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a b s t r a c t

Sustainability is a system property; therefore, products/services/technologies/organisations cannot be
sustainable on their own but they may be elements of sustainable systems. In addition, to achieve
sustainability, there is a requirement for transformation of socio-technical systems which fulfil certain
social functions such as energy, mobility and food. The theoretical and practical approaches proposed so
far in the broad field of design and innovation for sustainability have not satisfactorily addressed system
level changes. This paper provides a critical review of approaches targeting different phases of design and
innovation processes. The strengths/shortcomings of these approaches are analysed based on the criteria
developed by integrating insights from sustainability science and system innovation/transition man-
agement theories. Based on the critical review, a future research agenda is suggested in following areas:
exploration of synergies between existing approaches/tools/methods, development of a theoretical
framework for design and innovation for sustainability with references to system innovation and tran-
sition management theories, and, development of new approaches/tools/methods for the use of design
and innovation teams.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

To achieve sustainability, there is a requirement for trans-
formation of socio-technical systems which fulfil certain social
functions such as energy, mobility and food. Companies should
align their innovation strategies with on-going and expected sus-
tainability transitions to respond the new business environment
created by depleting resources, ecological thresholds, changing
economic and demographic conditions (Gaziulusoy et al., 2013;
Loorbach and Wijsman, 2013; Rockstr€om et al., 2009). In the past
years, researchers globally but especially in the European Research
Area have generated significant amounts of knowledge on the
theoretical and practical aspects of system innovations/transitions.
Through cases, examples, and some models, these recent contri-
butions explained the dynamics within the socio-technical sys-
tems, identified transition typologies, articulated policy, business,
design and consumer perspectives on transitions/system in-
novations, and, developed transition arenas and a management
approach to such transitions (e.g. de Haan and Rotmans, 2011;
Geels, 2005, 2010; Geels and Schot, 2007; Grin et al., 2010; Joore,
2010; Loorbach, 2010; Loorbach and Wijsman, 2013; Loorbach
et al., 2010; Quist et al., 2011; Tukker et al., 2008). However,
despite an increasing focus on business models (e.g. Boons and
Lüdeke-Freund, 2013; Hannon, 2012), the topics of design and
(product/service) innovation have been somewhat neglected in the
literature dealing with systemic transformations for sustainability.
Similarly in the design/innovation field there have been only very
few contributions touching upon system innovations and transi-
tions for sustainability (e.g. Ceschin, 2012, 2014; Gaziulusoy, 2010;
Gaziulusoy et al., 2013; Joore, 2008, 2010).

Focussing on design and innovation activity of companies in the
context of systemic transformations for sustainability is important
for several reasons. First, design/innovation activity takes place
within operational and strategic levels within which the required
systemic transformations will manifest over time. In transitions
and system innovations theory, operational level covers short-term
actions and experiments undertaken by individuals or organisa-
tions and strategic (or tactical) level is where strategies are devised
to achieve visions of sustainable futures which are developed at the
visionary level (Loorbach, 2010). Operational level for design/
innovation teams covers all activities of concrete design and
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innovation activity until a product or service is commercialised
successfully. At strategic level, decisions are taken to inform design/
innovation activity happening at operational level based on inter-
nal and external changes observed or expected and in alignment
with the organisational vision. Second, the new technologies and,
products/services of these technologies will be developed through
design/innovation activity. Third, the new markets and new user
profiles of new socio-technical systems will be envisioned through
design/innovation activity. Therefore, design/innovation activity
(micro-level change) will significantly influence the content and
direction of change in the socio-technical systems (macro-level
change). Here, it should be noted that, design/innovation practi-
tioners are labelled as change agents due their potential of influ-
encing material culture (Sosa and Gero, 2008), however, there is a
lack of understanding and professional culture which embodies
consideration of system innovations and transitions as a necessary
part of design/innovation practice. As a result, the agency of these
practitioners cannot yet be fully geared in the context of system
innovations.

There are several approaches relevant to different phases of
design and innovation for sustainability processes including legis-
lation, voluntary initiatives, and design and innovation frame-
works. This paper provides a critical review of these approaches
based on insights integrated from sustainability science and system
innovation/transition management theories with the aim of pro-
posing a research agenda for future research. The following section
presents the method used for the integrative literature review, the
approaches identified as influencing design and innovation in
companies and the critical review criteria. Section 3 presents
findings of the critical review which is followed by formulation of a
future research agenda in Section 4.

2. Integrating insights from the literature

2.1. Method

The topic of systemic transformations for sustainability is rele-
vant to several disciplinary areas crosscutting natural sciences and
social sciences. Similarly, the topic of design and innovation for
sustainability is relevant to both technical disciplines and social
sciences. Both the area of systemic transformations for sustain-
ability and the area of design and innovation are increasingly
acknowledged as transdisciplinary research areas (Cronin, 2008;
Hocking, 2010). Therefore, in order to establish a base for the crit-
ical review of approaches influencing design and innovation pro-
cesses evaluation criteria needed to be developed by integrating
insights from a very broad body of literature cross-cutting several
disciplinary domains. Effectively searching for, finding, selecting,
reviewing and reporting literature in transdisciplinary research is a
major challenge due to the broadness of area that needs to be
covered (Carew, 2004).

Pohl (2014) points out the chaotic process of transdisciplinary
research in the lack of standardised theories, methods and state of
the art which requires an adaptive approach informed mostly by
heuristics. In order to address the challenge associated with
reviewing and reporting of literature in transdisciplinary research,
a heuristic and iterative tool for finding, structuring and prioriti-
sation of the literature review process is developed and used
Gaziulusoy and Boyle (2013). This tool helps the researchers to find
and narrow the literature to be reviewed by identifying and
refining several literature review filters across four hierarchical but
interrelated levels (paradigm filters, problem/solution filters,
context/scope filters, knowledge/skills filters) following an itera-
tive, reflective inquiry. The filters are used as search terms in
finding literature. They also help narrowing down of literature to be
reviewed by helping with prioritisation. This reflective, iterative
process enables the researcher to use the learning that takes place
during the project in identification of new filters or refinement of
existing ones, thus, as the project progresses literature from a broad
area across disciplines relevant to the specific research project can
be found, selected, prioritised, reviewed and integrated. Fig. 1
presents a snapshot summary of the iterative and heuristic pro-
cess of identifying and refining filters for finding and narrowing
down literature as relevant for the critical review presented in this
article. For further details on the development of the heuristic tool
and identification of filters the readers are referred to Gaziulusoy
and Boyle (2013).

2.2. Approaches influencing design and innovation in companies

The findings of the literature review indicated that the ap-
proaches which influence design and innovation for sustainability
cover three main topics: 1. Legislative and regulatory measures; 2.
Voluntary initiatives, and; 3. Design and innovation frameworks.

