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ABSTRACT compromising the ability of future generations to meet their

This paper lies within the integration of an eco-design own need$ In the business world, this theoretical concept
method adapted to the Innovation structure at a car occurs notably with a new manner to design products which
manufacturer. The environmental constraints in the automotive combines economy and ecology [2] and put the environmental
industry are more and more important (European emission criterion alongside the classical criterions of design such as
standards for exhaust emissions, European directive on end-ofcosts, time, or quality, namely eco-design. The goal is to design
life vehicles ...). Eco-design is a new manner to design more environmentally friendly products thanks to a multi-stage
products related to the concept of sustainable development,and multi-criteria approach, i.e. an approach which takes into
which combines economy and ecology and put the account the entire lifecycle of the product, “from cradle to
environmental criterion alongside the classical criterions of grave”, and a set of environmental impacts.
design. The goal of this study is to identify the specifications of To reach this goal, there are some methods for integrating
a strategy for integrating the dimension “Environment”. This the dimension “Environment” (or dimension “E”) in the
strategy is applied in the innovation process thanks to eco-scientific literature. Two methodological trends exist: the
design tools which are the learning vectors for an organization, majority methods are supported by the technical resources such
and therefore support a learning process. This process isas tools and software, the others are supported by the training
structured with the interactions between the management ofof the design team and learning [3]. In the first category,
firm, the environment department, and the design team. Bauman et al. highlight that there are a lot of eco-design tools,
Therefore we first make a synthesis of the different more than 150 in 2002 [4]. However, most of them are not used
classifications of eco-design tools and use two categories:in companies because they are not appropriate for the design
diagnosis and improvement. Second, as our goal is theprocess [5]. In the second category, Bras [6] considers that
integration in the Innovation structure and within a design learning is ‘a4 necessary prerequisitdao use the eco-design
process, we analyze some design process models and highlightools.
the RID (Research, Innovation structure, Development)
concept. Third, the main practices of several car makers are
synthetized and a focus on three of them (Volvo, Ford, and
Volkswagen) is made; we link their strategies with the concept Environmental Metric
of RID. Finally in the fourth part, we propose a model of a /
strategy for integrating eco-design practices based on the three \ /
examples and supported by a learning process. Process of creation

of new

Process of creation
of new
Ecodesign Practices

Process of creation
of new

Environmental Values

INTRODUCTION

The concept of sustainable development has been defined
for the first time in 1987 in the report “Our Common Future” FIGURE 1 — COMPLETE INTEGRATION PROCESS [9]
[1] of the United Nations World Commission on Environment
and Development chaired by Gro Harlem Bruntland. It is a Millet et al. consider that the tools are the learning vectors
“development that meets the needs of the present withoutfor an organization and remark that the dimension “E” can have




different status according to the apprehension of the actors of specifications for an eco-design method for the Innovation
design: it can be perceived as a constraint, a criterion, or astructure.

value [7], and it generates respectively a partial, classical, or

innovative eco-design [8]. In this context, Jacqueson et al. CATEGORISATION OF ECO-DESIGN TOOLS

proposed a “Learning Driving Tool” which assures an enhanced Generally, the ecdesign tools are an implemented result
value monitoring of the dimension “E”, i.e. to pass from of the application of a specific ectesign method/approach
constraint to criterion and value according to formalization and which forms a way to manage to improve the environmental
diffusion actions [3]. It is based on the interactions between the efficiency of products for equivalent criterions e.g. cost, time,
management of firm, the environment department, and the quality. A lot of authors have classified and categorized the

design team. numerous eco-design tools. The goal of this part is to synthetize
Therefore, Millet et al. bring together both methodological the various classifications of tools available in the literature.
trends into a complete integration process of the dimension “E” According to Millet et al. [8], onetbolbox environmeiit
in the design process (Figure 1) which is supported by three of an eco-design method should contain at list tools of type of:
interdependent sub-processes [8,9]: e lllustration for having a good picture of the environmental
* “The creation of an environmental knowledge through the issue,
elaboration an environmental evaluation tool, + Diagnosis to identify the environmental hotspots of the
 The creation of new eco-design practices based on a reference product,
system of tools, » Definition of the objectives from the diagnosis,

» The creation of new governing values and new learning « Recommendation to find areas for improvement,

schemes modifying the principles, the mental models, the.  Evaluation/Classification to make the best choices thanks

faiths to which every actor in his activity within the to a multi-criteria analysis (cost, time, quality, environment

company refers. ).

