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Environmental assessment of the production process of internal combustion engines 
 

The aim of this article is to demonstrate using the LCA methodology the environmental effects of material composition changes on 
Volkswagen Golf passenger cars over the past 30 years. The simplified LCA model of the engine presented in the work shows the energy 
consumption and total CO2 emissions based on the mass of materials. It was built to investigate general assumptions about material 
production and car recycling. The results of the research presented in the paper give an image of the modernity of a passenger car 
engine on the basis of consumption and the degree of recovery of materials used for its construction. 
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1. Introduction 

The most complex product of mass industrial produc-
tion is a passenger car.It consists of thousands of parts 
made of almost all kinds of materials such as metals, alu-
minum and its alloys, plastics, glass and ceramics. Car 
production currently has a significant impact on the envi-
ronment. The choice of more environmentally friendly 
construction materials from which it is manufactured can 
significantly reduce its environmental impact. The main 
component of each vehicle is the car engine. In the past, car 
engines were mainly designed for high performance, which 
caused that environmental pollution by motor vehicles 
became a significant problem in the second half of the 20th 
century and today. Since then, the development of envi-
ronmental requirements has become a major factor stimu-
lating the development of modern engine designs. 

Currently the strategic goal of the European Union's en-
ergy policy in the transport sector is to reduce greenhouse 
gas emissions by 60% by 2050 compared to the levels from 
1990. One way to achieve this is to strive for a more sus-
tainable use of all means of transport due to the fact that 
this sector represents a major and still growing source of 
greenhouse gas emissions. That forces manufacturers to 
improve the energy efficiency of vehicles through the in-
troduction of new technologies, especially in the field of 
drive systems. The effects of concern for the environment 
are visible – the unit emissions of pollutants in the exhaust 
fumes from new cars are reduced. Already at the beginning 
of the 1950s, Californian researchers for the first time 
linked environmental pollution to vehicle traffic. There, the 
first emission standards were introduced. Since then, the 
development of environmental requirements has become a 
majorfactor stimulating the development of modern engine 
designs [1, 2]. 

The traditional approach to environmental assessment of 
a car is first of all to determine pollutants and CO2 emis-
sions, which depend on the type and amount of fuel con-
sumed. Research methods of the sizes are largely objecti-
fied, have a long tradition in the automotive industry and 
are based on extensive knowledge. The result of this ap-
proach are existing emission standards. The Life Cycle 
Method (LCA) described in ISO 14040 [3] and 14044 [4] 
expresses a contemporary approach to the problem of the 
impact of a car and its components on the environment. 

These standards define comprehensive, quantitative deter-
mination of an environmental load, based on the inventory 
of environmental factors associated with the object, process 
or other activity throughout the cycle from extracting raw 
materials to their final disposal [5–8]. The LCA method, 
introduced since the 1970s [9, 10], is one of the most effec-
tive and reliable eco-balance tools for assessing the amount 
of energy consumption and the volume of emissions of 
hazardous substances and materials in all phases of a prod-
uct existence – from raw materials acquisition to liquidation 
of exploited products [11]. This is the basis for estimating 
the available options in order to reduce the load into the 
environment [5, 6]. 

2. Modeling of the engine life cycle 

2.1. Purpose and scope of research 

Current requirements for construction materials used in 
the automotive industry is primarily a tendency to use mate-
rials with lower density and greater strength and better 
performance. This makes it possible to reduce the weight of 
the vehicle and thus reduce fuel consumption so that the 
vehicle's carbon emissions to the environment are reduced. 
The use of new construction and operating materials, as 
well as a technology of a vehicle manufacturing and ser-
vice, should help to increase the durability of vehicles and 
their components and extend the service intervals. 

This reduces the environmental load of waste materials 
associated with the handling and disposal of end-of-life 
vehicles. The benefit is also the saving of raw materials and 
energy needed to process materials and produce parts and 
assemblies of vehicles. New construction materials and 
vehicle design itself should be adapted to the efficient recy-
cling of vehicles. It is therefore necessary to optimize the 
design of cars, taking into account the issues of material 
selection and recycling at the design stage. 

In the article, the LCA method was used to compare the 
environmental profiles of six spark-ignition internal com-
bustion engines with similar operating characteristics pro-
duced in the last 30 years. The main objective of these 
studies was to assess the environmental effects of using 
different construction materials in engines [14, 15]. This 
assessment takes into account the use of recycled materials. 
A recycling scenario has been adopted in which materials 
recovered from end-of-life vehicles go back into the pro-
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duction cycle of materials as a secondary raw material 
(closed loop recycling). In this way, recycling replaces 
primary raw materials and the impact of primary raw mate-
rial production on the environment is avoided. 

The research was conducted in accordance with the 
LCA method described in the Europe standards. Environ-
mental impact is presented in the form of energy flows and 
total pollutant emissions with significant potential for glob-
al warming. 

