ABSTRACT

UNCMOBI LE4 1's & mobi | e source emssion factor model that has been designed
to include the benefits of a fuel swtch toward nethanol fuel in future scenarios.

UNCVOBI LE4 is a modified version of EPA's em ssion factor nodel

MBI LE4. NOBILE4's overal | structure is kept. Two vehicle classes, Light
Duty Flexible fueled vehicles running on Methanol (LDFM and Light Duty
Flexible fueled vehicles running on Gasoline (LOFG, have been added to the
original eight vehicle classes of the EPA model. UNCNOBILE4 provides HC
CO and NOx average emssion rates fromin-use methanol -fueled cars and from
vehicle fleets of changing conposition under a wide range of conditions. The
LOFM and LDFG cal cul ations are nostly based on data from Gabele (1990).
Some correction factor calculations are the same as for Light Duty Gasoline
Vehicles (LDGV) until explicit research data becomes available. The nodel has
been prepared in a way that the extensive but not yet released data fromthe
Auto/Q | study on flexible fueled cars can be inserted,
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LI ST OF ABBREVI ATl ONS
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1. | NTROCDUCTI ON

Mobi [ e source's emssions of hydrocarbons, nitrogen oxides, and carbon
monoxi de are considered to be inportant contributors to urban ozone. Contro
devices for gasolme cars have been employed to reduce em ssions of newand in-use
vehicles by 92 and 78 percent, respectively, over the past 20 years. The associ ated
devel opment of new vehicle emssion standards i s shown in TABLEl. Further
efforts to reduce emssions fromcars powered with conventional gasoline "must now
contend with a law of dimnishing returns" [Gabele, 1990].

_ Cleaner fuels are currently being examned to determne their abiIi.tY to
'UPFOVQ air quality. Alternative, carbon-based fuels m?ht have the potential to
mtigate urban ozone and carbon monoxide |evels during the inevitable transition
toward electrical Iy-powered and hydrogen- Bovvered transportation. At this time, the
nost promsing alternative fuel with both economcally and environnental ly
attractive attributes appears to be nethanol [Gabele, 1990]. Methanol fuels are also

bei ng considered because of their ability to reduce Anerican dependency on foreign
0il and to reduce gases contributing to gl obal warmng.

As a crucial steB In determni ng future air quality, conplex Bhot ochem cal
model s such as the Urban Airshed Mbdel need realistic and reliable emssion

inventories for in-use highway fleets. For this task, the United States Environnental
Agency devel oped the MOBILE series of vehicle emssion rate nodel s of which

BILE4 is the latest version. MBILE4 is a very complex set of 151 FCRTRAN
subroutines, functions, and block data which calcul ates emssion factors in units of
g/m1le under a wide range of user-specified environnental conditions.

Thi's paper introduces the vehicle emssion nodel UNCMOBILE4 that has
been designed to be able to include the benefits of a fuel switch toward methanol
blends in future scenarios. UNCMOBILE4 is a nodified version of EPA's
MOBI LE4 and provides additionally HC, CO and NOx emssion rates fromin-use
et hanol -uel ed cars and from vehicle fleets of changing composition under a wide
range of conditions.

Two vehicle classes, Lignt Duty Flexible fueled vehicles running on Methanol
(LDFM and Li ght Duty Flexible fueled vehicles rumi ng on Gasolne (_LDFG%,
have been added to the original eight vehicle classes of the EPA model. Vhile the
overal | structure of MOBILE4 is kept, nunerous subroutines had to be chan?ed and
many others added to account for hase emssion rates and dependencies ditferent

fromthose for conventional cars.
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TABLE 1. Exhaust and evaporative emssion standards for new Light Duty

Vehi cl es

Exhaust Exhaust Exhaust Evaporative
HC CcO NON HC

Year

1972 3.4 gpm 39 gpm 2.0 gltest
1973-74 3.4 gpm 39 gpm 3.0 gpm 2.0 gltest
1975- 76 1.5 gpm 15 gpm 3.1 gpm 2.0 gltest
1977 1.5 gpm 15 gpm 2.0 gpm 2.0 gltest
1978- 79 1.5 gpm 15 gpm 2.0 gpm 6.0 g/test
1980 0.41 gpm 7 gpm 2.0 gpm 6.0 g/test
1981 3.4 gpm 3.4 gpm 1.0 gpm 2.0 gltest

Not es:

1 Different test procedures have been used since the early days of emssion contol which var{ In

stringency. The appearence that standards were relaxed s incorrect and arises fromtest
procedure changes.

UNCMOBI LE4 cannot yet be assumed to provide reliable emssion factors
for future methanol cars since it is not hased on the nost recent data and it partly
reles on unchecked assunptions. So far, nostly data from Gabele (1990) has been
utilized. Thus, the model has been pr ? ar e |n a vy that the extensive but not yet

rel eased data fromthe Auto/Q1 stu y on flexible fuel ed cars can be inserted,
UNCMOBI LE4 can al so serve as a pattern for |nc| uding other vehicle classes
instead of, or additional to, flexible fueled cars to MOBILE4 or MOBILE4. 1.
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2. METHANOL CARS

2.1 Methanol Car Technol ogy and Econony

Flexible fueled vehicles (FFV) are designed for using gasoline fuel or any
al cohol / gasol ine blend up to 85% methanol. An electronic sensor in the fue

del ivery systemsenses the methanol content of the mxture, and engine parameters
are adj ust ed aPpropr|ater for proper combustion. Like al | methanol cars, they also
need nodified ruel tanks and fuel delivery systems to withstand methanol's corrosive
nature. Although FFV cannot provide the same emission benefits as dedicated

vehicles, they are [ikely to be used during a transition period when gasoling Is
phased out and alternative fuel is phased in.

Dedicated nethanol vehicles can only use fuel conposed of at [east 85%
methanol . These vehicles, if running on M QO (100% nethanol ), prom se the
geﬂeﬁ.emsyonbmwhtsbm are difficult tostart at anbient tenperatures below 60
. If this problemcan be solved, they mght becone the best option for future use

Because of its high ongen content methanol contains only about one-half of
the energy per gallon of gaso Ine. Thus, methanol cars yield conparably mich [ ower
mles Rer gal [on val ues. But other properties make methanol a nore energy efficient
fuel than gasoline, Its h|?her octane rating permts a higher conpression ratio, its
Wi de flammbility [imts allowgood combustion while operating lean, and its h|%her
enerqy output permts smaller engines while providing the sane performance. These

effects are believed to add up to a 30 percent increase in overal | vehicle efficiency
for dedicated vehicles. [EPA 1989]

~ Methanol fuel prices can be conpetitive with gasoline at current world ofl
prices. MBS punP prices could be 68 to 74 cents per gallon, including costs for
distribution, retail markup, and fuel taxes. The | ower energf content of MBS and its
slightly h|?her efficiency yield toaprojected gasoline retarl price eqU|va|ent of 114
to 124 cents per gallon. MQO's punp price could be 60 to 67 cents per gallon
Consi dering the Iomer,energy content and the 30 percent higher efficiency expected
for an optimzed, dedicated venicle, the projected gasoling retail price equivalent
yields to 92 to 103 cents per gallon. The retail prices can be |owered even further If
nethanol s produced on |drger scale. Thus, the price for M5 and MQO.is
conpetitive with todays gasollne prices and even |ower than those for premum

gasol ine, which is the natural conpetitor for the high octane methanol fuels
[ EPA, 1989] .
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EPA estimates the costs for dedicated nmethanol vehicles as the same as for

future gasoline vehicles. Flexible fueled vehicles mght be up to $300 nore
expensive, among other things because a fuel sensor is needed [EPA 1989].

2.2 Conposition of Metlianol Car Em ssions

The precise forecasting of emssions fromfuture nethanol cars and fleets is
extrenely difficult, since the emssions depend on nunerous factors. Exhaust,
evaporative, refueling, and mm ng |0ss emssions are substantially different for
dedi cated methanol vehicles and flexible fueled cars. For the latter ones, the
enssions are a factor of the fleet portion actually rurning on a methanol blend, and
for hoth vehicle classes a function of the gasoling content of the fuel supplied

The methanol car technology is still evolving, and parameters for the
eventual, optimzed methanol vehicle are not yet known. The emssion levels finally
attainable and the cars fuel efficiencies are still hard to predict. Al'so emission

standards and required control technologies as well as which vehicle classes will be
affected is not yet exactly known.

~There is strong evidence that far [ower enssions than for gasoline vehicles
finally can be achieved by at least certain kinds of methanol vehicles [EPA,1988].
Therefore future standards for these cars n1§ht adj ust to the advanced technol ogy.
The currently proposed standards for [ight duty nethanol vehicles are the same as
for LDGY, for HC on a carbon mass basis [Dunker, 1990]. Mbdeling on the basis of
these standards would mean that onI% the conposition of the emtted h*drocarbons
changed. The other approach, taken by UNCMOBILE4, is to utilize actual test data
for calculating the model's base emssion rates and corrections

Vet her or not methanol vehicles will play arole as a future venicle fuel
and the applied technology, and the future emssion rates, are a function of
enviroimental and economc policies on federal and state level. Aswitch to any
kind of alternative fuel requires major and cost-intensive changes and perhaps
market share |osses in two of the b|%gest and most influential industrial branches
WeaMomm|e|nwﬁryam[m$|byewmrmmtheml|nMMrywllbehqmy

affected. They mght prefer a transition to oxygenated fuel's, so Strong opposition
mght arise fromthem

Neverthel ess, a nunber of research projects on methanol cars have been
conducted and all ow qualitative and quantitative assessment of their emssions. It
appears that the major difference to gasoline-powered cars, at |east in terns of


NEATPAGEINFO:id=B36B1001-F5CA-48B3-AAFB-B74E47B8D92F


Introduction UNCMOBI LE4

ozone formng potential, is the conposition of the emssions and to a |esser extend
their absol ute anounts.

The emssions fromflexible fueled vehicles running on MO that is pure
gasoline, are generally considered to be the same as for regular light duty gasoline
vehicles. Blends containing more methanol produce simlar amounts of exhaust
requl ated em ssions sorganic material, carbon monoxide, and nitrogen oxides).
Anbient tenperature affects the emssion rates in the sane matter as for gasoline
cars: organic and CO em ssions increase strongly at |ower tenperatures whereas

NOK is less affected. Mass exhaust emssions stay virtually constant above 75 F.
[ Gabel e, 1990]

Gabele (1990) tested flexible fueled cars with MO, M5, MO0, M5, and
MQO He states that, while increasing the fuel's nethanol content, "formal dehyde
and nethanol conprise increasi n%Iy greater portions of the material while
hydrocarbons conprise less.” Both conpounds al so increase stronglr at | ower
tenperatures. [CGabele, 1990] Testing an early nodel FFV, Gabele Tound that
benzene, 1,3-butadiene, and acetal dehyde emssions are |ower for MBS use than for
MO use. Exhaust nethane increases with increasing methanol content, whereas the
conposi tion of the remaining hydrocarbons IS not significantly affected. Cabele

found simlar portions of paraffins, olefins, and aromatics of total HCfor MO and
MB5. [ Gabel e, 1991]

Evaporative emssions increase with fuel volatility, that is wth decreasing
methanol content, and increase with tenperature. Diurnal emssions are mich
greater in magnitude and nore sensitive with respect to tenperature and fuel
volatility than hot soak em ssions. The gasoline portion of methanol fuel blends,
even if small, contributes significantly to the emssions. 40 %of the M85 exhaust
carbon is gasoline rel ated. EiJeffri es, 1991] Gabel e also found the hydrocarhon

conponent of evaporative emssions fromM>5 to domnate over the nethanol
conponent. [Gabel e, 1990]

Methanol is released into the atnosphere as unburned fuel in exhaust and

evaporative emssions, A dehxde derivates such as formal dehyde are combustion
products in the exhaust gas. A great portion of the total formaldehyde em ssions
occur during the first part of the cold start node. [CGabele, 1990]

2.3 Methanol Car Emissions and Urban Czone

The reduction of urban ozone as a secondary pol | utant has proven to be
mich more difficult than that of the primary pollutants. The National Ambient Air
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Cpalitg Standard (NAAQS) for ozone is a 1-hour averaged concentration of ozone
f 0.12 ppmnot to be exceeded more than once per year at any |ocation over a three
year period. It isstill violated in 60 major urban areas inthe United States. Los

Angel es has exceeded the standard in the late eighties some 140 times per year
(Seinfeld, 1988).

~The hope that a switch toward methanol as an automobile fuel could reduce
anbi ent ozone | evels arises mostly fromthe altered composition of the alternative
fuel exhaust and particularly of its orPanlc eni ssions. The volatile organic
conpounds (VOC) are expected to show a l'ower degree of reactivity than those
from gasol ine em ssions. Methanol makes up a |arge portion of the organic exhaust
and evaporative emssions and is considered to have a much |ower reactivity than
other organic conpounds. The fraction of methane, another ow reactive compound
s increased for methanol vehicles. A'so formaldehyde is emtted at a higher rate

than by gasoline cars. Formal dehyde i's consideredto be a very reactive compound
and a strong source of radicals.

Extensive research projects are underway to verify and quantify the benefits
of the relative reactivity of methanol car emssions. They utiHze smog chamber
exKer|nEnts and conpl ex photochem cal nodel s such as the Urban Airshed Mde
(UAM. It is difficult toreliably predict the effects of alternative fuels because of
the conplexity of the concept of reactivity.

