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Abstract The automotive industry is one of the most environmental aware sectors
of an economy. Car is a very complex product not only due to thousands of
components used in a production process and many people involved in this process
but especially for the reason that, it creates threats for the environment at each
stage of its life cycle. The aim of this chapter is to provide the review of current
environmental friendly practices in the automotive industry regarding reducing
strategy, reusing strategy and recycling strategy used by car makers.
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1 Introduction

Environmental focus is one of the leading trends in many industries. In order to
preserve the environment for the next generation people should strive to sustain-
able development in all activities. Therefore it can be concluded that environment
became a part of present economy affected each activity, including automotive
industry, especially that intensive development of the automotive industry is a
source of hazards for the environment. The introduction of EU regulations for this
industry like End-Life-Vehicles (ELV Directive 2000/53/EC) and directive on
type approval of vehicles for reusability, recyclability, and recoverability (RRR
2005/64/EC) has created a need for the new business practices in area of materials
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management. Authors define a feedback between an environment and the auto-
motive industry presented at Fig. 1.

There are four factors affecting the automotive industry: technology, market,
customers and the most influential factor—environment. Environment is a source
of materials, infrastructure necessary for manufacturing but everything is limited.
Environmental restrictions have a positive side, because there is a big pressure to
avoid wastes during every stages of car life cycle, what let manufacturers to reduce
costs and to be more competitive. Not without significance for the environment is
that customers present higher level of ecological awareness and there is a trend of
buying eco-friendly products.

The process of car or automotive parts manufacturing is very complex,
regarding usage of numerous resources and different technologies. It results in
potential threats for:

• polluting water, soil and air;
• noise;
• creating waste and landfills;
• damaging land use;
• overutilization of materials;
• disruptions of ecosystem; etc.

Those issues should be perceived in relation to all stages of car life, which are
presented at Fig. 2.

Main stages of car life cycle important from environmental point of view are
dependent by each other. Beside those relationships there are external factors
which have an impact on them. Authors define 4 main stages of vehicle life cycle:

1. Design

There are made crucial decisions about car’s construction and production process.
In this phase a number of innovations might appear which are making the product
more eco-friendly regarding the subsequent life cycle stages.

2. Manufacturing with logistics support

This is the implementation of the project. This stage is characterized by huge
complexity, big number of operations and parts, big diversity. From environmental

Fig. 1 Feedback between
environment and automotive
industry
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perspective it might create some threats to the environment mainly in the welding
and painting processes. Moreover most of the automotive manufacturers applying
just-in-time and just-in-sequence strategy for their components deliveries. The big
scope of transport operations is a main environmental burden coming from final
assembly.

3. Utilization

This is the longest phase of life of a car. It covers all issues related to the after-sale
usage of each vehicle. The environmental burdens which appear in this phase are
connected with normal ‘‘consumption’’ of product and its maintenances. When the
need for repairs appears, there are necessary: new spare parts, remanufactured
components or used parts from recycling. Moreover during usage phase a number
of emissions appear which might be potentially dangerous for the environment.

4. End of life

In this stage three different options might be implemented: landfill, illegally tip-
ping and storing of a vehicle or revalorization. This stage is referred to managing
the stream of used cars and their components. At this stage are distinguished 3
main strategies used by car manufacturers (described as 3R) (Parkinson and
Thompson 2003):

1. Reduce strategy—creating solutions to reduce waste and as a result of it
increasing recycling opportunities through the all process of cars’
manufacturing.
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Fig. 2 Car life cycle based on (Parkinson and Thompson 2003)
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2. Reuse strategy—continuing to use an item after it has been relinquished by its
previous user, rather than destroying, or recycling it. The extreme case of this
strategy is reuse ‘‘as is’’ which refers to the reuse of a product with minimal
reprocessing.

3. Recycle strategy related to: creating new consumer goods or new car parts from
materials obtained during dismantling process of old car or producing new parts
from recycled consumer products (recyclable and non-recyclable materials).

