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EXECUTIVE SUMMARY

Increased Me@rmulatedfuel usemay impact enissions of criteria pollutants and
criteria pollutant precursomndthusaffect air quality. Ve present hereipdates to and
applications ofa modeling suite comprising the Cawlidated Community Emissions
Processing TodICONCEPT) and the Comghensive Air Quality Model with Extensions
(CAMX) to study the relationship betweesformulated fuel usegn-road andnonroad
emissions, andmbient ozone and particulate matter (PM)

CONCEPT is an emission model that uses a database software teghnolog
(PostgreSQL) to calculate emission inputs for air quality modéllagssen and Wang,
2003; Loomis et al., 2005) The use ofthe database software mak€ONCEPT a
transparent model compared to the previous generation emission maieNCEPT
also offers the advantage of flexibility to the user in ternfsqoality control and
performance access to intermediate calculation steps facilitates quality control while
providing useful transparency to the usebDifferent modules in CONCEPT predict
emissions fo different source categories such awa, point, make and biogenic
sources The onroad anchonroad mobile source modulese the focus of this study.

The purpose of this work was to allow the usedafa (externalto the mobile
source emissions mels in CONCEPT reflecting alternative fuel formulations or
vehicle technology. The i dea wéenisdions Asi mpl
and ozone and PM impacts due to the usdtefnativefuel formulations.

The work presented here does ngiresent an effort to comprehensivsignulate
emissionsand air qualityimpacts due to the use afternativefuel formulation, but to
demonstrate a Aproof of performancedo of thi:
quality grid model CAMx. These resuts are not intended to be a comprehensive
representation oélternativefuel impacts, rather a demonstration of the utility of the
CONCEPT/CAMx model suite.

CONCEPTusesthe EPA modelsMOBILE and NONROAD for the calculation of
onroad andnonroad emissionsrespectively. The publicly available version of
CONCEPT onroad is fully functional. However,the CONCEPT nonroad module
provided was incomplete As part of the current study, wkrst completed the
implementation of NONROAD ersion 2002 in CONCEPT. We modified the
CONCEPTonroadandnonroad moduleso provide for flexibilityin studyingthe effect
of reformulated fuels and new technologies onroad andnonroad emissions.
Resultingchanges in ambiemtir qualitywere then predici using the CAMxair quality
model

Figure E1 shows thesteps taken to develop and test flexibifily changes iriuel
and technologytypesin the CONCEPT ormroad mobile source emissions modalNe
modified CONCEPT v.0.71 to use tHePA standardversicn of MOBILE 6.2, with
additional optios to modify emission factors based vser inputs Unlike the version of



MOBILE originally implemented in CONCEPT, thstandardEPA version provides
disaggregated emission factors for 25 model years and 28 velpele which enable us
to more easilynodel the effect oélternativefuels and technologies.

A performance analysis of the CONCEBfFroadcode revealed a bottleneck in a
processing step that creates a table with MOBILE 6.2 output matched to the
correspoding input definition for use in emission calculation$his was resolved by
modifying the scripts to speed up procesginigh negligiblechange in outpujgesulting
in lower memory and CPU requirementdn step 3,alternativeemission factorsof
conventional and reformulated gasolin@ere used to calculate adjustmento the
emission factors of MOBILE6.2or light-duty vehicles The alternative emissions
factors may be obtained from vehicle test programs or from models such as the California
Reformulded Gasoline Phase 3 (CaRF@Xedictive Model. In the case of the CA
predictive model, the emission factors adjusted are those of exhaust and/or evaporative
(diurnal, resting, hot soak and running) emissionsN@k, HC, CO, benzene, 13
butadieneformaldehyde, and acetaldehyde.

It should be noted thathile modelssuch as the CA predictive modexkist to
predict mass emissions from-oved vehiclesthere are limitations in these modeBata
on offroad engines and on speciation is more limited tHata on vehicle mass
emissions. Also, there islimited recent data on fuel effects on high emitters so fuel
effects on high emitters are assumed to be the same as normal erritielreffect data
on PM ismore limited than data on HCO and NOx In general, here have not been
many evaluations of fuel effects on US vehicles in recent years so the underlying data to
project fuel effects is very limited.Also, while vehicle technology changes can be
accounted foby changes in emission factarsthe nodified CONCEPT, the application
discussedhereconsidersonly fuel changes.

In step 4, CAMx simulations were conducted using emissions factors for
conventional and reformulated gasoline in the Southeast Michigan Council of
Government{SEMCOG) network osr a domain at 12 km resolution over tdpper
Midwestfor July 15-17,2005. Other emissions and other inputs were obtainedtfrem
Lake Michigan Air Directors Consortiutfit ADCO) and were held constant between the
base and alternative fuel scenarios.

NOy emissionsn the modekhoweda 3% increase on average acros®aload
emissions categorietue t0100%use of reformulated gasoline light-duty vehiclesn
the SEMCOG network There is a 3% decrease in CO emissioinsthe modekcross all
categories.The CONCEPT on-road module simulates emissions of several volatile
organic compounds (VOCs) includinipr exampleformaldehyde and ethanol here is
a 3% overall decrease irformaldehydeemissionspredictedby CONCEPTdue to the
reformulated gasoline us&ith decreases inexhaust emissions and increases in
evaporative emissions Exhaust emissions aéthanol predictedby CONCEPT also
decrease butargerincreases in evaporative running and resting losssgltin a 5%
increase overall irthanolemissions.



