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Progress

� Significant progress on software design
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� On-Board emission pilot study complete

� On-Board “Shootout” analyses nearly complete



Proposed Development Approach

� Core Model
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� Enhanced Modeling System
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Core Model Framework

� Several Emission “Processes”
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� Input for Each Process
→ 5���
� ��
��1�
���

→ �"
���
�� ��
��1�
���

→ 4�
����"
���
�

� Output for Each Process
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Emission Estimation
� On-Board “Shootout”
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� “Shootout” Approaches
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� Most promising so far: NC State and EPA



FTP

On-Board Data vs. FTP



Spatial Analysis



Modal “Bin” Approach

� “Modes” can be specified several ways, e.g.
→����'��""��'�������'� �"��

→(�.�"����!�"���"�
�����*���

� Second-by-second data grouped into
appropriate bin based on speed, accel, grade

� Emission rate = average emissions by mode

� Aggregate emission calculation:
(�  Emission Rate (g/s) MODE  * Fraction of Time MODE ) * Total Time



Modal Emission Analysis



Does It All Add Up?

Aggregate Emission Calculation
total time (s) total grams emission rate g/s

HC 72,551 125 0.0017
CO 72,551 2884 0.0398
CO2 72,551 204417 2.82
NO 68,325 319 0.0047

Modal Emission Calculation
accel cruise decel idle start emission rate (g/s)

HC 0.00275 0.0011 0.00054 0.00041 0.00538 0.0017
CO 0.12582 0.03281 0.00912 0.00224 0.07448 0.0397
CO2 5.94 3.34 1.04 0.83 2.08 2.82
NO 0.01104 0.00502 0.0006 0.00013 0.0066 0.0047

Mode Distribution 0.072 0.564 0.079 0.135 0.149



Applying Modal Emissions
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Benefits of Modal Approach
� Common emission rates for all analysis

scales: macro, meso, micro
� Can be used for LD, HD, NR
� Can use significantly more data than

traditional cycle-based methods
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� Can predict emissions for wide range of
vehicle operation



Example Calculation -
Running Exhaust Process

� Estimate LDGT2 NOx Emissions for:
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� County Database Inputs
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Example Calculation -
Running Exhaust Process

� Convert Annual VMT to Annual Vehicle Hours
Traveled (VHO)
→ 9A9'@@@'@@@�������#�C+:9��!.�>�D'@E+'7E+��(3$

� Allocate to hourly VHO
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Example Calculation -
Running Exhaust Process

� Estimate LDGT2 NOx Emissions for:
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