Reactivity is defined as "the extent to which a conpound or a mxture of
conpounds contributes to atmospheric oxidation of VOC, oxidation of NOto NO?2
and subsequent @3 production in the anbient atnosphere” [Jeffries et al., 1991]. It
arises fromconplex interactions among all reacting species. Thus, it is a non-linear
function of numerous atnospheric conditions such as the NOx-HCG-ratio, and any
"reactivity scale" for VOC conpounds is necessarily relative

_ To illustrate the complexity of the issue, Jeffries states that most of the ozone
|s formed by the least reactive conpounds. CO methane, and al kanes, formup to
half of the urban OB simply because of their hl%h concentrations. Hghly-reactive
speci es such as ol efines, xylenes, and emtted al dehydes are the prinary source of
"new radicals", which are réquired for ozone formatjon. The reactions for only very
fewof these conpounds are precisely understood. Thus, further research has to he
done to refine the chemcal mechanisms utilized in the conputer models that coul d
evaluate alternative fuels. [Jeffries et al., 1991

Qurrently, alternative fuels can be included in future air quality scenarios and
State Implementation Plans (SIP) without utilizing photochem cal models by
fol [owing EPA quidelines. These are contained in EPA"S "Guidance on Estimating
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Mot or Vehicle Em ssion Reductions fromthe Use of Alternative Fuels and Fuel

Blends" (1988), and represent relatively ol d research data. This document descri bes
nethods and assumptions for estimating the impact fromthe use of gasohol. Methy
Tert|arY Butyl "Et her {NWBE) bl ends, compressed Natural Gas (CNG, and
met hanol blends - including M5 and M QO - on vehicle HC, CO and NOx

em ssi ons.

The actual credit for methanol car use would depend on the emssion |evels
of the proposed vehicle technoIO%% for that area. EPA specifies the reductions for
nethanol vehicles just meeting the emssion standards, for those wel| below the
standards, and for those with intermediate emssion levels. The credit is to be
applied to MOBILE4's non-nethane HC exhaust and evaporative model year
emssion factors; 0O and NO' emssion |evels are unchanged.

2.4 Qther Environmental |npacts

Vhereas al| carbon-based fuel's necessarily emt gases contributing to the
?reenhouse effect, their amount can be reduced if gasoline1s re?laced by al ternative

uel s. Vhether using methanol could yield global varmng benefits, depends mostly
on the way it is produced.

Qurrently, the production fromnatural gas is economcally favored. If natural
gas which is nowvented or flared is used, a large varmng benefit will accrue, since
Such gas is currently being wasted while adding hu%e amounts of carbon dioxide and
nethanol to the greenhouse gas burden. Using coal as a nethanol feedstock with
current technol ogies could nearly double Freenhouse gas emssions due to large
| osses at the mne and at the production plant. The greatest benefit would arise
fromusing cellulose, biomass or other renewable feedstock, since such materials are
not stored carbon. Their growth would remove the same anount of carbon dioxide
fromthe atmosphere as therr combustion would emt. [EPA 1989

Significant reductions in the nunber of cancer cases are projected for
replacing gasol|ne by methanol since emssions of hydrocarbon air toxics such as
benzene, 1,3-butadiene or polycyclic aromatic matter woul d be reduced or
elimnated. Methanol is not generally considered a toxic air pollutant.
Formal denyde is classified by EPA as a probable human carcinogen. This issue i
often raiSed as a concern since the levels of initially emtted formldehyde are
higher for tested methanol cars, even though control technol ogy coul d reduce them
to-gasoline [evels. Methanol 1s not expected to increase the nunber of cancer cases
since the decreased number of indirect formaldehyde formed photochemcally is

expected to offset any increase in direct formaldehyde emssions. Anient
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concentrations of both methanol and formal dehyde are believed to remain well
bel ow the levels of acute toxicity. [EPA 1989
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3. THE CURRENT MBI LE4 PROGRAM

NCBILE4 is a conputer program desi %ned to estimte average mobile
source emssions inunits of g/mle. The model provides both current and future
emssion rates fromhighway vehicle fleets under many environnental conditions.
The nodel wei ghts emssions fromvehicles of the most recent 20 model years to
obtain fleet emssions as of January 1 of the requested cal endar year. The emssion
factors are adjusted to conpensate for nunerous factors. Speed, tenperature, and
col d/hot driving mode mx are nost influential, tampering and fuel volatility also
have a major inpact.

The results are split into the followng compound classes: total HC exhaust
HC, evaporative HC refuel [osses HC runni n? | 0sses HC, exhaust 0O and exhaust
NOx- The em ssion factors are also specified for ei %ht vehi cl e classes: Li %ht Duty
Casol i ne Vehicl es ngg), y Gasoline Trucks 1 (LDGTl), Light Duty
Casol ine Trucks 2 (L 2[, Heavy Duty Gasoline Vehicles (HDGV), Light Dutr
Di esel Vehicles (LDDV),

L
Ight Duty Dresel Trucks (LDDT), Heavy Duty Diese
Vehi cles (HDDV), and Motorcycles (M.

| ght Dut
y

MOBI LE4 consists of an integrated set of 151 FORTRAN subroutines. It is
the most recent of EPA's MOBILE series of motor vehicle emssion factor nodels.

MOBILE4. 1, which allows the evaluation of oxygenated fuels, is expected to be
rel eased very soon.

- NOBILE4 provides a flexible analytical tool for a wide range of air quality
planning functions, Except for California, EPA requires the motor vehicle emssion

inventories inall ozone, CO and NO2 SIP revisions to be based on the |atest
MOBI LE ver si on.

MOBI LE4 suppUes four types of fornatted reports. Two tyPes of "numeric"
output are suitable for use as an input file for subse(iuent conputer analysis. Two
types of "descriptive" output are more suitable for visual inspection and analysis and

for the users record.
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3.1 Dat abase

The program uses the calculation procedures and extensive emssion factor
data presented in EPA's "Supplenent Ato Conpilation of Air Pollutant Em ssion
Factors - Volune I1: Nobile Sources" (1991). For current exhaust emssion rates,
dynanoneter tests under conditions of the Federal Test Procedure (FTP) were

perforned. The data is specified into three sampling bags for the three operating
modes: cold start, hot start, and hot stabilized node. New as well as on-roa
vehicles were tested to determne zero mle level and deterioration rates.

Exhaust, hot soak, diurnal, crankcase, refueling loss, and running [ oss
emssions as wel| as idle exhaust emssions were determ ned. SPeci al_emssion
testing programs were perforned to determne various correction factors. For future
emssion rates, federal newvehicle emssion standards hased on FTP are assumed.
MOBILE4 contains extensive driving pattern data fromchase car surveys

determning the mx of operating nodes as a function of average route speed as vell
as data for trips per day and mles per trip.

3.2 Mobiled4 and UAM

MOBILE4 is utilized to provide nobile sources emssion input for complex
phot ochemi cal air quality nodels such as SAI's Urban Airshed Model (UAM, and

thus is a crucial stepinpredicting future air quality, and in evaluating control
strategies.

- For use in the UAM nobile sources inventories nust be tenporally,
spatially, and chemcally resolved to the |evel of the other nnde||n%|nputs: cells of 4

to 25 knf for hourly emssion estimates in species recognized by the Carbon Bond
Mechani sm Version |V (CB4).

This is done by the UAM's Enissi on.Prepr.ocessorAhS{st em (EPS) which
produces a gridded binary emssions file for input inthe UBM The emssions are
al located to'the grid cell's of the modelin regmn and split into the CB4 species NO
N2, OLE, PAR TQL, XYL, FORM ALDZ, ETH MECH ETOH, and | SOP.
The applied factors are derived fromEPA's At Em'ssion Speci es, Manual (1988).
The em'ssion rates are transformed into hourli emssion rates by diurnal variation
factors and adjusted for the weekday by weekday variation factors. Among ot her
data, HC CO and NO' exhaust and evaporative emssion factors, fractional vehicle

mles travelled (VIM and motor Vehicle adjustment factors generated by
MOBILE4 are is used as input for EPS.

10
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3. 3C ean4d

Based on MBI LE4, EPA devel oped CLEAN4, an emission factor node

for evaluating “clean fuels". It applies adjustnents that account for enission
reductions fromany two kinds of alternative fuel, for instance fromNM5 and M QO

fuels.

The emssion reduction factors for HC CO and NOx, and for diurnal, hot
soak, refueling, and running oss emssions are qmcHiedb%theusw In the one-tine
data entry. CLEAN does not contain any estimates of the effect of alternative
fuels, but supplies the algorithmfor evaluating them The user also specifies sales
fractions for the two alternative fuel vehicle classes for nodel year from 1993 on

“The adjustments are applied as miltiplicative correction factors to light duty
gasol i ne venicle and trucks' emssion factors. Thus, all internal MOBILE4
corrections apply unchecked as wel| for the "clean" vehicles. CLEANA does not

specify vehicles running on alternative fuels inits output, they are included in the
composite emssion factors of LDV/T.

11
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3.4 Performnce of MBI LEA4A

The sensitivity of MBILE4's output emssion factors for several input paraneter
i's shown in FIGURE 1 through FI GURES.

TEMPERATURE SENSI TI VI TY

of MOBILE4 em ssion factor output
eval uation yeai SO0, speed = 25 nph

2.4
Exhaust HC

NS (Exhaust CO/ 10
~ 2.0h P?~ Exhaust NOx

2.2

1, rW Evaporative HC
Q 16

=0

1.2
1.0
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0.4

20 40 60 80 100
tenperature (F)

FIGURE 1. Tenperature sensitivity

The first figure shows HC, CO, and NG “exhaust emssions as well as HC
evaporative emssions as a function of temperature. Al exhaust emssions are highest for
| ow temperatures, are |east at 80 F, and increase slightly for 100 F. CO appears to be
most sensitive for tenperature, NO ™ east sensitive. MOBILE4 assumes evaporative
emssions to be zero for tenperatures less or equal to 40 F. Evaporative em ssions
increase exponentially with tenperature and exceed exhaust HC emssions at 100 F.

12
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SPEED SENSI T1 VI TY

of MBILE4 exhaust em ssion factor output
eval uation year 2000, tenperature = 80 F

4 Exhaust HC

i 17 (Exhaust CO)/ 10

PArn Exhaust  NOX

S

an 2

OOm_oo

o5 35
speed (nph)
FI GURE2: Speed sensitivity

Exhaust emissions are also a function of average vehicle speed. MBI LE4
model s the g/mle emssion factors highest for very |ow speeds. The exhaust em ssions
reach a mninumfor speeds around 50 nph. Exhaust em ssions actually increase again
for even higher speeds but this is not shown by MBILE4 since its maxinuminput

speed is 55 nph. HC exhaust emissions are very sensitive for speed, CO emssions are
sensitive to a somewhat |esser extend, and NOx is |east sensitive
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EVALUATI ON YEAR SENSI TI VI TY

of MBILE4 exhaust emission factor output
temperature = 80 F, speed = 25 nph

Exhaust HC

>
ESN

o
(4]

g (Exhaust CO/10

KA Exhaust NOx

° MOQS 84m$s0 0 & 0°0°

1982 1992 2002 2012
eval uation year

FI GURES: Eval uation year sensitivity

The emssion factors decrease with time, as shown here for fleet average

conposi te exhaust HC, CO, and NOx emission factors. The per-cai- emssions decrease
since ol der vehicles, built for higher emssion standards, phase out and are replaced by
newer vehicles. MOBILE4 does not contain projections for [ower future emssion
standards. The zero mle enission levels for future cars are assuned to be the sane as for
current vehicles since no explicit informtion on future standards is available yet.
Therefore, the calculated emssions approach and finally reach a constant level, after all
ol d higher-standard vehicles are replaced.

However, it is inportant to note that NOBILE4 nudels average per-cai" emssion
factors rather than sunmed-up total emssions fromthe entire fleet. Total fleet emssions

mont stay constant or even go up despite of decreasing average emssion levels, if the

number of vehicles grows.
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4. UNCMOBI LE4

4.1 Technical Differences to MBI LE4

The vehicle emssion model UNCMOBILE4 has been devel oped to include
flexible fueled cars in future vehicle fleet enission scenarios. It is a nodified version of

EPA"s MBI LE4 which does not offer this opportunity.

Two vehicle classes. Light Duty Flexible fueled vehicles running on Methanol
(LDFM and Light Duty Flexible fueled vehicles running on GasoHhe (LDFG, have
been added to the original eight vehicle classes of the EPA nodel. Thus, the calculation
of conposite emssion factors becones possible for a vehicle fleet stepwise or partly
switched toward nethanol vehicles. The user only needs to specify annual sales fractions

for FFV, the portion of FFV actually running on M85, MBS's Reid Vapor Pressure, and to
set two execution controlling flags.

The cal cul ations for the eight old classes are kept unchanged. Cnly their vehicle
mles travelled (VM) share is reduced by the internal calculated VM portion of LDFM
and LDFG for each calendar year. As far as the currently available FFV emssion factor
data allows, the LDFMand LDFG calculations fol low the pattern of those for the LDGV.
Since this data is not as detailed as those utiUzed by MOBILE4, they are simplified at
sone points. Qther correction factor calculations are taken unchanged from LDGV until
explicit research data becomes available, if they can be assuned to be simlar. Driving
pattern data such as vehicle age specific accunulated mleage, trips per day, and mles
per day are the same as for LDGV. It is inportant to note that UNCMOBILE4's HC
emssion factor output reflects the total organic emssions, including hydrocai'bons,
met hanol , and for mal dehyde.

The advantage of keeping the original MOBILE4 structure is that as soon as new
data such as those fromAuto/G 1 becomes available, it can easily be included in
UNCMOBI LE4' s data basis. Depending on the nature of this data, further changes to the
al gorithmm'?ht be conducted. The LDF calculations finally becone as sophisticated and
detailed as for the other vehicle classes. This is unlike EPA's CLEAN model which only
applies multiplicative correction factors to MOBILE4 s vehicle classes to account for
emssion reduction due to alternative fuels. UNCVOBILE4 can al so serve as a pattern

for including other vehicle classes instead of, or additional to, FFVinto MOBILE4 or
MOBI LE4. 1.
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No information is available yet about in-use tanpering rates and tanpering
effects for FFV. Nevertheless, it appears to be necessary to include tanpering In the
em ssion factor calculations since the arising excess emssions can be considerable.
UNCNOBI LE4 provi des the opportunity to consider those effects for either one or both
of the vehicle classes. If the control flags are set appropriately, tanpering is assumed to
add the same portion to the non-tanpered emssions as for LDGV.

