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Recent Emission Control 
Developments 

• Gasoline Emission Control Technologies
– California moving forward with LEV III PZEV fleet

• Diesel Emission Control Technologies
– LD & HD “Clean Diesels” launched in North America



Gasoline Emission Control 
TechnologiesTechnologies



LEV III Proposal Shifts LDVs to 
SULEV Fleet Average by 2022

• Combined NMOG+NOx
standards

• New certification levels
between SULEV and 
ULEVULEV

• New sub-SULEV 
certification level

• Lower PM mass standard
with optional particle
number standard



Gasoline DI Powertrains Gaining Attention 
for Fuel Efficiency Gains – Audi 2.0T PZEV

ULEV2 PZEV
600 cpsi  900 cpsi
2.3 liter    2.5 liter
60 g/ft3    150 g/ft3

Secondary
Air Injection

ULEV2 PZEV
40 g/ft3  100 g/ft3

ULEV2 TWC 
Upgrade

Secondary
Air
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Start 

Premair 
Credit

Fast TWC
Heat-up

Source: 2007 Aachen Colloquium



• Catalyst coatings applied to 
radiators/condensors to 
destroy ground level ozone

• Takes advantage of large 
air flows & durable catalyst 
technology

Direct Ozone Reduction Catalysts Provide Additional 
Opportunities for Near-zero Emission Compliance

• No negative impact on 
radiator performance

• NMOG exhaust or HC evap. 
credit available with OBD

• Commercial applications by 
a number of OEMs



BERU/Borg Warner RIS Sensor for 
Direct Ozone Reduction Catalysts

• Measuring of the radiator/coolant 
temperature with an integrated thermistor

• Internal Diagnosis
• Communications with ECU as a 

LIN bus slave



A SULEV FUTURE FOR ALL
LIGHT-DUTY VEHICLES

• > 50 different AT-PZEVs/PZEVs/SULEVs available:
up to 6 cylinder non-hybrid vehicles (3.8 liter Imp ala, Grand Prix) 
up to 8 cylinder hybrid vehicles (5.0 liter Lexus)

2007 MY Volvo 2.4 liter S40/V500 PZEV:

Quick light-off UHEGO 
linear sensor

HEGO binary 
lambda sensor

Gas mixing  (but 
less heat)

L-Ocatalyst  
Me600PE/0.04

2nd brick 
Ce 600/3

3rd brick 
Ce 400/4

iVVT

cam sensor 
(fast synch)

Perforated metal 
substrate with 
Integrated lambda 
sensor

SAE Paper No. 2007-01-1260



� Open structure creates 
cavities (mixing chambers) 
in substrate

� Perforated foils allow 
communication between 
channels and reduced
thermal mass

Cold-start Emission Reductions Facilitated 
by Advanced Catalysts & Substrate Design

thermal mass

High channel density & thin walls 
provides lower thermal mass, 
higher converter efficiencies



Oxygen Sensor Integration Offers Sensor 
Protection and Quicker Closed Loop Transition 

SAE Paper No. 2007-01-1260



1.56 L0.67 L

900 cpsi 600 cpsi

GMC Denali Advanced Catalyst System Design GMC Denali Advanced Catalyst System Design 
Approaches SULEV Emission Performance Approaches SULEV Emission Performance 

Engine

CC

0.67 L 1.56 L

UF

900 cpsi 
ceramic;

150 g/ft3, 
Pt/Pd/Rh=1/16/2

600 cpsi
ceramic;
60 g/ft3

Pd/Rh=4/1

6.0L  V8

Total TWC Catalyst Volume:  4.46 L (0.74 SVR)
[Ref.: SAE 2007-01-1261]



GMC Denali & Ford F-150 Fully Aged Advanced Emissio n 
Systems FTP Performance - Below 50K ULEV2 Limits
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1/10 SULEV Achieved on Gasoline Vehicle with 
Advanced Engine and Emission Controls

Exhaust manifold by-
pass quick catalyst 
lights-off 5 sec sooner

Source: SAE 2009-01-1076



High Efficiency DPFs Significantly Reduce 
Diesel Particle Number-Based Emissions

6X1011/km, 

Euro 5b
(9/2011-1/2013) 
Particle Number 
Standard:

Filter Opportunity on Future GDI Vehicles??