Very small tvanges in wrface hourly ozonare predicted(decreasgof up to 06
ppb in some areas and increabg up to 0.4 ppb in othersn and near southeastern
Michigandue tothe use of reformulated gasoline in the SEMCOG netwd@r surface
ozoneconcentrabns also decreasdy less than 1 pplandsurface 24hr average PMs
concentrationslecreasgypically by less than 1.0%Smaller increases in both pollutants
are seen in some areabhe effect of reformulated gasolina PM s is seen farther away
from the SEMCOG arethanthatseen forozone,reflecting, in part, the transport of PM
precursors and secondary PMormation.

Theemissions andzonePM; s results are presented here only to demonstrate the
CONCEPT/CAMx model suite and should interpektvith caution because limitations
in the CA predictive model and because @@NCEPT/CAMxapplicationis conducted
here ovem short time periodf 3 dayswith limited data.

Differences in fuel properties among different types of fuels in US areakng
and are much smaller that they werelByears ago. With reductions in fuel sulfur there
is now very little difference in sulfur content between conventional and reformulated
fuels. Also ethanol blending continues to incredisere have been siditiant changes in
the conventional gasoline over the pasit(byears particularly in the amount of ethanol
use The use of ethanol will narrow differences in oxygenate, aromatics and distillation
properties between conventional and reformulated fuéiss, the emissions and air
quality impact offuel differences modeled in the report (with and without 10% ethanol)
areoverestimate.

FigureE-2 shows a flowchart representing thkeps takeno study theampactof
alternative fuels and technologies ithe CONCEPT nonroad module (hereafter,
CONCEPFNonroad) The NONROAD2002 code in CONCERJonroad reads
emissions factors and outputs emissionsHence emission factorsinput to
NONROAD2002 are modified to account for the effect of switching to damnulaed
fuel unlike in the CONCEPT onroad module where emission factors output from
MOBILEG6.2 aremodified Theemissionfactorsin CONCEPFNonroadare specified for
exhaust HC, CO, NQand PM and crankcase and diurnal HC emissidi® alternative
fuel andtechnology module readsserprovided test and other data, where availafole,
technology types, deterioration fact@ad emission factors The module updates the
existing NONROAL2002 data filesbased on these dagamd processings continued as
beforein CONCEPT

In a test application, wepdatedthe NONROAD2002input data foremission
factors for two categories ofsmall twostroke gasolingpowered handheldsstring
trimmers and chainsaws, based on measurenoemiducted by théational Exposure
Resarch LaboratoryU.S. EPA, andeported in the literature fahesetwo categories
when operated with conventional gasoline ab@6 ethanol blendE10). These data
were usedin CONCEPTFNonroadfor Texas (only one state was chosen for processing
for this demonstratiopn All other states used the default fuel in CONCE¥Inroad
Non-road emissions ofVOCs such as acetaldehyde and higher aldehydes, etimehe
olefins decrease approximately by up to 0.4% parts of Texasand ronroad CO



emissions decreadsy up to 0.25%due toE10 usein trimmers and chainsawsNO
emissions show no noticeable changBM,s emissions decrease by up to 0.1% in
isolated areas in Texas.

CAMx simulations were conducted ovére central and eastern US at 36 km
resolution domia using the CONCEPNonroademissions for convential gasoline
and El10described abovéor July 15 2005. New emission factofer the effect of
ethanol on conventional gasolimesre used only for string trimmers and chainsaws in
Texas other statesusel the conventional gasoline default emission factars
NONROAD2002 Other emissions data and other inputs vdegaticalbetween the base
and alternative fuel scenarioA. CAMx simulation was conducted for July, 2005with
initial conditions obtainedrom the last hour on Julg§4, 2005 ofa prior annual CAMx
simulationfor 2005available from LADCO The small changes in naonad emissions
result inanegligible change in hourly andiur ozone.SmallPM, s impacts(decreases
of up to 2% and increas®f up to 4%pre seen iiscatterechreasn Texas anelsewhere
due to transport The resultsshown here are onljrom a sample simulation to
demonstratehat the CONCEPT output can be easily interfaced with CAMxshdild
not be generalized.



Steps to incorporate flexibility for fuel and technology changes in the
CONCEPT On-Road module

®

@ User-supplied corrections
@ to emission factors @
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Figure E1. Flexibility for reformulatedfuel and technologyhlanges inthe CONCEPT
on-roadmobile source missionsmodel.
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1. INTRODUCTION

Emissions from mobile sourcds onroad and nonroad i affect the ambient
concentrations of ozone, particulate matter (PM) and some air toxics. Those mobile
source emissions depend on the fuels being used and the technology implemented to
control emissiaos. The ofroad vehicle fleet includes a variety of vehicles using different
fuels and emission control technology depending on vehicle class and model year.
Similarly, nonroad vehicles and engines use different fuels and incorporate different
technoloy types. It is desirable to be able to assess the effect of different fuels and
emission control technology on air quality under realistic conditions, i.e., taking into
account newer developments in fuel use and emission control technology.

The Consolideed Community Emissions Processing Tool (CONCEPT) is an
emission model that uses a database software technology (PostgreSQL) to calculate
emission inputs for air quality modelingapnssen and Wang, 2003; Loomis et al., 2005).
CONCEPT uses Structured Qudrgnguage (SQL) scripts to perform a majority of the
emissions calculations. In addition, shell scripts Red scripts are also used within
CONCEPT to interface between different modules (e.g., initiation, area, poimad
mobile, nonroad, speciatin, output) and control several executables that are integrated
within CONCEPT. The use of the PostgreSQL database and scripting languages makes
CONCEPT a transparent model compared to the previous generation emission models.
Intermediate data can be s#d within the PostgreSQL and expert SQL users can query
for quality assurance (QA) purposes. Scripts are also available to perform some standard
QA and summary steps.