FFV running on gasoline are usually believed to produce the sane g/mle
emssions as LDGV. Depending on a control flag setting, all LDFG nodel year em ssions
can be set equal to those for conventional gasoline vehicles of that model year.
Differences between LDGV/ and LDFG conposite emssion factors then arise only from
different age distributions, that is registration mxes for the two classes

The optional user input opportunities provided by MBILE4 are not yet fully
extended to cover the two new vehicle classes. The use of some of the control section

tlags is restricted to keep the conparability of the new and the ol d classes.

4,1.1 Data Base

The basic emssion rates and correction factors for LDFM and LDFG cal cul ations

are nostly based on data published by Gabele (1990) who exam ned em ssions from
FFV. He measured HC exhaust and evaporative emssions as well as CO and N

exhaust emssions for the gasol i ne/methanol blends MO M5, M0, M5, and M QO at
40 F, 75 F, and 90 F.

The test vehicle investigated was a 1988 General Mtors Variable Fuel Corsica
Witha 281 sixcylinder engine having a compression ratio of 8.9:1 The fuel systemvas
port injection, the control loop was closed, and the mleage was 4500 miles. The test
fuel's were MO (100% gasol i ne, 0% nethanol ) and MBS (15% gasoline, 85% nethanol ).
The gasol ine portion vas indolene (certification fuelg, the nethanol was of |aboratory
grade si)euhcatmn. MO had a Reid Vapor Pressure (RVP) of 9.0, MB5's RVP was 8.0.
The fuel econony was 22.0 npg running on MO and 13.4 mpg running on MBS,

Data on emssion rates and fuel economy were obtained both the Federal Test
Procedure (FTP) and the H ghvay Fuel Econony Test. Three replicate tests were run for
each tenperature/ f uel tk/)pe conbination. The organic emssions are calcul ated in
accordance to the carbon mass equivalent method. The HC data utilized in
UNCMOBI LE4 is the sumof Gabele's data for methanol, formaldehyde, and

hydrocarbons. All data used in the programis shown in TABLE 1 through TABLES
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TABLE :

TABLEZ:

HC CO NNCK

Dy

Exhaust enissions (g/nle)
40 F
FFV on MB5 1.86
FFV on MO 0.93
75 F
FFV on MB5 0.43
FFV on MO 0.32
90 F
FFV on MB5 0.51
FFV on MO 0. 36
Hot soak and diurnal emssions (g/test)
Hss

40 F

FFvonMBS5S 0O. 14
FFV on MO O. 19

75 F
FFvonMvMBS5 O. 25
FFV on MO O. 28

90 F
FFvonMBS 0. 31
FFV on MO O. 41

00 o)®

RO

.19
. 26

. 49
. 54

. 50
. 05
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TABLE3: Non-net hane portion of HC exhaust

40 F 75F 90F

FFvonMBS O. 85 0. 75 0. 81
FF\VonMO O. 90 0O. 90 0. 87

The basic emssion rates and correction factors for LDFMand LDFG cal cul ations
are most|y based on data published by Gabele (1990) who exanined em ssions from
FFV. He measured HC exhaust and evaporative emssions as well as CO and NOx

exhaust emssions for the gasoline/ methanol blends MO M5, M0, M5, and M QO at
40 F,75 F, and 90 F

4.1.2 Execution Summary

UNCMOBI LE4' s structure and thus al so the program execution are virtually the
same as MOBILE4's. Its source code consists of 158 subprograms. These subroutines,
functions, and block data are called by the programs driver MAIN or by other
subprograms and may in turn call other subprograms. MAIN |oops through three

sections: input, calculation, and output. The most inportant subroutines are briefly
described bel ow. Subroutine's names are written in upper case

I nput

This section reads in the input and prepares the paraneters and data for the

subsequent cal cul ation section. During one run, UNCMOBILE4 can evaluate severa

different scenarios, but only the first scenario can include methanol cars. The program
Utilizes one input data set that provides programcontrol information and the data
describing the scenarios. The user deterrines by the setting of the first flag (PROVPT)
whet her the programreads in by prqnptin% the user for each fol lowng input or by
reading a prepared, formatted input file. The input data set consists of three distinct

sections

CONSEC reads in the run title and the 18 flags of the Control section, eitlier
vertically using GETVER or horizontally using GETHR The flag setting controls
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Input, output format, and execution of the programand consists of 17 flags. The flag
setting al so controls the format of the reminder of the input streamformat of the output

The One-time section is optional and is used to alter internal UNCMOBI LE4
estimtes to be locality-specific. This can include information on tanpering rates, annua
m|eage accumulation rates or registration distributions by vehicle tjrpe and age, base
emssion rates, VM mx, tanpering parane ers, inspection and maintenance program
credits, anti- tanper|ng Dr ogram par aneters, refuelng emssion controls, fuel volatility,
and fexible fuel ed cars. ONESEC checks the flag val ues whether one-tine datais
expected and reads it in by calling other subroutines. This data is used for all scenarios of
a run and replaces the corresponding default val ues hardcoded in BLOCK DATA
GETMET reads in the nethanol car related user input. It screens the values for being in
the ranges expected and calls QUTER if not.

The Scenario section details the individual scenarios of a run and reads in, amng
others, informtion on calendar year of evaluation, tenperature, region (high or [ow
altitude), and average speed by repeating PARS EC, GETSC, and LOCAL for each
scenario. LOCAL applies the sane weathering to MB5's RVP as to gasoline's RVP. Here
cal cul ated exhaust and evaporative tenperatures are |ater also applied to LOF

REGMOD cal cul ates the evaluation year January 1 registration mx for the
vehicles of each nodel year. LDGVs and LDDV's share is reduced by LDF's sales share
of that model year, the [ight duty gasoline/diesel ratio stays the same. REGWD also
figures the vehicle age specific mleage accrual rates and eval uation year January 1
accunul ated mleages. Fromthat, REGVOD constructs vehicle age and class specific

mles per day and trips per day values. In UNCMOBILE4, the data underlying these
driving pattern calculations is the same for LDF and LDGV. YRTEST checks whet her

given years are in the allowed ranges. QUITER prints out error, warning, or comment
messages and, depending on the severity of an error, my termnate the run

Cal cul ation

Thi's section generates the requested conposite emssion factors. The cal culation

|5 perforned for each vehicle type, each model year, and each of the compound cl asses.

The al gori thns fo the to new vehi cle cl asses are V|rtua||y the sane as for LDGV and
are described in detail in Chapter 4.1.3.

Base exhaust emssion rates are calculated fromthe zero mle levels and
deterioration rates. Correction factors for non-FTP conditions are applied, either as a

mitiplier or as an additive offset. These nunbers are weighted together by travel
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fractions to generate emssion factors by vehicle type and pollutant class, and then again
wei ght ed toget her by the normalized vehicle mles travelled (VM) to produce a
composite emssion factors for each pollutant for the requested calendar year.

The cal culation section is driven by EFCLAX. Fkst, additive offsets and
miltiplicative correction factors are assenbled in each scenario. GETCUM generates the
average January 1 cumulative mleage distribution. TAVPER by contioling the 16
tampering-related group of subroutines and functions, calculates tanpering rates and
em ssion inpacts. BIGCFX and the associated subroutines figure the correction factors
and corrections for speed, tenperature, Reid Vapor Pressure (RVP) etc.

HC em ssion factors are calculated by HOCALX. It loops through each vehicle
type and nodel year case, conputing, correcting, weighting, and adding that case's
contribution to the conposite results. |GSFPT provides the gas/diesel sales fraction,
| MSFPT points the LDF sales fraction year groups. BEF extracts the basic exhaust
emssion rate and applies correction factors. LDF exhaust emssion factors are corrected
for tenperature by function EXTCCR. Function CHACOR determnes the tenperature-

speci fic non-nmethane portion.

CCEVRT returns evaporative HC emssion factors for all gasoline and methanol
vehicles and notorcycles utilizing HOTSOK (hot soak em ssions), DIURNL (diurnal),
and CRANKC (crankcase), weighted by trips per day and mles per day. LDF hot soak
emssions are extracted by subroutine EVVET and EVRVPC, and temperature corrected
by function EVICCR. RULGSS provides the running |oss HC emssion factors for
gasoline and nethanol vehicles. The refueling loss HC emssion factors for the same

vehicle classes are |ooked up in the table previously cal culated by REFUEL. For
cal culation of COand NOx emssion factors, EFCALX |oops through each pol | utant,
vehicle type, and model year case, utilizing BEF.

Qut put

On each successful scenario pass, QUTPUT routes the results to report unit 4.
OUTHD4 echoes the run title and the field headers. Subroutines echo he optional user
supplied input, like (MI\/ET does for methanol car input. QUTPCL selects which
polfutant's values are to be printed, and OUTDT4 prints out user-supplied scenario data

and the cal cul ated emssion factors.

Subroutines GETMET, | MSFPT, EVMET, EVRVPC, EVTCOR EXTCOR

CHACOR, and QUTMET are newly created. REGMOD, EFCALX, REFUEL, HCCALX,
CCEVRT, RULOSS, BEF, QUTDT4, and numerous BLOCK DATA are largely altered
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and extended. Most subroutines experienced mnor changes. EFCALX, HCCALX,
EVMET, EVRVPC, BEF, and EXTCOR are shown in Appendices C through H
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4.1.3 Mbdeling of em ssions

Hydr ocar bon exhaust em ssions

HC exhaust em ssions are model ed for all vehicle classes. In MOBILE4 as well as

i n UNCMOBI LE4, they depend on vehicle mleage, tenperature, tanpering effects,
speed, |ocation-specific adjustments, and the fuel's RVP.

The uncorrected hase emssion rate for each nodel year/vehicle class group is
determned fromzero mle emssion level (zm) and the deterioration rate (dr). Zm

(g/mle) and dr ((g/mle)/l 0,000 mles) are assumed to be the same for both |ow and high
altitude and are assumed to be constant for all model years

The zero mle levels for LDFMand LDFG are the test results for the flexible
fueled test vehicle investigated under Federal Test Procedure (FTP) conditions by Gabele
(1990), running on M85 and MO respectively. Since there is no data on deterioration
rates yet, they are assuned to yield the same portion of the znl as for 1993 model year
LDGV. Alike LDGV, LDF HC em ssions have higher dr above a mleage of 50,000. The

vehi cl e-age specific accumul ated mleage for each model year, nultiplied by tlie
deterioration rates, is the same as for LDGV.

A correction factor is applied to the base emssion rate to account for
tenperatures deviating fromthe FTP tenperature (75 F). The multiplicative correction is
figured by 2-point interpolation based on Gabele's FFV exhaust tests for 40,75, and 90 F.

|t the tenperature is below 40 F, the 40 F factor is applied, accordingly for tenperatures
above 90F.

|f non-nethane enission factors are requested, a tenperature-dependent,
multiplicative correction factor, generated also by 2-point interpolation from Gabele's
(1990) data, is applied. If user-requested, an additive tampering offset is applied that
yields the same portion of the non-tanpered emssion factor as for the LDGV of that

model year. The tampering correction includes the effect of an anti-tampering programif
one applies for the evaluation year.

Then, the emssion factors are multiphed by the LDGV speed and optiona
adjustinent correction factor. It accounts for an average speed different fromthe FTP
average speed (19.6 nph). Thus, it is assumed that vehicle speed has the sane
quantitative inpact on the gpmemssions for conventional gasoline vehicles and FFV. It
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al so accounts f

trailer towing.

UNCMOBI LF, 4

or optional [ocation-specific conditions such as alc use, extra load, and

The mul tiplicative fuel volatility exhaust correction factor for LDFGis the sane
as for LDGV. The gasoline RVP correction is neutral for RVP less or equal to 9.0 psi
Consi dering that MB5's vapor pressure is relatively [ow (RVP=8.0 psi for Cabele's MB5),
there is no fuel volatility correction for LDFMexhaust. Neither one of the LDF vehicle

classes have an open |oop correction, they are assumed to have closed |oop technol ogy,
like Gabele's FFV.

Finally, the emssion rates are weighted by travel fraction and sumed up over al
model years to obtain the vehicle class conposite emssion factor

Al 'gorithm for

EFEXHv
EXHHCG v

BEFi vp

BASEEXi vp
BASEEXi vp

where is:
EFEXHv

EXHHCI v
BEFi vp

SALHCFi vp
RVPCFi vp

TFi v
BASEEXi vp

EXTCORi vpt :

CHACORi vt

LDF HC exhaust em ssions

SUM { EXHHGI v}

BEFi vp* SALHCFi vp* RVPCFi vp* TFi v _

BASEEX vp* EXTQORI vp* CHACORi v+FOMTAM v~ for mi | eage
less or equal to 50,000: . .

ZPQ NTvp+SLCPE|vF*VNWAGE|v for mleage above 50,000

ZPO NTvp+SLOPE! vp* 5+SLOPE2vp* ABOVESQi v

. conposite HC exhaust emssion factor of vehicle class
\V4

. HC exhaust emssion factor for model year i of vehicle class v

. exhaust emssion rate for model year I of vehicle class v and polutant p
corrected for tenperature and tanperin%

. speed and optional adjustnent correction factor for nodel year i of
vehicle class v and pollutant p . .