In European conditions the three strategies were addressed in the RRR Direc-
tive 2005/64/EC on type approval of vehicles for reusability, recyclability, and
recoverability. This Directive came into force in December 2005 and requires cars
and light vans (M1/N1), newly introduced to the market after December 2008 to be
85 % reusable and/or recyclable and 95 % reusable/recoverable by mass (Direc-
tive 2005/64/EC). Focus on recyclability has driven the new model planning
process. Newly applied advanced recycling methods (post shredder treatment)
allow nowadays the recycling and recovery of literally all materials. Moreover
there is a shift in design approach so called product modularity. It allows
improving disassembly operations. To speed up the dismantling operations all
components are labeled in accordance with international ISO standards, enabling
materials to be sorted according to their type. In order to reach the challenging
goal of 95 % recovery target by 2015 some efficient material separation tech-
nologies for end-of-life vehicles are promoted that allow the utilization for
shredder residue and boosting the usage of recycled materials for some specific car
components. The Japan Automotive manufacturers are also obliged to reach the
goal of recycling rate by over 95 % till 2015. US manufacturers don’t face as strict
regulation as in EU or Japan. On average they reach the goal of 75 % materials
recoverability and recycling ability.

2 Reducing Strategy

‘‘Reduce’’ is the key word of this strategy. Figure 3 presents the mind map of
issues related to reducing strategy in the automotive industry. There are considered
four areas of adopting reducing strategy by carmakers (FIAT 2011; Toyota 2011):

1. Logistics activities

This area includes a range of all activities required to handle materials, compo-
nents and products across the supply chain, from suppliers to manufacturers and
final customer. Reducing strategy in the transport is driven by a series of actions,
ranging from the reducing emissions linked to the transportation of finished goods
particularly by using alternatives means of transport to road (rail, sea) and opti-
mization of transport capacity in order to achieve reduction of CO2 emission. The
second point is packaging with the particular focus on minimizing packages and
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protective materials and increasing the use of reusable packages (for example
containers).

2. Vehicle utilization

At the design stage, there are made crucial decisions about the environmental
impact of a car during its utilization, including: vehicle energy demand, the noise
level, emissions of CO2, used materials and components, other concern solutions
of carmakers. The greatest attention is related to the following issues:

• Optimizing the ecological performance of conventional engines.
• Alternative fuels such as: natural gas, biofuels, biomethane.
• Alternative propulsion systems including: conventional hybrids, plug-in hybrids,

fully electrified and range-extended electric vehicles.
• Promotion of eco-driving among consumers.
Decisions about car energy consumption affect the noise level and greenhouse
gases (GHG) emissions, moreover there are installed some systems cutting gases’
emissions. Steps taken for used materials aimed at limitation kinds of materials
and components used in manufacturing process and limiting the use of potentially
hazardous substances with promoting their substitution wherever it is possible.
Beside those solutions there are introduced many innovations, for example Fiat
contributes the following solutions reducing fuel consumption and emissions
(FIAT 2011):

LOGISTICS PLANT

VEHICLE

NON-
MANUFACTURING

PROCESSES

Transport

Packaging

CO2 emissions

Vehicle energy
demand

Materials and
components

Energy
consumptiopn

Air
pollution

Noise level

Water use

Waste

Noise level

IT

Lower emission
of CO2

Intermodal
transport

Optymalization
transport  capacity

Employees’
travels

Minimizing the use of
packages and protective

materials

Returnable
packages

Alternative
propulsion systems

Conventional
engines

Alternative
fuels

Limitation of
the kind of

material

Concern
solutions

Limitation of
hazardous
sustances

Promotion of eco-
driving

RainwaterReduce water
consumption

Power systems

Lightning

Control and
stand-by
systems Thermal isolation

Elimination of
compressed

air leaks

Free- cooling
systems

Renewable
energy

Automation

VOC GHG

Materials and
components

Cheap means of
transport

Conferences via
Internet

Effective
hardware

Automatic
powering-off

system

Paper use

REDUCING
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• Start&Stop technology (shutting off the engine at the stoppage idling and
restarting after engaging the clutch),

• Gear Shift Indicator (virtual co-pilot suggesting gears shifts to reduce emissions
and energy demand),

• Smart Alternator (system enabling battery charging independently).
Automakers try to apply reduce strategy also for the activities unrelated, which are
not directly related to the manufacturing process. Some examples of such actions
which can be found in automotive sector are:

• Rationalizing employ travels by participating in conferences via the Internet,
giving priority to cheaper means of transport such as rail.

