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ABSTRACT

Integration plays a key role in ecodesign, with its concept defined as incorporating environmental as-
pects into projects and product development process of businesses with a life cycle perspective.
Assuming the lack of a comprehensive integration framework in accordance with the principles of
innovation management, this study aims to fill this research gap. The research method, based on a review
of the worldwide literature, used two databases and other sources, classifying and prioritising publi-
cations from primary sources. The result was a set of 52 models which was then analysed by encoding
the information content according to key variables. Accordingly, a conceptual framework that combines
scientific constructs and best practices with five integration principles was created. 1: a three level
systemic approach (macro, meso and micro scales), integrating “top-down” and “bottom up” initiatives.
2: at macro level, strategy and goals for innovation and environmental sustainability. 3: at “meso” level,
formal incorporation of environmental requirements in the product development process and portfolio
management. 4: at “micro” level, implementation of customised ecodesign tools and integration of
environmental aspects into project management. 5: in addition to the three levels, a transversal
approach focused on change management and the “soft side” of ecodesign, emphasising the company's
culture and human factors in a multifunctional vision. The conceptual model is proposed as a synthesis of
main theoretical contributions found in the surveyed literature, in a systemic perspective. It is a path
towards more effective ecodesign integration, building on fundamental principles of innovation man-

agement coupled with environmental sustainability knowledge.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Interest in environmental sustainability and its relationship
with product innovation is not new, however this concern has
grown and is increasingly acknowledged as essential for organisa-
tions, as stated in an article in the Harvard Business Review
(Nidumolu et al., 2009), which explains “Why sustainability is now
the key driver of innovation”. According to Hart and Dowell (2010)
“15 years after the publication of “A Natural-Resource-Based View
of the Firm” (Hart, 1995), the argument contained in that original
piece has only become stronger and more relevant.” However,
“leading researchers have lamented that the 'revolution’ has taken
decades” (Goffin, 2012, p. 105). This evolution refers to ecodesign,
which emerged in the 1990s as a promising approach to sustainable
production and consumption (Brezet and Van Hemel, 1997).
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The concept of “integration” (from the Latin “integrare”, to make
whole) plays a key role in the literature of ecodesign. The term
appears with two perspectives: as the definition of what ecodesign
is and as organisational challenges. Thus, the recent ISO 14006
standard (International Standard, 2011) determines ecodesign as
“The integration of environmental aspects in product design and
development, aiming to reduce adverse environmental impacts
throughout the product's life cycle”, whose document title is:
“Environmental management systems - Guidelines for incorpo-
rating ecodesign”, where the words “integrate” and “incorporate”
are synonymously used. This dual use can be viewed as a consis-
tency/alignment advantage, or as a possible confusion. Neverthe-
less, it explains the substantial use of the term in the literature.

However two decades after the publication of the first ISO
14000 standards, notwithstanding that environmental dimension
in product innovation of companies is seen as an increasingly
relevant guideline for sustainability strategies and policies, most
publications still report modest results in terms of application
effectiveness and scope, and also in terms of the limited effective
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integration of ecodesign and product innovation (Baumann et al.,
2002; Deutz et al., 2013; Guelere, 2009; Hart and Dowell, 2010;
Pigosso et al., 2013; Verhulst and Boks, 2012; etc.)

A key issue with regards to ecodesign research, whether aca-
demic or applied, remains “how to make it happen?”, according to a
widely cited article by Karlsson and Luttropp (2006), in the intro-
duction of a special edition of the Journal of Cleaner Production,
which included 15 articles on ecodesign.

Deutz et al. (2013) pointed to the “significant implementation
gap between the theory and practice of eco-design”. Since the
beginning the literature has focused on ecodesign tools (Arana-
Landin and Heras-Saizarbitoria, 2011; Baumann et al., 2002; Ste-
vels, 2007), and such publications continue to increase (Rio et al.,
2013). Although the theory and methods are available, in practice
it appears that implementing sustainable design is not an easy task,
possibly due to the lack of a holistic approach to the implementa-
tion process, from a theoretical and empirical point of view
(Verhulst and Boks, 2012). Other studies corroborate this
perspective, declaring that the reason ecodesign has not been
consolidated in businesses around the world is mainly due to dif-
ficulties in the ecodesign management (Pigosso, 2012; Pigosso
et al,, 2013).

Part of the integration problem may be related to the gap be-
tween the abundant literature on new product development (NPD)
and the literature on ecodesign. Goffin (2012, p. 106) warned that
“Organisations need to make significant modifications to NPD
processes to achieve sustainable innovation”. “So adding a sus-
tainability perspective to NPD complicates an already complex
process”; and further: “Research has shown that there is a gap in
many organisations between the proponents of sustainability and
those who develop the products and so are responsible for imple-
mentation” (p. 110). Spangenberg et al. (2010) also highlighted the
gap between sustainability and design, and regretted that “sus-
tainability plays a minor role in design education and practice, and
design is not recognised as a relevant factor in the sustainability
discourse.” (p. 1485).

Consequently, there is still little recognition of systemic per-
spectives in ecodesign research (Baumann et al., 2002). Also,
insufficient attention was paid to change processes and manage-
ment, which could take into account the different dimensions of
the company's Product Development Process (PDP) (Goffin and
Mitchell, 2010; Rozenfeld et al., 2006).

As a starting point this article assumes there are still gaps in
ecodesign literature about implementing a systemic change man-
agement approach, which considers the interaction of environ-
mental issues with the various dimensions of the PDP. To deal with
this research gap this article tried to address the following
questions:

Q1: What is the scientific state of the art for the integration of
ecodesign and PDP in companies?

Q2: Are there available and complete models to direct such
integration? How are these models characterised? What are
their main variables and relationships?

Q3: How do the existing models converse with the most
accepted PDP models in companies?

Q4: What requirements and propositions can be prepared in
terms of scientific concepts (Questions 1-3) to guide the
development of a conceptual model in order to leverage the
integration of ecodesign in companies?

These issues were addressed using the methodological
approach of a systematic literature review.

This article is structured in five sections. Section 2 presents the
methodology that was followed, detailing the protocol for the

literature review. Section 3 contains the results of the biblio-
graphic review. The following sections show the discussion of the
models found (4) and propositions for building a more complete
model (5) and the conclusions and limitations (6) of this broad
study on best practices in the literature directed to the business
context.

2. Research methods

The chosen methodological approach is a systematic literature
review, striving for an overview of the state of the scientific art of
ecodesign integration, focussing on previously published models.