. fuel volatility correction for model year i of vehicle class v and pol | utant
p (equals 1.0 for LDF

. nodel year i's fraction of total vehicle class v WM ,

. uncorrected HC exhaust emssion rate for nodel year i of vehicle class v
and pol lutant p . .

tenperature correction for model year i of vehicle class v and pollutant p
at tenperature t . .

: non-methane portion of HC exhaust for nodel year i of vehicle class v at
tenmperature t

FOMTAM vp . tamering offset for model year i of vehicle class v and pollutant p

ZPA NTvp
SLOPE | vp

VMI'AGE: v

SLOPE2vp
ABOVESQ v

: zero mle level for vehicle class v and pollutant p

. eterioration rate for vehicle class v and pollutant p for less or equal to
50,000 i | es . .

. accumul ated nileage for model year i of vehicle class v _

© Ceterioration raté for vehicle class v and pollutant p above 50,000 mles

. accunul ated nileage above 50,000 mles for model year i of vehicle

class V
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Hydr ocarbon evaporative | osses

Evaporative em ssions consist of three conponents: Hot soak emissions are
evaporating fuel fromeither the carburetor system(carbureted vehicles) or fromthe fue
tank (fuel-injected vehicles) at the end of each trip. Diumal emssions result from
increases of ambient temperatures during the diumal temperature cycle. The air-fue
mxture inapartially filled fuel tank expands and additional fuel vapor is generated and
released into the atmosphere. Crankcase em ssions come fromthe crankcase when tlie
engine i s ranning.

MOBI LE4 cal culates hot soak diumal, and crankcase emssions for all gasoline
vehicle classes and for motorcycles. Hot soak and diumal emissions are the sum of
excess RWP effect, RVP dependent nal maintenance and defect effect, FTP standard

level's, and insufficient capacity effect. I'n UNCMOBILE4, evaporative em ssions are
determned for the two FFV classes in the same way.

The FTP condition base emssion rates (g) for hot soak and diurnal emssions are
obtained from Gabele (1990). The excess RVP effect and the mal maintenance and def ect
effect are figured by linear or quadratic equations using the same equation paraneters as
for 1981-f- port fuel injected LDGV and the insufficient capacity effect is also zero. For
LDFM the weathered M85 RVP is applied in the equations, for LDFG the gasoline RVP

The effects are then normalized so that they yield the same portion of uncorrected rates
as for LDGV.

The multiplicative offset to correct for deviating temperatures is figured by 2-

point interpolation in function EVICCR based on Gabele's evaporative emssion tests at
40, 75, and 90 F. Crankcase emssions are assumed to be zero for FFV since they are

expected to have crankcase emssion controls. If the user requests, hot soak and diurna
rates are also corrected for tampering. The offset is additive and yields the same portion
of the untanpered emssion factor as for port fuel injected LDGV of the sane mode

year .

The rates, still inunits of grams per test are converted to weighted em ssion

factors in gimle br applying the same vehicle-age specific values for trips per day and
mles per day as for LDGV. They are subsequent|y weighted by travel fraction and
sumed up over all model years to obtain the vehicle class composite emssion factor.
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Algorithmfor LDF evaporative em ssions:

EFEVAPv = SUM { CCEVRTi v* TFi v}

CCEVRTiv = [ (HSI v*TPDi v+DUi v)/ MPDi V]

HSi v =( EVLDFei v+EXev+DMev) * EVTCORevt +HSTAM
DU v = (EVLDFei v+EXev+DMev) * EVTCORevt +DUTAM

where is:

EFEVAPv : conposite evaporative emssion factor of vehicle class v

CCEVRTi v : evaporative emssion factor for model year i of vehicle class v

TFiv : model year i's fraction of total vehicle class v VM

HSiv : hot soak emssions for nodel year i of vehicle class v

DUiv : diurnal emssions for model year i of vehicle class v

EVLDFei v : evaporative base emssion rate under FTP conditions for evaporative
type e (hot soak or diunal) and model year i of vehicle class v

EXev . excess RVP effect on evaporative type e for vehicle class v

Dvev . mal mai ntenance and defect effect on evaporative type e for vehicle class

\4

EVICCRevt  : multiplicative tenperature correction for evaporative type e and vehicle
class Vat tenperature t

HSTAM : hot soak tanpering offset for model year
DUTAM . diumal tanpering offset for nodel year

Hydrocarbon refueling I osses

Ref uel ing emssions, also termed Stage n emissions, consist primarily of
di splacenent |osses during vehicle refueling when the gasoline vapor in the fuel tankis
di splaced by incomng fuel. Alesser amount of vapor is released into the atnosphere due
to spillage and subsequent evaporation. Refueling |osses can be considerable. "EPA
estimtes that vehicle refueling emssions account for approximately two percent of the
overall inventory of HCemssions in urban areas'. Refueling emssions can be [imted by

either Stage Il vapor recovery systems (VRS) at the service station, or onboard VRS,
[EPA, 1989]

In MBILE4, refueling losses are calculated for LDGV/ T and HDGV. Constant
grams per gallon (gpg) values are given for displacenent and spillage. The vehicle
class/mdel year emssion factors are a function of the vehicles fuel economes,
efficiencies of the vapor recovery systems, and the onboard VRS tanpering rates.
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The al gorithmfor LDF in UNCMOBILE4 is virtually the same as for the other
vehicl e classes. The enission factors for each vehicle class/nodel year group can be
calculated for all five settings of flag RLFLAG For the LDFM cal culation, it is assumed
that refueling MBS results in the same (gpg) displacement and spillage |osses as refueling
gasoline. This assunption seems reasonable at |east for the spillage |osses. There is no
switch to in-use RVP for LDFM that is the user-supplied RVP for M85 is not dependent
on the evaluation year as it mght be for gasoline vehicles.

If the user requests onboard VRS tanpering to be considered for either one or
both LDF classes and an onboard vrs is required for the nodel year, a vehicle-age
dependent, multiplicative offset is applied. The offset yields the same as for LDGV and is
corrected for the effects of an anti-tanpering program (ATP) if there is one for tlie
eval uation year. The vehicle class/model year enission factors are subsequently weighted
by travel fraction and sunmed up to yield the vehicle class conposite emssion factor

Algorithmfor LDF refueling |oss emssions:

EFLOSSv = SUM { RLRATEI v* TFi v}

for RLFLAG=1: uncontrolled emssion rates for all nodel years:
RLRATE v = (DI SPL+SPI LL) / ROADFEi v

for RLFLAG=2: Stage Il VRS requirenent:
RLRATE v =( S2LEFTv*DI SPL-i - SPI LL) / ROADFEi v

for RLFLAG=3: onboard VRS requirenent:
RLRATEi v = (I-(1-HTOBi v)*OBED) * DI SPL- hOBES* SPI LL) / ROADFE v

for RLFLAG=4. both Stage n and onboard VRS requirenents:
Cal culation like for only onboard control.

for RLFLAG=5: zero-out refueling em ssions:
inthis case. Stage Uenssions are considered to be stationary sources.

where is:
EFLOSSv . conposite refueling loss enission factor of vehicle class v
RLRATE v . refueling loss emission factor (g/mle) for model year i of vehicle class v

TFiv : model year i's fraction of total vehicle class v VM
DISPL : displacement component (grams per gallon)
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SPILL : spillage conponent (grams per gallon). Both DISPL and SPILL are assumed to
be the same for gasoline and M85.

ROADFEIv ~ : road fuel econony rates (mpg) for nodel year i of vehicle class v

S2LEFT : portion of gasoline punped that has Stage I control's applied

HTOBi v : onboard vrs tanpering of fset for model year i of vehicle class v

OBED : onboard vrs displacement |oss efficiency

OBES : onboard vrs spillage [ oss efficiency. OBED and OBES are assumed to he

the same for all 6 vehicle classes

Hydr ocarbon running | osses

Running 1 0ss enissions are evaporative emssions occurring while the vehicle is
driven. They seemto result frominsufficient evaporative canister purging during vehicle
operation. Vhen the canister reaches saturation and nore fuel evaporates due to fuel tank
temperature increase, these vapors are released into the atnosphere. Also fuel system
| eaks and other sources may contribute to the running |oss em ssions

EPA test programs have shown that running |oss HC emssions are considerable
at the lower speeds representative of urban driving when |ess canister purging occurs, but
very lowat highway speeds. They have been determned to be a non-linear function of
temperature, fuel volatility, and average speed. Qther factors are vehicle type, vehicle
age, and the evaporative control system The tests were conducted for three different
driving cycles, each representing a different average speed, at several different
tenperatures and fuel volatilities.

I'n MOBILE4, running |oss emssion factors are calculated for LDGV/ T and
HDGV. Diesel vehicles and motorcycles are assumed to generate no running | oss
em ssions. UNCMOBI LE4 determines running |osses for each model year group of
LDFM and LDFG in the same way as for the other vehicle classes

The em ssions are nodel ed by 4-point interpolation as a function of running [oss
temerature and rumning loss (weathered) fuel volatility. Due to insufficient data, they are
not yet nodel ed as dependent on vehicle speed. The base emission factors used in
MOBILE4 are conposites of the results of the three driving cycle tests, weighted on the
basis of urban travel characteristics. Model year and vehicle age dependent coirection
factors, also determned by 4-point interpolation, are applied for canister disconnect and
gas cap tanpering.

Since Gabele did not supply running loss data, the base emssion rates as a
function of RVP and tenperature for LDF are the sane as for 1981+ LDGV. The
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under|ying assunption is that, given the sanme RVP and temperature, M85 and gasoline
produce the sane anount of running oss emssions. For LDFM applies the user specified
RVP of MBS, after |owered somewhat to account for weathering, whereas for LDFGthe
gasol ine RVP applies.

|t user requested, the running Ioss emssion factors are also corrected for canister
di sconnect and gas cap renoval tanmpering. The nultiplicative offsets are the sane as for
LDGV of the sane nodel year and includes the effects of an ATP if there is one for the
eval uation year.

Algorithmfor LDF refueling |oss enissions:

EFRUNLvV = SUM { RNGLCSI v* TFi v}
RNGLCSi v = RULGCSSI v* FCANOFi * FCAPCFi
where is:

EFRUNLV : conposite running | oss emssion factor of vehicle class v
RNGLOSI v @ running |oss emssion factor (g/mle) for nodel year i of vehicle class v
TFiv ;. nodel year i's fraction of total vehicle class v VM
RULOSSIv : untanpered running loss rate for model year i of vehicle class v,
cal cul ated by 4-point interpolation
FCANCFi : canister disconnect tanpering of fset
FCAPCFi : gas cap removal tanpering of fset

CO and NOx exhaust emni ssions

CO and NOx exhaust emission rates are nodel ed very simlar to HC exhaust
emssions. They are calculated for all vehicle classes depending on vehicle mleage,
tenperature, tampering effects, speed, location-specific adjustments, and the fuel's RVP.
The uncorrected base emssion rate for each model year/vehicle class group is calculated
using zero mle emssion level (zm) fromGabele's FFV tests under FTP conditions. The

deterioration rates yield the sane portion of the polutants zm as for 1993 model year
LDGV. The CO em ssions have higher dr above 50,000 nmiles. Zn and dr are the sane
for both low and high altitude and constant for all model years.

The tenperature correction factor used is also determned by 2-point interpolation

based on Cabele's tests for 40, 75, and 90 F. If user-requested, an additive tampering
offset is utilized that yields the same portion of the non-tanpered emssion factor as for
the LDGV of that nodel year and that includes the effect of an anti-tanpering programif

= = &=
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one applies for the evaluation year. The LDGV correction factor for a speed deviating
fromthe FTP average speed and for optional |ocation-specific conditions is also applied.

LDFG CO and NOx exhaust emission factors have the sane nultiplicative fuel
volatility correction as LDGV and there is no fuel volatility correction for LDFM
exhaust. LDF CO and NOx cal cul ations have no open | oop correction. The em ssion
rates are finally weighted by travel fraction and summed up to obtain the vehicle class
conposite emission factor

Algorithmfor LDF CO and NOx exhaust emi ssions:

EFFTPvp =SUM COVPEFi vp}

COVPEFi vp = BEFi vp* SALHCFi vp* RVPCFi vp* TFi v

BEFi vp = BASEEXi vp* EXTCORi vpt +FOMTAM vp for m|eage | ess or equal to
50, 000:

BASEEXi vp = ZPQO NTvp+SLOPEl vp*VMIAGEI v for m|eage above 50, 000:

BASEEXi vp = ZPQ NTvp+SLOPEI vp* 5+SLOPE2vp* ABOVES0i v

where is:
EFEXHp . conposite exhaust emssion factor of vehicle class v and pollutant p
COWPEFivp . exhaust emssion factor for model year i of vehicle class v and pollutant

P

BEFi vp . exhaust emssion rate for nodel year i of vehicle class v and pol lutant p
corrected for tenperature and tanpering

SALHCFivp . speed and optional adjustment correction factor for model year i of
vehicle class v and pol lutant p

RVPCFi vp . fuel volatility correction for nodel year i of vehicle class v and pol | utant
p (equals 1.0 for LDFM

TFiv . model year i's fraction of total vehicle class v VM

BASEEXivp . uncorrected exhaust emssion rate for model year i of vehicle class v and
pol [ utant p

EXTCORi vpt: tenperature correction for nodel year i of vehicle class v and pollutant p
at tenperature t

FOMTAM vp : tanmpering offset for nodel year i of vehicle class v and pollutant p

ZPQI NTvp . zero mle level for vehicle class v and pollutant p

SLOPElvp  : deterioration rate for vehicle class v and pol utant p for Iess or equal to
50,000 niles

VWMAGE v : accunul ated mileage for nodel year i of vehicle class v

SLOPE2vp ~ : deterioration rate for vehicle class v and pollutant p above 50,000 mles
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ABOVESO v : accunul ated m|eage above 50,000 miles for model year i of vehicle
class V
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4.2 USER S GUI DANCE FOR UNCMOBI LE4

As in MBILE4, the user determnes by the setting of the PROWT flag whet her
he will be prompted for the remainder of the input streamor whether he supplies a
prepared, formatted input file. In order to obtain emssion factors for methanol cars, the
user sets METFLG the very last flag of the control section to 2. If he does not want to
include methanol cars, METFLGis to set to 1. If METFLG s setting is 2, the user is
required to supply information on the FFV fleet at the very end of the one-tinme input
section. Six additional input records referring to nethanol cars are required. An
UNCMDOBI LE4 exanpl e input is shown in Appendix A

A FFV sales fractions

The first two records contain information on the annual sales shares of Light Duty
Flexible fueled vehicles fi-omnodel year 1993 onward. The nunbers required are the
flexible fueled cars fraction of total light duty vehicles (gasohne, diesel, and FFV) sol d
The first record covers the model years 1993 through 2002, the second one 2003 through
2012. Like light duty gasoline cars, FFV nodel year sales are assumed to start in
Cctober, that is the nodel year sales are those from10/(ny-1) through 9/ny. The FFV
sales fractions for model years before 1993 are assuned to be zero, for nodel yeais
2013+ to equal those of 2012. The format for record one and two is (10F6.4).

