cylinderto 8 -
cylmder) 4=valve engines generally prov1de HP gaJns of 20 to 25 percent relative'to a 2-valve
engine of equal drsplacement, wh11e turbochargmg can prov1de an HP i mcrease of 40 to 45 percent _
relative to a natura]ly aspirated englne of equal dlsplacement. These technologles can be combined
Wlth drsplacement increases-or decreases to achreve any desued result. ‘

Based on éngineering ‘and regressron analys1s (see Appendrx G, Supplement 1), the fuel economy
,sensmwty for. axles ratio changes is -0.22 (ie., a 10 percent axle ratio increase decreases fuel
' . economy by 22 percent) The fuel ¢ economy sen31t1v1ty for dlsplacement changes without changing
the number of cyhnders is-0.35 (ie.a25 percent change in drsplacement decreases fuel economy
‘ by nine percent, including the effect of increased engine welght) Substituting a V-6fora 4-cyhnder
or a' V-8 for a V-8. s1gmﬁcantly mcreases the vehicle werght, and a ﬁﬁy percent HP increase:
decreases fuel- economy by about 25 percent E ~ :

. A non-lmear equahon that captures these effects i is.given by

AFE = -022AHP 056 AHP? ; AHP> 0
= —0.22AHP + 056AHP2 ; BHP-< 0

n .

where both AHP and AFE are expressed as percent changes The equation is valid for AI-IP values -
between O and 60 percent SRR

) National Energy.Modeling System
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TECHNOLOGY IMPROVEMENTS FOR AUTOMOBILES

PR C e e e s T

- . The cha'racteristics of the.automotive technologies considered in the LDV module have béen

developed by. Energy and Environmental Analysis, Inc: of Arlington V1rg1n1a, and are tabulated on’

" the followmg pages in Tables F-6:t0 F-9.! Much of this research has been derived ﬁ'om an ‘earlier

study of technolog1cal change and its potentlal apphcatlon to fuel economy 1mprovements ? Inthis.

' study, numerous automotive technolog1es have been evaluated i in regard to both their estimated '

1mpacts on veh1cle performance and their cost-effectlveness from apro ducer' s standpomt Individual

| .technologles or groups oftechnolog1es have been a551gned to one of three "certamty leve " deﬁned -

. '_ below, which mdlcates the hkehhood of theu' mcorporauon in the near-ferm. - B

-

The Standard Technology Matnces for cars. and hght trucks (T ables F—6 and F-7) represent a

s - relatively conservative estimation of technology cost, avallablhty, and impact over the course of the '

- forecast. The- correspondmg H1gh Technology Matnces (Tables F-8 and F-9) reflect a more

-

op11m1st1c assessment of the potentials of selected technologles In order to perm1t a ready =

.- comparison of technology characteristics, those elements in the ngh Technology Matnces Whlch‘ :
L : dL'Efer from theu' Standard Technology counterparts are shaded L e

'l‘echnologm currently in production in at least one mass market vehicle worldwide and which have

" no technical risk in the sense that they are fully demonstrated and are avajlable to all manufacturers
 through either direct production or licensing. Level 1 mprovements are therefore avaﬂable for
-production use within one product cycle; - R .. ) . .

Technologles ready for commercialization and for which there are no engmeenng constraints (such .
“as- emissions control considerations).- which would inhibit their use in production- vehiclés. -
'Technologles assessed at Level 2 are considered to have low technical risk in the sense that some |
"debugging” effort- may be requl.red because of a lack of on-road experience . .

Technologies i m advanced stages of development but whlch may face some technical constramts

before they can be used in production vehicles. Because Level 3 technologles bear some uncertainty

- asto when they will be fully available for use in productlon, it is not possible to presently establish -.

_ with certainty that they are available for mco:poratlon into new vehxcles over the course ofa complete
product cycle. ' .

\

.; R 4_¥‘

. 1NEMS’ Fuel Economy Madel LDVHzgh Techn_alogy Upa'are, Declsxon Analysrs Corporauon of erglma, DE-ACO01-
92E121946 Task 95124, Subtask 9-2 6/17/96 ' ‘

zDeC1cco, J., and Ross, M An Updated Assessment of the Near-Term Potentzal for Improvmg Automotwe Fuel

T Economy, Amencan Counc11 foran Energy-EﬂSclent Economy, Washmgton DC, 11/93.

idp 12 g - L

H
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, -CHARACTERISTl,C_S :_OF"’ALTERNATIVE FUEL-VEHICLES ’

- This sectron provrdes a documentauon of the updated Fuel Economy Model that also forecasts -
' attrrbutes of Alternative Fuel Vehicles (AFVs) for mcorporatron into the NEMS transportation

model." The NEMS model requires a forecast of vehrcle attnbutes consrstent with those provided for

' convenuonal gasoline powered vehrcles The e}nstmg AFV module considers only three size classes, . - )

and requlres five attributes by size class ‘which: includes vehicle pnce and fuel. eﬁiclency as well'as

. range fuel avarlabﬂrty and an estrmate of emissions relative: 1o gasolme In general, fuel avarlabrhty R
o 1s specrﬁed exogenously, wh1le the ‘Puiel Economy ‘Model (FEM) is expected to supply other

attnbutes The updated FEM prov1des attnbutes for AFV s in up to 12 market classes and ﬁve fuel B
types.. L )

. -~

' 'Other than gasolme and dresel powered vehrcles, the model consrders a vanety of altematrve fuel R
vehrcles that are of both the dedrcated and bi-fiael (alternatlve fuel/gasolme) type. 'I'.he fuels -~ -

consrdered include methanol, ethanol electncrty, compressed nataral gas and liquified petroleum

gas fora matnx of lO alternative fuel vehicle types. The existing AFV module contains two other'
" AFV types that are engme technology based classrﬁcatrons (assummg that the 10 described above )
. use prston i.c. engine ‘based technology) The two others are turbme powered using gasolme or .-
" CNG, and fuel cell powered usmg methanol or pure hydrogen, for an add1t10nal four AFV classes '

Available data for the manufacturers suggest that turbme powered vehrcles are most unhkely to be
_ produced as they have srgmﬁcantly higher costs and lower fuel economy than i.c. engines of equal
* power.. Fuel cell: powered veh1c1es using either methanol or pure hydrogen a:re un11ker to see
‘commercial productron before 2010: Attnbutes of all other vehicle types are summanzed in this "- K

report, and a preliminary estlmate of fuel, cell vehrcle attnbutes is also provided. Most of'the data
provided are drawn from ongoing Work by EEA for the DOE's. Alternative Fuel Transition Model,
or froma recently completed EEA. analysrs for the Ofﬁce of Technology Assessment. '

‘ The specrﬁcatlon of AFV attnbutes requtres a series of supply side issuies to be resolved largely
.based'on the Judgement of EEA. Essenhally, manufacturers can choose to tradeoff first cost agamst.'
. vehicle. range, performance and even emrssrons “The choice of stch parameters should 1deally be’

made by the demand forecastmg model, but such capablhtres are not yet avatlable in demand
forecastmg models ' : ’

The first cons1deratron in forecastmg AFV demand is that all fuels: are not well suited to-all vehicle
srze classes “For example, the size and welght of CNG tanks make ita poor chorce for small cars.

" National Energy Modellng Systam X Co.
’rran:pomtion ModalDemandSectorDocumentaﬁon Raport ST F‘ls
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Based on engmeermg con51deratlons, EEA has estimated the hkely combmatlons of fuel types and.

- vehlcle types that w111 be-available in cars and hght trucks These combmauons are shown in Table -

- F-lO and F11, respectively. It should be noted that are no technical barriers to any partlcular,, -

combmatlon of Tuel type and 'size class, and these favored combmatlons are based on EEA'

) 7 Judgement about market acceptablhty and econom1c barriers facmg AFVs m each class

o 'A second andmore 1mportant consrderauon is that vehwle pnce isa strong funcuon of sales volume .-
I There are 31gmﬁcant fixed- costs associated Vl(lth the des1gn, toolmg and ceruﬁcatlon of an AFV -
" model, and if a model has a sales"volume of only a few hundred units per year, the ﬁxed costs |

K. allocations to each unit are quite large. A typ1ca1 (non-luxury) gaso]me car model i is produced at .

" annual volumes of 100,000 to 200 000 umts whlle most cunentAFV model sales are only in the' i

- range of a few tens to- hundreds of ‘units per year Smce the supply and demand models are not -

mteracuve the pre-specrﬁcatlon of vehicle price mvolves esumatmg sales ~volumes.’ Other ana1y51s '

S by EEA suggests that economles of scale result in similar percentage price reducuon for every order .

‘of magmtude increase in producuon volume In- th1s analysrs EEA has assumed that AFV s w111 be
- denved from gasolme veh1cles and sales volume per m__dgl w111 be.in the 2, 000 to 3, OOO range S0 -
that modest economy of scale is: ach1eved, but the full extent is not, for the near term. ‘Pricing at - C

o volumes of 20, ;000 to 30 000 units Der year isalso ¢onsidered. Based on other analys1s for DOE - '

'EEA recommends that pnces at mtermedlate volumes be scaled in proportlon to the loganthm of -

l"-sales. A

" EEA analysrs for the DOE mdlcates that auto-manufacturers must antlclpate a sales volume of about

- ~.2500 units per year of a given AFV model m order to ‘enter the market. At much lower sales -
' -volumes in'the range ofa few téns of veh1cles to a few hundred vehlcles per year automanufacturers ‘

have typrca]ly subcontracted the work to small conversion shops, or else these AFVs have been

) aﬁemlatket conversmns of ex1st1ng gasolme vehlcles In general manufacturers beheve that most -

aftermarket conversrons are.not well engmeered in terms of em1ss1ons, fuel economy, and safety, and -

‘often have poor performance atlngh or low amblent temperatures However, these ¢ conversions are

much cheaper than automanufacturer des1gned products at the. same. sales volume so that an

: aﬁermarket convers1on is usually sold at 250 units/yr at the : same pnce asan OEM conversmn sold '

at 2500 umts/year 'I'he poor qua11ty isa. deterrent to consumer purchase

’ - - National Energy Modeling System
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The followmg sectrons summanze the changes requrred to develop each parucular AFV type from _
a gasoline based car, whrch EEA beheves will serve as the base desrgn, since developmg a.unique .

"ground up" AFV design'is not hkely as long as AFV sales volumes per model are less than 10 -
+ percent of similar gasolme engine model sales. Manufactu-rer's may contemplate oﬁ'enng a umque
‘ "ground up" design only for EVs, if a specific model can be sold i in volumes of 50 000 units per year

:,' .01 more, which appears un11ker to this time. In addruon, only OEM products are consrdered so that -

qualrty issues do not mﬂuence purchase consrderauons.
. i b .

5 As a result, future model specrﬁc nnprovements for all AFV types wrll follow those for gasolme '
. vehrcles, except for mapphcable technologres for-a specrﬁc AFV type. “ These mappheable _
. technologres are recogmzed m the descnptlons that follow.. In addmon, it should be emphasrzed that -

. there is a sales volume based price aﬂ'ect, but there is no. "learmng curv eﬁ'ect for all engme
technologres that are very srmrlar to gasolme engine technolog1es, namely engmes “for'alcohol fuels, _
CNG and LPG.. Leammg curve eﬁ'ects for EVs and hybnd vehicles are prrmarrly associated with ‘
future cost reduictions i in energy storage medra, either batteries or ultracapacrtors, and in power
: electromcs. Learmng curves also exrst for CNG fiel tanks, ‘but the cost reductions Wlll be less

. \

-4.. Includés methanol/ethanol. i
, " ... National Enargy Modellng systom- . A .
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dfamatic than for EVs and hybrids.

~

~ . . . o . 1

' Each AFV. type W111 reqmre addmonal or spec1a11zed parts that result in vanable cost mcreases ‘as
well as ﬁxed costs assoclated with: ‘ '

. engmeermg e o ‘
.'---.t.ooling RS o .~ -
. certiticatioﬁ | |
‘o marketmg

- To the extent p0551b1e, total mcremental AFV ﬁxed costs per model have been 1dent1ﬁed Table
F-12 shows how the vanable and fixed costs can be translated into a incremental retall price
equivalent (IRPE) given a certam anticipated sales (or production) volume per model These.
formulas have.been used to develop retail price estimates. Ideally, the NEMS model should assume

' low sales volume pnces, compute the actual sales, and 1terat1ve1y check if the sales volumes‘

\
'

5 Includes ethanol/:_ﬁethahol.

. . e National Energy Modeling Systom
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predicted are in line with pricing assumptiofs.

'Bx1:358 -
Vx4.487

Ax14+C = D - -
Dx125 - “

ELEXIBLE FUEL AND DEDICATED ALCOHOL VEHICLES )
- These vehicles closely resemble the gasolme engme powered vehicle, and the modlﬁcatlons of a
convenuonal vehicle to be elthera flexible fuel veh1cle (FFV) or dedicated-alcohol fuel vehicle are .
o relatlvely minor. At present, all alcohol vehrcles are OEM products and no aﬂermarket conversrons
. are expected The most 51gm.ﬁcant modlﬁcatlons are: '

e Upgrade of the fuel tank and ﬁlel hnes materials t6 be corrosion resmtant to alcohol

- o New hlgh ﬂow fueI pump that can provide up to twice the flow rate of conventronal
 pumps - . . ~

. Modlﬁed fuel mJectors and a new fuel/spark ca.hbratlon for alcohol fuel -

. Modifications to the evaporatrve em1ss10n control system to handle alcohol gasohne
blends (FFV only) . .

‘The FFV also has a umque component, the fuel alcohol sensor that srgnals the engme electronic
control system on the alcohol gasoline blend bemg uséd. ‘The variable cost of all of the above parts
- is typlcally about $300 to $500 at Tow sales volumie, with much of the cost assocrated W1th the fuel

pump and fuel sensor. The high end of the range of costs is assoclated with convertmg a vehicle -
whose. current fuel system requires significant materials changes, whereas the lower end would be

‘fora vehrcle whose current fuel system is. corrosron resrstant to alcohol.

Dedlcated alcohol vehlcles reqmre similar changes but do not need the fuel sensor. Ifthe engine is

.optimized for alcohol, it needs a new h1gh compression ratio cylinder head, which partly offsets the -

cost of the sensor. Dedicated alcohol vehiclewill have a sunpler evaporative emission control
system although cost savings here are expected to be small. The net variable cost of a dedicated
alcohol veh1cle w111 be only shghtly lower than that of an FFV and is estimated at $25 00 350 at low

" Natlonal Energy Modeling System :
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. . sales volume Vanable costs (which include suppher fixed costs) are expected to'be reduced to half
the low volume levels ie. $150 10250, due to reduced per umt suppher costs, if volumes increase
. to 25,000 umts/year ' ' : '

leed costs for the automanufactmer are esumated at $7 fo. $8 million per model line, based on input

" from the manufacturers, for an assumed sales volume of 2500 umts/year However srgmﬁcanﬂy .

L h1gher sales volume does not require much hrgher mvestment, and it'is estlmated that 25,000 '
- umts/year sales capablhty would requu'e only an addrtlonal $2 mllhon more to expand assembly
; capacrty and enhance the marketmg network. . -

s -

Attnbutes of ﬂexrble fuel and dedrcated vehrcles are shown in Table F-13 relatlve to gasolme. 3

E .veh1cle attributes, Prices are shown as if manufactures are pricing these. vehicles as a standard

product, (whrch they are clearly not) and EIA may wish to modl.fy the prices to reﬂect current

T pncmg All of the 1mprovements poss1ble for conventional vehrcles are apphcable to FRV's and " .

. ded1cated alcohol vehicles. At present, EEA beheves that dedrcated vehrcles and FFVs operated on

o alcohol fusel may have small beneﬁts in reactwlty ad_]usted HC emissions (m the range of 10t0-20
¥ percent) relatrve toan equal technology gasolme veh1cle, but other emission benefits are neghglble

' In general the range of prices shown at each sales volume are assoc1ated w1th vehrcle srze changes '
with smaller cars at the low end of the pnce range, large trucks at the hlgh end of the range and m1d-
s1zed/large cars and compact trucks at the m1ddle of the range '

~ 1650-2000 1656-2000._- ‘I . 1560-1820 . - 1560-1820
. 4105000 |- 410500 .. 370425 370-425 °

. CNG/LPG VEHICLES : .
CN G/LPG vehicles are the next step in complexrty from an alcohol fueled vehrcle for conversron

6 Assumes manufacturer makesnormal return on investment. - | .~ .

) Natlonal Energy Modeling System -
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froma conven’nonal gasohne vehrcle 'I'he major. drﬁ'erence is that the fuel tariks are Jnore complex,

: heavy and expensrve, especlally for CNi G Currently, most CNG and LPG vehrcles are aftermarket
' conversmns, but the OEMs have recently entered this market w1th a range of new products
Outsrde of the fuel tanks, engme and ﬁ1e1 conversmn costs are qu1te s1m11ar to these for a dedrcated E "

. alcohol fuel ‘vehicle. These include more expensrve fuel lmes, new fuel i m_] jectors-and more

o - expensrve ﬁrel m_]ector dnvers The pump in an alcohol fuel vehicle is replaced by a pressure .
g regulator, whrch can bea relatlvely expenswe piece of eqmpment fora CN G vehicle that is certified, -

“toa strmgent emission standard. Low pressure LPG pressure regulators are less expensrve, but some

' manufacturers are expenmentmg with liquid LPG injection for optimal. emlssron control. Engine' @ .

N lmprovements for both CNG and LPG systems are also s1m11ar reqmnng rev1s10ns t0 the valve seats;
'.plstons and rmgs and head gasket. 3 : ‘

" ,For dedrcated systems increases to the engme compressmn ratlo (CR) by 05 tol pomt for LPG and

i t02 pomts for CNG are optrmal Such increases may, in turn, lead to revisions to the cool.mg'
" System and air intake system The increases m CR lead toa fuel economy benefit of and 4and8 . -
percent for LPG and CN G, respechvely :

Engme components and costs for a dual fuel system of hrgh qualrty that is emrssron certrﬁed is
‘estimated at $350to 450. Engine improvements for dedicated CNG/LPG engines that are optnmrzed '
-will increase these costs to $500 to $600 However there will be a cost savmgs of $350 associated
" with the ehmmauon of the gasoline ﬁrelsystem and evaporative system, for a'net cost of $150 to
250. The costs are for volumes of 2,500 umts/year and could decrease by 50 percent at 25 000 -
umts/year, based on mtervrews wrth CNG system manufacturers coE

Costs of fuel tanks are significan. For CNG' the incremental osts oftanks are estimated at $100- -
. "125 per gasoline eqmvalent gallon, and a typical tank for cars is about 9 gallons, while one for trucks '
. is 12 gallons.’ Hence CNG tank costs are $900 to, 1125 for ¢ cars, and $1200 to 1500 for trucks at low
. volume. The tanks add about 150° lbs welght for cars and 200 Ibs for trucks. LPG tanks cost
| approxlmately one-thrrd as'much as CNG tanks. One significant uncertamty is how much the cost
of CNG/LPG tanks can decline as a function of volume It has been estimated that costs will decline
by 33% as sales volume increases from 2500 umts/year t0 25,000 umts/year but this ﬁgure may .
mdrcate benefits from "learnmg" as well, ' : :

‘ Engmeenng and toolmg costs for CNG and LPG- vehlcles are s1gmﬁcantly higher than for alcohol
' fueled wvehicles, because of the need to modrfy the body and chassis to accommodate the tanks and

Natlonal Energy Modellng System . ..
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 the needto upgrade suspensron tires and brakes to, accommodate the increased welght In addmon,

the vehicle w111 have to be crash tested due to the extensive changes to the fuel system, to verify

. system mtegnty At low volume it has been est:mated that engineering, toohng and certlﬁcatlon '
. costs per model for dual fuel vehicle are about $15 million.” Addmonal engme engmeenng costs for .
. a dedlcated CNG/LPG vehicle are. estlmated at $3 million. Expansron of spec1a1 assembly facilities

ER T accommodate avolume of25 000 umtsperyear is esumated to costanaddmonal $5 million for
’facllmes N ' ' '

i

Costs and veh1cle atmbutes for CNG/LPG vehmles are shown m Table F-14 In addmon, itis -

'-assumed that futuré CN G/LPG vebrcles will be cerhﬁed as ILEVs for emlssrons to meet CleanFleet

. and Ca]1fom1a reqmrements As before the range of costs. span the size range of vehicles ﬁ'om stnall .

" carsto large trucks. At sales volumes of a few hundred umts per year, only aftermarket conversrons- '
. are expected to be avallable at apprommately the same pnce is OEM products ata sales volume of .
: ,2500un1ts/year S, L S o

- Future"improvements to CNG/LPG: vehicles will not differ from those for gasoline vehicles, with
- the sole of exceptlon of VVT (V anable Valve Tlmmg) Pun1pmg losses in CNG/LPG engines are

iower because of the arr drsplaeement eﬁ'ect of gaseous fuels.. EEA estrmates that VVT benefits will

E be reduced to ha1f1ts gasolme benefit when used in conjunctlon with these fuels.-

' ELECTRIC FUEL CELL AND HYBRID VEHICLES. . : - ‘
‘These vehicles are'a srgmﬁcant departure from conventronal vehicles in thatthelr dnvetram and fuel .

~ system is very. dJﬂ'erent ﬁom a gasohne engme and its fuél tank/fuel system The- pncmg analy51s .
of ‘these vehicles reﬂects the fact that there are no electnc vehicles (EV s) or Hybrid I Electric Vehicles -

(HEVs) in production and thatdata mustbe extrapolated from current prototypes and pre-productlon .
vehicle ‘models. Fuel cell powered vehicles are_still’ at least a decade or two away from

N,

commerc1allzatlon . T, R .

Electrlc Vehxcles e o \
In the- electnc veh1cle, the engme is replaced by an electnc motor and controller, while the gasoline

- tank i 1s replaced by a battery EEA analysrs for the OTA for an EV with a productlon volume of .

.. 25,000 umts/yr revealed a range of attnbutes that depend on battery" technology. Table F—15

. _+ provides the data for four vehicle classes for several d1ﬁ°erent batteries for the year 2005, which i is
"believed to be the earliest point where relauvely high EV productlon volume can be realized.

- However, the table assumes that a relatlvely h1gh technology body would be used.

Natlonal Energy Modellng System -

. F-22_ " - . Transportation Model Demand Sector Documentation Report



5
50 - ] . 20 . |- . a0 .15 |
4750/5350 - | * 3550/3950 | 4840/5440 . 3670/3860-
,,,,,,,, ' 18252225 * | . 10851175 1695/2100. 920/985 -

Note that range-is based on an assumed tank size that holds approxrmately halfthe gasolme .
" energy eqmvalent for CNG vehicles and 80 percent of the gasolme energy eqmvalent forLPG.” -
Other tank sizes could be mcorporated at dlfferent costs : .

EEA beheves that the Lead Ac1d battery is potentlally the only vrable near term solutlon Some
analysts claJm that the Nlckel Metal Hydnde battery (N1-MH) can became cost .competitive at

' $200/kwh relatlve toa lead-acld battery at $125/kwh by the year 2002, but others beheve thatthe . -

Ni MH battenes are more hkely to cost $400/kwh inifially.” A range of 80 to 100 miles is the best -
that can be consrdered in the entire time frame to 2015 glven the steep increase in costs to. obtam

" a 200 mile fange. Beyond 2005, the Ni-MH battery could be dominant, although it 1s very -

speculatlve to make siicha predlctlon. Of course, all EVs are zero emrssxon veh1c1es

A - 4 \.

Electric vehlcles can be conversrons of emstmg gasoline veh1cles but the conversmn is rather -

‘ extenswe Essenually, the entire dnvetram must be replaced, necessitating removal of the gasolme', .

.engme and transmission.. In addition, the ﬁJel tank must be removed, and the vehicle: eqmpped with
' batteries. The EV. motor/controllers and battenes have very dlfferent characterrsucs of Welght and

size relative to the components dtspIaced in a conventional gasoline car, so that the repackagmg of

these components “especially the battery, requires srgmﬁcant engmeermg and design effort. The-
conversion process typlcally utiliZes a vehicle built without any .of the gasolme vehrcle s drivetrain

, 'and fuel systems, and such veh1cles are referred to as gliders. -

7 Cars/Light Trucks.

) National Energy Modoeling Systom
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,Energy Efﬁc1ency is based on electncal consumptron at Wall plug Pnce increment is rela’ave
to advanced conven’uonal vehrcle for the same scenario.

_ Purpose des1gned EVs havebeen drsplayed by some automanufacturers such as GM and BMW but
most industry analysts doubt that such vehrcles wﬂl be produced ata pro duction capacity level of

; Aless than 100, 000- umts/year because of the very h1gh mvestment in thexdesrgn, tooling and T

.' cemﬁcatlon for a umque design. Indeed, GM officials have stated that they can never recover the
$260 million mvested in the design and engmeermg for the purpose-burlt "Impact" EV Even at
100, 000 umts/year, medla reports suggestthat a purpose built: EV would require mves!ments 51m11ar X
't that fora conventronal car (about $1 billion per model) but the mcremental mvestment fora glider
denved EV Would be about one-tenth that amount s

¢ "Price 1f Ni-mH battery can be manufactured at $200/kwh S v

e Naﬂonal Energy Hodellng System .
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For electnc veh1cles denved from a ghder, mvestment costs have had to estimated smce none of the
manufacturers provrded this mformatlon. Approxrmate estlmates from pubhshed magazine articles .

*. and other anecdotal mformatlon support an’estimate of $50 million in engmeenng, tooling,

certl.ﬁcatlon and launch cost for a productron capacrty of 2, 500 units per year. This mvestmentl(
increases to $80 mrlhon for 25 000 units per year and $100 million for 100, 000 1m1ts/year, based on ..
the medra reports dlscussed, as well as anecdotal mformanon ﬁom the automanufacturers.- However,
" the: major caprtal expense is the construcuon of a battery plant, whrch is not treated here, since the |
battery isa "vanable cost" to the automanufacturer In'addition, the sameé battery type or model can

be used across drfferent vehicle series and drfferent automanufacturers

. -

. In the near term- (certamly to 2000 and perhaps to 2005), EEA believes that the only reahstlc battery "
' optron is the Advanced Lead Acid Battery EEA mtervrewed the only manufacturer (Honzon) of

' such a battery that is nearmg commerc1a1 producuon, and obtamed costs at low volume production -

(of approxrmately 5000 vehrcle battery packs per year) and at hrgh volume (50,000 per year).
Honzon s eshmates for the high volume productlon rate battery was for a future unspeclﬁed date and .
may mvolve economies of both scale and learning, since such a battery has never been produced

before. )

The post-2002 estlmate assumes emergence of the Nlckel Metal Hydnde battery, and jits atlributes .
have been estimated ﬁ'om current prototype performance Although there is. consrderable uncertainty
about its costs, it is-assumed that the resultmg EV wﬂl be cost competruve w1th a 2010 1ead-ac1d .
battery powered EV, givena learmng cost reductron schedule for the lead—ac1d battery. Although -
it 1s not necessary to specify the battery under. this assumption to derive IRPE, itis necessary to do
) to denve the charactenstrcs of the EV in terms of werght, size and performance EVs will also )

' , beneﬁt from future 1mprovements fo werght, drag and rolhng resrstance

;.
For the computer model 1t 1s assumed that all EV producuon wrll be based on a "glider" denved
from a conventronal gasolme car. The werght of the ghder with no electrical components is
estrmated at 54 percent of the Werght of the gasohne car. For an EV with .performance | levels
eqmvalent toa gasohne car, b_attery weight CWBm) is ‘given by:.

. Natlonal Energy Modeling System oL ’
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‘ R LG ’ . mwatt hours per krlogram, and
where R is the EV range (m km), SE is the battery specrﬁc energy . .

.Wemm 1s ghder welght in kg. An advanced lead acid battery has a specrﬁc energy of 40 wh/kg,_' ‘
whrle the Nrckel Metal Hydnde battery has an Sg of 72 'Ihese equattons are used to estrmate battery: -
: Welght.

- The IRPE of the EV at 25 000 umts/year is esttmated based on the assumpuon that the cost of the

. electnc motor and electromc controller will oﬂ'set the cost of the gasohne engine, fuel system and -
e emrssron control system wh1le the cost of the battery will be the most srgmﬁcant cost mcrement to s
"~ the EV. In volume productron, Lead Acrd battenes are expected to cost (the automanufacturer) $125 A

per kwhor $5 per kg The Nrckel Metal Hydnde battery is mmally expected to cost $400 per kwh

- or $28 80 per kg. 'Ihese costs apply n 1998 but Nr-MH battenes in 2002 should decrease to about' '
" $250 per kwh. ' ' '

. i

Costs are expected to go down. srgmﬁcantly wrth expenence, but the "learmng curve" is. dtfﬁcult to

. quantrfy objectrvely Costs are expected to declme by 25 percent per. decade based on mtervrews )
‘with battery manufacmrers so that, for example, 1ead-acrd battenes wrll sell for $94 per kwh in 2008.

The IRPE calculauon amorttzes the $80 million in ﬁxed costs as  per the formula in Table F-12 _
. Costs at low sales volmnes 0f2,500 units/year have been calculated extemally, and in general it has
“been found that an oﬁ'set of $10, 000 in IRPE provides a: reasonable representaﬁon of the low volume
| ‘sales pnce relatrve to the calculated h1gh volume sales pnce

Fuel-Cell Vehicles . .

Tnafull cell vehrcle the fuel cell is srmrlar to the EV battery in that it supphes motive power to the

. motors The srz:mg of thefuel cell is based onthe contmuous power requrrement of the vehrcle, but

all other factors will be quite similar to those for an EV However, the present state of. development _

. ’ Naﬂonal Energy Modoeling System
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of fuel cells isin 1ts mfancy, and consrderable development is requrred before the fuel cell can be ‘

commercrahzed Fuel cell powered vehrcles are also zero emrssron velncles

" . PEM Fuel cells can use only'hydro'gen as ﬁrel, and hence; hydrogen must-be either carried on board

T in liquid formina cryogenic tank, or manufactured on board with a methanol reformer ‘The DOE _

is researchmg the PEM fuel cell and reformer, and the costs and werghts of these components are

. based on very aggressrve ta;ggts set by DOE not on current costs whrch are'two Q rders of agg;tud ‘
'above the targets The DOE targets may be appropnate for fuel cells in the 2020 t1me frame

' Calculatrons by EEA for OTA, based on DOE cost and performance targets indicate that fuel cell
', .vehrcles of eithér type wrll have werghts approxrmately similar to these of conventional gasoline
vehrcles, ) that the FEM utrhzes a short-cut approach- to fuel cell IRPE determination. It starts with

' ‘the ﬁndmg that werghts are s1m11ar to derive the reqmred power output of a fuel ce]l, whichis30kw™ .. :

h per ton of vehicle werght. Peak output reqmrements are assumed to be met by a high power lead
. acid battery wrth peak power capacrty of2/3 of the fuel cell output, and a specrﬁc power capabrhty
of 500 w/kg ’ ’ :

{

Costs are based on these power output estrmates and it is assumed that fuel cells will be.initially

. available at the cost of $450 per kw w1th a methanol reformer costing an addmonal $200 per kw in

: ‘2003 The costs ate one order of magmtude higher than DOE targets but may be representauVe of " .
’pnces that canbe achleved in the short-term The cost ofa cryogemc hydrogen tank is, estimated at .
. about $3000, with only a weak dependence on size, at a sales volume of 25, 000 unit/year.. Costs of .

batteries are computed usmg the same methodology used to calculate EV battery costs. :

Fixed cost amortizaﬁon and low volume cost increases are assumed to be identical to those d'erived
' for EVs However, the learning curve is expected to be very steep so that fuel cell/reformer costs .
decline 14 percent per year, to reach DOE targets by 2020. Fuel economy calculations are based on
" the details developed the OTA report, and are Asrmply weight based_ for the ‘purposes of the FEM. - A

’,r

e .
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Electnc Hybnd Vehlcles

. -Electnc Hybnd Vehxcles feature both an engine and an elecmc motor as part of the dnvetra.m, but
there can be a wide vanety of desrgns that allow for large vanahons in the relative s1zes of the
.electnc motor ic. engme, and electric: storage capaclty Hybnds are often clas51ﬁed as series or
' parallel and also as charge deplehng or charge susta.tmng Even w1thm these four categones,

' manufacturers dtsagree about the optlmal relauve sizé of the englne versus the electnc motor Due L

" tothese uncertamues, EEA has selected one promlsmg approach Whlch isa senes, charge sustammg o
-hybnd, with.an enhgine 51zed to be able to produce the continuots power requlrement of 30 leowatts o
. per ton of loaded velncle welght, as an example for determmmg the IRPE

RS Smce the calculauons to denve hybnd vehrcle charactensucs are relatlvely complex, areduced form ‘ '

based onEEA's Work for OTA has been used. Most of the’ costs of the veh1cles scale in approximate - .

. proportlon to veh1c1e We1ght, so that the. gasohne ve]ncle welght is used as'an mdlcator, and the'
“ - calculated m1dsrzed hybnd vehicle costs and fuel economy are usedasa reference pomt for scaling.

. __'I'he IRPE of hybnd vehlcles are scaled based on an expected midsized veh1c1e IRPE of $44001n

2002 under a producuon rate of 25, 000 umts/year A leammg curvé reduces these costs at 25 percent '

. ‘per decade whrle low volume producnon at 2 500 umts/year 1mposes an IRPE penalty of $10,000. e

" .Series hybnd veh1c1es are expected to have 30 percent better composrte ﬁJel economy than current
y conventional gasolme cars However, ﬁtture engme 1mprovements to reduce pumpmg loss and

| dnvetram 1mprovements are not apphcable to such vehlcles, due to the electnc drivetrain used.

' Em1$s1ons of these veh1cles are expected Yo conform to Cahforma ULEV regulatlons much like

CN Gvehlcle em15s1ons

. National Energy Modeling System .
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* Attachment 2: Alternative Fuel Vehicle Model

"~ Data Input Sources and E}étranolation Methodology_

1

INTRODUCTION :

: 'Th1$ Attachment documents the AFV database used in the Natlonal Energy Modehng System

: . Transportauon Sector Model The database includes the present values and forecast methodologles ) '

of six attnbutes for three classes of hght-duty veh1c1es These attnbutes apply to sxxteen vehmle-
E technology types and three scenarios for mne reglons of the United States: '

. DEFINITIONS
The vehicle classes are: "

1 Smalllightduty .
2. Mediumlight-duty, -~
3. . Largelight-duty - .

The attributes,are: ’

_ 1-,' _"Purchase pnce (1990$ mcludmg the NPV of penodlc battery and fuel cell ‘
replacements) ' ‘ b
Fuel Operatmg Cost (1 990$/MMBtu)
Fuel Ava11ab111ty (Fractlon of stations)
. Veh1cle Eﬁiclency (Mlles/MIVIBtu)
: Em1$s1ons (impact-weighted- index to gasolme in each year) -

Vehicle Range (miles’ between refuelmg)

B Y I A
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The vehicl_e-technol_ogy,typ,e's are: . | S

. °2."  Methanol Flex . | AR
30 .MethaﬁolNeat‘ SRR
4. * BthanolFlex . . - .
. 5.© *_ Ethanol Ne_at ) : -
7 -ipG
8 ' Electric o -
9. . ElectcHybrid-LargsICE~ =~ -
10."" Blectric Hybrid- ‘Small ICE o
11. _Eleetnc HybndGas Turbme n ‘
12. Gas Turblne Gasolme L ’
13, - GasTurbmeCNG
14. Fuel Cell Methanol
15. Fuel Cell Hydrogen
16. -Dlesel ’
OTHER TEC'HN()(.OGIES_ '.

T.here are two lnmtatlons in'the da:tabase in terms of other technolog1es The technologles that could
have been mcluded in the database but were not are:

v
4

LA 'hydmgen ic.e~ -fear-conventional engines that bum hydrogen as onposed to
o eleetrochemlcal generatlon of power in fuel cells (as was considered in the database).

' Hydrogen—bummg engines have been manufactured for some t!me and outperform ‘
gasohne engines in terms ‘of emissions. As with fuel cells, their main drawback is fuel ,‘
price, as tremendous amounts of energy are needed for the productlon of hydrogen

L .. . ) "Naﬂonal Energy Modelfné Systam_ )
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. from water.-

o 'hydrogen-CNGme (hythane)— also burned ini.c.e.'s and already in use. Offers great

advantages in terms of em1ss10ns at amore reasonable pnce than pure hydrogen
" The 'technologies in the database that are mis'speciﬁed are: - _

: ’VO L .Fuel cells/hydrogen & methanol- at tlns early stage of development it Would be ‘more |
, _ practical to conmder these two as one technology Each rely on essenually the same '-
power train and electrochemlcal energy conversron technology, the only difference

: bemg the way | the fuel is stored Hydrogen is extremely unwreldy due to its low mass,
which means that to fit in a fuel tank of manageable size 1t must be hqmﬁed or bonded
to other substances Methanol wuh 1ts high hydrogen content, falls within the- latter _
' category as the hydrogen in 1t is the only participant in'the electrochemrcal conversron.

APPROACH

| _ "The approach to the 'database dev_elopnnent-AiS as follows:

‘1. | Identify data sources in the oﬁen literature and through industry contacts.

2., Obtain the dataand organize it for use in the database.

3" ' Defineand design the database to characterize the data usefilllyf

FORECASTING METHOD

. . / ! . L . N . . . .
The data base-is provided in a spreadsheet format. ‘The basic forecasting -method is to identify _

] "’(
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current, values for fuel pnces, vehrcle pnces fuel avallablhty, efc. and one or more forecast values

The cun:ent data are entered in the 1990 column of cells for edch-attribute and extrapolated

- exponenually to and through the other data; pomts (In some cases, the 1990 values are ass1gned S0

. that the curve fit through the 1992 values is based on 1992 actual data.) Each of the erght sectrons *
for vehrcle attnbutes contams a detarled log of relauonshrps and data sources

- bA_\TABA_SE LIMITATIONS 1

’ Three main types of hmltauons apply to the database andto its usage wrthm a transportauon cho1ce .
model They are d15cussed below :

i
0

" GENERAL] DATA AN'Q_'MQDELING}"SSUEs

Y gdel @d @ do ngt dlstmgggh ﬂeet md_ ngn-ﬂegt 1§ers Fleet cntena mclude the
’ avarlab1hty ofa central station, set and known use pattems large cargo requ:rements

. (tax1 dehvery, efc. ), longer penmssrble refuehng tlmes and hmrted luxury features )

' ; Non-ﬂeet users need pubhc statlons much longer range, luggage space, luxury ‘

- features ‘better performance and hlgher rehablllty These markets are on drfferent‘

L - leglslatlve paths and ATF adoptlon schedules They cannot be m1xed and cannot be
R modeled usmg the Bunch approach. ' ' '

B M lan ’ notr 'n‘n.-ec no.icfr ‘currnl ist 'n markets.
" h 1991 SAIC contacted the owners of every CNG vehicle: refuehng statron in the ,
country We. found that the number and use of CNG vehrcles is exaggerated by about
:200% and that current usage pattems and mterests by non-utlhty users are biased by
~artlﬁcla]ly low-cost CN: G Ce. g, 10 compressmn costs) Moreover, many of the public
refueling stations have Very limited refuelmg capability. These stations are operated
'mostly as demonstrauons rather than as commerc1al stations. A:similar deﬁclency
‘. 'ex15ts at the LPG ouﬂets most of which are not equlpped to refuel vehicles. The- -

e

S _ National Energy Modeling Systom
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' .-Bunch approach, which is gea'red to 'open'-marke't, non-'ﬂeet pur'chase decisions,

E requtres an accurate and econom1c (1 e, non-mtervenuomst) basehne tled specrﬁcally

to private vehrcles 'I'h1s baselme does not exist. -

mmmmmmmmm_am The followmg variables omltted

from the model s1gmﬁcant1y affect consumer chorce rehablhty, mamtenance cost,
: certamty of maintenance avatlablhty, salvage or, resale value, performance, utility
' (trunk space in CNG veh1c1es, AlCi in electnc vehrcles, etc.), safety issues (real orl '
"’ percerved), ease of refuelmg, and refuehng trme A few of these omitted variables |
appear in other work by fhe Transportauon Mo delmg committee but were not requested ‘
of SAIC The omssron of these vanables is highly 31gmﬁcant when large differences ._:
exrst but are not well-understood by survey parhctpants (e g S-mmute refuelmg for
‘gasoline vs. 8-hour refuelmg for electric).” ~ ‘ '

rd

| MACROECONOMICISSUES ™~ , ~ ..~ . = . x

‘The database model is generally opttmrsuc about the cm'rent fate of technologlcal progress and -

mnovatron and assumes it will contmue to grow progressively faster. - lertat:lons in the database

’ suggest that these forecasts may be overly optlmrstrc in a macroeconomic sense.

,l_)_gvgrslgn of Rgsmggs the d1versron of government and pnvate sector Tesources
. toward alternattve mvestments is not consrdered, ie., large sums could go ‘into
‘mﬁ'astructure and mass transportatlon systems that are more efﬁclent than any

 passenger vehrcle altematrve

e Inmm@m—- the created mterests of 31gn1ﬁcant economic or political actors,

or groups of actors, could overnde market considerations for the beneﬁt or detriment

. of any altematlve technology or fuel.

