
The reduction of automobile exhaust emissions 

 
 

Good morning ladies and gentlemen. My name is Stefan and I’m going to talk about the                                   

different techniques to reduce emissions and fuel consumption of automobile engines. 

At first some vocabulary. 

 

I’m going to start with  the main problem of conventional engines and then move to the 

different possibilities for the manufacturers. Finally I’m going to give an outlook into the 

future. 

 

 

 

1. Why is it necessary to reduce emissions? 

 

Today the main problem of the  environmental pollution is the enormous increase in the use 

of fossil energy sources by the industrialized nations. 

The vehicle exhaust emissions are an important factor. In 1998 for example  approx. 750 

million tons of carbon dioxide were emitted in Germany. The road traffic accounts approx.  

20 % of the overall outputs. 

In this diagram you can see the development of personal mileage. 

As you can see, most people are still going by car although the fuel prices are constantly 

rising. So it is important to find solutions to reduce emissions. 

 

 

 

2. What are the products that destroy our nature? 

 

When a hydrocarbon molecule is completely burned the process only releases water and 

carbon dioxide. But that’s only theory. 

 

CH4  +  2 O2  →  CO2  +   2 H2O 

 

In reality this process produces also: 

• carbon monoxide (CO) 

• unburned hydrocarbons (HC) 

• nitrogen oxides (NOx) 

• and other pollutants like smoke particulates, aldehydes and  sulphur dioxide(SO2). 

 

The effects of the pollutants in the atmosphere are: 

• smog 

• acid rain 

• the enlargement of the “ozone hole” 

• “Greenhouse effect”, which means global warming. This shows a temperature 

increase of  0.7 degree over the last century. That doesn’t seem to be too much, but I 

think everybody knows what this mean. Melting of the poles, the glaciers and so on. 

 

 

 

 



  

3. Now I would like to speak about techniques that  reduce emissions 

 

In general three basic approaches are commonly used: 

 

• design parameters: that means cylinder head, combustion chamber design, spark plug  

position, design of injection system and the number of valves. This you can see on the 

foil. 

• Operational  parameters: that means engine management, mixture formation, ignition 

timing, injection duration and timing. 

• Exhaust gas aftertreatment: that means  using catalytic converter systems, secondary 

air injection and filters. 

 

If we speak about emission we ought to know about the important quantity  lambda. It 

describes the ratio between fuel and air. 

• Lambda=1 means in the cylinder is a stochiometric mixture. All injected fuel could be 

burned and no air is over. 

• Lambda< 1 means more fuel than air in the cylinder. 

• Lambda > 1 means more air then fuel in the cylinder. That is the best way to save fuel, 

but Otto-engine operates only if lambda is between 0.9  and 1.1. 

 

Now I want to speak about methods for the engineer: 

 

We have to differentiate between Otto- and Diesel-engines. 

firstly some possibilities for both types: 

 

• use modern injection systems that inject sequential and not simultaneous.-MPI 

• The constructer should use 4 or 5 valves per cylinder →  So a better mixture between 

air and fuel is in the cylinder.  

• reduce the temperature in the cylinder. → The effect is that HC and NOx emissions are 

reduced. So you have to use a more efficient cooling or EGR. 

• EGR- exhaust gas recirculation. This system introduces exhaust gas into the cylinder 

again. The burning temperature goes down and the result is that haven’t got so much 

NOx  anymore. 

 

secondly some special procedures for Otto engines: 

 

• use higher effective compression ratio. But this option is limited by the knock 

characteristic of the present fuel.  This is an interesting job for future to develop new 

fuels with other characteristics. 

• use lean burn engines which works if lambda is higher than 1.  

- Special concepts are Direct injection systems. for example Mitsubishi GDI 

   There the engine produces a ignitable mixture just around the spark plug. 

   I must emphasize that the direct injection reduces the fuel consumption only in part     

   Throttle. For example if you are driving a motorway. If you drive like a racing driver               

   you won’t save any fuel. But the advertising don’t  tell us anything about this. 

