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dynamics of eco-innovation or even structure and facilitate the integration of sustainable processes
within them. These eco-innovation models may be classified into different ways, because they not always
have the same approach or common language, in terms of applicability and purpose. Classification is an
essential tool to facilitate the diffusion of this field of knowledge and to achieve a higher maturity level
Eco-innovation on the concept of eco-innovation. Through a systematic literature review on eco-innovation models, this
Eco-innovation model study aims to present gaps and opportunities for the advancement of the field, outlining promising
Systematic literature review directions regarding potential research areas, contents and predominant characteristics for new eco-
Analytical framework innovation models. This paper has been developed upon an analytical framework in order to explore
the diversity of eco-innovations models and to present suggestions according to several classification
criteria (research area, model approach, model characterization, application sectors, generalization level,
among others). In general, the models that have been analysed reveal a predominance of generic and
descriptive characteristics. Moreover, there is a gap of eco-innovation models related to organizational
structural factors and to social aspects of sustainability. Opportunities for normative models can be
highlighted, such as methods, tools and models can be adapted to systems and industrial segments.
Therefore, this field of knowledge still offers broad possibilities for new research and new eco-innovation
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1. Introduction

The term eco-innovation (environmental innovation, green
innovation or sustainable innovation) has been used to identify the
innovations that contribute to a sustainable environment through
the development of ecological improvements (Kemp and Foxon,
2007; Carrillo-Hermosilla et al.,, 2009; Halila and Rundquist,
2011). Due to increased mass production and improved technology
efficiency, eco-innovations need to implement economical,
ecological and social aspects in order to impose limitations towards
the present state of technology on environmental resources
(Karakaya et al., 2014; Brundtland, 1987). Despite the importance of
such concept, eco-efficiency and corporate social responsibility
practices define much of the current industrial sustainability
agenda. However, they are insufficient in themselves to deliver the
holistic changes necessary to achieve the long-term social and
environmental sustainability. It is necessary to understand how we
can encourage corporate eco-innovation, so that it significantly
changes the way companies operate to ensure greater sustainability
(Bocken et al., 2014).

In practice, organizations need guidance on how to apply their
efforts in a systematic manner in order to achieve environmental
goals and maintain continual improvements in the environmental
performance of products and processes (ISO, 2011). This is because
all companies need methods and tools that support the manage-
ment of innovation due to the high volume and complexity of
knowledge generated in the process (Restrepo et al., 2005).
Therefore, the innovation process involves a managerial issue. The
innovation comes to be seen as the central process of business, and
companies seek to find a way to organize and manage the inno-
vation process in order to guarantee their survival and growth. The
management of a company includes the formulation of strategies
and the use of the organizational structure as a way of grouping and
coordinating the resources in order to reach its objectives (Tidd and
Bessant, 2008).

The fact remains that the successful implementation of sus-
tainable innovation is quite elusive for most companies (Kuratko
et al., 2014). There is a general lack of internal consensus on what
business innovation means and a lack of clarity about the roles of
management and responsibilities towards innovation (Brousell,
2008). This becomes even more challenging when the strategic
focus is on the sustainability of environmental, social and economic
factors. Several companies have difficulty in associating their
speeches and management practices to a complete definition of
sustainability. Some concentrate on social issues; others, on envi-
ronmental issues; many, exclusively, on economic issues (Claro

et al., 2008). Consequently, the integration of information to
decision-making management are not sufficiently embedded and
integrated to change the corporate culture (Epstein, 2004).

To help companies integrate sustainability aspects in their
business processes, many eco-design methods have been devel-
oped to support the design engineers reducing the environmental
impact of the product throughout its life cycle (Fiksel, 1996; Chen
and Yen, 1999). Recent literature surveys show that there are over
100 techniques, methods and tools to integrate ecodesign in
Product Development Project (PDP), especially in the technical
sphere (Pigosso et al., 2013). However, despite the wide availability
of research available in the literature, the integration of environ-
mental issues remains a challenge for companies (Fiksel, 1996;
Verhulst and Boks, 2011). This is because the use of eco-design
methods, tools and metrics, merely, does not seem enough to
achieve environmental sustainability (Alblas et al., 2014). To fill
such gaps, it is necessary to develop methods with broad strategic
vision for the management of innovation and of environmental
sustainability (Jonbrink et al., 2013; Alblas et al., 2014). When
economic, environmental and social aspects of innovation are
processed and integrated into the company’s strategy, its innova-
tive potential is maximized. This proactive posture systemically
modifies the organization on their goals, values, culture, leveraging
innovative, economic and sustainable results (Xavier et al., 2015).
Thus, eco-innovation is a challenge once it is necessary to integrate
the environmental dimension throughout the whole innovation
process, not only on the eco-design phase (Blaise, 2014; Zhang et al.,
2013).

Therefore, the understanding of the characteristics and partic-
ularities of the eco-innovation process is crucial to manage it more
efficiently, since more sustainable markets are increasingly immi-
nent (Xavier et al., 2015). Several models have been proposed in
order to achieve greater understanding of the dynamics (or even
the structure) of eco-innovation, and facilitate the integration and
implementation of eco-innovation processes in the company. In
this paper, the term 'model’ refers to the idea of “structures with
described or normative features”, according to the definition pro-
posed by Bell et al. (1988). This way, it is assumed that an eco-
innovation model covers a description, illustration or orientation
of a process, system or practices of eco-innovation. These eco-
innovation ‘models’ can be classified in different ways, because
they not always have the same approach or common language, in
terms of applicability and purpose. Classification is an essential tool
to facilitate the diffusion of this field of knowledge and the
achievement of a higher level of maturity on the concept. Besides,
classification could help better frame the research problem around
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particular areas and highlight the frame of eco-innovation from a
strategic management perspective.

In this sense, several literature reviews have been conducted
with the aim of mapping and/or classifying existing models,
methods and techniques in different fields of knowledge. In their
research, Silva et al. (2014) and Cagnazzo et al. (2008) centered
their review on innovation management models. The former con-
ducts a survey and comparative critical analysis of classic models
for innovation management in order to understand the modeling,
phases and organizational factors of the innovation process. The
latter aims to investigate the main evolutions of innovation man-
agement models and proposes a discussion of the forms and
structures of these models over the years, through a strength-
weakness analysis. Still in the field of innovation management,
the research of Hidalgo and Albors (2008) present a similar litera-
ture review, but its focus is on innovation management techniques
(not models), providing a comprehensive review of the scope,
trends and major actors of their development and use.

Other research that analyze models, methods, techniques in
other fields of knowledge rather than innovation may be
mentioned: Ruy and Alliprandini (2010) raise and classify the main
methods of environmental assessment for use in conceptual design
phase; Rossi et al. (2016) perform a review of ecodesign methods
and tools in order to understand the barriers for their imple-
mentation in industrial companies; Reim et al. (2015) provide a
systematic literature review to understand the implementation of
(Product-Service System (PSS) business models and tactical prac-
tices; Puglieri (2010) conducts a review and an analysis of eco-
design methods based on Quality Function Development (QFD)
and Failure Modes and Effects Analysis (FMEA); Salgado et al.
(2010) classify and analyze reference models for the product
development process in order to identify gaps for future research;
Schneider and Spieth (2013) provide a systematic review of the
existing academic literature on business model innovation;
Krassmann et al. (2014) present a systematic mapping in order to
identify methods, models, frameworks and existing techniques for
evaluating the deployment of cloud computing in the education
sector; and Mahdavi et al. (2013), who conduct a systematic review
of generic operating models in health services, with the main
objective of raising the models which are used and how they are
developed. In the context of sustainable innovation, O’Hare and
McAloone (2014) provide a review and reflection upon the cur-
rent status of eco-innovation research and suggest areas where the
design community can contribute to develop the maturity of this
approach. In the conclusions, the authors suggest 10 potential areas
for the engineering design research community to contribute to the
advancement of eco-innovation.

Notwithstanding the extensive research on revision and analysis
of models, both in innovation and in different areas, it was not
identified any study that maps the state of the art on “eco-inno-
vation models”, or any classification to organize and disseminate
such knowledge.

In order to fill this gap in the literature, this study aims to pre-
sent gaps and opportunities for the advancement of the field,
outlining promising directions regarding potential research areas,
contents and predominant characteristics for new eco-innovation
models. An analytical framework is developed in order to explore
the diversity of eco-innovations models and to present suggestions
according to several classification criteria (research area, model
approach, model characterization, application sectors and gener-
alization level, as well as gaps and opportunities for future
research). Through the classification and critical analysis of the
models, this research presents trends, recommendations and issues
for further studies, approaching the proposal of the articles
mentioned in the paragraph above. Thus, it is intended to answer

the main research question: what research gaps currently exist and
what research directions may be promising in the field of eco-
innovation models? To answer this question, the following sec-
ondary issues are proposed:

- Which approaches and research methods have been used to
develop eco-innovation models?

- What is the development and detailing level of the published eco-

innovation models?

Which research fields or disciplines are publishing eco-innovation

models?

- Which sectors or market segments have been studied and used as
application unit of eco-innovation models?

- What is the difference in content and predominant characteristics
of these eco-innovation models?

This study may be characterized as theoretical and conceptual,
and comprises two main contributions: 1) it offers a literature re-
view based on studies published between 1995 and 2015 in major
databases, including a mapping and a classification of selected
studies that develop eco-innovation models; 2) it offers a qualita-
tive analysis of models, which contains an identification of gaps and
suggestions for future research in this field of knowledge. The re-
sults summarize the main areas of research and application sectors
of eco-innovation models. Furthermore, the present paper outlines
entry points for new researchers, by submitting suggestions based
on the results of the classification of models in relation to: the
approach and method of research; characterization of the models;
level of development, detail and generalization; content and pre-
dominant characteristics.

This paper is divided into six sections, the first section being
devoted to introduction. In the next sections, the following topics
are addressed: Section 2 discusses the background theory; Section
3 presents the research method used in this research; Section 4
presents the classification of the selected studies/models and a
descriptive analysis of the models; Section 5 presents the findings
and discussion; and Section 6 presents the conclusions and sug-
gestions for future research. Lastly, the references and appendices
are listed.

2. Background theory

This session will discuss the concepts and applications of eco-
innovation, its differences from the traditional process of innova-
tion and the interrelations with other concepts, highlighting the
main areas of research that will be addressed in the systematic
review; and a discussion of similar terminology to 'model’ used for
different modeling approaches. This discussion aims to analyze the
definitions, purposes and limits of each term (model, framework,
method, tool) used in the literature in order to facilitate under-
standing and enhance research and publication.

2.1. Eco innovation: concept and application

The concept of sustainable development and the general un-
derstanding that the environment and the economy are interde-
pendent have aroused increasing interest in recent years amongst
political powers and society. Since the end-of-pipe approach (in
which pollution concerns are addressed at the point of discharge) is
often costly and ineffective, industry has increasingly adopted
cleaner production, considering the environmental impact
throughout the product’s lifecycle and integrating environmental
strategies into their own management systems (Machiba, 2010).
Such evolution of sustainable manufacturing initiatives and the
urgency for change have led to increasing application of the term
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‘innovation’ in environmental management and policy (Carrillo-
Hermosilla et al.,, 2009). This way, environmental sustainability
challenges, plus the increasing range of environmental constraints
faced by industry, conveys that there is an urgent need for ap-
proaches that can deliver step change improvements in the envi-
ronmental performance of products. Eco-innovation is an approach
that has the potential to meet this need (O’Hare and McAloone,
2014).

The term eco-innovation (environmental innovation, green
innovation and sustainable innovation) has been used to identify
innovations that contribute to a sustainable environment through
the development of ecological improvements (Kemp and Foxon,
2007; Carrillo-Hermosilla et al.,, 2009; Halila and Rundquist,
2011). Since sustainable concepts focus on different themes, they
are affiliated to different communities (Franceschini et al., 2016).
Consequently, the eco-innovations may be grouped into some
categories, as well as their determining factors. They may comprise
not only eco-friendly products, processes and services, but also
organizational management systems that are sensitive to envi-
ronmental concerns and systems innovations (Porter and Van Der
Linde, 1995; Belin et al., 2009). Due to these heterogeneity of def-
initions, the term eco-innovation is used with different connota-
tions and is often classified similarly to the term eco-design —
essentially defined as a sum of actions guided by the perspective of
environmental impacts reductions (O’Hare, 2010; ISO 14006, 2011;
Deutz et al., 2013). This is because, despite the innovation comes
from a systemic and interactive process, as highlighted by
Chesbrough (2006), there are few theories about internal factors or
intra-organizational processes for eco-innovation. Thus, the size of
the design is strongly linked to the innovation process (Arnold and
Hockerts, 2011; Carrillo-Hermosilla et al., 2009). However, the
research focused on eco-innovation propose a more global vision of
sustainability, which includes a change of the functionalities
required in new products and a change of its business model
(Carrillo-Hermosilla et al., 2010). This way, not only environmental
impacts but also social impacts are reduced. Similarly, OECD (2009)
underlines a more holistic approach of eco-innovation, stressing it
is an organizational practice that integrates an array of character-
istics ranging from changes to innovation across products, pro-
cesses, organizations and institutions. In this approach, eco-
innovation seems to be situated at a higher level as compared to
eco-design, once eco-design is associated to incremental
improvement, whereas eco-innovation is linked to radical changes
(Charter and Chick, 1997). This research uses this approach to
differentiate the terms eco-innovation and eco-design, assuming
eco-design as part of eco-innovation.

From this holistic approach, an important option for companies
is to choose between different ways to operationalize strategies
that allow them to benefit from more open and sustainable ap-
proaches (Chesbrough, 2006) and different ways of opening their
innovative process (Dahlander and Gann, 2010). Therefore, in
addition to the design context and development of new products,
eco-innovation is also studied in the field of management and
innovation strategy, as well as in management, strategy and envi-
ronmental policy. This is because sustainability is seen not only as
an operational excellence exercise, but as an innovation that re-
quires different organizational dynamics (Van Oppen and Brugman,
2011). Besides, in order to reach the sustainable goals, innovation is
an important mechanism driven by the continuous need for quality
improvement and by policy measures and regulation (Hallenga-
Brink and Brezet, 2005).

For this reason, the literature in the field of eco-innovation has
been abundant in different research perspectives, arousing interest
among scholars of different disciplines. Other fields that support
interdisciplinary research of eco-innovation are ecological

economics and industrial ecology. Ecological economics addresses
the relationships between ecosystems and economic systems
(Costanza et al., 1992), by integrating ecological, social and eco-
nomic aspects of sustainable development (Rennings (2000)). This
is supported by the concept of industrial ecology that advocates
increased efficiency of material and energy flows within a regional
industrial system (Burstrom and Korhonen, 2001). And in this
regional perspective, the development of systems and supply
chains that take into account the aspects of sustainability (EURADA,
2012) also appears as a research field to the study of eco-
innovation. These two research areas, ecological economics and
industrial ecology, present eco-innovation models applied in
different contexts (Chen and Chen, 2007; Yang and Chen, 2012),
bringing new approaches to the field of knowledge.

Considering the whole context, and according to the definition
of Tyl (2011), the eco-innovation can be either the result of a pro-
cess or the process itself. This definition is supported by Cluzel et al.
(2013), which adds it is an innovation that significantly improves
the overall sustainability performance of a product during its life
cycle and high systemic level. Therefore, it is extremely important
to understand how sustainability is integrated in the process of
innovation management (Boks and Stevels, 2003). Despite the
processes follow the same steps in the process of eco-innovation,
unlike conventional, sustainability is an integrated objective in
corporate policy and therefore the process success factor, having
different methods and success indicators (Siebenhiiner and Arnold,
2007; Jones, 2003). However, it is not always clear how a sustain-
able process is organized within the company. Despite many au-
thors see innovation as a key factor in sustainability, little attention
is paid to how firms might find and develop eco-innovations
(Roscoe et al., 2016). Roscoe et al. (2016) argue that sustainability
should be taken as part of the way an organization conducts its
business, rather than something “beyond” its general business
practices and procedures. In this sense, innovative management
stimulates companies to continually develop and test new models
and methods of management, in order to manage the innovation
processes effectively, as well as to motivate and stimulate their
personnel towards creativity and innovation, strategic agility, and
the ability to grasp the possibilities offered by the environmental
action quickly (Hautamaki, 2010).