. Naﬂonal Energy Modeling System | - .
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L Envrronmental Barngrs — one or more AFV s may receive significant opposmon or
.backmg purely for 1ts envrronmental impact; moreover, public opinion as well as the

envrronmental movement's preferences may sh1ft in the near future, ie., the -

B 'env1ronmenta1 movement currently supports methanol-ﬁleled vehlcles but that could '

‘ . change ifa clea_ner way to produce hydro gen for hydrogen-bm_nmg vehicles was found.

- .

‘ syghglgg@ Barners acceptance by the pubhc;s a]so a ﬁmctlon of mlsperceptlons '
e and psychologrcal factors €.g. CN G, LNG LPG and hydrogen may be percéived as '
dangerous to handle and thus avo1ded even 1f their safety records are obJectrvely

s1m11ar to that of gasolme N

\

.' h}fgr_nlaggr_l_lia;nﬂ_s_ accurate data do not exist for most of the exotrc vehmle-fuel
. combmauons (fuel cells, hybnd electnc, etc.) Also cost and performance estlmates '

L for many of the emerging altematlves, especlally electnc veh1cles, differ by a factor of -

2-10 from source to source. In many cases, there 1s no clear basrs for drstmgmshmg

among SllCh mconsrstencles

. DEscmPﬂon OF VEHIcLé_tEcHNoio'GJEs -

“The AFV: module currently analyzes 15 altematrve-fuel technologles agamst a smgle conventional -
" gaso]me powered vehicle® m the spreadsheet analysrs Addmonal conventronal and’ non-

conventional technologles can be added to the analysrs, however, for - s1mp11c1ty, conventlonal

' technologres are represented as a smgle category This sectron of the report descnbes the'

.charactenstrcs of the' altematrve-fuel technologres as We]l as- the cntena used i in selectlon of - .

:'altematrve ﬁJeI-vehlcle types :

t

- - This study assumes all gasohne powered mternal combustion engmes under a single technology category even though there *
is significant vananon within gasoline: fueled engines.

. Natlonal Energy Modeling System : .
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- Four pnmary technology selectron cntena are, employed for ﬂ]J.S study The four criteria are the
.folloWlng B |

® - .Vehicle operates utilizing a non-gasoline fuel or a signiﬁcaintly new eng'ine"technology'
. '_’Technology holds the potenual to penetrate the hght-duty vehJcle market by the year 2030.
Le Technology possesses dJstmct fuel use, performance and/or cost charactenstrcs relauve to all

.+ -other technologles consrdered. ,
o Data is avallable on 1mportant attributes for the vehlcle technology o )

‘Vanauons within each technology class based on veh1cle subclass are not: bemg analyzed as a.v

: ‘dlstmct category but are mcorporated into the collecttve category “for the technology10 Future work

"m esttmatmg market share growth for altemauve-ﬁlel technology may breakdown technology classes._' _
by engine and combustron technology, however the complex1ty of such an a.nalys1s is unwarranted:

‘at. the present time. -

This study has identified 15 altematlve-ﬁlel technologres whlch have met the four cntena prevrously
stated. Conventlonal gasohne technology has been grouped mto one smgle category using average
' veh1cle attnbutes taken across all conventronal vehicles. Followmg isa hst of the s1xteen vehicle
technolog1es mcorporated in  this study The advantages and dlsadvantages of each of the md1v1dual

technologles will be. bneﬂy descnbed in the followmg sections.

, Gasohne Internal Combustlon Englne Vehlcles . , .
- Presently, the vast maj onty of transportatlon vehrcles ut:llze an mternal combustron engine (ICE)
- which was first patented in 1876 by Nikolaus Otto The ICEisa heat dnven engme which operates
by m1x1ng air and fuel vapor together, compressmg the fuel mix in a cylinder, and i igniting the fuel
mix by means of an electric spark. The ignited fuel mix pu_shes a piston which in turn drives the

 vehicle!’, Since the invention of the internal combustion engine the primary ~power source has been

N

° ‘Significant variations exist in the gasolme powered technology such as fuel injected engines versus carburetmg engmes L

' however, for smphcnty all technologles utlhzmg a single fiel mix will be categorized together - -
n Glasstone, S » Energy: Deskbook, Van Nostrand Reinhold Company, New York, 1983, pp 364-368 -

-National Energy Modellng Systam )
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gasohne, although, many other ﬁrels such as alcohols, natural gas and dresel can be utthzed Iti is

I speculated that if the drscovenes of enormous. petroleum depos1ts in Texas had not occurred during .
the early development years, the automobrle would have developed asan alcohol veh1c1e rather than

) gasolme ' - S

+

- »One of the pnmary advantagas of conventronal ICE vehlcles is that econommally these veh1c1es are ,. -

e B mexpens1ve to: oper”ate due to the large development and reﬁmng mfrastructure estabhshed for'

fpetroleum products An abundance of petroleum depos1ts occur throughout the World and :
' transportatlon of petroleum is not- drﬁicult in companson to methanol and natural gas
.- The- convent10na1 gasohne ICE vehrcles aré more harmﬁll to the env1ronment than the majority of
\ altematrve-fuel vehlcles Envuonmental concems is one of the. leadmg mcent1ves for the

- development of altemauve-fuel veh1cles due to the problems assocrated with greenhouse gasses @ and

- urban ozone formauon problems

) ~D1ese1 Vehicles . .

' The d1esel engme, hke the gasohne engme, isan mtemal combustlon engme wh1ch is heat dnven ,
from the 1gmtron of diesel fuel in the cylmder Wh1ch in turn dnves the plstons Unlike the gasohne
‘ICE, a spark plug is not used o 1gn1te the fuel m1x but rather the combination of the compress1on :

L and heat of the cylmder causes 1gmt10n of the fuel mix. - R

o
~

-. -. EthanolVehJcles L - o : .
Ethanol is a fuel which is currently bemg used to supply ethanol powered vehrcles in a ratio of, .
approxrmately 85 percent ethanol to 15 percent gasolme as Well asa gasolme supply extender for -
.conventronal gasohne powered engines in a ratio of approx1mately 5 percent ethanol:and 95 percent
.gasohne This study is consrdenng only ethanol vehlcles (vehlcles using the’ 85/ 15 percent: mrx) as
a category separate from conventronal vehmles Twor technology categones exist under the ethanol ’
fuel headmg Ethariol Neat Vehmles wh1ch use only ethanol fuel and Ethanol Flex Vehicles which

’ A

. _ Naﬁonal Enargy Modeling System
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, Apnl 1990, pp. 15-22."

have the ab111ty 'to"switch _between gasoline and .ethanol .fuels..‘ -

Ethanol can be produced from food sources such as corn’ and sugar cane or from non-food blomass

" suchas trees, grass, waste paper, and cardboard. Presently, approx:lmately 95 percent of ethanol fuel
, bemg produced iri the Umted States comes ﬁom com Neat ethanol engines are expected to produce -

a30 percent increase 1n efﬁclency over conventlonal gasohne engmes, however, ethanol fuel has a

lower energy content of only 67 percent of gasohne A 'variation m cost estlmates for ethanol fuel

: producnon exist dependmg on the source matenal and the dlsullatron process The EPA’ est1mates

that the "gasolme eqmvalen " ethanol pnce usmg corn stock i is between $1 47 and $2 07 per gallon B

-~

Ethanol fuel prov1des several 1mportant envuonmental beneﬁts over gasohne in both the

‘ consumptlon and productlon stages Ethanol is produced ﬁom a renewablé energy source such as

corn or sugar cane, wheré as petroleum isa non-renewable energy source whrch could be depleted ‘

in the future Ethanol fueled -vehicles emit a lower amonnt of carbon droxrde, nitrogen ox1de and .

hydrocarbons than gasolme13 “The Envnonmental Protectlon Agency estlmates that carbon dioxide

emrssrons, the major component of "greenhouse gases", are reduced to zero usmg ethanol produced

: ﬁom com or sugar cane when consrdermg the carbon reabsorpuon factor of com durmg the growing .

. stage',

Methanol Vehlcles , s

*  Methanol fuel is 31m11ar in some respects o ethanol since 1t also is used asa gasolme extender-in

' conventlonal gasoline engmes and asa ﬁJel in methanol engmes Presently methanol is m1xed with

gasohne inan 85 percent methanol/ 15 percent gasolme (MSS) ratio and is consumed in a methanol
engine. Two technologles exrst for this analy51s under the methanol headmg, Methanol Neat which

2 Environmental Protection Agency, Analyszs of the Economxc and Envxranmental Eﬁ'écts of. Ethanal as an Automobile Fuel .

13, The Gas Resmrch Institute, The Energy Information Admxmsu'atlon, and Science Applications Internatronal Corporatlon,

Identification and Analysxs of Factors Aﬁ'ecnng the Adoptzon of Alternative Transportation Fuels; 1991, pp. 20-21.

' Environmental Protection Agency, Analysxs of the Economic and Envzranmental Effects of Ethanol as an Automobile FueI B
April, 1990, pp. 49-50.

National Energy Modellng System .o . .
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. operates on M85 and Methanol Flex wh1ch has the abrhty to sw1tch between M85 and gasolme
dependmg on economrc and avaﬂabrhty factors ' '

Currently natural gas is the pnmary source of methanol although other matenals such as coal ,

' : bromass and cellulose can be used. Methanol allows countnes w1th excess natural gas supplies to

L export fuel w1thout the expense of prpelmes and LNG process Itis estlmated that the wholesale .

- price of methanol produced from natural gas is approxlmately $ 40/gallon. However, because o
N .methanol has only about one ha]f of the energy per gallon of gasolme, the cost per gasohne '
' .eqmvalent gallon is estrmated at $ 75‘5 ‘ '

Envrronmental advantages of methanol fueled vehicles are reduc’nons in ozone formation, volatrle ‘
i organic compounds (V OC) and “greenhouse gas" emrssrons16 OZone formation is a srgmﬁcant .
problem in urban areas linked to the emission of gasolme veh1cles Methanol emissions produce a
lower photochemlcal reactlvrty than gasolme emrssrons, therefore, reducmg the urban- ozone o '
formauon problem. Ttis estlmated that methanol vehrcles em1t 80 percent less VOC emissions than- ) '
.' gasohne veh1cles Metha.nol vehlcles emit increased volumes of formaldehyde and methanol gas '
’ which can be harmful in concentrated amounts Further research is bemg conducted on the health

fisks assocrated with methanol and formaldehyde emrssmns

Electchehrcles 1 | R '.' SR “. . - ,
Extensive’ altematlve fuel velncle research is now bemg done to nnprove electnc vehrcle
-performance The pnmary obstacle of electnc car development 1is battery technology Varrous_ ‘
g automobﬂe manufacturers and research groups areconcentratmg on 1mprovmg battery capabrhnes,l

'however, at the present nme battery technology hmlts electric veh1c1e range and performance -
attrrbutes For this reason electnc vehlcle motors have been combmed w1th other convent10na1 and

s

i
1

CB Thc Gas Research Instltute, The Energy Informauon Admrmstratlon, and Science Applications International Corporatlon,
Identxﬁcatton and Analysis of. Factors Aﬁéctmg the Adoptwn of Alternative Transportation Fuels, 1991 p 28 .

16 Energy Protection Agency, Analyszs of the Economtc and Envxronmental Effects of. Methanal asan Automobzle Fuel, Apnl
1990, pp. 15-18. )

. : . . National Energy Modellng System
_F'38 . Transponaﬂon Model Demand Sector Documentaﬁon Report



¥

. non-conventronal technologles in order.to enhance vehicle performance Technologles combmed_ e

wﬂh electnc motors mclude the internal combustron engine and gas turbine engine. This study will

consrder four technologles under the electnc vehrcle headmg, electnc “electric hybnd, electric
hybnd/small ICE, and electnc hybnd/gas turbme '

The pnmary advantage of electno-powered vehicles is that they produce vn'tually no duect emissions

** at the point of consumpuon. Drrect emrssrons produced by electnc Vehrcles are largely hydrogen_ '

emlssrons released dunng the battery rechargmg stage Although hydrogen isan explosrve emission

| in hrgh concentratron, hydrogen POSEs no problem to atmosphenc air pollutron‘7 While. electnc '

'r.' veh1cles produce almost no drrect emissions there are emissions associated with the electnc1ty

productron stage dependmg on 1 the power source of the electncrty generation. Centralized power

" plants located away, from urban ‘centers eliminate urban ozone formatron problems and can‘ '

effectlvely contro] emissions assocrated with fossrl fuel consumptron Electnc motors have the'

advantage over mtemal combustron engmes (ICE) because electnc motors do not idle when the
| _"motion is stopped as ICEs do thus ehmmatmg the 1dlmg power loss Whrch can be 51gmﬁcant in
| urban transportatron settings. '

v . -

’ Consrdenng present electncrty prices, exclusrve electric vehrcles as an altematrve to gasoline -
vehicles are not as cost effective as ethanol methanol and natural gas vehrcles Even though .

' electncrty asa uansportatron fuel dehvers 5 0 percent more miles per Btu than other fuels, the current

price of electnc1ty makes electnc fuel transportauon notably more expenswe than conventlonal .
vehrcles18 : - g )

.t Compressed Natural Galelqurd Petrolenm Gas Vehlcles -

g Compressed Natural Gas (CNG)and quurd Petroleum Gas (LPG) vehrcles are grouped together in
this summary because the engine technology is srmrlar for the two vehrcles utrhzmg different fuel
sources. CNG vehicles have been in use for several decades in the Umted States while in other parts

. 7 The Gas Research Insnmte, The Energy Information Admmrsuanon, and Science Apphcatlons Intemanonal Corpoxanon,
. Idenrxﬁcanon and Analysis of Factors A_ﬁ’ectmg the Adoptzon of Alternative T» ran.sportatzon Fuels' 1991, p. 21.

~

* hid, p.30.
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of the world they have been in operatlon smce the l930‘s19 The largest apphcatlon of CN G vehlcles L .
‘has been in heavy-duty ﬂeet vehlcles because of the bulky natural gas storage tanks ' '
. The CNG/LPG technology consists'of 'am'o'diﬁed- lntemal combustion engine con’nected to the fuel '
source in a closed system20 Because the fuel supply isina. gaseous state the entire storage engme ’,
system must be a closed system wlnch ehmmates the. em1ssmns problem of evaporatmg fuel dunng"
storage and refuelmg The CN G/LPG engme pro duces hrgher thennal efﬁcrencres than conventlonal

gasoline engines; however, Because of the addmonal welghtmvolved with the fuel storage tanksthe . |

addmonal energy eﬁiclencles are almost negated21 However presently 1t is reported that natural '
gas veh1cle operai:lon is less’ expensrve than convenhonal gasolme vehmles A sm'vey of gas utlhtles '
-taken by the Gas Research Instltute indicated that the CN G pnce per gallon-eqmvalent of gasolme« :

" is$. 85-$1 10 GRI reports that it's ana1y31s mdacates that CNG pnces mcludmg compressmn costs .
and fuel taxes are 13 percent lower than gasolme cost for conventlonal vehlcles AR :

Compressed natura] gas and hquld petroleum gas veh101es are consrdered clean fuel veh1cles because
the fuel burns cleaner than conventlonal gaso]me veh1cles N atural gas vehlcles do not emit. ozone '
formatron emrssrons, however, these vemcles do em1t a h1gh amount of NO and methane wh1ch is.”

_an: 1mportant contnbutor to greenhouse gases

Gas Turbme Ve]ncles oo N i
- 'Gas turbine engmes have beenin ex1stence for several decades and presently have sevetal s1gmﬁcant'
apphcatrons such as alrcraft engmes and electnc1ty generatlon Gas turbme technology 1s a

- Lt B . A

1 anxronmental Protection Agency, Analysxs of the Economzc and Environmiental Effects of Compressed Natural Gasasa
Vehxcle Fuel, Volume 11 vay-Duty Vehlcles, April 1990; pp. 1-2.4. ) .

S Energy Informanon Admmxstranon, Energy Consumptzon and Conservatwn Potentzal Supportmg Analyszs Jor Natxonal .
Energy Strategy, December 21 1990, PP- 90-91 ’ ) .

T Energy Information Admmstratlon, Energy Consumptzon and Conservatxon Potentzal Supportmg Analysis for Natwnal '
Energy Strategy, December 21, 1990, pp. 90-91. , . ;

‘2 The Gas Resea.rch Insutute, The Energy Informatlon Admmlstratlon, and Scxence Apphcatlons International Corporanon, -

Identzﬁcatzon and Analyszs of Factors Affecting the Adoptzon of Alternative Tran.sportatwn Fuels 1991, p. 29. .
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'signiﬁcant -variatidn from ICE technology A gas turbine engine ‘consists of . three principle

'components a compressor whrch compresses outsrde air to, be mrxed with fuel, a. combustron '

“chamber where the compressed air and ﬁ1e1 are 1gmted, and turbine which is tumed by the exhaust o

of the 1gmted fuel m1x23

Gas turbine vehrcles potentrally could be up.to 50 percent more efﬁcrent than conventronal mtemal _A

' ',combustlon engme Vehrcles24 The increased eﬁic1ency is due to the fact that a turbme engme K
o utlhzes a larger percentage of the. work’ being performed by the fuel than ICE’s Small turbme
o engines | surtable for use m transportation vehicles-are ‘not being produced now on ala.rge scale,

ot therefore the current cost of turbme engines are prohrbmve for vehrcle use:

Gas turbme engmes could be desrgned to bmn drfferent fuels rangmg from alcohols to dresel fuel :
. ~This study will consrder two technologres 1mder the gas turbme engme, compressed natural gas and .

- conventronal gasolme

o

Fuel Cell Vehicles Coe A : . _
The concept of fuel cells as a power source for tansportatron veh1cles is srmﬂar to electric vehrcle~ -
E technology because an electnc current powers .a:motor which drives the veh1cle The dlfference is
. that an: electnc vehrcle Tuns off ofa battery which is recharged penodrcally whrle a fuel cell is- |
charged by a separate power source such as methanol or hydrogen The first large scale apphcatrons

| of fuel cell technology were the Apollo and Gemini space mrssrons ‘which sparked interest in fuel .

cell technology in vehicle u'ansportatron -

/ ‘Fuel cell technology has the advantage of hrgher conversron eﬁicrency ﬁ:om the fuel source into .
. electnc1ty than a combustion engine.” A large portron of the energy derivedina heat driven internal .
‘combustron engine is lost, in the form of external heat which does not occur in the fuel cell .

B Glasstone, S. Energy Deskboak, Van Nostrand Rernhold Company, New York, 1983, pp 152-156.

% Energy Information Administration, Energy Consumptwn aud Conservalran Potentzal Suppartmg Analyszs Jor Natronal .
EnergySIrategy, Dccember 21, 1990, pp. 90-91. .
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Transportaﬂon Model Demand Sector Documentaﬂon Report - : F-41 -

~ - «



technology Fuel"cell technology remains .in the development stage' and cost projections of
’ transportatron Yehicles are extremely h1gh Further research may ‘lower the costs.of fuel cell

T technology, however, for now fuel ce]l technology seems unreahstrc for large scale adoptlon

__VEHICLE'.\_P'R'ICES o |

* This sectlon documents vehrcle purchase prices in the database The output ‘of the database isa
vehrcle price for surteen technologles for three veh1c1e srzes and three penetratlon scenarios, from '

1990through2030 mthousandsof1990 dollars : L

-_ 'The general approach is to estabhsh current and ult.rmate pnce premra for AFV s (altematlve fuel .

' : veh1c1es) over the  price ofa gasolme I C. E (internal combustlon engme) veh1c1e and to use an .

i exponentlal decay ﬁmctlon (expressed asa compound percentage decline rate) 10 project each. pnce

o premmm towards its ultlmate value “The shape of the curve 1mphed by the pnce decay is based'on

: forecasted future price levels or SAIC's judgment where 1o data are available: A non-fuel escalation
rate was used to estabhsh future pnces of gasohne vehlcles for each of three vehicle sizes (small |
med1um, a.nd large)zs through the year 2030 ' r

Vehicle prices were obtained ﬁom the fol_lowing mputs

.®  Current price of _gasoline -vehicles_ by size (S, M, L) e
‘ o - Current price premla for 15 other veh1c1e types mdependent of size (1 e., fuel-related

prem1um or d1scount to base gasolme vehicle).

"% Size c!uegones are deﬁned primarily by weight, and secondanly by passenger cabm volume These definitions are consistent’
with usage in all of the literature, and in terms of: welght are: below 2600 ibs for small vehrcles, between 2600 and 3200 lbs for mld

sxze and above 3200 for large

’ National Energy Modeling System
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& - Ultimate Iong-'rur:_r p_rice premia for 15 other vehicle types in’dehendent of size.

®  Non-fuel escalafion rate independent of Yehicle type

L Annual compound percentage decline in cmrent prem1um towards ultlmate premmm, .
: or premmm decay, for 15 vehlcle types for three scenanos B, H, L).

The aoproach-has the following advahtagésr

N ¥ Pro_;ected AFV pnces should be relatlvely cons1stent vis a vis conventlonal gasohne :
’ and other AFV pnces '

L -.Incorporatmg the pnce of gasohne veh1cles into. AFV pnces ensures that the non-fuef :

- escalatlon rate is taken into-account for all technologles

. . ,U;;daﬁng énd.revising i_i'gurés based on ﬁiture devélopments are fat:ilitatec_l.‘

CURRENT VEHICL_E_ PRICEé §

Determmmg current vehicle; pnces requn‘ed two steps ﬁndmg the price for gasohne vehrcles of three .

sizes (small medmm, and large), and obta1mng current AFV purchase pnces by adding a premmm R

to the pasoline vehrcle price for each technology

' §A§QLINE VEHIQLE PRIQE§

' Pnces for gasohne vehicles were,estabhshed by averaging the pnces of three representatrve vehrcles

for each size category The vehicles were selected on the ba31s of market share“ All prices are.

% Market sharé source: NADA, August 1992, p.32. .
Natlonal Enetgy Modgltng'Syste'm
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' manufacturefs suggested retall pnces obtamed ﬁom the Natlonal Automoblle Dealers Assoclatlon
(NADA) used vehmle price gmde. Table F-17 ‘below prov1des detailed mformatlon on the selected'
gasolme veh1c1es

. - TableF-17 Gasoline Vehicle Characteristics (l990)

38211bs -

Ford Ltd Crown Victoria V8/ 4D Sedan $17.257
Cadillac DeVille/: 4D Sedan S s © $27,540 '354,6 lbs |
Dodge B250/Van . L - . 312575 00 NA |
Beretta Corsical 2D coupe GT2 | s13750 | 28301bs |
' Ford Taurus/ 4D s sedan, GL | s13834 | ‘3089ms | .
Honda Accord/ 4D sedanIX = - .. .$14,805 | 2857 Ibs
Honda Civic/ 3D hatchbackDX . | seses- | 21651bs -
Cheviolet Cavaher L4/ 4D sedan R '588'20 | 247 Ibs
Ford Escort/ 2D hatchback LX - =~ - . $7806- | ‘c23121bs

" Sources for price and weight: ' = : .
© 0 Lage (NADA,July-August, 1992 ps23,75, 271) -
Mld-slzed. - . (NADA, July-August, 1992, ps.29, 74, 174) ’
. Smalk - . . (NADA,July-August 1992, ps.29; 73, 173)
"CURRENT PRICE PREMIA FQRAFV’§ " . L -

Current price prem1a are the premla paid i in the market today over conventlonal gasoline vehlcle'-
g ‘pnces for each technology in'the database. All current AFV prices are calculated by addmg these
premia to the- current gasohne vehmle price values for each category The premia are "added to the
current gasoline vehicle price to obtain the current AFV pnces for each vehicle size, type, or
scenano All prem1a and SAIC's assumpuons rauonales, and comments for each technology are
. prov1ded below Each entry also contains the citations consulted by SAIC; abbreviations are more

'fully deﬁned at the end of this report

o . Dlesel — $1000. " Average premia for representatlve diesel passenger veh:lcles, ﬁgure '
was shghtly hlgher inthe past. '
Sources. (NADA, July-August, 1992 & SAIC)

) . National Energy Modellng Systsm )
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- Ethanol Flex —_ $4,500 Frgure was set at the upper end of the range in the hterature' .
because of recent POE data that places a much h1gher premium -on ﬂex1ble fuel

" vehicles.

Sources: FFV range $2000-5000 (Cogan, August 1992, p. 94), average of $6 400 for _
DOE AFV's (mcludmg ethanol methanol and CN G) procured in 1990 (G A.O, May :

' 1991 p.20). -

Ethanol Neat— $2000. Asis the case with ethanol ﬂex, estlmate is at the upper end
of the range to make it more consistent wrth recent DOE data. ~ .

- Sources: $300-2000 (Cogan, August 1992, p94), DOE AFV's data (GAO, May o

'1991 p20) - ) Ce sl
- Methanol Flex — $4,700. Premrum is equal to that of ethanol ﬂex plus $200 for 7 n :
Y higher manufactunng costs due the corrosrve nature of the fuel ie., stamless steelor
specially treated matenals are needed for the’ _engine.. Frgure is cons1stent wrth the
- literature consensus-and recent DOE data.
; Sources Fully opt1m12ed ‘vehicle not engmeered yet (CRS 1989 P 17), hrgher .
‘ corrosrveness (Rouse, 1991) o, ' ) . Lo }

H

' Methanol N eat — $2,200 Premmm is equal to that of ethanol neat plus $200 for
hrgher manufacturing costs due the corrosive nature of the fuel, i.e., stamless steel or -
specially treated materials are needed for the engine. Flgure is con51stent w1th the
literatute ¢onsensus and recent DOE data - . - '

' Sources $2000 1992 Ford, econohne van (NREL 1992), FFV range $2000-5000
(Cogan, August 1992, p. 94), average of $6,400 for DOE AFV's (mcludes ethanol,
methanol and CNG) procured in 1990 (G.A 0, May 1991, p.20); $210-340 by. 1995
(D OE, August 1990 p 1x), h1gher corrosrveness (Rouse, 1991)

Electnc —_— $45 000. Thrs figure mcludes an. esnmate of the net present value of
battery replacements It is consistent with most recent sources and manufacturer-

AY

. . quoted prices of soon-to-be released vehicles.
Sources: 1989'GM G vans priced at $32,500 in.1989 (SAIC/report, 1991, p.25); 1993 :

Ford small van priced at $100,000 (NREL, 1992, on-hne), batteries premrum $6,000

by 1995; 1993 GM Impact productron cost range $15-20 000 (O.T.A., 1990, p.119);

GM Impact price range $20, 000-30,000 (Woodruﬁ’ 1991 p.58); battenes premium -
- $2,600- 8 200 for advanced lead-acid battery ICAMF, 1990 1. 16) Fiat Electra pnced

National Energy Modeling System
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: -_.'Source (The Economrst, September 28, 1991)

-~

: at $22 000 or tvvrce the pnce of its L.C E twin (Woodruf’r‘ 1991, p. 57), current battery
"pnce $1 500 replaced every 20, 000 m1les (Woodruff 1991 p 58). . '

- Electnc HybrldILarge I.C. E —. $50,000. Flgure mcludes the price of a regular -
electric vehicle (EV) plus a premlum for the large I.C.E. The premium accounts for '
~ . the fact that two engmes would be costly and meﬁ'icrent in terms of mamtenance and -
" useof space.. A large ILCE. acts as a range extender i in the same way as a conventional -
. gasohneI C.E -The difference in price between a small and large LC.E.is deemed to -
. be msrgmﬁcant at any stage. The ﬁgure is cons1stent ‘with manufacturer pnces of" soon-

-be released vehrcles and the consensus of the hterature

o ASources 1993 Ford sma]lhybnd van pnced at $100 000 (NREL, 1992, on-lme) hrgh )

cost of’ addmg battenes and electnc motors to the engine of an I.C.E. (Woodruff, 1991,

‘p59)

' Electnc Hybnd/Small L C.E — $50 000. See Electnc Hybrid/Large I. C E: above
. A ‘small LC.E. only serves as a generator to recharge the batteries.for the eléctric
-engine to operate. “-The drEference in pnce between a small and large 1. C E. is

. insignificant at any. stage

Sources:1993 Ford small hybnd van pnced at $100 000 (NREL 1992 on-hne) h.lgh _

‘._:costofaddmgbattenes andelectncmotorstothe engme ofanI.C.E. (Woodruff 1991
. p.59). SR C , o

. Electric HybﬁMdrbhe — $125 000. Figure includes the price of. an electric

hybnd/I CE. plus a high premlum | that reflects the absence of a viable prototype at this

B time: Gas turbme veh1c1es were manufactured in the fifties W1thout success due to lack ‘

of competltlvely-pnced, heat-res1stant matenals however, new developments may

- solve such obstacles anda prototype vehlcle may be successﬁrlly produced by 1998.

) 'CNG — 82, 750 Although some economies of scale are a.lready present, all CNG
~* vehicles are essentra]ly retroﬁtted rather than optimized, theréfore a srgmﬁcant

premium (and potentlal for lmprovement) remains. The selected figure is consistent -
with the mrddle to the higher end of the 1992 literature ranges.

. . Sources: Range of $2000-5000 (Cogan, August 1992, P-94); 1992 Chrysler Dodge B-

Senes Van Wagon $5000 (NREL 1992, on-lme), $2,550-3,250 (EPA, 1990, p.10);

: C. Natlonal Energy Modellng System -
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$2550-3250 for light-duty automobile (large), $1650-2250 (small—medrum), $2350- .
3050 hght duty truck; mass-prodiiced dual-fuel $1600 (ICAMF 1990, p.5. 7), average
of $6,400. for DOE AFV's (includes, ethanol methanol and CNG) procured in 1990
(G A O May 1991,-p.20); $800 by 1995 (D 0. E., August 1990 p ix).

LPG — $1,500 Although some economies of scale are already present, all LPG

- vehicles are essentrally retrofitted - rather than opnmrzed, therefore a s1gmﬁcant '_

premium (and potenttal for improvement) remains. The selected ﬁgure is consrstent

w1th the middle to the higher end of the 1992 literature ranges.

" “Sourees: $1,200-2,200, (ICAMF, 1990, p.1:15.); 1992FordF-700medrumdutytruck

conversjon option at $800 (NREL 1992, on-lme)

Turbine/Gasoline — $125,000 Flgure mcludes a hlgh premmm that reﬂects the

© " absence ofa viable prototype at this nme Gas turbme vehicles were manufactured in
. the fifties without success due fo lack of competmvely-pnced, heat-re51stant materials;

however, new developments may solve such obstacles and a prototype vehicle may be ‘
successfully produced..by 1998 - The figure is consistent with the -electric - '
hybnd/turbme vehicle premium. No s1gmﬁeant estlmated price differential between
CNG and gasolme technologies at this time. :

_Source. (The Economrst, September‘28, .1991).‘

'Turbme/CN G $125, 000 See. Turbme/Gasolme above. No 51gmﬁcant estrmated .

price differential befween CNG and gasohne technoIogles at this time.
Source: (The Econormst, Se_ptember 28, 1991)

Fuel Cel]lHydrogen —_ $150,000 Flgure mcludes a hlgh premmm for fuel cells.

because they are far more expens1ve than conventlonal battenes ‘there-is also a .
premrum included for fuel storage Production prices in the hterature diverge wrdely

Both hydrogen and methariol technologies rely on hydrogen for their electrochémical °

- reactions and differ only in the way it is stored, i.e;, as a component- of methanol or
‘independently; therefore, no significant. drﬂ‘erence between them exists at this stage. .

Hydroge‘n-burmng (as. opposed to fuel cell) vehlcles are far more feasible and less
costly at this time.

* Sources: Fuel cells cost and premrum for fuel storage (McCosh, 1992, p. 29); 1995

prototype's price: drive system and engine $225,000, plus a fuel storage tank with a

- price range of $2,253 to $7,709, for a subtotal of $225,203 to $232,659 not including

National Enargy Modellng System
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'chassis (cn.c., June '.19'9'1,-pp.25L3()). '

Hydrogen L C E. Sources. feasrbrhty, prototypes in Japan, ie., lesan s joint effort - |
with Musash1 Instrtute of Technology (Maruyama, 1991), Mazda hopes to sell a few

......

_ premrum for hydrogen tank is $26 000 (l‘empleman, 1991 sP- 59)

. . .Fuel Cell/Methanol— $150 000 See Fuel Cell/Hydrogen above Both hydrogen and.
. methanol technologles rely on hydrogen for their electrochemrcal reactlons and differ
' only in the way it is stored, ie.,.as:a component of methanol or mdependently,.
' _therefore no srgmﬁcant difference between them exists at this- stage '
. - . Sources: See Fuel Cel]/Hydrogen.

" FUTURE VEHICLEPRICES - .

Ultimate price -p-remi‘a are defined as the minimum future price- differentials between gasoline and
ATF ‘vehicles. An extensive hterature search and SAIC's own resources yrelded forecast future~ '
- prices, Wlnch were used to set uItlmate pnce premra and the appro)nmate expected year they w1]1 be
' reached All ATF vehrcle prices fallmg between the ultimate and the current price premia are
calculated by usmg ‘the pnce premra decay rate descnbed in the subsequent sect:ron ' g

"EUTURE GASOLINE. VEI_-_IIQLE PRIQE§ . = .
Forall gasohne models, the pnces beyond-1992 escalated at 2% per year Non-fuel escalatron factors
‘ 'mclude : . . :

P ¢

‘o Thé historical te_ndency of optlons to become standard equipment 'through, time.” - -

- 0: . Progressrvely hrgher add1t10na1 costs for emissions controls and efﬁcrency .
EER reqmrements These are estimated to be $70 fora TLEV and: $17O for LEV/ULEV
) (CARB August 1990, p IX. 13)
o - 'Increased investment in more efﬁclent, lighter engmes such as the 2-stoke engine (The
- Economrst, September 28, 1991) and higher cost super-hght body materials such as.

' . . . National Energy Modellng System
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' lcarboni composites (GM, 1992, pp.l4,15). -

¢ -

D'EV_E_' LOPMENT OF ULTIMATE PRICE PREMIA - ‘

" Minimum price differentials are reached once all-criteria for i 1mprovement relatlve to0 conventlonal
. pnces have been met, The criteria include the maxnmrzatlon of well-known economrc principles .
such as economles of scale, returns to scale, and learmng curves The future year and value assigned -
to AFV premla were found by applymg the above cntena to the current status 6f the technology, the -
short-term and future pro_]ected gams and relevant theoretlcal hmrtatlons - :

Once valuesfor ulumate cost and assoclated year were calculated, the premra were added to the .
corresponding year's conventional gasoline price. Aftér an AFV has reached its ultimate premm

price differentials between that AFV and a conventional vehrcle remain constant except for non-fuel .

escalatlon Assumpttons, ratlonales and comments for each technology are provrded below

- Methanol Flex — $200. Premium is equal to that of 'ethanol flex plus $200 for higher

Diesel — $1,000 Average premia for representatlve d1esel passenger vehrcles ﬁgure o
" was shghtly hrgher in the past, but is not expected to declme further

Sources: (NADA, July-August, 1992 & SAIC)

. Ethanol Flex —_ $0 ‘Near-zero ultimate pnce premmm assumes economies of scale )
. and opnmlzatlon achieved prior-to smtch to ethanol neat veh1cles Flgure consistent

with"EPA and most recent hterature
Source: (EPA/etbanol 1990, Appendrx C P 2)

. Ethanol Neat — $0 Near-zero ultimate price premium assumes economiés of scale

and optlmrzatlon of both ‘ethanol types. Prior development of flex vehicle would:
provide learning curve feedback. Frgure cons1stent W1th EPA and most recent
11terature C - : ‘

Source: (EPA/etha.nol 1990 AppendGC p2)

manufacturmg costs due the corrosive nature of the fuel i, e, stamless steel or speclally

- treated materials are needed for the engine.

Sources. Prem1a for corrosion-resistant matenals, fuel sensing and control systems ‘
and larger fuel tank for a total range of $150-500 in the late hineties, down to near-zero

’ premlum aﬁer that (CRS 1989 p.17) $15 0-300 at hrgh volume producuon (EPA, Apnl'

National Energy Modoeling System ) )
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-1990,.p.'35); $3do with'large scale production (ICAMF 19’90@._1‘:‘14). T

: Methanol Flex — $100 Premlum is equal to that of ethanol neat plus $100 for hrgher

manufacturmg costs duie the corrosive nature of the fuel i.e.,stainless steel or specially

treated materials aré needed for the.| engme Such a premmm Would be smaller fora = |
. dedlcated neat veh1cle due to greater economles ‘of scale, optlmrzatron, and uansfer of '

- knowledge from flexible fuel vehicles. : :

- Sources. (EPA, 1990 Appendlx C p 2 & CRS 1989 p 17)

- 'Electnc —_ $6,500 Flgure mcludes an esumate of the ultimate pnce premlum ofa
) battery, assummg steady mprovements in battery technology and mass productlon
taking place.as zero-emission vehicle laws take eﬁ'ect. Advanced batteries now inan . . .

infant stage of development could considerably extend the range of the vehrcle without

B .the need for replacement. Differences. between EV and EH vehicles 4re ummportant, .

as their most expens1ve component, the battenes, is the same.. The figure i 1s consistent - .
with the consensus of the hterature '

. 'Sources. Premium forZEV $1350 (SAIC/report, 1991, p. 35) advanced battenes, such
" as sodmm-sulﬁrr with a 100 000-m11e life may. be available by 1994 (Woodmff, 1991

- p58).

Electnc Hybnd/Large LCE.— $6,500. See Electnc above Dlﬁ'erences between

- EV and EH vehicles are unimportant, as thelr most expens1ve component, the batteries,
- is the same. The addmonal cost of a range-extender ICE. (regardless of 51ze)
. ultrmately -approaches ‘zero_as’ economles of scale, .transfer of knowledge and

innovation arrive. The figure i is consistent w1th the consensus of the literature.

' Sources SeeElectnc above

Electric Hybnd/smau LC.E. — $6,500. ‘See Electric and Electric Hybrid/Large
- L.C. E above. The additional cost of a range-extender 1LC. E (regardless of size)

ultlmately approaches zero as . economies. of scale, transfer of knowledge, and
mnovatlon arrive. The figure is consistent with the consensus of the literature.

) Sources.r Sec Electric Hybnd/Lar_ge I.C.E. above.

Electric HybndITurbme — $6,500. See Electnc above Dlﬁ‘erences between EV

"and EH vehrcles are ummportant, as their most expensrve component, the battenes, is

the same. The addmonal costofa range-extender turbme ultlmately approaches zero

National Energy Modellng System
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as economres of scale, transfer of knowledge, and innovation amve The figure is :
consistent with the consensus of the literature. T ‘
Sources See Electnc Vehlcle above, and Turbme/Gasohne & CNG below

' CN G— $750. Assumes mass-productlon of opnmmed dedlcated vehicle. The ﬁgure '

is, cons1stent with the consensus of the literature. .
Sources: $700-800 for opt|m12ed and dedlcated vehicle (O TA, 1990 p- 101), $800
for. opnmlzed large-scale productlon, less for dedxcated vehlcle (ICAMF 1990 p 1. 14)

LPG— $500 Assumes mass-producuon of opumlzed ded1cated vehlcle The ﬁgure
is consrstent with current price d.tﬁ'erences between LPG and CNG vehicles, and

© :assumes such differences will pers1st.
,,Sourc_e., $500 (SAIC Judgment). '

Turbmes/Gasolme — $1,500 Assumes hkely advances in high temperature ceramics

and electromc combusnon controls will take place by the ‘end of the decade and

- eventually make this technology cost-compennve with-conventional technology

Source: (The Economlst, September 28, 1991 p- 95)

Turbmes/CNG $1, 500 See Turbme/Gasolme above Assumes there will be no .
s1gmﬁcant price différential between CNG and gasolme technologres ‘ -
Source: (The Economlst, September 28 1991, p 95) S

. Fuel CellIHydrogen _— $6,500 Assumes s1gmﬁcant advances in storage technology

and fuel cell manufactunng are actomplished due to high demand.
Sources storage techmque breakthroughs liquid hydrogen, or hydrogen bonded w1th

- "powdered metals; .ot stored in metal alloy balls ‘'may render it as safe as gasoline

‘(Templeman, 1991, pp 59, 60); by 2010 the fuel cell hybnd wﬂl be $6 562 plus chassis

' (c E.C., June 1991, pp. 25-30)

Fuel CelllMethanol — $6,500 Assumes s1gm.ﬁcant advances in storage technology
and fuel cell manufactunng are accomphshed due to h1gh demand. . .

