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THE LIFE CYCLE ASSESSMENT OF
VEHICLES, RECYCLING MATERIALS
AND THEIR IMPACT ON THE
ENVIRONMENT
Abstract: Recycling as an important component of
environmental protection given great importance and is
currently one of the most relevant topics in the world.
Modern passenger cars must meet all the stringent
requirements both from the standpoint of safety and
regulations and from the standpoint of recycling. This
paper considers the general principles of recycling of
automotive parts made of different materials (steel,
plastics, glass, aluminum, etc.). Car is a very complex
product and because of the variety of materials,
recycling processes are very complex and assessment of
environmental impacts can not be easily assessed.
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1. INTRODUCTION
Environmental pollution is one of the
main limiting factors for further
development of mankind. The importance
of environmental protection is becoming
increasingly prominent in all spheres of
society.
Raising
the
quality
of
environmental
protection
of
the
environment is one of the most important
duties today, and in order to sustain human
civilization. Experts on the issue of
environmental believe the seriousness of
environmental issues will be much higher
in the future. With increasing populations,
rapid pace of industrial development and
the creation of large industrial centers,
modernization, people are from day to day
more luck with the problem of
environmental
protection.
Natural
resources, formed hundreds of millions of
years is rapidly consumed. As a
consequence, the destruction of the ozone
layer, global warming and eco-system
disorders.
Transport has become one of the

dominant sources of air pollution affecting
the quality of life. Motor vehicles are the
technical and technological achievements
that have allowed intensive transport
people and goods, and thus accelerate the
development of human civilization.
However, as the undisputed civilizational
achievement and well, and motor vehicles
are one of the biggest polluters planet.
Combustion
processes
in
internal
combustion engines produce a wide range
of pollutants. From the aspect of
environmental protection a significant
negative impact of transport is air
pollution. Each liter of spent combustion
of fossil fuels produces about 100g of
carbon monoxide, volatile organic
compounds 20g, 30g of nitrogen oxide, 2.5
g of carbon dioxide and many other
harmful and toxic substances such as lead
compounds, sulfur and solid particles.
These compounds to some extent lead to
air pollution, any direct impact on human
health or globally, for example. causing
the greenhouse effect [1 ]. The European
Union has pledged to reduce emissions of
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pollutants and energy consumption,
originating from transport activities, to
reduce the negative impact on the
environment with immediate economic
and economic growth. Today's vehicles
emit up to 80% less pollutants than the
60's. However, the presence of air
pollutants has increased due to increasing
number of vehicles. The highest air
pollution levels were measured in the
vicinity of major urban roads. The ideal
eco-systems in which the use of raw
materials and energy optimized, in which
pollution and waste materials are
minimized and where there is a reasonable
economic production process, there will
soon be established. Today's technology
does not live up to the task.

2. LIFE CYCLE ASSESSMENT
VEHICLES
The goal of environmental policy is to
achieve a minimization of waste through
recycling, saving natural resources and
reduce environmental impact.