The results relate to six generations of the Volkswagen 
Golf petrol engine with similar exhaust gas operating char-
acteristics, produced in the last 30 years (Table 1). 

 
Table 1. Technical specifications of tested Volkswagen Golf cars 

Model 
Golf 
Mk1 

Golf 
Mk2 

Golf 
Mk3 

Golf 
Mk4 

Golf 
Mk5 

Golf 
Mk6 

Year  
of construction 

1976-
1983 

1983-
1987 

1991-
1997 

1997-
2003 

2006-
2008 

2008-
2012 

Kerb weight [kg] 830 875 1030 1174 1153 1215 
Engine capacity [cm3] 1272 1272 1391 1390 1390 1390 
Average fuel consump-
tion NEDC [l/100 km] 

7.8 6.1 6.8 6.4 6.8 6.4 

2.2. Data sources 

Material data of the VW Golf internal combustion en-
gines was obtained during tests conducted at a certified 
vehicle dismantling station in Szczecin and using the most 
recent data from the literature. During the research, the cars 
were dismantled into assemblies and single parts.In order to 
draw up the list of materials used in the engine, the parts 
were weighed and the type of the material was determined. 
Many small parts were made from one material and in  
a similar technology. In this case, the list of parts was de-
termined by the total weight in kilograms. 

The list of the parts, along with information about the 
material weight, was used to build the LCA model of the 
car. As the parts are made from different materials, to sim-
plify the model and facilitate the presentation of the life 
cycle assessment results, materials were assigned to five 
material groups: 
− steel, cast steel, cast iron, 
− aluminum and its alloys, 
− plastics and rubber, 
− non-ferrous metals, 
− other materials. 

The list of materials used in the Golf car engines is 
shown in Table 2. 
 

Table 2. Percentage share of Volkswagen Golf engine materials 

Model 
Golf 
Mk1 

Golf 
Mk2 

Golf 
Mk3 

Golf 
Mk4 

Golf 
Mk5 

Golf 
Mk6 

Year  
of construction 

1976-
1983 

1983-
1987 

1991-
1997 

1997-
2003 

2006-
2008 

2008-
2012 

Steel, cast steel, 
cast iron 

58.4 59.4 53.3 52.7 50.0 49.8 

Aluminum and its 
alloys 

28.6 28.1 25.3 25.2 26.7 26.9 

Plastics and rubber 2.6 3.0 7.8 8.2 8.6 10.2 
Non-ferrous metals 2.2 2.1 4.9 5.9 6.3 6.3 
Other materials 8.2 7.4 8.7 8.0 8.4 6.8 

 

An inventory of the impact of the production processes 
of these materials is shown in Figure 1. Inputs include the 
streams of materials used in the engine that come from the 
natural environment (primary production) M1, M2, …, Mn 

and from recycling (secondary production) MR1, MR2, …, 
MRn. The system outputs include pollutant emissions P1, P2, 
…, Pn and energy consumption E1, E2, …, En associated 
with their generation. 

 

 
Fig. 1. Inventory of the car’s life cycle 

 
For each material stream, the volume of emissions of 

the substance was determined, i.e. CO, CO2, CH4, N2O, 
NOx, NMVOC, which accompany primary and secondary 
production of materials.Data regarding the size of these 
emissions was obtained from the Ecoinvent 2.1 database, 
which is widely used in life-cycle studies. The environmen-
tal impact of these variables was converted into CO2eq car-
bon dioxide emissions.Eco-Indicator EI99 E/A Europe was 
used for the conversion. In the LCA studies, the total CO2eq 
emission was treated as an environmental impact category. 
While the energy consumption in the production processes 
of materials was specified on the basis of Gemis and Raport 
LCA Plastics Europe and from the assisting calculation 
programs: SimaPro oraz Greet. 

3. Evaluation results of engine production process 
Material data obtained reflects changes in the design of 

the internal combustion engine of the car. It is therefore 
necessary to assess whether the presented tendencies of 
these changes are justified from the point of view of the 
impact of the materials on the environment. 

3.1. Changes in the use of materials 

The material data presented in Figure 2 reflects the gen-
eral tendency to increase the mass of new cars. 
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Fig. 2. Weight of Volkswagen Golf engine and its equipment 
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Weight of the engineand its equipment increased by 
over 65% between models Mk1and Mk6. Table 2 shows  
a decrease in the share of steel, cast steel and cast iron in 
the engine construction by 8.5% between Mk1 and Mk6, 
with an almost four-fold increase in the share of plastics 
and rubber and nearly three-fold increase in the share of 
non-ferrous metals. 

