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Background

EPA has been collecting data on mobile source
emissions since its creation in 1972

National Vehicle and Fuels Emission Laboratory, Ann Arbor Ml
Various contractor laboratories

Until recently, data collected has been

Driving cycle based — the Federal Test Procedure

Specific test conducted under controlled lab conditions, including
temperature, fuel, tires, drivers, and drive cycle

Measurements taken on chassis or engine dynamometers
Collected as part of new vehicle/engine certification (all)

Or collected through in-use recruitment (some)
Borrow car or truck from owner and bring into the lab




Modeling

In 1978, EPA created MOBILE1

First generation emission factor model to inventory highway
mobile source emissions from cars and trucks

Relies on gram/mile, driving cycle based emission factors
generated using the Federal Test Procedure

Correction factors used to adjust for temperature, fuels,
altitude, speed, and so on

Non-road model developed later
Current version is MOBILE®6
Fortran based model

Hard coded
Regional scale model with limited capabilities



Problems

Recruiting light-duty cars was not too hard

Send owners of target vehicles letters offering incentives
Rental car
Gasoline
Repairs
Test cars on dynamometers readily available in labs
$2,000-$5,000 per test
Recruiting heavy-duty trucks and nonroad engines ne arly
Impossible
Very expensive
Remove engine from chassis to test on engine dynamometer
$50,000 per test!
Owners unwilling to part with commercial vehicles
Resources simply not available to cover the cost



More Problems

Laboratory tests don'’t reflect the real world

Original purpose of tests was to
Drive vehicle/engine design

Provide a consistent, repeatable basis for enforcement of new
vehicle/engine standards

Not designed to necessarily reflect real-world operation

Controlled conditions were part of the problem
Temperature — has significant impact on emissions
Driver — has significant impact on emissions
Fuel — has significant impact on emissions
Grade, speed, acceleration, load, etc.



Portable Emission Measurement
Systems - PEMS

Collect data on-road under real-world conditions
EPA actively supported industry development of PEMS
Laboratotry in a box

Measures critical pollutants of interest
Hydrocarbons (using a flame-ionization detector)
Carbon Monoxide (using a non-dispersive infrared analyzer)
Oxides of Nitrogen (using a ultra-violet detector)
Particulate Matter (using a quartz-crystal microbalance)
Carbon Dioxide
Measures other critical elements
Speed, acceleration, ambient conditions, GPS, etc.
Vehicle operated by owner under normal conditions





















On-Road Data vs. FTP

On-Road Data



need Acceleration Frequency Distribution
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Average NOX (gbpHr)

B On-Road Bus Data
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Real World Bus Emissions

Emission Standard

On-Road Data On 15 1996 MY Urban Buses:
36%0 higher than standard
52% higher than MOBILEG6 prediction from cert
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Modal Emission Analysis



New Model: MOVES

Motor Vehicle Emission Simulator
MySQL database with a Java GUI
Entirely data driven

MOVES2009 currently out in draft form
Final model to be released by the end of the calendar year

Entirely new approach
Uses second-by-second emission data converted into Vehicle Specific Power
Equation developed by Jimenez-Palacios (MIT) for light duty vehicles:

VSP(kW/metric ton) = v[1.1a + 9.81(atan(sin(grade))) + 0.132]
+ 0.000302v3
Where
vV inm/s
a inm/s2
1.1 = coefficient of equivalent mass for rotating components
9.81 = acceleration of gravity (m/s2)
0.132 = rolling resistance coefficient
0.000302 = drag term coefficient
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CO2 Emission Rate By VSP Bin
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MOVES Data

Based on extensive data collection and analysis

Landmark study of light-duty gasoline PM in Kansas City
Conducted by EPA under contract with ERG
Extensive testing of >500 randomly selected vehicles
Car and light truck results from IM240 random sample data
Data on newest vehicles from in-use compliance testing
Extensive new evaporative emission data
Heavy-duty truck data from multiple sources

Studies by EPA, CRC, West Virginia University, University of
California, Riverside, et al.
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Data Issues

Data Quality

Measurement instruments
Time Alignment

Correlating second-by-second measurements to speed/accel
Preconditioning

Significant impact on vehicle emissions
Test Type

Lab tests vs. IM240 vs. other I/M tests
Sample Size

Not necessarily a panacea
Sample Recruitment (Randomness)

Bias?
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Pre-conditioning Effects

Example: data from Metro Chicago

To assess level of conditioning:
|solate sample of back-to-back tests
Average all tests by second over IM240
Plot “first” and “second” time series

Examine three model years

1994, 1998, 2000
Use THC as example

Acknowledgement: Phil Heirigs, Sierra Research
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THC time series on IM240: MY 1994
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THC time series on IM240: MY 1998
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THC time series on IM240: MY 2000
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Data Pros and Cons:

Lab vs. I/M vs. RSD

Lab

I/M

RSD

High Emitters

Controlled Conditions

Sample Size

Operating Range

Data Points per Vehicle

MY X Age coverage

Covers non I/M areas
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Remote Sensing Data
(Approximate no. measurements )

Location I/M Area Non I/M Area
St Louis (2004) 2,000,000

Virginia (2003-05) 210,000 79,000
Colorado (2004-05) 280,000 14,000
Georgia (2004) 170,000

lllinois (2003-05) 165,000 4,800
Indiana (2003-05) 49,000 56,000
Tulsa, OK 19,000
Omaha, NE 18,000
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RSD: Processing

