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EPA ON-ROAD MODELS

History
MOBILE1 1978
MOBILE2 1981
MOBILE3 1984
MOBILE4 1989
MOBILES 1993
MOBILE6 2002
MOBILE6.2 September 2003
Draft MOVES2009 April 2009
MOVES2010 March 2010
MOVES2010a September 2010
MOVES2010b October 2012
MOVES2014 October 2014

MOVES2014a TBD




EPA ON-ROAD MODELS
MPO Application




MOVES INPUTS
County Database (*New Inputs for MOVES2014)

AVFT

Fuel Formulation

Fuel Supply

/M Coverage

Road Type

Source Type Age Distribution
Zone Month Hour
Year

County

Zone

State

Zone Road Type

Road Type Distribution
Source Type Year

Hour VMT Fraction

AVFT = Alterative Vehicle Fuels and Technologies VMT = Vehicle Miles of Travel

HPMS Vehicle Type Year

Month VMT Fraction

Day VMT Fraction

Average Speed Distribution

Import Starts Operational Mode
Distribution

Hotelling Activity Distribution*

Hotelling Hours*

On-Road Retrofit*

Starts

Starts Hour Fraction

Starts Hour Adjust

Starts Per Day

Starts Source Type Fraction

Fuel Usage Fraction

I/M = Inspection and Maintenance HPMS = Highway Performance Monitoring System



MOVES INPUTS

Inventory Mode vs. Rate Mode

MOVES Inputs Inventory Mode Rate Mode
AVFT Local Local
Average Speed Distribution Local Local/Default*
Day VMT Fraction Local Local/Default*
Fuel Formulation Local Local
Fuel Supply Local Local
Fuel Usage Fraction Local Local
Hour VMT Fraction Local Local/Default*
HPMS Vehicle Type Year Local Local/Default*
I/M Coverage Local Local
Month VMT Fraction Local Local/Default*
Road Type (Ramp Fraction) Local Local
Road Type Distribution Local Local/Default*
Source Type Age Distribution Local Local
Source Type Year Local Local/Default*
Zone Month Hour Local Local

*Default data can be used for these inputs with no impact on emission factors.



MOVES INPUTS

Data Sources

Inputs Sources

Meteorology, Fuel, and I/M State Air Agency, EPA Default

AVFT, Vehicle Population, and

Age Distribution State DOT, EPA Default

Road Type, Month Type and

Day Type VMT Distribution State DOT, MPO, EPA Default

Average Speed Distribution,
Ramp Fraction, Hourly VMT MPO, State DOT
Distribution

VMT State DOT, MPO

VMT-Mix State DOT

EPA = Environmental Protection Agency
DOT = Department of Transportation
MPO = Metropolitan Planning Organization




EMISSION INVENTORIES

Modeling Domain

X

(
Legend \ K / : l’
parporen | [ ) 4
5 1 /COLLIN/
Al
PARKER

HOOD

North Central Texas
Council of Governments

TSZ = Traffic Survey Zones

Travel Model

. 2006
Information

Counties 12 12

TSZ 5,386 5,386

Roadway Links 32,481 41,911

Vehicle Miles | ) -2 906,513 | 228,942,441

Travelled

Area (sq. Mile) 10,000 10,000

Population 5,878,154 7,316,887

Centels 13,617 18,391

Miles

Lane Miles 38,940 50,470

UETEE 4,241,039| 5,601,081

Population

Employment 3,672,033 4,599,609
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EMISSION INVENTORIES
MOVES2014 Resource Planning

Single Conformit
Analysis "Y' ADsIP RFPSIP
Analysis
Year
Network Development )4 96 48 96
(hrs.)
Activity Run (hrs.) 24 96 48 96
MOVES Inputs (hrs.) 8 32 16 152
MOVES Rate Runs (hrs.) 36 144 72 456
Link Level Inventories 3 32 128 184
(hrs.)
El Development (days) 4.5 16.7 13 41
Hard drive Space (GB) 25 100 600 200

ADSIP = Attainment Demonstration State Implementation Plan
RFPSIP = Reasonable Further Progress State Implementation Plan
Note: Time is based on running on a single computer.



