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Abstract

The Triple Helix innovation model focuses on university-industry-government relations. The Quadruple Helix
embeds the Triple Helix by adding as a fourth helix the ‘media-based and culture-based public’ and ‘civil society’.
The Quintuple Helix innovation model is even broader and more comprehensive by contextualizing the Quadruple
Helix and by additionally adding the helix (and perspective) of the ‘natural environments of society’. The Triple Helix
acknowledges explicitly the importance of higher education for innovation. However, in one line of interpretation it
could be argued that the Triple Helix places the emphasis on knowledge production and innovation in the
economy so it is compatible with the knowledge economy. The Quadruple Helix already encourages the perspective

potential.

of the knowledge society, and of knowledge democracy for knowledge production and innovation. In a Quadruple
Helix understanding, the sustainable development of a knowledge economy requires a coevolution with the
knowledge society. The Quintuple Helix stresses the necessary socioecological transition of society and economy in
the twenty-first century; therefore, the Quintuple Helix is ecologically sensitive. Within the framework of the
Quintuple Helix innovation model, the natural environments of society and the economy also should be seen as
drivers for knowledge production and innovation, therefore defining opportunities for the knowledge economy.
The European Commission in 2009 identified the socioecological transition as a major challenge for the future
roadmap of development. The Quintuple Helix supports here the formation of a win-win situation between ecology,
knowledge and innovation, creating synergies between economy, society, and democracy. Global warming represents
an area of ecological concern, to which the Quintuple Helix innovation model can be applied with greater
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Background

‘Global warming’ represents an ecological (also socioeco-
logical) issue of importance and concern. Due to the es-
calation of global warming, it is time for humanity to
think and act responsibly and determine sustainable
solutions. Global warming, in addition to climate
change, has caused the world to undertake new respon-
sibilities (see IPPC 2007a), which not only include
further climate change, but in the long term, also hold
humanity accountable in the prevention of new political
and/or social conflicts, war on resources, new environ-
mental catastrophes as well as serious crises in the
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market economies (see UNDP 2007; UNEP 2008). The
special challenge of global warming can be tackled by
‘sustainable development’.? Sustainable development
concerns us all and takes place on the local as well as
global level. Hence, sustainable development has to be
understood in the context of ‘gloCal knowledge
economy and society’ (see Carayannis and Campbell
2011; Carayannis and von Zedtwitz 2005; Carayannis
and Alexander 2006). Therefore, we must perceive glo-
bal warming not as a challenge but rather as an oppor-
tunity to live innovatively and effectively in union with
nature for a better tomorrow.

To a large extent, humanity itself has caused the climate
change; therefore, something must be done (see IPPC
2007b; Le Monde diplomatique 2009, pp. 72—73; Friedman
2008). However, there are hardly any comprehensive
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models or concepts to answer the “Why’ that truly shows
‘How’ we can act and learn accordingly or provide any de-
monstrative methods, suggestions, and examples how we
can improve our actions in the present. Our analysis pre-
sented here suggests understanding the ‘why” and conse-
quently, offers a ‘model of innovation’ which demonstrates
a feasible, step-by-step method to tackle the ‘how’.

In the current academic debate, it is undisputed that
a solution or a suitable answer regarding the challenge
of global warming can only be found through utilizing
the asset of human knowledge (see Carayannis and
Campbell 2010, p. 42; Bhaskar 2010, p. 1). The key to
success, as being determined by our propositions, lies
in using the available and newly created ‘knowledge’ in
correspondence with the Quintuple Helix Model
(Carayannis and Campbell 2010, p. 62). The Quintuple
Helix is a model of innovation that can tackle existing
challenges of global warming through the application of
knowledge and know-how as it focuses on the social
(societal) exchange and transfer of knowledge inside the
subsystems of a specific state or nation-state (see Barth
2011a, pp. 5-7). The ‘nonlinear’ innovation model of the
Quintuple Helix, which combines knowledge, know-how,
and the natural-environment-system together into one
‘interdisciplinary’ and ‘transdisciplinary’ framework, can
provide a step-by-step model to comprehend the quality-
based management of effective development, recover a
balance with nature, and allow future generations a life of
plurality and diversity on earth (see Carayannis and
Campbell 2010, p. 42; Barth 2011a, p. 2). To sum up, our
thesis is as follows: the Quintuple Helix represents a suit-
able model in theory and practice offered to society to
understand the link between knowledge and innovation,
in order to promote a lasting development. This contribu-
tion, under the aspect of global warming, focuses on the
potential of a nation-state in the twenty-first century and
on the following pivotal question: How can sustainable de-
velopment, with regard to global warming, be practiced
step-by-step with and within a Quintuple Helix model?