• Changes in the IT: effective hardware, reduction in PC power consumption by
automatically powering down PC when it is not in use.

• Reduction is paper usage by application of the IT systems to communicate
downstream and upstream of the supply chain.

3 Reusing Strategy

Automotive industry is a part of industrial sector that consumes large volumes of
material and energy, therefore it is essential to save them, what is the result not
only of financial factors but also ecological activity. Possibilities of reusing are
defined by designers and engineers at the beginning of car life cycle when
materials and components are selected to use. Reusing is a way to stop waste at the
source.

3.1 Reusing Strategy Possibilities

There is some confusion about regarding the classification of the reuse options. In
the rather narrow way the reuse variants can be defined as:

Reuse can be divided into (www.remanufacturing.org.uk):

• straight reuse by other user with lower quality expectations (less developed
markets),

• refurbishment—cleaning, lubricating or other improvement,
• repair/rebuilt
• redeployment & cannibalization—using working parts elsewhere.

Rebuilt operations are applied for automotive industry mainly for heavy duty
equipment such as bus and truck fleets, farming equipment and construction
equipment when new parts many be difficult or impossible to obtain. In this paper
we will extend this classification and treat remanufacturing as a part of reuse
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strategy. Remanufacturing is the only option that requires a full treatment process
to guarantee the performance of the finished object ().

It is important to distinguished reuse from recycle strategy. Recycling activities
require the destruction of the product to its components and materials so they can
be melted, smelted or reprocessed into new forms ().

3. Plant functioning

With the functioning of the plant are related many dangers for the environment
what is a result of manufacturing process and all activities related to them.
Reducing strategy at this field focuses on: energy consumption and air pollution by
GHG, water use, waste management and noise level. Energy is the most important
store for a car plant which is very energy-intensive, what is associated to huge
amount of greenhouse gases (GHG). Car makers put a lot of efforts to reduce
energy demand and GHG emissions such as (FIAT 2011):

• renewable energy (solar energy, wind energy, hydro energy, paint fumes or
landfill gases as a energy source);

• high-efficiency motors and electric motor inverters in the area of power;
• high-efficiency lighting systems;
• frequency control and smart stand-by systems for equipment;
• thermal isolation of facilities;
• elimination of compressed air leaks;
• automated control systems increasing energy efficiency;
• free-cooling systems rather than electric air-conditioners.

A big problem of car manufacturing are volatile organic compounds (VOCs)
emissions from painting operations which are reduced by innovation in paint
application and materials technology. Ford uses VOC to produce energy. Noise
level is monitored and reduced where it is possible by the installation of sound-
absorbing elements and noise abatement walls, for example.

Car manufacturers take actions to implement potential solutions for reducing
overall water consumption and ensuring the high quality of discharged water by
minimizing emissions of hazardous substances to water from manufacturing. The
common practice is using rainwater.

Beside the management of water and energy car makers manage waste seeking
which is reflected in the financial results. Waste management is related to packages
(discussed at the Logistics area) and materials, components used at manufacturing
process. In the automotive industry landfills are the extremity—when generated
waste is not able to be reused or recycled, it is disposed of, seeking to use tech-
nologies with minimal environmental impact. More often car makers strive to use
materials and components recyclable, susceptible to re-use because it is connected
to financial profits, what will be described in more detail in the next sections.
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4. Non-manufacturing processes

Recycling is putting used materials back into the manufacturing chain at a very
basic level. Reusing means continuing using of a product, not destroying it what is
a main characteristic in recycling (Parkinson and Thompson 2003). Reusing is
used to indicate all forms of material product and component reutilization (Par-
kinson and Thompson 2003).

