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Heavy-Duty Diesel Vehicles Are a Major
Contributor to Air Pollution in CA

On-Road NOx On-Road Diesel PM2.5
————& All Other On ———
All Other On ——————— % Heavy-duty Roadz\;eo/hlclesA = el
Road Vehicles =—— Diesel Vehicles* ° =N =:)IGSE| Vehicles*
= ——< —————————— 77%

57% =———  43%

*Gross vehicle weight rating >14,000 lbs
Calendar Year 2023

A CARB (EMFAC2021) .



Modeling Heavy-Duty (HD) Emission Rates in EMFAC
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developed for each Model Year group
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Speed correction factors (SCFs)
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under different vehicle speed.
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Heavy-duty Vehicle Speed Correction Factors (SCFs)
Modeling in EMFAC

Current SCFs developed using Dyno data
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 Used mostly lab dyno testing data for HD
emission rates and SCFs

* SCFs differentiated by weight class (MHD,
HHD)

Potential EMFAC202Y Improvements

 More detailed SCFs by vocation and MY
group
* One step forward to transition emission data

analysis from lab dyno testing toward PEMS
based approaches



Heavy-duty Portable Emissions Monitoring Systems

(PEMS) Testing

New Riverside
Lab




Heavy-duty Portable Emissions Monitoring Systems

New Riverside
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Data Source of HDIUT PEMS

« Heavy-Duty In-Use Testing (HDIUT): a manufacturer-run program reported PEMS testing to USEPA
and CARB since 2005

e 776 vehicles from 19 manufacturers

566 were used for analysis, the rest were filtered out for either ambiguous vehicle info or
missing data

 Testing date range: 2006 — 2021
e Engine model year range: 2003 — 2017

* Datatype: 1Hz
* NOx (and other pollutants) emissions
* Vehicle speed

* Temperature (ambient, exhaust)
e Engine status (RPM, torque)

Data length: typically 1-2 days
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PEMS Data
from 566 samples
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2013+ MY
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Multivariable Regression Experiments

NOx (g/s) =a-HP + b - Speed + c - Acceleration+d - T, + e

Suberou Pre-2010 MY 2010-2012 MY 2013+ MY Pre-2010 MY 2010-2012 MY 2013+ MY
sroup Class 4-7 Class 4-7 Class 4-7 Class 8 Class 8 Class 8

0.58 0.20 0.08 0.50 0.17 0.14

* Using linear regression, the four variables together can explain:
e >50% of instantaneous NOx emissions for Pre-2010 Model Year trucks (no SCR

equipped)
e <20% of instantaneous NOx emissions for Post-2010 Model Year trucks (SCR

equipped)
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Informing Emission Rates by Speed using PEMS

Current SCFs Developed using Dyno data
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Speed Bin Method using PEMS
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Micro-trip Method using PEMS
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Micro-trip Method using PEMS

Single HDD 2013+ Vehicle Sample
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Comparing Micro-trip Method with Chassis
Dyno Data

Data source: One sample HHD Engine MY

NOx SCF 2019 truck from CARB TBSP*
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Discussion of Micro-trip Method

* Need to refine micro-trip definition
e e.g., min/max trip length, filter out idling

* Incorporate multiple PEMS routes’ data (city, highway) to
make SCF curve fitting more representative

* |ncrease vehicle sample size across weight and vocation
categories
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Summary

 Engine power output (+), vehicle speed (-), vehicle acceleration (+),
exhaust temperature (-) are correlated with instantaneous NOXx
emissions, across all engine MY and weight class groups in HDIUT
dataset.

* Using micro-trip method to analyze PEMS can give similar speed
correction factors as using chassis dynamometer data, while providing
larger sample size and higher vocation resolution.
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Next steps

 Evaluate and apply the two new methods to develop SCFs for
EMFAC202Y.

 Keep using chassis dyno data to develop HD base emission
rates, with continuing efforts of comparing emission rates
derived from PEMS and dyno.

* Acquire more PEMS data through CARB internal testing
programs and extramural contracts for further analysis
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Thank You!

Mo Chen, Ph.D.
Air Pollution Specialist

Mobile Source Technology Assessment and Modeling
Section (MSTAMS)

California Air Resources Board

mo.chen@arb.ca.gov
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Multivariable Regression Experiments
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Multivariable Regression Experiments

NOx (g/s) = A-HP + B - Speed + C - Acceleration + D - Toxp,
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Multivariable Regression Experiments

2013+ MY NOx (g/s) =A-HP + B - Speed + C - Accelaration + D - T,
Class 8 Trucks
A B C D 1
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Micro-trip Method using PEMS
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Modeling Heavy-Duty (HD) Emission Rates in EMFAC
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Speed correction factors (SCFs) account for variation of
emissions for SCR*-equipped vehicles under different
operating conditions (e.g., low load)

*SCR=Selective catalytic reduction
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