The systematic review followed the three steps of the process
suggested by Tranfield et al. (2003): data collection, data analysis
and synthesis. Synthesis is the step that most adds value to a review
as it generates new knowledge based on complete data collection
and meticulous analysis (Crossan and Apaydin, 2010, p. 4). Several
qualitative and quantitative methods can be used to help review
the literature, such as the bibliometric approach, meta-analysis and
content analysis (Carvalho et al., 2013); the latter was chosen for
this work.

This work focuses on analysing the literature on the subject of
ecodesign integration. Due to the scope of the subject, such review
entails several challenges, which were categorised into three
topics: aligning the vocabulary, dispersed literature and organisa-
tional aspects and macro processes taken into account. These
challenges, which are discussed at the beginning of this section,
justify our methodological choices.

e Aligning the vocabulary

In the sphere of environmental sustainability, though the term
ecodesign is widespread and substantiated by ISO 14006-2011
(International Standard, 2011), similar terms are still used. For
example, in the United States the term “design for environment”
(DFE) is preferred and ecodesign is less used as it has a restrictive
connotation associated with aesthetic design. The multiplicity of
terms used for the concept and its expansion create search diffi-
culties in the databases and compromises the quantitative
research assessments. However within a comprehensive inter-
pretation, several expressions have equivalent meanings, with the
possibility of being interpreted differently depending on the
authors.

e Dispersed literature

There are still few publications on ecodesign specifically tar-
geting innovation management (Stevels, 2007). Yet, there is a sci-
entific work on ecodesign that addresses “Environmental
Management”, as for instance through the concept of POEMS:
Product Oriented Management System (Donnelly et al., 2006).
There is also a series of publications dedicated to eco-innovation, a
term which can lead to multiple interpretations.

o Organisational aspects and macro processes

According to the introduction, this work follows a proposal
directed to a systemic approach to sustainable innovation, with the
life cycle perspective (extended supply chain). This outlook leads to
strongly consider other business processes interacting with PDP,
such as sustainability management and supply chain management.
Therefore, the search for information and publications should
exceed the boundaries of the product innovation management area
(search scope, keywords, etc.), aimed at careful consideration to
elaborate an ecodesign integration model in the future.
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2.1. Literature review approach

Due to the research scope focused on a concept intrinsically
linked to ecodesign definition, a complete literature review might
require a review of all literature on ecodesign. Unfortunately such a
task would hardly be feasible today, in light of the multiplication of
scientific productions observed. For example, Baumann et al,, in a
classic article in 2002, mapped 650 publications on ecodesign and
environmental product development, showing a rapid growth in
the number of publications. This trend was confirmed by Rio et al.
(2013) with regards to the growing number of papers published on
ecodesign methods (437 publications).

Considering this quantitative challenge, the methodology pre-
pared for this study included three complementary assessment
approaches of the publications (Fig.1), to combine the scope of the
subject and the depth and completeness sought in the main theme.

Approach 1. Analysis of basic concepts and identification of
relevant subtopics associated with classic or emerging ecodesign.

With the in-depth essential normative documents and some key
material from the literature, we sought to identify a set of reference
publications, as well as relevant subtopics that favoured a literature
analysis of ecodesign integration.

Besides the topic “integration models”, the main subject of the
search and of the research, four subthemes were regarded as useful
to complement the assessment: “Methods and tools”, “Project
management”, “Portfolio management” and “Soft side” (relating to

socio psychological or organisational practice and ecodesign
integration).

Approach 2. Models and frameworks for the integration of eco-
design, key theme of the research.

At the forefront of the main work, a literature review was con-
ducted in the scientific literature (especially focussing on publica-
tions in the English language), for a period of twenty years. To
search for articles in the databases ISI Web of Science, Scopus,
multiple key words were used due to the varying vocabulary used
in this theme in different parts of the world: eco-design, ecodesign;
“design for environment”; “sustainable product development”; “sus-
tainable product design”; “life-cycle design”; “life cycle design”; “green
design”; “sustainable design”; “life cycle engineering”; "design for
sustainability”; “environmentally conscious design” (Baumann et al.,
2002; International Standard, 2011; Pigosso, 2012). As this
research focuses on the product development business process, life
cycle design and life cycle engineering were considered, more than
wider life cycle management principles, which apply to other
business processes as stated by Jensen and Remmen (2006): “Life
cycle management has been defined as the application of life cycle
thinking in modern business practice”.

This step confirmed the increasing publication trend. Table 1
shows the updated results until May 2013.

Moreover, as seen in the initial searches carried out, additional
keywords were included in order to identify publications focussing
on the more strategic dimension of ecodesign and innovation

Sub themes related to

ecodesign

Search and exploration method of the literature

Approach 1:
General concepts

- Normative and related documents

- In-depth study of some key materials in the
literature, identification of reference publications
- Identification of relevant sub-topics

Approach 2:

Models and frameworks
for the integration of
ecodesign 2.
= main research theme 3.

1. Systematic search conducted in ISI Web of

Science and Scopus database, publications

since 2002

Selection by relevance from abstracts

Systematic content analysis

4. In-depth study of other key publications cited
in recent articles

5.  Identification and selection of models

A

Approach 3: Specific or
emerging sub-topics

Directed qualitative or quantitative search: basis for
content analysis and relevance of articles and
propositions

The most classic theme in ecodesign.

Portfolio management

> Methods and tools Search of reference or recent articles, with a focus
on literature synthesis or survey on the topic.
Systematic search in ISI Web of Science and
—> Project management Scopus database conducted in previous research,
personal summary available
Systematic search in ISI Web of Science and
—

Scopus database, conducted in previous research,
personal summary available

“Soft side of ecodesign”
L | (socio-psychological factors)

Related theme identified as relevant in the analysis
of general literature;

Expression created by Boks (2006) and addressed
by Stevels (2007).

Additional search in databases and qualitative
analysis.

Fig. 1. Ecodesign literature review approaches.
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Table 1
Main search strings and results (March/2013).
Search strings ISI/Web of  Scopus
science
Eco-design; ecodesign; “design for environment”; 1206 2054

“sustainable product development”; “sustainable
product design”; “life-cycle design”; “life cycle
design”; “green design”; “sustainable design”; “life
cycle engineering”; "design for sustainability”;
“environmentally conscious design”

management, such as “sustainable innovation”, “sustainable R&D”,
as well as “ecoinnovation”.

As the literature review focused on identifying integrative
models and frameworks in the NPD and PDP literature, comple-
mentary keywords aimed at “models” were used as, namely:
“model”, “framework”, “development process”, “new product
development”.

The abstracts were used to analyse and select the publications
according to their relevance. Next, a content analysis was per-
formed, with which other key and older publications cited in the
previous ten years were identified. This iterative process sought to
identify the models published under various perspectives in the
ecodesign literature. The selection criterion was articles' alignment
with the research topic, i.e., consistently including ecodesign (or
equivalent concept) models or framework.

