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X MOVES International Approach

e Overall goal is to create a generalized process for modifying
MOVES for International application.

e Initial project creates a framework for MOVES expansion
— ldentify preliminary steps
— Applies steps to Java codebase and MySQL structure

— Intended to be used in limited analysis conditions for light
duty vehicles

— ldentify potential future improvements

* |nitial research into MOVES International development
documentedin a white paper by Koupal et al.

— http://www.epa.gov/oms/models/moves/MOVES2010a/p

aper137-tap2010.pdf ‘ERG



| Recommend a “Tiered” approach
to customization

e EPA’sTiered Approach —required because full customization
of the model would require intensive data collection and
analysis

— Tier 1: Use MOVES “Custom Domain” for input of some local data

e Activity, fleet, fuel dataand other parameters

* Wouldstill use US-centric emission rates and drive cycles
— Tier 2: Implementation of International Emissions Standards

e Developalternate emission rate tables

* Takeinto account fleet penetrationand implementation dates

* Wouldstill use US-centric drive cycles, vehicle classes, road types, etc.
— Tier 3: Complete Data Customization

* Allowfor customized vehicle classes, road types, drive cycles

e Requiresmost effort in both developmentand data analysis

WNERG



U.S. IMPLEMENTATION
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MOVES designed to be adapted for
' international use

e “Customdomain” option allows international
users to define and customize their region

) Nntion ate IO 99
 State ounty 1z | 1-999, labels the county within a state.
- DesCr . |Beling_China
o iptian: ! ing_Chi
GPA Fraction: 0.0 | Fraction of county within a fuel Geographic Phase-in Area
foIDOAMR SR Har. Pressure: |26.94 | inHg {avg. Tor low altitude is 28.9, avy. for high is 24.6)
® Cusfom Domain  yapor Adjust: 0.0 | Refueling Vapor Program Adjustment Fraction
Spill Adjust: 0.0 | Refusling Spill Program Adjustment Fraction
Dormiain bput Database
The County domain scale requiies a database of detalled data.
Server: | Iocalhost
Databas Ender Edit Data Refresh
Geographic Bounds Requirements
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-
MOVES County Data Manager can be used to
easily set up custom database of “15t Tier” data

— Accepts inputs for custom fleet, fuel and activity in
MS Excel format, converts to MySQL data used by
the model

MOVES County Data Manager El

@ Vehicle Type VMT Zone Road Activity | @ IMReflash Programs | Tools |
(2 Meteorology Data 2 Road Type Distribution r @ Source Type Population
RunSpec Summary rDatahase ] Age Distribution rTﬁ Average Speed Distribution rTﬁ Fuel Supply r () Fuel Formulation

Select or create a database to hold the imported data.

Server: |Inca|host |
Database: |Beijing_lnputs ‘v || Create Database | | Refresh |
Log: | Clear All Imported Data |

Database

| =NERG




J Initial MOVES Coding Changes

e Allow for use of the MOVES Custom Domain
option in input of localized data
 Code updates proposed:

— Allow for the fleet to be certified to any US or Euro
standard

— Fuel Effects Generator (Java) must be generalized
— Sulfur Model (SQL) must be generalized
— Importer will account for metric and English units

— InputDataManager to be restricted during import of
int’l data

e MySQL Table Updates: numerous, see below

WNERG



Initial MOVES Coding Changes

Partial List of MySQL Tables Requiring Update

atBaseEmissions

atRatioGas2 X
atRatioNonGas X X
baseFuel X

crankcaseEmissionRati

0] X X
cumTVVCoeffs X X
dioxinEmissionRate X X
emissionRate X X
emissionRateByAge X X X
fuelModelWtFactor X X X
fuelModelYearGroup X

VERG



v

Emission Rate Converter

e ERG has developed a software tool to create a

suite of emission rate tables for input to
MOVES

— The tool serves as a “front-end” to generate

inputs to the MOVES model that are appropriate
for international locations

* Tool will allow user to enter standards and
phase-ins by vehicle class and model year

* |f no new data are available, tool will map
existing MOVES rates to desired standards

WNERG



7 Current MOVES Uses ratios for
estimating Emissions

e Tier 1 Emissions levels used to benchmark
emissions levels

e Tier 2 (bin 2-bin 10) and LEV emissions levels
are developed based on ratios to Tier 1 levels

e This structure allows for the use of

international vehicle emissions standards in
MOVES

WNERG



; 4 Emission Standard Ratios:

Relatmg Various EURO Standards to U.S. Tier 1

ERG used PEMS data to develop FTP (US) and NEDC (EUROQ) cycle emissions
estimates for light-duty vehicles available from:

— US : Kansas City Study (500 vehicles)
— Europe— ECJoint Research Center (JRC), Milan (~10 vehicles)
— Hong Kong — Environmental Protection Division (EPD) (~ 25 vehicles)

For this data, instantaneousVSP was calculated on a sec-by-sec basis

2 3
Av, + Bv; + Cv; + mv,a, + mgv
m

vertical

VSR, =

HC, CO, and NOx emissions were then binned by VSP/speed, and average
emissions calculated. These averages were applied to the FTP and NEDCVSP bin
distributionsfor cycle-equivalent estimates

In the future, emissions data from PEMS or dynamometers could directly be used

in the development of emissions rates “ERG
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Calculate VSP from vehicle Classify data observations
speed, acceleration, mass, and into 23 bins depending on
road grade for each observation VSP and vehicle speed

e
_:J"I,L;.hlﬁl rr'ukﬂ‘hu\llrl r| Veh. Speed g ME% T :
! \ |" r‘H |
H |\ ” .
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FTP/NEDC
Equivalent