Figure 1 - Stages of life cycle
Of the total carbon emissions share of
over 20% belong to the show which was
created in the production and operation of
motor vehicles. Life cycle analysis - LCA
is both analytical and eco-management
tool. Method of analyzing life cycle (LCA
- Life Cycle Assessment) is used to assess
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the possible impact of certain materials to
the environment in various stages of
material development.
The life cycle can be defined as a
series of interrelated stages through which
products, from obtaining raw materials
(elements) or the generation of resources
for its production, to final disposal.
Life cycle assessment is known
internationally recognized method to
assess the effects of a product, process or
activity on the environment. LCA is the
process of changing threat environment
given product. The assessment consists in
identifying energy use and materials, and
debris, and the identification and
assessment of improvements in terms of
environmental protection. LCA covers the
entire life cycle of products, processes or
activities, including processing of raw
materials from natural sources, production,
transportation and distribution, use,
maintenance, recycling and final disposal.
Three main categories of environmental
impact are:
• depletion of resources
• impacts on human health
• ecological impact.
Data from the quantitative analysis are
grouped into several categories of impacts
(eg resource depletion, global warming,
ozone depletion, toxicity to humans, eco toxicity, degradation of eco - system and
land, etc.).
ISO
14040
standards
provide
assistance in analyzing and evaluating the
environmental impact of motor vehicles
during its entire life cycle, from raw
materials and energy, production and
exploitation and to final disposal. The
most significant environmental impact of
motor vehicles in its operation due to toxic
emissions and noise emissions [2]. In the
international standard ISO 14000 is
important to place a group of standards
related to assessing impacts of products
during its life cycle. ISO 14040 standard
provides a methodological guideline for
evaluating the product life cycle. With
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regard to transport and use of different
machinery are among the activities whose
negative impact on the environment is very
large, it is very important in this area
carried out the study evaluation. These
studies are very complex and are carried
out for the vehicle as a whole. All relevant
vehicle and engine manufacturers conduct
such studies for their products - primarily
for internal combustion engine, which as a
major contributor to driving agragat
negative impact on the environment.
Internal combustion engine has a lot of
components whose environmental impact
during the life cycle is different.
All engine components can be divided
into:
• components that are produced in the
home factory,
• components that are produced in
other factories.
Today there is a global environmental
movement that promotes the trend of
environmentally
friendly
("environmentally friendly") vehicles in
the world market. The reason for
developing this concept cars are fast
climate
change,
impoving
energy
efficiency
and depletion of natural
resources. In the design offices in the
automotive industry present new criteria:
DFE - Design For Environment
(ecological design) and ZWC - Zero Waste
Concept (produces no waste). The effects
of these criteria should be visible in the
increased level of recycling. In vehicles
there and aim to produce zero - emission
vehicle (ZEV - Zero Emission Vehicle),
although it is known that this is
impossible.

3. LEGAL DIRECTIVES
The law that are related to recycling
are:
• ELV Directive of the European
Union (2000/53/EC)
•
European
Waste
Catalogue

(European Waste Catalogue - EWC)
• Hazardous Waste (Hazardous Waste
List - HWL).
Directive 2000/53/EC, which refers to
the recycling of used vehicles (ELV – End
– of - Life Vehicles), a main goal of
preventing the generation of waste
originating from the vehicle. Some of the
most important requirements of Directive
2000/53/EEC are:
- Not later than 01.01.2015.g. for all
ELV, reuse and recovery (including energy
recovery through incineration of waste)
will amount to 95% of the average weight
per vehicle and year. At the same time, the
lower limit for reuse and recycling is 85%.

Figure 2 - The limits of the directive on
recycling
The
automotive
industry
has
developed an international information
system for dismantling in order to meet
legal requirements for vehicles at the end
of working life. Thus developed
information system contains information
on safe handling, such as instructions to
activate the air bag information about parts
and components that are potentially
recyclable. All vehicle information is
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organized into different areas to provide
easy and quick access to available data.
These areas are: car batteries, fireworks,
fuel, air conditioners, catalytic converters,
tires, removal, controlled parts for
removing, etc..

4. RECYCLING TECHNOLOGIES
Effect to be achieved by recycling is
to reduce consumption of raw materials
and energy.
Currently two technologies are
applied recycling of cars, which differ in
the way of sorting the materials that make
up the car. The first technology is based on
the optical separation, while other
technology uses a combination of several
methods (grinding, gravity and special
methods of separation).
Optical separation method is based on
the fact that the optical matodom, ie.
manually separate the component parts of
the car (tires, glass, plastics, ...), and metal
parts remain in the end. Then metal parts
go to press in order to reduce volume and
facilitate further transport.
Cars are transported to the reception
warehouse, then transported to the place
where treatment is carried out of fuel, tires
and batteries. The fuel is stored in tanks
still in use as a fuel, tires and batteries and
go for further processing. Further, the car
is transported to a platform for unloading
oil and other fluids, which with proper care
and housing still transported to the
processing plants of the same. Then, the
car is transported to the platform where the
removal is useful parts (parts that are used
as spare parts), and that is stored in the
hangar. The rest of the cars going up to the
platform on which to perform dismantling
of non-metallic parts (plastic, glass,
leather, textiles, wood, ...). After leaving
the car the rest of this platform makes
metal, which still goes to press in order to
reduce volume and facilitate transportation
to processing plants of the same.
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The combined method is based on the
fact that the car was all crushed in special
crushers, and then the product obtained by
grinding and further treated with a
common method of separation (gravity or
special methods).
Meditations from an energy point of
production of different materials shows
that with increased use of recycled
materials in the auto industry can achieve
significant energy savings. Recycling steel
requires 50% energy than is required for
the production process from bauxite ore.

