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Clean Diesel Clean Diesel Technology Driven By a Decade of Technology Driven By a Decade of 
U.S. EPA Mobile Source Emission RegulationsU.S. EPA Mobile Source Emission Regulations

Tier 2 Light-Duty
final rule 1999
fully phased in 2009
Diesels held to same standards as 
gasoline vehicles
Diesel sulfur now 15 ppm

Ocean-going Vessels
final rule 2009; IMO ECA in 2010
ECA: 1000 ppm Sulfur by 2015 ;  
80% lower NOx by 2016

Average Benefit:Cost = 20:1

Nonroad Diesel Tier 4
final rule 2004
Sulfur now 15 ppm
fully phased in 2015

Heavy-Duty Highway
final rule 2000
Sulfur now 15 ppm 
fully phased in 2007-2010

Locomotive / Marine Tier 4
final rule 2008
15 ppm Sulfur starting 
mid-2012
fully phased in 2017

80% lower NOx by 2016



U.S. vs. Euro LightU.S. vs. Euro Light--Duty VehicleDuty Vehicle
Emission StandardsEmission Standards
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U.S. vs. Euro HeavyU.S. vs. Euro Heavy--Duty Engine Transient Duty Engine Transient 
Cycle Emission StandardsCycle Emission Standards
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DOCs and DPFs Form the Technology Base for DOCs and DPFs Form the Technology Base for 
Reducing PM Emissions from US 2007 Diesel Engines Reducing PM Emissions from US 2007 Diesel Engines 

Diesel Particulate Filters

Catalyzed

2007 DPF Systems
Feature Active & Passive 

Filter
Regeneration

• Significant experience base with LDD in 
Europe (> 6 M) &  HDD retrofits (> 250 K)

Catalyzed
DPF

Exhaust gas

Diesel vapor

DOC

Fuel Injection 
Unit

Heat

Crankcase Filters Provide Additional PM Control



U.S. 2007 HDE Emission Performance Provides U.S. 2007 HDE Emission Performance Provides 
Significant Reductions in PM, CO, Air Toxic HCsSignificant Reductions in PM, CO, Air Toxic HCs

Source: CRC Phase 1 ACES Report  



US LightUS Light--Duty Clean Diesels FTP Performance Ranges : Duty Clean Diesels FTP Performance Ranges: 
30 to 50 mg/mi 30 to 50 mg/mi NOxNOx; 12 to 23 mg/mi NMHC; 12 to 23 mg/mi NMHC
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“Clean Diesel” VW “Clean Diesel” VW JettaJetta Maintains Significant Maintains Significant 
Fuel Economy Benefits vs. Gasoline Fuel Economy Benefits vs. Gasoline 
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Future LDD Will Combine Advanced Engine and Future LDD Will Combine Advanced Engine and 
Emission Control TechnologiesEmission Control Technologies

Adv. Engine Controls +     Adv. Emission Controls =    SULEV Emissions
2-stage sequential turbos      pre-turbo DOC
High levels of cooled EGR    main DOC+LNT+DPF 
Highly pre-mixed cool
combustion

Source: Ricardo 2009 DEER 



Power Plants

2010 Gas Turbines

Tier 4
Off-Road
Engines

SCR Applications Moving from SCR Applications Moving from 
Stationary Sources to Mobile SourcesStationary Sources to Mobile Sources

2010
Heavy Duty

Vehicles

Gas Turbines

SCR
Products

SCR
Products

Marine 
Engines

Waste Incineration

Stationary 
Engines

Tier 4
Locomotive
Engines

Diesel Passenger Cars



US 2010 HD Engines Launched US 2010 HD Engines Launched 
with DPF+SCR Systemswith DPF+SCR Systems

2010 DPF+SCR HD System

• Zeolite-based SCR with
low NH3 slip

• Achieves 0.2 g NOx
2010  EPA standard

• DEF usage of 1.5-2% of

Source: Volvo Truck EPA  2010 Presentation

• DEF usage of 1.5-2% of
diesel fuel usage (10
gal. of DEF for about
5,000 miles)

• Up to 5% lower diesel
fuel consumption 

• Lower PM load on DPF



ZeoliteZeolite SCR Catalysts Developed with Broad SCR Catalysts Developed with Broad 
Temperature Windows and Good Thermal StabilityTemperature Windows and Good Thermal Stability