There are some difficulties with determining the meanings’ relationships
between all terms related to reusing strategy. In Fig. 4 authors present the scheme
of possibilities of reusing strategy. It is a modification of division founded by
Parkinson and Thompson (2003).

Following Parkinson and Thompson (2003) distinguish three types of activities
as components of reusing strategy: further use, reuse ‘‘as is’’ and product
reprocessing.
Further use. Used products are utilized for a different purpose than it was orig-
inally intended. Example: using tires on harbor walls to cushion vessels.
Reuse ‘‘as is’’. Used products are utilized at the same purpose they were designed for
through minimal or no reprocessing. The minimum contribution to restore parts to
working conditions includes for example: cleaning, cursory inspection, etc. Exam-
ple: obtaining mirrors from a used vehicle. Lack of precise definitions provide to
fuzzy boundaries between terms what results in artificial divisions such as treating
reprocessing and reconditioning as two terms independent one from another. Authors
presents the statement that product reprocessing and recondition are synonyms.

Product reprocessing consists of all actions involving more than only superficial
works, required to return the condition for sale (Parkinson and Thompson 2003).
This definition is too ‘‘scant’’ for the authors, because the key for right division is
taking into account appropriate criteria. They suggest: warranty and the level of
quality of product in comparison to new product as the criteria of distinction.
Thanks to that they were able to show how do they depend on each other: repair,
remanufacturing and so called ‘‘recovery characteristics’’ (what causes the most
problems for authors with this term).
Remanufacturing. Remanufacturing includes disassembling, cleaning, refur-
bishing, replacing parts (as necessary) and reassembling a product in such a
manner that the part is at least as good as, or better than, new in terms of
appearance, reliability and performance (Oleszczuk 2003; Parkinson 2001). The

REUSE

FURTHER
REUSE

REUSE
„AS IT IS”

REUSEWITH
REPROCESSING

REFURBISHMENT REPAIR REMANUFACTURING

Fig. 4 Possibilities of
reusing strategy modified
from Parkinson and
Thompson (2003)
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greatest emphasis of this definition is placed on the condition of remanufactured
product—‘‘as good or better than new’’ with a warranty at least as new item.
Repair is related to actions taken to return a product’s functioning condition after
detected failure, particularly at the service. Repairs are not equivalent to return its
state as good as new. Repairs are related to warranties which are very often shorter
than new products (Lund 1983).
Refurbishment is the reprocessing of product in order to provide required func-
tionality. Usually is it connected with some improvement in existing product
parameters. For example it might require some improvement of product existing
operating software.

3.2 Remanufacturing

Remanufacturing allows companies to capture the residual value-added in forms of
materials, energy and labor. Remanufacturing is the most advanced form of
reprocessing operations, but in case of End-of-Life products or almost at this stage
sometimes it is not appropriate. The reason is the cost and complexity of
remanufacturing operations. Lund (1998) has identified seven criteria for profitable
remanufacturability:

• the product is a durable good,
• the product fails functionally,
• the product is standardized and the parts are interchangeable,
• the remaining value-added is high,
• the cost to obtain product is low compared to the remaining value,
• the product technology is stable,
• the costumer is aware that remanufactured goods are available.

The remanufacturing industry of the automotive components is large and
important due to economic, societal and environmental benefits. Up to two-thirds
of remanufacturing businesses globally is estimated to involve auto parts (Stein-
hilper 1998).

The environmental benefits are related to energy and material savings gained
through reusing parts, what is a result of saving the value concluded into the
component during manufacturing process. The size of saving is associated to a
huge amount of parts used at the automotive industry. According to studies at the
automotive industry, approximately 85 % of the energy expended in components’
manufacture was preserved at the remanufactured item (Henstock 1988).

Starters and alternators are the most typical products to be remanufactured due
to the fact that most car require two of each throughout their lives, and these two
components are mass produced and remanufactured by thousands of companies.
Alternator and starter motors are ideal candidates for a profitable remanufacturing,
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as these components have very high production volumes and low un-manufactu-
rability (Severengiz et al. 2008).

