wm Association for Emissions Control by Catalyst aiset

Diamant Building

Boulevard A. Reyers, 80

B-1030 Brussels
Belgium

m Association for Emissions Control by Catalyst arseL

AECC RESPONSE TO PuBLIC CONSULTATION ON FUTURE EURO VI EMISSIONS LIMITS
FOR HEAVY-DUTY VEHICLES

AECC is pleased to provide input to the Commission’s public consultation on Future Euro VI
Emissions Limits for Heavy-duty Vehicles.

AECC recognises that the European automotive industry and their suppliers are crucial
participants in the drive to improve air quality and minimise related health effects to the benefit of
European society as a whole. AECC understands that the motor industry needs a clear long-term
view of future requirements and that the industry envisages benefits from the worldwide
harmonisation of requirements for Heavy-duty engines. Challenging legislation will therefore
enable the industry to apply available and appropriate emissions control technologies world-wide.

TECHNOLOGIES AVAILABLE

Effective emissions treatment technologies are available for fitment to Heavy-duty engines. For
diesel engines, diesel oxidation catalysts are already widely used to reduce CO, HC and the
organic fractions of particulate matter. Many engine manufacturers have also chosen to use urea-
Selective Catalytic Reduction (SCR) systems to meet Euro IV, Euro V and EEV emissions
requirements. The manufacturers say that use of such systems to control NOx allows engine
optimisation to meet the particulate emissions requirements whilst providing a fuel economy
benefit. Highly efficient wall-flow particulate filters are also widely used in European Light-duty
vehicles to control particulate emissions and are now being fitted to many American Heavy-duty
engines to meet the US 2007 emissions requirements. A large number of retrofit installations have
also been made in Europe, especially for city bus operations. Partial flow filters are being used to
reduce particulate emissions of modern engines without active regeneration where engine
manufactures have chosen to limit NOx by engine measures alone, as well as in retrofit
applications.

For Heavy-duty spark-ignition engines operated under stoichiometric conditions, three-way
catalysts (TWC) to control CO, HC and NOx are an accepted and reliable technology. For lean-
burn spark-ignition engines oxidation catalysts are normally used to reduce CO and HC, and
technologies such as NOx adsorbers and SCR are available for additional NOx control.

COMMISSION SCENARIOS

The consultation document presents four scenarios of possible air pollutant emissions limits for ClI
and PI engines. Data from AECC's recent Heavy-duty Euro VI test programme demonstrated that
with the appropriate technologies, even the most stringent of the consultation scenarios for Cl
engines was achievable in a single step with emissions treatment systems that are already
available. With a wall-flow filter, filtration efficiencies of 99.8% for particulate mass and 99.9% for
particle number were achieved in this programme. NOx conversion efficiencies of over 85% were
achieved using SCR in two AECC programmes using Heavy-duty engines with significantly
different engine-out emissions levels.

The consultation scenarios show not only possible limits for pollutant emissions but also an
estimate of the additional CO, emissions anticipated as a result of achieving these levels of control
of air pollutants that are damaging to human health and the environment. The CO, penalty in the
ETC test is associated with the system back-pressure and the need for regeneration of the
particulate filter. Hence it is dependant on the design of the system and the engine-out emissions
of particulate matter. For the AECC test programme, the difference between the fuel consumption
of the complete system and the original engine system, including OE particulate filter, was 1.6%.
With regards to regeneration, it is important to recognise that only part of this CO, penalty results
from additional fuel consumed during regeneration, as the burning of accumulated carbon (soot)
results in conversion of that accumulated carbon to CO, Data from the AECC Heavy-duty Euro VI
test programme indicates that engine-out CO, emissions (which relate to fuel consumption) over
the complete fill-and-regenerate cycle were within 1% of the emissions without regeneration
despite the more frequent regenerations which would be needed as a result of this engine’s
comparatively high engine-out soot emissions.

Engine technology has developed and continues to develop to enable improved engine-out
emissions and fuel economy. The rapid development of large light-duty vehicles capable of
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meeting US Tier 2 Bin 5 emissions requirements, including one without NOx aftertreatment’
indicates the rapid pace of development. At least one Heavy-duty engine manufacturer has
already announced a model that will meet the Euro V standard without aftertreatment. Any
estimate of fuel consumption penalties as a result of measures to reduce emissions may therefore
overestimate the effects on CO..