Many eco-innovation models have been proposed, what in-
creases the heterogeneity in terms of approaches and terms used.
Therefore, they can be classified in different ways. This could be
explained through two perspectives: first, these models not always
have the same approach or common language, in terms of appli-
cability and purpose; second, there is no better way to manage
innovation, since firms differ in technology and have specificities
concerning their strategies, organizational structures and man-
agement (Tidd and Bessant, 2008). Unlike eco-innovation, eco-
design has a well-defined framework since 2003, developed by ISO
TR 14062. This standard gives elements and directives that enable
the integration of environmental aspects within design. However,
there is no norm for eco-innovation because it is still an undefined
notion, permeated with different definitions (Blaise, 2014). For this
reason, the classification is an essential tool to facilitate the un-
derstanding of the wide range of existing models, to identify the
characteristics that differentiate the models from common stan-
dards, and to understand what the knowledge field challenges and
opportunities are.

In spite of this, no study that could classify these models - so to
facilitate further research and propose new models (generic or
adapted) to market segments still unexplored, or even to consoli-
date and validate the existing ones - was identified. The research of
Diaz-Garcia et al. (2015) provides an overview of the existing body
of literature on eco-innovations, and identifies the most relevant
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publications in the field and the topics of interest. From their
analysis, it can be observed that there is a clear increase in the
relevance of this issue within academia and several thematic trends
arise in eco-innovation research, with drivers of eco-innovation
being the most popular. Other literature reviews have been pro-
posed in order to provide an overview of the emerging literature
and a synthesis around several issues related to eco-innovation.
Hojnik and Ruzzier (2016) and Bossle et al. (2016) conducted
literature reviews focused at eco-innovation concepts and the
drivers for its adoption. Del Rio Gonzalez (2009) and Franceschini
et al. (2016) provide bibliometric analysis on eco-innovation —
the former research focuses on sustainable terms and technological
change; the latter regards the terms and meanings that associate
with innovation and sustainability. This research is similar to the
literature reviews mentioned in the survey objective and analysis of
emerging literature in order to propose new lines for future
research on eco-innovation field. However, it differs by conducting
a classification and qualitative analysis of models, methods and
other approaches on eco-innovation applied in various areas of
knowledge and in different segments. Scientific knowledge is based
on the classification activity. Therefore, the importance of classifi-
catory research is clear to the processes of organization and
dissemination of knowledge (Godinho Filho and Fernandes, 2004).

2.2. Models and terminologies

The use of the word 'model’ is broad and has different conno-
tations. Likewise, other terms (framework, method, tool) are used to
designate different approaches and models are also used in
ambiguous and diverse forms from their theoretical purpose. This
lack of clarity as for terminology leads to a huge extent of the use of
these terms, reflected in the confusion and difficulty when
researching and publishing. Therefore, it should be relevant analyze
their definitions, purposes and limits.

As proposed by Abbagnano (1970), model is one of the funda-
mental scientific concepts. A model represents a selective
abstraction of reality, representations of real objects and situations
(Eppen et al., 1987; Anderson et al., 1991; Pidd, 1998), and it aims to
clarify the relationship between different elements, indicating
effective causalities and interactions (Harding and Long, 1998).
Models are relevant because they allow a better understanding of
something that will be built. According to Zilbovicius (1997),
models have a key role in the dissemination of practices due to the
fact that they set way of thinking, approaching and articulating the
organizational problems. Also, they are reference points, in the
sense they operate as prescription for agents who make decision
about practices to be employed in operations and organizational
processes. Thus, a model is an abstract, conceptual construct that
represents processes, variables and relationships without neces-
sarily providing specific guidance or practices for implementation
(Tomhave, 2005). The term framework can be defined as the set of
components and independent structures that have a predefined
relationship (Pree et al., 2001). It is used as a way of transforming
complex issues in structures that can be studied and analysed
(Shehabuddeen et al., 2000). The role of frameworks is to facilitate
the understanding and communication among participants that
may have different perspectives in a specific situation (Odeh and
Kamm, 2003). The term method, on the other hand, is adopted in
any regular and explicit procedure that can be repeated to achieve
something, either material or conceptual (Bunge, 1974). That is,
methods are the various existing forms of developing a process. As
proposed by Tomhave (2005), a methodology is a targeted
construct that defines specific practices, procedures and rules for
implementation or execution of a specific task or function. Finally,
the tools is used to refer to something unitary and specific, such as a

device or a mechanism (Bates, 2005), everything that will be used
by methods in the development of a process or task. They are vital
to support and develop the quality improvement process (Bunney
and Dale, 1997).

From the understanding of the terms highlighted above, it is
possible to establish the scopes and limitations of each one. Models
are conceptual constructs that represent processes, variables and
relationships without, necessarily, providing specific guidelines or
practices for implementation (Tomhave, 2005); that is what de-
termines their described or normative character (Ghauri et al.,
1995). A framework is a construct that defines concepts, values
and practices to facilitate understanding, reporting and analysis of a
given situation, theory or complex issues (Tomhave, 2005;
Jabareen, 2009). The characteristics of the model are part of the
frameworks’ characteristics (Harding and Long, 1998). However,
while models can be considered types of framework, not every
framework is a model. This is because the purpose of the frame-
work is to facilitate the understanding, and not necessarily to
indicate causality or interactions between the elements. A method,
on the contrary, has a more formal character than the framework
(Tomhave, 2005), being a set of procedures to develop a process.
Finally, the tools are everything that will be used by methods in the
development of a process. To exemplify these different concepts,
we can use the field of ecodesign, which addresses numerous
proposals for approaches. These examples are available on Table 1.

In this paper, the term 'model’ is used as “structures with
descriptive or normative features”, following the definition pro-
posed by Bell et al. (1988). In common language use, an abstract
system that proposes to describe behaviour is called descriptive
model; on the other hand, an abstract system that attempts to
capture how ideal people might behave is called a normative model
(Bell et al., 1988). According to Chorley and Haggett (1975),
descriptive models deal with certain stylistic description of reality,
organization of empirical information, whereas regulatory models
deal with what is expected to occur under the conditions estab-
lished. Thus, the descriptive analyses seek to identify and under-
stand the characteristics of each unit. As for the normative analysis,
they set standards of behaviour in order to identify performance
standards of the units (Ghauri et al., 1995; Bell et al., 1988).
Therefore, in this research, eco-innovation model is assumed as a
description, illustration (descriptive feature) or orientation
(normative feature) of a process, system or activity of eco-
innovation.

3. Research method

This is a theoretical-conceptual research, and it provides a sys-
tematic review of the literature in order to map the eco-innovation
models’ state of art. According to Denyer and Tranfield (2009),
systematic review is a specific methodology that locates existing
studies, selects and evaluates contributions, analyses and synthe-
sizes data, and reports the evidence in such a way that allows
reasonably clear conclusions to be reached about what is and is not
known. This method will be used to map and synthesize a specific
theme, providing a rigorous and reliable basis of literature review
(Biolchini et al., 2005; Brereton et al., 2007). Thereby, the devel-
opment of a systematic review of this study followed the 5 steps
proposed by Denyer and Tranfield (2009):

- step 1: formulation of the research question;
step 2: location of studies;

- step 3: selection and evaluation of studies;

- step 4: analysis and synthesis; and

- step 5: reporting and use of research results.



Table 1

Definitions and examples of approaches.

Approach Definition Example
Model A conceptual EcoM2- Ecodesign
constructs that Maturity Model:
represent The EcoM2 is a
processes, variables maturity model of
and relationships ecodesign, which
without, aims to assist the
necessarily, improve
providing specific environmental
guidelines or performance in
practices for product lifecycle
implementation management. It
(Tomhave, 2005); encompasses
that is what ecodesign Figres SCOMZ. Source: Pigese ot G, (2013)
determines their practices, maturity
described or levels and a method
normative of application
character (Ghauri (Pigosso et al.,
et al., 1995). 2013).
Framework A construct that Remanufacturin; .
defines concepts, Guidelines: A € s of disgssembly; Where dissssembly onot be hypaseed,  *gase ofreassembly; As mizh the previous critena, gimse spent
values and recognized by making ol Rasier, less tme can be speat dumag this poa- €@ rassembdly should be pemimined wsing Desspn Foo
practices to ecodesign value-added phase, Permanemt fasieming such as welding o Awembly guidcline (Baeopd & Dewhurst 1991). Where
facilitate framework, which wimping showld not be used if the produst is inended for remanudactured product is assembled mone than .ance, this is

understanding,
reporting and
analysis of a given
situation, theory or
complex issues
(Tomhave, 2005;
Jabareen, 2009), but
not necessarily
indicating causality
or interactions
between the
elements.

presents guidelines
that should be
considered for the
development of a
product aimed at
remanufacturing
(Iljomah et al.,
2007).

reramufscture. ARG, 0l 12 important that no part be damaged
by the remonall of ancther.

~caw of daning: Parus which have seen use imevitably: noed

-m) mymmn Toloraness alse refate 1o reassembly isscs
AAs more parts i & pmh:l can bee

léuiéd. it BeeEss move &t effiarive w remasssiioture e

produxt (espocially v these pans are costly to replace).

1@ be cleansd. ln eeder o design parts sach that they may *Standwdension:

casily be cleanad, the desigmer must kemow what cleaming
methods may be used, and design the pants soch that the
sartdees 50 be wlcancd are acvessabde: and will not oodlest
residue from cleaning (detergents, abrasives, ach, etc..).

=caw of mspesticer As with disassembly, inspection is. an
EpOrtant, 1 2 moa-value-addad phase, mc ume which
maust be spent on this phase should be minimized

=casw of pan replacement: It s important tha parts that wear
are capable of being replaced mul); net Just e mimimiae the
ume required o rexssemble the produck, bet 0 prevent
damage durang part snserbon.

=modulyr commpoeente By making desagns modular, the
assembly and disassembly times: can be redoced which
enhandes remasslactun ng.

-facosrs; By standuedizing the fastonges 1o by usod @ parnts,
the number of different fastorwrs can b reduced, thus
reduang the complexily of assembly and disassembly, as
well as the mazeral handitag peocesses.

-inicifaces: By stamdardizning the imterfades of comyponents, &
fewer of pans are medad O peoduce 3 lage vanety of
simibar peoducts.  This hdps. w0 build economices of scalle
which aliso impeone remanufacturabel ity

Figure: Design for Remerfectuning Guicelines. Source: Amenguita ¢t 61, 1539

(continued on next page)

Z0€1—82Z1 (210Z) 61 uoudNpold 1aupa)) fo [puinof / b 33 Ja1apx 'y

€8¢l



Table 1 (continued )

Approach Definition Example
Method/Methodology A method is a set of LCA - Life cycle
s N
procedures to Assessment: One of
develop a process. the most famous o = 7~ I
A methodology is a and complete &Goall and
targeted construct methods for ccope —>
that defines specific environmental i -
practices, impact assessment definitian T
procedures and associated with all
rules for the stages of a See=t mzlication:
implementation or product’s life ':::‘"‘
execution of a Andersson et al., > ; N SeEsEmeTiand
specific task or (1998). o ntcr.-y mtempneation ImEeToRe=t
) analysic M _aimmps slamsieg
function (Tomhave, Bl
200 5) -ullcpdey
. ‘E*F.
-l
, AT
.. J/
(. /
Figure: Methocode gicall Framework of am LCA. Sounces IS0 145040y, 3557
Tool A tools is used to Eco-compass: A

refer to something
unitary and
specific, such as a
device or a
mechanism (Bates,
2005), everything
that will be used by
methods in the
development of a
process or task
(Bunney and Dale,
1997).

tool that assists in
life cycle analysis.
This tool allows to
position and
evaluate product
design options and
solutions in more
than six design
criteria in five
scales (Fussler and
James, 1996).

Fimare: T he Ecorcompass. Sounce: Fussier & James (15585)
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3.1. Step 1: formulation of the research question

A good systematic review is based on a well-formulated,
answerable question. The question guides the review by defining
which studies will be included, what the search strategy to identify
the relevant primary studies should be, and which data need to be
extracted from each study (Counsell, 1997). Therefore, the main
research question and the secondary issues were formulated and
presented in the first section of this study.

3.2. Step 2: location of studies

A comprehensive, unbiased search is one of the fundamental
differences between a traditional narrative review and a systematic
review (Mulrow, 1994). A systematic search begins with the iden-
tification of keywords and search terms, which are built from the
scoping study (Tranfield et al., 2003). Before conducting the review
and start searching for relevant studies, a protocol based on and
incorporating the review questions should be developed (Petticrew
and Roberts, 2006). A protocol ensures that the review is system-
atic, transparent and replicable, which are the key features of a
systematic review (Briner and Denyer, 2012). The reviewer should
decide, then, on the most appropriate search strings for the study.
The output of the information search should be a complete list of
articles and papers (core contributions) on which the review will be
based (Tranfield et al., 2003).

For the systematic review of this study, the main scientific da-
tabases were selected and the keywords and research strings were
defined. Research strings are the logical expressions that combine
keywords with their synonyms in order to cover the largest number
of studies for a research. In the present review, articles, publica-
tions, dissertations, theses and chapters of books on the subject of
eco-innovation models were consulted. For reasons of trans-
parency, it should be precisely explained how the systematic re-
view process was designed, for example, in terms of selection of the
literature, or of the choices made regarding search terms and da-
tabases used (Saunders et al., 2012). Therefore, sources selection
criteria were defined by the use of international databases, exclu-
sively, since they have a higher impact factor. Thus, the first pa-
rameters established for the review was the English language, the
most internationally accepted in scientific studies. However, data-
bases in other languages were also used seeking a greater scope for
the research. The study period was from 1995 to 2015.

The databases consulted were: Scielo; Science Direct; Springer;
Wiley; Web of Science; Scopus; JSTOR; and Scholar Google. The second
parameter was the selection of terms or keywords and search
strings. First, there were selected equivalent terms for eco-
innovation used by the main authors of the field of knowledge.
There are four different notions/terms used in the literature to
describe innovations that have a reduced negative impact on the
environment: “green”, “eco”, “environmental” and “sustainable”.
Some researches analyze the different notions for these terms
(Kemp and Pearson, 2007; Reid and Miedzinski, 2008; Schiederig
et al., 2012; Xavier et al, 2015; Diaz-Garcia et al, 2015),
concluding that the core aspects these notions/terms represent
apply to nearly all of these innovation definitions, with some ex-
ceptions. However, most researchers use the terms interchange-
ably. Therefore, this paper will consider the four terms as
interchangeable and identical.

Then, the terms “model” and “modeling” were chosen, because
of their generic and comprehensive character, which encompass
descriptive and prescriptive approaches of the studied research
field. The term “process” was also selected as a way of expanding
the search and, thus, of finding research that had structured eco-
innovation processes, even when a terminology rather than

“model” is used. The main terms that outline the research question
are: eco-innovation; green innovation; sustainable innovation; envi-
ronmental innovation; model; modeling; process. The logical ex-
pressions that combine keywords and their synonyms were
obtained by the combination of the terms, which were used to
obtain the greatest amount of relevant studies, as shown on Table 2.
Through the selection of keywords and research strings, the review
protocol was completed for the selection and evaluation of the
studies, as shown in the next item.

3.3. Step 3: selection and evaluation of studies

Following the requirement for transparency of process, sys-
tematic reviews use a set of explicit selection criteria to assess the
relevance of each study found to see if it actually address the review
question. Detailed decisions are recorded specifying, precisely, the
basis on which information sources have been included and
excluded (Denyer and Tranfield, 2009). Following this logic, the
main criteria used in this paper to select and evaluate the studies
were:

- Inclusion criteria: There were selected studies that present and
describe models of eco-innovation. Due to the range of contexts
and ambiguities in the use of some terms, other eco-innovation
structures not entitled ‘model’ were also analysed, such as
method, methodology, tool, framework, systematic and approach.
In this sense, it was used as inclusion metric the methodological
basis of modeling proposed by Bell et al. (1988), selecting
studies that present in their ‘models’ descriptive or normative/
prescriptive characteristics and contain at least one of the three
features below:

1. a description of the eco-innovation process management;
2. an illustration of the eco-innovation system behaviour;
3. a guidance to eco-innovation practices.