To present disparities at material and energy use of manufactured and reman-
ufactured car parts, authors adduce two examples: starters and alternators, which
are the most frequently remanufactured car units. Results of those studies are
presented in Fig. 5.

According to previous research (e.g. REMAN 2013): manufacturing process of
one new starter on average requires more than eleven times the amount of energy of a
remanufactured one. In the case of alternators new one requires about seven times
more energy than a remanufactured one. In a case of material demand with the same
amount of the material it is possible to manufacture one new part or 8 remanufactured
alternators, in the case of starters—9 remanufactured starters. This example under-
line very clearly issue of materials and energy saving during manufacturing.

Remanufacturing process is a sequence of activities required to obtain
remanufactured item. Authors present a remanufacturing as a flowchart in Fig. 6.

Remanufacturing process consist of six main activities including (Amezquita
et al. 1998; Guide 2000; Parkinson 2001):

(a) Disassembling—products are disassembled to the level of a part. Reusable
parts are passed to next operations. Other elements may be recycled or they are
disposed.

(b) Cleaning—removing all contamination, including degreasing, derusting,
removal coatings of the surface as a paint.

(c) Inspection and sorting—sorting items into groups with assessing the parts’
reusability and possibilities of reconditioning.

(d) Reprocessing—includes: milling, turning, grinding, material deposition, heat
treatment, welding, powder coating, chroming, painting.

Fig. 5 Remanufacturing and manufacturing demand of energy and material of starters and
alternators (REMAN 2013)
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(e) Reassembling—it is a process of assembling with used components (some-
times with new elements).

(f) Testing—every remanufactured part is tested to preserve efficiency at the level
of 100 %. Remanufactured parts obtain a warranty.

Remanufacturing process is associated to many difficulties considered in Fig. 6.
Remanufacturability is the result of decisions at the designing stage of car life

cycle. Existing criteria for remanufacturability include (Guide 2000):

1. Durability of a product.
2. Failure product’s functions.
3. Product is a standardized good with interchangeable parts.
4. Low cost of obtaining failed product.
5. Stable technology of production.
6. Awareness of costumers of availability of remanufactured products.

Designing for remanufacturing is associated to facilities at the level of a part from
the point of view of each activity in remanufacturing process (Amezquita et al.
1995).

Car producers are making some Design-for-Remanufacturing guidelines by
setting the criteria that facilitate the remanufacturing of analyzed part.
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In Table 1 are presented criteria that facilitate the remanufacturing of a
Chrysler LHS door.

The method is based on a method proposed by Pahl and Beitz (1984). The
requirements of a product are classified into several main categories which consist of
different subcategories. There is presented a specification of the requirements related
to the each category. There are: Demands (D)—defined as requirements that must be
satisfy regardless of the circumstances and Wishes (W)—defined as requirements
that should be taken into consideration whenever it is possible. This example show
how remanufacturability can be improved using a list of specified criteria.

Car parts are remanufactured very often, especially due to economic factors.
The list of remanufactured car parts is long and includes (APRA 2013):

• Air Brakes • Front Axles
• Air Conditioners • Fuel Pumps
• Alternators • Fuel Injectors
• Brake Calipers • Generators
• Carburettors • Master Cylinders
• Clutches • Pumps
• CV Drives • Power Steering
• Cylinder Heads • Rack and Pinions
• Differentials • Starters
• Electronic Units • Steering Units
• Engines
• Fan Motors
• Heater Blowers
• Water Pumps
• Turbochargers

The industry leader in terms of remanufacturing Toyota already in 2002,
introduced on all European markets, remanufactured compressors for air condi-
tioners and power steering gears. The next step was the introduction at the
beginning of 2003 the remanufactured engines with accessories and without fit-
tings and cylinder heads. In addition, Toyota in Europe coordinates the develop-
ment and implementation of effective systems of reimbursement of exchanged
components, which are directed to the main European distribution center, instead
of directly from the dealership to the suppliers. Every year an increasing number of
the remanufactured parts are being offered. The automaker Volkswagen AG uses
worn parts for production ‘‘the replacement’’, having both the value and the same
warranty as new parts. According to the data provided on the website of the group
remanufactured in carbon-neutral factory the Kassel per year (VW 2012): 48,000
engines (in 490 versions), 60,000 cylinder heads (in 220 versions) and 49,000
transmissions (in 550 versions). In 2011, Volkswagen also began remanufacturing
selected components in markets outside Germany and opened a new powertrain
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Table 1 Design for remanufacture specifications (Amezquita et al. 1995)