Approach 3. Directed qualitative searches on specific or emerging
subtopics.

Complementing previous studies, searches, analyses and addi-
tional classifications of publications related to four ecodesign
themes were performed. Moreover, the snowball sampling method
was applied (Fink, 1995), thus, the sample was expanded by
incorporating other publications that had been cited in the initial
sample. In this activity, additional publications with different
functions were identified, helping to interpret the main set and as a
basis for analysing the content relevance of articles and proposi-
tions. The arrows in Fig. 1 show the dynamic interconnections be-
tween the three approaches and the sets of publications analysed.

2.2. Content analysis

Next, focussing on the set of publications identified compre-
hending integration models, a content analysis of publications and
models was carried out. The characteristics of publications and
models were encoded in order to analyse their distribution and
evolution (Carnevalli and Cauchick, 2008; Prasad and Tata, 2005).
This set of models, considered relevant, was studied in depth taking
into consideration the full contents of the articles, in order to sys-
tematise and synthesise the contributions to the research topic and
to enable discussing the key constructs found.

The coding included two blocks of parameters in order to
facilitate the representation and analysis. The first block comprised
the following characterisation parameters: year of publication,
authors, geographical origin (first author's country) and type of
publication (J = scientific journals; C = conference proceedings;
B = books or brochures; T = doctoral thesis and S = standards). The
content analysis block displays the following information about the
main contents of the integration models: summary of the models’
main focus; systemic levels addressed in the models (micro, meso
and macro), and type of PDP considered in the models (see
Appendix 1).

As pointed out in the introduction, the work is developed in a
systemic approach in order to analyse the innovation processes, in

particular PDP, NPD and ecodesign as integrated systems with
multiple levels of analysis. This assumption was also proposed in
previous studies on portfolio management as an intermediate level
system (“meso”) between the corporate or strategic level (here
termed as “macro”) and the operational level to run projects and
associated decision making (“micro” level). Such classification is
consistent with business experience in innovation and also with
recognised publications on the subject (Goffin and Mitchell, 2010;
Larsson, 2007). Similar systemic approaches were found as the
main or underlying propositions in several publications of the set.

The encoding of the models' type of PDP, according to the in-
formation in the publications, was based on several reference
models in the field of innovation management. In the literature of
innovation management, two classical models are particularly
found, the “development funnel” (Clark and Wheelwright, 1993)
and the “stage-sates” model of Cooper et al. (2002), emphasising
the decision points between phases along the design of new
products. In summary, the concepts and types of PDP found in the
publications were classified as: Stage-gate, Multiphase, Multiphase
Funnel, Specific, PDCA (common cyclic process in quality man-
agement, Plan, Do, Check, Act), or ND if undefined.

3. Results

The search results of publications in the literature were recorded
in Table 2, which shows the main articles or theses found and
considered in the subsequent analyses. The main assessment focus
is highlighted in the last line that shows the publications found and
selection flow performed to identify the associated integration
models. This set was obtained by an iterative process that included
“recycling” of publications from or to other topics, and search for
primary sources of the models cited in the selected publications.
From this analysis, the most relevant articles were chosen accord-
ing to the selection criterion. 35 articles were selected from the
search in the databases, checking that they really addressed the
studied subject and contained ecodesign integration models.
Another 45 publications were identified indirectly, through the
snowball sampling from the references cited in the initial set of 35
articles or appearing in the other publications identified on the
other topics related to ecodesign (general concepts, methods and
tools, project management, portfolio management and “soft side”),
resulting in 80 publications. From this pool a final sample of 52
publications and models was constituted by selecting the relevant
publications and eliminating duplicated models, representing 65%
of the initial sample of 80 publications.

Although several literature reviews on ecodesign methods and
tools were performed and reported in the literature (Baumann
et al., 2002; Bovea and Pérez-Belis, 2012; Guelere et al., 2007;
Guelere, 2009; Pigosso et al., 2013), no previous review on inte-
gration models was found.

3.1. Set of publications obtained

The collection of 52 selected publications that show integration
models contains a rich set of scientific and historical information
about the evolution of the subject in the last twenty years world-
wide. It was organised in a complete Excel file which was used for
all the encoding tasks and content analysis. To answer the research
questions outlined above a synthetic representation was organised
and is available in Appendix 1a-c (the full Excel file contains more
than a hundred A4 pages). The appendix summarises the content
analysis by model presented in chronological order and coded by
geographic origin, type of publication, type of PDP, and systemic
level of analysis. Moreover, each model is accompanied by a brief
description of the goals.
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Table 2
Overview of the inquiry results in the literature on ecodesign.

Related topics Publications considered and main concepts Key references # Ref.
General concepts of ecodesign Two main normative documents ISO/TR 14062: ABNT, 2004 2
ISO 14006: International Standard, 2011
Focus in 10 publications between recent and classic works Baumann et al., 2002, Bhamra and Lofthouse, 2007, 10

on the subject in the literature

Main sub—themes related to ecodesign
Methods & tools (M&T)
publications in ecodesign was in M&F

Project management
articles
Portfolio management
selection.

“Soft side” of ecodesign Theme under development

Models and frameworks for

ecodesign integration — 35 articles deemed relevant

Among the subtopics, the highest concentration of

Incipient theme approached in specialised ecodesign

Theme rarely addressed in ecodesign: only in Olundh and
Ritzén (2004) with initial propositions, focussing on project

80 publications found in databases (mostly at conferences)

Brezet and Van Hemel., 1997, Deutz et al., 2013, Hiibner,
2012, Johansson, 2002, Karlsson and Luttropp, 2006,
Kurk and Eagan, 2008, Luttropp and Lagerstedt, 2006,
Stevels, 2007

Baumann et al., 2002, Bovea and Pérez-Belis, 2012, 11
Byggeth and Hochschorner, 2006, Guelere, 2009,

Guelere et al., 2007, Lofthouse, 2006, Lofthouse and

Bhamra, 2001, Luttropp and Lagerstedt, 2006, O'Hare,

2010, Pigosso and Rozenfeld, 2013, Ritzen and Lindahl,

2001

Brones et al., 2014, Johansson and Magnusson, 2006, 6
Knight and Jenkins, 2009, Ny et al., 2008, Tingstrom and
Karlsson, 2006, Tingstrom et al., 2006, Vezzoli and

Sciama, 2006

Arnold and Hockert, 2011, Bhamra et al., 1999,Boks and 10
Mcaloone, 2009, De Caluwe, 2004, Donnelly et al., 2006,
Olundh, 2006, Olundh and Ritzén, 2004, Simon et al.,

2000, Stevels, 2007, Vandaele and Decouttere, 2013

Boks, 2006, Hassi et al., 2009, Lofthouse 2003, Lofthouse 8
2004, Petala et al., 2010, Stevels, 2007, Verhulst and

Boks 2012, Verhulst et al., 2007

Creation of a body of 52 classified publications: Excel

file with models and comments to content analysis

— +45 other publications identified by citations (theses,

books or articles)

— Content analysis and selection of articles with relevant

models (priority of primary sources)

3.2. Distribution of publications: type, journals, time and geography

Fig. 2 shows the distribution of the 52 publications analysed by
type of document, highlighting the articles published in scientific
journals (48%), accounting for almost half of the sample, followed
by conference proceedings (29%), books or brochures (10%),
doctoral dissertations (10%) and standards (4%), in decreasing order
of participation.