3.2. Impact of primary production of materials 

This chapter presents the results of the environmental 
assessment of engines based on the energy inputs and car-
bon dioxide (CO2) emissions associated with the primary 
production of the materials.The comparison of environmen-
tal loads for the individual materials of the car engine is 
shown in Figures 3 and 4. 
 

 
Fig. 3. Percentage share of energy inputs for the Volkswagen Golf engine 

and its equipment divided into materials 
 

Based on the results of the assessment, the dominant 
share of aluminum and its alloys in total energy expenditure 
can be found. The higher energy consumption of these 
materials compared to steel results from a fourfold increase 
in the unit energy consumption index of the material 
primary production, which for aluminum is 166.169 MJ/kg, 
while for steel it is only 40.903 MJ/kg. 

Compared to the Mk1 model, the percentage share of 
energy inputs for steel, cast steel and cast iron in the Mk6 
model decreased by 6.6% and by 8.5% for aluminum and its 
alloys (Fig. 3). A systematic increase in the environmental 
load associated with the use of other materials can be 
observed. For non-ferrous metals, the share of energy inputs 
was over two and a half times higher, while for plastics and 
rubber it was a three-fold increase. 
 

 
Fig. 4. Percentage share of CO2 emissions for the Volkswagen Golf engine 

and its equipment divided into materials 

Such changes in energy inputs correspond to changes in 
carbon dioxide emissions. Percentage share of CO2 
emissions between models Mk1 and Mk6 decreased by 
7.4% for steel, cast steel and cast iron, and by 4.3% for 
aluminum and its alloys. For plastics and rubber there was 
more than two and half times increase in CO2 emissions, 
and for non-ferrous metals – almost three-fold increase in 
CO2 emissions. 

3.3. Impact of secondary production of materials  

(recycling) 

In the environmental assessment of materialssecondary 
production, a closed loop recycling scenario has been 
adopted where the size of the “environmental credit” of the 
se-condary production of the materials recovered from 
scrapped cars was determined as compared to the primary 
production of the materials. The amount of energy inputs 
(EI) and CO2 emissions related to the production of recy-
cled materials was determined for the reuse and recycling 
indicators, which have come into effect since 2015 for all 
engines of vehicles withdrawn from use (RRR Directive, 
2005). The results of the comparative assessment are shown 
in Figures 5 and 6. 
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Fig. 6. CO2emissions for secondary production 
 
The results indicate the significant potential of recycling 

to reduce energy consumption and CO2 emissions during 
the production process. Despite the systematic increase in 
energy consumption and CO2 emissions for both primary 
and secondary production of materials, a noticeable 
reduction in environmental loads in the case of secondary 
production of materials is observed. At the same time, there 
is a reduction in the benefits of the use of recycled 
materials. This is the result of the growing use of plastics in 
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the construction of engines whose recycling creates the 
greatest environmental problems. 

4. Conclusion 
The results presented in the paper show the environmen-

tal effects of changes in the composition of the material in 
the engines of Volkswagen Golf passenger cars in the past 
30 years. The simplified LCA model of the engine present-
ed in the paper shows the energy consumption and total 
CO2 emissions based on the mass of materials. Changes in 
the use of materials are a signal of the technological pro-
gress that has taken place in car construction in the past 30 
years. The greatest progress was made with the introduction 
of the third-generation model. A number of changes to 
improve comfort and safety have been introduced. The 
price of these changes was to increase the weight of the 
whole car by about 18%. At the same time, lightweight 
materials such as aluminum, plastics and rubber and non-
ferrous metals increased by about 4%. So clear, compared 
to the predecessors, the increased use of these materials 
indicates the beginning of the implementation of a car 

weight reduction strategy, aimed at offsetting the effects of 
the changes in the design of not only the whole car but also 
the engine. 

The selection of construction materials used in the con-
struction of internal combustion engines of the Volkswagen 
Golf car has a significant impact on the level of their environ-
mental impact. There is a tendency to reduce the share of steel, 
cast steel and cast iron while increasing the share of other 
materials. Systematic increase in the environmental burden 
associated with the use of other materials can be observed. 

Based on the analysis, it can also be said that the recy-
cling of materials can be an effective way to reduce the 
negative impact of internal combustion engines on the envi-
ronment. The results indicate significant recycling potential 
in reducing energy consumption and CO2 emissions during 
the car engine production process. A significant reduction 
of environmental burden in the production of secondary 
materials from which the engine is built can be observed, 
despite the systematic increase of energy consumption and 
CO2 emissions. 

 

Nomenclature 

LCA life cycle assessment 
CO2 carbon dioxide 
EI energy inputs 
Mk1 Volkswagen Golf I 
Mk2 Volkswagen Golf II 

Mk3 Volkswagen Golf III 
Mk4 Volkswagen Golf IV 
Mk5 Volkswagen Golf V 
Mk6 Volkswagen Golf VI 
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