Reference: DEER 2008

SCR catalysts aged 
50 hours at 700C



Zeolite SCR Technologies Exhibit Improved NHZeolite SCR Technologies Exhibit Improved NH 33
Storage and Aged Performance Storage and Aged Performance 
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SCR Catalyst and Architecture Developments SCR Catalyst and Architecture Developments 
Optimize Performance Optimize Performance 

Fe-Z in front protects Cu-Z from Exotherm, Catalyst length improved NH3 utilization

Source: Ford, SAE 2009-01-0901

Source: FEV, CTI SCR Conference 4-09

SCR/DPF positioning reduced fuel 
consumption by fast heat-up on 
short trips and passive regen. of 
DPF in distance driving



Future Diesel Systems Offer Simplified Future Diesel Systems Offer Simplified 
Architecture that Combine LNT and SCRArchitecture that Combine LNT and SCR

• During rich regeneration, LNT creates NH3 without second reductant,
ammonia is stored on zeolite in SCR and complements NOx reduction

Improved LNT:

• Improved durability 

• Lower desulfation temp.

• Lower PGM loading

Improved Cu Zeolite SCR:

• Improved durability

• HC poison resistant

• Low N2O yield



SCR Catalysts Are Also Being Integrated with SCR Catalysts Are Also Being Integrated with 
DPFs to Provide System FlexibilitiesDPFs to Provide System Flexibilities

High NOx activity of SCR coated filters achieved for 
all filter types, potential for reduced washcoat loading

Soot loading does not affect NOx activity of 
SCR-DPF

Reference: SAE 2009-01-0910

Back Pressure is Dependent on Filter Type 
and Washcoat Loading



Lean Lean NOxNOx Catalyst Systems Eliminate need for DEF Catalyst Systems Eliminate need for DEF 

T.R.U.E. Clean Burner DPF HC SCRVaporizer

Flow Direction

T.R.U.E. Clean Burner DPF HC LNCVaporizer

Flow Direction

HC-LNC with E85 reductant achieved >80% NOx reduction

Another approach combines HC-LNC with NH3- SCR 



Clean Diesel Vehicles Include Clean Diesel Vehicles Include 
Sophisticated Controls and DiagnosticsSophisticated Controls and Diagnostics

Urea Quality Sensor

Combined O2/NOx Sensor Ammonia Sensor

Diagnostic Systems

Heated Urea Tanks

Soot Sensors in
Development



Availability of ULSD Enables Variety of CARB Availability of ULSD Enables Variety of CARB 
Verified Diesel Retrofit TechnologiesVerified Diesel Retrofit Technologies

� 8 – Active On-Road DPFs (includes one PM + NOx)

� 7 – Passive On-Road DPFs 

� 5 – Active Off-Road DPFs (includes one PM + NOx)

� 3 – Passive Off-Road DPFs

� 10 – Retrofit DPFs for Stationary Engines



Diesel Retrofit Technology Diesel Retrofit Technology –– What’s ComingWhat’s Coming
� Marine DOC, CCV, PM & NOx Control Systems

� Locomotive DOC + SCR System

� On-Road DPF with Syn-Gas Regeneration

� On-Road and Off-road DPF + SCR Systems for EGR and non-EGR Engines

� Off-Road and On-road SCR only Systems for EGR and non-EGR Engines

� On-road DPF, LNT + SCR system for EGR and non-EGR engines

From U.S. EPA’s Emerging Technology List 



ConclusionsConclusions

� U.S. Clean Diesel Light-Duty and Heavy-Duty 
Vehicles Deliver 90% Reductions in PM and NOx 
Emissions Through Systems Integration of Engine, 
Fuel, and Exhaust Emission Control Technologies

� Clean Diesel Technology Will Migrate into US Off-
Road Diesel Applications Starting in 2011Road Diesel Applications Starting in 2011

� Future Advanced Diesel Emission Systems Provide 
Opportunities for Optimized  Emission Reductions and 
Fuel Consumption 



www.meca.org & www.dieselretrofit.org  www.meca.org & www.dieselretrofit.org  ––
your emission control technology resources on the w ebyour emission control technology resources on the w eb

• Emission control technology white 
papers and fact sheets

• Public testimony
• Regulatory information

• Retrofit technology descriptions
• Contacts for retrofit suppliers
• Case study reports