Table 3 shows the distribution of the 25 articles (48%) regarded
according to the journals. This calculation clearly indicates the
predominance of the Journal of Cleaner Production as the main
knowledge dissemination platform for the subject of ecodesign
management. But it also indicates that, occasionally, the topic was
addressed in several journals of other areas such as engineering,
business and design.

Standard 4%

Thesis 10%

Book or
Brochure
10%

Fig. 2. Distribution in types of publications.

Fig. 3 shows the evolution of publications over the sample
period analysed. A higher rate of publications is observed since
2001; however, there is no logical explanation for the absence of
publication in 2003.

According to Fig. 4 the geographical origin of publications shows
a wide range of distribution worldwide. The classification by
continent points to a greater representation of Europe (73% in 11
countries), followed by North America (12%), Asia (8%), South
America (6%) and Oceania (2%). Three European countries stand out
for their longer tradition in publishing this subject: UK, Sweden and
the Netherlands, known for their universities which are active in
ecodesign research. Surprisingly, there is no publication coming
from Japan in this set — a country recognised for its activity in
ecodesign particularly through the technical conferences held on
the subject since the late 1990s. This gap just means that no Japa-
nese publication on the research subject was found in the searches
in the database or in the models cited in other studied references.

Table 3

Distribution of articles in periodicals.
Journal # %
Journal of Cleaner Production 14 56%
Business Strategy and the Environment 2 8%
Computers & Chemical Engineering 1 4%
International Journal of Production Economics 1 4%
Journal of Achievements in Materials and 1 4%

Manufacturing Engineering

Journal of Mechanical Design 1 4%
Journal of Systems Science and Systems Engineering 1 4%
Materials and Design 1 4%
The International Journal of Life Cycle Assessment 1 4%
The Journal of Design Research 1 4%
The Journal of Sustainable Product Design 1 4%
Total 25 100%
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B Number of publications per year

o B N W ~ U O N

Fig. 3. Distribution of publications per year.

3.3. Systemic levels and types of PDP

Table 4 outlines the distribution of the systemic levels regarded
in the models. The micro or operational level predominance (73% of
the models) is observed, however there is a significant presence,
over 50%, of other levels in the set. The distribution of the number
of levels in the model shows a higher occurrence of one or two
levels (around 40% for each modality), with only 20% of the sample
addressing the three levels.

Fig. 5 shows the evolution of the number of levels regarded in
the 52 models of the sample over time (classification used in 3
levels). This distribution of levels suggests that there was no clear
evolution over time, as there was no growth of multilevel systemic
approaches, particularly with the three levels.

With regards to the types of PDP in the 52 models, Table 5 shows
that 50% of the publications do not determine a specific type of PDP
reference model. The multiphase type models are considered in
one fourth of the publications, followed by stage-gate type models.

4. Discussion of results
4.1. Systemic perspective of integration levels

The systemic perspective of integration, explored in this work,
was confirmed as an interesting filter to analyse and compare the

Malaysia, 1 _Singapore, 1
Finland, 1 Italy, 1 /

China, 1
Australia, 1

Switzerland, 1 ___Thailand, 1

UK, 10
Belgium, 1
Poland, 2

France, 2

Germany, 2 Sweden, 8

Netherlands, 7
USA, 6

Fig. 4. Distribution of publications by country (first author's affiliation).

models. Observably, there is no unanimity in the number and
boundaries of the levels under consideration as there are several
publications and models with three levels of distribution (Dewulf
and Duflou, 2004; Kara et al,, 2005; Stevels, 2001; Van Hemel,
1998), with four (Baumann et al, 2002) or up to five levels
(Robert et al., 2002). An additional level refers to the company's
relationship with external systems (e.g., groups of companies,
public policies ...). It was decided to not emphasise this level in the
assessment because the objective is focused on the internal man-
agement of environmental sustainability and innovation.

The segmentation used in our analysis can be considered as the
most common and in line with recognised principles of innovation
management, very similar to the model proposed by Kara et al.
(2005), which describes the three levels as strategic, tactical and
operational.

Looking at the evolution of the levels considered in the models
(cf. Fig. 5), somehow there is a trend toward greater or more in-
depth detail of the subject in the publications, for example the
number of references cited and the number of ecodesign tools
considered in the articles (e.g., Bovea and Pérez-Belis, 2012; or
Ramani et al., 2010; with 218 references analysed).

However, such approaches bring limited progress on the issue of
ecodesign integration, as Baumann et al. observed in 2002, who
already pointed out an excess of tool development, but little
connection between strategic intent and content; little about the
broader context of product development and limited recognition of
systemic perspectives in policy formulations.

Returning to the initial definition of ecodesign integration
concept, it can be observed that the “micro” level corresponds to
the first definition of ecodesign integration (integration of envi-
ronmental aspects in product design and development, commonly
focussing on the technical, practical and tools aspects); the other
definition that addresses the organisational dimension relates to
“meso” and “macro” levels in PDP and other related business pro-
cesses, including strategic planning.

4.2. Reference PDP

With regard to the PDP in the integration models, the data in
Table 5 point out that most of the articles do not specify a reference
PDP. Publications considering a PDP with various steps are the
minority and only 17% consider a predefined process with formal
steps and approval requirements at gates such as stage-gate model
(Cooper et al., 2002).
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Table 4
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Distribution of models in the systemic levels.