Although legislative/regulatory measures as well as voluntary
initiatives are not directly used by members of design and inno-
vation teams, these inform company strategy directly and therefore
influence the work of design and innovation teams considerably. In
addition, legislative/regulatory measures and voluntary initiatives
inform development of tools andmethods for the use of design and
innovation teams. Generally, the first steps taken by companies in
relation to sustainability focus on risk reduction by compliance to
regulatory requirements (Dunphy et al., 2007). According to the
results of a research carried out by Cleff and Rennings (1999) to
investigate determinants of innovative behaviour in companies,
compliance with existing legislation is the top driver for environ-
mental innovations. They make a distinction between product and
process innovations and state that the influence of market goals is
significant for product innovations but, for process innovations,
environmental regulations are determinant.

There is an observable trend towards integration of relevant
policies, such as innovation policy, education policy and consumer
policy, with environmental policies. This is most significant in the
European Union (EU), which emphasised integration of re-
quirements of sustainable development into policy making in all
areas as a fundamental goal through the Treaty of Amsterdam (EU,
1997). Not only in the EU but worldwide, end-of-pipe pollution
reduction/prevention-oriented early legislation, which is effective
only during manufacturing phase, is being supported by product
and producer responsibility-oriented policies which have a direct
influence on the design and innovation process. These policies have
an integrated approach covering all life phases of products. Pro-
ducer responsibility issues, which generally require producers to be
responsible for the impacts of their products throughout the whole
life-cycle from raw material extraction to final disposal covering
reuse/recycle phases, render environmental/sustainability mea-
sures to be considered at very early stages of product development
and bring design improvements. Among these policies are EU's
Integrated Product Policy (IPP) (European Council (EC), 2001; 2003)
which gave birth to Ecodesign of Energy Using Products (EuP) (EC,
2005).

Voluntary initiatives are policy instruments, which are under-
taken by the industry without the presence of mandated pro-
visions. These initiatives are generally closely linked with economic
incentives. The benefits of these economic incentives may be direct
and prompt, e.g. energy and/or material savings, or may be indirect,
e.g. protecting/influencing brand recognition, or both. In some
cases, where sustainability is already embedded in the company
culture, the company may adopt and implement some practices
without economics being the primary driver. Nevertheless, this



Fig. 1. Summary of literature review filters.
Adapted from Gaziulusoy and Boyle (2013).
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does not imply that such companies would carry out those prac-
tices where there is no economic gain.

Paton (2000) groups voluntary environmental initiatives under
four categories: unilateral initiatives, private codes, voluntary
challenges and negotiated agreements. Unilateral initiatives are
activities undertaken within a single firm as a means to improve
environmental performance. Private codes are initiatives by in-
dustry associations, non-governmental organisations and stan-
dards organisations. Voluntary challenges are government
sponsored programmes and negotiated agreements are those
reached between government and industry.

As more businesses shift towards environmentally and socially
responsible practices, consumer awareness increases and legisla-
tionworld-wide becomesmore stringent, environmental and social
considerations have been incorporated into default design criteria
along with conventional ones like profitability, functionality, aes-
thetics, ergonomics, etc (Shahbazpour and Seidel, 2006). Sustain-
ability is increasingly identified as the key driver for innovation in
companies (Nidumolu et al., 2009). The process-centred ap-
proaches such as pollution prevention in industry (Bishop, 2000;
Farthing et al., 2003) are pushed to a large extent by well-
developed end-of-pipe emission prevention/reduction legislation.
However, there is no legislative requirement explicitly enforcing
design decisions except for the EU's EuP Directive (EC, 2005) which
mandates a life-cycle approach in product development. In general,
design-centred approaches are undertaken by the industry as
voluntary initiatives at the moment. But, due to the current shift
towards product/producer centred legislation development, it is
likely that, in the short to medium term, more countries will adopt
legislation directly influencing design decisions.

Design and innovation frameworks identified as a result of the
literature review are grouped under two topics: design-informing
frameworks (i.e. approaches guiding the design of products/ser-
vices) and design-assessing frameworks (i.e. approaches aiding in
the assessment of design concepts and/or outputs). Among design-
assessing frameworks life-cycle assessment, eco-efficiency and
ecological-footprinting can be counted. Design-assessing frame-
works are often used in conjunction with design-informing
frameworks. Therefore, these frameworks play a key role in the
sustainability performance of outputs generated by design-
informing frameworks. Nevertheless, providing an analysis of
design-assessing frameworks is beyond the scope of this paper.

In design and innovation for sustainability literature, there are a
multiplicity of proposed and implemented approaches which are
broadly defined as design for environment or design for sustain-
ability approaches. Among these, the most widely known
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frameworks are eco-design or design for eco-innovations (DfEI),
producteservice systems (PSS), design for the bottom-of-pyramid
(DfBoP), biomimicry (BM) design, cradle-to-cradle (CTC) design
and The Natural Step (TNS). Table 1 shows the basic design prin-
ciple of these frameworks along with major references.

In addition to above listed approaches, design for social inno-
vation (J�egou and Manzini, 2008; Meroni, 2007) is acknowledged
here as a key approach for design and innovation teams desiring to
address social and environmental problems. Design for social
innovation puts emphasis on community empowerment and
resilience as well as on different types of value generation, and,
appeals to value-driven entrepreneurs, community leaders and
grassroots activists. With its focus on communities, people and
social problems instead of products, producteservice systems and
production processes, it is distinct from the above listed ap-
proaches. Due to this distinctness, design for social innovation is
not included in the critical review. We see design for social inno-
vation as complementary to any design and innovation approach
listed above rather than having comparable and contrasting
qualities.

Another note necessary for the purposes of framing the critical
review carried out in this article relates to the increasing emphasis
on participatory approaches both in system innovation and tran-
sition for sustainability and in design and innovation projects.
Including stakeholders (i.e. users) in development of new products
and services is not a new approach used by design and innovation
teams and goes back to times when early personal computers were
being developed (Asaro, 2000). Recently, direct or indirect
involvement of users in product/service development processes
through several methods of design research has become accepted
as one of the key requirements for business success (Brown, 2008)
as well as successful addressing of social and environmental
problems, especially aiming for behaviour change (e.g. Kuijer and
De jong, 2012; Lilley, 2009; Wever et al., 2008). In system in-
novations and transitions theory and practice there is also
increasing emphasis on stakeholder involvement in vision and
strategy development and decision-making as this enables nego-
tiation of and agreement on features of desirable futures and how
these might be achieved (Quist and Vergragt, 2006). Similar to
design for social innovation, participatory design and innovation
approaches are complementary to above listed design and inno-
vation approaches and is not treated as a separate design and
innovation for sustainability approach that can be compared and
contrasted through a critical review. Nevertheless, it is acknowl-
edged also that a potential future research direction might be
Table 1
Design-informing frameworks.

