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Topical Coverage

• Heavy-Duty Diesel Engine Particle Emissions
• Light-Duty Gasoline Engine Particle Emissions

• New Euro 7 regulations
• New Tier 4 US Regulations

• H2 ICE is not particle-free 
• Brake & Tire Particle Emissions

• New Euro 7 Regulations
• Li Ion Battery Fire

• Fire Fighters and Public Concern
• New PM2.5 Ambient Standard
• Closing
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Emissions Reduction & Modern Diesel Engine (Chemical Plant in Engine Exhaust)
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The MORE Modern Diesel Engine (MORE of a Chemical Plant in Engine Exhaust)

2027 Regulations: 0.035 g/hp-hr, Lab Cert



Diesel Engine Impressive Particulate Matter 
(PM) Emissions Reduction
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Diesel Engine is an Ambient Air Cleaner for Solid Particles Down to 10 nm



Significant Unregulated Emissions Benefit

Due to the presence of exhaust SCR catalyst for NOX reduction in 
2010 engines, NOX as well as NO2 are at least 90% lower than 2004 
technology engines



Reduction in Secondary Organic Aerosol Formation 

Robinson et al., 22nd CRC Real World Emissions Workshop, 
San Diego, CA, March 25-28, 2012



Three Problem Areas Arise from using Exhaust Filters
1. Volatile particle formation during 

regeneration
1. Sulfuric acid is the trigger.  We 

need ZERO sulfur fuel

2. Ash loading on the filter, raising 
backpressure & require infrequent 
manual cleaning
1. Lube oil ash is culprit. We need 

ASHLESS lube oil

3. In-use failure (cracks, leaks, 
tampering, etc..)
1. We need continuous emissions 

monitoring via sensors to tackle 
this issue

1. SwRI has been working on 
particle sensors for onboard 
monitoring through SwRI Particle 
Sensor Performance & Durability 
(PSPD) consortium since 2011

https://www.swri.org/swri-automotive-
webinar-obd 

https://www.swri.org/swri-automotive-webinar-obd
https://www.swri.org/swri-automotive-webinar-obd


Diesel Exhaust Summary
• Drastic reduction in tailpipe NOx emissions is coming in 2027
• Diesel engines equipped with high-efficiency DPF can clean the air from solid particles
• Formation of sub 30 nm volatile particles that is high in number
• Ash in lube oil 
• Tampering

• ~2% of heavy-duty vehicles inspected in California were recently cited for tampering with the 
exhaust aftertreatment system

• If exhaust filter is removed, each vehicle will emit as much as 1000 vehicles with filters

• New regulations will cut PM emissions by 50%. This should not impact heavy-duty on-
highway engine, but it will force nonroad engines to use DPF

• Renewable & Biofuels (not covered) can play a drastic role in reducing GHG emissions on 
a life cycle analysis basis.



Light-Duty Gasoline Vehicles-Current Regulations
• CARB LEV III and US Tier 3 Regulations (Particle Mass Only)

• No Gasoline Particle Filter (GPF) required

• Euro 6 (Solid Number and Mass)
• 4.5 mg/km
• 6 x 1012 part/km (2014-2016)
• 6 x 1011 part/km in 2017 for Particle > 23 nm (~50% below 2025 CARB LEV III)

• GPF required for Euro 6 starting 2017

CARB LEVI III only



Light-Duty-New Particle Regulations
• US EPA Tier 4……2032+

• PM mass at 0.5 mg/mi (~ equivalent to 
EU in 2017)

• Vehicles likely to require a GPF 
because the regulation applies at -7 oC

• Euro 7……2030-2032+
• Solid Particle Number Emission is at 

6x1011 part./km for particles > 10 nm. 
This applies to all vehicle types. 

• More stringent than Euro 6

• US Direct injection gasoline engines emits 
much high PM compared to EU between 2017-
2032



Approaches to Meeting US Tier 4 PM Standards :
Gasoline Particle Filter (GPF)

• EPA demonstrated meeting the standard in the Draft 
Regulatory Impact Analysis (DRIA) using GPFs