"Sources: Hydrogen-nch methanol would allow a fuzel cell-vehicle to. refuelasrap1d1y_ L
. as an ILC.E. vehicle (Economlst, September 1991 p.75); storage technique

breakthroughs: liquid hydrogen, or hydrogen bonded with powdered metals or stored
in metal alloy balls may render it as safe as gasolme (T empleman, 1991, pp.59, 60);

National Energy Modeling System C .
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by 2010 the fuel cell hybrid will be $6,562 plus chassis (CE:C., June 1991, pp.25-30).
A compens"orr cf the cm‘eﬁ; and ultmatepnce premia discussed above is provided in the following
“table.’ o - - . S

VA

- Tabie F-18 AF V Price Premia by Techrrology- 3

. ' '4,560' .
2,000 .- C 0
4700 - ). ".200
2300 ’ .-100'
- 45000 | 6500.
50,000 - 6,500
" 50000 |, e,éoo
. 50,000 - | - 6500
_2,75'0' 750
1500 | . 500-
125000 | 1500
425000 | 1,500

150,000 .|
o ".150,006' '

-

.APPLICATI N THE DECAY E TION )

| Th1s rate isthe axmual compound percentage decline i in the current prermum towards the- ul’umate '
i premlum for all AFV technolog1es "AFV prices are assumed to fall along a curve between the -
current and the ultlmate price premia. The curve's shape i is determmed by the decay rate. Ifthe
exponentlal decay rate is rapid, the vehicle price reached its ultimate price well before 2030 (e.g.
ethanol and metha.nol) Ifthe decay rate is slow, the ultlmate pnce may notbe reached in the 40-year
‘ penod

. . . National Energy Modeling System
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10%

1%

1%

Diesel engines are advantageous only for medium and heavy-duty
vehicles. Unsuccessful prevnous attempt to penetrate the passenger
car market. o

5%

" 10% -

. 15%

Similar technologies are assumed to have near identical decay rates
‘and constitute the alcohols fiexible fuel market segment. Because of
initial fuel-availability advantages over neat vehicles and already” -
existing technology (retrofitted gasoline engmes) flex ones are
expected to be mass-produced much sooner than opfimizéd neat
vehicles. Consistent wrth the consensus of the.literature.

'2,5%

5y -

7:5%

Bewuse optimized neat vehicles necessitate more englneenng, they
- | -will take longer to develop and be mass-produced than flex vehicles.
Itis assumed that there will 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 filex vehicles'and are consrstent wrth the ¢ consensus of -
the literature. L .

7.5%

12.5%

15%

Assumrng steady lmprovements in battery technology and the

‘| -expansion of Zero emissions state limit programs, the overall

| advantages of electric and hybrid vehicles will translate into the
fastest annual increase in production for any AFV. The rates-seem
even faster because initial production is much lower than other
competing technologies i.e.;, CNG, LPG, and alcohol flex.

5%

0%

15%.

Assumlng retrofit conversion through 2000; dedicated mass- '
produced optrmrzed vehrcle after that year. :

2%

4%

6% -

Dedicated mass-productron will come later than CNG vehicles, due
to the latter's greater advantages vis a vis the non-ﬂeet passenger
" vehicle market. segment. N

- 5%

10%

15%

Rates consistent with, and slightly lower than, those for electrical
-vehicles. Both technologies are in their infancy but are also very
" promising. Assuming technology is operational by the end of the -

‘century, costs should.decrease rapidly after that due to high nitial
" learning curve position (e. g., turbine technology) and use of
" conventional fuel.

SOURCES:

5%

10%

15% -

Rates are consistent wlth.electrical vehicles and rounded off to equal
those of turbine vehicles. The development of this technology
présents 'more obstacles than turbines but offers mére potential
rewards, i.e., lower emissions and seemingly limitless fuel supply.

: ,Die'sel — Rate tied to gasoline rate; the price'premimn is a'ssumed to remain-constant

through time. The usefulness of this technology is limited to large vehicles.

Transportation Model Demand Sector Documentation Report -
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) Ethanol Flex —_ $300 premium wrth large productlon in the future (EPA, Apnl 1990

P 2), hm1ted productron by- 1993 full by 2000 (C E.C., 1989 p 7)

T Methanol Flex — Costs dropping since Chrysler began selling its Dodge Spirit and
‘ .Plymouth Acclaim without a ptice premrum, other auto makers will presumably fo]low '
B (Cogan, August 1992 p.94); limited producuonby 1993 full by 2000 (C.E.C. August o

1989, p.6);. Federal fleet assumptions for cost premia: 1993=$2,500, 1994—$1500 -

' 1995-$1000 1996=$275, 2001—-$150(D0E May 1992, p26)

'MethanolNeat—— No srgmﬁcantproductronfor dedrcated vehrcles before 2007-2010 -
‘(CRS 1989 P 17-18) . o, : . : .7

Electnc — Large resources from Detrolt's consortlum gomg mto EV: research

_ (Woodmff, 1991); estlmated manufactunng cost versus annual productlon volume (no .
- -of vehicles manufactured/EV cost in 19888): 30/$48,200 100/$40,000, 1000/$29,500,
10 000/$21 000, 50,000/$18, 100 (C EC. August 1989, p.6); limited productron 1993-. -

2000 (€ E. C., 1989, p.7); economies of scale after 1998 (60, 000-100 000 units) and ‘

, | replacement of DCEV (direct current electric veh1c1e) by ACEV (altematmg current, .

-ev.); NiFe batteries and advanced battery use begmmng 2003.and 2005 respectively, -

by 2009 1/2 of the EV ‘and EV/hybrid market captured (A F., 1990, p.18-22); GM ' '
Impact plant productlon will be 25 000/year (Woodruﬁ‘ 1991, p.54, p. 58), it takes

- ‘production runs of at least 50,000/year to make a proﬁt on a reasonably pnced vehwle

(Woodruﬁ' 1991 p59)

B Electnc Hybnd/Large I.C.E — NiFe battery car by 2003 by 2010 half of the EV' E

~

 fndy be EV/hybnd (A.F 1990 P 18-22) See other apphcable references above under .
_ Electnc ‘ L . : :

Electnc Hybnd/Small I.C.E NrFe battery car by 2003; by 2010 half of the EV's
may be’ EV/hybnd (A.F 1990, p 18—22) See other apphcable references above under-

Electnc

Electric Hybnd/T urbme — N1F e battery car-by 2003; by 2010 halfof the EV's may
be EV/hybrid (AF, 1990, p- 18-22) ‘See other apphcable references above under
Electnc, and under Turbine. . .

Natlonal Energy Modoeling Wm
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o CNG - Retrofit conversion 1993-2000 (C.E.C., 1989, p.7). .. -

. ®  LPG— Retrofit conversion 1993-2000 (CE.C., 1989, p.7).' .
° Turbme/Gasolme—(’Ihe Economlst, September 28,1991, p. 95) IR
° .,"’,Turbme/CNG CThe Economlst, September28 1991 p95)

o Fuel Cell/Hydrogen — Prototype vehicle by 1993 demonstratron veh1c1e by 2000
" . (CE C, 1989, p.7); prototype by 1995 possible, limited productlon 1000 t0-10,000
units/year by 2002 (CE.C, Jtme 1991 P 20), mam ‘current obstaclés ‘are safety, '
compact storage, and competmve producuon costs factory site vehicles by 2000, road '
vehrcles beyond that (T yler, 1990, p. 20) ‘ ‘

. e -qul \Cell/Methanol - See references for Fuel CeH/I-IydIOgeh above:

vischLE EFFICIENCY

This section documents vehicle efﬁclency in the database. The output of the database i 1s the
eﬁ'iclency rate for sncteen technologles for three veh1c1e sizes, ffom 1990 to 2030 The rate is g1ven .
- mmﬂesperMMBtu. - Lo R e

" . The general approach consists of estabhshmg the current m1d-s1ze veh1c1e mJleage per MMBtu for -
_ each fuel. The mileage ﬁgures are then ad_]usted for differences in vehicle size (e.g., small and large)
" .using an index of mileage by size, as a: function of mid-size mileage, while holding fuel constant.
A fuel-use adjustment is needed to correct the miles/MMBtu estimates for pure fuel use vs. hybnd
- fuel 1 use (e-g., electric vs. electnc hybnd)

To obtairr future vehicle éﬂi'ciency, an annual simple percentage efficiency gain _by 'yehicle type was
déveloped. Fuels with greater potential for engine efficiency improvements were assigned greater
~ estimated 'efﬁciency gains over time (e.g., gasoline .C.E. vs. EV.). ‘ :

Naﬂonal Energy Modellng System -
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'~ Thus, the yehlcle eﬁiciency i‘nputs are:.
: ; e - - Current mrleage per MMBtu for each fuel , -
e B ' Mrleage by vehicle size (small, large) as a function of mrd-s1ze vehlcle mileage.
o" A fuel-use eﬁicrency adjustment to correct the m1les/MMBtu estrmates for pure ﬁ.lel
L ‘usevs hybrid fuel use. . :
° L Annual srmple percentage efﬁc1ency garn by vehrcle type for all vehrcle types

The approach has the followmg advantages

. \ 0. Pro_1ected eﬁiclency rates should be relatlvely cons1stent visavis conventlonal gasohne ’
. LCE. and other technology efﬁcrency<rates : -
e Updatmg and rewsmg ﬁgures based on future developments are facrhtated

i CURRENIVEHICLEEFF)CIENCY{ UL

'Ihrs section describes the process of obtammg current eﬁicrency rates and ad_]ustmg for size and fuel
use,” As explained in the prev10us sectlon, currenit mrleages per MMBtu for each vehicle technology

- were initially obtamed for a -s1ze vehicle only. The followmg table shows these current =

g efﬁcrency rates. The sources consulted and the spec1ﬁc referénces and/or figures used are given

1mmed1ate1y aﬁer the table.’ Efﬁc1enc1es for the other two vehicle sizes were obtained by applying.
an adjustment factor of +10% for small and -10% for large, to ‘the base m1d—s1ze vehicle efﬁcrency»
rate shown in the followmg tahle o o

/

27 Some improvements in the efficiency of gasoﬁne vehicles also apply to AFV's, i.e., super-light materials and on-board
computers, while others do not, i.e., two-stroke engines. Those that do apply do so differently from one technology to arother, i.e.,-
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.

: ) - . . . . ) o . f R .
. . . National Energy Modellng System '
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o _'_I"abh F-20. Current Mid-Sized Vehicie Fuel Efficiencies - |

"Dxesel R 280 : "
Ethanol . o e
Methanol - - e : ”
NG - ' 1 230 .

’LPG ST BT R R

Electricity .

' Hydrbgen '

| 'SOURCES AND REFERENCES: = =~ = -

'@ Gagoline — Efficiency rates of 24 MPG for Buick Park Avenue V6;25 MPG fora . _ .-

Buick LeSabre 24 MPG for Toyota Camry (GM 1992 PP 14, 15, 36); Clean, highly -

. efficient engines a]ready developed in Japan,ie., M-Miller cycle engine (Japan 21st,

' 1992); recent impressive gains | m mlleage, ie., 65 MPG for.a'1992 Honda Civic
' hatchbaquX (Woodruff 1991. p: 56) ' ‘

o ] 0 ' Ethanol Flex —_ Eﬁiclency of 0. 0505 ethanol gallons per mile (EPA, Apnl 1990, .
p. 53) S S
® Ethanol Neat — Eﬂiclency of 0. 0418 ethanol gallons per mile (EPA, April 1990
l53) - ‘

e | Methanol Flex — Efﬁclency of ll 4 MPG for 1992 Ford Econohne Van (NREL
) 1992 On hne) - ' ’

o Methanol Néét —'Dédicaied vehiéle improvement over. gasoline vehicle (CRS, 1989;
p:18); dedicated vehicle is 4-15% better in energy input due to h1gher compression
~ ratios (011 & Gas, Dec 1991 p 59).. : : . o

R

o Electric—SAIC data:

Natlonal Energy Modellng System ' ' L
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' @ Electric Hybrid — SAIC data.”

e cNo;sAIC'datg. -
o LPG —Eﬁ:‘lclency fora 1992-1993 Ford F-700 Medium Duty Truck is15to 20% less
- than its gasolme equlvalent (N REL, 1992 On—lme) :

e '.TurbinelGasoﬁnef'- SAIC. data. i

@ Turbine/CNG —SAIC data:
e 0 S Fuel CellIHydrogen -—Energy dens1ty is about 3 8 watts per pound, or less than that )

' of an EV's lead-acrd battenes (McCosh, August 1992 p.29); the theoretlcal lnmt to -
energy conversron is 80- 5% (T empleman, 1991 p 59) .

e ‘Fuel Cell/Methanol — See Fuel Cell/Hydrogen above "Both: hydrogen and methanol '
' technologles consume hydrogen as a fuel; so they are essenhally the same techno]ogy, .
dlffermg only in the way the fuel i is stored - '

' FUTURE EFFICIENCYRATES

Futu're eﬂicieney rates were obtained by applying an annual percentage gain by technology type, for - N
each of the three penetratlon scenarios. This section descnbes how the gain rates were determined -
' and prov1des the sources used. .

ANNUAL PER ENTA EGAIN IN EFFICIEN Y ) . - :

" The followmg table shows the efficiency gain rates: by vehicle technology for three penetra’aon
i scenanos “Each _vehicle technology entry is accompamed by comments or an explanation of
assumptlons where apphcable ’

;

-
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7

- investment in order to meet policy goals and competitive challenges of

Based on hlstoncal rate, i.e., since 1974 GM vehlclec have improved
efficiency by 125%, and assuming current trends continue, i.e., mcreased

AFV's. The efficiency escalation rate cannot remain constant, because the
easier gains have been alreedy achieved. Nevertheless, even the auto-
makers thernselves have set ambitious goals, i.e., Chrysler's 29 MPG by
1996. Diesel rae pa:allels gasolme s and is cons1stent thh the hlstorxcal

record.28

5-10% operanon efﬁclency increase through technological improvements .
in the néar future. Since ethanol-and methanol have higher heat content
than gasoline or diesel, higher efficiency can be expected from a vehicle |
that runs on neat fuel, but the annual gainsin efﬁcrency wouild be almost
the same for both neat and flex fuels. . -

| engine technology are unlikely, resulting in a relatively low efficiency

| their respective complementary technologles are secondary to the electric

Much higher initial efﬁci_ency, but fast improvement:s in baftery‘ and/or .

gains rate. Note that this technology is not affected by the Carnot cycle's
theoretical limit. Similar rates are projected for all types of hybrids, as

technology.

’ Gain rates eqmvalent to those of alcohol ﬂxels assumed

-Based on existing technology applied to 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
gdins should parallel those of conventxonal gasoline-vehicles to a large
extent. ‘

1 those of conventional CNG vehicles to a large extent.

See; 'IURBINE/GASOLINE entry above Efficiency gains- should parallel

1.00% | 0.00% .| 2.00%
1.00% | 2.00% | 0.50%
3

0.50% | 075% | 0.00%
1.00% | 2.00% | 0.50%
125% |.0.00% | :2.00%
125% | 2.00% | 0.50%
125% | 2.00% 1 0.00% -

SOURCES AND REFERENCES:

Although the technology is in its infancy, because of its vast potential ‘a fast
gain rate similar to that of turbines is-expected, i.e., it has a'theoretical -
efficiency of 80 to 85% when the heat of the process is recovered for use

elsewliere. It is assumed that there will be continuous technical
“breakthroughs as prOJected today, ie., proton exchange membrane, or other.

’ advanced systems fully developed

‘

(2 Gasoline — Carnot cycle's' theoretical maximum (Romano, 1989, p.75); 2-stroke. -
engine (The Economist, September 28, 1991 & Scientific Arnerican, October 1992, pp.

# Regardless of fuel choice, all ICE's are limited by the Carnot cycle's theoretical maxrmum of 40 to 50%. A

P
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112-1 13) super-hght matenals (GM 1992 p. 14 15), reduced air drag,. upgraded on-

. board computers (Woodruff 1991, p. 56); reformulation (Unzelman, 1991,p. 64) Smce
. 1974 GM vehicles have improved efficiency by 125% (GM, . 1992, p.14, 15); Chrysler's.
efﬁclency goal isto ach1eve an average 29 MPG_by 1996 (Woodruff, 1991, D.54).

'Already existifig prornising prototypes (Maruyama, 1991); policy and industry goals

in the U. S. and elsewhere (Woodruff, 1991, p.54); CAFE's standards by 2001; the
h1stonca1 efﬁcrency escalatlon rate, deﬁned asa reductlon in gallons/yearper vehicle,

is 4. 95% (011 & Gas, Dec 1991 ; P- 58)

Dlesel — Camot cycles theoretlcal mammum (Romano 1989 p- 75), super-hght

materials (GM 1992 p14, 15); reduced’ air drag, upgraded on-board computers_ :

(Woodruff, 1991, p 56), reformulat10n (Unzelman, 1991 >P- 64)

' . 'Ethanol Flex — 5-10% operatlonal efﬁcrency increase (011 & Gas Dec 1991, p 59)

Carnot cycle' s theoretlcal max1mum (Romano, 1989, p.75).”

- Ethanol Neat — Higher heat content and efficiency rates; leaming ctirve gains of 20 -

to 30% over gasoline by the time dedicated vehicles enter the market (CRS, 1989,

“P. 18), Camot cycle s theoretical maximum (Romano 1989 P- 75)

' Methanol Flex -—"5410% operational efﬁciency increase OVer. gasoline (Oil & Gas,

Dec 1991, p.59);. Carnot, cycles theoretical maximum (Romano, 1989, p.75);

. . 1mprovement OVer. gasolme low case 4%, base 6%, and lngh 13% (CRS 1989, p. 18)

i

'Methanol Neat —_ ngher heat content and efﬁmency rate, leammg curve gams of 20

to 30% over gasoline by thé time dedicated vehicles enter the market (CRS 1989
p 18), Camot cycle's theoretrcal maximum (Romano, 1989, p. 75)

-

~

~ Electric_ — SAIC data.

Electnc Hybnd/Large | B CE — Eﬁicrency rates of 36 MPG for an average

passenger vehrcle, and 21 MPG for a hght truck (A. F 1990 P- 18-22)

Elect_ric' Hybrid/Small'I.C.E. — Eﬂiciency rates of 36 MPG for an average

passenger vehicle, and 21 MPG for-a light truck (A.F., 1990, p.18-22).

‘National Energy Modeling System .
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' . - ElectricHybrid/Turbine— (The Ecohomist, September 28,1991, p.95).

4

' ®  CNG— Camot cyale’s' theoretical‘niaxiﬁtlﬁm- (Ro;nano, 1989., p.‘}S').
® ,, " LPG — Camot‘ aycle's thaore;tiaal max1mum (Rc;ﬁlapo, 1'9#9, p.75).
',, ' ';;‘url;ine:/Gago]iﬁe — (The Ecionqlomist,' Sép’;eaabe: 28; 199.1, p95)
| 5_- | .Turb'in_elICII‘IG-'- (The Eé:bao_mist, Sa;;téaaber 28, 1'951; p.95).
| 0 ~ Fuel Cell/Hydrogen - (T empleman, 1.9§{i¥)p'.59-60). | |
& ‘, o a Fual péuMeth;nél; (Temlalaman, 1991, pp.59-60')..

VEHICLE EMISSIONS -

- This section describes vehicle emissions from c_ohveritional and ATF vehicles over time. - '

“INDEX APPROACH

The general approach uses an mdex value tled to- the mpact-welghted emissions ﬁom mid-size
‘gasoline vehicles. In each year from’ 1990—2030 the emissions impact from the base—case gasoline .
vehicle is estimated. As gasoline vehicle. em1ssmns decline (e.g., due to reformulanon), the absolute
“emissions level declines but the index value remains constant (at 1.0). The emlssmns impact of the
' altema’ave fuels is benchmarked agamst the absolute level to create the index value. for the‘
altematlves If the emissions of an AFV declines faster than that of the gasoline vehicle, the
emissions index for that AFV will decline. If the em1ssmns of an AFV increases or declines less

rapidly than that of the gasolme vehicle, the em:lsswns index for.that AFV will increase. The

technology: chmce module can make use of this relat1ve mdexmg in annually selectmg vehwle types

The weight given to'emissions and enaissions indexing in the technology choice module is outside
the scope of this databasé. ‘Whether decisions will ultimately be made with respect to some

National Energy Modallng System . : ’
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. The emissions index is con_stmcte'cl from the foHowing"inputs:

A}

PR FE . T

threshold_emi_ssions level is-also not considered.

Al

e 5 ' Current emlssmns from a mld-sme car for five pollutants (CO COZ, NO methane, and,
' NMHC) mgrams/mﬂe for 16 ve]ncle types See Tablé F-22 B :

L] annum pos51ble emsswns by 2030 for the same pollutants for the same vehlcle
types See Table F-23° :

° '_Annual‘simple percentage decline in-emissions towards the minima, same vehicle
. types. © . R '
. A SN . . . . . L o,

e . Irhpact-weighting of the five pollntants on health and environmental criteria. -

". - Theindex constructed from these data is neceséary beoauee the impact on.human health and the " - .
- efivironment from a gram .of one pollutant is not eqmvalent to the impact of another pollutant. This

: non-eqmvalence is parncularly apparent when one compares the typical em1551ons of NO (about 1
gram/mﬂe) to that of CO2 (about 450 grams/mile). Clearly, CO, is fi0t-450 times more hazardous -

t6 health or the environmient than NO,. Thus, a Welghtmg scheme (1e an mdex) must be

T constructed to properly compare the overall emrss1ons mdex.

. -\,' .
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9.00 | . 1.00 -0.00 | 1.03 |-452 Represen’whve vehlcle for size megory Standard catalyhc
e . N - .| converter.® .
3.40 0.41 ' 0.00 | 1.00 | 450 Representauve vehicle for size wegory Consistent thh
. : data entered under gasoline. Standard catalytic converter.
_2'00 ‘0'60 000 110 [ 455 —| Consistent with data entered under gasoline and diesel.”
1571 "0.36 0.00 1.10 | 429 .| Retrofitted representatxve vehicle for sizé category.
- E _ Generally hlgher NO, than gasoline and diesel due to hlgher
75 | 029 ) -0.00 | 1.10 | 447 | combustion temperature. Formaldehyde not mcluded for
150 | 020 | 000 | 110 456 | methanol emissions.
000 | 000 | 000 | 0.00°| 000 | Nearzero emissions. Rounded offfor manageability. ‘
2.00° 0.10 | '0.00 ] 020 90 - ‘ Dueto sma]ler sme and Iess use, i.c.e.’s emxssxons are Ya or
. . : : less of a conventional engme -
1.00 y - 005, | 0.00 |.0.10 "I 45 } Dueto smaller size and less use, 1 c.¢'s emissions are '/z of
) ' | largeice's - )
0.50 ,();03_ - 000 |006 | 25 | Nearzero for electric part. See TURBINE entry below Due
. ’ . to.less use and smaller size emission's are about % of
conventional turbine's.
g ; y _— . 1
030 | . 023 1.20 '0;9_7 419 | Representaiwe vehlcle, consxstent thh alcohol and gasolme
028 | 029 | 000 | 0:59 | 437 | vehiclessclected above.
2.00 | .0.10 0'0_0 025 | 100 'I'heoretlcally very Tow emlssmns, around % of conventlona]
008 | . 005 035 | 040. 1 o5 .| fuel (gasoline or CNG respectively) vehicle.
0.00 0.00 . 020 ). 0.01 | 0.01 Near zero emissions. Small methane figure for methanol
0007 000 | 000 | 0.01:] 001 | vehicle.

¥ For all technologies, pollution produced by the power source or fuel prqduction process is not included.

~
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: tAdvanced_catalytic converters and refonhulation.’f’
020 25 0 Advanced caialyﬁc converters.” . ' " .
0.00- | 'oi'oo ' Power source and acc1denta1 leakage not mcluded
004 | 60 | Duetolessuseand smaller size, ICE’s emlssxons
] are % or less of conventional engme ’
0.62 1 30. _Due to smaller size, ICE's emissions are ‘/z of large
I - | ICE hybrid. '
) 0‘01__ _ B le_ v 'Adva_nced patalytic converter and reformulation.
020 ].25 | - o
. - |.Advanced camlytic converter. .
020 . 250 ’ .
005 | .25 Advanced catalytic conveiter'and teformulation. - "
005 | 25 | Advanced catalytic converter. .
9’01»' : 0.01 ‘| Negligible emissions.

A\

3 Forall technologxes, emissions from fuel source and accldental leakage is not mcluded.

.

2 For ethanol, the 30to 50% émissions reductlon must be welghed against the considerable CO, C02 and mtrogen compounds
produced by growing, femlmng, harvesting, drying and transporting the crops to produce the fuel. EPA estimates the pollution
*. created by producing and bummg a gallon of ethanol is up to six times as much as producing and burning a gallon of gasoline.

However, aldehydes are not produced (Frank, August 1992, p 106)
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IMPACT WEIGHTING',:.

The welghtmg scheme assumes that all impacts will be mthe area of health (85% of the dec1s1on) :

" or environment (15%) and will be based on each pollutant's contnbuuon to lmpacts in those areas.
. For example, C02 has an impact on the environment but little-or no ‘impact onhealth For. CO the
reverse is true. Note that we are not considering health impacts derived from enwronmental 1mpacts

as health impacts. We are ‘using the more conventional tmderstandmg that, for example C02 ismot -~

| considered a respn'atory hazard (health) but isa greenhouse gas (envuonment)

. In general, the reasoning behind the iveightiﬁgs isas follows': S

® ' ".Carbon Monoxide (CO) — A moderate health hazard for its role i in surface-level
h ozone ‘creation; its envuonmental eﬁ‘ect is neghglble L - :

e Non-Methane Hydrocarbons (NLIHC) - Senous health hazard for 1ts s1gmﬁcant
- 'role in surface-level ozone creatlon, its enwronmental effect is neghg1ble

Ce Metha_ne (Met) — Important. greenhousé gas; ne'gligible health_threat. - g

o Nitrogen Oxides (N 0)— Serious health ha:zard for theit role in surface-level ozone ’

. ’creaﬁon; a.lso a-'signiﬁcant g;eenhouse gas: : o

e’ _Carbon DlOdee (COZ) — Statlsucally ms1gmﬁcant health 1mpact but some
L greenhouse 1mpact. o

" "The ch01ce of the ﬁve pollutants (CO, COz, NO methane, and NMHC) was based partly on the - )

' avallablhty of detailed technical literature and partly on SAIC's judgment about the poliutants likely -
“to affect vehicle ch01ce and pubhc policy in the eommg decades. Additional pollutants, notably‘ :
- aldehydes and part1culates, could have been added. The ultlmate selection of five pollutants was

based on computational fractability. The speclﬁc mclusmn of methane and non-methane :

. hydroearbons was based on the need to distinguish natural gas-fueled vehicles based on smog-related
~ and non-smog-related emissions. The lmpact of the various pollutants per umt emltted is assumed
- not to change over time.

4
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.Tahle F-25. LDV &AF V Emissions -Decay.liates :

T N VN PSRRI SN

The database teats electnc veh1cles as zero-em1ss:ons veh1cles (ZEVs) in accordance with Cahforma .
regulauons and shows: them w1th ZETO em1ss1ons Powerplant em1$s1ons are not included in the )

database Emissions for the gas turbme engines-are generally guesses. Em1ssmns levels for the fuel "

. cells are approxlmately zero, except for NO,. The. em1351ons for converting ¢oal.or natural gas to

‘methariol or hydrogen for use in the fuel cells are' ot mcluded Similarly, emissions from ethanol ,
exclude the CO, COZ, and mtrogen compounds emitted dunng growing, fertlhzmg, harvestmg,

drymg, and' u'ansportmg the crops. Em1ss1ons and leakage from tanks (. g CNG and hydrogen o

releases) are also‘ not consxdered.

’

pEcLlNEs IN EMIS.SIONSOVER TIME - |

The s1mple annual percentage rate at which the veh1cle emissions decline is based on an.extensive
review of the hteratu:e for both the veh1cles and the fuels. The decay rates are prov1ded in the
followmg table '

S ) ) National Energy Modeling System =~ _ ‘
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In general, the following factors Were 'considered.

'Electnc — A351gned zero emissions in isolation of power source therefore decay

: -,-Gasolme — Development of upgraded on-board computers for more preclse spark .
_ trmmg and fuel injection (so gasoline burns more completely and less HC's escape),

widespread use of catalytic converters that will ellmmate up to 99% of CO and NO,

‘ pollution by electronically preheating before:a car starts; consequent increase in COZ. -

R

function is also zero, "Even if power source- s included. there will be dramahc-
reductions compared to gasohne emrssrons, dependmg on fuel burned (natural gas or

T ooal) to generate power Improvements in emrssron controls at the source are expected

to keep electncrty ahead of gasolme

Y

B Electnc HybndIGas anbme —_ Gas turbine. would emit msrgmﬁcant amounts of
L pollutants SO they may ‘not need a catalytic converter Without mcludmg power .
source, the electric part would have zero emissions  (see above paragraph. ) Although s

not yet engmeered as such, turbme technology has been fully developed

Turbine/CN G— Widely used. in other applicaﬁons, with well-known emis'sions For

. passenger vehrcle apphcauons this technology will emit ms1gmﬁcant amounts of
' pollutants and may not need catalytrc converters

- ,SQI]RCES:AND'REFERENCES:

' Gasohne — Clean, hrghly eﬂicrent vehlcles such asthe M—Mﬂler Cycle engme vehicle
.-are bemg developed in Japan (Japan 21st, 1992) ' ,

o Methanol Neat — A dedrcated vehrcle has hrgher compress1on ratios, thus higher heat

and NO, than gasohne I C.E ; high level of formaldehyde (011 & Gas, Dec 1991, p. 59), )

‘high leyel of carcmogen formaldehyde (Oil & Gas, Dec 1991, P.59).

_ CN G — The cleanest running nonelectnc productlon vehicle avaﬂable today full-size

Dodge van (Frank, August 1992, p. 105). CO level is 1/2 to 1/10 lower, but NO, is

- higher due to hrgher peak combustion temperature in the presence of excess oxygen :
(Oil& Gas Dec 1991, p.59). : B

Natlonal Energy Modoeling Systom - :
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. LPG—Low CO and HC hlgherNO (011& Gas Dec 1991, p. 60): In the 1992 Ford ,

F-700 Medium Duty . “Truck, -HC and NO are srgmﬁcantly lower than their

conventional eqmvalent, Whﬂe CO em1ssrons are comparable (NREL 1992 On hne) N

. Fuel Cell/Hydrogen and Methanol — Would meet Cahformas no-emssrons X
o _reqmrements for 1994 (McCosh; 1992 p-29); cleanest emissjons of : any fuel; emissions -
- . are water and a low quarmty of NO, (SAIC/report, 1991 p 22); temperature of the

- '. electrochemmal reactlon 1s low enough to keep NO ﬁ:om bemg a problem (Romano; '
"-'1989p75) S S .

4

Productlon process reverses gains in em15s1ons, C02 & NO are byproducts of ©

o hydrogen productron (Ondrey, 1992, p. 30) LT

T3 apan in mvestmg in hydrogen-bummg vehrcles that are far cleaner than any other -
AFV (Maruyama, 1991), envuonmentally fnendly HR-X by Mazda, a prototype Wlth

" a hydrogen-burmng rotary engme developed already (Japan 21st, 1992)

Gaso]me — Upgraded on-board computers for more. precrse spark tlmmg and fuel "

aE -1nJect10n, future catalytic converters may eliinate 99% of pollutlon by electromcally
- preheatmg before acar starts (Woodruff 1991, p. 56)

Poss1b111t1es of catalytlc converters: Ford‘s 1993 Escort/Mercury Tracer models pass

‘ Cahfomras 1994 TLEV standard, Cormngs EHC prototype passes 1997 ULEV
o standard (Cogan, September 1992 ps.35); 96% HC and 76% NO, reduction comiparing
- 1992 to 1960's ‘vehicles (Frank, August 1992, p. 103), 1mprovements in refuelmg
P connectlon (Oil & Gas, Dec. 1991 p- 38) By 2003 the CAA could requlre 25% of all
. US cars to cut HC by40%, and NO, by 50% By 2006 100% of: US cars must meet !

that standard (Weodruﬁ' 1991 p. 59). -

Electnc — Dramatlc reduc’uons compared to gasoline emissions dependmg on fuel
burned- (natural gas. or coal) emissions controls at the power’ plant and’ type of
generating eqmpment 3 rank, August 1992, p 105)

Electrlc Hybnleurbme — No direct reference See relevant entnes ELECTRIC

" above and TURBINE below.

Natlonal Energy Modeling System -
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o : CNG — Consrderable improvement potential for.emissions. in three areas: fuel
metenng and mixing, lean/dllute combusuon systems, catalytic converters (Weaver,
1991, ps 4-7) ‘ ‘ * :

:0 Turbme/Gasolme —Gas turbme Would emit msrgmﬁcant amounts of pollutants, may . . .
, Dot need a catalyuc converter (The Economlst, September 28, 1991 P 95)

e, ~ Fuel’ Cell/Hydrogen —_ Hydrogen a]ready is the cleanest fuel avallable only‘
o em1$srons are water and small quantmes of NO (SAIC/report, 1991 p22)

| FUEL OPERATING cosT.

' "I'hrs section documents fuel operatlng cost in the database The output of the database is operatmg
cost for eight fuels, for nine regions, through three penétration scenarios (base, hrgh, and low), from
B 1990 to 2030; The results are expressed in constant 1990 $MMBtu. :

. The general approach is to estabhsh the current natlonal average ﬁ1el operatmg cost for each fuel.
Re glonal dlﬂ'erences are obtained using a percentage deviation from the minjmum regional price and
are assimed to remain constant over time. The sustainability of any such regional price deviations
absent government intervention (or unusually skewed tax pohcres) is questionable. T.h1s issue is
ralsed in Sectlon 2 of the. zeport. ’ ’

Pro_]ected operatng costs.are found usmg a compound annual percentage fuel pnce escalation rate\
for each md1v1dua1 fuel, for each scenano (base, hrgh, low) ' A

The inputs used to forecast fuel costs are:

’

®  Fuel operatmg cost in 1990 $/MMBtu. :
i Reglonal fuel price dlfferences asa percentage dev1at10n ﬁ'om the minimum regional -

- -
-

prices, by regron, by fuel. : -
® Fuel price escalauon, comp01md annual percentage, all fuels md1v1dua11y, by scenano

' National Energy Modoling Systsm~ o : . i
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s 'I;he approach' has-.the followrng\ad\‘ranta_g:e‘s:

' ,5 ProJected fuel pnces should be relatwely con51stent vis.a vis conventronal gasohne and

other fuel pnces
o Updatmg and. rev1smg ﬁgures based on future developments are. facrhtated

CURRENT A.VERAGE FUEI, OPERATING cosr ;

g

S Operatmg cost is denved from the current natronal average retaﬂ pncc usually given in $/gallon or
similar measure. To allow compansons between fuels, retail pnce was converted into dollars per
- energy content ($/MMBtu) Retall pnces by fuel are tabulated below '

'IfabI:e F-26. 'Average‘-_Fnel Prices; $1990

E ..REGIONAL DIFFERENCES ASSUMPTIONS AND CRITERIA

, Regronal ﬁlel pnces are calculated by addmg a percentage pnce dlfferentlal to the natronal average
retail pnces found in the precedmg ‘table. The price. drfferentrals for each region shown-in Table
F-27 are based on factors such as prox1m1ty or access to- maJor ports, production fields, refineries,

. state/reg10na1 consumer price index, adequate infrastructure, local producer and government support.

!
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These factors, assumptlons and caveats are dlscussed after the table. ' The subsequent notes raise
questlons about:the sustainability of these differencés in a national market. )

i “Tablé F-27. Regionol Fuel Price Differences

0,01
005 | 0025 |:0025 | o001 | 0025 | o | .00s | 0025 | om 1
,,,,,,,,,,,,,, 0075 | 00375 |. 0037 0 - o ‘| oot-] .0 0.0375 0.05
005 | 0025 | 0025 | :001 0025 -| -0 005 | 0625 001
005 - | 0025 | 00375 | 0025, | 0.025 0 |-0025 0 " 0.025 -
‘005. | 0025 | o0o025. | oo01.4 o0.025 0o | ‘005 .| o002 001 - ||
0.1 0.05 0025 | -001 | 0025 | 001-] . o0 0 ‘00375 ||
Yilvog 005 | 0025. | -002s | oo1 |o0025 | o | 005 | o025 0.01 “
_ Abbreviations: ) N
' NE " ‘NewEngland i
MA. - . Mid-Atlantic
SA . I'Soﬁth‘Atlantic - o - )
ENC - . EastNorthCentral . s ’
WsC.. - " West South Central .~ AR . :
WNC - West North Central . T :
MIN ° .- Mountain ) '
PAC .. Pacific. . . - B *,

" EXPLANATIONS

o Gasolilie —1In the US. ﬁa_tional market gasoline prices are essenﬁally the same.

@ Diesel — In the U.S. national market diesel prices.are essentially the same.

o 'Ethanol ~— Mainly produced from corn in Midwest states; the reglons that are part of
it, or closest to it, enjoy lower prices due to advantages such as access, convement

' transportation, and local support (i.e., state sqb51d1es, farmers interests). )

@ Methanol — Mostly imported, therefore regions enjoying i)rozdmity and easy access

National Energy Modallng System
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. 1o’ maJor ports and processing mfrasu'ucture ie., ,Los Angeles and New Orleans, would

have a price advantage. The. Paclﬁc regron also benefits from California's acute

. mterest in this fuel, i.e., special incentives from the state. Inflexible infrastructure and
' the hrgh cost of hvmg in NE and WNC explam hlgher prices in those regions.

‘ Electnclty Reg10ns w1th access to relatlvely abundant and cheap power pro duced

by hydroelectnc and coal-ﬁred power plants benefit, e.g., WNC, WSC, MIN, and

. 'ENC More-expensive power ﬁom regions wnhout low-cost foss11 fuels dnves pnces ,
. upinNE'and MA ' | ' '

- .

CNG — Proxrmrty to the rich ﬁelds in WSC and MIN' beneﬁts those regions- and _'

- ESC, WNC, ENC and PAC. "Competing imports beneﬁt areas near maJor ports ie., .
;PAC ESC The high. cost of hvmg and maccess1b111ty to ﬁelds drive pnces up in NE .

LPG — Access to competltlve imports and refineries beneﬁts PAC ESC and ENC

E Local productlon and support would benefit ENC and PAC. Hrgher transportation

costs mﬁastructure inflexibility and higher cost of living puts NE 4t a disadvantage. '

Hydrogen — - Access.to abundant raw materials, ie. 'especialljr low-cost electricity
benefits, such regions as PAC ENC SA, WSC Inﬁastructure and local support also

. 'push prices down in PAC WSC and M’IN
IMPORTANT AS IV_IPTI AND AVEATS '
\Reg10nal fuel pnce dlﬁerences may pers1st due to transportatlon costs from producing

. _.or lmportmg reglons These d1ﬁ’erences, however, are likely to be no more than
-8 05/gallon equlvalent and are generally less than dlfferences in state excise taxes.

Dlﬂ'erences in state excise ‘taxes w1th1n a reglon can easﬂy exceed d1fferences in
transportatron costs ﬁom region to reg10n ‘ '

-

' Electncrty is shown at an average price. Off peak electnclty w111 cost less and on-peak

electncrty will cost much more. IfEV sales are induced with the promrse of daytlme
refueling at the ofﬁce much hrgher charges than those shown on the table w111 apply.

Natlona! Energy Modeling System
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' PROJECTED FUEL OPERATING COSTS

]'?r_'ojected fuel dperating costs are found using a fuel pﬁce'escaiaﬁon rate, This s'ection descﬁbeé the ‘,
escalation rate m more det'ail, and provides a representative sample of the output.
FUE PRICE E ALATI N RATE

Thie escalation rate is a compound annual percentage apphed to each fuel md1v1dually The rates
for each fuiel and the assumptlons behind them are shown below:-

Table F-28. Fuel Price Escalation Rates -

Raie consistent wrth prOJecuons of orl prices based'on current and future demand, )

'20
' A output, refining capacity, etc

Mostly ﬁ'om domestlc productlon, ethanol is anet energy loser (which lmphes the
need of subsidies.to make it eompetltlve ) Assummg the cost of subsidies is
mcorporaied, and due to the cyclical nafure of the com crops, the escalatlon raie
would be the highest for all ATFs. X : .

Assummg itis produced mosﬂy ﬁ'om cheap imports without sxgmﬁcant supply
. dlsrupnons

" 3%

1% .

. Assummg most power is used during off- -peak hours when| power plants have
1% .excess capaclty Also assuming reglons with excess'capacity will compensate for
areas where i increasing capacity would be prohibitive.

1% - | Mostly from cheap; large fields in the U.S.

1% - | Mostly from domestic production.

Assuming the current trend in production costs reduction\continues, and assiming *

1%. R
i that sufficient power for production process is obtained from a reliable-source.

' SOURCES OF ESTIMATES:

- e Gasolme—Escalahon rates forpenods 1990-95 1. 3%, 1995-2000 3. 18%, 2000-
' 2005 =1 63%, 2005-2010 = 1.24 (D.O.E,, July 1991, p. 25), escalation rates dueto
reformulation: from 1990 t0 2010 a 13. 53% increase every five years (SAIC & Oil &
Gas, Dec 1991, p. 61) Fuel prices will go up as oxygenate-hydrocarbon sh1ﬁ takes
. place by replacmg aromatics Wlth ethers (Unzelman, 1991) '

'
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Diesel-'—,SAIC.‘

Ethanol — Current productlon is 1 brlhon gallons per. year; 3 to '8 billion gallons

; possrble by 2010 without exertmg strong upward pressure on feedstock prices.
Methanol—Increase_of 19.31% every ten years (SAIC & ()il & Gas, Dec 199_1,' p.60). ..

 Electricity — SAIC,

CNG - Hricrease of 29.18% every ten years'(SAIC & Oil & Gas, Dec 1991, p.60).

LPG — Increase of27.94% every ten yeats (SAIC & Oil-& Gas, Dec 1991, p.60).