AECC TEST PROGAMMES

The AECC Heavy-duty Euro VI test programme completed in 2007 was conducted at the
laboratories of an established European engine consultancy using a commercially-available
engine with low engine-out NOx emissions and fitted by AECC with an integrated emission control
system. This system comprised a NOx sensor, an oxidation catalyst, a catalysed wall-flow
particulate filter, a urea dosing system capable of providing appropriate dosing levels, and a urea-
SCR unit with ammonia-slip catalyst. The programme included measurement of emissions of
regulated emissions and of particulate mass and number to the PMP protocol being developed by
the UN/ECE working groups. Our comments also include some reference to the previous test
programme (AECC Heavy-duty Euro V Test Programme), completed in 2002 and conducted at the
same laboratory. Using a Euro Ill engine with an emissions control system provided by AECC, this
achieved levels half those of the Euro V requirements after severe ageing, equivalent to
250000km of real-world driving. This system also used a particulate filter and urea-SCR system.

CI ENGINES

The emissions levels which can be achieved depend upon both the engine-out emissions and the
performance of the emissions control system. For the engine-out emissions there is a well-known
trade-off between PM and NOx. This trade-off is
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developers the opportunity to combine the
optimisation of ‘raw’ emissions and fuel economy with the optimisation of the emissions control
system. In addition, the use of NOx aftertreatment can provide a positive influence on CO,
emissions by allowing the engine to run at the best NOx and PM conditions for optimised fuel
consumption.

Particulate Matter emissions

R A key objective for exhaust emissions aftertreatment systems is
o to be able to offer similarly high levels of treatment efficiency
irrespective of what levels of engine-out NOx and PM the
particular engine achieves. For particulate matter, wall-flow
particulate filters act on an essentially ‘mechanical’ principle and

Engine-out PM

52 so their efficiency is not significantly affected by the levels of
particulate in the feed gas, although higher Engine-out and tailpipe PM emissions
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the Commission’s consultation (Scenario A for Cl: 0.010g/kWh PM). The particulate matter results
are shown in the chart above.

In addition to measuring particulate mass, the AECC test programme examined the number of
ultrafine particles emitted, using the methodology developed for the United Nations working group
on the Particulate Measurement Programme (PMP)®. This test method is currently undergoing
validation testing in a number of different laboratories. It is, however, similar in principle to the
methodology developed under PMP for Light-duty vehicles, for which the inter-laboratory
correlation exercise has been completed. The report on the Light-duty exercise® concluded that
“The number method presents improvements over the mass method in terms of limit of detection,
accuracy, discrimination power and variability when measuring a stable particle source. For these
reasons, the number method is a superior alternative to the existing or a revised mass method for
future regulatory procedures”.

The AECC test programme showed that particle numbers at the tailpipe were reduced by 3 orders
of magnitude over those emitted by the engine — an efficiency for ultrafine particle removal of over
. . 99.9%. Particle number emissions were of the same
PMP particle number emissions .
European Transient Cycle order of magnitude regardless of the test cycle used,
= Eroneoe and analysis showed that the efficiency for removal of
elemental carbon was in line with that for particulate
mass and particle number removal, exceeding 99%
efficiency for all the cycles tested. Further chemical
analysis examined the effect on polycyclic aromatic
hydrocarbons. These showed that the emissions
control system provided similarly high levels of
removal for these PAH emissions.
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NOx emissions

The system of Selective Catalytic Reduction for the removal of NOx using urea as a reagent is
already widely used in Euro IV and Euro V Heavy-duty vehicles in Europe. The motor industry*
stated that SCR technology allows retention of engine calibrations that correspond to the best
compromise between fuel consumption and the formation of pollutants during the combustion
process. Thus it is, said ACEA, possible to comply with the Euro V emission standards and, at the
same time, achieve fuel consumption levels which are 6% lower than those of equivalent Euro Il
engines. AECC demonstrated in 2002°° that such a system applied to a Euro Ill engine could
provide an 85% reduction in NOx emissions over the European Transient Cycle (ETC) test
procedure. This was achieved even after durability testing equivalent to real-world driving of
250000km. The resulting NOx emissions at tailpipe were 1.0g/kWh which is half of the 2.0g/kWh
requirements for Euro V, from an engine producing average NOx emissions of 5.86g/kWh.

