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Abstract. The new product development (NPD) is considered a criticateps for
improving company competitiveness. Since environmental impmnerated throughout the
entire product lifecycle are considerably determined duringdhg phase of its development
phase, NPD also plays a crucial role in remarkably enhatt@ngnvironmental performance
of new products. Ecodesign can be defined as the syatentieoduction of environmental
concerns during product development. Despite the fact tharatewpportunities for
competitive advantage have been associated to ecodesign tméngation of this concept
has not reached companies worldwide mainly due to thebgapeen eco-oriented and
product-oriented research. Thus both points of view must ¢ogether in order to achieve
ecodesign benefits. This paper aims at proposing a sy&tepgroach to do it by introducing
some selected ecodesign methods and tools into the pharbes of a reference model for
NPD. The expected result is a set of structured aesvithat can successfully combine
ecological and business perspectives. This paper psesene preliminary results on the field
of sustainable product development (SPD) conducted byithera.
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1 Introduction

The rising consumption of products is at the origin of moshefgollution and
resources depletion that our society causes [1]. The environmiemalcts
observed throughout a product lifecycle are, to a large extertiite¢el during its
development phase [2]. Hence, taking environmental aspects intmeatisn
during the new product development (NPD) phase plays an essehiain
reducing product lifecycle-related environmental impacts. Edglesan be
defined as the systematic introduction of environmental concertos NPD
throughout the application of specific methods and tools. Detb@téact that the
number of available ecodesign methods and tools has been ingreadie last

! University of S&o Paulo, S&o Carlos School of EnginedBiagartment of Production
Engineering, Nucleus of Advanced Manufacturig Trabalhador Sao-Carlense, 400 —
Centro; CEP: 13566-590 - S&o Carlos/SP — Braal; +55 (16) 33739433; Fax: +55
(16) 33738235Email:agf@sc.usp.br; http://www.numa.org.br



2 A. Guelere Filho, H. Rozenfeld, D. Pigosso and A. Gonett

decade, its implementation has not reached companies worldvaitdy rdue to
the gap between eco-oriented and product-oriented resear8hdis [The eco-
oriented researchers fail to see NPD as a business pracaszl to
competitiveness, leading to partial and poor integration of s@rdenethods and
tools into NPD, not generating the expected ecodesign compeiitixantages [5,
6]. On the other hand, product-oriented researchers pay ta ditntion to
environmental aspects, focusing generally on legal compliamtéead-of-pipe’
solutions due to little knowledge about ecodesign methods. This gapates a
lack of systematic use of ecodesign methods and tools in BEIin companies
to low levels of environmental performance. This paper aimsr@toping a
systematic approach to bridge the aforementioned gap by initngdgome
ecodesign methods and tools into the early phases of a refenedet for NPD,
which is a way to structure activities in a business procéssedodesign methods
to be integrated have been selected through literature rexsewy a structured
classification method. The reference model, used as atiegrbaseline resulted
from experiences accumulated since 1990. The expected mesukdt of NPD-
oriented structured activities that can successfully combmgronmental and
business perspectives to help companies worldwide to follow ptitd of
sustainability by making new and “green” products successful intodhieein This
paper presents some preliminary results conducted by the authors.

2 Literature Review

2.1 New Product Development and Ecodesign

According to [7] new product development (NPD) is “The overall meoaf
strategy, organization, concept generation, product and marketing gédiocrand
evaluation, and commercialization of a new product. Also &etjy referred to
just as "product development.”. Clark & Fujimoto [8] statest t"Product
development process is the resulting process when market itfmmmes
transformed into information and necessary sources to ncardaa product with
the aim of commercializing it". For Pugh [9] “Product developnmntess is the
necessary systematic activity from the identificatiorthef market/customer needs
until the product sale, an activity that includes product, psesgspeople and
organization”. It is not a new notion that developing products has bemoenef
the key processes for competitiveness in manufacturing. Otiee ofell-known
factors of the product development process is that the degreeevfaimiy in the
beginning of the process is very high, decreasing over timed@&tisions in the
beginning of the development cycle are responsible for 70% of shefcthe final
product [10]. Regarding the product related environmental impacts, congide
environmental requirements at the beginning of the product developmeatqaimas
reduce environment impacts by an estimated 70% [2]. Hence, takingrenental
aspects into consideration during the new product development (NPI2) phgs
an essential role in reducing product lifecycle-related envirotahiempacts.
Ecodesign (term used in Europe) or Design for Environment (ieed in US)
define a new way of developing products where to environmenttaspe given
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the same status as to functionality, durability, costse-tmamarket, aesthetics,
ergonomics and quality. Ecodesign aims at improving the prosgwabamental
performance and may be seen as a way of developing produais inith the
concept of sustainable development [11-15].

