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Technology has an ambiguous role in our society. On the one hand, some of the
most pervasive and successful technologies of the past and present contribute to
climate change and environmental degradation. On the other hand, technology is
also considered an important part of the solution to these problems. The hope for,
and belief in, technology as a solution is very tangible when talking to students
and colleagues here at Eindhoven University of Technology.

However, for technology to live up to its promise requires more than just the
availability of new, cleaner technology. If we want to reach the targets set out in
climate agreements, the new technologies need to replace their unsustainable
alternatives at a very fast pace and they need to be used in a way that is aligned
with sustainable development. To realize this, not only changes in technology but
also changes in behavior and institutions are needed.

My field, the field of Innovation Sciences, studies how, and under what conditions,
new technologies or inventions become successful innovations; how they become
implemented and used by society. In particular, I focus on sustainable innovation,
also called eco-innovation or cleantech: technology that has the potential to
reduce greenhouse gas and other harmful emissions and thereby to contribute to
global sustainable development. 

This global sustainable development critically depends on a fundamental
transformation of current energy-intensive systems, such as transport, along both
socio-economic and environmental dimensions. These two dimensions, the
economic dimension and the environmental dimension, are closely related as
energy is required for economic growth, and poverty often coincides with limited
access to energy and a high vulnerability to the effects of climate change. Such a
fundamental transformation is called a transition. Innovation is a key process in
transitions: Transitions require the development and diffusion of a wide range of
new technologies, alongside broader changes to existing socio-technical systems
(Geels and Schot, 2007). 

Introduction
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The first part of this lecture focuses on the characteristics of innovation in general
and eco-innovation in particular as well as the theory we currently have available
to understand it. More specifically, I will discuss whether eco-innovation differs
from other types of innovation. Then I will discuss policy approaches that seek to
stimulate both types of innovation. Next, I will zoom in on the increasing
interactions and connectivity within global innovation and production systems and
the implications for sustainable innovation. In the last part of the lecture will
outline the main research questions my group will address in the coming years.
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Innovation is at the heart of economic growth and this realization has motivated
research into the determinants of innovation over the past few decades. Initially,
innovation was thereby considered an exogenous process that would introduce
novelty and shake up the economy from time to time. Following Nelson and
Winter’s book “An evolutionary theory of economic change” (Nelson and Winter
1982), economists started to develop theories and methods to study the process
of innovation itself. The approaches I will discuss today are rooted in this
evolutionary tradition.

Evolutionary theories of technological change provide an explicit model of the
process of innovation and explain innovation as the outcome of different
mechanisms of variety creation, retention and selection in analogy to evolutionary
processes in nature (Dosi, 1982). Variety creation occurs when new knowledge,
technologies, business models or firms emerge. The selection process, in turn,
influences the chance that these novelties will be successful, that is whether they
will diffuse and grow. This selection environment can manifest itself in many ways,
through rules and regulations, through the demands from consumers, or through
the competition from other firms or technologies. 

Evolutionary theories describe most innovation as incremental and strongly path
dependent in that it builds on earlier, related innovations (Arthur, 2007). That is
most innovations are similar to, or small improvements of, existing technologies.
When these technologies become a better and better fit with the selection
environment over time, it becomes increasingly difficult for new technologies to
enter the market and the old technology becomes locked in. Innovations that are
very different from existing technologies, so called radical innovations are rare.
Radical innovation is not well captured by existing evolutionary theories of
technological change. Researchers have tried to capture the evolutionary aspects
of innovation in often highly stylized models of general innovation processes.
Most current models are able to explain incremental innovation but do not capture
the determinants of radical innovation very well. The emergence of radical
innovation can be the result of entirely new inventions, but more often comes
about through the recombination of existing knowledge, this is known as

Understanding innovation
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recombinant innovation (Arthur, 2007; Van den Bergh, 2008). Incremental
innovation thus occurs when an innovation builds on or extends an existing
technology, whereas radical innovation can be the result of the recombination of
previously unrelated technologies. These processes are also called related and
unrelated variety creation (Frenken et al., 2007).

