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Abstract. The aim of the study is to identify and apply ecodesign, or environment projects, on new products in the
automotive industry in terms of technical and economical competences showed on product life cycle and how to
contribute to sustainable development. Regarding to technical dimensional it is analyzed the automotive component
designs referred to feasibility, remanufacturing and product life cycle issues. Related to economical context it is
observed the questions about product costs, economical life and components life cycle. Based on current literature it is
verified the evolution and importance of ecodesign on international and Brazlian automotive industries and how set
new product development considering sustainable aspects. Real cases are presented of the automotive products
developed in Brazl which environmental solutions were applied. The article ends with conclusions and directions for
continued research.
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1. INTRODUCTION

The automotive sector is going through a worldwidestructuring process by emergence of the envierah
paradigm since the 70°s due to oil shocks, follgnvby the 90°s related to social and ecological eom& This
paradigm represents a technical, economical an@lscitange that settled the basis for a sustaindblelopment
commitment among the auto-industry stakeholdersst&nable Development is a new option for develepnthat
outlines the eco-development on the social and @oon growth models, incorporating environmental taiie
strategies for fostering more equitable socioecanal®velopment.

For auto-industry, for instance, this commitmenhaarns not only car designers, car manufacturedstheirs
suppliers, for technical and industrial aspects,diéo governmental agencies and non-governmergah&ations, for
the political and legal aspects involved. It invedvthe redesign of the actors’ network settled ew nompromises
driven towards an environmentally production andstonption systems. In this sense the strategigstedidy North
American and European companies, for keeping asi@ising their share of the market, were focuseteohnical and
organizational innovations, especially concerninige treduction of the time lag between conception and
commercialization of new models as well as the &idopf environmental driven concept cars solutiohsvider range
of options among standard cars and a great effortnproving the quality and reducing environmerapacts were
the main goals. To produce vehicles which respexth lpeople and the planet has been a constanthyingo
commitment (Medina, H. V. and Naveiro, R.M, 2003).

As environmental and health concerns continue éavdgn society, governmental push on manufacturimgganies
to adopt “ecodesign” practice is expected to ineee&codesign is about integrating environmentasickerations into
product development, maintenance and disposal. i§lespecially true for automotive companies whaostmmeet the
ELV (End-of-Life Vehicle) environmental mandatesbnrope, as well as similar initiatives in Asia dorth America.
On the other hand in South America, the ecodesigatiges have been started in multinational assemshibsidiaries
as a company strategy face to lack of governmemtakonmental initiatives or requirements. NowadeyBrazil, for
instance, there are an advanced environmental mig$iens legislation, but they are so far awayaddilowed. Brazil
is the only country which added the environmentalegnmental rules on its Constitution in 1988 bitéramore than
22 years, it only applies on CO2 emissions ancebatnd tires recycled related to all on automoaitiekistry (Medina,
2003).

Any company who wants to operate globally must mmrsregulatory compliance as a matter of utmogiirtance.
A failure to comply with the requirements can résallaunch delays, recalls, fines, poor custonsistction, and
damaged public image. Thus far, many companies haea reactive to environmental regulations wheragiance
reporting and analysis is done late in the prodeselopment cycle. This approach causes late-skagjgn changes to
occur as compliance requirements are not readdgssible at every phase of the product lifecycle.

The paper begins with an introductory section #emtks to show how important the Brazilian autoneoindustry is
important on the global scenario and presentedettwdesign considerations, showing technical ancharoeal
assessments. This is followed by two case studiesBrazilian automotives companies. The article emdth
conclusions and directions for continued research.
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2.BRAZILIAN AUTOMOTIVE INDUSTRY