B. Fraction of FFV running on M5

This record contains information on the fraction of FFV running on M85, that is
the fraction of vehicle mles travelled (VM) actually using M5 in the eval uation year.
The format is (F6.4).

C. Fuel volatility of M5

Thi's record contains the Reid Vapor Pressure (psi) of the utilized M85. The val ue
can be anywhere between 7.0 and 15. psi. The format is (F4.1).

D. Control flag for LDFM cal cul ation

MCHOSI, the flag control Ung the emssion factor calculation for Light Duty
Flexible fueled vehicles running on Methanol (LDFM can be set to 1 or 2. If MCHOSI
equal s 1, the LDFMem ssion factors do not include the effects of tanpering. If
MCHOSI equal s 2, the LDFM emission factors include the inpact of tanpering
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accordingly to Light Duty Gasoline Vehicles (LDGV). For each model year/pol | utant
group, the LDFMtanpering effect yields the same portion of the untampered emission
factor as for LDGV of the same nodel year. That is, the relative effect of tanpering is
assumed to be the same for hoth vehicle classes. The input format is (I1).

E. Control flag for LDFG cal cul ation

MCHOS2, the flag controlling the emssion factor calculation for Light Duty
Flexible fueled vehicles running on Gasoline (LDFG can be set to 1, 2, or 3. If
MCHOS2 equal s 1, the LDFG emission factors do not include the effects of tanpering. If
MCHOS2 equal s 2, the LDFG em ssion factors include the inpact of tampering. For each
model year/pol lutant group, the LDFG tampering effect yields the same portion of the
untanpered emssion factor as for LDGV of the same model year. That is, the relative
effect of tanpering is assumed to be the same for both vehicle classes. For MCHOS2
equal to 3, all LDFG nodel year/pollutant emssion factors are assumed to be the sane as
for LDGV. This opportunity is given since LDFG and LDGV emissions are usually
assumed to be the same. The input format is (I1).

Sone restrictions apply for UNCMIBILE4's optional user input:

The user should not supply any of the optional input specified bel ow. VM mx
(VMFLAG), annual m|eage accunulation rates and registration distributions
(MMFLG), basic exhaust em ssion rates (NEWFLG. QUTFMI"s only valid setting is 4
because the 94-col um descriptive output is the only one adjusted to UNCMIBI LE4.
I DLFLG needs to set to 1, no idle emssions can be cal culated for LDF yet.

If the user supplies tanpering rates (TAMFLG=2), different speeds for the eight
vehicle types (SPDFLG=2), inspection/maintenance programs (| MLAG=2), optional
corrections for AC, extra load, trailer towing, and humdity (ALHFLG=2 or 3), or anti-
tanmpering program (ATPFLG=2), the LDGV rates also apply for LDF.

REFLAG the flag controlling refueling emssions can be set to all values. The
user specifies whether onboard vapor recovery systems apply for LDF, and specified
Stage |1 gasoline vrs paraneter also apply for MB5. Both settings of tenperature
correction flag (TEMFLG can be applied, the specified tenperature calculation applies
also to LDF. RVP information supplied in the local area parameter record only applies to

gasoline. Al flag settings are permtted for PROWT, PRTFLG NWHFLG and
HCFLAG.
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4.3 Performance of UNCMDBI LE4

An exanpl e output of | JNCVMOBILE4 is shown in Appendix B. A scenario is
eval uated in which MB5 is introduced and LDFM are the predom nant |ight duty vehicle

class. The first portion of the output echoes the user input associated with methanol cars
In this scenario, the sales fractions of FFV increase from5%in 1993 to 95%in 2001 and
stay constant after that. 905 of the FFV actually run on M5. The Reid Vapor pressure of
MBS is 8 psi, as it is for Gabele's test M85 fuel. The cal culations for both vehicle classes
i ncl ude tanpering.

The next section of the output shows other user input such as the eval uation year
2013. The user-specified average speed is 25 nph. As can be seen by Iooking at the VM
shares, the LDFM make up the greatest portion of the fleet. They account for 57.7% of
total mles driven, whereas the share of LDGV went down to 7.9% Finally, the em ssion
factors are displayed, for each vehicle class/pollutant combination as well as the
conposite fleet emssion factors.

TEMPERATURE SENSI T1 VI TY
of UNCMDBI LE4 non- net hane exhaust HC
eval iiation year 2000, speed = 25 nph

3.0
L DGV
ASl df m
i ANLDEG
0.6
60 100

tenperature (F)
FI GURE4: Tenperature sensitivity
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The sensitivity of UNCVMDBILE4"s output emssion factors for tenperature and
eval uation year is shown in FIGURE4 and FIGURES. They also illustrate differences
between the three |ight duty vehicle classes. The scenario described above is run whUe
varying only tenperature and eval uation year for FIGURE4 and FI GURES, respectively.

FI GURE4 shows HC exhaust enissions of LDGY, LDFM and LDFG as a

function of tenperature. LDF's exhaust em ssions appear to be nore tenperature
sensitive than those of LDGV. The winter mass emssions are higher for FFV, whereas
the summer emissions, inportant for the ozone issue, are shown to be higher for LDGV.
For high tenperatures, the HC mass emissions of LDFG are nodelled to be |owest, but it
needs to be considered that their composition is expected to be |ess favorable than of
t hose from LDFM

EVALUATI ON YEAR SENSI TI VI TY
of UNCMIBI LE4 non- et hane exhaust HC

teng)eiBtiiie = 80 F, speed = 25 nph

LDGV
NSl df m

NLDFG
rgS?1 FLEET

1993 2003 2013
eval uation year

FI GURES: Eval uation year sensitivity
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FIGURE 5 illustrates the devel opnent of HC exhaust emissions, for LDGY,
LDFG and LDFM as wel | as the fleet composite emssions. In 1993, LDF are all newest
nodel year, therefore they show very [ow emssion factors and al most no deterioration.
The fleet emssions are still domnated by LDGV which include many ol d cars, build for
hi gher emission standards. In 2003, the LDGV/ become in average somewhat cleaner
since ol d cars with higher standards are phased out. LDF emissions increase due to the
increasing average age of the LDF. In 2013, the age of the LDF fleet and therefore also
their emssion factors increased further. The composite fleet emssion factors are now
domnated by LDFM the |argest vehicle class.
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5. Recommendations for Further Changes of UNCMBI LE4

UNCMOBI LE4 does not yet provide reliable emssion factors for flexible fueled
cars since the data currently utilized is not based on the nost advanced technol ogy, and is
not necessarily representative for a future FFV fleet. Furthermore many assunptions
underlying the numerous correction factor calculations are adopted unchecked fromlight
duty gasoline cars. Considering MB5's Iow volatility, particularly RVP effects should be
checked against test results. Also those of speed, tenperature, and driving mode, should
be proved in order to refine the calculations. The mass emssion rates of FFV running on
gasoline will have to be investigated whether they can be assumed to be the same as for
conventional |ight duty vehicles.

If once released, methanol car data fromthe Auto/G 1| study could supply the test
data basis to refine UNCMOBILE4's emission factor calculations. This extensive, well-
funded research programis initiated by three domestic auto conpanies and fourteen
petrol eum conpani es. Its objective is to develop data for use by regulators on the
potential benefits fromreformulated gasoline, various other alternative fuels, and

devel opments in automobile technol ogy on vehicle emssions and air quality, primrily
focussed on ozone.

Auto/ Ol exam nes exhaust, evaporative, and running |oss em ssions from current
and ol der vehicles. It provides detailed data on mass and conposition (151 species) of
organic emissions and on mass of CO and NOx emissions. The data is also specified for
the three FTP driving modes cold start, hot stabilized, and hot start and for the idle mode
Flexi bl e and Variable Fuel vehicles are examned for several methanol/gasoline bl ends
including two slightly differing M5 blends

The data on M85 enmissions will have to be checked to see whether it is

representative for a future FFV fleet, for instance in terms of engine size and fue
econony. Appropriate adjustments mght have to be conducted. The current

UNCMOBI LE4 hase emission rates for exhaust, evaporative, and running |oss em ssions
can then be replaced

It Auto/Qil provides test results for different tenperatures and speeds, those can
be inserted for the current base for correction factor calculations. Auto/G1's two MBS
fuel's have vktually the same RVP (8.6 and 8.8 psi), thus this data can not be utilized to
determne the inpact of fuel volatility. If the data contains information on in-use

deterioration rates for FFV, those can be utilized instead of the LDGV-like deterioration
rates used now.
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Auto/Q'l will not provide any data on tanpering. Considering proposed FFV
technol ogy, detailed estimates will have to be made about expected tanpering effects and
rates and about possible benefits frominspection/maintenance and anti-tanpering
prograns, based on those inpacts for LDGV

UNCMOBI LE4, once refined by using the research results fromAuto/Ql, wil
have to be checked against emssion rates fromin-use methanol vehicles. On-road
measur enent s such as tunnel studies could finally validate its emssion factor output. So

It could be made reliable enough to be the basis for the inportant and costly decision on
wet her or not to utilize nethanol fuels.

Useful further changes to the programstructure are: fully including LDF in the

optional Onetime user input, allowng the use of all four output formats, and allowing
met hanol car evaluation for nore than one scenario.
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APPENDI X A: UNCMDBI LE4 Exanpl e | nput
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APPENDI X B: UNCMOBI LE4 Exanpl e out put

UNCMDBI LE4 Exanpl e Run
Li ght Duty Fl exible Fuel ed Vehicles are eval uated:

The flexible fueled cars fractions of total

for nodel years 1993 through 2012+ are;
0. 050 0. 100 0. 150 0.200 0. 300 0.500 0.700 0. 900 0. 950
0. 950 0. 950 0. 950 0. 950 0. 950 0. 950 0. 950 0. 950 0. 950

The fraction of flexible fueled cars running on MB5 is:
0. 90

The Reid Vapor Pressure (psi) of the MB5 is:
8.0

LDFM out put em ssion factors include tanpering.
LDFG out put em ssion factors include tanpering.

Li ght Duty Vehicles sold

0.

950

0.950

Non- net hane HC emission factors include evaporative HC em ssion factors.

UNCMDBI LE4

Cal . Year: 2013 Regi on: Low Al titude 500. Ft.

I/ M Program No Arbi ent Tenp 82.8 / 82.8/ 82.8 F

Anti-tam Program No Oper ati ng Mode 0. o/ 0. 0/ 20. 6
Atl anta GA ASTM O ass: C
M ni mum Tenmp: 71. (F) Maxi mum Tenp: 86. (F)
Base RVP: 11.5 In-use (11U RVP: 11.5 U 1st Yr; 2020
Veh. Type: LDGV LDGIl  LDGT2 LDGT HDGvV  LDDV  LDDT HDDV ~ MC LDFM  LDFG Al Vveh
Veh. Spd.: 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
VMl M x: 0.079 0.113 0.087 0.015 0. 004 0.021 0.029 0.010 0.577 0.064

Conposite Emi ssion Factors (GMiMIe)
No- M h HC 3.63 2.67 2.74 2.70 5.65 0.53 0. 56 1.6£ 4.75 1.72 2.53 2.1E
Exhst HC 1.28 1.23 1.30 1.21 1.73 0.53 0.56 1.68 1.56 0.82 0.71 0.98
Evap. HC 0.73 0.50 0.49 0.50 1.47 3.19 0.07 0.31 0.27
Ref uel HC 0.25 0.33 0.33 0.33 0.52 0.41 O.25 0. 34
Runi ng HC 1.38 0.61 0.63 0.62 1. 93 0.43 1.27 0. 59
Exhst cO 20.38 18.46 19.41 18.87 27.58 1.26 1.24 8.35 17.94 6.55 6.03 10.43
Exhst NOX 1.20 1.28 1.28 1.28 4.41 113 113 1.37 0.89 0.40 0.34 0.92
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APPENDI X C: SUBROUTI NE EFCALX

SUBROUTI NE EFCALX( | CY, | NERR)

- — _— ~—

C Cal cul ates conposite enission factors.

c , N Lo i} a a v

CHARACTER* 4 SCNAME

CHARACTER*1 ASTMCL, ACLASS

| NTEGER ATPFLG TPDFLG RLFLAG, TEMFLG OUTFMI

| NTEGER PRTFLG HCFLAG

REAL JULMYR, JANWMYR

COWMON / CI TCIN/ UDI (5), | UDI, Cl GASI , C GAS2, CI ETH , Cl ETH2, | CERSW
COWMON / O TPAR/  SCNAME( 4) , FRETH, FRVETH, FRGAS