The integration of other dimensions has been subject to | e Pochat et al. [12] analysed the classifications of Janin
studies: for example, the integration of ergonomics at the car[13], Tischner and Nickel [14], Van Berkel et al. [15] and
manufacturer Renault has been analyzed [10]. Thanks to anDewulf [16]. The function e.g. evaluation, improvement, or
analogy with the integration of eco-design, the goal of this decision help, the efficiency, the usability, etc. are parameters
study was to deduce several principles from the observation sofgr classifying. However, Le Pochat et al. enhanced ttrat *
as to propose an integration process which supports theease of these tools being used by non-experts was not
perception of designer (constraift criterion - value), and considered during their developmént Therefore, they
which is supported by the interactions between the managemengeveloped the software EDIMS (EcoDesign Integration Method
of firm, the ergonomics department, and the design team. Thefor SMEs) based on the environmental analysi®f the
authors highlight a downstream integration approach, i.e. from product and “assistance in conducting changes in the
the downstream parts of a project to the upstream parts, forpysinesg This method resulted in the French standard NF EQ1-
every field of research in ergonomics. The analogy between o5 [17].
ergonomics and environment is used in this paper, and the  Bellini and Janin [18] realized a mapping of the main
downstream approach is exploited. classes of tools according to their evaluation level and their

Our project research is to integrate an eco-design methodrecommendation level on two scales from 1 to 5. The marks of
for the Innovation structure at a car manufacturer. One of the the evaluation tools are attributed according to their evaluation
particularities of the automotive industry is that there isleaf mode i.e. qualitative or quantitative, and their approach i.e.
distinction between the vehicle development project and the number of lifecycle stages and environmental criterions. The
innovation project [11]. Although there is less information on same is true for the recommendation tools which are marked
the final product in the Innovation structure than in the vehicle according to the type of recommendation.
development projects, the levers for action and improvement The study of Bovea and Pérez-Belis [19] takes three
are higher. studies [20-22] completed by focusing on the early steps of the

In the first part of this paper, a state of the art of eco-design design process and the authors propose a more general
tools is done so as to categorize them. Then, the analysis ofclassification. One of the contributions of this study is that it
design and innovation process is detailed in order to determinementions methods for integrating classical requirements in the
the different possibilities to integrate the eco-design. In the product design but adapted for integrating the environment.
third part, we make a synthesis of the main actions of car or Those eco-design methods link most of the time one classical
parts manufacturers, and we make three focuses on Volvo,tool of design e.g. Quality Function Deployment matrix for

Volkswagen and Ford in order to highlight a strategy. Finally, quality, with a diagnostic or evaluation tool e.g. Life Cycle
the fourth part concludes the paper with the requirements andassessment (LCA).



TABLE 1 - CLASSIFICATION OF ECO-DESIGN METHODS AND TOOLS

Diagnosis Improvement
. Analysis . Recommendation
Life Cycle Assessment [25-27] DFE, DFX [45]
Simplified Life Cycle Assessment [28,29]
Guidelines

. Evaluation/Classification
Matrix LCA :

MECO [30]

ERPA[31]

MET [32]

Indicator

MIPS [33]

Energetic content [34]
Environmental indicators [35]
Eco-indicator 99 [36]

Classical methods
Green-QFD [37], QFDE [38], ECQFD [39]
Eco-VA[40]

The Ten Golden Rules [46]

Checklist
The EcoDesign Checklist [32]
PILOT [47]

Lists
\olvo’'s black, grey, and white material lists [48-50]

. Objectivesand | deas generation
TRIZ [51]

eCoASIT [52]

EcoMal'in [53]

Lifecycle Design Strategy wheel [32]
PIT diagram [54]

EEA[41] Eco-ideation and assessing the implementation difficulty and emissions benefits of innovations [55,56]
Others

