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Efficient and clean: exhaust aftertreatment for
gasoline and diesel engines

o Total exhaust aftertreatment system reduces nitrogen oxide emissions of TDI
engines by more than 90 percent

e Audi in charge of systems for new V6 TDI engine generation within the VW Group

e Gasoline particulate filter completes exhaust gas purification of Sl engines

Ingolstadt, November 13, 2020 - Audi is using complex exhaust aftertreatment systems to
meet increasingly lower emission limits. Besides the utilization of in-engine technology, the
latest gasoline and diesel engines meet the strict standards especially due to powerful and
sophisticated exhaust gas purification systems. Particulate filters complement catalytic
exhaust aftertreatment on both TDI and TFSI engines.

What are the current challenges of exhaust gas purification?

The required levels illustrated by the example of nitrogen oxide emissions for diesel engines
show how much stricter emissions legislation has become. While the Euro 3 limit from 2000
onwards was still set at 500 mg/km, only 80 mg/km have been permissible for new type
approvals according to Euro 6d since 2020. Within the space of two decades, the limit has
dropped to less than one sixth. The move from Euro 5 to Euro 6 alone resulted in 56 percent of
the total reduction. On January 1, 2020, the Euro 6d standard superseded the previously valid
Euro 6d TEMP limits for newly homologated models. Starting on January 1, 2021, all new
vehicles seeking first-time approvals will have to comply with the new standards, including the
strict requirements of the RDE (Real Driving Emissions) test method that targets emissions in
real-world day-to-day driving. Nitrogen oxides - also referred to by their chemical abbreviation
NOy - are formed when nitrogen from the air reacts with oxygen during the combustion process.
The proportion of nitrogen oxide is particularly high with diesel engines because these units are
designed to operate with a surplus of air.

How has Audi composed its exhaust aftertreatment system for the V6 TDI?

Audi is responsible for the basic development of the V6 TDI engines of the new Evo 3 generation
within the Volkswagen Group. As the requirements imposed by stricter emission standards keep
increasing, the engineers have to improve the efficiency of exhaust gas purification. In the case
of exhaust aftertreatment, this requires larger design volumes of the catalytic converters,
among other things. With the current new development for the V6 TDI, Audi has achieved a
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compact combination of all technologies. The flow of the two exhaust gas tracts on the outside
of the two cylinder-bank sides converges behind the engine in front of the firewall, where the
exhaust gas turbocharger is located. Directly downstream in the exhaust system is an oxidation
catalyst, referred to as NSC. The name stands for NO Storage Catalyst. It is directly followed by
an SCR-coated diesel particulate filter (SDPF). The abbreviation SCR stands for Selective
Catalytic Reduction. The second SCR catalyst is located further downstream in the exhaust
system below the vehicle’s underfloor.

How does multi-stage exhaust gas purification work on TDI engines?

The oxidation catalyst (NSC) close to the engine can temporarily store nitrogen oxides up until
the regeneration stage. This catalyst is effective even at low engine operating temperatures, for
instance following a cold start. Regeneration occurs by means of a short-term mixture
enrichment triggered by the engine control unit. Thus, besides storing and subsequently
neutralizing the nitrogen oxides, the catalyst oxidizes unburned hydrocarbons and carbon
monoxide into carbon dioxide and water vapor, using the oxygen molecules of the temporarily
stored NO,.

Another stage to reduce nitrogen oxides is triggered by the injection of the AdBlue additive.
Because this aqueous urea solution is injected into the exhaust system at two points where
temperatures differ, using one dosing module at each point, the total system is referred to as
twin dosing. Subsequently, the chemical process of urea thermolysis occurs in the exhaust
system, which converts the AdBlue additive into ammonia. The ammonia reacts with the SCR-
coated diesel particulate filter (SDPF) close to the engine, and on the second SCR catalyst,
located further downstream in the exhaust system, with nitrogen oxides that have not been
converted yet. This results in the formation of water and elemental nitrogen, which accounts for
about four fifths of our Earth’s atmosphere.