Design framework Design principle

DfEI Decreasing overall environmental impacts of products throu

PSS Dematerialisation through function fulfilment by developin
tangible products and intangible services

DfBoP Improving quality of life in developing and under-develope

BM Imitating biological/natural processes and principles in desi
CTC Closing the loop by aiming at waste from one product to be

or biological cycle
TNS Identifying organisational and product/service design and in

from sustainability principles
comparing effectiveness of any design and innovation for sustain-
ability approach when practised on a participatory basis and when
not.

2.3. Conceptual framework and critical review criteria

In literature, there are two main models of sustainability, i.e.
weak and strong. These models differ from each other according to
the conceptualisation of interrelationships between environment,
society and economy. The weak sustainability model assumes that
different assets subsumed by natural and human-made capitals are
substitutable by economic capital and equates welfare with con-
sumption (Cabeza-Gut�es, 1996; Gowdy, 2005). These assumptions
are unrealistic as unlimited substitution is not possible, money is
not a universal substitute for everything and for many types of
natural assets technical substitutes do not exist (Gowdy, 2005;
Sartorius, 2006). The strong sustainability model, contrary to the
weak sustainability model, suggests that the different kinds of
capitals subsumed by environment, society and economy cannot be
substituted or can only be substituted to a limited extent as these
different capitals complement each other (Gray, 1992; Daly, 1990).
Ayres (2007) discussed the extent of substitutability from a physical
point of view and concluded that in the medium-term there are
significant limitations to substitutability. While strong sustain-
ability captures the essence of irreversible, dynamic and hierar-
chical relationships between environment, society and economy
better than weak sustainability does, currently companies' prac-
tices reflect the weak sustainability model demonstrating a pri-
oritisation bias towards creation and preservation of economic
capital (M�alovics et al., 2008).

Sustainability is a system property rather than a property of
system components in isolation (Clayton and Radcliffe, 1996). In
this regard, products, services, technologies or organisations indi-
vidually cannot be defined as sustainable or unsustainable and they
should be considered within the systems they are embedded. Only
if the systems of concern are sustainable, then the products, ser-
vices and technologies therein can be regarded as sustainable. The
three major subsystems of the meta-system (i.e. ecology, economy,
society) and most of the sub-systems of these components (e.g.
evolutionary processes, market operations, individual animals,
companies, etc.) are complex adaptive systems (CAS). Hjorth and
Bagheri (2006) state that complex systems cannot be fragmented
without losing their identities and purposefulness. CAS are hier-
archic or have multiple-levels and each element is a subsystem and
each system is part of a bigger system (Casti, 1986; Gallopín et al.,
Major references

gh a life-cycle approach Brezet and van Hemel (1997)
Carrillo-Hermosilla et al. (2010)
Charter and Tischner (2001)
Wimmer et al. (2004)

g new business models combining Ceschin (2013)
Goedkoop et al. (1999)
Mont (2000)
Tukker (2004)
Tukker and Tischner (2006)

d communities Charter and Tischner (2001)
Crul and Diehl (2006)

gn Benyus (2002)
input either for another technological Braungart et al. (2007)

McDonough and Braungart (2002)
novation strategies by backcasting Holmberg (1998)

TNS (2013)
Upham (1999, 2000)
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2001; Holling, 2001). For an effective analysis, the analyst needs to
oversee the (sub)system being analysed from a vantage point. This
vantage point should be at a higher or preferably meta-level to
identify a context specific perspectivewhile still acknowledging the
interconnections between the (subsystem) being analysed and the
rest (Espinosa et al., 2008). Therefore, design and innovation for
sustainability should adopt a systems thinking approach as a
reference to evaluate product/service concepts within which the
system they will be produced/consumed.

Freeman (1992) argues that incremental innovation has its
limitations, which cannot be overcome by experience, learning,
organisational and technical improvements. Also, at an organisa-
tional level, radical innovations are argued to be critical for long-
term success of companies (Christensen, 1997; Hamel, 2000;
McDermott & O'Connor, 2002). Within the sustainability context,
the requirement for dematerialisation of production and con-
sumption and the needed decreases in greenhouse gas emissions
are not likely to happen through efficiency improvements and
there is a need for shifting from the current technological paradigm
(Jansen, 2003; Rennings, 2000; Rockstr€om et al., 2009; Ryan, 2008;
Tukker et al., 2008; Weaver et al., 2000). Radical innovation at
paradigmatic level is far more challenging than radical innovation
at company/product level as it also requires complementary insti-
tutional, organisational and social/cultural/behavioural innovations
to enable investment, research and diffusion. Ehrenfeld (2008)
discusses in length how a focus on addressing sustainability is-
sues through a sole focus on product or technology development
generates only symptomatic and short-term solutions which shift
the problems elsewhere in the system to manifest over and over
again.

When considering sustainability, selection of a temporal frame
of analysis becomes an important issue since, systems change over
Table 2
Evaluation criteria for the critical review of tools and approaches.

No. Criterion Insight

1 Strong sustainability Among two main models of sustainability (weak
sustainability captures the essence of irreversible
relationships between environment, society and
sustainability model creates a bias towards econo
for environment and society. Therefore, business
towards innovation with a strong sustainability a
circumstances at institutional level should be cre

2 Systems thinking Sustainability is a system property and not a prop
elements. Therefore, products, services, technolo
cannot be regarded as sustainable on their own r
elements of sustainable socio-technical systems.
innovation for sustainability should adopt a syste
reference to evaluate product/service concepts w
they will be produced/consumed.