D/W
(D = Demand, W = Wish)

1. Materials
W All materials must be recyclable
W No substantial increase in cost of materials
D Must be corrosion resistant
D Must be durable
D Easily refurbishable
W Light weight
W Environmentally benign processing methods
D Robust enough to reuse without replacement
W Use recycled materials
D Avoid toxic materials
D Use secondary finishes such as painting,

coating, etc.
W Keep secondary finishes clear
2. Assembly

methods
W Less complex than existing methods
W Faster than existing methods
W Common method for diverse styles
D Use Design for Assembly methods
W Reduce number of components
3. Fasteners
D Must be corrosion resistant
D Must be durable
D Must be reusable
D Do not use screw heads which can be easily

damaged
(e.g., Torx, Phillips, etc.)

W Do not combine metric and standard screws
D Use standard fasteners
4. Design for

separability
D Choose joints that are easy to disassemble
D Simplify and standardize component fits
W Identify separation joints
W Make adhesives safely soluble
W Layout plastic parts close to top level of

disassembly path
D Provide ‘‘easy to see access’’ for disassembly
D Provide access for power tool operation
5. Cleaning
D Easy to handle and clean components
W Do not use grooves or cavities that are hard to

clean

(continued)
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remanufacturing facility in China. This facility can remanufacture 15,000 engines
a year to ‘‘as-new’’ quality.

Most of the automakers have remanufactured parts in their offer. It is a way to
achieve win–win situation, when economics benefits can be combined with the
fulfillment of legal regulations.

4 Recycling Strategy

Recycling is the process of collecting and processing materials destined to be
thrown away as a rubbish into new products (EPA 2013). Recycling has a big
influence at each stage of car life cycle, what is presented in Fig. 7.

At the designing stage there are made crucial decisions from recycling point of
view. Designers and engineers are making restrictions of kinds of used materials,
particularly there are chosen materials which are able to further processing—
recyclable materials. At the same time using hazardous materials is avoided,
because of difficulties for the manufacturer and the environment, too. Examples of
design which takes into consideration recycling issues are presented in Table 2.

Utilizing recyclable materials causes possibilities of closed loop of used
materials what minimize cost of manufacturing. For example Volkswagen has
developed and introduced many processes ensuring at least 85 % recyclable and
95 % ‘‘recoverable’’ of his vehicles (VW 2011).

During manufacturing process there are given marks (according to requirements
of ISO) what is useful at the next stages of parts’ life. There are used recyclable
parts chosen during the designing stage. Next stage—utilization is directly related
to environment. There is a big problem—increasing number of old cars end of life,
so there are some collecting points, which are collaborate with dismantling points

Table 1 Design for remanufacture specifications (Amezquita et al. 1995)

D/W
(D = Demand, W = Wish)

6. Parts replacing
D Make parts susceptible to breakage easy to

replace
W Make parts susceptible to breakage separate

from other parts
7. Modular

components
D Standard interfaces
D Commonization/standardization of parts
8. Design for

recovery
D Parts must be high quality and durable
W Parts must be easy to remove but not to steal
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from the next stage. It becomes a huge problem to deal with the stream of old
vehicles. To solve this problem there are created huge networks where end of live
cars are collected and then dismantled to recycle.