In addition to this scientific interest in innovation, there has also been an
increasing need for managers and policymakers to understand the determinants
of their specific innovation process, asking the question “How can my firm,
country, region or city become more innovative?”. The research stream of
innovation systems research answered this call (Lundvall, 1992). Definitions of the
concept of innovation system vary depending on the level of analysis, but most
consider an innovation system as consisting of actors and institutions and the
networks between them. Innovation systems research has led to many insights at
different levels of analysis, including studies of national, sectoral and regional
systems of innovation.

Of particular importance for eco-innovation has been the Technological Innovation
Systems (TIS) approach, which sees innovation as the outcome of the interactions
of a network of agents under a particular institutional infrastructure (Carlsson and
Stanckiewitz, 1991, Hekkert et al., 2007). The approach has been successful in
identifying the general determinants of success and failure of the development of
technology through the analysis of a large number of case studies of TIS in
different geographical locations (Negro et al., 2012). The approach has thereby
focused on emerging, radical technologies and TIS research has led to the
identification of a set of activities that need to be present in order for the
technological innovation system to function well. TIS studies generally provide
very rich descriptions of a specific case – which contrast with the highly stylized
evolutionary models discussed earlier. 

In a recent review of the field of innovation sciences, Ben Martin from SPRU
identified a number of challenges that need to be addressed (Martin, 2016). Of
this list I will discuss two challenges that are of particular importance for the
research of my group here in Eindhoven.

The first challenge Martin identified is “to go from national and regional to global
systems of innovation” (Martin 2016). Most innovation system studies have a fixed
geographical boundary or compare innovation systems in different geographical
regions. The observation that not all innovative activity is national in scope has
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stimulated transition researchers to study how geography influences transitions.
But I think there is another question to be answered here. Different activities of
the innovation system may have a different geographical scope and this scope
may also change over time. In some fields, knowledge development by, for
example, multinationals is increasingly global and we observe increasing
interconnections between markets. While the motivation for a national or regional
orientation is often motivated by a policy question, we also increasingly see
attempts at global governance, for example in trade and in climate change
mitigation. The question of the influence of geography on transitions is therefore
maybe less relevant than identifying the influence of the connections between
different (parts of ) innovation systems, be they national or global.

The second challenge is to go “from innovation for economic productivity to
innovation for sustainability (green innovation) and sustainable development”
(Martin 2016). Policymakers try to influence the speed and direction of innovation
for the benefit of society. Such efforts previously focused mainly on economic
growth. This raises the question of whether the underlying mechanisms remain
the same even though the target of innovation changes and whether eco-
innovation has distinct characteristics that set it apart from other innovations.
Here it is important to realize that economic growth and sustainability are not
necessarily mutually exclusive. Firms in energy-intensive industries invest in
energy-saving innovations for economic reasons. Likewise, when firms expect
consumers to demand clean and green products they will invest in creating these
products. When the pressure to become more sustainable comes from regulation,
the cost of compliance may be high. But even here early compliance may make
business sense, especially if regulation is expected to diffuse to many markets. In
studies by Alexander van der Vooren, a former PhD student, on the Dutch car
market we investigated how firms changed their portfolio of products over time
considering both environmental and economic performance. Here we found that
the well performing firms were often performing well on both dimensions (van der
Vooren et al., 2013).
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The literature describes several reasons why eco-innovation may be different from
other innovations. To start with the emergence of eco-innovation, there is a set of
reasons why eco-innovation is ‘more difficult’ than other types of innovation. 
A main argument is that eco-innovation is characterized by the so-called “double
externality” problem (Jaffe et al., 2002; Rennings, 2000) in the sense that R&D
investments in cleantech increase positive externalities through knowledge
spillovers (as any other R&D investment) while, at the same time, the widespread
adoption of cleantech also decreases the negative externalities of pollution. From
a purely economic perspective, private actors, including firms, lack the economic
incentives to invest in eco-innovation since eco-innovation has much higher social
than private returns. 

Another reason for the difficulty that eco-innovations experience is the systemic
nature of eco-innovation. That is many of the eco-innovations needed for
sustainable development are not stand-alone but depend on additional innovation
and changes in infrastructures, institutions and behavior. More specifically, energy
and transport together are responsible for the majority of CO2 emissions. The
diffusion of eco-innovations for transport depends on changes in electricity
networks and markets, institutions and consumer behavior (Negro et al. 2012).
This also leads to eco-innovations often being perceived as more radical than
other innovations. As an example, the large-scale diffusion of electric vehicles
depends upon the availability of charging stations. Similarly, the large-scale
diffusion of solar panels on houses requires not only changes in the electricity grid
but also in the institutions governing it as households change from energy
consumers to energy producers. 