COVMVON / CI TRV3/ RVPMAP(5) , RVPX(2, 2), | CLASS, ASTMCL, ACLASS(5)
COMMVON / CUMCOM  CUMM L( 20, 10)

COWMON / EGSCAL/  AER(11, 11, 2, 2), TGS(11, 6, 4) , EGS( 7, 2) , OPENLP( 20, 4)
COWMON / FLAGS3/ ATPFLG, TPDFLG, RLFLAG, LOCFLG, TEMFLG, QUTFMT
COWMON / FLAGS4/ PRTFLG, | DLFLG, NVHFLG, HCFLAG, METFLG

COVMON / GSFOOM  MAXGSF, GSFRAC(22, 10, 2) , MYGSF(22 , 10 , 2)

COVVON / MAXI MY MAXVEH, NMAXLTW MAXPOL, MAXREG, MAXYRS

COVMON / MYRCAL/  XMYM 20, 10) , JANMYR( 20, 10) , TF( 20, 10) , TFMYM 20, 10)
COMMON / MYRSAV/  AMAR( 20, 10) , JULMYR( 20, 10) , NEWCUM

COMWON / REG OV FEET(2), | REIN, ALT, I NI TPR

COWMON / RESULI /  EFFTP(3, 11), EFEXH( 11) , EFEVAP( 11) , EFLOSS(11),
~ EFRUNLCCI 1)

COWMON / RESUL3/ VFTP(3), VEXH, VEVAP, VLOSS, VRUNLS, VI DLE( 3)

COWMON / RVPEX2/ MYGRVP( 4, 4) , RVPCF( 20, 3, 4, 2) , OPENCR

COMMON / SPEED6/ SALHCF (20 , 3, 8 ) , HSLHCF , 2:
COMVON / VMKCOM  REGM X (10 ) , TFNORM 10) , VMIM X (10 )

COVMON / FFVCOM  MAXNBF, FFVFRA (21) , WYNBF (21) , METFRA, RVPMB5 , | NRVPM
* RVPM.S, MCHOS1, MCHOS2

IF (NEWCUM NE.O) CALL GETCUM |CY)

NE\ N\ _—_UUNTH— O -

VMLDGT=VMIM X (2 )+VMIM X (3 )

| F( VMLDGT. EQ 0. 0) VML.DGT=1.

—— — - --

C Calculate tanpering offsets, refueling | osses, RVP correction,
C and optional correction factors.

C

C

CALL TAMPER(I CY)

| P(PRTFLG EQ | . OR PRTFLG EQ 4) CALL REFUEL(I CY)

CALL RVPEXHICY, 1, RVPX (1,1) ,RVPX(2,1) )

| F(FRETH. GT. Q O) CALL RVPEXH(I CY, 2, RVPX(1, 2), RVPX(2, 2))

C BIGCFX gets correction factors for speed, tenperature, operating node
C tanpering , air conditioning, trailer towing, humdity, extra |oad,
C and by-bag RVP. These correction factors depend on the usere's input.

C

C

CALL BI GCFX (I CY) . -. ~

C Cal cul ate idle enissions.
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| F(1 DLFLG EQ 2) CALL I DLCAL(I CY, VMLDGT, | NERR)
[ - - -
c Cal cul ate HC eni ssion factors.
(e

| F(PRTFLG EQ 1. OR. PRTFLG EQ 4)

* CALL HCCALX( | CY, VMLDGT, | NERR)

c
C Cal cul ate CO and NOx FTP em ssion factors.

C Start loop through pollutant classes CO and NOX.

C
DO 70 | P=2, MAXPOL
| F(PRTFLG NE. | P. AND. PRTFLG NE. 4) GOTO 70
VFTP(| P) =0. 0
EFFTP(1 P, 11) =0. 0
L™ e —_— -_—- —_—

C start loop through vehicle classes.

C
DO 60 |V=1, 10 110 for MAXVEH
EFFTP(| P, | V) =0. 0
I F(VMIM X{1V) . EQ 0.0) GOTO 60

C

C start |oop through nodel years.

- —— —
DO 50 | DX=1, VAXYRS . ., , N '
I F(TF(I1 DX, I V). LE. 0.0) GOTO 50
COVPRF,ERF—O . O e T \
IJD>X=—=2a1-1 DX - = a2 &
VMIAGE=CUW LfJDX, 1V) /10000 .
MY =I CY+I1 DX- 20a2aa° =

C JHELP is the nodel year group pointer to the gas/diesel sales fractions.
C

I GS=JHELP( MY, | V)
C
C SALHCF is the multiplicative correction factor for speed and optional
C adjustnents (a/c, extra load, trailer towing, humdity). For LDFM and
C LDFG, SALHCF is assumed to be the same as for LDGV. All paraneters of
C the speed correction equations are constant for 1992+ anyway.
C

HSLHCF=SALHCF( | DX, | P, I V)

1F(I'V. EQ 9. 0R | V. EQ 10) HSLHCF=SALHCF(I DX, I P, 1)

EXHWGT=HSLHCF* TF{ | DX, | V)
C
C IBEFSWis set to 2, so that BEF perfornms the operating node corrections.
C BEF returns the corrected basic enission factors.
C

| BEFSW:2

COVPEF=BEF( MY, | DX, | CY, | P, | V. VMTAGE, | BEFSW * EXHWGT

C MC have no RVP exhaust cf, but get CO open | oop technology credit.
C Conposite ef is conplete for diesel and MC
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IF(IV. EQ. 8. AND. IP.NE. 3)
* COMPEF=COMPEF* ( FRGAS+( FRETH+FRVETH) * (| . O- OPENCR) )
I F{1V. GE. 5. AND. | V. LE. 8) GOTO 40

C

C LDGV/ T, HDGV, and LDFG exhaust NOx ef have an multiplicative RVP cf, but no
C open | oop technology credit. LDFM exhaust NOx ef have no open | oop technol ogy
Ccredit and are assumed to be independent of MSB's RVP.

I F{1V.EQ 9. AND. | P. EQ 3) GOTO 40

I F(1 V. EQ 10. AND. | P. EQ 3) THEN

COMPEF=COMPEF* RVPCF( | DX, | P, 1, 1)
=L SE= - - = |
I F{1P. EQ 3) COVPEF=COVPEF*RRVPCF{I DX, I P, IV, 1)

END | F

I F(1P. EQ 3) GOTO 40
C
C LDGV/ T and HDGV CO ef both have RVP exhaust and open | oop technol ogy
C cf. LDFG CO ef have no open |oop technol ogy credit, but gasoline RVP
C correction. LDFM CO ef have no open | oop technology credit and are
C assuned to be independent of MSB's RVP.
C

OPENRE=1. 0- OPENLP( | DX, | V) * OPENCR

RVOPCF=FRGAS* RVPCF{ I DX, | P, 1V, 1)

* +( FRETH*RVPCF(1 DX, | P, 1V, 2)
* +FRVETH*RVPCR(I DX, | P, 1V, 1) )*OPENRE ' «.
I F(1V. EQ 9) RVOPCF=1.0
I F(1V. EQ 1O RVOPCF=RVPCF(IDX, IP,1,1)

COVPEF=COMPEF* RVOPCF , ; - o< ! n

LIS} H
C

CIf the user sets MCHOS2=3, the LDFG nodel year CO and NOx ef for are the
C sane as for LDGV.

[ @ - e .
40 | F(1V. EQ 10. AND. | P. EQ 2. AND. MCHOS2. EQ 3. AND. My. CE. 1993)
* COVPEF=BEF( My, | DX, I CY, | P, 1, VMTAGE, | BEFSW * EXHWGT* '
* {1.0- OPENLP(| DX, 1) *OPENCR) * RVPCF(I DX, | P, 1, 1)
I F(1V. EQ 10. AND. | P. EQ 3. AND. MCHOS2. EQ 3. AND. MY. GE. 1993)
* COVWPEF=BEF( MY, | DX, | CY, | P, 1, VMTAGE, | BEFSW * EXHWGT*
* RVPCF(IDX, | P, 1, 1)
C
C Sumup to get weighted final ef for pollutant and vehicle class.
C
Vi EFFTPAP, 1V)=EFFTP(IP, I V)+COVPEF
C
C End nodel year | oop.
C
BO CONTI NUE
I F((1V. NE. 4. AND. | V. LT. 7). AND.
* (EFFTPdP, 1V) .GT.0.0. AND. GSFRACIGS, | V, | REJN) .EQ 0.0) )
* CALL QUI TER(O., 1V, 67,1 NERR)
| F(EFFTF(1 P, 1V).LE. 0.0) CALL QUI TER(O., 1YV, 68, | NERR)
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C Weight ef to get final ef for pollutants.
C

VFTP{ | P) =VFTP(| P) +EFFTP(I P, | V) * VMTM X( | V)
C
C End nodel vehicle classes | oop,
- J—

60 CONTI NUE
| F(EFFTP(1 P, 2). GT. 0. 0. AND. EFFTP(I P, 3). GT. 0. 0) EFFTP(IP, 11) =
* (EFFTP(I P, 2) *VMIM X(2) +EFFTP(| P, 3) * VMIM X(3) ) / VMLDGT

—
C End nodel pollutant |oop.
C . ' aa LR L - ay L - Qe _ a
70 CONTI NUE
1T U _sF— i1 - -
END
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APPENDI X D: SUBROUTI NE HCCALX

SUBROUTI NE HCCALX (1 CY, VM.DGT, | NERR)
c
C Cal cul ates HC emi ssion factors,

CHARACTER* 4 SCNAMVE

| NTEGER ATPFLa, TPDFLG RLFLAG, TEMFLG, OQUTPMI

REAL JANMYR

COWDN /CI TCIN UDI(5),1UD, ClGASI, Cl GAS2, Cl ETH , Cl ETH2, | CERSW
COWON / Cl TPAR/ SCNAME (4 ), FRETH, FRMVETH, FRGAS

COMMON / CI TRVI/ RVPBAS, RVPIUS, RVPAST, RVPICY, RVPETH, | USESY, RATUNC

A COWON /CI TRV2/ RVPHSI, RVPHS2 , RVPETI, RVPET2 , RVP090 , RVPI QO , RVP115

COMMON / CUMCOM CUW L (20, 10 )

COMMON / EGSCAL/ AER{11, 11, 2,2),TGS(11, 6, 4), ECS(7, 2), OPENLP( 20, 4)
COMMON / EVAPGR/  EVP(4), GREVP(4, 11), VGREVP( 4)

COMMON / FLAGS3/ ATPFLG TPDFLG RLFLAG LOCFLG TEMFLG, OQUTFMI

COMMON / GSFCOM  MAXGSF, GSFRAC( 22, 10, 2) , MYGSF( 22, 10, 2)

COWON / MAXI MV MAXVEH, MAXLTW MAXPOL, MAXREG MAXYRS

COMVON / MYRCAL/ XMYM 20, 10 ) , JANMYR (20, 10) , TF (20, 10) , TFMM20 , 10)
COVMON / RLCOMB/  RLRATE( 20, 10)

COWDON / REG ON' FEET(2), | REIN, ALT, | NI TPR

COWMMON / RESULI / EFFTP(3, 11), EFEXH( 11) , EFEVAP(11), EFLOSS(11)
hed EFRUNLCI 1 D

COMMON / RESUL3/ VFTP(3), VEXH, VEVAP, VLCSS, VRUNLS, VI DLE( 3)
COVMON / RVPEX2/ MYGRVP( 4, 4), RVPCF( 20, 3, 4, 2) , OPENCR

COWDN / SPEED6/ SALHCF( 20, 3, 8) , HSLHCF

COMVON / VMXCOM REGM X (10 ) , TFNORM (10 ) , VMIM X (10 )

COWON / FFVCOM  MAXMSF, FFVFRA(21), MYMSF (21) , METFRA, RVPMB5, | NRVPM
* RVPM.S, MCHOS1, MCHOS2
DI MENSI ON EVPSUM 4)

EFEXH(11) =0. 0

V EFEVAP(11)=0.0

EFLOSS(11) =0. O

EFRtNnSI L(11)=0.0

VEXH=0. 0

VEVAP=0. O

VLLCOOSS—O . O 23

VRUNLS=0. 0

DO 10 I EVP=1, 4

GREVP( | EVP, 11) =0. 0

VGRENVPFP( I ENVP) —0O. O
10 CONTI NUE

| P=1
EFFTP(I P, 11) =0. 0
VFTP (I P) =0.0 :'

C / e —— R —— B _au_
C Start | oop through vehicle cl asses -
Cc s - , N - -

DO 70 1V=1, 10
EFFTP(1 P, I V) =0. 0
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EFEXH{ | V) =0. 0

EFEVAP(| V) =0. 0

EFLOSS(I V) =0. O *
EFRUNL( | V) =0.0 - .