The structure of our analysis is as follows. The Sec-
tion ‘The challenge of global warming and the resource
of knowledge’ is a short delineation about challenges of
global warming and the organization of the resource of
knowledge. In Section ‘What is a Quintuple Helix
model?, the Quintuple Helix model is defined. Next
comes Section ‘The challenge of global warming in a
Quintuple Helix Model' that visualizes the Quintuple
Helix model as a nonlinear model of innovation in cor-
respondence with social (societal) subsystems and along
with a descriptive step-by-step example of how the
challenge of sustainable development (under the aspect
of global warming) may be adopted. Section ‘Conclu-
sions’ offers a conclusion in reference to the Quintuple
Helix Model.
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Results and discussion
The challenge of global warming and the resource of
knowledge
The challenge of sustainable development (under the as-
pect of global warming) proves that there are currently
several crucial questions that need to be answered (see
Carayannis 2011); so new political goals must be formu-
lated, in reference with CO, emission limits, in the quest
for a long-term sustainability. Furthermore, there is ris-
ing demand for ‘new green’ knowledge solutions and
know-how in order to utilize resources innovatively for
society and the economy in an environmentally
conscious manner. Moreover, our present way of life and
lifestyle must be scrutinized under a sustainable impact
assessment. Apart from the environmental protection, it
also demands the protection of biodiversity (see Barth
2011a; Bhaskar 2010; Le Monde diplomatique 2009, pp.
22-23, 72-73, 92-93; UNDP 2007). Global warming
concerns us all as it takes place on a local as well as
global level and implies ramifications for the gloCal
knowledge economy and society (see Carayannis and
Campbell 2011; Carayannis and von Zedtwitz 2005;
Carayannis and Alexander 2006). It is clear that the
challenge of global warming is accompanied with the
challenge of sustainability (for the world) in the twenty-
first century (see Carayannis 2011). Therefore, there are
nine areas, of which Carayannis and Kaloudis write
about, that require ‘sustained action, political and eco-
nomical ‘leadership’ or ‘empowerment, and ‘intelligent
use of technology’ (Carayannis and Kaloudis 2010, p. 2):

1.) “Financial/economic system”;

2.) “Environmental challenges™;

3.) “Feed and heal the world challenges”,

4.) “Energy challenges”,*

5.) “Educational challenges”,!

6.) “Political democratic reform across the world”,®

7.) “Transformative government across the world”,"

8.) “Equity and Security across the world”,!

9.) “Technology, innovation and entrepreneurship as

drivers of knowledge societies”)

Let us consider now in greater detail the production of
the resource of knowledge. Knowledge (for example, the
advancement of green technology) can act as key to
success for sustainable development. Essentially, it should
be understood today that nation-states that concentrate
on the progress of society, higher competitiveness of their
economies, or better and sustainable quality of life have to
apply the resource of knowledge. In the transformation
to a knowledge-based society, knowledge-based econ-
omy, or knowledge-based democracy (see Carayannis
and Campbell 2009, p. 224), also under the aspect of
climate change, it is possible to generate new and
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usable knowledge in conjunction with sustainable devel-
opment. The resource of knowledge, therefore, turns into
the ‘most fundamental resource’ (Lundvall 1992, p. 1), with
qualities of a ‘knowledge nugget’ (Carayannis and Formica
2006, p. 152). Knowledge, as a resource, is created through
creative processes, combinations, and productions in so-
called ‘Knowledge models’ or ‘Innovation models’ and
thus becomes available for society: “We can also call
this the creativity of knowledge creation’ (Carayannis
and Campbell 2010, p. 48). We want to refer here spe-
cifically the six currently existing models of knowledge
creation and innovation creativity (see also Figure 1
and Carayannis and Campbell 2012, pp. 13-28) as
follows:

Mode 1 (Gibbons et al. 1994). Mode 1 ‘focuses on the
traditional role of university research in an elderly
“linear model of innovation” understanding, and
success in mode 1 ‘is defined as a quality or excellence
that is approved by hierarchically established peers’
(Carayannis and Campbell 2010, p. 48).