Nowadays, the Brazilian automotive industry hadeagd international cost and quality level. Soma#fiian units
have become so competitive that workers in themalgcountry of the company have made protestsstiikks against
Brazilian exportations of cars and trucks. Anotimernational point which influences Brazilian amtotive and auto
parts industry is the relationship with Mercosuttpars, mostly with Argentina. The other partnddsuguay and
Paraguay, have a secondary role due to the smmalb$itheir economy. With an industrialization pess similar to the
Brazilian one, Argentina automotive and auto pamtsistries faced a big crisis in the 1980s (wolsmntthe Brazilian
crisis). This crisis resulted in a technologicahlesimate. Besides, the Argentinean population isllemthan the
Brazilian one and, therefore, the market is smatieo. The last, but not the least point, is thehaxge rate. The
Argentinean government maintained the parity betwibe Peso and the Dollar. Most of the automotiomganies
established their headquarters and main factani®@azil. Some automotive companies defined thazlian factories
produce small cars (low price, high volume) and eltinean factories are in charge of medium- sizad ¢Amato,
2008).

Currently, the auto industry in Brazil offers thesbeconomic performance throughout its historyodéther, the 16
car manufacturers produce over 3,600 thousand leshiexport about 12 thousand units, with over fHdusand
employees (ANFAVEA, 2010).

As environmental and health concerns continue éavdgn society, governmental push on manufacturimgganies
to adopt “Ecodesign” practice is expected to inseedco-Design is about integrating environmentalsierations
into product development, maintenance and dispdses is especially true for automotive companid®uwnust meet
the ELV (End-of-Life Vehicle) environmental mandate Europe, as well as similar initiatives in Asiad North
America.

3. ECODESIGN

Karlsson and Luttopp (2006) defined ecodesign amethod of product development that aims to rediee t
environmental impact and that uses creativity ate more efficient products and developmentalgeses, from the
point of view of sustainability. Johansson (2008ppmsed the integration of environmental requiraémento the
process of the design, in which the technical ammhemical aspects usually prevail.

The ecodesign idea emerged in the 1990s, when MBgdlectronics industry was trying to minimizeitheegative
impact on the environment. The American Electromissociation then formed a task force to develogquts with
environmental concerns and to provide a conceftasé that would primarily benefit the members ef éissociation.
Since then, there has been an increasing intereéseisubject, and terms as “ecodesign” and “defsigenvironment”
have become common in environmental managementgrag(Borchardt et al., 2007). In ecodesign, theigher
selects and combines design solutions accordinghéd impact on the different phases of produce Idycle:
manufacturing, packaging, use, exchange of pantseam of life. Tingstrdom and Karlsson (2006) highted the
multidisciplinary nature of ecodesign, since thgaedlepment of a new product is not a linear and titpe process, but
instead a complex one, since unexpected interacbhetween the product and the environment may, aggeiring the
use of nonlinear models. As factors that influettee implementation of ecodesign, Boks (2006) cii¢dexternal
pressure of legal requirements, ii) domestic ecaaanfluences, iii) perception and customer valae &) availability
of new technologies. The adoption of ecodesign timeg may help manufacturing strategy, by incorpioga
environmental control issues to the managemenigs(Borchard et al., 2007).

As environmental and health concerns continue éavdgn society, governmental push on manufacturimgganies
to adopt ecodesign practice is expected to incrédasedesign is about integrating environmental iokarations into
product development, maintenance and disposal. i§lespecially true for automotive companies whaostmmeet the
ELV (End-of-Life Vehicle) environmental mandatesEorope, as well as similar initiatives in Asia asdrth America.