Do 1S 1 ENvP=—1, 4 - N/ i
GREVEP(I EVP, | W) =0. O :
a = COoOrI T 1 NIUJE= = -

I F(REGM X(1V). EQ O. O AND. VMIM X(IV).EQ O.0) GOro 70

C

C Start | oop through years

- T ——_—— =
DO 55 |1 DX=1, VMAXYRS
JIDX=21- | DX
I F(TF{I DX, I V). LE. O O AND. JANMYR(JDX, | V). EQ 0. 0) GOTO 55
COVPEF=0. 0
EXHHC=0. O
convVPCC=0. O = -
GASCAP=0. O - ' a a-
RNGL_COS—0 .. O " " —
DO 20 1 EVP=1,4 , = -
EVPSUM | EVP) =0. 0

20 CONTI NUE

VMIAGE=CUMM L (JDX, V) /10 0 0 O .
My=l CY+I DX-2 0
| GS=JHELP( My, | V)

cC . aar _ T . a

c First, calculation of exhaust HC.
c =" - . &
C SALHCF is the nultiplicative correction factor for speed and optional
C adjustnents (a/c, extra load, trailer towing, humdity). For LDFM and
C LDFG, SALHCF is assumed to be the same as for LDGV. All parameters of
C the speed correction equations are constant for 1992+ anyway.
C

HSLHCF=SALHCF( | DX, | P, 1 V)

I F{IV.EQ 9. OR | V. EQ 10) HSLHCF=SALHCF(I DX, | P, 1)

EXHWGT=HSLHCF* TF( | DX, | V)

| BEFSW£2

EXHHC=BEF( MY, | DX, | CY, | P, | V, VMTAGE, | BEFSW * EXHWGT

ca a

C |If the user sets MCHOS2=3, the LDFG npdel year HC exhaust ef are the
C sane as for LDGV.
C rra ' - N\ a aa a '

I F{1V. EQ 10. AND. MCHOS2. EQ 3. AND. MY_GE 1993)
* EXHHC=3EF( My, | DX, | CY, | P, 1, VMIAGE, | BEFSW * EXHWGT
c

C Exhaust HC emi ssion factors for diesel are conplete.

Cc

Il F(lI V. GE. 5. AND. | V. LE. 7) GOTO 25

C Exhaust HC for MC are conplete.
C . acr L] - a" aa._ L] SW. aP a -

I E{ 1 Vv. ECQ 8) ~ s -

) v 46 -,
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*  EXHHC=EXHHC* ( FRGAS+( FRETH+FRVETH) * (1. 0- OPENCR) )
IF(IV.EQ8) GOTO 25
C

C Exhaust HC emission factors for LDGV/ T, HDGV, and LDF.
C
C LDGV/ T and HDGY HC ef both have RVP exhaust and open | oop technol ogy
C cf. LDFG HC ef have no open | oop technology credit, but gasoline RVP
C correction. LDFM HC ef have no open | oop technology credit and are
C assuned to be i ndependent of MSB' s RVP.
- —— - -
OPENRE=1. 0- OPENLP( | DX, | V) * OPENCR
RVOPCF=FRGAS* RVPCF(I DX, I P, 1V, 1)
* +( FRETH*RVPCF{I DX, | P, 1V, 2)
* +FRVETH* RVPCF( 1 DX, | P, 1V, 1)) * OPENRE
I P(IV. EQ 9) RVOPCF=1.0
| FdV. EQ | O RVOPCF=RVPCF{I DX, | P, 1, 1)

C
EXHHC= EXHHC* RVOPCF 2/
25  EFEXH{ | V) =EFEXH( | V) +EXHHC
COVPEF=COMPEF- i - EXHHC
I F(1V. GE. 5. AND. | V. LE. 7) GOTO 50
C

C Second, calculation of a HC conbi ned evaporative (hot soa)c and diurnal)
C and cran)ccase enission factor by function CCEVRT.
-_—  — ———

COVPCC=CCEVRT( My, | DX, | V, RVPHSI , RVPHS2, Cl GASI , Cl GAS2)
C
CIf the user sets MCHOS2=3, the LDFG nodel year HC evaporative ef are the
C sane as for LDGV.
C

I F(1V. EQ 10. AND. MCHOS2. EQ 3. AND. MY. GE. 1993)
* COMPCC=CCEVRT( My, | DX, 1, RVPHSI , RVPHS2, Cl GASI , Cl GAS2)

DO 30 | EVP=1, 3
EVPSUM | EVP) =EVP {I EVP) * (1. 0-FRETH
30 CONTI NUE
EVPSUM 4) =EVP( 4)
C

C Third, calculation of running | oss HC enissions for LDGV/T.
C
C Running | osses for LDFG are calculated |ike for LDGV. For LDFM
C RULCSS is called with RYPMB5 as forth index.
Ca _ P S

IF(IV. LE. 4. QR. IV. EQ. 10)

* RNGLOS=RULOSS( My, | DX, | V, RVPHSI , RVPHS2) * (1. 0- FRETH)
I F(1V. EQ 9) RNGLOS=RULCSS( M, | DX, | V, RVPMB5, RVPHS2)

C

CIf the user sets MCHOS2=3, the LDFG nodel year running |oss ef are the
C sane as for LDGV.

C

| F(1V. EQ 10. AND. MCHOS2. EQ 3. AND. MY. GE. 1993)
* RNGLOS=RULOSS( My, | DX, 1, RVPHS1, RVPHS2) * ( 1. 0- FRETH)
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| F(FRETH. EQ O ©O) GOTO 40 ; ;

CaOvPCC=( 1. O- FRETH) * COvPrPCCc " ™
+FRETH* CCEVRT( MY, | DX, | V, RVPETI , RVPET2, CI ETH1, Cl ETH2)

DO 35 | EvP=1, 3

EVPSUM | EVP) =EVPSUM | EVP) +EVP( | EVP) * FRETH . . '
35 CONTI NUE

*

I F(1 V. LE. 4) RNGLOS=RNGLOS+RULGCSS( My, | DX, | V, RVPETI , RVPET2) * FRETH
c

C Weight by travel or registration fraction and sunmate.

-_— @

40 COMPCC=COMPCC* TF(I DX, 1 \) N

EFEVAP (1V) =EFEVAP (1 V) +COMPCC
~i,, COMPEF=CONVPEF+ CONMPCC -

RNGLOS=R] Sr GLOS* TF(1 DX, V)
EFRUNL (1V) =EFRUNL (|V)+RNGLCS
COVPEF=COVPEF+RNGLOS
Do 2« = 1 BENFPe— ., = - T .
EVPSUM | EVP) =EVPSUM | EVP) * JANMYR( JDX, | V)
GREVPJEVP, |V)=GREVP(| EVP, |V)+EVPSUM | EVP)

= =S oI T 1 NUUJE= : : -

C

C Forth, calculation of refueling | osses for gasoline vehicles and LDF.
C

IF(IV. EQ. 5. R IV. EQ. 6. CR IV. EQ. 7. GR. IV. EQ. 8. OR. RIFLAG. EQ. 5)
> GOTO 50
GASCAP=RLRATE( | DX, | V) * TF(1 DX, | V)
EFLOSS (1V) =EFLCSS (V) +GASCAP
C
C COWEF adds up all HC enissions for one nodel year index (IDX).
C

COVPEF=COVPEF+GASCAP

< N\

; —
50 EFFTPAP, 1V)=3FFTP(I P, |V)+COMPEF
C
C End | oop through years
ca e
_—s = < < SfF—-+ § 1 —Jaun_ s

IF(1V.EQ4.0R | V. EQ 7. OR | V. EQ 8) GOTO 60
I F(EFFTP(1P, 1V) .GT. O O AND. GSFRACIGS, |V, |REJN) .EQ 0.0)
* CALL QUI TER(O., 1V, 67,1 NERR)

60 | F(EFFTP{I P, 1V).LE. 0.0) CALL QU TER(O., |V, 68, | NERR)

)

- C N a0 er " aaa
C wei ghti ng by VMIM X and REGM X '
C

VFTP( | P) =VFTP( | P) +EFFTP(1 P, I V) * VMIM X(1 V)
VEXH=VEXH+EFEXH( | V) * VMTM X( | V)
VEVAP=VEVAP+EFEVAP (1V) *VMIM X (1V)
VLOSS=VLOSS+EFLOSS( | V) * VMM X( | V)
VRUNLS=VRUNLS+EFRUNL (1V) *VMIM X (1V)

DO 65 | EVP=1, 3

VGREVP (I EVP) =VGREVP (| EVP)+GREVP (I EVP, 1V) *REGM X (1V)

A48 - - =
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65  CONTI NUE
- VGREVP( 4) =VGREVP{ 4) +GREVP( 4, | V) * VMM X(1 V)

C

C End | oop through vehicle classes.

- _—
70 CONTI NUE

| F{ EFFTP(I P, 2) . GT. 0. 0. AND. EFFTP(I P, 3). GT. 0. 0) EFFTP(IP, 11)=

* (EFFTP(I P, 2) * VMIM X( 2) +EFFTP( 1 P, 3) *VMIM X{ 3) )/ VM.DGT '

| F( EFEXH( 2) . GT. 0. 0. AND. EFEXH( 3) . GT. 0. 0)
* EFEXH( 11) ={ EFEXH( 2) * VMM X( 2) +EFEXH( 3) * VMM X( 3) ) / VMLDGT
| F{ EFEVAP( 2) . GT. 0. 0. AND. EFEVAP( 3) . GT. 0. 0)
* EFEVAP (11) = (EFEVAP (2 )*VMIM X(2) +EFEVAP (3 )*VMIM X (3 ))/VM.DGT
| F( EFLOSS(2) . GT. 0. 0. AND. EFLOSS( 3) . GT. 0. 0)
* EFLOSS( 11) =( EFLOSS{ 2) * VMIM X( 2) +EFLOSS( 3) * VMM X(3) ) / VNLDGT
| F( EFRUNL( 2) . GT. 0. 0. AND. EFRUNL( 3) . GT. 0. 0)
* EFRUNL(11) = (EFRUNL(2)*VMIM X{2) +EFRUNL(3) *VMIM X{3) )/ V- M.DGT
DO 75 | EVP=1, 3
| F(GREVP(| EVP, 2) . GT.0.0. AND. GREVPdEVP, 3) .GT.0.0) , =« .,
* GREVPAEVP, 11) = (GREVP(| EVP, 2) * REGM X( 2)
* +GREVP(I EVP, 3) * REGM X( 3) )
* [/ (REGM X(2) +REGM X( 3))
75 CONTI NUE

| F(GREVP( 4, 2) . GT. 0. 0. AND. GREVP( 4, 3). GT. 0. 0)

* GREVP(4, H) = (GREVP(4,2)*VMIM X(2) .

* +GREVP (4,3) *VMIM X {3 ) ) ,
had /7 /7N DOST
RETURN

ao
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APPENDI X E: SUBROUTI NE EVMET

SXr eROUTI NE EVMET( MY, | DX, | V, HS, DU)
c

C Subroutine EVMET cal cul ates the hot soak (g) and diurnal
C LDF.

(g) emssions for

C

COWMMON / FFVEV/ EVLDF( 4) , EXCESS( 2) , DEFMAL( 2) , EXH( 2) , DMH( 2) ,

> BExXD( 2) , DM 2)

COMVON / TEMPS/  AMBT, TEMM N, TEMVAX, TEMEXH (3 ) , TEMEVP ( 6 ) , TEMAST( 3 )
COMMON / Gl TUSE/  RVUSEI , RVUSE2, CI USEl , CI USE2

COMMON / CI TCIN/ UDI (5), | UDI, Cl GASI , Cl GAS2, Cl ETHI , Cl ETH2, | CERSW

COMMON / TAMOUT/  TAMBAG( 3, 3, 20, 4), THS( 2, 20, 6) , TDU{ 20, 4) , TCC( 20, 4)
COMMON / FFVCOM  MAXMSF, FFVFRA(21) , MYMSF (21) , METFRA, RVPMB5 , | NRVPM
* RVPM.S, MCHOS1I, MCHOS2

HS=0. 0

; DuU—0O0O. O - T " :
I FCTEMMAX . LE. 40.0 .OR

= AMVBT . LE. 40. 0. AND. TEMFLG. EQ 2 . OR.

* TEMEVP(1).LE.40.0 .OR
* TEMEVP(2).LE. 40.0 .OR
* TEMM N . LE. 25. 0) RETURN
I F(MY. LT. 1993) GOTO 90
CALL EVRVPC
C

C Hot soak and diurnal calculation fromFTP | evels, RVP excess effect,

C mal mai nt enance and defect effects, and optional
c.

tanpering effect.

I F(1V. EQ 9) THEN
HS=EVLDF( 1) *EVTCOR(1, V) " =
DU=EVLDF( 2) * EVTCOR( 2, | V) ' -
HS=HS+EXH( 1) * HS+DMH{ 1) *HS ~ - _

DD=DU+EXDX 1) * DU+DMX( 1) * DU

ELSE | F(I1 V. EQ | O) THEN
HS=EVLDF( 3) * EVTCOR( 1, | V)

DU=EVLDF(4) * EvVTCOR( 2, 1 \V)

HS=HS+EXH( 2) * HS+DMH( 2) * HS

DU=DU+EXD( 2) * DU+DMD( 2) * DU
==rddir—- | — = -

C

C If the user wants tanpering to be included for either one or both of the
C LDF vehicle groups, the tampering offset for 1993+ LDGV with port fuel
Cinjection (FBI) applies. The tanpering offset is additive and

C yields the sane portion of the untanpered ef as for 1993+ FBlI LDGV.

C

I'F((I'V. EQ 9. AND. MCHOS1. EQ 2) . OR (I V. EQ 10. AND. MCHOS2. EQ 2)) THEN
CALL EVMAIN(MY, 1, 1, 1,7, RVUSEl, HSCINJ)

CALL EVNMVAI N( My, 1, 2,1, 7, RVUSEIl , HSUI NJ)

HSTAME( ( HSUI NJ- HSCI NJ) / HSCI NJ) * THS( 2, | DX, 1)
HS=HS+HSTAM
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Rl /AL —uUuUUDil 27 uDol ¢ LD =
CALL EVMAIN (MY, 2, 1, 1, 7, RIVAL, DUCI NJ)
CALL EVMAI N( My, 2,2, 1, 7, 0., DUUI NJ)

I F{ DUUI NJ. LT. DUCI NJ) DUUI NJ=DUCI NJ
DUTAM={ ( DUUI NJ- DUCI NJ) / DUUI NJ) * TDU( | DX, 1)

DU— DU+ DUT ANE S [ .
END I F
C
=N & J T U1 _JF—=r—41 - =
=rJaro= i =, — -- .
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APPENDI X F: SUBROUTI NE EVRVPC

C

SUBROUTI NE EVRVPC

C Cal cul ates the excess RVP effect and the rmal mai nt enance and def ect

C effect for LDF hot soak and diurnal em ssions.