Baumann et al [5] identify more than 150 existing ecodesign methodsasd t
to implement what they call environmental product development YERDhe
field of ecodesign research the terms “tool” and “methodsg aften
interchangeable. Varying accuracy of the results, differetfiode and tools have
been found to be useful. In this paper we selected four métihalds Life Cycle
Assessment (LCA), Quality Function Deployment for Environm@®QE), The
Ten Golden Rules and Environment Effect Analysis (EEA). Thosthods and
tools where selected due to the fact there is more avaitdblenation addressing
their definitions and usage in comparison with others. LCAesses the
environmental aspects and potential impacts associated withoducpr by
compiling, evaluating and interpreting an inventory of relevant inputsoutputs.
In fact, LCA is a class of methods since there is no simgihod for conducting
LCAs [16, 17]. QFDE analyzes functions required for a producherproduct
structure to promote these functions, helping design engiselerst the best plan
among design improvement alternatives and address the vaioce obnsumer at
the same time [18, 19]. The Ten Golden Rules is a summanyidglines gathered
at the company guidelines and in different handbooks [20, 21]. EEAfide@nd
evaluates potential environmental impacts in all lifecyclespbaf the product in a
systematic way, assessing each activity in the product lifedyEl&.shall be done
together with Design-FMEAs [22]. Table 1 shows the systeatasiz of its
methods/tools according to its input and output data.

Table 1.Methods/tools input and output data

: Input Data Output Data
Methods/Tool4 — —
Description Nature Description Nature
Used materials ar|d Analysis of contributior]
. energy of life cycle stages o
Life Cycle |, . . I Qualitative
Life cycle inventorjQualitative angl  Reveal down- and
Assessment Quantitative upstream impacts and
(LCA) Characterization df b pa Quantitative
Ideas for reducing
product . ;
environmental impact
Voice of custome Important attributes and
Engineering metri¢s function units
-Product Possibility of design
requirements Improvements
QFDE =neray semi- semi-
Chemicals used| Quantitative Quantitative
Energy Use
Solid Residues
Liquid Residues
Gaseous Residugs
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The Ten

Golden Rules Product concept|  Qualitativg Evaluation of the progluct Qualiafiv

Earlier LCA Identify the focus of LCA

. on specific area
Environmental P

function Verifying legal
requirements compliances
Environment| Legal and other
Effect Analysi external Qualitative [ EEA on detailed desigh Qualitative
(EEA) requirements

QFD for customers

demand . .
Design requirements

Internal objective
and targets

However, in order to ensure concrete results with the selaoethods and
tools, it is necessary to introduce the topic of sustainabiiio the company’s
business core as a preliminary measure. Porter [23] inglictitat the
environmental aspects should be integrated with the stratedicoperational
activities of a company, be specific for each company and dve &= source for
opportunity, innovation and competitive advantage. To put in practice ita/iw
principle, companies have to identify the intersection aspbetsveen the
environmental impacts of the product life cycle and the stakeholdensands; to
define the environmental aspects to be deal with and to integeagsmvironmental
dimension and goals into the company’s strategy. In agreeméntl8D [24] the
following seven steps are required to manage enterpiisesding to sustainable
development principles: 1) Perform a stakeholder analysis; R)si&tainable
development policies and objectives; 3) Design and execute arni@piation
plan; 4) Develop a supportive corporate culture; 5) Develop measnd
standards of performance; 6) Prepare reports; and 7) Enhancalim@nitoring
processes. This may be seen as a prerequisite taskN®Rlrelated activities.
Baumann’s organizational tools are also suitable for this propase [5]

3 Integrating ecodesign methods and tools into a referencgodel
for NPD

When systematizing a NPD for a company, a pattern is estadhli®o define
projects for the development of products contributing to the standteahizof
some practices, to the use of a common language, to thetatasipgaamong
projects and to its quality. The NPD process used as @meteifor defining the
scope of product development projects is normally represented iferenee
model, also known as standard process [25]. The presenteehcfenodel was
created in a joint project of three research institutiorsedan a community of
practice [26] on the Internet for knowledge sharing among universéiel
companies in product development. Standard processes for some cenfaarie
been derived from this model, which helped the researchamptove it [25]. A
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general view of the reference model, divided into macro-phésgsesented in

Figure 1.
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Figure 1. The reference model for product development [25]