As much as in other business areas, an importamtgehbrought about by the internationalizatiorhef automotive
industry has been the global organization and ratean of Research and Development, R&D. This psedes already
gone beyond the economic frontier of Triad cousti(gS, Europe and Japan) and reached emerging r@&s10ANn
evidence of it is the fact that Brazilian subsidiarof multinational assemblers and suppliers teen enlarging R&D
mandates in Brazil and stepping-up their produlatieel technological activities. Following these dencies, it is
reasonable to believe that in Brazilian automakbes ecodesign, for instance, can be applied on agtemotive
product development, joining technology knowledgéhwocal natural renewable resources, such asralafibers,
recycled materials and combustibles. Topics thaitrbe included in the development of a new autoreatiesign are
discussed below.
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3.1. Environmental responsibility: from the conception to the end of life of a vehicle

The conception of a vehicle depends on the ideatifin of a specific market demand. However, id$ enough
just to develop a car economical, comfortable arith \& futuristic design; it is also important totasish the
environmental aspect as an essential criterioresigthing a car. Then it comes a new set of fornethats and tools
for project development, known as ecodesign or gregor Environment (DFE). The Eco-Design consists am
approach that includes the environmental compoimettite design of new products and integrates agpro@ols, such
as Design for Assembly and Disassembly (DFA /DFBJ ®esign for Recycling (DFR). The Table 1 showssth
toolings and their practices (Salla and CadiolD&0

Table 1. Ecodesign toolings (Salla and Cadioli,800

Activity Practice Main Actions

Make easier the identification af Reduce the number of parts for easy handlipg

components
DFA/DFD Avoid unnecessary glues, adhesives and welds
Design for replacement
Design for Facilitate the cleaning of the components
assembly and Design for reuse
disassembly Facilitate the testing of the components

Design for separating materials Use compatible materials
for recycling
Identification of the material composition of

DFR Reduce the number of parts polymeric parts
Design for Avoid composite materials Reduction of the variety of materials
recycling

Use recycled materials

Avoid pieces of metal inserted in plastic parts

3.2. The automotive product life cycle

It is a responsibility of the automotive industoydefine technical and economical solutions for-eftife vehicles.
There must be a disassembly line that allows tmepoments of a vehicle to return to their suppliéramplies that, in
the life cycle of an automotive product, all thettas must be considered, from the appropriatecsefe of raw
materials to the techniques of assembly and disdsgan the production line.

In general, the life cycle of a product involvegefistages, as shown below (Graedel, 1998):
e Stage 1: production of materials and components;
e Stage 2: manufacturing operations;
e Stage 3: shipping and delivery of the product;
» Stage 4: purchase and costumers’ use;
» Stage 5: end of life of the product, recycling iobf disposal.

The analysis of the life cycle of a product is alttm evaluate all the environmental impacts causgthe supply
chain of the product. It should also include theduct planning, extraction of raw materials, enesgpenses,
industrial processing, assembly and product matwfag, use and disposal of the product. Generglgaking, the
analysis of the product life cycle is developethiree major steps (Salla and Cadioli, 2008):

» ldentification and measurement of the energy amdmaterials applied on product creation, as wethas
pollutants emission into the environment, during pnoduction and use of the product;

e Evaluation of the environmental damages causetiduse of the energy and raw materials involved;

» ldentification of possible improvements on the prctibn systems and on the recycling or final dighos
leading to an optimization of the environmentaldarct performance.
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In the automotive industry, design and productibages are well-defined. The standardization ofhthan product,
the automobile, is essential to determine the naantufing process, as well as the materials and adstlo be used.
For an automotive product, the life cycle can bepaeld according to the following steps:

« Extraction of raw material (concentration, separatrefinement);

e Chemical and metallurgical materials processingdtagplastics, composites, glasses);
« Manufacturing of auto parts (mechanical, electrieldctronics);

* Vehicles manufacturing (final assembly line);

» Sales and maintenance:

» End of life of vehicles and auto parts — recycling;

* Recycling and reuse of materials;

* Non-recyclable materials to final disposal destorat

The analysis of the life cycle of the product incamotive industry has the objective to contributel determine the
key points to the conception of a so called greeraar (or environmentally friendly car). It providésnsparent
decision-making support for identifying which teclogical alternatives present an improvement - iteehnical,
economic or ecological sense - compared to exiséognologies, materials or processes:

» Comparison of technologies;

» Identification of the most favorable material, egomncally and ecologically, that still holds the vegd
technical specifications;

* Evaluation and selection of the most efficient nfanturing processes, considering both economic and
ecological aspects;

» Detailed analysis of parameter dependent manufagtprocesses;

« Development of strategic benchmarks for produgtimtedures and system alternatives;

» Efficient ecological optimization with lowest polsk costs.