Level

# Models

References

Micro level

Meso level

Macro level

Models with 1 level

Models with 2 levels

Models with 3 levels

39

29

27

20

21

11

75%

56%

52%

40%

21%

ABNT, 2004, Ammenberg and Sundin, 2005, Baumann et al., 2002, Bhamra, 2004, Bovea and Pérez-
Belis, 2012, Bucci et al., 2012, Crul and Diehl, 2009, Dewulf and Duflou, 2004, Donnelly et al., 2006,
Ferrer et al., 2012, Fiksel, 1993, Ghazilla et al., 2008, Goffin, 2012, Hallstedt et al., 2010, Handfield
et al., 2001, Hassi et al., 2009, Howarth and Hadfield, 2006, International standard, 2011, Jeganova,
2005, Jones et al., 2001, Kara et al., 2005, Kengpol and Boonkanit, 2011,Le Pochat et al., 2007,
Lewandowska and Kurczew, 2010, Lofthouse, 2006, Neal and Heintz, 2001, Nowosielski et al., 2007,
Pigosso, 2012, Poyner and Simon, 1996, Ramani et al., 2010, Ritzén, 2000, Robert et al., 2002, Simon
et al., 2000, Stevels, 2001, Trappey et al., 2011, Van Hemel, 1998, Vezzoli and Manzini, 2008, Waage,
2007, Yang and Song, 2006

ABNT, 2004, Alakeson and Sherwin, 2004, Ammenberg and Sundin, 2005, Arana-Landin and Heras-
Saizarbit, 2011, Baumann et al., 2002, Berchicci and Bodewes, 2005, Bhamra, 2004, Bucci et al., 2012,
Dewulf and Duflou, 2004, Donnelly et al., 2006, Fiksel, 1993, Goffin, 2012, Handfield et al., 2001,
Hermenau et al., 2005, International standard, 2011, Jeganova, 2005, Kara et al., 2005, Keskin et al.,
2013, Le Pochat et al., 2007, Olundh, 2006, Pigosso, 2012, Poyner and Simon, 1996, Ritzén, 2000,
Robert et al., 2002, Sherwin and Bhamra, 2001, Stevels, 2001, Tingstréom, 2007, Van Hemel, 1998,
Vezzoli and Manzini, 2008

Alakeson and Sherwin, 2004, Baumann et al., 2002, Carrillo-Hermosilla et al., 2010, Crul and Diehl,
2009, Dewulf and Duflou, 2004, Donnelly et al., 2006, Dusch et al., 2010, Hallstedt et al., 2010,
Handfield et al., 2001, Hassi et al., 2009, Hermenau et al., 2005, Howarth and Hadfield, 2006,
International standard, 2011, Kara et al., 2005, Olundh, 2006, Pigosso, 2012, Ramani et al., 2010,
Ritzén, 2000, Robert et al., 2002,Simon et al., 2000, Spangenberg et al., 2010, Stevels, 2001,
Tingstrom, 2007, Van Hemel, 1998, Van Hemel and Cramer, 2002, Verhulst and Boks, 2012, Waage,
2007

Arana-Landin and Heras-Saizarbit, 2011, Berchicci and Bodewes, 2005, Bovea and Pérez-Belis, 2012,
Carrillo-Hermosilla et al., 2010, Ferrer et al., 2012, Ghazilla et al., 2008, Jones et al., 2001, Kengpol
and Boonkanit, 2011, Keskin et al., 2013, Lewandowska and Kurczew, 2010, Lofthouse, 2006, Neal
and Heintz, 2001, Nowosielski et al., 2007, Sherwin and Bhamra, 2001, Spangenberg et al., 2010,
Trappey et al., 2011, Dusch et al., 2010, Van Hemel and Cramer, 2002, Verhulst and Boks, 2012, Yang
and Song, 2006

ABNT, 2004, Alakeson and Sherwin, 2004, Ammenberg and Sundin, 2005, Bhamra, 2004, Bucci et al.,
2012, Crul and Diehl, 2009, Fiksel, 1993, Goffin, 2012, Hallstedt et al., 2010, Hassi et al., 2009,
Hermenau et al., 2005, Howarth and Hadfield, 2006, Jeganova, 2005, Le Pochat et al., 2007, Olundh,
2006, Poyner and Simon, 1996, Ramani et al., 2010, Simon et al., 2000, Tingstrom, 2007, Vezzoli and
Manzini, 2008, Waage, 2007

Baumann et al., 2002, Dewulf and Duflou, 2004, Donnelly et al., 2006, Handfield et al., 2001,
International standard, 2011, Kara et al., 2005, Pigosso, 2012, Ritzén, 2000, Robert et al., 2002,
Stevels, 2001, Van Hemel, 1998

In some cases, the explanation for this lack of formal PDP can be milestones and gateway management, whereas in small companies
related to the business context: for example, in SMEs (Small and one or several people, working in an informal and more intuitive
Medium Enterprises), such informal situation is relatively common, manner can carry out product development.” (International
as argued in the TR 14062: “In large companies the product design Standard, 2002, p.14). However, such formalisation is possible and
and development process may be a formalised approach with fixed even recommended, as reported by Le Pochat in SMEs (2007).
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Fig. 5. Number of levels in the models by year of publication.
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Table 5
Types of PDP in the models.

Type of PDP # % References

Not defined 26 50% Alakeson and Sherwin, 2004, Ammenberg and Sundin, 2005, Arana-Landin and
Heras-Saizarbit, 2011, Berchicci and Bodewes, 2005, Bovea and Pérez-Belis,
2012, Carrillo-Hermosilla et al., 2010,Dusch et al., 2010, Ferrer et al., 2012, Fiksel,
1993, Hallstedt et al., 2010, Hermenau et al., 2005, Howarth and Hadfield, 2006,
Kara et al., 2005, Kengpol and Boonkanit, 2011, Lofthouse, 2006, Neal and
Heintz, 2001, Ramani et al.,, 2010, Robert et al., 2002, Simon et al., 2000,
Spangenberg et al., 2010, Stevels, 2001, Trappey et al., 2011, Van Hemel and
Cramer, 2002, Van Hemel, 1998, Verhulst and Boks, 2012, Yang and Song, 2006

Multiphase 13 25% ABNT, 2004, Baumann et al., 2002, Dewulf and Duflou, 2004, Donnelly et al.,
2006, Ghazilla et al., 2008, Handfield et al., 2001, Jones et al., 2001, Le Pochat
etal., 2007, Lewandowska and Kurczew, 2010, Nowosielski et al., 2007, Sherwin
and Bhamra, 2001, Vezzoli and Manzini, 2008, Waage, 2007

Stage-gate 9 17% Bucci et al., 2012, Crul and Diehl, 2009, Goffin, 2012, Jeganova, 2005, Olundh,
2006, Pigosso, 2012, Poyner and Simon, 1996, Ritzén, 2000, Tingstrom, 2007

Multiphase funnel 2 4% Bhamra, 2004, Hassi et al., 2009,

PDCA 1 2% International Standard, 2011

Specific 1 2% Keskin et al., 2013

Total 52 100%

Another explanation for the low definition of PDP is a ten-
dency by the authors to focus on propositions aimed at envi-
ronmental approach and management, without necessarily
considering the basic principles in the area of innovation
management.