3 Radicalism The required change for sustainability is not likel
incremental efficiency gains achieved by redesign
technologies. There is a need to shift design and
efficiency improvements to creating new ways o

4 Long-term orientation Since sustainability is about systemic transforma
innovation strategies should consider the time fr
innovations will be part of. These strategies shoul
covering the longest-term the system is subject t
innovation in order to be able to contextualise th
and development direction of the innovations fro
vantage point for socio-technical transformations

5 Mindset change Adopting a systems thinking approach in design
the requirement for fundamental changes in how
adopting a long-term strategic planning period ca
businesses from a solely profit-centred approach
business opportunity is realised through address
social issues.
time and their interdependent components have different paces of
change. Even though the length of time frame to be used when
planning for sustainability is still being debated, the concept
intrinsically requires a long-term future orientation. Long term is
not a static, predetermined time span to be applied to the whole of
the meta-system. Rather, it is determined in line with the nominal
temporal (and also spatial) scales of the system component whose
sustainability is of concern (Costanza and Patten, 1995). For cities,
for example, the nominal life span can be accepted to be 1000 years
or more. However, for a human being, the nominal life span, and
hence the ‘long term’ in which sustainability is monitored and
assessed will be around 70 years. According to the operational
context, the length of ‘long term’ should change; as the operational
context widens, the length of planning should extend in order to
cover subsumed operational contexts and to connect them both
spatially and temporally (Espinosa et al., 2008). While planning at
higher-order operational contexts requires longer and wider scales
to cover lower-order contexts, lower-order contexts are externally
bound by this larger scale no matter what their internal scale is
(Holling, 2001). Therefore, lower-order operational contexts should
be aware of issues and scales of higher-order operational contexts,
first, to guarantee their success and, second, to guarantee sustain-
ability of higher-order contexts. System innovation requires long-
term planning due to the complexity embedded both in natural
and social systems and the dynamic nature of sustainability re-
quirements (Gaziulusoy et al., 2008). It is argued that the optimum
time-frame needed for socio-technical system transformations is
around 50 years (Weaver et al., 2000; Geels, 2005). The time frames
required for system innovation are far beyond the ones usually used
by companies for planning (Jansen, 2003). Nevertheless, system
innovation assumes that structural changes will take place in socio-
technical systems including the major assumptions of the current
Main references

and strong), strong
, dynamic and hierarchical
economy while weak
my creating a detriment
es should strategise
pproach and
ated to support this.

Ayres (2007)
Gowdy (2005)
M�alovics et al. (2008)

erty of individual system
gies and organisations
ight but they may be
Therefore, design and
ms thinking approach as a
ithin which the system

Clayton and Radcliffe (1996)
Ehrenfeld (2008)
Espinosa et al. (2008)
Hjorth and Bagheri (2006)

y to happen through
ing existing products and
innovation efforts from
f meeting societal needs.

Jansen (2003)
Rennings (2000)
Rockstr€om et al. (2009)
Ryan (2008)
Tukker et al. (2008)
Weaver et al. (2000)

tions, design and
ame of systems these
d be informed by foresight
o in planning for
e sustainability potential
m a vantage point. That
is around 50 years.

Costanza and Patten (1995) Espinosa et al. (2008)
Geels (2005)
Holling (2001)
Weaver et al. (2000)

and innovation strategies,
societal needs aremet and
lls for a mindset change in
to an approach where
ing environmental and

Dunphy et al. (2007)
Loorbach et al. (2010)
Loorbach and Wijsman (2013)
Parrish (2010)
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economic system and the role and responsibilities of businesses
within society (Dunphy et al., 2007; Loorbach et al., 2010; Loorbach
and Wijsman, 2013; Parrish, 2010). Therefore, it is increasingly
important for companies to develop capabilities of aligning their
design and innovation strategies with system level changes that are
associated with ongoing and expected socio-technical system
transformations both in order to effectively implement any plan at
policy level and to increase their adaptive capacity with regards to
the substantial change which will take place through the transi-
tions. This requires a mind-set change in companies in regards to
their existential purpose, their stakeholders and what business
means in a sustainable society.

Five main insights are derived from the conceptual framework
presented and associated evaluation criteria are developed for the
critical review of approaches available for design and innovation
teams. Table 2 shows these criteria with associated insights and
main references.

3. Findings of the critical review

3.1. Legislative and regulatory measures

Despite the significant role legislation and regulatory measures
play in driving design and innovation for sustainability, there are
two major shortcomings of developing design and innovation
strategies solely addressing the legislative and regulatory re-
quirements. First, legislation and regulatory measures are devel-
oped based on best available practices in the industry around
specific issues within specific sectors such as energy efficiency of
appliances. The measures do not necessarily align with the strong
sustainability and systems thinking principles identified in the
previous section. While there may be requirements over a partic-
ular performance measure (e.g. energy efficiency) there is a neglect
of other impacts (e.g. resource depletion) or intervention points
(e.g. user behaviour) as well as cross-referencing between legisla-
tion dealing with different sectors/issues. In addition, legislation
dealing with environmental issues is not necessarily cross-
referenced to innovation legislation, which may or may not be in
support of the experimentations needed for achieving radical
change at system level. This may potentially be a consequence of
compartmentalised approach to legislation and regulation making
in central as well as local governments. Second, the time frames
covered by legislative/regulatory measures are short and they are
not designed to oversee the societal transformation process from a
sufficiently long time frame (Holling, 2001). Mindset change cri-
terion is not applicable to legislative and regulatory measures as
these aim enforcing operational standards by law and cannot
mandate a mechanism to enable organisational change in
companies.

3.2. Voluntary initiatives

Among unilateral initiatives, environmental management sys-
tems (EMS) act as an umbrella under which all of a company's
relevant activities are determined and managed. Companies adopt
EMS either as a competition tool or due to commitment to envi-
ronmental improvements or as a combination of both. Johnstone
et al. (2004), following a survey carried out among 2000 Euro-
pean firms, concluded that ‘the introduction of environmental
management systems and the integration of environmental man-
agement with general management strategies are key de-
terminants of firms' propensities to undertake technical measures
which reduce environmental impacts (p. 705)’. Nevertheless, it has
not been proven that companies implementing a formalised stan-
dard perform better than those which do not have any formalised
EMS (Freimann and Walther, 2001). Annandale et al. (2004),
following an empirical study they carried out in Western Australia
with 40 companies, concluded that stakeholder pressure has
greater influence on environmental performance than EMS. Kautto
(2006) undertook an empirical survey investigating the relation-
ship between EMS and environmentally improved product devel-
opment in companies and concluded that the link between EMS
and product development was either very weak or completely
missing. The commitment to improvement at the managerial level
is a key determinant for effective implementation of EMS. Even
though effective and committed implementation of EMS has the
potential to bring significant improvements in the environmental
performance of the companies, it is not sufficient to move the
companies towards sustainability. The major risk associated with
EMS is that, the returns associated with early phases of EMS
implementation might create a management bias towards exploi-
tation rather than exploration activities within companies and thus
hinder discontinuous innovation for new business models, tech-
nologies and products/services (K€onn€ol€a and Unruh, 2007). In
addition, EMS focuses only on the ecological impacts of companies
and operates within a weak sustainability context.

