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Selective catalytic reduction Exhaust gas recirculation Combined SCR and LNT
Lean NO, trap (LNT) (SCR) (EGR) (SCR+LNT)

NO, is adsorbed onto a
catalyst during lean engine
operation. When the catalyst
is saturated, the system is

A catalyst reduces NO, to

gaseous nitrogen and water
in the presence of ammonia.
Most light-duty applications

Principle 2 2
regenerated in short periods use an aqueous urea
of fuel-rich operation during solution (diesel exhaust fluid,
which NO, is catalytically AdBlue™) as an ammonia
reduced precursor
Typleal Light-duty vehicles with Light-duty vehicles with
application engine displacements below 2 engine displacements above

liters (<2.0 L) 2 liters (>2.0 L)

$320 (engines <2.0 L)
$509 (engines >2.0L)

$418 (engines <2.0 L)
$494 (engines >2.0 L)

Estimated cost
per vehicle*

70-90% efficiency at low loads

Good durability and NO,

reduction performance Up to 95% NO, conversion

More economical for engines efficiency

less than 2.0 L

No additional reductant tank
is needed (lower packaging
constraints)

Advantages
More economical for engines
> 2.0 L, may provide better
fuel economy/lower CO,
emissions

Reductant fluid not required
no refills needed)

A fraction of exhaust gas is
rerouted to the combustion
chamber to lower combustion
temperature and the
production of engine-out
NO,. For high-pressure EGR,
exhaust gas is drawn from
upstream of the turbine; for
low-pressure EGR, exhaust gas
is drawn from after the DPF.
Both approaches can be used
in combination

Widespread deployment from
Euro 3 to Euro 6

The application of EGR

and other NO, control
technoiogies is not mutually
exclusive; SCR tends to be
used in combination with EGR

$142 (engines <2.0 L)
$160 (engines >2.0 L)

No additional onboard
hardware is needed

Reductant fluid not required

An SCR unit downstream of
the LNT allows higher NO,
conversion efficiencies. The
ammonia synthesized by LNT
reacts with NO, in the SCR

Light-duty vehicles (high-

-end, larger vehicles)

Good NO, control
performance at low
temperatures

Reductant fluid net required
(in seme configurations)



Limitations

Application
examples

NO, storage capacity is limited
by physical size of LNT

Highway and uphill driving
can overwhelm the capacity
of LNT, leading to high NO,
emission events

For engines > 2.0 L, more
frequent trap regeneration
events are required, leading
to additional fuel penalties
(around 2%)

Precious metal usage is high
(approximately 10 to 12 g for a
2.0 L engine)

NO, adsorbers also adsorb
sulfur oxides resulting from
the fuel sulfur content, and
thus require fuels with a very
low sulfur content (< 10 ppm).
Sulfur compounds are more
difficult to desorb, so the
system has to periodically run
a short “desulfation” cycle

VW Polo, VW Golf, BMW
2-Series

Limited NO,, conversion at
low-load driving conditions
(vanadium catalyst), sensitive
to fuel sulfur content
(copper-zeolite catalyst)

For light-duty vehicles
exhaust temperature during
urban driving conditions

is usually below 200°C,
whereas the vaporization of
urea into ammonia requires
an exhaust temperature of at
least 180°C

Requires additional urea
distribution infrastructure
(possibly periodic refills

by user), on-board storage
and heating, anti-tampering
provisions, and injection
systems (packaging
constraints)

Peugeot 308, Mercedes-Benz
€200, Audi A5

Most effective at low engine
loads

High real-world NO, emissions
during high load driving
instances because the
maximum applicable exhaust
recirculation rate decreases
with engine load

Tracleoff between NO,
performance and fuel
economy

Mazda 3, Mazda 6, Mazda CX-5

High cost

Packaging constraints
(combined aftertreatment
solutions take up more space
than single-technology
solutions)

Calibration difficulties due to
added complexity

US market versions of BWM
3-Series, 5-Series and X5-
Series

*Cost estimates from Posada, Bandivadekar & German, 2012. Variable geometry turbocharging is assumed for EGR.
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(ref. Liuhanzi Yang et. al., “NOx control technologies for EURO 6 diesel passenger cars”,

ICCT, 2015. 09)
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AduEE 1992 1998 2000 2005 2008 2014
QUALZFELA(CO) 4.5 4 2.1 1.5 1.5 1.5
EtStg= 4 (HO) 1.1 1.1 0.66 0.46 0.46 0.13
A A ASHE (Nox) 8 7 5 35 2 0.4
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