Currently, the mobile source emission module of CONCEPT uses MOBILE and
NONROAD for the calculation of omoad andnontroad emissions, respectively, based
on fuel and vehicle fleetbnroadengine inputs. It offers some flexibility to address the
effect of various transportation control measures that pertain to traffic activity, loesit d
not allow the user to make changes regarding fuel usage and the implementation of new
emission control technology by vehicle class, model year and roadway type or by engine
type and year. The overall objective of this study is to improve the mohileeso
emission module of CONCEPT to offer the desired flexibility to investigate how
reformulated fuels and emission control technology scenarios influence emissions from
onrroad andnonroad vehicles and equipment. Subsequent changes in ambient ozone
and PM concentrations are then predicted using the Comprehensive Air Quality Model
with Extensions (CAMx), an advancedDB Eulerian model Nlorris et al., 2003)
CONCEPT and CAMx together comprise the model suite discussed in this study.

Section 2 presents éhmodifications made to the CONCEPT-rmad module to
provide for flexibility in studyingalternativefuels and technologies arad study ofair
guality impacts using a CAMx test case. In Section 3, we explain our procedure for
incorporating NONROAD2002 infCONCEPT and discussthe modifications to the
CONCEPTFNonroad module for implementing new fuel and technology daad a
related CAMXx test case. Sectidmprovides a summary of this study.



2. MODIFICATIONS TO THE CONCEPT ON-ROAD MOBILE SOURCE
MODULE

2.1.0verview of CONCEPT-Mobile

A flow chart representing thecurrent onrroad mobile source module in
CONCEPT (hereafter referred to as CONCHWRaObile) is shown in Figure-2. A key
feature of CONCEP-Mobi |l e i1s the incorporation of
MOBILE 6.2 (ttp://www.epa.gov/OTAQ/m6.htjn which isan emission factor model
for predicting gram per mile emissions lfdrocarbons (HC)carbonmonoxide (CO),
nitrogen oxides (NQ), carbondioxide (CQ), PM, and toxics from cars, trucks, and
motorcycles under various conditions. MOBILE 6.2 is written in FORTRAN.
CONCEPT prepares input files for MOBILE 6.2 runs for combinations of (1)
representative counties, (2) temperatures, (3) calendar years, (4) seasons, and (5) speed.
The MOBILE 6.2 executable isxecutedusing a shell script. For each combination, the
output contains entries for 8 vehicle classes, 10 emission types, 5 road (facility) types,
and 24 hours of the dayThe CONCEPIMobile modulecurrently employs a modified
version of the standarcexsion of MOBILE 6.2 from EPAo aggregate emissions from
various model years and detailed vehicle types (28 vehicle types to 8 classes). MOBILE
6.2 outputs are loaded into the PostgreSQL database. Within the database, the MOBILE
6.2 factors are applietb specific pollutants from specifieehicle classes, emission
modes andiacility types based on activity data to generate emissions data.

2.2.Installing CONCEPT -Mobile

The source code (versiod.7l) and a test case for CONCEMRObile were
obtained fromthe Lake Michigan Air Directors ConsortiunhADCO) (M. Janssen,
personal communicatior00). Before running the code, a number of tools were
installed. Instructions are found on the conceptmodel.org website and followed for
PostgreSQL, PostGIS, PROJ.GEOS, andPerl Based on our initial tests, the
configuration of PostgreSQL is particularly important. Default PostgreSQL
configurations are modified to maximize the resources allocated to only a few users. In
other words, PostgreSQL resources carbetshared among multiple CONCEPT runs
and/or other users. Some key settings are as follBwEdick,personal communication,
2008:

max_connections = 10 (default =100)

shared_buffer = 128 MB (default = 8.2MB)

work_mem = 512 MB (default = 1 MB)

maintenane_work_mem = 512 MB (default = 16 MB)

max_fsm_pages = 256000 (default = 16000)

fsync = off (default = on)

Note that turning on fsync ensures that updates to the database are written to the
hard disk. This increases the input/output (I/O) requirementsllows the recovery of
the database in a consistent state in case of an operating system or hardware crash. For a
database with a | arge volume of data that

2-1



be risky. For CONCEPT, the database contergsesther loaded from input files or
calculated, thus can be recreated. With changes in the configuration of PostgreSQL,
some memory settings of the Linux operating system have to be set accordingly.

Data input + QA

A 4

Process vehicle mix profiles

A 4

Temporal + spatial allocatior

\

Y 28vehicletypes
Vehicle mix allocation aggregatedto 8

vehicle classes

A 4
Make MOBILES.2 input Emission factors
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vehicleage

A 4

MOBILEG6.2 (CONCEPT)

A 4

Read MOBILE®6.2 output

A 4

Apply emission factors

A 4

Speciation

A 4

Summary and output

Figure 21. Flov chart representing theirrentCONCEPFMobile module

2-2



CONCEPT-Mobile is a fairly resourcentensive model. It is preferable to employ
machines with statef-the art processors (> 2 GHz) with at least 4 GB of memory.
Performance deterioration is notdd#e on machines that have slower processors and less
memory. Ample disk space is needed, especially for a new domain or new simulation
where intermediate data are saved for QA purpofes.examplea CONCEPTMobile
run generates over 10 GB of intermeddi data fortwo days forthe Southeastern
Michigan Council of Governments (SEMCOG) network.