3.3. Design and innovation frameworks

With its emphasis on decreasing environmental impacts
through the whole life-cycle of products/services, DfEI is probably
going to be the most widely adopted framework in the short term
by companies since the EuP Directive (EC, 2005) mandates its
implementation along with life-cycle assessment by companies
producing energy using products in the EU. The emphasis on
reduction of environmental impacts throughout whole life-cycles
implies a systemic approach adopted by DfEI efforts. By encour-
aging a wider look covering the value chain from both production
and consumption ends, DfEI might shift companies' business pri-
orities towards inclusion of environmental concerns and adoption
of DfEI principles in default design criteria (Eco-innovation
Observatory, 2013). Carrillo-Hermosilla et al. (2010) point the
radical and system changing potential of some eco-innovations but
acknowledge the institutional and governance related barriers for
these types of innovations. In order to overcome such barriers,
linking long-term visions at societal level with short-term strate-
gies is necessary (Carrillo-Hermosilla et al., 2010; Gaziulusoy et al.,
2013). Currently, a visionary systemic outlook is not common
practice in design/innovation teams and innovation planning pe-
riods are limited by business planning periods which are very short
compared to the long-term outlook required for socio-technical
transformations to occur. Therefore, it is hard to judge the poten-
tial of DfEI to push innovation towards the system level. Another
shortcoming of DfEI is its sole focus being environmental problems.
Given sustainability problems are complex with environmental as
well as social implications, DfEI risks creating a technologically-
optimistic bias in design/innovation teams. The mindset change
potential of DfEI on companies implementing DfEI strategies is an
area needing to be investigated further. Nevertheless, anecdotal
evidence suggests that there is no strong correlation between DfEI
implementation in companies and mindset change. We were not
able to find any evidence in our search that the theory or practice of
DfEI involved consideration of strong sustainability as a guiding
principle.

Tukker (2004) identifies eight archetypal PSS categories: 1.
Product-related service, 2. Advice and consultancy, 3. Product lease,
4. Product renting or sharing, 5. Product pooling, 6. Activity man-
agement/outsourcing, 7. Pay per service unit, 8. Provision of func-
tional results. While all PSS represents a shift from product focus to
system focus, only one of these PSS categories (i.e. provision of
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functional results) is promising in terms of shifting socio-technical
systems while the rest generate only marginal sustainability ben-
efits (Tukker, 2004). Functional PSS is also referred to as function
(or functional) innovation in eco-design terminology (Brezet, 1997;
Halila and H€orte, 2006). Functional PSS applications not only
challenge existing product concepts and consumption patterns
through alternativeways of function fulfilment, but also giveway to
different models of businesses or stakeholder collaboration
(Anderson, 1997; Keskin et al., 2009; Van der Zwan and Bhamra,
2003; Williams, 2007). Therefore, development of functional PSS
might influence mindset change in companies. However, even
though PSS corresponds to a shift from product focus to system
focus in achieving sustainability (Brezet, 1997), there are only few
studies considering PSS in the context of system level innovation
(for example, see, Ceschin, 2012; Keskin et al., 2009). In addition,
despite the theoretical potential of shifting socio-technical systems,
functional PSS are associated with high investment requirements
for transitioning from an older business model to a newer one
which accommodates the functional PSS delivery (Tukker, 2004).
Therefore, the potential innovation and implementation success
will depend on availability of institutional and organisational in-
centives. Another point necessary to be made here is that, despite
the theoretical potential of shifting socio-technical systems, only
because a solution meets a function in an innovative way does not
guarantee that the solution will be sustainable. Therefore, the
sustainability potential of any future functional PSS innovation
should be considered with a strong sustainability approach and
with references to the requirements necessary to be met for the
wider socio-technical system to be sustainable. We have not come
across any PSS implementation in literature which explicitly
adopted a strong sustainability approach. The potential sustain-
ability benefits mentioned are generally speculative and anecdotal
and the focus seems to be on the economic return of investment.

CTC design stands on twomain interrelated concepts as its main
tenets: food equals waste and eco-effectiveness (Braungart et al.,
2007; McDonough and Braungart, 2002). Eco-effectiveness, in
contrast to eco-efficiency which puts emphasis on reducing envi-
ronmental impact through improvement of resource consumption
efficiency, puts emphasis on a regenerative (rather than depletive)
approach by the industry. The concept of eco-effectiveness is
operationalised with the ‘waste equals food’ concept, which was in
fact put forward in the industrial ecology field (Frosch and
Gallopoulos, 1989) more than a decade before the concept was
branded as CTC. CTC framework, in line with the waste equals food
concept, mentions two types of ‘nutrients’, i.e. biological and
technological, and claims that as long as these are used in open (for
biological nutrients) or closed (for technological nutrients) loops,
the human society can continue production, consumption and
economic growth. The vision put forward by CTC design is indeed
an alluring and inspiring one. Therefore, its potential for enabling
mindset change in business and thus playing a role in radical
innovation is acknowledged as its main value (Bakker et al., 2010).
In addition, with its emphasis on regenerative approaches in in-
dustry and acknowledgement of the rights of non-human species
can be seen as aligned with strong sustainability criterion. There is
also emphasis on future generations which can be interpreted as
long-term orientation. Nevertheless, this seems to be at a rhetorical
level and it is not clear how implementation of CTC in a company
would influence time-frames adopted in design and innovation
strategy. Despite its inspiring vision CTC design is technically not
very well justified. Reijnders (2008) argues against the claim that
wastes and emissions from biological materials are ecologically
irrelevant because these decompose and become ‘nutrients’. He
points that increases in concentrations of biological nutrients have
ecological effects and high concentrations may in fact create a
human health hazard. This counters the argument about possibility
of continuous economic growth if CTC is the norm in production-
consumption systems. Bakker et al. (2010) also point out that CTC
design might shift focus of design decisions from the entire life-
cycle of products to minimising or eliminating toxic materials
which potentially creates overlooking impacts of energy con-
sumption. This is especially significant for products which consume
energy during use phase. Therefore CTC meets systems thinking
criterion only to a certain extent.