In addition to studying the emergence of eco-innovation, the Porter hypothesis
(Porter and van der Linde, 1995), has also stimulated scholars to compare the
performance of firms doing eco-innovation with other firms. Porter and van der
Linde argued that the regulatory pressure on firms to invest in environmental
innovation should be viewed as a positive force. The so-called environmental
Porter hypothesis (Porter, 1991) claims that environmental innovation, even when
induced by regulators, only benefits companies. The reasoning is that more

Understanding eco-innovation
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stringent environmental regulation helps companies to become aware of different
kinds of inefficiencies in their organizational processes. As environmental
inefficiencies translate into economic inefficiencies via higher production costs,
the reduction of these inefficiencies brings economic gains. Environmental
innovation then becomes a win-win situation. However, although some studies
find empirical support for weak versions of the Porter hypotheses, the evidence is
inconclusive.

In evolutionary terms, the potential distinctive characteristics of eco-innovation
are thus to be found both in the creation of new variety and in the selection
environment. 
Variety creation is expected to be more difficult for eco-innovations according to
the following reasoning: If eco-innovation indeed involves more radical
innovations, we can expect the introduction of novelty in eco-innovation fields to
be less likely than the introduction of other types of novelty. Recombinant
innovation and unrelated variety do, however, play an important role in visions of
a sustainable energy system. An example is the integration of energy and mobility
technologies in future visions of smart electricity grids that enable the storage of
excess renewable energy in electric vehicles. 

In addition to the difficulties in variety creation we also expect the selection
environment to be tougher for eco-innovations. Due both to their more systemic
and to their radical character, eco-innovations face problems in the selection
environment. First, radicality: eco-innovations often perform poorly on important
performance dimensions compared to existing technology while they are at the
same time more expensive. Examples are the quality of light from early energy-
saving light bulbs and the range anxiety experienced by electric vehicle owners.
Many of these problems are addressed as the technology goes through the
learning curve. At the same time newer performance criteria on which the eco-
innovations do score well such as environmental performance, or, in case of
electric vehicles for example higher comfort due to lower noise levels inside the
vehicles are not yet taken into account in purchase decisions of consumers.

Second, the systemic character of many eco-innovations creates a selection
environment that in reality often consists of a set of interrelated selection
environments. The new technology has to co-evolve with user demands, changes
in infrastructures and changes in institutions; problems in any of these
dimensions can hamper the diffusion. In earlier work with Alexander van der
Vooren, Jacco Farla and Koen Frenken we studied these interactions for different
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alternative vehicle technologies, such as electric vehicles, hydrogen vehicles and
vehicles running on biofuels (Alkemade et al., 2009; Farla et al., 2010; van der
Vooren et al., 2012). In several modeling exercises we investigated the links
between the different innovation processes. Here we found that, although
consumers eventually determine which vehicle technology will be successful,
intervention and financial support by public agencies can affect the technological
substitution process. It is thereby important to avoid premature lock-in in a new
technology. Furthermore, the different vehicle technologies compete for the scarce
resources available to invest in new (fuel) infrastructures, which implies that these
innovation processes are also interdependent at the level of the mobility system.

From these studies of the interrelations we have learned three things. First, we
found that barriers that are currently blocking the transition toward sustainable
mobility are related to (1) technology and vehicle development, (2) the availability
of (fuel) infrastructures, and (3) elements of the institutional infrastructure.
Second, we found that avoiding undesired lock-ins and creating a beneficial
institutional context for sustainable mobility cannot be pursued at the technology
level. A more systemic approach should be taken to the transition to sustainable
mobility, in which the interdependencies between the transition paths are critically
assessed and in which the possibilities to legitimize sustainable mobility as a
whole should be used. Finally, when stimulating the different technologies, it is
also important to remain flexible. Due to the path-dependent and irreversible
nature of innovation in complex technologies, an initial transition step along some
preferred path may cut off paths that may later turn out to be more desirable. For
these reasons, initial transition steps should allow for future flexibility, where we
define flexibility as robustness regarding changing evidence and changing
preferences. 
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The scientific insights on the determinants of innovation, eco-innovation and
sustainability transitions have also fed into the policy discourse. These insights
have been to some extent incorporated in innovation policy, environmental policy
and in some countries such as Germany and the Netherlands, even in transition
policy. A general definition of innovation policy is “elements of science, technology
and industrial policy that explicitly aim at promoting the development, spread and
efficient use of new products, services and processes in markets or inside private
and public organizations” (Lundvall and Borrás, 1997). Transition policy, on the
other hand, seeks to stimulate sustainability transitions, with the stimulation of
eco-innovation as an essential part.