Mode 2 (see Gibbons et al. 1994). Mode 2 can be
characterized by the following five principles: (1)
‘knowledge produced in the context of application’; (2)
‘transdisciplinarity’; (3) ‘heterogeneity and
organizational diversity’; (4) ‘social accountability and
reflexivity’; (5) and ‘quality control’ (Gibbons et al.
1994, pp. 3-4).

Triple Helix (see Etzkowitz and Leydesdorff 2000). The
‘Triple Helix overlay provides a model at the level of
social structure for the explanation of mode 2 as an
historically emerging structure for the production of
scientific knowledge, and its relation to Mode 1; and it is
a ‘model of “trilateral networks and hybrid organizations”
of “university-industry-government relations” (Etzkowitz
and Leydesdorff 2000, pp. 118, 111-112).
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Mode 3 (see Carayannis and Campbell 2006). ‘“The
concept of mode 3 is more inclined to emphasize the
coexistence and coevolution of different knowledge and
innovation modes. Mode 3 even accentuates such
pluralism and diversity of knowledge and innovation
modes as being necessary for advancing societies and
economies. This pluralism supports the processes of a
mutual cross-learning from the different knowledge
modes. Between mode 1 and mode 2 manifold creative
arrangements and configurations are possible, linking
together basic research and problem-solving’
(Carayannis and Campbell 2010, p. 57). Mode 3
‘encourages interdisciplinary thinking and
transdisciplinary application of interdisciplinary
knowledge’ as well as ‘allows and emphasizes the
coexistence and coevolution of different knowledge and
innovation paradigms’ (see Carayannis and Campbell
2010, pp. 51-52).

Quadruple Helix (see Carayannis and Campbell 2009).
The Quadruple Helix model is based on the Triple
Helix model and adds as fourth helix the ‘public, more
specifically being defined as the ‘media-based and
culture-based public’ and civil society. This ‘fourth helix
associates with “media”, “creative industries”, “culture”,

“values”, “lifestyles”, “art”, and perhaps also the notion

of the “creative class” (Carayannis and Campbell 2009,
pp. 218, 206).

Quintuple Helix (see Carayannis and Campbell 2010).
The Quintuple Helix model is based on the Triple Helix
model and Quadruple Helix model and adds as fifth
helix the ‘natural environment’. The Quintuple Helix is
a ‘five-helix model, ‘where the environment or the
natural environments represent the fifth helix’
(Carayannis and Campbell 2010, p. 61): “The Quintuple
Helix can be proposed as a framework for
transdisciplinary (and interdisciplinary) analysis of

Figure 1 The evolution of the models of knowledge creation.
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sustainable development and social ecology’
(Carayannis and Campbell 2010, p. 62) (see also later
our analysis in Section “What is a Quintuple Helix
Model?).