Another widely known and referenced design framework which
uses analogies from nature is BM. BM advocates using nature as
model, measure and mentor (Benyus, 2002). Using nature as a
model is explained as studying the models and processes of nature
to take inspiration as a means to solve human problems. Using
nature as a measure is explained as using an ecological standard to
judge the rightness of innovations with the rationale that as a result
of 3.8 years of evolution, nature has learned what works and what
is appropriate. Finally, using nature as a mentor puts emphasis on
learning from nature rather than exploiting it. In addition, similar
to CTC design, BM also puts emphasis on using waste as a resource
and closing loops in production and consumption. The idea and
practice of using nature as a model is not new; designers as early as
Leonardo da Vinci studied the structures and processes in nature to
develop products or product concepts. Although biomimicry is a
valid approach to acquire inspiration for design and innovation, the
resulting innovations are not sustainable per se (Volstad and Boks,
2012) for isolating a principle, structure or process from nature and
imitating it does not necessarily result in elimination of all envi-
ronmental and/or social impacts of a product. In addition, although
evolutionary history resulted in harmonious working of ecosys-
tems, evolution is not a mechanism generating perfection but
instead effectiveness which is valid locally and at system level.
Although, a biomimicry approach focussing on systems of nature
rather than individual mechanisms, properties or processes could
potentially enable systemic transformations, the BM approach ad-
dresses isolated problems through a technologically-optimistic and
product-focused engineering perspective. Therefore, some in-
novations developed using BM approach can be regarded as radical
technological innovations but it is hard to conclude that BM has an
explicit reference to socio-technical system transformations. The
idea of use of nature as a mentor, on the other hand, is aligned with
strong sustainability criterion. If this can be implemented with a
broader perspective than focussing on singular functions, a sys-
temic approach to generating solutions may be encouraged.
Nevertheless, BM does not prescribe or imply the necessity of
longer-term planning periods in conducting business or seem to
have an agenda for organisational mind-set change.

It is clear that both CTC and BM have strengths in relation to
encouraging alternative approaches to design and innovation for
sustainability especially if not promoted and perceived as potential
panaceas and when combined with other tools available for design
and innovation teams, such as life-cycle assessment, to compensate
for their shortcomings. Nevertheless, the inherent politics of CTC
and BM make these approaches unviable for enabling design and
innovation teams to plan for and act towards innovating for sys-
temic transformations as neither of these approaches challenge
consumption patterns and they demonstrate technological opti-
mism. Mathews (2011) argue that, in order to achieve sustainabil-
ity, our psycho-cultural patterns need reorganising as well as our
systems of production and even if this was achieved there is an
ethical ambiguity associated with BM. According to her, same
criticism applies to other design approaches using analogies from
nature including CTC.

The DfBoP framework has been beneficial for developing or
underdeveloped communities to meet their immediate



Table 3
Summary of critical review of approaches available for design and innovation teams.

Strong sustainability Systems thinking Radicalism Long-term orientation Mindset change

Legislation/regulation Does not meet the criterion
Currently legislative and
regulatory measures do
not follow a strong
sustainability approach

Does not meet the criterion
Currently legislation and
regulatory measures
address issues in isolation
potentially reflecting
compartmentalised
approach adopted by
central and local
governments

Does not meet the criterion
The lack of a strong
sustainability approach
and systems thinking in
legislation/regulation
making combined with
missing cross-referencing
between innovation
policies and policies
addressing
environmental/social
issues result in a void of
focus on socio-technical
system transformations

Does not meet the criterion
Time frames covered by
legislative/regulatory
measures are short and
they are not designed to
oversee the societal
transformation processes
from a sufficiently long
time frame

Criterion not applicable
Legislation/regulation
aims to enforce binding
operational standards
and organisational
change is out of its scope

Voluntary initiatives Does not meet the criterion
Voluntary initiatives
mostly focus
environmental impacts
and does not reflect a
strong sustainability
approach

Does not meet the criterion
Voluntary initiatives are
undertaken by companies
without a reference to the
wider system within
which they operate

Does not meet the criterion
On the contrary, the “feel
good” impact of
voluntary initiatives
hinder companies
pursuing discontinuous
innovation opportunities

Does not meet the criterion
Voluntary initiatives do
not adopt a long-term
orientation and focus on
addressing compliance
related risks through
voluntary mechanisms

Does not meet the criterion
Similar to radicalism
being hindered by the
“feel good” impact,
voluntary initiatives focus
on short-term
remediation without
particular emphasis on
innovation for new
business models

DfEI Does not meet the criterion
DfEI has a sole focus on
environmental problems

Meets the criterion to a
certain extent
Limited to life-cycle
thinking and, in rare cases
of radical innovations
conceived by DfEI, there
is institutional and
governance related
barriers and no explicit
strategy of handling these
and other changes at
socio-technical systems
level is evident in
implementations of DfEI

Meets the criterion to a
certain extent
Some innovations
developed using DfEI
demonstrate radical
characteristics but as a
result of limited systems
thinking and a sole focus
on environmental
problems these
innovations have a
technologically-
optimistic bias

Does not meet the criterion
DfEI approaches do not
encourage innovation
planning with references
to the time frames
necessary for system level
transformations

Analysis non-conclusive
Anecdotal evidence
suggests no correlation
between implementation
of DfEI in companies and
mindset change
nevertheless this is an
area needing further
exploration in eco-
innovation research

PSS Does not meet the criterion
There is no clear criteria
on assessing performance
of a PSS against
sustainability, especially
within the strong
sustainability framework

Meets the criterion to a
certain extent
PSS shifts focus from
products to systems of
products and services
jointly fulfilling a need
but there are only few
studies considering PSS in
the context of socio-
technical system
innovation

Meets the criterion to a
certain extent
Only one type of PSS, i.e.
functional PSS, is
promising in terms of
shifting socio-technical
systems while the rest
generate only marginal
sustainability benefits

Does not meet the criterion
No evidence of PSS
implementations with a
focus on wider socio-
technical system
innovations was found

Meets the criterion to a
certain extent
Functional PSS
applications are
associated with new
business models and
different models of
collaborating with
stakeholders

CTC Meets the criterion to a
certain extent
Waste equals food
concept, emphasis on
regenerative approaches
in industry and
acknowledgement of the
rights of non-human
species

Meets the criterion to a
certain extent
The premise of waste
equals food in indefinite
cycles is technically not
justified, there is also risk
of shifting focus of design
decisions from entire life-
cycles to reducing toxicity
with a potential impact of
overlooking impacts of
energy consumption

Meets the criterion to a
certain extent
Its focus on circular
production and
consumption models
creates space for radical
innovation nevertheless
the systemic extent of
this is not clear

Meets the criterion to a
certain extent
Emphasis on future
generations of all species
in theory but no clear
demonstration or explicit
extended time-horizon in
implementations

Meets the criterion to a
certain extent
Its focus on circular
production and
consumption models may
enable mindset change in
companies both at
operational as well as at
strategic levels

BM Meets the criterion to a
certain extent
Puts emphasis on using
nature as model, measure
and mentor, also, similar
to CTC, puts emphasis on
using waste as food and
circular systems

Does not meet the criterion
BM isolates and mimicks
a principle, structure or
process from nature
which does not
necessarily equate to
sustainability for the
whole products,
technologies or socio-
technical systems

Meets the criterion to a
certain extent
BM helped generating
radical innovations at
product/technology level
but without reference to
the wider socio-technical
system innovations

Does not meet the criterion
BM does not prescribe or
imply the necessity of
longer-term planning
periods in conducting
business

