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Chapter 1    

Introduction 

The need to reduce negative environmental impacts has become the key factor in 
the development of techniques and technologies in all industries. The use and de-
velopment of advanced technologies involve constant verification of the existing 
conditions of human and machine labor and the consequences of its environmental 
impacts. Transport is considered to be one of the most rapidly changing industries, 
first and foremost because of reducing hazardous emissions. 

Apart from improving the classic propulsion (internal combustion engine), re-
search works are underway to develop alternative power train systems. However, 
on the basis of the existing analyses one can assume that internal combustion  
engines will continue to prevail until 2030 (Fig. 1.1). There are currently around 
700 million vehicles owned throughout the world, which is predicted to increase 
to approximately 2.0 billion by 2050 (Fig. 1.2). The developed markets such as 
Europe, North America and Japan are expected to reach saturation in the near fu-
ture, because these countries enter a period of population decline. 

However, the global vehicle fleet is expected to increase through the rapid eco-
nomic growth with the progress of automotive industry in emerging markets, such 
 

 

Fig. 1.1 Expected global passenger car structure by 2030, according to Obsidian Energy  
Company [2] 
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Fig. 1.3 Reduction of emissi

Fig. 1.4 Plan for reducing CO
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Eventually the Commission proposed that the new emission limit should be an 
average value for the entire car fleet. Heavier vehicles will be subject to higher 
limits (e.g. 150 g CO2/km for vehicles heavier than 2,000 kg). Car makers will al-
so be allowed to pool their emissions, so that e.g. Porsche could calculate its aver-
age CO2 emission together with a manufacturer of small vehicles. In 2012, the 
penalty for 1 g of excess emission will be EUR 35 per vehicle. In 2015 the penalty 
will grow to EUR 95. Manufacturers with an annual production below 10 thou-
sand vehicles will be subject to a separate set of regulations. 

Efforts are taken not only to reduce CO2 emissions in vehicle exhaust gases, but 
also in the vehicle’s entire lifecycle (“from well to wheel”). It is hoped that  
adequate legislation policy will allow cutting overall vehicle CO2 emissions by 3- to 
5-fold over the next 20 years [4]. It will be possible through implementing increas-
ingly strict emission standards and regulatory alignment in all countries. 

By extending the study over the whole vehicle lifecycle (including the production 
of the vehicle itself, its use, the production of the fuel or electricity and the produc-
tion of the first and spare batteries), a lifespan of 15 years and an overall traffic per-
formance of 250,000 km can be assumed with modern vehicles. As the conversion 
of 1 dm3 of gasoline generates 2.25 kg CO2, a range of 250,000 km leads with a fuel 
consumption of 8.5 dm3/100 km gasoline to 47,800 kg CO2. Similarly, the conver-
sion of 1 dm3 of diesel fuel generates 2.55 kg CO2, thus leading to the emission of 
39,500 kg CO2 over the whole driving range with a fuel consumption of 6.2 dm3/100 
km. By taking the 10% of energy lost during the fuel production into account, the 
CO2 emission caused by the reference vehicle reaches 53,100 kg with a gasoline en-
gine and 43,900 kg with a diesel engine.  

The production of a vehicle such as Volkswagen Golf, including its powertrain 
generates 4,400 kg CO2 according to [6] and to the data provided by Volkswagen 
AG. As the reference vehicle considered in this study belongs to a higher vehicle 
class (C-class for the reference vehicle and B-class for Volkswagen Golf), a 
higher effort for its production (including the more elaborate exhaust gas after-
treatment) is necessary. Therefore, it is assumed that the production of the refer-
ence vehicle with combustion engine or with electric powertrain (yet, without  
battery) generates 5,000 kg CO2. Thereby, the CO2 emission of the reference vehi-
cle increases to 58,100 kg with a gasoline engine and to 48,900 kg with a diesel 
engine, as shown in Fig. 1.7. 

The reference vehicle with electric powertrain requires the same amount of en-
ergy for its production as the one fitted with an internal combustion engine, thus 
generating the same CO2 emission (5,000 kg). Over the whole driving distance of 
250,000 km and with an energy input of 140 kWh for 300 km (modern lithium ion 
batteries), a total amount of 62,500 kg CO2 is released into the atmosphere. In ad-
dition, the energy required for the battery production has to be taken into account. 
According to [40], the production of the energy storage system requires the same 
amount of energy and thus causes the same CO2 emission as the production of the 
reference vehicle (5,000 kg). Moreover, it is assumed that the battery has to be re-
placed at least once during the vehicle lifecycle, thus adding 5,000 kg CO2 to  
the balance. As a result, the production of the reference vehicle with an electric 
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• testing, 
• requirements regarding the emission of pollutants. 

The new EU regulations have been discussed as of 31.12.2012. 
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