Goffin (2012), a renowned English expert in this specific area,
recently addressed the question of “Sustainability and new
product development”, and argues: “proposing a new process
ignores the comprehensive body of knowledge of NPD that has
been developed from practice and research over several decades”
(p. 112). Berchicci and Bodewes (2005) already had a similar
observation. Goffin (2012) concludes with the recommendation
that the stage-gate process can be expanded to include sustain-
ability issues.

4.3. Integration and change management

Since the publications of the 1990s, experts have debated that
incorporating ecodesign requires not only a set of tools and tech-
niques, but also that its implementation takes place within a sys-
tem integrated to the product development cycle (Fiksel, 1993) and
to the company's operations, in three levels (Dewulf and Duflou,
2004).

One of the lines developed to lead to change management in the
integration models follows the principles of quality management
extended to environmental management (Ammenberg and Sundin,
2005; Arana-Landin and Heras-Saizarbitoria, 2011; Dewulf and
Duflou, 2004; Donnelly et al., 2006; International Standard, 2011;
Simon et al., 2000). Initiated in Europe in the 1990s, these models
have used the acronym POEMS (Product Oriented Environmental
Management System) with its pillars based on the PDCA
improvement cycle (Plan-Do-Check-Act) or Deming cycle, which is
also the basis for ISO 14001 and ISO 9001 (Ammenberg and Sundin,
2005).

With the maturing of the systemic view, it became clear that the
implications and changes needed surpass the technical dimension
and the PDP frontiers to effectively implement ecodesign. However,
this formal normative approach, suitable for system quality or site
oriented environmental management systems, does not appear to
have conquered the PDP universe.

One explanation is that the innovation process and its instru-
ment (PDP) do not follow a PDCA like formal repetitive logic given
its unique project oriented nature, which includes a number of sub

processes with their own cycles of evolution and feedback (stra-
tegic planning, funnel and pipeline management, portfolio man-
agement, project management). In this context it leans more to a
contingency approach (Shenhar, 2001), in a more customised
approach. Thus, another line proposed in the direction of promot-
ing changes in business gave more emphasis to socio-
organisational and human issues.

The views and concerns of all stakeholders should be part of
the designer's concern towards sustainability (Howarth and
Hadfield, 2006). According to Tingstrom (2007), there is a
multifaceted interest in integration that must have the ability to
accommodate a diverse range of activities and individuals in or-
der to build a view of how environmental considerations should
be integrated into a company's work and product development.
To Sherwin and Bhamra (2001) the concept of integration refers
to the principles of concurrent engineering, which promotes
dialogue and communication at the early stages and throughout
the development process in order to improve the quality, cost
and development time reduction, and more recently, extending
to environmental issues.

As shown in Section 3, a strand of publications has extended this
socio-psycho-organisational integration of ecodesign, or “soft side”
(Boks, 2006). Hassi et al. (2009) insisted on people and behaviour
(attitudes, motivation) to develop a set of techniques that are
suitable for the transformational change required for sustainability
concerns. Some authors suggested an “integrated and holistic view”
(Spangenberg et al., 2010; Verhulst and Boks, 2012). Spangenberg
et al. (2010) focused on skills, roles and learning, implemented
through an interdisciplinary, integrative methodology and trans-
disciplinary project.

This line usually follows a change management approach in
search of a process to implement life cycle and sustainable product
development adapted to the company's culture, considering a
number of human factors, including employee participation,
training, resistance to changes and so forth.

5. Proposed integrative conceptual model

The systematic literature review pointed out several literature
gaps, as well as potential synergies and complementarities. Insights
emerging from the content analysis brought the material necessary
to build an integrative conceptual model aligned to the goal of the
work, through an inductive process.
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Within the scope of enterprise innovation and sustainability
management studied in this work, a variety of qualitative and
intuitive models and frameworks were found. Bhamra (2004) ex-
plains that “models are often understood as simplistic ways of
representing and/or understanding the world, usually having the
purposes of being descriptive or prescriptive. They have the po-
tential to summarise complex information in a manageable and
understandable manner and for ecodesign represent a range of its
characteristics, fields and practices” (p. 559).

The pioneering view of the protagonists of ecodesign in the
1990s should be remembered, such as Fiksel (1993) who stated:

“The emergence of the DFE is a convergence of two pervasive
thrusts that are transforming the nature of manufacturing
businesses throughout the world: enterprise integration and
sustainable development. Enterprise integration 1is re-
engineering business processes and information systems to
improve teamwork and coordination across organisational
boundaries, thereby increasing the effectiveness of the enter-
prise as a whole” (p. 126).

Corroborating with these statements and taking into consider-
ation the best practices in innovation management can be an
effective basis for developing a broader ecodesign integration
model, following Goffin (2012), but adding other dimensions and
considerations.

The proposed model comprehends five integration lines. The
first is a systemic approach with three levels (macro, meso and
micro). The second one, “macro” level, is the incorporation of the
strategy and goals for innovation and environmental sustainability.
The “meso” level is the third integration line, which introduces the
formal environmental requirements to PDP and portfolio man-
agement. The “micro” level, the fourth integration line, proposes
the implementation of customised ecodesign tools and integration
of environmental aspects in project management, a missing link
pointed out by Brones et al. (2014). The fifth and last line brings a
complementary transversal approach to the three levels aimed at
the soft side of ecodesign and change management, with an
emphasis on company culture and human factors within a multi-
functional view (Fig. 6).

The analysis and discussion of the proposed integration ecode-
sign model follows these five lines.

1. Construction of a systemic approach with three levels
(macro, meso and micro), for coherent articulation between
initiatives and principles at the different levels, which Olundh
(2006) called “vertical integration of ecodesign”. The expected

Transversal
integration

Vertical integration Change management

Systemic levels SSORT cultural and human
SIDE” factors
MACRO:
Strategic
~> u\ ~.
\/{ s Current PDP
MESO:
Tactical Brief |Prototype Development| Laund
G
MICRO: Fuzzy Front En:l’ m
Operational -7 (sagegate)

Fig. 6. Ecodesign integration model: combining vertical and transversal integration
axes into the existing PDP.

inter-level requires combined integrative forces in two conver-

gent movements:

e “Top down” deployment and alignment between strategy and
corporate objectives, from the stimulus of the company's ex-
ecutive management, as recommended in ISO 14006
(International Standard, 2011).

e “Bottom up” knowledge building associated with pilot pro-
jects and team empowering (Kara et al., 2005).