" Hydrogen — Projected operating costs for five-year inérvals : $0.69 per-mile- by year

2000, down-to $0.18 by 2005, $0.15 by 2015, and $0.12 by 2020 (SAIC/report, 1990);

- the fuel is pro_]ected to be cost eqmvalent with $1/gallon of diesel in the near future
- E (SAIC/Ballard, 1992; D. 1-22); demand stimulated by the Clean An' Act (CAA) of 1994;

already there is new related mvestment, new producnon processes could cut costs by
.5-10% and i mcrease capaclty by 50% (1 e. ]:ugh temperature steam electrolizer); 80%

of productlon costs are electnmty-related (Ondrey, 1992 PP. 3 1-3 5)

FUTURE FUEL PRICES IN TE[E LITERATURE
 (In Gasohne-Gallon-Equlvalent Unless Speclﬁed)

F-74

‘ Gaso]me — $11 00 per MMBtu (reformulated) By the year 2000 (SAIC /report, 1991, .
. p.26). $1.25-1.39 bytheyear2000 (CE.C., 1989, p.11). $1 58 (D.O.E., July 1991 :
: p.25) $0.20 per gallon rise for reformulated gasoline (Woodruff 1991, p 56). $0.32

ga]lon (1990%) for gaso]me reformulatlon for $2.08 pump pnce in the year 2010;

R 26 cents: for $1.70. by 2005 (011 & Gas Dec 1991, p. 59)

* Ethanol Flex — $1-1.50 per gallon under expanded fuel ethanol program produced

from corn (EPA, Apnl 1990 p i).

- Ethanol Neat — $17.70 per MMBtu byyear 2000 (SAIC /report, p.26). $2 33 by year

2000 (CEC 1989 p. 11)

. National Energy Modsling System -
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. ‘Methanol Flex — $1 01-1. 14 estabhshed market w1th guarantees. $1 14-1.35 with
few guarantees (O T.A., 1990, p. 76) $1.39 by year 2000 (C. E.C., 1989, p. 11) $2. 79 '
. (Orl & Gas, Dec 1991 p 60) ‘

, Methanol Neat—- $o. 55-0 83 wholesale per gallons of methanol by years 2004-2007 .
'(CRS,1989;p. 16) $1.35-1.75 by 2007 (APIL, August 1989, p.10). $14 50 MMBtu -

by year 2000 (SAIC /report, 1991, p.26). $1.29-1.37 durmgatransmon phase with
strong market guarantees,$l 61-1.81 with few' guarantees. $0.89-1 09 for an h

established market, with strong guarantees $1 02-1 27 w1th few guarantees‘

oo (O’I‘A 1990, pp.75-6).

' Electnc — $IS 00 MMBtu by year 2000 (SAIC/report, 1991, p. 26) $l 31 by year
" -. 2000 (C E.C., 1989, p. ll) $5 28 or 15 cents kw/hr if produced wrth nuclear power
. (0il & Gas, De0199lp61) ST R : :

CNG — $9.60 MMBtu by year 2000 (SAIC/report, 1991 p 26) $O 84 by year 2000 .
(C. E C 1989, p 11). $2.16 (011 & Gas Dec 1991, p 60) )

LPG— $0.98 by year 2000 (CEC, 1989,;p.11). , $r.29 (011 & Gas, Dec 1991, p.60). '

“Fuel Cell/Hydrogen — $O 18 per m11e (SAIC/report, 1990), below $2 00 if, -
substantial 1mprovements can be made in photovoltarc technology (0.T.A.,1990,
p- 129) $3. 50 if nuclear power costs 15 cents kw/hi (Oil & Gas, Dec 1991, p.61).
$0. 10 per m11e year 2030 (SAIC/repott, 1990) More eﬂicrent solar energy technology”
" (substantially above 30% today) is needed to produce hydrogen by electrolysrs (Tyler,
' ’1990,p 20); research into photochemical and photovoltarc conversion (Gross, 1992, ‘
p.74; & Hodgson,-1991, p- 58); pré and post-reformers to increase capacity of ex15t1ng
hydrogen plants, boost ylelds no major changes iri existing basic technology (Ondrey,
) 1992, pp- 31-35). Efﬁclency improvements in the production of hydrogen can.be
expect to reach 70 to 90% once improved electrolys1s methods are developed (Tyler,
1990, p. 20). Promrsmg production methods ‘may bring hydrogen closer to gasoline's
productron cost, e.g., photobiological and photochemlcal conversions (though the
latter's theoretical maximum efficiency is 32%)(Hodgson, 1991, p.58); hydrogen is the
" most likely main energy source replacmg oil i in all applrca’aons in the 21st century

('I‘empleman, 1991 pD- 60 61)
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FUEL AVAILABILITY. -'

" This section docmnents fuel avarlabrhty in the database The output is-fuel avarlabrlrty asa percent '

"-of gasoline avarlablhty for eight fuels, for nine reglons, from 1990 through 2030, through three'_
- penetratron scenarros (base, hrgh, low) ‘ '

o The general approach is- to determme current and ulfimate fuel avaﬂabﬂity as a percentage of
) gasohne availabrhty (assumed to .be 1). A number of- current fuel avarlabrhty factors were '
. considered in creating a percentage index for each fuel. Pro_rected availability is determined by
changes in these factors over time, which are: represented by an exponential rate of closure inthe
- current avarlabrhty gap between gasolrne and-each of sevén alternatrve fuels. The rate of closure o
' changes for each of three penetratron scenanos (base, hrgh, low) e

The data reported in thrs sectron are uncertam and of questronable usefulness due to the uncertain - -
K specrﬁcatron of availabrhty in the model The values reported in this sectron must be read in the
light of the subsequent extended comments on modeling problems related to fuel avarlabrhty .
- The input's'u'sed to forecast ﬁlel availability are: -
. o Current regional fuel availabrhty factors asa percentage 'of gasolme avarlablhty, for
S all fuels. c - ‘
- ®.  Fuel avarlabrhty growth factors represented as an exponent1a1 rate of closure in the -

availabrhty gap

The approach'has the following‘ advantages: i

. ° Pro_]ected altematlve ﬁ.lel avaﬂabrhty index values should be relatrvely consrstent vrs '
avis gasolme and other ATF availability indices. . :

» Updatmg and revrsmg ﬁgures based on future developments are facrhtated

CURRENT FUEL AVAILABILITY . . ./
" Current alternat:ive ﬁ.r_el"availability r'egional dift’erences are expressed asa percentage of gasoline

: R . Naﬂonal Energy Modellng System '
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avatlablllty in fhe base year 1990 as shown in the followmg table Important lnmtauons on these )
-values and thelr usage are subsequently dlscussed

N

" Table F-29. Base Year (1990) Fuel A{zailabmty, by Region

,FUTURE AVAILABILI TY

... Changes in mﬁastructme and other growth factors that are demanded by an econom1ca.lly significant -
.. ATF are, discussed in ‘this secnon, along with pertment assumptlons and caveats.

Future avallab1l1ty is determmed by changes in the reglonal avarlablhty factors outlmed in the
prevrous section. Such changes affect the dlﬁ'erences between. gasoline and gach ATF, so they are
represented by an exponenttal rate of closure of the avatlab1hty gap between gasohne and each ATF

GASOLINE INFRASTRUCTURE AND QTHER GROWTH EACTORS."

_ There are roughl); a million gasoﬁne statio'ns in the lJnited States at the- present time. Forany ATF
to be accepted by the public a certain threshold of avallabmty must be reached (as1de ﬁom econom1c
and other consrderatlons) Attaining the threshold level would require govemment ‘and pnvate R

' mvestments in mﬁasu'ucture in the order of tens of bllhons of dollars in a very short time. It would

also exclude the possibility of havmg more than one or two competitive different fuels at one time.
"I'he infrastructure required would vary consrderably from fue] to fuel. The implications are explored

- National Energy Modeling System . L ) C
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- -for each fuel be‘low..' ’

e . “Ethanoland méthanol — a large proportion of the existing equipment could be easily
o adapted asthese two fuels have obvious physrcal similarities to gasoline, i'e., use same

. pumps and dispensing equlpment. ‘However in the case of methanol its corrosive

" nature Would demand upgradmg the system'sreservoirs and p1pes There are-additional

: expenses assoc1ated with drﬁ’erences m water tolerance and fuel contamination, ﬁre, N

'and explosron hazards ) ' ‘ ‘

e CN G and LPG — there isa small infrastructure capable of handlmg veh1cle fleets
o "successfully Both fuels are, and wﬂl contmue to be attractive for the vehicle fleet
.subset, because a central refuehng site can serv1ce the entlre fleet.- However, for -
pnvate passenger cars, adaptmg a single existing gasohne serv1ce station would reqmre

@ mlmmum of $250,000 for a compressor. Stch.a pnce tag would rule out a wide |

- distribution network for passenger vehicles unless there is some govemment subsrdy

o Electnclty the extensive ex1st1ng electncrty mfrastructure should be capable of
. servicinga large number of vehrcles in terms of ‘megawatts of oﬁ'—peak capacrty On-
- peak demand would cause masswe cost and ava1lab111ty problems Moreover, since :
long refueling time would make service stauon refuelmg 1mposs1ble, costly, adapters .
) . Would have to find a place in every user's household

e  Hydrogen — although there is'an almost hmltless supply of raw matenals (e 8.,
water), there is no ex1st1ng mﬁ-astructure for the dlstnbuuon of hydrogen Hydrogen s

~ low mass makes it expenswe to store since it rust be: hqurﬁed or, bound to other

" substances. .For these Teasons reachmg the necessary threshold level Would mvolve a
much h1gher price. tag than for other ‘ATFs. '

- - g

EXPONENTIAL RATE OF CLOSURE . L .
The growth factors' descnbed above were used to determme the exponentlal rate of closure in the -
availability gap between gasolme and each ATE, for each penetratlon scenano Assurnptlons and
' caveats in add1t10n to the ones’ outlmed above are prov1ded after the table

) . : . National Energy Modellng System
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Table F-30. Availability Gap Closure Rates, By Scenario -

| 'ASSUMPTIONS ANo,cAVEATS' |

e Accelerated exponenual rates in all penetranon cases, espec1ally in'the hrgh case, such
that a common market would appear ] inthe Umted States wrthm fento twenty yeats.

The market arrival time span for each fuel was calculated based on each fuel |
individually w1thout any other ATF challenger. Such a individual competltlon .

, approach is inconsistent wrth the model spec1ﬁcat10ns. ‘

* Regmnal dlﬂ'erences in avallablhty are h1ghly unllkely in any natlonal market, though
they can’ exist initially.

e Even though regronal fuel pnce dlfferences may persrst due to- t'ansportatlon costs
from producmg or importing regions, ava11ab1hty d1ﬂ‘erences cannot, and ‘will not .
_persrst if a national market develops '
S It is not clear what consututes avallablhty for EV's i.e., whether refuehng time refers
to rechargmg batteries as opposed to swrtchmg them Therefore arbltrary assumptions ,
have been made for this category ‘ -
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‘,.VEHICLERANGE T

SPECIFIC REFERENCES AND SOURCES

PoA

. ® \_ | ‘Gasolme — Reformulated gasohne may requrre $20 to $40 brlhon in upgraded.
" refineries (Woodmﬁ‘ 1991, p56) ' ' ~

| 0 i ) Methanol — Cannot be mtegrated into- current distribution system wnhout modrfymg |
) the system water tolerance and fuel conta.mmatlon, matenals compatrbrhty in storage -

 and drstnbuuon systems, ﬁre and explosron hazards (A PIL, September 1990, p. 27) '

e _ CNG ngh pressure compressors cost $250 000 each (Woodruﬂ’ 1991 p 57)

. . .. LPG—There are 10, 000 propane refuehng statrons mthe Umted States (Frank, 1992
2 106) : ,

' 0 _ : Hydrogen —_ Supply of Hydrogen (Frank, August 1992 p 106)

N

_' -.Thls section documents vehrcle range in the database The output of the database is veh1c1e range -.

in m11es for sixteen technologies for three vehrcle srzes, through three penetratron scenarios (h1gh,
low and base) from 1990 through 2030 ' 3

The general approach isto estabhsh range (deﬁned as, average current mrles between refuehng) for' '
a small vehicle, through an extensrve literatute search. The findings are-used as base range: ﬁgures‘ ‘

.. 10 derive the other two veh1c1e s1zes (e.g., large and medium) using a range credit or penalty. The -
' credrt/penaltyrs expressed as a percentage that lowers the base small vehicle range. Proj ected range .
_ is found by applying ‘an annual srmple percentage gain on the base current ﬁgures for each*
: technology : : :

Thus, the inputs used to forecast vehicle range are:,

© e Miles between refueling t‘or small cars in 1990, for all tech_noIOgies.'

: . ] : National Energy Modeling System
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o« Range_c'redit ;,;penaty' for mid-size and large cars.in'1‘990,‘ a,l_l‘fue‘ls.
‘. Annual srmple percentage gain in range by vehrcle type to 2030

B "lThe results are dlsplayed in m11es for- all vehlcle-fuel types from 1990 to 2030

'CURRE[VT \_/EHICLE RANGE

' Thrs sect:lon describes: current vehrcle range. For each technology, the base small vehrcle range in
1990 is based on the average number ‘of miles between refuelmg found in the hterature These

' ﬁgures are shown in the followmg table, which also features the range credit or penalty for vehrcle :
size. The. credit is expressed asa percentage rangmg from -10% to -15%, for mid and large srze

: vehxcles respectrvely Sources for these ﬁgures are prov1ded at the end of this section.

R

Table F:31. Curret Sl Vehicle Range and Size Range Credit

10.00% -15:00%
“400 . | a000% | .1s.00%
260 - | - -.10.00% Caso0% ||
235 .0 | a000% | - -15.00%. " '
Co0 T _-1000% |- 15.00% 7 ||
16 .7 | -1000% 15.00%.
w00 | 00w | -15.00%
a0 ", -10.00% . -15,00%
..................... 20 -1000%. | -15.00%
00 -10.00% ' .15.00%
I 25 - -10.00% . -15.00%
" 300 . | -10.00% - -15.00% -
" irbine/CNG & Gasolin Co10. ~-10.00% -15.00%
' 100 - , © -10.00% -1500% -

: " Natlonal Energy Modellng 'System . -
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SPECIFIC REFERENCES AND SOURCES: (Range in Miles)

F-82

' 'Gasolme i 424 (U.C.E.T.F. 1990 . 40)
:Dlesel — 488 (U.C.E.T.F. 1990 p. 40)
\Ethanol Fle'x— 331 (U;C.E.T .~F., 1990, p.40). .
o Methanol Flex —350 for 1991 Ford Taurus 4D sedan, 400 for 1992 Ford Econolme
"van (NREL 1992; on lme), lower range than- gasolme s by 40-43%, by 1995. 38-41% -
®. O .E. August 1990 p 13); 292 (U.C.E.T.F. 1990 p 40) T .

' 'Methanol Neat—-265 (U.C.E.T.F. 1990 P 40)

3 . Electnc — 120 for 1992 GM Impact (G M. Impact, 1992), 100for Ford small van -
- (NREL 1992, on line); Pb-acid battery 44, N1Fe 90, NaS 207 (D OE,August '

1990, p. 13),100 (UCETPF, 1990 p.40); 340-at. 25 mph for Tokyo Electnc Power, ;
prototype (Gross, 1992, p. 74) . . : Cae

‘Electnc Hybnd/Large I C.E.—250 for 1993 Ford small Van (NREL 1992 on line); )
40 for electnc engine extended 1 range gasolme i.ce. for the LA301 by Intematlonal "
;Automotlve De51gns (The Economrst, September 28 1991 pp 95 96) ‘

_, | Electnc Hybnd/Small L C E — 300 for GM‘s HX3 gasolme prototype, 40 lalowatt j |
_ generator to recharge its own battenes (Woodruﬁ’, 1991, p- 59) - ‘

CNG —_ 200 for1992 GMC medmm-duty truck (GM Natural Gas Powered, 1992), - ’

- 200 for 1992 Chrysler Dodge B-senes van/wagon NREL, 1992, on: line); 1990-95
' lowerthan gasohne by 61% (D O.E. ,August 1990 p-13); 106 (U.C.E.T.F. 1990 p40).

-

LPG— 34 (U.C.E.T.F. 1990, 40)

' Fuel Cell/Hyd¥ogen — 300-500 with electric engine and improved storage, i.. liquid
. or absorption process (Rouse, 1991, p.15); 190 for BMW's liquid-hydrogen storage
" vehicle; 75 for Me‘rcedes-hydracide vehicle (Roman'o,'1989, pp.60, 61). -

/
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. ,PRo;J‘EcrED VEHICLE RAIlIGE'"

, Pro_]ected veh1cle range for all technolog1es is found by applymg an annual srmple percentage gain
to the current base for each technology.” The annual gain is assumed to.be 1% because most
1mprovements in technology apply equally to all fuels, i.e., reduce air drag advanced body maienals
- Itis alsoassumed that there will be similar advances in areasthat aré not shared because the ratrona.le
- for mvestment inR&Dis, the same regardless of fuel technology, i.e., fuel reformulatlon, engme
enhancements Market penetratmn does not affect the annual gam, therefore, the rate of 1% is vahd

forall penetrahonscenanos : o S R

AF. (Altematlve Fuels), MWM 1991.

AFFES. (Alternatwefuel FleetEvaluauon System), ata Summ m§m, On-lme, Crty&CmmtyofDenver, Depamnent .
’ 'ofHealthandHospltals 1990. - o : R S L
" APL (Amencan Petroleum Instltute),. ‘. hn Di 'd ervr tation Margins: n ssessment of E}";A

' &mummaum_nsmy#oss September 1990. -

) A.PI (Amencan Petroleum Instltute), e of ltemairv Fu 1 Use: ituting Methanol for Gasoline, Study
#047, August 1989. - L .
 Bunch, et. al., Demand for Clean-Fuel Personal Vehicles in California: A Discrete Choi Preference Survey, UCL-ITS-

WP-91-8, ISSN 0193-5860, and UCD-ITS-RR-91—14,,Uni\;ersity of California, Davis, December; 1991.
CARB. (CahfomxanrResources Board), Regulations for Low-Emission Vehicles and Clean Fitels: Technical
'§_ungg_r_§ Dggumeng August 1990. S - T - . :

C.E.C. (California Energy Commission), AB 234 Repog-g;og and Availability of Low Emission Motor Vehicles and Fuels- -

’ Update.-Los Argeles, August 1991, o

C.E.C. (Clifornia Enérgy Commissiori), Hydrogen-Fueled Vehicles: Technology Assessment Report. June 1991.

Cogan, 'Ron, Al ive Fuel Vehi ’l . Pr f Frenetic Engineeri Motor Trend, Vol.44, No.8, August 1992.
Cogan, Ron, Tr gngg, Env:rgnmgng Report, Motor Trend, Vol 44, No.9, September 1992,

CRS Report for Congress, g,h,agg gl; Em omics and Imnlementaggn—A Rev1ew of Current §tud1es 1989

-

D.O.E. (Deparl:ment of Energy), ment- f o and Be efits of Flexible and Altemanve Fuel Use in the S.
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. M@M_Q&me 1988

-

" . 'D.OE. (Department of Energy), 1t of ¢ Bene Flexible and Alternative Fuel Use in the
wm@mm SEAL S

D. O.E (Department of Energy), ssment of - ne f Flexible and Alternative Fuel Use in the

. MSLMM&DMJNY 1991

-

D. O.E (Departrnent of Energy), of s and B neﬁts f Flexible and_Alternative Fuel Use in the
T n Sector: T IR May1992 '

. ; s a Vehicle Fuel, Special Report,
: 0fﬁce ofMoblle Soums v°11 Apnl 1990. o

'EPA, Analy§1§ of the E@ngmrg ggg Envrrgnmgm g& gfg mp_resggd le @g g§ a Vehrgle Fue Specral Report,
Oﬁce of Mobrle Sources Vol2, Apnl 1990

~EPA, nalysi V hicl F Speclal Report, Oﬂice of Mobile
'Sources April 1990 Clo

© 'EPA,

Vehicle Fuel Specral Report, Office of MobrIe
Sources: Septeriber 1989. . .
Frank, Len & Dan’ McCosh, MMMMMM& Popular Solenoo Vol 241, No.2, August
1992 o

~“

. G.A.O (Umted States General Accountlng Oﬁce, ltgngm Fuels: Ih'm.ing Eederal Procurement of Alternative-Fueled

Vghlglgs, GAO/RCED-91-169 May 1990

: General Motors, Mﬂg (Brochure) 1992
_ General Motors, Wﬂﬂ.ﬁh& (Brochure) 1992
General Motors, mmmr.&m 1992

Gross, Neil, MLM Busmess Week, Februa.ry 24 1992

Haggin, Joseph, n_mmmw_&ﬂmﬁmr Chemlcal & Engmeenng News, '

- April 27, 1992.
‘ -Hodgson, Gregor, W Far East Economrc Revrew, Apnl 4, 1991
Interagency Commrssron on Alternatrve Motor Fuels, Errﬂ Im_enm RQQI_‘I ofthe LCAM F, 1990.

’ Maruyama, Tsuneyoshl ngelopmg Envrrgnment Fnendly Autgs Tokyo Busmess Today, January. 1991
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" Attachment 3 LDV Stock Mo.d‘ule:

Fusl Bconomny Gap Estimation -

o INTRODUCTION R

' 'Thls attachment presents long-term pmJectlons of the fuel efﬁcrency degradauon factor for.

automoblles and hght-duty trucks The projections are based on the analysis of'i 1mportant trends in

dnvmg pattems that affect fuel economy These trends mclude the increase in urban share dnvmg, :
‘ urban congestlon, and highway speeds.. “The projections.are developed for the penod 1990 through
2030 ~This appendix also outlinés other efforts to project fuel economy dégradation factors32 . .

éAcKGRoUNo

A dlscrepancy exrsts between automotlve fuel economy as measured by .the Env1ronmental R
- Protection Agency (EPA) under controlled: laboratory condmons and the actual fuel efficiency: )
" observed under real "on road“ conditions. Pubhc and private orgamzauons such as the Department«

. of Energy (DOE), the Envnonmental Protection Agency (EPA), Ford Motor Company, General
~ Motors Corporauon, andMltsulntshl Motors Comoratlon have conducted independent research on o
fuel economy, in the past, conﬁnmng this dlscrepancy 3 The fuel eﬁicrency degradation factor (also '
" known as "the gap") measures this d1screpancy and is defined asthe difference between on-road fuel

_ economy and EPA 'tested fuel economy. £ When fuel economy is expressed in terms of m11es per )

gallons (MPG), the degradatlon factor or gap 1s formulated as::

32 This append;x lS taken from a report which was prepared by Decision Analysis Corporauon of Virginia (DAC) for the Energy

Demand Analysis Branch of the Energy Informatlon Admm1stranon (E14), under Task No. 92010, Subtask 1, Contract No DE- .
L ACOl-92E121946 .

[

3 Davis, S. and Morns, M. Oak Rldge Nanonal Laboxatoxy, @mgﬁaugn Eng;gy Data Book: Edmog 12 ORNL-67 10 (Edruon
12 of ORNL-5198), p.3-9,March 1992 ) .

o Wostbrook, F. and Patterson, P Changmg Dnvmg Pafterns and Their Effect on Fuel Economy, presented May 2, 1989 at |
" the 1989 SAE Govemment/lndusuy Meetmg, Washmgton, D C L
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" - app o EPA Test MPG - Cn-Road MPG

IR EPA Test MPG T
‘ On-road ﬁ.lel eﬁ:'lclency depends on several determmants ‘which'can be classrﬁed into technolog1ca1
i factors, driver behavror and habits, dnvmg trends, and road-and climate conditions. Furthermore,
the magmtude of the  gap between tested fuel efﬁc1ency and on-road fuel eﬂicrency depends on the

' specific procedures and condltlons used durmg the test and the closeness of the formulatlons used
T o represent real dnvmg condltions ] : '

L

S EPA fuel economy eshmates for c1ty and hlghway dnvmg are pubhshed every year for each new

" model aviilable in'the U. 835 These MPG estimates-are obtamed based o vehrcle tests performed
under contro]led laboratory condmons and thén adJusted downwards to reﬂect actual dnvmg
condmons Separate tests are used to generate the city and hrghway MPG estrmates

t .

‘The EPA c1ty fuel economy estimates are based ona test. that s1mu1ates a 7 5 mﬂe, stop-and-go tnp‘

. withan average speed of 20 mph. The trip lasts 23 minutes. and has 18 stops About 18 percentof

; the time is spent 1dlmg such as ‘waiting for traffic hghts or in rush hour traffic. Two types of engine
starts are used: acoldstartandahotstart. The cold start is s1m11arto startmgthecarmthemormng
after it has been parked all mght. The hot start js-similar to restartmg a vehrcle after it has been E
o warmed | up, dnven and stopped for a short tlme : U o

_ "I'he EPA hlghway fuel economy estlmates represent a mlxture of. "non c1ty" dnvmg Segments
correspondmg to deferent kinds ‘of rural Toads and interstate lnghways are mcluded ‘The test -
sxmulatesa 10-m11e 1rip and averages 48 mph. ’I'he test.is run from hot start and has litfle 1dlmg time -
and no stops - : : :

EPA adJusts these laboratory fuel economy esumates downwards to reflect actual dnvmg on the foad- '

" conditions. Tn the 1992 Gas Mileage Guide: EPA Fuel Economy Estimates the city estimates are
lowered by10 percent and the highwdy estrmates by 22 percent from the laboratory test results ‘

'~ These ad_]ustment factors represent the EPA estlmates of the fuel efﬁc1ency gap for both city and ,
h1ghway dnvmg ' --"'-'§ - : . :
Co _ Fuel:.economy canalso be represented by a composite number that combines city and highway .ﬁ.r'el '

-

L BOWAMMLMDOHMIMO |

- . . ’ Natlonal Energy Modellng System o
F'-fss\ Lo Transpomtlon Model Demand SGctorDocumentatlon Report R



- e_conomies. EPA computes composite fue] economies using the foliowing formulation:

SR : e
EPA Composite MPG =’ 0.55 o+ 045
. - | MPG, - MPG,
‘ '\;vhe'fe':: ’ . e
: MPG, = Miles per gallon for city driving
MPG,, = Miles per gallon for highway dri{ring
EPA's comp051te formulation is developed based on 55% city dnvmg and 45% hlghway dnvmg
. This formulauon, combined with the EPA city and mghway fuel efﬁc1ency gaps, leads to a'base
; 'composne MPG gap for all new vehlcles of 15° percent :

Prev10us attempts at estlmatmg the base ﬁ1e1 efﬁclency gap have been made In 1978, McNutt et
-al., measured the gap for model ‘year 1974 through model year 1977 cars. The resulting estunates B
of the gap were betweén 6 and 9 percent.“ In 1984, Hellman and Murrel estimated’'a composite.
MPG gap of 15 percent.37 More recently in 1992, Oak Ridge National Laboratory (ORNL) reported,_ ,
composite gap estlmates that apply to all automobﬂes and light trucks in operation.®* The ORNL
~ base composite gap estlmate for all automobﬂes in' operation: pre-1974 to 1989 was 15.2 percent. .
The ORNL gap est;_mate for light trucks in operation pre=1976 to 1989 was 28. 3 percent. For this .,
. analysis, ORNL used EPA tested fuel economy data Which was verified by the National H1ghway
' Safety Admmlstratlon (NHT SA) These data were compared against on-road fuel economy data .
from (1) the Federal nghway Admmlstratlon (FHWA) Highway Statistics 1989, (2) the Department
. of Energy, ‘Energy. Informatxon Admm1s1:rat10n, 233 Residential _Transportation Energx

' Qg mptlgn Survey (RTECS) and (3) the Burean of the Census 1987 Census of Transportanon, ’

o _MMLIEWCTNS)

', Very few attempts to forec_ast 11~ends m the fuel economy gap are atzaﬂable. In 1989, Westbroolg and

% SAE 780037
¥ SAE 840496

- 3 Davis, S. and Morris, M., Oak Rldge National Laboratory, m@ Energy DataBgok Edition 12, 0RNL-6710 (Edmon
12 of ORNL-5198), P. 3-9,March 1992, . . ] .

' Maples, John D., and Plnhp D Patterson, "The Fuel Economy Gap for All Automobxles and Light Tmcks in Operanon, Draft,
o Washmgton, DC, 1991 ‘ ‘

‘National Energy Modellng System . )
" Transportation Model Demand Sector Documentation Report - oo

F-89



Patterson analyzed trends in dnvmg pattems and produced forecasts of the ﬁrel economy gap for the
year 2010.2 3 Their results indicated- a composrte gap 0f29.7 percent for automobrles for the year S
"2010. Tl:us combined fuel efficient gap corresponded to a city fuel efﬁcrency gap of 23.5 percent
~and a hrghway fuel efficiency gap of 30.5 percent Orgamzatlons such as Data Resources .
Incorporated (DRI) and Wharton Econometrics Forecasting Associates (WEFA) use values for the
degradatron factors that remam constant over their forecastmg honzon. The Department of Energy
(DOE) and the Energy Informatron Admrmstratron (EIA) in the 1990 National Energy Strategy
(NES) pro_]ected the fuel eﬁicrency gaptoreach 30 percent by 2030 in the NES reference case.” The
" proj jected gap for the High Conservation and the Very High Conservation cases of NES were 25 and

20 percent respectlvely ‘Also, EIA in the AnnuaJ Energy Outlook 1992 (AEO) pro_]ected the fuel
: efﬁc1ency gap to mcrease from 20 percent in 1990 to 25 percent in 2010

~ An ongomg effort’ by DOE's Oﬁice of Transportatron Technologles in conJunctron W1th the

. 7' Umversrty of Tennessee is focused on forecastmg the ﬁJel efﬁcrency gap for automobrles and light.

duty trucks. through 2010. “This work considers three scenarios based on drffermg assumptlons
N about urban shares, hrghway speed, and congestron trends C L - o

Thrs attachment presents mdependent proj ectrons of the fuel efﬁcrency gap to the year 2030 for two ' o
vehrcle types . y .
' lj‘ Automobiles, and N
" 2) ’Light Duty' Trucks _ T

_The projections are generated based on the analy51s of three 1mportant trends in dnvmg patterns that
affect fuel efﬁcrency These factors are: . - . : )

I} ‘in‘creasing urban share of vehicle miles‘travel_ed;
2) . increasing average highway speed, and . -
3) - increasing level of urban'highway.congestion. L

z

. ® Westhrook, F. and Patterson, P, "Changmg Driving Patterns and Their Effect on Fuel Economy, presented May 2, 1989 at
the 1989 SAE Government/Industry Meetmg, Washmgton, D.C. .

4 EIA, nergy Consumption and Con: g'_v_a_tlon Pgtent@ §1_xpmrung Analygg forthe Natlona] Energy Straten, SR/NES/90 02

Service Report, p. 89, Washington, D C December 1990.
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Iniﬁa]iy,"forecasts for each of these factors were developed based on two different growth: scenarios:
- 1)': _‘ Logfsﬁc Growth, and ST
. 2) _ Linear Growth SRS

Thesé scenarios are fully described as follows, using urban share growfh as an exa'rﬁple: '

- Logistic Approach -
Fi 1gure F-l shows the h1stonca1 urban share’ of automobile VMT dnvmg ﬁrom 1972 through 1990
anda loglsuc curve fitted to the historical penod and extended through the year 2030. The log1st1c ~

" share valies are developed based on'a loglstlc ftmctlonal form ongmally formu]ated by Flsher and
Pry 4! and. defined by : . :

Bl '\ . U
U . I
f; =
R 1 + e—(a+ﬁt)
3 where:
£, is the urban share ii year t,
'f.;,U , is the urban share asymotoﬁcﬁmi't,ézahdﬁmpéxan;eters'ofme ]qgisﬁé‘ curve defined by: .
U U U
b ,(X'= ln[fo /(fm "f() )],
b ULLU U -
B = (1/h nlt. +£,) [ £,],
where:

f v is the base year urban share, and
0 e base year u|

4 Flsher J.G. and Pry, R.M.' A Simple Substltuuon Model of Technology Change." Technologgcal Forecastmg and Social
Change, Vol.3, pp.75-88, 1971. .
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X _jf: .

nY . isthe halying.factor for the logistic curve. The halvmg factor is the time required from the base year for the
: '.urban share‘to reach theAmidpoint betw,eeh its base year value and its asyrnptotic hmrt. S

* - The logistic curve in Flgure F-1 represents the curve that best ﬁts the historical data on urban share i

i _ selectmg a base share year. These two parameters are-the asymptotic limit and the halving factor. .

for the 1972-1 990 penod ~This curve-is generated by assuming two logrstrc parameters and by

The asymptotrc limit represents an upper limit to the growth of thé urban share. The halving factor

. isa measurement of the time needed for the share to’ reach this upper limit. 'Ihe values for both

parameters are specrﬁc to the best fit curve and they are determined using.an iterative approach )

g ‘which minimizes the sum- of the squares of the difference between the historical shares and the

. log1st1c estlmated shares

.

} LihearApproach.:- T

C Ifitis assumed that the urban share w111 continue growmg ]mearly, the 1mpact on the fuel eﬂicrency

gap differs. Frgure F-2 shows the historical urban share of automobrle VMT driving from 1972. )
_' through 1990 and both a logrstc curve and a strarght line, fitted to the hrstoncalpenod and extended
- through the year 2030, The lmear share. forecasts developed by s1mple regressron are consrderably L

~

larger thanthose resultmg from the logrstrc functlonal form

" The bo'nclusiohs of the report-noted that the logistic approach seemed to yield a more realistic
- pro;ectlon of the gap. This was based largely on mtmtlon, as the loglstlc approach can account for - .|

* . constraints which the hnear approach cannot. As a result, loglstrc data were used in formmg the o
‘model and-are presented herem. S : - & 2

A total of two sets of pIOJectrons were generated for each of the veh1cle types, factors, and. scenanos '
The first was based onthe assumptron that all urban dnvmg is city dnvmg and all rural dnvmg is
'hrghway dnvmg 'Fuel economy- gap projectrons generated in the past are based on such an’

assumptlon, as it makes the gap calculations consrderably easier. However, the assumptron -

- oversrmphﬁes reallty since some of the urban driving is on mterstatehlghways and other ﬁ'eeways
" locatéd in urbai areas, and some of the rural driving includes stop-and-go city type of driving: The '
a .second set of pr03ectrons were generated takmg into con51deratron the decomposmon .of utban and

" ‘rural dnvmg into city and hrghway dnvmg according to road typés. -This adjusted c1ty/h1ghway

driving share approac_h was deemed more realistic. " This is due to the fact that such an ’approach

more closely resemble_s actual driving behaviour and conseque'ntly ayoidsl' the restricting assumption

. e

Naﬂonal Energy Modellng System - ’ .
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f

V.'.that urban dnvmg is equal to crty dnvmg and rural dnvmg is equal to hrghway dnvmg As such,
,only these calculations are mcluded in this attachment. :

' The decomposition is based on road types. 'l'hus, 'VMT driving on roads identified as "interstate™
.and "othier freeways and eXpressways" in urban areas are considered part of the highway drrvmg'
" share. Other road types located in urban areas are consrdered part of the crty driving share. In
'addmon, VMT drrvmg on roads deﬁned as "minor collectors" and "local" in rural aréas are classrﬁed
' as city 'driving whrle the rest of the road types in rural area are considered hrghway dnvmg
" Although this road classification does not exactly rephcate reahty, itisa closer representatron of the
actual crty/hrghway dnvmg composrtron. ‘ g -

g Approxrmately 63 percent of total 1990 VMT consrsted of dnvmg in urban areas and 37 percent in
. rural areas. 68 percent of the urban VMT is consrdered city dnvmg and 32 percent hrghway dnvmg
" In rural areas, 17 percent is considered city. dnvmg and. 83 percent lnghway driving. This.

composrtron represents overall crty and hrghway dnvmg shares for 1990 of )

; CitY'Shar'e:.- %
Highway Sharei l_ -50.9 %"’

These adjusted city and hrghway shares are the bases for the calculations of the fuel eﬂicrency gap

- projections in this chapter. The impact on fuel eﬁicrency, from each of the three factors considered
.in this study, is affected hy these adjusted shares. The i impact from the i mcreasmg urban share trend
i$ diminished since only part of the urban share (68%in 1996) is-considered city share. The 1mpact -
from mcreasmg highway speeds is amphﬁed since hrghway driving in both urban and rural areas is
considered. Fmally, the impact from increasing urban highway congestion is dnmmshed since only
part of the urban share is considered highway driving. The resultmg fuel efﬁcrency gap projections
' for automoblles and hght duty trucks usmg the Iogrshc approach based on these adjusted shares wrll
~"be presented : -

. i National Energy Modeling System .
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i Increasing Urban _S_Ira(e Driving f
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L}

FUEL'EFFICIENCY GAP PROJECTIONS

" This section outlines the three trends which are assumedto affect the fuel .efﬁcie'ncy gap estimates
_ of the EPA. Tt then presents the proj ectlons of the fuel eﬂicrency gap which have been utrhzed in
._the NEMS Transportatron Sector Model. T _ _ -

‘J.. .

A reviefwiof the data ﬁ:om the last few decades on VMT for both automobrles and hght duty.trucks -
. reﬂects a continuous mcrease in the share of urban dnvmg 2 For automobiles the urban share

" mcreased from 45 4 percent m 1953 t0°62.9 in"1990. Flgure F-3 shows the’ h1stoncal urban share . .,
o of VMI‘ for automobrles Th1s represents a38.5 percent increase in 37 years, or-an average annual

rate of increase of 0.88 ‘percent. For hght duty trucKs the urban share mcreased from 39.5 percent

in 1966 to 55.4 in 1990. Frgure F-4 shows the historical urban share of" VMT for hght duty. trucks. -
Tl .Thrs represents a 40 3 percent increase m 24 years or an average annual rate of increase of 1 42‘ n

percent.

W‘estbrook and Patterson investr"gated the reasons for this increase in urban share by analyzmg the "~
: data for the period from 1975 ‘through 1985. * Their results indicated that the major reasons for this '

mcrease are the larger ﬁ'actron of travel in urban roads and a larger ﬁ'actlon of roads bemg classified

- L.as virban. P0pulatron shifts to urban areas and dnvmg shifts within metropohtan areas account for
' _the larger fractlon in urban dnvmg which was estimated to be the cause for 58 percent of the incréase .
;" in urban share. The other 42 percent increase was determined to be the’ consequence of the

reclassrﬁcatron of roads from rural to urban. Any area reclassified by the U.S. Bureau of the Census '

| ‘from rural to urban results in the reclassrﬁcatlon of all roads (regardless of the type) as urban

_, Forecasts of the shares of urbanand highway dnvmg are necessary in order to forecast the change o

in-the fuel eﬂ”:iclency gap ‘due to changes in dnvmg shares Iti is very drfﬁcult to draw. conclusrons' T

- about the increasing trend in urban driving: Nevertheless, it can be expected that populauon shifts
to urban areas will continue and that future land developments will force - '

/ .

|

° Data on VMT is published annually by the U.S. Department of 'I_‘rahspormtion, Federal Highway Administration, in Highway, ’

“ Westbrook, F.and Pat:terson, P., "Changing Dnvmg Patterns and Their Effect on Fuel Economy," presented May 2 1989 at -

the 1989 SAE Govemment/Industry Meetmg, Washington, D.C.
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 Figure F-4, Urban Share of Light Truck VMT: 1966-1990

'Figure 2: Truck Urban Share VMT Driving .
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the reclassification of rural areas into urban areas Ifwe -assume that this rate of increase in urban
share will gradually diminish and level off the logistic path apphes (see Figure F-1).- The
calculatlons for’ loglstrc growth of mcreased trban share for automobiles and hght trucks follow
. 'Automoblles _ ' : :
" Table F-32 summanzes the 1mpact of the adjusted log15tlc c1ty share growth on the composrte fuel
efficlency gap for- automoblles The adjusted logistic city share projection for the year 2010
_ becomes 51. 1 percent as compared to the unadjusted loglshc share of 66.8 percent; in the’ year 2030,.
‘ ‘ the pro_jectlon levels- .off at 51.5 percent as compared to an unadjusted 67.7, percent pro_]ected
© lo grstlcally -The adjusted loglshc forecasts of city share mcrease are translated into a fuel efficiency
gap of 16.05 percent by the year 2030. This represents an mcrease of only 0: 85 percentage pomts
over the base gap of 15 2 percent. -

v A — . A . '

nght Duty Trucks'

* The influerice of the adjusted logistic urban share growth on the composrte fuel eﬁicrency gap for .

L hght duty trucks is presented in Table F-33. For the year 2010 the adJusted logistic ¢ity share

' prolectron becomes 48.8 percentas compared to an lmad_]usted logistic share of 62.3 percent. For the

“year 2030, the projection begms to level .off at 50.3- percent as compared to-an unadjusted 65 2

’ _percent projected loglshcally The ad]usted loglshc forecasts of urban share i increase are translated-

into a fuel efficiency gap of 29.73 percent by the year 2030. Th1s represents an mcrease of only 1.43
percentage points over the base gap of28.3 percent. ' : - .

. . National Energy Modeling System ‘
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Table F -32. Automoblle Fuel Efﬁclency Gap PrOJectlons Logls’uc Growth of
City Dnvmg Share (with Adjusted City Dnvmg Share) - .

Sources Base Gap ﬁom ORNL 1992 Urban Share Forecasts Joased on Flsher & Pry LOngtlc

o .

Functlon.

Table F-33 nght Truck Fuel Efﬁmency Gap PrOJectlons Loglstlc Growth of
City Dnvmg Share (with Adjusted C1ty Driving Share) : .