Innovation policy may focus on stimulating basic research, providing R&D
subsidies to firms, or protecting infant industries, creating variety and adapting
the selection environment. Innovation policy can be generic, focusing on the
general support of innovation in new and existing industries, or industry-specific,
focusing on the support of a specific industry. An example of a generic policy is
the Dutch WBSO that subsidizes the wage costs of employees directly involved in
R&D. Industry-specific policies aim to support the emergence of new high-profit
industries through, for example, public-private partnerships or thematic
approaches, such as innovation programs for smart grid technologies. A second
form of specific support targets the competitive advantage of those industries that
are considered especially well developed and important for a nation’s economy,
see the Dutch key sector or top sector approach. Besides stimulating innovation to
strengthen current regimes and industries, innovation policy also aims at
stimulating new and potentially high-growth industries. 

Transition and innovation policies are only aligned when they stimulate
innovations that contribute to both economic growth and sustainable
development. The literature on environmental policy integration suggests that
such alignment of goals is pivotal for the success of policy reforms (Jordan and
Lenschow, 2010). The scope of this alignment is rather limited for two reasons.
First, transition policy and innovation policy fundamentally differ with respect to
the type of innovation that is considered desirable. Second, incompatibilities arise

Policy for (eco) - innovation and
sustainability transitions
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when transition policy focuses on the phasing out of existing industries and the
reduction of unsustainable behavior (Alkemade et al., 2011). 

Innovation policy and transition policy stimulate different types of innovation.
Transition policy has a strong focus on disruptive or competence-destroying
innovations and on innovations that may contribute to the decline of existing
systems in the long run (Anderson and Tushman, 1990; Christensen et al., 2003).
Innovation policy for economic growth does not necessarily have such a regime
shift objective and, therefore, the focus is more on competence-enhancing
technologies. These are technologies that are perfectly aligned with the existing
competences of firms and that strengthen the existing regime. Competence-
enhancing innovations can, however, also contribute to sustainability transitions
when they improve the sustainability of the incumbent regime. 

A second, related, reason why alignment of innovation policy and transition policy
is difficult is the risk of legitimacy problems that occur when policies contribute to
sustainability but not to economic profit or growth. Eventually a more sustainable
society is characterized by changes in the set of available products and
technologies. Transition policies, therefore, include attempts to stimulate the
creation of significant home markets for more sustainable goods and services.
Examples of such a policy are the tax exemptions currently in place in many
countries to stimulate the adoption of energy-efficient cars (i.e., electric vehicles).
From an innovation policy perspective, the formation of (sophisticated) demand in
home markets is only considered a viable innovation policy activity if it challenges
national industries to become more innovative and thereby increases their
international performance. As the Netherlands does not have a domestic car
industry, such market-creation policies may contribute to sustainability but not
necessarily to domestic growth as they strengthen foreign industries instead of
national ones, thereby possibly creating legitimacy problems. 
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So far we have identified several reasons why eco-innovation is difficult and why
designing policy to stimulate eco-innovation is also difficult. This provides us with
a research goal for identifying and creating opportunities for eco-innovation. 
More specifically, my main aim is to understand how the connections between
technologies, infrastructures, knowledge, firms and, regions and countries,
influence eco-innovation as the opportunities for eco-innovation emerge from
these interactions.