- Exclusion criteria: there were excluded studies that did not
present a description, illustration or orientation of a process,
system or practices of eco-innovation.

According to Briner and Denyer (2012), the evaluation of studies
is a key part of the systematic review. Each study is critically
appraised in relation to the quality criteria devised as part of the
systematic review protocol. In this sense, many checklists and tools
have been conceived in order to help with critical appraisal of many
different study types, including qualitative studies of various kinds,
observational studies, interrupted time series studies and ques-
tionnaire surveys (Briner and Denyer, 2012). With the systematic

Table 2
Research strings.

Research strings

Eco-innovation model
Eco-innovation modeling

Model of eco-innovation
Eco-innovation process

Green innovation model

Green innovation modeling

Model of green innovation

Green innovation process
Sustainable innovation model
Sustainable innovation modeling
Model of sustainable innovation
Sustainable innovation process
Environmental innovation model
Environmental innovation modeling
Model of environmental innovation
Environmental innovation process

Eco-innovation

Green innovation

Sustainable innovation

Environmental innovation
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review, there were obtained about 1800 studies, including articles,
theses, book chapters and other publications. During the reading
process and evaluation of these studies, there were excluded those
that did not have any structure/model of eco-innovation, even if
they would contain some of the keywords or search strings. This
was the first filter, through which 125 studies were selected. The
review was conducted in January 2015. Each of the 125 studies
were analysed through a second filter, considering the inclusion
and exclusion criteria. Table 3 shows the number of studies found
and selected in each database. However, since some studies have
been raised in more than one database, the results of the second
filter were crossed, as shown in Table 4. After this second filter and
thorough analysis, there were selected 45 studies that present and
describe an eco-innovation model. Topic 4 of this research presents
the studies that were selected and the result of classification and
analysis. For unification and consolidation of the selected infor-
mation on this research, the registration of the studies was done by
Mendeley software, which manages bibliographic database. In
addition, Microsoft Excel was used for developing the review pro-
tocol, as well as a classification framework of the proposed studies
and models. This will be presented in the next section.

3.4. Step 4: analysis and synthesis

After the collection and evaluation of the selected studies, the
next stage was dedicated to a systematic review, which concerns
analysis and synthesis (Briner and Denyer, 2012). The aim of the
analysis is to break down individual studies into constituent parts,

Table 3
Search results.

Databases Total 1st Filter 2nd Filter

Science Direct 114 35 15
Web of Science 235 16 23
Scielo 166 13 2
Springer 165 17 8
Wiley 877 19 5
Google Scholar 127 22
Scopus 83 3
JSTOR 1 0
RESULTS 1768 125

7

O N =

Table 4
Search results.

Databases 2nd Filter

Scopus 1
Web of Science

Science Direct

Google Scholar

Scopus 1
Web of Science

Wiley

Google Scholar

Wiley 2
Google Scholar

Web of Science 13
Science Direct

Web of Science 2
Wiley

Springer 4
Web of Science

Springer 4
Web of Science 2
Science Direct 1
Scielo 2
Google Scholar 1
RESULTS 45

and describe how each relates to the other. On the other hand, the
aim of synthesis is to make associations among the parts identified
in individual studies. A synthesis needs to go beyond mere
description by recasting the information into a new or different
arrangement, and by developing knowledge that is not apparent
from the reading of individual studies, in isolation (Denyer and
Tranfield, 2009). Thus, after applying the selection and evaluation
criteria, each of the selected studies was analysed in order to reach
some conclusions about the quality of each study included in the
review. For the development of this activity, it was built an
analytical framework based on understanding of the objectives
defined by the research questions and on some pre-established
criteria for classification proposed in the research of Martin et al.
(1999), Carnevalli and Miguel (2007) and Salgado et al. (2010). All
the following criteria for classification and analysis of the selected
studies and models proposed are briefly described in Table 5. This
classification made it possible to synthesize, integrate and accu-
mulate information and the results of different studies on the
research topic, in accordance with the objectives and initial ques-
tions posed.

3.5. Step 5: reporting and use of research results

In terms of research, systematic reviews can provide researchers
with a solid understanding of the current state of knowledge in
their field. The findings set out what is known and unknown about
the review question (Briner and Denyer, 2012). In addition, as noted
by Higgins and Green (2008), the primary purpose of a review
should be to present information, rather than to offer advice. Thus,
the discussion and conclusions should help people to understand
the implications of the evidences presented in relation to practical
decisions. In this sense, the topic 5 of this paper discusses the main
results of the classification and analysis of the proposed studies and
models in order to provide a mapping of the state of the art and to
identify gaps for future research in this field of knowledge.

Although there were used authority databases to collect scien-
tific papers as well as theses and dissertations, a great number of
universities limits the access of their publications. However, despite
of such limitation for the research, it is important to note that many
of the dissertations and theses are also published in paper format.
Another limiting factor of the research concerns the number of
citations of each model that were analysed. Different types of
studies - not only journal articles - were selected, but several of
them have no published information regarding the respective
number of citations, such as books, reports and theses. Because of
this, the number of citations could not be used, in qualifying terms,
for comparison. Therefore, this parameter was dismissed as anal-
ysis criteria.

4. Classification and analysis
4.1. Classification of selected studies

There were identified 45 models of eco-innovation. The alloca-
tion of the publications in the researched period (1995—2015) is
shown in Fig. 1. Although the research period starts in 1995, the first
publication of eco-innovation model found was from 1999. It can be
seen an exponential increase in publications, highlighting the
highest incidence of publications in the last five years (2010—2015).

There could be highlighted six major research areas (see Fig. 2):
(1) environmental management, strategy and policy; (2) product
design and innovation; (3) innovation process, management and
strategy; (4) business strategy and organizational management; (5)
supply chain management and sustainability; (6) industrial ecology
and ecological economics. Of the 45 selected studies, the majority
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Table 5
Criteria for classification and analysis of the studies and models proposed.

Analysis of the selected studies

Year year publication of the study

Reference

Name

Brief description
Research area

bibliographic reference of the study

the name given by the author to the model

brief explanation of the model

main field, discipline or research area of the study (product design, eco-design, innovation

management, business strategy, environmental management, etc.)

Research application country/location
Application sector/segment
Approach

Research method

location/country in which the model was applied and/or tested

sector/segment in which the model was applied and/or tested

approach of the research, which can be classified as “quantitative” and “qualitative”

type of study (modeling, theoretical and conceptual literature review, simulation, survey, case study,

action research and experimentation)

Analysis unit

unit of analysis or object of study in which the model is applied and/or tested (individuals or groups,

group of companies, innovation systems, organizational unit)

Geographic coverage
Document type
Database
Publishing house
Journal’s name
Terminology
Analysis of the proposed models
Model characterization
Model presentation
Development level
Level of detail
Level of generalization
system)
Type of approach

geographic scope of application and/or test of the model (regional, national or international)
type of study and publication (journal paper, congress article, dissertation, thesis, book, other)
database used to find the study (see Table 3)

organization/company that published the study

name of the journal that published the study

terminology used by the author(s) (model, framework, flowchart, method, etc.)

methodological basis of modeling (descriptive or normative)

format in which the model is presented (conceptual and/or illustrative)

development level of the model (theoretical, experimental, consolidated)

level of detail of the model (superficial, succinct, complete)

level of generalization of the model (generic or adapted - to a sector, industry, company, product or

approach that is appropriate, considering the possible elements and characteristics (model,

framework, flowchart, method, etc)

Predominant content and characteristics

the main elements and characteristics of the model

Distribution across the time period
30 28

25
20
15
10

9
6
- 2 m 1
1
1995-2000 2000-2005 2005-2010 2010-2015

Fig. 1. Distribution across the time period.

belongs to the areas: product design and innovation (14) and envi-
ronmental management, strategy and policy (13). It is also important
to highlight that about 38% of the studies regard the themes of
ecodesign, environmental policy and environmental strategy.

Among the databases that were used, Web of Science showed the
greatest number of studies with models of eco-innovation, which
represents 50% of them; Google Scholar appears afterwards,
responsible for 38% of the studies. Regarding the type of the pub-
lished document, it is possible to perceive that 60% of the publi-
cations are journal papers. Among the journal papers, 20% are from
the Journal of Cleaner Production. Reviewing the terminology used
for the proposed models, more than a half of the studies mention
their approaches as model (26). This evidence highlights the
generalizing character assigned to the term model, often used in
names of the approaches, even when the description refers to it as a
framework. This information is available on Fig. 3.

Regarding the methodological approach, the vast majority of
studies are qualitative (about 78%), 60% use the case study method,
with about 60% of single case study and 40% multiple case studies

(see Fig. 4).

Among the 28 studies that have practical applications (case and
survey), 50% had as unit of analysis a group of companies. Fig. 5
illustrates the studies distribution by the types of analysis unit.
These 28 models of eco-innovation have been applied/tested in
different sectors and segments of the economy. Many of the models
have been applied in manufacturing companies, but they were not
limited to a particular segment. This is because the method used in
such cases was the multiple case studies, involving a group of
manufacturing companies of different segments in a particular
region. Similarly, it was the delimitation of certain research not an
industry sector, but to the Small and Medium-sized Enterprises
(SMEs) segment, or companies focused on the Product-Service
System. Analysing in a macro way, it can be highlighted the elec-
tronics segment, with 4 applied studies of eco-innovation. Is
possible to check the other sectors studied on Fig. 5.

In addition, with respect to applied studies, about 55% have a
regional coverage, that is, they are applied in companies of a city or
cluster. The distribution is similar between studies with national
and international coverage. The country where there has been the
highest incidence of applied studies was Taiwan (4), followed by
the Netherlands (3). It is worth noting the large concentration of
applied studies in Europe (14). The territorial distribution is por-
trayed on Fig. 6.

4.2. Classification of eco-innovation models

After analysing the characteristics of each of the selected
studies, it was performed a second analysis on the proposed
models, related to their: characterization, presentation, level of
development, detail and generalization, content and predominant
characteristics. As for their characteristics, 60% of the models pre-
sent descriptive characteristics (see Fig. 7). This analysis is not
exhaustive, since the modeling process is flexible and depends on
the competence of the modeler. Thus, to categorize models as
strongly descriptive or normative is not simple, once normative
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Research Area

supply chain management and sustainability
(supply chain management, sustainable supply chain)

industrial ecology and ecological economics
(ecological economics, industrial ecology,
regional development)

business strategy and organizational management
(business strategy, knowledge management,
behavioural research, institutional theory)

innovation process, management and strategy
(process innovation, management innovation, innovation
strategy, lean manufacturing, technology innovation)

I w
v
(o)

(environmental policy, environmental management,
environmental strategy)

(eco-design, product innovation, green product
innovation, product design, product-service system)

o

5 10 15

Fig. 2. Distribution by research area.
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Fig. 3. Distribution by database, journals, document type and terminology.
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Fig. 4. Distribution by research method.

models are sometimes used for descriptive purposes; and other
descriptive models are modified to be applied as standards at an
appropriate organizational behaviour (Bell et al., 1988). Therefore,
the descriptive/normative characterization will strongly depend on
the individual understanding, and in this case, on the analyst
perspective. Therefore, this research used certain references of the
modeling field of knowledge to justify the classification choices (as
shown on topic 2.2). The models were classified into conceptual
(through a theoretical description) and illustrative (through a
structured visual representation, such as drawing and diagram).
Except for two models presented in a purely conceptual way, the
other ones are presented in both conceptual and illustrative
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Application Sector/Segment

metallurgic industry

Water/ Wastewater Technology
agricultural machinery industry
shipbuilding industry

chemical industry

furniture industry

dental sector

appliance industry

oil and biogas
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electro-electronic
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Fig. 5. Distribution by application sector/segment and analysis unit.

Research Application Country/Location

International cases - World
UK
Jordan
Japan
Finland
Colombia
China
Regional 15 Brazil

GEOGRAPHIC COVERAGE

Australia

National 7 EUA

. Spain
International 6
Italy

France
Canada

Netherlands

International cases - Europe

Taiwan

o
[N
IN)
w
IS
w

Fig. 6. Distribution by geographic coverage and research application country/location.

MODEL CARACTERIZATION MODEL PRESENTATION
Descriptive 27 Conceptual 2
Normative 18 Conerptualand 43

Illustrative

Fig. 7. Distribution by model characterization and presentation.

perspective.

Regarding the level of development, this research found that the
models are theoretical (no application) or experimental (applied
studies). It also examined whether the models are ’consolidated’,
that is, validated by a series of experimental research and wide
application in the field of knowledge or business environment. As
result of the analysis, about 60% of the models can be considered
experimental; and 37% theoretical. Only 2 models can be consid-
ered consolidated. In addition, about 80% of eco-innovation models
are generic; it means they do not belong to any specific system,
segment/industry or company. On the other hand, all adapted
models are experimental or consolidated, which demonstrates
methodological rigor.

Less than 10% of the models present a complete theoretical level
of detail. For this analysis, three categories were established: su-
perficial (low level of theoretical detail, that is, very little reasoning
on each of the elements and their relationships — usually inherent
to papers that have a severe page limitation), succinct (mid-level of
theoretical detail, in which the elements and relationships are
founded, but without much detail — usually inherent to papers that
have moderate page limitation) and complete (high level of theo-
retical detail, with all the elements and relationships well-founded
— usually inherent to theses and books). Thus, about 90% of the eco-
innovation models are considered succinct. Since most of the
models is paper publications (genre with limited number of pages),
it is natural that their level of detail is reduced. Therefore, the
theoretical foundation is limited, especially in cases with applied
studies, in which much of the study is focused on the analysis of
results. Thus, studies with complete level of detail are, mostly, of
extensive publications, such as theses and books. The only com-
plete model published as an article is a theoretical publication,
offers no application throughout it (see Fig. 8).

4.3. Descriptive analysis of eco-innovation models

The models of eco-innovation were analysed individually, ac-
cording to their elements and characteristics. After detailed anal-
ysis, it was possible to separate and classify the 45 models into
seven types of approach: diagram, framework, flowchart, process
model, systemic model, conceptual model and method. This clas-
sification facilitates the description of the analysis and under-
standing of the essence of each model. The description of the
approaches and the references to each of them can be viewed in
Table 6, and the distribution of the models by type of approach can
be viewed in Table 7.

About 25% of the models can be understood as diagrams, and
these schemes show: flows of information from the eco-innovation
process; flow of knowledge and resource between eco-innovation
groups; elements related to social aspects; the strategies of eco-
innovation in supply chains; the differences between incremental
and radical eco-innovations; the structural dimensions of eco-
innovation in biodiesel chain; and drivers of eco-innovation
(theme divided into 5 models). The diagram proposed by Del Rio
et al. (2011) illustrates this approach. It incorporates the impact
of firms’ internal factors and their interactions with external drivers
on the development of eco-innovations. It is shown that, while all
capabilities are relevant for the development of eco-innovations,
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Fig. 8. Distribution of studies by level of development, detail and generalization.
Table 6
Description and distribution by models approaches.
Approach Description References Models
Diagram scheme that shows the flow of elements, relationships, Wong (2004); Diezmann and English (2001) 11 models
information, knowledge, resources, determinants
Framework descriptive frame with actions, good practices, elements, Pree et al. (2001); Shehabuddeen et al. (2000) 9 models
steps, determinants
Flowchart flow of a specific process, of some stage (ideation, problem Schmenner (1999); Barnes (1977) 6 models
solving) or type of eco-innovation
Process Model macro model of eco-innovation process (illustrating steps Tidd and Bessant. (2008); Burgelman (1983) 6 models
for implementation, for the whole life cycle, or for a specific
phase)
Systemic Model model that illustrates the whole system (the internal, Johannessen (2009); Rothwell (1992) 6 models
external aspects and their relationships)
Conceptual Model conceptual model to investigate the relationship and Moody (2005); Hitchman (2004) 5 models
influence between elements of eco-innovation (for
hypothesis testing)
Method structured procedure for implementation or stage of eco- Tomhave (2005); Bunge (1974) 2 models

innovation and support tools

their relative relevance differs between different dimensions of
eco-innovation. The relevance of these factors regarding several
dimensions of eco-innovation is illustrated with case studies. The
model intended to assist organizations in building innovative
qualities and knowledge management practices.