Convert concentration ratios to mass ratios
Multiply by ratio of molecular weights
Apply aromatic adjustment factor (THC only)
RSDs detect only alkanes
Adjustment accounts for missing aromatics
Restrict to temperature range (68-86 deg. F)
Use CO, rates to estimate mass rates
Can’t generate mass rates independently
Calculate VSP for each measurement
Necessary to fit into MOVES opModes
Necessary to compare to dynamometer data
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Abandoned RSD For Populating
MOVES

RSD data have restricted model year by age coverage
(historic depth)
Limited usefulness in assigning deterioration
Hydrocarbon measurements are not reliable
NDIR technology only “sees” limited subset of HCs
Evaporative emissions may confound results
RSD siting catches vehicles in light to moderate ac ~ celeration
modes

Results describe emissions only for limited cruise/acceleration
operating modes

Cannot provide measurements for coasting, decel/braking or idle

Used RSD for secondary roles, such as verification of results
obtained from dynamometer data 28




IM240 Data from I/M Programs

New York Instrumentation/Protocol Assessment (NYIPA )
Evaluate proposed short test against IM240
Enhanced program since April, 2000
Previously Basic program
Metropolitan Chicago (IL)
Enhanced program (with fast-pass)
Proposal: use “back-to-back random sample”

Phoenix (AZ)
Enhanced program (with fast-pass and fast-fail)
Proposal: use random samples
CY 1995-1999 (2% random IM240)
CY 2002-2005 (stratified-random IM147 in triplicate)
St. Louis (MO)

Enhanced program (with fast-pass)
No random sample
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IM240 Program Characteristics

Chicago Phoenix New York $t. Louis
Type Enhanced Enhanced Basic/ Enhanced
Enhanced
Network Centralized Centralized Decentralized dentralized
Exempt MY 4 most recent 4 most recent 4 most recent 2 most recen
Random YES YES n/a NO
Sample?
Official Test Idle, IM240, Idle/SS, IM147, n/a IM240/0BDII
OBD Il OBDII
Test Type IM240 IM240 IM240 n/a
(for random) IM147
Available CY2000-04 CY 1995-99 CY 1999-2002 CY 2002-05
2002-04
Size 8,900 tests 62,500 tests 8,100 tests
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Data Sources and Quality Issues

Issue Dataset Approach
NYIPA AZ IL MO
Measurement Error
Inadequate conditioning OK OK OK NO use replicate B2B tests
implausibly high fuel economy ?7?7? OK OK OK  outlier screening
time-series alignment OK OK OK OK statistical alignment
"analyzer saturation," "plateaus” ?2?7? OK OK exclude extreme cases
Non-representativeness
influence of CA LEV program? ?7?7? n/a n/a
non-random recruitment ?2?7? OK OK? NO use random samples
fast-pass/fast-fail bias n/a OK OK? NO use random samples
clean-screen bias n/a n/a n/a OK
OBD -screen bias OK OK OK NO use random samples



AZ:. Stratified Random Sample

(Since January, 2002 )

Official Test

MY 1980 and previous
MY 1981 — 1995

MY 1996 and later

: Loaded-mode + Idle

: IM147
: OBD Il

Failing Stratum
Oversampled C

“higher” sampling rate

Project

Result

Passing Stratum
“lower” sampling rate

Receive Triplicate IM147
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IM240 Data Is Useful

Mostly used AZ data
Multi-year data
Consistent random sampling of the fleet across all model years
Triplicate tests to address conditioning issues

Did not use MO data
No random evaluation sample with full-duration IM240
Lack-of-conditioning bias compounded with fast-pass bias
OBdD bias - gave IM240 to 1996+ vehicles only if OBD had trouble
codes
Clean-screen bias - used RSD to screen out clean vehicles from
IM240 test

New York and Chicago data were use in supportingro les
Much shorter duration than Arizona data
Limited MY x age combinations represented

AZ dataset far larger — pooling disparate datasets could result in
uneven influences

33



EPA In-Use Verification Program

Manufacturer-run program
Started in 2003
About 2,000 tests per-year

Both low & high mileage tests on as-received,
minimally screened customer-owned vehicles

Vehicles measured on FTP, US06, and other
cycles
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Using IUVP

Can segregate data by Tier group

Tier 1
NLEV (TLEV, LEV, ULEV)
Tier 2 (Bins 2-8)

Represent “cold-start” as Bagl — Bag3 (Q)
Represent “running” as Bag 2 (g/mile)
Average data by Tier and compare ...
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IJUVP Results for LDV NOXx

FTP Composites + Standards




Verification Results: LDV NOx




Draft MOVES Results

National trends
HC and CO emissions similar or lower than MOBILEG6.2
Total NOx emissions higher than MOBILEG.2
Total PM emissions substantially higher than MOBILEG.2

Three city analysis to illustrate changes
Representing different regions of the country
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HC

I/M program data shows

MOBILEG6 overestimated HC

emissions from newer

technology cars

Evaporative emissions on new

technology vehicles very low
Leaks a problem though
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PM; 5

Kansas City program found high
gasoline PM emissions especially at
cold temperatures among LDVs

Data on heavy trucks shows
significant deterioration

MOVES accounts for impact of vehicle
speed and ambient temperature
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Impact of Traffic Smoothing on CO >
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More Information

For more information, go to the MOVES website
www.epa.gov/otag/ngm.htm

Best way to provide comments
Send an email to: mobile@epa.gov

43