5. RECYCLING OF CAR
PARTS
5. 1 Plastic
The use of plastics in passenger cars is
increasing over time. Modern cars have
components made of plastic in the amount
of 14.5% by weight. It is anticipated that
this figure will gradually increase. These
are generally large elements that are first
removed from the car and then subjected
to recycling.
The main advantages of using plastics
in the automotive industry in relation to
metal are:
• low weight which reduces fuel
consumption and emissions,
• corrosion stability which stimulates
the life of the car,
• good mechanical properties such as
strength, toughness, mechanical energy
absorption,
• favorable processing properties,
• low prices.
Plastics, which are mostly applied in
the automotive industry are: ABS, PC, PA,
PBT, PUR or PVC. Besides the application
of pure polymers, many applied and
polymer aperture such as ABS / PVC,
ABS / PC and others, as well as
composites with reinforcement of glass, or
from many different materials. The fact
that many elements of a car consisting of
several materials is a serious obstacle to
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their recycling. Recycled parts require
high quality clean and separate materials,
so it is necessary to include the recycling
procedures and operation of separation.
Elements of plastics for automobiles are
often colored, lacquered, drag a layer of
metal or lining. Materials for such
covering layers are often not compatible
with the basic materials of which the
elements are made. As a result, recycled
has deteriorated properties compared to the
baseline characteristics of the basic
material from which the element created.
Therefore, the obligations imposed by the
process of recycling of these elements
includes the operations of removing layers
of coverings.
Recycling plastic saves up to 90% of
energy from primary production. Adverse
impact on the environment depends on the
type of plastic that is produced. When
plastics are used and a large number of
chemicals that are added as stabilizers or
water, which has a detrimental effect on
humans and the environment. Different
types of plastics that are difficult
degradable, it is necessary for several
hundred years to be broken down.
5. 2 Thermoplastic
Thermoplastic as a type of plastic
material, have now widely used in modern
automotive engineering. The application of
thermoplastic construction meets the
requirements easier (low specific gravity),
increased quality, and meets all
environmental requirements (durability
and recyclability).
Thermoplastic are destined for
mechanical recycling. At relatively low
temperature (220 - 350°C), these materials
melt, with the changing characteristics of
the material, so that recyclates be used for
creation of an other component by
applying the principle of cascade
recycling, and even the original parts in
some cases. First of all, attention is drawn
to the good compatibility between the