What are the benefits of a twin dosing system?

Twin dosing of the aqueous AdBlue urea solution is particularly effective. It takes advantage of
the different conditions in various areas of the exhaust system to enhance the effectiveness of
the total system, adjusted to diverse operating conditions. In this way, Audi manages to convert
more than 90 percent of the nitrogen oxides across a wide temperature and operating range.
Thus, twin dosing decisively contributes to meeting NO, emission limits. If the vehicle is driven in
high-load conditions for a longer period of time, such as on expressways or while towing a
trailer, exhaust gas temperatures in the SDPF close to the engine significantly increase,
resulting in a decline of nitrogen oxide conversion rates. This provides the stage for the second
injection of AdBlue upstream of the second active SCR catalyst, which is located significantly
further downstream in the vehicle’s underfloor on a lower temperature level. This enables the
total system to achieve high conversion rates across a wide range.



When will this V6 TDI engine be launched and in which model ranges will it be used?
Twin dosing technology in the V6 TDI will be used from the Evo 3 generation onwards. It is
available in diesel engines with three liters of displacement in three different performance
classes and will be installed for the new year in all models featuring this engine.

Audi emphasizes sophisticated emission reduction technology also with spark ignition (SI)
engines. How does Audi reduce pollutant levels for its gasoline units?

Just like with the TDI, the purification of exhaust gases starts with a variety of internal engine
technologies for the TFSI units, in other words the turbocharged direct-injection gasoline
engines. Audi uses the B cycle, also known as the Miller combustion process, in various engines.
It yields major fuel economy benefits especially during an easy-going driving style. Under low
load and low engine speed, the two-stage Audi valvelift system (AVS) closes the intake valves
earlier. This results in a shortened compression stage which, combined with lower throttle
losses and the long expansion phase, specifically in the predominantly occurring part-load
operating range, yields emission and fuel economy benefits. The cylinder on demand system is
another in-engine method for reducing consumption. It deactivates individual cylinders in
operating conditions with low load demands. An alternative method is indirect injection. It
complements FSI gasoline direct injection, reduces consumption and increases engine power
output. The utilization of a gasoline particulate filter (GPF) in the exhaust system is common to
all systems.

Why do Sl engines require a gasoline particulate filter?

All of Audi’s gasoline-powered models use efficient FSI technology, in other words gasoline
direct injection engines. Turbocharging is additionally utilized in the majority of models. The
objective is to effectively purify exhaust gas even in unfavorable operating ranges. The GPF
reduces carbon particulate emissions caused especially when cold-starting gasoline engines by
as much as 90 percent. Since 2018, all of Audi’s model ranges approved according to the Euro
6d TEMP emissions standard have been equipped with gasoline particulate filters, with two
exceptions: the two-liter TFSI engine of the EA888 model range for natural gas engines such as
the one used in the Audi A4 Avant g-tron* and Audi A5 Sportback g-tron* and the 1.5 TFSI unitin
the Audi A3 Sportback 30 g-tron*. These engines do not require such a filter because methane,
which is also referred to as CNG (Compressed Natural Gas), burns without particulate emissions.

How does a gasoline particulate filter work?

The exhaust gas has to flow through a fine-pored cordierite ceramic body behind the catalytic
converter. The operating principle of this gasoline particulate filter is similar to the exhaust gas
purification technology of a diesel engine: The exhaust gas flows through porous ceramic cell
walls, which form small, closed channels toward the intake and exhaust side, respectively. The
particulate matter sticks to the rough ceramic surface. Depending on the individual driving style,
the regeneration of the filter takes place in a process that is simpler than that of a diesel engine
because a gasoline unit does not generate particulate matter in every operating condition.
Likewise, due to its design principle, exhaust gas temperatures of spark ignition engines are



higher than those of compression ignition engines. Due to controllable oxygen supply via the
engine control unit and a subsequent additional short-term temperature increase in the exhaust
system, the amount of the charge, which is clearly less than that of a diesel unit, easily lends
itself to post-oxidation and neutralization.

What distinguishes Audi’s system compared to the competition?