About these six briefly described models, it can be
concluded that in a knowledge society (and knowledge
democracy), at the national level, a network-style
linkage of knowledge is being processed; each model
fulfills a specific contribution for the ‘creation, diffu-
sion, and use of knowledge’ (see Carayannis and
Campbell 2006, 2010). In reference to sustainable
development, under the aspect of global warming,
we should add whether in the future a state (nation-
state) that is leading in world politics as well as in
the world economy is also being determined by the
social (societal) potential to balance new knowledge,
know-how, and innovation with nature. The basic
innovation ‘core model’ of the Triple Helix focuses
on the knowledge economy. Quadruple Helix already
brings in the perspective of the knowledge society
(and of knowledge democracy). From the point-of-
view of the Quadruple Helix innovation model, it is
evident that there should be a coevolution of the
knowledge economy and of knowledge society (see
also Dubina et al. 2012). The Quintuple Helix finally stres-
ses the socioecological perspective of the natural environ-
ments of society. Social ecology focuses on the interaction,
codevelopment and coevolution of society, and nature
(Carayannis and Campbell 2010, p. 59). The ‘biophysical
structures” or ‘biophysical structures of society’ mark areas
of an overlap between culture (the cultural) and nature
(the natural). Furthermore, between these biophysical
structures and nature, there operates a metabolism (a ‘so-
cial metabolism, with the potential of a ‘sociometabolic
transition’). Here, also specific ‘metabolic profiles’ apply
(see Fischer-Kowalski 1998; Fischer-Kowalski and Hiittler
1999; Fischer-Kowalski and Haberl 2007; Haberl et al
2004, pp. 201-202, 204; see also Hopwood et al. 2005;
Kates et al. 2001). ‘Sociometabolic regimes represent dy-
namic equilibria of society-nature interactions and are
characterized by typical patterns of material and energy
flows (metabolic profiles)” (Krausmann et al. 2008, p. 1).
The European Commission (2009) identified the ‘socio-
ecological transition’ as one of the major challenges for
current and future societies and economies. The Quintu-
ple Helix innovation model offers here an answer that is
oriented toward problem-solving and sustainable develop-
ment, furthermore, indicating how this socioecological
transition may be mastered in combination with know-
ledge production and innovation (see Figure 2). In fact,
this socioecological transition behaves also as a (social)
driver for innovation, creating incentives for more know-
ledge and better innovation.
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Figure 2 Knowledge production and innovation. Knowledge
production and innovation in the context of the knowledge
economy, knowledge society (knowledge democracy), and the
natural environments of society. Modified from Carayannis and
Campbell (2012, p. 18), Etzkowitz and Leydesdorff (2000, p. 112) and
Danilda et al. (2009).

Hence, for more details, we look closer at the Quintuple
Helix model in the following Section, “What is a Quintuple
Helix Model?.

What is a Quintuple Helix Model?

Knowledge in a Quintuple Helix Model is the pivotal
force and driver for progress. The Quintuple Helix is
a model which grasps and specializes on the sum of
the social (societal) interactions and the academic
exchanges in a state (nation-state) in order to pro-
mote and visualize a cooperation system of knowledge,
know-how, and innovation for more sustainable devel-
opment (see Carayannis and Campbell 2010, p. 62). The
specialty of the Quintuple Helix Model can thus be
described in the following way:

‘The Quintuple Helix Model is interdisciplinary and
transdisciplinary at the same time: the complexity of
the five-helix structure implies that a full analytical
understanding of all helices requires the continuous
involvement of the whole disciplinary spectrum,
ranging from the natural sciences (because of the
natural environment) to the social sciences and
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humanities (because of society, democracy and the
economy)’ (Carayannis and Campbell 2010, p. 62)

Thus, the goal of the Helix-Conception is accom-
plished through the resource of knowledge which pro-
duces additional value for society in order to lead in the
field of sustainable development. The pivotal question of
the Quintuple Helix defines itself in the following way:

‘How do knowledge, innovation and the environment
(natural environment) relate to each other?’
(Carayannis and Campbell 2010, p. 42)

The analytical point of origin of the Quintuple Helix, as
described in the Section ‘The challenge of global warming
and the resource of knowledge;] is the Triple Helix Model
of Etzkowitz and Leydesdorff (2000) and is the Quadruple
Helix Model of Carayannis and Campbell (2010). The so-
cial (societal) cooperation system defines itself based on
the model of a Triple Helix, which consists of a combin-
ation of university (i.e., education system), industry (i.e.,
economic system), and government (ie., political system)
(see Etzkowitz and Leydesdorff 2000, pp. 111-112). To
this combination the authors (Etzkowitz and Leydesdorff)
refer to it as ‘university-industry-government relations,
linking together the creation and exchange of know-
ledge between these three subsystems. Carayannis and
Campbell acknowledged the nonlinear dynamics within
the Triple Helix and extended this to the Quadruple Helix
(see Carayannis and Campbell 2009, p. 218): The Triple
Helix is broadened within the Quadruple Helix through a
media-based and culture-based public subsystem. The
purpose of this extension is to include the public as well as
the civil society as a fourth subsystem. The media-based
public not only supports the diffusion of knowledge in a
state (nation-state), but also the culture-based public with
its values, experience, traditions, and visions, which pro-
motes knowledge for the knowledge society (Carayannis
and Campbell 2009, pp. 217-227). Let us now have a
closer look at the Quintuple Helix Model. In the year 2010,
authors Carayannis and Campbell developed the Quadru-
ple Helix further by adding a fifth helix to the modeling of
knowledge and innovation, being the natural environment.
The Quadruple Helix developed into the Quintuple Helix
(see Figure 3) (Carayannis and Campbell 2010, p. 62).