3.3. New material development

According to Clark and Fujimoto (1991), in terms tethnological innovation, the search for new niater
(including environmentally viable ones) has beensidered an invisible innovation, since the costuch@es not
appreciate or realize its importance. Neverthelggse innovations are extremely important, sihes tare part of a
strategic project, capable of meeting performanosts and deadlines objectives for the automotigdastry.

Although the customers”™ and the manufacturers” vieay differ sometimes, as seen before, the devedopiof
new materials has improved the performance on aadenindustry. Another notorious and remarkabletda in the
automobile industry is the cars” weight variationomg different periods, and to make it possibles ihecessary to
replace materials, adjusting their physical chamstics to the current needs. Table 2 indicateswikight of cars,
according to the use of each specific materiadlifferent periods. It is clear that, in some casieste is a decrease of a
given material and an increase of another, as altre$ the search for the ideal combination of miate for an
environmentally friendly and efficient vehicle.

Table 2: Weight of the vehicles (Salla and Cadi0i08).

50’s | 90's 00's
kg Kg kg

Steel 1373 831 510
Zinc 25 10 15
Rubber 85 61 64
Glass 54 38 31
Lead 23 15 11
Copper 25 22 12
Fluids 96 81 48
Iron 220 207 150
Aluminum 0 68 77
Plastic 0 101 150
Total 1901 | 1434 | 1070
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3.4. Recycling

Recycling process is the final step in the vehliiféecycle. The car is depolluted, dismantled ahcedded. It is then
separated into usable components, recyclable ralternd waste that are incinerated to produce gn&hen a car
reaches the end of its useful life, and will nogenperform its function, the next step is recyglimhe average useful
life of a car varies greatly, and may be around1Bor 20 years, depending on legislation and emgnaf the country
and also on the conservation state of the vehidlere are many parts and materials that can belsztyand nowadays
approximately 75% of the weight of the car is réagte. The recycling process should be performed tspecific
infrastructure that guarantees the adequate effigieof the process, without compromising the envinent. The
recycle of a given material is the result of maagtérs, as:

* A new technological and competitive standard thaluide environmental innovations;

» A strong material development with less environrakimpacts;

 New methods of product development, such as: eagd3FR ( Design for Recycling), DFE (Design for
Environment);

e Clean technologies designed for production, praegsmnd recycling of materials.

The industrial part reusing ends the economicalegyand it happens when the secondary raw matetgined
from recycling, returns to be used in car productior is used in production of other products witbr outside the
automotive industry. As an example of this proc@sdle 3 indicates technologies and materials dgesl by Toyota
Motors Company from recycled material.

Table 3: Technology for materials recycling develdpy Toyota (Salla and Cadioli, 2008).

Type Original article Recycled part

Bumpers fascias of TSOP Bumpers fascias

(Toyota Super Olefin Polymer)| Luggage moldings
Backseats supports
Front and rear lens cover
Engine lower cover
Thermoplastic resin Bumpers fascias support
Fuel tank protector

Fuel pump protector
Seats lower covers

Rear door trim coverage

Interior trims, finish parts Distribution belt coverage
Fan deflector
Thermosetting resin FRP parts Sun roof covers
(Fiber Reinforced Plastic) Valves covers
Carpet Carpet raw materials
Composite resin material Carpet reinforcement pieces
Car seats fabric Exhaust pipe silencer
Headliner coating Luggage moldings
Rubber Sealers Sealers tubes protectors
ASR Urethane foam fibers RSPP (Recycled Sound Pro#fingucts)
(Automobile Shredder Residue) Copper wire Reinforcing materials for aluminum
molding
Glasses Materials for reinforcement of bricks
Others PET bottles Sound absorbers materials

Automobiles are the most-recycled consumer prodllbe American auto industry works together throdigé
United States Council for Automotive Research ttinjze vehicle recycling, continually searching &uolutions to
reduce waste. Figure 1 show the main componentieofehicle which recycled materials can be apptiadnew
automotive products.
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Figure 1: Sustainable materials strategy from Aoseriautomaker (adapted from Ford, 2011).