About 20% present characteristics of a framework, by the
description of: actions for eco-innovation through five technolog-
ical levers; steps to sustainable manufacturing; steps to eco-
innovation; eco-innovation activities classified in design, innova-
tion and green technology; capabilities needed for sustainability
innovation; characteristics of different levels of eco-innovation; the
nine key elements for environmental innovation process; the ar-
chetypes of sustainable business model; and a model that describes
the procedure of a specific process of eco-innovation — through the
use of ARIZ (the central analytical tool of TRIZ — Theory of Inventive
Problem Solving) and biomimetic concept - for eco-product design.
The framework proposed by Bocken et al. (2014) presents a cate-
gorization of eight business model archetypes, classified into three
categories: technological, social and organizational. The

technological archetypes: 1) maximize material and energy effi-
ciency; 2) create value from waste; 3) substitute with renewables
and natural process. The social archetypes: 4) deliver functionality
rather than ownership; 5) adopt a stewardship role; 6) encourage
sufficiency. Finally, the organizational archetypes: 7) repurpose for
society/environment; and 8) develop scale-up solutions. The pur-
pose of the model is to link the theoretical concept of business
model innovation to the practical transformation mechanisms
emerging for delivering industrial sustainability.

In relation to ‘flowcharts’,’process models’ and ‘systemic
models’ approaches, they represent 18 models, 6 models each. In
other words, each approach is equivalent to about 13% of the total
models. The models of flowcharts showed: the process flow of the
early stages of eco-innovation (ideation process); the flow of eco-
innovative design process for problem solving; the flow of the
method of eco-innovative design by TRIZ; the eco-innovation
process flow of a PSS; a flowchart for eco-product design; and the
flow of a process of eco-innovation design. Chen and Huang (2011)
proposed a flowchart of the design process for PSS eco-innovation
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Table 7
Distribution by approach and research area.
Approach/Research Product design and Environmental Innovation process, Business strategy Industrial ecology Supply chain
area innovation management, management and and organizational and ecological management
strategy and policy strategy management economics and sustainability
Method Samet (2010);
Buttol et al. (2012)
Framework Demirel and Noci and Verganti Van Oppen and Chen and Chen Takhtay (2011)
Kesidou (2011); (1999); OECD Brugman (2011) (2014)
Bocken et al. (2014) (2009, p.13); OECD
(2009, p.15);
Arnold and
Hockerts (2011)
Diagram Foster and Green Verloop and Rennings (2000); Rashid et al. (2014);
(2000); Hautamaki Wissema (2004); Albers and Brewer Triguero et al.
(2010); Potts Santos et al. (2014) (2003); Van (2014)
(2010); Del Rio Bommel (2011)
et al. (2011)
Flowchart Chen and Huang Jones (2003); Chen and Chen

Conceptual Model

Process Model

Systemic Model

(2011); Chakroun
et al. (2014)

Eiadat et al. (2008);
Kaenzig and
Wiistenhagen
(2010)

Simpson (2011);
Aguado et al. (2013)

Herrmann et al.
(2007); METI
(2007)

Chang and Chen
(2004)
Dupuy (1999)

Hallenga-Brink and
Brezet (2005);
Blaise (2014)

Van Hoof and
Herrera (2007);
Kanerva et al.

Li (2014); Chen
et al. (2014)

Dangelico and
Pujari (2010);

Cluzel (2012)

(2007); Yang and
Chen (2012)

Comas (2012)

Peralta et al. (2012)

(2009)

divided into three stages process. The first and the major process
focuses on function analysis and substance-field analysis for PSS
eco-innovation. The second part is the process of searching the
most similar PSS cases, in which the designer can find suitable
service types for his problem and process into the next step. The
third part is to find eco-innovation ideas through the analysis of
eco-efficiency versus service effectiveness, by comparing similar
cases. This flowchart supports designers in developing PSS by using
functional analysis and the TRIZ substance-field model.

The models characterized as 'process models’ present the pro-
cess of eco-innovation in a macro form. Even when is oriented to a
specific stage, there is no much concern about the flow, but about
the steps. Among the six models, there exists: process of eco-
innovation to PSS; sustainable innovation implementation pro-
cess of oral health promotion interventions; process focused on the
ideation stage of eco-innovation; process of a naval sector through
six work packages; a process for the improvement of a lean pro-
duction system through environmental innovation; 6-steps process
for eco-innovation. The process model proposed by Simpson (2011)
is based on the stages of innovation implementation and the factors
affecting sustainability for interventions of oral health promotion.
The main stages are: training, adoption, implementation and
practice improvement. The model is a designation of key factors
that sequentially influence sustainability of an innovation. More
specifically, it highlights readiness of organizations and the infra-
structure their services to embrace a specific intervention.
Furthermore, the model denotes that the sustainability of in-
novations over time will be dictated in large part by resource al-
locations and organizational climate factors.

The systemic models, in turn, characterized by comprehensively
illustrate a particular system of eco-innovation, are presented as:
systemic model of the Colombian productive sector with environ-
mental variables; systemic model of the life cycle of the innovation
process with environmental aspects; systemic model of eco-
innovation in Japanese industry; systemic model of eco-
innovation processes (bioethanol); systemic model of the

dimensions of green product innovation; systemic model for the
industrial sector, based on eco-design techniques. Peralta et al.
(2012) proposed a systemic model (MGE2) based on environ-
mental management standards for designing and developing
products and manufacturing systems with an approach from the
Cradle to Cradle (C2C), which links the dimensions of sustainability.
This model illustrates the environment, tools and techniques for
eco-innovation, and functions as a framework for designing bio-
inspired products and industrial systems. It consists of the basic
techniques of ecodesign, which are oriented to eco-effectiveness
and are support with biomimetic design strategies within the
areas of eco-industry and industrial ecology. Therefore, MGE2 is
compatible with any industrial sector and adaptable to the objec-
tives and strategies proposed in projects.

Other 5 models were characterized as 'conceptual models’, since
their purpose was to analyze the hypotheses in the context of eco-
innovation. Thus, the models at issue analysed: the relationship
between environmental policies and the process of eco-innovation;
the argument that environmental innovation strategy influences
business performance; the relationship among institutional pres-
sure, eco-innovative practices and commitment of resources and
performance; the determinants of radical and incremental inno-
vation performance; and the influence of the information of life
cycle cost (LCC) in the eco-innovation investment decisions. Li
(2014) proposed a conceptual model for the relationships among
institutional pressures, eco-innovation practices, resource
commitment and performance. It investigates the antecedents and
outcomes of eco-innovation practices through a large-scale study,
and provides a more comprehensive understanding on the conse-
quences of such eco-innovative practices.

Finally, between the two models that present method features,
that is, structured procedure to eco-innovation, the first is a five-
step method for analysing problems and searching for innovative
solutions, while the second is a method to support SMEs on eco-
innovation products. The innovative method (Ecosmes.net) pro-
posed by Buttol et al. (2012) provides a comprehensive and
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integrated offer of information, training and tools for supporting
SMEs through all of the phases of the process (awareness and
training; analysis; product (re)design; communication/certifica-
tion) and a user-friendly system of services to lower the main
existing barriers to product eco-innovation. Almost all the enter-
prises involved in a structured use of Ecosmes.net have given
positive feedback and shown interest in using the platform and its
tools beyond the end of the project.

The following table (Table 7) presents the eco-innovation
models distributed by type of approach and the six major
research areas that fit each model.

5. Findings and discussion

After classifying the selected studies and their proposed models,
the results were analysed together in order to answer the research
questions. Then some gaps and opportunities for future research
could be proposed.

5.1. Answers to the research questions

5.1.1. Which research fields or disciplines are publishing eco-
innovation models?

Six major research areas could be highlighted: (1) product
design and innovation; (2) environmental management, strategy
and policy; (3) innovation process, management and strategy; (4)
business strategy and organizational management; (5) supply chain
management and sustainability; (6) industrial ecology and
ecological economics. The main research themes were ecodesign,
environmental policy and environmental strategy. On the one
hand, it is clear that eco-innovations are still strongly linked to
product and therefore to design for sustainability. On the other,
there is an urge for models that consider the strategic issues, what
leads to the assumption that the external aspects are determinant
to eco-innovation. This second aspect is essential to the search field,
in view of the challenge of developing tools with broad strategic
vision of eco-innovation, which integrates the environmental
dimension throughout the whole process in order to maximize the
innovation potential (Jonbrink et al., 2013; Alblas et al., 2014; Blaise,
2014; Xavier et al., 2015). In addition, it is possible to note the
increasing number of publications on the theme, highlighting the
year 2014, during which the highest number of works were pub-
lished. This result indicates a strong trend in this area of research
and evidences that there we will probably have an increase in the
number of studies on eco-innovation and on the new proposed
models.

This study’s analytical framework, presented in Appendix A, was
developed in order to explore the diversity of eco-innovations
models and to present suggestions according to some of the
several classification criteria (research area, model approach,
model characterization, application sectors and generalization
level). The complete analytical framework, with all the classifica-
tion criteria presented in the above topics, can be requested by e-
mail to the authors. Therefore, some considerations could be made
for each of the six major research areas of eco-innovation models:

Product design and innovation (14 models): Great emphasis on
eco-design theme; the models were presented in various types of
approaches, with the exception of method; most of the models are
experimental and qualitative, especially when it comes to the case
study method; despite being applied studies, only two models are
adapted to a system (systemic model of eco-innovation in the
Japanese industry) and to a segment (sustainable innovation
implementation process of oral health promotion interventions);
most have descriptive and succinct level of detail; just one model
focused on the social aspect (diagram of the different forms of

capital, and having the well-being and sustainability as core
values), and one model that incorporates service (flowchart of the
design process of an eco-innovative product-service system).

Environmental management, strategy and policy (13 models):
emphasis should be given to the theme of environmental policy; no
approach stands over the other, and there was no method among
the models. Most of the models are experimental and almost all are
qualitative, especially the case study and theoretical-conceptual
models. However, only two models are adapted to a system
(model of the Colombian productive sector with environmental
variables and model of eco-innovation bioethanol process) and
business (framework of the key elements to the process of eco-
innovation in an electronics company). Most have descriptive
characteristics and are succinct. No model with international
application. No model focusing on any social aspect.

Innovation process, management and strategy (8 models): dia-
grams, systemic models, conceptual models and framework ap-
proaches. No methods, flowcharts or process models. Emphasis on
experimental and qualitative models, with a predominance of
theoretical and conceptual models. Therefore, there were no suit-
able models. Most had descriptive character. Only two systemic
models for innovation management and sustainability, focused on
product eco-design. Two models that addressed structural factors
of the company (knowledge flow diagram and resource for eco-
innovation and framework capabilities needed for eco-
innovation), and only a model that includes the strategic perspec-
tive of innovation (diagram of sustainable strategies in supply
chain).

Business strategy and organizational management (5 models):
diagrams, process model and method approaches. Only one theo-
retical model. This is the only area that presented models already
consolidated. Most of the application was through case study, but
only one model is adapted to a company. Although one of the
models can be considered with complete level of detail, most are
succinct. Absence of systemic model and framework that addresses
all managerial process of eco-innovation, including external and
internal aspects of the organization and their interactions.

Industrial ecology and ecological economics (3 models): among
the three models, two were presented in experimental flowcharts
with a qualitative approach, through case study and normative
characteristics. One qualitative and quantitative framework with
modeling method and descriptive characteristics. All models have
focused on the use of problem-solving method (two flowcharts for
eco-product design by TRIZ and one descriptive model of eco-
innovation procedure by ARIZ), and they are of regional applica-
tion, generic and succinct. No model with systemic approach or
method, or that addresses the pillars of sustainability.

Supply chain Management and sustainability (2 models): one of
the models is a descriptive framework of a value chain in a region of
Finland, and the other a policy development process model, specific
to the naval industry. Both models are experimental with applica-
tion through case study. Furthermore, these models are adapted to
a system and to a sector with succinct details. There are no systemic
models of the value chain area, nor diagrams and flowcharts for
process steps, or even conceptual models for hypothesis testing.

5.1.2. Which approaches and research methods have been used to
develop eco-innovation models?

Most studies have qualitative approach, being more than half
with case study method and regional coverage. Regarding the
location of the studies application, it is possible to highlight Taiwan
and the Netherlands. Furthermore, there was a high concentration
of applied studies in Europe. This aspect can be compared to the
fact that Europe is the continent with the highest environmental
performance (measured by the Environmental Performance Index -
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EPI, 2014), being a good setting for applied studies. The most
commonly used term for approaches was 'model’, what highlights
the general character of the terminology. However, it is possible to
note the confusion between the terminology used, evidencing the
need for research to clarify the purposes and limits of each term.

5.1.3. What is the development and detailing level of the published
eco-innovation models?

The two main databases that provided the highest number of
eco-innovation models were the Web of Science and Google Scholar.
The main form of publication of the models is through scientific
journals, with great emphasis on the Journal of Cleaner Production.
This aspect may be related to the fact that most of the models have
succinct level of detail, in view of the limited number of pages of
the papers. Therefore, dissertations and theses in this field of
research, and greater access to theses’ database, are necessary to
have more detailed models.

The majority of models indicated descriptive characteristics, as
opposed to normative, and had their presentation was conceptual
and illustrative (through a visual representation). More than a half
are experimental models and only two models can be considered
consolidated, what highlights the need for greater application of
eco-innovation models to check their strength and subsequent
validation in new research. Thus, the use of quantitative methods,
such as survey, will allow a higher level of development and an
expansion of geographical coverage, increasing the field of analysis
models.

However, although more than half of the models are experi-
mental, most of them have high level of generalization, with few
adapted models. That is, few models are specific to some system,
segment/industry or company. According to Tyl et al. (2015),
practical cases based on eco-innovation tools are poorly docu-
mented. Bujis (2003) states that depending on the objectives and
goals of the company, it is necessary to choose a specific model, a
specific version of the model or a specific level of detail. Thus, while
generic models are essential for the field of knowledge and wider
scope of application, the content and form of the models should
also be defined by the characteristics of each company and sector
(Pavitt, 1998; Tidd and Bessant, 2008; Restrepo et al., 2005;
Longanezi et al., 2008). This is because firms differ in technology,
market and specific as strategy, structure and management.
Therefore, it is important that adapted models are developed,
tested and validated.

5.1.4. Which sectors or market segments have been studied and
used as application unit of eco-innovation model?

Most models were applied in manufacturing companies, but a
lot of research covered a group of different companies of different
segments in a particular region. Among the segments that had the
highest number of applied studies, we highlight the electronics
segment, the SMEs segment and PSS companies, the oil and biofuel
industry segment and the home appliance products segment.

5.1.5. What is the difference in content and predominant
characteristics of these eco-innovation models?

After detailed analysis, it was possible to separate and classify
the models in seven types of approach. Most of the eco-innovation
models could be characterized as diagrams, showing the flow of
information between elements. Another widely used approach was
the framework, with tables describing eco-innovation. Other ap-
proaches that characterized the models were: flowcharts; process
model; systemic model; conceptual model and method. Through
the analysis of the diagram models, we realize the interaction and
differentiation of the aspects, dimensions and drivers of eco-
innovation, and this allows us to expand knowledge on themes

and specific segments. According to the research of Rennings
(2000), which proposed a diagram of the determinants of eco-
innovation, the consideration of the peculiarities may help to
overcome market failure by establishing a specific eco-innovation
policy, and to avoid a ‘technology bias’ through a broader under-
standing of innovation.