The goal and interest of the Quintuple Helix are to in-
clude natural environment as a new subsystem for
knowledge and innovation models, so that ‘nature’
becomes established as a central and equivalent compo-
nent of and for knowledge production and innovation.
The natural environment is for the process of knowledge
production, and the creation of a new innovation is par-
ticularly important because it serves for the preservation,
survival, and vitalization of humanity, and the possible
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making of new green technologies; and humankind, after
all, should learn more from nature (especially in times of
climate change). With the Helix of Natural Environment,
‘sustainable development’ and ‘social ecology’ become con-
stituents for social (societal) innovation and knowledge
production (Carayannis and Campbell 2010, pp. 58—62):

“The Quintuple Helix furthermore outlines what
sustainable development might mean and imply for
‘eco-innovation’ and ‘eco-entrepreneurship’ in the
current situation and for our future” (Carayannis and
Campbell 2010, pp. 62-63).

The most important constituent element of the
Quintuple Helix - apart from the active human agents’ - is
the resource of ‘knowledge, which, through a circula-
tion (i.e., circulation of knowledge) between social (so-
cietal) subsystems, changes to innovation and know-
how in a society and for the economy (see Barth
2011a, p. 6). The Quintuple Helix, thereby, visualizes
the collective interaction and exchange of knowledge
in a state (nation-state) by means of the following five
subsystems (i.e., helices): (1) education system, (2) eco-
nomic system, (3) natural environment, (4) media-
based and culture-based public (also civil society), (5) and
the political system (see Carayannis and Campbell
2010, pp. 46-48, 62). To analyze sustainability in a
Quintuple Helix and to make sustainable development
determination for progress therefore means that each
of the five described subsystems (kelices) has a special
and necessary asset at its disposal, with a social (societal)
and academic (scientific) relevance for use (see Figure 3;
see also Barth 2011a, p. 6 and 2011b, pp. 30-31; Meyer
2008, pp. 89-95; Carayannis 2004, pp. 49-50), as follows:

(1) The education system: The education system, as the
first subsystem, defines itself in reference to
‘academia, ‘universities, ‘higher education systems,
and schools. In this helix, the necessary ‘human
capital’ (for example: students, teachers, scientists/
researchers, academic entrepreneurs, etc.) of a state
(nation-state) is being formed by diffusion and
research of knowledge.

(2) The economic system: The economic system, as the
second subsystem, consists of ‘industry/industries;,
‘firms, services and banks. This helix concentrates
and focuses the ‘economic capital” (for example:
entrepreneurship, machines, products, technology,
money, etc.) of a state (nation-state).

(3) The natural environment: The natural environment
as third subsystem is decisive for a sustainable
development and provides people with a ‘natural
capital’ (for example: resources, plants, variety of
animals, etc.).
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(4) The media-based and culture-based public: The
fourth subsystem, media-based and culture-based
public, integrates and combines two forms of
‘capital’. On the one hand, this helix has, through
the culture-based public (for example: tradition,
values, etc.), a ‘social capital’. On the other hand, the
helix of media-based public (for example: television,
internet, newspapers, etc.) contains also ‘capital of
information’ (for example: news, communication,
social networks).

(5) The political system: The political system, as a fifth
subsystem, is also of crucial importance, because it
formulates the ‘will, where to the state (nation-state)
is heading toward in the present and future, thereby
also defining, organizing as well as administering the
general conditions of the state (nation-state).
Therefore, this helix has a ‘political and legal capital’
(for example: ideas, laws, plans, politicians, etc.).