2.3.Testing and Speeding up CONCEPAMOobile

A performance analysis of the CONCERIDbile code revealed a bottleneck in a
processing step that creates a tablehwMOBILE 6.2 output matched to the
corresponding input definition for use in emission calculations. This step took 14 hours
out of the total of 16 hours to run CONCERIDbile and represented a prime candidate
for possible speedp. The resouremtensive SQL command in this step involves a
Al NSERT I NTO . .. SELECT . .. FROM ... WHEREO c
is called for each hour, each pollutant, an
part of the SQL statement populates a new tempdadadng with information from other
tables. Information from those other tabiee x t r act ed wusing the ASELI
In one example, various fields are extracted from 5 tables. When multiple tables are
involved, they are first joined together withihe database before conditions are applied
to prune the resulting entries. Out of the joined tables, entries representing matching
rows from individual tables are kept. The reason why this type of SQL command is
computationally expensive is that if thest table contains rl rows and the second table
contains r2 rows, the resulting joined internal table contairrfows. Therefore, the
number of rows grows in a combinatorial manner with the joining of multiple tables. In
this example, the five téds beng joined together contains 240952, 8, 14, 881280, and
771480 rows, respectively (maximum size of combined internal table is 108’ rows).

Instead of joining 5 tables in one SQL statement, a time saving solution is to
break the command intevo steps. The first step joins thestid tables (240952, 8, 14,
881280 rows, respectively), and selects the appropriate entries to be stored in a temporary
table. The second step joins the temporary table (B’ rows) with the fifth take
(771480rows) and extracts data based on the equivalent criteria of the original statement.
The maximumsizes of the two intermediate tables ard x 10" and 4.5x 10" rows,
respectively. The smaller, more easily manipulated tables are a key reason for the
observed speed up.

As discussed above, the computationally intensive SELECT statement resides
within a loop and is repeated many times. It is also realized that the first step of the
streamlined approach, which matches 4 tables related to the conditemif$espin the
MOBILE 6.2 input file, can be consolidated so that it is run just once instead of once
every hourfor each combination of pollutant and emission mode. Storing the results for
one of the joins results in extra disk space requirements wiiNGEPTMobile is



running. However, for the loop, joined tables aré @rders of magnitude smaller. i$h
results inlower memory and CPU requirements.

This faster version is used as the framework for development in this project.

A major difference beteen the MOBILE 6.2 model implemented within
CONCEPTFMobile and thestandardEPA versionof MOBILE 6.2 is the aggregation of
28 MOBILE 6.2 vehicle types into 8 classes. The CONCE®Dbile version also by
default aggregates all model years (age), and ola#td as a pollutant. (Although
refueling emission factors are provided by MOBILE 6.2, CONCERDbile does not
estimate refueling emissions, but instead assumesubhtemissions are includedthe
area or point source inventories.)

We downloaded the HMA standard version of MOBILE 6.2 from
http://lwww.epa.gov/OTAQ/m6.htm Because one of the objectives of this project is to
provide full flexibility of the MOBILE model within CONCEPT, tretandardversion of
MOBILE 6.2 was incorporated into CONCEPT. Taderstand the requirements for
MOBILE 6.2 to work seamlessly with CONCEPT, we compared the input and output of
the CONCEPIMobile version and thetandardsersion of MOBILE 6.2.

As indicated in the CONCEPT $Je r adide (BE@viron, 2005), the CONCEPT
Mobile version of MOBILE6.2r equi res an input file that
GROUPS. 0 This part of the CONCEPTPed N i nput
script in CONCEPT, is excerpted as follows:

DATABASE GROUPS : 8
:HDDV 11111 11111111 1 111 2222222221
:HDGV 11111 222222221 111 11111111 211
:LDDT  1111111111111112211111111111
:LDDV  1111111111111121111111111111
:LDGT1 12211 111117111111111111111 111
:LDGT2 11122 111111111111 11111111111
LDGV  211111111111111111111MM111
- MC 1111111111111 2111 11111111 111

These DATABASE GROUPS are specified in a manner quite similar to the input
specification using DATABASE VEHICLES in theandardrersion of MOBILE 6.2. In
CONCEPTFMobile, MOBILE 6.2 is run 8 times with thgarious groupings, and the
results are aggregated for all model years for each vehicle group. Detailed results can be
achieved using thstandardrersion by invoking the DATABASE YEARS command and
specifying individual vehicle types using the DATABASE VEHES feature.

Several test casesgere performed using the MOBILE 6.2 executable distributed
with CONCEPTFMobile and thestandardversion. The DATABASE output from
MOBILE 6.2 providesmission factors to 4 decimal points. The CONCHBRbile and
standardrersions sometimes differ in the last digit in the output. The CONG#&4ile
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version has also been modified to suppress output when the emission factors are zero or
below some threshold.

2.4.Modifying CONCEPT to usethe Standard Version of MOBILE 6.2

The version of MOBILE 6.2n the current CONCERMOobile generate®utputs
that are aggregated into 8 vehicle classes and across model yeardiscussed in
Section 2.3, the standard EPA version of MOBILE 6&vas installedinstead in
CONCEPT to take adwage of the detailed outputs loyodel yeas and by vehicle
types. Some more detail on thocedurdollowed is described in this section.

The CONCEPMobile version of MOBILE 6.2 was removed from CONCEPT
and the standard version was inserted in thenerafiustrated in Figure 2. Here,
colored boxes represent changes to the original CONCEPT code; bold boxes represent
new procedures addedCONCEPT is modified to write the inpuile for the standard
version of MOBILE 6.2 as described in Section 2T3en, the MOBILE 6.2 executable
is executed. Compared to theurrent CONCEPTFMobile version, a detailedgtandard
MOBILE 6.2 will produce approximately 85 times the volume of output, because
MOBILE 6.2 disaggregates each emission factor into values fon&%el years and 8
vehicle classes into 28 individual types. To keep the ddtjgusize manageablénput
files to run thestandard versionof MOBILE 6.2 are createdor one vehicle type at a time
(28 runs total). Also, the speedip described in Sectio 2.3 is used to decrease
computational time.