The flowchart models take into consideration environmental
aspects, prioritizing and solving engineering problems. These ap-
proaches can assist designers and engineers to construct eco-
innovative products and provide a synergy between the ecode-
sign tools and the inventive principles, as proposed by the PSS eco-
innovative design methodology (Chen and Huang, 2011). Finally,
these approaches enable a clear understanding of the eco-
innovation process, which facilitates the identification of ele-
ments that could be improved and allows for the generation of new
ideas.

The frameworks present an overview of eco-innovation and its
characteristics, in terms of typology, mechanism, impact, capabil-
ities, activities and other key elements. These frameworks can be
used as an organizational analysis model, a design model or a
practical guide to support eco-innovation. Therefore, through the
combination of a wider range of innovation mechanisms, it is
possible to yield higher environmental improvements in the me-
dium to long term (Van Oppen and Brugman, 2011; OECD, 2009).

The method approach, in turn, provides a comprehensive and
integrated offer of information, through the structured approach
and easy understanding and utilization. The formalization of the
problem can be guided by recommendations related to each action.
Thus, it is possible to solve a problem quickly, through a full-
oriented analysis. This type of approach allows for the integration
of information, training and tools for supporting organizations
throughout all the phases of the eco-innovation process (Samet,
2010; Buttol et al., 2012).

The process model presents the stages of eco-innovation pro-
cess and outlines the flow of work packages or factors affecting
sustainability. Through the systematization of various factors of
eco-innovation, as strategy, ecodesign, environment, among others,
it is possible to understand the flow of the steps and the in-
teractions of the process, even if it is a specific stage of eco-
innovation. The process models can provide new vision of prod-
uct life cycle, package processes linked to specific tools and a focus
on processes and products improvement. Moreover, it can serve as
a basis for the development of new tools and methods of eco-
innovation (Comas, 2012; Blaise, 2014).

The systemic models advance our understanding on innova-
tiveness of green products and life cycle analysis. The approach
allows for the classification and description of failures and serves as
the framework for environmental driven innovations. A complete
system model can encompass environmental management stan-
dards and illustrate the environment, tools and techniques for eco-
innovation, as the MGE2 model (Peralta et al., 2012) proposes.
Therefore, eco-innovation can be seen as an overarching concept,
which provides direction and vision for pursuing the overall soci-
etal changes needed to achieve sustainable development, sup-
porting process of environmental policies (METI, 2007; Dangelico
and Pujari, 2010).

Finally, the conceptual models can represent a key argument or
a relationship between elements, such as environmental policies
and eco-innovation process (Eiadat et al., 2008; Dupuy, 1999).
Through this approach, it is possible to test hypotheses and
investigate cause-and-effect relationships between different the-
ories and factors. It provides a more comprehensive understanding
of the antecedents and the consequences of environmental inno-
vation practices and illustrates ways in which an eco-innovation
strategy is influenced by environmental pressures (Li, 2014;
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Eiadat et al., 2008).

The results show a trend in models dedicated to the process of
eco-innovative product design, diagrams illustrating the flow of the
determinants of eco-innovation, and models focused on problem
solving approach. Thus, it is evident the strong focus on techno-
logical innovations towards sustainability, and the models tend to
outline their design and deterministic flows. Moreover, there is a
trend in the use of methodologies for the early stages (ideation), as
TRIZ. However, there are few models that face the social aspects of
sustainability or the organizational management system with
exclusive focus on service.

5.2. Gaps and opportunities for future research

Regarding the research area, content and predominant character-
istics: The results show a trend in the modeling of eco-innovative
design process, in diagrams of the determinants of eco-
innovation and in models focusing on problem-solving approach.
However, the organizational models that conduct eco-innovation to
the strategic level of the company were not given a central place.
Although eco-innovation occurs not only in products and processes,
but also in organizational models and systems (Porter and Van Der
Linde, 1995; Belin et al., 2009), there is a lack of models related to
structural factors of the company (specific skills, environmental
capacity, culture, leadership). Two models can be highlighted as
examples: the “Ecosmes” method (Buttol et al., 2012) provides a
comprehensive and integrated offering of information, training and
tools for supporting SMEs through all of the phases of the eco-
innovation process; and the “Green flagging” framework (Arnold
and Hockerts, 2011) describes a new corporate sustainability
innovation strategy with nine key elements in the innovation
process. Besides, neither models focused on the social aspects of
sustainability, education, inclusion and community appreciation, as
well as models specifically focused on service, have ample promi-
nence. The diagram “IRW-formula” (Hautamaki, 2010) illustrates a
model of eco-innovation proposal based on the reproduction of
capital and on improvement of the well-being. Although research
has raised some models that deal with incremental and radical eco-
innovations, it is possible to see a gap for approaches that have a
broad strategic focus, unlike the models that only aim at the
characterization and differentiation of these types of innovation.
The framework proposed by Van Oppen and Brugman (2011) is an
organizational design model for eco-innovation that can be used as
an organizational analysis model. In this sense, there can be high-
lighted opportunities for models that reflect the sustainable-
innovation potential of the organization. Therefore, the dealings
will be in strategic, structural and management factors, in order to
develop radical and disruptive eco-innovations.

Regarding the level of generalization: It is worth mentioning the
large number of generic models, despite their different approaches.
This feature shows great coverage of knowledge of the field,
providing vast departure platforms for various types of applications
and the development of new methods and tools to support plan-
ning, implementation or evaluation of eco-innovation. Further-
more, the present research found few models adapted to either
segments, systems or brands. This way, there were few systemic
and value chain models that encompass all elements and relations
between internal and external context of eco-innovation. The
MGE2 - Genomic Model of Eco-innovation and Eco-design (Peralta
et al., 2012) is an example of a systemic model based on environ-
mental management standards, and it comprehensively illustrates
the environment, tools and techniques for eco-innovation.

Regarding the modeling type: The analysis highlights the pre-
dominance of interactive models (through diagrams and conceptual
models, mainly) with a strong focus on the relational dynamics of

the eco-innovation elements. Furthermore, the review highlighted
several frameworks describing in details the best practices for
sustainable innovation. On the other hand, there is a gap of models
that present method features. It highlights opportunities for the
development of new structured procedures for the implementation
of eco-innovation and new support tools. A suitable example of a
complete method to support eco-innovation is “Ecosmes.net”
(Buttol et al., 2012), which provides a comprehensive and integrated
offer of information, training and tools for supporting SMEs through
all of the phases of the eco-innovation process.

Regarding the level of detail: Another gap regards the models
with in-depth level of detail. The majority of the analysed models
has succinct level, with no conclusive grounds. This way, it high-
lights opportunities for doctoral and master’s research. In Cluzel’s
thesis (2012) it is possible to see the high level of detail of the
model, focused on ideation stage of eco-innovation process at Als-
tom company. It is noteworthy that, in the event of final publication
in an article, it is important to refer to the original research thesis in
order to allow the reader to research it if it deems appropriate.

Regarding the characterization of the models: A significant gap
stands regarding the normative characterization of the models. This
characterization is reflected into guidance to organizational
behaviour. The process model proposed by Aguado et al. (2013)
illustrates this normative character, guiding efficient and sustain-
able improvements in the lean production system through envi-
ronmental innovation processes. Therefore, despite the descriptive
models are essential for illustration of a reality or scenario, it is
through the normative models that improvements emerge and an
ideal performance standard is possible to be applied.

Regarding the development level: One opportunity verified is the
application of the non-experimental models, first as a way to
evaluate the theoretical proposition and then for a methodological
verification and validation of the model. The generic method
Ecosmes.net (Buttol et al., 2012), tested on European SMEs, and the
process model proposed by Cluzel (2012), adapted to Alstom,
illustrate two approaches that have been consolidated through
experimentation. Thus, it is possible to note opportunities for new
models to be tested and adapted to segments not yet studied, such
as: information technology; biotechnology; mechatronics; food;
pharmaceutical; automotive; construction; military; naval.

6. Conclusions

The aim of this study was to present gaps and opportunities for
the advancement of the field, outlining promising directions
regarding potential research areas, contents and predominant
characteristics for new eco-innovation models. Thus, it is intended
to answer the main research question: which research gaps currently
exist and what research directions may be promising in the field of eco-
innovation models?

To answer the research question, the models were analysed
with respect to their research areas, predominant characteristics,
research methods, level of detail and development, application
sectors, among other factors. Consequently, it is possible to high-
light as gaps and promising opportunities for future research in the
field of eco-innovation models:

- a gap of models that present characteristics of method, through
structured procedure for implementation of eco-innovation or
for a stage of eco-innovation as well as its supporting tools;

- a lack of models related to structural factors of the company
(specific skills, environmental capacity, culture, leadership), of
models related to social aspects of sustainability, of models
focusing on service, and also of models that reflect the high
sustainable-innovation potential of the organization;
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- there are few adapted models to segments, systems or com-
panies. Thus, there are opportunities for systemic models and
value chain, which encompass all elements and relations be-
tween internal and external context of eco-innovation;

a significant gap in the normative characterization of the model.
It is through the normative models that applications and stan-
dard of a ideal performance for future research opportunities are
developed;

few are the models with in-depth level of detail, what increases
the possibility for new dissertations, theses and books;
application opportunity of the non-experimental models in
segments not yet studied, such as: information technology,
biotechnology, mechatronics, food, pharmaceutical, automotive,
construction, military, naval;

despite some research focus on PSS companies, no model of eco-
innovation was proposed specifically to a service industry.
Similarly, some studies have had their studies applied to SMEs,
but no model direct at small TBCs (technology-based com-
panies). Therefore, this field of knowledge is still ample for new
researchers.

Among the challenges for the development of this research, it is
worth highlighting the lack of consensus regarding terminology
and vocabulary in the field of knowledge of eco-innovation, the
impossibility to analyze the number of citation of the models (due
to the lack of data for certain types of publication), and the fact that
some studies may not have been identified in the search process. In
addition, this research does not exhaust all the methodological
possibilities, classification and analysis. Other methods may be
used for exploratory analysis of the literature, as well as new
criteria for classification and investigate its results.

Innovation process, management and strategy

Nevertheless, the objectives were achieved, enabling promising
directions for further research in the area and helping to consoli-
date knowledge in eco-innovation. Finally, there are considered
contributions of this research: the mapping and classification of
studies that develop models of eco-innovation, the promotion of
opportunities for researchers develop new research on the subject,
and the identification numerous gaps in the development of new
models of eco-innovation.
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Appendix A

An analytical framework was developed to explore the diversity
of eco-innovation models and to present suggestions according to
the various classification criteria presented in topic 4. One sum-
marized framework is presented below for each of the six major
research areas: innovation process, management and strategy;
product design and innovation; environmental management,
strategy and policy; business strategy and organizational man-
agement; supply chain management and sustainability; industrial
ecology and ecological economics. These frameworks include the
sub-areas of research, the model approach, the model character-
ization, the application sectors, and the level of generalization of
the eco-innovation models, as well as the gaps and research op-
portunities. The complete analytical framework, with all classifi-
cation criteria, can be requested by e-mail to the authors.

Reference Name Brief Description

Research Area

Model
Approach

Model Application Generalization
Characterization  Area Level

Determinants of eco-
innovation

Rennings (2000) a conceptual
framework that
considers three
peculiarities of eco-
innovation: technology
push; regulatory push;
market pull
a model to assist
organizations in
building innovative
qualities and
knowledge
management practices
a conceptual
framework that
presents three key
environmental
dimensions of green
product innovation
identified in the life
cycle phases of
products
Sustainable Innovation a framework for
Model conducting business to
the maximum level of
eco-innovation
A conceptual a conceptual
framework for framework that
analyzing sustainability analyzes and
strategies in industrial ~understands the
supply networks from implementation
an innovation process of sustainability
perspective in industrial supply
networks

Albers and Brewer (2003) Eco-innovation Model

Dangelico and Pujari (2010) A conceptual
framework for green

product innovation

Van Oppen and Brugman
(2011)

Van Bommel (2011)

innovation
management

innovation
strategy

innovation
strategy

innovation
process

diagram descriptive NA generic

diagram descriptive NA generic

systemic
model

descriptive SMEs
manufacturing
companies
in Italy
and Canada

generic

framework normative NA generic

diagram descriptive NA generic

manufacturing

(continued on next page)
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(continued )
Reference Name Brief Description Research Area  Model Model Application Generalization
Approach Characterization  Area Level
Peralta et al. (2012) MGE2-Genomic Model a model based on technology systemic normative furniture generic
of Eco-innovation and  environmental innovation model manufacturers
Eco- design management standards products
and that illustrates the (office chair
environment, tools and design)
techniques for eco-
innovation
Chen and Chen (2014) Conceptual model for  a conceptual model for innovation conceptual  descriptive manufacturers  generic
environmental the relationships management model in Pearl River
innovation practices among institutional Delta
and performance pressures,
environmental
innovation practices,
resource commitment
and performance
Chen et al. (2014) The Determinants of a research framework  innovation conceptual  descriptive Taiwan’s generic
Green Radical and about Green Shared management model electronics
Incremental Innovation Vision, Green industry

Performance

Gaps and opportunities for future research

There are diagrams, systemic models, conceptual models and framework approaches. No methods, flowcharts or process models. Emphasis on experimental and
qualitative models, with a predominance of theoretical and conceptual models. Therefore, there were no suitable models. Most had descriptive character.
Only two systemic models for innovation management and sustainability, focused on product eco-design. Two models that addressed structural factors of the
company and only a model that includes the strategic

Absorptive Capacity
and Green
Organizational
Ambidexterity

Product design and innovation

Reference

Name

Brief Description

Research Area

Model
Approach

Model
Characterization

Application
Area

Generalization
Level

Foster and Green (2000)

Herrmann et al. (2007)

METI (2007)

Eiadat et al. (2008)

Hautamaki (2010)

Potts (2010)

‘Network’ links and
information flows for
greening the
innovation process

Life Cycle Innovation
model

The scope of Japan's

eco-innovation concept

Conceptual model of
environmental
innovation strategy

IRW-formula

The natural advantage
model

flows of signals relating
to product and
environmental
performance for an
idealized business

a descriptive
framework that is
explicitly applicable for
environmental driven
innovations

a integrated application
of sustainable
manufacturing that
focuses less on
products’ functions and
more on the
environment and
people

a theoretical model that
represents the key
argument that
environmental
innovation strategy
influences firms’
business performance
a model of eco-
innovation based on
the reproduction of
capital and
improvement the well-
being

the model identifies
drivers, transformative
measures and
outcomes as phases
through which a region
will move to build
natural advantage

product design

product

innovation

green product
innovation

product design

green product
innovation

product/service
systems

product design

diagram

systemic
model

systemic
model

conceptual
model

diagram

diagram

framework

descriptive

descriptive

descriptive

descriptive

descriptive

normative

descriptive

UK
manufacturing
companies

NA

Japonese

productive
sector

chemical
industry in
Jordan

NA

manufacturers
in New South
Wales

NA

generic

generic

adapted
(system)

generic

generic

generic

generic



A.E. Xavier et al. / Journal of Cleaner Production 149 (2017) 1278—1302 1297
(continued )
Reference Name Brief Description Research Area Model Model Application Generalization
Approach Characterization ~ Area Level
Demirel and Kesidou General model of eco- a model of the
(2011) innovation characteristics specific
to each type of eco-
innovation, in line with
the OECD framework
(2009)
Chen and Huang (2011) Flowchart of the PSS a PSS eco-innovative eco-design flowchart normative European PSS generic
eco-innovation process design methodology, companies
with a flowchart of the
design process for PSS
eco-innovation divided
into three-stage
process
Simpson (2011) A Framework for a model related to the eco-design process normative US addiction adapted
Implementing stages of innovation model treatment (segment)
Sustainable Oral Health implementation and programs
Promotion factors that affect
Interventions sustainability
Del Rio et al. (2011) Integrated framework a framework that eco-design diagram descriptive eco- innovative generic
of the impact of shows the interactions products and
external and internal between internal and services
drivers on eco- external factors of eco-
innovations innovation
Aguado et al. (2013) Model of efficient and  a model for eco-design process normative metallurgical generic
sustainable improvement in a lean model products
improvements in a lean production system (forming tube)
production system through environmental
innovation processes
Bocken et al. (2014) Sustainable business a categorization model eco-design framework normative NA generic
model archetypes of eight sustainable
business model
archetypes
Chakroun et al. (2014) Flowchart of eco- an eco-innovative eco-design flowchart normative centrifugal generic
innovative design design process that spreader
process takes into product
consideration quality
and environmental
aspects when
prioritizing and solving
technical engineering
problems
Kaenzig and Wiistenhagen  Conceptual Model: LCC a conceptual model of eco-design conceptual  descriptive NA generic
(2010) of Eco-Innovations and the influence of life model
Cost Cognition cycle cost (LCC)
information on
consumer investment
decisions regarding
eco-innovation
Gaps and opportunities for future research
Great emphasis on eco-design theme; the models were presented in various types of approaches, with the exception of method; most of the models are
experimental and qualitative, especially when it comes to the case study method; despite being applied studies, only two models are adapted to a system and
to a segment; most have descriptive and succinct level of detail; just one model focused on the social aspect, and one model that incorporates service.
Environmental management, strategy and policy
Reference Name Brief Description Research Area Model Model Application Generalization
Approach Characterization ~ Area Level
Dupuy (1999) Environmental- a framework that environmental  conceptual  descriptive water and generic
innovation model shows the relationship policy model wastewater
between Technology
environmental policies Sub-Sector
and eco-innovation
process
Noci and Verganti (1999) Framework with the a framework that environmental framework  normative SMEs in generic
actions necessary to illustrates the management Lombardy
implementation of implementation of (Italy)

green innovation
strategies

green innovation
strategies through
actions on the levers of
the technology strategy