To apply this technology to the anticipated future generation of engines which will have lower
engine-out NOx levels requires careful control of urea dosing levels, as the lower levels of engine-
out NOx will demand a smaller optimal amount of urea. Commencing in mid-2006, the AECC
Heavy-duty Euro VI test programme therefore conducted tests on a modern, commercially-
available engine designed to meet the US2007 emission requirements. This engine had low
engine-out NOx emissions of a little over half the requirements of Euro V. The emissions control
system therefore utilised a urea dosing system developed for low levels of engine-out NOX.

. — — The results confirmed that, with appropriate
Engine-out and tailpipe NOx emissions | systems and calibration, the same percentage
European Transient Cycle . . . .

improvement can be obtained for engines with low
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achieved on tests of prototype EGR+DPF+SCR
Engine Out engine-aftertreatment systems by the motor
= industry . This result would meet even the most

severe NOx scenario in the Commissions public
— consultation (scenario B; 0.2g/kWh). These figures
were achieved at the same time as meeting the
eTc more severe (scenario A) limit for PM and with a 3
orders of magnitude reduction in particle numbers.
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CONCLUSIONS

The AECC Heavy-duty test programmes have demonstrated the capability of urea-SCR systems
to provide an 85% reduction in NOx with the use of appropriately designed and calibrated urea-
dosing systems. This same percentage reduction has been demonstrated on engines with widely-
differing levels of engine-out NOx emissions. In conjunction with an engine itself having low
emissions of NOx, any of the scenarios identified in the Commission’s consultation could be
achieved.

— - - — In conjunction with a wall-flow particulate filter,
Regulated emissions: engine-out and tailpipe . . o .
European Transient Cycle this system achieved emissions of particulate

2'°7 T e % mass meeting even the most severe of the

uTalpipe e Most stringent scenario Commission’s consultation scenarios.

Particulate Mass was reduced by 99.8% and
particle numbers by 99.9%, 3 orders of
magnitude. Hence particle emissions were
virtually eliminated from the tailpipe. As may be
seen from the graph on the left, there were also
substantial reductions in CO and HC emissions.

The resulting combination of a low-NOXx engine,

> e vt an appropriate low-dose urea injection system

e and an emissions control system incorporating

a particulate filter and SCR catalyst met, in a single step, the most stringent of the Commission’s
scenarios for each pollutant — scenario A for PM, THC and CO and scenario B for NOx.

You can contact AECC at info@aecc.eu or +32 2 7068160.

Dirk Bosteels John May
Executive Director Technical Manager
AECC AECC

3 September 2007

AECC is an international non-profit scientific association of European companies engaged in the
development, production and testing of catalyst and filter based technologies for vehicle and engine emissions
control. This includes the research, development, testing and manufacture of autocatalysts, ceramic and
metallic substrates and speciality materials incorporated into the catalytic converter and filter and catalyst
based technologies to control diesel engine emissions (especially particulates and nitrogen oxides). Members’
technology is incorporated in the exhaust emission control systems on all new cars and an increasing number
of commercial vehicles, buses and motorcycles in Europe.

AECC’s members are: Argillon GmbH, Germany; BASF Catalysts GmbH, Germany; Ceram Catalysts GmbH,
Germany; Corning GmbH, Germany; Delphi Automotive Systems SA, Luxembourg; Emitec Gesellschaft fir
Emissionstechnologie mbH, Germany; Ibiden Deutschland GmbH, Germany; Johnson Matthey PLC, United
Kingdom; NGK Europe GmbH, Germany; Rhodia Electronics & Catalysis, France; Saint-Gobain
Industriekeramik Rddental GmbH, Germany and Umicore AG & Co. KG, Germany.
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