C

COMMON / CI TGI N/ UDI {5), 1 UDI, Gl GASI , Gl GAS2, Cl ETHI , Gl ETH2, | CERSW
COMMON / G TRVI/ RVPBAS, RVPIUS, RVPAST, RVPICY, RVPETH, | USESY, RATUNC
COMMON / Gl TUSE/ RVUSEl, RVUSE2 , ClI USEl, Cl USE2

COMMON / EVADUI / DUEQ 3, 2, 10) , EFDU( 4, 2) , HDDU( 2) , CLDU( 5, 2) , TPDW( 8, 2)
COMVON / EVADU2/ HIDU(2 ) , DULIM3 , 2 ) ,RDU2 , 2 ) , TPDUAF (7 , 4, 2) , |DUAF
COWMMON / EVAHSI / HSEQ( 3, 2, 12) , EFHS( 4, 2) , HDHS( 2) , CLHS( 5, 2)

COMMON / FFVCOM  MAXMBF, FFVFRA{21) , MYMBF (21) , METFRA, RVPMB5 , | NRVPM

> RVPM_S, MCHOS1, MCHO S2
COVNMON / FFVEV/ EVLDF(4) , EXCESS( 2) , DEFMAL( 2) , EXH{ 2) , DVH( 2) ,
= EXD( 2) , DV 2)
RVPUSE=RVUSE1
| FCRVPUSE. LT. 8.0) RVPUSE=8 . 0
ca
- — —lc—— & _—— > —um <
c
a'a DO 10 1EV=1,2
ECESS cC1 =D O . O I
DEFMAL( | EV) =0. 0

I F(1 EV. EQ 1) RVPEV1=RVPMB5
I F(1 EV. EQ 1) RVPEV2=RVPMB5
I F(1 EV. EQ 2) RVPEV1=RVPI CY
B EV. EQ 2) RVPEVZ=RVPUSE=

EXCESS(| EV) =HSEQ{ 3, 1, 1) +HSEQ( 3, 1, 2) * RVPEV1
* . 4HSEQ 3, 1, 3) * RVPEVL* * 2

DEFMAL{ | EV) =HSEQ( 3, 1, 4) +HSEQ( 3, 1, 5) * RVPEV2

> +HSEQ 3, 1, 6) * RVPEV2**2 il \
[

C Nornalize hot soak RVP excess and mal mai nt enance & defect effects.

C
EXH {1 EV) =EXCESS (I EV)/HSEQ {3 , 1, 7 )
DMK | EV) =DEFMAL(I EV) / HSEQX 3, 1, 7) .,
10 CONTI NUE
C

C Di ur nal

P —— — _ _ _—
DO 20 | EV=1, 2
EXCESS(| EV) =0. 0
DEFMAL (I EV)= 0.0
| F(1EV. EQ 1) RVPEV1=UDI {2)/UDI (1) " -
I F(1 EV. EQ | ) RVPEV2=RVPMB5
I F(1 EV. EQ 2) RVPEV1=UDI {2)/ UDI (1)
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I F(1 EV. EQ 2) RVPEV2=RVPUSE
I F(RVPEVL. LE. DULI M3, 1))

* EXCESS(| EV) =DUEQ( 3, 1, 1) +DUEQ 3, 1, 2) * RVPEV1

* 4+ DUEQ 3, 1, 3) * RVPEVL* > 2
I F(RVPEV1. GT. DULI M 3, 1))

* EXCESS(| EV) =DUEQ 3, 1, 9) +DUEQ 3, 1, 10) * RVPEV1

DEFMAL{ | EV) =DUEQ 3, 1, 4) +DUEQ 3, 1, 5) * Cl USE1
* +DUEQ 3, 1, 6) * Cl USE1* * 2
EXD( | EV) =EXCESS(| EV) / DUEQ( 3, 1, 7)
DMVD( | EV) =DEFMAL( | EV) / DUEQ( 3, 1, 7)
2 0 CONTI NUE
RETURN

END
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APPENDI X G SUBROUTI NE BEF

FUNCTI ON BEF( MY, | DX, | CY, | P, | V, VMTAGE, | BEFSW
C
C Returns the basic em ssion factor for each nodel year/vehicle class
C group, adjusted for operating node, CO tenperature offset, nethane
C offset, tenperature, |I/Mand tanpering offsets.

C
COMVON / BASEQ / ERBZM_( 20, 3, 10, 2), ERBDR( 20, 3, 10, 2) , ERB50K( 14, 2, 2)
COVMMON / BASEQB/ ERUZM_(112, 3, 10, 2), ERUDR( 12, 3, 10, 2) , ERU50K( 14, 2, 2)
COWDON /BASEQ6/ MYGERYU( 12 , 2, 3, 8, 2 ) ,MAXERU, NDMERY(3 , 8 , 2 ) , KEYER IGER
COVMON / OFFSET/ OFFCQ( 20, 3) , OFFMIH( 20, 10)
COVMON / OMITCOM  OMTCF( 20, 3, 8) , OMTTAM 20, 3, 4) , FOMTAM 20, 3)
COVMMON / REG ON/ FEET(2), | REIN, ALT, | NI TPR
COWON / TAVMEQ / TAMZML( 9, 4, 2, 2), TAMDR( 9, 4, 3, 2) , \VGTAM 4) , | GT5, F50K
COMMON / FLAGS4/ PRTFLG, | DLFLG, NVHFLG, HCFLAG, METFLG
COVWMON / FFVCOM  MAXMSF, FFVFRA(21) , MYMSF (21) , METFRA, RVPMB5, | NRVPM
* RVPM.S, MCHOS1I, MCHOS2
COMVON /1 QUCOM | QUI MD, | QUGEN, | OUREP, | OQUERR, | QUASK
ABOV50=VMIAGE- F50K
KI NK50=1
I F( MY. GE. 198LAND. | P. LE. 2. AND. (I V. EQ 1. OR | V. EQ 9. OR | V. EQ 10) .
* AND. ABOV50. GT. 0. 0) KI NK50=2
«<— - = - - =
C Look up base enission rates and deterioration rates using pointer
C | ERPTR.
c
CALL | ERPTR(MY, | P, 1 V)
| F{ KEYER. EQ 2) GOro 10 --'=»
ZPO NT=ERBZM_(| GER, | P, | V, | REJN)
SLOPE1=ERBDR{ I GER, IP, 1V, IREIJN) ;, -
Il FCKI NK50. EQ | ) GOoOTO 20 N
C

C Pointer | GER50 for deterioration rates of 50k+ nodel year groups.
C

I F(MY. LE. 1992) | GER50=MY- 1981+1
I F(MY. GT. 1992) | GER50=12

c A
C Call of second sl ope for LDF. ' '
C

I F(MY. GT. 1992. AND. | V. EQ 9) | GER50=13

I F( MY. GT. 1992. AND. | V. EQ 10) | GER50=14
«CM

SLOPE2=ERB50K( | GER50, | P, | REIN)
GOTO 20
10 ZPO NT=ERUZM_(i GER, I P, | V, | REJN)
SLOPE1=ERUDR( | GER, IP, 1V, | REIN
I F(KI NK50. EQ 2) SLOPE2=ERUSOK( | GER, | P, | REIN)

C

C Cal cul ation of uncorrected em ssion rates, only fromznm and dr.
C
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20 | F(KI NK50. EQ | ) BEF=ZPOI NT+SLOPEL* VMIAGE
I F(KI NK50. EQ 2) BEF=ZPO NT+SLOPE1* F50K+SLOPE2* ABOV50
| F(1 BEFSWEQ | ) GOTO 99

C . ”~N ar a =1 . P a
[ - AV V. ol | T = <o wat | == = S - -
— =S e = - - = _ V4 - =

CIFH(IV.EQ9.0R IV.EQ 10). AND. | DX. EQ | ) THEN
C WRI TE{ 10, 100) IV, I P
C 100 FORMAT('O','Uncorrected bef for vehicle class ',12,' and',

C * ' pollutant ',11,' are:')

Cc END | F

CIF({IV.EQ9.0R |IV.EQ 10). AND. | DX. EQ 1) THEN »

C WRI TEDO, 110) BEF

C 110 FORMATC ', 1X, F6. 3) ar

C END | F

CIF(IV.EQ9.0R | V. EQ 10) THEN
C VWRI TEAO, 120) BEF

C 120 FORNMATC ', 1X, F6. 3)

C END 1 F

[ > r - » - -
C Applying of correction factors.

— _ _ . o~ = o~ =

C The exhaust ef correction factors for LDF are cal cul ated seperately from
C those for the other vehicle classes.

o, —

I F(I' V. EQ 9. OR. | V. EQ 10) GOTO 30 *
C
C Start correction factor calculation for vehicle classes 1 through 8.
C
C

CO offset for LDGV/T.
c
IF(IV.LE. 3. AND. IP. EQ. 2)
* BEF= { BEF*OMICF(I DX, IP, 1V) *PCLEFT(MY, ICY, IP, V) )+0OFFCO(IDX, 1V)

0

Met hane of fset.

a |F(IP.EQI)
* BEF={ BEF*' OMICF(1 DX, | P, | V) - OFFMIH(1 DX, 1V) )*PCLEFT(MY, ICY, IP, 1V)

C
C Ofset for tenperature and inspection/ mai ntenance.
c
IF{IP. EQ. 3. CR (IV. GT. 3. AD. IV. LE. 8. AND. IP. EQ. 2))
* BEF=BEF*OMICH{ | DX, | P, I V) * PCLEFT( MY, | CY, | P, I V)
C

C Saving of LDGV proportional tanpering effect for application to LDF.

D — - _ —~ = _ =
I —AaAN. EeEc> 1 D> T —aE=r—-u — _
FOMIAM | DX, | P) =OMTTAM | DX, | P, | V) / BEF
=rJar— [ | — ~" = e
C

C Addition of tanpering bag em ssions, corrected for operation node and

C tenperature.
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< = —
I F(I V. LE. 4) BEF=BEF+OMITAM | DX, | P, 1 V)
GOTO 99

start correction factor cal culation for LDF.

CHACOR generates the nmultiplicative nmethane offset, if non-nmethane HC are
request ed.
< " Tt »
30 BEF=BEF* EXTCOR{I P, | V)
| F(NVHFLG EQ 2. AND. | P. EQ | ) BEF=BEF* CH4COR(I P, | V)

C

C

C

C Function EXTCOR generates the nultiplicative tenperature offset, function
C

C

CIf the user wants tanpering to be included for either one or both of the
C LDF vehicle groups, an additive tanpering offset applies. The of fset

C yields the sanme portion of the untanpered rate as for LDGV of the sane
C nodel year and is corrected for operation node, tenperature and ATP, if
C one appli es.

- —_—

I F(1'V, EQ 9. AND. MCHOS1. EQ 2) BEF=BEF+FOMIAM | DX, | P) * BEF

i, I F(1V. EQ 10. AND. MCHOS2 . EQ 2) BEF=BEF+FOMIAM |DX, |P) *BEF
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APPENDI X H: SUBROUTI NE EXTCOR

FUNCTI ON EXTCOR( | P, I V)

Calcul ates the multiplicative tenperature offset for LDF and all three
exhaust pollutants by 2-point interpolation.

000 o

COMMON/ FFVCOR/  CORTEM 3) , CACOR( 3, 2) , TMCOR( 3, 3, 2) , ETCOR( 3, 2, 2)
COMVON / TEVMPS/ AMBT, TEMM N, TEMVAX, TENEXH {3 ) , TEMEVP ( 6 ) , TEMAST ( 3 )

C

C DATA: Multiplicative correction factors for LDFM and LDFG HC, CO, and

C NOx exhaust emi ssions to correct for non-FTP tenperatures, calcul ated
C from Gabel e (1990).
C

DATA CORTEM 40. 0, 75. 0, 90. 0/
AT A T NS CO=/ = =
C LDFM 40F 75F 90F
H 2.91,1.00,1.13,
C 3.38,1.00,1.08,
N 0.91,1.00, 1. 18,

H 4.33,1.00,1.19,
3.27,1.00,0.92,
N 1.08,1.00,1.19/

0

0

C If the exhaust tenperature is bel ow 40F, the cf for 40F applies, J;
C accordingly for exhaust tenperatures over 90F.
C

I F(TEVEXH(I P) . LE. CORTEM( | )) THEN ,
EXTCOR=TMCOR(I! , 1 P, 1 \V-8) *-
GOoTOo 3 0
ELSE | F(TEMEXH(| P) . GE. CORTEMO) ) THEN
EXTCOR=TMCOR(3, I|P,1V-8)
GOTO 30
ELSE
-_— — L
C Find bracketing tenperature and associ ated factors,
c
| - a o 1 N E=a ., = -
| F(TEMEXH( | P) . LE. CORTEM | TE)) GOTO 20
10 CONTI NUE
1 TE=3
20  TMP1=CORTEM 1)
IF(I TE. GT. 1) TMP1=CORTEM I TE-1) & 2.
TMP2=CORTEM | TE)
COR1L = 0.0 .9 B N T -
IF(ITE.GT. 1) COR1=TMCOR(I TE-1, IP,IV-8) '..~
CORR=TMXOR{I TE, |P,1V-8)
C
C Interpol ate.
C
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EXTCOR=CORL* ( ( TMP2- TEMEXH( | P) ) / ( TMP2- TMPL) ) +
* COR2* (( TEMEXH(| P) - TMPI ) / { TMP2- TMP1) )
END I = a |~

30 RETURN
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