Meets the criterion to a
certain extent
BM does not have an
explicit agenda for
organisational mind-set
change nevertheless the
emphasis on using nature
as model, measure and
mentor may facilitate
mindset change

DfBoP Criterion not applicable
In BoP contexts contexts
addressing socio-

Does not meet the criterion
DfBOP approaches are
mostly used by first-

Does not meet the criterion
With its current
implementation model of

Criterion not applicable
DfBoP focuses on meeting
the current and

Does not meet the criterion
Current model of
implementation of DfBoP

(continued on next page)
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Table 3 (continued )

Strong sustainability Systems thinking Radicalism Long-term orientation Mindset change

economic issues such as
poverty and access to
water are more urgent
and they contribute to
and exacerbate
environmental problems

world companies to
provide ready-made
solutions for BoP contexts
and not capacity to meet
their own needs; BoP
contexts remain
dependent and are also
seen as markets to exploit

delivering ready-made
solutions to BoP contexts
a radical transformation
at socio-technical
systems level is not
possible

immediate needs of BoP
contexts

does not create
conditions for mindset
change in companies

TNS Meets the criterion
TNS uses a principles-
based strong
sustainability approach
for organisational and
product/service
innovation

Meets the criterion to a
certain extent
Focuses on
environmental as well as
social issues from a broad
system perspective but
does reflect a simplified
understanding not
accounting for the level of
complexity in socio-
technical and socio-
ecological systems

Meets the criterion to a
certain extent
With its focus on
aspirational future state
of systems TNS can
facilitate change at the
level of socio-technical
systems but the extent of
possibility of which is
closely linked with its
capacity to generate
mindset change in
companies

Meets the criterion
TNS is the only approach
with an emphasis on
aspirational future state
of systems, nevertheless,
the extent of possibility of
implementing a systemic
innovation strategy with
references to long-term
changes in socio-
technical systems is
closely linked to its
capacity to influence
mindset change in
companies

Does not meet the criterion
TNS does not challenge
the perceived role and
responsibilities of
business and affirms that
profit is the ultimate
bottom-line for
companies, therefore
does not create
conditions for mindset
change in companies
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communication, sanitation and shelter needs through, most of the
times, providing these communities with appropriate technologies
(some case studies can be found in Crul and Diehl, 2006). However,
as a business strategy, initiatives so far have not helped alleviation
of poverty or development in those communities but exploited
them as newmarkets to sell products (Simanis et al., 2008). From a
systems thinking point of view, it is important to empower com-
munities to solve their own problems rather than providing them
with ready-made solutions (Meadows, 2008). Without strategies
which provide these communities with means of generating solu-
tions for their own problems, solutions generated by external
parties (generally companies in the first world) and distributed
through several mechanisms of international aid, “addiction” is
created and resilience is declined in these communities in the
medium and long terms. Therefore, ideally, design and innovation
efforts for bottom-of-the-pyramid contexts should focus on com-
munity awareness and capacity building and involve participatory
design practices to encourage development of business models
utilising local resources and human capital. When perceived as new
markets to exploit, DfBoP efforts are not likely to achieve trans-
formative results and therefore are not likely to address root causes
of problems specific to these contexts. It is not appropriate to
analyse DfBoP framework with references to strong sustainability
since in bottom-of-the-pyramid contexts addressing socio-
economic issues such as poverty and access to water are more ur-
gent and they contribute to and exacerbate environmental prob-
lems. Similarly, DfBoP focuses on meeting the current and
immediate needs of bottom-of-the-pyramid contexts and a long-
term orientation is therefore an irrelevant criterion in evaluation
of DfBoP.

Used on their own, all of the above mentioned frameworks and
their associated tools and methods have limited potential in facil-
itating design and innovation for socio-technical system trans-
formations. The common attribute in all of them is none to minimal
adoption of strong sustainability criterion. Each framework has
strengths and weaknesses and meet one or two of the criteria to
varying degrees. Although CTC can be viewed as visionary with its
emphasis on thinking alternative and cyclic ways of industrial
production, none of the frameworks present a clear strategy on
how to achieve sustainability at societal level, which is the broadest
system within which production and consumption system resides.
On the contrary to the framework discussed above, TNS, or to
use the recently branded new name, The Framework for Strategic
Sustainable Development framework, has certain strengths over
any other framework discussed above. First, it starts from an aspi-
rational sustainable state defined at the broadest systemic level
meaningful for human society, i.e. the world, to inform current
decision making. Second, it uses a principles based, strong sus-
tainability approach for organisational and product/service inno-
vation (Holmberg, 1998; Holmberg and Rob�ert, 2000; TNS, 2013).
Third, the principles identified articulate not only environmental
but also social conditions needing to be met to achieve sustain-
ability (TNS, 2013). Despite these strengths, the principles of TNS
“reflect a simplified material accumulation model that is not
designed to account for ecological, let alone socio-economic
complexity (Upham, 1999, p. 93)”. Therefore, they are far from
providing any operational value to address the complexity of the
industrial subsystem and its relation to the wider social and envi-
ronmental systems. In addition, TNS does not challenge the
assumption that a company's bottom-line objective is to make
(financial) profit (Sandstr€om, 2005); an assumption which remains
highly under-examined in the mainstream business and innovation
literatures (Parrish, 2010). Therefore TNS framework does not meet
the mindset change criterion.
4. Towards a future research agenda

4.1. Discussion and recent developments

Table 3 provides a summary of the findings of critical review
presented in detail in Section 3. Based on the findings of the review,
the immediate obvious conclusion is the ineffectiveness of legis-
lative, regulatory and voluntary mechanisms to directly inform and
motivate design and innovation teams to integrate system inno-
vation into strategy and action. This is understandable given the
initial prerequisite for development of new technologies and
products is availability of research and development funding
although binding and voluntary standards act as a driver to inno-
vate further down the track (Kiss et al., 2013). While for incre-
mental innovations effectivemechanisms in influencing design and
innovation teams, legislative/regulatory and voluntarymechanisms
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do not provide a “push” in design and innovation teams for system
innovation.

None of the design-informing frameworks fully or partially
meet all evaluation criteria but they all meet criteria at varying
degrees. However, as the conceptual framework presented in Sec-
tion 2.3 demonstrates, the five evaluation criteria developed for the
critical review are parts of a whole rather than independent from
each other. They either reinforce one another or are prerequisites
before other criteria can be met. Therefore, it is not meaningful to
evaluate design and innovation approaches against individual cri-
terion as a basis for comparison with each other. The fundamental
problem that can be pin pointed here, which is perhaps the most
important conclusion derived from the critical review is that the
existing design and innovation approaches do not serve for the
purposes of structural, systemic, societal transformations.