(continued on next page)
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Reference Name Brief Description Research Area Model Model Application Generalization
Approach Characterization ~ Area Level
Jones (2003) Recommended process a model of eco- environmental  flowchart normative NA generic
for eco-innovation innovation process policy
focused on the early
stages of idea
generation and tools
Chang and Chen (2004) Flowchart of eco- it presents an effort in environmental  flowchart normative NA generic
innovative design developing eco- policy
process innovative design
process and multi-
contradiction problem
solving approach
Verloop and Wissema The value-driven model a model that reflects environmental  diagram descriptive (Shell) Oil generic
(2004) for sustainable the required interaction policy Company
innovation among its three drivers:
business, society and
technology
Hallenga-Brink and Brezet ~ The sustainable a process model of environmental  process descriptive micro-sized generic
(2005) innovation design sustainable innovation policy model enterprises in
diamond model in product-service the tourism
combination industry
development (based on
Roozenburg and Eekels,
1991)
Van Hoof and Herrera Environmental it presents the sustainable systemic descriptive Colombian adapted
(2007) Developments effects  developments related innovation model productive (system)
over the Colombian to the integration of the policy sector
productive sector (2007 environmental variable
—2010) in the center of
Colombia’s
competitiveness
Kanerva et al. (2009) Qualitative model for  a qualitative model that environmental  systemic normative NA generic
environmental presents the eco- policy model
innovation innovation chain
OECD (2009, p.13) Conceptual an illustration of the environmental  framework  descriptive NA generic
relationships between general conceptual strategy
sustainable relations between
manufacturing and eco- sustainable
innovation manufacturing and eco-
innovation
OECD (2009, p.15) A proposed framework an overview of eco- environmental  framework  descriptive NA generic
of eco- innovation innovation and its management
typology (in terms of
target), mechanism and
impact
Arnold and Hockerts Green flagging in the it describes the concept environmental framework  descriptive electronic adapted
(2011) innovation process ‘green flagging’ as a strategy company (company)
new corporate (Philips)
ssustainability
innovation strategy
with nine keyelements
in the innovation
process
Blaise (2014) Eco-innovation process a model of 6 stages of environmental  process descriptive NA generic
the eco-innovation strategy model
process
Santos et al. (2014) Sustainable a conceptual model environmental  diagram descriptive Brazilian adapted
competitiveness of the based on five structural strategy biodiesel (system)
Brazilian biodiesel dimensions that supply chain

chain

Gaps and opportunities for future research

Emphasis should be given to the theme of environmental policy; no approach stands over the other, and there was no method among the models. Most of the
models are experimental and almost all are qualitative, especially the case study and theoretical-conceptual models. However, only two models are adapted to a
system and business. Most have descriptive characteristics and are succinct. No model with international application. No model focusing on any social aspect.

influences the Brazilian
biodiesel supply chain

Business strategy and organizational management

Reference Name Brief Description Research Model Model Application Generalization
Area Approach Characterization Area Level
Samet (2010) Eco-MAL'IN - Méthodes a method of 5 steps to  behavioral method normative appliance generic
d’Aide a L'Innovation problem analysis and research products

searching of eco-
innovative solution
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(continued )
Reference Name Brief Description Research Model Model Application Generalization
Area Approach Characterization Area Level
Buttol et al. (2012) Ecosmes.net an innovative approach business method normative European generic
to support product eco- strategy SMEs
innovation in SMEs
Cluzel (2012) Time line of the eco- a model focused on the business process normative electrical adapted
innovation process at ideation stage of eco- strategy model networks (company)
Alstorn Grid PEM innovation process
Rashid et al. (2014) Conceptual diagram of a conceptual diagram institutional diagram descriptive NA generic
eco-innovation that differentiates theory
towards sustainability  radical and incremental
development eco-innovations
Triguero et al. (2014) Framework of eco- a framework that knowledge diagram descriptive European generic
innovations adoption distinguishes external ~management SMEs
and internal (firm-
level) factors that may
influence eco-
innovators’ strategies
Gaps and opportunities for future research
There are diagrams, process model and method approaches. Only one theoretical model. This is the only area that presented models already consolidated.
Most of the application was through case study, but only one model is adapted to a company. Although one of the models can be considered with complete
level of detail, most are succinct. Absence of systemic model and frame work that addresses all managerial process of eco-innovation, including external and
internal aspects of the organization and their interactions.
Supply chain management and sustainability
Reference Name Brief Description Research Area Model Model Application Area Generalization
Approach Characterization Level
Takhtay (2011) SAMPO model of a model developed by  supply chain and framework descriptive Paijat-Hame region, adapted
eco- innovation Lahti School of sustainability Finland (system)
Innovation (2011),
based on innovation
activities, design, and
clean technology of
Paijat-Hame region
Comas (2012) Eco-REFITEC a model that outlines supply chain and process normative shipbuilding industry adapted
Methodology the flow of 6 work sustainability model (sector)
packages of the naval
sector
Gaps and opportunities for future research
One of the models is a descriptive framework of a value chain in a region of Finland, and the other a policy development process model, specific to the
naval industry. Both models are experimental with application through case study. Furthermore, these models are adapted to a system and to a sector
with succinct details. There are no systemic models of the value chain area, nor diagrams and flowcharts for process steps, or even conceptual models for
hypothesis testing.
Industrial ecology and ecological economics
Reference Name Brief Description Research Area  Model Model Application Generalization
Approach Characterization ~ Area Level
Chen and Chen (2007) Flowcharts of eco- an eco-innovative regional flowchart normative appliance generic
innovation method by  design methodology development products
TRIZ contradiction based on the use of TRIZ
matrix method to innovate the
new concepts of smart
active fasteners for
active disassembly at
the end-of-life stage of
products
Yang and Chen (2012) The flowchart for a design flowchart that ecological flowchart normative new mobile generic
designing a new eco-  describes the main economics phone displays
product approaches for
designing a new eco-
product with the TRIZ,
LCA and CBR methods
Chen and Chen (2014)  The procedures of eco it presents an industrial framework  descriptive NA generic
innovation by integration of ecology

integrating ARIZ and
biomimetics concepts

Gaps and opportunities for future research
Among the three models, two were presented in experimental flowcharts with a qualitative approach, through case study and normative characteristics.
One qualitative and quantitative framework with modeling method and descriptive characteristics. All models have focused on the use of problem-solving
method and they are of regional application, generic and succinct. No model with systemic approach or method, or that addresses the pillars of sustainability.

biomimetic concept
and ARIZ eco-
innovation process for
eco-product design




1300 A.E Xavier et al. / Journal of Cleaner Production 149 (2017) 1278—1302

References

Abbagnano, N., 1970. Dicionario de Filosofia [Dictionary of Philosophy. Translated
and revised by Alfredo Bosi]. Mestre Jou, Sao Paulo.

Aguado, S., Alvarez, R., Domingo, R., 2013. Model of efficient and sustainable im-
provements in a lean production system through processes of environmental.
J. Clean. Prod. 47, 141—-148.

Alblas, A.A., Peters, K., Wortmann, ].C.,, 2014. Fuzzy sustainability incentives in new
product development: an empirical exploration of sustainability challenges in
manufacturing companies. Int. J. Oper. Prod. Manag. 34 (4), 513—545.

Albers, J.A., Brewer, S., 2003. Knowledge management and the innovation process:
the eco-innovation model. ]J. Knowl. Manag. Pract. 4 (6), 1-6.

Anderson, D.R., Sweeney, D.J., Williams, T.A., 1991. An Introduction to Management
Science: Quantitative Approaches to Decision Making, sixth ed. West Publish-
ing, USA.

Andersson, K., Eide, M.H., Lundqvist, U., Mattsson, B., 1998. The feasibility of
including sustainability in LCA for product development. J. Clean. Prod. 6 (3),
289-298.

Arnold, M.G., Hockerts, K., 2011. The greening dutchman: philips’ process of green
flagging to drive sustainable innovations. Bus. Strategy Environ. 20 (6),
394—407.

Barnes, R.M., 1977. Motion and Time Study: Design and Measurement of Work,
seventh ed. Wiley, New York.

Bates, M.J., 2005. An introduction to metatheories, theories, and models. In:
Fisher, K.E., Erdelez, S., McKechnie, L. (Eds.), Theories of Information Behavior.
Information Today, Medford - New Jersey.

Belin, J., Horbach, ]., Oltra, V., 2009. Determinants and specificities of eco-
innovations — an econometric analysis for France and Germany based on the
Community Innovation Survey. In: Proceedings of DIME Workshop on «Envi-
ronmental Innovation, Industrial Dynamics and Entrepreneurship». Utrecht,
The Netherlands, pp. 10—12.

Descriptive, normative, and prescriptive interactions in decision making. In: Bell, D.,
Raiffa, H., Tversky, A. (Eds.), Decis. Mak. Descr. Normative Prescriptive Interact.
1, 9-32.

Brereton, P, Kitchenham, B.A., Budgen, D., Turner, M., Khalil, M., 2007. Lessons from
applying the systematic literature review process within the software engi-
neering domain. J. Syst. Softw. 80 (4), 571—583.

Biolchini, J.,, Mian, P.G., Natali, A.C.C., Travassos, G.H., 2005. Systematic review in
software engineering. System engineering and computer science department
COPPE/UFR]J. Tech. Rep. ES 679 (05), 45.

Blaise, N., 2014. Environmental Evaluation of Ideas during the Earliest Phases of
Eco-innovation Process. Master Recherche. Laboratoire Génie Industriel - Ecole
Centrale Paris, Paris (France).

Briner, R.B., Denyer, D., 2012. Systematic Review and Evidence Synthesis as a
Practice and Scholarship Tool. Handbook of Evidence-based Management:
Companies, Classrooms and Research. Oxford University Press, New York.

Brousell, D.R., 2008. The Innovation Gap. Managing Automation. Available at: www.
managingautomation.com/maonline/magazine/read/view/The_Innovation_
Gap_27754973?page=1 (Accessed 15 August 2015).

Brundtland, G.H., 1987. Report of the world commission on environment and
development: Our common future. World commission on environment and
development, New York, NY: United Nations.

Bocken, N.M.P, Short, S.W,, Rana, P,, Evans, S., 2014. A literature and practice review
to develop sustainable business model archetypes. J. Clean. Prod. 65, 42—56.

Boks, C., Stevels, A., 2003. Theory and practice of environmental benchmarking in a
major consumer electronics company. Benchmarking Int. J. 10 (2), 120—135.

Bossle, M.B., de Barcellos, M.D., Vieira, L.M., Sauvée, L., 2016. The drivers for
adoption of eco-innovation. J. Clean. Prod. 113, 861-872.

Bujis, J., 2003. Modelling product innovation processes, from linear logic to circular
chaos. Creativity Innov. Manag. 12 (2), 76—93.

Bunge, M., 1974. La ciéncia, su método y su filosofia (Science, its Method and its
Philosophy). Siglo Veinte, Buenos Aires.

Bunney, H.S., Dale, B.G., 1997. The implementation of quality management tools and
techniques: a study. TQM Mag. 9 (3), 183—189.

Burgelman, R.A., 1983. A process model of internal corporate venturing in the
diversified major firm. Adm. Sci. Q. 28 (2), 223—244.

Burstrom, F.,, Korhonen, J., 2001. Municipalities and industrial ecology: reconsider-
ing municipal environmental management. Sustain. Dev. 9 (1), 36—46.

Buttol, P., Buonamici, R., Naldesi, L., Rinaldi, C., Zamagni, A., Masoni, P., 2012. Inte-
grating services and tools in an ICT platform to support eco-innovation in SMEs.
Clean Technol. Environ. Policy 14 (2), 211-221.

Cagnazzo, L., Taticchi, P., Botarelli, M., 2008. Modelo de gestao da inovagao: uma
revisao de literatura (A literature review on innovation management tools).
Revista de Administracao da UFSM 1 (3), 316—330.

Carnevalli, ].A., Miguel, P.A.C., 2007. Revisao, andlise e classificagao da literatura
sobre o QFD — tipos de pesquisa, dificuldades de uso e beneficios do método
(Review, analysis and classification of the literature on QFD - types of research,
difficulties in using and benefits). Int. J. Prod. Econ. 14 (3), 557—579.

Carrillo-Hermosilla, J., del Rio, P., Konnola, T., 2010. Diversity of eco-innovations:
reflections from selected casestudies. J. Clean. Prod. 18 (10), 1073—1083.

Carrillo-Hermosilla, J., Gonzdlez, PR, Konnola, T., 2009. Eco Innovation: when
Sustainability and Competitiveness Shake Hands. Palgrave Macmillan, London.

Chakroun, M., Gogu, G., Pacaud, T., Thirion, F, 2014. Eco-innovative design
approach: integrating quality and environmental aspects in prioritizing and

solving engineering problems. Front. Mech. Eng. 9 (3), 203—217.

Chang, H.T,, Chen, ].L., 2004. The conflict-problem-solving CAD software integrating
TRIZ into eco-innovation. Adv. Eng. Softw. 35 (8), 553—566.

Charter, M., Chick, A., 1997. Welcome to the first issue of the journal of sustainable
product design. J. Sustain. Prod. Des. 1 (1), 5—6.

Chen, J.L., Chen, W.C., 2007. TRIZ based eco-innovation in design for active disas-
sembly. In: Advances in Life Cycle Engineering for Sustainable Manufacturing
Businesses, Proceedings of the 14th CIRP Conference on Life Cycle Engineering,
Waseda University, June 11th—13th, 2007, Tokyo (Japan).

Chen, W.C,, Chen, J.L.,, 2014. Eco-innovation by integrating biomimetic design and
ARIZ. Proc. CIRP 15, 401—406.

Chen, Y.S., Chang, C.H., Lin, Y.H., 2014. The determinants of green radical and in-
cremental innovation performance: green shared vision, green absorptive ca-
pacity, and green organizational ambidexterity. Sustainability 6 (11),
7787—7806.

Chen, J.L., Huang, S.C., 2011. Eco-innovative design of product service systems by
using the substance-field analysis method. In functional thinking for value
creation. In: Proceedings of the 3rd CIRP International Conference on Industrial
Product Service Systems, Technische Universitdat Braunschweig, May 5—6, 2011,
Braunschweig (Germany).