The processing of detailestandardMOBILE 6.2 output into the CONCEPT
format is implemented outside of MOBILE2to provide the functionality to CONCEPT
to modify the detailed emission factors based on-dseéned technology or fuel effects.
More information on the revision of emission factors is provided in Section 2.5.
Following the revision of emission factors, Rerl script is used to reproduce the
aggregation calculations performed within the CONC®RIbile version of MOBILE
6.2 Perl is a language designed for processing text, and it is ideal for tasks involving the
formatting and aggregating of large volumes of data. Perl is already used in CONCEPT
to interface with MOBILEG.2 It can be easily werstood by CONCEPT users who are
familiar with shell and SQL scripts.

Two separate steps are performed. The first step is to calculate the aggregate
emission factor (EF in g/mi or g/start) for all model years.

<EF>YF :Z RDyr VM-I;II' . ”
iyr Z(RDjyr VM-I}yr)
yr
where the terms o the right hand side are as followigr and jyr refer to
individual yeass, RD is the registration distributioof vehicles forthe year, VMT is the
miles travelled, and EF is the emission factortfe vehicle foithe year. Therefore for
each vehicle yipe, the aggregated emission factor is a weighted average of emission

factors for vehicles of different model years. This step is performed for each vehicle
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type, and this is the point where pasandardVOBILE 6.2 modifications to emission
factors of spcific model year of individual vehicle typean be applied

Datainput
Temporal/Spatial Allocation
Vehicle mix ...
‘ .
Make MOBILES 2 input Disaggregate by
vehicle type and
‘ A model year
MOBILES .2 (EPA)
Revise
Y emission factors
Read MOBILEG.2 output
. Aggregate
Apply emission factors
Speciation
A
Summary and output

Figure 22. Flow chart representing the-omad mobile source module in CONCEPT,
modified to use the EPAtandard versiomf MOBILE 6.2. Colored boxes represent
changes to the original CONCEPT codmld boxes represent new procedures added.
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In the second step, 28 vehicle types are aggregated into 8 vehicle classes. Several
vehicle classesontainonly one vehicle type: LDDV, LDGV, and MC. Of the remaining
classes, HDDV contains 10 MOBILE 6.2 vehicle types, HDGV contains 9 vehicle types,
and LDDT, LDGT1, and LDGT2 contain two vehicle types each. The emifsubor
for each class ia weighted average based on the fraction of each vehicle type belonging
to tha vehicle class:

Count, . -VMT,

EF, e = vee
e 'tyzp:e 2 (Couniy, . -VMT, )
jtype

where the terms on the right hand side are as follows: itype and jtype réeidividual
vehicle typesCount is the number in the given typad VMT is the miles travelledn

the given typeDifferent subscriptstype and jtype are used for individual vehicle types
to reflect the fact that summing is first done in the denomirater all vehicle types
(type) and therthe sum isused as the denominator for the overatio that is again

summed over all vehiclgpes (itype).

itype

Detailedstandard versioMOBILE 6.2 results processed using therlscripts are
fed back into CONCEPT. Any difference in the final emission output files generated
using these resudlt as opposed to tiiEONCEPFMobile version of MOBILE &, can be
traced back to the last significant digit in the output filestahdarcMOBILE 6.2 output
files.

As discussed aboveéhelargevolume of raw datérom MOBILE 6.2necessitated
a code design to run MOBILE 6.2 for each vehicle type. In additesources for input
and output (I/0O) also became a significant issue foP#rprocessing step. To optimize
the CONCEPT code, MOBILE 6.2 output was streamlined to contain only variables that
are used in subsequent CONCEPT calculations. The orifprmalat of the database
output from MOBILE is shown below; and fields that are suppressed in the output are
struck through.

(1) file number EH-tacHity- VM4

(2) run number (18) registration distribution
(3) scenario number (19) vehicle count

(4) pollutant 20)-ambienttemperature
(5) vehicle type 2-divrmal-emperature

(6) emission type (22) model year

(7) facility type

(8) age

(9) hour

(10) EF in gram per mile
(11) EF in gram per hour
(12) number of engine starts
(13) trip ends

(14) miles

15y milespergallon

6y hourVMT%
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Many of these suppressed output variables are echoed from MOBILE 6.2 inputs
and are not calculated by MOBILE 6.2. Therefore, there is no loss of information by
eliminating them from thetandardMOBILE 6.2 output.

2.5. Modification of Emission Factors to Account for Reformulated Fuels and
Alternative Technologies

As discussed above, tl@ONCEPTFMobile on-road vehicle module is modified
to use the EPAstandard versiomf MOBILE 6.2, with additional options to modify
emission fators based on technology and fuel changes. Unlikeuhrent CONCEPT
Mobile version of MOBILE 6.2, the EPA standard versiomprovides disaggregated
emission factors for 25 model years and 28 vehicle types which enablenoset@asily
model the effect foalternativefuels and technologies. Perl code is used to apply
adjustment factors to the MOBILE 6.2 emission factors and to aggregate those factors
and convert them to CONCEPT pgwbcessoready format. A separate input text file is
used by the usdp specify adjustment factors. This file contains fields of vehicle class,
emission type, and pollutant number, followed by 25 fields of emission adjustment
factors for 25 model years (age). If no adjustment factor is specified for a given
combination ofvehicle type, emission type, and pollutant number, no adjustment will be
applied to thestandardMOBILE 6.2 output for that combination.

While the modified CONCEPT can accept alternative emission factors from any source
(e.g., vehicle test programs), bethe California Reformulated Gasoline @ 3
(CaRFG3) Predictive Model (http://www.arb.ca.gov/fuels/gasoline/premodel/
premodel.htis usedhereas an exampl® provide alternative emission factors that are
used to calculate the adjustment factors wtised above. The California Predictive
Modelis a spreadshesiased model used to determine compliance of alternative gasoline
formulations withCalifornia CleaneBurning Gasoline regulationsWe use théhase 3

for PM Flat for Producersversion 1231-09 of the CaRFG3 predictive model
(pmproducers2007.Xs This spreadsheet is based on procedures delfinedRB for
evaluating Herndive specifications for Phase 3 reformulatedaine (ARB, 2008).