In order to realize these objectives we need to move beyond the descriptive case
studies that are the foundation of the field of sustainability transitions research.
But the complexity of these interactions is too great to be captured in simple
stylized models (Stirling, 2010). In a recent position paper together with a group of
other transition researchers (Holtz et al., 2015), we have outlined the type of
models needed to further sustainability transitions research. Models are explicit,
clear and systematic, they allow complex dynamics to be studied, and they
facilitate systematic experiments as they allow systematic and controlled what-if
analyses. While large-scale models of the physical aspects of climate mitigation
strategies exist, a comprehensive model of the socio-economic and technological
factors is missing. We argue that such a model is needed to come to a more
explanatory theoretical model of socio-technical transitions. Recent developments
in data collection and computational methods leverage our capability to detect
and recreate the interactions between the different parts of innovation systems.
More specifically, applying methods from the new, interdisciplinary field of
computational social sciences to the study of innovation makes it possible to
model the processes of eco-innovation and sustainability transitions while
recognizing their complex nature. Together with my PhD students and several
colleagues we have started our research along these lines:

First, regarding the interactions between different pieces of knowledge, my Vidi
project investigates how the global knowledge base conditions the opportunities
for eco-innovation. Together with PhD students Deyu Li, Peter Persoon and Martijn
van den Berge and with colleagues from Utrecht University and IFRIS in Paris, 

Creating opportunities for
eco-innovation
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we are mapping the global cleantech knowledge base and systematically
investigating (1) how eco-innovation differs from other types of innovation and (2)
how eco-innovation builds on pre-existing knowledge. 

The starting point for our project is the current global knowledge base, as it is this
knowledge base that provides the building blocks for future innovation. In order to
analyze how processes at different geographical scales interact to create eco-
innovation, we first need to understand the structure of this global knowledge
base. More specifically, we need to understand how the different pieces of the
global knowledge base are related through local, regional, national and global
knowledge networks. This is the main idea of our recent development of the global
map of technology (Schoen et al., 2012). The technology map captures the
relatedness or distance between pieces of technological knowledge based on the
co-occurrence of technological classifications on patents. Innovation through
related diversification occurs when new cleantech innovations have a short
technological distance to other pieces of the knowledge base, whereas longer
distances between the innovation and the existing knowledge base in a country
characterize unrelated diversification. First results indicate that eco-innovations
are indeed more often the result of the recombination of previously unrelated
knowledge when compared to other innovations in the same sector.

But the research goes beyond looking at knowledge dynamics. A second aim is to
identify why some countries and regions are better at identifying and using eco-
innovation opportunities than others. The remarkably fast progress of China in
some renewable energy domains is an interesting case here. Current scenarios for
sustainable development assume that all countries will follow the technological
trajectories prescribed by the globally optimal scenario. But empirically we
observe large differences in the ability of countries to do so. A possible
explanation for this is that success in eco-innovation is path-dependent; it strongly
depends on the history, existing capacities, and resources of a country. In addition,
as discussed above, cleantech policies are not only guided by environmental
concerns but also by considerations about economic effects. Local, as compared
to global trajectories, are the only way to come to feasible scenarios for
sustainable development. In the project we therefore aim to identify country-
specific transition pathways. Important here is to identify the mechanisms through
which these local sustainability transitions benefit from globally available
knowledge as China has so successfully done in the PV sector.
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In a second project Mart van der Kam studies the increasing relatedness of the
energy and the mobility system in a model of the future Dutch smart grid. Reliable
scenarios for consumer adoption and use of smart energy systems at
neighborhood level are essential to ensure the functioning of the electricity
network. The transition to a smart energy system is a radical and systemic
innovation that is expected to greatly increase heterogeneity in consumers’ energy
behavior, resulting in a need for micro-level models of consumer behavior. The
envisioned benefits of smart energy systems will only be realized if consumers (1)
adopt smart energy technologies, and (2) use these technologies in a way that is
aligned with energy system reliability, efficiency, and sustainability. However, the
energy behavior of consumers has proven difficult to influence and is a major
source of uncertainty in the development of smart energy systems. 
The project combines empirical analysis of factors influencing adoption and use
with unique detailed data about the current diffusion and use of different smart
energy technologies (including grid connected electric vehicles and solar panels),
and data about the current electricity network to construct evidence-based,
bottom-up scenarios and to come to evidence-based recommendations for further
development for both stakeholders and policymakers. Early results indicate that
the groups of consumers adopting electric vehicles and solar panels differ in some
important ways. This has implications for the design of the future energy system.