2 Macro level: strategy and corporate objectives in innovation
and environmental sustainability, based on life cycle thinking
principles (Jensen and Remmen, 2006), promoting internal di-
rection, including any existing business units, with ecodesign
andjor environmental, global and deployed goals (Olundh,
2006). This line, besides strategic planning and sustainability
strategy, may also include internal and external communication
strategy and initiatives in ecodesign.

3 Meso level: aimed at PDP and portfolio management.

e Alignment and insertion of formal environmental re-
quirements in PDP throughout the key stages and gates for
decision making, from the early and particularly decisive
stages (Goffin, 2012).

e Integration of ecodesign in portfolio management, including
decision/trade-offs criteria associated with the environmental
dimension; quantitative environmental life cycle indicators
(Pigosso et al., 2013), relationship between units within the
company.

4 Micro level
management.
e The broad theme of ecodesign tools has not been explored in

detail in this review, given that it is the most discussed aspect
in the literature, but we pointed out some key publications.
The Ecodesign Maturity Model (Pigosso, 2012; Pigosso et al.,
2013) can be a highly interesting tool to diagnose the com-
pany's need, in terms of practices and ecodesign tools and
associated management practices. To cite a few references
classical tools include ecodesign guidelines (Brezet and Van
Hemel, 1997; Fiksel, 1993), environmental assessment tools,
based on life cycle assessment, (Donnelly et al., 2006; Kara
et al., 2005) and verification tools (Fiksel, 1993). Ecodesign
tools customisation, however, should be emphasised in this
model proposal, taking into consideration the specificities of
PDP and the company's culture. The principle of customisation
appeared as a recommended best practice in a number of
publications (i.e.: Knight and Jenkins, 2009; Luttropp and
Lagerstedt, 2006; O'Hare, 2010; Ritzen and Lindahl, 2001),
but is still a challenging task for effective integration.

e The integration of ecodesign in project management, com-
plementing more global portfolio guidelines (meso level),
calls for new approaches such as project success factors and
“trade-off” solutions between the various dimensions (quality,
cost, time and environmental sustainability), the multifunc-
tional teamwork, covering the perspectives of life cycle of
products and the various stakeholders of the value chain (as
we explore in a separate publication).

5 Change management and “soft side” of ecodesign, considering
the company's culture through human factors, including and
promoting the participation of employees and areas, training and
knowledge management, overcoming resistance to change
(Boks, 2006; Verhulst and Boks, 2012). This transversal approach
has to go through the three aforementioned levels of integration,
seeking to ensure the progress of processes and practices.

includes ecodesign tools and project

Finally, these five integration lines of the ecodesign integration
model will have to take into account several requirements induced
from the set of models studied:
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o Applicable to various types of companies/versatile.

¢ Easy to understand visual representation, easy to remember and
communicate to different potential users of the model, incor-
porating already established elements such as the funnel or
stage-gate PDP.

e Vocabulary/keywords to assist memorisation.

e Trade-offs between level of detail and completeness of the
model and clarity.

6. Conclusion

The objective of this study was to map the state of the scientific
art on ecodesign integration from a comprehensive review of in-
ternational publications. The main studies in this area were clas-
sified and coded in terms of the level of analysis, publication type,
PDP type, research country, and the temporal evolution of the
studies.

Next, 52 integration models were identified and analysed in
depth. These models feature a wide variety of approaches and
representations. However they are usually the result of relatively
specific works, supported by case studies, and take into consider-
ation the extensive fields of knowledge from innovation and sus-
tainability management in a limited way, and only a few previous
models. It is observed that they rarely refer directly to the most
accepted models of innovation management in companies, such as
stage-gate, although this is quite recommended by some experts in
the topics.

As a result of the systematic literature review, relevant gaps
were found that may explain why ecodesign integration still re-
mains a challenge, particularly in the innovation management
processes and generally in operations management. The literature
analysis enables to merge some of the best theoretical constructs
and practices in a systemic and integrative perspective, as a
promising approach towards more effective ecodesign integration.
Thus, a new ecodesign integration model was presented as a syn-
thesis of these analyses. The proposed conceptual framework
connects three systemic levels (macro, meso and micro), with top-
down and bottom-up flows that promote vertical integration, while
the transversal integration axis occurs through change and people
management within a perspective of the organisation's culture.
Both axes are based on established innovation management

practices, including the development pipeline and stage-gate pro-
cess, and are consistent with product oriented life cycle manage-
ment practices.

As implied in the challenges of undertaking a literature review
on this topic, such as the lack of vocabulary alignment, dispersed
literature and organisational aspects and complexity, the main
limitations of this review regard the fact that some studies may not
have been identified in the search processes.

The models and framework are widely dispersed in the litera-
ture, and some interesting publications were indirectly found.
Therefore, not all possibilities were covered, and our survey is not
expected to have a quantitative representativeness, but can be
considered as an in-depth exploratory study.

Another potential limitation was the subjectivity in the analysis
of the models, regarding the levels and types of PDP. The presented
evaluation (systemic levels and PDP) does not intend to cover all of
the depth and richness of approaches used in the publications, and
a more detailed content analysis is underway.

However, the study objectives were achieved and opened a
promising path to consolidate ecodesign knowledge. The synthesis
based on scientific constructs associated with the success factors of
innovation management coupled with the dissemination of envi-
ronmental sustainability principles can be a significant contribu-
tion to the body of ecodesign and product oriented life cycle
management themes.

Besides the formalisation and more detailed representation of
the model in a future work, these propositions should be further
developed and tested in subsequent field studies through Action-
Research, a path suggested by Ritzén (2000), deemed as neces-
sary yet little practiced in ecodesign, which was only found in the
O'Hare (2010) work on the narrower scope of simple tools devel-
opment for SMEs.
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Appendix 1a. Summary content of the publications and models identified (from 2009 to 2013).