At the stage called ‘‘End of life’’ there is a materials recovery. There are some
level of salvage set by law regulation (for example in UE it is 95 % for salvage and
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-Disposal project
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hazardous
materials

-Dismantling
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-Marking parts 
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RECYCLING

-Waste
managing by

collecting end of
use vehicles
-Spare parts

(recycled)

Fig. 7 Influence of recycling on car life cycle

Table 2 Designing influenced by recycling in Toyota company (Toyota 2011)

Category Solution at designing affected by recycling

Innovation in materials New Resin materials—Toyota Super Olefin Polymer (TSOP), a
thermoplastic resin with better recoverability than the conventional
reinforced composite polypropylene (PP)

Example of use: the front and rear bumper of Corolla
Innovation in vehicle

structure
Using the same type of thermoplastic resin for instrument panels, air-

conditioning ducts, insulation pads, and sealing materials to
improve the recoverability of dismantled parts. These parts are
installed using friction welding rather than screws or metal clips,
what eliminates the need for dismantling operations during
recycling

Innovation in a sorting
process

Material ID marking system (since 1981) to help identify materials
used in resin parts. Currently, there is a marking system that
conforms to international standards used for resin and rubber parts
which weigh more than 100 g

Eliminating hazardous
substances

Reduction of the amount of lead, which has been gaining attention as a
substance of environmental concern in automobile shredder residue

Example of parts without lead: battery cable terminals, copper
radiators, copper heater cores, undercoating, high pressure hoses
for power steering, side-protection moulding, wire harnesses, seat
belt G sensors, fuel hoses
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85 % for recycling according to ELV). Car manufacturers are striving to high level
of salvage what is a result of law regulations,1 but not only. From recycling point
of view very important is IDIS (The International Dismantling Information Sys-
tem)—it was created by the automotive industry to meet the legal obligations of
the ELV directive (IDIS 2013). The IDIS is a complex database with compre-
hensive information for each vehicle model relating to the removal of fluids such
as fuel, oil and coolant, as well as the triggering of airbags and seat belt tensioners.
It contains descriptions of the dismantling/removal of selected subassemblies and
components, in particular for components with hazardous substances, such as
batteries. It is free software for recovery and recycling companies (VW 2011).
Recycling process. Recycling process is very complex. ELV is a source of
recycling process. In Fig. 8. authors present the flow of ELV taking into account
the recycling process.

Car users, car dealers and car commissions are the source of the stream of ELV.
All ELV regarding to law regulation, are allocated to dismantling process, where is
made decision about the destiny of particular elements through the following
activities:

(a) verification the condition of a part;
(b) drainage of all fluids

RECYCLING

DISMANTLING

USER
CAR DEALER

CAR COMISSION

REMANUFACTURING

LANDFILL

Start

MATERIAL
RECYCLING

VERIFICATION DESICCATION

RIGHT
DISMANTLING

SEGREGATION

ENERGY
RECYCLING

CHEMICAL
RECYCLING

ELV

Fig. 8 The flow of ELV based on Lejda (2013), Lund (1998) and Nader and Jakowlewa (2009)

1 In the UE—the main law regulation for automotive product end-of-life—Directive on End-of-
Life Vehicle 2000/53/EC (Eur-lex 2013).
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(c) right dismantling with the particular attention to dangerous substances such as
brake pad, battery, which are removed;

(d) segregation into right groups which is a basis for the crucial decision about the
destiny of an element.

After segregation components are divided into the groups which are remanufac-
tured, disposed or recycled (Lejda 2013; Nader and Jakowlewa 2009).

There are the following possibilities of recycling (Lejda 2013):

1. Material recycling

The result of material recycling is obtaining materials able to using in a manu-
facturing process. The process of material recycling includes melting scrap metal,
pulverization of plastic material elements etc. The most important issues in
material recycling are:

• recovery of the same compounds,
• manufacturing of new compounds,
• re-construction of new car parts,
• manufacturing of other commercial products.

The simplest example is metal recycling process—for example steel, which in
the recycling process cannot achieve the same quality parameters as before, but it
can be used for manufacturing of less important car parts or elements used in
building construction. Thermoplastic materials, e.g. polypropylene, polyethylene,
polyurethane materials etc. are well-adapted for recycling.