Emission
Level

47 Analysis of Emissions Data by VSP

Method for Estimating FTP-Equivalent Emissions

Find average
emission
level in each
VSP bin

/

Find distribution of time
spentin each VSP bin for
a similar size/weight

Multiply calculated average | vehicle over the FTP cycle

emissions by the
FTP/NEDC VSP bin time
distribution and sum for all
bins

VERG
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< Hong Kong EPD NEDC cycle-equivalent
emissions levels compared to EU standards
CO, Sl Taxi and PC, by age
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HC Ratio

HC: NEDC/FTP by model year group, both cars and trucks

NEDC/FTP Nox Ratios
! : for KC vehicles
2 : % Presented by Model Year Group
‘E % E :: NOx: NEDC/FTP by model year group, both cars and trucks
For both HC and NOXx, the 5

ratio of estimated NEDC to ]
FTP emissions appears to i
increase with newer model b
years (ie. lower overall '
emission levels)
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Estimated Ratios NEDC/FTP
for various data

Model

Vehicle Type/Source Year CcO NOx HC
Car-gas (KC) Pre-83 1.136 1.004 1.113
Car-gas (KC) 83t092 1.211 1.021 1.281
Car-gas (KC) 93t098 1.484 1.135 1.641
Car-gas (KC) 99&nwr 1.985 1.561 2.234
Car-gas, (JRC) 99&nwr 2.318 1.482 .
Car-gas, (HK)** 93t098 0.844 0.913 0.903
Car-gas, (HK)** 99&nwr 0.988 0.910 0.906
Truck-gas (KC) Pre-83 1.035 0.959 1.048
Truck-gas (KC) 83t092 1.292 0.983 1.236
Truck-gas (KC) 93t098 1.452 1.071 1.493
Truck-gas (KC) 99&nwr 1.965 1.397 2.250
Car-Diesel, (JRC) 99&nwr 1.435 1.066 --
Truck -Diesel (HK)** 83t092 0.881 0.921 --
Truck -Diesel (HK)** 93t098 0.886 0.962 0.874
Truck -Diesel (HK)** 99&nwr 0.949 0.904 --

**_The HK data did notinclude cold-start data, as such all operation s

assumed to be warm

We can use these
ratios as a guide for
relating Euro-
certified vehicle
emission levels to
the FTP based
levels in MOVES

WNERG



| ’ ’/ Initial Estimates for FTP emissions levels for vehicles
w certified to US and Euro standards (based on the
previously presented ratios)

A comparison of Euro and US EPA emissions standards, with Euro

standards presented in estimated equivalent g/mi over the FTP cycle
«Sorted in decreasing order by each pollutant

CO (g/mi, FTP) NOx (g/mi, FTP) HC (g/mi, FTP)
Eurol 3.600 Euro 1** 0.654 Euro 1** 0.693
Tier| 3.400 Tierl 0.400 Euro 2** 0.279
Tier 2, B8 3.400 Euro 2** 0.304 Tier | 0.278
Tier 2, B6 3.400 Euro3 0.154 Euro3 0.143
Tier 2, B5 3.400 Tier 2, B8 0.140 Tier 2, B8 0.106
Euro 2 2.376 Euro4 0.082 Tier 2, B6 0.080
Euro 3 1.852 Tier 2, B6 0.080 Tier 2, B5 0.080
Euro4 0.805 Euro5 0.062 Euro4 0.071
Euro 5 0.805 Tier 2, B5 0.050 Euro5 0.071

**- The Euro standard was for NOx+HC, split apart here based on
subsequent ratios of separate NOx/HC standard levels

WNERG



Equivalent NOx Standards — Passenger Cars
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‘Develop Model Year Matrices by

Fraction
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MOVES International Emission Rate Calculator

Model Year Selection Euro ) Pre Tierl [ Tier 1 / NLEV | Tier 2 Bin 1-5 | Tier 2 Bin 6-10 A LEV1 / LEVZ 1}

Begin End Euro | Euro Il Eura | Euro IV Euro V
H H H e oy H =
1981 1985 0.9 0.1
H H H e oy H =
1986 1990 0.8 0.2
H H H }{ }{ H £
1991 1996 0.3 0.5 0.2
H
1597 i . MOVES International Emission Rate Calculator
2002 T
H
2008 20 Eurg | Pre Tierl / Tier 1 f NLEV | Tier 2 Bin 1-5 - Tier 2 Bin 6-10 | LEV1 / LEVZ
» Modal ¥ear Selection ® " 5. 3 b
Begin End Tier 2 Bin 6 Tier2 Bin 7 Tier 2 Bin 8 Tier2 Bin 9 Tier 2 Bin 10
. £ X x * £ =
® 1981 1985
X X X X £ =
1986 1990
H = H H H = oy
1991 1996
H E H H i E o
- 1997 2002 0.15 0.55 0.3
. £ X x * £ =
2002 2008 0.7 0.2 0.1
X £ X X X £ =
2008 2013 0.1 0.6 0.3
H = H H H = oy
H E H H i E o
Calculate | | Export to XLS




7 Future MOVES International

Updates

e Addition of vehicle classes (taxis, etc)

e Additions/updatesto road types or drive

SC
e As

nedules
more emissions data becomes available

MOVES rates can be changed directly

e Additionallanguage support

* Allupdates will require extensive code testing,
execution of model test cases, and
documentation

WNERG
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