Year Reference Country Pub Main focus Levels PDP
Micro Meso Macro
2013 Keskin et al. Holland ] Sustainable innovation process in new business ventures; X Specific (3 phases)
Internal and external factors
2012 Bucci et al. Brazil C PDP, reference model. Focus on packaging and product X X Stage-gate
development
Goffin UK B Sustainability issues and requirements in phases, and X X Stage-gate
potential conflicts. Role of executive management
Verhulst and Boks Belgium C Change management, human factors and business culture X ND
Ferrer et al. France ] Problem solving; process and tools X ND
Bovea and Perez-Belis Spain ] Choosing environmental evaluation and integration tools X ND
with other requirements
Pigosso Brazil T Maturity assessment in ecodesign with 61 indicators: PDP X X X Stage-gate
practices/management, operational practices and methods
and tools; improvement tool (roadmap)
2011 International standard Switzerland S ISO 14006: guidelines to incorporate and implement a X X X PDCA
systematic and structured ecodesign process in an
Environmental Management System
Arana-Landin and Heras-Saizarbit. Spain ] PDCA implementation approach for ecodesign X ND
Kengpol and Boonkanit Thailand ] Applied ecodesign process, detailing tools and methods X ND

(continued on next page)
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Year Reference Country Pub Main focus Levels PDP
Micro Meso Macro
Trappey et al. China ] Applied ecoinnovation process using various methods and X ND
tools
2010 Dusch et al. UK C Relationship between innovation and sustainability X ND
Spangenberg et al. Germany ] Global/holistic approach; skills, roles and learning X ND
Ramani et al. USA ] Overview of sustainability issues related to product X X ND
development systems in the U.S.
Carrillo-Hermosilla et al. Spain ] 8 key dimensions to characterise ecoinnovation: design, X ND
user, services/products and governance.
Lewandowska and Kurczewi. Poland ] Ecodesign procedure based on ISO 14062, focussing on X Multiphase
applications and tools in the early stages of the project
Hallstedt et al. Switzerland ] Top-down systemic view with development of incentives X X ND
and systematic control and tools for decision making at all
levels
2009 Crul et al. Holland B 10 steps for integrating sustainability into standard PDP in X X Stage-gate
pilot projects with classic tools
Hassi et al. Finland C “who” and “what”: people and behaviors, to develop a set of X X Multiphase funnel
techniques suitable for transformational change for
sustainability.
Appendix 1b. Summary content of the publications and models identified (from 2005 to 2008).
Year Reference Country Pub Main focus Levels PDP
Micro Meso Macro
2008 Ghazilla et al. Malaysia C Incorporate modified versions of various tools to improve X Multiphase
the integration and implementation of ecodesign
Vezzoli and Manzini Italy B Information technology to deal with the complexity and X X Multiphase
amount of data
2007 Le Pochat et al. France ] Demonstrative methodology for SMEs with support from X X Multiphase
external experts, bringing expertise
Nowosielski et al. Poland ] Generic method of ecodesign in 6 steps, indicating the X Multiphase
essential activities and tools for each step
Waage USA ] Approach for “developing sustainable strategy” to ensure X X Multiphase
consistency between view, strategies and appropriate tools,
and between short and long-term
Tingstrom Sweden T 4 main integration factors: Leadership Team; DfE mindset, X X Stage-Gate
DfE tools, PDP.
2006 Yang and Song Singapore C Integration of methods and lifecycle tools in PDP, focus on X ND
flow and data management
Olundh Sweden T Modernising ecodesign with more strategic approach, X X Stage-gate
deployed in the organisation (vertical integration),
depending on the existing PDP.
Donnelly et al. USA ] Product based environmental management system with X X X Multiphase
PDCA principle, integration in business and PDP processes
through checklist and LCA
Lofthouse UK ] Requirements to develop appropriate tools for industrial X ND
designers: guidance, education and information,
appropriate content and presentation, easy access
Howarth and Hadfield UK ] To assess product sustainability aspects, along with X X ND
manufacturing aspects, considers 13 types of interested
stakeholders interacting with the designer
2005 Berchicci and Bodewes Holland ] 3 factors to integrate the environmental dimension in PDP: X ND
product design specifications and trade off; coordinating
multi-functional teams, management support
Jeganova Sweden C Systemic integration approaches at each PDP stage, with X X Stage-gate
high or low priority level; adaptive feedback; everyone's
skills and engagement.
Hermenau et al. Germany C Strategic planning; PDP (requirements and flows); X X ND
dedicated people; adaptation of tools, creation of
information base, supply chain integration
Kara et al. Australia C 3 levels: strategy; tactic; operations. 5 key points: X X X ND
environmental goals and top-down approach, performance
based on LCA; early stages; simple bottom up practical
application
Ammenberg and Sundinb Sweden ] Product-oriented Environmental Management System X X ND

(POEMS), type of PDCA cycle; connects environmental
considerations in PDP and in business management system
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Appendix 1c. Summary content of the publications and models identified (from 1993 to 2004).
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Year

Reference

Country

Pub

Main focus

Levels

Micro

Meso

Macro

PDP

2004

2004

2004

2004

2002

2002

2002

2001

2001

2001

2001

2001

2000

2000

1998

1996

1993

Bhamra

Alakeson and Sherwin

Dewulf and Duflou

ABNT (ISO TR 14062)

Baumann et al.

Van Hemel and Cramer
Robert et al.

Handfield et al.

Stevels

Neal and Heintz

Sherwin and Bhamra

Jones et al.

Simon et al.

Ritzén

Van Hemel

Poyner and Simon

Fiksel

UK

UK

Belgium

Brazil

Sweden
Holland
Sweden
USA

Holland

USA

UK

UK

UK

Sweden

Holland

UK

USA

5 main factors: initial and maintained motivation;
communication and information flow; holistic thinking;
practical ecodesign, global positioning

8 recommendations to create a sustainable innovation
system considering broader external interactions, and
internal culture (leadership, values, people). 4 integration
stages

Integration in 3 levels (project, company, industry); PDCA
approach at each level

Indicators for ecodesign integration in PDP and design (2
levels assimilated) in a progressive way, top down or
bottom up

4 levels: PDP; company; supply chain; society. Promotes
systemic perspective, multilevel and less focus on tools
Importance of social and economic factors to integrate in
SMEs (barriers and stimuli) and internal motivation
Systemic and strategic approach to sustainable
development in organisations, split into 5 levels

Roadmap with 7 steps linking global corporate strategy
with goals, PDP tools and monitoring

An integration process with 3 levels (strategy, development
and tools), evolving to internal and external
multistakeholder approach

Business model based on expert system and internal
knowledge

Integration in PDP in the early stages, with “Top down”
approach and not “bottom up” as previously recommended
(PROMISE)

2 ecoinnovation tools for generating ideas at the beginning
of PDP

“ARPI framework”: 4 steps (Analyse, Report, Prioritise,
Improve), similar to PDCA, for ecodesign practice at
strategic and operational level.

Cyclical implementation: set goals, develop knowledge,
adapt resources, tying at all levels, focussing on individuals
In SMEs, identified factors related to DFE performance: B to
B, owner's support, external support, innovation capacity
and internal organisation

DFE tools integrated into PDP, with guidelines for each
project stage and gate

DFE as a convergence of integration processes in the
company (simultaneous engineering) and sustainability.
Requires: metrics, guidelines and verification methods,

X

Multiphase funnel

ND

Multiphase

Multiphase

Multiphase
ND
ND
Multiphase

ND

ND

Multiphase

Multiphase

ND

Stage-Gate

ND

Stage-Gate

ND

with system-oriented development.
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