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I.C. Engines -
Concepts for Reduction of

Emissions and Consumption

Dear Mr. Speaker, ladies and gentlemen,

thank you for giving me the opportunity  to speak to you
on behalf of a supplier within CLEPA about our view on
concepts for reduction of emissions and consumption
of IC-engines. IC stands for �internal combustion �; this
is the type of engine that is powering more or less
every car and every truck all over the world.

Before we start with the technical details let me just
introduce myself: My name is Klaus Georg Bürger and I
work for Robert Bosch, where I am responsible for R&D
co-ordination within the automotive branch.
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I�d like to start with the actual status of emissions and
consumption in relation with the corresponding legislation and
self commitments. This can be seen to be the driver for future
trends in the area of gasoline and diesel engines.

Future progress is not only based on the improvement of
combustion engines; more and more the complete powertrain,
i.e including transmission has to be taken into account, leading
to a co-ordinated powertrain control.

Further on, I�d like to explain to you our view of roadmaps of
the expected developments and trends within the next 10 to 15
years.

Finally, we will come to a conclusion
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So, let�s start with the actual legislation concerning
emissions and the status of newly sold cars.

I will do this overview first for gasoline, then for diesel
cars.
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Emissions of Cars with Gasoline Engines

This slide  shows the different stages of emission legislation for
gasoline engines: We started with ECE-regulation 83/01, also
known as �EURO 1� in 1992; via EURO 2 in 1996 and EURO 3 in
2000, we have now �EURO 4�, becoming the requirement for cars
that are released from 2005 onward. Starting from the centre, the
diagram shows the different exhaust components (carbon oxide,
nitroge oxide and hydrocarbon) in the different directions.

Comparing these requirements with the actual status of vehicle
data, we  recognise that already  today,  about 52% of sold new
gasoline cars meet EURO 4 limits; more than 44% meet at least
EURO 3 and only very few are outside of EURO 3.

This explains our estimation that for gasoline engines meeting
EURO 4 is within reach.
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Emissions of Cars with Diesel Engines

The amount of diesel engines sold in Europe is now about 50% of
all cars; the main reason being the low fuel consumption.

Looking at emissions from diesel cars, the situation becomes
more sophisticated: In addition to the gaseous components, we
have to look for particulate emissions very carefully, it is displayed
on the additional axis showing down on the diagram.

The spread of meeting the limits is wider for diesel cars: Achieving
EURO 4 still needs a lot of work to be done and will not be �free of
charge�.

On the other hand, it must be stated, that especially in the field of
gaseous and particulate emissions of diesel engines, a lot of
progress could be achieved in the recently passed time.

Technical details will be explained later
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Situation in Europe and in the U.S.
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Apart from harmful gaseous emissions, fuel consumption respectively
CO2-emission is another important fact that is mainly discussed in
connection with its influence on the world climate.

The red line shows the ACEA self commitment (reduction from 186
g/km in 1995 to 140 g/km in 2008). EU-parliament has given up its own
demand and will join the actual ACEA discussion for further reduction.

The red arrow  indicates that automotive industry is on the right way to
achieve the targets. The major reason for this is the high share of diesel
cars (152 g/km) versus gasoline cars  (194 g/km). Increasing the diesel
share in the sub compact class would initiate another push in the right
direction

On the other hand, it is important to mention, that vehicle mass has
another major influence on fuel consumption The corresponding figure
is around 17g CO2/100km when the vehicle mass is increased by
100kg. Unfortunately, due to trends towards bigger, more powerful and
more comfortable cars, the average mass of new  vehicles does not
decrease, in spite of offers of so called light weight vehicles from the
industry.

Finally looking at the situation in the US, it becomes obvious, that
reduction of fuel consumption does not have a high priority there.  Limits
and actually achieved values are much higher than in the EU, mainly
pushed by the trend to light trucks and SUVs. US Priority is reduction of
gaseous emissions.
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Comparison of Fleet Consumption in D and US 
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Comparing the fleet consumption (in l/100km) in the US and
Germany gives some more information:

After a steep decrease in the 70s, the US average consumption
stays more or less constant; further progress is more than
compensated by to the increasing share of light trucks and heavy
special utility vehicles (SUVs).

In Germany, we see a continuos decline , only interrupted by an
increase in the late 80s; that was due to the introduction of the 3-
way catalyst.

This confirms once again, that there is a conflict in achieving both
emission- and consumption targets: Due to physical facts, there is
no common optimum and meeting both requirements needs a well
balanced set of technologies and ... it will cost money: This
progress does not come for nothing.
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So, what is behind the technology trends?

Let us first have a look at gasoline engines:



9

© Alle Rechte bei Robert Bosch GmbH, auch für den Fall von Schutzrechtsanmeldungen. Jede Verfügungsbefugnis, wie Kopier- und Weitergaberecht, bei uns.
K/EWK-B 25.02.2002

9

Fuel rail
Injector

Ignition coil

Phase sensor

Accelerator
pedal module

Oxygen
sensor
(LSU)

Temp.
sensor

Pre - catalyst

Exhaust
temperature
sensor

Nox

catalyst

Oxygen
sensor
(LSF)Bosch components

specifically for DE

Delivery module incl.
low pressure pump

Speed
sensor

Knock
sensor

Pressure
sensor

EGR - valve

Intake-
manifold
pressure
sensor

Throttle
device
(EGAS)

Canister
purge valve

High pressure pump
Carbon canister

Air mass meter with
temperaturew sensor

Electronic
control unit

Diagnosis interface

Malfunction indicator lamp

Immobilizer

CAN

Engine Management by DI-Motronic MED9
for Gasoline Direct Injection (GDI)

Source: GS

This slide shows the system overview of modern gasoline direct
injection system, that are about to be introduced in the near future.

Without going too much into details, I�d like to mention some
characteristics:

!  It is obvious that modern injection systems consist of numerous
sensors, actuators and control devices that need to be operated in a
well co-ordinated way.

!  The open loop control of former systems is now replaced by a
sophisticated closed loop control strategy.

!  The injection system is more and more bound up with the
combustion process inside the cylinder, which leads to a much closer
development co-operation between injection systems supplier and
engine designer.

!  Optimising the internal combustion process is the most effective
way, also from the point of view of cost/benefit relation. Nevertheless,
additional technologies such as exhaust gas aftertreatment might be
needed to meet current and future legislation limits, especially for
heavy cars.
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Gasoline Technology Strategy
System Recomendation
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EGR: Exhaust Gas Recirculation
ETC: Electrically driven Turbo Charger
VVA: (fully) Variable Valve Actuation

Development and introduction of new injection systems will not
be independent from the engine size:

Depending on the engine displacement, we recommend
different combination of modules to achieve the requested
targets. This is mainly due to the fact, that the automotive
market is very cost sensitive and the industry, both OEM and
suppliers, always have to look for the solution with the best
cost/benefit relation.

Here you can easily see that before introducing such expensive
systems like crankshaft starter-generator or even fully variable
valve actuation, the introduction of other approaches such as
GDI or thermomanagement is much more likely.
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In case of diesel engines, we generally have a similar
situation
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Almost all new diesel engines are equipped with
modern high pressure direct injection system:

The unit injector system (on the left) and the well
spread common rail system (in the middle) are the
basis to meet future legislations such as EURO 4.

Parallel to that they enable even lower fuel
consumption, higher engine torque (meaning �fun to
drive� for the driver) and a much lower noise level,
compared to former systems.