    

In this diagram you can see that it isn’t easy to reduce all emissions.  At this point for example  

the carbon monoxide content is low  but the nitrogen oxide content is high. 

The manufacturer  has to find a good mixture between emissions, consumption and power. 

 



 

thirdly methods for diesel engines: 

 

The emissions of diesel engines are nearly the same but you have an additional one the smoke 

particulates or the soot. 

The methods are similar to the ones in petrol engines but there are some special qualities. 

 

 

• The injection pressure could be increased: Modern direct injection systems work with 

pressures about 1000 bar, like the Volkswagen-engine with  pump-nozzle design.     

You can see it on the green ‘i’ in tdi; 

• Intercooler and charging  makes the engine more efficient. This is possible in petrol 

engines too, but it is very expensive. 

 

 

In this diagram you can see the potential of the different engines. 

 

If we want to reduce emission and consumption we will prefer Diesel-engines. They need no 

stochiometric mixture and work more efficiently. 

Diesel engines offer a significant potential ( approx. 30 %)  for reducing fuel consumption 

The spark-ignition-engines are nearly full exploited. Major projects are using alternative fuels 

and improving the catalytic converters. 

This leads me to my next point. 

 

 

4. exhaust aftertreatment methods: 

 

We have to differentiate again between Diesel and Otto-engines. 

 

In petrol engines the most efficient way to reduce emissions is to use an 3-way-catalitic 

converter. This type of converter only works if you have a stochiometric mixture.  

So a complex mixture system with a lambda sensor is required. It checks the exhaust gas and 

controls the fuel injection. 

Here I can give you a good example. At first the mitsubishi-gdi failed the “German emission 

standard” .  

The GDI engine doesn’t work with lambda=1. So the engineers had to construct a new 

converter, which produces the correct emissions.  

You can see the structure of a three-way catalytic converter in this picture. 

 

 

In Diesel-engines an oxidation-catalyst is used. Three-way-catalytic-converter are not suitable 

for diesel engines since diesel engines cannot be operated at lambda=1. 

There doesn’t exist a system to reduce NOx. The basic reduction of CO and HC is used by the 

oxidation process. 

Today filters help to reduce the particulate emissions. But often they have to be replaced. 

Experts are developing systems that regenerate automatically, without any change of the 

Filter. In this year Peugeot introduces the first car with a self-regenerating system.  

All exhaust aftertreatment methods don’t reduce the emission of carbon dioxides.  But this  is 

an important factor for global warming. If we want to reduce their emission, we will reduce 

the fuel consumption.  

The 3-litre car is a example for this trend. 

 



 

At last I want to give a little outlook into the future. 

 

 

There exist many other methods to produce mechanical energy. 

We could us alternative fuels like alcohols (for example methanol), natural gas, vegetable oil  

or hydrogen that is used in fuel cells. 

But in some years we are all engineers and could develop much better concepts. 

 

 

I think the history of the Otto-engine is over. They couldn’t have been developed more 

efficiently. 

In the present diesel engines are a good chance to reduce emission. 

The future belongs to the fuel cells which produce the energy that runs an electric motor. 

The waste product is water vapour. The system is pollution free. 

In practise Mercedes built the NECAR, which runs with fuel cells. BMW has also some 

testcars.  

 

But even if we use all these techniques, the best way to save our atmosphere will be going by 

bike, by bus or by train.  

That’s all I have to say for the moment and I hope you have learned something. 

 

I have used these books …  for my report. 

If you are interested  in further information you can look in the web. 

The addresses you can find on your handout. 

 

 

 

If there are any questions I’ ll be happy to answer them. 

 

 

 

 

 

 

vocabulary: 

 

- combustion chamber - Verbrennungsraum 

- piston   - Kolben 

- spark plug   - Zündkerze 

- mixture   - Gemisch 

- ignition   - Zündung 

- ratio    - Verhältnis 

- lean burn engine  - Magermixmotor  

 