Chen, J.L, Yen, M., 1999. Development product design methodology by using life
cycle assessment for design for environment tasks. In: Proceedings of Inter-
national Conference on Cleaner Production and Sustainable Development '99,
December 13—17, 1999, Taipei (Taiwan).

Chesbrough, H.W., 2006. The era of open innovation. Manag. Innov. Change 127 (3),
34-41.

Chorley, R, Haggett, P., 1975. Modelos, Paradigmas e a Nova (Models, Paradigms and
the New Geography). In: Chorley, R., Haggett, P. (Eds.), Modelos sdcio-
economicos em geografia [Models in Geography]. Livros Técnicos e Cientificos/
USP, Rio de janeiro.

Claro, P.B.O., Claro, D.P,, Amancio, R., 2008. Entendendo o conceito de sustentabi-
lidade nas organizagoes (Understanding the sustainability concept in organi-
zations). Revista de Administragao da Universidade de Sao Paulo, Sao Paulo 43
(4), 289—-300.

Cluzel, F,, 2012. Eco-design Implementation for Complex Industrial System: from
Scenario-based LCA to the Definition of an Eco-innovative R&D Projects Port-
folio. PhD Thesis. Ecole Centrale Paris, Paris (France).

Cluzel, F, Leroy, Y., Tyl, B., Vallet, F,, Longet, C., Mahé, B., 2013. Rapport de synthese
sur I'éco- innovation (Synthesis report on eco-innovation). EcoSD Network.
Available at. http://www.ecosd.fr/en/ (Accessed 12 August 2015).

Comas, F. D. C. de, 2012. Eco innovative refitting technologies and processes for
shipbuilding industry: project overview. Procedia-Soc. Behav. Sci. 48, 246—255.

Costanza, R., Daly, H.E., Bartholomew, J.A., 1992. Goals, agenda and policy recom-
mendations for ecological economics. Ecol. Econ. 3, 1-12.

Counsell, C., 1997. Formulating questions and locating primary studies for inclusion
in systematic reviews. Ann. Intern. Med. 127, 380—387.

Dangelico, R.M., Pujari, D., 2010. Mainstreaming green product innovation: why and
how companies integrate environmental sustainability. ]. Bus. Ethics 95 (3),
471-486.

Dahlander, L., Gann, D.M., 2010. How open is innovation? Res. policy 39 (6),
699—-709.

Del Rio Gonzdlez, P, 2009. The empirical analysis of the determinants for envi-
ronmental technological change. Ecol. Econ. 68, 861—878.

Del Rio, P, Carrillo-Hermosilla, J., Kénnold, T., Bleda, M., 2011. Business Strategies
and Capacities for Eco-innovation. Instituto de Empresa Business School
Working Paper No. EC8-124-1.

Demirel, P., Kesidou, E., 2011. Stimulating different types of eco-innovation in the
UK: government policies and firm motivations. Ecol. Econ. 70 (8), 1546—1557.

Denyer, D., Tranfield, D., 2009. Producing a Systematic Review. The Sage Handbook
of Organizational Research Methods. Sage Publications Ltd, Thousand Oaks, CA.

Deutz, P., Mc Guire, M., Neighbour, G., 2013. Eco-design practice in the context of a
structured design process: na interdisciplinary empirical study of UK manu-
facturers. J. Clean. Prod. 39, 117—-128.

Diaz-Garcia, C., Gonzdlez-Moreno, A., Sdez-Martinez, F.,, 2015. Eco-innovation: in-
sights from a literature review. Innov. Manag. Policy Pract. 17, 6—23.

Diezmann, C.M., English, L.D., 2001. Promoting the use of diagrams as tools for
thinking. In: Cuoco, A., Curcio, F. (Eds.), Roles of Representation in School
Mathematics, 2001 National Council of Teachers of Mathematics Yearbook,
pp. 77—-89.

Dupuy, D.A., 1999. Technology Development in Ontario’s Environmental Technology
Industry: towards a Model of the Environmental Regulation-innovation Rela-
tionship. PhD Thesis. University of Toronto, Toronto - Ontario (Canada).

Eiadat, Y., Kelly, A., Roche, F,, Eyadat, H., 2008. Green and competitive? An empirical
test of the mediating role of environmental innovation strategy. J. World Bus. 43
(2), 131-145.

EPI - Environmental Performance Index, 2014. Colombia University, World Eco-
nomic Forum, & Joint Research Centre of the European Commission, Yale
University. Available at: http://epi.yale.edu/Home (Accessed 10 July 2015).

Eppen, G.D., Gould, FJ., Schmidt, C.P,, 1987. Introductory Management Science,
second ed. Prentice-Hall, NJ.

Epstein, M.J., 2004. The identification, measurement, and reporting of corporate
social impacts: past, present, and future. Adv. Environ. Account. Manag. 2 (1),
1-29.

EURADA - European Association of Development Agencies, 2012. Eco-innovation at
the Heart of Regional Development. Green for growth (G4G). EURADA-NEWS,


http://refhub.elsevier.com/S0959-6526(17)30371-2/sref1
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref1
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref1
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref1
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref2
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref2
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref2
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref2
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref3
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref3
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref3
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref3
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref4
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref4
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref4
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref6
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref6
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref6
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref7
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref7
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref7
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref7
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref8
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref8
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref8
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref8
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref9
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref9
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref10
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref10
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref10
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref11
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref11
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref11
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref11
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref11
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref11
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref11
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref12
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref12
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref12
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref12
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref13
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref13
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref13
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref13
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref14
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref14
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref14
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref15
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref15
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref15
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref15
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref16
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref16
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref16
http://www.managingautomation.com/maonline/magazine/read/view/The_Innovation_Gap_27754973?page=1
http://www.managingautomation.com/maonline/magazine/read/view/The_Innovation_Gap_27754973?page=1
http://www.managingautomation.com/maonline/magazine/read/view/The_Innovation_Gap_27754973?page=1
http://www.managingautomation.com/maonline/magazine/read/view/The_Innovation_Gap_27754973?page=1
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref148
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref148
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref148
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref18
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref18
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref18
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref19
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref19
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref19
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref20
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref20
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref20
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref20
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref149
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref149
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref149
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref21
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref21
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref21
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref21
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref22
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref22
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref22
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref23
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref23
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref23
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref24
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref24
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref24
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref25
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref25
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref25
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref25
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref26
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref26
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref26
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref26
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref26
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref26
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref26
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref26
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref27
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref28
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref28
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref28
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref28
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref28
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref29
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref29
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref29
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref29
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref29
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref29
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref30
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref30
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref30
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref30
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref31
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref31
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref31
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref32
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref32
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref32
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref33
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref33
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref33
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref33
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref33
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref34
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref34
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref34
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref35
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref35
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref35
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref35
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref35
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref36
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref36
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref36
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref36
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref36
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref36
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref36
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref37
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref37
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref37
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref37
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref37
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref38
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref38
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref38
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref39
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref39
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref39
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref39
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref39
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref39
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref39
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref40
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref41
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref41
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref41
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref41
http://www.ecosd.fr/en/
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref43
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref43
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref43
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref44
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref44
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref44
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref45
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref45
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref45
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref46
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref46
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref46
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref46
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref47
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref47
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref47
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref48
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref48
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref48
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref48
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref49
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref49
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref49
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref49
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref49
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref49
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref50
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref50
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref50
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref51
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref51
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref52
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref52
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref52
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref52
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref53
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref53
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref53
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref53
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref53
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref53
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref54
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref54
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref54
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref54
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref54
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref55
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref55
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref55
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref56
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref56
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref56
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref56
http://epi.yale.edu/Home
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref58
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref58
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref59
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref59
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref59
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref59
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref60
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref60

A.E. Xavier et al. / Journal of Cleaner Production 149 (2017) 1278—1302 1301

Nr 304 — 13.11, 41.

Fiksel, J., 1996. Design for Environment. McGraw-Hill, New York.

Foster, C., Green, K., 2000. Greening the innovation process. Bus. Strategy Environ. 9
(5), 287.

Franceschini, S., Faria, L.G., Jurowetzki, R., 2016. Unveiling scientific communities
about sustainability and innovation. A bibliometric journey around sustainable
terms. J. Clean. Prod. 127, 72—83.

Fussler, C., James, P., 1996. Driving Eco-innovation: a Breakthrough Discipline for
Innovation and Sustainability. Pitman Publishing, London.

Ghauri, P, Gronhaug, K., Kristianslund, I., 1995. Research Methods in Business
Studies: a Practical Guide. Prentice Hall, NJ.

Godinho Filho, M., Fernandes, F.C.F, 2004. Manufatura Enxuta: uma revisao que
classifica e analisa os trabalhos apontando perspectivas de pesquisas futures
(Lean Manufacturing: a literature review which classifies and analyses papers
indicating new research areas). Gestao e Producao, Sao Carlos 11 (1), 1-19.

Halila, F, Rundquist, J., 2011. The development and market success of eco-
innovations: a comparative study of eco-innovations and “other” innovations
in Sweden. Eur. J. Innov. Manag. 14 (3), 278—-302.

Hallenga-Brink, S.C., Brezet, ].C., 2005. The sustainable innovation design diamond
for micro-sized enterprises in tourism. J. Clean. Prod. 13 (2), 141—149.

Harding, S., Long, T., 1998. Proven Management Tools. Gower, Great Britain.

Hautamadki, A., 2010. Sustainable Innovation: a New Age of Innovation and Finland’s
Innovation Policy. Sitra Repports 87. Sitra - Helsinki.

Herrmann, C., Bergmann, L., Thiede, S., Zein, A., 2007. Life cycle innovations in
extended supply chain networks. In: Advances in Life Cycle Engineering for
Sustainable Manufacturing Businesses. Proceedings of the 14th CIRP Conference
on Life Cycle Engineering, Waseda University, June 11th—13th, 2007, Tokyo
(Japan).

Hidalgo, A., Albors, ]., 2008. Innovation management techniques and tools: a review
from theory and practice. R&d Manag. 38 (2), 113—127.

Higgins, J.P.T,, Green, S. (Eds.), 2008. Cochrane Handbook for Systematic Reviews of
Interventions [updated September 2009]. Available at: www.cochrane-
handbook.org (Accessed 29 April 2010).

Hitchman, S., 2004. The entity relationship model and practical data modelling.
J. Concept. Model. 31.

Hojnik, J., Ruzzier, M., 2016. What drives eco-innovation? A review of an emerging
literature. Environ. Innov. Soc. Transit. 19, 31-41.

[jomah, W.L, Mcmahon, C.A,, Hammond, G.P,, Newman, S.T., 2007. Development of
design for remanufacturing guidelines to support sustainable manufacturing.
Robot. Computer-Integr. Manuf. 23 (6), 712—719.

ISO 14006, 2011. Environmental Management Systems—Guidelines for Incorpo-
rating Ecodesign. International Organization for Standardization, Geneve
(Switzerland).

Jabareen, Y., 2009. Building a conceptual framework: philosophy, definitions, and
procedure. Int. J. Qual. Methods 8 (4), 49—62.

Johannessen, J.A., 2009. A systemic approach to innovation: the interactive inno-
vation model. Kybernetes 38 (1/2), 158—176.

Jonbrink, A.K., Kristinsdottir, A.R., Roos, S., Sundgren, M., Johansson, E., Nystrom, B.,
Naystrom, P, 2013. Why use ecodesign in the industry 2013? A survey
regarding barriers and opportunities related to ecodesign. In: Proceedings of
EcoDesign 2013 International Symposium, December 4-6, 2013, Jeju Island
(South Korea).

Jones, E., 2003. Eco-innovation: Tools to Facilitate Early-stage Workshops. PhD
Thesis. Brunel University, London (England, UK).

Kaenzig, J., Wiistenhagen, R., 2010. The effect of life cycle cost information on
consumer investment decisions regarding eco-innovation. J. Ind. Ecol. 14 (1),
121-136.

Kanerva, M., Arundel, A., Kemp, R., 2009. Environmental Innovation: Using Quali-
tative Models to Identify Indicators for Policy. United Nations University (UNU
— MERIT): Working Paper Series.

Karakaya, E., Hidalgo, A., Nuur, C.,, 2014. Diffusion of eco-innovations: A review.
Renew. Sustain. Energy Rev. 33, 392—399.

Kemp, R., Foxon, T., 2007. Typology of eco-innovation. In: MEI Project: Measuring
Eco- Innovation. European Commission. Available at: collections.unu.edu/eserv/
UNU:297/wp2009-047.pdf (Accessed 6 June 2015).

Kemp, R., Pearson, P.,, 2007. Final Report MEI Project about Measuring Eco-inno-
vation, 32(3). UM Merit, Maastricht, pp. 121-124.

Krassmann, A.L., Jardim, R.R., Falcade, A., Santos, L M.A., da Silva, L.E.G., Medina, R.D.,
2014. Avaliacao de Implementagoes de Computagao em Nuvem para Ambientes
Educacionais: um Mapeamento Sistemadtico (Assessment of Cloud Computing
Implementation for Educational Environments: A Systematic mapping). In: XIX
Conferéncia Internacional sobre Informatica na Educacao [International Con-
ference on Computers in Education], Fortaleza, Ceara (Brasil).

Kuratko, D.F, Covin, J.G., Hornsby, J.S., 2014. Why implementing corporate inno-
vation is so difficult. Bus. Horizons 57 (5), 647—655.

Li, Y., 2014. Environmental innovation practices and performance: moderating ef-
fect of resource commitment. J. Clean. Prod. 66, 450—458.

Longanezi, T., de Andrade Coutinho, P.L., Bomtempo, J.V.M., 2008. Um modelo ref-
erencial para a pratica da inovacao (A reference model for innovation practice).
J. Technol. Manag. Innov. 3 (1), 74—83.

Machiba, T., 2010. Eco-innovation for enabling resource efficiency and green
growth: development of an analytical framework and preliminary analysis of
industry and policy practices. Int. Econ. Econ. Policy 7 (2—3), 357—370.

Mahdavi, M., Malmstrom, T., van de Klundert, ]., Elkhuizen, S., Vissers, J., 2013.
Generic operational models in health service operations management: a

systematic review. Socio-Econ. Plan. Sci. 47 (4), 271—280.

Martin, LA.G., Cabestre, FJ.R., Vega, A.V.R., 1999. El estado actual de la investigacién
empirica sobre economia de la empresa: andlisis de las publicaciones espanolas
[The current state of empirical research on business economics: analysis of
Spanish publications], vol. 78, pp. 302—317. Papeles de economia espanola.

METI, 2007. The Scope of Japan’s Eco-innovation Concept. Ministry of Economy,
Trade and Industry (METI). The key to innovation creation and the promotion of
eco-innovation, report by the Industrial Science Technology Policy Committee,
Tokyo (Japan).

Moody, D.L., 2005. Theoretical and practical issues in evaluating the quality of
conceptual models: current state and future directions. Data Knowl. Eng. 55 (3),
243-276.

Mulrow, C.D., 1994. Rationale for systematic reviews. BM] Br. Med. J. 309 (6954),
597.

Noci, G., Verganti, R., 1999. Managing ‘green’product innovation in small firms. R&D
Manag. 29 (1), 3—15.

Odeh, M., Kamm, R., 2003. Bridging the gap between business models and systems
models. Inf. Softw. Technol. 45 (15), 1053—1060.

OECD, 2009. Sustainable Manufacturing and Eco-innovation — Framework, Prac-
tices and Measurement. Synthesis report, Paris (France).

O’Hare, J.A., 2010. Eco-innovation Tools for the Early Stages: an Industry-based
Investigation of Tool Customisation and Introduction. PhD Thesis. University
of Bath, UK.