3.5. Energy considerations and Consumption Production Cycle in automotive projects

One of the major issues related to sustainability the environment in an automotive design is tiergy issue. In
fact, the energy consumption of a vehicle and ogumsit pollutant emissions occur during the peribdise by the
customer. According to the type of engine of theiele (ethanol, gasoline, diesel, natural gas,tetgty, hydrogen,
among others), the consumption of fuel per kilometéen is calculated. Moreover, considering tiseful life of the
vehicle plus the wear and tear, it is possible ¢étednine the degree of pollutant emissions durhig period. As
illustrated in Figure 2, in the Production and Qanption Cycle, most of the energy consumption amisgions of
pollutants of a vehicle occurs during the period¢udtomer use. A remarkable jump in energy issumddibe to assess
and monitor energy consumption at this stage, wharh provide substantial reduction of emissionoafd gases and
reduce energy costs. Optimizing the project desigd engine design and implementing renewable firelthe
automotive industry, as well as targeting the zmmission technology could be viable solutions Ifig tajor problem.
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Figure 2: Representation of a production and copsiom cycle of an automobile (Candido and KamingRiQ9).
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3.6. Economic consider ations of ecodesign in automotive development

Given the complexity of cars, designers need ikesthe right balance between the different demanrfidsistomers:
safety, comfort, running costs, environmental prtiée, and so on. One of the major issues relateistainability and
environment in an automotive design is the quegfgmroduction costs and lifetime of components.

During the development of new product with focus empdesign the main economical advantages obsénved
automotive industry are shown:

» Usually recyclable raw materials are cheaper tluanventional,

» Using recycle materials extend its useful life;

* Reduce car weights by the application of natutsr instead of synthetic fibers;
* The usage of biomaterials or bioplastics is madediyral renewable resources.

4. CASE STUDIES

This section provides two brief case studies ofdesmn applications from European and American raative
industries established in Brazil. The cases ar¢h@eiexhaustive nor particularly detailed, but @meended to
demonstrate feasibility solutions in terms of egidal automotive components production resultingast reduction
too. In part, the point is to illustrate that thésenot one definitive alternative available andttthe degree of deviation
from the existing ecodesign options may be moress marked.

4.1. Case study #1. Implementing local alternative materials
Objectives: reducing product costs with alternative materetsl maintaining product quality, in the passenger

vehicle from North America automaker by applyintharmo-acoustic insulator of the engine compartnmamr panel
(Figure 3).

e Thermo-acoustic insulator

Figure 3: Vehicle insulator illustration (Candidt)05).

Parts or systems description: the thermo-acoustic insulator is composed of ghals blanket coated with a layer
of phenolic felt. It is assembled inside the frganel, between the dash panel and the inside pdrtble engine
compartment. The blanket allows greater rigiditythef product and greater insulation of heat fromehgine. The felt
has the function of acoustic coating, minimizingyiee noise inside the cabin, according to the guatandards
required for the assembly, and so providing grezdenfort for occupants.

Savings achieved by the automaker: replacement of the phenolic felt insulator matef@ thermo-plastic
recyclable felt, with 20% reduction in the costtioé part, which represented a 0,05% reductioneéntakal cost of the
vehicle

Benefits: use of local material of lower cost, lower weigtrd recyclable. The field performance has not been
changed after this deployment.
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4.2. Case study #2. Recyclable materials application

Objectives. reducing products costs with recycled materials @msuring the same quality of the original
components, through the use of recyclable mataridhe composition of passenger vehicles parts byEaropean
automaker established in Brazil since 2000, as shmwigure 4.