Environmental material selection charts [42]

Eco-functional matrix [43]

Lifecycle brick [44]

Some authors [23,24] compared evaluation tools with design and development introduces one generic model in six
diagnosis tools. While the firsts are generally analysis tools i.e. stages: Planning, Conceptual design, Detailed design,
they allow a detailed study of the entire product system, the Testing/prototype, Production/Market launch, Product review.
seconds are approximate and their evaluation modes differ: These models are not sufficient to establish the specifications
guantitative, semi-quantitative, and qualitative. Nevertheless, for integrating an eco-design method for a designer of complex
these evaluation modes are complementary. It is thereforesystems; that leads us to explore the innovative nature of
relevant to check the reliability of the results of evaluation design.
tools. From the study of innovative companies, Hatchuel et al.

The list of eco-design tools and methods in Table 1 is not [64] searched for understanding how the organization of a
exhaustive. This classification is inspired from the previous company must change in order to generate innovations. They
classifications. We consider two classes: the tools for diagnosisrecommend the use of the concept of RID (Research,
which can be analysis or evaluation tools, and the tools for Innovation structure, and Development) instead of the usual
improvement which can be recommendation or ideation and R&D concept, where | isd structured process, with its specific
objectives generation. The next part of this paper deals with themanagement principles which are different from respectively R
models of design process, particularly the RID model which and D activities. They defined the three functions from a
seems relevant for our goal to integrate the dimension “E” in managerial point of view:if research is a controlled process of
the Innovation structure. knowledge production that is not in charge of values definition,

and if development requires competencies and value definition,

TOWARD THE CONCEPT OF RID we can define the Innovation structure as being in charge of a

Eco-design methods and tools must lie within the design twofold design work:
and innovation processes. The complexity of these processe® A Value definition process
asks to use models in order to have a better illustration. In here  New competencies identification process
PhD thesis, Lahonde [57] carried out a synthesis of five models Figure 2 shows all interactions between the three functions.
of design process: Axiomatic Design [58], Design for Six
Sigma [59], New Product Design [60], Systematic Design [61],
and TRIZ [62]. Although each model has its own characteristics
and objectives, Lahonde highlighted similarities: per phase
breakdown, or iterations. Her comparison table identifies five
phases: Preparation, Identification, Design 1, Design 2,

Manufacturing. The international standard 1SO 14062 [63]
about the integration of environmental aspects into the product



gearbox). Volvd has made a simulator of EPD available to the
websit visitors.

§ . Chanaron made a benchmark of best practices in LCA
S §‘§) £ from European car makers: DaimlerChrysler, Ford Motor and
& % Volkswagen [91]. One of his conclusions is that car
Questions manufacturers use the LCA methodology foassessing
R D innovative technologies and vehicles of the futuxeines and

Knowledge

Bennett analyzed thegteer initiatives of three manufacturers
namely Toyota, General Motors and Volkswagen, particularly
concerning the eco-design [92]. They observed that they mainly

di h h h ies in th . focus on the improvement of internal combustion engines, e.g.
According to the authors, the companies in the automotive ¢ o reqyction, alternative driving chain, or alternative fuels.

industry are good examples of the applit_:ation o_f the cpncept of However, eco-design approaches and methods do not appear.

RID; Buet et al. [11] remind that innovative design projects are Furthermore, some common projects bring together several
distinguished from the vehicle development projects. Therefore, ... makers such as the LIRECAR project about the LCA of
the specifications of an eco-design method for the development”ghtweight and end-of life scenarios [93], or the project on an

are different from those for the I.n.novati.on structure. This “Environmentally Friendly Vehicle conc&d©4] where they
method should meet the twofold activity defined by Hatchuel et ..o -nmend to avoid a single score for the environmental

al.: the dimension “E” must be perceived as a new value for the assessment of a vehicle.

designers and generate new concepts and knowledge. The eco- 1, e to build a strategy for integrating the dimension

deS|gn method for the Innovation structure must generate:  “E” in the innovative structure, we propose a focus on the

* ideas and products ready for development, and emergingsirategies adopted by three car makers: Volvo, Ford and
product concepts at various formalization stages, thanks tos|kswagen. The strategies are connected with the concept of

FIGURE 2 - RELATIONSHIPS BETWEEN R, | AND D [64]

one ‘toolbox environmefdiscussed in the first part of this
paper,

* new emerging competencies allowing the valorization of
the dimension “E”.