O’Hare, ].A., McAloone, T.C., 2014. Eco-innovation: the opportunities for engineering
design research. In: Proceedings of the DESIGN 2014—13th International Design
Conference, May 19—22, 2014, Dubrovnik — Cavtat (Croatia).

Pavitt, K., 1998. Sectoral patterns of technical change: towards a taxonomy and a
theory. Res. Policy 13 (6), 343—373.

Petticrew, M., Roberts, H., 2006. Systematic Reviews in the Social Sciences: a
Practical Guide. Blackwell Publishing, Oxford.

Peralta, M.E., Aguayo, F., Lama, ].R., 2012. Engineering of mechanical manufacturing
from the cradle to cradle. In: In the 4th Manufacturing Engineering Society
International Conference (MESIC 2011), 1431(1), pp. 807—814.

Pidd, M., 1998. Modelagem Empresarial: ferramentas para a tomada de decisao
(Business Modeling: tools for decision-making). Bookman, Porto Alegre.

Pigosso, D.C., Rozenfeld, H., McAloone, T.C., 2013. Ecodesign maturity model: a
management framework to support ecodesign implementation into
manufacturing companies. J. Clean. Prod. 59, 160—173.

Porter, M.E., Van Der Linde, C., 1995. Green and competitive: ending the stalemate.
Harv. Bus. Rev. 73 (5), 120—134.

Potts, T., 2010. The natural advantage of regions: linking sustainability, innovation,
and regional development in Australia. J. Clean. Prod. 18 (8), 713—725.

Pree, W., Fontoura, M., Rumpe, B., 2001. The UML Profile for Framework Architec-
tures. Addison Wesley, first ed. Longman Publishing, London.

Puglieri, EN., 2010. Revisao e andlise ambiental e operacional de métodos de eco-
design baseados em QFD e FMEA (Environmental and operational review and
analysis of ecodesign methods based on QFD and FMEA). PhD Thesis. USP -
Universidade de Sao Paulo, Sao Paulo (Brasil).

Rashid, L., Yahya, S., Shamee, S.A., Jabar, ]J., Sedek, M., Halim, S., 2014. Eco product
innovation in search of meaning: incremental and radical practice for sus-
tainability development. Asian Soc. Sci. 10 (13), 78.

Reid, A., Miedzinski, M., 2008. Eco-innovation — Final Report for Sectoral Innovation
Watch. Final Report to Europe INNOVA Iniative. Technopolis Group. Available
at: http://www.technopolis-group.com/cms.cgi/site/downloads/index.htm
(Accessed 15 November 2016).

Reim, W., Parida, V., C)rtqvist, D., 2015. Product—Service Systems (PSS) business
models and tactics—a systematic literature review. J. Clean. Prod. 97, 61—75.

Rennings, K., 2000. Redefining innovation—eco-innovation research and the
contribution from ecological economics. Ecol. Econ. 32 (2), 319—332.

Restrepo, T., Millet, D., Gidel, T., Armand, P., Aoussat, A., 2005. Participative Speci-
fication of a CSCW system allowing an organizational evolution in innovation
dynamics. In: Proceedings of 17th IMACS World Congress, July 11—15, 2005,
Paris (France).

Roozenburg, N.F,, Eekels, J., 1991. A methodological comparison of the structures of
scientific research and engineering design: their similarities and differences.
Des. Stud. 12 (4), 197—-203.

Roscoe, S., Cousins, P.D., Lamming, R.C., 2016. Developing eco-innovations: a three-
stage typology of supply networks. J. Clean. Prod. 112, 1948—1959.

Rossi, M., Germani, M., Zamagni, A., 2016. Review of ecodesign methods and tools.
Barriers and strategies for an effective implementation in industrial companies.
J. Clean. Prod. 129, 361-373.

Rothwell, R., 1992. Successful industrial innovation: critical factors for the 1990’s.
R&D Manag. 22 (3), 221-239.

Ruy, M., Alliprandini, D.H., 2010. Métodos para a Avaliacao Ambiental de Produtos
no Projeto Conceitual: Uma Revisao da Literatura (Methods for Environmental
Assessment of Products in Conceptual Design: A Literature Review). In: XXX
ENEGEP - Encontro Nacional de Engenharia de Produgao [30th National Con-
ference of Production Engineering], Sao Carlos, SP (Brasil).

Salgado, E.G., Salomon, V.A., Mello, C.H.P,, Fass, F.D.M,, Xavier, A.F.,, 2010. Modelos de
referéncia para desenvolvimento de produtos: classificagao, andlise e sugestoes
para pesquisas futuras (Product development reference models: classification,
analysis and suggestions for future research). Revista Produgao Online 10 (4),
886—911.

Samet, W., 2010. Développement d’'une méthode d’éco-innovation: Eco-MAL'IN
(Development of a method for eco-innovation : Eco-MALIN). PhD Thesis.


http://refhub.elsevier.com/S0959-6526(17)30371-2/sref60
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref60
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref61
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref62
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref62
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref63
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref63
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref63
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref63
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref64
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref64
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref65
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref65
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref66
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref67
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref67
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref67
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref67
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref68
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref68
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref68
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref69
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref70
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref70
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref70
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref71
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref71
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref71
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref71
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref71
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref71
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref72
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref72
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref72
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref72
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref74
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref74
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref75
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref75
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref75
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref77
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref77
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref77
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref77
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref79
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref79
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref79
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref79
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref80
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref80
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref80
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref81
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref81
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref81
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref82
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref82
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref82
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref82
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref82
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref82
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref82
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref82
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref83
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref83
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref84
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref84
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref84
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref84
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref85
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref85
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref85
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref150
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref150
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref150
http://collections.unu.edu/eserv/UNU:297/wp2009-047.pdf
http://collections.unu.edu/eserv/UNU:297/wp2009-047.pdf
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref87
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref87
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref87
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref88
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref89
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref89
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref89
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref90
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref90
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref90
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref92
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref92
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref92
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref92
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref92
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref92
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref93
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref93
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref93
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref93
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref93
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref94
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref94
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref94
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref94
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref94
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref95
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref96
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref96
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref96
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref96
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref97
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref97
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref97
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref97
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref98
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref98
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref99
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref99
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref99
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref99
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref100
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref100
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref100
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref101
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref101
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref101
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref102
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref102
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref102
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref103
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref103
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref103
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref103
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref103
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref103
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref104
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref104
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref104
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref105
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref105
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref106
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref106
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref106
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref106
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref107
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref107
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref107
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref108
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref108
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref108
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref108
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref109
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref109
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref109
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref110
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref110
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref110
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref111
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref111
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref112
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref113
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref113
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref113
http://www.technopolis-group.com/cms.cgi/site/downloads/index.htm
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref115
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref115
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref115
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref115
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref115
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref115
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref116
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref116
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref116
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref116
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref117
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref117
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref117
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref117
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref117
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref151
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref151
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref151
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref151
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref118
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref118
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref118
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref119
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref119
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref119
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref119
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref120
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref120
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref120
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref120
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref121
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref122
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref123
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref123
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref123
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref123
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref123

1302 A.E Xavier et al. / Journal of Cleaner Production 149 (2017) 1278—1302

ENSAM Paristech, Bordeaux (France).

Santos, S. F. dos, Borschiver, S., de Souza, V., 2014. Mapping sustainable structural
dimensions for managing the Brazilian biodiesel supply chain. ]. Technol.
Manag. Innov. 9 (1), 27—43.

Saunders, M., Lewis, P,, Thornhill, A., 2012. Research methods for business students,
sixth ed. Pearson Education Ltd, Essex.

Schiederig, T., Tietze, F.,, Herstatt, C., 2012. Green innovation in technology and
innovation management—an exploratory literature review. R&D Manag. 42 (2),
180—-192.

Schmenner, RW., 1999. Service Operations Management. Prentice Hall, NJ.

Schneider, S., Spieth, P., 2013. Business model innovation: towards an integrated
future research agenda. Int. J. Innov. Manag. 17 (01), 1340001.

Shehabuddeen, N., Probert, D., Phaal, R., 2000. Representing and Approaching
Complex Management Issues: Part 1 — Role and Definition. Centre for Tech-
nology Management (CTM) Working Paper UC, Cambridge. Available at: http://
xand.ir/uploads/Representing_430.pdf (Accessed 20 March 2015).

Siebenhtiner, B., Arnold, M., 2007. Organizational learning to manage sustainable
development. Bus. Strategy Environ. 16 (5), 339—353.

Silva, D.O.D., Bagno, R.B., Salerno, M.S., 2014. Modelos para a gestao da inovagao:
revisao e analise da literatura (Models for innovation management: review and
analysis of the literature). Prod. J. 24 (2), 477—490.

Simpson, D.D., 2011. A framework for implementing sustainable oral health pro-
motion interventions. J. Public Health Dent. 71 (s1), S84—S94.

Takhtay, E., 2011. Integrating Eco-innovation Principles into Regional Strategy and
Policy: Case of Pdijat-Hiame Region, Finland. Master’s Thesis. Lappeenranta
University of Technology. Faculty of Technology, Lappeenranta (Finland).

Tidd, J., Bessant, J., 2008. Managing Innovation: Integrating Technological, Market
and Organization Change. John Wiley & Sons, Chichester.

Tomhave, B.L.,, 2005. Alphabet Soup: Making Sense of Models, Frameworks and
Methodologies. Creative Commons, George Washington Universit. Available at:
http://falcon.secureconsulting.net/professional/papers/Alphabet_Soup.pdf
(Accessed 06 August 2015).

Tranfield, D., Denyer, D., Smart, P., 2003. Towards a methodology for developing
evidence-informed management knowledge by means of systematic review. Br.
J. Manag. 14 (3), 207—222.

Triguero, A., Moreno-Mondéjar, L., Davia, M.A., 2014. The influence of energy prices
on adoption of clean technologies and recycling: evidence from European SMEs.
Energy Econ. 46, 246—257.

Tyl, B., 2011. L'apport de la créativité dans les processus d’éco-innovation-Propo-
sition de I'outil EcoASIT pour favoriser I'éco-idéation de systemes durables (The
contribution of creativity in the process of eco-innovation-Proposed EcoASIT
tool for eco-sustainable systems of ideation). PhD Thesis. Université Sciences et
Technologies, Bordeaux (France).

Tyl, B., Vallet, F, Bocken, N.M., Real, M., 2015. The integration of a stakeholder
perspective into the front end of eco-innovation: a practical approach. J. Clean.
Prod. 108, 543—557.

Van Bommel, HW., 2011. A conceptual framework for analyzing sustainability
strategies in industrial supply networks from an innovation perspective.
J. Clean. Prod. 19 (8), 895—904.

Van Hoof, B., Herrera, C., 2007. La evolucion y el futuro de la produccion mds limpia
en Colombia (The evolution and future perspectives of cleaner production in
Colombia). Revista de Ingenieria, Universidad de los Andes, Bogota, Colombia 10
(26), 101-119.

Van Oppen, C, Brugman, L., 2011. Organizational capabilities as the key to sus-
tainable innovation. In: Proceedings of XXII ISPIM Conference, June 12—15,
2011, Hamburg (Germany).

Verhulst, E., Boks, C., 2011. Bringing about sustainable change in product develop-
ment: theory versus practice. In: IFIP International Conference on Advances in
Production Management Systems, September 2011. Springer Berlin Heidelberg.

Verloop, J., Wissema, J.G., 2004. Insight in Innovation: Managing Innovation by
Understanding the Laws of Innovation. Elsevier, New York.

Wong, K., 2004. Using Multi-modal think-board to teach mathematics. In: Pro-
ceedings of ICME. Technical University of Denmark, Copenhagen. Available at:
http://math.nie.edu.sg/kywong/ (Accessed 20 August 2016).

Xavier, A.F,, Naveiro, R.M., Aoussat, A., 2015. The eco-innovation concepts through a
strategic perspective. In: IAMOT - International Association for Management of
Technology, Proceedings of 24th IAMOT Conference, June 8—11, 2015, Cape
Town, South Africa.

Yang, CJ., Chen, J.L, 2012. Forecasting the design of eco-products by integrating
TRIZ evolution patterns with CBR and Simple LCA methods. Expert Syst. Appl.
39 (3), 2884—2892.

Zhang, F., Rio, M., Allais, R., Zwolinski, P., Carrillo, T.R., Roucoules, L., Buclet, N., 2013.
Toward an systemic navigation framework to integrate sustainable develop-
ment into the company. J. Clean. Prod. 54, 199—-214.

Zilbovicius, M., 1997. Modelos para a producao e produgao de modelos (Models for
production and producing models). PhD Thesis. USP - Universidade de Sao
Paulo, Sao Paulo (Brasil).

Further reading

Amezquita, T., Hammond, R., Salazar, M., Bras, B., 1995. Characterizing the rema-
nufacturability of engineering systems. In: Proceedings of the 21st ASME Ad-
vances in Design Automation Conference, 82, September 17—20, 1995, Boston,
MA.


http://refhub.elsevier.com/S0959-6526(17)30371-2/sref123
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref124
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref124
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref124
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref124
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref152
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref152
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref125
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref125
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref125
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref125
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref125
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref125
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref126
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref127
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref127
http://xand.ir/uploads/Representing_430.pdf
http://xand.ir/uploads/Representing_430.pdf
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref129
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref129
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref129
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref130
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref130
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref130
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref130
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref130
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref130
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref130
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref130
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref131
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref131
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref131
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref132
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref132
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref132
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref132
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref132
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref132
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref133
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref133
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref133
http://falcon.secureconsulting.net/professional/papers/Alphabet_Soup.pdf
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref135
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref135
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref135
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref135
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref136
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref136
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref136
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref136
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref136
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref137
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref138
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref138
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref138
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref138
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref139
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref139
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref139
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref139
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref140
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref141
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref141
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref141
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref141
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref142
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref142
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref142
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref143
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref143
http://math.nie.edu.sg/kywong/
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref145
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref145
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref145
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref145
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref145
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref146
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref146
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref146
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref146
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref153
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref153
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref153
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref153
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref147
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref147
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref147
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref147
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref147
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref147
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref147
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref5
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref5
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref5
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref5
http://refhub.elsevier.com/S0959-6526(17)30371-2/sref5

	Systematic literature review of eco-innovation models: Opportunities and recommendations for future research
	1. Introduction
	2. Background theory
	2.1. Eco innovation: concept and application
	2.2. Models and terminologies

	3. Research method
	3.1. Step 1: formulation of the research question
	3.2. Step 2: location of studies
	3.3. Step 3: selection and evaluation of studies
	3.4. Step 4: analysis and synthesis
	3.5. Step 5: reporting and use of research results

	4. Classification and analysis
	4.1. Classification of selected studies
	4.2. Classification of eco-innovation models
	4.3. Descriptive analysis of eco-innovation models

	5. Findings and discussion
	5.1. Answers to the research questions
	5.1.1. Which research fields or disciplines are publishing eco-innovation models?
	5.1.2. Which approaches and research methods have been used to develop eco-innovation models?
	5.1.3. What is the development and detailing level of the published eco-innovation models?
	5.1.4. Which sectors or market segments have been studied and used as application unit of eco-innovation model?
	5.1.5. What is the difference in content and predominant characteristics of these eco-innovation models?

	5.2. Gaps and opportunities for future research

	6. Conclusions
	Acknowledgements
	Appendix A
	References
	Further reading