Audi uses especially voluminous gasoline particulate filters. In the case of the EA888 two-liter
four-cylinder engine, it has a volume of 3.2 liters. Its design featuring back pressure
optimization enables favorable power and torque curves. GPF operation is sensor-monitored on
all models across the board. Thanks to this monitoring process, the frequency and duration of
regeneration are oriented to the condition of the filter, which results from the actual individual
everyday driving profiles of any customer. This reduces emissions and the environmental burden,
and increases the service life of the filter.

Consumption of the models named above
(Information on fuel consumption and CO2 emissions as well as efficiency classes in ranges depending on
the tires and alloy wheel rims used)

Audi A3 30 g-tron:
Combined CNG consumption in kg/100 km: 3,6-3,5
Combined CO; emissions in g/km (CNG): 99-96

Audi A4 Avant 40 g-tron:
Combined CNG consumption in kg/100 km: 4,1-3,9
Combined CO; emissions in g/km (CNG): 111-105

Audi AS Sportback 40 g-tron:
Combined CNG consumption in kg/100 km: 4,1-3,8
Combined CO; emissions in g/km (CNG): 111-104

The indicated consumption and emissions values were determined according to the legally specified
measuring methods. Since September 1, 2017, type approval for certain new vehicles has been performed
in accordance with the Worldwide Harmonized Light Vehicles Test Procedure (WLTP), a more realistic test
procedure for measuring fuel consumption and COz emissions. Beginning September 1, 2018, the WLTP will
gradually replace the New European Driving Cycle (NEDC). Due to the realistic test conditions, the fuel
consumption and CO2 emission values measured are in many cases higher than the values measured
according to the NEDC. Vehicle taxation could change accordingly as of September 1, 2018. Additional
information about the differences between WLTP and NEDC is available at www.audi.de/wltp.

At the moment, it is still mandatory to communicate the NEDC values. In the case of new vehicles for which
type approval was performed using WLTP, the NEDC values are derived from the WLTP values. WLTP values
can be provided voluntarily until their use becomes mandatory. If NEDC values are indicated as a range, they
do not refer to one, specific vehicle and are not an integral element of the offer.
They are provided only for the purpose of comparison between the various vehicle types. Additional
equipment and accessories (attachment parts, tire size, etc.) can change relevant vehicle parameters, such
as weight, rolling resistance and aerodynamics and, like weather and traffic conditions as well as individual
driving style, influence a vehicle’s electrical consumption, CO2 emissions and performance figures. Fuel
consumption and CO2 emissions figures given in ranges depend on the tires/wheels used and chosen
equipment level.
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Further information on official fuel consumption figures and the official specific CO2 emissions of new
passenger cars can be found in the “Guide on the fuel economy, CO2 emissions and power consumption of all
new passenger car models,” which is available free of charge at all sales dealerships and from DAT Deutsche
Automobil Treuhand GmbH, Hellmuth-Hirth-Str. 1, 73760 Ostfildern-Scharnhausen, Germany
(www.dat.de).

The Audi Group, with its brands Audi, Ducati and Lamborghini, is one of the most successful manufacturers
of automobiles and motorcycles in the premium segment. It is present in more than 100 markets worldwide
and produces at 16 locations in 11 countries. 100 percent subsidiaries of AUDI AG include Audi Sport GmbH
(Neckarsulm, Germany), Automobili Lamborghini S.p.A. (Sant’Agata Bolognese, Italy) and Ducati Motor
Holding S.p.A. (Bologna, Italy).

In 2019, the Audi Group delivered to customers about 1.845 million automobiles of the Audi brand, 8,205
sports cars of the Lamborghini brand and 53,183 motorcycles of the Ducati brand. In the 2019 fiscal year,
AUDI AG achieved total revenue of € 55.7 billion and an operating profit of € 4.5 billion. At present, 90,000
people work for the company all over the world, 60,000 of them in Germany. With new models, innovative
mobility offerings and other attractive services, Audi is becoming a provider of sustainable, individual
premium mobility.
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