RID.

Volvo The Swedish car maker began researches on LCA in
1989 [88]. This action aimed to product knowledge through a
controlled process, which is the definition of the function R.

resulted in the EPS method

these researches

Moreover, the method must be adapted to the different Tpenp,

technology readiness levels of the innovation which are (Enyironmental Priority Strategies in design) in co-operation
measurable thanks to the scale defined by the NASA[65].  \jth the Federation of Swedish Industries. This method enables
In the following part, we make a synthesis of the main the agglomeration ofdll the data coming from the inventory
actions of different car makers and link the practices of three of phase of a LCA to one single value, expressed in Environmental
them with the concept of RID. Load Unit (or ELUY [89]. The EPS method was computerized
for being used by LCA non-experts such as designers. In 1996
INTEGRATION STRATEGY [95], the SPINE database (Sustainable Product Information
AUTOMOTIVE INDUSTRY Network for the Environment) is developed in order to
Car makers and part suppliers must increasingly take into “facilitate the exchange of LCA data and improve the
account the dimension “E” within the design process. gperational implementation of LCA methtdsThe EPS
Nevertheless, their publications are still rare. The non- method, its computerization, and the SPINE database fulfill the
exhaustive list in the Table 2 gives some actions of companiesrequirements of the function D i.e. the activation of
in the worldwide automotive industry. We make a distinction environmental know|edge SO as to Specify the product for
between LCA studies and eco-design methods: the eyaluating its environmental profile. In 1997, the company
bibliographical references for LCA studies concern case studiesbegan to work with the Environmental Effect Analysis (EEA)
in the automotive sector or improvement of the methodology which comes from an adaptation of theaflure Mode Effect
itself, while the aim of those of the eco-deSign method list is to Ana|ysi§ to the environment. It C|ear|y transforms the

improve the product by using a system of tools which may environment into a new value and brings to designers new
include the LCA and the relations of these tools within the Concepts for improving their productS, which are the
design process. requirements of the function I. Tingstrdom and Karlsson [90]
Conducting LCA may lead car manufacturers to publish analyzed the relations between LCA and EEA by focusing on
Environmental Product Declaration¢EPD). For example,  the integration in the design process. From the interviews they
since 2007 Volkswagen has published on its websiteven made with Volvo's teams, they concluded thette* problem

Environmental Commendatiorfer vehicles (Passat, Golf, Polo  \as to make the environmental information effective, by making
...), one engine (TSI Engine) and one gearbox (Dual-Clutch

FROM THE

hitp://www.volvotrucks.com/dealers-vtc/en-gb/VTBC-
EastAnglia/aboutus/environment/environmental_product_declaration/Pages/Intr
oduction.aspXaccessed 12/07/2011)

*http://www.volkswagen.com/vwcms/master_public/virtualmaster/en2/unt
ernehmen/mobility_and_sustainabilityO/service/download/Download_en.html
(accessed 12/07/2011)




it readily available early enough to make it useful to influence Diagnosis - . Improvement

the environmentally relevant design decisipnflvo’s teams

therefore prefer using EEA early in the design process. 6

Moreover, Tingstrém [96] remarked that tadical innovation

should use EEA as a supporting tool, and incremental = -
. . . . EPS —» SPINE Material lists
innovation should use LCAMolvo’s strategy is shown in

Figure 3. T

time

FIGURE 3 - VOLVO'S STRATEGY

TABLE 2 - ENVIRONMENTAL ACTIONS OF CAR MANUFACTURERS AND P ART SUPPLIERS

Car maker / Part Country Studiesin LCA Eco-design methods
supplier
Daimler AG Germany Supplying databases on manufacturing processes (gear wheel of
the front-shift transmission for Daimler AG; valve injector for
Bosh GmbH) [66]
Application of Life Cycle Assessment for the Environmental
Certificateof the Mercede-Benz ¢-Class 67]
Faurecia France Learning Driving Tool for the design for the valorization