6X1011/km, 
diesel only

Reference: EC JRC, ETH Nanoparticle Conference 8-06

Standard:



Diesel Emission Control 
TechnologiesTechnologies



US 2010 HD Engines Launched 
with DPF+SCR Systems

2010 DPF+SCR HD System

• Zeolite-based SCR with
low NH3 slip

• Achieves 0.2 g NOx
2010  EPA standard

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



First Generation NA LightFirst Generation NA Light--Duty Clean Diesels FTP P erformance Duty Clean Diesels FTP Performance 
Ranges: 30 to 50 mg/mi Ranges: 30 to 50 mg/mi NOxNOx; 12 to 23 mg/mi NMHC; 12 to 23 mg/mi NMHC
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Zeolite SCR Catalysts Developed with Broad 
Temperature Windows and Good Thermal Stability

Reference: DEER 2008

SCR catalysts aged 
50 hours at 700C



Selective Catalytic Reduction System is a 
Primary NOx Sensor Application

NOx 
Sensor

Hydrolysis 

SCR 

catalyst

Oxidation NOx sensor NOx sensor

Urea injection

NOx 
Sensor

Oxi-cat

Exhaust Gas
(diesel engine)

Hydrolysis 
catalyst

Oxidation 
catalyst

NOx sensor
upstream 

NOx sensor
downstream

Calculation of urea dosing NOx-OBD



NGK/Continental Smart NOx Sensor:
Basic technical characteristics

Measuring principle: Multilayer ceramic sensor fabricated from Yttria Stabilized 
Zirconia (YSZ) with integrated heater and 3 oxygen pumps

Triple output signal: NOx, binary l , linear l (O2 concentration)

Supply voltage: 12V or 24V

Data link: CAN 2.0,  SAE J1939 protocol

Sensor protection cover: Specific for passenger car or Heavy Duty Truck

Self-diagnosis: Open wires and short-circuits on data link

Application temperatures: Environmental: -40 to 105 C (sensor control unit)

Exhaust gas:  100 to 800°C

Measuring range: NOx: 0 to 1650 ppm

l :  ~1.0  to air



Accuracy of Current Smart NOx Sensor Depends on 
NOx Concentration Range

Measured NOx Concentration
for Temperatures between -10 °C and 85 °C
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NGK/Continental Smart NGK/Continental Smart NOxNOx Sensor:Sensor:
Design Generations & ApplicationsDesign Generations & Applications

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

3rd Generation:
(US2013, Euro6)

Improved dynamics, 
robust design,
cost optimized.

1.Generation 
(discrete electronics)

2nd Generation (ASIC): NOx-Storage Catalyst management
with stratified gasoline direct injection

24V-version :  Diagnosis of SCR-systems
(Euro 5) in european heavy duty trucks

US2010 type : Diagnosis and control of SCR-systems
(EPA10) in US passenger cars and light duty trucks

with Diesel engines

Generation 2.5 : Reduced long term drift by 
(all applications) improved element  

Leadfree technology
Improved water resistance



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



Improved LNT+SCR Systems Provides An Alternative 
High Efficiency “Passive” NOx Control Option

Ref.: Ford  DEER 2009

• During rich regeneration, LNT creates NH3 without second reductant
• Ammonia is stored on zeolite in SCR and complements NOx reduction
• Achieved tailpipe emissions below ULEV NMHC/CO/NOx = 0.05/0.2/0.023
• Lower PGM emissions on LNT broaden temperature window



TWC+SCR Offers Potential Passive NOx Control for 
Future Lean GDI Applications

NH3

NOx

����

����

� 	 


N2���

�� 
��

����������	
�	���
�	����

��������	������	��

������	�����

���
��	

�
 
��!

��"
##

��$

Reference: SAE 2010-01-0366



SCR Catalysts Are Also Being Integrated with DPFs t o 
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 NOx Catalyst Systems 
Can 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 
Sophisticated Controls and Diagnostics

Urea Quality Sensor

Combined O2/NOx Sensor Ammonia Sensor

Diagnostic Systems

Heated Urea Tanks

Soot Sensors in
Development



• Near-zero exhaust emissions a reality for 
light-duty gasoline vehicles

• Diesel engines can be a significant low 
emission, high efficiency powertrain 
option

Summary: Emission Control Technology 
Options Expanding for Mobile Sources

option

• Near-zero exhaust emissions pose 
significant future OBD challenges but 
these challenges drive technology 
innovation



Back-up Slides



Benefits of Filters 
Being Demonstrated on GDI Engines
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2010 HD SCR Systems Launched with 
NOx Sensors

• EGR+DPF+SCR
– Cu zeolite-based SCR cat; system 

design includes low NH3 slip with 
use of ammonia slip catalyst (ASC)

– Dual NOx sensors for control and 
diagnostics

Reference: Cummins 2010 IAV Min-NOx Presentation 



Future Diesel System Offers Simplified 
Passive SCR Architecture 

• 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