The product strategic planning phase includes product portfolio nraeatyé
accordance to the business strategic plan, taking into comtsitlemarket and
technological innovations. This phase deal with the whole portfiliproduct
whereas the following phases are related to a specific groda., a unique
project. In the project planning phase, the project scope, resppeesle in
charge, effort, duration and costs are defined. PMBOK bestiqasictare
considered in this phase. If the project plan is approved thraufgiimal gate
process [27], the project begins and will end at the proldueich phase. The
product life cycle, the stakeholders and their requirementseaeentned in the
informational design phase. The product requirements, which mgsigigified in
measurable variables with target values, derive from the staleesio
requirements. This is not the first time the requirementdafieed, since their
definition begins in product strategic planning, when marketingvedsl
information about the market, which is now detailed in the infoonatidesign for
a specific product. The product functions (physical, quality, interfatie) are
established in the conceptual design phase to meet the predueements. The
technological solutions and product architecture are also detztrat this point.
Creativity methods may be applied in this phase. Innovations mengerbased on
new technologies developed by the R&D process (which is complethbptthe
NPD process). Nevertheless, not all of the projects go througleaotheeptual
design phase, since product architecture is not usually changedadrivative
projects. The next phase is the detailed design, which conéigisee integrated
cycles: detailing, acquiring and improving cycles. Calculatiogsigulations,
product modeling, drafting, bill of materials, process planguré analysis,
prototypes, evaluations and tests are carried out in this phdkethe
manufacturing resources are specified, even a new factdmgn wecessary.
Product handbooks and instructions for technical assistancesarpratiuced, as
well as sales support information systems. The supply chaitefised at the
beginning of product development, when agreements are made witlstnadégic
partners and co-developers. The last supplier contracts musighed in the
detailed design phase. Based on the prototypes, the product i®ttifedc In the
next phase, production preparation, new equipments defined in theusr@hase
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are installed and tested. A pilot production is run to ceiftiéypgroduction facilities
and products being manufactured with the definitive resources, gdinggy the
detailed phase prototypes might, for instance, be build withnmass production
equipment.. In this phase, a new production business process (othewehole
supply chain process including logistics) can be mapped amdlisised to define,
for instance, whether production will be controlled based on orderardyaf. The
product launch phase takes place in parallel to production priepar&ther
business processes are mapped in this phase, such as teabsigt@ance and
customer service, when, for instance, a new help desk $arithe new product
must be created. In short, production preparation aims at defirergupply chain
from the internal standpoint and the product launch phase to the éstandpoint
(market and customers). After the product is launched, productidnsales
business processes begin under the responsibility of otheradréss company.
The project phase (development macro-phase — see the Figumdglisded, the
team is disbanded, and its members are allocated to other pamjeeturn to their
original functional areas. Nevertheless, product life cycle nenagt continues,
since efforts must now focus on monitoring the product and its metauihg
process. Ongoing customer support and engineering change manage@idnt (E
must be provided to eliminate failures or improve product perfaceaht this
time, configuration management ensures product information itytegroughout
the product life cycle. The ECM process manages product changegas other
supporting processes carry out improvements in NPD. At the ehd bfetcycle of
a product, the product is discontinued and could be reused, remaredac
recycled, disposed according to the end-of-life (EOL) planichvis normally
developed during the development macro-phase.

This brief description of the process provides only an ovenatitional vision
of NPD, since only the main activities have been mentioned. Ctingplementary
visions have not been addressed here.

The focuses of the proposed integration are the Strategic PrBtuncting,
Informational Design, Conceptual Desigh and Detailed Desigseshét is due to
the fact the entire product life cycle environmental impacts to a large extend
determined during these phases. Table 2 shows the tools/mettledted by the
NPD reference model phases in which their use is suggested.

Table 2.Integration of ecodesign methods and tools into NPD referendel

Phases Methods/Tools

Strategic Product Planning Porter’s guidelines, the segpa for managing an
enterprise according to sustainable development priscigle
and Baumann'’s organizing tools

Informational Design The Ten Golden Rules, QFDE (Pha&«€Ch,
Conceptual Design QFDE (Phase Il and Ill), EEA, LCA
Detailed Design QFDE (Phase IV), LCA

Each phase of the presented model is composed by severalesctiMitus one
has to exploit the influences of the suggested ecodesign methodeknohtthese
activities in order to make ecodesign happen. It can be done Vgopiag
templates where the usage of one method or tool is describedt Sabelesign
methods and tools and decide at which NPD phase it should béhased be
carried out by the design team’s members, who in turn shouldntakadcount the
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dynamics of their activities and their maturity level on esigh. This selection
may be assisted by a specialist.

The use of selected method and tool depends mainly on the stagepofdhct
development process i.e., how detailed the available informigtidimme and cost
may be reduced and a more ‘environmentally friendly’ product pradufce
ecodesign methods and tools are used early in the designgorSoes ecodesign
factors of success are, to a large extend, similar to fders of successes [28]
the task of integrating the ecodesign concept as a whole wdhser for those
companies that have high levels of maturity in NPD

4 Conclusion

NPD plays also an important role in reducing the environnnegpacts of a product
lifecycle. Use a reference model for NPD can contributiagéostandardization of
some practices, to the use of a common language, to the t®jiyatanong
projects and to its quality, increasing the chance to rped@ucts successful into
the market by structuring this business process. Despite thieredsof many
ecodesign methods and tools, a systematic way to use th&tDnis lacking.
Introducing ecodesign methods and tools into designers’ dailjiteestiusing a
reference model for NPD may bridge this gap. The task ettied ecodesign
methods and tools and deciding at which NPD phase they should theisuse
something companies have to perform internally. However, inr dolensure
concrete results with the implementation of ecodesign metnudisools, it is also
necessary to introduce the topic of sustainability iheEodompany’s business core
as a preliminary measure. The proposed integration is a sEPDforiented
structured activities that can successfully combine envieomah and business
perspectives.
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