Ford-Werke GmbH
/ Ford Motor

General Motors

PSA Peugeot
Citroén

Siemens AG

Toyota

Volkswagen AG

AB \olvo

of the dimension “E” [3,68]
Evaluation method of environmental impacts for the
design team [69]

Germany / Streamlined LCA of the recovery of battery-housing [70] Product Sustainability Indegxplanations, Demonstration
USA Weighting in Life Cycle Assessments in a Global Context [71] of the validity of a spreadsheet tool for non-experts in
LCA[72]

Life Cycle Costing as part of design for environment [73]
Electrical and electronic components in the automotive
sector: Economic and environmental assessment [74]
Enhancement of the application efficiency of LCA[97]

USA Comparison of two fuel tank system designs [75]
France Comparative LCA of several end-of life scenarios for Methodology for improving the recovery rate of end-of
polypropylene bumper skin [76] life vehicles [78]
Preliminary study for a comparative LCA of a classical vehicle afitvaluation tool of the recovery potential earlier in the
a hybrid electric vehicle [77] design process [79]
Germany Quantitative streamlined LCA: Parameterised inventories
and interactions with design parameters [80]
Japan Eco-VAS system including a LCA database and an evaluation tool
for designers during the design pro«[81]
Germany On the calculation of fuel savings through lightweight desigrinicorporating sustainability into supply management in
automotive life cycle assessments [82] the automotive industry [67]
An integrated approach for environmental assessments using fuzzy
system [83]

Comparative Life Cycle Assessment of Remanufacturing and New

Manufacturing of a Manual Transmission [84]

Comparative LCA of two methods for recycling end-of life

vehicles [85]

Life Cycle Inventory for the Golf A4 [86]

A procedure for streamlined inventory modeling within life cycle

assessment of vehicles [87]

Sweden Fitting LCA for the design process [88]

EPS as a Life Cycle oriented System Assessment Tool to
Facilitate Industrial Learning about Relations to the
Environment [89]
Material lists [48-50]
Using the Environmental Effect Analysis method [90]




Ford Ford developed in 2006 th€roduct Sustainability Diagnosis

Index (PSI) by conducting researches in the LCA and Life
Cycle Costing (LCC) fields. The oldest research in LCA that 6
we found was made in 1999 and aimed to compare end-of life - ~

f life
scenarios for a battery housing; the authors concludeftoat “ LGl + Environméar \besign for
a strategic point of view, the simplified LCA is suitable for Commendations Recycling
answering the questioh$70]. In 2002, Schmidt and Sullivan ‘ ~

Improvement

[71] had a part in the LCA methodology by recommending to Remanscturing

not using weighting in Life Cycle Impact Assessment. In 2003,

Schmidt [73] conducted a research on LCC but concluded that time
LCC cannot be used by non-experts in life cycle. The thesis of

Rebitzer [97] aimed tb simplify the methods of LCA FIGURE 5 - VOLKSWAGEN'S STRATEGY

application and to use LCA as a basis for life cycle costing
That leaded in 2006 to the first publication of the PSI applied to
Ford’s car [72]; three PSI reports are available on the website o
the companyfor S-Max and Galaxy, Kuga, and Mondeo. The

Looking at the three examples above, as the environment
fwas seen as a constraint, they conducted researches (function
R) in the LCA field and developed some tools e.g. EPS, PSI, or

PSI bol “aliows non-experts to manage key environmental, slimLCI, which leaded the designers to comprehend the

social and economic aspects in the product development, also?lrr}er}smtnh EI as i_ cntetnont (functlogé)p)\. tIF]aSgY' thar_1ks t|(5)
on a vehicle levél Finally, in 2007, LCA and LCC were 00Is for the Innovation structure e.g. , the dimension

applied to tefine optimum design and end-of-life scendrios became a value (function 1). Therefore, the specifications for

for electrical and electronic components. Ford’s strategy is our integration method of eco-de5|gn_|n the Innovation
represented in Figure 4. The need to pass from diagnosis toStructure may be based on these observations.
improvement is obvious through the opening of the LCC
research field and placing a tool at non LCA experts’ disposal.