Sources Base Gap from ORNL 1992 Urban Share Forecasts based on F1sher & Pry Loglstlc' :

Funct:lon.
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’ lncreasmg nghway Speeds

.~

- The level of speed of a vehwle is one of the relevant factors that aﬂ’ects its fuel eﬁiclency
Speclﬁcally, it has been determmed that speeds over 45 mph decrease fuel eﬁicrency for most
“vehicles. Furthermore, EPA estimates that travelmg at 65 mph ds compared to 55 mph lowers fuel -

economy over 15 percent.# 'ORNL's 1992 mﬁaﬂgﬁ_ﬂga@_m presents the ﬁndmgs o

', . ofafuel economy study performed by the Federal Highway Administration in 1984 45 This study
" concluded that, on average, Vehicles expenence fuel. efﬁc1ency losses of about 17.8 percent when .
_their speed is mcreased from 55 mph to 65 mph This is eqmvalent to areductlon of 1 78 percent'

for each mile per hour increase over speed rangmg ﬁ'om 55 mph to65mph. -~ =~ .. .

'. ) Average highway speeds in the United States have shown an increasing trend' for several years with .. :

few exceptions. Figure F-5 presents average hlghway speeds in mph for the last 45 years. The data _ -

in this figure mdlcate two different increasing trend periods.- The ﬁrst period from 1945 through o
1973 corresponds to the largest rate of increase on highway- speeds During these years, lughway

speed increased at an annual rate of 1.13 percent. In 1973, average highway speed suddenly dropped - ..
from about 66 mph to about 55 mph This sudden  drop corresponds to the mplementanon of the - -

 nationwide 55 mph speed limit. Aﬁer 1974, the i increasing trend has continued at amore moderate *

" rate. Inthe 1974-1990 period the annual rate- of speed increase has been 0.15 percent. ‘A closer look' '

at the post-1973 penod indicates that through the rest of the 1970s, the average speed remamed farrly B
* constant between 55 and 56 mph, and, through the 1980s the annual rate of i increase was 0. 34
percent : :

.The increase in h1ghway speed can also be 1llustrated by consrdermg the percentage ‘of rural and -
“urban VMT dnvmg over 55 mph on hrghways with posted speed limits of 55 mph.- Figure F-6
presents these data for the' 1981-1990 period. Tn only 9 years, the percent of rural VMT driving over
“the 55 mph speed limit rose from 46.4 percent to 58.7 percent for a total of 12.3 percentage points. -

' The percentage increase in urban VMT diiving was even more drarnatrc, from 37.6 percent to 53.8

percent for a total of 16.2 percentage points. The percentage exceeding the speed limit is far from
homogeneous Significant, drﬂ‘erences exist across states, highway types, and location forrural or
" urban areas. For instance, in 1990 the percentage of vehrcles exceedmg the 55 mph limit in urban
' mterstate highways in New York was-82. 5 as compared to 68 2in Cahforma and only 33.7 in South

“ DOE/EPA, 1992 Gas Milage: EPA Fuel Economy E;m' ates, Don/cen19/10, October 19'91.'

45 Davis, S. and Morris, M., Oak Ridge National Laboratory, Transportation Energy Data Book: Edition 12, ORNL-6710, (Edition
12 of ORNL-5198), Table 3.42, p.3-66,March 1992. 1984 data from U.S. Department of Transportation, Federal nghway

’ Admmxstratlon, uel Consumption and Emission Valugs for Traffic Models, Washmgton, D.C., May 1985

. Natlonal Energy Modeling System - .
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: The estimation of the overall 1mpact of speed trends in fuel economy is dependent on the speciﬁc

data type selected to measure thrs trend and on the methodology used to forecast this trend. One

- could choose.a: drsaggregated approach in WIuch speed ‘trend forecasts are developed by urban and

rural dnvmg highway-type, and vehlcle type, for each state. Given the time. hmitatlons, the cun'ent

study utilizes the nationwide average highway speed for all vehicles and highway types Average .

o speeds post—1980 are used as the ba31s to generate forecasts

As Figure F—5 illust'rates, average highway speed is inﬂuenced hy re'gu]atory policies such as the

- 1mplementat10n of the nationw1de speed limit in 1973 1974 ‘Other factors affectmg speed might - E
N mclude safety and env1ronmenta1 regulations, gasolme pnces, oil shortages, income fluctuations, efc. .
Although a methodology to forecast speed trends which in¢ludes all relevant factors is desnable, a . .,
- logisnc approach based on hlstoncal trends has been apphed :

..Automoblles .

Table F-34 summanzes the 1mpact of the adJusted h1ghway share speeds on the composrte ﬁ1e1: B

- efficiency gap for automobﬂes using the logis’uc approach. Unhke the adjusted results for the urban *

dnvmg share, the fuel efﬁciency gap forecasts indicate that in: 2010 the gap has inéreased to 17.02

i 'percent, whlch is greater than the unad_]usted logistic forecast 0f 16.58 percent. By the year 2030 " :
* the adjusted forecast is 18.27 percent, Wwhich is‘above the. unadjusted ]ogistrc forecast of 17.47. By

the year 2030, the adJusted gapis 3.(_)7_ percent above the. base gap of 15.2 percent. -

. . Lo . Natlonal Energy Modellng System .
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Figure F-5,” Average Vehicle Highway Speed: 1945-1990

. . 4 -

"ot Vahicter _

o e . Figure 7 Averag—g-HighWaySpeed
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Sourcer Historical V. a',lues from U.S. DoT,.FHWA, Highway Statistics, different y_ear_ly issues.
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- Figure F-6. Percex_it of Higl_lway VMT over.55 MPH:- 1981-1990
FjgureB Percent ofRuraI&Urban VMT_' T
T “ dehgm-rSSMPH . g ' .
- | | ’ //B/ ' LAV / \‘i-
.o. ~ i . Lt e . H - .

e 7 — ;
| AR :
-l
S as% oy 1 } (. ) P ! 1

© 4088 T 1082 1083 19,84 ”1985 : 1088/ “87‘.. 1988 . - 1680 1880
g . T L A
.o liu';lworSSmp_h : 4. UbanoverSSmph
i |
Note BasedondataforroadswnhpostedspwdhmﬁofSSmph [ .
Source: Hlstoncal valu&s ﬁ'omUS DoT FHWA,_Iilgb_vg_gj__m diﬁ'erent yea:ly issues.



. Table F-34 Automobile Fuel Efﬁ01ency Gap PI‘OJ ect1ons Loglstlc Growth of
. Average nghway Speed (W1th Adjusted nghway Driving Shares)

'Som'ces Base Gap ﬁ'om ORNL 1992, nghway Speed Forecasts based on F1sher & Pry Log1st1c
,’Functlon._ T

PN

Table F-35. nght Truck Fuel Efﬁc1ency Gap Pro_| ection: Loglstlc Growth of
Average nghway Speed (Wlth AdJusted nghway Dnvmg Share)

Sources: Base Gap from ORNL 1992, nghway Speed Forecasts based on Flsher & Pry Loglstlc
Functlon
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nghtDntyTrucks o ) :

Table F-35 dlsplays the fuel efﬁclency gap pI'OJ ectrons for hght duty trucks assun:ung ‘logistic growth
for average hlghway speed- and an adjusted driving share to reflect the crty to highway driving
‘ ' ‘proportlon. The adjusted logrst1c pl‘Q] jections imply that the fuel eﬂicrency gap  for light duty trucks

will be 30 07 percent for an increase of 1.77 percentage points over the base gap in the year 2010.
. :The gap forecast is larger than the lmadjusted logrstrc projection of 29, 74 percent. ‘By 2030 the
adjusted logrsuc forecastrs 2. 99 percent above the base gap 0f28.30 percent, while the unadJusted

, lncreasing' Urban High'tf/ay Congesﬁon '

, Congestlon is apnmary issue . of the. domeshc transportatron system. Urban congestlon has mcreased
. inthe last decades in most metropohtan areas as expansron and 1mprovement of the transportatron,

system lagged behmd the rapld growth of travel demand ‘ -

The Federal Hrghway Admmrstratlon (FHWA) classrﬁes the two major causes of urban road

congestron as recurring congestron and non-recurnng congestron Recurrmg congestron is that

congestlon which is the consequence. of madequate road capacity, reduction.of through-put lanes,

: narrowmg of lane widths, physrcal bamers, madequate trafﬁc hght synchromzatron, and other

_ similar causes FHWA estlmates that recurrent congestlon accounts for 40 percent of all urban road .
' congestlon. Non-recurnng congestron is that congestron resulting from disabled vehrcles and.

accidents. FHWA estrmates that d1sab1ement account for 55 percent of overa]l urban congestlon,

w1th the rema:mng 5 percent due to accrdents :

One of the most 1mportant road typcs w1thm urban areas in whrch congestron takes place isurban ‘
~ freeways. -In 1990, 32 percent-of the total vehicle miles of travel in urban areas corresponded to

o ﬁeeways, while freeways compnsed only 5.7 percent of the urban roadway mlleage % Thei increase

_ in.urban congestion can be further analyzed by considering the increase in urban VMT as compared ' -

- to the increase in'urban lane miles. Data correspondmg to the period 1975-1987.indicate that urban

VMT demand growth rate-is over 4 trmes the rate of new urban lane capacity growth This
coiresponds to an incredse in the average urban through-put (urban VMT per mile) of 38. 9 percent

“ Us. poT, FHA,&;LWMML
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'lefermg methodologles have been developed receﬂtly to measure the extent and duration of freeway
congestion in urban areas.*” 4 Hanks-and Lomax of the Texas Transportation Institute (TTI). have

developed congestlon indices for 39 urban areas. Table F-36 lists VMT, VMT per lane-mlle, ) |

congestion indices, and rankmgs for each of the urban areas - analyzed by TTI. Table F-37 lists, in -
" addition to the congesuon indices, estimates of’ the congestion cost per caplta for each of these urban
: areas Few attempts to forecast urban congesuon and its effect on fuel economy are. avarlable 49

41 Cottrell, P., "Measurement of the Extent and Duratlon ofFreeway Congectlon in Urbamzed Areas,"ITE 61st Annual Meetmg, R
Milwaukee, Wlsconsm, Sept. 1991. .

4 Hanks, T, and Lomax, T., Roads ion in Major Urban Areas: 1 s'zto] 7Texasrmsppnaﬁoﬁ1nsﬁmte,mmh
Report 1131-2 College. Statlon, Texas, Oct. 1989. : o : :

i Lmdley 1, "Urban Freeway Congest\onProblems and Solutlons An Update," ITEJoumal, Dec. 1989, pp 21-23. Feng,An,
"Automobile Fuel Economy and Traffic Congestion," Dissertation for PhD in Applied Physics, University of Michigan, 1992.
Westbrook, F. and Pattetson, P., "Changing Driving Patterns and Thelr Effect on Fuel Economy," presented May 2, 1989 at the 1989
SAE Govemment/[ndusny Meeting, Washmgton, D.C.
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2,150
i . 1,490
22100 - |. . B s
* 3,200 Lot * 3,000
11,000 - 4,250
25,800 - . - .10,500
8,800 .810- 4,800
15,095 i . 9,750
-20725 - - B 15380
17,205 . . 11,860 ~
11,080 R 4910
14,570 5,980 -
16,105 -, - 10,610
96,890 . . 73810
- 1,500 . 1490 --
Notz. Congsted Tcxas cities average mcluds Ansun, Dallas, Fort Wonh, Houston, and San Amomo N
. 'Daily'vghicle-miles of travel . .
“Tpaily vehicle-miles of travel per lane-mile o . L {
3See Equation s-1 . ) . . S - :
. ‘ . -
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Table F—37 1987 Urban Area Rankmgs by Congestlon Index and Cost per
Caplta

4 510 - 10
- 1 730 2
17 © 360 19
12 280 25
2 670 "3
2 420 14
7 670 - 4
16 - 340 ‘2
6 650 5
2 T+ £100 38.
29 180 -31 -
39 130 35
20 380 : 17
26 250 27
36 170 34
18 300 24
34 210 29
23 *.380 18
35 - 120 36 :
8 580 6 |
. 3 740 1 "
"9 340 . 21
25 "340 23 :
14 400 16
‘11 . 480 11
19 240 28
9 ) 430 12
29 : 180 32
27 170 33
13 520 9
2 410 15
24 - 190 " 30
a1 - 420 . 13
37 80 39
15 530 8
37 110 .37
27 360 20
5 *550 7.
30 - 260 26
Source: Hanks, J., and Lomax, T, _Congestion in Major Urban Areas: 1 8210 1
TTI, Research Report 1131-2, College Station, TX; Oct. 1989. =
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. Lmdley’s pr03ectlons of consumptlon statistics for the year 2005 take mto account factors mcludmg o

time delays, wasted fuel, and user-cost. The urban freewdy congesuon statzsuc prOJectlons
developed by Lmdley are presented in Table F-38.

" The proj jections generated in th1s study utlhze the wasted fuel values developed by Lmdley as, the " ,

‘ basxs o measure the 1mpact of urban congestlon on the fuel efficiency gap. The: study further o

- :assumes that the amount of wasted fuel due to congestlonwll inicrease followmg a loglstlc 11'end

' The amount of Wasted fuel is. d1v1ded between automoblles and hght duty trucks assummg that the
- - light duty tricks VMT- dnvmg share will i mcrease ﬁ:om 234 percent in 1989 to 33 percent in 2010
- "_and wﬂl remam constant at 33 percent through 2030 :

; AutomoblleS° I : -
" The wasted fuel forecast due to trafﬁc delays for the year 2010 is 9, 164 mil. gal and for the year ‘

" .2030itis 11 426 mil. gal as summanzed in Table F-39. This implies] that the fuel efficiency gap will
‘ “ be 18.66 percent in 2010'and 23. 08 percent in 2030. 'I.hese are lower prOJectlons as compared to the '
; X unad_]usted ﬁgures of 21 53 percent and 26. 32 percent correspondmg to the same years :
" Light Duty”’ Trucks BT ' ' :
Table F-40 presents the fuel- efﬁc1ency -gap pI'O_]eCthDS for hght duty trucks based on adJusted ‘

. . city/highway shares and assuming loglst:lc growth of wasted fuel due to congesuon .The wasted fuel -
. forecast for light duty trucks for the year 2010 is 4,513 mil.gal. and for the year 2030t is 5; 628

] fail. gal This implies that the fuel efficiency gap will be 32. 77 percent in 2010 anid 33.43 percent
in 2030 as compared to the unadjusted ﬁgures of 32.91 percent and 34 09 percent :

~

: Overall Deéradaﬁon‘Factor Forecast -

'Flgm:es F-7 and F-§ summarize the prOJectlons of the fuel efﬁc1ency gap usmg assumptlons of
T logistic growth and ad_]usted c1ty/h1ghway shares for automoblles and hght duty trucks, respectlvely ‘
The overall results are hsted in Table F-41 ' .

- As 1Hustrated in Table F—41 the lOngth approach generates lower- forecasts for the overall fuel- '

' efﬁc1ency gap for both automobiles and light duty trucks.as compared to the ones generated using
the lineat approach. ‘The overall fuel efficiency gap for automobiles is expected to increase from a
base of 15 2 to 27. 00 by the year | 2030 assummg a loglst1c trend. The fuel efﬁclency gap will

; ) . Naﬁonal Energy Modellng System
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mcrease further to 34 07ifa lmear tend is assumed mstead 'Ihe overall fuel efﬁmency gap  for hght
duty trucks is expected to increase from a base of 283 to 37 85 or42 91 by the year 2030 assummg :
loglstlc and linear growth respectlvely

. Table F-38. Urban Freeway Congest_ien;S.tatisties.- : RV L

Source: i 'Lmdley, "Urban Freeway Congestlon Problems: and Solutlons AnUpdate," ITE .
PR "Jomnal December 1989 pages 21-23

.
v
=

Table F-39 Automoblle Fuel Efﬁc1ency Gap PrOJectlonS° Loglstlc Increasmg
Congestlon Trend (W1th Ad_]usted Clty/nghway Dnvmg Share)

Natfonal Energy Modeling System o
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Table F-40 nght Truck Fuel Efﬁmency Gap PIOJectlons Loglstlc Increasmg '
. Congestion Trend (with Adjusted City/Highway Driving Share) ‘

611 1203 ~ 2240 3375. 4513 5065 -5380 '55?5“ 5628

283 283 - .283 _.283 283 . 283 283 283 . 283
2041. 2976 3L17° 3217 . 3277 3280 3314 3328 . 3343
,L11 . 14671 287 387 447 " 459 484 - 498 513

S National Energy Modeling System
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Attachment 4: nght Duty Vehlcle Fleet Model
", ' Charactenstlcs of Fleet Vehlcles

Aggregatlon of EPACT Reqmrements
" Under the prov1smns of EPACT, purchases of veh1c1es by ﬂeets meetmg certam criteria are aﬁ‘ected

by the requnement that a propomon be altematlvely fiicled. The speclﬁc condmons under which .-

*-thege provmons are in effect, and the. fleet sizes which are affected are not static, but are sub_]ect to-
' rewsmn. The 1mpact of the current leglslatlon on different fleet types is tabulated below .

o106 | . , , . |l -
‘ 1997 |- 33 15 -f o800 T 0] — _
” 1998 |¢ - 50 - 25 70 - -] t80 L —
[ 1999 75 - s0 © |° g0 ! N ” .
| - 2000 .75, | .1 ] e 700 20
I 2000 | . 75 - | 75 | e - % 20" "
| 2002 7 |- 15 .| e . S 80 .30
2003 | - 7 .| 715 -] . e0 - .90 - 40 |
2004 |- 75 75 % - |. 0. - 50 "
2005 |- 7 o} .15 8 . . 9 .| 0 -
._Thereafter | . 75 - 75~ |- 90. - 70

' Aﬂ'ected ﬂeets are also dlstmgmshed by geograplncal locatwn ﬂeefs of 50 or more of which 20 or’
more are located in metropohtan areas with a population over 250, OOO ‘with the capablhty of central
refueling. Federal mandates for the three fleét types con51dered by the model are estimated using
a stock-welghted average of’ the relevant categones above and 1dennﬁed as. EPACT3m-T in the code.

-

) ."0The table has been reproduced from AItematxves To Traditional Transportation Fuels 1994, Volume 1, U. s
Department of Energy, Energy InformanonAdenxsn'anon, DOE/EIA-0585(94)1, February 1996 Table 1.

SIPL 102-486 §301(5)(A)&(B), and §301(9), 10 CFR 106 STAT 2866, et. seq.

o . ; ’ Naﬂonal Energy Modellng System ]
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' Busmess fleets are dlrectly mapped to the "Mumclpal and anate" column above; govemment ﬂeets

, combme "Federal" and "State" requrrements and Utility flests combme the "Fuel Provrders" and

:, Busmess Fleet Stratlﬁcatmn for Automoblles

"Electric Utilities" mandates. Welghtmg factors are derived from recent stock estlmates, and are
sub_]ect to penodlc revrs1on. R S o

/

- Vehicles which are categorized under the somewhat broad deﬁmtlon of busmess ﬂeets include

-

-automobiles used for daily rental and long term leasmg--veh1c1es not mtended to be covered under

K the alternative fuel provrsmns of EPACT As the AEO95 model Was structured, all business fleet

vehlcles werte. consrdered to be covered by the legrslatlon, resultmg in an elevated estimate of the .
consequent sales of alternative fuel vehicles. A time senes of the number of automobiles in each

o category is tabulated in the table below. The fractron of busmess ﬂeet vehicles which would be .
subject to EPACT shows a d1stmct downward trend over the' past twenty years as deplcted below, o
reachmg approxrmately 50 percent in 1990

-
N

59.90%
- 59.63%

60.74% . _
- 61.13% . e
" 60.69% P
: . . 59.92%
N 5075 .-.2852 0 ¢ . B8AT%
S 003 55.50% o
54.99% - )
.55.15%
55.70%
56.13%
'56.41% -
"1 s385% . -
52.98%
- 49.13%
" 49.92%
. 49.70%
48.91%
49.54%

A new -yariable, BFL'I'FRAC,_ has been established to further stratify the stock of business fleet

. o "" . National Energy Modeling System - .
F-116 . ) . Transportation Model Demand Sector Documentation Report



cars; with only the "covered" vehlcles bemg used to esnmate AFV purchases under EPACT ThlS
" variable is estimated usmg an asymptotic extrapolation of the hxstoncal trend, usmg an‘assumed .
lower limit of 40 percent, and a ﬁmcuonal form-as follows ' :

BFLIFRACT_ 1071 = BFLIFRACMW + (BFLZTRACMAX - BFLTFRAC, ) Exp & =191

2

' The mput assumptlons estlmated coefﬁments and extrapolated values of BFLTFRAC are prov1ded

-

below . ) el CL -

Taput Assumptions

‘ BFLTFRACym
o BrTRAGW: . |.. . . e12%
L . BaseYer - o em

« li_egression Output -

'Figure F-9: EPA(}T Eﬂ'ects on Business Fleet Autqﬁloblles-"

- N

| Business Fleet Automobiles |
’ Percent Subject to EPACT. Regulations’

80%

0%’ .y 1 1 A | — A 1 1 - .
1990, 1975 1960~ 1985 1990 1995 2000 . 2005 2010 . 2015

-& Covered Business Vehicies -e- Asymptotic Extrapolation j :

Naﬂonal Energy Modellng Systam . - A
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' ;'DlstnbutronofFleetnghtTrucks ST L A C B
~ Asnoted in the amended documentation, the nght Duty Vehicle F leet Module ﬁrst estimates the
sales of llght trucks to fleets as, follows

. FLTSALyr v,z = - FLTTRAT - SQDTRUCKSL . FLTSHR,zy

e 'vvllere: .
: . .FLTSAL= - Sales to flects by vehicle and fleet type -
FL'ITRAT Fractxon of total truck sales attributed to fleets
SQDTRUCKSL Total light truck salesina given year, obtained from the NEMS Macroeconomrc Module
" FLTSHR = Fraction of fleet trucks purchased bya given fleet type -
VT— Index of vehicle type: 1= = cars, 2'= light trucks . ~ '
ITY Index of fleet type l busmess, 2= govemment, 3= utrhty

The fleet allocahon factor, FLTTRAT has been prevrously extracted ﬁ'om data provrded in the_:
Transportauon Energy Data Book,” whrch prdvrdes and estimate of the ﬁ'actlon of hght trucks sold-
_ " for personal use, anda survey of fleet vehlcles, 53 which prov1des a mechamsm for further straufymg‘ -
_ non-personal sales into ﬂeet/non-ﬂeet categones Under the current rewsron, only the persona]/non- E

'personal distinction is used, with all non-personal sales of hght u'ucks ‘being allocated to the ﬂeet
module. There are two reasons to re-estimate the value of FLTI’RAT rather than merely redeﬁmng
it as the percentage of trucks sold for non-personal use: first, the, value of the personal-use sales .
. share reported by ORNL is derived from the 1987 'ITUS ‘which has been superseded by the recently | ‘
published 1992 s survey, and second, because TIUS does not survey government and pubhcly-owned :
" vehicles, the sales share derived from its summary tends to overestimate the fraction of LDT's sold
for personal use. A denva’uon of the updated value for FLTTRAT follows -

In esumatmg this factor, 1t is necessary to combme elements of two dlﬁ’erent data samples the

. relevant components of TIUS, % and the annual data collected by FHWA.55 Although these surveys -

. are drawn from’ drfferent populatrons and are not d1rectly comparable it is assumed that the

52Tran.sportaizon Energy Data Book. Edznon 1 2 Oak Rldge Natronal Laboratory, ORN'L-67 10 March 1992 Page
A-12 ) ,

SFleet Vehxcles in the Umted States: Compos:tzan, Operating Characterxstzcs, and F: uelzng Practzces, Oak R.ldge '
National Laboratory, ORNL-67 17, May 1992. . o ‘

. 5‘1992 Census of Transportation:: Truck Inventory and Use Survey, U. S Department of Commerce, Bureau ofthe
Census, TC92-T-52, May 1995. . :

”Hzghway Statzstzcs 1992, U S Department of Transportauon, Federal Highway Admrmstratlon, FHWA—PL-93-023

-
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C - relahonshrps among elements of one data set are also valid in the other Vehmle charactensncs from
the 1992 FHWA survey are tabulated below ’

| Totai Number of Trucks. (Al Types) 45,504,067 . R
- = - : A Table VM-1 . -
Total Light Duty Trucks (2-Axle, 4-Tire)  * . - |. 39,533,142 :
" Total Federally-Owned Trucks " - - L - 281,623
- . Table MV-1

Total State & Municipal Trucks * 4,547,020 °

~

i 1) First, the FHWA data is used to estimate the: fracuon of two-axle four tire trucks in the truck .
populauon S ‘ o
Percent 1DT - M o 3938 M2 _ ggeg
- f, Total Trucks . 45,504,067 A ' v

2). Assummg that the drstnbuuon of trucks is umform across sectors the number of LDT's owned
by federal, state, and mumclpal agencles can be estunated :

"Public LDT (Federal Trucks + State & Mumcxpal Trucks') Percent LDT 1,588,693 S

3) Using the numbers.above, the fraction of LDT's owned by public agencies is estimated:

_ Public LDT" _

Percent Public LDT 4.02%
ST TR Total LDT .

- It is assumed that th1s figure represents the degree of, underesnmanon of LDT stock in the TIUS
survey, wh1ch does not include pubhcly-owned veh1cles ’ -

4) To reconclle this dlscrepancy, the total number of pnvately-owned LDT's from the TIUS
.microdata file (on CD-ROM) is subsequenﬂy adJusted . .

National Energy !;!odeling Systom.
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" Total TIUS LDT
N Percent Publzc LDT

. J -

’ Imp11ed HUS LDT Populatzon = :

' 5) Usmg TIUS estlmates of the number of LDT's employed for personal use, the percentage of

personal-use trucks canthen be calculated ' ' . S L

Total TIUS Personal 1DT o
Tmplied TlUS 1DT .

. Percent Personal LDT

' 6) Fmally, the percentage of LDT's a351gned to the Fleet Module is smply calculated: PR

Heet Percent = 1-'I.TIRAT =(1.- Percent Personal LDT)

f .

! _ The results are tahulated below. |

- || Total LDT's, from TIUS .
{ Implied Total LDT's -~ - e - B5E73T5
" Total Personal-Use LDT's, from TIUS <. - . 39,766,945

.|| Percent Personal-Use ) PR -'.,7'1.43%

153,435,873 -

Percent Fleet(FLTTRAT) ~ .. =~ ' : 2é 57%‘ g

" Thet use of this rewsed allocatlon factor will result in a more accurate dlstnbuuon of hght-duty trucks
in both the personal-use and ﬂeet modules ' ~

-

| Fleet Share Dlstnbutlon :

The above mformatlon, combmed with veh1cle-use mformatlon from TIUS can be used to re- .
estlmate the allocation of trucks among fleet types. This parameter FLTTSHR, allocates total fleet
LDT purchases among busmess, government, and utility fleets according to a fixed ratio, the -

 derivation of wh1chhas not been prev10usly documented. Using the implied estimate of the number

of pubhcly—owned LDT's, presented above, and TIUS estimates of the number of ut1hty and

commercial LDT's (excluding those used for personal uansport), the followmg d1stnbut10n has been -
. mcorporated into the LDV Fleet Model '

. - . National Energy Modeling System
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.Business ° | 13285511
‘Government 1 2237302
" Utility - 383421

‘ Vehicle Dlstnbutlon Wlthm Fleets : . .
~ Under the provisions of EPACT pm'chases of vehrcles by ﬂeets meetmg certain criteria are affected

by the requlrement thata proportron be altemauvely fueled. The spe01ﬁc condmons under which - -

- these provrsrons are in effect; and the fleet sizes which are aﬂ’ected are not static, but are. subject to -

'rev1sron. Obtammg an accurate estrmate of the number of automobiles in fleet service is. necessary:
in orderto denve a forecast of the purchase of alternative fuel vehicles mandated under EPACT and ‘

. “the consequent demand for petroleum, electnc1ty, and- alternatrve fuéls used for tra.nsportatron .

_ " .'Underthe previous model, a ﬁxed proportlon of annual automobile and light truck sales (vsdnch were

exogenously obtamed) were assrgned to busmess, uuhty, and govermnent fleets. As the alternative "
-~ fuel prov1s10ns of EPACT attach to fleets at or above a given size, 1t is important to develop ameans
of estlmatmg the affected populatron of vehicles under the current, or any future definition of a
“fleet". Due'to the drssrmﬂantles of the data available, separate. approaches have been developed )
for hght trucks and automobrles, as described below -

Trucks — C : : ,
The proposed approach uses the ﬂeet-srze data from the TIUS survey to denve a ﬁmctlonal form for'
estimating the affected population of LDT's m ﬂeets The appllcablhty of this approach is
const:ramed by the aggregate nature of the survey, but should serve a$ a good first approxrmatron .
The first step is'to look at the dlstnbul:lon of trucks by fleet type; only busmess and utlhty ﬂeets are
cons1dered as all government veh1cles are assumed to be affected by the legislation (and are not .-

e represented in TIUS). . The number of trucks within each considered fleet type, stratified by fleet .

size, are tabulated below. These distributions are also graph1cally depicted on the followmg pages. .
"It is clear from these figures that business and utlhty fleets have significantly different size

* . characteristics, as is to be expected. Most commercral light trucks exist.in fleets of less than 20 . -

vehicles, and are therefore unaﬁ'ected by EPACT Ieglslatron, while the overwhelmmg majority of
utlhty vehicles are in large ﬂeets -

g

National Ensrgy Modsling System .
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AT 5422938 - 437% . 437% S 100.0%
. 205 .7 - 4261155 - 343%  78.0% . 56.3% .

609 709876 - - 64% . 845% . .. - 22.0%
10t024 . .- . " 843,262 68% . 913% ;. 155% -
251099 | Coe13810 4% . e82% . . 8T%
1005499 . 205196 24% - 98e% - - .38%

. 500orMore ~ . 176383 - 14% . 1000% . 14%
Total Defined: - _ 12412417

Ay

~

R 25677 . i ‘ 68% . . 100.0%
265 . . 18513 - G 118% 93.2% -
6169 - . 24206 | L 82w - 882%
10to24 - 3877 - . .288% . - 818%

© . 251099 - 59301 ¢ - U aa3% 714%
10010499 - - 49204 - bTs% | 55.7%.

. '5006rMore . 150,804 " S 1000% | 425%

© Undefined = . 7,759 I e .

. Total Defined ©° ~ - 375662 -

-~ . ‘.
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. ' Flgure F-10 Busmess Fleet LDT Dlstnbutlon

Dlstnbutlon of Trucks in Busmess Fleets '
' 1992 TIUS Report .
6 BI%
_g . -
=
o
£
2
1 2t05.  6t9  10to2s B2 1001040 500 0rMoro
: FlestSize = ‘ -
,’Flgure F-11: Utility Fleet LDT Dlstnbutmn : . S oL
) Dlstnbutlon of Trucks in Utlllty Fleets
. - 1992 TIUS Report '
. 200
. a5k
’ ,
=
o
£
Z
1 . . 2t5 stos; - 1Oto2s ‘t_o .00to ’ 500 or More
: ¢ ; L Fleet Size S :

As the strata defined in the TIUS survey do not coirespond to the ﬂéet sizes addressed in EPACT,
' it is necessary to derive a functional form for each distribution. This is accomplished by considering ‘
the cumulatlve d1s1nbut10n of fleet trucks P(n), ¢ or, more accurately, its complement Q(n), referred
to, for lack of a better term, as the réverse cumulatlve d1stnbut10n This distribution describes the

: Naﬁonal-Energy Modeling System - :
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'_ number of fcrucks flz;_.ﬂégt s1zes greater thanlor eqﬁal tdn,- as depicted below.

. Figure F-12: Distribution of LDT’s, by Fleet Size -

Percentage of Light Trucks "~

Distribution of Light Trucks

__In Fleets At or Above.a Given Size

7

Fleet Size S

& Business - Utility

- FigureF-13: Distriimﬁpn of LDT%s, by Fleet Size\(Logaritl'lmic‘Scale) : ., _

.Percentage of Light Trucks -

| Distribution of Light Trucks| -

* In Flests At or-Above a.Given Size -

10 : 100

Fieet Size

.| 4 Business -o- Utility

1000

. F124°
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The most strmghtforward method of esumatmg a functional form is to transform the data SO that it

: approx1mates a linear relationship, then use OLS to estimate the coefficients. As the figure above
‘shows, plotting both axes logantbmcally produces a reasonable approx1mat10n of lmeanty This .
suggests the followmg form =

Ln‘Q(n) -=kLn (n)
‘ -~ or

Q) =n*

where: . . . - A :
| o Q)= Thereverse cumulaﬁve distribution: .the percentage of trucks in fleets of size greater than N
' ' or equal ton. : : - '

: Testmg thlS approach w1th the data descnbed above prov1des the results tabulated below The

' 51gmﬁcance of the coefficients and the h1gh R-squared gives confidence that this formulation will
:provide a satisfactory means of estimating the affected light track populauon in busmess and utlhty ‘
fleets. A plot of these functlons over TIUS data is prov1ded below. ‘

Constant

Coefficient (k) .

, _ Standard Error. '
: - T-Statistic
RS uared

’ AN
Natlonal Energy Modeling System . .
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Flgure F-14 Dlstnbutmn of LDT’s (Estlmated Functional Form)

{ Distribution of nght Trucks|.

Estmated Functional Form

" Fraction of Trucks .

Applying this func’uon permlts a slratlﬁcatlon of hght u'ucks into three groups non-ﬂeet (<20

- vehicles), small fleet (20-50 ‘vehicles) and large fleet (>50 vehicles). - The dlsmbutlon of these '

- - percentages, by fleet typé, are tabulated below. It should be noted, once again; ‘that pubhcly-owned :

vehicles (federal; state, and ‘municipal) are not subject to the. fleet-size constraints, and are therefore ‘
not similarly stratified. Insofar as different components: of the pubhcly-owned fleet of L’I‘D‘s have

different: acqmsmon reqmrements under EPACT, itis suggested thata sales-welghted average of the '
requuements be used. .

F-126
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Non:Fleet (<20 LDT's) | "am- o) 89.3% -28.4% _
Small Fleet (20-50 LDT's) | qeoy-aeo) |- 53% - 6.9% || :
" Large Fleet (>50 LDT's) - aso) | 5.4% - a7% . |

Total




Automobtles ) g S - .

Ina report on the charactensucs of fleet. vehrcles in the Umted States, 5 Oak Ridge Natuonal
Laboratory notes that no comprehensrve nationwide automobile ﬂeet ‘vehicle survey is currenﬂy
- available, This stands in contrast to the abundancé of census data available for the analysis of U.S.

truck populatlons and inhibits the development ofa methodology to esumate the number of fleet, - '

vehicles covered by EPACT regulatlons Thie 1992 Automotive Fleet Fact Book 57 which prov1des -

summary charactenstlcs of fleet vehlcles represents the sole source: of data’ used in constructmg the
followmg d15tnbut10n ) \ . .

Grven the hm1ta110ns of the data, several assumpuons and mampulatlons are necessary to'transform *
_the pubhshed data into a form commensurate with the needs of the model. It is first assumed that -
" both Government and Utility fleets are large enough to beaffected by EPACT regulatlons obviating 4
.'the need for ﬁlrther analysrs of their distribvitions. It is also assumed that the number of vehicles in
' busmess ﬂeets should not include employee-owned, daily rental, or mdiv1dually-leased vehicles, as
" these are outside the purv1ew of the leglslatlon. This exclusion is accomphshed through the use of h

the function BFLTFRAC descnbed above. Aggregating busmess fleet dafa and subtracting - .

a excluded vehicles results in the distribution provided in the table below. As there are only three data

points, this eﬁ‘ectrvely precludes the-use of regression analysis to estimate a distribution ftmchon for o

business fleet vehrcles The alternative is to assume the s1mplest functional form which can be
' adjusted to approxrmate the desired drstnbuuon. After testmg a variety of specrﬁcanons the form ‘
selected is as follows: o -

n
0 )_- Ln(n)

where: _ _ S
Q(ﬁ) = - The percentage of vehrcles in fleets of srze greater than or equal to n . )
* k3= The constant of proportionality; chosen by normahzmg the function t6 1.0 when n=4;
" estimated to be.1.386. :

“Fleet Vehicles in the Umtea' States: Composztxon Operatmg Characterzstzcs, and Fuelmg Practxces, Oak Ridge
National Laboratory, ORNL-6717 May 1992 .

57Automotrve Fleet Fact Book, -1 992 Bob1t Pubhshmg Company, pp. 16, 20._

National Energy Modellng System ]
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Busnness Fleets (by Slze)

5,261

" -_>=4 Vehicles T '
>=10 Vehicles 2,820. ” "
>= 25 Vehicles 2,323 B

" ‘GovernmentFleets = | . . 504 . |
Utmgy Fleets o . 544" I

.

- ThIS function is graph1ca]1y dJSplayed below, along Wlﬂl the ongmal data. Applymg this functlon |
,permlts a sh‘ahﬁcaﬁon of busmess fleet automoblles into-three groups non-ﬂeet (<20 vehmles),
: sma]lﬂeet (20-50 veh1cles) and large ﬂeet (>50 vehlcles) ’I’he dlstnbuhon of these ; percentages 1s ‘

- tabulated below.

_ Flgure F-15 Dlstnbutmn of Busmess Fleet Vehlcles . i ,'

iV
-

I3

N Dlstnbutlon of Busmess Fleet Vehlcles
Autamobiles in Fleets At or Above d Given Size o
' 1”m%.‘ I . . ~ N ‘ R
"100% - .
R
> ’ .
‘s %
. |
8" 4%
. . © .
. o. - A
¢ 2%
o% - 1 'i [] 1 1 '.l‘ 1 i .
0 20 40 - 60 80" .
: ° Fleet Size N
& Bobit Data (Adjusted) - —. Functional Extrapolation
. - National Enargy Modellng Systam
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Non-Fleet (<20 Cars) 11 am)-Qeo) - | . s3]
Small Fleet (20-50 Cars) - -2 | aeo-ae0) | t08% . | -
Large Fleet (>50 Cars) 1 s .} amo). | asaw ,

) " Total = N Sl

-

The mcorporahon of these modlﬁca’aons w111, inall hkehhood, not result in s1gmﬁcant changes in .
'the output of the NEMS Transportatlon Model, but will more easily permit the mclusmn ofusers'. .~

assumptlons and wﬂl be able to w1thstand a hlgher level of scrutmy of the methodology

) . National Ehargy Modeling System : .
Transportation Model Demand Sector Documentation Report . . ) F‘12.9
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* Attachment 5: Light Commercial Truck Model . -
l)ata Developmeht for the LCT Modél
The primary source of data for this model is the m1crodata file of the 1992 Truck Inventory and Use

" Survey (TIUS), which prov1des numerous details on truck stock and usage. patterns af ahighlevel
-of dlsaggregauon. The data denved from this source are used to allocate and sort the summary truck

data presented in the Federal nghway Administration's annual pubhcatlon of h1ghway statistics, . ‘

, " which constitute the baseline from which the NEMS forecast is made TIUS data are also uséd to .
’ 'dlstnbute esumated sales of trucks, obtained from the Macroeconomrc Model among the affected -
miodels accordmg to their weight class Fmally, the TIUS mlcrodata set is used to construct a

o -charactenzatron of these Light Commerc1a1 Trucks, compnsmg their average annual miles of travel,

- fuel’ economy, and distribution among several aggregate industrial groupings-chosen for their
correspondence with output measures curréntly bemg forecast by NEMS. It i 1s expected that
" projected growth in mdustnal output will provrde a useful proxy for the growth m demand for the
serv1ces of hght commerc1a1 trucks. This i issue wﬂl be addressed later in this sectron.
Dlstnbutmn of Truck Stock ; _ S

The prmcrpal source of confuswn and double-countmg encountered in the 1:ruck models stems from
drffermg deﬁmtlons of what constitutes a light truck among the data sources used by NEMS. Inthe :
past, FHWA's estimate of 2-axle, 4-t:|re trucks have been mterpreted as representmg light-duty
) trucks less than.8,500 Ibs, and therefore properly wrthm the purv1ew of the LDV Module. L1kew1se ‘
sales estimates from the Macro Model have been assumed to represent only LDT's, and have been
s1m1larly ass1gned. On closer exammatron, neither of these assumptrons can be shown to have been
Jushﬁed - .