For example—the Mercedes company recovers about 90 % of used plastic
materials and they produce multi-layered bumpers, sound-dumping screens, air
ducts, electric cross-cable tubes, hub cover caps, chassis protection shields etc.
Another example is Renault company, which has set an objective of using 50 kg
recycled plastic per car in 2015, equal to an average 20 % of all plastic content.

2. Energy recycling

Energy recycling includes not only burning waste, but also generating fuels from
them and processing them to create the thermal insulation materials. Examples of
energy recycling includes: producing energy for water heating, steam and electricity
generation, etc. Tires are the most important item in energetic recycling of car.

3. Chemical recycling

Chemical recycling consists of thermal and chemical processing of elements made
of plastics into elementary compounds such as gases or oils which are used as
chemical components or as fuels. Chemical recycling is also processing of used-up
motor oils and other dispensable fluids, for example brake fluid is processed into
household cleaning chemicals.

Car which is ELV is decomposed into prime factors. There can be distinguished
five main material fraction (Oleszczuk 2003):
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• rubber and plastic
• ferrous
• nonferrous metal
• glass
• plastic.

Car consists of: different kind of plastic, glass, ferrous and nonferrous metal and
rubber/tires. Each of material can be recycled. Possibilities of recycling are the
result of: available technology of processing, demand on remanufactured parts and
economic relationship between new part and recycled one.

Toyota company is very advanced car manufacturer at the recycling. It is a
leader in the use of recycled materials for several years. In Table 3 are presented
some of examples of technologies of material recycling used in Toyota company.

Recycling is not a possibility of energy, cost and material savings but it is a
necessity to deal with limited resources. Car manufacturers try to build up recy-
cling strategy also in relations with their suppliers practice. In last decade a
number of sustainable practice was introduced like e.g. issuing recycling guide-
lines to the suppliers.

Table 3 Technologies of material recycling elaborated by Toyota company (Toyota 2011)

Type of
material

Original form Recycled part

Thermoplastic
resin

• TSOP (Toyota Super B
Olefin Polimer)
bumper

• Bumper, fuel tank protector
Luggage trim, Fuel pump protector, Seat
backboard, Seat under-cover, Lamp cover, Back
door trim cover, Engine under-cover, Luggage
compartment trim, Bumper step, Deckside trim

• Interior trim, garnish • Timing belt cover
• Fan shroud

Thermosetting
resin

• Parts from reinforced
plastic FRP

• Sunroof housing
• Cylinder head cover

Resin
composite
material

• Carpets
• Seat covers
• Instrument panel

covering
• Molded roof lining

• Carpet backing
• Carpet reinforcement parts
• Floor silencer
• Dash silencer
• Interior trank

Rubber • Weather stripping
• Tire

• Hose protector
• Weather stripping
• Alternative fuel for cement

Automobile
shredder

Residue (ASR)

• Urethane foam and fiber
• Copper wiring
• Glass

• Damping materials
• Reinforcing materials for aluminium casting
• Reinforcing materials for tiles

Steel • Body, door • Car parts, general steel product
Other

materials
• Bottles from PET • Materials suppresses noise
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5 Conclusion

The number of cars is growing every year, as well as numbers of cars which are
not any more in use and need recycling. Automotive industry became a big load
for the environment, but there is no chance to stop it. We can only decrease
negative influence, what car makers are already doing. There are 3 strategies in
automotive industry related to environment: reducing, reusing and recycling
strategy, which are differed from each other, but all of them are taking into account
the environment protection.

All strategies should be considered by the point of view of different sides of
automotive industry including: car makers (processes and employees at each stage
of car life cycle), car users, suppliers, etc.

There are presented many possibilities of realizing 3R strategy in the auto-
motive industry but authors indicate that protection of the environment and all
activities related to sustainable development is not a presentation of higher
awareness of people. The source of interest in environmental issues is law regu-
lations and profitability—possibility of reducing cost by car manufacturers. The
environmental issues will be more popular not only due to economic benefits but
also due to higher environmental awareness among car manufacturer, suppliers,
car users and all participants of so called ‘‘automotive world’’.
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