different plastics used. Good compatibility
of two different plastic materials can be
used to produce recycled in the form of
polymer blends with features, even better
than the materials of which it originated.
The limited compatibility of small
amounts of other materials (up to 3%), no
significant effect on the properties of the
base metal. Complete incompatibility of
materials, even much lower content,
dramatically reduces the mechanical
properties of base material and to prevent
joint processing. Therefore, it is necessary
to avoid the use of incompatible plastics
wherever possible. The compatibility of
materials is particularly important to take
into account the difficult cases separable
complex parts. ABS shows good
compatibility with a variety of technical
thermoplastics and therefore used to build
many parts of the interior of the passenger
compartment. In the design of complex
hard detachable parts should be taken into
account the compatibility of the used
materials. The presence of additives in
thermoplastic material contributes to poor
properties of recycled and should be
avoided whenever possible.
Thermoplastics
(polypropylene,
polyethylene, polyurethane, etc.) are
particularly suitable for recycling. There
are attempts at unification of plastics and
construction vehicles in order to obtain a
simpler process of recycling. Recycle
about 90% of plastic materials. It should
be emphasized and obtaining energy from
plastic materials. Toyota uses flammable
waste materials are mixed with fine coal
for electricity generation.
5. 3 Instrument panel
Instrument panel on a car older
structures are usually composed of three
layers: reinforced layer (glass - PP), foam
(PUR) and the covering layer (ABS/PVC).
In order to obtain recycled high quality,
application process of recycling that
provides for the most part clean and
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separate materials. The biggest problem is
that the specific gravity of reinforced layer
and top layer overlap.
The first operation was cutting pieces
of 40x20mm with a low consumption of
energy. The second operation is aimed at
separating material: ABS / PVC coating,
polyurethane foam and glass fittings. This
is achieved by selective reduction of
material in the manner that the mechanical
effect adjusts the intensity of which only
fragments the PUR foam and ABS/PVC
coating and glass fittings - PP retain the
starting dimensions.
For this operation is used to minibeater. Polyurethane foam particles are
separated from pieces of ABS/PVC layer
and the reinforcing glass - PP, which still
have the original and each of the same
dimensions.
They are almost identical and the bulk
density, but they have different thickness
(ABS / PVC layer is thin), so its separation
is performed in a stream of air.
5. 4 The seats of passenger cars
Car seats must first be dismantled, and
then subjected to recycling. The outer
textile material is typically a polyester that
is compatible with other engineering
thermoplastic masses such as ABS, PC and
PBT. Therefore, these materials can be
recycled as separately, and together you
make high-quality blend. When removed
from the seat of polyurethane foam seat
will remain a skeleton with metal girders.
5. 5 Glass
Glass is the material that the weight of
modern cars accounted for about 3.5%
with a tendency to rise due to increasing
trend of glass in modern vehicles. It should
be noted that the glass is ecologically clean
material and at the end of life vehicles can
be recycled by re-melting.
Windshield is usually made of two
layers of glass with a PVC membrane that
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lies between these two layers. Because of
this way of creating layers, recycling
windshield is limited. Glass from the
vehicle have a different chemical
composition than ordinary glass. Auto
glass adversely affect the environment in
the sense that it take up space in landfills,
and then, during their transport to the
release comes a certain amount of
polluting emissions into the air. Also,
when washing glass comes in a discharge
of fluid that has adverse effects on soil,
water and air. Automotive glass can be
recycled unless previously removed the
PVC coating.
5. 6 Aluminium
Aluminum industry is the youngest
and largest of the non-ferrous metals
industry. The total production of raw
aluminum in the European Union
amounted to 3.9 million tons in year 1997.
About 43% of the amount received during
the process of recycling. Primary
aluminum is produced from bauxite which
is converted to aluminum oxide. From 100
tons boksida produce the 40 to 50 tons of
aluminum oxide, from which further
treatment gets about 20 to 25 tons of
aluminum. The use of aluminum in the
auto industry is growing from year to year.
30 years ago the share aluminium in
passenger cars was about 32 kg per
vehicle, while today it is 160 kg (5 - 10%
of vehicle weight), with constant trend
growth.
About 90% of aluminum in vehicles is
recycled and reused. The importance of
recycling aluminum in the auto industry is
the fact that to obtain 1 kg of aluminum
from the ore consumes 190 000 kJ of
energy, and recycling of 26 700 kJ, which
is seven times less. This feature gives a
great advantage of using aluminum in the
automotive industry. Recycling aluminum
requires 80 - 90% less energy than the
production process from bauxite ore. Also,
recycling aluminum, the atmosphere is
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emitted 9.1t less CO2 as compared to
primary production.

and reprocessing of waste parts that
originated from a car that exited from the
market. Parts of cars that are covered by
most recycling are: the components inside
the car (ABS), headlamp lens (PC), seat
(PUR), air intake manifold (PA), bumper
(PP), etc. (Figure 3).

6. CONCLUSION

Figure 3 - Parts of cars that are
recycled
In recent years the world have
implemented a number of projects whose
main goal is the identification, separation

Although in recent years have
undertaken significant measures in the
field of environmental protection, the
situation in the auto industry is not
satisfactory. One of the activities relating
to all activities is to encourage industry to
introduce
cleaner
production
and
environmental management systems. The
car is a high complexity to the production
of which is used by hundreds of different
technologies. The automotive industry is a
consumer of raw material resources. In the
process of production and exploitation of
waste that is created along with the waste
at the end of life vehicles a lot of influence
on the degradation of the environment. It
should be noted that one of the axioms of
environmental policy and coordination of
industrial action with the environment.
.
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