Although none of the approaches reviewed here explicitly
reference system innovation theories, the broad field of design and
innovation for sustainability is developing rapidly. Three recently
completed PhD studies (Ceschin, 2012; Gaziulusoy, 2010; Joore,
2010) indicate an emerging and promising research stream dis-
playing cross-fertilisation of system innovation/transition theories,
sustainability science and design and innovation for sustainability.
The common attributes of these contributions are an emphasis on
systems thinking, long-term orientation, and radicalism, acknowl-
edgement of complexity and multi-stakeholder character of inno-
vation tasks aiming to address sustainability issues, the shifting role
of designer from an object-maker to strategic-thinker and pro-
posing a multi-level design model aligned with their systemic
approach. Gaziulusoy (2010) also explicitly refers to sustainability
science and the requirement of adoption of the strong sustain-
ability model in theories and tools developed within the design and
innovation for sustainability field. These contributions mark the
beginning of a fruitful, interdisciplinary dialogue to broaden both
theory and practice of design and innovation for sustainability.

4.2. Formulating a research agenda

In the light of the recent developments in the area of design and
innovation for sustainability and based on the critical review pre-
sented in this paper, it is possible to formulate an agenda for future
research in following areas:

I. Exploration of synergies between existing frameworks to aid
design and innovation strategy in the context of systemic
transformations for sustainability;
Synergies between the above discussed frameworks have
been investigated by several researchers (e.g. Rob�ert et al.,
2002; Bakker et al., 2010). However, so far no investiga-
tion has been carried out with references to system
innovation and transition management theories. Given
that any framework will have strengths and weaknesses
in addressing the complex sustainability problems,
instead of presenting individual frameworks as potential
panaceas, the efforts should be focused in what ways the
available frameworks can be used in support of each other
to achieve systemic transformations to sustainability.
Because systemic transformations are radical in nature,
design and innovation approaches should be combined
with business model generation approaches. There are
also research opportunities for investigating the role of
design and innovation in policy making to support sus-
tainability transitions. In exploring synergies between
existing frameworks, recent contributions of Ceschin
(2012), Gaziulusoy (2010) and Joore (2010) might pro-
vide useful theoretical and practice related insights to link
individual frameworks with each other across multi-
levels of socio-technical systems which require different
types of interventions (i.e. product and service in-
novations, strategic organisational direction and linking
societal vision with design intention).
II. Development of a theoretical framework for design and
innovation for sustainability with references to system
innovation and transition management theories;
None of the frameworks discussed above has any refer-
ence to system innovation/transition management the-
ories and/or sustainability science which currently
represent the state-of-the-art thinking in the broad area of
innovation for sustainability. Both in theory and in practice
of design and innovation for sustainability, the word
“sustainable” is used vaguely and generally refer to
developing and diffusing more preferable product or
technology options than existing ones (e.g. electric cars
instead of petroleum cars), or, to identifying and promot-
ing more preferable behaviours than existing ones (e.g.
consuming organic food instead of food produced using
chemical pesticides and fertilisers). The literature does not
provide a scientific basis for comparing different design/
innovation options with regards to their potential for
shifting socio-technical systems (e.g. mobility, food etc.)
towards a sustainable one. Therefore, claims stating that
sustainability aims are incorporated in companies' design
and innovation strategies, activities and products remain
unclear, unjustified and unconvincing. There are trans-
disciplinary research opportunities, increasingly more as
ongoing transitions mature to take-off phase, to integrate
sustainability science as a foundation for theories of design
and innovation for sustainability. Gaziulusoy (2010) pro-
posed a theoretical framework which might establish a
base for this research agenda item.
III. Development of frameworks and associated tools and
methods for design, innovation and decision making to help
design and innovation teams in product, service and strategy
development for achieving systemic transformations to
sustainability;
In conjunction with development of a theoretical frame-
work as discussed in the previous point, there is a need
for development of practical frameworks and associated
tools and methods for the use of design and innovation
teams with references to sustainability science and sys-
tem innovation/transition management theories. These
frameworks/tools/methods should include analytical as
well as creative components and should aid in thorough
analysis of systems to be transformed to identify inter-
vention points, development of visions for sustainable
socio-technical systems, development of innovation
strategies covering investigation and implementation of
new business models and development of product/ser-
vice ideas to fulfil the societal function of the socio-
technical system of concern. With references to the
theoretical explorations they carried out, Ceschin (2012),
Gaziulusoy (2010) and Joore (2010) made first successful
attempts of developing tools and methods to help design
and innovation teams operating across the operational,
strategic and visionary outlooks of system innovations
and transitions.
5. Conclusions

There are several approaches, tools and methods targeting
different aspects of the design and innovation for sustainability
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activities. These include legislation and voluntary initiatives which
establish the policy basis for design and innovation activity as well
as frameworks used in the design and innovation process. This
paper presented a critical review of these approaches and frame-
works with the aim of proposing a research agenda for future
research. The critical review was based on criteria derived by
integrating sustainability science and system innovation/transition
management theories and included:

1. Adoption of strong sustainability model;
2. Use of systems thinking;
3. Adoption of a radical approach to innovation;
4. Adoption of a long-term period for innovation planning;
5. Enabling a mindset change in the business.

The critical review concluded that legislative measures are
developed based on best available practices in the industry around
specific issues within specific sectors and only cover short-term.
Therefore, they do not necessarily align with any of the specified
criteria. It is acknowledged and that legislation and regulatory
measures play a significant role in driving design and innovation for
sustainability, however, design and innovation strategies devel-
oped with the sole aim of addressing the legislative and regulatory
requirements will be only successful in the short-term and only
from a risk reduction and financial perspective. Voluntary initia-
tives, on the other hand, are generally driven by economic in-
centives and the benefits of these economic incentives may be
direct and prompt. Nevertheless, despite the potential of voluntary
initiatives to bring significant economic and environmental im-
provements in the short term, these do not necessarily directly
inform design and innovation process and, more importantly, they
create a risk of hindering discontinuous innovation for new busi-
ness models, technologies and products/services. Despite certain
strengths, none of the design and innovation frameworks analysed
met all of the specified criteria but all of them met some criteria to
varying degrees.

Based on the critical review, three items are identified to
establish a future research agenda:

I. Exploration of synergies between existing frameworks to aid
design and innovation strategy in the context of systemic
transformations for sustainability;

II. Development of a theoretical framework for design and
innovation for sustainability with references to system
innovation and transition management theories;

III. Development of frameworks and associated tools and
methods for design, innovation and decision making to help
design and innovation teams in product, service and strategy
development for achieving systemic transformations to
sustainability.
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