‘ Using the informaﬁon derived‘ from ‘TII-JS it is estimat'ed that -of the 2-axle, 4-tire trucks,
apprommately 88 percent of the‘p1ckup trucks and 85 percent of the other trucks (vans, panel trucks
etc) fall into that weight range The remainder properly belong 'in the newly-estabhshed LCT’
category Similarly, sales estimates from the Macro Model have been shown to represent sales of

" trucks under 14,000 Ibs., indicating a significant overlap across the LCT werght range and into the
mediur fre1ght truck category Using the weight distributions by truck type. avaJlable from TIUS,

a suggested stratification scheme may be proposed. Table F-53, below, presents the TIUS estunates'
of single-unit- truck stock, stratified by axle conﬁguratron, body type, and weight. While there are *

' significant drscrepancres between FHWA's summary stock figures and those presented below (see

Table F-65), it is assumed that the relative dist‘ribution of trucks within each grouping is constant,
. . National énargy Modeling System . .
‘ Transportation Model Demand Sector Documentation Report . S F-131 )
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60000RLESS ~ - ©  ~ 36682877 - 22085491 73

6,001-10,000 . . 16476534 . 10195368 5909766 374,400 -
10,001- 14,000 . 955227 0 o .. 9522
14,001-16000 - . 737980 ¢ S I : 37,980
16,001-19.500 . 53,606 B - " 53606 " -
19,501-26000 - . 434632 S0 434,632 .
. '26,001-33000 27389 C ¢ . P I T £ -1
" .|l s30010RMORE~ .~ - 244863 . 0 ‘ - S -0 . 244863

60000RLESS - . 374,070. 290,142 9,807 -
6,001-10,000 - 1,035862. 536274 -, " . .410,406
10,001-14,000 - . 246374 - - 0. - L 248374

14 ,001-16,000 - " 81,897 SRR v U81807
16,001-19,500 - * - 141746 - ° . SRR B 1746
19,501-26000" . . 1,219,550 Lo . 1,219,550 0

26.001-33000° . - - 72072 . 0 . S Lorem
. 33,001 OR MORE - 169,842 - J T 169,842
Total - 3,341513 ‘

6,000 ORLESS
6,001-10,000 -,
10,001- 14,000
14 ,001- 16,000
16 ,001- 19,500
19,501-26,000

26 ,001- 33,000
33,001 OR MORE

6,000 ORLESS

6,001- 10,000 -

10 ,001- 14,000

14 ,001-'16,000

-16,001- 19,500

19,501-26,000 . s _

26 ,001- 33,000 . = : ; . . 151
33,001 OR MORE . . oL - _ 62,084
Total o ' : ‘ S o 62,235 .

.. The dé:ta above can be used to estimate the ﬁac’t__ion of single-unit trucks in the FHWA 'sAa'mple which.
. National Energy Modellr‘:g'_svistem ' L ‘ .
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. are less than or equal 10, 000 Ibs., the upper ~bound of the LCT welght class. Aggregaﬁng the sample :
numbers and calculatmg the percentages in the relevant groups provxdes the winnowing factors in
1he table below. ] | '

2A4

- Pickups
~ Other
" Total

32,280,859 -
21,772,514
54,053,373 .

. 826,416

. 32,280,859
3,029,002 -
3,855,418,

20,878,552
53,159,411

826,416
587,721

" 1,414,137

. 100% -
95.89%

100%
19.40%

59.72% .

4028%.

78.56%

| 21.44%

60.72%
39.28%

58.44%

4156%

Similarly, the distributions in Table F-53 can be aggregated to determme the dllocation of truck sales

 obtained from the Macro Model, ﬁrst splitting off that fraction between 10,000 and 14,000 Ibs., and
then d1stnbutmg the remainder between 2-axle, 4-tire trucks and trucks wnh other axle

' conﬁguratlons, as shown below.

Total SU Trucks <= 14,000 Ibs

- - 54,921,221 -
Of Which: o : . Lo
) " . 8U Trucks <= 10,000 Ibs. . 54,573,548 .99.37%
- Of Which: o
2A4T Trucks <= 10,000 Ibs 53,159,411 97.41%
- 1,414,137

Other SU Trucks <=10,000 Ibs.

National Energy Modeling System
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The next step isto determme the fraction of trucks wh1ch exceed the 8 500 Ib. lower bound of the -

LCT weight ¢ cafegory. TIUS, unfortunately, does riot provrde a breakdown of truck stock along those -
. - lines, thus requiting the i 1mput1ng of the appropnaie fractions. Aﬁer cons1derat10n of several options, .

" ithas been declded to use a 51mple linear mterpolauon of the cumulanve share of each truck type
between 6; 000 and 10, 000 Ibs.. The data and resultmg shares are prov1ded in Table F-56 ‘below.

o Total . T Percent .. Total . .-« Percent -
<=6k © 22,085,491 - 6842% . 1459738 - " 67.05% |
: <= 10k 32,280,859 -7 "~ 100.00% - 20,878,552 " 95.89%
A Tota 7 32,280,859 - . 100:00% 21,772,514 "100.00%
" Interpolation - S SN S o
) . <=85 . 28457596 1 .- T 8816% : | - . 17,762570.. . 8508%
' 8510k .- | 38326 0 - e s | 3usemer - o 1492%
i - ‘Total I . Percent_ " . Tetal -.. . ' Percent
<=6k A~ . 200,142 © o 3511% ' 84659 - . - - 1440%
<10k : | 826416 . . 100.00% - sgT7Rl. ¢t T 100.00% °
- Toal' ~ | = 826416 . T o10000% . ) - szt T 100.00%
Interpolation R B o . ‘ ‘. : - LT
, <85 . _|'- 625313 .. 6% -~ | 30 L . . 6790%
. 8s10k T ) - o203 . 0 2433% 0 | 188,648 - S 310%,

. The welght range for 2-axle, 4-tire non-plckup uucks is deﬁned to bc everything >= 8,500 Ibs. This is done to Simplify thc accounting
of the model, due to the small number of these trucks which exceed 10,000 1bs., and to recognize that’ the purposes to which most of these

|| vans and small | panel truck are put would most appropnately be addreesed within the Light Commercxal Truck Model rather than inthe
- Highway Freight Model. - - . .

' - B o N
.

\

In order fo s1mp11fy the alloca’aon scheme descnbed above the drstnbunon of stock and: sales are.
presented graphlcally, in Flgures F -16 and F-17, below. « '

!

. o - -National Energy Modeling System-
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Figure F-16: Distribution of FHWA Single-Unit Truck Stocks

<8,500Ibs

.882%

-

)
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_Figqfe Eai7 . Disujbuﬁon of Light Truck Sales .

[y

. - Truck Sales From the Macro Model

- -, _ * . SQDTRUCKSL; <= 14,000 Ibs )
Light Freight Trucks . . . . . | Medium Freight Trucks . . . .
<= 10,000 Ibs - . * 10,000 - 14000 Ibs _ —»] ‘Freight Truck Model
8937% T - . . - . 088%° .- 7
' . , . .

- 2-Axle, 4-Tire Trucks [ o - * Other Single Unit Trucks
o741%. ~--{. . - . 1 . . 288% -

4

‘ PldapTutks - |~ -
. Sw-m - PN .

‘{ - '8,500-10,0001bs °

" 24.3% .

~~
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Allocation. of Truck Stock Among Industnal Groups . .
In ordér to develop a forecast of LCT use which is sensitive to economlc act1v1ty, it is necessary to
allocate the trucks accordmg to theu' major use. TIUS prov1des an accounting of trucks within

. sucteen major use categories, not all of which correspond directly with imeasures of mdustnal output . .

generated by NEMS.. These categones are therefore aggregated mto measures which can be

addressed wuhm the NEMS structure, as deﬁned below.

Agriculture or Farm Actmtles ‘ L
.~ Agriculture

Forestry or Lumber )

Miningor Quary  ~ ~ - N Mining

Construction Work o

Contractor Activities Construction -. . S
Manufacturing S o _ A . R
Wholesale Trade - T ; - -
Retail Trade . . . . . EEE I
Business . . RN Manufacturing . R

Daily Rental - . .. &

‘NotlnUse . - o - . Trade. -

" For Hire Transportatlon . ' : i

Other. . ,
One-Way Rental : .
| utiities . ' . Utilities {

Personal Transportation -1 -~ Personal :

o Detaﬂed tables'of the msmbuuon of s1ngle-1m1t trucks among both major-use categones are prov1ded

in subsequent tables. These data are used to share-out the four types of truck cons1dered by this
model. It is assumed that the relanve shares of trucks i in  the 6 to, 10 thousand pound we1ght range
is an acceptable proxy for the relauve populations of the 8.5 to 10 thousand pound vehicles. "The
aggregate numbers and the resultmg percentages are prov1ded in the followmg table. It is further
assumed that the percentage ﬁgures used to allocate the LCT's remain. constant, at least until the

-publication of the next TIUS. These are rather strong assumptions, but appear justified by the

paucity-of other sources of detailed mformatlon about the population and operating charactensucs

of Light Commerclal Trucks.

" ‘National Energy Modeling System - . .
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Agricuiture < - - - 1,419,306 : 316,281 . : 408 : 66,853
Mining 79,925 T 40414 .. Bess -~ 7 3378
Construction - 1197648 . 800,004 - 78721 . 120343
Trade - teesser . . qse2306 | . 113801 . 231,008
Utilities o - ,84334. - 127476 | 3378 . 9,334
Personal - - | 6,349,658 © . - 4208573 . 230302 .. - . 72,246

Totat . - | 10185368 “ 7475084 | - ss2a . - 503062

Agriculture -
Mining

‘ Construetlcn
Trade '
Utilities - -

. Personal

Operatmg Charactenstlcs

"The operating charactensucs of LCT's relevant to forecastmg energy demand are the average annual '
" miles per truck dnven within each major use cafegory and the correspondmg averagé fuel economy.
An extenswe sequence of sortmg and tabiilating procedures has resulted in Table F-59, which '
- provides an estimate of average travel demand for trucks between 6 and 10 thousand pounds As
is.done in apporuonmg ‘trucks among use categones, it is assumed that these dnvmg charactensucs
are 1m1form across the weight class, and therefore accurately represent the more narrow LCT

category . o o ..

1 Agricutture - 11,920 . 8569 15,197 ,
Mining . . 20231 . 24871 - 18520 . 17,786
Construction - . 15,909 - 15,195 <. 13,043 © 7 40,074
Trade " - . - . 13,313 - 15394 .. |- 10008 . - 11832
Utiifies * - . 13023 © . 13,776 .-9847 ¢ . " 9,99
Personal S 9,980 10,148 ’ 8,429 : 5,852

. Natl_onal Energy Modeling System
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. Estimating the average ﬁlel economy - of these trucks is consrderably more problemanc and requrres '
'addmonal assumptlons and calculatlons While 'I'IUS requrres the operators of larger trucks to - -
exphcrtly state their average fuel economy, the census form for smaller trucks requires only that

) operators 1dent1fy an MPG range in which their trucks operated in the prior year. It is therefore

necessary to combine these two sets of survey responses on the most aggregate level, and then use
3 more robust estimation methods to determine the mean characteristics of each group. The aggregate

: tabulatlon of trucks accordmg to major use, vehicle type, and fuel economy is prov1ded in tables

below. Agam, the attributes of 6 to 10 thousand pound trucks are assumed 1o represent those of the
85tolOthousandpoundgroup BERTET . I .
Est:lmatmg the average charactenstlcs of these grouped data mvolves the use of a tnmmed mean:
" first detennmmg the quartlles of each dlslnbutlon, calculatmg the inferquartile- range IQR), and then
estimating the brwelghted harmonic mean of the sample. These- quartiles are presented m .Table
F-60. Determlmng the biweighted mean involves calculatmg a weighting factor, which is a function
of an observation's deviation from the median of the sample X, as shown below. -

WX =(1-222. ¢ |z s1

WX =0 jZl>1
where: - Lz2e X2 X , ' S

. -~ 3(IQR)

- where wis the welghtlng factor, and X represents the mrdpomt of each MPG range 'I'he b1we1ghted
~ meanis then calculated as follows: '

o R EN[ ]w(xk)
' ): N w(Xk)

-1

X =

. where Nk is the populatlon of MPG range.k. The mvertmg of the MPG value in the equation, and_
subsequent inversion of the result is intended to provide an estlrnate of the harmonic mean of the

' sample.” This results 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 vatue of the sample median in the

calculation of Z, above, and the'procedure is iterated until the MPG estimates converge. The results ’ _

: , . -National Enorgy Modeling System | o .
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o

Agriculture

Mining
-Construction
- Trade
Utilities
Personal

" The above tables eﬂ‘ectrvely descnbe nght Commerclal Trucks for the purpose of forecastmg thelr :
demand for travel ‘and consumption of fuel. Inthe followmg sectron, the FHWA stock numbers will

be mcorporated, and measures of mdustnal output ‘will be used to test the responsweness of the ‘
proposed model to vanatlons in-economic condmons ' '

' ;ncorporation of FHWA Baseline Data '

In order to track the activities of LCT's, and denve an estrmate of Scrappage rates, lnstoncal figures

. from-FHWA have been consrdered The stock of. trucks and their annual miles of travel are

' presented below. It should be noted that, beginning with the 1994 edition of FHWA's Highway
Statzstzcs, a revised definition of 2-axle, 4-tire trucks has been implemented, removing such vehicles -
as vans'and sport-utlhty vehrcles from the "automobrle" category and placmg them i in the "smgle-

| 46,125,007 ,3927 412 490,274 b
47,319,902 4024842 510478 48413 . 10781 - 12,029
48816260 _ 3863694 543615 49537 11,136 . 12755
50,524,830 3957319 - 575411 . 51,289 T 11,389 12948 || .
_ 51,644,255 402,863 596024 52069 . 11541 12,910 - || -
1990 52,932, 510 | 4243,044 614491 ) 53443 . 11,609 12,595 )
1991 53210253 4265307 ° 624982 53,787 11,746 . 12,610
1992 '53844501:- 4,316,148 . 687,049 .  53691- . 11,831 12,440
- 1993 _ | 55710076 4526004 - 661,546 . 56,781  --. 11,875 " 12,546
1994 57,941,967 4724608 669,321 - 61,284 11,713 - 12,971
1995 - | 57,897,398 . 5203810 686977 . 62706 - 11,865 - . 12,050

National Energy Modeling System - ) )
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- unit truck”. caie;gory,. :

'Hns change in deﬁmuon has reqmred makmg incremental adJustments to 2A4T truck stocks inthe
preceding years. This has been accomphshed by consrdenng the change in 2A4T populatons for
“-the year l993-the only overlappmg year in which stock numbers under both sets of definitions are
provrded The current definition i increasés truck populatlon by 36.2 percent over the pnor tabulauon, ’

" . thisis therefore consrdered tobe umform across time, and prev10us years' stocks have s been s1m1larly
augmented. The number of miles traveled is: also adJusted, through the expedtent of assummg that
. every vehicle ’u*ansferred from the automobrle category travels an average nuinber of miles deﬁned _
- . by, the. overa]l average for automobiles, The above table represents smgle-umt trucks of all welght
classes. ’Ihe su'auﬁcauon procedures described in the prev10us ‘section is subsequently 1mposed in

: order to derive an estimate of Light Commétcial Track stock within each truck typé’and maj or-use" .
category The d15tnbut10n among truck types is presented below, in Table F-63 i

3,262,486 ' . = 2658945 - - 204858~ " - - 192,171
3346936 . 2,727,821 200940 - 196,938
345835 . - . 2814081 - - 202578 190,082

3573685 - - 2912574 - ¢ 206418 . . 193,634
3652863 - 2,077,105 , . -214010-© 200,756
'3743983 . ° 3051368 221322 - . 207615
3763628 . -3067379. . - . 222483 . . 208704
3808489 . - 3108941 . 225435 .. 211,192
3040444 | 32114847 238081 - 221,460
404,723 3204028 246441 . 231,478
‘4,'69'5,156' . .3387576 . 271436 . - 254,626

) 3

~The number of n'ucks in‘each year is assumed to represent the'net. eﬁ'ect ofa ﬁxed scrappage rate

- applied to the previous year's stock, and the allocatlon of new purchases ﬁ'om the Macro Model
Because light u'uck purchases are’ exogenously supphed, the scrappage rate must be inferred. The
-table below represents the allocation of new LCT stock by vehicle type A]locatlon among major-
use groups is detalled in subsequent tables. A fixed : scrappage rate is then calculated for the two
classes of smgle-umt trucks, combining ple'l.lpS and others, and averaging across the years 1986 to
1994. This fesults in an average annual scrappage rate of 6. .77 percent for 2-ax1e 4-11re trucks, and”

L . ) Naﬂonal Energy Modellng Systam .
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" 6. 54 percent for other smgle-umt trucks Th15 percentage is applied umformly across the forecast ,
" years, The purpose.of this-exercise is to enable the'model to accommodate the mcorporatron of more
fuel-eﬁclent trucks over the-course of the forecast. )

PN

307,831 250,884, . . 16,192

320501 261210 - 16858
323634 . 263763 . 17,023

' 3arsse. - . 275410 .. AT755 .
326905 - - 266430 . . 17,185
305920 - 249334 . .. 16,002
287,665 - 234449 15131
324257° 264272 - . AT,056.
374857 - 305,511 e
421603 | . 343682 . . 22,181
424944 346331 . 22352

Forecastmg VMT and MPG . : -
" Inorderto estimate fuel demand by LCT’s, itis necessary to develop a forecast of two elements the
) total travel demanded- within'each major-use group, and the average fuel economy of the trucks.
Agam, the FHWA data prov1des httle guidance in the allocation of VMT and MPG among light
- commerc1a1 trucks; assumptlons based on TIUS stratlﬁcatlons are therefore used -

National Ensrgy Modeling System . .
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Flgure F-18. Index of Manufacturmg Output Loy

."}'z : E lndex of Manufactunng Outputl

1992=1.0

R -2 A

- @ Agriculture e Mining . . A Corgstruetion ‘& Trade -

- Usmg the d1saggregated FHWA data.on the number of LCT’s in 1992 -and the TIUS data on the-

: 'average number of mlles per-trick in the same year a baseline VMT demand for 1992 may be "

. constructed for each mdustnal group.” Each baselme ﬁgure is. then multlphed by an index of
correspondmg macroeconomic output (1992 = 1.0); to éstimate the growth in VMT for each group.

- Personal travel i is the exceptlon, being adjusted by an mdex of personal travel from the LDV Model;

' The indexed growth in mdustnal output is depicted in the figure above The ﬁgure on the followmg _
page deplcts total VMI‘ forecasts by truck type ’ |
. Estimates of fuel economy for trucks in each sector are obtamed ina s1m11ar manner Absent'
) dlsaggregate t:me-trend data on LCT fizel economy, itis assumed that the 1992 TIUS values derived
_ above satisfactorily descnbe each class of truck. Itis further assumed that new trucks acquired after
1992 experience the same proporhonal change in MPGasdo the light-duty frucks as Tepresented in -

- the LDV Model. Each MPG within the LCT Model is therefore adgusted by an index of LDT-fuel

economy, with 1992 = 1.0.. These new, more. efficient trucks are mcorporated into the previous

: yeafs scrappage-adjusted stock usmg a stock-welghted harmomc average of fuel economies.  This .

is deplcted in the aggregate below where a Vm-welghted harmonic average was used to combme
industrial groups, resultmg in a forecast of stock MPG by truck type _ '

~
t

\

i . National Energy Hodellng System :
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Flgure F-19 Total VMT Demand for LCT’s '

i Total VMT Demand nght CommerCIaI Trucks
. © 2-Ade,4TireTrucks - -

-‘ Ew

=
=y

= o .
S & _

. 0 ‘l M _' 1 1 [] ] 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 ]

1990 . 1995 2000 2005 2010 2015
| = 2A4T Pidiap . -+2A4T'Non-Pidmpl .
Total VMT Demand nght Commermal Trucks
) OtherA)deConﬁguratnns

"4
= .
g £
Ea
2 1

'0- 1 1 1 1 1 ] 1 ] 1 1 -)l [} 1 ‘l [] 1] 1 1 1 1 1 1 [ 1 ] 1

1990 1985 2000 - - 2005 - . 2010 2015
. .* Other Pickup . & Other Non-Pickup I
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Flgure F-20 Stock Average MPG for nght Comimercial Trucks

. VMT-Welghted Stock Average MPG|

14 ¢

o b
N

-
S
3 ;
"B
oo
% -
S0
8 1 1 ] 1 1 ] 1 I i 1 1 l‘ 1 ] 1 [ ] I 1 i I 1 1 L 1 1
1990 1985 2000 . f2005 T 2010 2015
| 2M4TPidup . @ 2A4TNonPidup -4 OterPidep B omarNon-pidmpl -
e Energy Demand

(Havmg an estimate of travel demand and fuel economy for each truck’ type and mdustnal group, 1t :
isa srmple stepto calculate the energy required to meet this demand “The ﬁgures below represent o

.. the aggregate demand for energy, by truck type, forLCT's, Itisa relatively small, but not negligible,

amount; nsmg from approxlmately 1- quad in 1990 to near 2 quads in 2015. The ﬁgures on the
-followmg Page show Low this energy. demand is distributed among the major-use groups. Personal
travel represents roughly half of all energy demand within this class of truck, with much of the
remamder bemg allocated between Constructlon and Manufactunng & Trade A

This, proposed modél provides by nec’essity'; a rough approi(imation of ‘the characteristics and . -

. o performance of a relatively. small category.of trucks. Improvéments i in the model and the narrowing
. of assumptions will probably have to wait until the i issuance of the next Truck Inventory and Use -

Survey, or the provision of more detalled statlstlcs by FHWA

. . ' Nat{qnal Energy Modeling System
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R li:igure' F-21: ~Energ)" Conéuniption by Light Ct;mmercial Trucks

Trilion Btu

Energy Consump’uon by Light Commercnal Trucks
2-A>de, 4-Tire Trucks "

l & Pickup Trucks -e- Other Trucks l

tEnergy Consumptlon by nght Commermal Trucks |

. Other Axie Configurations’

.3
@
=
S
=
10 -~ -
. 0 [} 1 1 1 ] 1 1 1 1 1 1 1 L 1 ] [] 1 1 (] 1 1 1 1 ’r'l I‘ [
1990 1995 2000 2005 2010 2015
4 Pickup Trucks -e- Other Frucks
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- Components of VMT Demand |

2- A>de 4-T’re Trucks

140
120
3w}
|
o 80 F
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) © 1990 1995 2000 2005 22010 7. j2015
| @ Personal- - G Trade E3 Construction” _-Agrioul“ture O Utilties -~ -Mining‘, : l
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Vehide-Miles Traveled .

Components of VMT Demand
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' 1992 TIUS Estlmated Truck Reglstratmn Comparison with Federal nghway Admm1stratmn
Truck Reglstratlon -

.The Federal nghway Admlmsn'auon (FHWA) estunate of the number of pnvate and commerc1al
trucks registered is based on a ca]endar year summary report ﬁom each state. It reflects dlﬁ“erences

in truck deﬁm’aons used by each state for vehlcle reglstratlon ﬁ.-om those used in TIUS

Us - 59201 . 43675 15,525
AL © 1,167 NE 1075 - . - 3
. AK 2200 0 )T 169 . L3
- AZ 1,000 - 787 . 213
- AR 749 - ~|° 512 - .- 237
v o ca 710 | ams [ - 2.
A co 1 R - - 3m
: cr s | e o435
u DE 173" - AR 52 T
| DC c20 |- i 1
I FL 2673 - oo1e8 - | s
I GA - Les | e - B (5]
’ HI I N 185
D . 467 T 40 . 66 _
L | 2am D o1as B
IN 1414 .7 L159 1o 256 )
| "IA . "931 1 S TR R 190
- Ks 1,002° 1 642 . . 360
, l - KY - wee - ses B
: " : LA - Li24 - ©r . 1,050, . 74
R ME 339 . T, " 127
- w a1 - | 583 T 38
[ 'MA 819, - | . 467 . a7
" ' Ml 2,166 4% 1,538 -1 628 ' l’
. " MN 1,156 o 708 - C o448,
I MS® L 648 L 43, - 215
|| "MO 1357 . CoLse .| 201 - H _
{l MT - 32 | T
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353
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2,000
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1,760

321

- 291

R

12,189, .

554

1,080

153~

1,05:

467.

2,368

T .809

159

61

841 - -

224

295

16

1,463

© 1,191 -
1439
251

" 1,635
927
592"
1558
98 -
617 .

" 279
857 -

"605

4373

3,803

570

510

" 429

‘81

157

112

1,517

1,230

286

1,542

1288

254

477
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'Attaebrrrent 6: Air '_l'ravel‘ M'odule

Derivation ofDemographic Adjustment Factors .

- It is expected that the "personal trave " segment of commerclal passenger trafﬁc will be more
" sensitive. to. air- fares than the "busmess travel" 'segment.- It is also l]kely that the volume of
drscretlona.ry travel w1]1 be more influenced by public perceptions of airline safety, convenience, and_ -
quahty of service, One way of. quantlfymg this effect is in a stratified measure of the "propensﬁy:
to fly" which, inits ‘most rudrmentary form, associates with each age group.and gender a static value . -
obtained from a survey of travelers.’® The propens1ty to fly is consrdered to be the product of the
percentage of a given populatron segment t0 have flown in the prevrous year, and the average
" number-of ﬂrghts taken by the travelers. This translates into the number of trips per caprta associated
. with that populatlon cohort. These values are subsequently used to modulate forecasts produced by

“the conventlonal model as follows _ .
- ARPI, £ Dir - RPMppr . :

where: ,
: ARPMT Adjusted personal-n'avel revenue passenger ‘miles in- year t-
D= Demographic index in year t. C
RPMD PT = Unadjusted foremst of domectlc personal RPM inyeart.
and: _ ) R
E POP,T PROFLY,T IE POP,0 PROFLY, 0
Dl =
LT l EPOP,T o [ EPOP,O

where: : ’
’ POP,.T The populanon of the © cohort in year T.

POP;o=The populanon of the 2 cohort in the base year '
' PROFLY,_T_ The propensity to fly for the I* cohort.

The jfollowing describes the assumptipns 'and data manipulations undertaken to develop aige- and

" % This ad_]ustment a.lgonthm has been a.dapted from that provrded in Appendrx Aof. Forecastmg Civil Aviation Actzvzty Methods
and Approaches, Transportation Research Circular Number 372, Transportanon Research Board; June 1991. T

Natlonal Energy Modeling System . N
. Transportation Model Demand Sector Documentation Report . : - F-161
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L gender-speclﬁc demographrc adJustments to forecasts of personal travel The use of these factors -
is predrcated on the static nature of the public's propensity to'fly (PROFLYm- = PROFLYLO), absent
sufﬁc1ent time series data to reﬂect and pred1ct changmg trends

. mThe ATA travel survey provrdes the percentage of each age group whrch has flown in the E

prevrous year (1 A), as well as the faction of men and. wonien of all age groups who have flown (1|:M, -

” ~ Ty). The first step is to denve an estlmate of the percentage of each age group and Sex whrch has
flown. R : '

- Grven that NM and Nw represent the total number of men  and women, respectrvely, the
: percent of the ﬂymg populauon that are of each gender can be represented as follows
. PM= . M'M. ;PW=1-PM
’_‘MNM‘*'”WNW e

. Usmg the 1990 Census numbers, Py=0. 53 and PW =047. In other words 53 percent of people -
whotook at least one air tnp in the prev10us year: were male.

l Ris assumed that this gender ratio is constant across age groups and time. This ratlo is.
used to estlmate the percentage of the population by gender and age group which has ﬂown in the
prevrous year The equatlon for males is as follows: -

o P T 4 Ny
; M,A T
‘ _ Nya A
. Inorder! to determme the number of mps per caprta for male and female cohorts further assumptrons )
" are. necessary - Lot : :

l Accordmg to the ATA survey, male travelers ﬂew more. than female travelers the ratlo
‘-of male to female tnps per caplta is 1 72, 1. e ' Co . .

T SRR
Mg W

Ny Ny

where Ty, and Tw represent the total number of trips‘_by male and female travellers, respectively.
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mln each age group, the number of average mps per cap1ta1s reported. Itis assumed that
the male/female travel ratio-holds across age groups, whmh enables the subsequent d1v1$1on of each
3 ﬁgure into two gender-speclﬁc figures. ‘. '

o For each age group,»the ’num_ber of trips per capita (.TPC) is  expressed as: |

TMA + TWA = TPC,

N ) +N

" Fromabove; = ¢ R m .
S o Tw,nNM,A:f S
, Y 172[—N—— T

~ - Nwa
'Substituting,' and rearranging:
P N . ) . s ‘ . .
K W,A : R

-which leads to the trips per capita fbr vuqmen, by age group: )

. Tyia ’IPC’A{ Nuga * Nyy
Ny a [NWA + 172NMA

The resulting ﬁgures are tabulated, and a graph of the demographlc index through the year 2040 is
prov1ded on the following page. .- - L
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“Table F-76. ATA 1990 Air Travel Survey Data "

~ Figure F-23. Demographic Adjgstmgnt Index for Personal Air Travel: 1980-2040

Demographlc Index

‘ Ad]ustment ToPersonal vaet: 1990 =1, 00

b 4
5
8.
’ i
.a-."_ > -
’ - ! ass [P P |...|.‘..|...‘;.'..|...|...|...| NI PP PP IR TP |
. - A 1l” 1l“ 1988 1392 ﬂMWWWMZ zanmwmmzmm
. ' Lo . Year ° .
R . mxmwwum .
I Population Data: U.S. Department of Commerce, Bureau of the Census, Projections of the

) Populatwn of the United States by Age, Sex, and Race: 1988 to 2080, Population Estimates and
S g]@ons, Series P-25, No 1018. "' . . T

Percentage Flown & Tnps per Capita: ATA, Air Travel Szn'vey, 1990.
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INTRODUCTION -

iy o . _Attaehment 7 ‘Veh'icle'Er'n'issions Module. -

Derivation of Emission Factors . - -

- 'Ilns report prov1des EPA: emrssron factors to be used in the transportatron vehicle emission soltmon

algorithm, which is outlmed in the Tran.s;portatzon Sector Component Deszgn Report (I‘ SCDR)
section on emissjons. Thrs algonthm is'as follows: -

ZEMSSE@;J ='.EFlacrmf *'.Um '

g where EMSS is total em15s1ons of pollutant P by mode IM, in-region IR, and t1me T, EFACT is an

emission factor based on technology, fuel and vintage weights, and-U'is ameasure of annual veh1cle )
act1v1ty (vehrcle-mﬂes—traveled or fuel consumptron 1in gallons) B '

The TSCDR specifies modal ¢ emrssron factors for SO NO carbon, CO CO, and VOCs and calls’
for emissions to be calculated for the fo]lowmg six transportanon modes

Light-Duty Vehicles -

" 3 ‘-Freig'htTrucks"”.' | A "
_mwee [ wee ]

A number of these transportahon modes have subcomponent modes that areto be handled in a
separate TERF "Miscellaneous End-Use Component“ module. These subcomponent modes include

- military aircraft, recreational boating, passenger rail, and buses.” This report also provides the

emrssron factors for these mlscellaneous transportation energy end-use categories, as well as for ‘
altematrve fuel vehicles (AFV s). - . o :

' Pollutant emission factors are not reported for certain transportatlon veh1c1es Reasons for the

exclusron of these emrssron factors mclude one or more. of the following;

e~

National Enorgy Modeling System - .
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the lack of adequate EPA émissions testmg results for the productron of rehable
ﬂeet-average em1ss1on rates, '

/

K the cjuantities ofa pollutant generatedla vehicle type.are not signiﬁcant,

the pollutant is not regulated by the EPA (for example only arrcraft HC and

- smoke emlss1onsare currently regulated)

, Such instances of nonreported emssron factors are documented in | the relevant transportatron mo de )

o sectrons of this- report.

' HIGHWAY MOBILE SOURCE EMISSIONFACTORS .~ .+ .+

S ngl)way Source 'Emission Factor_lnfohhatlon Soarces

,

: Emrssron factors and the accompanymg calculauon procedures used for v1rtually all federal and state .
" mobile source emission mventory studres come ﬁ:om the followmg EPA source documents '

.~

~ .

Ny Compzlatzon of Azr Pollutant Emission Factors Volume I Mobzle Sources

(AP-42 Fourth Ethlon, September 1985)

.\ i

Supplement_ 4 f_o ;41,’-42 Volume H, January 41991'.' P

Users Guide to MOBILE4 1 EPA-AA—TEB-91-01 (EPA Ofﬁce of Mob11e .
Sources, Emlssron Control Technology Drwsron, July 1991) ' ' '

= .. \'.

Interzm Guzdance Jor the Preparatzon of. Mobile. Source Emzsszon Inventorzes,

Attachments A through J (This EPA memorandum supersedes the mobile source

"emission inventory preparauon mstructrons contamed in Pracedures for

Emission Inventory Preparatzon —_ Volume IV Mobile Sources, Whlch is

<~

currently Bemg rewsed)

Procedures jbr Emzsszon Inventory Preparatzon — Volume 1V, Mobzle Sources,

. _ EPA—450/4—81-26d (rewsed), (July 1992)

National Energy Modeling Systern .
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The document, Compzlatzon of Azr Pollutant Emzsszan Factors Volume H, reports all data and‘ .
em1s51on factor calculation algonthms for ‘both highway and off- hrghway emission sources.
L Supplement A to AP-42 presents updated emissions factor information for hlghway Sources based

.on the restilts of additional veh1cle test data obtained subsequent to the pubhcatlon of the original -

AP-42 Air- Pollutant Em1ss1on Factor ' compilation document, -as well as methodological

- modlftcatlons reﬂectmg calculation reﬁnements and new emission regulations. Both EPA data’ o
" .. source documents categorize h1ghway mobile sources into elght types light-duty:gasoline veh1cles :

(LD GVs), hght-duty gasohne-powered trucks with a gross vehicle welght rating of Jess than or equal Ny
't0 6,000 lbs (LDGTls), light-duty gasohne-powered trucks witha gross vehicle Welght rafing greater -
. :;than 6,000 Ibs (LDGTZs), heavy-duty gasolme-powered vehmles (HDGVs), hght-duty diesel-
) powered vehicles (LDDVs), light-duty dresel-powered trucks (LDDTs), heavy-duty dlesel-powered

. veh1cles (HDDVs), and motorcycles. The EPA document, Procedures for Emission Inventory. -

Preparatzon — Volume IV, Mobile Sources, provides the most up-to-date instructions for all state -

" and’ local agencles mvolved in the preparatlon of moblle source inventories. The EPA makes - -

frequent mention of the fact thata number of emission rate studies are ongoing. Therefore, frequent

,momtormg of the status. of EPA analytlcal studies is suggested in order to ensure that TERF .

- emission factors reflect the.latest_ ayallable emission testing and methodolog1ca1 information.

Highway mobile source emission factor calculation routines, outlined in the above EPA documents,
are incorporated i into EPA's MOBILE model, which estimates hydrocarbon, carbon monoxide, and E
- oxides of. mtrogen emission factors for gasoline and dxesel-powered vehicles. The most recent
version of the mobile emissions. model, MOBILEA4.1, Was released in 1991 for the express purpose.
- .of prepanng all 1990 base year emission inventories mandated by the. CAAA for all areas exclusrve
of Cahforma, and to prepare ( CAAA- mandated carbon monoxide emissions inventory proj jections. '
However, MOBILE4 1 does not mcorporate the effects of other CAAA provisions, such as the T1er B

+ I exhaust emissions standards for hght-duty vehicles and light-duty trucks. Revisions to the o

MOBILE4.1 model to reflect CAAA. provisions for NMHC and NO, and addmonal test data are

being dlscussed and planned fori mcorporanon into the new MOBILES, model. The EPA is currently

seeking recommendations through a series of pubhc workshops, and expects to release MOBILES

in the fall of 1992. Append1x E.EM.B provides an excerpt from an EPA letter handout (dated March -
5 1992) that outlmes potentlal MOBILES revisions. -

' Highway source emission factdrs for California are cdlculated through the. use of the California Air
:Resources Board's own emission factor model, EMFAC. The most recent version of this modél is

L EMFAC7EP which i incorporates the most recent California veh1c1e and fuel standards. All EMFAC

" model versions are variants of EPA's MOBILE model, and have-been customized to serve the _ '

* National Energy Modsling System ) o .
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- emrssron calculatron needs of the CARB EPA’s Ofﬁce of Mobrle Sources is currently examrmng

' CARB in-use test data for vehrcles certified to meet Callformas 0.7 gpm NO emission’ standard.

. Emission rate equatlons for reﬂectmg the’ ‘effects of Ca]rforma s low-emrttmg vehicle (LEV) program
" and mspectron/mamtenance credlts are also bemg considered for mclusron in MOBILE model
: updates 2

i The Ca]rforma Air Resources Board uses 2 separate computer mbdel to assmﬂate emiission test data
- and calculate basic emission rates.. This model, CALIFAC uses the CARB's In-Use Surverllance
. ‘Program and the InspectronMamtenance Project ¢ databases (along’ W1th EPA .data) to denve the basic
emrss1on factors. ‘The basic emission factors serve as the inputs to EMFAC -which subsequently
‘ -apphes em1s51on correctlon factors to produce ﬁnal emlssmn factors. /This Teport lists the Ca.hforma'
. hrghway emission factors along wu:h the EPA national emrssron factors

The EPA Procedure for Calculating Mobile 'Sodrce Emissions Factors
Meth_odoiogﬁ Overview P

'Federal and state agency—developed emission factors for each vehrcle type are denved from a four-

step process” - - :

o~ - . ' - . [N ‘ L. . «
- . - . -

;r_st, "basrc exhaust emission factors" or BEFs, are estrmated accordmg to rigid federal '
'testmgprocedures“ S U T R

Second, the BEFs are adjusted witha séﬁés of multiplicative and additive correction factors
. that account for testing condition vanances in ambient temperature and operating mode,
well as expected emission contxl dev1ce tampenng rates.

T

d, the BEFs are further adJusted w1th a composrte correctlon factor that reﬂects'actual
o . vehlcle charactenstlcs and driver operatmg practices (For the hydrocarbon BEF, separate
emrss1on factors for evaporauve and nmmng losses areadded. In addrtron, the hydrocarbon

-~

5 All emission Tate- equatxons and data referenced in this section'come from EPA's AP-42 document and accompanymg
supplements, or the MOBILEA4.1 model documentation, unless otherwxse noted.- - . .
 Exhaust and evaporative emissions testmg procedures for hght-duty gasohne and dxesel-powered vehxcles are stipulated in the
Code of Federal Regulations, 40 CER Part 86, Subpart B, July 1, 1989. Testing procedures for heavy-duty gasolme and diesel-

"~ powered vehicles are stxpulated in 40 CFR Part 86, SubpartN July 1, 1989.
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and carbon monoxrde BEFs are adjusted for fuel volauhty ). A number of these correctlon
factors are not mcluded in the emission factor calculations for dresel-powered vehicles and .
u'ucks due pnma.nly toalack of reliable data. w

ﬂ;ﬂl, consohdated BEFs are denved by werghtmg the adjusted BEFs accordmg to the )

ﬁ'actlon of: total ‘miles dnven for each model year, and then summmg over the 25 hlstoncal‘ .
model years that consutute the m—use veh1c1e fleet for each calendar year.! The equatrons -
for the consohdated emission factors are as follows S

| EFHC=ETE* [(ADJBEF * SALHCF * RVPCF) +REFUEL + RNGLOS + CCEVR'I] :
+  ‘EFCO=XTF* (ADIBEF * SALHCF *RVFCF) '
“EFNOQ, =X TF * (ADJBEF * SALHCF)

-

 whee: . . . .

ADJBEF = : Adjusted basic exhaust émission factor in grams per milé,
SALHCF= ~ .. Composite speed, air condrtromng, extra load, and trarler towing
A : ’ © correction factor, N .

.. RVPCF.=" . " Fuel volatility correction factor,
" . REFUEL= . Reﬁrelmg hydrocarbon emrssron factor (g/mrle),
RNGLOS = A Runmng loss hydrocarbon emission factor (g/mile),
CCERVT= " - Crankcase and evaporatrve hydrocarbon emission factor (g/mlle)

F =" AFracuonoftotalmrlesdnven

4

. (Summation occurs over 25 model years i, from nf24 t_o n, where:n is the calendar year)'

. Methodology Details' _
Federal Test Procedures The federal test procedures ca.lculate basm exhaust and evaporatrve
" emissions for each vehicle model under spec1ﬁed ambient temperature and hurmdlty levels, average
speed and idle time, vemcle-mrles-traveled (VMT), percent of VMT in cold-start, hot-start, and - -
stabilized operations, trip length, and fuel volatlhty 62 The gathenng of exhaust emissions data is. '
accomphshed with three test segments For Segment No. 1 (cold-start test) emissions for the ﬁrst

o The number of model ywrs for the in-use fleet was expanded from 20 to 25. wrth the release of MOBILB4 1 (see User's Guide
toMOBILE41 Sec. 114) ;

6 The measure of' volanhty is Reid Vapar Pressure. Vapor precsure nieasures the level of surface pressure in pounds per square
inch (psi) required to keep a hqmd from vaporizing. Vehrcles are tested at a certified RVP of 9.0" psi.

National Energy Modeling Systom o C- .
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{ L ‘505 seconds aﬂer engme start-up are collected For Segment No 2 (stablhzed test), em1ss10ns are
‘ collected for the next 870 seconds. Fmally, for Segment No. 3 (hot-start test), the engine is turned
_oﬁ‘ for a ten-minute duratlon, ‘and'is restarted and run for an additional 505 seconds Wlth em1$s1ons‘ -

_ bemg collected The EPA conducts the test cycles at both low and. h1gh altltude locauons

~

_ Basm Em1ss1on Rates. ‘The basw emlssmn rate is calculated bya two-step formula based on the
' assumptlon that em1ss10n rates mcrease hnearly with respect t6 accumulated vehicle m1leage Flrst,

a zero-m1le eniission level is obtamed ﬁom the i in-use vehicle testmg resulfs for a speclﬁc model .
year and poltutant. Added to this ba31c emission rate is an adJustment that reflects the cu]mulahve -

o m1leage forthe model year vehicle and 2 per-lO 000 mile emrsswn detenoranon rate The two- step ;

 formula’ accounts for. vehlcles with cumulatlve mlleage of less than 50, 000 and vehicles with
. 'mﬂeage in excess of 50, 000. The followmg example shows the equatlons and calculanons used to
. .obtam basrc carbon monoxrde em1s51on rates for hght-duty vehicles w1th a 1990 model year.