In summary, the Quintuple Helix Model can be
described in the following way (see Figures 3 and 4): It is a
theoretical and practical model for the exchange of the re-
source of knowledge, based on five social (societal) subsys-
tems with ‘capital’ at its disposal, in order to generate and
promote a sustainable development of society (Carayannis
and Campbell, 2010, pp. 60-62). In this Cumulative
Model of Quintuple Helix, the resource of knowledge
moves through a circulation of knowledge from subsystem-
to-subsystem (see Barth 2011a, p. 6). This circulation of
knowledge from subsystem-to-subsystem implies that
knowledge has qualities of an input and output of and for
subsystems within a state (nation-state) or also between
states. If an input of knowledge is contributed into one of
the five subsystems, then a knowledge creation takes place.
This knowledge creation aligns with an exchange of basic

knowledge and produces new inventions or knowledge as
output. The output of knowledge creation of subsystems
has therefore two routes (ways): (1) the first route leads to
an output for the production of innovations for more sus-
tainability in a state (nation-state); (2) the second route
leads to an output on new know-how back into the circu-
lation of knowledge. Through the circulation of knowledge,
the new output of newly created know-how of a subsys-
tem changes into input of knowledge for a different sub-
system of the Quintuple Helix. (see Carayannis and
Campbell 2010; Barth 2011a). About the input and output
of knowledge, it can be said consequently:

“On the one hand, knowledge serves as an input or
resource for advanced societies and economies, which
increasingly depend on knowledge. On the other
hand, knowledge production (knowledge creation)
also generates knowledge as an output, which then is
being fed back (recycled) as a knowledge input”
(Carayannis and Campbell 2006, p. 4).

Therefore, in a Quintuple Helix by and with means of
the five helices, the exchange of knowledge in a state
(nation-state) is being dealt with all its conjunctions, in
order to promote knowledge-production-based sustain-
able development.

The challenge of global warming in a Quintuple Helix
Model

This brings us to the main question of our analysis: How
can sustainable development, with regard to ‘global warm-
ing be practiced step-by-step within a Quintuple Helix
Model? As we have seen, the resource of knowledge is the
most important ‘commodity’ in a Quintuple Helix. The
circulation of knowledge continually stimulates new
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knowledge. As a result, all systems in a Quintuple Helix
influence each other with knowledge in order to promote
sustainability through new, advanced and pioneering inno-
vations. With the example of a targeted investment into
the education system of the Quintuple Helix model, we
will describe how more sustainable development can be
considered feasible, in reference to ‘global warming, for
the national level and for positive effects that may arise for
society (see Figure 5) in the following steps:

resources, teaching and training should be more
effective, allowing the human capital to realize
chances and to target uses more directly. The
output that arises from human capital for a greener
development or sustainable development is, in turn,
also an input in the helix of the economic system.

Step 2: By means of input of new knowledge through
human capital in the helix of the economic system,
the value (values) of the knowledge economy or of

Step 1: When more investments flow into the helix of an advanced knowledge economy consequently

the education system to promote sustainable
development under the aspect of global warming,
the Quintuple Helix Model shows and
demonstrates that, as an input, investments create
new impulses and suggestions for knowledge
creation in the education system. For example,
targeted investments produce new equipment, new
places for scientists and teachers, and a higher
research opportunity. Therefore, a larger output of
innovations from science and research can be
obtained. At the same time, teaching and training
can improve their effectiveness. Particularly, the
investment in education should have a positive
impact on human capital as a manifestation of
output of the education system; because of more

increases. Through the enhancement of
knowledge, important further production facilities
and development opportunities for a sustainable,
future-oriented (future-sensitive) green economy,
based on knowledge creation, can be stimulated
and achieved. Not only that such a knowledge
creation realizes in the economic system new types
of jobs, new green products and new green
services, also new and decisive impulses for green
and greener economic growth are possible. In this
subsystem, new values (like corporate social
responsibility) are being demanded, enabling and
supporting a new output of know-how and
innovations by the economic system. Thus, in
addition, Barth writes:
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"The economic capital of know-how is in this
context sustainability. Here, the output of economic
know-how will be a high-quality and sustainable
economy, but in fact, the special know-how which
the economic system implies now, is probably a new
harmony of human beings with nature” (Barth
2011a, p. 8).

Step 3: This new sustainability as an output of the

economic system will be a new input of knowledge in
the helix of natural environment. This new
knowledge ‘communicates’ to nature that it will be
increasingly protected, as lesser exploitation,
destruction, contamination, and wastefulness
(extravagance) is taking place. The natural
environment can, thus, regenerate itself and
strengthen its natural capital, and humanity can also
learn again and further more from nature. (ie.,
knowledge creation). The goal of this helix should be
to live in balance with nature, to develop
regenerative technologies and to use the available,
finite resources sustainably and in a sensitive
approach. Here, particularly natural science
disciplines come into play, to form new green know-
how for humans. This know-how as output of the
subsystem of the natural environment can provide
more environmental protection and a superior
quality of life to people. Moreover, the development
of new environmental-friendly technologies can
reduce the CO, emissions more effectively and can
aid in diminishing climate change. In summary, the

following can be explained in context with Barth
about the helix of natural environment: “The output
of the natural environment hence is a green know-
how’ (Barth 2011a, p. 9).