It should be noted thathile modelssuch as the CAredictive modeéxist to predict
mass emissions from anad vehiclesthere are limitations in these modeBata on off
road engines and on speciation is more limited than data on vehicle mass emissions.
Also, there islimited recent data on fuel ef€ts on high emitters so fuel effects on high
emitters are assumed to be the same as normal emifees effect data on PM imore
limited than data on HGO and NOx In general,liere have not been many evaluations
of fuel effects on US vehicles iegent years so the underlying data to project fuel effects
is very limited. Also, while vehicle technology changes can be accounted for by changes
in emission factors in the modified CONCEPT, the application discussed here considers
only fuel changes.

Table 21 shows the fuel properties for Phase 3 reformulated gasoline that need to

be input tothe California Predictive Moddb evaluate these gasoline specifications as
alternatives.The California Predictive Mode&lonsists of a number of subodels (ARB
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2008). The suimodels are equation®lating gasoline properties to the exhaust and
evaporative emissions changesulting from motor vehicle useTable 22 shows the
pollutants whose emissions are calculatedhgyCalifornia Predictive Modellong wth

the respective emission modes. Tweoiy separate exhaust smodels are available

for seven pollutants (NQ HC, CO, benzene, Iautadiene, formaldehyde, and
acetaldehyde). Three exhaust -sobdels are available for each of the seven pollutants:
one submo d e | for each of three vehicle emissio
(Tech 3(model years9811985) Tech 4(model years 19868995) and Tech §model

years 19964) In addition, six sutimodels are available for evaporative emissions (ARB,
2008). Three sumodels are used for evaporative hydrocarbon emissions and three sub
models are used for evaporative benzene emissions. For both evaporative hydrocarbon
emissions and evaporative benzene emissions, onenadél is used for each of the
following evaporative emission processes: 1) Diurnal/Resting Losses, 2) Hot Soak
Emissions, and 3) Running LosseAlso, the evaporative processes include permeation
emissions when ethanol is used

Table 21. Propertiedor Phase 3 reformulatedgolineinput to the California Predictive
Model (source: ARB, 2008).

Fuel Property Units

Reid vapor pressure (RVP) psi

Sulfur (SUL) ppmw
Benzene (BENZ) vol.%
Aromatic hydrocarbons (AROM) vol.%
Olefin (OLE) vol.%
Oxygen (OXY) min. wt. %
Oxygen (OXY) max. wt. %
Temperature at 50 % distilled (T50) deg. F
Temperature at 90 % distilled (0P deg. F

Table 22. California Predictive Modelpollutants and corresponding units of
measurement and emission modes (source: ARB, 2008).

Pollutant Units Emission Mode
Nitrogen oxides (NG g/mile Exhaust
Carbon monoxide (CO) g/mile Exhaust
Hydrocarbons (HC) g/mile Exhaust
Hydrocarbons (HC) g/mile Evaporative
Benzene (BENZ) mg/mile Exhaust
Benzene (BENZ) mg/mile Evaporative
1,3-butadiene mg/mile Exhaust
formaldehyle mg/mile Exhaust
acetaldehyde mg/mile Exhaust
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Figure 23 shows the steps associated with the modification of emission factors
for alternativefuels and technologies. The base aitkrnativefuel properties are
provided by the user. For testinge use typical fuel properties of conventional and
reformulated gasolineThe fuel properties specified in Tablede input to th&alifornia
Predictive Modebndthe Predictive Model results are subsequeinibyt to a scriptthat
createsan ASCII file with the format specified in Figure£2 Changes in the relevant
emission factorsare calculated byrunning the Predictive Modeltwice, first with the
properties of the base fushdthen withthe new élternativeor candidate) fuel.

The base fuel pperties input tadhe California Predictive Model codee mapped
to the fuel properties required by CONCEPT. In particular, E200 and E300 (the
percentage of vapor of the gasoline fuel at 200 F and 300 F) for the base fuel are
estimated from theCalifornia Predictive ModelT50 and T90 specifications using
conversions found i n EPAOGSs gasoline
(http://www.epa.gov/oms/rfg.hjm

E200 = 147.91 (0.49*T50)
E300 = 155.47 (0.22*T90)

The base fuel properties are input to CONCEPT taint#mission factors which are then
adjusted using Perl code. The code also includes flexibility to handle emission factor
corrections due to technology changes indicated by the user. Two steps are subsequently
performed: (1) the aggregate emission fafbo all 25 model years is calculated and (2)

the 28 vehicle types are aggregated into 8 vehicle classes (as discussed above). The
aggregated emission factors are then transferred back to CONCEPT for speciation.
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Other MOBILE Properties of Properties of
inouts Base fuel alternative

A

Map properties to
those required by

MOBILE
v A
MOBILE 6.2 Alternative fuels information
\ 4 \ 4
Emission factors Emission factors Emission factors
for base fuel for base & for alternative
alternative fuels technology
\ 4 \ 4
Calculate adjustment factor (ratio of alternative to base fug
emission factors) for each pollutant, emission mode, technol
class and vehicle type
\ 4 A

Apply adjustment factor to emission factors from MOBILE 6.
and calculate emission factors of alternative fuel

A 4
Aggregate model years

v
Aggregate vehicle types

Figure 23. Flowchart of steps in the modification of emission factorsifiernativefuels
and technologies.
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# Emission factors from California Predictive Model for exhaust and evaporative emissions for gasoline
# vehicles and trucks
#