MOVES2010b VS. MOVES2014
2006 Analysis

350.00
300.00
250.00
200.00
150.00
100.00
A “
0.00 i [ —
VMT (1076 mpd)  Pop (1075) CO (10”1 tpd) NOXx (tpd) VOC (tpd) CO2(1073tpd)  PM2.5 (tpd) PM10 (tpd)
i MOVES2010b 163.90 42.40 137.80 318.90 125.00 92.00 11.00 11.44
B MOVES2014 163.90 42.40 143.70 324.00 124.20 92.30 10.73 11.74
% Difference 0.00% 0.00% 4.28% 1.60% -0.64% 0.33% -2.45% 2.62%
mpd = miles per day CO = carbon monoxide CO, = carbon monoxide
tpd = tons per day NO, = oxides of nitrogen PM = particulate matter

Pop = population VOC = volatile organic compounds




130.00

120.00

110.00

100.00

90.00

80.00

70.00

60.00

mpd (million miles)

50.00
40.00
30.00
20.00
10.00

0.00
MC
E MOVES2010b 0.12

H MOVES2014 0.12
% Difference 0.00%
MC = motorcycle

PC = passenger car
PT = passenger truck

MOVES2010b VS. MOVES2014

2006 Analysis: VMT

PC PT LCT BUS

120.29 23.95 7.51 0.43
106.90 34.15 10.70 0.43
-11.13% 42.59% 42.48% 0.00%

LCT = light commercial truck MH = motor home
RT = refuse truck CT = combination truck

SUT = single unit truck

RT
0.15
0.16

6.67%

SUT

5.01

5.02
0.20%

MH
0.05
0.03

-40.00%

cT
6.41
6.41
0.00%
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MOVES2010b VS. MOVES2014
2006 Analysis: NO,

130.00
120.00
110.00
100.00
90.00
80.00

70.00

tpd

60.00

50.00

40.00

30.00

20.00

10.00

MH CcT

0.00

LCT BUS RT SUT

M MOVES2010b 0.10 100.00 44.20 17.70 7.67 2.30 28.68 0.31 117.90

MC PC PT

EH MOVES2014 0.10 85.30 54.10 19.20 7.72 2.56 31.06 0.17 123.70
% Difference 0.00% -14.70% 22.40% 8.47% 0.65% 11.30% 8.30% -45.16% 4.92%
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MOVES2010b VS. MOVES2014
2006 Analysis: VOC

80.00
70.00
60.00
50.00
B 40.00
=]
30.00
20.00
10.00
McC PC PT LCT BUS RT SuT MH cT
4 MOVES2010b 1.80 70.80 29.20 9.43 0.40 0.13 4.50 0.12 8.46
M MOVES2014 1.00 64.10 32.20 10.72 0.55 0.16 5.40 0.07 9.94
% Difference  -44.44% -9.46% 10.27% 13.68% 37.50% 23.08% 20.00% -41.67% 17.49%
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MOVES2010b VS. MOVES2014

NO, Emission Processes

MOVES2010b
Crankcase Start Exh Crankcase Ext Idle
0.00% 0.00%
Ext Idle Exh

Crankcase Run Exh
0.02%

2.89% Aux Exh

/ 0.00%

Aux = Auxiliary
Exh = Exhaust
Ext = Extended

MOVES2014

Crankcase Ext Idle
0.00%

Ext Idle Exh
Crankcase Run Exh 3.44%

0.05%

Crankcase Start
Exh 0.00%




MOVES2010b VS. MOVES2014
VOC Emission Processes

MOVES2010b

Crankcase Start Exh
0.41%

Crankcase Ext Idle
0.05%
Ext Idle Exh

Evap = Evaporative
Perm = Permeation

Crankcase Run Exh
0.42%

Evap Fuel Leak

MOVES2014
Crankcase Start Exh Crankcase Ext Idle
0.40% 0.11%
Crankcase Run Exh Ext Idle Exh

Aux Exh

3.07% 0.00%

0.60%

Evap Fuel Leak

3.60%

/\\/
£
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MOVES2010b VS. MOVES2014

250.00
200.00
150.00
100.00
50.00
0.00
VMT (1076 mpd)
i MOVES2010b 228.90
H MOVES2014 228.90
0.00%

% Difference

Pop (1075)

56.00
56.00
0.00%

2018 Analysis

CO (1011 tpd) NOXx (tpd) VOC (tpd)
122.30 157.70 63.70
101.80 133.70 64.60

-16.76% -15.22% 1.41%

CO2 (10”3 tpd)
125.10
120.20
-3.92%

e
PM2.5 (tpd)

4.32
4.27
-1.16%

| PR N |

PM10 (tpd)
4.53
4.69

3.53%
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MOVES2010b VS. MOVES2014

2006 Emission Factors for Gasoline Passenger Cars
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«=@=NOx (MOVES2014)
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mph = miles per hour



MOVES2010b VS. MOVES2014

2006 Emission Factors for Diesel Combination Trucks

100.00 9.00
== NOX (MOVES2010b)
90.00 G
=@==NOx (MOVES2014)
80.00
«=8==\/0C (MOVES2010b) 7.00
< 70.00 =0==\/OC (MIOVES2014)
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VOC Emission Factors (grams/mile)



Emission Factors (grams/mile)