Finally, PhD student Aziiz Sutrisno is studying the energy transition in the context
of an interconnected global energy system. He thereby specifically focuses on the
case of Indonesia. Energy systems are connected through links of demand and
supply and in some places because infrastructures are connected. Changes in the
economy in one country can have a significant impact on the demand for energy in
other countries. So far these interconnections have been studied mainly from a
security of supply perspective whereby the assumption is that your energy system
is more secure if you are more independent, and in the case of dependencies, if
your risks are spread. The greening of energy systems worldwide in combination
with the increasing energy needs of the global South requires a re-evaluation of
these measures and a broader interpretation of the way we assess energy
systems. 

Together these projects will provide insights into how interactions and feedbacks
between different systems and system elements drive eco-innovation, and provide
models that are complex enough to be useful but simple enough to be tested
using empirical data. This will certainly keep us busy the next few years.
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While I obviously think that this research is very interesting and will contribute to
both theory development on eco-innovation and sustainability transitions and
provide insights for those seeking to stimulate these transitions, I want to say a
few words about societal relevance. The need for the societal relevance of our
scientific research has been increasingly stressed in discussions about the role of
universities in society. We are increasingly asked to indicate how our research
contributes to society. If, however, we think back to the earlier discussion about
variety and diversity, it is clear that you need diversity to sustain and feed
innovation but that it is very difficult to know in advance which inventions and
knowledge development this will lead to. Even in a field like Innovation Sciences
that is quite well connected with society, the societal impact and implications of
our research findings are not always clear. This does not mean that we have no
impact.

In our Bachelor program Sustainable Innovation and in our Master program
Innovation Sciences we teach our students that innovation is a complex process
and to look at the world through nuanced rather than through black and white
lenses. This is why innovation sciences are especially needed at a university of
technology as many innovations do not make it to successful applications. Most of
our students quickly find jobs where they apply the theories and the methods we
teach them to address real world innovation problems, and to me that is where
our impact is largest. At the same time, our students and alumni fuel our research
with their questions, findings and work experiences. That interaction is invaluable
and I am very happy to see so many of you here today. 

To conclude this lecture I want to express my thanks to you, which I will do in
Dutch.
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Mijn oratie vandaag is natuurlijk ook de uitkomst van een padafhankelijk proces.
Mijn leven tot nu kun je samenvatten als de uitkomst van een bijzonder gunstige
uitgangspositie en vele gelukkige toevalligheden. Kortom, ik heb veel om dank-
baar voor te zijn en veel mensen om te bedanken. 

Allereerst bedank ik het College van Bestuur voor mijn aanstelling hier in Eind-
hoven. Daarnaast zijn er vele collega’s, co-auteurs, vrienden en studenten van wie
ik heel veel heb geleerd. Bedankt en ik ben blij dat jullie er bij zijn. Een paar
mensen wil ik in het bijzonder bedanken. 

Han La Poutré, Hans Amman, Marko Hekkert en Koen Frenken: bedankt voor al
jullie steun en jullie vertrouwen in mij, ik heb heel veel van jullie geleerd! 

Rudi Bekkers, Geert Verbong en Erik van der Vleuten: ik kijk ernaar uit om samen
met jullie onze onderzoeksagenda voor de TIS-groep (Technology Innovation en
Society) uit te werken. Daarnaast wil ik alle TIS-collega’s bedanken voor de
hartelijke ontvangst. Niet alleen is TIS een hele stimulerende onderzoeks-
omgeving, TIS is ook een verzameling geweldige mensen. Dit wordt extra duidelijk
nu we Eleftheria zo missen.

Pap en mam, Bregje en Gijs: toen ik opgroeide, dacht ik dat wij het normaalste
gezin van de wereld waren, nu weet ik dat ons gezin en onze familie heel bijzonder
zijn. Bedankt voor al jullie steun en liefde.

En als laatste natuurlijk Fay en Tess: deze lange spreekbeurt is nu echt bijna
afgelopen. Ook al heb ik de leukste baan van de wereld, ik heb ook de beste reden
om af en toe niet te werken. Jullie zijn geweldig, dankjewel.

Ik heb gezegd!

Dankwoord
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