# List of Tech Classes:

# Tech3 181-1985 older closetbop threeway catalyst

# Tech4 19861995 closedoop threeway catalyst

# Tech5 1996+threeway catalyst, adaptive learning, LEVs
#

# List of emission types:

# 1 Exhaust emissions from running operations

# 3 Evaporative emissisrfrom hot soak

# 4 Evaporative emissions from diurnal conditions
# 5 Evaporative emissions from resting losses

# 6 Evaporative emissions from running losses

#

# List of pollutants (Mobile6.2 Pollutant#, Name and Units)

# 1 Hydrocarbons (HC) g/mile

# 2 Carbon monoxide (COp/mile

# 3 Nitrogen oxides (NOx)g/mile

# 16 Benzene (BENZ) mg/mile

# 18 1,3Butadiene (BUTAMmg/mile

# 19 Formaldehyde (FORM)Mg/mile

# 20 Acetaldehyde (ACETing/mile

# Note: Exhaust HC, CO, NOx, BENZ, BUTA, FORM and ACET and Evaiper HC and BENZ
#

# Euel properties

Base fuel: RVP(psi), T50(F), T90(F), Arom(vol %), OLE(vol %), Oxygen_min(wt %), Oxygen_max(wt %
Sulfur(ppmw), Benzene(vol %)

Alternativefuel: RVP(psi), T50(F), T90(F), Arom(vol %), OLE(vol %), Oxygen_min(wt %), @aty_max(wt
%), Sulfur(ppmw), Benzene(vol %)

# Emission Factors

Base_orAlternative Fuel, TechClass, EmissionType#, Pahi#, Emission Factor
# Base fuel=1Alternativefuel=2

1,3, 1, 1, 015

2,3,1, 1, 012

#e .é

Figure 24. Format of outputrbm the script that reads emissionfactors from the
CaliforniaPredictive Model
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2.6.Application of the Alternative Fuel Module

The alternativefuel module discussed above was testechenSEMCOG network
for July 15-17, 2005. The impact of using reformulated gasoline in this network on on
road mobile source essions and air quality was analyzsidiscussed below

2.6.1 Impact of reformulated fuel use on orroad mobile source emissions

The properties of the base aalfernativefuel applied to test thalternativefuel
module in CONCEPT are shown in Tabl&82 These fuels correspond to conventional
ga®line and Federal Reformulatecasdline (RFG)with ethanol)assumed for Detroit,
Michigan in summer (AIR, 2005). Complete (100%) marketgbetion of the RFGs
assumed in the test cas€hanges have tbe made to the code to handle partial market
use The T50 and T90 valuesf the RFGcorrespond to E200 and E300 values of 45%
and 84%, respectivelyNote that ethanol is prevalent in conventional gasoline in many
parts of the country; the example providedonly to demonstrate the capabilities of
CONCEPT and should be used with caution.

Table 23. Base andlternativefuel properties.

Base Fuel Alternative Fuel
Fuel Property Units (Conventional (Reformulated

gasoline) gasoline)
Reid vapor pressui®VP) psi 6.9 6.8
Aromatic hydrocarbons (AROM) vol.% 26.1 22.0
Benzene (BENZ) vol.% 1.00 0.87
Ethanol (ETOH) wt. % 0.0 3.5
Olefins (OLE) vol.% 5.6 4.9
Sulfur (SUL) ppmw 30 30
Temperature at 50 % distilled (T50)| deg. F 218 210
Temperature at 90 % diked (T90) deg. F 329 325

Figure 25 showsthe distribution of o-road mobile sourceNOy emissionsby
vehicleandemission typen the base fuel scenario ithhe SEMCOG network oduly 16,
2005 Total onroad NQ emissions in the SEMCOG area are 1@bstdayin the base
fuel scenario The two largest categories are exhaust emissions from heavy duty diesel
vehicles (HDDVs) and light duty gasoline vehicles (LDGVSs). Figufeshows théNOy
emissiondrom the top three gasolifgowered vehicle categodg@andthe relativechange
in emissiondn shifting from conventional gasoline BFG. There is a 6% increase in
NOy emissions from these three categoaes a 3% increase across all categories (not
shown)
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Figures 27 to 2-12 show similarplots for CO, formaldehge (FORM) and
ethanol (ETOH) emissiorsutput fran CONCEPT(FORM and ETOHare shown here as
two examples of volatile organic compon(vOCs). Total CO emissions in the
SEMCOG network are 1197 tons/day in the base fuel scen@here is darge (>15%)
and consisterdecrease in CO emissiodse to the use of the oxygenated fuahia three
categorieglight duty trucks 1 and 2 and light duty gasoline vehickgs) the highest CO
emissions. There is a 18% decrease in CO emissions froresh three categories and
13% decrease across all categoriesxhaust FORM emissions show decreases-&¥H
due to RFG use while evaporative FORRissions show increases e14%. There is a
3% decrease overall in FORM emissiorisxhaust emissions of BEJH also decrease but
the increases in evaporative running and resting losses more than compessaitg in
a 5% increase overall in ETOH emissions.

The emissions results presented hem® only to serve as an example
demonstration of the modifie@ONCEPT and shouldnot be generalizetbecause of
limitations in the CA predictive model.