• PM emissions reported well below 0.5 mg/mi with new 
technology GPFs

• GPF was shown to decrease PAHs and off-cycle emissions 



Other Possible Approaches to Reduce PM/PN, WLTC, E-Fuel
• One can get significant reduction in all particle metrics 

using E-Fuel with ultra low PM Index (PMI)
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EPA Tier 3 Cert Fuel, PMI 2.4
Test Name Soot Mass SPN23 SPN10 Ash PM EEPS SPN10-SPN23
F1, mg/#/kW-hr 55.71 6.9E+13 1.1E+14 9.9E+12 79.7 2.3E+14 3.9E+13
Stdev, mg/#/kW-hr 4.38 5.9E+12 1.4E+13 7.7E+11 5.3 3.1E+13
COV, % 0.08 8.6E-02 1.2E-01 7.8E-02 0.1 1.3E-01

% Change Relative to EPA Fuel
CARB LEV III Cert Fuel, PMI 1.23

F2 -42.6% -51.1% -16.4% -38.2% -34.4% 25.1% 44.2%
E-Fuel with Ultra Low PMI of 0.27

F3 -95.3% -86.0% -84.3% -87.3% -91.2% -74.0% -81.2%

Drop-in E-Fuel with Ultra Low PMI can benefit existing fleet by 
reducing PM/PN emissions and greenhouse gas



Other Combustion Sources-High on Number, 
Low on Mass
• Natural Gas ICE

• Large number of solid 
particles below 23 nm in 
diameter-Lube Oil Ash

• H2 ICE
• Similar findings in H2 ICE and 

other soot-free or low soot 
emitting engines

• Jet Engines
• Large number to mass ratio, 

compared with diesel and 
gasoline (two orders of 
magnitude higher)

Solid 
Particles

Ash 
Particles



Gasoline Exhaust Summary 
• Gasoline engine particle emissions are much more stringent in the EU than the USA

• US EPA does not regulate on particle number (PN) and continue to focus on PM mass
• US EPA regulates PN only for aircraft engines

• Particle number metric is different than the mass metric
• We could see cases of very low PM mass but high particle number

• PFI Gasoline, natural gas, H2-ICE & others

Should the US regulate particle emissions using the 
number and mass metrics. The number metric is already 
used for aircraft, why not for automotive?



Other Outstanding Elephant in the Room New 
Particle Emissions Issues
• Brake Particle Emissions
• Tire Abrasion

• Euro 7 includes brake emissions 
and tire abrasion

• Brake emissions cycle has been 
developed and completed 

• Tire abrasion method has been 
finalized

• No US regulations in the horizon on 
brake and tire emissions

• Interest is there
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Brake and Tire Wear Expected to Dominate PM Emissions from Mobile Sources 

• Diesel and Gasoline 
Exhaust Particulate 
Filters (DPF & GPF) 
have SIGNIFICANTLY 
reduced exhaust PM. 
Tire & Brake PM 
become DOMINANT 
emitters 

• EV may be Worse 
than ICEV 
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Near Roadway PM Composition in California

Lopez et al., “Elemental Content of Brake and Tire Wear PM2.5 and PM10 at Near-
Road Environments” CRC Real World Emissions Workshop, 2023 
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Euro 7 Light-Duty
Brake Particle Emissions

• Brake emissions limit 
at 7 mg/km for ICE 
starting in ~2027

• 3 mg/km for EVs 
starting in ~2027

• 3 mg/km for all 
powertrains starting in 
2035 



23

Euro 7 Tire Emissions (Abrasion)
• Conduct a review on tire abrasion before 2025 and define a limit by 

mid-2026 through the UN WP.29
• Objective is to reduce microplastics by 30% by 2030
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Brake and Tire Particle Emissions Summary

• Brake and Tire Particle Emissions will dominate going forward
• The EU has developed a standard for Brake emissions and work in 

progress on tire abrasion
• No regulations on the horizon in the USA yet
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Other Non-Exhaust Safety Concern- EV BATTERY RUNAWAY FIRE

Single small battery fire event can emit 4 orders of 
magnitude higher particle number than a heavy-duty truck 
engine or equivalent to one million miles of truck 
operation!
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Li Battery Runaway Fire 

• Topic is an important health concern due to the highly concentrated 
exposure in a short period of time

• We are currently doing more work on this subject with support from 
TEEX 

• Detailed Emissions Characterization of Battery Fire
• PM mass, soot mass, size and number
• Metals and SVOCs
• Gases
• Fire fighter gear exposure & analysis
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Final Thoughts

• With the more stringent EPA ambient PM2.5 standard at 9 µg/m3, 

some of the sources discussed here will contribute to nonattainment 
zones that will likely be identified in late 2025.



28

Questions
Imad A. Khalek
Southwest Research Institute
Imad.Khalek@swri.org 
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