"Exanrnle,l:’(falcnlaﬁng Carbon Monoxlde B‘aseEmission Rates .

" BER Two-Step Formula”

BER . —ZML+(DR1*M), o T 0 forM < 50,000 Miles

—ZML+ (DRl * 5) + (DR2 * (M -5), ' forM <'50,000 Miles
. vsl’h_ere-_‘, | . - o : :
. ZML= - 'Zero-mile emission level in gpm L N
" DRl="" ° Emission deterioration rate for vehicles with less than or equal "
R : toSOOOOmﬂes,mgpmperlOOOOmrles : 4 a
‘DR2=_ Emission deferioration rate for-vehicles with more than '
" -~50,000 miles, in gpm per 10,000 miles .. .
M= . . -Model year cumulative mlleage d1v1ded by 10 000 mlles

(l) CO emissions are for hght-duty gasolme-powered velncles wrth a 1990 model year . - .
(2) Tests conducted atlow altitude _—
(3) Calculate emlssmn levels at cumulatwe mileage mtervals of 50 000 and 100 000 mlles

000 Mile Emission Level:
BER'=_2 813+(0.769* 5) = 6.658 grams per mile CO
1 0 00 Mile Emi sion Level: ’

. BER= 2813+(0769*5)+(096l*(10 5)= ll463gramsperm1leCO

. , National Energy Modeling System -
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Data Source Us. Envxromnental Protection Agency Oﬂice of Mobile Som'ces, Supplement A
Compzlatxon of Air Pollutant Emzssxon Factors, Volume II - Mobile Sources (AP-42), January 1991

-Basic Emission Factor Adjusﬁnents ' The basic eﬁ:issidn factors are adjusted with a series of
B general ‘and pollutant-speclﬁc correctlon factors to account for amblent and vehlcle operation
,charactens’acs that differ from’ the standardlzed federal testmg condltlons The adJusted BER
,' ' equatlons are as follows: _ :
ADIBEFy = {[(BER * OMTCF) - OFFMTH] * PCLEFT} + OMTTAM:
. ADJBEFCO (BER * OMTCF * PCLEFT) +: OFFCO + OM'ITAM
. ADJBEFNO,‘ (BER * OMTCF) + OM'ITAM

Natlonal Energy Modellng Systom -
Transpomtlon Model Demand Sector Documentaﬁon Report . . . F‘1‘71



[ SRR e e e e b o ———

" The _eguation‘ terms are described I below:
; Temperature/Operatmg-Mode Correctlon Factor (OMTCF) ThlS multlphcatrve '
correctron factor accounts for the- observatlon that vehicles produce a smaller quantlty of .

* emissions as they move from cold-start to stabilized dnd hot-start operatmg modes The
. OMTCF is expressed asa sum of" VMT-Wﬂghted lmear ﬁmctlons of the fleet cumulatlve
L mlleage for ¢ach model year, adJusted for (1) the emissions conmbutron attributable to each '
. operatmg mode (represented as mteroept and slope coefﬁcrents of the’ lmear functlons) and

. (2) aprevrously est:mated temperature correction factor for each model year, , pollutant, test .
segment, and amblenttemperature (not apphcable to dlesel-powered ‘vehicles and trucks). .

. As wrththe basic emrssron rate formula, OMTCFs are calculated with a two- stage formula

- to reflect em1ssrons detenoratlon for vehlcles with. cumulatlve mﬂeage greater than 50, 000

mi_les: SR ) T ; s - T
© ~ - OMTICF =(TERM! + TERM2 + TERM3) / DENOM
Qmﬂm_zhf_mzs.&m o0 Cum nmeM" ilegee>50000 . -~
. TERMI: .‘ W‘TCFI'[B1+(D11'M)] . W‘TCF1*[Bl+(Du *5)]+[D12*(M -3
CUTERM2= . WRCTCR B A @u M (SWX)RICR* Bt O * S+ Pn* M- 5)]
: = -~ X’TCI“s*[Ba"'(sz‘M)] E _W'TCI"z‘ [Bs+(D31 ‘5)]+[Dsz*(M S -
DENOM=_ 'Bo'*‘(.Dox*M)_ T - s "Bo"'(Dot"5)'*'[Duz.‘(1\’I s
" where s
. W= - - . fraction of vehicle-miles-traveled in the cold start mode 5
X=- . fraction of vehlcle-mﬂes-ﬁaveled in the hot start mode -
" TCF; = . - highor Tow temperature correction faetor (depending on amblent testmg temperature)
o .. . for pollutant, model year,. andtestsegment i’ : '
- B= T ) normahzed mtercept eoeﬁclent for pollutant, model year, andtestsegment i
? : D= normahzed slope coefﬁclent for pollutant, model’ year; test segment nir and
T culmulatlvemlleagelevel j" (1 1stS 21fM>5) :
M= . ' cumulatlve mlleage divided by 10 000 milesfor each model year

\

. The low temperature correctlon factor is apphed when the ambrent temperature is lower than '
the reference test' temperature of 75°F. For all pollutants, test segments, and mode] years,
. except segment 1 (cold start) CO em1ss1ons for model years from 1980 and Tater, a simple

" - _ Ratlonal Energy Modellng Systom
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: exponentlal model is used.“3 In the case of cold start carbon monox1de OMTCFs for model

years 1980 and later, two addmonal calculation steps are necessary. F1rst, TCF, isremoved -

from the TERM1 equauon in order.to ehmmate the temperature correctron related to the cold
-start mode. Second; an altematlve additive version of the low temperature correction factor
is calculated, the "CO offset” (OFFCO), whrch ad]usts the cold start emrssrons for hlgher .
CO produced during the cold start mode. ’l‘he CO offset is multiplied by the percent of VMT
in the cold statt mode (the "W" term) and adjusted for fuel volatility if the temperatire is
' greater than 40 °F: The Cco oﬁ'set term is then added to the basrc CO exhaust em1ss1on rate T
factor ' St _
‘The high temperature correctlon factor equation for pre-l980 model years, apphed When the o ‘
ambient temperature is hlgher than 75°F, is similar to that of the low temperature correctlon '

factor. For post-1979 model years, an altemauve correction factor i 1s used that mcorporates R

a fuel volauhty correctlon component. The combmed hlgh temperature/fuel volaullty _
. correctlon factor model is: : -

ot

.T'RCF — 'e{[A . (eri- 9.0)] +[B*(T-750))+[C* RVP- 9.0)]'\“('1‘- _75.0)} N

" where RVP is the fuel volatllrty level in p51 RVP T is the amblent temperature and A, B,
~'and C are esttmated coefﬁcrents

Tanrpering Offset (TAMI’OFF) —A tampering and misﬁleling offset (in gramsper mile)
is added to the basic emrssmn rate toreflect the assumptlon thata certam fraction of flHxt-

vehlcles have had emission control components disabled or fueling components damaged. - '
Such tampenng and mrsfuehng occurrences increase exhaust and evaporative emissions.. (

Tampenng/m1sﬁ1e1mg types tracked by the EPA includé air pump dlsablement, catalyst

. removal, EGR system dlsablement, filler neck damage, fuel tank misfueled, combmed filler-
neck damage and fuel tank szfueled, PCV. system dlsablement, canister dlsconnectlon, and_" .
combined camster and fuel cap removal S -

The EPA has conducted natlonw1de tampermg/mrsfuelmg surveys since 1978 and data for
surveys completed in 1984 1985 and 1986 ‘have been mcorporated into the Tampermg )

& The equation is: TCF,,,=EXP [TCR,‘, (T-75.00], where TCjpisa coeﬁclent for model yeari, pollutant D, and test segment
b, at the ambient reference temperature of 75 degrees Fahirepheit; and T is the amblent temperature

National Energy Modeling System ,
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Offset calculation methodology & The TAMPOFF is apphed to only four vehicle types due B

. to the lack of comprehensive data: light-duty gas-powered vehicles, hght-duty gas-powered '

trucks (both’ weight cafegories I and . 1), and .heavy-duty gas-powered vehicles. The
TAMPOFFs for each tampermg type are’ calculated with the- followmg equatlon for calendar
year';: T

(g

C

' TAMPOFF=TAMP,,, * PEQUIP,, * RATE, .

. _v;lhere;'_ .

TAMP;,= e mcremental increase in emissions fromi tampered vehxclcs for model °
) T " - year’, pollutant p, and tampering type , . g
'PEQII!:Ph= - percent of the model-year i vehxcles that are eqmpped thh xtem m
' < ;- .  thatcanbetampered, - . « )
RATE,,,, = . = . percent of model-ywr i vehxcles with eqmpment m that has been' .
o /‘ ' tampered\mth K

The- term, TAMP is denved from lmear regress1on equatlons with cumulatwe mlleage in .’
10 ,000-mile mcrements servmg as the regressor or explanatory varidble (the regression =

o mtercept is mterpreted as the zero-mﬂeage emission rate). The regressions yield

detenoratlon rates up to 50,000 cumulatlve mileage, with m11eage in the 50,000 to 130,000
range handled with an addmonal adgustment factor representmg each tampermg-typ e/veh1cle- -
type combmatnon v : : \ , S

The tampermg-type emissions- oﬂ’sets are combmed to form an overall compos1te offset w1th
each tampering-type offset adJusted w1th the- apphcable temperature correction factor (T CF), -
and weighted accordmg to the percent of accumulated vehicle-miles-traveled in cold start,

stab111zed, and hot start modes. . The tampenng oﬁset is not apphcable to d1esel-powered :

7vehlcles and trucks.

.Inspectlon and Mamtenance (I/M) Program Exhaust Emlssxon Beneﬁt (PCLEFT) -

This optional emissions rate adjustment factor accounts for the hydrocarbon and CO -
emissions reduction beneﬁts attributable to mspectlon/mamtenance programs The emission
rate /M credlts are estlmated using a separate EPA model, TECH IV+ Wh1ch is currently

« 8 Soutce: Compilation of. “Air Pollutant Emission Factors Volume 2 —Mobzle Sources, Supplement A, Appendlx E,p. Bl
Additional survey results gathered after the publication of this document arealso included in the offset esnmatxon equatrons

B F-174
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' bemg updated into'a. TECH 5 version that will include a NO, beneﬁt submodel and other
revisions reflecting new /M progra.m datd.®® UM program parameters for the TECH model

. mclude program start year, stringency level, first/last model yeats of vehicle subject to.
program requirements, waiver rates, comphance rates, pro gram type, mspecuon ﬁ'equency,'

' vehicle type, test type, and availability of alternative I/M credits for certain technology
.. groups: The I/M program em1ssrons beneﬁt ishot apphcable to dresel-powered Vehrcles and
":_alltrucktypes. L I - '

Methane Offset (OFFMTH) Th1$ grams-per-mﬂe oﬁ'set is used to adjust the‘
, hydrocarbon basic emission rate when nonmethane HC emrssmns are estimated. Model-year
. oﬁ‘sets are calculated for each of the three test segments ‘

o 'Ihe BEFs are further adjusted bya composzte speed air condztzomng; extra load and trazler towing
correction factar (SALHCF) with the followmg form T

SALHCFHC,OO =SCF* ACCF'*'XI;CF‘* TWCF
and e |
SALHCFj0, = SCF * ACCF * XLCF * TWCF * HCF

. Eachof the eéluation terms are desc‘ribed below. .

Speed Correctlon Factor (SCF) Federal test procedures call for the collectlon of basic
exhaust emrssrons atan average speed of 19.6 miles’ per hour To account for higher and
. lower average speeds extiibited byi in-use vehrcles, correction factors for three speed ranges
* were calculated i using linear regressron.“ The ranges are low speeds (2. 50’19, .6 mph),
moderate speeds (19.6 to 48 ‘mph), and hrgh speeds (48 to 65 mph). The speed correctlon |
. factors are delineated by model year group, technology, pollutant, and emission level (i.e. .
* normal vs high emitters), but are weighted and combmed into one basrc - speed correction
" factor apphed to base emrss1on rates.. S '

=
65 The only NO reductron benefit currently modeled is from'a reduction in tampermg rates resulting from IIM programs. BPA

analysis of transient /M test (IM240) data indicates that additional emissions reductions result from NO, cutpoint /M programs. -
(See Appendix E. EM.C List of Potential Revrslons for MOBILES Item No. 3-5. )

% Thespeed correction factors are normalized to the speed associated with a wexghted sum of the cold start and hot start mode .
VMT fractions. The SCFs were denved from multlphcanve linear regression equations. . )

Natlonal Energy Modoeling Systam
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-Air Condltlonmg Correctmn Factor (ACCF) — The air condmonmg correction accounts ,
" forthe impact of air condmoner operations on pollutant emission types at various amblent

temperatures for each model year-(This factor is not applicable to heavy—duty gas-powered

" vehicles, hght-duty d1esel-powered vehmles, hght-dmy d1esel-powered trucks, and heavy-
-duty dlesel-powered vehicles). The correction factor is expressed as a linear relationshipto
o temperature ad_]usted with a multnphcanve factor that reflects the fraction of AC umts inuse. .
' The air condltlonmg correctlon factor equatlon has the followmg form: - _ -

¥ 'ACCF:.V‘* U [A +.(B ’!‘ cr £75)- 1] 1

- where: . .

V= .ﬁactlonofvehxcleseqmppedwrthAC , '
U= - , faction of AC umtsmuse = (DE- 70)/10 where DI is the temperature dlscomfort‘ )
‘ T index, | : :
O DI= ‘((DB+WB)*04)+15
DB= - dry bulb temperature,
WB= . wetbulbtemperature,
= ...7 - intercept coeﬁiclent,
B= slope coeﬁﬁcrent, _
"T= . ambxenttemperature_‘ :

. Extra Load Correctmn Factor (XLCF) — Th1s correctlon factor mcorporates the 1mpacts o
o on emissions of a an mcrease of 500 pounds to the test standard vehlcle welght, which includes
- a driver and one passenger (This factor is not apphcable to heavy—duty gas-powered‘

vehrcles, hght-duty diesel-powered vehicles, hght-duty dlesel-powered trucks, and heavy-
duty d1ese1-powered veh1c1es) The exn'a load correction factor equat10n is:

- C Lo D

,}q,‘CF=[(_)¢’c:- 1.0)¥=U]+ 1.0

: where XLC isa factor coefficient for each model year and pollutant,67 and Uis the ﬁactlon
- of veh1c1e-m11es-traveled with the extra load. .

Traller Towmg Correctlon Factor (TW CF) — The traller towmg correction factor, whlch '
accounts for the eﬁ’ect on emissions of an extra trarler Welght of1, 000 pounds is calculated :

~withan equatl_on that i is identical i in structure to that used for calculating’ the extra load

- 7 For- example, XLC varies from 1.0786 to 1.0455 for low altitude hght-duty gas-powered vehxclos, dependmg on the model year
The XLC range for CO is 1.3058 to L 1347 and the range forNO is 1.0719 to 0.9535. . . .

, Natlona! Energy Modeling System )
Transportation Model Demand Sector Documentation Report -

~



correction factor: -
TTCF = [(TTC- 1.0)* U] +1.0

. where 'ITC isa factor coefﬁcrent for each model year -and pollu’tan’c,‘8 and U is the ﬁ'actlon
. of vehrcle-mrles-traveled with the extra tra1ler load. o : :

'Ih1s factor is not appheable to heavy-duty gas-powered vehicles, hght—duty d1esel-powered ’
. vehrcles, lrght-duty d1ese1-powered trucks, and heavy-duty d1ese1-powered vehrcles

' .NO Humldlty Correctlon Factor (HCF) —NQ em1ssron factors are normahzed to 75. -

K grams of water per pound of dry air. To ach1eve this normalization given various hum1d1ty ‘

levels, a multlpheauve correction factor is apphed to the compos1te NO, SALHCF The
followmg HCF equatlon is apphcable for all model years S

' HCF =A1.0'- 0.0038 *~(H . .75.0)

where H = hum1d1ty level in grams of water/lb dry air. Thrs hum1d1ty correctron factor is -
not apphcable to heavy-duty dresel-powered frucks. " :

: Data obtamed from momtormg emlssmns at dlﬁ'erent Re1d Vapor Pressure levels shows fhat
,hydrocarbon and CO emrsswns increase.as volanhty increases. For exhaust emissions at fuel -
volatility levels dlfferent from the test certxﬁcatlon RVP .of 9.0 psi, and when the ambient - .
'temperature is greaier than 40°F, a ﬁlel volatzlzty correchon factor (RVPCF) is apphed to the basrc E '
hydrocarbon and CO emission factors, ‘ .

There are three fuel volatility eorrecnon faetor equatrons w1th the selecuon ‘based on vehlcle model
-.year and ambient temperature - For model years 1971 through 1979, (and atall temperatures), the
. RVPCFs for hydrocarbons and CO are based ona smple lmear extrapolation model®:

: ,RVPCFHC' = (0.56222 + 0.01_25 12* RVP) / 0.67483
"RVPCF¢, = (7.1656 +0.33413 * RVP) / 10.17277

¢ For cxample, TTC varies from 1.7288 to 1.26 14 for lowalumde light-duty gas-powered veh:eles, depending on the model ymr .
" “The TTC range forCOis 1. 8940 to 3. 9722 and the range forNO, 1s 1.1184 to 1.3875. )

& The denominator value represents the numerator evaluated at the certification Reld‘Vapor Pressure of ‘9 psi. -

\ . National Energy Modeling System . .
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+ For post-l979 model years and at 4 temperature greater than 75°F, the RVPCF is mcorporated W1th

. B _ the lngh temperature correcuon factor d1scu§sed in the Temperature/Operatmg—Mode Con'ectlon
5 Factor (OMTCF) sectron. - .

For post-1979 model years and ata temperature in the 40 °F to 75 °Frange, a two-step correctlon
procedure is used. Fn'st, aRVP correcl:lon factor evaluated at-75°F is obtained using the combined
high temperature/ﬁ.lel volatlhty model. The resultmg RVPCF is then used as an mput 1o the
followmg equauon . - -

RYPCF_= = 1.0 {[(RVPCF;s.s - 1.0) * [(T - 40.0) /35.0)1}
‘where..'l_‘j is the 'anlbient temperature in the' range-of 40°F. to-75 °F

.The post-1979 model year fuel volatlhty con'ectlon factors are also d1saggregated based on test
’segment and fuel dehvery system (carbureted, throttle-body fuel’ mJectlon, and multl-pomt fuel

. Evaporanve Emlssmns Factors In addltlon to the bas1c exhaust em1ssron factors for
g hydrocarbons, evaporauve emissions from carburetlon and fuel tank systems must be mcluded inthe

- .- consolidated hydrocarbon emission. factors. The EPA models five types of HC evaporahve

- ‘emissions: crankcase, hot soak (evaporatlve emlssmns occurrmg after atrip), diurnal (telease of fuel -
+ vapors due toan expansron of the air-fuel mrxture ina parually filled fuel tank when the ambient -
temperature increases),’ runmng loss (ermssmn generated dunng vehicle operatton) and reﬁzelmg
(drsplacement of fuel vapor from the tank during refuehng, and spillage). Evaporauve emssron

. factors are not apphcable to dlesel-powered ;vehlcles and trucks

- Crankcase, hot so_ak, and diurnal emlssions (CCERVT) are calculated uvith one eciuaﬁong

N ~ CCERVT= [(HS+TAMPHS)* D,]+[(DI +TAMPDI)/MP ]+(CC+TAMPCC)

_ where:

HS= - * " Hot soak emission rates in grams per tnp, corrected for temperature
. . - - .. andRVPfuel volatlhty, o
. TAMPHS= - _ - - Excesshot soak emlssxon rates due to tampermg, corrected for RVP
o ’ " fuel volatility, . .
. TPD;=. ) - Trips per day for age j vehlcles, _ : .
DI=; " Diurnal emission rates m grams cormrected for temperature and fuel
: " volatility, S :

-
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P, - TAMPDI= ' ~_: ’_Excess drumal emrssmn rates due to tampenng, corrected for ‘

L . "temperature and RVP fuel volatility,
_MPD;= - . Miles-per-day values for age j vehicles,
cc= = Crankcase emissions in grams per mile,

TAMPCC_ = . . . Excess crahlimse emissions dué to tampering.
Runmng loss emissions (RNGLOS) are calculated in a similar manrier: loss emission rates in. grams .
per mile are corrected for temperature and RVP fuel volatlhty (RULOSS), and then are: added to the

excess runnmg loss emrssrons ascnbed to tampermg (TAMPRL)

‘ - Refuelmg loss emissions (REFUEL) are calculated by addmg together the drsplacement fuehng )
' " "losses corrected for RVP fuel volauhty (DISP) and an average splllage rate" (SPILL), both measured .

in grams per gallon. Tlns ﬁgure is d1v1ded by the road fuel economy rate (ROADFE), measured in
gallons per ‘mile. : ;

-

- All evaporative emission factor components are modeled as a function of the ambient temp'erature

and fuel volatlhty Running losses are'modeled with two additional va.nables — aveérage speed and

trip duration. . Refueling losses are modeled w1th one additional vanable defined as the temperature .

© . difference between the dispensed fuel and the residual tank fuel. EPA has. also recently mcorporated '

into its modelmg the results of mspecuon/mamtenance program testmg for fuel/evaporatlve control
system lealcs and the capablhty of the carbon canister to properly purge vapors. The impact of

~ "pressure and purge" problems on. hot soak, dmmal, and’ running loss emrssmn Tates. are reflectedin -

MOBILE4.1.® . -~ ﬁ‘,'

. Calculation of Travel Welghtmg Fractlons Aﬁer emission factor correctrons have been applred

to the basic exhiaust emission factors, and hydrocarbon evaporatlve and exhaust emission factor -
components have been added together n'avel welghtmg ﬁ'actrons (l'Fs) are apphed for denvmg the -

final consohdated emlssmn faetors

" The TFs represent model-year proportlons of total vehlcle-mrles-n'aveled for each vehrcle type

They aré calculated with the use-of an annual, mrleage accumulatron rate distribution, a regrstratlon

: dlstrrbutlon71 and a diesel sa.les dlstnbutlon (apphcable to all vehrcle types except heavy-duty gas- o

o User'sGuxdetoMOBlLE«ll Sec 1. 16 p l 12

7 The EPA collects July 1 regrstratlon data, which is adjusted to reﬂect reglstra'aon actmty as of January 1 Vehrcle sales are

" assumed to be uniform throughout the year.

. o hlatlcna| Ehergy Modellhg System
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E powered v_ehicfes and hoavy-duty gas-'uoWered trucks).

» Example 2 shows the calculation of a consohdated hydro carbon emission factor for model—year 1988
hght—duty gasohne-powered vehlcles :

Example 2 Calculatmg a Consohdated Hydrocarbon Emrssron Factor for '

nght-Duty Gasolme Powered Vehrcl&s o . i ¢
© ‘Assumptions:
o @ B HC emissions are for light-duty gasolme-powered vehicles with a 1988 evaluauon calendar '
L . year, 20-model-year vehicle window, with: ‘testing conducted at low altitude. g ’
. @ . Daily minimum and maximum ambient temperatures are 60°F and 80°F, respectively.
3) . All conditions match the basic federal test conditions (i.e., air conditioning, extra load, trailer*
.. towmg, humidity levels, and other basic exhaust emission correcuon factors have no affect on :
< - the calculations, and are therefore set to 1.0).- ’ .
L@ No mspectron/mamtenance or anu-tampermg programs are assumed.
- (5 o Certrﬁcauon fuel volatility of 9.0 psi is assumed. . .
.(6)" . . Total HC émissions are calculated at an average speed of 30 mlles per hour )
.M . Percentages of vehicie-miles-traveled in the cold start, stabﬂlzed, and hot start operatmg modes
"t are 40%, 30%, and 30%, respectively. - \ o ’
*(8) . . Basic HCemission factors are adjusted for the eﬁ'ects of tampermg
©®, Methane is mcluded inHC calculauons
Consoli 'mi'inF' I tiol
" " CONBEFHC, =Y, TF, * [(BEF * SALHCF)+ REFUEL#RNGIJOS +CCEVERT] '/ .-
: wher?:: ' ) ' ’

CONBEFHC,= Consolidated Hydrocarbon Emission Factor for calendar year n, -
.. TF=Travel Weighting Fraction for Model Yeari, . . e )
BEF= Adjusted. Hydrocarbon Exhaust Emission Factor, . . L
:SALHCF= Speed Correction Factor, . ’ .. —
REFUEL~ Refueling HC Emission Factor, ° . .. .
RNGLOS=Running Loss HC Emission Factor, N . .
CCEVERT— Cmnkeese and Evaporative HC Emrssmn Factor ) -

S S . National Energy Modaling System’
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. Model

Year (i)’

TF .

BEF.

~ (zpm)

SALHCF- - REFUEL-
(spm) (gpm) (gpm)

RNGLOS .

CCEVERT
_(gpm)

CONBEFHC,:

“TR*@®EF*SALHCF)+

REFUEL-*-RNGLOS{C .

CEVERT

1o88" -

,:1987

BT T
. 7. 1085

1984,

11983 .

. 1982

" 1981

1980
" 1979
1978

1977
""1976

1975
1974,
- 1973

1972 °

1971
1970

. 0.0307
" 01209
 0.1102
; 0:(;985 .
00879
100783
. 0.0679
10.0598
o o.pss'i_
" oos1
0.0427 """
| .'0.038_1'
' 0.0328 |
:.0.0280
- 00s7’
" 00197 f:
- 0.0167
- ..00134
'0.6;04_-
' 0.0185.

\-

0.415.
" 0472

0.577

0.688
0808
0938
1257
. 1480
2507 -

4941

5253 - )
53505

' 5.8\07
6,043
584
5.945..

5906

9.089 .-
9.296".

S01300 02437 0254
om0 | o244 0254
0730 - 0248 0364
. 0730 . 0255 - 0275
om0 02627 - 0285
om0 o026 G204

e

© 0730 - 0263 ¢ 0303 -

0730 . - o"272- 0311 .

_ ',_o:.,7_30' 0291 . 0351
U030 - 0335 - 0559
0700 0339 0566

0730 © 0370 0650~
g o.7'1l7 T - 0387 -~ o6s6
Lomr 0427 . o6z

0706 0473 0668

0706 0473 0673

0795 0465, 0679

0.798 . 0469° '0683
So811 ¢ 045T . - 0. 715

o usist

3

’

-0.147
0155

- 0177
02157

'0.258
0.300

. 0345

0390

. 0576
06200 -

0665

.' 1.593.
1.674
1.759

1.846

1.937

" 2726

3.556

- 3.660

. 0029

L0121 -

0:122
0123
. 0123
0121
0124
YT
20174
© 0246
"~ ezt
" 0250

0223
0.199 |

0.167-
0.142
0.130
0.149
0.128
0217

"1969

l‘.\'

oon B
. ’,l ,.v.‘

8.856

07815 0454 - - 0.684

=3.142

Data Sourcc Us. Envxronmental Protecuon Agency Office of Moblle Sourcts, SupplementA Compxlatwn of Air Pollutant Emission Factors,
. Volume IT - Mobxle Sources (AP-42), Ianuary 1991, Appcndxx G. . .

i

-
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DAC Highw,ay; Mob_ile Sou_t_ce Er‘nissions Factor Methodologp'

Carbon Monox:de, Volatile Orgamc Compound and Nltrogen Ox:de
Em:ss:on Factors. Conventlonal Vehlcles '

‘DAC calculated'VOC CO and NO, 'emisSion"factors for highway, ‘sources using a 'two-step‘

_ methodology First, MOBILE4 1 model runs were conducted to obtain baselme emrss10n factor
. forecasts Second, off- hne adjustmentsto the baseline emission factor forecasts ‘were made to reflect
" the new- CAAA regu]auons that have not been mcorporated into the MOBILEA4.1 soluuon
: algonthms Table F-77 provrdes the ad_]usted MOBILE4 1 emission factors for conventional vehrcle -

,types 2 The vehicle types consrst of LDGVs, LDGTs (combmed Class 1 and 2), HDGVs, LDDVs, .
.LDDTs, and HDDVs Table F-78 provrdes the EPA deﬁmtrons for each of the vehlcle-type :

o categones

.Emrss1on factors for heavy-duty dlesel-powered vehlcles (HDDVs) should be’ used for dresel-‘
powered buses ‘This is recommended by the EPA, which cites the s1m11ant1es between the two ,
vehicles types as well as the lack of comprehensrve emrssron testmg for buses (note that the EPA -

" bus em1s51on factors are reported in grams per ‘mile as opposed to’ the- TERF 1bs. /1 000 gal
specrﬁcauon) Eﬁ'orts at improving the EPA bus emission data base are ongomg because of concern '

_that the HDDV emlssron factors do not accurately reﬂect m-use charactenstrcs of buses in urban
areas ‘ S ’

A comphcatlon results in trymg to combme the EPA vehrcle-type emission factors into the frelght
-truck category de51gnated in the TSCDR: As shown in Table F-78, the EPA vehrcle-type categories’ -

" for- ‘heavy-duty vehicles and trucks do not correspond to the weight categones used by either the

TIUS or the FHWA- Hrghway statrstlcs report. The EPA uses a werght cut-off of 8,500 pounds

L GVW forits heavy-duty classifications. Trucks with an average Welght greater than 10,000- pounds

are classrﬁed as medium, hght-heavy, or heavy-heavy by the TIUS. There is no weighting method

. '_ that proves satlsfactory for normalizing the EPA emission factorsto the FHWA weight: categones ,
" Therefore, we recommend that the EPA emission factors for gasolme and diesel heavy-duty veh1c1es
- (HDGVs and HDDVs) be used as the TERF frelght truck emrssmn factors

N

7 Five-year interval forecasts were interpolated to produce year-to-year emission factors.
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Adjustment notatxon' N

®
@

€)
@

e,

LDGV's: Adjust VOC downward by 0.14 gpm for 1995 through 2030 to reflect decrease in exhause emlssmd

standard from'0.39 gpm t0.0.25 gpm.

LDGV'S: Assume NO, emissions of 0.50 gpm beginning i in 1995 and forward to reflect new/m-use standard :
fo 0.40 gpm and 0.6 gpm 100,000-mile certification standard. . }

LDGV'S' CO emission factors include new cold temperature standards. .

LDDV's:: MOBILEA.1 emission factors are below standards; therefore no adJusunents to LDDV emission
factors are necessary. °

- HDDV's: MOBILE4.1 mcoxporates 1994 HC and CO standards NO, _standard was lowered, but MOBILEA4. 1

produces forcast emlssmn factors at about the same level as the standards.

~ National Energy Modeling System .
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Adjustment notation:-

.
@

@)
@

®

F-184"

LDGV's Adjust VOC downward by 0 14 gpm for 1995 tbrough 2030 to reﬂect decrease in exhause emission
i . standard from 0.39 gpm to 0.25 gpm. . .
LDGV'S Assume NO, emissjons of 0.50 gpin begmmng in1995 and forward to reﬂect new/in-use standard
fo 040 gpm and 0.6 gpm 100,000-mile certification smndard.

LDGV's CO emission factors include new cold temperature standards. -

LDDV's: MOBILEA. 1 emission factors are below standards; therefore no ad_]ustments to LDDV emission
factors are necessary.

HDDV's: MOBILEA4.1 mcoxporates 1994 HC and CO standards NO, standard was lowered, but MOBILE4 1

produces forcast emission factors at about the same level as the standards.

National Energy Modqllﬁg System T
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Light-duty gasoline-powered vehicles Gas-fueled vehicle primarily designed for passenger-

(LDGVs) o B uansportanon with a d&slgn capacity of 12 persons or less.

- || Light-duty gasolme-powered trucks, Class1 - - Diesel-fueled vehicle primarily designed forpassenger s
(LDGT1s) . .. " ) transportatlon witha desrgn capacity of 12 persons or less. .
nght-duty ga.éoline-powered uuelrs, Class2 - - . | Gas-fueled vehrcle witha Gross Vehrcle Werght (GVW) between
(LDGT2s) =~ . . : 6,001 and 8, 500 pounds

© ) Heavy-duty gasoline-powered vehiclés (HDGVS) | Gesfucled vehicle designed to carry property; with a Gross ..
. : - . '_' - oL 7] Vehicle Weight (GVW) ever 8,500 pounds, or; any vehicle
desigiated for passenger u'ansportatron havmg a desrgn capacity
. of more than 12 persons. -
l Light-duty dresel-powered vehrcles . Any dresel~ﬁreled vehicle desrgnated primarily for passcnger
({LDDVs) J transportation and havmg a desrgn macrty of 12 persons or less.
" Light-duty diesel-powered trucks ’ PR Any diescl-fueled vehrcle desrgned primarily for property
(LDDTs) - transportation, and rated at 8,500 lbs GVW or less.
Heavy-duty dresel-powered vehrcles . ’ s Any diesel-fueled vehicle desrgued primarily for property

" || (HDDVs) transportation, and rated at more than 8,500 lbs. GVW.

Source U S. Envrronmental Protection Agency, SupplementA 20 AP-42 Volume II, J anuary 1991.

DAC obtamed the MOBEE4 1mhodel from the EPA, and used the model to calculate natronal CO,

NOx, and VOC emission factors to the year 2020 (the’last MOBILE4 1 forecast year) using a
scenano-based input data set. EPA staff make the assumption that emission factors remain relatrvely
stable after 2010 B Therefore emrsswn factors for 2020 are used for the subsequent forecast years..
" As a]ready noted, the MOBILE4 1-emission factors do not reﬂect many new CAAA standards that
' should aﬁ'ect emrssron rates after 1993.. -Post hoc ad_]ustments need to be made to account for new
vehicle standards m-use standards, and other CAAA emission control requlrements if the forecasted
emission factors exceed the standards in any year. It is important to note that any emission factor °
ad_]ustments are based’on gross assumptions, with the Tesulting emrssron factors considered to be
mtenm in nature. ) ] ' ‘

The MOBILE4 1 mput data set con51sts of a series of user-specrﬁed control ﬂags, data mputs '

common to all emission scenarios, and data inputs speclﬁc to an individual scenario. In addition to" -
regulatmg program execution and input/output stream formatting, the control ﬂags determine model
actions such as the use of emrssron control device: tampermg rates, average vehicle speed selectlon,
mileage accumulation rate selectron, VMT mix selection, I/M program impact, ambient temperature
- selection; and many other factors Control ﬂags specifying EPA default values and natronal averages
were included to the maxrmum extent.

™ Personal communication with Lois Platte, EPA Motor Vehicle Emission Laboratory, Ann Arbor, Michigan, June é6, 1992,

Nationat Energy Modoling System
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The greatest drfﬁculty in developmg the MOBILE4.1 data. set was accountmg for the 1mpact of

_ mspectron/mamtenance progtams. MOBILEA.1 was not designed with the capabrhty for estimating -
national average I/M program 1mpacts TheI/M program data set record miust be specified acoordmg
to local /M program attributes. Such program attributes are hrghly customized to met locale- - -

specific 1mplementatlon needs, and therefore ca.nnot ‘be formulated mto a national averagé /M

. program. - Further comphcatrons result from the fact that: I/M programs are not requrred nor..
A .mplemented in.many areas of the country, and new EPA regu.lauons have resulted in greater
g complexrty for exrstmg and planned programs ' ) '

I account for the effects of I/M and antr-tampermg programs: on efnission factors a model-run, :
. mterpolatlon method was used. Inspection and mamtenance programs are reqmred for 162 ozone

areas based on CAAA regulatlons ! A data set was created that included parameters and data for an

- "enhanced" I/M model program (required for serious, severe, and extreme 6zone nonattainment

areas) as-outlined in-the EPA's Notice of Proposed Rulemakmg 7 * An enhanced IM program' .
. includes annua.l centralized testing for llght-duty vehicles and 1rucks and mclude such tests as the. o
'transrent lM240 exhaust emission test, ‘the transrent purge test, the pressure test, the two-speed '
exhaust test, and the idle exhaust test. The EPA estimates that such an /M program could reduce
vehrcle voC emrss1ons by 28 percent, CO emrssrons by 30 percent, and NO emissions by 9 .
' :percent."" : - S :

A MOBILE4. 1 emission factor based on natronal 1mpos1t10n of enhanced ™M programs is assumed

to represent an upper bound for vehicle emissions. To account for areas that have no M and anti-
tairipering progranis, a MOBILE4 1 data set was cieated that excluded operating' I/M and- antr-

tampermg programs. Separate sets of emission factors were generated :ﬁ:om MOBILE4 1 model uns

employmg each data set.. Composite emission factors were derived by takmg the arithmetic average

" of the two emission factor sets. Ideally, the composrte emission factor set should be ca.lculated as -
a Werghted average, usmg vehicle mrleage data for each type of ozone nonattamment area and /M -
. program type. Sucha procedure is complex and ume-consummg (and perhaps not doable because '
of the ﬂexrbrhty afforded to the states for choosmg ™M program elements), and could not be .
. attempted given the resources available for this subtask. The srmple arithmetic average approach,

.while producmg somewhat arb1trary results, is supenor to assummg a umversally-apphed 7)1
' program for all areas of the country Such an assumptlon yrelds overly-optlmrstlc emission factor o

"7 EPA Notice of Proposed Rulemaking; "Vehicle Inspectlon and Mamtenance Reqmremenfs for State Implementauon Plans "
40 CFRPartSl July9 1992. ) : .

* Thid., secuon lI.

. . ‘National Energy Modeling system
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Sulfur Dioxide and Carbon Dioxide Emission Factors: Conventional Vehicles
) ~The EPA does not regularly momtor and report carbon d10x1de and sulfur d10x1de emissions for
-hrghway mobile sources The relatlvely small amounts of SOZ emltted by trucks and cars are quickly
© . converted to sulﬁmc acld, and therefore do not represent a significant air pollutlon hazard. Although
‘the EPA produced SOz measurement procedures m the early 1980's, the Agencyhas not pubhshed .
802 em1ss10n factors 76 : : :

(

l4

. - The SOZ and CO 2emrssron factors to"be used in TERF come from- the Argonne Natronal

Laboratory s Transportation Energy and Emrssrons mode] (TEEMS). Tabie F-79 prov1des the

- émission factors produced for the DOE Office of Envn'onmental Analysis as part of data i input to the

NESEAM model:”” These em1ssron factors include the effects of CAAA emission standards and
“are forecasted to the year 2030.

The TEEMS/NEASAM emission factors were reported in pounds of emrssrons  per mﬂhon Btu. To
convert the em1ss10n factors toa grams-per-mﬂe equrvalent, the followmg formula:was used:

K

’ Engm = EF 5, X 57.9549/ MPGc
- where: . .
= Emrssron factor in grams per mrle,
EF",B,, TEEMS emrssron factor in pormds per million Btu, .
MPG TEEMS forecasted fuel economy for category c vehrcles in gallons per mrle

14

' The TEEMS model does not report COZ emxssron factors for heavy-dlrty dlesel trucks a.nd heavy-
_dutygasolmevehlcles L e S

~

-7 Personal commumication wita Penny Carey, EPA Motor Vehicle Emissions Laboratr, At Arbor, Michigan, August4, 1992.

~  '7.See, Decision Analysis Carporatron, Mobxle Source Air Emzsszons Regulations and Inventones Draﬁ Report (Prepared for
the EIA Energy Demand Analysrs Branch under Contract No. DE-ACOI-92E121946 July 15 1992).
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Table F -79 LDV Sulfur D10x1de and Carbon D10x1de Emission Factors
(Grams/Mﬂe) "

1761273 1761273
1740188 174.0188"
T.1719355 1719355 .

-167.1971 . - °167.1971.  91.5909
1665531 - 1665531 - 90.9719°
1659117 - - 1659117 ~ - 903572
1652728 1652728 89.7466

| 162.6740 | 162.6740° - 87.8486
1607351 © 160.7351 . 86.5757

. 1588193 ° 1588193 853213
1569264 - 1569264~ 84.0850

1532080 - 1532080 . BL.6660
1513819 © 1513819 80.4827
| 195776 . 1495776 . 19.3166
| 1477948 1477948 78.1673°

Source: Argonne National Laboratory Transportatlon Energy and Emlssmns Modehng System (TEEMS), Model run ANL-
90N. . - e .-

it o
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Total Carbon E@l’ssion Factors.; _Conventional Vehicles .

The calculation of total carbon em1ss10n factors for gasolme and dlesel fuels is s!ralghtforward The
, followmg formulae are used to produce carbon emlssmn factors in grams per. m11e

o

CarbonEF '= 0.866 * (2791 O/MPG)
CarbonEFd,s-d =0.858 * (3192. O/MPG)

The constant values of 0 886 and. 0.858 are the carbon mass fracuons of gasoline and dlesel

‘ respecuvely 7 The coristant values of 2791 and 3 192 are the densmes for gasoline and diesel fuel,

' and were obtamed from EIA's 1989 International Energy Annual (Pebruary 1991).” To obtain the

carbon em1ssmn factors, the endogenously calculated 'IERF mlles-per-gallon estimates MPG) will

. meed to be passed to the emissions module. -As currently conﬁgured, MPG forecasts will be

;e ’..determmed using the Argonne Natlonal Laboratory TEEMS methodology, Whrch uses lagged MPG
, and other economlc vanables : .