Differences in fuel properties among different types of fuels in US are decreasing
and are much smaller that they werelBlyears ago. With reductions in fuel sulfoete
is now very little difference in sulfur content between conventional and reformulated
fuels. Also ethanol blending continues to incredisere have been significant changes in
the conventional gasoline over the past(byears particularly in the amot of ethanol
use The use of ethanol will narrow differences in oxygenate, aromatics and distillation
properties between conventional and reformulated fueisis, he emissions and air
quality impact offuel differences modeled in the report (with amidhout 10% ethanol)
are overestimated

The computational time for the CONCEBMroad moduldas 6 hourdor one day
in the SEMCOG networkn aserver withan AM D Opteron 29@.8 GHz processorThe
time indicatedincludes the last step of tteONCEPT processing, i.e., creation of the
CAMx mobile sourceemissions filefor SEMCOG (running CONCEPT for multiple
networks would result in almost a linear increase in computational requiremenits)
to running CONCEPT, the alternative emission factors habe tobtained and provided
in the format requirednd other CONCEPT inputs set.ufphe time requiredo set up
CONCEPTIs variable anddependsmostly on the availability of alternative emission
factors it takes approximatel$0 minutedf the emission fators are availableAfter the
CONCEPT run the CAMx emissions file createdy CONCEPT for a given network
(here SEMCOGhas to be merged wigmissions from other networks create the final
CAMx-readylow-level emissions file This process takes onlyfaw minutes provided
the other files are readily availableOverall, the effort required to use CONCEPT is
mostly dictated by the actual CPU time of CONCE#T not preor postprocessing
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Figure 25. Onroad NQ emissionsn the kase fuel scenarim the SEMCOG networkn
July 16, 2005
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Figure2-6. Effect of reformulated gasoline on-omad NQ emissionsn themodelin the
SEMCOG networkon July 16, 2005 emissions due to conventional gasoline (top) and
percent changeug to reformulated gasoline (bottom).
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Figure2-8. Effect of reformulated gasoline on-ovad COemissionsn the modein the
SEMCOG networkon July 16, 2005 emissions due to conventional gasoline (top) and
percent change due to reformulated gasoline (bottom).
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Figure 2-10. Effect of reformulated gasoline on-moad FORMemissionsn the modein
the SEMCOG networlon July 16, 2005 emissions due to conventional gasoline (top)
and percent change due to reformulated gasoline (bottom).
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Figure 211. Onroad ETOH emissionis the base fuel scenariothe SEMCOG network
onJuly 16, 2005
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Figure 2-12. Effect of reformulated gasoline on -mvad ETOH emissionsin the
SEMCOG networkon July 16, 2005 emissions due to conventional gasoline (tapd a
percent change due to reformulated gasoline (bottom).
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2.6.2 Impact of reformulated fuel use on ambient ozone and PM

CAMx simulations were conducted usirthe mobile emissions factors for
conventional and reformulated gasoline in BMCOG netwak over a domain at 12
km resolution over th#lidwesternUS for July15-17, 2005(seeinner domain inFigure
2-13). Other emissiondataand other inputs were obtained from LADCO and were held
constant between the base and alternative fuel scenatdiosparticular, boundary
conditions were obtained from a LADCO CAMx simulation at 36 km resolytiothe
outer domairshownin Figure 213). Thesimulation results are described below. These
results are not intended to be a comprehensive representatitiarotivefuel impacts,
rather a demonstration of the utility of the CONCEPT/CAMx model suite.

Figures 214 and 215 show the peak hourly surface ozaoacentrationgn the
base fuel scenarion July16, 2005 and July17, 2005, respectivelyJuly 15, 2005 is
excludedfrom the analysido partially account fothe effect of not using model spip).
Also shownare the changes hourly surfaceozone at the hour of maximum change due
to use of reformulated gasoline in the SEMCOG networRurface hourly ozone
decreases by up to8ppb in some areas and increases by up to 0.4rppthersin the
vicinity of the SEMCOG areaThe ozone decreases and increaseslageochangesn
NOy, VOC and CO emissions (depending on the region, ozone fornatidd be NQ-
or VOCimited). CO contributes in small measuréo ozone formation, although its
reactivity is much lower than most of the VOC species

It should be noted thahe ozone and PWMs resultsare presented here only to
demonstrate the Q@CEPT/CAMx model suite and should interpreted with caution
because of limitations in the CA predictive model and because the CONCEPT/CAMXx
application is conducted here over a short time period with limited data. ehtsssions
changes are natonsideredfor nonroad mobile sources, and nbght duty onroad
sources. Also, other changes, such asea source refueling emissions, marketing and
distribution, or ethanol production related emissions, are not included in this application.

Figures2-16 to 2-19 showsimilar plots for8-hr ozone(from noon to 7 pm EDT)
and for24-hr average Pl concentrations. 8-hr ozone changes by less than 1 ppb.
Surface 24r average PWs concentrations changgpically by less thanl.0%. The
effect of reformulated gasile is seen not only in Michigan but also in othvedwestern
states, reflecting, in part, thensport of PM precursors asdcondary PMs formation
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Figure 214. Impact of reformulated gasoline usethe SEMCOG networlon surface
ozone concentrations;epk hourly ozone concentration due to conventional gasoline
(left) and change in hourly ozone at hour of maximum change tduesformulated
gasolire (right) onJuly 16, 2005
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Figure 215. Impact of reformulated gasoline usethe SEMCOG networlon surface
ozone concentrations;epk hourly ozone concentration due to conventional gasoline
(left) and change in hourly ozone at hour of maximum demueto reformulated
gasoline (right) oduly 17, 2005
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Figure 216. Impact of reformulated gasoline usethe SEMCOG networlon surface
ozone concentrationg-hour averaggnoon7 PM EDT) ozone concentration due to
conwentional gasoline (left) and change due to reformulated gasoline (right)lyii6,
2005

Figure 217. Impact of reformulated gasoline usethe SEMCOG networlkon surface
ozone concentrationsg-hour averaggnoon7 PM EDTI) ozone concentration due to
conventional gasoline (left) and change due to reformulated gasoline gty 17,
2005
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