0.45
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0.00

MOVES2010b VS. MOVES2014

2018 Emission Factors for Gasoline Passenger Car

«0=NOx (MOVES2010b)
=#=NOx (MOVES2014)
«=9==\/OC (MOVES2010b)

«=#=-\/OC (MOVES2014)
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Speed (mph)
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MOVES2010b VS. MOVES2014

2018 Emission Factors for Diesel Combination Trucks
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INVENTORY MODE VS. RATE MODE

350.00

300.00

250.00

200.00

150.00

100.00

50.00

0.00
VMT (1076 mpd)

M Inventory 163.90
M Rate 163.90

% Difference 0.00%

MOVES2014: 2006 Analysis

Pop (1075)

42.40
42.40
0.00%

CO (1071 tpd)
143.70
136.50
-5.01%

NOXx (tpd)
324.00
302.70
-6.57%

VOC (tpd)
124.20
120.90
-2.66%

CO2 (1073 tpd)
92.30
89.10

-3.47%

PM2.5 (tpd)
10.73
9.77

-8.95%

=

PM10 (tpd)
11.74
10.69
-8.94%
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INVENTORY MODE VS. RATE MODE
MOVES2014: 2018 Analysis

250.00
200.00
150.00
100.00
y i I
0.00 [ S e | [ DR —1
VMT (1076 mpd) Pop (1015) CO (1011 tpd) NOXx (tpd) VOC (tpd) CO2 (1073 tpd) PM2.5 (tpd) PM10 (tpd)
i Inventory 228.90 56.00 101.80 133.70 64.60 120.20 4.27 4.69
M Rate 228.90 56.00 102.10 126.90 64.40 118.70 3.86 4.25
% Difference 0.00% 0.00% 0.29% -5.09% -0.31% -1.25% -9.60% -9.38%




FINDINGS

MOVES2010b vs. MOVES2014 Inventory Mode Emissions
2006 Analysis:
MOVES2014 - Higher NO,

2018 Analysis:
MOVES2014 - Lower NO,

MOVES2010b vs. MOVES2014 Emission Factors
2006 Analysis:

MOVES2014 Passenger Cars — Lower NO, Rates at Speeds Below 25 mph
MOVES2014 Combination Trucks — Negligible Difference

2018 Analysis:

MOVES2014 Passenger Cars — Lower NO, and VOC Rates
MOVES2014 Combination Trucks — Higher NO, and VOC Rates

MOVES2014 Inventory vs. Rate Mode Emissions

2006 and 2018 Analysis:
Rate Runs — Lower NO, and VOC
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CHALLENGES AND RECOMMENDATIONS

Challenges

Conformity Determination with 2010b Emission Budgets for
Years Prior to 2017

Transportation Control Measure Emission Benefits

Validating Implemented Strategies

Recommendations

Consistent Models and Run Modes for Budget development
and Conformities

Plan Ahead for Emission Inventory Development

Streamline Conformity Process

Fast Computers and Sufficient Hard Drive Space

24



TAKE AWAY FROM PREVIOUS CRC WORKSHOP

GETTING
TO
KNOW
Rl YOUR '
DID YOU KNOW? VEHICLE'S
1 o vt ok e U s on K wtl CHECW

inspection.

* You can save money and improve fuel economy by

addressing the Check Engine Light as soon as it
comes on.

o If a vehicle is operated in an emissions testing
county in Texas more than 60 days a year, it must

pass an emissions inspection, regardless of whether
or not it is registered in that county. This includes

vehicles registered out-of-state.

FOR MORE INFORMATION

www.NTXCarCare.org
817-608-2350

', North Central Texas
Council of Governments

[vyvQO®

NCTCOGtrans
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http://www.nctcog.org/trans/air/hevp/ccc/documents/CheckEngineLightBrochurereducedsize.pdf



ACKNOWLEDGEMENTS

Chris Klaus Jenny Narvaez
Phone: 817-695-9286 Phone: 817-608-2342
cklaus@nctcog.org jnarvaez@nctcog.org
Jody Loza Vivek Thimmavajjhala
Phone: 817-704-5609 Phone: 817-704-2504
jloza@nctcog.org vthimmavajjhala@nctcog.org

North Central Texas Council of Governments
616 Six Flags Drive, Arlington, TX 76011

Madhusudhan Venugopal, P.E.
Providence
1200 Walnut Hill Lane, Suite 1000, Irving, TX 75038
Phone: 972-550-9326
Cell: 817-714-5855
Fax: 972-550-9396
mvenugopal@providenceeng.com

26


mailto:mvenugopal@providenceeng.com
mailto:cklaus@nctcog.org
mailto:cklaus@nctcog.org
mailto:cklaus@nctcog.org
mailto:cklaus@nctcog.org