Diagnosis ————  »  Improvement

SPECIFICATIONS FOR INTEGRATING ECO-
DESIGN
The valorization of a dimension has already been studied
@ in the ergonomics field. Millet et al. [10] proposed one model
Q Lee of integration of ergonomics in the design process. This model
S - S is based on a downstream approach. Ergonomics rpass“

Case studies .
G (battery P from the newly knowledge coming from the research process to
housing) credibility.” It is therefore an ihtervention based on the

downstream parts of design procéss
Here we make an analogy between the downstream

e integration approach of ergonomics and the integration
approach of the dimension “E” in the Innovation structure and
FIGURE 4 - FORD'S STRATEGY try to make a model (Figure 6), based on the concept of RID
and the previous examples. The level of maturity of a
Volkswagen Volkswagen has begun making Life Cycle technology increases during its design process, and generally,
Inventory (LCI) since 1992, which leaded to some the phase Development follows the phase Innovation, which
Environmental Commendatianshe company had a part in the follows the phase Research. Therefore, one of the specifications
LCA methodology in 2008 by developing the slimLCI method for our downstream integration approach should first integrate
to automate LCI [87], and in 2010 by improving the use stage methodological elements in the Development phase to go back
modeling with the Fuel Reduction Value parameter [82]. to the Innovation structure. These methodological elements are
Moreover, Volkswagen opened a research field on end-of life built by the Research function.
and compared in 2006 two recycling methods [85]. Finally,
Warsen et al. [84] assessed in 2011 the benefits of an innovative
end-of life strategy namely the remanufacturing thanks to the
LCA methodology; this highlights the complementary aspects
of the tools. Volkswagen’s strategy is shown in Figure 5. By
using the LCA results, Volkswagen tried to strive toward the
improvement of the end-of life step with the process SiCon [85]
and the remanufacturing strategy [84].

®http:/ww.ford.co.uk/AboutFord/Sustainability/ProductSustainabilityln
dex(accessed 12/13/2011)




Diagnosis - Improvement

Research field of /
environmental /)
diagnosis /

Research field of

environmenta
\ diagno
D Research field of
impact improvement
\
\
\
Methodological Methodological
elements D1 elements D2
\
Methodological Methodological
elements 11 elements 12

Compatible transfer

Complementarity

FIGURE 6 - MODEL OF A STRATEGY FOR INTEGRATING THE DIMENSION “E”

By synthetizing the three examples, it seems that the mainand objective and idea generations. Second, we introduced the
evolution for integrating the dimension “E” passes from the concept of RID which highlights the specificities of the
diagnosis research field to the improvement research field. So itInnovation structure. This led us third to look for the practices
seems relevant first to open a research field which may lead toof car makers and part suppliers and their strategies for
create, adapt or use methodological elements for analyzingintegrating the dimension “E”. We made a focus on three car
and/or evaluating. The diagnosis leads the company to “know manufacturers and connected their strategies with the concept
what they do”. This is the first sub-process of the complete of RID. Then in the fourth part, we proposed one model based
integration process of Millet et al. [9]. After detecting the forces on the analysis of the three examples for an integration strategy
and weaknesses of their product, the three previous examplef the dimension “E” supported by a learning process.
seem to act in order to improve their product and so “do what We did not propose any methodological elements and we
they know”. The variety of action kinds is wide and seems to be highlighted that they are specific to the company. They may be
specific to the company’s strategy. This is the second sub-extracted from the scientific literature, adapted, or created.
process of Millet et al.. Therefore, a second specification would Nevertheless, they should be developed by collaboration
be the building of both types of tools: diagnosis and between the environment department and the design team.
improvement. Moreover, the trajectory of the use of the tools has not been

Finally, the chosen strategy for integrating the dimension studied, only mentioned in the Wolvo's example. In
“E” must support learning and the creation of knowledge. Each perspectives, these observations ask for some researches and a
research field generates methodological elements for the collaborative work for building the methodological elements,
Development and the Innovation structure. Therefore, we canso as to be tested in a company.
define a third specification: according to Millet et al. [10], the
transfer in the same research of methodological elements fromREFERENCES
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