WHEEL HOUSING
LINERS

WINDSHIELD
WIPER ARMS

Figure 4: Recyclable materials applied on passevgjgicle components.

Parts or systems description: the tail lights lens or simply rearlamps, bumpfascias supports, wheel housing
liners and air deflectors are plastic injected gaimt which up to 5% of recyclable material candpplied in its
composition. The windshield wipers arms and engirsectors are usually made of metallic materiatsnf other
processes, with the same material and performagesifications.

Savings achieved by the automaker: not disclosed.

Benefits: cost reduction of parts, increased materials lidiédu reduced use of virgin materials, reducediyimn
related to the production of virgin materials (p&tum refining, chemical industry, metallurgicadlirstry).

5. CONCLUSIONS

The aim of this paper was to suggest that sociok@mic and environmental concerns are taken intowtcin the
development of new automotive products, so thatahg-term sustainability of the automotive indyss feasible. As
a result, the automakers and their production EseE® must be reviewed in terms of environmentditguaAnd this
applies not only to the automakers, but to therensupply chain as well. Thus, the suppliers” asieg to the
requirements of environmental quality standardslg® an essential condition required for the dedifon of the
automaker in the end of the supply chain. In tkissg, the environmental certification through fadl supply chain is a
major aim for automakers these days.

As environmental and health concerns continue éavdgn society, governmental push on manufacturimgganies
to adopt “Ecodesign” practice is expected to inseed&codesign is about integrating environmentasickerations into
product development, maintenance and disposal. i$héspecially true for automotive companies whastmmeet the
ELV (End-of-Life Vehicle) environmental mandatesHarope, as well as similar initiatives in Asia awadrth America.
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On the other hand in South America the ecodesigutige is just starts recently pushed mainly byrtheadquarter
companies, with few governmental environmentalatiites or requirements.

It means that the theme is relatively new to mdsthe automotive sector companies operating in Brsi¢hen
some social responsibility and environmental mansge practices are identified, these are restritdiesbme formal
procedures (ISO 14.000 Environmental Managemendatals; AS 8000 Social Assessment Norm; etc) aed ar
imposed by the companies headquarters, in cadattaealready counts on these practices in thmintries of origin.

Any company who wants to operate globally must mmrsregulatory compliance as a matter of utmogiirtance.
A failure to comply with the requirements can résallaunch delays, recalls, fines, poor custonsistction, and
damaged public image. Thus far, many companies haee reactive to environmental regulations wherapiance
reporting and analysis is done late in the prodeselopment cycle. This approach causes late-skagjgn changes to
occur as compliance requirements are not readdgssible at every phase of the product lifecycle.

The case studies show that the automotive industigrazil is gradually implementing sustainable utimins in
order to reach technical and economic feasibilgyapplying recycled materials or vegetable material place of
mineral raw materials which also generates costatiohs with quality and functional assurance ® final customer.
In Brazil there is a high potential for sustainapteposals to develop, validate and implement, sttpd by natural
resources, establishment of centers of researcll@elopment and combined with new ideas for sughd¢ products
came from the automakers, suppliers (tiers 1,&ven tier 3) and university researches.

Thereafter, the discussion is more closely aligioetthe specifics constraints of the automotive sidy not least on
the premise that the transition from generic undeding to specific solution requires embedded Kadge. Put
simply, the solutions appropriate to the automotingistry may not necessarily be those approptatther aspects of
sustainable production and consumption as recydiingnstance. Note also that the approach adopt¥é is not
determinist, in that new ways of making things (hration technology) and new things themselves (pebd
technology) are envisaged as enabling changesriexmple, the capital of organization or modesasfsumption but
not necessarily requiring them.
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