’ Usmg Argonne s ANL-90N TEEMS run as an example, automoblle and d1esel ﬁ'elght truck carbon
emlsslon {actors for 1990, 1995, 2005 and 2010 are shown below (MPG ﬁgures are in parentheses) ‘

‘.1208(200) I B TITYC

, : 1195(207)_, 449.0 (6.1)
; < onei@ly | ’427.5(6-4).
| . 10‘.7'.5'(23--0) . . | 42i3 ©3) - - .
9321 | ss068 RTE

"+ This value is reported by the EPA. See, Frank Black, 3rd U.S. - Dutch Internanonal Symposxum, "Atmospheric Ozone '
wach and Its Policy Implications" (May 9-13, 1988 Ngmegen, the Netherlands), or the DeLuchz/Argonne greenhouse gas study

» Appendlx F, Volume, Welght, and Monetary Conversxons, p. 149

. lgaﬂonal Energy Modellng System . .
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- E_misé{on 'Facto(s: AItemé_tive Fuel Vehicles ]
- The calculatlon of emission factors for alternative fuel vehrcles (AFV s)is subJ ective in nature, and: '
_depends on emissions data from test vehicles and the likely capablhty of AFVsto meet new ‘CAAA
" clean-fuel vehicle emission standards. Em:ssron factors for NMHC CO, NO,, and CQ ‘were

\ provrded to Argonne National Laboratory ina greenhouse gas emission study conducted-jointly by . -

K ~ the Institute of Transportatlon Studies at the Umvers1ty of Callfom1a-Dav1s and the Center for
o Energy and Environmental Studres at, Pnnceton University.* Table F-80 lists these AFV emission ]

' factors for light-duty vehicles (LDV's) and heavy-duty vehicles, such as frelght trucks and buses *
-(HDV's), powered. by the followmg fuels methanol (100%), compressed natural gas, hydrogen, .
) 'ethanol (100%), and liquid petroleum gas @LPG). Electnc vehicles are consrdered to em1t To.
' pollutants other than a small quantlty of chloroﬂuorocarbons (CF Cs)

“

. Table F-80 eretlme Average Em1351on F actors for Altematlve Fuel Vehrcles
' (Grams per Mrle) ’ :

436. | ! 004 | 004|038 | 4 1.80
13.00 6 | 7 070 | 010 | 721 | 1300 | " 9.00 .
805 | o 8 ) X ) 05 1-045 | 805

'1495.41 | 195. 94 |- 6.00 | o ! 0.00 | 22672 | 1695.56

" “Emission factors are fot MlOO (IQO% methanol) and,IOO%'e.thanol fuels.

.- . ’

% MarkA. ﬁeLuchL Unrversny of California Institute of Transportation Studies, Errissions of Greenhouse Gases From the Use -

. .of Tran.wortanan Fuels and EIectrzczty (for the Argonne National Laboratory Center for Transportatron Research, June 26, 1991)

. L Naﬁonal Energy Modallng System . .
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~OFF-HIGHWAY SOURCES EMISSIONS FACTORS

Otf-Highway Mobile Sourée Emission l-'actor Infonnatlon Sources

The followmg documents were used to complle off- hlghway emission factors or supply background
mfonnatlon on emission factor calculatron methods '

7

o Compzlatzon of Air Pollutant Emzsszon Factors - Volume H Mobzlé Sources
(AP-42 Fourth Edmon, September 1985)

o ) ,‘Nonroad Engme ‘and Vehzcle Emzsszon Study—Report EPA 460/3-91-02

, 4‘(Novemberl99l) - o - ' Lo
e ' Interzm Guzdance Jor the Preparatzon of Mobile Source Emzsszon Inventories, "

, Attachments A tbrough J(This EPA memorandum supersedes the mobile source
emission mventory preparation mstruc’aons contained in Procedures jbr ‘

Emission Inventory Preparation — Volume IV, Mobile Sources, wh1ch is. . .-

" currently bemg rev1sed)

e : Procedures jbr Emzsszon Inventozy Preparanon — Volume IV, Mobile Sources,*’ :
- EPA-450/4-81-026d (rewsed) (July 1992)

The document, Compilation of Air Pollutant Emission Factors Volume II, reports all data and
emission factor calculation algorithms for both hlghway and off: ~highway emission sources Section

* 1T outlines the ‘emission calculatxon methodologres for .off-highway mobile sources, including _
" aircraft, rarlroad locomouves, inboard-powered vessels, outboard-powered vessels, small general

utility engines, agncultural equipment, heavy duty construction equipment, and snowmoblles “The ~

- EPA is planning to 1ssue an updated version of the AP-42 docment, although no estimate has been o

:given as to the release date. The EPA's Nonroad Engine and Vehzcle Emission Study, which was

" mandated as part of CAAA Section 213(a), provides new or updated emission inventory data and
emission factors for ten nonroad equipment categones mcludmg commercial marine vessels, which

-

National Energy Modellng System
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cis one of the transport modes to be modeled in TERF 2 The Nonroad Em1ssron study targeted 24
nonattamment aréas as well as natlonal totals. ‘The document, Procedures for Emission Inventory

Preparation— Volume IV Mobile Sources, provrdes state and local agencres with detailed gmdance -

. ‘on the prepa.ratron of h1ghway and off-highway moblle source emrssron inventories. . The, off-
' ‘hrghway emission factors contamed in this section were denved either d1rectly from the mventory :

preparauon pro cedure report, OF were calculated usmg data tables contained therem

Rail'roarl Locomoﬁire Emission Factors - - = |
o .Table F-81 hsts the rarlroad locomotrve emrssron factors to be mcorporated into the TERF model.
. .Emiission- factors for CO, NO,, SO, and HC are mcluded & Note that the EPA does not measure -

- separately the volatrle component of total hydrocarbons - Also, no drstmctron 1s -made between

L .ﬁ'erght and passenger locomotrves because both travel modes use the same locomotrve technology _
types " These emrssron factors are: reported in the July 1992 edition of Procedures ﬁ)r ‘Emiission

- Inventory Preparatzon ~— Volime 1V, Mobile Sources. They are consrdered default values for fleet-

average ling haul locomotrves 8 Line- haul Tocomotives represent’ the largest segment of the
' locomotive populatlon, and include all locomotlves used for ﬁelght and passenger service. As of

-, mid-1991, 9,708 line haul locomotives were in-service. # Yard locomotives are used for’ moving

rallcars within a rail swrtchyard, and are considered a neghglble Source of emissions. As of mid- .
- 1991 4 589 yard locomotrves were in service. 8. - - o

Lty

t The emission factors represent an average ( of emission factors for five diesel engme conﬁguratron

types Z-st:roke supercharged swrtch locomotrve 4-stroke swrtch locomotive, 2-stoke super-charged R
road service. locomotlve 2-stroke turbocharged road service locomotrve, and 4-stroke road service . .

locomotive. The emission fac_tors are based on duty cycle testing and average fuel consumption

3

A The other nine eqmpment mtegonas are lawn and garden equxpment, arrport service equrpment, recreanonal vehicles,
recreational marine equxpment, hght commercial eqmpment, industrial eqmpment, constructlon equlpment, agricultural equlpment,
. and loggmg equrpment. ' . . . . g .

’2 Source EPA Oﬁce ofMobrle Sources, Locomotzve messzon Factors -for Inventory Guidance Document (J une 1991)

" 8'The EPA also outlines a methodology for mlculatmg more detailed locomotive emissions for areas that are expected to deviate
significantly from the national average. The methodology is called the roster tailoring method, and uses emissions data from
mdrvrdual locomotlve makes and models. . .

 Interim Gwdance  for the Preparanon qf "Mobile Source Emission Inventories, Attachment J Emrssrons from Railroads (EPA
: Ofﬁce of Mobile Sources, February 15, 1992), Appendrx 6-5 p. 6-23. ,

' ”E_d,p&23

o . - Naﬂonal Enargy Modellng System
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'{ 'rates A duty cycle cons1sts of the operatmg time in elght throttle notch settmgs plus idle and-
'dynamrc braking. The ﬁ1e1 consumption rate of a locomotive is determined by the.throttle notch
posmon — the higher the notch, the higher the fuel consumptron, and vice versa. Therefore, fuel
consumptlon is proportional to the amount of time the locomotrve spends in each throttle notch’
- position.® The locomotrve emission factors apply to all three Interstate Commerce Commission
(ICC) railroad classes Class I — annual revenues greater than $93.5 million; Class II annual
. revenues greater than $18 7 mﬂhon but less than $93.5 mllhon, Class III -—annual revenues less .
than $18 7.million. SN

~ Table F-81. "I‘RANILocomotiVe‘Emiss'i_on Factors -

"Based on fuel sulfur content of 0.25 percent by weight. ’

Look-Ahead Issues Cohcemin'g Locombtive EmiSSion Factors

In terms of speclfymg future-year locomouve emission factors given CAAA requlrements the

. emission factors in Table F-81 are to be used for all forecast  years. Section 213 of the Amended Act
requires the EPA to promulgate emission standards for new locomotwes by November 1995. These*
" new standards are to be desrgned to obtain the greatest degree of emission reduction achievable, with-
due con51derat10n given to comphance cost, energy consumptlon, safety and noise.s” New emission
factors would be: ‘based on testing of the applicable locomotive emission reduction technologles that -
-would be manufactured to comply with new standards. Given the large. uncertainty over the
prospectlve emrssron standards and technologres, as well as the low stock turnover of locomotlve

T,

% Ibid, p. 6-13.
¥ CAAA, sec. 213 (2)(5), 104 STAT 2501, - -

National Energy Modeling System .
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engines, there is no justification for assigning alternative emission factors ‘to the forecast interval. -

N N

A Aircraft Emission Factors
RS Ove'rvievi of the EPA Lqircr'aft Emissions Inirentory Methodology :
'I'he EPA bases its aucraﬂ: emission factors on ﬁve operatmg ‘modes that together consist of the -*

- landmg and takeoff (LTO) cycle. The first operatmg mode is the approach, in ‘which the alrcraft )
- makes its aifport approach after the descent from criising altltude The second operating mode is’

tam/rdle-m, where the aJrcraﬁ lands and taxis to the gate. 'I'he th1rd mode is-taxi/idle-out, in whlch B

-the dircraft taxis back out to, the’ runway for subsequent takeoﬁ' % The fourth mode is takeoff, in

which thealrcraﬂattams hﬁoﬁspeed and becomes airborne. The fifth mode is termed the chmbout, '
and represents the aircraft's accent to cnnsmg a1t1t11de Most aJrcraﬁ go through a srmrlar sequence'- .
dlmng an LTO ¢ycle. ' : . 3

R S

Durmg each operatlon mode the aJrcraft engmes operate ata fa1rly standard power settmg fora glven'_» .

" aircraft category .The power settmg results i in a certam rate of fuel flow (expressed in pounds per

mmute) for the operating mode. Total emissions from the aJrcraﬁ engine ate thus determmed by the

- amount of time that an aircraft engme spends in‘each operahon mode (termed the "Tlme-m Mode"), .

the fuel consumptlon rate, and the engme-specxﬁc emrssron factors for each operatmg mode
expressed mpounds of emrssmns per 1 000 pounds of fuel consumed '

B The EPA aJrcraft emssron factors and mventory preparatron procedures are s1te-specrﬁc they are-

hlghly dependent on local alrport and aircraft populatlon data. Generally, the emrss1ons mventory
is prepared using the followmg steps €)) 1dent1fy airports to be mcluded in the inventory area, )]

- detemnne the m:lxmg height®to be apphed tothe LTO cycle (a standard default value of 3 000 feet -
- isassumed), (3) define the aircraft fléet population for each aircraft category across all a1rports (4) :
* détermine the number of LTOs for each aircraft category, (5) select emission factors for each aircraft

category, (6) eshmate a tlme-m-mode for each aircraft category at each airport, and (7) calculate an
mventory hased on the a1rport act1v1ty, nme-m-mode, and emission factors ' :

¥ Both Taxr/idle operanng modes are highly variable, and depend on such factors as airport size and layout, the amount of ground' '
congestlon, anport-specrﬁc operanonal procedurcs, timeé of day, and seasonal travel actmty

- '% The height of the mlxmg zone — that portion of the atmosphere where aircraft emissions affect ground Ievel pollutant .
concentrations — influences the nme-m-mode for approach and climbout operanon modes, and is parucularly significant when
mlculatmg NO, emissions: - .

: . . . Natlonal Energy Modeling System ‘ .
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E EPA Aircraft Categorizatidn.

The EPA categonzes atrcraﬁ by the type of use: commercial, general av1at10n, and m111tary
o Commerclal aircraft mclude those used for scheduled service transportmg passengers, ﬁ'elght, or’

B both. Aif taxis also fly scheduled service carrying passengers and/or freiglit, but usually are smaller -

aJrcraﬁ and operate ona more limited basis than the commerciat carriers. Business aircraft support '
. busmess travel, usually on an-unscheduled basis, and general aviation mcludes most other non-
e m111tary a1rcraft used for recreat:tonal ﬂymg, personalfn‘ansportatlon, and vanous other activities.

The EPA combmes busmess aircraft W1th general av1at10n a1rcraﬁ because of thelr similar- size, use
; frequency, and’ operating, profiles.- Snmlarly, air taxis are treated much like the general av1at10n_

= "category because they are typically the'same types of atrcraft. ‘Military alrcraft cover a wide range

" of sizes, usés, and operating missions. ‘While they often are similar to civil aJrcraﬁ, they are handled

" separately because they typlcally operate excluswely outof mlhtary air bases and ﬁequently have
d15t1nc11ve fli ght profiles. Hehcopters or rotary wing alrcraﬁ, can be found in each of the categories. N

- Thelr operatlon is d1st1nct because they do not always operate ﬁom an airport but-may land'and . - -

takeoff from' a hehport ata hosp1tal, police. station, or. similarly dispersed locatlon. Military
 rotorcraft are includéd in the military category and non-military rotorcraft are included in the general
av1a110n category since mformauon .on size and number are usually found in common sources
: However they are combmed mto asingle group for calculatmg emissions since then: ﬂ1ght proﬁles -
are s1m1lar ‘ g : .

- Commercial aircraft typically are the largest‘\s,o‘urce of aircraft emissions. Although they make up -
" less than half of all aircraft in operation around a metropolitan area, their ernissions usually represent
"a large ﬁ‘actlon of the total because of their size and operatmg ﬁequency This Would not hold true
fora c1ty with a disproportionate amount of m1htary acuv1ty, ora c1ty w1th no maj or c1v1l a1rports

1

Aircraft Er’nissioiis Characteristics

The EPA views HC, CO, NO” SO,, and PM;, as the signlﬁcant aircraft pollutants. However, only.

. National Energy Modeling System _ ) . :
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: ~HC emissions and smoke productlon are currently regulated 0 For a single LTO cycle, arrcraft

emrssrons vary consrderably depending on the category of arrcraft and the aircraft's ﬂrght proﬁle ,
Emrssron rates for ‘HC and CO are high durmg the taxifidle phases when aircraft engines are at low

'power and operate at suboptimum efficiency. The emission rates fall as the aJrcraft moves mto the
‘ ‘ thher power operaung modes of the LTO cycle. Conversely, NO, emissions are low when engine
- power and combustlon temperature dare low, but i increase as the power level i is increased- and

combustron temperature rises: Therefore the takeoff and chmbout modes have the hrghest NO,

'emlss1onrates S T P

Sulfur droxrde emssron rates are hrghest dunng the takeoﬁ' and chmbout opera’uon modes When fuel h

~consumpt10n rates are hrgh. Sulfur emlssmns typ1ca]1y are not measured when aircraft engines are .

' tested. Therefore, the EPA uses a default emission factor of 0.54 pounds 802 per 1 ,000.pounds of ‘
: fuel for all engine. types. (EPA assumes that all sulfur i in the fuel combines with oxygen during
T :combustlon to form SO, Natronally, the sulfur content of fuel remains fairly constant from year to

) year at about 0;05% by werght for commercral  jet fuel 0.025% by welght for mlhtary fuel, and

" 0.006% by Welght for aviation gasolme These nat10na1 sulfur content ﬁgures are used by the EPA .
‘for estlmatmg the SO2 default emrssron factors

N

_ 'Paruculate emrssron charactensucs are srmrlar to that of HC and CO in that emission n rates are hrgher T
~at low power rates than at hlgh power rates because of greater combustion efﬁcrency at a higher

- engine power. However, partrculate emlsswns are highest during takeoff and climbout due to the -
 greater fuel flow- rate. The EPA does not report emrssron factors for partrculates except for a small "

" number of engine models, citing the drﬂiculty in estlmatmg PM emlssrons . Direct theasurement -
. of partlculate em1ss1ons from' aircraft engines typlcally are not available. from manufacturers
. although emission of: visible smoke is reported as part of the engme certlﬁcatron procedure 2 The

mventory preparatron procedure document reports emrssron factors for only one civil aircraft engine: .

_ ‘model: This engine model i is used ina nmnber of European-bmlt a1rcrafc, and is not representatlve

ofthetotalarrcraﬂﬂeet. ;-~- U

- EPA estabhshed standards for aircraft HC emissions in 1984 whrch mcluded the estabhshment of standard procedires for
engme ‘certification and emissions testmg The standard applies to jet engines with an engine thrust of over 6,000 pounds. The EPA
reports that many older in-service engines exceed the standards. New engine designs produced since the standards went
into.effect have HC emissions lower than the standards, but the desrgn changes made to reduce the HC emissions resulted in small - -
increases in NO, emissions. :

St Procedures far Emission Inventory Preparatwn, Vol IV page 149

-

”Mp149
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DAC Mefhodology for CalculatingAircraft Emission Factors :

© -AS mentloned above, the EPA a1rcraft em1ssron factors are reported for md1v1dual engme models

X , (currently 88 civil aircraft engines and 54 mJlltary engmes) by LTO operahon mode. Consequently,

- .- the emission factors apply to actlvrty levels measured in full LTO cycles, not fuel consumptton as

spectﬁed in'the TSCDR. DAC developed a methodology for convertmg the EPA operatmg-mode "

' _ emission factors into : a ﬂeet average emission factor based on total gallons of fuel consumed The..

data used to construct the fuel-based emrss1on factors are presented in Appendrx E. EM C

- +

The ﬁrst step of the conversron methodology mvolves the’ denvauon of ﬂeet-average tlme-m-mode ’

t , ﬁgures The EPA reports default ™ values in mmutes for each civil and military aircraft category o “

Since commerc1a1 aircraft accmmted for 93.6 percent of civil aircraft energy consumptron n 1989,

" the TIM values for Jumbo long, and medrum range jet commercial carriers were used as prox1es for+
" the entire civil aircraft populatlon.93 These TIM ﬁgures dre as. follows ‘Takeoff — 0.7 minutes,

* Climbout — 2.2 mmutes Approach 4.0 minutes, Taxr/Idle ~— 26.0 minutes. Mlhtary alrcrafc

TIM'S are h1ghly varrable Therefore -the arithmetic averages of TIMs for combat, trainer, and
transport alrcraﬂ were used as prox1es for the fleet TIMs. Hehcopter TIMs were. excluded ﬁ'om the
. 'calculauons due to LTO mcompatlblllty with the other aircraft categones : -

The second step of the*conversion methodology isto determine the fuel use for each operating mode ;

' f using the EPA's fuel' flow data, and to construct fiiel consumption shares. The' LTO time-iri-mode

amounts (m mmutes) were multlplled by the fitel flow amounts (in pounds per minute) to obtain fuel
'consumptlon in pounds for each operatmg mode “The modal fuel consumption ﬁgures were then
divided by total LTO fuel consumptron to denve the fuel consumptton shares (see Appendix

. EEMC, pagesEEMC-3 andEEMC-6)-

The third step is to calculate average emission factors by pollutant type for the populatron of engme..
models reported by the EPA. Separate samples of 46 civil and 15 military. aircraft engine models
were created from the EPA's list** The selectlon was based on reported € engme market shares for

3 Alrcraﬁ Btu energy consumpuon figures come from Oak R.ldge National Laboratory, T ranspoﬂatzon Energy Data Book, . |
Edition 12, ORNL-6710 (Oak Ridge, Tennessee, Maich 1992). o _

94 Procedures  for Emzssxon Inventmy Preparation, Table 5-4, "Commcrclal Aircraft types and Engine Models," and Table 5-6,

" "Military Alrcraﬁ types and Engine Models.”
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: each aucraft model, w1th an-crafc models chosen based ona proportronal representatxon of the
commerc1a1 general and military aucraft categories.  The sample engme-model -emission factors -
" were aggregated by calculatmg the arithmetic average of reported pollutant emission factors.”* (see
Appendrx -EEM. C pages EEM.C-1, EEM.C-2, EEM. C-4, and E.EEM.C-5). Since the 802
' -emission ‘Fiictor is the same for each operatlon mode, thrs methodology is not apphcable for SOz' ’
) emrssmn rate estlmatlon. v ' e ' :

- The fourth step isto ca'.lculate the welghted ﬂeet-average emission factors for HC CO and NO, by

o " mult:plymg the aggregated engine sample emrsswn factors by-the fuel consumptron shares calculated

. in step 2. “Two further calculations.are necessary to produce emission factors that con'espond to’
3 TSCDR specrﬁcatrons. Frrst, the emission factors must be converted into gallons-of- fuel

equlvalents A conversion factor of 6.2 pounds per gallon Was used.- Second, the total HC emlssmn ;

-'_ factors must be ad_]usted to’ produce volatile organic compmmd (V OC) emission factors The
followngPA adJustment factors apphcable to turbme engmes, _were used e ST

. VOCimaman. = THCCQWC;ALX 1.0947_-
VOCm_my' = '_IHC;,mfARY—x-l.1046

Table F-82 presents the a.n'craﬁ eszsrons factors for HC VOC CO NO and S0,.%

’

: Table F -82. Aucraft Em1ss1on Factors

i _I_Qg Table 5-4, "Modal erssxonRates

"% Source: Appendrx E.EM.C page E.EM.C-3

. Notes: e Commercral and military VOC enussron factors calculated by mulnplymg Appendrx EEM.CHC values by
1.0947 and 1.1046, respectively. \

SO, ernission factors calculated by dividing the,EPA standard value br 0.54 pounds per 1,000 gallons by 6.2."

.. National Energy Modeling System
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Look-Ahead Issues Cohcéming Aircraft Emission Factors -

, ' 'Among the factors expected to mﬂuence a1rcraft em1ss1on rates in a forecastlng context are the
" followmg R ' -

'® °  new aircraft engine designs, -

® ' airport noise regulations; ' o
L R anincreaseinairport'congestion prohlems

‘n
-

- A1rcraft w1th cleaner: and more energy-eﬁclent engme de51gns are expected to contmue to slowly
' penetrate the world “aircraft fleet populanon. ‘Since there is a s1gn1ﬁcant engmeenng -and
- development leadtime for producmg new alrcraft engmes most of the commerclal aircraft to'be

added to the fleet in the next five to seven years will be powered by engines currently momtored by

-, the EPA.”’ G1ven the 12-year average semce life for commercial aircraft engmes the newer
C o generatlon of aJrcraft engmes dre not expected to make a s1gmﬁcant impact on national emission '

", levels until 2010 However, a poss1ble catalyst for an mcreased rate of new aircraft engine market
' penetration is the recent enactment of national arrport noise regulatlons which require the phase-out

- of loud aucraﬁ by 2000. Airlines are ‘expected to upgrade their ﬂeets W1th quieter and cledner

engines once the industry formulates comphance plans. The extent of the emission rate’ impact of |

such fleet upgradmg is unknown at thls tlme '

Actmg asa counterwe1ght on'the downward pressure on em1ss10n rates caused by stock turnover and R
new regulations is the growth in air travel combmed w1th limited excess. capacity at many airports.
Air travel has expenenced strong growth over the past several years, and this growth is expected to

. contmue for the foreseeable future The pnmary capacity squeeze will be felt at small feeder airports
and regional hubs. Increased congestron at capac1ty-constra1ned aerorts will increase tax1/1dle

. times, resulting in increased emrssmns per LTO

Given these offsetting i lmpacts on aircraft emissions, the emission factors hsted in Table F-82 should N
be satlsfactory for estlmatmg furture aircraft emission levels ' :

. 9 Ibid, p. 208.
National Energy Modoling System .-
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Waterborne Vessel Emission Factors

-.-Commerc::_al .Vésse'ls .

- Table F-83 provrdes the EPA em1s51on factors for domestrc commercral motorsh1ps These emission

B factors are reported in‘the AP-42 document The emission factors are based on Army Corps of
_ Engmeers waterway classrﬁcatron categones, whrch are deﬁned as, follows :

.\F

- ° - o ;Rrver - All waterbome traﬁic between ports or landmgs wherem the entlre '
S _~'movement takes place on inland waterways ' : :
N S B Great Lakes —All Waterbome tafﬁc betweenUmted States ports on the Great
B '_'Lakes L - : . BRI ,
" ®.. ' Coastal— All domestlc traﬂ:'rc recelvmg a carnage over- the ocean or between '

" the Great Lakes ports and seacoast ports when havmg a carriage over the ocean.. '

To denved an average emission factor for all three: Waterway category vessels a welghted-average
N methodology was apphed whereby shipment tonnage and. average length-of- “haul data from the Army
. -Corps of Engineers were used to construct emission factor Werghts 98 Table F-83 provrdes more

detaﬂsonthewerghungmethodology - L " -‘, -

- Nt

. The EPA Nonraad Engzne and Vehzcle Emzsszon Stuabl Report prov1des emlssmn factors for two
- additional vessel categones ocean-gomg steamshrps and harbor/ﬁshmg vessels % These emission *
: factors are based on engine sizes and operatmg mode (hotehng, crulse, ‘and full power), and are not_ -

compatrble with the emission factors provided in Table F-83. Because of the small emmsrons
contribution of these vessels to the overall waterbome vessel total, they are not included in the

composite Waterbome vessel emission factors For reference purposes, Appendix EEM.D provrdes '
the ocean-gomg and harbor/ﬁshmg vessel em1ssron factor tables from the Nonroad Engine: and

Vehrcle report. R

~

o U.S. Ammy Corps of Engineers, Waterborne Commerce of: the United States, CaIendar Year 1989 (Waterbome Stahstrcs Center, '
New Orlmns, LA, '1991), Part 5: National Summanes, pp-32,93.. ;

" % These emission factors were comprled and provided to the EPAina Booz Allen & Hamxlton report, Commercxal Marme Vessel

Contributions to Emission Invenitories (Los Angeles, CA, October 7, 1991)..

National Enargy Modeling Systoem
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Table F -83 Commercral Vessel Em1ss10n Factors100 (Pounds per 1 000 gallons
of fuel)

L Average emission ﬁlctors mlculated by mulnplymg pollutant emission factors for each waterway class by shipment .

mrlwge welghts and then summing the weighted emission factor values. “The shipment weights are as follows: River — 0.34,
Great Lakes —— 0.07, Coastal — 0.59. Shipment mlleage weights were denved by multzplymg tons sﬁlpped by the average ‘
length-of haul per ton shxpped for mh waterway class )

Recreational Vess'els' g

Table F-84 prov1des HC CO, and NO em1ss1on factors for recreauonal marine vessels. These
emrssmn factors come ﬁom the EPA Nonroad Engme and Vehicle Emission Study Repart 'I'he EPA .
class1ﬁes and reports emission: factors for the followmg vemcle/engme types: '
vessels W1th mboard engmes (4-stroke)

vessels with outboard engines (2-stroke) _
; vessels with stemdnve engines (4-stroke) o L.
sallboats ‘with auxiliary outboard engines (dlesel) ‘
sailboats wnh auxrhary mboard engmes (dlesel) L

When the AP-42 documerit was compiled, emission tesﬁng data was not available for recreational.
marme vessels. "The EPA used coast guard diesel engine and automotive engme emission datato .
compute in-board emission factors based onthe duty-cycle for engines classrﬁed as large out-boards.
Out-board emlssmn factors were denved from data supphed to the EPA by the Southwest Research

Instltute

i% (.S, Environmental Protection Agency, Compilation of . Azr Pollutant Emission Factors, Volume H Mobile Sources, AP-42,
PB 87-205266 (EPA Office of Mobile Sources, September 1985), Part II, Off- nghway Moblle Sources, Table I-3.1.. -

USs. Armmy Corps of Engmeers, Waterborne Commerce of the United States, Calendar Year 1989 (Waterbome Stausucs Center,
New Orleans, LA, 1991), Part 5: Natlonal Summanes, pp.32,93. - . ..

. National Energy Modellng System
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For the Nonroad Engme and Veh1cle report, outboard engine em1ss10n factors were derived from test
data supplied to EPA by the National Marine Manufacturers Assoclatlon, which tested 25 two-stroke" )
- - and three four-stroke outboard engines. For four-stroke outboards, emission factors recommended

by the Southwest Research Institute were used for partrculate matter emissions.!®’ .Since no data
) " were available for 2-stroke outboard engine, paruculate matter em1ssrons, EPAused em1ssmn factors

- from the 'CARB Techmcal Support Document for . utlhty and* lawn/garden équipment as
' approx1ma’uons For mboard/stemdnve gasoline engines, the EPA denved emrssron factors onthe .
basis of test data on three 4-stroke gasolme marine mboard/stemdnve englnes supphed by NMMA. -
.‘The partlculate em1ss1on factor used was 1 .64 pounds per 1,000 gallons of fuel. The EPA used -
. 'NMMA test data fora small d1esel sallboat inboard and three large diesel inboard engines as the
baSlS for calculatmg emrss1on factors for inboard dJesel engmes

’
-

As W1th the commercral marine vessels vessel/engme-type emission factors must be Welghted .
: accordmg to an act1v1ty or populatron level indicator and summed to obtain an average emission .
'faptor for the total reoreatlonal ‘marine vessel populatl_on. Engme population data for each
'vess"ellengine-ty‘pe class was used to construct the weights. Boat population figures were - gathered
from local boat reglstratmn data bases, and were subsequently ad_;usted to obtain engine populanon
. estlmates Energy and Envrronmental Analysrs developed the- engme number denvatlon

.methodology forthe EPA SRS o :

_ 'l‘able F-84. Recreational Marine Vessel Emission Factors'® (Pounds per 1,000 g'allonsl of fuel)

. s Welghts for each vessel/engme-type category were constructed from the followmg engine population figures:
. Outboard/Z-St‘oke— 8,204,304 0utboard/4-Stroke — 41,228 Stemdnve/4-Stroke — 2,713,420, Sailboat/Diesel-Aux. —

114,502."

. 1o s, Envrronmental Protection Agency, Destgnazwn of Areas forAzr QuaIzty PIamung Pwposes, 40 CFR Part 81, Final Rule,
. * Washington, D C., Office of Airand Radlanon, November 6, 1991,

.. 2 ., Envu’onmental Protection Agency, Nonroad Engine and Vehicle Emission Stuafy Repart EPA 460/3-91-02 (EPA
- Oﬁice of Mobile Sources, November 1991) Table 2-03, Appendlx I, Table I-11. . .

‘ : . . National Energy Modallng System
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63.6 172 727 15%k(%S) 565

'S58 . 0682 345~  150x(%S) 20
- 364 32 ° * - 159%(%S). 10
222 .3 4 - 1482%(%S) 15 |l
550 7. 24 61, - 1S7x(%S) - 33 " _
477 144 534, . 27 17
26 - 25 616 0 .27 17-
T140 .. 178 623 27 ° .17
203 819 *. 481 - -2 17
Notes: - LD Emlssxons factors showmganastensk (")arecons1dered neghgxble forth&se operating modes.

r2) Average sulfur concentratlons used are 0.8. percent for marine diesel, and 2.0 percent for bunker fuel oxl

" Sources; 1) ‘U.S. Envn'onmental Protectlon Agency. Compxlaﬁon of Air Pollutant Emission Factors, 1985
2) US. Department of Transportatxon, Port Vessel Emissions Model, 1986.
-3) California Air Resources Board, Report to the California Leglslature on Air polluhnt Emissions ﬁom
Manne Vessels Co . '

N

o
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Pounds per Thousand Gallons of Fuel Consuried

Torsa 21 585 157%S) . 17 .
© 3893 511 473 .. 1SW@%S) . 17 N
3375 . 567- 59 157k(%S) . . 17

300 24 61 . 157x(%S) VI
300 . 170 809  157x(%S) - 17
1672 -. 168 622  1SIx%S) 17

.

N . - e

.300, - . 24 - 61 157%(%S) 17
300 24 .- 61 157x(%S) 17
300 - 24 61 - 157x(%S) 17

a2t 1687 2377 157%648) 17
6231, .24 -446 . 157x(%S) .- 17
A3, 24 - 124" 1STK(4S)

“399.6. 213" 959 " 157x(%S) : 17
3917 168 - 783  I1S7x(%S) © 17
4196 26 598 1STx(%S) 17

Grams per Brake Horsepower Hour -

516, - 668 199 0268 . - 0.327
' 620 _ Grams/Hr
'383. ° Grams/Hr

Notes: ) 1) Average sulfur concentratlon for marine dmel ﬁxel 0.8 percent.
Sources: 1) U S Envrronmental Protectlon Agency., Compllahon of Air Pollutant Em1;sron Factors, 1985
© - 2) U.S.Department of Transpomtlon, Port Vessel Emissions Model, 1986.
- 3) California Air Resources Board, Report to the California Leglslatme on Air pollutant Emlssmns from
Marine Vessels. - - . I . N
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' "Atiachment 8: LDV Stock Model

‘ , Fuel Economy, Yehicle.Choice, and Changmg Demographics

3 Thrs attachment documents the methodology used to forecast the hght truck (e g. prckup trucks,

" . sport utility vehicles) share of total lrght duty véhiele sales in the NEMS Transportation model,

Given the marked difference in fuel economy standards for cars and light trucks this-share d1rectly- .

affects both the forecast level of oil consumpnon and the level of carbon emissions. More genera]ly,

". the  presentation hlghhghts the 1mportance of consrdenng structural shlﬁs in developmg long-term.

energy forecasts .
'_Background ' - : .

' Short-term (one to two years) forecasts assume that past trends in energy use and past relatronshrps
between economi¢ and demographrc factors and energy use will contmue in the near term. They
1mphc1tly assunie that structural changes are relatlvely ummportant as.a cause of. forecast. error.
compared to errors mtroduced by tmcertamty in estimates of forecasts of variables such as economrc

growth and energy pnces Those. who tinker with long-term energy forecasts don't have this hrxury.-

,Certain physical assumptions may be accepted w1thout further consrderanon (e.g. first law of
thermodynamrcs, heanng-degree days in a "normal" year in Southwest Census region): However,

- "the longer the time honzon of the forecast is the more lmportant itisto scrut:m1ze assumptions that -

" remain implicit in short-term forecastmg For example to develop short-term forecasts of electricity -

‘usein bulldmgs itisn't necessary to drsaggregate this use by type and efﬁcrency of eqmpment itis
reasonablé to- assume that changes in these factors are not an- 1mportant source of uncertainty. This-
~ same assumptlon would be ent:lrely mappropnate ina methodology ‘used to forecast long-term
: bulldmg sector electncrty use. The Energy Informatlon Administration's Annual Energy Outlook
1 996 provides energy forecasts through 2015, Within this time frame most of the electncrty-usmg
eqmpment now in- burldmgs will be replaced and even the currently known menu of replacement .

| choices  vary consrderably in energy efficiency. :

This attachment scrutrmzes asingle vanable in the NEMS Transportatlon model-the share of hght
trucks relative to total light-duty vehicle annual sales. It compares estimates of the light truck sales
share based on extrapolatmg past trends to an approach that makes explicit.assumptions concerning
. thei impact future demographic changes will have on vehicle choice decisions. We know with a fair
" degree of certamty that as the generation of “baby boomers" reach age 55, the share of the population
under the age of 55. will decrease sharply from the share maintained for ‘many decades We also

National Energy Modellng System -
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know the age drstnbutlon of current truck purchasers The methodology described prov1des
forecasts ofthe hght truck share based on knowledge of an aging populauon. Theé methodology does
not address the questlon raised in the subtitle of this paper. To the extent that the population over
: age 55 in 2015 behave drfferently from the current over 55 populatlon in terms of theu' vehicle
purchases, the forecasts either under .or over esttmate the level of new hght truck sales o

A

Methodology ' - ' - :
Informauon on the. cha.ractenstlcs of hght u'uck buyers were. obtamed from the 1 989 Buyers of New o N

Compact Trucks, -Summary Report pubhshed by Newsweek. nght trucks are d1v1ded into two
types, p1ckup and sport utlhty | ot

AT “Table F-87: Truck Buyer Characteristics

' ‘53% R 4% L _ .
] s8% - | . v.omE -
e | wm. ll
39 o g, "
13% 1% Lo
13% - : s
cus | Tisg T
13% - %
1% - L 16% |
oz - | . ugw N
: R T "
, 65 | . sm "
s% . I
’ 8% B . . . 2%, -

The ﬁrst step in the methodology used was to aggregate the data -across the type of truck, in order '
to determine a combmed age and sex dlstnbutron among truck purchasers - 2

. S : - National Energy Modellng System
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Let: © Pp,. - =the percentage of total lrght truck purchases ofa g1ven type.
' ' PS&:,Type = the percentage of each type purchased by.a g1ven sex..
PAgc,m,e = the percentage of each type purchased by a given age group

' , Then, aggregatmg across truck types o

' '.’-‘_Psmge fTE PTere"PSa,ryp'e-‘PAge,upe ‘
. :.,' . m . . ' ,‘. ’ . )

v -

as displayed below A summation across sexwthm each age group prov1des the age drslnbuuon
of hght u'uck purchasers deplcted in the chart below and in F 1gure F-24

Table F-88 nght Duty Vehrcle Purchases by Age and Sex, 1989

Lookmg at the cumulatlve percentages (Frgure F-25), approxrmately 85 percent of all light n'uck:
' purchases are made by people under 55 years old. Of'this group’ approxrmately 81 percent are men
‘and 19 percent are wormen (Table F-88). The hrstoncal and projected proportron of the populauon
- under 55 years is subsequently graphed in Frgure F26. -~ :

) Naﬂqnal Energy Modsling System‘ ) .
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_ ,‘Eigt'ife F'-_‘ZS: Cutnulétive lfercen_tage of Tfuck‘l’_nrél_:asers i

Flgure F-24 Age D1stnbutxon of TruckPurchasers ST P / R
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A Welghted average of the share of the dnvmg age populatlon under 55 years is used.as a proxy to
measure the demographic 1mpact of an aging populatlon on future truck purchase trends. Note the

'methodology developed here assumes that people over age, - 55 will continue to represent only about

15 percent of the light truck purchasmg market (T able F-88) -Given. this assumptlon, as the -

. o : Naﬁonal Energy Modallng System .
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proportlon of the populatron under age 55 falls after 2000 (Flgure F-26), truck sales will as a ’
7+ proportion of hght—duty vehicle sales will stablhze (Figure F-28). In 2015, the lmadjusted light truck
market share is 49 percent compared toa populatron-adjusted share of 43 percent. )

, Frgure F-26: Proportmn of Populatron Under 55 Years
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The speclﬁc methodology used mAE096 to develop a demograplnc mdex to dampen future truck .
sales i is detalled below. It is certainly not the only index that could have been developed, however,
under the- -assumption that “Grandma will not choose to dnve a pickup truck” any approach would -
dampen hght u'uck sales beyond 2000

' Welghted Populatron Index - . ' _
" Since the cumulative total (T: able  F-88) mdlcates that people under the age of 55 are responsrble for .
85 percent of all hght truck ~purchases, declmes in this share of the populatlon isused as a-
moderatmg inflience relative to a trend ‘based estimate of Light truck sales based on extrapolaung‘
" recent hrstory The populatlon mdex is welghted by the male/female d1stnbut10n ('I‘ able F-88) of
truck buyers as follows
.Let - Psex, ige = the fraction of all LDT buyers of a given sex and age group ‘ _
- Tsey. apecss, 7 = the percentage of t_he population under the age of 55, by sex, in year T

' -National Energy Modeling System ) . .
.." Transportation Model Domand Sector Documentation Report a ) F‘_209



' 'Ihe welghted share of the populauon under the age of. 55 is then
P<55 SE [HSa Age<55 T ( E PSzx Age) ]
- Sex
. Thls share is subsequently indexed (1 990=1. 0) Index values are mcluded in the data provrded Wlth
- "th1s paper... The effect of the agmg of the “baby boomers is dramatic (Flgure F-27) _The agmg ,

' _ populatmn has nearly als percent dampenmg eﬁ'ect on new truck sales relatlve to. a strarghtforward

L extrapolatlon esumate based on recent trends . -
- Figur_e F-27:‘ Weighted P’opﬁiaﬁon Index

|-, 185
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o Extrapolatmn of Recent Trends '
_ The lmadjusted share of total LDV purchases accmmted for by trucks is extrapolated using the 1982
. and 1992 vilues as anchor points, and an assumed maxrmum value. The flmcuonal form of the

curve is as follows

<

" where LTS indicates the nght Truck Share of total LDV sales (referred to in the model code by the *- "

. ) ) " Natlonal Energy Modellng ‘System ’
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i vanable hame CARLTSI—IR), and the constant, k, is determmed as follows

1ol - B - ITSi) |
P | UTS,, -LTS,) |

o

10 -

' Usinéthe data in the table below, k is calcilated and the oon_fe is explicitly .de:.ﬁned.

Extrapolation Inputs_

LTS - 0230
LTS,y © . 0353
LTSy © 70550
.k ©0.049

. The value ofk was chosen SO that the truck market share of hght duty veh1c1es in 2015 is comparable
" to the share pr01ected ina recent report.

. Figure F-28: Forecasts of Trirek Salés Shares
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For any forecast year, the populatlon-adjusted estimate is calculated 51mp1y by multlplymg the
extrapolated estimates by the demographlc index described above
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