Step 4: The output of the natural environment is

followed by an input of new knowledge about nature
and a green (greener) lifestyle for the subsystem of
media-based and culture-based public. In this helix
it is of a crucial importance to communicate and to
live a green lifestyle. Here, the media-based public
receives a new and crucial function (i.e., information
capital), which is spreading through the media the
information about a new green consciousness and
the new human lifestyle. This capital should provide
incentives on how a green lifestyle can be
implemented in a simple, affordable, and conscious
way (i.e., knowledge creation). This knowledge
creation promotes the necessary social capital of the
culture-based public, on which a society depends for
sustainable development. This social capital,
therefore, must pass on information about wishes,
needs, problems, or satisfaction of citizens as output
into politics or the political system. The know-how
output of the media-based and culture-based public
serves thereby as new input for the helix of the
political system.

Step 5: The input of knowledge into the political

system is the know-how from the media-based and
culture-based public and represents also the
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collective knowledge from the three other
subsystems of society. The important discussions on
this new knowledge in the political systems are
necessary impulses for knowledge creation. The goal
of this knowledge creation is a ‘political and legal
capital, which makes the Quintuple Helix more
effective, more high-quality, and more sustainable.
Consequently, the newly obtained know-how is an
output of suggestions, sustainable investments, and
objectives. The new output of knowledge and know-
how of the political system leads across the
circulation of knowledge back again into the
education system, economic system, natural
environment, and media-based and culture-based
public.

Conclusions

In summary, as we illustrated by the example of the
discussion in Section ‘The challenge of global warm-
ing in a Quintuple Helix Mode (‘five-step flow ana-
lysis’), it should be clear that all systems in a
Quintuple Helix perform a pivotal function, influen-
cing each other. If more sustainable development is
being considered (and demanded) on a national
level, as a result of global warming, and if, for in-
stance, more targeted investments in a specific helix
of the Quintuple Helix start flowing, then there will
be a positive impact on all other subsystems and on
the society as a whole. The Quintuple Helix Model
demonstrates that an investment in knowledge and a
promotion of knowledge-production brings into play
new and crucial impulses for innovation, know-how
and the advancement of society. By initiating small
steps toward sustainability, long-term and leading
knowledge societies can emerge, which will live in
balance with nature and ultimately, perhaps, lead to
a green economic wonder.

To conclude, the Quintuple Helix Model makes it clear
that the implementation of thought and action in sus-
tainability will have a positive impact on the society as a
whole. The new quality-management for more sustain-
ability lies therefore in the creation of new knowledge,
know-how, and innovation in balance with nature (see
Carayannis and Campbell 2010, pp. 58-62). One chief
objective of the Quintuple Helix is to enhance value in
society through the resource of knowledge. The discus-
sion about the Quintuple Helix Model indicates that
striving for the promotion of knowledge as a knowledge
nugget should be regarded as being essential (see
Carayannis and Formica 2006, p. 152): This means that
knowledge is the key to and for more sustainability and
to a new quality of life. Today, knowledge is the most fun-
damental resource (Lundvall 1992, p. 1). Nevertheless,
whether a state (nation-state or beyond-nation-state) is
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leading in different fields in the future, will be primarily, if
not even solely, be decided by its potential to develop new
knowledge, know how and innovation in balance with
nature. However, the improved exchange of knowledge
and the striving for knowledge, new know-how, and inno-
vations through the Quintuple Helix Model can be, or at
least, offer a solution for the challenges of sustainable de-
velopment under the aspect of global warming in the
twenty-first century.

Mastering and balancing ecological issues and
challenges (such as global warming) are often being
depicted and presented as a theme of survival for
humanity in a global format. Consequently, the
European Commission (2009) can assert the major
need for a greater socioecological transition. Social
ecology makes the context of the natural environ-
ments for society and economy more visible and
emphasizes an understanding of interaction and
codevelopment of society and environment (nature).
The Quintuple Helix innovation model (Carayannis
and Campbell 2010) bridges social ecology with
knowledge production and innovation. Here, the nat-
ural environments of society and economy not only
challenge, but also encourage and inspire knowledge
production and innovation. In the approach of the
Quintuple Helix innovation model, the natural-
environments-of-society are being identified as op-
portunities for driving further and excelling the sus-
tainable development and coevolution of knowledge
economy, knowledge society, and knowledge democ-
racy. This also has a potential of influencing the way
how we perceive and organize entrepreneurship.

Methods

The article focuses on creatively designing and re-
designing concepts on knowledge production and
innovation. The points of departure are the Triple Helix,
Quadruple Helix, and Quintuple Helix for innovation, and
Mode 1, Mode 2, and Mode 3 for knowledge production.
These concepts are all published and thus publicly access-
ible. The article engages in a detailed literature review on
these concepts in their contextualization. The concept of
the Quintuple Helix innovation system is being analytic-
ally applied to the ecological (socio-ecological) issue of
global warming.

Endnotes

“The definition of the Brundtland Commission states
that sustainable development ‘meets the needs of the
present without compromising the ability of future gen-
erations to meet their own needs’ (United Nations
1987a, b).

PThe area of financial and economic system refers to
financial and economic aspects of the effects of climate
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change. The following question arises (among other
things): How should the two systems effectively change
or adapt with-each-other in order to reduce or exclude
crises in consequence of climate change (see for ex-
ample: Barbier 2009; Barth 2011a; Green New Deal
Group 2008; Hufbauer et al. 2009; Meyer 2008; OECD
2010; Sen 2007)?

“The area of environmental challenges has to do with
causes and effects of climate change and which political
and social measures should be taken to increase environ-
mental conservation and sustainability (see, for example:
IPPC 2007a,b; Giddens 2009; Hoyer 2010a; Miiller and
Niebert 2009; Stern 2009).

9The area of feed and heal the world challenges
emphasizes new and solution-oriented approaches under
the aspect of knowledge and care in the course of cli-
mate change (see Parker 2010; Holl 2006).

“The area of energy challenges highlights new green
technologies and renewable energy, which lead to sus-
tainable development (see also Barbier 2009; Green New
Deal Group 2008; Hayer 2010b; UNEP 2008).

“The area of educational challenges is based on a better
education as a key for empowerment, equality of
chances and new knowledge for sustainability and devel-
opment (see, for example, OECD 2009; O'Donnell 2004;
Sen 2007; UNDP 2010).

8The area of political democratic reform across the
world promotes democracy as being a local and global
key for sustainable development. Here, also the themes
of democratization, freedom, equality, policy-making,
gender, and political culture are relevant (see, further-
more, Barth 2011b; Biegelbauer 2007b; Campbell 2007;
Campbell and Schaller 2002; Kreisky and Loffler 2010;
Otzelberger 2011; Ulram 2006).

"The area of transformative government across the
world has to do with the political standing or rating of a
nation-state. Examples here are the search for democ-
racy, quality of democracy, types of political systems,
etc. (see also Barth 2010, 2011a, b, ¢; Campbell 2008;
Campbell and Barth 2009; Campbell et al. 2010; Diamond
and Morlino 2005; O'Donnell 2004; Rommetveit et al.
2010; Schumpeter 1976; Tilly 2007).

"The area of equity and security across the world refers
to equity and security as being basic prerequisites to fos-
ter and support sustainable development (see, for
example, UNDP 2011; Barth 2011a).

IThe area of technology, innovation and entrepreneur-
ship as drivers of knowledge societies emphasizes the
fact that a sustainable development in knowledge soci-
eties can only be achieved when new knowledge is pro-
moted and produced and when innovations (with a new
entrepreneurship) are developed further (see here the
idea and concept of the ‘Academic Firm, Campbell and
Gittel 2005; see also and furthermore Bhaskar 2010;
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Biegelbauer 2007a; Campbell 2006; Carayannis and
Campbell 2006, 2009, 2010, 2011; Dubina 2009; Dubina
et al. 2012; Kuhlmann 2001; Lundvall 1992; Nowotny
et al. 2003).
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